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CHAPTER 1

Introduction







Introduction

Plants provide the oxygen we breathe, the food we eat, as well as the materials that
we use to protect ourselves and to transform our environment to more favourable
conditions. The need to sustain the ever-growing human population, without in-
creasing the agricultural frontier in such a way that we seriously harm the robustness
of our climate, represents a serious challenge to our agricultural practices. Plants,
like all organisms, are constantly challenged by pathogens that threaten agricultural
production. The global losses of food crops, because of the damage caused by pests
and pathogens, are estimated to be around 20-30% 1. This infestation occurs despite
anintensive use of pesticides, with unintended consequences for the environment
and human health 23, In this context, it is clear that a detailed knowledge of the
molecular mechanisms by which resistant plants can prevent pathogen infection,
is instrumental for the improvement of our crops through modern biotechnology.

Plants have evolved a series of defence mechanisms that allows to protect them-
selves against diseases. Once in contact with the plant, the first layers of defence
that a pathogen has to overcome comprise passive defences. These include ana-
tomical barriers, such as the cuticle, which is a waxy protective shield covering the
aerial surfaces of plants % These passive defences also include preformed antimi-
crobial compounds referred to as phytoanticipins, like a-tomatine, that accumulate
at relatively high levels in leaves, flowers and green fruits of tomato (Solanum lycop-
ersicum, Sl) plants °. The next layers of defence are provided by the plant’s immune
system. Plants lack mobile defender cells and rely on an innate immune system in
which each cell is able to perceive danger signals and can appropriately respond to
combat pathogen infections ®”. This level of immunity is achieved by the concerted
action of receptors that perceive immunogenic patterns (IPs) at the cell-surface and
in the cytoplasm of the plant cells (Figure 1) 8, IPs can be conserved structural
components of the pathogen, known as microbe-associated molecular patterns
(MAMPs), such as bacterial flagellin and fungal chitin 113, They can also be endog-
enous molecules released from the plant because of pathogen invasion, known as
damage-associated molecular patterns (DAMPs), like cell wall fragments 4, that
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normally do not occur in healthy plants. IPs can also be compounds secreted by the
pathogen, with the purpose of enhancing virulence, known as effectors . The mech-
anisms of action of these effectors are diverse. Effectors can suppress plantimmune
responses, enhance the access to nutrients, and might also manipulate the host
microbiome to benefit the pathogen **'7. However, when the pathogen’s effectors
are perceived by an appropriate immune receptor of the host plant, they activate
the plant defence responses, resulting in host resistance and pathogen avirulence.
Thus, in this case the recognised effectors become a liability for the pathogen and
are referred to as avirulence (Avr) factors #1°, The perception of effector proteins
by resistant plants is not always the result of a direct interaction with the immune
receptors. Often, plant immune receptors act by guarding the virulence target of the
pathogen'’s effectors 222, In this way, mutations in the effector gene are less likely to
circumvent the activation of the immune responses, without affecting its virulence
function, as the pathogen will have to stop manipulating the virulence target %.

Most characterized cell-surface receptors perceive either MAMPs or DAMPs, and
therefore they are frequently described as pattern recognition receptors (PRRs),
triggering MAMP-triggered immunity (MTI). Conversely, inside the plant cells, all the
cytoplasmic immune receptors characterized so far perceive effector proteins, and
the immune responses that they activate are collectively referred to as effector-trig-
gered immunity (ETI) 2°, However, the distinction between MAMPs and effectors,
and therefore between MTI and ETI, is not always clear 2. Hence, these two outputs
of the plant immune system can therefore be better defined based on the location
where the IPs are perceived 8. Extracellularimmunogenic patterns (ExIPs) are per-
ceived by cell-surface receptors and intracellularimmunogenic patterns (InIPs) are
perceived by cytoplasmic immune receptors, thereby resulting in extracellularly-trig-
gered immunity (ExTI) and intracellularly-triggered immunity (InTl), respectively .

Plant immune receptors

The first set of immune receptors that a plant pathogen encounters once in contact
with the host is located at the surface of the cell. These cell-surface receptors are
either receptor-like kinases (RLKs) or receptor-like proteins (RLPs) (Figure 1). RLKs
possess an extracellular domain to recognise ExIPs, a single-pass transmembrane
(TM) domain, and an intracellular kinase domain for downstream signalling. RLPs
have a similar structure, but lack the cytoplasmic kinase domain 2. Further dis-
tinctions between cell-surface receptors can be made based on their extracellular
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domains. Different extracellular domains involved in the perception of ExIPs include:
a lysin motif (LysM), a lectin (Lec) domain, an epidermal growth factor (EGF)-like
domain, and leucine-rich repeats (LRRs) ?°. Cell-surface receptors with a LysM-con-
taining extracellular domain recognise fragments of the fungal cell wall and bacterial
peptidoglycan 26?7, whereas lectin receptor-like kinases (LecRKs) activate ExTI upon
recognition of several molecules, including extracellular ATP 2, bacterial lipopoly-
saccharides ?°, effector proteins 3¢, and sphingolipids 3'. RLKs with EGF-like repeats
in their extracellular domain bind to pectin present in the plant cell walls and are
referred to as cell wall-associated kinases (WAKs). WAKs regulate cell expansion by
their interaction with cross-linked pectin at the cell wall, and also activate immune
responses upon binding to pectin fragments that are released due to the action of
invading pathogens 323, RLKs and RLPs with LRRs in their extracellular domain form
the largest group of cell-surface receptors 3435, LRR-RLKs and LRR-RLPs activate
immune responses upon perception of a large set of ExIPs, including MAMPs 3637,
DAMPs 383° and effector proteins 4041,

InIPs are perceived by a second set of immune receptors. These cytoplasmic immune
receptors comprise proteins with a variable N-terminal domain, a conserved nucle-
otide-binding and oligomerization domain (NOD), and a C-terminal LRR domain.
According to the composition of their N-terminal domain, these nucleotide-binding,
LRR-containing proteins (NLRs) can be broadly categorised into three groups: Toll/
INTERLEUKIN RECEPTOR-LIKE (IL1) resistance proteins (TIR)-type NLRs (TNLs),
coiled-coil (CC)-type NLRs (CC-NLRs or CNLs), and RESISTANCE TO POWDERY
MILDEW 8 (RPW8)-type CNLs (CC_-NLRs or RNLs) (Figure 1) 42, From a functional
point of view, NLRs can be divided into “sensor NLRs" that perceive InIPs and “helper
NLRs" that act downstream of sensor NLRs “3. Activation of both cell-surface re-
ceptors and NLRs leads to defence-related responses, such as MITOGEN-ACTIVAT-
ED PROTEIN KINASE (MAPK) phosphorylation, a burst of reactive oxygen species
(ROS), a Ca?* influx into the cytoplasm, massive transcriptional reprogramming, and
the production of defence-related hormones such as salicylic acid (SA). However,
in contrast to the recognition of MAMPs and DAMPs, the perception of effectors
by cell-surface receptors and NLRs usually triggers more intense and prolonged
responses, including a form of programmed cell death, referred to as the hypersen-
sitive response (HR) 1844,
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Activation of cell-surface receptor complexes

At the level of the plasma membrane (PM), the activity of cell-surface receptors
is regulated by their dynamic interaction with co-receptors and regulatory RLKs
(Figure 1) 2°. As mentioned earlier, most of the characterised cell-surface receptors
have extracellular domains with LRRs 2, and one of the best characterised LRR-
RLKs mediating immune responses is the widely conserved cell-surface receptor
FLAGELLIN-SENSING 2 (FLS2) 45-°. Extensively studied in the model Brassicaceous
plant, Arabidopsis thaliana (hereafter referred to as Arabidopsis), FLS2 was found
to detect flagellin, which is a MAMP derived from the bacterial flagellum 3650, Upon
recognition of the flagellin epitope, flg22, FLS2 associates with its co-receptor, the
LRR-RLK BRASSINOSTEROID-INSENSITIVE 1 (BRI1)-ASSOCIATED KINASE (BAK1),
also known as SOMATIC EMBRYOGENESIS RECEPTOR KINASE 3 (SERK3), further
referred to as BAK1 %152, The extracellular domain of both BAK1 and FLS2 physically
interacts with flg22, which promotes the heterodimerization of the receptor complex
%3, The recruitment of BAK1 triggers a series of phosphorylation events between the
cytoplasmic kinase domains of BAK1 and FLS2, resulting in the activation of the
FLS2/BAK1 complex 4. This mechanism also holds for the activation of LRR-RLKs
recognising DAMPs, such as plant elicitor peptides (PEPs). The LRR-RLK PEP1 RE-
CEPTOR 1 (PEPR1) and PEPR2 perceive the MAMP- and wound-induced endogenous
peptides Pepl and its paralogs to further amplify the immune responses 38395556,
Although BAK1 has a predominant role in the activation of receptor complexes
present at the cell surface, FLS2 and PEPR1/2 also form ligand-induced complexes
with close paralogs of BAK1, such as BAK1-LIKE1/SERK4 (BKK1/SERK4, further re-
ferred to as BKK1) and other members of the SERK family. %’. This family consists of
five members in Arabidopsis and their recruitment is required for the activation of
a large set of LRR-RLKs and LRR-RLPs 5860,

Without a cytoplasmic kinase domain for downstream signalling, RLPs have to
associate with adaptor kinases and thereby form bimolecular receptors that can
both perceive signals from the apoplast and activate downstream cytoplasmic
signalling cascades 6. This phenomenon was first observed for an RLP regulating
developmental processes. The Arabidopsis LRR-RLP CLAVATA2 (CLV2) interacts
with the PM-associated protein kinase CORYNE (CRN) to regulate the meristem
size in response to perception of the endogenous CLV3 peptide 2%, Later, such a
ligand-induced interaction with an RLK was also observed for the CHITIN ELICITOR
BINDING PROTEIN (CEBIP), which is a LysM-RLP from rice (Oryza sativa, Os) that
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recognises chitin oligosaccharides 54. Perception of these oligosaccharides in rice
induces the formation of a hetero-oligomeric complex, including CEBIiP and the
LysM-RLK CHITIN RECEPTOR KINASE 1 (OsCERK1), resulting in the activation of
downstream signalling for mounting various immune responses °°.

The adaptor kinase for plant LRR-RLPs mediating immune responses was discov-
ered while studying the tomato immune receptors Cf-4 and Vel 8616, Cf-4 is an
LRR-RLP that confers resistance to strains of the hemibiotrophic fungal pathogen
Cladosporium fulvum (syn. Fulvia fulva), expressing the effector protein Avr4 4067.68,
This pathogen colonises the apoplastic space between the cells of the mesophyll
of the tomato leaves . There, the Avr4 protein, which contains a chitin-binding
domain, is secreted by the invading fungus and binds to the chitin present in the
fungal cell wall. In this way, this effector promotes the virulence of the pathogen by
protecting the fungal hyphae from hydrolysis by host chitinases that are secreted
into the apoplast as a response to the fungal invasion 773, The immune receptor Vel
is an LRR-RLP that confers resistance to the vascular fungal pathogens Verticillium
dahliae, V. albo-atrum and Fusarium oxysporum f. sp. lycopersici, expressing the
effector protein Avel 7475, Avel displays antimicrobial activity, and promotes patho-
gen virulence through the manipulation of the host microbiome by suppressing the
proliferation of microbial antagonists *’. Affinity purification of Cf-4 and Vel, both
fused to GREEN FLUORESCENT PROTEIN (GFP), followed by mass spectrometry
analysis of the co-purifying proteins, resulted in the discovery of two tomato ho-
mologs of SUPPRESSOR OF BAK1-INTERACTING RLK-1 (BIR1)-1 (SOBIR1) as the
adaptor RLKs that are required for the accumulation and the functionality of both
LRR-RLPs ¢, Further research showed that the Cf-4/SOBIR1 bi-molecular receptor
also recruits BAK1 and related SERK family members, such as SERK1, upon per-
ception of Avr4 78, Similar to the activation mechanism of LRR-RLKs such as FLS2,
the recruitment of BAK1 is proposed to trigger a series of phosphorylation events
between the kinase domains of BAK1 and SOBIR1, leading to the activation of the
LRR-RLP-containing receptor complex 7.

The requirement of SOBIR1 and SERK family members, such as BAK1, is a general
feature of LRR-RLPs mediating immune responses against pathogens. For instance,
in tomato, the homologs of both SOBIR1 and BAK1 are required for the activity of
the immune receptor Vel %7879 Furthermore, in the Solanaceous research model
plant Nicotiana benthamiana and in the wild potato species Solanum microdon-
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tum, these LRR-RLKSs are required for the activity of the LRR-RLPs RESPONSIVE TO
ELICITINS (REL) and ELICITIN RESPONSE protein (ELR), respectively. Both REL and
ELR contribute to resistance to oomycetes belonging the Phytophthora genus by
perceiving elicitins, including INFESTIN 1 (INF1) from Phytophthora infestans 8%,
Alsoin N. benthamiana, these LRR-RLKSs are required for the activity of the LRR-RLP
RESPONSE TO XEG1 (RXEG1), which recognises several glycoside hydrolase family
12 proteins, including XYLOGLUCAN-SPECIFIC ENDOGLUCANASE (XEG1) from Phy-
tophthora sojae 8%, In Arabidopsis, SOBIR1 and SERK family members are required
for the activity of LRR-RLPs, such as RLP23, RLP30 and RLP42. RLP23 activates
defence responses against infection by bacterial, oomycetes and fungal pathogens
producing NECROSIS- AND ETHYLENE-INDUCING PROTEIN 1 (NEP1)-like proteins
(NLPs) &85 whereas RLP30 contributes to resistance against the necrotrophic fungi
Sclerotinia sclerotiorum and Botrytis cinerea by perceiving SCLEROTINIA CULTURE
FILTRATE ELICITOR 1 (SCFE1) ®. RLP42 triggers plant defence upon perception of
fungal endo-polygalacturonases, such as B. cinerea ENDOPOLYGALACTURONASE
3 (BcPG3) 9192,

The activation of LRR-RLKs and LRR-RLPs is negatively regulated by the dynamic
interaction of BAK1 and related SERKs with members of the BAK1-INTERACTING
RECEPTOR-LIKE KINASE (BIR) family of LRR-RLKs 3-%7. Arabidopsis possesses four
BIR genes (BIR1 to BIR4) of which three, BIR1 to BIR3, are known to negatively regu-
late BAK1 complex formation with cell-surface receptors. In the resting state, BIR2
for example constitutively interacts with BAK1, thereby preventing BAK1 complex
formation with LRR-RLKs perceiving IPs, such as FLS2 and PEPR1 ®. Consequently,
Arabidopsis bir2 mutants display typical features of constitutive defence activation,
including elevated levels of SA and transcriptional up-regulation of the SA-respon-
sive gene PATHOGENESIS RELATED 1 (PR1) 4. Unlike BIR2, BIR3 not only interacts
with BAK1 but also targets ligand-binding LRR-RLKs themselves, including FLS2, to
regulate their recruitment of BAK1 6. BIR3 also modulates developmental processes
by its interactions with BAK1 and the LRR-RLK BRASSINOSTEROID-INSENSITIVE 1
(BRI1) %. BRI1 is the major receptor for brassinosteroids (BRs), which are growth-pro-
moting steroid hormones in plants %%, Hence, Arabidopsis bir3 mutants display
enhanced immune responses upon perception of flg22, and BIR3-over-expressing
plants are insensitive to flg22 and have a dwarf phenotype %. Among the BIR family
members, only BIR1 possesses an active cytoplasmic kinase domain %3°4%, BIR1
interacts constitutively with BAK1, but not with FLS2 or BRI1. BIR1 seems to have no
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role in regulating the perception of flagellin or BRs %1%, Arabidopsis birl knockout
mutants have a seedling lethality phenotype, because of the constitutive activation
of at least two parallel pathways that mediate signalling for the activation of defence
responses. One of these pathways requires the activity of PHYTOALEXIN DEFICIENT
4 (PAD4) and ENHANCED DISEASE SUSCEPTIBILITY 1 (EDS1), as the activation of
cell death and defence responses in birl mutants partially depends on PAD4 and
EDS1 %, This suggests a role for a yet unidentified TNL in the signalling cascade (see
next section). The other pathway signals trough SOBIR1 and BAK1, as knockout
mutants of SOBIR1 suppress the cell death and defence responses of birl mutants,
and knockout mutants of BAK1 show a partial suppression of the birl phenotype
93100 Evidence suggests that BIR1 is a negative regulator of the activation of LRR-
RLP/SOBIR1 receptor complexes by BAK1, as SOBIR1 only co-immunoprecipitates
with BAK1 when the accumulation of BIR1 is compromised by virus-induced gene
silencing (VIGS) 1%, The role of the various BIR family members in regulating the
activity of cell-surface receptors seems to be conserved, at least in Solanaceous
plants. The tomato homolog of Arabidopsis BIR3 appears to have conserved its role
in regulating the perception of flg22 and BRs %, and VIGS of BIR1 homologs in N.
benthamiana also results in a lethal phenotype 12,

Activation of cytoplasmic immune receptors

Many pathogens translocate their effectors into the host cell, aiming to perturb the
physiology of the host and suppress defence responses to promote infection. In
response, plants have evolved a diverse set of NLRs as intracellularimmune recep-
tors to recognise these effectors as InlPs (Figure 1) 1%, The LRRs of the NLRs are
involved in the specific perception of the InIPs, whereas the NOD domain typically
mediates the activation of the NLR protein by exchanging ADP for ATP in its nucle-
otide binding pocket. The N-terminal domains, TIR, CC, CC_and CC,, are the com-
ponents that execute downstream immune signalling upon perception of the InlPs.

NLRs can recognise their ligands directly. For example, the TNLs RECOGNITION OF
PERONOSPORA PARASITICA 1 (RPP1) from Arabidopsis and RECOGNITION OF
XOPQ (ROQ1) from N. benthamiana interact directly with their matching InlPs 104105,
RPP1 confers resistance to the foliar oomycete pathogen Hyaloperonospora ara-
bidopsidis expressing the effector protein ARABIDOPSIS THALIANA RECOGNISED
1 (ATR1) 16107 ROQ1 confers resistance to bacterial pathogens of the genus Xan-
thomonas, expressing the effector protein XANTHOMONAS OUTER PROTEIN Q
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(XopQ) %%, Both TNLs recognise their ligand by their LRRs, in combination with a
conserved LRR-adjacent, C-terminal “jelly roll” and Ig-like (C-JID) domain, which
forms a horseshoe-shaped scaffold that curls around the InlP, recognising multiple
regions of the substrate 1%41%, Direct interaction between an NLR and matching InIP
has also been reported for the wheat (Triticum monococcum) CNL STEM RUST 35
(Sr35) resistance protein 1%, Sr35 confers resistance to wheat stem rust caused
by the fungus Puccinia graminis f. sp. Tritici, expressing the effector AvrSr35 110111,

However, recognition of effector proteins by plant immune receptors in most cases
is an indirect process. Rather than interacting directly with the InIPs, the NLRs per-
ceive the modification of another plant protein that is induced by the pathogen's
effector 2223, For instance, the Arabidopsis CNL HOPZ-ACTIVATED RESISTANCE 1
(ZAR1) acts by guarding plant receptor-like cytoplasmic kinases (RLCKs). RLCKs are
key players in the signalling cascade downstream of cell-surface receptors 12113 and
therefore these protein kinases are frequent targets of pathogen's effectors 14177,
ZAR1 confers resistance of Arabidopsis to Xanthomonas campestris pv. campestris
expressing the effector protein AvrAC 8 This effector protein uridylylates several
RLCKs in order to inhibit the immune signalling cascade *°. In the resting state,
ZAR1 forms a complex with the RLCK RESISTANCE-RELATED KINASE 1 (RKS1). Upon
infection, AvrAC uridylylates the RLCK AVRPPHB SUSCEPTIBLE 1 (PBS1)-LIKE PRO-
TEIN 2 (PBL2). The modified PBL2 (PBL2Y¥F) associates with RKS1 in the preformed
ZAR1/RKS1 complex, activating immune responses 8. NLRs can also perceive InIPs
through their interaction with integrated sensor domains. These integrated domains
evolved by duplication of the effector’s virulence target, followed by a translational
fusion to the NLR 19120 This is, for example, the case for the genetically linked TNLs
(called paired TNLs) RESISTANCE TO RALSTONIA SOLANACEARUM 1 (RRS1) and
RESISTANCE TO PSEUDOMONAS SYRINGAE 4 (RPS4). RRS1 and RPS4 cooperate in
providing resistance to different pathogens, including the root-infecting bacterium
Ralstonia solanacearum expressing the effector PopP2 and the leaf-infecting bac-
terium Pseudomonas syringae, expressing the effector AvrRps4 121122 |nterestingly,
RRS1 possesses an LRR-adjacent C-terminal WRKY transcription factor domain 23,
WRKY transcription factors are among the largest family of transcriptional regulators
in plants and play important roles in defence responses to several pathogens !4, The
effectors PopP2 and AvrRps4 both interact with the WRKY domain of RRS1, causing
a chain of domain reconfigurations that derepress the activity of the executor TNL
RPS4 125,
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Recognition of InIPs results in the oligomerization of plant NLRs and the forma-
tion of large wheel-like complexes, referred to as resistosomes (Figure 1) %6, The
first resistosome described in plants is a pentameric structure, containing the CNL
ZAR1 1?7 The association of ZAR1/RSK1 with PBL2YMP, as described above, induces
a conformational change in ZAR1, resulting in the oligomerization of the activated
ZAR1/RSK1/PBL2Y™P complex. When present in the resistosome, the N-terminal a
helix of the CC domain of ZAR1 is exposed, forming a funnel-shaped structure. This
structure then inserts into the PM, forming a calcium ion (Ca?*) channel, triggering
Ca?*influx, disruption of the chloroplasts, production of ROS and a subsequent HR
128 The assembly of CNLs into pentameric resistosomes triggering Ca% influx seems
to be a conserved feature. The activation of the wheat CNL Sr35, for example, results
in a similar structure, which also acts as a Ca?* channel %12, Different from CNLs,
the activation of TNLs results in tetrameric resistosomes that display nicotinamide
adenine dinucleotide nucleosidase (NADase) activity and produce signalling mole-
cules. The recognition of ATR1 by RPP1 in Arabidopsis, and the recognition of XopQ
by ROQ1 in N. benthamiana results in the formation of highly conserved tetrameric
structures 194105, For both resistosome complexes, RPP1/ATR1 and ROQ1/XopQ, the
TIR domains bind to each other, creating active sites for NAD* hydrolysis. The result-
ing holoenzymes possess multiple enzymatic activities, resulting in the production
of molecules that function as second messengers, including 2’-(5’’-phosphoribo-
syl)-5’-adenosine diphosphate/monophosphate (pRib-ADP/AMP) and ADP-ribosylat-
ed adenosine triphosphate/ADPr-ADPR (ADPr-ATP/di-ADPR) 130-133,

The CNLs ZAR1 and Sr35 are examples of singleton NLRs, because they perceive
the InIPs themselves and subsequently execute immune signalling, likely through
their pore-forming activity in the PM 127128134 Many NLRs, like the paired TNLs RRS1
and RPS4, have specialised into either sensing the InIPs (sensor NLRs) or execut-
ing immune signalling (helper NLRs) 121122125 This functional specialisation is also
observed in CNLs, such as the rice PYRICULARIA ORYZAE RESISTANCE K-1 (Pik-1)
and Pik-2 proteins. These paired CNLs confer resistance to the fungal pathogen
Magnaporthe oryzae 3. The sensor CNL Pik-1 perceives the fungal InIP AVR-Pik by
its interaction with an integrated Heavy-Metal Associated (HMA) sensor domain,
which is located between the CC and the NOD domains of the CNL 3¢, Perception
of AVR-Pik triggers the formation of a tri-partite complex with Pik-1 and Pik-2, which
forms likely the activated state of this pair of receptors 7.
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Besides the one-to-one relation between sensor and helper NLRs, several helper
NLRs also function as signalling components for multiple NLRs 34, An example of
this is the NB-LRR-REQUIRED FOR CELL DEATH (NRC) network in solanaceous
plants. In this network, a small set of CNLs, referred to as NRCs, function as re-
dundant helpers for multiple sensor CNLs, while also having distinct specificities
towards different sensor CNLs “*1%, For instance, all three NRCs present in N. ben-
thamiana (NRC2, NRC3, and NRC4) are redundantly required for the activity of the
sensor CNL Rx, which confers resistance to potato virus X (PVX) 313, In contrast,
the CNL Rpi-blb2 specifically requires the activity of the helper CNL NRC4 to confer
resistance to P. infestans #31%°, Another example of helper NLRs acting downstream
of several sensor NLRs are N REQUIRMENT GENE 1 (NRG1) and ACTIVATED DIS-
EASE RESISTANCE 1 (ADR1), which form two lineages of RNLs that are conserved in
dicot plants %%, These helper RNLs are required for the activity of TNLs. Arabidopsis
possesses five full-length RNLs, which are two NRG1 paralogs (NRG1.1 and NRG1.2)
and three ADR1 paralogs (ADR1, ADR1-L1 and ADR1-L2) “2. In Brassicaceae, NRG1s
and ADR1s tend to be unequally redundant #2143, For example, downstream of the
paired TNLs RPS4 and RRS1, ADR1s have a prominent role in restricting bacterial
growth, but are dispensable for the HR when NRG1s are active 414, In N. benthami-
ana, which possesses only one copy of ADR1 and one copy of NRG1, TNLs signal
primarily through NRG1 142145-147 The signal transduction from the sensor TNLs to
the helper RNLs is mediated by a small family of lipase-like proteins, comprising
ENHANCED DISEASE SUSCEPTIBILITY 1 (EDS1), SENESCENCE-ASSOCIATED GENE
101 (SAG101), and PHYTOALEXIN-DEFICIENT 4 (PAD4). EDS1 forms mutually ex-
clusive heterodimers with SAG101 or PAD4, which are required for activation of
NRG1s and ADR1s, respectively 1415, EDS1/SAG101 and EDS1/PADA4 heterodimers
act as receptors for the signalling molecules that are produced upon activation of
TNLs. The dimer EDS1/SAG101 is a receptor for pRib-ADP/AMP, resulting in the
activation of the RNL NRG1 32, whereas the dimer EDS1/PAD4 is a receptor for
ADPr-ATP/di-ADPR, resulting in the activation of the RNL ADR1 %, The activation
of both sensor CNLs and TNLs, results in homo-oligomerization of the helper NRCs
and RNLs, which results in a pore-forming activity, similar to the one produced by
the activation of the singleton CNL ZAR1 151-153,

Downstream signalling from cell-surface receptors

Upon their activation, all cell-surface receptors that have up till now been charac-
terised signal through RLCKs (Figure 1) 25112154,
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Figure 1. Molecular mechanisms involved in the activation of a selection of cell-surface receptors
and cytoplasmic immune receptors (NLRs), and the downstream responses that they trigger.
The perception of ExIPs by cell-surface receptors triggers a series of responses that include the
generation of ROS in the apoplast, the activation of MAPK cascades, an influx of Ca?, and the
transcriptional reprogramming of the responding host cells. The perception of InIPs by NLRs
results in the potentiation of host defence responses, leading to programmed cell death of the
responding host cells (the hypersensitive response; HR).

In Arabidopsis, perception of flg22 by FLS2 and its co-receptor BAK1 results in the
phosphorylation of the RLCK-VII members BIK1 and PBL1. The activation of these RLCKs is
required for the generation of ROS by RBOHD, and for the influx of Ca?* through channels formed
by CYCLIC NUCLEOTIDE-GATED CHANNEL 2 (CNGC2) and CNGCA4.

In rice, the perception of chitin fragments is mediated by a receptor complex formed by the
LysM-RLP CEBIiP and the LysM-RLK CERK1. Upon perception of chitin, the RLCK-VIl member
OsRLCK185 associates with, and is phosphorylated by CERK1, mediating downstream signalling
processes, such as the activation of MAPK cascades and an influx of calcium, mediated by
OsCNGCO.

The perception of nlp20, which is the epitope of NLPs, by RLP23/SOBIR1, also triggers the
recruitment of BAK1 and the phosphorylation of RLCK-VII members. The RLCKs PBL30 and PBL31
are required for the generation of ROS upon perception of nlp20. The EDS1/PAD4/ADR1 node is
required for proper activation of RLP23-triggered defence responses.
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In tomato, perception of the fungal effector Avrd by the constitutive Cf-4/SOBIR1
complex triggers the recruitment of BAK1, followed by activation of the receptor complex by
phosphorylation. Unlike RLP23/SOBIR1, the activation of Cf-4/SOBIR1 results in an HR that largely
depends on the helper CNL NRC3.

In the cytoplasm, activation of TNLs, such as N. benthamiana ROQ1 and Arabidopsis RPP1
and RRS1/RPS4, results in the formation of a tetrameric resistosome with multiple enzymatic
activities. These TNL resistosomes produce signalling molecules, including ADPr-ATP/di-ADPR
and pRib-ADP/AMP. A dimer composed of EDS1 and SAGO1 acts as a receptor for ADPr-ATP/di-
ADPR, thereby activating the helper RNL NRG1, while a dimer composed of EDS1 and SAG101
is the preferential receptor complex for pRib-ADP/AMP, which activates the helper RNL NRG1.

The potato CNLs Rpi-blb2 and Rx require the activity of helper CNLs to activate defence
responses. When expressed in N. benthamiana, Rpi-blb2 requires the helper CNL NRC4, while Rx
has a redundant requirement of the three NRCs present in N. benthamiana.

Singleton CNLs, such as Arabidopsis ZAR1 and wheat Sr35, do not require helper NRCs to
oligomerize in a pentameric structure with pore-forming activity in the PM, inducing a Ca?* influx
and an HR. Helper RNLs and NRCs are proposed to form Ca? channels with an activity comparable
to the one of ZAR1.

Solid lines indicate validated molecular mechanisms, and dashed lines indicate hypothetical
models and pathways requiring more experimental validation. The sections of the figure depicting
the molecular mechanisms of NLRs are modified from Kourelis and Adachi (2022) °,

These RLCKs are a large family of cytoplasmic protein kinases. For example, there
are close to 160 members in Arabidopsis, many of which associate with the PM
through N-acylation 5%, RLCKs are divided into 17 groups, and members of the
particular group RLCK-VII have prominent roles in immune signalling 3. For instance,
the RLCK-VII members BOTRYTIS-INDUCED KINASE 1 (BIK1) and its close paralog
PBS1-LIKE 1 (PBL1), are required for mounting the immune responses that are initi-
ated by LRR-RLKs, including FLS2, PEPR1 and PEPR2. BIK1 and PBL1 constitutively
interact with these LRR-RLKs and become phosphorylated, and thereby activated,
upon perception of the corresponding ExIPs and subsequent recruitment of BAK1
115157158 Activated BIK1 and PBL1 then dissociate from the receptor complexes and
activate the PM-localised RESPIRATORY BURST OXIDASE HOMOLOG D (RBOHD) by
phosphorylation, resulting in a fast production of ROS in the apoplast **° (Figure 1).
The activation of RLCKs downstream of cell-surface receptors, such as FLS2, also
results in the activation of MAPK cascades and cyclic nucleotide-gated channels
(CNGCs). The phosphorylation of CNGCs results in a rise of the concentration of
cytosolic Ca%, which in turn activates CALCIUM-DEPENDENT PROTEIN KINASES
(CDPKs). Together, these processes act as signal transducers, resulting in transcrip-
tional reprogramming for defence responses 25160161,
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Recent reports have shed some more light on the signalling mechanisms of LRR-
RLPs mediating immune responses and have established a connection of LRR-RLP
signalling with the signalling processes mediated by NLRs. In Arabidopsis, the RL-
CK-VIl members PBL31 and its close paralog PBL30 are required for the ROS burst
triggered upon activation of the LRR-RLP RPL23 2, Additionally, the EDS1/PAD4/
ADR1 node is required for a subset of the immune responses that are triggered by
the LRR-RLPs RPL23 and RPL42, while having a less prominent role downstream
of the LRR-RLK FLS2 162183 |n the solanaceous plants tomato and N. benthamiana,
the RLCK-VIl member AVR9/CF-9-INDUCED KINASE 1 (ACIK1) is required for full
Cf-mediated immune responses, including the HR 54, However, its exact role in the
signalling cascade remains undiscovered. Intriguingly, while the signalling cascade
downstream of the tomato LRR-RLP Vel requires EDS1, evidencing a link with the
signalling cascades downstream of TNLs, the HR triggered by the LRR-RLP Cf-4 in
N. benthamiana is largely mediated by the helper CNL NRC3 1%, Considering that
all the LRR-RLPs characterised so far signal through the adaptor RLK SOBIR1 and
the regulatory RLK BAK1 (and related SERKS), it is puzzling that different LRR-RLPs
require different downstream signalling partners and trigger immune responses with
different intensities. For instance, in Arabidopsis, the recognition of fungal endopo-
lygalacturonases (PGs) by RLP42 triggers an HR °, while the recognition of necrosis
and ethylene-inducing peptide 1-like proteins (NLPs) by RLP23 does not trigger an
HR #. In tomato, although the recognition of Avr4 by Cf-4 and Avr9 by Cf-9 produc-
es a strong HR, the activation of Cf-4 and Cf-9 results in macroscopically distinct
necrotic patterns 6. Furthermore, the HR triggered by Cf-2 and Cf-5 is much slower
and less intense that the HR triggered by Cf-4 and Cf-9.

Historically, the signalling cascades downstream of cell-surface receptors and NLRs
were regarded as separate pathways ¢°. Currently, emerging evidence shows that
immune signalling by cell-surface receptors and NLRs mutually potentiates each
other by inducing the upregulation of their core signalling components °°. For in-
stance, in the absence of cell-surface immune signalling, the activation of NLRs,
such as the paired TNLs RRS1 and RPS4, does not result in an HR®. Thus, our current
view of the mechanisms mediating plant defence responses, describes cell-surface
receptors and cytoplasmic NLRs as a united front against invasion by detrimental
pathogens 8167.168,
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OUTLINE OF THIS THESIS

The LRR-RLP Cf-4 is a cell-surface receptor that triggers an HR upon perception of
the effector protein Avr4 of the fungal pathogen Cladosporium fulvum (Syn. Fulvia
fulva). Cf-4 and Avr4 represent an example of the blurred distinction between
MAMPs and effectors, and between PTl and ETI 24, The receptor Cf-4 interacts con-
stitutively with the adaptor RLK SOBIR1, forming a bimolecular receptor that re-
cruits the RLK BAK1 upon perception of Avr4 76, The formation of the Cf-4/SOBIR1/
BAK1 complex is proposed to trigger a series of phosphorylation events between
the kinase domains of SOBIR1 and BAK1 and downstream signalling partners that
eventually activate downstream signalling cascades required for the activation of
defence responses 77. From this point, little is known about the additional compo-
nents regulating this receptor complex and for example the identity of the immediate
downstream signalling components is largely unknown. The studies described in
this thesis are aimed at gaining more knowledge into the molecular mechanism of
Cf-4-mediated immune signalling.

The first challenge when studying the regulation of a receptor complex triggering an
HR, is to have a proper read-out to use as a proxy for the intensity of the cell death
processes happening within the plant tissue upon immune activation. In Chapter 2,
anew method is presented for the visualisation and quantification of the intensity of
the HR. It is shown that red light fluorescence detection by a multipurpose imaging
system allows for an objective quantification of the intensity of the cell death re-
sponses within a plant tissue. The utility and flexibility of the method by imaging the
HR triggered by an LRR-RLP, a TNL, a CNL, and the cell death caused by the cytolytic
activity of a protein that forms pores in the plasma membrane is shown. Additionally,
the non-destructive nature of this approach allows to monitor the development of
cell death responses over a time course of an inoculation assay.

In Chapter 3, we aim to transfer relevant biological information from the model
plant Arabidopsis to the solanaceous research model plant N. benthamiana. We
performed a gene expression network analysis on a large set of publicly available
microarray data from Arabidopsis and found that genes encoding components of
the SOBIR1 complex belong to a transcriptional cluster that is enriched in genes
associated with plant immune responses. Several genes in this cluster, involved in
immune responses mediated by SOBIR1 in Arabidopsis, were assessed for their role
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in transgenic N. benthamiana expressing the RLP Cf-4. We combined the application
of virus-induced gene silencing, phenotypic analysis, such as ROS burst measure-
ments and red light imaging assays, and protein interaction analysis, to gain novel
insights into the regulation of the downstream signalling events that are activated
upon perception of Avr4 by the Cf-4/SOBIR1 complex in N. benthamiana.

Chapter 4 addresses the challenges associated with identifying transient and weak
protein-protein interactions involving membrane-associated proteins. To overcome
these limitations, we implemented proximity-dependent labelling (PL), using the
TurbolD biotin ligase. The chapter outlines the adaptation of a PL protocol and the
validation of TurbolD-tagged bait proteins, enabling the selective biotinylation of
proteins that are present in close proximity to the baits.

With the TurbolD-tagged versions of the Cf-4 and SOBIR1 baits that were generated,
in Chapter 5 we explore the molecular environment of the Cf-4/SOBIR1 complex by
performing PL, followed by mass spectrometry analysis of the biotinylated proteins.
This approach resulted in the consistent identification of a set of proteins that was
found to be in close-proximity to the Cf-4/SOBIR1 complex across multiple experi-
ments. This proximal proteome includes proteins that are known to be functionally
related to the receptor complex, as well as multiple candidates for further laboratory
evaluation.

Finally, Chapter 6 explores the primary pathways of programmed cell death in the
context of the interactions of plants with their microbial pathogens. It presents the
main findings that are described in this thesis in relation to the signalling cascade
that is activated upon perception of Avr4 by the Cf-4/SOBIR1 complex in N. ben-
thamiana.
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ABSTRACT

Studies on plant—-pathogen interactions often involve monitoring disease symp-
toms or responses of the host plant to pathogen-derived immunogenic patterns,
either visually or by staining the plant tissue. Both these methods have limitations
regarding resolution, reproducibility, and the ability to quantify the results. In this
study, we show that red light detection by the red fluorescent protein (RFP) channel
of a multipurpose fluorescence imaging system that is probably available in many
laboratories can be used to visualise plant tissue undergoing cell death. Red light
emission results from chlorophyll fluorescence on thylakoid membrane disassem-
bly during the development of a programmed cell death process. The activation
of programmed cell death can occur during either a hypersensitive response to a
biotrophic pathogen or an apoptotic cell death triggered by a necrotrophic patho-
gen. Quantifying the intensity of the red light signal enables the magnitude of pro-
grammed cell death to be evaluated and provides a readout of the plant immune
response in a faster, safer, and non-destructive manner when compared to previously
developed chemical staining methodologies. This application can be implemented
to screen for differences in symptom severity in plant-pathogen interactions, and
to visualise and quantify in a more sensitive and objective manner the intensity of
the plant response on perception of a given immunological pattern. We illustrate
the utility and versatility of the method using diverse immunogenic patterns and
pathogens.
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INTRODUCTION

In natural environments as well as in agricultural systems, plants are constantly
threatened by pathogens, including nematodes, oomycetes, fungi, bacteria, and
viruses. In order to invade, colonise, and obtain nutrients from their host, these
pathogens must deal with plant defence mechanisms, and therefore they have
evolved different lifestyles and strategies to overcome the plant immune system
and cause disease. Given their sessile nature, plants rely in the first line of their de-
fence on anatomical barriers and preformed phytochemical compounds to prevent
pathogen invasion. However, when pathogens can overcome these first passive
defence layers, recognition of the invaders by the plant can take place within the
host tissue. To perceive danger, plants have evolved a wide range of receptors and
their function consists of the recognition of so-called immunogenic patterns (IPs),
in both the apoplast and the cytoplasm 8170, Triggers of plant immunity include
damage-associated molecular patterns (DAMPs) %, structural components of the
invaders (microbe-associated molecular patterns, MAMPs), and pathogen-secreted
compounds known as effectors that serve to perturb plant defence responses and
promote virulence 7. Apoplastic triggers of immunity are referred to as extracellu-
larimmunogenic patterns (ExIPs) . These are perceived by cell-surface receptors,
which have been grouped into receptor-like kinases (RLKs, containing a cytoplasmic
kinase domain) and receptor-like proteins (RLPs, which lack such a domain) 7. By
contrast, cytoplasmic danger signals are referred to as intracellular immunogenic
patterns (InIPs) and are recognised by the activity of cytoplasmic receptors, usually
from the category of nucleotide-binding leucine-rich repeat receptors (NLRs) 2.
Extra- and intracellular receptors possess highly variable LRR domains that confer
specific binding capacity to a wide array of ExIPs and InIPs 8, On perception of immu-
nogenic patterns, cell-surface receptors and NLRs activate downstream signalling
pathways, leading to the induction of immune responses to block the invader.

Plant immune responses comprise multiple cellular processes, among others, alka-
lisation of the extracellular space 72173, cell wall reinforcement via callose deposi-
tion 174175, accumulation of reactive oxygen and nitrogen species 1’5, an increase in
intracellular calcium 7, biosynthesis of pathogenesis-related (PR) proteins *’® and
phytoalexins 1%, and the release of small RNAs to interfere with the transcriptional
machinery of the invading pathogen . In an attempt to stop pathogen invasion and
disease development, the affected plant cells can commit suicide by undergoing
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programmed cell death (PCD). Even though it represents a decisive and seemingly
altruistic response of an individual plant cell to pathogen invasion, PCD can lead
to either resistance or to disease development, depending on the lifestyle of the
pathogen. In incompatible interactions with biotrophic pathogens, PCD is referred
to as the hypersensitive response (HR) and manifests itself as an effective resis-
tance response of the plant upon pathogen recognition. The HR represents a form
of autophagic PCD, preventing the spread of biotrophic microbes 8182, For exam-
ple, race 5 of the biotrophic fungus Cladosporium fulvum, which causes leaf mould
of tomato following a typical gene-for-gene interaction, cannot cause disease on
tomato carrying the gene encoding the RLP Cf-4 4088 This cell-surface receptor rec-
ognises the Avr4 effector protein that is secreted by C. fulvum race 5 and mediates
the activation of the HR, leading to leaf mould resistance %. On the other hand, in
interactions with necrotrophs, PCD occurs after induction of apoptosis of the affect-
ed host cells and becomes visible as a necrotic lesion 1#18 |n this situation, PCD
shows specific apoptosis hallmarks, which include cell shrinkage and membrane
blebbing with retention of plasma membrane integrity, loss of mitochondrial mem-
brane potential and release of cytochrome c into the cytoplasm, protease activation,
chromatin condensation and nucleosome cleavage, decrease in ATP, and increase
in reactive oxygen species (ROS) . Necrotrophic pathogens, such as fungi of the
genus Botrytis, exploit the plant PCD pathway by actively triggering apoptosis in host
cells through the activity of an array of effector compounds, allowing the pathogen
to acquire nutrients from the dead plant cells and to colonise the plant tissue 6.

To determine the level of resistance or susceptibility of a given plant genotype, as-
sessment of disease symptoms in an infection assay is a key step to evaluate the
outcome of an interaction between host and pathogen. Thus, visualisation and quan-
tification of PCD over a given period of time are essential to understand how the
plant responds upon contact with the pathogen. Furthermore, a visual assessment
is often performed to study the effect of individual pathogen IPs (including effectors)
on the host, which is done by applying such molecules to a plant tissue by either
agroinfiltration or IP injection. This approach allows plant genotypes to be compared
for their responses to pathogens or specific IPs and for disease development or the
establishment of resistance responses to be monitored over time.

At present, the most widely used and commonly accepted method to visualise plant
cell death is the trypan blue staining (TBS) technique, which is a cell viability test
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based on the principle that live cells, possessing intact and functional cell mem-
branes, exclude trypan blue dye whereas dead cells do not. This staining method
was first described by Ehrlich *¥7 in a study in which trypan blue dye was inject-
ed into animal tissue and he observed that the brain tissue showed less staining.
Subsequent research showed that when trypan blue was injected directly into the
central nervous system instead, the brain tissue would stain equally well, but the
stain would not travel to the rest of the body, showing a compartmentalization be-
tween the cerebrospinal fluid and the vasculature in the rest of the body %718, |n
the course of the 20th century and until current times, TBS has been successfully
implemented in plant biology and phytopathological studies because it was found
that TBS allows plant vascular tissue 8%, dead Arabidopsis thaliana cells because
of HR induced by Pseudomonas syringae effectors , or cell death responses in
Brassica rapa cotyledons to oomycete elicitin 1°! to be visualised. TBS consequently
became useful to assess the extent of plant tissue colonisation by microbial patho-
gens and, for example, for detecting (micro-)lesions in plant-microbe interactions %2,
Nevertheless, TBS has four major drawbacks. First, it is not understood how trypan
blue dye can pass membranes of dead cells and of hyphae of live fungi and oomy-
cetes, whereas the dye is specifically excluded from live plant cells with an intact
plasma membrane. Second, the method requires the use of toxic chemicals, such as
the dye itself, phenol, and chloral hydrate. Third, TBS represents a destructive assay
that does not allow disease progression and/or the occurrence of plant cell death
responses to be followed in the same sample over time, nor does it allow the tissue
to be sampled for RNA, protein, or metabolite analyses after it is stained. Finally, the
method provides a qualitative test of cell viability, but it does not easily allow PCD
to be quantified in a standardised way

We here report a non-destructive, nontoxic, and reproducible method to visualise
and quantify cell death in green plant tissues. This method can be implemented to
study different pathosystems and allows the development of PCD to be followed
over time. The protocol is based on the detection of light signals emitted by plant
cells undergoing cell death. With the aid of a fluorescence imaging system, we ob-
served red light emission by leaf tissue upon infiltration with known PCD-inducing
compounds, agroinfiltration, or infection by a pathogen. We provide evidence that
the red light signal originates from the increase in chlorophyll fluorescence due to
the dismantling of chloroplast thylakoid membranes in cells undergoing PCD. We
provide several illustrations that this method can be used as a versatile tool for
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quantitative and non-destructive evaluation of plant responses to microbial patho-
gens or their IPs.

RESULTS

This study was initiated after the observation that on exposure to a green light
source, leaf tissue undergoing a typical HR emits light that could be detected using
the red light filters of a fluorescence imaging system. Our initial experiments indi-
cated that the intensity of the emitted light positively correlated with the severity
of visual signs of cell death. We set out to explore whether this method would be
suitable for the development of an alternative, fast, simple, and safe non-destructive
tool to visualise cell death in plant tissue. This tool should allow users to quantify
PCD in a standardised and reproducible manner and to follow the development of
PCD over a given time course. Therefore, we first tested whether the areas yielding
a light signal that was detected with red light imaging originated from the affected
tissue that in PCD tests is normally stained with trypan blue. Nicotiana benthami-
ana:Cf-4 leaves were infiltrated with pure Avr4 protein from C. fulvum and we com-
pared the visible HR symptoms with the classic TBS and the red light signal on the
same leaves (Figure 1).

Figure 1. Cell death symptoms caused by Avr4 infiltration (A: 1 uM; B: 5 uM) in leaves of N. ben-
thamiana:Cf-4 plants, visualised at 3 days after infiltration with visible light (left column), trypan
blue staining (middle column), and red light imaging system (right column)
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At 3 days after infiltration (dai), HR symptoms were observed on leaves infiltrated
with 5 uM of Avr4 but not 1 pM (Figure 1, left column). Comparing TBS (Figure 1,
middle column) to the red light signal (Figure 1, right column), it can be noticed that
the areas stained with trypan blue exactly match with the areas from which the
red light signal is detected by the imaging system. The signal intensity was clearly
stronger at higher Avr4 concentration and showed a punctate pattern, with the
most intense red light emission from areas that displayed the most obvious signs
of cell death.

Recently, several studies have used UV transillumination to monitor cell death re-
sponses 3719, We compared the use of UV light as a source of excitation for imaging
of tissue undergoing PCD to the imaging based on green light excitation described
above (Figure S1). When the leaves were excited with UV light, a much stronger
background signal was detected in the healthy tissue and in the leaf veins. Such
a background signal interferes with the red light signal that derives from tissue
undergoing PCD, thereby rendering the UV imaging system less sensitive for areas
yielding lower signal intensities.

Having shown that the necrotic areas exactly match with the areas from which the
red light signal originates, we infiltrated different IPs into leaves of N. benthamiana
to test whether the intensity of the red light signal correlates with the severity of
the visible PCD symptoms (Figures 2-4). On infiltration of flg22, at 3 dai no cell death
symptoms were observed on the leaves, and also no red light signal was detected
(Figure 2A). On the other hand, a clear red light signal was detected on Avr4 infil-
tration in leaves of N. benthamiana stably expressing Cf-4, but, apart from some
chlorosis, no cell death symptoms were observed (Figure 2B). In contrast, BcNEP1 in-
filtration caused the swift development of a clearly visible area of dry necrotic tissue
that matched with the area yielding a strong red light signal (Figure 2C). In a ROS
burst assay, the incubation of leaf disks of N. benthamiana in a solution containing
either flg22, Avr4, or BcNEP1 triggered a strong ROS burst (Figure 2, lower panel).
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Figure 2. Visible cell death symptoms (left) and detected red light signal (right) on infiltration of 0.1
puM flg22 (A), 0.01 uM Avr4 (B), and 0.004 uM BcNEP1T (C) at 3 days after infiltration in leaves of N.
benthamiana:Cf-4. Reactive oxygen species burst triggered by 0.1 uM flg22 and the Milli-Q water
(MQ) control in N. benthamiana wild-type (WT) (D), 0.01 uM Avr4 in N. benthamiana:Cf-4 and the
N. benthamiana WT control plant (E), and 0.004 uM BcNEPT and the MQ control in N. benthamiana
WT (F). n = 8, error bars show the SE.

To test whether this method can also be used in combination with Agrobacterium
transient transformation assays (ATTA; agroinfiltration), genes encoding IPs and their
corresponding immune receptors were transiently expressed in N. benthamiana
leaves and the development of HR was monitored. Expression of Avr4 or Cf-4 alone
caused no symptoms of HR and no red light signal was detected outside the area
of wounding caused by the syringe during the infiltration. Transient expression of
both Avr4 and Cf-4 in the same leaf area caused symptoms of HR and a clear red
light signal was detected (Figure 3A). Similarly, transient expression of the protein
AvrdBS4 from Xanthomonas campestris pv. vesicatoria and its matching tomato
immune receptor, the NLR BS4, triggered symptoms of HR and a red light signal only
when infiltrated in combination (Figure 3B) 1%4. Moreover, the elicitor-independent HR
triggered by NRC1P4V was also tested, which is a constitutively active mutant of the
tomato NLR NRC1. In the agroinfiltrated areas, HR symptoms were observed togeth-
er with a strong emission of a red light signal. In contrast, expression of NRC1K91R,
which is an inactive mutant of NRC1, caused no HR and no red light signal was de-
tected (Figure 3C) %, Furthermore, quantification of HR upon agroinfiltration was
assessed by transiently expressing Avr4 in N. benthamiana:Cf-4 after virus-induced
silencing of the gene encoding the immune receptor Cf-4. A significant decrease in
the signal intensity was observed when Cf-4 was silenced (Figure 3D).
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To explore whether the imaging system also functions for plants other than N. ben-
thamiana, we infiltrated a different IP, namely the Botrytis cinerea polygalacturonase
3 (BcPG3) protein, in detached leaves of wild-type (WT) Arabidopsis Col-0 plants
and in an Atsobirl Arabidopsis mutant .. As depicted in Figure S2, necrotic tissue
in combination with a clear red light signal was observed only in leaves of the WT
plants, whereas neither necrotic spots nor a red light signal were detected on BcPG3
infiltration in the Atsobirl mutant. In addition, a specific red light signal was de-
tected in leaves of transgenic tomato seedlings systemically expressing both the
C. fulvum Avr4 and the Cf-4 resistance protein “°, even before symptoms of necrosis
were observed (Figure S3).
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Figure 3. Cell death symptoms on agroinfiltration of Avr4/Cf-4 (A), AvrBS4/BS4 (B), NRC1¥¥R and
NRC1P48V (C) in N. benthamiana leaves at 3 days after infiltration (dai), visualized under visible light
and with the red light imaging system. (D) Red light signal intensity measured upon agroinfiltra-
tion of Avr4 after virus-induced gene silencing of Cf-4 in N. benthamiana:Cf-4 at 3 dai, n = 8. Bars
represent SD. ***Significant difference using a t test, p < 0.001

Besides the qualitative visualisation of PCD in different plant species, this method-
ology should also allow the quantification of the magnitude of PCD by measuring
the intensity of the red light signal. To test this application, we infiltrated leaves of
N. benthamiana:Cf-4 with different concentrations of Avr4 protein from C. fulvum
and BcNEP1 protein from B. cinerea (Figure 4). While even the highest concentration
(1 pM) of Avr4 protein barely induced any sign of PCD as observed with the naked
eye (Figure 4D), the imaging system detected increasing red light signal intensi-
ties emitted by the infiltrated tissue on infiltration of higher Avr4 concentrations
(Figure 4D,E). By contrast, no red light signal was detected in the mock-infiltrated
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areas, except at sites where the syringe was applied and pressed on the leaf to
infiltrate the Milli-Q water (MQ), thereby causing some wounding (Figure 4D, MQ).
On the other hand, BcNEP1 infiltration caused visible necrotic spots even at the
lowest concentrations used (Figure 4A), whereby the red light signal intensity mea-
sured on BcNEP1 infiltration was up to 25-fold higher than in Avr4 infiltrated leaves
(Figure 4E,F). In addition, it can be noticed that when BcNEP1 was infiltrated at
higher concentrations no clear differences in the necrotic tissues could be observed
(Figure 4B,C). However, when quantified with the imaging system, increasing red
light signal intensities were recorded in leaves infiltrated with increasing BcNEP1
concentrations (Figure 4F).
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Figure 4. Dose-dependent cell death symptoms caused by BcNEP1 (A, B, C) and Avr4 (D) protein
infiltration in N. benthamiana:Cf-4 at 3 days after infiltration, as visualized under visible light
and with the red light imaging system. Quantification of red light signal intensities emitted by N.
benthamiana:Cf-4 leaves infiltrated with 0.01, 0.1, and 1 uM Avr4 protein and Milli-Q water (MQ)
as a control (E), and with 0.004, 0.04, and 0.4 uM BcNEP1 protein (F). Bars represent averages +
SD (n = 8). Significant difference using analysis of variance followed by Tukey's test, *p < 0.05, **p
<0.01, ****p < 0.0001.

Furthermore, to monitor the development of PCD over a given time course of in-
fection, leaves of N. benthamiana and Arabidopsis Col-0 were inoculated with a
conidial suspension of B. cinerea. In both cases, development of necrotic lesions
was observed from 2 days post inoculation (dpi) and the imaging system detected
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a clear red light signal at the site of the lesion (Figure 5A,B). For N. benthamiana,
pictures of the same detached leaves were taken at 2, 3, and 4 dpi. This was not
possible for Arabidopsis leaves because they were too fragile after detachment, and
therefore symptom development was followed on detaching different leaves at 2
and 3 dpi. Following incubation, we observed that the lesions expanded and that the
red light signal was sometimes detected in irregular shapes, outside of the circular
necrotic spot caused by the fungus. The latter light-emitting zones were not visible to
the naked eye (Figure 5A,B, yellow arrows). Moreover, the imaging system detected
a red light signal for both Arabidopsis and N. benthamiana, which was visible as
concentric rings of different intensities at the location where the necrotic lesions
developed (Figure 5A,B, red arrows). Besides leaves, the red light imaging system
was also tested to detect disease symptoms on stem tissue. When B. cinerea conidia
were inoculated onto N. benthamiana intact and cut stems, red light emission was
observed in stem tissue showing visible disease symptoms (Figure S4).

A B. cinerea B B. cinerea
2dpi 2dpi
4dpi

Figure 5. Necrotic lesions developing after Botrytis cinerea inoculation on leaves of (A) N. benth-
amiana and (B) Arabidopsis, visualized with visible light (left) and with the red light imaging system
(right). Yellow arrows indicate the red light signal detected in tissue outside the necrotic lesions;
red arrows indicate distinct concentric rings with different red light signal intensities within the
lesion. dpi, days post inoculation.
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We also followed the development of necrotic lesions on two lily cultivars inoculat-
ed with two different Botrytis elliptica isolates. Figure 6 shows the necrotic lesions
that were observed at 3 and 4 dpi. In all cases, the lesions expanded during the
incubation. With both isolates, distinct areas were observed emitting a light signal
of different intensities, with a fairly abrupt transition between them (Figure 6B). The
outer area showed a lower red light intensity (Figure 6B) and this was not visible as
necrotic tissue when the picture was taken with visible light. Moreover, for the most
aggressive isolate (Be9401) in both cultivars the imaging system detected a much
weaker red light signal in the centre of the lesion compared to the concentric rings
around the inoculation site and the red light signal was also detected in leaf veins.
In contrast, for the less aggressive isolate (Be9732), the signal remained intense at
the inoculation site, while the lesions were still expanding and no red light signal was
detected in the leaf veins. To illustrate the differences in symptom severity and to
compare isolate virulence and cultivar susceptibility, the signal intensities over the
lesion areas were quantified, and the values were plotted on a bar chart (Figure S5).

Be9401 Be9732

A

oT

LO

3dpi 4dpi 3dpi 4dpi

Figure 6. (A) Necrotic lesions developed after inoculation of Botrytis elliptica isolates Be9401 and
Be9732 on leaves of lily genotypes OT and LO, visualized with visible light (upper) and with the
red light imaging system (bottom), at 3 and 4 days post inoculation (dpi). For each time point and
cultivar, three representative leaves are shown. (B) Magnification of a necrotic lesion observed
at 3 dpion genotype LO, highlighted by a red rectangle in (A), showing an area with different light
signal intensities. Yellow dashed lines indicate the borders between these areas.
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To explain the origin and nature of the observed red light signal in tissue under-
going PCD, we hypothesized that the signal might derive from the disassembly of
thylakoid membranes of the chloroplasts. To test this hypothesis, chloroplasts were
isolated from N. benthamiana leaves and treated with different concentrations of
the membrane-disrupting surfactants Nonidet P-40 and sodium dodecyl sulphate
(SDS), and the surfactant solutions were also directly infiltrated in detached N. ben-
thamiana leaves (Figures S6 and S7). As shown in Figure 7A,C, red light emission
was detected in the chloroplast suspension after treatment with both surfactants,
whereas no red light was emitted by the untreated chloroplast suspension and the
pure surfactant solutions.
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Figure 7. Red light emission in a 24-well plate containing a chloroplast suspension obtained from
N. benthamiana leaves after treatment with Nonidet P-40 (NP40) (A, B) or sodium dodecyl! sul-
phate (SDS) (C, D) at different concentrations. Red light signal intensities, determined at three
time points after the indicated treatments, were quantified and bars represent averages + SD
(n = 4). Significant difference using analysis of variance followed by Tukey's test, *p < 0.05, ***p <
0.001, ****p < 0.0001

The graphs in Figure 7B,D show that the red light intensities increased when the
chloroplasts were treated with a higher concentration of the surfactant, as well
as with a longer incubation time with 10% Nonidet P-40, and with 10% and 20%
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SDS. On direct leaf infiltration with the surfactant solutions, the tissue collapsed
in a dose-dependent manner and eventually showed a brownish colouration that
resembled the necrotic tissue observed upon infiltration of various IPs and in the
inoculation assays (Figures S3-S5).

DISCUSSION

Advantages and applications of red light imaging for studies in plant
pathology

Various imaging systems have been developed to investigate plant defence respons-
es. These include quantification methods for ion flux changes and ROS accumula-
tion %, nitric oxide generation ¥, and biophoton generation . Despite focusing
on plant defence responses, none of these methods allows PCD to be investigated
as a determinant of the outcome of the interaction in a given pathosystem, which
usually requires a destructive staining method, TBS. In this study, we describe a
simple methodology to visualise and quantify PCD in green plant tissues using the
red light filter of a fluorescence-luminescence imaging system, which was originally
purchased for imaging DNA or protein gels and western blots. We show that the
system can also be applied for imaging plant cell death during interactions with
pathogens or their IPs.

Compared to classical TBS, the red light imaging method has several advantages.
First of all, it is safer because it does not require the use of toxic chemicals for pre-
paring the staining and destaining solutions, and it generates no chemical waste.
The method is fast and simple because it is solely based on the detection of a light
signal that is automatically processed by the imaging system. This allows the analy-
sis of a large number of samples in a short time, which makes it useful for large-scale
screenings, with up to hundreds of leaves per day. Importantly, in contrast to TBS,
this method is non-destructive and the same samples can be analysed at different
time points to monitor the progression of PCD or the imaging may assist in select-
ing different regions in the sample for extraction of RNA, proteins, or metabolites.
Both in the case of leaf infiltration with different IPs and in inoculation assays with
pathogens, the method allows the plant response to be observed at different time
points, enabling the development of symptoms to be followed during the interac-
tion over a given time span (Figures 5 and 6). The red light imaging system allows
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PCD to be visualised and quantified in a standardised manner. Different parameters,
such as the exposure time and the focus on particular sites of the sample, can be
set in advance and with the aid of software, the red light intensities can be quan-
tified for comparison among different samples. On the other hand, for lesion size
measurements, it is possible to quantify the area of the tissue in which the red light
signal exceeds the background levels. In contrast, in TBS, the staining intensity may
depend on how long the tissue is treated with the staining and destaining solutions,
thereby only permitting a qualitative visualisation of PCD, hampering a quantitative
comparison across multiple samples. It is important to note that the imaging system
requires placing the samples on a flat surface, therefore it is not possible to acquire
images from three-dimensional objects such as whole plants because in that case
the device is unable to bring the complete area to be studied into focus. More spe-
cialised and expensive equipment would be needed for such purposes.

This simple and non-destructive method allows new research aimed at studying
the role of PCD in plant-pathogen interactions to be pursued. PCD symptoms can
be detected before becoming visible to the naked eye and different stages of PCD
might be distinguished depending on light intensities. In necrotic lesions caused
by Botrytis spp., distinct concentric areas were observed showing a red light signal
of different intensity. The absence of a red light signal at the centre of the lesion
(Figure 6B) indicates that, at that location, the light signal emitting compounds have
been completely degraded. In some cases, when moving distally from the centre of
the lesion, the first area surrounding the inoculation site showed a higher signal
intensity as compared to the lesion periphery, resulting in the formation of a con-
centric ring (Figure 6B). This observation might indicate that PCD is more advanced
in the brighter region and is only just induced in the peripheral area. It remains to be
established whether higher signal intensities correlate with more advanced stages of
PCD. Moreover, by inoculating plant tissue with transgenic pathogen strains express-
ing green fluorescent protein (GFP), it should be possible to investigate whether
host tissue colonisation has already occurred in the areas displaying low-intensity
red light signals, or whether PCD has been induced by effector compounds that are
secreted by the pathogen and have moved into the surrounding host tissue.

We tested the versatility of the methodology for investigating PCD development by

infiltration of different IPs. Upon flg22 infiltration, we observed neither a red light
signal nor development of a necrotic lesion, despite the fact that flg22 recogni-
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tion took place in the leaf tissue and triggered a ROS burst, as previously reported
(Figure 2) *°, This observation confirms that PCD activation requires specific sig-
nalling mechanisms to be induced and that not all IPs equally trigger PCD 8. There
was a dose- and time-dependent cell death response on infiltration of various IPs
at different concentrations (Figures 1 and 4). Because the symptoms are not always
clearly visible, the red light filter of the imaging system provides a more reliable and
objective tool to quantitatively determine the contribution of given IPs to PCD in-
duction in the host tissue. Finally, this method will help to investigate the function of
pathogen-secreted effectors. For example, by labelling pathogen-secreted effectors
with fluorescent tags, it will be possible to study their mobility in the tissue and lo-
calisation over time during host infection, in conjunction with the host response to
these effectors. Additionally, by identifying areas that are in an early stage of PCD,
showing low-intensity red light signals, it should be possible to specifically dissect
and process tissue areas to isolate proteins or RNAs at the appropriate time and
location. Possibly, in this way also specific effector targets in the host cells and PCD
signalling components can be identified via co-immunoprecipitation assays, as the
appropriate tissue can be collected using the imaging system.

PCD, chlorophyll fluorescence, and the red light signal

This study shows that tissue undergoing PCD emits red light that can be detected
by means of the imaging system. We hypothesised that the red light signal derives
from increased chlorophyll fluorescence, as a consequence of the disassembly of
the thylakoid membranes in the chloroplasts. This hypothesis was tested by treating
isolated chloroplasts with membrane-disrupting surfactants (Figure 7) and by leaf in-
filtration with such surfactants (Figures S6 and S7). The membrane-disrupting prop-
erties of the surfactants caused a concentration-dependent emission of the red light
signal from isolated chloroplasts and infiltrated leaves. From a photochemical point
of view, this phenomenon can be explained by the abortion of photochemical activity
due to the dismantling of the chloroplast thylakoid membranes in cells undergoing
PCD, resulting in an increase in chlorophyll fluorescence. In photochemically active
plant cells, chlorophyll molecules are tightly packed together in light-harvesting
complexes (LHCs) that are located at the thylakoid membranes of the chloroplasts.
Chlorophyll fluorescence is quenched by photochemical activity when LHC-photo-
system Il (PSIl) complexes are assembled in thylakoids. Chlorophylls have two dis-
tinct absorption wavelength peaks in the visible light spectrum: the highest is found
in the blue spectrum at c.450 nm and the lowest at 650 nm in the red spectrum.
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Moreover, chlorophylls possess a fluorescence emission peak in the red spectrum
at ¢.680 nm. During PCD or on perturbation of thylakoid membrane stability, LHC-
PSII super-complexes are disassembled from chloroplast thylakoid membranes. This
causes cessation of the electron flow required for photochemical activity because
the connection between PSIl and photosystem | via plastoquinone, cytochrome-b6f,
and plastocyanin is lost. As a consequence, light-excited chlorophyll molecules will
dissipate photon energy through heat and fluorescence 2.

CONCLUSION

In this study, we show that red light fluorescence detection by a multipurpose im-
aging system can be used to visualise plant tissue undergoing cell death. Quan-
tifying the intensity of the red light signal enables the magnitude of cell death to
be evaluated and thereby provides a readout of the plant immune response in a
faster, safer, and non-destructive manner when compared to previously developed
chemical staining methodologies. This application can be implemented to screen
for differences in symptom severity in plant-pathogen interactions, and to visualise
and quantify in a more sensitive and objective manner the intensity of the plant
response on perception of a given immunogenic pattern.

MATERIALS AND METHODS

Plant material and growth conditions

Transgenic N. benthamiana plants stably expressing Cf-4 (N. benthamiana:Cf-4)
201 and WT N. benthamiana plants were grown under 16 hr light at 24 °C and 8 hr
darkness at 22 °C and RH of 75%.

Arabidopsis ecotype Col-0 and the Atsobirl mutant line in the Col-0 background %,
were grown under 12 hr light at 21 °C and 12 hr darkness at 19 °C at an RH of 75%.

Lilium genotypes from the hybrid types OT (Oriental x Trumpet) and LO (Longiflorum
= Oriental) were planted as bulbs and grown in the greenhouse under natural day/
night light regime and temperatures. Mature leaves of 2-month-old plants were used
for the inoculation assays.
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Red light imaging and signal quantification

Treated plant material was placed in a ChemiDoc MP imaging system, model Univer-
sal Hood Il (Bio-Rad), and images were acquired on excitation by a light source in the
green visible spectrum (Green LED Module kit no. 1708284) or in the UV spectrum
(UV-B Transillumination no. 1001361), with filters capturing the light emitted in the
red visible spectrum (filter 605/50). The exposure time was adjusted to avoid image
saturation. For comparison purposes, the images shown were auto-scaled according
to the treatment that yielded the lowest signal intensity.

For the IP infiltration assays, the mean signal intensity was calculated using Image
Lab v. 6.0.1 software by manually selecting the treated areas and subtracting the
background signal intensity value. For the disease assay in Lilium, the spots yielding
a light signal were manually highlighted, and the signal was calculated as the inten-
sity over the selected area among 12 inoculations sites on three leaves per plant
cultivar and per B. elliptica isolate at 2, 3, and 4 dpi.

Statistical analysis

GraphPad Prism v. 8.4.0 was used to perform an analysis of variance (ANOVA) with a
post hoc Tukey's test on the IP infiltration experiments, chloroplast treatment with
surfactants, and the Botrytis disease assays in Lilium.

Immunogenic pattern-triggered cell death assays

NEP1 protein from B. cinerea (BcNEP1) was produced in Pichia pastoris ?°? and dis-
solved in 10 mM phosphate buffer, pH 5.5. The peptide flg22 (EZBiolab) and the
protein Avrd (produced in P. pastoris) % from C. fulvum were dissolved in water.
Protein infiltration was carried out in the first fully expanded leaf of 5- to 6-week-
old N. benthamiana:Cf-4 and WT plants, and the cell death response was scored
at 3 dai. The infiltrated areas were photographed and the average red light signal
intensities were calculated.

B. cinerea polygalacturonase 3 (BcPG3) protein produced in P. pastoris ° was dis-
solved in 10 mM sodium acetate buffer pH 4.2 and infiltrated at a concentration of
1.5 uM in fully expanded rosette leaves of 6- to 7-week-old Arabidopsis plants. The
necrotic areas were photographed and analysed by red light imaging at 8 dai.
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Tomato (Solanum lycopersicum) seedlings stably expressing both Avr4 and Cf-4
were generated by crossing transgenic tomato cv. Moneymaker (MM) expressing
C. fulvum effector Avr4d to MM-Cf-4 plants 2°42%, After sowing, plants were grown for
4 weeks at 33 °C and 100% RH to suppress systemic PCD. Synchronised systemic
PCD was eventually induced by transferring the seedlings to 20 °C and 70% RH.
The first fully developed tomato leaves were harvested 4 hr after transfer and were
photographed.

Agrobacterium-mediated transient transformation and virus-induced gene
silencing in N. benthamiana

Agrobacterium-mediated transient transformation (agroinfiltrations) were per-
formed as previously described 2%, The constructs pMOG800-Cf-4, pGWB20-BS4,
pVsF-AvrBS4, pBINKS-NRC1D481V, and pBINKS-NRC1K191R-GFP were infiltrated
with Agrobacterium tumefaciens cultures at OD600 = 1. The construct pMOG800-
Avr4 was infiltrated with A. tumefaciens cultures at OD600 = 0.03. Symptoms were
evaluated at 3 dai.

Virus-induced gene silencing (VIGS) using tobacco rattle virus (TRV)-based vectors
was performed in N. benthamiana:Cf-4 as previously described 7.

Trypan blue staining

N. benthamiana leaves infiltrated with BcNEP1 protein were harvested at 3 dai and
boiled for 2-5 min in staining solution, consisting of 16.6% (wt/vol) of trypan blue
in an ethanol/lactic acid/phenol/water (3:1:1:1) mixture. After this, the leaves were
destained with chloral hydrate and photographed.

ROS burst measurements

For each treatment, we used eight leaf discs (5 mm) punched from the first fully
expanded leaf of 5- to 6-week-old N. benthamiana:Cf-4 plants. The discs were float-
ed on 50 pl of Milli-Q water (MQ) in a 96-well plate and kept in the dark at room
temperature for 5 hr. The MQ was then removed using tissue paper, replaced by
50 pl of MQ, and kept in the dark for 1 hr at room temperature. After this, 50 pl of
solution containing the IPs, 50 uM luminol L-012 (FUJIFILM), and 10 pg horseradish
peroxidase were added to each well. The luminescence values were measured using
a CLARIOstar plate reader (BMG LABTECH) over a period of 4 hr.

43



Chapter2

Disease assays with Botrytis spp.

Leaves, intact and cut stems of N. benthamiana plants, and leaves of WT Arabidop-
sis Col-0 were inoculated with conidia of B. cinerea B05.10. The fungus was grown
on malt extract agar (50 g/L; Oxoid) and sporulation was induced by illumination
with UV-A lamps. After harvesting, the concentration of the conidia was adjusted
to 106/ml using potato dextrose broth (PDB; Oxoid) at 24 g/L PDB, and inoculated
in 2-ul droplets on the adaxial side of the leaves. Mock inoculation was carried out
by applying 2-pl droplets of PDB solution. Inoculated plants were then incubated in
moist plastic boxes and were kept under the same light conditions under which the
plants were grown before. Inoculated leaves were detached at 2 dpi, photographed,
and analysed by red light imaging. The leaves were then stuck into wet floral foam
and returned to the plastic boxes to allow disease progression to take place. This
procedure was repeated at 3 and 4 dpi to visualize symptom development. Given
the fragility of inoculated A. thaliana leaves, it was only possible to record symptom
development for N. benthamiana leaves. Symptom development on inoculated N.
benthamiana stems was evaluated at 4 dpi.

Detached leaves from two different cultivars of Lilium spp. (OT and LO) were abaxially
inoculated with 2-pl droplets of B. elliptica conidia from isolates Be9401 and Be9732,
respectively (105 conidia/mlin 12g/L PDB). Mock inoculation was carried out with
2-pl droplets of PDB. Inoculated leaves were incubated in moist plastic boxes and
pictures of red light imaging were taken at 3 and 4 dpi, with 2 s exposure. The signal
intensities were analysed in a manually drawn area, encompassing the necrotic
lesion for all the cultivar x pathogen combinations. An area of variable size was se-
lected in each control leaf for subtraction of the background signal of healthy tissue.

Thylakoid disassembly test

Intact chloroplasts were isolated from N. benthamiana by stirring cut leaf pieces
and following the protocol as described by Ho and Theg 8. After ultracentrifugation,
the Percoll layer containing the chloroplasts was transferred to a 24-well plate with
150 pl aliquots per well. Two surfactants with membranolytic activity were added
to each well to perturb thylakoid membrane stability. The surfactants were used at
final concentrations of 0.01%, 0.1%, 1%, and 10% for Nonidet P-40 (wt/vol = g/100
ml) and 0.1%, 1%, 10%, and 20% for SDS (wt/vol = g/100 ml). One hundred and fifty
microlitres of the respective surfactant at the different concentrations was added
to the wells containing the chloroplast suspension. Untreated chloroplast suspen-
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sion and pure surfactants at the highest concentration were used as controls. After
gently mixing and 20 min of incubation in the dark, the microtiter plates were placed
in the imaging system to detect the light signal using red light imaging, at an expo-
sure time of 10 s.
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SUPPLEMENTARY DATA

Figure S1. Cell death symptoms caused by Avr4 infiltration for (A) 1 uM and (B) 5 M) in leaves of
N. benthamiana:Cf-4 plants, visualised at 3 days post inoculation with visible light (left column),
trypan blue staining (middle-left column), and red light imaging using green (middle-right column)
and UV light (right column) as excitation wave lengths.

Col-0 Asobir1

BcPG3

Figure S2. Cell death symptoms monitored at 8 days post inoculation caused by BcPG3 protein
infiltration in an Arabidopsis wild-type Col-0 plant (left panels) and in a Atsobir1 deletion mutant
(right panels). Each leaf was visualized under visible light with visible light (left) and red light
imaging (right).
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Avrd/Cf-4

Figure S3. Red light signal detected in leaves of Avr4/Cf-4 tomato seedlings (A) and in control
leaves of only Cf-4-expressing tomato seedlings (B) harvested 4 hr after changing growth condi-
tions to a permissive temperature (see Experimental Procedures).
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Figure S4. Necrotic lesions developing upon Botrytis cinerea inoculation of cut stems (A) and
intact stems (B) of N. benthamiana at 4 days post inoculation, visualised with visible light (left)
and red light imaging (right). Red arrows indicate the inoculation sites on the stem.
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Figure S5. Red light signal intensity over the lesion areas measured at 2, 3, and 4 days post inoc-
ulation from necrotic lesions developed on lily OT and LO, inoculated with Be9401 and Be9732.
Bars represent averages + SD (n = 12). Asterisks indicate significant differences using analysis of
variance followed by Tukey's test.
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Figure S6. (A) Leaf response of N. benthamiana infiltrated with NP40 at the indicated concen-
trations, visualized under visible light (upper panel) and with red light imaging (lower panel) at 20
min after infiltration of the surfactant. (B) Red light signal intensity values measured at 20 min
afterinfiltration with NP40 at the indicated concentrations. Bars represent averages + SD (n = 3).
Asterisks indicate significant differences using analysis of variance followed by a Tukey test.
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Figure S7. (A) Leaf response of N. benthamiana infiltrated with sodium dodecyl sulphate (SDS)
at the indicated concentrations, visualized under visible light (upper panel) and with red light
imaging (lower panel) at 20 min after infiltration of the surfactant. (B) Red light signal intensity
values measured at 20 min after infiltration with SDS at the indicated concentrations. Bars rep-
resent averages + SD (n = 4). Asterisks indicate significant differences using analysis of variance
followed by a Tukey test.
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ABSTRACT

Plants rely on an innate immune system to recognise and respond to pathogens. The
first layer of this immune system is composed of immune receptors that are present
at the cell membrane. These immune receptors can be classified as receptor-like
kinases (RLKs) and receptor-like proteins (RLPs), according to the presence or ab-
sence, respectively, of an intracellular kinase domain for downstream signalling.
RLPs interact constitutively with the RLK SOBIR1, providing the intracellular kinase
domain for signal transduction. Regulation and signal initiation and transduction
mechanisms of RLP/SOBIR1 complexes are far from being understood, and this
study aims to acquire fundamental knowledge on the molecular mechanisms regu-
lating the signalling cascade downstream of SOBIR1-containing immune complexes
in Solanaceae. Based on the assumption that essential components of SOBIR1-
containing immune complexes will tend to be conserved, we sought to transfer rel-
evant biological information from the well-studied model plant Arabidopsis thaliana
(Arabidopsis) to the solanaceous research model plant Nicotiana benthamiana. We
explored publicly available Arabidopsis microarray data and found that genes encod-
ing components of the SOBIR1 complex are co-expressed under various conditions
of biotic stress and belong to a transcriptional cluster that is enriched in genes
related to immune responses. Several genes that are included in this cluster, and
are involved in immune responses triggered by the SOBIR1 complex in Arabidopsis,
were evaluated to play a role in transgenic N. benthamiana expressing the RLP Cf-4.
We show that the respiratory burst enzyme NbRBOHB produces a biphasic ROS
burst upon activation of Cf-4 by the matching effector Avr4 of the fungal tomato
pathogen Cladosporium fulvum, and that this process is dispensable for the onset of
the hypersensitive response (HR). Also, we show that between N. benthamiana and
Arabidopsis, signalling cascades are not strictly conserved: A heterodimer formed
by the lipase-like proteins EDS1 and PAD4 is required for immune responses down-
stream of SOBIR1 in Arabidopsis, but we do not detect a measurable role in N. ben-
thamiana. We also evaluated the relevance of heterotrimeric G-proteins inimmune
signalling and found that different extra-large G-proteins (XLGs) have opposing roles
in regulation of the activity of the SOBIR1 complex. Finally, we provide evidence
suggesting a role for the copine protein NbBON1A as a negative regulator of a guard-
ing mechanism based on a TNL resistance protein, acting on the SOBIR1 complex.
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INTRODUCTION

Plants are continuously challenged by pathogenic microbes, and when crops get
diseased, the economic losses are enormous. The first layer of defence, which is acti-
vated upon the first contact of the plant with a pathogen, is provided by immune re-
ceptors localised at the plasma membrane (PM). These cell-surface receptors detect
immunogenic patterns (IPs), which can be structural compounds of the pathogen,
such as chitin and lipo-polysaccharides, or specific virulence factors of the pathogen
(so-called effectors) of which the encoding genes are in planta-induced to promote
disease, and which accumulate in the intercellular spaces ©2°.

Cell-surface receptors can be subdivided into receptor-like kinases (RLK) and recep-
tor-like proteins (RLPs), of which the latter lack an intracellular kinase domain that
can directly initiate cytoplasmic signalling. The extracellular domain is responsible
for recognition of extracellular signals and different kinds of extracellular domains
can recognise different types of signals. A typical extracellular domain of cell-sur-
face receptors is the leucine-rich repeat (LRR) domain that generally plays a role in
protein-protein interactions, and LRR-RLKs and LRR-RLPs are known to recognise a
plethora of proteins and peptides that are derived from pathogens . For this reason,
they play a very important role in the resistance of our crop plants to diseases.

Defence signalling by LRR-RLKSs is well-studied, particularly in the model plant Arabi-
dopsis thaliana (Arabidopsis). An example of an elucidated signalling pathway that
is triggered by such an LRR-RLK is the cascade of molecular and biochemical events
that is initiated by the LRR-RLK FLAGELLIN-SENSING 2 (FLS2), and which eventually
leads to plant resistance. FLS2 is a widely conserved immune receptor that recognis-
es the bacterial peptide flg22, which is derived from the bacterial flagellum 3. Upon
recognition of flg22, FLS2 associates with the co-receptor BRASSINOSTEROID-IN-
SENSITIVE 1 (BRI1)-ASSOCIATED KINASE (BAK1) 522%°, Subsequently, a series of
transphosphorylation events between the kinase domains of both RLKs results in
the release of the receptor-like cytoplasmic kinase (RLCK) BOTRYTIS-INDUCED
KINASE 1 (BIK1) from the complex . Once activated, BIK1 phosphorylates the
NADPH oxidase RESPIRATORY BURST OXIDASE HOMOLOG PROTEIN D (RBOHD),
and this activated enzyme then produces the burst of flg22-induced reactive oxygen
species (ROS) 210211,
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Although the defence signalling pathway triggered by LRR-RLKs like FLS2 is known in
quite some detail, much less is known about the molecular mechanisms underlying
the immune responses mediated by LRR-RLPs. The first LRR-RLP that was identified
as an immune receptor is the tomato (Solanum lycopersicum) Cf-9 protein 22, This
protein confers resistance of tomato to infection by strains of the tomato pathogen
Cladosporium fulvum carrying the matching effector, which is the avirulence protein
Avr9. The activation of this immune receptor triggers a response that includes the
swift accumulation of ROS and a type of programmed cell death that is observed
as a hypersensitive response (HR) 213. The recent discovery that tomato LRR-RLPs
constitutively interact with the LRR-RLK SUPPRESSOR OF BIR1-1 (SOBIR1) pro-
vided an explanation of how these membrane-bound immune receptors do trigger
downstream signalling, while lacking a cytoplasmic domain themselves . Further
research showed that the formation of bimolecular receptor kinases by the inter-
action with SOBIR1-type of adaptors is a general and conserved feature of LRR-
RLPs 618285889091214-217 | Jnon ligand recognition, the LRR-RLP/SOBIR1 complex also
recruits the regulatory LRR-RLK BAK1 7%, and similar to FLS2 signalling a series of
transphosphorylation events are proposed to initiate further downstream signalling
77, From this point, very little is known about the next downstream components in the
signalling cascade leading to the HR. It is known that the tomato RLCK AVR9/CF-9-
INDUCED KINASE 1 (ACIK1) is required for Cf-mediated immune responses, includ-
ing the development of an HR %4 although its exact role in the signalling cascade
is yet to be discovered. More recently, the intracellular nucleotide-binding domain
leucine-rich repeat-containing receptor (NLR or NB-LRR) NB-LRR REQUIRED FOR
HR-ASSOCIATED CELL DEATH-3 (NRC3) was shown to be required for the actual HR
upon activation of another tomato Cf protein, which is the LRR-RLP Cf-4 that recog-
nises the avirulence protein Avr4 of C. fulvum %, More insight into the downstream
signalling events triggered by LRR-RLP/SOBIR1 immune complexes came from re-
search on the Arabidopsis LRR-RLPs RLP42 and RLP23. RPL42 perceives the fungal
polygalacturonase PG3 °!, whereas RLP23 recognises a conserved peptide (nlp20)
that is found in a family of effector proteins produced by bacteria, fungi and oomy-
cetes; the NECROSIS AND ETHYLENE-INDUCING PEPTIDE 1 (NEP1)-like proteins
(NLPs) ®. The immune responses triggered by these LRR-RLPs were recently shown
to be mediated by the RLCKs AVRPPHB SUSCEPTIBLE 1 (PBS1)-LIKE 30 (PBL30)
and PBL31, as well as by the signalling module composed by the lipase-like proteins
PHYTOALEXIN-DEFICIENT 4 (PAD4) and ENHANCED DISEASE SUSCEPTIBILITY 1
(EDS1), which is also required for downstream signalling by intracellular NLRs €2,
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While PBL30 and PBL31 are also required downstream of LRR-RLKs like FLS2, the
PADA4-EDS1 signalling module plays only a limited role downstream of FLS2. In addi-
tion to this, the RLCK BIK1 was found to have opposing roles when regulating LRR-
RLKs and LRR-RLPs, as bik1 knock-out mutants show stronger immune responses
upon treatment with PG3 and nlp20, which are the ligands of RLP42 and RLP23,
respectively, whereas the FLS2-triggered response to flg22 is compromised %',

Plant defence responses need to be tightly regulated, as there is a fitness cost re-
lated to the relocation of resources from growth to defence ?'°. At the membrane
level, BAK1-mediated immune responses are negatively regulated by the dynamic
interaction of BAK1 with additional LRR-RLKs belonging to the BAK1 INTERACT-
ING RECEPTOR KINASES (BIR) family. Arabidopsis possesses four BIR genes (BIR1
to BIR4), and of which the first one, BIR1, was described in 2009, together with its
suppressor mutation sobirl-1 %, BIR1 interacts with BAK1, thereby preventing its
interaction with SOBIR1, and the birl knock-out mutant phenotype shows spon-
taneous activation of cell death and constitutive defence responses, which are
partially dependent on SOBIR1 and BAK1 1% Unlike BIR1, the second and the third
Arabidopsis BIR genes, BIR2 and BIR3, code for inactive kinases. These two members
of the BIR family negatively regulate BAK1 complex formation with LRR-RLKSs other
than SOBIR1, including the RLK FLS2. BIR2 functions by interacting only with BAK1
%, while BIR3 regulates BAK1/FLS2 complex formation by interacting with FLS2 as
well %6, BIR3 also regulates developmental processes by controlling the interaction
of BAK1 with the LRR-RLK BRASSINOSTEROID-INSENSITIVE 1 (BRI1), which is the
major Arabidopsis brassinosteroid (BR) receptor . Additionally, the tomato ortholog
of BIR3, SIBIR3, has conserved its roles in regulating the perception of fig22 and of
brassinosteroid hormones .. The biological role of the last member of the BIR family,
BIR4, remains to be uncovered.

The identification of interacting partners is a critical step in understanding how
immune receptor complexes are constituted, how their activity is regulated and what
downstream signalling components are recruited upon their activation. Nowadays,
in-silico methodologies have the potential to identify promising candidates, which
can be further validated by wet-lab experiments. It has for example been shown that
protein pairs encoded by co-expressed genes interact significantly more frequently
than random protein pairs 2%, whereas correlation coefficients between gene ex-
pression patterns are generally higher between protein interaction partners, as com-
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pared to pairs of proteins that are not known to interact directly ?2%. Therefore, the
correlation between expression profiles from genome-wide gene expression data,
for example derived from microarrays or RNA sequencing, can be used to establish
a network that connects co-expressed genes and subsequently to infer biological
functions 222,

A network can be described in terms of graph theory, as nodes connected by edges
221223 The number of edges for each node is referred as its “degree”. There are two
theoretical network models that are relevant to this work: a random network ?2* and a
scale-free network 2%, In a random network, the edges are randomly distributed, and
the number of edges per node, the degree distribution, follows a Poisson distribution,
indicating that most nodes have approximately the same number of edges, close to
the average. Scale-free networks on the other hand are characterized by a degree
distribution that follows a power of law, observed as a straight line when plotting the
degree distribution with both X- and Y-axes in a logarithmic scale. In these networks,
most nodes have few edges, and very few highly connected nodes, called “hubs”, hold
the network together. Interestingly, this signature is shared by many social 22622,
technological (world-wide web) 22230 and cellular networks, such as metabolic net-
works 2!, in which nodes are metabolites and links are enzyme-catalysed reactions,
or genetic regulatory networks 232, where nodes are individual genes and the edges
represent expression correlations, and protein-protein interaction networks 233234
that describe direct physical interactions among proteins in one organism.

The regulation and signal transduction partners of LRR-RLPs are far from being un-
derstood. For instance, no RLCK has yet been shown to act as the first downstream
signalling component required for HR induction by LRR-RLPs. This study aims to
identify novel components of LRR-RLP/SOBIR1-containing receptor complexes.
Based on the hypothesis that protein-protein interaction partners tend to be co-ex-
pressed 22!, a network is established from publicly available microarray expression
data of Arabidopsis. By focusing on genes that are co-regulated with known mem-
bers of the complex, we here identify a cluster containing several genes coding
for proteins already known to be involved in the regulation of SOBIR1-containing
complexes. To substantiate the use of this network as a tool to prioritize genes for
laboratory validation in solanaceous plants, selected candidates were evaluated
for their role in immune signalling in stable transgenic N. benthamiana:Cf-4 plants.
Such plants were subjected to virus-induced gene silencing (VIGS) of the candidate
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genes and we subsequently made use of the red-light imaging method #° to quantify
the HR, and also optimized a luminol-based essay for ROS burst measurements, in
order to quantify the intensity of the immune outputs upon challenge with Avr4.

RESULTS

Interaction partners of SOBIR1-containing complexes belong to a cluster of
co-expressed genes in Arabidopsis

To build a gene expression network from available transcription data, the input must
cover the variation of gene expression in comparable Arabidopsis accessions along
alarge set of different treatments. We retrieved the microarray expression data from
29 experiments, covering the variation of gene expression along different devel-
opmental stages, under various types of abiotic stress, upon exposure to different
hormones or a range of immunogenic patterns, and after challenge with various
pathogens. Across all the data used, the number of replicates was between 2 and 3
per treatment, with an average of 2.5 and a total amount of measurements of 763
(see Table S1 for an overview of the experiments used, as well as their accession
number and the number of treatments and number of measurements). Except for
four treatments using Arabidopsis ecotype Ler-0 (one in E-GEOD-5687 and three
in E-GEOD-5701), all other treatments were using the same Arabidopsis ecotype
(Col-0). Thus, in summary, the data used to build the network were derived from
29 experiments, covering 249 different treatments of wild type Arabidopsis plants.

We assessed the co-expression to infer potential protein interaction partners by cal-
culating correlation coefficients of the expression levels of their encoding genes, and
an initial cut-off threshold level for this correlation coefficient was used as a start
point for subsequent co-expression analysis. After normalization of the microarray
data, the Pearson’s correlation coefficient was calculated for all pairs of genes (the
“probes”), along all 249 treatments, yielding 260,136,645 correlation values. From
here, the probes will be referred as “nodes” and the correlation values as “edges” con-
necting these nodes. This initial network is extremely large as all nodes are connect-
ed with each other, yet the vast majority of the edges has correlation coefficients of
around zero, and therefore do not point to biologically relevant connections between
the genes. To identify biologically relevant connections, it is necessary to assess an
initial correlation coefficient cut-off. When plotting the expression patterns of known
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interactors along pathogen inoculation-related treatments, a high similarity in the
obtained profiles is observed (Figure 1A), which supports the approach of building
a network based on the correlation coefficient of the expression level of the genes
encoding the interacting proteins. Then, in order to increase the significance of the
coefficients, the correlations along all 249 treatments were plotted, pointing out the
correlations of the gene expression levels of the known interactors SOBIR1-BAK1
(0.543), BIR1-BAK1 (0.693) and BIR2-BAK1 (0.791) (Figure 1B). Therefore, an ini-
tial cut-off for the correlations of 20.5 was established to obtain a more significant
subset of the data (Figure 1B, in red).
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Figure 1. Distribution of correlations and expression profiles of selected genes. (A) Expression
profile of BAKT, BIR1, BIR2 and SOBIRT across the 32 treatments with various pathogens and IPs
(Table S1). IPs that were used for the experiments of which the gene expression levels are includ-
ed in the profile: Harpin HrpZ, GST-necrosis-inducing Phytophthora protein (NPP1), the bacterial
flagellin-derived peptide flg22 and cell wall-derived lipopolysaccharide (LPS). (B) Density distri-
bution of the expression correlations among all nodes, calculated across all 249 treatments. The
selected initial cut-off is shown in red. The p-values for the three correlations that are indicated:
BAK1-SOBIR1, BAK1-BIR1 and BAK1-BIR2 are all below 2.2 * 1076,

To predict possible interactors of SOBIR1-containing receptor complexes, it is nec-
essary to build a scale-free network, containing known interactors of the complex
22323 The network used for the analysis was built by merging three groups of co-ex-
pressed genes (Figure 2A-B). Each group was generated using a known member of
SOBIR1-containing complexes as a “guide”, which were either SOBIR1 itself, BIR1 or
BAK1. Each group consisted of all the nodes of which the expression was correlated
with its guide and included all the correlations among the various members of each
group (correlation cut-off 20.5) (Figure 2A).
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Figure 2. Construction of a scale-free network around known interactors of SOBIR1-containing
complexes. (A) The three groups of co-expressed genes extracted from the list of correlations,
indicating the number of nodes and edges in each group, are shown. (B) Venn diagram showing
the results of merging the three groups. The numbers in the diagram indicate the number of nodes
in each group. (C) Scale-free network representation using the yFiles Organic Layout algorithmin
Cytoscape . SOBIR1is indicated in blue, BAK1in black, and BIRTin red. Several proteins known
to be functionally related to SOBIR1-containing immune-related complexes are indicated in grey.
The genes that are represented in the cluster are ranked by their number of connections (degree),

as shown in Table S2.
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Comparison between these groups revealed 1,139 nodes, connected by 205,079
edges, and 29.3% of the nodes are shared by the three groups, and 55.7% of the
nodes are shared by two of them (Figure 2B). After merging of the three groups, the
resulting topology is very compact, and any two nodes can be connected by three
edges (diameter), and the probability of any two random nodes being connected is
0.316 (density). The node degree distribution of the generated network was found to
be similar to what can be expected from a random network, and therefore does not
have a scale-free topology (Figure S1A). This observation suggests that increasing
the correlation cut-off is required to generate a scale-free topology. Upon stepwise
increasing the correlation cut-off, a scale-free topology was obtained at a correlation
cut-off of 20.7 (Figure S1A-D). The resulting scale-free network consists of 1,026
nodes, connected by 24,805 edges, and possesses a diameter of 8 edges and a
density of 0.047 (Figure 2C).

This network was characterized by a gene ontology (GO) terms enrichment anal-
ysis. In the Cellular Components category, we found enrichment of GO terms re-
lated to components of the plasma membrane (PM), with the highest enrichment
corresponding to “extrinsic component of cytoplasmic side of PM” (G0O:0031234,
16.44-fold enriched, p-value: 2.13E-03) (Table S3). In the Biological Process category,
we found enrichment of several GO terms related to immune responses, including
“phospholipid translocation” (G0:0045332, 8.43-fold enriched, p-value: 2.52E-03)
and “response to external biotic stimulus” (G0O:0043207, 5.24-fold enriched, p-value:
4.83E-06) (Table S4). For the case of Molecular Function, the highest enrichment
corresponds to “calmodulin binding” (GO:0005516, 7.42-fold enriched, p-value:
1.62E-07), “calcium binding"” (GO:0005509, 4.37-fold enriched, p-value: 1.11E-04), and
“protein kinase activity” (GO:0004672, 2.73-fold enriched, p-value: 1.79E-08). Thus,
the GO terms enrichment analysis describes a network that is enriched in genes
involved in the regulation of immune responses triggered by cell-surface receptors.
Interestingly, several proteins that are functionally related to SOBIR1-containing
complexes are present in this network (Figure 2C). For instance, this network in-
cludes the respiratory burst oxidase homolog RBOHD, which is responsible for the
apoplastic ROS burst produced upon immune activation 2%, and BONZAI 1 (BON1),
which is a calcium-dependent phospholipid-binding protein that is a negative regu-
lator ofimmune responses and which interacts with BIR1 and BAK1 %8, Furthermore,
several suppressors of the activation of constitutive immune responses that were
earlier reported in Arabidopsis birl mutants, including PAD4, EDS1, and the sub-
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units of heterotrimeric G proteins EXTRA-LARGE GTP-BINDING PROTEIN 2 (XLG2),
ARABIDOPSIS GTP BINDING PROTEIN BETA (AGB1) and ARABIDOPSIS G PROTEIN
GAMMA-SUBUNIT 1 (AGG1) 93239240 \were also found. These observations corrobo-
rate the network as a framework to identify novel candidate genes encoding proteins
playing a role in the functioning of SOBIR1-containing receptor complexes.

To identify highly connected nodes (hubs) and possible novel interactors of the SO-
BIR1-containing complex, the network was further analysed using centrality metrics:
closeness centrality and betweenness centrality 242. Both metrics are based on the
concept of the shortest path between two nodes in a graph, defined as the path
that connects two nodes, while going through the minimum number of edges. The
closeness centrality identifies hubs based on their distance, in numbers of edges,
to all other nodes in the network. It is expressed as the reciprocal of the sum of
the shortest paths connecting a particular node with the rest of the nodes in the
network. The betweenness centrality, on the other hand, focuses on how important
a hub is in connecting different components of the network. It is expressed as the
proportion of all the shortest paths in a network that pass through a particular node.
When plotting these centrality metrics, we observed that no clear cut-off could be
defined to subdivide the data, without excluding known functional components of
SOBIR1-containing complexes (Figure 3 A and B).
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Figure 3. Centrality analysis of the scale-free network around known interactors of SO-
BIR1-containing complexes. (A) Closeness centrality (CC) vs node degree and (B) betweenness
centrality (BC) vs node degree. In both plots, the dotted line indicates the cut-off value to retrieve
the top 5% of the nodes (CC > 0.463 and BC =0.00855). Centrality values: SOBIR1, CC=0.4632 and
BC=0.014; BAK1, CC=0.4 and BC=6.469*10-5; BIR1, CC=0.429 and BC=0.0031.
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Forinstance, arbitrary cut-off values chosen to select the top 5% of the central nodes
for each centrality parameter would exclude BAK1 and BIR1, thereby keeping only
SOBIR1 in the list of candidates from the expression analysis. Any other threshold
selected to keep SOBIR1, BIR1, as well as BAK1 in the list, would retain at least 29%
of the nodes for the case of closeness centrality and 49% of the nodes for the case
of betweenness centrality. For this reason, we decided not to further subdivide the
data.

4910 nodes
183,092
edges

@ Unknown
—— Co-expression (Pearson'sr 2 0.7)

Figure 4. Co-expression landscape of the proteins of Arabidopsis, after filtering out proteins
predicted to be located in the nucleus, chloroplasts, mitochondria and Golgibodies. (A) Co-ex-
pression network built by compiling publicly available microarray data of 29 experiments (249 treat-
ments), performed with Arabidopsis. The edges represent Pearson Correlation Coefficients with a
cut-off of 0.7. Visualisation was done in Cytoscape, using the unweighted Prefuse Force-Directed
Layout #'. The blue, red and purple dots in group 10 show the positions of SOBIRT, BAKT and BIR1,
respectively. GO term enrichment analysis of the clusters is shown in Figure S2. (B) Zoom in of
the SOBIR1-containing area of group 10. The colours depict the predicted subcellular localisation
(from www.arabidopsis.org). The purple circles highlight the positions of SOBIR1, BAKT and BIR1.
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Considering the compactness of the scale-free network that was built around known
interactors of SOBIR1-containing complexes (Figure 2C), we decided to explore
whether this network corresponds to a particular cluster in the context of the gene
co-expression landscape of Arabidopsis. We used our previously compiled set of
correlations to build a network comprising the part of the genome of Arabidopsis
that is covered by the microarray expression datasets. Because we are searching for
novel interactors of a protein complex located at the PM, this time we filtered out
all the proteins predicted to be located in the nucleus, chloroplasts, mitochondria
and Golgi bodies 2%, After applying the correlation cut-off that was previously esti-
mated to produce a scale-free network around known interactors of the complex,
we obtained a scale-free network representing 4,910 nodes and 183,092 edges, with
a diameter of 20 edges and a density of 0.015. We visualized the network by using
a Prefuse Force-Directed Layout ?*, and we observed roughly ten groups of highly
interconnected nodes (Figure 4A), in which known components of the system, like
SOBIR1 itself, BIR1 and BAK1 are in close proximity inside a single group (Figure 4B).

Network validation and transfer of the biologically relevant information from
Arabidopsis to N. benthamiana

To validate the results of the network analysis as a source of candidate genes for
further experimental evaluation, and also to transfer biologically relevant informa-
tion from Arabidopsis to the solanaceous model plant N. benthamiana, for further
evaluation we selected proteins that belong to the scale-free network closely around
known interactors of SOBIR1-containing complexes (Figure 2C), and that are in-
volved in immune responses triggered by the SOBIR1 complex in Arabidopsis. Pro-
teins that were eventually selected are the N. benthamiana homologs of RBOHD,
which is responsible for the apoplastic ROS burst generated upon IP perception at
the cell membrane ¥, the PAD4-EDS1 module that is required for the cell death
phenotype of birl mutants %, the Ga subunit of heterotrimeric GTP-binding proteins
(G-proteins) that modulate immune responses by their association with RLKs 244245
and BON1, which is a calcium-dependent phospholipid-binding protein that inter-
acts with BIR1 and BAK1 to modulate plant growth and cell death 2%,
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NbRBOHB produces a biphasic ROS burst upon perception of Avr4 by N.
benthamiana:Cf-4

The production of ROS by the respiratory burst oxidase homologs RBOHD and, to
a lesser extent by RBOHF, is one of the first read-outs that can be obtained after
immune activation in plants 2¥”. When measuring the production of apoplastic ROS
in N. benthamiana by means of a luminol-based chemiluminescence assay using leaf
discs, we observed that perception of flg22 or Avr4 triggers clearly distinguishable
ROS burst profiles. The perception of the flg22 peptide by the RLK FLS2 triggers a
ROS burst profile that reaches its peak after about 20 minutes and goes down to
background level within 1 hour. In contrast, the recognition of Avr4 by Cf-4 triggers
a typical biphasic ROS-burst, having a first peak at about 40 minutes and a second
peak at about 2.5 hours after elicitation (Figure 5A).
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Figure 5. Apoplastic ROS profiles obtained upon elicitation of N. benthamiana. (A) ROS burst
triggered by elicitation with flg22 or Avr4 of N. benthamiana. Leaf discs taken from N. benthami-
ana:Cf-4 were treated with either the flg22 peptide (0.1uM) or with the Avr4 protein (0.1uM). As
a control, leaf discs taken from N. benthamiana wild type (WT) plants were treated with Avr4
protein (0.1uM). ROS was measured by a luminol-based bioassay over a period of 4 hours. The
values are given in relative light units (RLU). Bars show the standard error, n=12. (B) Variation in
the ROS burst profiles triggered by Avr4 (0.1uM) in leaf discs taken from different parts of leaves
of N. benthamiana:Cf-4.
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Interestingly, although always being biphasic, we observed a considerable variation
in the ROS burst profiles between leaf discs taken from different parts of the leaves
(Figure 5B). This observation allowed us to reduce the variation in our ROS burst
measurements by always taking leaf discs from the same area of the leaves (sector
2 in Figure 5B).

We then set out to explore the source of the biphasic ROS burst that is produced
upon perception of Avr4 by the RLP Cf-4. For this, we employed virus-induced gene
silencing (VIGS) to knock-down the expression levels of N. benthamiana NbRBOHB
and NbRBOHA, which are the homologs of Arabidopsis RBOHD and RBOHF, respec-
tively (Figure S3). As a control, we targeted the N. benthamiana homologs of BAK1
for silencing, as they are required for the flg22-triggered ROS production and the
Avr4-triggered HR %276, We also targeted the N. benthamiana homeologs of Arabidop-
sis RBOHE (NbRBOHE) for VIGS, an enzyme which is involved in tapetal programmed
cell death and pollen development 2%¢ (Figure S3). Three weeks after agroinfiltration,
when silencing of the various BAK1 homologs resulted in the characteristic stunt-
ed phenotype, we observed a clear reduction in the size of the NbRBOHE-silenced
plants, whereas no clear phenotypes upon silencing of NbRBOHA and NbRBOHB
were observed (Figure 6A). We then measured the apoplastic ROS burst produced
upon flg22 and Avr4 perception by the silenced plants and detected that silencing of
NbRBOHB almost completely abolished the flg22- and the Avr4-triggered ROS burst
(Figure 6B and C). Unexpectedly, we detected no reduction of the Avr4-triggered
ROS burst upon silencing of the N. benthamiana homologs of BAK1, even though
the flg22-triggered ROS burst was significantly reduced (Figure 6C). These results
suggest that both the first and the second peak of the Avr4-triggered ROS burst are
the result of activation of NbRBOHB.
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Figure 6. NbRBOHB is responsible for the apoplastic ROS burst detected upon perception of
flg22 and the Avr4 protein by N. benthamiana:Cf-4. (A) Phenotypes of N. benthamiana:Cf-4
agroinfiltrated with the indicated TRV2 constructs triggering virus-induced gene silencing (VIGS)
of the target genes. Pictures were taken three weeks after agroinfiltration for VIGS. (B) Total photon
count, reflecting the intensity of the flg22-triggered apoplastic ROS burst, determined using leaf
discs taken from N. benthamiana:Cf-4 plants, subjected to VIGS of the various target genes. Leaf
discs were exposed to 0.1 uM of flg22 and ROS was measured over a period of 1 hour. Error bars
show the standard deviation (SD), n=8. P-values are indicated when they are below 0.05 (ANOVA,
Dunnett’s test) (C) Total photon count, reflecting the intensity of the Avr4-triggered apoplastic ROS
burst determined using leaf discs taken from N. benthamiana:Cf-4 plants, subjected to VIGS of the
various target genes. Leaf discs were exposed to 0.1 uM of Avr4 protein and ROS was measured
over a period of 5 hours. n=8, error bars show the SD. P-values are indicated when <0.05 (ANOVA,
Dunnett's test). (D) Quantification of the HR by means of red-light imaging in N. benthamiana:Cf-4
upon perception of Avr4d. Measurements were done three days after infiltration of a 10 uM solution
of the Avr4 protein in leaves of plants subjected to VIGS of the various target genes. n=10, error
bars show the SD. P-values are indicated when they are below 0.05 (ANOVA, Dunnett’s test). (E)
3,3-Diaminobenzidine (DAB) staining of N. benthamiana:Cf-4 leaves subjected to VIGS of the
various target genes. The staining procedure was performed three hours after infiltration of 10
uM solutions of flg22 and Avr4 protein into N. benthamiana:Cf-4 leaves. Note that only targeting
BAK1 and its homologues by VIGS results in a clearly reduced staining of the leaf tissue.

We also evaluated the relation between the ROS burst and the Avr4-triggered HR in
N. benthamiana:Cf-4. For this, we infiltrated pure Avr4 protein into the leaves of the
various silenced plants and we quantified the intensity of the resulting HR by red-
light imaging 2. Silencing of the BAK1 homologs resulted in the expected reduction
in HR intensity, when compared to the control 76 Remarkably, when quantifying
the HR intensity shown by the different RBOHs-silenced plants, we observed an
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increased response upon silencing of NbRBOHB (Figure 6D). This showed that the
apoplastic ROS burst is not required for the onset of the Avr4-triggered HR.

The development of the HR also involves the generation of ROS from intracellular
sources, like the chloroplasts and the mitochondria 24722, To determine whether
also in these plants intracellular ROS production might be affected, we infiltrated
flg22 and Avr4 protein into the leaves of the various silenced plants and performed
a 3,3’-Diaminobenzidine (DAB) staining at three hours after infiltration. This time
point corresponds with the second, and higher peak of the NbRBOHB-generated
apoplastic ROS burst (Figure 5A). Infiltration of flg22 did not result in the deposition
of a brown precipitate in the tissue upon DAB staining, indicating no detection of
intracellular ROS. Infiltration with the Avr4 protein, on the other hand, did result in
the deposition of a brown precipitate in the tissue upon DAB staining, and of which
the intensity correlated with the intensity of the HR measured at three days after
Avr4 infiltration (Figure 6D and 6E). When compared to the controls, there was a
clear reduction in the amount of intracellular ROS detected by DAB staining after
silencing the homologs of BAK1 (Figure 6E). This observation is in clear contrast with
the unaffected Avré4-triggered apoplastic ROS burst observed after silencing of the
BAK1 homologs in N. benthamiana:Cf-4 (Figure 6C). Strikingly, DAB staining of the
leaves of the RBOHSs-silenced N. benthamiana:Cf-4 plants detected amounts of ROS
that more or less correlated with the intensity of the HR that was triggered in these
plants upon infiltration of the Avr4 protein (Figure 6E). Interestingly, upon silencing
of NbRBOHB, the apoplastic ROS is more or less absent (Figure 6C), whereas the
HR is increased (Figure 6D) and the ROS detected by DAB also (Figure 6E), when
compared to the control and the other treatments. These results suggest that the
DAB staining indeed detects ROS originating from a source that is different from
the PM-bound NbRBOHB.

The PAD4-EDS1 module is not required for downstream signalling by the
activated Cf-4/SOBIR1 complex in N. benthamiana

In Arabidopsis, the seedling lethality and the constitutive activation of immune
responses upon loss of the negative regulator BIR1, is dependent on SOBIR1, BAK1,
EDS1 and PAD4 %1% To explore the conservation of the requirement of these
proteins for the same process in N. benthamiana, we performed VIGS targeting
of both homeologs of BIR1 in different N. benthamiana genotypes, including wild-
type (WT) plants and knockout mutants in sobirl(-like), bak1, pad4 and eds1 253-25%
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(Figure 7A). We observed that the lethal phenotype produced by silencing NbBIR1
was suppressed in N. benthamiana:Cf-4 sobirl(-like), although these plants were
still smaller than the controls. This observation is reminiscent of the finding of Gao
and co-workers %, who showed that a knockout of SOBIR1 in Arabidopsis partly
suppresses the birl-1 seedling lethality phenotype, hence its name, SUPPRESSOR
OF BIR1-1. Silencing of NbBIR1 in N. benthamiana bakl mutants also resulted in
plants that were still viable at three weeks after agroinfiltration of the recombinant
TRV2-NbBIR1 construct to initiate VIGS. It should be noted that the silenced bak1
mutants were smaller than the silenced sobirl(-like) knockout mutants. When as-
sessing the outcome of silencing NbBIR1 in the knockout mutants of the PAD4 and
EDS1 homologs, we observed no requirement of this signalling module for obtaining
the lethal phenotype that is associated with knocking down the BIR1 homologs in
N. benthamiana, as these plants showed WT lethality. This observation is in clear
contrast with what was observed in Arabidopsis, as, similar to a knockout muta-
tion in SOBIR1, a knockout of PAD4 or EDS1 clearly suppressed the birl-1 lethal
phenotype *.

Recent evidence shows that in Arabidopsis, the PAD4-EDS1 module is not only re-
quired for constitutive immune activation as described above, but also for many as-
pects of the immune responses mediated by an RLP/SOBIR1 complex, including the
apoplastic ROS burst triggered upon perception of nlp20 by RLP23/SOBIR1 €21¢3, We
tested whether this requirement also holds for the Cf-4/SOBIR1-mediated immune
responses in N. benthamiana. For this purpose, we expressed by agroinfiltration the
RLP Cf-4 in N. benthamiana WT and in the knockout mutant lines sobirl(-like), bak1,
pad4 and eds1 (Figures 7B and S5), and subsequently quantified the apoplastic
ROS burst triggered after treating leaf discs with pure Avr4 protein. As a control for
the ROS produced due to Agrobacterium recognition in the plant tissue, we also
expressed by agroinfiltration B-Glucuronidase (GUS) in N. benthamiana WT plants.
Measurement of the apoplastic ROS burst produced after expression of GUS in N.
benthamiana WT and subsequent treatment with Avr4, suggests that perception of
Agrobacterium primes the tissue, causing a basal generation of ROS (Figures 7B &
S4). In contrast, the expression of Cf-4 in N. benthamiana WT resulted in the charac-
teristic biphasic Avr4-triggered ROS burst profile (Figure S4). When comparing the
total amount of Avr4d-triggered ROS, as a total photon count, after expression of Cf-4
in the different N. benthamiana genotypes, we observed, as expected, a significant
reduction of the ROS burst in the sobirl(-like) and bakl mutant lines.
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Figure 7. The homologs of EDS1and PAD4 are not required for downstream signalling by SOBIR1
in N. benthamiana. (A) Phenotype produced after VIGS of NbBIRT in different N. benthamiana
genotypes. Images were taken three weeks after agroinfiltration of the indicated recombinant
TRV2 constructs. (B) Luminol-based measurement of the ROS generated over a period of five
hours after treating N. benthamiana leaf discs with 0.1 uM of Avr4 protein. Measurements were
performed at three days after agroinfiltration for the expression of Cf-4 or GUS in the indicated
N. benthamiana genotypes. The error bars show the SD, n= 48. P-values are indicated when <0.05
(ANOVA, Dunnett's test). One outlier was removed from the results of the sobirl(-like) genotype (as
determined by the ROUT method). Note that the total photon count for this genotype is relatively
high, although the ROS burst profile does not show a biphasic pattern (Figure S4) (C) Quantification
of the HR at three days after agroinfiltration for the expression of Avr4 and Cf-4 in the indicated N.
benthamiana genotypes. Cf-4 was agroinfiltrated at OD=1and Avr4 was agroinfiltrated at OD=0.03.
Error bars show the SD, n=10. P-values are indicated when <0.05 (ANOVA, Dunnett's test).

However, the N. benthamiana knockout mutants in the homologs of PAD4 and EDS1
showed an Avr4-triggered ROS burst that was not different from the ROS burst ob-
served in wild-type plants (Figure 7B). We also evaluated the requirement of the
PAD4-EDS1 module for mounting the Avr4-triggered HR. For this purpose, we ex-
pressed Avr4 and Cf-4 in N. benthamiana WT and in the knockout mutant lines: bak1,
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pad4 and eds1 (Figure 7C). While the bakl mutants showed a reduced HR upon
expression of Avr4 and Cf-4 when compared to the WT plants, the pad4 and the eds1
mutant lines again showed no reduction in the intensity of the HR (Figure 7C). Togeth-
er, these results indicate that the requirement of the PAD4-EDS1 module for down-
stream signalling by SOBIR1 in Arabidopsis, is not conserved in N. benthamiana.

The different Ga subunits of heterotrimeric G-proteins have opposing roles in
regulating the activity of the SOBIR1 complex in N. benthamiana

Heterotrimeric GTP-binding proteins (G-proteins) are signal transduction complexes
consisting of three subunits: Ga, GB, and Gy, in which the GB and Gy subunits form a
non-dissociable GBy dimer 2%, We decided to explore a possible role of G-proteins in
the regulation of the Avr4-triggered immune responses in N. benthamiana. For this
purpose, we performed VIGS targeting the genes encoding the Ga and GB subunits
of G-proteins (Figure S5). We developed TRV2-recombinant constructs targeting
the N. benthamiana homologs of the canonical GPA1 (TRV2-NbGPA1) and AGB1
(TRV2-AGB1) genes, as well as targeting the homologs of the non-canonical XLG1
(TRV2-NbXLG1), XLG2 (TRV2-NbXLG2), and XLG3 (TRV2-NbXLG3) genes. We also
targeted two homeologs of the extra-large G-protein NbXLG4 that are not present
in Arabidopsis, using the construct TRV2-NbXLG4 (Figure S5). As controls, we si-
lenced the gene encoding Cf-4 (TRV2-Cf-4), the homologs of BAK1 (TRV2-BAK1), and
the homologs of SOBIR1 (TRV2-NbSOBIR1). Three weeks after agroinfiltration, we
observed that silencing of the homologs of BAK1, XLG3, XLG4 and GPA1 in N. benth-
amiana:Cf-4 plants resulted in a clear reduction of the size of the plants (Figure 8A).
We then measured the apoplastic ROS burst triggered upon treatment with Avr4,
and we observed that, while silencing of Cf-4 itself caused a reduction of the ap-
oplastic ROS burst, there was no significant reduction of the Avr4-triggered ROS
burst upon targeting any of the Ga subunits in N. benthamiana:Cf-4. In contrast,
silencing of the AGB1 homologs did result in a reduction of the Avr4-triggered ROS
burst (Figure 8B). We explored the possibility of this lack of phenotype being due to
functional redundancy of the various Ga subunits by performing agroinfiltration of
tandem TRV2-constructs targeting several genes encoding Ga subunits at the same
time (Figure S6A-C). Agroinfiltration of none of these tandem constructs resulted
in a reduction of the Avré4-triggered apoplastic ROS burst (Figure S6B). Since the
Arabidopsis XLGs have been shown to be redundantly required for the ROS burst
triggered upon challenge with flg22 239257, we also tested the flg22-triggered ROS
burst in the Ga- and GB-agroinfiltrated N. benthamiana:Cf-4 plants (Figure S6C).
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Silencing of AGB1 homologs resulted in a reduction of the flg22-trigered ROS burst.
However, when evaluating the requirement of the Ga subunits, we only observed a
reduction of the flg22-triggered ROS burst upon targeting all of the XLGs in N. ben-
thamiana at the same time, by agroinfiltration with the construct TRV2-NbXLG1234.
These results point to a difference in the regulation of the flg22- and Avr4-triggered
ROS burst, which is in fact produced by the same NbRBOHB. While we did detect a
requirement of the XLGs in the case of the ROS burst produced upon treatment with
flg22, indicating proper silencing of the target genes, we obtained no evidence for
arole of the Ga subunits of heterotrimeric G-proteins in regulation of the Avr4-trig-
gered apoplastic ROS burst. Additionally, these results suggest that the G subunit
of G-proteins modulates the Avr4-triggered ROS burst by a mechanism that is inde-
pendent of its participation in a heterotrimeric G-protein complex.

Cf-4 NbSOBIR1  NbXLG1 NbXLG2 NbXLG3 NbXLG4  NbGPAL NbAGB1
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Figure 8. Extra-large G proteins regulate the Avr4-triggered HR in N. benthamiana:Cf-4. (A)
Phenotypes of N. benthamiana:Cf-4 agroinfiltrated with the indicated TRV2 constructs for VIGS.
Pictures were taken three weeks after agroinfiltration. (B) Total amount of Avr4-triggered apoplas-
tic ROS burst detected from leaf discs from N. benthamiana:Cf-4 plants subjected to VIGS using
the indicated constructs. Leaf discs were exposed to 0.1 uM of Avr4 and ROS was measured over
aperiod of 5 hours. Error bars show the SD, n=8. P-values are indicated when <0.05 (ANOVA, Dun-
nett’s test). (C) Quantification of the Avr4-triggered HR in N. benthamiana:Cf-4. Measurements
were done at three days after infiltration of 10 uM of Avr4 protein in leaves of plants subjected to
VIGS using the indicated constructs. Error bars show the SD, n=8. P-values are indicated when
<0.05 (ANOVA, Dunnett’s test).

71



Chapter3

In order to explore a possible role of G-proteins in the regulation of the Avr4-trig-
gered HR, we infiltrated pure Avr4 protein in the N. benthamiana:Cf-4 plants sub-
jected to VIGS and analyzed the intensity of the response by red-light imaging 2. We
observed a reduction of the intensity of the HR when silencing the N. benthamiana
homologs of XLG1, XLG2 and XLG3 and AGB1 (Figure 8C and S6D). Unexpected-
ly, silencing of NbXLG4 resulted in an increased HR. These results suggest that in
N. benthamiana all the XLGs and the Gf subunit are involved in regulation of the
Avr4-triggered HR. While some Ga subunits, like NbXLG1, NbXLG2 and NbXLG3
seem to have a positive regulatory role, the extra-large Ga NbXLG4 subunit seems to
play a negative regulatory role. We also quantified the intensity of the Avr4-triggered
HR upon agroinfiltration of tandem TRV2-constructs targeting all the N. benthami-
ana XLG subunits at the same time (Figure S6D). The results suggest that the effect
of silencing NbXLG1, NbXLG2 and NbXLG3 at the same time masks the effect of
silencing NbXLG4, as the result was an overall reduction in the intensity of the HR.

Considering the dynamic interaction that has been reported for the Ga subunits
XLG2 and XLG3 to take place with the RLK FLS2 and the RLCK BIK1 in Arabidopsis
245, we decided to test for a possible interaction between the tomato homologs of Ga
and SOBIR1. However, after cloning of the tomato homologs of XLG1, XLG2, XLG4 and
GPA1 (Figure S5), we could not obtain evidence for an interaction between these Ga
subunits and tomato SOBIR1, by co-immunoprecipitation (co-IP) (data not shown).

Overall, these results show that N. benthamiana XLG-GBy complexes play a role
in regulation of the Avr4-triggered immune responses, with different XLG subunits
having opposing roles in the regulation of the HR. Our ROS burst measurements
revealed a difference in regulation of the flg22- and Avr4-triggered ROS burst, me-
diated by the respiratory burst oxidase homolog NbRBOHB. While we detected a
requirement of XLGs for the ROS burst produced upon flg22 perception, we found
no evidence of a role of XLGs in regulation of the Avr4-triggered apoplastic ROS
burst. Furthermore, the results suggest a possible heterotrimer-independent role
for the GB homologs in the regulation of the Avr4-triggered ROS burst in N. benth-
amiana:Cf-4, as silencing of the GB homologs reduced the Avr4-triggered ROS burst.

BONT1 interacts with components of the SOBIR1 complex

BON1 is a copine-like, calcium-dependent, phospholipid-binding protein. It is a
negative regulator of plant defence responses that interact with BIR1 and BAK1,
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in modulation of the cell death response ?3%?%, To evaluate its relevance for the
regulation of the activity of the SOBIR1 complex in N. benthamiana, we first set
out to identify the functional orthologs of BON1. From a phylogenetic analysis of
the copine-like proteins in Arabidopsis, tomato, and N. benthamiana, we identified
two pairs of homeologs as candidates to be the functional orthologs of Arabidop-
sis BON1 in N. benthamiana. We designated them NbBON1A and NbBON1B, and
designed a TRV2-recombinant construct targeting their encoding genes for VIGS
(Figure S7). Three weeks after agroinfiltration of the silencing constructs in N. ben-
thamiana:Cf-4, the NbBON1A-silenced plants were either dead or severely stunted
(Figure 9A). This phenotype, that resembles the “bonzai” phenotype of Arabidopsis
knockout mutants in BON1 2%, prevented further analysis of the Avr4-triggered ROS
burst and HR in these plants. In contrast, the NbBON1B-silenced plants showed
a phenotype comparable to the control plants that had been agroinfiltrated with
TRV2-GUS (Figure 9A). In these NbBON1B-silenced plants, the intensity of the
Avr4-triggered apoplastic ROS burst, as well as the intensity of the HR triggered by
the expression of Avr4, were comparable to the control plants agroinfiltrated with
TRV2-GUS (Figure S8A and B).

Considering the resemblance of the phenotype observed when silencing NbBON1A
in N. benthamiana:Cf-4 with the “bonzai” phenotype of BON1 mutants in Arabi-
dopsis, we decided to clone the tomato homolog SIBON1A (Figure S7), with the
aim to test its possible interaction with the tomato homologs of BAK1 and the BIR
proteins. For this, C-terminally Myc-tagged SIBON1A was transiently co-expressed
in N. benthamiana:Cf-4 with C-terminally GFP-tagged SIBIR1, SIBIR2B or SIBAK1.
As a control for interaction specificity, SIBON1A was also co-expressed with GFP-
tagged beta-glucuronidase (GUS). At 2 dpi, leaves were infiltrated with either a 1
KM solution of pure Avr4 protein or with Milli-Q water, and leaves were harvested
30 minutes later. The GFP-tagged proteins were subsequently immunoprecipitated
using GFP-trap beads, and the immunopurified proteins were detected by Western
blot. This co-IP experiment revealed that SIBON1A-Myc co-purifies with SIBAK1-GFP,
SIBIR1-GFP and SIBIR2B-GFP (Figure 9B). When evaluating a potential change in the
detected protein-protein interactions as a consequence of the perception of the
Avr4 protein, repeated experiments produced inconsistent results. Therefore, we
cannot conclude whether the detected interaction of SIBON1A with the different
components of the SOBIR1 complex is dynamic.
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Figure 9. The interaction of BON1 with components of SOBIR1-containing complexes is con-
served in Solanaceae. A) Representative images of N. benthamiana:Cf-4 plants agroinfiltrated
with the indicated TRV2 constructs for VIGS. Pictures were taken three weeks after agroinfiltration.
(B) Tomato SIBON1A interacts with SIBAKT, SIBIRTand SIBIR2. The OD,, used for agroinfiltration
was 1.0 per construct. At 2 dpi, leaves were infiltrated with either Avr4 at 1 uM (+) or Milli-Q (-),
and they were harvested after 30 minutes. Total protein extracts (input, right) were subjected to
immunoprecipitation using GFP-trap beads (left), followed by Western blot analysis. The Rubisco
band in the input samples (Stain-free gel) indicates equal loading. The experiment was repeated
twice, and representative blots are shown.

The reduction in growth and constitutive activation of defence responses in Ara-
bidopsis bon1 mutants can be suppressed by mutations in PAD4 and EDS1 2%, In
addition to this, although Arabidopsis mutants in BON2, which is a closely related pa-
ralog of BON1 (Figure S7), show no abnormal growth, the double bon1 bon2 mutant
shows a stronger phenotype than the bon1 mutant, causing seedling lethality 261
To our surprise, when evaluating the phenotypes three weeks after agroinfiltration,
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we observed that the stunted/lethal phenotype caused by silencing NbBON1A in
N. benthamiana:Cf-4, was not apparent in N. benthamiana WT (Figure 10 and S9),
as if the presence of the Cf-4 transgene causes this stunted/lethal phenotype upon
silencing of NbBON1A. In line with this observation, we observed that the knockout
of SOBIR1(-like) in N. benthamiana:Cf-4, which causes loss of Cf-4 functionality 625,
has rescued the lethal phenotype resulting from silencing NbBON1A in N. benthami-
ana:Cf-4. Additionally, among the other N. benthamiana knockout mutant lines that
were evaluated, only the bakl mutant line showed a reduction in size upon VIGS of
NbBON1A, when compared to the controls (Figure 10 and S9). Strikingly, the pad4
and eds1 mutants showed no reduction in size, which corresponds with the obser-
vation that in Arabidopsis dwarfing caused by a knockout of BON1 is suppressed by
mutations in PAD4 and EDS1 %, This role of PAD4 and EDS1 in lethality caused by a
knock-down of the negative regulator BON1 contrasts with the absence of a role of
PAD4/EDSL in lethality caused by VIGS of the negative regulator BIR1 (Figure 7A),
whereas the role of SOBIR1 appears to be similar in both cases (Figure 7A and 10).

N. benthamiana

N. benthamiana:Cf-4
WT N. benthamiana:Cf-4  sobir1 (-like) bak1 pad4 eds1

TRV2_NbBON1A

TRV2_NbBON1A/B

TRV2_GUS

Figure 10. Genetic interaction of N. benthamiana homologs of BON1 with components of the
SOBIR1-containing complex. Images of the different N. benthamiana genotypes upon silencing of
BONThomologs and the GUS control, are shown. Note that, in contrast to the lethality caused by
VIGS of NbBIR1in the pad4 and eds? mutants, PAD4 and EDS1do play arole in the lethal response
of the plant to VIGS of the BONT homologs, whereas SOBIR1, albeit less prominent, appears to play
arolein both types of lethality (Figure 7A). Pictures were taken at three weeks after agroinfiltration

of the indicated recombinant TRV2 constructs.

Taken together, these results provide evidence for the interaction of BON1 homologs
with components of the Cf-4/SOBIR1 receptor complex. At a genetic level, this inter-
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action is manifested as a lethal/stunted phenotype observed when silencing these
BON1 homologs in N. benthamiana bak1 mutants and in transgenic N. benthami-
ana:Cf-4. Additionally, this interaction is also manifested by a conserved interaction
between the homologs of BON1 and the BIR proteins.

DISCUSSION

"Guilt-by-association” - components of the SOBIR1 complex are co-expressed
in Arabidopsis

In this study, a network of co-regulated genes was generated for Arabidopsis by
combining multiple time course microarray datasets originating from different con-
ditions, with the aim to identify new components of the SOBIR1 receptor complex.
By calculating Pearson correlations and focusing on known components of the com-
plex, we generated a scale-free network, representing 1,026 genes. This network
was enriched for genes related to plant immune responses (Tables S3-S5). Consid-
ering that centrality metrics have been shown to be good predictors of biological
relevance in gene co-expression networks 242262-265 e analysed the network in an
attempt to further reduce the amount to candidate genes. However, for any of the
metrics of centrality used (degree, closeness centrality and betweenness centrality),
no clear cut-off could be identified to further subset the data, while conserving the
known interactors of the complex: SOBIR1, BAK1 and BIR1 (Figure 3). So, we decided
to not to narrow down the list of candidates represented in the network.

To assess the significance of the list of candidates, we used the previously estimated
Pearson correlation cut-off to produce a network covering all the genes represented
in the microarray. After filtering by predicted subcellular localisation, we observed
that the known members of the protein complex belong to one of roughly ten groups
of highly interconnected nodes. Each one of these groups is enriched in genes re-
lated to different biological functions, such as translation, pollen exine formation,
pollen tube growth, cell wall organization, synthesis of suberin, and immune respons-
es (Figure S2). This shows that the network built around known interactors of the
complex also represents a group of highly interconnected nodes, or co-expressed
genes, in the context of the co-expression landscape of Arabidopsis.
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A limitation of the current approach is the lack of precision in the prediction of in-
teractors. The resulting list of genes is larger than what can be efficiently screened,
following an unbiased approach using laboratory techniques like VIGS. Since
co-regulation does not necessarily imply that genes are functionally related, it is
necessary to increase the selection of functionally relevant edges, resulting in only
those edges that indeed reflect the connection of genes that share a function. This
could be achieved by generating an equivalent network from another plant species
and keeping only the edges that connect orthologous genes in both networks 26,
Another, and more direct approach, would be to use the current list of genes as a
criterion to prioritize candidates obtained from experimental methods to screen for
protein-protein interactions, like yeast two-hybrid 27, or mass spectrometry-based
methods using affinity purification or proximity-dependent labelling of SOBIR1, BAK1
and BIR1 268269,

A considerable portion of what is known regarding downstream signalling by plant
cell-surface immune receptors was discovered in Arabidopsis ?°, as this is the most
widely studied plant in modern biology ?’°. However, the immune receptor whose
signalling we aim to decipher, which is the LRR-RLP Cf-4, is a tomato protein . Con-
sidering that the SOBIR1 receptor complex is widely conserved throughout the Plant
Kingdom 7%, it is expected that there is some level of conservation in the signalling
cascade downstream of SOBIR1 leading to the HR. Because of the difficulties of
performing VIGS and agroinfiltration in tomato, we validated the network using a
close relative of tomato, which is the research model plant, N. benthamiana #2273,

The Avr4-triggered ROS burst, and the HR are read-outs of different branches
of the immune signalling cascade downstream of the Cf-4/SOBIR1 complex

A key aspect to consider when studying a signalling cascade downstream of an
immune receptor is to have reliable read-outs for quantification of the plant immune
responses upon elicitor perception. The production of ROS, such as superoxide
0,, and its dismutation product H,0,, is one of the most rapid defence reactions in
plants *, and we have now optimized its quantification using a luminol-based assay
on leaf discs. Our measurements of the apoplastic ROS burst in N. benthamiana
showed that, while the perception of flg22 by the RLK FLS2 produced a monopha-
sic ROS burst, perception of Avr4d by the RLP Cf-4 resulted in a biphasic ROS burst
(Figure 5A). A similar ROS burst, in terms of timing and profile, has been described

in transgenic Cf-9-expressing tobacco suspension cultures that were elicited with
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the Avr9 protein 274, whereas biphasic ROS bursts have also been observed in incom-
patible interactions of tobacco and soybean with different pathovars of P. syringae
275276, and also in potato leaves inoculated with spore suspensions of Phytophthora
infestans #’. In all these cases, the first phase of the ROS burst is non-specific, while
the second burst is observed only in incompatible interactions. These observations
are consistent with our observations, as recognition of flg22 by FLS2 does not trig-
ger the HR, which does take place when the Avr4 protein is recognised by Cf-4 2%,

Our silencing experiments showed that, although with different profiles, the ap-
oplastic flg22- and Avr4-triggered ROS burst in N. benthamiana is produced by the
same enzyme, NbRBOHB, which is the ortholog of Arabidopsis RBOHD (Figure 6B &
C, Figure S3). In Arabidopsis, RBOHD and, to a lesser extent, RBOHF, are key sources
of the apoplastic ROS produced after pathogen perception ?*’. In N. benthamiana,
their orthologs NbRBOHB and NbRBOHA, respectively, were described ~20 years ago
to be the major source of the ROS produced in response to Phytophthora infection
278 A possible explanation for the regulation of the Avr4-triggered ROS burst came
from the studies on the perception of the Phytophthora infestans INF1 elicitin. This
protein is perceived in N. benthamiana by an as yet unknown receptor that requires
SOBIR1 and BAK1, and is therefore most likely to be a LRR-RLP 8182, Besides this,
as is the case for Avr4 perception, recognition of INF1 also triggers an HR and a
biphasic ROS burst. It was shown that the second phase of the ROS burst requires
transcriptional activation of NbRBOHB via a MAPK-WRKY pathway, while the first
phase is also performed by NbRBOHB, but is independent of this signalling module
279, Considering these observations, it is likely that the first phase of the ROS burst
triggered by the perception of Avr4 is also activated through phosphorylation of
NbRBOHB, likely by an RLCK, following a similar mechanism as is the case for sig-
nalling downstream of flg22 perception 2921, Possibly, the second phase of the
Avr4-triggered ROS burst also requires a MAPK-WRKY pathway. Interestingly, the
ROS burst triggered by flg22 in N. benthamiana is not only independent of MAPK
activation, but even seems to be negatively regulated by MAPK activation, as si-
lencing of the two major defence-associated MAPK genes, NbSIPK and NbWIPK,
increases the flg22-triggered ROS burst 2%, The resulting ROS burst profile is similar
to the flg22-triggered ROS burst in N. benthamiana sobirl mutants, which produce
a biphasic ROS burst 23, These observations suggest that the proposed inhibitory
activity of the RLP/SOBIR1 signal transduction pathway on the immune signalling
route employed by FLS2 %53 happens via a MAPK signalling cascade.
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There are several sources of ROS associated with the immune responses of plants,
as in addition to the extracellular ROS produced by cell wall-associated peroxidases
and RBOHs, there are also intracellular sources of ROS, like the chloroplasts, the
mitochondria, and the peroxisomes 247-252281 |nside the cells, the chloroplasts are
a major source of ROS associated with the development of an HR. It has been pro-
posed that the apoplastic ROS signal is transduced to the chloroplasts, which then
act as amplifiers of the signal that is received from the apoplast, thereby transmit-
ting the signal to the nucleus, and resulting in the transcriptional reprogramming
associated with the HR 25, We explored this possibility by performing DAB staining
of leaves of N. benthamiana:Cf-4 and quantifying the intensity of the HR upon silenc-
ing of NbRBOHB, followed by treatment with either flg22 or Avr4. The DAB staining
procedure, although qualitative, allows detection of ROS from intracellular sources
247282 \whereas the red light imaging method allows a sensitive quantification of the
intensity of the cell death response 3. Our results showed that upon Avr4 percep-
tion, the signal that triggers the ROS detected by DAB staining is independent of the
generation of the apoplastic ROS burst by NbRBOHB (Figure 6E). The development of
the HRis not only also independent of the apoplastic ROS burst, but even seems to
be negatively regulated by the apoplastic ROS, as the intensity of the HR increased
upon silencing of NbRBOHB. This raises many questions regarding the exact role
of the apoplastic ROS burst triggered upon elicitor perception. For instance, if it
has signalling purposes, what is the mechanism by which this signal is transduced
towards the cytoplasm and chloroplasts? Overall, our results are consistent with
previous observations in tobacco (Nicotiana tabacum), showing that activation of
MAPK signalling triggers a light-dependent ROS burst from the chloroplasts and
initiates a subsequent HR-like cell death 2’. The reported damage to the chloroplasts
that is associated with the accumulation of ROS 247248 could explain why the red light
imaging method is so sensitive, as it is detecting the increase in chlorophyll fluores-
cence because of thylakoid membrane disassembly 2. It then becomes relevant to
know whether the production of the chloroplastic ROS and its associated damage
to the chloroplasts define the onset of the cell death process, as this damage is
what the new technique is measuring as a proxy for the intensity of the cell death
response of the plant tissue.
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EDS1and PAD4 - immune signalling pathways across different plant families
appear to differ

The list of genes represented in the scale-free network build around known interac-
tors of the SOBIR1 complex (Figure 2C, Table S2) contains not only genes associated
with the signalling of receptor complexes at the PM, like the components of the
SOBIR1 complex itself (Figure 2C). It also contains several cytoplasmic immune re-
ceptors, including the NLRs HOPZ-ACTIVATED RESISTANCE 1 (ZAR1), RESISTANCE
TO P. SYRINGAE PV MACULICOLA 1 (RPM1), RESISTANCE TO PSEUDOMONAS SY-
RINGAE2 (RPS2), RPS6, and RPS4 . The list also includes the lipase-like proteins
EDS1, PAD4, and SENESCENCE ASSOCIATED GENE101 (SAG101). EDS1 forms mu-
tually exclusive heterodimers with PAD4 or SAG101, forming two signalling modules
which are required downstream of several NLRs, particularly for the subset of NLRs
that contains an N-terminal Toll-interleukin 1 receptor (TIR) domain (TIR-NLRs or
TNLs) 142283 This group of co-expressed genes seems to represent a sort of “tool kit”
that is activated upon pathogen perception, either by membrane-bound receptors,
or by intracellularimmune receptors. In line with this, recent reports show that the
immune responses triggered by cytoplasmic and intracellular receptors cross-po-
tentiate each other in achieving pathogen resistance .

The RLK SOBIR1 was initially described in Arabidopsis as a suppressor of the lethal
activation of immune responses in birl mutants %. In that same report, it was shown
that the constitutive activation of cell death and defence responses in birl-1 also
depends on PAD4 and EDS1. This led the authors to hypothesize that the signal
triggering this lethal phenotype is transmitted via two parallel pathways. The first
pathway requires SOBIR1, whereas the second one, is mediated by one or more TNLs
that depend on the PAD4-EDS1 module to trigger cell death and immune responses
%, Further research provided evidence for a role of both proposed pathways. It was
later discovered that BAK1 is also a suppressor of cell death and defence respons-
es in birl-1, and that silencing of BIR1 causes BAK1 to associate with SOBIR1 in
Arabidopsis 1°°. Furthermore, recent reports provide evidence for the requirement
of the PAD4-EDS1 signalling module downstream of a SOBIR1-containing immune
complex in Arabidopsis 12163, and we tested if this requirement for PAD4 and EDS1
downstream of the SOBIR1 complex is also conserved in N. benthamiana. VIGS of
BIR1 in N. benthamiana produces a lethal phenotype, consistent with the reported
phenotype of birl-1 mutants in Arabidopsis 1°221%, By performing VIGS in different
genotypes of N. benthamiana, we found that, as expected, the lethal phenotype
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resulting from silencing BIR1 homologs, was suppressed in the sobirl(-sobirl-like)
mutant line (Figure 7A). The resulting plants were still smaller than the controls,
suggesting that indeed there is an additional SOBIR1-independent immune signal-
ling pathway that is activated upon silencing of BIR1 homologs. We also observed
that silencing BIR1 homologs in a N. benthamiana bak1 mutant resulted in plants
that were just alive, although severely stunted (Figure 7A). The difference in plant
size between the sobirl(-sobirl-like) and the bakl mutant lines upon VIGS of BIR1
homologs is consistent with previous reports on the role of NbSERK1, which is a
paralog of NbBAK1, in the activation of SOBIR1-containing immune complexes 767°,
When silencing BIR1 homologs in N. benthamiana knockout mutants in PAD4 or in
EDS1, we observed that none of the plants survived the silencing experiment, indi-
cating that neither PAD4 nor EDS1 play a role in establishing the lethal phenotype
(Figure 7A). We also evaluated the Avr4-triggered ROS burst and HR in the different
N. benthamiana genotypes and found no evidence for a role of the PAD4-EDS1
module downstream of the SOBIR1 complex (Figure 7B & C). This observation high-
lights the risk of transferring biological information from Arabidopsis to solanaceous
plants, as their evolutionary distance implies that there can be differences in the
signalling cascades downstream of membrane-bound immune receptors.

Intriguingly, when measuring the Avr4-triggered ROS burst, we actually observed
no significant difference between the total amount of ROS produced in the bakl
and in the sobirl(-sobirl-like) mutant lines (Figure 7B). While the N. benthamiana
bakl mutant line is expected to show only a reduced response to Avr4, because
of functional redundancy of additional NbBAK1 paralogs such as NbSERK1 76, the
knockout of SOBIR1 and SOBIR1-like in N. benthamiana is expected to completely
abolish the functionality of transiently expressed Cf-4 253, The difference in the ROS
burst profiles of these two treatments explains this observation (Figure S4). While
the ROS burst profile generated in the bakl mutant line is still biphasic, the ROS
burst profile of the sobirl(-like) mutant is not biphasic anymore but remains at a
certain plateau. This observation suggests that this ROS burst is more likely to be
background noise due to the agroinfiltration for the expression of Cf-4, than a real
read-out that is the consequence of the Avr4-triggered activation of Cf-4-mediated
downstream signalling.
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G-proteins have multiple roles in regulation of the SOBIR1 complex

Highly connected nodes (hubs) inside a particular cluster in a co-expression net-
work are more likely to be of biological relevance than nodes that only have a few
connections 242262265 |f we consider the centrality of a node as a criterion to infer its
biological relevance, the gene XLG2, coding for one of the extra-large Ga subunits of
plant heterotrimeric G-proteins, is an interesting candidate for further laboratory val-
idation. This gene is one of the most central genes in the network built around known
interactors of the SOBIR1 complex (Fig. 2C, Table S2). Interestingly, this network
also contains AGB1, coding for the G subunit, and AGG1, coding for one of the Gy
subunits in Arabidopsis (Figure 2C, Table S2). So, genes encoding all three subunits
of heterotrimeric G-protein complexes are co-expressed with genes encoding known
components of the SOBIR1 complex. G-protein complexes are key components of
many signal transduction pathways and are conserved in most eukaryotes %¢. In
plants, these complexes modulate immune responses by their association with RLKs
244284285 | Jpon activation of the complex, the Ga subunit dissociates from the GBy
dimer and both the Ga subunit and the GBy dimer subsequently regulate different
downstream targets 2. In animals, these complexes are activated by an exchange
of GDP for GTP on the Ga subunit. However, in plants their activation mechanism
is still an open question. It has been proposed that plant heterotrimeric G-proteins
are regulated by their interaction with RLKs, implying a phosphorylation/dephos-
phorylation-based mechanism, which is different from the way they are activated
and de-activated in animals 245287,

Plants possess canonical G-proteins, represented in Arabidopsis by GPA1 (Ga),
AGB1 (GB) and AGG1/AGG2 (Gy), and non-canonical G-proteins like Arabidopsis
AGG3 (Gy). Besides this, plants also possess extra-large (XLG) Ga subunits, which
are represented in Arabidopsis by XLG1, XLG2 and XLG3 #’. We included all the
genes encoding Ga subunits of N. benthamiana in our silencing experiments, be-
cause of the evidence of redundancy in their function. For instance, Arabidopsis
XLG1, XLG2 and XLG3 are redundantly required for regulating root morphogenesis
288, in addition to the flg22-induced ROS burst 2. However, the role of XLG1 in mod-
ulating the flg22-induced ROS burst is unclear, as there is evidence suggesting that
only XLG2 and XLG3 are part of the XLG-GBy complexes that regulate signalling by
the receptor FLS2 #3°240_ Our silencing experiments showed that the requirement
of XLG-GBy complexes for the ROS burst produced upon flg22 perception, is con-
served in N. benthamiana (Figure S6C), as employing a TRV2-construct targeting
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all XLGs at the same time, resulted in a reduction of the flg22-triggered ROS burst
that is comparable to the reduction observed when silencing AGB1 homologs. In
contrast to this, we detected no requirement of the Ga subunits of G-proteins for
the ROS burst produced upon perception of Avr4 (Figure 8B and S6B). This indicates
that there is a difference in the regulation of NbRBOHB activity upon perception
of either flg22 or Avr4. Intriguingly, despite the results regarding the Ga subunits,
silencing of AGB1 homologs did result in a reduction of the Avr4-triggered apoplastic
ROS burst (Figure 8B). Possibly, the lack of a growth phenotype when targeting all
genes encoding Ga subunits for silencing, is the result of insufficient silencing of
the individual genes, although the reduction of the flg22-triggered ROS burst and
of the Avré-triggered HR in these plants, suggest otherwise (Figures S6C and 8C). It
is possible that the AGB1 homologs in N. benthamiana regulate the Avr4-triggered
apoplastic ROS burst produced by NbRBOHB through a yet unknown heterotrim-
er-independent mechanism. The possibility of such a mechanism was proposed
earlier, in consideration of the predominant phenotypes of agb1, suggesting that
it plays multiple roles in different physiological processes, when compared to the
phenotypes of null alleles of the Ga subunits °.

The knockout mutants xIg2, and agb1, as well as the double knockout mutant agg1
agg?, suppress the cell death phenotype of the birl mutant in Arabidopsis 23924,
Taking this into consideration, we measured the intensity of the Avr4-triggered HR
upon VIGS of genes encoding different G-protein subunits in N. benthamiana:Cf-4.
We observed that N. benthamiana homologs of XLG1, XLG2, XLG3 and AGB1 are
required for proper induction of the HR upon perception of Avr4 (Figure 8C). How-
ever, to our surprise, one of the XLGs that is absent in Arabidopsis, designated
NbXLG4, showed to be a negative regulator of the SOBIR1 complex, as in this case
the Avr4d-triggered HR increased upon silencing of its encoding gene. These results
provide evidence that different XLGs have opposite roles in the regulation of the
HR in N. benthamiana. In Arabidopsis, XLG2/3-GBy complexes regulate signalling
by FLS2 by attenuating the proteasome-mediated degradation of the RLCK BIK1 2%,
Hence, it is possible that NbXLG1/2/3-GBy complexes are stabilizing one or more
signalling components of the SOBIR1 complexin N. benthamiana. Considering the
results of our ROS burst measurements, this stabilization appears to be dispensable
for activation of the Avr4-triggered apoplastic ROS burst, but seems to be required
for the activation of the flg22-triggered ROS burst. Regarding the observed negative
regulatory role of NbXLG4, we do not have enough data to speculate about its un-
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derlying mechanism. It could be that NbXLG4 is exerting this role after dissociating
from an XLG-GPBy complex. It is also possible that NbXLG4 negatively regulates the
SOBIR1 complex by its participation in an NbXLG4-GBy complex that has a different
regulatory role than the G-protein complex composed of NbXLG1/2/3-GBy. For both
options, silencing of the genes encoding the components of the NbXLG1/2/3-GBy
seems to have an epistatic effect on the phenotype produced upon silencing of
NbXLG4, as the use of a tandem construct targeting all XLGs present in N. benth-
amiana resulted in the same outcome as silencing of the GB subunit only, which
was a reduction in the intensity of the HR (Figure S6D).

We detected no involvement of N. benthamiana homologs of GPA1 in the immune
output upon treatment with flg22 or Avr4. This is consistent with previous reports
on Arabidopsis showing that GPA1 is neither involved in the development of an HR,
nor in the ROS burst triggered by flg22 2402%0, These results illustrate how complexes
composed by XLG-GBy and GPA1-GBy have evolved different signalling specificities
285, While XLG-GBy complexes regulate immune responses mediated by mesophyll
cells #5291 GPA1-GPBy complexes play a positive role in defence by mediating sto-
matal closure 292294,

BONT1 - could this copine protein be part of a guarding mechanism?

The last protein that we selected for laboratory validation is BON1, which is also
referred to as COPINE1 (CPN1). Its encoding gene is present in the network built
around known interactors of the SOBIR1 complex among the top 5% of central
nodes, based on closeness centrality (Figure 2C, Table S2). BON1 belongs to the
copine protein family, which was originally identified in a protozoan and was found
to be conserved in nematodes, mammals and plants 2%. This group of proteins was
named with the French feminine noun copine, which means friend, to reflect their
association with lipid membranes, as “‘companions”. Copines are typically composed
of two C2 domains at their N-terminal half, followed by a von Willebrand factor A
(VWA) domain in their C-terminal half 25, The C2 domains are Ca?*-dependent phos-
pholipid binding domains, mostly found in proteins with functions related to signal
transduction or membrane trafficking 2°6. The VWA domain is frequently found in
proteins that function in multi-protein complexes ?°’. In Arabidopsis, bon1 mutants
show a temperature-dependent growth arrest and enhanced defence responses
2592%8 This phenotype depends on several TNLs, of which SNC1 being the major
contributor 258260261 |nterestingly, BON1 interacts with BIR1 and BAK1 in planta, and
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overexpression of BON1 and BIR1 can partially complement the mutant phenotypes
of birl and bon1, respectively %8 Hence, it is likely that BON1 has an important
function in regulating SOBIR1-containing complexes.

From our phylogenetic analysis of copine proteins in N. benthamiana, we identified
two pairs of homeologs as potential candidates to be the functional orthologs of
Arabidopsis BON1 and we designated them NbBON1A and NbBON1B (Figure S7).
While silencing of NbBON1A in N. benthamiana:Cf-4 produced plants that were dead
or severely stunted, silencing of NbBON1B resulted in plants that were comparable
with the control plants in size (Figure 9A), and also in the intensities of the Avr4-trig-
gered ROS burst and HR (Figure S8). We cloned the tomato ortholog of NbBON1A
based on the observed phenotype, because of its resemblance to the dwarf pheno-
type of Arabidopsis bon1 mutants and observed by co-immunoprecipitations that
the interactions between BON1 and the RLKs BIR1 and BAK1 are conserved in N.
benthamiana (Figure 9).

We performed VIGS experiments to evaluate the genetic interactions between
NbBON1A and genes coding for components of the SOBIR1 complex. To our sur-
prise, the dwarf/lethal phenotype observed upon silencing NbBON1A in N. ben-
thamiana:Cf-4 was absent in N. benthamiana WT. Similarly, this phenotype was
also absent in N. benthamiana:Cf-4 sobir1(-like) (Figures 10 and S9A). As SOBIR1
is required for the accumulation and functionality of the receptor Cf-4 56253 these
results suggest that the presence of Cf-4 in N. benthamiana causes the dwarf/lethal
phenotype observed upon silencing NbBON1A. The stunted phenotype of Arabi-
dopsis bonl mutants is a consequence of TNL activation and these observations
in N. benthamiana could be explained by NbBON1A having a negative regulatory
role on a TNL-based guarding mechanism that is acting on the SOBIR1 complex.
Such a guarding hypothesis has been proposed before as an explanation for par-
ticular observations in Arabidopsis, as in this plant bakl mutant plants develop a
spreading necrosis upon pathogen infection 2°°, and the double knockouts bak1 and
bak1-like (bkk1) suffer from seedling lethality and constitutive activation of defence
responses 3%, In our silencing experiments, the N. benthamiana bak1 mutants were
also severely stunted upon silencing of NbBON1A (Figure 10). Activation of this
hypothesized guarding mechanism by introducing the tomato receptor Cf-4 in N.
benthamiana could explain why N. benthamiana:Cf-4 plants are smaller than WT
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plants (data not shown), as the activation of immune responses has a fitness cost
because of relocation of resources from growth to defence 2%°,

As mentioned above, the stunted phenotype of Arabidopsis knockout mutants in
BON1 is a consequence of TNL activation and depends on the PAD4-EDS1 module
258260261 |n N, benthamiana, PAD4 homologs seem to be dispensable for these sig-
nalling processes, and TNL-mediated immune responses require EDS1 complexes,
incorporating homologs of SENESCENCE ASSOCIATED GENE101 (SAG101) 301,
Because of our initial observation of the lethal/stunted phenotype upon silencing
NbBON1A in N. benthamiana:Cf-4, we included the knock-out lines pad4 and eds1 in
our silencing experiments. Indeed, we observed that N. benthamiana eds1 knockout
plants were much bigger than the WT plants upon silencing of NbBON1A (Figure
S9B and S9C). Intriguingly, this was also the case for the pad4 knockout line, sug-
gesting a role for PAD4 homologs in the signalling process regulated by NbBON1A.
However, we cannot exclude the possibility of this observation being an artifact of
the silencing process itself, as agroinfiltration of the TRV2-GUS recombinant con-
struct has a similar effect, particularly with the eds1 knockout line (Figure S9D). An
experiment to test this hypothesized guarding mechanism would be to cross the N.
benthamiana:Cf-4 plants with the knockout lines eds1 and pad4. Absence of the
stunted/lethal phenotype upon silencing NbBON1A in N. benthamiana:Cf-4 eds1
plants would support our working hypothesis, and the phenotype of N. benthami-
ana:Cf-4 pad4 lines upon silencing NbBON1A would shed some light on the role of
PAD4 homologs in N. benthamiana.

CONCLUSIONS

We here made use of the solanaceous model plant N. benthamiana as a stepping-
stone to acquire knowledge on the signalling processes triggered by SOBIR1-con-
taining immune complexes from tomato. We followed the assumption that structural
components of the immune receptor complexes at the cell membrane will tend to
be conserved across different botanical families. The efficiency in N. benthamiana
of laboratory techniques such as transient gene expression, VIGS and luminol-based
ROS burst measurements, combined with the use of a novel method for quantifi-
cation of the HR, facilitated the evaluation of various hypotheses generated from
Arabidopsis data. Our analysis of microarray data from Arabidopsis revealed that
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genes coding for known components of the SOBIR1 complex are co-expressed.
These genes belong to a transcriptional cluster that is enriched in genes related to
the plant immune responses. We propose the use of this cluster, or list of genes, as
atool to prioritize candidates obtained from wet-lab techniques, such as mass spec-
trometry-based methods using affinity purification or proximity-dependent labelling
in Solanaceae. Besides this, our experiments in N. benthamiana provide insight into
the processes regulating the ROS burst and the HR that is activated upon elicitor
perception, and provide observations suggesting a guarding mechanism acting on
the SOBIR1-complex (Figure 11).
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Figure 11. Model integrating the observations made in this study. (A) In the resting state, NbBIR1

interacts with NbBAK1, thereby preventing the activation of the SOBIRT complex. G-proteins inter-
act with components of the complex other than NbSOBIR1, and likely modulate its proteasomal
degradation. NbBONTA interacts with NbBIR1 and NbBAK1 and negatively regulates a guarding
mechanism acting on the SOBIRT complex. (B) Perception of Avr4 triggers the recruitment of
NbBAKT to the Cf-4/SOBIR1 complex, resulting in the activation of NbRBOHB by phosphorylation
through an activated RLCK and the dissociation of the G-protein complex. A parallel signalling
pathway, in which a MAPK cascade is involved, causes the production of ROS from the chloro-
plasts, associated with an increase in chlorophyll fluorescence, which correlates with the intensity
of the HR.
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MATERIALS AND METHODS

Co-expression network analysis of Arabidopsis microarray data

The raw data of transcription profiling arrays by the GeneChip Arabidopsis ATH1
genome Array were downloaded from ArrayExpress (https://www.ebi.ac.uk/array-
express/). Specific treatments with Arabidopsis mutant lines were removed the
dataset, and experiments with chemotherapeutics, UV radiation, and Arabidopsis
mutant lines were not included.

The data were downloaded as CEL files and processed in R software using the Sim-
pleaffy R package (version 2.48.0), from the BioConductor project (release 3.3) 32,
Array normalization was done using the Robust Multiarray Averaging (MRA) method
and the pairwise comparisons between controls and treatments were computed
using the default method, as follows:

log2FC=log2(mean (treatment replicates))-log2(mean (control replicates))

The log2FC for all the probes along all the treatments were compiled in one table,
where each column represents a specific treatment and each row represents one of
the 22,810 probes in the GeneChip Arabidopsis ATH1 Genome Array. From this table,
the pair-wise Pearson Product Moment Correlations were calculated between all
probes, and a correlation threshold was established to subset the data. Three known
interactors, SOBIR1, BAK1 and BIR1, were used as guides to extract a subset of the
network. The sub-network contains all the probes correlated to the guide genes, as
well as all the correlations between all probes in the group.

The three groups (the SOBIR1, BAK1 and BIR1 groups) were uploaded to Cytoscape,
version 3.9.1 ' and merged to build one combined network. The network was an-
alysed using NetworkAnalyzer 3%, and the cut-off for correlation values was set as
such that a scale-free network was formed in order to retrieve the network hubs
using centrality measures; closeness centrality and betweenness centrality. Nodes
that disconnect from the network while increasing the cut-off, where subsequently
removed from the dataset.

The resulting list of nodes was annotated as follows: first, Affymetrix Arabidopsis
ATH1 Genome Array annotation data 3% were used to map probe identifiers to TAIR
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gene identifiers; second, the Cytoscape plug-in GeneMANIA 3% was used to retrieve
the gene symbols and perform further functional annotation.

The Gene Ontology (GO) terms enrichment analysis was done using the Gene Ontol-
ogy Consortium tool PANTHER 3¢, Analysis type: PANTHER Overrepresentation Test
(Released 20220202). Annotation Version and Release Date: PANTHER version 17.0
Released 2022-02-22. Reference List: Arabidopsis thaliana (all genes in database).
Annotation data set: PANTHER GO-slim molecular function, PANTHER GO-slim bi-
ological process and PANTHER GO-slim cellular component.

In order to build a network representing the co-expression landscape of Arabidopsis
after filtering out the proteins by their predicted localisation, all the pairs of probes
whose Pearson Product Moment Correlation passed the selected threshold, were
uploaded to Cytoscape, version 3.9.1 24, and the nodes were filtered by predicted
subcellular protein localisation according to annotation data from Arabidopsis.org
(ftp://ftp.arabidopsis.org/home/tair/Proteins/Properties/, 2019). Nodes that dis-
connect from the network were removed from the dataset. The resulting network
was visualized using the unweighted Prefuse Force-Directed Layout. The GO terms
enrichment analysis of the resulting clusters was done as described previously but
changing the Reference list to exclude the genes coding for proteins predicted to
be located at the nucleus, chloroplast, mitochondria or Golgi bodies.

Phylogenetic analysis

Homologous protein sequences were retrieved by a BLAST search at The Sol Ge-
nomics Network (SGN) 3%7. The alignments and phylogenies were done using the
MAFFT web-server 3%, The protein sequences were aligned, selecting BLOSUM45
as a scoring matrix for amino acid sequences. The trees were built using the neigh-
bour-joining method on the conserved sites with 100 bootstraps.

Plant material and growth conditions

N. benthamiana and transgenic N. benthamiana stably expressing Cf-4 (N. bentam-
iana:Cf-4) were grown in climate chambers under 16 hr of light, at 24°C and 8 hr of
darkness, at 22 °C and at a RH of 75%.
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Vectors for Agroinfiltration and virus-induced gene silencing

Tomato homologs of Arabidopsis BON1, GPA2, XLG1, XLG2 and XLG4 were a am-
plified from tomato cDNA using Phusion Hot Start Il High-Fidelity polymerase
(Promega), and ligated to pENTR™/D-TOPQ". Then, the amplicons were transferred
into the destination vectors using Gateway™ LR Clonase™ Il Enzyme mix (Thermo
Fisher Scientific). The primers used to clone the genes are listed in Table S6. The
generated constructs are: pPGWB20-35S::SIBON1A-10xMYC (SOL8614), pGWB20-
35S::SIBON1B-10xMYC (SOL8615), pBin-GW-35S::SIBON1A-eGFP (SOL8619),
pBinK-35S::SIBON1B-eGFP (SOL8620), pBIN-35S::SIXLG2-eGFP (SOL9312),
pGWB20-35S:SIXLG2-10xMYC (SOL9313), pBIN-35S::SIGPA1-eGFP (SOL9314),
pGWB20-35S::SIGPA1-10xmyc (SOL9315), pGWB6-35S::SIXLG1-sGFP (SOL9332),
pGWB21-35S::SIXLG1-10xmyc (SOL9333), pGWB6-35S::SIXLG4-sGFP (SOL9318),
pGWB21-35S::SIXLG4-10xmyc (SOL9319). The binary vectors pBIN-KS-35S::SI-
BIR1-eGFP (SOL 7105), pBIN-KS-35S::SIBIR2B-eGFP (SOL 7106), pBIN-KS-35S::SIS-
ERK3a-eGFP (SOL2821), pBIN-KS-35S::GUS-eGFP (SOL5094), pBIN-KS-35S::SISO-
BIR1-eGFP (Sol 2774), p2750-35S::GUS-10xMYC (SOL5822) have been described
previously 66102309,

We used the SGN VIGS tool to generate the silencing constructs 3. For the case
of the silencing constructs pTRV2_NbBON1A (SOL8603), pTRV2_NbBON1B
(SOL8604), pTRV2_NbBON1A/B (SOL8605), pTRV2_NbXLG1 (SOL9301), pTRV2_
NbXLG2 (SOL7126), pTRV2_NbXLG3 (SOL7124), pTRV2_NbXLG4 (SOL9302),
pTRV2_NbGPA1 (SOL9311), pTRV2_NbAGB1 (SOL7127), pTRV2_NbRBOHB (6975),
and pTRV2_NbRBOHE (6976) we amplified fragments of ~200bp from N. benthami-
ana cDNA using Phusion Hot Start Il High-Fidelity polymerase (Promega). The prim-
ers used to generate these constructs are listed in Table S6. The resulting fragments
were ligated into the pCR™-Blunt [I-TOPQO® vector, and transferred into pTRV2 310 by
restriction digestion and ligation. For the case of the tandem silencing constructs
pTRV2_NbXLG123, pTRV2_NbXLG1234, and pTRV2_NbXLG123GPA1, the fragments
were fused by a PCR with overlapping primers, and ligated into pTRV2 310, The silenc-
ing construct TRV2_NbRBOHA is described in a published report 278

Agrobacterium-mediated transient transformation and virus-induced gene
silencing (VIGS) in N. benthamiana

For Co-immunoprecipitation and immunoblot assays, the agroinfiltrations were per-
formed as previously described 2. In brief, three to four weeks old N. benthamiana
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were agroinfiltrated in the first fully expanded leave. The leaves were harvested for
immunoprecipitation at 3 days after agroinfiltration.

VIGS using TRV-based vectors was performed in N. benthamiana:Cf-4 as described
previously %678, In brief, 10 days old N. benthamiana were agroinfiltrated to express
the designed TRV2 plasmid together with pTRV2-RNA1, each at an OD, of 0.8. The
plants were evaluated three weeks after agroinfiltration. The canopy area of the
plants subjected to VIGS was estimated using ImageJ 31

Bioassays for flg22- and Avr4-induced immunity

The intensity of the HR in the plant tissue was quantified by using the red-light
imaging method using a Chemidoc XRS system (Bio-Rad). Pure Avr4 protein at 10
pM, diluted in MQ, was infiltrated into the leaves from the abaxial side. Two days
after infiltration, the red light fluorescence emitted by the leaves was measured as
described previously 2.

The apoplastic ROS burst was measured on 5mm leave discs taken from the first fully
expanded leave of N. benthamiana plants. The leave discs were floated on 50 pL of
Milli-Q water (MQ) in a 96-well plate and kept in the dark at room temperature over-
night. The MQ was then removed using tissue paper, replaced by 50 pL of MQ, and
kept in the dark for one hour. After this, a 50 pL solution containing 50 uM luminol
L-012 (FUJIFILM), 10 pg horseradish peroxidase, and either 0.1 uM of Avr4 protein
or 0.1 uM of the peptide flg22 (EZBiolab). The luminescence values were measured
using a CLARIOstar plate reader (BMG LABTECH) for over five hours.

The DAB staining was performed on N. benthamiana:Cf-4 leaves three hours after
infiltration of 10 pM solutions of fig22 (EZBiolab) or Avr4 protein. The leaves were
vacuum-infiltrated in DAB staining solution 32, incubated for 3 hours. Then, the
leaves were destined by boiling for ten minutes in a 3:1:1 solution of ethanol, acetic
acid and glycerol.

Co-immunoprecipitation assays

Co-immunoprecipitations (co-IPs) were performed as described previously . The
eGFP- or eYFP-tagged proteins were detected with aGFP-HRP (Miltenyi Biotec, 130-
091-833). The Myc-tagged proteins were detected using aMyc (cMyc9E10, sc-40,
Santa Cruz) and aMouse-HRP (GE healthcare) as a seconday antibody.
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Production of Avr4 protein

The Avr4 protein was produced in Pichia pastoris 2. The culture supernatant was
concentrated using a VIVAFLOW 200 5000 MWCO (Sartorius) while kept at 4°C until
reaching a final volume of ~100 mL/per liter of culture supernatant. The concentrat-
ed supernatant was dialyzed using Spectra/Por7 Dialysis Membrane pre-treated
RC Tubing (Spectrum Labs; MWCO 3.5 kDa) and equilibration buffer (25 mM Tris,
25 mM NacCl, 10 mM Imidazole pH=7.5). The protein purification was performed
using a Biologic LP Low pressure chromatography system (BIORAD) with 3 mL of
His60 nickel resin beats Ni-NTA for His-tag purification (Takara Bio), and a 0 to 100%
gradient withing 20 minutes of elution buffer (25 mM Tris, 25 mM NacCl, 200 mM
Imidazole, pH=7.5). After this, the pure protein solution was dialyzed in MQ and
store at-20°C. The resulting pure protein solution was quantified using Quick Start
Bradford Protein Assay (BIORAD), and verified by immunoblotting using 6x-His Tag
Monoclonal Antibody (Invitrogen, MA1-21315).
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Figure S1. Node degree distribution with different correlation cut-offs. (A) Node degree distri-
bution at correlation > 0.5. (B) Node degree distribution at correlation > 0.6. (C) Node degree

distribution at correlation = 0.7. (D) Degree distribution at correlation > 0.7, with both axes in a
logarithmic scale and a fitted line with the formula Y = 10~ (a*log(X) + b), where a =-0.5835 and

b =1.775 (R-squared 0.8243).
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Figure S3. Phylogenetic tree of the respiratory burst oxidase homologue (RBOH) protein family
of Arabidopsis, tomato and N. benthamiana. Arabidopsis proteins RBOHF, RBOHE and RBOHD
are shown in red. N. benthamiana proteins selected for silencing of the encoding gene are shown
in green. The branch length in the tree is proportional to the number of substitutions per site.
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Figure S4. Luminol-based measurement of the Avr4d-triggered ROS burst of different N. benth-
amiana knock-out lines, after transiently expressing GUS or Cf-4. Measurements were performed
at three days after agroinfiltration at OD = 0.1. The error bars represent the SEM. The profiles are
the result of a total of 48 measurements from four independent experiments. One leaf disc was
considered as an outlier (as determined by the ROUT method) and was removed from the results
of the sobirl(-like) genotype.
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benthamiana proteins selected for silencing of the encoding gene are shown in green. The branch
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Figure S6. Extra-large G proteins redundantly regulate the flg22-triggered ROS burst in N. ben-
thamiana. (A) Representative phenotypes of N. benthamiana:Cf-4 plants agroinfiltrated with
different TRV2 tandem constructs for VIGS. Pictures were taken three weeks after agroinfiltra-
tion. (B) Total amount of Avr4d-triggered apoplastic ROS detected from leaf discs taken from N.
benthamiana:Cf-4 plants, subjected to VIGS. The leaf discs were exposed to 0.1 uM of Avr4 and
ROS was measured over a period of 5 hours. N = 8, error bars show SD. P-values are indicated
when < 0.05 (ANOVA, Dunnett's test). (C) Total amount of flg22-triggered ROS detected from leaf
discs taken from N. benthamiana:Cf-4 plants, subjected to VIGS. The leaf discs were exposed to
0.1 uM of fIg22 and ROS was measured over a period of 1hour. N = 8, error bars show SD. P-values
are indicated when < 0.05 (ANOVA, Dunnett's test). (D) Quantification of the Avr4-triggered HR
by means of red-light imaging in N. benthamiana:Cf-4 plants, subjected to VIGS. Measurements
were done at three days after infiltration of 10 uM of Avr4 protein in leaves of plants subjected to
VIGS, using the indicated constructs. Error bars show the SD, n = 8. P-values are indicated when
< 0.05 (ANOVA, Dunnett's test).
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Figure S7. Part of the phylogenetic tree of the homologs of Arabidopsis BON1found in tomato and
N. benthamiana. The Arabidopsis BON1 protein is shown in red. N. benthamiana BON proteins
selected for silencing of the corresponding gene are shown in green. The branch lengths in the

tree are proportional to the number of substitutions per site.
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Figure S8. Immune responses upon Avré perception after silencing of NbBON1B. (A) Total amount
of Avr4-triggered apoplastic ROS detected from leaf discs taken from N. benthamiana:Cf-4 plants,
subjected to VIGS. The leaf discs were exposed to 0.1 uM of Avr4 and ROS was measured over a
period of 5 hours. N = 8, error bars show SD. P-values are indicated when < 0.05 (ANOVA, Dunnett’s
test). (B) Quantification of the Avrd-triggered HR by means of red-light imaging in N. benthami-
ana:Cf-4 plants. Measurements were done at three days after agroinfiltration for the expression
of Avr4 (OD = 0.03) in leaves of plants subjected to VIGS. N = 8, error bars show SD. P-values are
indicated when < 0.05 (ANOVA, Dunnett's test).
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Figure S9. Quantification of the canopy area of the plants upon silencing of BONT homologs in
different N. benthamiana genotypes. N =5, error bars show SD. P-values are indicated when <
0.05 (ANOVA, Dunnett’s test). (A) Comparisons within each different genotype, and (B, C and D)
comparison within each TRV2-VIGS construct.
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Table S1. Accession number, title and number of treatments of the experiments of which the
gene expression data were used for the analysis. Among the selected experiments, four include
treatments of Arabidopsis mutant lines and these were excluded from the analysis (E-GEOD-
39384, E-GEOD-5630, E-GEOD-5633 and E-GEOD-5632). In total, 19 treatments were removed,
as these monitored gene expression in mutant plants.

Accession number Title included included
treatments measurements*

Treatment with pathogens and immunogenic patterns (IPs)

E-GEOD-5615 Transcription profiling by array of Arabidopsis after treatment with 12 42
LPS, HrpZ, fig-22 and NPP1

E-GEOD-5616 Transcription profiling by array of Arabidopsis after infection with 3 18
Phytophthora infestans

E-GEOD-5684 Transcription profiling by array of Arabidopsis after infection with 2 12
Botrytis cinerea

E-GEOD-5685 Transcription profiling by array of Arabidopsis after treatment with 15 32
Pseudomonas syringae

E-GEOD-5686 Transcription profiling by array of Arabidopsis after inoculation with 7 48
Erysiphe orontii

Treatment with hormones

E-GEOD-5696 Transcription profiling by array of Arabidopsis after treatment with 11 26
brassinosteroids

E-GEOD-5700 Transcription profiling by array of Arabidopsis after treatment with 3 8
abscisic acid

E-GEOD-5701 Transcription profiling by array of Arabidopsis after treatment with 3 13
gibberellin

E-GEOD-39384 The AtGenExpress: Basic hormone treatment of seedlings in 21 48
Arabidopsis

E-GEOD-39385 The AtGenExpress: hormone inhibitor or other chemical treatment 26 60

of seedlings in Arabidopsis
Different organs and developmental stages

E-GEOD-5629 Transcription profiling by array of Arabidopsis at different 2 24
developmental stages

E-GEOD-5620 Transcription profiling by array of Arabidopsis roots and shoots 14 36

E-GEOD-5632 Transcription profiling by array of Arabidopsis flowers and pollen at 14 45
different developmental stages

E-GEOD-5633 Transcription profiling by array of Arabidopsis shoots and stems at 6 21
different developmental stages

E-GEOD-5634 Transcription profiling by array of Arabidopsis seeds and siliques at 6 24
different developmental stages

E-GEOD-5630 Transcription profiling by array of Arabidopsis leaves at different 16 57
developmental stages grown in continuous light, short- or long-day
conditions

E-GEOD-5631 Transcription profiling by array of Arabidopsis roots at different 4 21
developmental stages after growth in continuous light or long-day
conditions
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Table S1. (Continued)

Accession number Title included included
treatments  measurements*

Abiotic stress

E-GEOD-5617 Transcription profiling by array of Arabidopsis after different light 14 48
treatments

E-GEOD-5622 Transcription profiling by array of Arabidopsis after osmotic stress 10 24
treatment

E-GEOD-5623 Transcription profiling by array of Arabidopsis after salt stress 10 24
treatment

E-GEOD-5624 Transcription profiling by array of Arabidopsis after drought stress 10 28

E-GEOD-5628 Transcription profiling by array of Arabidopsis after exposure to heat 14 32
stress

E-GEOD-5687 Transcription profiling by array of Arabidopsis seeds after incubation 1 4
at different temperatures

E-GEOD-5688 Transcription profiling by array of Arabidopsis after growth in 5 22
medium lacking sulphate

E-GEOD-33790 The response and recovery of Arabidopsis thaliana transcriptome 8 18
to phosphate starvation

E-GEOD-5627 Transcription profiling by array of Arabidopsis after wounding 12 28

TOTAL 249 763

* The measurements include controls and treatments.
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The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

LET €66988€°0 £§9000°0 T 10308} paje1d0sse-yy)) aAleInd 09ZF¥9ELY 097t73EIY 176/975C
vl 8€0STIY'0  £825LT¥00°0 (TS NI3LOYd NIVINOQ GAIN) TSGAN TSEAN 0£G8T8TIY 1e7E6/55T
Wl 16752970 8800£9900°0 u1a30.d Bulure3u0-yiow YA 0T¥8/9T1Y 0Tv8/8TIV 187%0809¢
121 €7CE69Y'0  9S6v/5700°0 YiY4SH-LY ViV 4SH 08881343V 187Z6575C
848 8/7€88%'0  Sv6Y86ST00 utajold ax|-aseupy| utajold yeadas yoL-suroNa| 057829€1Y 0578Z3W 187206.5¢
wl €088817°0  965/70100°0 u1a0.d 3ulueIU0d-UreWop X0g-N 79dIND 0999363 ®T0VZLYT
i 7SEV6SY'0  T¥8TOYS00'0 € 1ydx ased)| uiajold-uiinbign g3 aajeind veLvax S9EVISHIV 1e67EST
eyt vS8I8YY'0  ¥16€82500°0 (12T SLNY1d 40 NIXVLNAS) TZTdAS TZTdAS 028113¢ 18798/857
47! 6v.6Ly'0 1680281000 ITANYM ITANUM 00791873 17E8/E97
2 LEGSETY'0  8968T¥T000 0T6659TLY 01665313V 17106797
i1 €760587'0  €£6858+910°0 uiajoud [earjay3odAy 06v78THSGLY 06781863y 18786617
6vT 72698010 ¥8£000°0 uiajoud [eai3ayodAy 0596€97LY 0596873V 187€29/97
6v1 Ire08EY’0  TT0Z6TE000 u1a30.d 103daoal dUBIGUIBWISUEL} 0r1ZEDTLY 0v1ZE3TI 1®7ETL59C
0ST GIS06T7'0  €/€£000200°0 uajoud Ajiuresadns xoq-n/ONIY 04099961V 0099363V RLCTAWAZ4
0ST GLITTZYr'0  85220L£00°0 uiajoud Ajiwey sseajoud |Kysedse 080659€1Y 080653€3 17/06152
16T LYS8TEY'0  £S¥8S0T00°0 urajoid a9ue)S|Sal 9seas|p JO SSBIO SAN-YIL 06099911V 06099313V 18797595
16T EVSEEEY'0  6IYPYI9000 aseun a)1|-103dada. uiurejuod- sk 08G€€9ZLY 085€€37 1 y7855T
15T 6£5009%°0 2985000 (09 41LOW ¥3ddIZ INIONIT/NOIDIY JISYE) 09dIZ8LY 09dIZaLv 06627313V 18797965¢
16T 9LT591°0 ¥90€T1L000 STANYM STAYUM 07€€732W 17I5064C
€St 1606597°0  ZZ91/80100 aseunj u1aj0.d-aujuoalyy/autias axi|-103dadas Yy aaneInd 09€V/OTLY 09731 1876£2097
€St TI8YTLY'0  T6TTTHZI00 aseuyy utejoud-auuoaiy3/aulas sqeqod 06€8TITLY 06£813T3Y 178ILI9C
ST L6Y66T7°0  T6SETLIN00 €9 0g asejeydsoyd utejoid aneind 026E€9TLY 076££373Y 1BTETEEST
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL

107



Chapter3

148 8667110 8080000 u1a30.d 80UB)SISAI 9SLASIP S0 YY1-SAN-YIL 05/£99T1Y 05££9313Y 187967097
921 LT6ELOY0 90000 (9 ¥OLOV4 HNIANIE LNINITI IAISNOISIY INTTAHLI) 94431V 94y3Ly 06YL1313V 18705251C
91 9TESTH 0 £2£000°0 (T LHOITHOIH 0L IAISNOJSTY) THTHY T IHY 07865353V 17659/1T
91 TZ199Y°0  84L9/600°0 vLNd v1N4 06£ST823Y 187695£97
(€€ NILOYUd
91 Z0S€TLY'0  G0ZLTOSTO0  ¥OLAYAY YOLOVH IAILISNIS-IAINIFTYINTAHLI-N 319NT0S) EEAYNS £6dVYNS 01219353 ¥TTLSLYT
a1 TL9TEV0  8ELSST000 ura304d Sujure3uod-jow PA 08827971V 08822873V 187008997
8zl €818107°0 8£9000°0 T4NQY osedl| €3 0299Y9€ELY 029973€ ¥ Y/hIST
871 £2/960t°0 6850000 8.4V 1824V 0£592873 1®TTY0SHT
871 TLvLvSy0  ¥18S1ZF00°0 urajo.d Ajurey aseury ugajold 0v¥SZoS1IY 0r¥SZ35IY ®TEVEINT
871 €1r9655°0  89€0EL0T00 (G NI3LOYd-NYLOVTYOONIEYYY) GdIY Gdov 0£7GE81IY 187055652
621 £v6688€°0 2€000°0 uiajoud [eanayjodAy 08.679¥1Y 0867873V 1e7Ey9EST
621 8TLL0T7'0  960€60£00°0 ZYW3IH ZYW3H 07660313V 187099797
(9
0€T 66L4507°0 8770000 ISYHLNAS (00V) IOV OITAXOFY¥YO-T-INYdOUdOTIAIONINY-T) 9SOV 9SoV 08711873 187976v5C
€38 GY8EEOV0 ¥1£000°0 uiajoud [eanayodAy 0£60T9ELY 0£6018¢3Y 1 Th95T
1438 TI8T/SF0  £9679€£00°0 (S ISYNIM INIT-Y0LdIDIY SISINTIDOAYEINT DILYINOS) SHYIS EREER 06/ET873  ¥©7S/0T¥9Z
1438 Zv00ELY'0  TLTT85800°0 T'09SdA T'09SdA 079013€3v 18761685
338 19€89TH°0 ¥0L07€00°0 urajold Ajiwey yeadas upfuy 0092921y 009%232 187008€9Z
GeT LESSETY'0  6YTY0LT000 uiajoud [eayayodAy §€L529TLY §€L5780 187869997
9¢1 66ETETY'0  GLZIVETO00 (L€ ITNIMNAOWTVO) LETND LETND 08€Z73GIY 1.7/616HT
9¢1 LESTOSY'0  £89/10600°0 aseuyy utejoud-auiuoaiyy/aulas aqeqod 06€8THTLY 08€813TIY 176IL19C
THI90S
9¢T TTLTEIY0  GIBSELETO0  @seupy uiejold-auisoikl/auluoaiyl/aulias ayil-103dedas jeadal you-auiona) 14190S 0881£373 187819
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

]
(=]
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

438 8118910 (zi-1yav) ¢1-ryay z1-1Hay 0270853V 18762805¢
4 60T0Y9Y'0  86€LLK0Z00 utajoud urewop (yyeaq |29 pue wawdojarad) 4od 0502961V 05077363V 1e7/ET61T
€11 8LYTISTY0 $¥6000°0 (€ NI3LOYd INIT-TUAN) €4dN £4dN 0TTSY8GIV 17186817
A8 €0T0VY0 1960000 uajold [eanjayjodAy ureyoud jeonayiodAy  0TZZEDZLY /// 0612€DTLY 0TZZE3ZW  187S70£9597
STT 9780£8€°0 91€0000 8d1S9d asesaysuesyAsouonan|3 aaneind 0TLSEDTLY 01£5€323 17178597
Jass LLOTLYYO 8£998200°0 urejold ayji|-aseuajsues)|Auyyaw Juapuadap-auuoiyjaw--|Asouape-g 0STFS9IELY 05T7S3EIY 17788157
11 75EV6SY°0  2590v6£00°0 9IANYM IANUM 00£29313Y 179v/797
811 8617010 7€9000°0 (T 3SVYLYHASOHd QIO O1AILYHJSOHd) TdVd1Y TdvdLlY 08110823V 1T/LE/59T
811 96655570 v£287600°0 TOYY seury 9105030 ay1|-103da0a) 0681THYLY 06811873 187698757
61T 8/G108€°0 8520000 u1a30.4d A1y 191118 83R13SANS [BLPUOYIOHW [4]ld} 0£S77803Y FLIAR 214
(¥a) 6240 NI310Yd
61T 1ZL0T6E0 €0£000°0 HNIANIG-(NVI) NITNAOINTYO YNYITYHL SISd0QIgYyY) SZdaNVILY G2daNYOLY 0TOTYSZIVY 187690£97
61T 80961070 8/7000°0 (01 ox1-oseIvysUBIYASOUOINIOEIED) OTTLYD 0T1LYD 0vE8Z3EW 187EE995T
61T 122v9%°0 G1900£00°0 aSEBUN| duUIU0aIY}/auLIaS aAjend 0/9919T1V 099181 ®©/7E91T
¥4} 66LL507°0 £250000 91N uta30ud Suipuig-wniojed saeind 009579€1V 0096Z3¢3 18766/967
¥4} €60v627'0  §8960Z100°0 QYT ugjold auelquidwsuesy 0vL0S9TLY 00581 1TIE997T
¥4} Tv/9097'0 7008616000 (T 3ISVYNIY NI3LOYd LNIANIdIA-WNIDTYI) THdADLY IXdaoLy 06881313V 1e78/E197
144 91Z80T¥'0  £20802200°0 (1.3SVd1Y-+2v¥0 ALIFIHNI-OLNY) TYOV YoV 0L11Z3TW 17059197
441 88/EE€TY'0  €LT95L£000 (€T 91|-m0102.BIS) €T10S €110S 0£2L137W LA 74574
44 LLLS8YY0  €78966900°0 0219 0z1d 06£TZ37Y 1780vYST
441 6TY9¥9'0 9576096000 aseuly u19}01d-aulu0d1y}/aULIds 8)1|-10}da08. 06£5Z9VLY 06£5Z31IV 17E90YST
€1 6008€9¥'0  7ES€C0800°0 uajoud Ajweysadns yeadas WYy 07€L99DSLY 0vE£9853Y 18788691C
741 vSZL6EY0  TL9LYTL000 (3SYNIX 4OLdI0FY-NILOFT YNVITVHL SISdOAIgvYY) YOI THLY MYOFTHLY 00£6G3€3V 176LYTST
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

v0T y19G56vv'0  €V85Y8100°0 uiajoud [eanayjodAy 0TY959ELY 0Tr953EW 1 $89157
501 €EYT66€0 12€000°0 uiajoud [eanayjodAy 0099/9TLY 0099/313Y 1876/665C
501 Z9TETIF0  SvSG/89200°0 u1a30.d 80UB)SISAI 9SLASIP S0 YY1-SAN-YIL 06922951V 0692235 1e7E0661C
501 PIVIYIY0 7650000 (T 4OLOV4 DNIANIE INIWNI T3 JAISNOSIH INTTAHLT) T-4¥3LY T-443Ly 005137 17Z5251C
501 16650270  2ZrE9ISE000 u1a30.d 80UB)SISAI 9SLASIP S0 YY1-SAN-YIL 07185951V 07185363y 1e78Y8/YT
501 6Y6YSY'0  9S0EEESTO0 uiajold Ajiwey aseajold aul3sko axi-nN 10 09272OELY 092223¢3 187919957
901 8E9YTTY0 6020000 urajoud [eai3ayjodAy 0Z78S9TLY 078581V 170185
901 L0ETEY'0 1980000 urajoud [ear3ay3odAy 0612€921Y 0612873 1 7$/969Z
901 Z09T6EY°0  8/6097€00°0 6Y43d aseuny utejoud axji-loydadas yau-auljoud 06989911V 06989311 187872279¢
901 LYI66EY0 GT60£200°0 ura304d BulUIBIUOD-UIBLIOP BOUBYSISY-UNNBJIBIU|-[|OL Zr107921Y G¥102323Y 187/6559¢
L0T 8£09€8€°0 7££000°0 uiajoud [eapayjodAy 08EYZOYVLY 08EYZ37IV 1e78GTHST
L0T 86G.78€°0 120000 (T NI3LO¥d NOILYIDOSSY NOg) Tdvd 1dva 06119361 1e79EETST
L0T LLTLITYO L£8000°0 urajoud Ajiwrey asejophy pjoj e1aq/eydie 0S9TTHSLY 05911361 187GEE0ST
L0T 76EEESH0  T878SELT00 uiajoud Ajiurey asejoho 08TVEDTLY 08137 1TELTEST
80T 89/69.€°0 220000 uiajoud [eazayodAy 05v/5DELY 05¥/5381 1870915
801 PIVIPIY0 980000 087X49 087XY4D 0878231V ®EPPTIT
801 88/EETY0 720000 (1 asele|ayo0.1ay) 104 104 0£092353 1.70£891T
601 62595170  669TETE000 (z NI710¥d ¥I9NI4-ONIZ $ISdOIaYYY) T4ZY 74zv 08G613€3V 17220452
01T £987/€5°0 991682000 0T a1|-aseuy| 103dadal pajeIdosse-|[em OTTHYM 0896/313Y 1eH6ETIT
1t G99£80¥'0  ¥T6GY8Z000 9 ule30id paje1dosse-ssalls SululeIL0D-UIBWOP TNY PUE OZY JaBuy dulz 008259€1V 008263¢€V 18760025¢
1t G6YS0SY'0  T0Z00YL00°0 aseuny uiajoud 0T0609€1Y 0T0603€1Y 1e7E1765C
1t TTLIEIN0  6L8SY8LI00 aseusy utajoud auiuoaiyi/auties anend 0TVLIDELY 0Tr/13€W 1e7E91867
141 L0T8TZF0  SG18698100°0 (£1X08-N INV1d) L18Nd L1and 0v€6Z3TIV 18797865¢
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

o

—
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

L6 €7L90E%°0 0Zv979TLY 02r9781IY 187600197
L6 YSTL6EY0  TETVBEE000 u1304d SujuIe3U0d-UIRWOP Oy AM 0T9¥9911Y 01979813V 1e7E/619C
86 TPLYE6ED 910000 (T NI7L0Yd DNIANIE-AIONId) Tddd Tddd 06775353 ®Y9I8YT
66 78€89/€°0 1610000 G0T4y3 10308} uodiIosues} aAIsuodsal-aus|Ay3e 06T1S9G1Y 06115851 188y
66 67G/G6€0  S//90£200°0 urajoud [ear3ay3odAy 00%§2OTLY 007SZ3TIW 1e7EE/G6T
66 9072€EF0  ¥SE0LET000  ewiwes aseun|-y apiysoutoydsoyd ¥ YINNYD Mpid 0059v873Y 1191597
66 v6S0SEY'0 9697952000 uiejold Ajiwrey asesaysuenfsoony-o 00T¥SOELY 0017531 110615
66 6707Lvy'0  G8768L100°0 urajoud Bujure3uod-yiow HA 09T2¢9ELY 091223¢W 17E6/95¢
001 PIISTLED 62€000°0 u1301doaA|3 you-suijosdAxoipAy Juepunqe sisauadohiquio aje| 080£797LY 0802323 1791£997
001 9/5788€°0 ¥€000°0 uiajoud [earayjodAy 0267€9TLY 0767€31IY 1eTERITIL
001 8TLL0TY0 ££8000°0 0598431 179r€TST
001 790S227°0 1570000 aselajsues)|foe pioe opiyeydsoydosA| 09T729O¥LY 091237 ®Y0THST
001 LV86SEY0 76297£00°0 9SEPIX0 93q00sE-] dAEINd 0£86€EDYLY 0£86€313V 17798757
10T TETV9LED £9000°0 urajo.d Bulurejuod-jiow ulpuiq wniojed ‘puey-43 082£79¥1Y 082£2343V 187GT6EST
10T L£06/6€°0  TELTS6£000 (Z T-04d TSH 1338 4YHNS 40 DOTOHLYO SISdOAIFYYY) TOHdSH Z0YdSH 0000t873Y 17/68197
101 2091670 990£2€000 GHTIND utjoad Sutpuig-wniojed sajeind 0£96€951V 0£96€363Y AR 74
201 6L768LE0 ¥61000°0 uajoud [eanyayjodAy 0SELTOS1Y 05€L18G1Y 187860057
€01 GLLETTY'0 6989691000 6t O aseleydsoyd utajoud annend 092299€1V 092293€ 18765216
€01 78002¢°0  STLTIFITO00 Kemyyed gAp 4o Jorejn3al psdp 0T£6T9Z1Y 0T£61323 187689997
€0t LT1S8ZF'0  899818E00°0 (9€ uta30.4d Buiureuod urewop QYN sisdopiqay) 9gpoeue 9g0oeUE 0v0L1823Y 1e7$85€97
01 vI8LYTY'0  €05212500°0 (T ISYNIM ISYNIX ISYNIN dVIN) THNIN IININ 00580373V 18766055¢
01 TV166EY0  L978Y6700°0 uiajold Ajiwey ue3o1dod|3 yau-auljoidAxolphy 0T6979€1Y 0169231 18778785¢
01 vLYTEYY'0  S6¥S29200°0 urajold 18 Ajiuuey asejoupAy |As0ok|3 0£8ST9S1Y 0£851363Y TIESINT
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

68 €L6ETEVD  690¥SEE000 uajod [eanjayjodhy 0£09/9T1V 0£09/813 1©78Y/197

68 190970 GZEETBS00°0 uiajoud £jjwey u3as| (3utpuig-asouueLy) axji-ulnaind 0Ly8T9GLY 0Lv8135W 1e7E866YT
06 ¥101901°0 §0£000°0 (6 ISYNIM ISYNIX dYIN) 6NN 6N 00G€£313Y 17IELSHT
06 9TL0SP¥'0  990¥15200°0 2€ NIXINNOD Z€ NIXaNNOD 0095€313V 17/p1EST
06 prYIISY'0  €T260£200°0 STANYM STANYM 0520£823Y 1©7952/97
06 TSEV6SY'0  €876EVY00°0 uajoud Aemyyed gAN ay3 ut ANAIRoe psdp Jo Joje|nday 0VEETOTLY 0vESTSTIV 18701765
6 Y0ZESLED 8120000 (NI3LOYd DNILOVYILINI-ADL) dIL diL 06572363V ®79Y/64T
6 SY8EEOY0 8650000 aSBuY u19]0.d-aU1U0a1Y}/aUlIas BAI}ORU} 0L7/99T1Y 0Lb£98TIY 1©TZETYIT
6 G859¥07'0 86651000 (1 @3e35gNS 3seUN| dYIN) TSHIN TSI 069813€3Y ®©716//5C
6 1099L6V°0  TLEVTLIO00 TINdINLY TINdWLY 09510813V 18787¥65C
€6 901188€°0 20000 (G 4010V4 DNIANIE ININTT1I IAISNOdSTY AINTTAHLI) G443 EERCE] 0£2L¥35W 18766481C
€6 LSS8LT¥'0  908527€00°0 0EANYM 0EANYM 0TTrZ36IY 1e70LL61T
€6 8V/8VEY'0  8¥ZTEST000 aseuyy ulajoud axi-101dadas aaneind 0206€951Y 0206€363Y 187G8Y6YT
v6 8TLL0TV0  ¥TYI8LIN00 uiajoud [eayayodAy 0059€DYLY 0059€343Y 1©70£291C
6 S6EVLIF0 9819192000 uiajoud Ajiwey (S1141) 10308} uoijeSuoye uonduosues) 0v1S0951Y 0Y150853Y 187608057
6 LTTLT9%°0 8859€00°0 uajoud Ajiureysadns aseuadAxo Juapuadap-(1)a4 pue (90z) 81eseIn|S0X0-g 0T06THELY 0T0618¢V 18772695
56 L€0L00Y'0 971€12000 uiajoud [earzayodAy 00TT¥9SLY 00TT¥3GV 1eT6EEHTT
56 £098007°0 £€6£0000 uiajoud [ear3ayodAy 0T€0ZOTLY 0TE0Z3TIV 187788557
56 vLYIEYY0 ¥€6£0200°0 (T ISYNIM ANITOHO) THOLY IYOLY L69T/3TV 187905192
56 L11S8Y%0  ¥¥606+200°0 MYN MYN 06220853 187066057
96 €815.€0 9€000°0 uia0.d 3upjui|-ss010 Uiy 001£Z9T1Y 00T£Z313 ¥7/01/5C
96 1166L€0 §12000°0 uiajoud 3ujureluod-urewop xoq-n 19dIND 09199313 18772595¢
96 19€860%°0 #£6000°0 uiajoud [eayayjodAy 0TZ5€9TLY 01Z5€3TIY 187GG/6HT
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

N
-
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

8 GOT8.LE0 0267L9T1Y 0267L8T3 187786797
8 9/LT€8€°0 L1%000°0 uiajoud [eanayjodAy 08€61DTLY 08€613TIY 187959097
68 rST9Y8E0 8020000 (2-0700 A9 @3LY1NHIY INID NYIFAOS) 20YS 70¥S 0£060313Y 187669797
8 7766660  ¢CT0ETTO00 (ST NI3LOYd NIYINOQ SAIN) STAAIN STEAN 057€73€WY 17616452
68 0620 6£50£100°0 aseulyj utajoud aazend 09€9/9T1Y 09£9/313 187/8865
8 GGThek'0 198126000 TYWNYDQA1d TYIWAYDATd 0581137y 1e7/1875T
8 v192L2y'0  TZLLLLTO00 uiajoud Suurejuod-urewop 3gg pue Suipuig-qy4 08€9¢OTLY 08£978TIVY 18712019
68 L09LTEV0 9£069€00°0 uiajoud [eafay3odAy 0£05ZOLY 0£05Z873Y 1e7E0TYST
68 TTEVEY0  67€868T000 uiejoud saysuesy pidijook|3 0496971V 0,963 187806757
68 vLVIEYY'0 1102822000 (13 urezoad Ajiwey 0£0X3 Hungns 3s£00xs) 130£0XILY 130£0X3LY 0076233 1©7GE/95T
0928091V
98 987€6.£°0 ¥$1000°0 O esejeydsoyd uisjold aanyeInd /7 0¥TLZDELY /// 0200£DZLY 0200373 187S $£8997
98 7989Y6€0  7TZ8IYITO0 (T NOILYYQAHIA 0L IANISNOdSTY ATHV3) TAY¥3 a4l 0£015853 17/8Y8YT
98 66ETETHO ¥¥8000°0 urajoud Sujureuod-yeadas upfyue 02L¥S9S1Y 02L¥5863 BLNIA R 74
93 G79952r'0  €6TZLEE000 T 1uajoyaq Yy ujold S08€/9T1Y 008€/3T3V 187940097
98 LVS8TEY'0  9898TLT00°0 ute3oud Ajiwey 31odsue.y Joddod 09£2S951Y 0975861 L4474
8 67CC6T7'0  T988TTTO00 uiajoud [eanayodAy 06150951V 06150863V 187178057
L8 68078€Y°0 £529€200°0 u1230.d 3UlUIEIU0D-UIBWOP BIUE)SISAY-UINa|IBYUI-|0L 006Z/911Y 006Z/313 1718797
L8 VELSTVY0 96585621010 1 o¥i|-aseuy| 103dadal pajeIoosse-|[em 0S¥€79TLY 05v€Z32 1®TPETLIT
88 19208T¥'0  ZZ9€ZSTO00 aseuy u1a}01d-aulu0a.lyl/aulias 81|-103dedal-g uijoa| adki-H 09€T99TLY 09€19313Y 1®7/51%9T
88 7800Zv'0  8¥0£98100°0 aseuly aujuoaiy3/supas 103dadal aaieInd 057819¥LY 05781873y 1709952
88 6SGE9EV0  LSE068£00°0 urajoud [eayayodAy 02££99TLY 07L£98TIY 187E¥7097
68 9T€GTV'0  TT9Z8ET00°0 £1ANN £1aNN 07LT137W ¥ Y815
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

LL 20£948€°0 yIdndly y1dNdLY 0LL6T3TW ®TEYTTIL
LL Z6ST9TF0  £955¥Z¥00°0 RRE| RRE! 00%ZT3€3Y 1e78E795
uiajoud
LL IV06EZY0  9EV6TEF000 Ajjweyiadns saseisysuelyfyrow Juapuadap-suiuoiyiaw-J-jAsouape-g 0S75SOTLY 0575581V 1876/0597
LL L987LEV'0  GTST88€00°0 (991, asesajsuesy |ksoon|3-4an) 9g91.19N 991£19n 08.123¢W 17056/57
8/ €1¥8GZ¥'0  €01550500°0 urajoud Ajiuwreysadns xoq-n/9NIY 0EVETDELY 0EYETSEW 187856957
8L 60ESEVF'0  ¥S96£L800°0 (T LINNGNS DNILOYYILINI-YTY) TSIV STy 0vLZ18EW 1®©700£L5T
6L €8E1507°0 7820000 10308} uonyduosuesy Ajiwey SyHH 05765951V 05765853 ®L0LLYT
6L GLIBTIVO 87£000°0 (T3SVQAILdIdSNYHL TAWYLNTD-YININYD) T1DD 1199 0796£313V 187906757
08 €76520%°0 €790000 (18 wiaroud £jwrey g£0x3 Hungns 1sK20%a) 190/0XALY 140£0X3LY 078535 1II8/1T
08 8TI8YIF'0  TITT06T000 uteyoud ayi|-aselaysue.yjAy3aw Juapuadap-auiuolyiaw--|Asouspe-g 07€€Y9TLY 0Z€EV8TIVY 187757997
08 vS89LTY'0  €¥SL90200°0 uiajoud Ajiwey aseunsj utajoud payul|-ulidaju| 056819¥1Y 05681341V 176095
08 LLTL9TV0  9/8156L00°0 711y @sed)| uiajosd-uryinbign ¢3 09€Z¥9TLY 09€Z732W 187£68597
08 LVS8TEY'0  LEELVI800°0 uiajoud Ajiwey 1030ey uonndudsuel} 71y 1d 006.T9YLY 0061373y 1®Y69YST
z8 81129660  LTSTFCITO0 uiajoud Ajiwey 9eg7 7 ule3oid [ewosoqu 09092971y 09092873V 187766€5C
8 977586£°0 87£000°0 0¢ u1930.d a{1|-M0103.EIS 0099¥9ELY 0099+3€Y 1TEBYTST
8 1/8GEEY'0  ¥L0STFI000 (5 9dA3-H urxopauoiy) 6H1Y 6HLY 0T/808¢3Y 187699867
€8 19€00££0 G0-368'L #0T4Y7 103084 uonduosuel} snsuodsal-susjfyze T ERE] 00979863V ®TEYSLYT
€8 LE06L6E0 9/5000°0 STANYM STAYUM 0081373 1e768YEST
v8 €80918€°0 ¥S1000°0 (40S¥NO3Yd 8 NIFLOYd INIT-¥H4E0D) 81900 81900 098918¢3Y 187€9/957
8 SYEOTEYD £€8000°0 uajoud [eajayjodAy 0ETTIEDTLY 0£TTE3TIV 1 70/£97
v8 86£CTYY0 875€5€00°0 (¥ 17¥v3d) urezoud axy| esedijoydsoyd 0958€9YLY 0958€311V 17/1625C
8 9Z6vvyy'0  6SSEL9T00°0 uiajoud Ajiwrey aseuny utajold 0TZ8€951Y 0128361y 18705561C
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

<

-
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

89 €2606€°0 [NRE] 06161373 1e79EY/97
89 66226770 8L0Z15800°0 uiajoud Buiurejuod-1a3uly HNIY 8dA1-yIHED 050809TLY 05080813V 187879097
89 €685677'0  9/0TZ.E00°0 aseajold |Ayedse 0S0679TLY 05061813V 172£L09C
69 88067070  S/6562€00°0 (7 @31Y 138 PATINIYO YNVITYHL SISd0AIgvyY) 7400 7400 0587363y 17GL/81T
0L ¥10T901°0 290000 urajoud [ear3ay3odAy 0E¥STOTLY 0£YSTSTIV 171£6297
0L [SS8LT¥0  €46/9/100°0 uieoudodi| aueiquiaw aaleind 057819€1Y 05278186 18719045
174 8/YISTY'0  G/S6£0100°0 uiajold xoq-4 01€£2921Y 0T€L237W 187029597
L 78STZTr0  S61rEB800°0 (2 90T0WOH 10dS-V¥134) ZHSY ZHSYH 0S0v13€W 187702852
4 v192L2v'0  vLIT68E00°0 Ajiwey £ T¥HOOM utal0ld uoizew|ooe pjog 089€797LY 089€Z37 187887.97
4 €€G80EV'0  879€66700°0 uiajoud Ajiwey aseunsf utajoud 0809%951Y 0809%351Y 1168
€L 60,6890 7410000 (13SY9I11Y02 0:8-0d0) 11040 170d0 0150231 18781665
€L S0T8LLE0 9520000 aseuy u1a3oud paonpul-TNdy 07650921V 07650873 187/£099Z
€L G86750V'0  67LLEVTN00 uiajoud [eazay3odAy 0Z6TS9TLY 0761581V 1e70LE97C
€L 6V/6LTV'0  6785¥SL00°0 aseuly ute30.d-auluoalyl/aulias asi|-103dadal Yy s|qeqoid 05880971V 0588083V 187911667
€l 769.677°0 7420000 (2 3SY10NA3Y 05¥d SISIOAIFYYY) THLY 241y 0TZ0£37W 187199667
GL €I8Y0¥Y'0  T¥6092500°0 T uiajoud gA Jo 308.e) 0/69/9T1V 06981 187166797
9L Y61TZ6E0 /10000 (T NI3LOYd INIT-8 NI¥NINIOTYO) 1180 1780 G118tV 11675
9L 200956€°0 8110000 (€ AINO 1v3d3d OTTIAYINYY) E0HY £0¥y 0£09873V R ZAR14
9L 6£0Z80Y°0  TTSE66Y00°0 aseupj utejoud yi|-103dadas Yy 9|qeqoid 068TSOTLY 06815313 18789¢9%C
9L 976v0T¥'0  T0L0$6600°0 (2 ISYNIDOYAAHIA H(d)AYN FAILYNYILTY) VAN ZYaN 06662373V 1876€8997
9L r¥6€617°0 §9€000°0 uiajoud Ajiwrey aseuny utajold 0L0L¥951Y 0L0L¥35W 171788YT
9L 200TLEVO 9€700100°0 uiajoud £jjurey asesaysues|Asook|3-4'1 eydye 0206091V 020603¢€3V 17112662
9L G96G8€Y'0 8086791000 T aseuny uta3old ay1|-103dedal yoL-aurelsko 7INYO 077£T30Y 18766715
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

€9 T709£9€°0 8THLX 0820£373Y 1878795
€9 T90VELED  T68Y98200°0 11T utejoud xa|dwod-| 0£67¢OTLY 0£62Z8TIY ®7LLY9T
€9 TTESLLE0 9120000 (T NI3LOYd NIVINOQ-INIZ-3LYNOISYT) TZYr 1Zvr 0816181V /10957
€9 eI8YIIF'0  ¥8€801200°0 (o1H Bojowoy 8sed |9 qeY sisdopigply) OSTHEVHIV OTHAY YV 0686£37 18767875¢
€9 [asasavdi] 159529000 uiajoud Ajiwey 8OV 1d 0022S91LY 00225813y 17178657
9 vLTV0SE 0 60-366°C uiajoud [eapayjodAy 0Svy/9OT1VY 0S¥ /313 187722092
9 857995€°0 §0-379°9 uajoud Ajiwey puey 43 Sulpuig-wniojed 8€TNO 05997313 1876/865¢
9 6/8L070  ¥908/8100°0 uiajo.d 3uiurejuod-urewop ulpuig-yNQ LNYS payedidnp 0970951V 097035 18785805
(1
9 99zv0Z¥'0  L1600Z€00°0  ISYNIM OINSYTdOLAD INIT-40LdI0TY HNIANIE-NITNAOWTYO) THOHD Y040 07685851 ¥0VLIYT
9 €1y852r’0 860792000 (T0T IN3D @3 LVIO0SSY-3ONIOSINIS) TOTOYS 1019VS 0671861 1870099%¢
59 6695260 7809TET000 T11vZ utejoud aduy ouiz 0€7LEDTLY 0€LE37W 187010992
59 9v/90v'0 216027000 uiajoud [eajayodAy 0S6€TOELY 0S6€T3€ 187E0285¢
59 66066170  £/8/y8T00°0  uteloid Ajiwey (urezoad Sutpuig-pidijoydsoyd Juspuadep-wnioje)) suido) 008£9911V 00829313V 1e7/6151C
99 206L15€0 §0-3v6'L uiajoud [eazayodAy 0v/8TOTLY 0v/8T8TV 18750719
99 76L185€°0  Z€0TZ9Y000 uiajoud A|iwey oegT 7 ute3oad [ewosoqu 080.T9TLY 080L18TV 187181297
99 ¥92095€°0 G0-318'9 €YL0LdAD €YL0LdAD 0vESH3SIY 17196847
99 8Y/VZIV0  TIL9¥Y0T00 Y134l RENT! 07541873 179/0€97
99 v6L0¥Z'0  €8027ST000 aseuly u1a}01d BuIUOBIYI/ULIBS 08899911V 08899313V 18799€95¢
99 EYS6EEY0 6£691100°0 ura3o.d yoLI-auloA|3 GETL0DTLY GETL0STIY 187910957
L9 €625807°0 202202000 T 3uarayaq yys utejold G08€/DTLY G08€L3TIY 187890097
L9 78€S8TY'0  68LKSTE000 u19301doaA|3 you-auyjosdAxolpAy Juepunge sisauadohiquia aje| 0T9€79TLY 0T9£Z37Y 1767275
L9 7800210 €2000°0 uiajoud [eayayjodAy 0TT9YDELY 0TT9¥3EW 1e7EEGTST
ww‘_Mwﬁ_ 20 o4 :c_un_homwo _OQE>w auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

©
p—
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

L5 €26520%°0 zvL8 dsesysuenyjhsodhi3-dan 0Y10€97LY 0vT0E8ZIY 18700€£97
15 Z9TETIFO0  GES99ES000 u12301d PajeIo0sse-aUBIGUISW SululeU0D-UIRWOP GHd// PUed/H4dS 062109€LY 0621033 1877/265C
LS 680€71V°0 6760000 uajold Suiurejuod-jeadas unfyue 0vE0TOTLY 0rE0TSTIY 1 YEYYIT
86 LT€886€°0 1850000 uiajoud Ajiwrey aseuny utajold 0L20v97LY 0£207323Y 187708697
(1
65 €9978G€'0 6096172000 V13Z3ISYYIASNVYL-SINOIHLIVLNTY YNYITYHL SISdOQIGYEY) TZ1SD1Y 1Z1S91Y 06£20823V 187181997
65 €92£99€°0 2810000 (6NINVASY¥131) 6191 6131 0£70£373Y 187769657
65 81129660  L602622000 9¢ aseuly ule30ud dyji|-103dadas you-surelsho 9EMYD 06770313V 1 0rEGST
65 €85086€0 7780000 Z1 8sed ]y Suilodsuesy-wniojed eAizeind 08€€99ELY 08€£93€V 1879/T167
65 G90EETY0 §62000°0 (I19sed Ly/+ZD paqyuiolne) |'yOY I'vov 0TZETTIY ¥©77LLT9T
65 [asasgsd] 9190000 uiajoud [earay3odAy 0618Z9TLY 06187313 187299517
65 LOTE0EY'0  Z66E9E800°0 (T 401d3034 NINO4TNSOLAHd) T¥YSd TUMSd 02220323 171E799C
65 LOTE0EF'0  LT8LLSTIO0 (23 NI3LOYd ATINY4 0£0X3 LINNGNS LSAD0X3) 230L0X3 LY 730L0X3LV 01079361 R YA 24
09 €66/G67°0  ¥L/88TL000 (9 3SYNIM NI3LO¥d INIANIdIA-IWNIDTYO) 94dD 9NdO 0621873 1TIG8Y9T
19 ¥1959/€0 910000 urajold Ajiurey sseuy urajold 0vL0L9T1V 0v£0£8TV 187902097
19 96T7Z6€0 961961000 -9SBUDY U103 3YI|-Y UI[eABUBIUOD 00959951Y 00959353 ®TGYTIYT
19 yy861ZY0 9128541000 (7 INDOTONOH NINYOH) H4 HA 0STYZ8TIW 187/9819
19 €620€ZY'0  ¥T0¥80%00°0 Joydsoydouyure) Ty 1y V1Y 0£6703G3v 18781805
19 €EG80EF'0  TBLEETT000 ¢ aseyiufs apiwesssjhioydsoyd joysou 7S0dIv 0v6LE32WV 17101992
29 76L0¥6€°0 956171000 z113gly [AREL: I\ 0Sr¥I87Y 1e7ET951T
29 €8.6%07°0 €86000°0 (6 IN3D D14103dS-4¥I1-MOTT1IA) 6STA 6S1A 0865€323V 1e78Y6£97
29 97£901°0 6.8000°0 uiajoud ay|-aseutajoud sutaisko 0£0209¢1Y 0£0Z08¢3v 187668867
29 v0ZE€ZY'0  ETTTTIF000 (T asf!-THaV) T1-T¥aY 17-14ay 00£€E3KIV 1TL1885T
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

€S LySSL0Y0 urajoud Bujure3uod-urewop xoq-n/9HNIY 0v6EEDYLY 0r6£E3HIV 1THZEEST
€5 78€5811°0 €19000°0 uiajoud [eafay3odAy G808ZOYLY G808731V 1e7/78€5C
€5 LTYBIEY'0  TTLZEETO00 (1. 3SYdSYIVLIN) TONY TONY 0LTZ03TW 1©78/179Z
7S €1r9/5€0  78Y¥CL100°0 uia301d g1-43 4039€} UOIJEBUO|d UOITR|SUEI)/PaTEIDOSSE-UINDIGN 0£€ESHSLY 0£€£€£585W 18765281C
S 88676660  Z0E6ES000 (19010WOH avy) TYHY TVHY 0£T5786Y 187£868YC
v [T168ZF'0  9TIFZIE000 TH1g aseupy ay1|-103dadas Bunoelaiui-Tyyg THIg 08€81351Y 187869847
5§ 95909€€°0  €¥592Z€00°0 rdoLY ydDLY 06612373V 1©90THST
S £800Zv€°0 §0-35LT uiajoud [eafayjodAy vS9L29YLY ¥S9/7373Y 1877€8€5T
5§ 9£6885€0 S0-3Lv'Y uiajoud [eafayjodAy 0TOSTOTLY 0T0ST3T ¥ Y092
5§ 6€LL06E0 020000 (g ¥1|-sUI PajeId0sse ||em) ZTHYM TINYM 0T8TV 178LYLST
(z 3SYNIDOYAAHIA
5§ 906€00v'0  60v588%00°0 INIHLNYX ONY 3SYL0NATY ILYYLIN 40 HOLOV40D) ZXND IXNO 0561€323Y 1®77LE9T
95 9v€G09€0  9525¥9200°0 TLANS T'ZANS 09162373V 1e7Ge/E5T
95 LLEY68ED 870000 uajoud Buipuiq d1v 0S9/59TLY 0595813 1790795
95 669526€0 ¥$1000°0 10s1n2a.d duBIqUIBW U1R301d0IA|3 paloydue-|dD 07Z6IHSLY 07761861 1e781661C
95 S0Z0¥0Y'0  L¥95L0T00°0 (Y14 dNOYD ZH-HNIY) YT4HY YT4HY 07TY18KIY 187665517
95 67695170  €¥S887700°0 07 reup uiajoud suosadeyd 00£9/9T1Y 00£9.3TW 1879/865C
95 £500/T¥'0  90Z€98100°0 8A18dAD 8018dAD 0L£L£37W 1790857
1§ §/y08YE0 §0-360'C (1z Bojowoy ase|ospAy xipnN eueljeyy sisdopigoay) TZipnuie 1Zipnue 0vSELBTIV ®©/L1GT
1§ LT066S€0 ¥2€000°0 0811y uajord 183uy ZH-HNIY €280791LY £2807813Y 187€6095¢
LS Tv/vE6E0 1150000 uajoud [eajayjodAy 06869911V 06869313V 1117097
L5 65L56€0 8770000 (12 SLNY1d 40 NIXYLNAS) TZdAS 12dAS 0£8918G3Y 1ESYINT
L5 ZL10T0%'0 69£000°0 (9 YNVITVHL SISd0aIgvdY 40 YI9NI4 ONIZ) 91vZ 91vZ 07EF03G1Y ®TIILGH
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

0
-
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

urajoud [ear3ayjodAy ¢99L29oV1Y

0§ TvECSreEo 1594734 ¥e 0€8EGC
0§ 88¢¢8LE0 £5000°0 t asepixolad 0vSYIOTLY 0YSYISTI 1€ V197
0§ €8E€G8E0 G0-39%'6 uajoud pajejas uiajoud [ewosoqu 50§ 00Z919S1Y 00291361y 18 G619VT
0§ 80LET6E°0 610€5€00°0 uiajoud [eafayjodAy 0v€S09TLY 0YES03TIV 187085797
05 €02LT6€°0 €G9126€00°0 uiajoud Ajiwey aseunsf utajoud 0790€9TLY 0790€31V 187772€9C
05 T0T966€0 8059712000 u12304dooA|3 you-autjosdAxolpAy (y37) Juepunge sisauadohiquia aye| 06999911Y 0695931 18706297
08 LT6ELOYO 19911782000 (¥ (INISAT=) X ON HLIM) YINM PINM 05£85863Y 1e618L1T
08 TR0 All] ¥9£692€00°0 (T0T SO9Y¥ 40 NOISSIYdXT SNT1Y¥I) T0TSIO 10TS30 0764981 1S E7Tr9T
08 vL6V9TY'0 1098051000 (¥ 8Md¥ 40 DOTOWOH) dH 2:0] 08%053¢V 1€70£125C
09 0CETYr0 610000 VZd410 VZ410 07L6237W  ¥&7STG19997
19 89V19LE°0 16V1€5€000 ¢ Ot @sereydsoyd utajoud anjeind 09TL09TLY 09T£0313 1© 71095
19 6¢81¥8€°0 ¢¢10000 (€3SY10A23AIX0 INTTTV) £I0V €00V 08£573€W 1 119/57
19 CCL1E6E0 7190000 (€ NI7L0Yd @31¥134-Tva) €dva edva 07999353V ¥©TL0L1T
19 €8ETS0V°0 G0-38¢'L (N1I3LOYd DNIANIFZ-43dd0D-IN18 SISd0AIgV YY) 9091V 4041V 0£202363 1876609%Z
aupias | 0YT959TLY
18 1690£0%°0 €97000°0 -103dada. Y7 aArjeInd aseury uiajold sueiquiswisues) jeadals you-auona  /// 0T9SOTLY /// 021959 LY 07T9S8TIV 1877780797
4] 6€£L06€°0 6/6000°0 (€ HONOL) EHOL €HOL 0011373 187€80£9C
4] 669916€°0 8160000 uajoud [eanjayodAy 09¥8¢OVLY 0978237 18796/€5C
4 L0T81ZY0 CETIT0T00°0 €'\l 9seupy 103dada. uiuleju0d urewop-ur3oa| adAy) 0T¥209YLY 012037 18720555¢
g GT66€9¢°0 G0-360 uiaoud you-aulok|3 0€9879S51Y 0£982351 18780197
g 78€E8Y6E0 9675201000 (OTY7Y HOIY-INITLSAD) 0THYO 0TXYO 081£737Y 1879575
€5 EVEZOOV'0  889780£00°0 utarod fjiuey aseronpaiopixo uipuig-(d)aYN/av4 0vS8EDVLY 07$8€31Y 187E6625T
g SY8EE0T0 ¥£2996100°0 uiajo.d ay1|-uixopasein|n 058879HELY 0488231 18785957
90139Qq 20 fol:| uonduasaq |oquis auay Jayiuap| aleqoid

(panuijuoy) "zs ajqeL



Chapter3

9 LLEVEBED ¥£0vL1200°0 uiao.d asji|-aseury utajoid Jeadal yoL-auroNa)| 0£26€9YLY 0£26€37W 1®0v625¢

9y 781596€0 8790000 a1031s 4101s 02121803 17685
9y 88677070  8EES9TT000 (¥ IN312143Q NIX3TYOLAHd) ¥QVd ravd 0£1ZS3EW 187090257
9y G90EETY'0  TISLTLT000 Alwey (7 1T4Y3d) utezoad oy asedijoydsoyd 05G8€DYLY 0S58E3vV  ¥87ST9/675T
9y 76519140 8/t88200°0 Z u19304d 9dUB)SIS) WINJWPED T UIJ0.d BOUBYSISAI LINILUPED 240d /// 140d 0/8VISTW  17S77£8797
Ly T168£5€°0 180000 u1a30.d 80uB)SISaI 9SASIP 4O SSBIO SAN-UIL 0567/9T1Y 0562/313Y 17486797
Ly 7SST9€0  §09067200°0 urejoud Ajiwey aseyjuhs auipisojoLls 0YPISOELY 0vY1S8EW 187890757
Ly 165£98¢°0 2180000 uiajoud xog-4 0650/DTLY 0650£8T3Y 1®©701£09Z
Ly 80LET6E0 8190000 (TT NVL ISYYIASNYHL-S INOIHLYLNTD) TINLSOLY TINLSHIY 0£6693T3V 17601097
Ly L¥85907°0 ££9000°0 uiajo.d axi|-asesaysues)-|koe adk-X X XH 0€8779S5LY 0£8Z13G1Y 1e78816YC
8y GZ/589€0  ¥6S9T0T000 (€'vY ISYNIY ¥OLdI0TY NILOTT) £'¥Y 0T A REN] 09510853 ®©7/60152
8y €6808LE0 910000 uiejoud xog-4 0878/9T1Y 0828/813Y 18786/097
8y LLTBEBE'D  ¥89616200°0 u1a30.d 3ujurelu0d-urewop 19 You-aulpnsiy/aulelsko 099£2971Y 0992232 1752992
8y TPLTTOY'0  YIT98TY00°0 uiajoud [eayayodAy 09670911V 0960313V 18TGGTT9Z
8y 720070 8150000 uieyoud Ajiwey aseury u1e3o4d ui3os| 81|y Ul[eABUBOUOD 0506Z9vLY 0506281V ®LYLEST
8y 9v£90t°0 £15000°0 uajold [eajeyjodAy ueoud [eonaylodAy  0TSEZHSLY /// 067ETHSLY 016£78G1Y 187 GE8BYT
8y 680EZTY'0 69£000°0 (2 ISYLYHASOHd-G 31¥YHdSOHJAT10d TOLISONI-OAIN) Z3SV1dS1Y 73SYLdS1Y 010813%3Y L0L15T
6t 681060 §0-3/5°G (2 4010V4 DNIANIE INIWI T JIAISNOdSIH INTTAHLT) 7443 7443 027851 1 Y6/817
6t 66/L507°0  9/7008900°0 8-TOHd Je310dsues} a3eydsoyd 05€S€DTLY 05£6E3TIV 187915657
6t 90v650v'0  T//80TZ00°0 uiaoud ayi|-esenuw s3e90£|Soydsoyd 076809TLY 07680813V 1769197
6Y IEYTZIFO 68104820070 uajoud [eayayrodAy 0v98Y9ELY 0798Y3€IV 18 GYETST
6 G90EETH0 €85000°0 G aseub |0194|3|Aoelp SYa 00602323V 1768£697
6 G6776IY'0 718887000 uiajoud [eayayjodAy 0611951V 0£6T1863Y 17T0€05C
ww‘_mwn_ 20 o4 :c_un__umwo _OQE>w auay BEITRIVE]o]) dl8qoid

(panuiuop) "gsalqel



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

37 1L¥S007°0 Y430 0£9TZ3€1Y 1e7EL185T
37 9TESTY 0 1€7000°0 u1a301d Sulule3U0d-UBWOP 8OV 1d 0TTLEDTLY 0T1LE8TW 187977597
144 €6ELEE0  9VLTLYTO00 (1$537310NJVA) T10A T10A 0208€323V 187960997
144 8G9T8YE'0  €9£/12200°0 (S IN39 XO903INOH INIT-TAILLONY) GLYNM SLVNM 0v0ZE3¥3Y 1879915
147 £€99785€°0 8/€100°0 Z-L€ W19301d pajeIoosse-5ur10s-uajoud Jejondea 0899€971Y 0899£873 187702597
147 €IVSELE0  8790€¥900°0 (INO¥380) 1390 1380 08£L03EW 1870€265¢
44 SYEIVLED §0-391°9 uiajoud [eafayjodAy 020Z€DYLY 0202€37 1eGGhEST
144 €8076LE°0  LVE€TTLIN00 uajold Aj1wey aselaysajyeoeurjoad S0v609€1Y 0T603€1Y 187€€065C
144 887058€0 6950000 u1a30.d 3uiureluod-urewop xoq-N/ONIY 6598951V 65987351V 187699817
144 GE61S8E0  E€TT6YEC000 uiajoud [eanayjodAy 0100Z97LY 01002323V 187£85597
37 L08ETV0  ¥S¥968100°0 aseun ufe3oud sujuoaiyl/aunes 062r¥951Y 06777363V 1705061C
44 8691810 §0-370°€ (7 40L0V4 ONIANIE ININITI IAISNOdSTY INFTAHLI) 7443 443 012513 187E60£5C
44 166€98€0  ¥10690T00°0 (0T NYL ISYYIISNYYHL-S INOIHLYLNTY) 0TNLSH 0TNLSH 0657813 17622097
4% 669916€°0 €15000°0 uiajoud [ean3ayodAy G6Z97DSGLY S67918GI 1e710681C
44 81/996€0  €69115200°0 L7419V L24191Y 02167873 18778/99¢7
44 LE06L6E0  9/ET9G/00°0 seun utsjoid-auiuoaiyy/aulas asi|-103dadal yeadas you-auiona) ajqeqo.d 0£/GTHS1Y 0£ST1861Y 18767591C
144 8EIVTZF0  6LYTSZE000 utajold Jojey|1oey Jofew 0TZ6£DZLY 0126€323Y 187€6699C
14 76057960 E¥EBE0000 £ 103da0a1 Bu1}10s-Iej0NdEA L4SA 01107313V 17005757
44 ¥1£099€°0 ¥10000 8TdNdLY 8TdNdLY 066/G8T3  187ST9985HT
44 15/108€°0 ¥9€9.100°0 urejold Ajwreyiadns aseuny utejold 0291SOTLY 0291531 17/£195C
44 9/1986€0  £¥6Y/67000 €291LdAD €291LdAD 012923 17€79/5C
4 GELYI0Y'0  T6SCE6T000 (T INISNOdSTY T¥NDIS) THS T¥S 00£22323W 1e7/GYE9T
9% 8G€969€'0  97¥0Z/Z00°0 urajoud [earyayodAy 0T6ETOHELY 0T6£T3EW 1e710785¢
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

8¢ Y6769£€°0 (TH1Y3d 1130 @3I0ONANIFIYIIaVY) 1Ay 1aoy 0£77E3TIW 18796/5tT
8¢ ZTPT8GE0 §0-3/5°C £X01 £X01 0ZYLT8TIY 170197
8¢ 182009€°0 50-364°C ZTANM ZTANYM 052T08%3Y 187895657
8¢ 6/8/8/€'0  ¥0£752200°0 a5epIS0IN|3-839q-¢'T-0pud UEIN|3 aneInd 0052971V 00$22823 187879597
8¢ £66988€0 vLL6700°0 (amnax) N3N N3 09£ZT8TI 1721565
(7 ISYNIM ISYNIM
8¢ GLZ£06€°0 610000 NI3104d GILYAILOY-NIDOLIN YNYITYHLSISIOAIgvHY) pIMINLY PN 099TG8TIY 17E8T957
6¢ 20£5€5€°0 60-3€5°9 u1a30.d Bulure3u0-yiow YA 088959¢1V 088953¢ 187682917
6¢ L0Y659€0 60-3/8°C ura3o.d Buipuig-ujnpowed 0619797LY 06192823V 1718€/9
6¢ 166599€°0 G0-30T°€ uiajoud [eanayjodAy 06010971y 06010343V 187609557
6¢ LT9%28€°0 ¥9%000°0 ¢ Jop10dsuesy ajeydsoyd Z'€1Hd 0588Y3€IVY 1 YEETST
6¢ YELLSBED 25€000°0 utajo.d ujure3uod-jow A 00002971V 0000237 1®YIGYST
(] 9TES0VE0 §0-3LZ°T uiajoud [eajayodAy 00€109Z1Y 00£T0323V 1077€/59C
(il4 1L6V€0 §0-3€6'C (£ NI310Yd NIYWOQ-INIZ-ILYNOWSYT) L2 VAT 009%€323 187106997
o 9€/60LE0 1199972000 GXVOLY GXVO 0£/GS8TIV  1@7STEE5H9T
(1[4 8050ZLE0 §0-319'8 (S NI7L0Yd DNITdNOINN) §dIN 5don 0062Z373 17000792
oy €TL9LLE0 6£0000 10308} uoiyduosuesy |iwey Syyo 0250911V 02520813 187€9019Z
o 8798/€0  §6960£200°0 £ dseuy utdjoud ay1|-103daa1 you-auralsko JARK) 0STEZ3YIY ®TLThST
1[4 9/5788€°0 €5000°0 (€ IN310143Q NIXI1YOLAHd) £avd £avd 0£8973€3 1e7//785C
or GETYI0K'0  60€0/Z100°0 uiaj0.d Sujureluod urewop \yy9 pue Sutpuig-pidij/wnidfed g 0££€09TLY 0££€03T3Y 1e7I6EY97
o 1590170 €22999100°0 INLY INLY 095/23€W 177/615C
|12 78€89/E'0  GLEEEVTN00 uiajoud 3uurejuod-urewop Sulpuig-pidi| juapuadap-wniojed 0/ySSDELY 0Ly5S3€W 1870615
14 70€006€°0 §9¥L2€00°0 (0€ NI3L0¥d @31Y13¥-(NIFLOYd DNIANIE T04ILSAX0)dES0) DEdHO 0¢dd0 07765361 1LY
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(penunuo) 'gsajqer N



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

Ge 685750v'0  §856/5T00°0 (TISYNIM QIONANI-SILAYLOE) THIE g 0996€32V 17129/97
Ge yIr080v'0  €96860200°0 uiajoud [ear3ay3odAy 006059€LY 0060S8€3V 1eEETIS
9¢ ¥1£099€°0 150000 aseul}yd aijeInd 09€209T1Y 09£20313Y 1eTEVY6ST
9¢ €G/189€0  €¥S/S6T00°0 1d9S 1d9S 0845351 1eTZEI8YT
9¢ EVETELED 7£2000°0 uiajoud £jjwrey asesaysuenjfylaw-o 07112911V 0711231 176197
9¢ €TVSELED 1250000 18T9IYW 48191V 0£/753G3Y I8
9¢ TTESLLEO §0-30L'6 asBUI dulU0aIY}/auLas aAljeInd 0£EV/OTLY 0£EV/3TV 187662097
9 G0SI8€0  6¥986L1000 01 Ot aseyeydsoyd uiajoud aajeind 0S.VEDTLY 0S.y€3TI 18780729¢
9 8987£6€°0 £180000 (91 3sa.se Juawdoanap oes oAiquwa) 9Tv¥a3 EIATeE] 0YIT93TI 1879€6792
L€ T€/8€€0 ¥1£000°0 uiajoud [earay3odAy 066€TOTLY 066£T3TIY 187/0929¢
L€ 8GT6TLE0  L8T9T1¥00°0 YErdY VErdY 0082€323V 187055/9¢2
L€ GG6GSLE0  6LETZ0Z000 urajod Ajiurey sajsuesy joyisouliApiyeydsoyd axi|-dy1o9s 081279TLY 08122313 187€7655C
L€ 6/8/8L€°0 8820000 (t0sinoaud ¢ apidad 10319113) £43dOYd €d3dodd 5067985 17GTLYT
L€ 16/108€°0 §0-39€L (€2 x08-n INV1d) €2and ezand 0£65€323V 1e7GE6E97
L€ 6781780 8€7000°0 (¢ NI3LO¥d NOILYID0SSY NO8) Zdvd zdvd 0957323 1e7E9€/5T
L€ €8EEG8E0 8910000 (21 30NV1SISIH HNYA I1dOU10I3Td) ZTHAd 714ad 0ZSST8TV 17E9/197
L€ 7909860  £SS8TOT000 (21 0 SNO0TIONYLSISTY MIATIN) ZTOTN Z10TN 0026873V 18776699¢
L€ L9Y888€E0 50-3v8'Y (¢ asejAxoquedap ajeweln|3) eqyo €avo 01020873 ¥®7ST17259C
L€ G78EV6E0 97£000°0 uiajoud [eayayodAy 07280951V 07280363V 1876/505C
L€ 70667660 1688165000 (T SSVdAg) 1Sdd 1Sdd 0SST03TY 1e70vY65C
L€ Ir9T0T¥'0  78160ST00°0 (Tva)1va va 0LT6T3TIV 187ET095C
8¢ 68T/81€0 8€755100°0 (eseuoidoidopiain-3aq) dn-v139 dn-v13g 0LE7986IY RCTRAA7A
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL

123



Chapter3

133 608LTLE°0 (T'vY ISYNIX 4OLdI0TY NILOTT) Z'HYMUOT1 TPVNYOTT 0$5T085Y 187960157
€€ 65812L€0 €97000°0 uiejoud Ajiwey adAy-jezey Joyqiyul aseslold autias 086T99€LY 08619331V 1e700€15Z
133 168v6.€°0 1620000 (T 3SYYIASNYYLTAOLINTY ANIIS) T1dS TLdS 06/8¥8EW  1eTSTTEETST
33 LT6818€°0  9E¥90¥200°0 85 O asejeydsoyd utajoid anijend 00782971V 008737 1e708L€5C
33 €16878€°0 9720000 £daly £daly 07ryS3EW 17G6815Z
133 6£078€°0 8610000 Joye|n3au [euonydudsue.} BulueIU0d-UlBWOP WajsLaw [eaide ou 0T6219ELY 0162135 1879%8/57
ee 90118860 TT0T66100°0 aselaysuesy|foe-g annend 09/879€1V 09.873€Y 1e762€25C
ee 96THZ6€0 €2v000°0 uiajoud [eapayjodAy OYT6TOYLY 0vI6137Y 1e7/5615T
ve §19090€°0 6££000°0 uiajoud [eafayjodAy 07€7SOTLY 07£758TW 18701965
ve LTET2E0 19€000°0 u12101dodA|3 you-suijoidAxolpAy uepunge sisauagohiquia aje| 0LTETOHVLY 0£ZE18%3Y 18769/157
e €T/80VE0  SL167S1000 u1a30.d Bulurelu02-193uy oIz GHd/IAA4/ONIY 0TT0ZOTLY 0TT0Z3TV 1T IEZTI9
ve TI8IPSE0  T9S8E6E00°0 (67 u1B301d &}117103d208Y) T THW €74 0892€873V 1©7945/97
ve TL¥929€0 6150000 uia3oud 198uy HNIY 9dA1-yIHED 01522911V 0152231 1878E6TIT
ve 60Y0T8E0  S¥Z96YT000 aseuy utejoud yeada you-aurona) aaiyeind 008TGOTLY 0081S8TY 17691952
ve 9011880 65€000°0 aseuly-g ajeydsoyd-g-jopsouljApiyeydsoyd-1 annend aravi4 0977E3TIY 170v529¢
5¢ 7ST€8TE0 60000 8THN 8THN 0rEZEITIV 187069097
5¢ 19829¢€€°0 §£90000 YIEAYIN YIEdYIN 0£G€S3TIY 187886097
5¢ ¥6LYSED 90-3/5'8 PINNAYIN PIYINAYIN 0700€32 187768997
5¢ 80ZT¥9€E°0 1510000 ureyold Ajiweyiadns sasejo.pAH-e1aq/eydye 09920911Y 09920313V 187616097
5¢ PIIGTZE0  €£9558800°0 (9174 HOIY-3NIFLSAD) 9%UD EXRR) OVIST8YIY  ¥e7STG9TPST
5¢ 88778LE'0  8000ZKSTO0 (€ ¥314YYD AYO13UDIS) €S €08 0571981V 187S7€88%9C
VT ureyd |jews
5¢ G8£698€0 100000 ase|Axoq.e ajeydsoydsiq asojngu uiajoud Sulure3uod-urewop 0y am Y1508 /// 01027951 0102135 18775261C
ww‘_mm.ﬁ_ 20 o4 :c_un_homwo _OQE>w auay BEITRIVE]o]) dl8qoid

(panunuo) 'zsajqer I



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

0¢ B6TSLOEE0 9£8000°0 uiajoud [eanayjodAy 09855951V 09856351 1872608
0¢ T0SLTSE0  806LELTO00 u1a304d ulUIEIU0D-UIBWOP XOG-{ 08£81951Y 0881361y 1TY/665C
(4os¥no3yd
0¢ 9€6885€0 §0-39L7 ¥ NI3LOY¥d @104-NILINDIFN AFYOHONY-INVHEWIN) raNIN ranw 0269231 ®¥8//5T
0¢ vS19v8€°0 §0-372C uiajoud [eafayjodAy G8.6€951Y 68/6£3G1Y 1eTETV6YT
0¢ 8987£6€°0 50-37L'6 uajoud || asetawhjod YNY pa3oalip-yNQ 068LL9TLY 006.£313Y 187E81Z9T
1€ LLYTISEQ 60-3€8°6 urajoud Ajiure) aselajsues)-§ auolyreIn| 0667951V 06671353 17100617
1€ 6290290 910000 uiajoud Ajiweysadns urxopaioly | 0068€951Y 0068€35Y 1TI8Y6YT
143 LyS8ETE0 280000 uia3old Sujurejuod-urewop 70d/d19 0£0609€LY 0£0603¢3Y 187607652
143 6CLEVED 90-35€°S urajoud [ean3ay3odAy 00€59951Y 00£59863 LLVAVAZA
143 956687€°0 50-38'9 urajold Ajwrey aselaysuenhsoony-o 00S¥79Z1Y 006¥¥873Y 1e7EBELIT
143 8G£969¢€0 §0-39€'C 9 3VONIYAS d OL INV1SISTY utejoud 9Sdy 0Ly9736IY 1876/88%C
143 8ST6TLE0  LS09¥0T00°0 uajoud £jjwrey uixopasein|y 0T8ETHSLY 0181861 18709205¢
143 GSTTLLE0  €0/902700°0 (9t ute3oud 817 103de08Y) 97 d THIV 9rd TV 02270373V 1e7BIESST
143 TTESLLED  €BLEOEEO00 u1230.d 3ulureIu02-UrewWop (YYD Pue urewop zo 099659€1Y 099653€3v 1e7G/p16T
[43 8€EL68°0 ¥S1000°0 aseupj utejoud 0vLE0DTLY 07L£03TIY 1T IY8Y9T
43 €VEZ00Y0 L0000 (07 3SVdLY-(+2)¥0 3LIGIHNIOLNY) OTYOY 0TYOY 00662373V 1770L€5T
€€ TEEVIZE0 6659591000 urajo.d Ajiwey aseusdolpAyap Sulpuig-ouiz 'aselonpaiopixo 08STZ9YLY 08STZ37Y 1eTEBEYST
€€ €80€5€°0 9¥1000°0 T¢ dseuny uiajoud ay1|-103dadal yaL-aulaisho aaizeind TENYD 0LYTTSKY 187/681SC
13 8G7995€°0 6££000°0 6-6T A30NANI-uonelpAyap utajold 002209¥LY 00220843V %0552
33 7120990 2020000 uia0.d ayjl|-askuly U93] YI|-Y Ul|eABUBIUOD 0$€879¥LY 05€8Z31IV 1e76I8EST
(40S¥NJ3Yd
€€ LL€889E0 6610000 ¥ NI3LO¥d @104-NILINDIGN AIYOHONV-INVHFINIIN) 9NN rann 0869Z3€3V 10768//57
€€ 16969€°0 €0£000°0 urajoud 80UB)SISaI BSEASIP SSBID YYT-SAN-YIL 022709€1Y 077703€V 1e7//6867
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

A4 89/69.€°0 §0-316°T uiajoud £jjurey aseuny utejold 09/.S9€1Y 09££53¢W 1©7€0915¢
Lz ETL9LLED 2810000 uiajoud [eanayjodAy 00782921V 00782373 1879/259¢
Lz ¥0E006€0  G€£600¥00°0 (@ wiaroud £jwrey 0£0X3 Hunqns 3s£00x9) €Q0L0XILY €00£0X3LY 060%13€1Y 18701045
Lz 20Z516€°0 §0-389'G uiajoud [eafay3odAy §9829951Y 0982935 ®Y6ELYT
LT 20Z516€°0 €2792100°0 aseu joyaijop anieInd 070Sy9ELY 07053€I 17209757
Lz 67556€°0 ¥€£000°0 TLHT THI 08L0%85 179vE6YT
1z 850656£0 67£000°0 uiajo.d Sulurejuod-urewop 9g 1 /dyoqey 0S£6¥9E1Y 0S£613W ®T01E76T
1z 906£00%°0 §0-1L7'9 (3SYNIM ¥01d3038 Q3LYID0SSY-TIHg) THVE ™ve 0£YEEBKIVY 1e78EEEST
87 PYIZeIE0 £5000°0 (018-z ute3oad wao|yd) 018-7ddIV 018-2ddw 0920873 18767997
8z 19829€€0  906882€00°0 uiajoud [eanayjodAy 06/STOTLY 06/ST8TIY 187681657
8z £800Zv€°0 L9¥000°0 uiaj0.d 3ulureluod-urewop 19 You-aupnsiy/aulelsko 0LEVYITLY 0LEv¥8T3Y 1e¥8€/97
8z 881£79€°0 6210000 07 aseunyj utajoid ayji|-103dadas you-suteysho anzeind 02MY0 082£Z34IY 187 6YIYST
8z 8G€969€°0  TL69LYT000 Ly TIND uteloud Buipuig-wniofed aaleind 087LYDELY 087Ly3€W VAR 7AT4
8z 76€80LE0 7210000 (90SND0T3ONVLSISTY MIATIN) 90T 901N 0957931V 187800592
8z STLLYLED 79901000 aseuniyo anneind IHO 0£S€¥32W 187895092
8z ¥9T908€'0  ¥I8SOTT000 (0T TINNYHO @3LY9D 3AILOTTINN OITOAD) 0TIDNOLY 0TOHNOLY 0YETOSTIV 1720192
8z 6E078E0 £2¥000°0 (NI3LOYd DNILOYYILNI-0LOSH 40 SNNINYIL TAXOFYYD) dIHD dIHO 0L£L03€WY 187610652
8z IvLVE6E0 6110000 (9.3SYAIXO0-Z NIT134394ID) 9XOTYH 9X0ZVYD 00720813V ®GhY65T
67 7S295€€°0 £66000°0 ZSTA ZSTA 01531 1/1125¢
67 L0Y659€°0 §0-300°¢ t'7dVy 10308} uondLIdsue.} aAsuodsal-aus|Ay3e 06T2¢OTLY 06122313V 18797655¢
67 €TL9LLE0 §0-IvL'8 u1ajold Suiurejuod-yjow pA 08£9¥951Y 0829863 18789881
67 12886860  ¥9EL8€T000 uajoud Ajiweysadns aseuny uiajoud 06£GZ9TLY 06£5731IV 1e0vL65T
0¢ GGZEOEED 9€000°0 uiajoud Buijeanoe-ased |9 oyy paziiajoeseyoun 0€ST9961Y 0£519361Y 1®7GYSLHT
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

©
N
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

9z 820ZVE€E0 067L£95LY 06Y.£353 1878196¥C
9z TV0SLEE0 GGANYM GSAYYM 0vL0v873 187250997
9 T6Y6LEC0  LITETTTO00 (61 U18301d {117 103dBOBY) Gd TUIV 67dTHIVY 006€T8Y)Y  18STT¥/pST
9 8971G€0  ¥E968T200°0 uiajoud [eafayjodAy 0L0£EDSLY 0£0L€35W 18775961C
9 G0.689€0  T9€Z0ZT000 uiajoud Ajiwey NS 10308} UOIIENIUI UOIIR|SUEL) 0v6S951Y 07655353 187918
uajoid Suiuieuod
9 9€/60L60  €8EYTTTO00 -urewop 3gg pue 3ulpuig-gy4 uiejoud Ajiwey suiagiag Sulpuig-ay4 - 0€L0€DTLY /// 02L0EDTLY 07L0€3TW 7S 917€9Z
9 608L1LE0 8810000 (2 ¥3140dSNYH13SO¥ONS) Z1NS zins 09820323V 18776£99¢C
9 81652.£°0 160000 SINYIN SNV 05899351 1 YY0LT
9 STLLYLED G0-387'y  urejoud Ajiwey aselaysuesyAyraw-Q utejoud Ajwrey asesaysuenjAyaw-o 0ZTTZOTLY /// OTTTZOTLY OTTIZBIV  1B7ST0SP19
9 6150080 T90S6¥100°0 OpT utejoid sueIquIBLISUBI} 08Z/59€1Y 087£G3€W 18179157
9 GLLTT8€0  ¥Z6TSLT000 080 21040 0££00313Y 18791/567
9 §50928¢°0 £88000°0 (T ¥3L40dSNYYL ONIANIE-AILOTTONN DITOAD) TLAND 118ND 00£L13¢WY 1e716€857
9 7706780 6610000 £ U1930.d pajelo0sse-ssau)s Sululejuod-urewop TNY pue Oy Jaguy ouiz 0v0ZT9YLY 0v0ZT8KIY 187198767
9 20£9/8€0 $£0000 Jouqyur asepidadopus adfy-suies 090Z/911V 090Z/313Y 1e7/£€957
9 96T816€0 ¥0£000°0 (20T NI3LOYd DNINIVLNOD NIVINOQ QYN SISd0aIgvdY) ZOTOYNY ZOTOYNY 06££9353 1eIGE/VT
1T TLTVYIE0  80TY0S200°0 (1 aseueak|3-N-apndad eueljeyy sisdopiqoay) TONAI TONdW 0£56v851Y 18761987
LT TEEVITED 6v2000°0 SXYLLY SXYLLY SYISKITIV 18EY609C
LT GL9LEEED §0-399°€ (€ 3seakur Kouaroyap yjus Jo siossaiddns Adoonjnw) gSSIA €SS 062€732V 1©7/7199C
LT 969L¥v€°0 6620000 u19301d 3ujureju0d-ulewop 19 yal-aulpisiy/autaisko OvLLTOTLY 0vLL137W 18791997
LT §67915€°0 /20000 (€ 3SYAIX0 IAAHIATY 2Is19sqY) EOVY Eovv 0STLZ303Y 1870£5€97
LT 9£6885€°0 9220000 urajoud [eayayodAy 0006¥9TLY 0006¥3T3V 187152092
LT 9/80%L€0 7920000 utajoud Suiurejuod-jeadas unkyue 000TTOVLY 00011373 1e78Y67S5C
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

144 TLLELSED €670000 uiajo.d 3uiurejuod-urewop Sulpuig-(d)QVN Ploj-uueWwssoy 08TETHYLY 0811873 176575
144 798976€°0 90-36€'9 (I ILYNOWSY ANY INITAHLI AG ILYINDIY ATIAILYYIA00D) TrID 1rao 092053¢ R RAATA
44 77980€°0 8050000 u1a0.d Buiurejuod-yeadau ay-uiuajed-e3aq/o||ipewe 00¥T09ELY 007T03€Y 18756857
44 GL9LEEED  88EITYS00°0 aselajsuel)-g auolyyeIn|3 snijend 07859911V 02859313V 17266797
144 8669G+€°0 G0-391'6 asejophy|koe ax1I-1ava 0LE0EDTLY 0££0€3T3Y 18790£957
144 €LTLTLED L0¥000°0 7418dAD 7418dAD 072£5863Y ®6Y6/1T
£z §8/9€/€°0 9£2000°0 uieyoud Buurejuod-yeadas unhyue 0S7E09YLY 0S7E081Y 18790155
144 809€¥/E°0 8070000 urajoud [ear3ay3odAy 0T60SDELY 016053€3Y ®YETZST
44 88009.€0 £65000°0 uiajoud anisuodsal-uixne anjeind G€/GEDSLY GE/GE8GIY 1e6TL67T
44 LT9Y78E'0  LLT¥61C00°0 uajoud Ajiwey urewop Py yo 002€TOGLY 002€1363Y 1876/205¢
2/ 8VSEZSE0 812008000 aseuly u1ajoud ay1|-103daoal yeadal yau-aurona| aryeind 0T/SEDTLY 0TLGE3TV 1e6EETIT
174 9806v.£°0 §0-3L0'T uiajoud [eanayjodAy 0229€92LY 0229303V 187 T€6£9C
174 88009L€°0 §0-356'6 j01d [ea13yI0dAY 68/6€9G1Y 08£6€361Y 17 8IY6YT
174 TE6ELLED LLL000°0 uiajoud [eayayodAy G06£9951Y §06£9351Y 1760€/1T
174 €87998€°0 99507000 uajold Ajiwey aseanw a3es804|3oydsoyd 027099€1Y 02093€3Y 17001152
144 80LET6E0 9520000 u1a30.d Bulurejuod-yeadau ay1|-uiuajed-e3aq/o|||peuLse GTE80DTLY 07£808T3V 18796/197
14 8GL0VE0 £07000°0 §OZddHLY §O7ddHLY 08107323V 1e78/E€97
14 G9E6ESED 2110000 (1ag, asedtaysue.y |As0on|3-4an) 1AELL9N 1ag1on 051£58¢1Y 1T0L6TST
14 669£95€0 €16000°0 urajoud Ajquiasse uuyye|d aaeind 00Z5€951V 002G€863V 18759917
(14 G8T0LSE0 §0-306°¢ £eLas €¢e1as 0962£313Y 17752192
14 9916/5€°0 G0-36L6 uajoud [eajayjodAy G690THSLY 66901353 178109
14 19€00L€°0 §0-380°G 6 dwAzos| 1dd aseyeydsoyd uiajosd-auluoalyy/aulias 085509¢1Y 08550363V 1e760165¢
14 Y6ITZ6ED 6080521000 uiajoud [eayayjodAy 086229¥LY 08622313V 18768275C
ww‘_mm.ﬁ_ 20 o4 :c_un_homwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

o]
N
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

07 9L6Y¥LE0 0007Z9TLY 0007Z313Y 187£08297
07 L€96/8€°0 60-398'6 uiajoud Ajiureysadns sasejopAH-e1aq/eydye 00v6€97LY 00v6£823V 187686997
¥4 6T9THZE0 7€€000°0 (13N19 4IANN TALOOOJAH LYOHS) TaHS T8HS 05£5Z3¥Y 17090157
x4 €6.LTTEE0 6870000 urajoud Ajiurey gy Ajiwey asepndad 0TT/Z9ELY 0TTLZ8EW 1®T16LL5T
1z 208S2vE0 90-3LT°€ u1a301d pajeroosse-uoijeIpAyap/aduadsauas 6865€9T1Y 686GE3KIY JeTETIEST
14 §6£981€°0 ¥21000°0 utajold ax|-1a3.0dsuel} Ogy 080TZ9ELY 0801Z3¢€3Y 187696957
1z ISYT65E°0 780000 uiajoud [eafayjodAy 00£879YLY 00£8Z3vY 187808€5¢
1z 1L¥9£9€°0 60-325°9 (¢ asejhxoquedsp auuas|fpiieydsoyd) zasd 2asd 0615361V 1®0V6L1T
14 SOT8LLEO 6v50000 (23IND010INOH INO BV 1) ZHOT ZHO1 097613€3Y 1878€0£57
|44 8£09€8€°0 90-3€5Y t 480dsueuy ueldolg-e3e|oy 8|qeqoid 09875951V 09845351 1HEIRYT
|44 Y1GL€8€0 910000 uiajoud [earay3odAy 00559911V 0055931V 17GE9Y9T
144 T9ETOTE0  LLTYEVTO0D aseuly u1e301d-auiu0a.y3/aulas 1|-103deda.-G uijoa adfy-H 00€¥EDTLY 00£€8TIV 187/9629¢
[44 99TETZE0 10£000°0 (T4 NI3LOYd INVHEININ QI LYID0SSY-I101STA) YTLIINVALY YILINYALY 09£72363Y 1870E661C
144 9r€82IE0 S110000 (TH ure301d Ajiwey 0£0X3 Hungns 3s£00x8) THOLOXILY THOLOX3LY 051558¢1Y 187ZE8TST
144 v6286Y€°0 §0-32St SZU191Y §741D 0TZTI8GY 17GTY0ST
144 v£2015€°0 §6£000°0 (g osetaysuey|Aso|Ax ueuoinjoeleSouwey.) 71 XOH 71X9Y 0S/108y3 387 $95567
144 696€65€0 §0-3€7°€ uajoud aoue)sisal aseasip sse|d Yy 1-SgN-YIL 0£9¥YDELY 0£9713£I 1e781975¢
144 96/919€°0 6210000 € asejonpas aseuadouphyap ureyo-jioys 0€TLYDZLY 0£T/¥323 1719/997
[44 1605790 §0-325°C T utejoid sueIqUWAW URWOP 6/94NA TdNa 025123 1®70v5.5e
144 S1SL9€°0 €€7000°0 eydje 3iungns J0ydadas sjoinsed uoniugodal [eusdis 0090£DYLY 0090€343V 187679¢57
[44 ¥6€80LE0 7786981000 (T IAILISNIS WNINAYD) TAYO 1avo 0017363V 178L061C
44 T€TY9LE0  T9EVSGIE000 aSBuY U19}01d-aUlU081Y}/aULIBS 8)1|-103d808.-G U130l 8dA)-H 0€16T9ZLY 0£161823V 18706vL97
44 789€8LE°0 603176 uajoud Ajweysadns yeadas WYy 00860951V 00860353 1e7E6Y05C
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

81 696€65€0 920000 ure3oad ureyo 331 ulyie|y 0681SDELY 068153¢€1Y 17G0E94T
81 9/5899€°0 90-322°C (¥Z ¥ 3SYdITOHdSOHd) Y2V 1d vZv1d 0959232 1878E051T
61 1587670  80877€C00°0 urajoud £jjurey aseuny utajold 0LTTEDYLY 0LTTEHY 1795€57
61 vrvZ90€°0 50-302°€ urajold Ajiwey aseury uiajold yeadas yoll-suronaT 0$8159TLY 0581581 18799€917
61 S0182€°0 8780000 £0-uixopa.ein|3 0LELLOTLY 0LELL8TW 1 H8EIVT
61 G96E9EED 90-35€'6 1NY00D 1AY022 08629313V 17610097
61 G8IYOVE'0  £995.0200°0 Z VINVLIL 188uy-aHd 00S€99€1Y 006£93¢1Y 1TGHTIST
61 €80€G€°0  9EVPIET000 (7 JONVLSISTY 1SNY FLIHM) THIM raUM 01599813 17629657
61 S0/689€0  ¢09E80T000 uie3oud Ajiwey sseajoud |K)sedse 09£.1971V 09.L1873 1©76T9197
61 €9£769€°0 £¥9000°0 (T INIT-MOYOFYYIS) 110 1708 0SYTZ8TIY 1878/8097
61 yST1978€°0 60-359°€ guny aseuly uiajold ayroads-suluoaiy/aunas aayend 0221921V 022L182W 1e6IVEIT
07 ¥9€622€°0 L€2000°0 uiajoud asji|-TSMI ISMmI 01231 17/8L51T
07 86971Z€0 §0-326'6 uia30.d anisuodsal-uIxne ai|-yNys 069099€ 1Y 069093€1Y 17ZYETST
0z LyY90tE0 €82000°0 utajold ax|-aseuny utejold yeadal you-autona| 06L1SDTLY 06131 1870L196C
0z L6S6EVED G0-3ET'T (@3NHOT0NOH ISYAIXO 1SUNE AYOLYYHIdSIY) AHOaY aHogy 016/135W 1761/81T
0z £90£7YE0 98£0000 zIvs 7vs 000%9363Y ®YIELYT
0z 800%9Y€°0 §0-3¥Z'T (1 103d9231 Td3d) Tdd3d T¥did 080££3T3Y 1709¢797
0z ¥97EESED §0-Ir¥'T uajoud aoue)sisal aseasip ssejd Yy 1-SaN-YIL 07595911V 0759581V 1 Y5951T
0z 686879€°0 G€Y000°0 aseun U1a}0.d-aUIU0AIY}/aULISS X1]-103d9081-G UN3| adA)-H 0L€S€D6LY 0££5€8G1Y 1e7/099%C
0z 6152L9€0 £91000°0 ura304d Bulurejuod-urewop 9g 1 /dyoaey 05662971y 05667877V 1e7/9€5T
(114 9/0£89¢°0 §0-397°S (gased 1y pidijoydsoydouiwy) gy 1y evIv 02865313V 18796879¢
0z €LEVOLED  ¥Z89Y0T000 (T LINNENS VY139 ISYHLNAS FLY 1INVYHLINY) 19SY 1asvy 068/G86  ®TSTH98/4T
0z PIISTLED 9170000 uiajoud [eayayjodAy 07829911V 0782931V 187991/5C
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

o
(32}
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

91 16/708€0 0L1629€1Y 0L1623¢W 1eTY618ST
JAs 9012620 £9£000°0 (TH1Y3Q @31VI00SSY ¥V INISYA) TAYA TavA 02120313 ®©7ZL1797
1 72€5662°0 8/6000°0 (v ute30ad 817 103d298Y) yEd TV rEdTYV 0T0TTSEW  3®S 1Ep95T
Jas G65050€°0 €7000°0 (£Z£ N1I710Yd INVYEWIIN AILVID0SSY-3TDISIN) LZLdINYALY LTLAINYALY 00£458€3Y 17//815T
Jas 908L1¥€0 1€0000 TINIT-19a0 ureyoud 00820951Y 00820353 187%8605¢
Jas G9185HE0 1%2000°0 u1a304d BulueIU0O-UIBLIOP [eUILLLISY-N ¥O0YS Jeay F'YNQ 080TZ9TLY 080TZ8TIY 1785197
JAs 185/8¥€'0  B6IEZYY000 G ase|Axo1pAy-y |Ajosd 02LL1971Y 02LL187W 187765797
Jas 956681€0 170000 u1a30.d 3ululeIU00-UlBLIOP ASBIONPAI BPIX0J|NS BUILOIYIAW £GUSINLY 00810313V 17T0£557
JAs 6TYTLSED 60-369' 2YdN utajold L103e[n3a. 021929¥1Y 0219Z3vW 1eYI0YST
A 99TG/GE0  205606€00°0 T'9¥SdA T'9rSdA 0£0€£3T3Y 187/9€797
LT G19909€0  £L0S6¥100°0 u1ajo1d ay|-aseuny uje3old suelquawWsuEeL} Jeadal YdL-ouloN3)| 0ZrYEDTLY 0ZryESTIV 17191192
LT 9649190 S1€000°0 v asejeydsoyd ||ews ax1-1dDS dSS 0T¥9Y8G1Y 17106817
LT GE6T9E0 90-35v'L (£ 1o110dsueay sip/sk7) £1H1 LIH1 0816€311Y 1871815
LT 1709€9€°0 990000 9 ase1a)s9|fx0qed a|qeqoud 02989911V 02989813V 17622297
LT 156599¢°0 2€20000 $71d $11d 0£9.0313Y ®ETYIIL
[T G0L689E'0  799LL¥T000 ute301d 1309 pa3e1o0sse IHYNS 0££20971Y 0££2082W 187781997
JAs 809EVLED 7090000 uiajoud [eanayodAy TTre9ILY 072981 1876€9097
A €TL9LLE0 60-385°G uiajoud Ajiwey paje|ai-aseuy uiajoud ayji|-103dadas 0vS§8Y9S1Y 0758735V 18798981
81 796620 §¥8000°0 uiajoud jnow gma 0295Y9ELY 029573€ 1e7/8515¢
81 89€/10€°0 9590000 aniyeInd ‘ue3oud Suipuig-yNy 11410 06£2€3TY 1760L19C
81 £92081€°0 6260000 uiajoud Ajiwey aseun u1a30d u1303| 81|y UI[EABUBIUOD 0/8809€1V 0£/8803€1Y 18778685
81 vZSE6YE0 §0-379°€ STAYYM 8TANYM 0L181813Y 1775952
81 9/0£05€°0 §0-387°C 1400V 140QY 001813 187681957
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

ST 87GTTEE0 G0-3L€L aseuly ufe3o.d sujuoay}/auLIBs BY|-103dedal Yy T aAzeInd 07815911V 0781581 187181957

ST GTIEEED0 §0-3€9L uiajoud [eat3ay3odAy 090£5951Y 0904533 1e0E6.7C
ST G96E9EED S0-3L¥'S u19301d SuUIEIU0D-UIBLIOP BDUEISISAY-UINN3|IAYUI-{|0] 0T6v7DS1Y 0T6v73GIY 17ZE061T
ST v6r69E€0  99/8€9100°0 (z3SYNYONT19-£'T-¥134) 2194 7194 0928863 1767916
ST 7769£5€°0 6810000 uajold [eanjayjodAy 0§5¥29Z1Y 055v2873 18766/£97
ST 679165€°0 S0-3ET'T Tt 8seupy uiajoud ayi|-103dadas you-auraisho TPXYO 0£6003%3Y ®YG9557
ST YSLL6GE0  ZS8TTIFO00 T JONVLSISIY GILYAILOV-ZdOH utejoud Yz 056053 18797125
ST €9€769€°0 8070000 (€ SYIMOT NI NI ISYNIM INIT-40LdI0TY) €40 BENN] 01087323V 1®©77LL59T
91 SELLT6T0 6220000 uiajoud [earayjodAy 0988191V 0988431 1e76EET5T
91 750950€°0 710000 1 aseugysueayjfusid-sio 0541921V 05187 1876/0€92
91 T7LG60€°0 £9000°0 eydje, g yungns A1o3e|ndes yz asejeydsoyd uiajoid sujuoaiyi/aunies 06077951V 060¥1851Y 17180617
91 €99Z11€0 §0-325°¢ uiajoud ayji|-aseusy utajoud 08Z979ELY 0829¢8¢3Y 18 T1676C
91 9/£07€€°0 860000 uiajo.d Sulurejuod-urewop yau-auialsko gy dsH/reud 0987297 1Y 09872323 1 TYSE9T
uiajoud
91 S8TYOVED §0-3/9'8 Bulureuod-urewop Ja3ul-HNY pue aseun| 103dadal pajeIoosse-|lepm 0TTESHSLY 0TTES3SGWY 187867817
91 PISETYED 7LL0ST00°0 (€-¥S YOLOV4 NOILYONOT3 DI LOAYYMNT) €-¥S54T13 £-Y5413 016931V 18706€097
91 9v0TLYED §0-35L°€ uiajoud Ajiurey suniaguag Suipuig-qy4 00£0€DTLY 00£0£313Y 107872€97
91 6/9/85€°0 50-32v'9 L1711V ute3oud sa8uy ZH-HNIY SL6STOYLY G/6S187 18T69€ESHT
91 SS1609€°0 90181000 uiajoud so3ey|ioey Jofew 06TOTHSLY 06T0T8G3Y /06T
91 25519¢€°0 96£000°0 €19vS €1ovs 05£62323V 18726299¢
91 9/5899€°0 50-3KL'T (8 ISYdSYOVLIN) 8OW 80N 0Zy9T8TIV 1716292
91 19€00L€°0 §0-301°C asejeydsoyd A)joy1oads-jenp [evidAye 008209€1Y 008203€Y 1879¢6/G7
91 67987LE0  L¥9/50200°0 0T9v131IY 18799551C
meMwn_ 20 o4 :c_un__umwo _on:;m auay BEITRIVE]o]) dl8qoid

(panuiuop) "gsajqer &Y



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

€1 101859€0 (G2 ¥3ddIZ INIONIT 0ISV4) Gedizd Gediza 079753€W 1e78Y81GT
€1 €92£99€°0 §0-306'G (40S¥NO3Yd ¥ ININOATINSOLAH) PISdLY PISdLY 08.673€1Y ®YETTIST
€1 G8667LE0 910000 (€43SVYIISNYYL-S INOIHLYLNTH) €41SD1V €41S91Y 0£620873  1©7ST99/997
€1 98067.€°0 £10000 (€24 NI310¥d INVHEININ Q3 LYID0SSY-I10ISTA) E2LdNVALY €2LdINVALY 071€€873  1®TS /9151T
a8 9050620 §0-32€°S urajold Bujurejuod-urewop 4sg 01659961V 01659363V B AR WA 24
1 6€L6€0€°0 §0-310'C uajod Ajiwey aseajoud |A1iedse 0EV8Y9SLY 0£Y8Y851Y 1e7€0/8YC
1 9/8/50€°0 £22000°0 (Tt u18301d 9¥17403da08Y) Trd TYIV ThdTHIY 010523 1001452
1 78562€°0 8920000 uiajoud [eapayjodAy 0LVETITLY 0LYETSTV 187 G8€65C
1 S8YLYEE0 §0-32LC TTANYM TTANYM 05STE37Y 187GEGEGT
1 T7Z6T7E0 9550000 -rq utejoud 066T9ELY 066713€1Y 17917457
1 SLy08YE0 20£000°0 LTMdNLY LTMdINLY 0$¥10323V 18781€997
a8 820655€0 Z€10000 LdYNLY LdYNLY 00T€18¢WY 187G81/ST
a8 616€L5€°0 60-3€8'9 U309 awngs)| 0£5919ELY 059181 17907457
a8 97€509€°0 90-36TL urajoud Ajiurey aseuy urajold 0rZy9IS1Y (\azaz:\ 171267
1 96/919¢°0 £G€S6T00°0 uiajoud [ear3ayodAy 0£8€7OTLY 0£8€Z3TIV 1871597
1 802T¥9€°0 §0-378°€ €040 EYOHD 02511823 /7697
2 682059€°0 90-3¢6'C orvavydLY orvavyly 0964363V 1e797/81C
1 9€/60LE0 £01000°0 (T NI3LOYd HIDNI4-ONIZ SISdOaIgvyY) T4ZY 142V 05729353 1e7E6691C
1 8GT6ILED G0-3L€T uajoud [eayayodAy 0LEBTOYLY 0/£61313V 1®7T/GY5T
1 9/80VL€0 §0-39¢°¢ 620d0 620d0 0709/313Y 1®©71£929¢
ST 6YEEVOE0 €¥10000 u1a30.d pajeroosse-4-x-a15el4 sueiquiawsues) 0LY8TOTLY 0T8TV 17/£919C
ST 9/8.50€0 60-398F (TV'T ¥OLd300V V¥ 4ILVTANIYd) TV TV ¥d IV IvYd 07020353 1®HEOTST
ST 7$89.7€°0 §0-319'C -1 8unjoesajul-03d 090£¥921Y 090£¥373 18761997
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

148 816615€°0 6870000 (1 au1s0.A} payey|ns Buurejuod apiydad Jueid) TASd TASd 05985863V 187E6LLYT
148 LIPI8GE0 ¥0-300'T uiajoud [eanayjodAy 06/8€9Z1Y 06.8€373Y 18796997
148 629079€°0 50-30t'8 (€ 3SYYIISNYYLONINY INISOYAL) €1VL €1Vl 0584232 1876ESET
148 TEELEIED 50-3L6'C SdYNLY GdYNLY 0seT/8TV  1®TST/E665C
€1 L20LLT0 §0-325°C (Y92 DNILYOS NITLOYd HYTONIVA) YIZSdA Y9ZSdA 0£5£585W 1®717Z81T
€1 £€78967°0 50-3¥€9 90HNOLY 929NOILY 086£Z373V 17025997
€1 £9Y¥/67°0 §0-306'T IN18dAD IMT8dAD 0T90T8G)Y  187S €7h05T
€1 §50LL67°0 9290000 (unkyue) NY MNY 0195863V 1e769181C
€1 10£2662°0  7,9085€00°0 (€ NITNDILIYTVO) €140 €140 05780813 187269197
3 8.180€°0 6820000  wiejoud Ajiwey ssesajsuesjhsoquoydsoyd yueid Suipuig-pidij/wniofeds 7o 00£009¥LY 00200373V 1870€9557
€1 TSTLIEED 8020000 uiajoud [eanayjodAy 06550971V 06550371 17EY765T
€1 GG6EBEED 90-366'S (a1y Bojowoy ased |9 qey sisdopiqoly) ATYEYHIY aTvavyw 0£78134IY 1.TEL9VST
€1 ¥S0E0YE0 €v7000°0 ureyo.d jiwrey anisuodsai-eixodAy 09££2951Y 09.L786 ¥ vY/91T
€1 LyY90tE0 §0-3£5'9 u1930.d a){1|-aSkUIY UI}93] YI|-Yf UI|EABUEILOD 08209951V 0820935V 1€7819/5T
€1 7860TYE0 £58000°0 (¥S3VH) IvH IvH 06782373 1.T6LLEST
€1 Y9TEESED 20000 uiaoud Ajiwey (1yND) osesaysuejAiaoe-N paiejal-GNID 0089TOGLY 00891363V 18 YIVT
€1 ¥92095€°0 50-369°7 (2 ISYNIM NI3LOYd DNILOVHILNIFIED) Z)dID NdID 0£0£03G3Y 17E/905C
€1 6IVILSE0  T9LS5¥E00°0 uiajoid you-auljoid/auiok|3 06921951V 0991861 ®0VY9rT
€1 616€L5€0 610000 € NOY3g0 utelold 0vLYTOTLY 0T8TV 17618797
€1 6£9/8G€0 €15000°0 uajoud [eayayrodAy 0TE8THSLY 0T£8136Y 187886617
€1 vSLL6SE0  GLTIEVTZ000 uajoud [eayayrodAy 0LETTOHTLY 0L£TZ3TWV 187668097
€1 G8GTS9E'0  LE90SET000 u1ajo.d Sujure3u0d-urewop uoijeayixojap/iiodsuely jeyow Aneay 08€€095LY 08££0353Y 18 Y605¢
ww‘_Mwﬁ_ 20 o4 :c_un__umwo _on:;m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

<
[a2]
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

T ETATAZAN)] THEAIN 00££9853V 187/869%C
T ¥9€£82€°0 (1 aseuny| pajejas-ase|hxoqued ajeanihdjousoydsoyd) TyMdId TUNdid 08SZT8TIY 118765
11 ¥9821EE0 £0-386'8 uiajoud [eapayjodAy 0vZZL9TIY 0v2e /3T 18705865¢
T G96E9EED 60-355°C asejnuw ajewsHoy0s! / (1SO) T aseyjuhs ajewstioyoos; 91503 0TLb/31Y 1®LL1292
T 69059£€°0 §0-390'6 (G Y0LOV4 DNIANIE LNIINT13-SO0) 5480 6440 09690353 187659057
T 9€8EEVED 90-32'€ uiaj0.d ax1-41409QA 06LL09€1Y 06LL03€W 17652652
1T 60258Y€0 £20000 (T.3SYL0NA3Y INONIND INIT-NIXOQOAY 1) THOA THO4 0065351 1©7Z9181C
T STLY6VED G0-39Ly 8¢ aseun utajoud ax1|-103daval you-auteysko 8EMYO 015703%3Y 187ZrES5T
T 887667€°0 G0-396'7 urajo.d Ajwrey aseury utajod ETHYO 0TZEZ3YW 1eTEVIYST
1T TLYS0SE0  9/8¥18100°0 (8 ISYNIM NI3LOYd DNILOVHILNI-18D) 84dID 8)dIO 00¥Z3pv 17/91¥ST
1T 8YGETGE0 §0-3€8'C YIVHY YIVHY 0LETTBHIY 187726Y5C
1T 1¥0ZESE0 §0-ITH'T uajoud Ajiwrey you-suyjoud 088219GLY 0887185 1e7E7E05C
T 806129€°0 90-3v5'6 uajoud Ajiwrey sutsaguag Suipuig-ay4 0980291y 09802373V RLAA T4
1T 96£959€°0 90-3vEY uiajoud aoue)sisal aseasip sse|d Yy 1-SgN-YIL 0rSTEDTLY 0rSTESTIV 187/8%95C
48 €29L0€0 §0-306°€ uiajoud [eajayodAy 0£56€971Y 0£66£873V 187/9699C
48 SY691€0 S0-IvLT u19304d BUIUIBIU0D-UIBWOP BIUBISISAY-UINB|IB)UI-|0L 0v62L9TLY 0v62L3T3Y 1e7E8ETIT
4} €L967€€°0 §0-39T°C 624191V 674191y 00162323 1076/£997
14 787LEE0 G€E000°0 uiajoud [eazayodAy 05¥2¢OSLY 0542235 1879€667C
4 T70SLEE0 §0-31C Y (TV IN4040SI (11-SY0) 3SVYAT (101HL) INI¥ISTALIOV-0) Z¥SYO AR 0] 09¥2Z3€W 170£695C
14} ££8G51€0 6£0000 u1a30.d Bulure3u0d-urewop 103oey uonduosues} 71y 1d 00£7€DTLY 00£2€3T3Y ®TITL19C
4} 9v0TLYED 9510000 (1 91q1dadsns gyddine) 1Sgd 1s4d 091£1353 187986517
:_wuo_n m:_:_mu:oo
14} YSLSLYED §0-321°9 -urewop aseJajsues}|Ay3aw Juspuadap-aujuolyjaw--|Asouape-g 0£522971Y 057237y 1e78IEYST
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

6 9£0£89€°0 90-31LT uiajoud [eanayjodAy 0682Z9TLY 06822313Y ¥ YL1Y9T
01 6£69.97°0 £82000°0 (¥ AXINO L¥3d3¥ OT1IAYINYY) 7O¥Y yOuY 0099Z3¢W 1©7Z19/5C
01 17569820 8986201000 aseunj auisouk)/auiuoaiyy/auiias aneInd 09€7297LY 0972323V 187199597
01 £9G€£87°0 870000 uiajoud Ajiwey sseuadAxo (]1)24-H0 ‘9se30npalopIxo 00S0THYLY 00501343 176/615T
01 G8ET867°0 50-39v'6 aseuyy utejoud axi-103dadas aaieind 0£06€951Y 0£06£863V 18798617
01 vL8L10€°0 90-39LT £078dAD £078dAD 056T£37Y 18760557
01 GTISSETED0 GE1000°0 urajold Ajwey sseuniy 00410971V 0010373 187G6555T
01 STISSETED0 7€6000°0 uiejoud Ajiweysadns 1a3uy ouiz GHd/IAA4/ONIY 09G/YDELY 05S.y8eW ®IIYIST
01 ¥S89/2€°0  T9¥220Z000 1. asepixolad 02179961y 07179863 R4 T 74
01 20L€62€°0 9080000 (9 INVLSISTd MIATIIN ANMOQ) 94INA 94INa 0£5+Z361Y HS/67
01 €SYEE0 60-391°C (G Bojowoy ase|oipAy xipnN eueljey3 sisdopigoay) Gipnue Gipnuje 0£70323V 1H58€97
01 £6785€€0 §0-30L'T (€ 3791Ld30SNS GHddYAY) £58d €54d 0Z€€T1361Y 18798205¢
01 ESTETHED 60-385'8 uiajoud Ajiwey sseajoud |A)sedse 0€TYYOTLY 0£THY3TIY 1e78ELSHT
01 8G9KZFE0 ¥12000°0 ase}1aAu0d ZQYN asepiidadopusoy|ejaw utajosd aargend 097LGDELY 09753¢1Y 1e7EEITST
01 7608Zr€0 §0-368°¢ £Z-IX ¥y EZ-IX YY1 0660313V 17E99797
01 8/ESYYED G0-389% uiajoud [eayayodAy 0v8ETHTLY 078731V 187681597
01 70SESHED §0-3€L°€ (8 uiuwioy) 8H41Y 8H4LY 0vT0£8TIV LAV L4
01 7L¥S0S€°0 S0-I1TY uiajoud [ear3ayodAy 0£8£2921Y 0£8£2873 187652997
01 696€65€0 910000 (T TINNVHO @31¥9 3Q1LOFTONN DI19AD) TIDND TO9HND 0£1£5861Y 18706281C
01 €2565€°0 §0-3¥9°C (T SIN3 ¥d 40 Y3SSTYdXINON) THdN T4dN 08779813V 1$9/66C
01 68£9Y9€0 §0-325°S uajoud [eajayjodAy 060TEDTLY 0601€323 1879/¥997
11 €65982°0 816591000 (T ISYNIX NIFLOYd INIT-HOLdIOTY) THTY ISR 00609353V LAYA 74
11 €89TETE0 10000 (€ YIDNVHOXI NOILYD) EXYO EXVO 098153€1Y 17Z0€9%C

ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

©
(a2}
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

8 YISETVED (t0s1noaid z spidad 10319113) 7d3dOYd 7d3doyd 06819361y 1©7602L1T
8 €€855YE0 §0-360°T (T ISYNIX QVYN) THAVYN INAYN 00123 187896957
8 1G€99v€°0 §0-3€7°€ (3SYLONATY 3LYGY0ISYOUAAHIAONOW) HYHAN YYHAW 0766033V 1T TP685T
8 9/S¥LYED 90-301°C uiajold axj|-aseupy utajosd yeadas you-auonal  08G/¥9ELY /// 060LrDELY 060/y3€3Y  ¥B7S0GHZST
6 €126/87°0 §0-31CT (ssesaysuesyA|fuspe sutayyeuedoydsoyd-v) QVOOLY avooLy 05781873V 1HZE597
6 82202620 §0-396'¢ (0€ ISYNIM NI3LOYd INIANIIA-INNIDTYI) 0END 0€)d0 0vLy/8TY 17022292
6 v10T£62°0 y¥622100°0 uiajoud Ajiwey 8OV 1d 0LVETOVIY 087£737Y 187792V
6 €2v001€°0 8720000 051WQ utajoud Buipuig-wniofed aaijend 0LT70951Y 0£1%0353 Y696+
6 YTSLETED 6010000 (€ INISNOJSIH-ANNOM) M £4M 00205353 17155817
6 7LY682€°0 90-327'9 uiajoud Ajiwey aseunsf utajoud 0ZTLSDELY 021.53¢W 187E8915C
6 €055EEE0 G0-3€7°9 (T ISYLYHASOHd ISYNIM NI3LOYd AILYAILOY-NIDOLIN) TdMN TdIIN 0£2553¢W 18798/16Z
6 G86EEE0 50-38LL (T INID IONANI-ZLAYYAY) TOIV 91V 096€€3TIV 187911092
6 €SVEE0 6872702000 u1a3o.d 80uB)SISal 95eaSIP S0 YY1-AN-00 19N 00699853 187ST690/hT
6 €6€LEE0 €070000 (2 INIT-ISYTANY-VHA V) ZANY TANY 0£T9L8TIW Y6197
6 TTLTI8EE0 §0-18Z°T uiajoud [ear3ayodAy 0£522951Y 0522363 17968617
6 £99917€°0 €E€6ET00°0 uiajoud [ear3ayodAy G86EEOYLY G86£E3KIV 187767€5¢
6 97681rE D §0-3/6'C aseusy ula30.d-auiuoaly/aulias ayi|-103dedal-g uijoal adky-H 0Zv199TLY 0Zr198TIV 18799/%97
6 9/SYLYED §0-360' (S ALITIFILdIOSNS ISYISIA AIONYHNA) §SA3 §sad 0£06£373V 1712675
6 STLY6YE0 G0-30T%  utetoud Ajurey (d17) uteoad sajsuesy pidij/a8el03s paas/ioliqiyul asesjold 009279€LY 009223¢ 187E€695C
6 €89005€°0 §0-310°G uiajoud Ajiurey payejai-aseuny uiajoid ayi|-101daoay 090279€LV 090223€W 1®7597/5¢
6 ¥88EISE0  T099£9100°0 7lvy3asly T'ZLY¥3S1Y 0265531V 187209092
6 ¥19675€°0 G0-3v€'9  utejoud Ajnweyiadns sase|oipAy ajeydsoydiiy apisoajonu Suiureiuod dooj-d 0299¥9Z1V 02997323 1e705759Z
6 6LLL9€°0 §0-3T€T u1230.d ay}1|-aSBUIY UI3IB] YI|-Yf Ul|EABUEBIUOD 0960971V 09670373V 18708255¢
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

L LTTZTYE0 90-36L'8 uajoud yeadal-yojax/xoq-4 06TEYISLY 061E1351Y 016
L 87C1TKE0 60-399°T uiajoud [eanayjodAy 0£€9€97LY 0£€9£873V 187876£9C
L 2TTULYE0 §0-380'% uiajoud [eanayjodAy 06£0€9YLY 06£0€373Y 1e7/£9€57
L ¥SLLBSED 90-310°T (12 INID Q3LYID0SSY-3ONIOSINIS) TZOVS 1Z9VS 08£20313V 176/755T
L SYZYT9E0 £0-305°6 t-T ute30.d pajeId0sse-a|oISan 0LTTSOTLY 08215813 1879ETS9Z
8 96£2192°0 9520000 OTYINYIN OTYMNDYIN 0£1803%3Y 178Y16ST
8 9v0Sv/2’0  £¥Z9¥0700°0 (€1X09-N INV1d) £18Nd £14nd 0159¢8¢W 18798t75C
8 68680870 1980000 uiejoud Ajiwey sseajoud |K)sedse 0901951V 0901863 1®©7Gh06T
8 68£0582°0 60-399'T uajjod y3no.y3 uoissiwsueL} 8onpal utd30ld 02r0991LY 020931V 17612792
8 vL0¥882°0 80£0000 (€ TINNYHO @31vD 31103 TINN IITIAD) EDINILY €09NOLY 0rv9ySzIV  IBTST9//€97
8 6Y6£67°0 176811000 uiajoud Ajjurey proquioy. y1941Y 08££53€1Y 1 0E6TSC
8 L18YSTED0 §0-302°9 OpT ulejold sueiquiswsuesy 015029¢1Y 0150231 187880£5¢
8 86T981€°0 §0-35C'T (ese|0ipAyoxe UBIONI-T-9) GANIMOIY 9ANIMIIY 0261135 18720£05Z
8 9YTEBTIED 90-368 uajoud fjjurey ased |y adhi-yyy 0858Z9¢1Y 085823¢1 187686957
8 €TL6IE0 £0-3€8'9 uiajoud [eazayodAy 0£¥109€ELY 0£¥1031Y 187€5685¢
8 161912€°0 90-36€°6 (¢ asedseorjaw) ZOWIY ZONWY 0TISZ3KIY 1e7E6075¢
8 ¥6S0tZE0 60-390°C u1a301d 9UB)SISaI SEASIP BUIUIEIUOI-UTBWOP JYY-GN 0LyPTOELY 0Lb13eW ¥©7/1718T
8 8/1092€°0 60-386'G uiajoud [ear3ayodAy 090£99T1Y 09029813V 187088557
8 7v897€€°0 60-366'¢ (S T-NIYNOQ-S) §-2as 6-zas 00£Z€313V 1e79/1E5T
8 €SYEED 90-3Z°T dig edig 08060813V 178r9r97
8 8€878EE0 §0-352°T (€ 3NIT-TI4E) €144 £14d 08€€T3E 187186957
8 96£00t€°0 90-39¢'L LTANYM LTANYM 0£5y2823Y 1©7/6/€97
8 825STHE0 910000 MISLY AISLY 09.803€ 187689867
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

0
(a2}
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

9 95909£€°0 vINY0 07£€T37IY 1TESTHST
9 87L9€€0 50-35.'6 (26 u1e3o1d 3}117103da08Y) ZGdTHIY 75d T 01652363V 187916977
9 €6€LEE0 90-388°C uajoud pajejau-g|oy 0810971V 0/810373W 1e7EYG66T
9 17686€€°0 7510000 aselaysuel}fsojoe|es-¢'1-e3aq anjend 02979951V 02979363y ®T6TYLYT
9 8G/0v€0 £0-385'6 (3SYY3I4SNYYL-S INOIHLIVYLNTY) 941591V 941591V 0£620813Y  17STGIIZ9Z
9 7SL0VYE0 7990000 6€ aseunj utajoud ayi|-103dadas you-sutaysko anjeind 0VYO /// 6EXYO 0rSy0SyIY TS PhESST
9 6L159Y€°0 G0-38€°C (S NI3LOYd INIT-NINYID) §dT19 5d19 09660313V 187905+97
9 ETTI8LYE0 0 u130.d 99ue)SISal 9SBASIP SSEO YYT-SAN-UIL  0969T9VLY /// 0¥69TOYLY 096918V}  ¥7ST/GYSHT
9 €L97/5€°0 £0-359'7 T utatoud gAN Jo 1081 08€TZOTLY 08€TZ3TY 187088097
9 §€0£29€°0 60-325°€ (T ISYNIX NIFLOYd INIT-40LdIOTY) THAY THdY 0£269313 1761€097
L ¥826/L20  ¥080/6100°0 uiajoud Ajiwey sseuns utajoud 09T8T9TLY 0918131V 1®71Z195C
L €201€°0 60-30€'T T epquie| aSEJa SUEL} BUOIYIEIN|S 11189 08420353 187€8605¢
L v09791€0  €56£95T00°0 (G ure30ud a7 103d009Y) GEATYIV SEdTHW 0801181 187871957
L VESGITE0D  TEV6ZET000 (€ NOILYY¥1INd) ENId eN3d 0/86S8T3Y 17668797
L 7€2022€°0 £0-379'6 (2 IN3D DNINIVINOD-SIHEY FHOIN HO OML) ZOVINL ZOVINL 012031 1879/0652
L Y1€922€°0 90-3€¥°T (T ISYNIM NI3LOdd INIANIdIA WNIDTYO) THdD INdO 0/870853 187656917
L 7L80S2€°0 60£000°0 uiajoud Ajiurey aseuadhxo (J1)a4-H0g ‘ase10NpaIOpIX0 0T6EEDTLY 0165373 1TIZEE5T
L 8109€°0 90-326'% uiajo.d Buiurejuod-urewop Sulpuig-pues 90gdyS 0/87€9¥1Y 0£82£37 1TT0YEST
L GG960€€0 90-399'8 (3SYNIX ONILOVHILNI-THA) MIA MIA 000¥1313Y 17099797
L GL9LEEED 90-38L'T aseuly ax1-103daoa jzow uish| 0LLETITLY 0LL£T803 187682£9C
L 787LEE0 §0-3v6°C ureyo.d Ajiwrey puey-43 Suipuig-wniofe 00997971V 0099+323V 170959C
L v6LI6EE0 90-38€'6 urajoud [earyayodAy 058£99T1Y 058/98T3V 18700257
L 791S6€€°0 90-39%'T u1a30.d Bujurejuod-urewop z1-g30/0N T3 092099€1V 092098¢3v 17907167
99138 20 fo):] uonduasag |oquiAs auan Jayuap| aleqoud

(panuijuo)) "zs ajqeL



Chapter3

S €877ESE0 90-398'T u1a3o.1d 99uE}SISal 8SEASIP SSBIY YYT-AN-00 068STOTLY 068581V 17661657
9 8€9/497°0 §0-350°C (3SYNIY QILVID0SSY-TTVM 1130) THYM VM 0521231 18719665¢
9 ¥€910L2°0 90-380°% uieoud umousjun 41\ 06161363 18762045
9 7610870 §0-3€9°C uiajoud Ajureysadns axi-qded 0SYTZOYLY 0SYTZ37Y B2 o1
9 £681767°0 ¥12000°0 (10VN 0L JONYY3T0L ISYIHONI) INLI INLI 09€ZT3€Y 1eTEETIST
9 Z15800€°0 670000 uiajoud Sujurejuoo-urewop Jeadas apidadooiiyeliay 067609€1Y 0676033 187GEG/ST
9 LE0LE0E0 £070000 urajoud [eai3ayjodAy 0£9979€LY 04997363 107878157
9 7909%0€0 ¥0£0000 108 §108 00905813V 17098197
9 GGSHITED 90-3€%°T urajoud [ear3ay3odAy 016/G951V 016/5861 ®©7GEB/YT
9 YEITZIE0 £0-36L'9 (€ -4[e1) €€14TVY €674V 00851343V ®YEESHT
9 ¥S9091€°0 90-386'% uiajoud Ajiurey asesaysuely |As00A|3 0£065951V 0065863V ®TESLLYT
9 TET90Z€0 §0-326'L uajold [eanjayjodhy 0€6ZT9SLY 0£621351Y 187/9205¢C
9 122612€0 50-3v5°C uiajoud Ajiurey diwag/xoyd/epidadesoonon 061109ZLY 06110323V 187EELS9T
9 6TVZETED 90-308°€ uiajoud aoue)SIsal aseasip sse|d Yy 1-SaN-YIL 0005951 00053851 17TL68YT
9 L08SLTE0 6560000 (40SYNDTYd £8 INIT-NISNVAXT) £9TX3 £471X3 09981323V 17040997
9 1668.7€°0 90-3£9'9 39/ eselaysueyjhsoak|3-dan 069979ELY 0699t3€1Y 1H8Y7ST
9 €5062€°0 £0-3G€°S (1 Apqudaosns aseasip paoueyus) 1SA3 1sa3 0608Y8£3Y B TRYAo14
9 £5062€°0 90-3r9't TONIY TONIY 08£0T363VY 1TGEV0ST
9 161Z0€€0 G0-368°T ute30.d Bujure3u0d-urewop 9g 1 /dyoaey 08525961V 08526863V 1e7ZIE8YT
9 900S1€€0 60-3909 (1 1ungns-ewwedy sisdopiqoly) T99Y 199Y 0Zv£93€ ®TIZI1Se
9 €0SGEEE0 60-396'S (T 3ONVLSISTY ISVYISIA QILYAILOY) THAY THay 095€€3TIV 17671957
9 68G9€E€E0 L0-3¥5'6 (12 NI7LOYdOOATD-d) T2d9d 12ddd 0512931 178KTIGT
9 60ZPVEED §0-35t°T (€ ¥3140dSNYYL 3A1Ld3d) €Y1d €Yld 0509+35 187766817
ww‘_Mwﬁ_ 20 o4 :c_un__uwwo _on:;m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

o
<
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

S 7815T2€0 (1 Ano1x030z1y4 uojoid 03 BAISUSS) TOLS 1d01S 0LEVESTIY 1877E665C
S €€LTTE0 90-300'% urajoud Bujure3uod-urewop xoq-n/9HNIY GETETOILY GETETSTIV 18778/79C
S 8EVEETED 90-350°C uiajoud [ear3ay3odAy 09/5T9€ELY 09/G13¢W 1876/7865¢C
S 71v997€°0  ¥0v656100°0 ura3o.d Bulure3u0d-urewop xoq-N/9INIY 078€99T1Y 0¥8€98TIV 17778097
S YILELZED 9070000 T-dvO3N T uajoud pajeroosse-jeod Suipuig-rea undepy 009859€1Y 009853€ 18787516
S 9/v1TE0 60-3026 YWD ute3o.d Buipuig-winjofe aareind TIND 0££0S8€3 1e79€175C
S 206LL2€°0 90-357°S 16 utajoud Bulurejuod-urewop xog- 09619961V 09519363y BLINA 74
S ¥98Z1EE0 90-36€'9 (19 uiajoud Buiureluod urewop QN sisdopiqoly) T9oeue 1909euUE 0SEvY3EIY 1718975
S G86EEE0 90-30T°T Bojowoy uisiowreue 00781951V 00781351V 187786617
S 9675€€°0 §0-3LTY (YY) ¥ aseuD) pajeja-¥dao 0£7¥ZO5LY 0£vvZ35W 1e70EL61T
S G96EIEED 90-399°C G NI3LOY¥d DNILOVHILNI LSAT 05£979¥1Y 0597373 1eTEGBEST
S 7L199€€0 90-387°¢ 81D utejoud Buipuig-wniofes aajeind 000£09€1Y 000£03€V 187/1986¢
S TELBEED §0-385°C (T IONVLSISTY ISVY3ISIA AIONYHNI) T4 a3 0780813V 1708197
S S8TYOVED 90-3T+'C aselaysues}|As0dh|3-dan 092GTOYLY 0925187 1TESSHT
S 7860170 90-3/6'C u1330.d BUlUIEIL0D-UIBWIOP 9SBIONPAI BPIXOJINS BUIUOIYIW LAYSINLY 0£8TZ8YIY  187STG8EYST
S €GZETYED 90-399°S (G ISYNIM dYIN) SHINLY SHAINLY 01187 1®YT6YST
S EGTETHED §0-320°T uiajoud Ajiwey ¢ sse|o asedi| 01212951V 01ZkZ86Y ¥e/116YC
S 1G€997€°0 90-30€°S aseuniyd aaneind 0VSLYIELY 07SLy3E 1®IZHIST
S 9/SYLYED £0-37279 uajoud [eayayodAy 0789T9YLY 0789187V 1870LEGHT
S ¥SLSLYED 90-312L uiajoud [eayayodAy 0YELTOGLY 0YETISGIY 1760251C
S vZ0r8re0 6£5000°0 uajold Sujurejuoa-jeadal yop-aulona) 009€€DTLY 009€€3TIV 18769/64T
5 1£990S€°0 L0-3E€'6 (T NIL0¥d ONILIGIHNI ISYNOYNLOYTYHATOd) TdIDd 1d19d 09890361Y 1€70£9057
S Ly0ZESE0 603191 GO uta3oud Buipuig-uniojed aajend 0TYTY9TLY 0T8TV 1e71££99C
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

v L56€7€°0 £0-321'6 (06 uta304d Buiureuod urewop QYN sisdopiqay) 0g0deuUE 0609eUE 08€7235Y 187016607
v TL9EVZED 90-3€L°€ ugjo.d Sujurejuoo-syeadal upikyue 0281€9TLY 0781€37W 187657€97
14 985167€°0 £0-3L5'T uiajoud [eafayjodAy §56009VLY 65600313V 18779557
1 88962€°0 0 (T NI7L0¥d DNIANIE HOLOY4 YINDIS) 8IS 141S 0T£953¢W 17E6791T
1 GE6ETEE0 S0-3IKE'T 1218 128 0770985 1.T0E9LYT
1 TT6LTEE0 90-360'G uiajoud [eafjay3odAy 09581DELY 095813¢3Y 18766957
v 8L£81£€°0 S0-3KT°T (7 YOLOVA MOOHS 1V3H) ¥4SH v4SH 0669€343Y ®YII9vT
v GG6EBEED £0-3ST'T 21 aseunj u1ajoud ay1|-103da2a. YoLI-aula3sAo anizeInd ZIYD 002£Z343Y BLNA4 7214
v 899%5¥€°0 90-329% uiajoud Ajiurey uiso3sox3 0661€97LY 0661£873Y 18787/59¢
S §20 810000 uteyoud Buiurejuod-yeadal you-aulona| 0601¢9GLY 06012363V 1876209%¢
S ¥8¥29°0  7L6IZIZ000 uajold ax|-zolY 076879¢1Y 0768231 18700085
S ¥8TYEIT0 90-31€°€ (4€99010NOH ISVYdLD 8YY SISd0aIgyyY) 8,8V YLy a/avyLy 078813¢€ ®©Y6//5T
S L50€8.7°0 £0-3TK'S Y6SdA Y6SdA 0LL613¢W 187686/5¢
S 7€06182°0 919961000 uiajoud Ajiwrey ssesdjsues) sedns-oydsoydip-apiioajony 07877951V 01817361V 17TZ515T
S L086187°0 90-3v7L uiajoud [eazayodAy 0vSETOTLY 0pSETSTIV 187E0T95C
S 11598820 8780000 uiajoud [eayayodAy 0£02T9VLY 0£0Z18t3V 18786815
S £969€62°0  T9TEE0Z000 (¢ esedseorlow) gONIY SONIY 0vZr986IY 17Z8LLYT
5 TLST9620  BEEESET000 (¢T LNVANNAY SISINIDOAYENT 31V 1) TV AVER! 0LbT08TIV 18797Y65C
S 9716100 §0-329°C L€ dseun u1a301d ay1|-103de9a. YoL-sule3sAd LEMYD 0060873 1TIPESST
S vrv290€0  6198/6100°0 0 asereydsoyd ueyoud anneind 06£90951V 0590851 1 ¥7906C
S 86GEETE0 €£1000°0 6MD 6MO 02965313 187971297
S 76€TLIE0  €66VPCT00°0 asedi| uninbign 08€6/9T1Y 08€6£313Y 187616292
S 807G81€°0 §0-395'6 aseuyy ulajoud auuoayi/autias aijend aseuny uijosd aaneind  0z6999TLY /// 0T6999TLY 07699813  17ST09/51T
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

N
<
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

3 TEL8EE0 ase|oIpAy |As094|3 anneind 05001911 05001813V 17225797
3 YOV6EED 90-396't GdvS ases|| £3 0£92T9ELY 0£9213€3Y 17TEZ95T
3 ¥S0E0VE0 90-31LC (91 swikzua Suryednfuod-urnbign) 9108N 91o8n 0vySL8TIY 1T0TT19C
3 88E0EVE0 0 uiejoud Ajiwey ( |T4v3d) 8¥i|-osedijoydsoyd 0TTSEDVLY 0T1SE31IV 1eTEL1EST
€ IPETSPED £0-35L°T urajoud [ear3ay3odAy 005911V 006£/813Y ®YEL6ST
€ §62915€°0 90-316'T uiajoud [eafayjodAy 0££29951Y 0££79863 17 8YY/vT
4 16296520 90-30%°C G asejeydsoyd ||ews ax1|-TdDS GdSS 09811353 18786205¢
1 GE181920 10371 €€ urajo.d 3uiurejuod-urewop xog-n 01657971V 01657323V 17116997
1 756170 0 (S INT9 431V13Y-SISINIDOHLYd) G¥d GYd 0705/313Y 18767665¢
1 ¥¥82082°0 §0-30€L (ST HOIY-INIFLSAD) SHYD EXRR) 0£TEL3NY 17997157
1 82207670 90-3LT°S (8T INT9 4ILVID0SSY IONIOSINIS) 8TOVS 819VS 06TTL3TI 187GY/66C
v 665€20€°0 1660000 G eyjap Ajweyqns yzd 006TZOTLY 006TZ3T3V 187758097
¥ 96820€°0 S0-3EY 6T aseup u1a3o.d 8y1|-103da9a. YaL-aula3sAd 6TMYO 0L7ET37W 1878y
4 8£88£0£°0 60-3€€'9 (g @seuny utajoid urewop-uljnpow|ed) 6Yd9 6)d0 0Tr0Z3¢1Y 1®T129/6C
v ZI¥ZS0€0 901856000 urajoud Ajiweysadns (yH) asejopAy axij-aseuaojeyap proeofeH 096559€1V 0965533 ®ELLIST
14 1€Z¥S0€0 §0-31T°C TY90LdAD TY90LdAD 0T/ZT8YW  1TSTIEEYST
14 vr¥290€°0 §0-321'T (2 NOILYY¥1INId) ZNId ZNad 0677873V 18776€L9¢
4 18£690€°0 90-3%0°C uajoud aoue)sisal aseasip sse|d Yy 1-SgN-YIL 00¥¥¥DELY 00¥¥3€ 17489757
14 87880€°0 50-369°T (6 NITNAOWTYD) 6NV 6NYD 076153€1Y 187/€025¢
4 Zr1060€°0 50-3€6°T 79 asepixosad 0856€951V 0856€361VY 1e765161C
4 918871€°0 90-328'S (T LINNGNS YHA TV NIFLOY¥d D) T YHd 1Y d9 TYHd1Y d9 00£92323 176/€/9C
14 7E08YTE0 7670000 (G u193014 917 403d099Y) Y Gd TV ySd W 0101361 187E6E6TT
4 7STT6TE0 G0-365°T 4EVHY gEvHY 0875371V 10Y1EST
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

€ 68/8.67°0 90-38T°€ aseunyj utejoud aazend 00£/59€1Y 00££53€W 1712915
3 629L00€°0 90-382°S 7489 499 0£6€0313Y 17010597
3 90L10€°0 90-3z€°€ Japiodsuesy ayelyiu/apiidad ajqeqoud 096€59€1Y 096€53€ 1791616
€ €6GST0E°0 G0-3TT'T uiajoud [eafay3odAy 09¥ZEDTLY 097Z€3TIY 187159097
€ €655T0€°0 7£020200°0 uajold 1817913041838 aA13eINd 02291DELY 072913 18761085¢
€ 89€/10€°0 90-356°C urajold Ajiwey ax|-y109 Jo310dsue.3 wnisaude|y S0EY09TLY S0£082V 187908€97
13 89£/10£°0 §0-192°C asepixouad s|qeqo.d 0ZrEEDTLY 0zZrEEsyIY 1BTZEEEST
13 LE0L£0€°0 £0-39/1 (T V1021TNDYIN Ad IYONIYAS d OL FIONVLSISTH) TN TINdY 0v0£03€W ® Y1857
€ 6£L6€0€°0 §0-39¢°C € aseuyy| u1ajold ax|-103dada1 yoL-aud)skd £NY0 0£50/813 18729£09¢
€ 8969100 721561000 02601363V 1126V
€ 487401 A] 0 (1 unoyoyd) 111d Tlid §/02037Y 1TI1665Z
€ LOBISTED 60-389'G ¢ dseuny uiajoud a)1]-103dada1 yoL1-au1a3sko 0 025031 187€0£09C
€ 6L965T€E0 0 TSSI ISSW 0v£9Z35I 171E89YT
€ §¥69T€°0 90-3/9'F ZTTHTHY 10308} uondudsue.) 099199TLY 09919313 1HE059Z
€ T6€TLTE0 0 (3SY10NA34 YOO TAOWYNNIO) 2429 7400 07808313V 187668197
€ TPESLIED 0 uiajoud [eayayodAy 026£99T1Y 0269313 187600092
€ G678L1€0 0 (9 NI71L0¥d 031V 134-TYA) 9¥va 94va 02999851 ®YOTLYT
€ 9Z1661€°0 S0-3TY'T utajoud Ajiurey yau-aurjosd 00Z6TO¥LY 00261873y 1BT665HST
€ 122612€0 £0-3€L'6 (9°9010¥4 ISNOdSFY NINIMOLAD) 9440 9440 0£9198¢1Y 18778215
€ 1v8612€0 60-388'T 8Y2LdAD 8YZLdAD 079¥18¢1Y 1876908657
€ 167€92€0 £0-30ZY uajoud £jiwrey 1OgY 0187951V 0187235 187S79/691C
€ GT9TLTE0 £0-367°G uiajo.d anjsuodsal-uixne a1|1-4NYS 0£8219ELY 0£8213¢3Y 187069£5¢
€ €6LTIEE0 0 apndad Suissasoud piosiejAy) z asepiidad Buissadoid [eploxelAyy aniend ddL/// 0£890911Y 0/890313%  1B7S 678097
wwLMwﬁ_ 20 o4 :c_un_homwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

<
<
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

14 665€20€°0 0 0LLSTOELY 0LLST3¢W 187797852
14 LY9TE0E0 S0-IrET 81 aseup utajoud ax1|-103deval you-auteysko 8TMYO 097£7373Y ELA 7414
[4 LEB6LEDE0 60-390°'T uiajoud [ear3ay3odAy 088TTOELY 088113 1e71€/867
14 Z11250€°0 0 LVANYM LYAYYM 07LT0373 17965557
14 TY1650€0 0 aseusy urajoud axi-loydadal aaleind 05002951V 05002353 RLCTAK} 74
4 £0£280€°0 0 ZTHN ZTHN 0$9TT8EW 1710652
4 77980€°0 0 uiajoud Aj1wey 103dadas suelquiawsue.)} uanas unT 0£920951Y 0£92035Y 187666057
4 88/G51€°0 0 (G Y3140dSNVYL T0A10d) §11d1Y S1d1v 0£8813¢1Y 187608/57
4 90/85T€°0 0 uiajoud [eafayjodAy 02STZOTLY 02STZ3TV 187616097
4 T6ETLIE0 §0-3v9°€ uiajoud [eanayjodAy 04292951V 0££9786Y 1€796/9%7
4 ¥21202€0 0 aseuyy uiajoud axi-103dadas aaleind 09€6€9ZLY 09€6€323V 187896997
4 8€°0 0 ar13LsLy arT3LSIy §£€£8085Y 187600917
€ €5/7592°0 50-300°C uiajoud Ajiureysadns xoq-n/ONIY 0TE6IDTLY 0TEBTSTIV 17T£9097
€ £€9/9892°0 §0-3L7°€ 8Y4SH-LY 8Y4SH 0619313 187766657
€ 7579€L20 0 G 9se9Npa. 85EUAZ0IPAYP UIEYI-HI0YS 0vTLYOZLIY 0vTLY8TI 1’71997
€ 9/5€vLT0 S0-31¢Y uiajoud Ajiurepsadns axij-| asyNQ 08670951V 08670853V 187608057
3 1250920 0 §0S J0sUas WNIo[ed BUIROBIBIUIZNYUS 0188€9¥LY 0188373y 1761676
€ Z1E1082°0 10-3LY'L (7 SNYNIN) YININ ranIn 0290£313Y 17172697
€ 8/69€87°0 60-309°€ uajoud [eayayodAy 0S2Ly9ELY 0SZ/¥35W 1779775
€ 68£0582°0 90-36%'T (4OSY¥NO3Yd G NI3LOY¥d INIT-¥YE0D) §1900 61900 0560935V ¥©H09/1T
€ 69£2587°0 710000 urejod Ajwreyiadns pjoj-uuewssoy uipuig-(d)avyN 01825951V 0182535 1eT0EE8YT
€ 66892670 90-3€9°C V¢ u1a3o1d ay1|-ase30npal d3eoudlpoihydoxo-z T aAizeind 0208TOTLY /// 066L1DTLY 066/13T3V 187668557
€ 7967670 0 (7 IYOINIYAS 'd 0L LNVLSISTY) ¥SdY ¥Sdy 05267363V Y6687
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

z §68.797°0 (INIT-40LdIOY T-NIMNITUILNI/TIOL) HIL diL 0S67/8TW S H/ETIT
(2 9010INOH ISYNIM
14 9/58992°0 90-381°S NI3LO¥d QILYAILOY-NIDOLIN VNVITYHL SISdOAIFYEY) THAINLY IdINLY 08565313V 1879/029¢2
z v752892°0 0 u1930.d 80UB}SISaI aSEaSIP SSEIO SAN-YIL 0TZr09ELY 0TZr03€3 187/£685
[4 9€9%SL7°0 90-301°C urajold Ajiwey (yy17) ¥eadal yol-auldN3| 065€EDTLY 065£€8T3Y 18789/
4 L119S22°0 90-30%°C uiao.d Bulure3uod-urewop (y |4v3d) utelod ayi|-esedijoydsoyd 0560297LY 0$60Z873V 1e7EEYS9T
z SZ0LLLT0 0 41ASLY 41ASLY 0££813¢W ®YELIST
z £165082°0 S0-3K0°T (2 IYONIYAS d OL INVLSISTH) ZSdY 7Sdd 06092313 187/66£57
4 €£v82187°0 0 ©33,g J1ungns £103en8a1 yg asereydsoyd uiajoud 0209Z9€LY 020923¢W 18778085
4 €108782°0 0 (T V139 NI710Yd DNIANIE d19) T99Y 199V 097¥ €3I 1®H07E5T
z 78114820 0 uiajoud [eapayjodAy 09/519Z1V 09/51823 1e76/7597
4 7L0v887°0 0 GT aseuly u1ajold ax1|-103dada1 yoL-auld}SAd STHYO 0£2€234IY 1 rIrse
4 9777670 0 uiajoud Suiurejuod-urewop Tdwag/xoyd/epndadesodiloo /49 067£9951Y 067€9351Y 1e768EL1T
4 TTLEV6TO0 0 (40S¥ND3¥d Z NI3LOYd AIYOHONY-IdD NIVINOT WSAT) ZWAT TINAT 071132 187785€97
z 955%62°0 0 aseuly ute301d-auiu0a.y3/aulas 1|-103dadal Yy anireInd 0LSL7DELY 0/S.¥8EW 1878/£75C
z £€78967°0 90-318°T Gy uteloud Ajiwey xniya 3 1IN 0SGEZDELY 056€Z3€1 17001857
z 818620 0 (9 NOILY¥QAHIA 0L ISNOJSTY ATHY3) 9aU3 9ay3 0£6808TV ¥ Y7997
z Z1€867°0  879868£00°0 (1 4a110dsueu] sesng apijoajony 18109) TISNOD T1SNOD 0$9€T8Z3V 1®772LE9T
z 5606620 0 ura301doaA|8 yau-autjosdAxospAy yuepunge sissusgofiquia aje| 0027591V 002753€V 1876/8157
4 296620 0 740M 240 01959813 187689197
14 90,6620 0 uajoud [eajayjodAy 09590961V 09590363V 18776905¢
4 6292000 £0-318'T ¥MdO #MdO 04560373V 1e76£0557
14 918120€0 £0-3€V°E uiajoud [eayayjodAy 0vyyL9TLY OrbyL3TIY 187112092
meMwﬁ_ 20 o4 :c_un_homwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuijuo)) "zs a|qeL

©
<
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

1 €66.667°0 0 0877951V 0£87¥35V 1e762061C
1 8v0210€°0 0 (£ ®1|-dsBUIY PBIRIIOSSE |[EM) L THYM LIIVM 06091813V 1879€8197
I 918120€0 0 utajoud Ajiwey aseury uiajold yeadas yoLI-suraNa) 088209€1Y 088203¢1Y 187919857
T €19/60€0 0 utajoud Ajiwey aseunst utajoud uioa| snoof-g 0L£T9DTLY 0LET93TWY 1796/192
1 L18VSTE0 0 paje|ai-19310dsuel} as03oe[e3-daN zaln 0T0£Z3vW 17I62YSC
1 716991€°0 0 0LAYM 0LAYYM 0079533 187G0L1ST
1 9625€€°0 0 (2 31910NANI QIOV D1130V-€-3TOANI) ZYVI ALl 0£0£Z3€W 18799//5¢C
1 9625€€°0 0 T ZXYIN 40 40SSTdddNS utaioud 0TLLS9SLY 0TLL535W 1©1/811T
z LS91€220 £0-381°€ (T ISYNIY ¥0LdIOFY YNVITVHL V) THYV ™YY 06,5981V 1®7S797679¢C
z L€76620°0 721561000 urajod Ajiurey sajsuesy joysouljAprieydsoyd ayi|-dy 109 0€LLy951Y 0LL¥363Y 1®©769/81T
z 6T5L0€7°0 0 (2 ISYNIM ISYNIM dYIN YNYITYHL SISdOQIFYHY) ZNINLY DININLY 01867873 1e799€6T
4 902L9€7°0 60-362°T (aseuny ur3oa) 103dadal) ¥ 1y 1Y 0T/LE873 17691/97
z 60867120 90-3L6'C (0z utezoud 8117 103d808Y) 07d 1YV 07d T 0rrS§z3TwY 187659597
z 16225520 0 (T IN3D @31V 134-SISINIDOHLYd) THd TYd 0191873 18768£997
4 66175520 90-3L0°€ t 103eAi30® Uol3d1IOs e} BUIpUIg-Ul|NpOWeD 0TEL9DTLY 0TEL93TIV 187666197
4 9189092°0 0 0914237 187E66597
4 9189092°0 0 t 9seupy| u1a3oid ay1|-103deda1 you-aulRlsko [2 L] 0985131V 1876Y525C
(GISYNIDAXO-S
4 GET0T9Z0 L0376 31Y1ONISOONT9 ISYNIDAXOONOW-NIAY14) §XO-S9 OIN4 GX0-S9 04 0YTZI8TY 187£6609¢
4 €9VETIT0 §0-30L°€ (z LINNgNS 3ISYNID0YAAHIA ILYULIDOSI) ZHAI ZHaI 01132 187£85€97
4 L9¥L192°0 €070000 (GOTZ 3ISYY3I4SNYYLTASOONTD-dAN) SOTLLON §o1£190 072L03T3Y 187850967
z G669€920 0 urajoud [eayayodAy 00670921V 00670323 1e7TE9€97
z STIEYIZ0 90-3€0L utajoud Suiurejuod-jeadas unkyue 08.v09TLY 08/708T3V 1©79/1197
EEIRE]] 20 fol:] uonduasag |JoquiAs auan Jayuap| aleqoud

(panuijuoy) "zs ajqeL



Chapter3

1 100S+€2°0 0 uiajoud [eanayjodAy 0587951V 0$8£78GV 18790861C
I 85L79¥2°0 0 (7 NI7L0¥d NYLOYTVOONIGY YY) 2dDY 7d9y (Az44: 1AV 17600797
I 6989720 0 avy avo 0£€L135W 187060057
I £50£062°0 0 TYSHLY 13SH 009.£363Y 1e718561C
T 6€€L05SC°0 0 ura304d 1033|1084 Jofew uiajoid Jojeyjoey Jofew  0£90SHSLY /// 0250SDSLY 0£90586V  187ST1Z58YT
1 ¥279852°0 0 aseJawos| sueul-sio |Ajoid-Apindad 0L0LT9¥1Y 0L0L18t3V 18799757
1 §§22€97°0 0 Sdvy Sdyy 0081V ®0VLGhT
I £189597°0 0 urajoud [ear3ay3odAy 002€Z9ELY 00Z€Z3¢W ®©GHG/5T
1 686.7L7°0 0 uajoud [eanayjodAy 0£06TOELY 0£0613¢3Y 187168957
1 €62v9LT0 0 (ST NOILYYQAHIA OL IAISNOASIH ATHYI) STAUT S1a¥d 0EYTH8ZIV 1®H01L97
1 €165082°0 0 (T INNYOdSAXO WNIYYSNS OL JONVLSISIY) TO4Y 1044 0£96/313 17201192
I 18990820 0 (zq uezoad Ajnwrey 0£0X3 Hunqns 1s£20x9) 7A0LOXILY 2A0L0X3LY 0607531V 176H1E9T
I vL22E8T70 0 u19301d SulureIU0D-UBWOP JAD PUE ZNAIN/EIMS 183Uy OHd 06081971V 06081323V 187018597
T £6T9€82°0 0 (T OTTINYYdINIL) TWAL TIN3L 0956231V 17Zr/66T
1 [AAAA%TA] 0 uiajoud [eayayodAy 0EYSEDTLY 0£7SE8TIV 1e7€0T09Z
T TTTLY8T0 0 LZTND u13oad Sutpuig-wniojed saneind 0TZ819TLY 0TZ818TIV 17621952
1 £969£67°0 0 (42 ISYNIX NIFLOYd) 2odY 4idv 00820823V 1©798Y/97
1 71519670 0 uajoid a9ue)S|Sal 9seas|p SSEO YYT-SAN-UIL  0679¥DSLY /// 0929¥DS1V 0679¥8G)  ¥07ST1688%T
1 L9v/867°0 0 (€ 3SY3104d O14103dS-NILINDIAN YNYITYHL SISI0AIgv¥Y) EdanLy edanLy 0166373V 1877€875¢
I L9¥/867°0 0 uajoud [eajayjodAy 02915951V 0291636 1eGTY8YL
1 7816670 0 (3SYNIM 3LV TANYND) ZHDY 9Y 0§6/53¢1 17ERITST
I 6776670 0 (T'T 401d303Y ALYINYLNTD) T'TYT1HD 1419 011703 187995867
ww‘_mwﬁ_ 20 o4 :c_un_humwo _OQE>m auay BEITRIVE]o]) dl8qoid

(panuiuop) "gsajqer X



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

*A}1[B13UBD SSBUBSOD 1)) A}I[BIIUSD SSaUUBaMIA( :Dg "(S9a188p) SUOITOBULOD JO JaqUINU J1ay3} 03 SUIPI0DO. PAIaPIO SBUSL)

1 95/6981°0 0 (v aseyelphyap syeuadoue) y1ay vLay 07LyY8EW 18726925¢
I 6756£02°0 0 (¢ awiAzuad o1jew-dayN) ZAN-dAYNLY ZAN-daYNLY 091135 1e76EE0ST
1 €£6£607°0 0  oseunj utajoid ayji|-103dadas anjeInd aseury uiajold axi-103dadai aaend  0006EDSLY /// 0668EDS1Y 0668€3G3V  1e7S 08v6KT
I L9TYSTT0 0  esesgysuenAyraw suouinbeuaw|Ayrawiq/yvesy J03qiyul 3 aseajonuogu 0£L209€1Y 0££203€3 1H19857
T L6TSL1T0 0 0Zrr asejfyawap yH 080€9951V 080£9351Y R4 74
1 1£56612°0 0 uiajoud Ajiwey ssesajsues) sedns-oydsoydip-apiioajonp 07877951V 0787351 18712067
1 76959220 0 T UOITESUBPUOD BLUOSOLIOIYD JO J0JE|N3al 0EFSTIELY 0£YST3EW 187 T0785¢
1 €1£0£220 0 uiajo.d axi-ase3onpau suouidody 0vE679Z1Y 0vE6Z37I 187697997
1 96€£5872°0 0 (£ NOILYYQAH3A 0L IAISNOJSIY-ATYV3) £a¥3 LQ¥3 0v8L1873Y 1e7/8/%9C
I ZEVLIET0 0 (z300y a3eydsoyd mo1) ZHd 24d1 0v0T/3T3Y 18776165
I 9165€ET0 0 uaj01d a9Ue)S|Sal 9SEASIP SSBIO YYT-SAN-UIL 0160%951Y 01601853y 1.702E67Z
(@3onani
I GTT6EET0 0 -TOLINNYIN d31VIO0SSY-INVHEININ YNVITYHL SISd0aIgvyy) INVINLY INVINLY 0TT¥535I LIS 2374
99138 20 fo):] uonduasag |oquiAs auan Jayuap| aleqoud

(panuijuo)) "zs ajqeL

149



Chapter3

60-380'6
60-3€T'T
¢0-30¢'T
¢0-35¢°T
€0-350'6
¢0-399¢
¢0-IvLe
¢0-39¢Y
20-36€°€
€0-368°¢
¢0-39T°T
¢0-306°€
¢0-385°¢€
¢0-3£9°€
¢0-3vCT
¢0-36C°T
€0-3£5°C
20-399C
dad

11-35T°6
¢1-319°8
70-376°9
70-376'9
¥0-396%
€0-38%C
€0-38%C
€0-328'Y
£0-3¢¢¢
v0-3LET
70-366'9
€0-388°¢
€0-388°¢
€0-388°¢
¥0-3L¥'8
70-3L¥'8
€0-3€T°C
€0-3€T°C
anjea-d

¥8'1T
68T
Lz
e
LLT
6C
6C
LT€
LSV
A
€e'g
1€1
1€1
1€1
8T°CT
81°¢T
vy91
vy9T
JuaWydLIUd p|o4

66'69
7€9L
ST°0T
ST°0T
LLS
8¢
8¢
St't
€1
[4A!
€1
650
660
650
€e0
€e’0
810
810
pajoadxa

621
i
€
€
9T
11
11

HE OO O T T TN OO ©

8161
¢60¢
8L¢
8L¢
8GT
701
701
L9
9€
Ly
9€
ST
ST
ST
6

6
S
S
#

(9885000:09) suesquaw ewse|d
(y761.£00:09) Asayduad |50

(0T¥T£00:09) 8j91san lwse|dolfa
(80££600:09) 8|21saA Je|n||jade.ul
(89£5000:09) swosopua

(9052100:09) sueJquiaW 3|2IsaA
(6590£00:09) dueIqIBW 3[21SAA Olwise|d0lAd
(€206600:09) X2|dw0d 3uLiay1a) 3jisan
(0££5000:09) dwosopua aje|

(8000700:09) dUBJIqUIBW BLIOSOPUD
($770000:09) 3sK20x0

(8/7/600:0D) 4oAe|1q dauBIqWIAW JO Ja}fe3)|
(2658600:0D) BuBIqUBW JO BPIS
(2968600:0D) duBIqWBW J0 BPIS Olwse|do3Ad
(€180000:09) Xa|dwod | 14053

(8686000:09) aueiquaw ewse|d jo apis olwse|do3fa
(£686100:0D) dueiquaw ewse|d jo Jusuodwod disuLIIxa

(#£21£00:0b) sueiquaw ewse|d jo apis 9iwse|do3Ad Jo Juauodwod djsulIXe

juauodwiod 1e|njja) wiis-09 YIHLNYd

Yiom3au ayj u|

(99uaJayal) sisdopigpiy

‘Juauoduwod Jejn||@d Ag ‘y1omiau ay3 4O SISA|eUE WI|S-05) *€S d|qeL

0

n



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

¢0-300'T
€0-360'G
¢0-307'Y
¥0-3€6'L
70-386°C
€0-366'T
€0-390C
€0-3€T'C
70-376°S
¢0-310°C
70-308°C
70-310'%
¥0-35¢Y
¥0-319Y
70-398'6
€0-320°T
€0-390'T
G0-38%'9
€0-3¢¢°S
20-36S't
da4

€0-38€°¢C
E[U=VAAN
90-366°¢
G0-3€TY
G0-3ETY
G0-3ETY
90-3G€'8
¥0-390'8
90-3€8Y
90-3€8Y
90-3€8Y
90-3€8Y
G0-38L'T
G0-38L'T
G0-38L'T
£0-3£0°9
¥0-3vS°T
€0-326°C

anjea-d

6'S
1L
€v'8

JuaWYdLIUa pjo4

66°0

Y0

pajoadxa

[4)
4
4}
€1

9T
9T
11
11
11
€1

€1
€1
€1
€1
11
11
11
vi

H*

19
19
19
[4A
LE
89
89
89
89
s
s
S
99
x4
€1
#

(9069000:09) uoisnj ajdisan

(6028100:0D) uoiyesyipow aupas-|Apradad
(S018100:09) uoire|f1oydsoyd sunias-|Apridad
(7828%00:09) uoisny ajjauesio

(£6T9100:09) Modsuel} [ewosopua

(5096000:09) SN|nws [euId}xa 03 asuodsal
(2669000:09) 8suodsa. asuajep

(£069v00:09) uonaioes

(z5€0110:09) 1190 wo 1i0dxa

(0v62€00:09) 1199 Aq uona109s

(6TF¥¥00:0D) SwsiueS10 UsdMIa] UOIIOBIBIUI S8108dSIBIUI U PAA|OAUl SS8D01d [BD1S0]0Iq
(991£000:09) Aemyyed Suijeusis 103daoas aoepns |99
(Z758600:09) Wsiues10 1ay30 03 asuodsal asuajap
(£096000:09) sn|nwi3s d1301q 03 asuodsal
(£0£1500:09) wsiued.io Jay3o 03 asuodsal
(£0ZEY00:0D) SnNwI3S 213014 [BUIAIXA 03 dsuodsal
(£889000:09) sis01o0xa

(6200%710:09) ssa204d 013K20xd

(0056600:09) duelqudaW BwsE|d 03 LOISNY B|OISAA
(£££9%00:0D) uoiye|fioydsoydoine uiajoid
(5861£00:09) Aemyied 3uinios Apoq sejnoisaniynuw
(z££51700:0D) uoieaojsuely pidijoydsoyd

§59004d [€9130]0!g WIIS-09 YIHLNVd

ylomjau ay3uj

(43Y) eueljeyy sisdopiqoay

'ssa20.d [eo130]01q Aq ‘10MmIaU BY1] JO SISA|BUE WI[S-0D) “pS d|qeL

151



Chapter 3

€0-3v6°€
€0-350'
€0-39L°9
€0-388°€
G0-3¢r'y
¥0-3v0L
¢0-38LC
¢0-3£0°T
¥0-31L9
¢0-3£6°¢
70-39€'y
£0-39°€
€0-3v9¢C
L0-3TVY
£0-399°€
¢0-399°T
¢0-38¢°T

G0-3IvL'6
G0-3vL'6
¥0-3€LT
¥0-3v0'T
£0-398°¢€
G0-380°'T
€0-3LT'T
¥0-31L°€
90-3/8'6
€0-3v0'C
90-3€8'G
60-319°T
G0-378°G
60-39€°C
60-3TL°T
70-3€¥°9
70-3€9Y

891
891
9T
6.1
61T

€6'T
L6'T
9zt
9¢'C
9¢'C
§5°C
6LC
6LC
(404
68'C
9t
6€°¢

9/'8¢
9/'8¢
v1'0€
9'6¢
L0°0V
G0'6¢
eCyl
90T
434}
61L
§6°et
[44A:
[AYA
1€91
€191
69°€
423

§9
§9
€5
€5
9L
9
8¢
SC
G¢
JAS
[43
14
1C
9v
9v
45
4%

2901
2901
98
118
8601
96/
06€
€0€
90¥
L61
1443
[444
90¢
LvY
[4%4%
10T
L6

(1129€00:09) ss9004d UOIRIYIPOW UIaJ0Id
(79%9000:09) $s220.d UoIEIYIPOW UIRI0Id JE|N||3D
(£6£9000:0D) ssa00.d d1joqejaw snioydsoyd
(96£9000:09) ssa204d o1j0qejaw punodwiod 3uiurejuod-aeydsoyd
(9680500:09) sn|nwis 03 asuodsas

(9T£1500:09) sn|nwi3s 03 asuodsai 1e|n||a9
(2619700:09) Modsues} pajelpaw-a|oIsan
(¥Z01900:09) uoreziuesIo duEIqWAW
(01€9100:09) uone|fioydsoyd

(0509100:08) uone

(89%79000:09) uone|fioydsoyd uiajoid
meﬂmoooog uoljedlunwwo? [|3d

(9555£00:0D) UoIONPSUEI} [eUSIS Je|n|[@orIIUl
(250€200:0D) Buljeusis

(591/£000:0D) uononpsuesy [eudis

©310 9]01SaA

(p£10600:08) UOISNy BUBIGIBW B[jaUESI0

y}domiau ayi uj

(43Y) eueljeyy sisdopigniy

(panunuo)) *ps a|qeL

o
n
—



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

OYOIOYOYHOYYYOIVYYDOILDLO01D ¢10S N4 EDTXIS
OYVYOOL1VIOYOVYIOLYOVYYYYYOYDOLYOIed 0919£088094|03 T10S M47€97XIS
911919v301339V10919119V1IOL 010S N4 Z9IXIS
0001111319VVVVYOLLIO1YYIDL0DD1YI9Ed 01160131094|08 60S M4 Z9XIS
01VJ9110VVHOVVIVOLOOY ¥50S AYTOIXIS
99H10YYHHI09I191Yo98d 09106082024|08 €908 M47T9XIS
OY9H1111331¥9HH1I99119V ¢€0S Ay gINOAIS
0010913911YYYHHO1yI9ed 07889089024|0S 1€0S M474INOAIS
V991011131¥191099119VVVI ¥€0S Ny YINOEIS
91010910911VVVYHID1YI9Ed 00z8113£09408 €€0S M{"VINOGIS
aouanbas al auad laqunu-10S aweu

‘pasn siawild *9S ajqeL
¥0-3¢0°L G0-39L7T 891 9Ly 08 GOET (9600770:09) utejoud e uo Suryoe ‘Ayanoe onkjeres
0-368°'T 90-36C1Y v0'C ATATA 9 169 ANmmwﬁooowv sdnoid wc_:_mu:oo.w:‘_c_._amosa m:_‘_‘_wmw:m‘_u.\ﬁ;_uom aselsjsuel}
90-30C°6 £0-39Y'T e 6761 Ly vEeS (£££9100:09) J01dad2e se dnosd joyodje AyAjoe asessjsuesjoydsoyd
90-36TV 80-398'¢ Sv'e 78°0¢ 19 148 (10£9100:09) AuAioe aseuny
G0-389°9 90-36€'T 1L 6LT1 A% (A% (7£9%000:09) AnA130e BSBUIY BUIL0BIY}/BULBS UIB30Ld
90-3v6°¢ 80-36L'T €L'C €L6T ey 1€V (2£9v000:09) AAnoe aseupy uigjold
€0-39L°¢ ¥0-31T'T LEY (AN 11 69 (6055000:09) Butpuiq uo wnio[ed
90-306'8 £0-329'T L SLT €1 8¥ (9755000:09) 8utpuiq ulnpow|es
a4 ws_m>.ﬁ_ juawiydliua pjo4 _uwuown_xw # # uorjoun4 Jejnds|ojy wisS-09 YIHINYd

yiom3au ayy uj

(43¥) eueifeyy sisdopigoay

'uoI30UNy JB|NDBJ0W AQ ‘3J0MIBU BY3 4O SISA|BUE WI|S-0L) *GS d|qel

153



Chapter3

HOL199HYHOVYYIOLIOLLD 60 N7 TXGNSBIA
01199YHHYYIOLHHL1093e1035e50108e07e 6202086521049STOTUSGIN 80N AYTYDTIXANSBIA

910011 1Y1¥VV10910V1v9100e3e101eS)08 0£07089827049STOTUAGIN LOIN M47OTXAN s3I
01D1YVYYOVIYIDL0110010V V19951 1023e303831e00 100203009095 TOTUSGIN 9208 R CINE
HOOYYIOVLYLLIYIYODLOVLIODDL IYOVOLOLLIYYDeSEd) 900208702 104STOTUGIN 5208 M4"EYTXAN s3I
09VOVLIIYYOVIVLLIYYYDDID 12050822£0040STOTUSGIN LEOIN Ay GEZDTXGN SBIA
¥3100910YHI00YHYLOL €T0T03€8E04OSTOTUAGIN 9€0N M4qeZTXGN " SBIA
001YOY100YO19YHOVID10V)5e198551800 ¥20S AYTGZTXANSBIA
D1YHL19109VHYLOVYYOVYOVLLYYYDDDOESEI0) 1205087.E0049STOTURGIN €20S M4"GZOTXAN " SBIA
OL0YLYHLOLVOOLLYYOLLLOYYOYOOYLDDYI3e103351e00 (440 AYTEZOTXAN SBIA
09L19119¥0109910¥9HI0e8e10) €T0T03E8EY04OSTOTUAMIN 1208 M4"BZDTXAN SBIA
YOVY099IYLIVOVOVIYYDOLOY yYOIN AYTTOIXGNSBIA
9Y9192099LYVVLYLYLOL99YD erON M4TTOTXAN s3I
DHOVLHYHVYOYOYYHDLOYoSe1085e80105e038 90N AYTTOTXAN S3IA
91900991V YVLVLYL0199vOese10pesioe ¥105087/95049STOTUAQIN SOW M4TTYIXGNSBIA
0L0V0DDHYYYYVLLYOVYVDLYYY18e10800e3380 v 10 £700036£Z5TJ9STOTUSGIN 8£08 8INOgAN SBIA
OYVYOYOLYLLIOD1YYYOODOVESeINILYLLD 700903965T0J9STOTUGIN L£0S AINOEIN s3I
910YJL109I0110V1VYYD)18e10e00813301V1 10 £0020885£04OSTOTUSGIN 9€0s YINOZgN s3I
09LLYOLOL119YI00991e8e1011YL 1D T£02081299049STOTUAQIN 5€0S YINOZgN s3I
YOVYOYYDOLLODLOOVYVLIVYL yON AYTVdOIS
OL111991990191091y99ed 02219088094j0S €O M47TVd9IS
D0L0VLYL09LYYYOYYYYLLOOLY ZOIN N PDIXIS
090VLYO0DY9LOYDLY99ed 086.603£094|0S TON M4 ¥9IXIS

aouanbas n__m_._wm lsqunu-10S aweu

(panuiuo)) *9s ajqeL

<
n
-



The SOBIRT-complex from Arabidopsis to Nicotiana benthamiana

O19IYIILVILYILYDLDOVYY 1009085720395 TOTUSGIN 28108 AY"IHOYAN SBIA

HILOLIVYYOLDIVOIVDI 1000032926042STOTUSGIN 18108 M4"IHOGYAN"SBIA
OL1010VYOOLYDOVLLD11DD18810800e3380 V1 1D 9T00085E£0JOSTOTUSGIN 9508 AY"GHOZYAN s3I
HODIVYDLYIYIODYOVIDIODLLIYYDOVYLIOLDYe3eI001YLLD £107081852049STOTUSGIN 5508 M4"gHOFYAN s3I
D1OOLLIVIVYVLODLOVIYDLIIDDYYIOIVLIDYODYVHYID OW M4 eDTXBUBLISA0 YD TXGN S3IA
H1YYHIOYYDYVYOYYYDIYDODOYYIOOVLLDYIDYYOVID TOW M4 gDTXBUBLIBN0 TYJDAN SBIA
119¥2100D10¥HI0919VIL19101010Y1990D OPOWN M4 TOTXBUBYISNO ZDTXGN SBIA
H1OV109DLIVHYOLOLLIYYDHIOVYIOLLO101010VIDIID 6EON M4 THTXBUBLIBAO EDTXAN S3IA
9L10¥109911¥DYILILLIYYDOIIILLLYYIDLOLIOVIOL 8EON M4 ZDTXBUBLIBAO EDTXAN SBIA
OVYHYIOVOLYDLLLDIYOVOYYDYYYIOOLYLYL 1DYo3e108351800 2600089290495 TOTUBGIN 8208 A4 T8DYAN SBIn
019¥I9HHLIHYLIDLILIL1DIDEREI) LT02038LL70JSTOTUBGIN £208 M4 TEOYAN SBIA
VYVHLLD1001111911D101¥YD 870£0308£1049ST0TUAGIU 280N Y TYdDAN SBIA
BLYYHIOYYDYVVYOYYYOLYDY £000088209040STOTURCIN TEOW MA"TYdDANSBIA

aouanbas (o[ EIEE] Jaquinu-10S aweu

(panuiuo)) *9s ajqeL

155






CHAPTER

Implementation of TurbolD-based
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Chapter 4

ABSTRACT

Studies on the molecular mechanisms mediating the perception of pathogens by
cell-surface receptors, and the composition of the downstream signalling cascade
that is subsequently activated, often requires the detection of weak and transient
protein interactions with membrane-bound proteins. Frequently used methods for
unbiased detection of protein-protein interactions, such as yeast-based screenings
and affinity purification followed by mass spectrometry, have limitations that affect
their applicability for the study of the interactions of cytoplasmic signalling part-
ners with cell-surface receptors in plants. Recently, proximity-dependent biotinyla-
tion has emerged as an alternative technique to identify interactors based on their
physical proximity to a protein of interest. In this study, we implemented the use of
the biotin ligase TurbolD (TbID) for the dissection of the Cf-4/SOBIR1 cell-surface
receptor complex in Nicotiana benthamiana. We generated a series of constructs
encoding signalling-competent TbID-tagged fusion proteins, adapted a protocol for
proximity-dependent biotinylation in planta, and showed that TbID-tagged fusion
proteins can specifically biotinylate cell-surface receptor on the cytoplasmic or the
apoplastic side of the plasma membrane. These results show that proximity-de-
pendent labelling not only can be used for the dissection of receptor complexes
by mass spectrometry, but it could also allow for the identification of an unknown
cell-surface receptor of a particular effector in resistant plants.
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Implementation of TurbolD-based proximity labelling of cell-surface receptor complexes in N. benthamiana

INTRODUCTION

Asintroduced in Chapter 1, defence against pathogens is based on the perception
of danger signals and the subsequent activation of immune responses '7°. In plants,
the first layer of the immune system comprises a plethora of cell-surface receptors
at the plasma membrane (PM) °, These immune receptors perform their biological
function through the swift recruitment of additional signalling partners upon signal
perception, which are either cell-surface co-receptors or components that form
part of the downstream signalling cascade %. Hence, the elucidation of what kind
of protein-protein interactions occur upon pathogen perception and subsequent
initiation of downstream signalling, represents a key aspect of the studies on deci-
phering the molecular mechanisms that form the basis of the first line of the plant
immune response.

Frequently used methods for unbiased detection of interacting proteins in plants
include yeast two-hybrid (Y2H) and split-ubiquitin screens, as well as affinity puri-
fication of the protein of interest, followed by mass spectrometry (AP-MS) 313314,
These techniques all face significant drawbacks that limit their applicability. The Y2H
method is, for example, based on the ability of hybrid transcription factor domains to
associate with, and activate the expression of, reporter genes in the nucleus of yeast
cells. Hence, this technique requires the interaction partners to localize in the nucle-
us, which is a very different environment from that of immune receptor complexes
that are localised at the PM of plants. The split-ubiquitin yeast system represents an
alternative method that is more suitable for the identification of proteins interacting
with membrane-associated proteins 315316, This system is based on the co-expression
of two split fragments of ubiquitin, which is a highly conserved eukaryotic protein
involved in protein degradation 3'7. Once reconstituted, ubiquitin-specific proteas-
es cleave the ubiquitin from the reconstituted complex, allowing the release of a
reporter transcription factor. This approach has been successfully implemented to
identify interactions with membrane-associated proteins involved in plant immune
responses 24318321 However, as is for the case of Y2H, the split-ubiquitin system
involves the screening of a cDNA library in yeast cells, making these methods prone
to generate spurious interactions and false positives 314322, With the AP-MS method,
tagged-proteins of interest are expressed as baits. The tag is then used to isolate
the bait protein from the plant tissue by affinity purification, thereby recovering also
co-purifying, interacting proteins that can be identified by MS. This approach allows
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for the screening of protein-protein interactions in their native context inside the
cell. However, this method requires the interacting partners to remain bound to each
other during all steps of protein extraction, precipitation, washing and subsequent
isolation 313323, This is not always the case for membrane-associated proteins and
furthermore, their isolation requires the use of detergents to solubilize them, and
this can affect their folding and disrupt protein-protein interactions, causing the
loss of signalling partners 324326, Recent progress in chemical crosslinking, combined
with mass spectrometry, offers alternatives to preserve and detect weak or only
transient protein-protein interactions, providing additional information about the
sites of physical interaction. However, this strategy generally results in low levels of
detection, mainly because of the low efficiency of the crosslinking reagents 327528,

Recently, enzyme-catalysed proximity-dependent labelling (PL) has emerged as
an alternative tool to study the composition of protein complexes. PL techniques
involve the conversion of an inert substrate, most often biotin, into a short-lived re-
active species that is covalently bound to proteins that are in the vicinity of the bait
protein, which in the case of the use of biotin, is fused to a biotin-ligase that performs
the labelling. This method allows to perform labelling in living cells and bypasses
the necessity to maintain the integrity of the interactions during the processing of
the sample 32°. The strength of the biotin-streptavidin interaction allows for the pu-
rification of the biotinylated proteins using streptavidin-coated beads. The coupling
of this method with an MS analysis of the isolated proteins (PL-MS), is emerging as
avery appropriate technique for identifying in vivo protein-protein interactions and
determining the composition of large protein complexes 32°-%1, There are two major
classes of enzymes that have been adapted for PL-MS: peroxidases and biotin ligases
269, The peroxidases require activation with H,O, to oxidize phenol derivatives, such
as biotin-phenol, to phenoxyl radicals. These reactive radicals can then covalently
react with electron-rich amino acids, like tyrosine, resulting in proximity-dependent
labelling of the proteins that surround the bait protein to which the peroxidase is
fused. However, the cellular toxicity of H,0,and the poor membrane permeability of
the biotin-phenol derivative, prevents its application in plant tissues. In contrast, the
biotin ligases adapted for PL only require the addition of biotin, which is an endog-
enous compound that is membrane-permeable and non-toxic 3%°. The best charac-
terized biotin ligase, and also the origin of several novel enzymes adapted for PL, is
the BIFUNCTIONAL LIGASE/REPRESSOR A (BirA) enzyme. This 35 KDa DNA-binding
biotin ligase from the bacterium Escherichia coli catalyses the transfer of biotin to
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a specific acceptor peptide sequence of acetyl-CoA carboxylase and also functions
as a repressor of the biotin biosynthetic operon 332, The biotin ligation reaction that
is catalysed by BirA is a two-step process. First, biotin is fused to ATP, resulting in a
reactive biotinyl-5-AMP (bioAMP) molecule. Then, this bioAMP is bound within the
BirA active site and transferred to a specific lysine residue in the biotin acceptor
domain of acetyl-CoA carboxylase 3%2. The characterization of mutants, like BirA
R118G (called BirA*), that prematurely releases the reactive bioAMP and is defective
in DNA binding 333334 opened the door for the application of BirA* as a tool for PL-MS
335336, |n the presence of biotin and ATP, the expression of BirA* fused to a protein of
interest results in the generation of a cloud of reactive and labile bioAMP molecules
around the enzyme. Within this cloud, which is estimated to have a radius of 10nm
337 the bioAMP reacts with lysine residues in proximal proteins, resulting in their
covalent biotinylation. The search for even better promiscuous biotin ligases led to
the development of several alternatives to BirA* 32°. Among these alternatives, one of
the most promising enzymes, TurbolD (TbID), was engineered from BirA*, using yeast
display-based directed evolution 33, The TbID enzyme produces, in animal cells, as
much biotinylated product within 10 min as BirA* gives in 18 hours of treatment with
biotin, thereby generating a biotinylation cloud with an estimated radius of at least
35nm 33, Since its development in 2018, TbID has been successfully used for PL-MS
in various systems, including animals and plants 331.338340-342 P|_techniques cannot
discriminate between whether there is actually a physical, and thereby probably a
functional, interaction between the bait and prey proteins, or whether they are just
in close proximity. Instead, PL provides a qualitative metric of the proximity between
them. Beside this limitation, PL is a very useful approach for studying low-affinity
and transient protein-protein interactions, as well as for the identification of the
composition of protein complexes present at the PM 269329330,

As mentioned in Chapter 1, plant cell-surface receptors mediating immune respons-
es upon pathogen detection can be categorised as receptor-like kinases (RLKs) and
receptor-like proteins (RLPs). RLKs are single-pass transmembrane proteins with
an extracellular domain for danger perception and a cytoplasmic kinase domain
for the initiation of downstream signalling. RLPs mediating immune responses lack
any intracellular signalling domain and form bi-molecular receptor-like kinases by
their constitutive interaction with the adaptor regulatory RLK SUPPRESSOR OF
BIR1-1 (SOBIR1) 851, The tomato Cf-4 protein is an example of such an RLP medi-
ating immune responses. This RLP mediates resistance against strains of the leaf
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mould fungus Cladosporium fulvum that secrete the effector protein Avr4, which
is a chitin-binding lectin that protects fungal cell walls against hydrolysis by plant
chitinases “°7°34%, The assumed direct interaction of Avr4 with the extracellular leu-
cine-rich repeat (LRR) domain of Cf-4 triggers the recruitment of the RLK BRI1-ASSO-
CIATED KINASE 1 (BAK1) 78, after which a subsequent series of transphosphorylation
events between the cytoplasmic kinase domains of SOBIR1 and BAK1 initiates an
immune signalling cascade 7. There is evidence suggesting that BAK1 recruitment is
negatively regulated by its interaction with the RLK BAK1-INTERACTING RECEPTOR
KINASE 1 (BIR1) %1%, However, not much more is known regarding the interaction
partners of RLP/SOBIR1 receptor complexes mediating immune responses in sola-
naceous plants. It is also still unclear whether the Avr4 protein binds directly to the
extracellular LRRs of Cf-4 or whether Avr4 recognition by Cf-4 requires additional
interaction partners. Furthermore, no immediate downstream signalling compo-
nents have been found to interact with the cytoplasmic kinase domain of SOBIR1 in
solanaceous plants. In this study, we have generated constructs encoding multiple
bait-TbID fusion proteins and have adapted a protocol to explore the cytoplasmic
interactors of RLP/SOBIR1 receptor complexes by proximity-dependent labelling.
We have generated TbID-tagged fusion proteins based on known components of the
complex, such as the RLP Cf-4 and the RLK SOBIR1, and a putative additional com-
ponent, which is the copine protein BONSAI 1 (BON1) %, We have also generated
fusion proteins to be used as negative controls, including the TbID-tagged B-glucuro-
nidase (GUS) protein and the small trans-membrane protein LOW TEMPERATURE-IN-
DUCED PROTEIN 6B (LTI6b) 3#. We have subsequently evaluated the capacity of
these bait-TbID fusion proteins to biotinylate their known interactors, aiming at
paving the way for the identification of potential novel interactors by PL-MS.

RESULTS

The various bait -YFP-TbID fusion proteins accumulate upon their transient
expression in Nicotiana benthamiana

To evaluate the use of TbID-based proximity-dependent labelling on dissecting the
composition of RLP/SOBIR1-containing complexes in N. benthamiana, with the over-
all aim to identify novel interactors present in such complexes, we inserted a series
of open reading frames (ORFs) into the gateway-compatible 35S-YFP-TbID vector
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341 These ORFs encode known, as well as putative components of the Cf-4/SOBIR1
complex, in addition to proteins to be used as negative controls.

We first set out to assess the accumulation of the various bait proteins fused to YFP-
TbID and their association with known interactors. For this purpose, C-terminally
GFP- and YFP-TbID-tagged NbSOBIR1 or -GUS were transiently co-expressed in N.
benthamiana with C-terminally Myc-tagged Cf-4 or -GUS. Two days after agroinfil-
tration, we extracted and immunoprecipitated the proteins using GFP-trap agarose
beads. The isolated proteins were then subjected to immunoblotting with either
anti-GFP or anti-Myc antibodies. The anti-GFP blot showed that the fusion proteins
NbSOBIR1-YFP-TbID and GUS-YFP-TbID properly accumulate in planta, both repre-
sented by bands corresponding to ~140KDa (red arrows, Figure 1A, upper panel).
When compared with their GFP-tagged versions, the absence of the ThID enzyme of
approximately ~37KDa in molecular weight was reflected by the faster migration of
the corresponding bands (blue arrows, Figure 1A, upper panel). Immunoblotting of
the isolated proteins with anti-Myc antibodies evidenced that the NbSOBIR1-YFP-
TbID fusion protein, like its GFP-tagged version, constitutively interacts with the Cf-
4-Myc fusion protein (black arrows, Figure 1A, second panel from above). However,
the anti-Myc antibodies also revealed strong signals from the GUS-Myc negative
control co-purifying with NbSOBIR1-GFP and NbSOBIR1-YFP-TbID (orange arrows,
Figure 1A, second panel from above), and from Cf-4-Myc co-purifying with GUS-GFP
and GUS-YFP-TbID (green arrows, Figure 1A, second panel from above). This shows
the need for further optimisation of the protocol, as GFP- and Myc-tagged GUS ac-
cumulate at high levels in the total protein extract (grey arrows, Figure 1A, third and
fourth panel from above). The intense band representing Cf-4-Myc co-purifying with
GUS-YFP-TbID, suggests a limitation for the use of this TbID-tagged fusion protein
as a negative control for further PL experiments.

We then evaluated the behaviour of SIBON1-YFP-TbID, which is a tagged version
of a putative component of RLP/SOBIR1 receptor complexes (Chapter 3), and YFP-
YFP-TbID, which is a fusion protein that we aimed to use as an alternative negative
control. For this purpose, C-terminally GFP- and YFP-TbID-tagged SIBON1 or-GUS,
as well as YFP-YFP-TbID, were transiently co-expressed in N. benthamiana with C-ter-
minally Myc-tagged SIBAK1 or -GUS. Again, two days after agroinfiltration, total
protein extracts from the agroinfiltrated leaves were subjected to immunoprecipi-
tation using GFP-trap agarose beads, and immunoblotting with anti-GFP antibodies
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revealed the accumulation of SIBON1-YFP-TbID and SIBON1-GFP as bands corre-
sponding to ~140KDa and ~100KDa, respectively (red and blue arrows, respectively,
Figure 1B, upper panel). The YFP-YFP-TbID fusion protein accumulated a high level
and was visible as a band at ~95KDa after the pull-down with GFP beads and in the
input (black arrows, Figure 1B, upper and third panel from above, respectively). How-
ever, after the pull-down, the main band was accompanied by a high number of ad-
ditional bands, suggesting aggregation and degradation of the YFP-YFP-TbID fusion
protein. Immunoblotting with anti-Myc antibodies failed to reveal proper evidence
for an interaction between SIBON1-GFP, or SIBON1-YFP-TbID, and SIBAK1-Myc. This
was likely because of the high accumulation level of GUS-Myc, as evidenced by the
strong bands at 110Kda in the immunoprecipitated samples and in the total pro-
tein extract (input) (grey arrows, Figure 1B, second and fourth panel from above).
Bands at ~110KDa indicating SIBAK1-Myc co-purifying with SIBON1-GFP and with
SIBON1-YFP-TbID, were only very faint in comparison with the bands corresponding
to the negative control, GUS-Myc. Therefore, to visualise the band corresponding to
SIBAK1-Myc, co-purifying with SIBON1-YFP-TbID, it was even necessary to expose
the blot for a longer time (orange arrows, Figure 1B, second panel from above).

Overall, these results show that the different bait-YFP-TbID fusion protein do suc-
cessfully accumulate upon their transient expression in N. benthamiana. However,
the high level of the background signals from the negative controls, suggesting that
the protein-protein interactions that we observe are not specific, prevents us from
coming to conclusions about a possible interference of the TbID enzyme with the
protein-protein interactions in which the bait proteins are anticipated to be involved.

The TbID element present in the various fusion proteins is enzymatically
active in N. benthamiana.

To evaluate whether the YFP-TbID-tagged bait proteins can be used as a tool to iden-
tify interacting candidates of the Cf-4/SOBIR1 receptor complex, it will be necessary
to first test whether the ThID element is capable to biotinylate known interactors
of the complex. The TbID enzyme produces a biotinylation cloud with a radius of at
least ~35nm 3%, Hence, besides the ability to self-biotinylate, the bait-YFP-TbID fusion
proteins are expected to biotinylate proteins that are present in their vicinity. We first
tested the biotinylation of Myc-tagged SIBAK1 by the NbSOBIR1-YFP-TbID fusion
protein. Although BAK1 is specifically recruited to the Cf-4/SISOBIR1 complex upon
Avrd perception 76102, BAK1 is expected to be in the proximity of our bait protein,
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SOBIR1, also in the pre-activation state. We anticipate this, as when transiently ex-
pressed in N. benthamiana, SISOBIR1 co-purifies with SIBAK1, independently of the
presence of Avr4 76, Therefore, we performed the biotinylation assays in a N. benth-
amiana line stably expressing the Cf-4 transgene (N. benthamiana:Cf-4), either in the
presence or absence of Avr4. For this, YFP-YFP-TbID, GUS-YFP-TbID, NbSOBIR1-GFP,
and NbSOBIR1-YFGP-TbID were all transiently expressed in N. benthamiana, to-
gether with SIBAK1-Myc. Two days after agroinfiltration, the leaves were infiltrated
with a biotin solution at a concentration of 200pM. Three hours after the infiltration
of biotin, the leaves were infiltrated again with either a solution containing Avr4
or MilliQ water (MQ) and harvested one hour later. Total protein extracts from the
harvested leaves were desalted to remove the free biotin, after which the extracts
were incubated with streptavidin-coated magnetic beads to capture the biotinylated
proteins, followed by immunoblotting of the captured proteins. When developing the
blot with anti-GFP antibodies, the YFP-YFP-TbID and GFP-YFP-TbID fusion proteins
were visible as bands at ~95KDa and 140KDa, respectively (indicated by the blue
and red arrows, respectively, in Figure 2A, upper panel). NbSOBIR1-YFP-TbID was
visible as a faint band that needed a longer exposure time to become clearly visible
(see the red and green rectangles in Figure 2A, upper panel). Together with the ab-
sence of NbSOBIR1-GFP on the blot, this result shows that the different YFP-TbID-
tagged bait proteins do self-biotinylate when expressed in N. benthamiana. When
developing the blot with anti-Myc antibodies, bands at ~110KDa, corresponding
with SIBAK1-Myc, revealed that all the YFP-TbID-tagged fusion proteins biotinylated
SIBAK1-Myc (indicated by an orange arrow, Figure 2A, second panel from above).
We detected biotinylation of SIBAK1-Myc by NbSOBIR1-YFP-TbID independently of
the presence of Avr4. However, the procedure was found to be not specific enough,
as SIBAK1-Myc was also biotinylated by the fusion proteins YFP-YFP-TbID and GUS-
YFP-TbID, which were included as negative controls.
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Figure 1. The various bait-YFP-TbID fusion proteins successfully accumulate in planta. The var-
ious bait-YFP-TbID proteins were agroinfiltrated together with Cf-4-Myc, GUS-Myc or BAK1-Myc in
leaves of N. benthamiana, with an OD=0.5 per construct. Two days after agroinfiltration, leaves
were harvested and subjected to a total protein extraction. The protein extracts were incubated
with GFP-trap beads and the immuno- precipitate was analysed by immunoblotting. The intensity
of the Rubisco band in the different input samples (Stain-free gel) shows equal loading. (A) Proper
accumulation of YFP-TbID-tagged NbSOBIR1 and GUS takes place. The red arrows in the upper
panel indicate the GUS-YFP-TbID and NbSOBIR1-YFP-TbID bands, whereas the blue arrows point to
the GFP-tagged versions of the bait proteins. The slower migration of the bands that are observed
upon loading of the corresponding YFP-TbID-tagged bait proteins indicates that these actually
represent the YFP-TbID-tagged versions. The black and green arrows in the second panel from
above point to Cf-4-Myc, whereas the orange arrows indicate GUS-Myc in the immunoprecipitated
samples. The detection of Cf-4-Myc co-purifying with GUS-YFP-TbID, and GUS-Myc co-purifying
with NbSOBIR1-GFP and with NbSOBIR1-YFP-ThID prevent us from drawing conclusions about the
specificity of the various interactions that we observe. In the third and fourth panel from above,
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the grey arrows indicate GFP- and Myc-tagged GUS, as present in the total protein extract (input),
respectively. (B) Proper accumulation of YFP-TbID-tagged SIBONT and YFP-YFP-TbID. The red
and blue arrows in the upper panel indicate SIBON1-YFP-TbID and SIBON1-GFP, respectively, and
the presence of these bands evidences the stability of the YFP-TbID-tagged fusion proteins. The
black arrow in this panel and in the third panel from above indicates YFP-YFP-TbID, whereas the
grey arrows in the second and fourth panel from above point to GUS-Myc. The orange arrows in
the second panel from above indicate SIBAK1-Myc co-purifying with GFP- and YFP-TbID-tagged
versions of SIBONT. The detection of GUS-Myc co-purifying with GPF- and YFP-TbID-tagged ver-
sions of SIBON1 also here prevents us from assessing the specificity of the various interactions
that we observe.

The TbID element present in the various fusion proteins is enzymatically
active in N. benthamiana.

To evaluate whether the YFP-TbID-tagged bait proteins can be used as a tool to iden-
tify interacting candidates of the Cf-4/SOBIR1 receptor complex, it will be necessary
to first test whether the TbID element is capable to biotinylate known interactors
of the complex. The TbID enzyme produces a biotinylation cloud with a radius of at
least ~35nm 33°, Hence, besides the ability to self-biotinylate, the bait-YFP-TbID fusion
proteins are expected to biotinylate proteins that are present in their vicinity. We first
tested the biotinylation of Myc-tagged SIBAK1 by the NbSOBIR1-YFP-TbID fusion
protein. Although BAK1 is specifically recruited to the Cf-4/SISOBIR1 complex upon
Avr4 perception 7612, BAK1 is expected to be in the proximity of our bait protein,
SOBIR1, also in the pre-activation state. We anticipate this, as when transiently ex-
pressed in N. benthamiana, SISOBIR1 co-purifies with SIBAK1, independently of the
presence of Avr4 78, Therefore, we performed the biotinylation assays in a N. benth-
amiana line stably expressing the Cf-4 transgene (N. benthamiana:Cf-4), either in the
presence or absence of Avr4. For this, YFP-YFP-TbID, GUS-YFP-TbID, NbSOBIR1-GFP,
and NbSOBIR1-YFGP-TbID were all transiently expressed in N. benthamiana, to-
gether with SIBAK1-Myc. Two days after agroinfiltration, the leaves were infiltrated
with a biotin solution at a concentration of 200uM. Three hours after the infiltration
of biotin, the leaves were infiltrated again with either a solution containing Avr4
or MilliQ water (MQ) and harvested one hour later. Total protein extracts from the
harvested leaves were desalted to remove the free biotin, after which the extracts
were incubated with streptavidin-coated magnetic beads to capture the biotinylated
proteins, followed by immunoblotting of the captured proteins. When developing the
blot with anti-GFP antibodies, the YFP-YFP-TbID and GFP-YFP-TbID fusion proteins
were visible as bands at ~95KDa and 140KDa, respectively (indicated by the blue
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and red arrows, respectively, in Figure 2A, upper panel). NbSOBIR1-YFP-TbID was
visible as a faint band that needed a longer exposure time to become clearly visible
(see the red and green rectangles in Figure 2A, upper panel). Together with the ab-
sence of NbSOBIR1-GFP on the blot, this result shows that the different YFP-TbID-
tagged bait proteins do self-biotinylate when expressed in N. benthamiana. When
developing the blot with anti-Myc antibodies, bands at ~110KDa, corresponding
with SIBAK1-Myc, revealed that all the YFP-TbID-tagged fusion proteins biotinylated
SIBAK1-Myc (indicated by an orange arrow, Figure 2A, second panel from above).
We detected biotinylation of SIBAK1-Myc by NbSOBIR1-YFP-TbID independently of
the presence of Avr4. However, the procedure was found to be not specific enough,
as SIBAK1-Myc was also biotinylated by the fusion proteins YFP-YFP-TbID and GUS-
YFP-TbID, which were included as negative controls.

In a second assay, we reduced the time between the infiltration of biotin and the
harvesting of the leaves from four hours to one hour and included tests in which
we did not infiltrate any biotin. This was all done to render the biotinylation process
more specific. We also decided not to infiltrate the Avr4 protein, and to reduce the
amount of the suspension of streptavidin-coated beads that we use to recover the
biotinylated proteins from the total protein extract by half (from 100puL to 50puL of
suspension per sample). Furthermore, we now also again included the tomato BON1
protein. Two days after agroinfiltration for transient expression of YFP-YFP-TbID,
GUS-YFP-TbID, NbSOBIR1-GFP, NbSOBIR1-YFP-TbID, SIBON1-GFP and SIBON1-YFP-
TbID, together with SIBAK1-Myc in N. benthamiana, we infiltrated a biotin solution
at 200pM and harvested the leaves after one hour. In addition, two samples include
agroinfiltration of GUS and NbSOBIR1, both tagged with YFP-TbID and co-expressed
with SIBAK1-Myc, but not treated afterwards with the biotin solution. Upon total
protein extraction plus removal of free biotin, again a streptavidin pull-down and
immunoblotting were performed. Developing of the blot with anti-GFP initially only
detected the bands corresponding to YFP-YFP-TbID and GUS-YFP-TbID (indicated
by blue and red arrows, respectively, Figure 2B, upper panel).
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Figure 2. Proximity-dependent labelling (PL) employing various YFP-TbhID-tagged bait proteins
in N. benthamiana. A series of YFP-TbID- and GFP-tagged fusion proteins were transiently ex-
pressed in leaves of N. benthamiana, together with SIBAK1-Myc. Agroinfiltrations were performed
atan OD,,,of 0.5 per fusion protein. (A) Evaluation of PL, including four hours of biotin treatment
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and infiltration with Avr4d protein where indicated. Two days after agroinfiltration, leaves were
infiltrated with a solution containing biotin at 200puM (pH=8, 10 mM MES). Three hours later, the
leaves were infiltrated with either a solution containing Avr4 (26 uM) or MQ, and harvested after
one hour. Total protein extracts from the agroinfiltrated leaves were desalted to remove the free
biotin, incubated with streptavidin-coated beads and analysed by immunoblotting. In the upper
panel, as well as in the third panel from above that represents the input, the blue and red arrows
indicate YFP-YFP-TbID and GUS-YFP-TbID, respectively, whereas the red and green rectangles
indicate the bands evidencing self-biotinylation of NbSOBIR1-YFP-TbID. In the second panel from
above, the orange arrow indicates the position of SIBAK1-Myc, which has been biotinylated by the
YFP-TbID-tagged fusion proteins, as it has been captured by the streptavidin-coated beads. (B)
Evaluation of PL, with and without one hour of biotin treatment. Two days after agroinfiltration,
leaves transiently expressing the various fusion proteins were infiltrated with a solution of biotin
at 200uM where indicated (pH=8, 10 mM MES), and the leaves were harvested one hour later,
after which protein accumulation and PL were analysed by immunoblotting. In the upper panel, as
well as in the third panel from above that represents the input, the blue and red arrows indicate
YFP-YFP-TbID and GUS-YFP-TbID, respectively, whereas the red and green rectangles indicate the
presence of faint bands that suggest self-biotinylation of NbSOBIR1-YFP-TbID, SIBON1-YFP-TbID
and GUS-YFP-TbID. The orange arrows in the second panel from above indicate the position of SI-
BAK1-Myc, which appears to have been biotinylated by the YFP-TbID-tagged versions of its known
interactors, NbSOBIR1 and SIBONT. The grey arrows in this panel indicate SIBAK1-Myc which
has been biotinylated by the negative control fusion proteins YFP-YFP-TbID and GUS-YFP-TbID.
(C) Evaluation of PL using YFP-TbID-tagged versions of the negative control membrane protein
LTI6b, and Cf-4. Two days after agroinfiltration, the leaves were infiltrated with a solution of biotin
at 200uM (pH=8, 10 mM MES), and harvested after one hour. Desalted total protein extracts of
the agroinfiltrated leaves were eitherincubated with GFP-trap beads or with streptavidin-coated
beads and analysed by immunoblotting. In the upper panel, the black arrows indicate the position
of GUS-YFP-TbID and YFP-YFP-TbID, whereas the red and the blue arrows indicate LTI6b-YFP-TbID
and LTI6b-GFP, respectively. The orange and grey arrows point to Cf-4-YFP-TbID and Cf-4-GFP, re-
spectively. The green arrows in the second panel from above evidence biotinylation of SIBAK1-Myc,
asin these treatments the protein is captured by a streptavidin pull-down.

Again, self-biotinylation of NbSOBIR1-YFP-TBID and SIBON1-YFP-TbID was detect-
ed as faint bands after a longer exposure time (see the red and green rectangles,
Figure 2B, upper panel), suggesting low levels of self-biotinylation. Developing of the
blot with anti-Myc antibodies revealed that SIBAK1-Myc was biotinylated by NbSO-
BIR1-YFP-TbID and by SIBON1-YFP-TbID (indicated with an orange arrow, Figure 2B,
second panel from above). The reduction of the time in between the infiltration of
the biotin solution and the harvest of the plant material for total protein extraction,
has successfully improved the specificity of the procedure, as among the treatments
in which biotin was infiltrated prior to harvesting the plant material, co-expression
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of SIBAK1-Myc with YFP-YFP-TbID or GUS-YFP-TbID only resulted in faint bands
(indicated by the grey arrows, Figure 2B, second panel from above). These bands
were very faint when compared with the bands resulting from the co-expression
of SIBAK1-Myc with NbSOBIR1-YFP-TbID or with SIBON1-YFP-TbID, indicating that
only in the latter case substantial biotinylation took place. Analysis of the samples
that originated from leaf material that was not supplemented with biotin revealed
that the different YFP-TbID-tagged bait proteins can sufficiently biotinylate proxi-
mal proteins by using only the endogenous biotin that is present in the leaves of N.
benthamiana. Not infiltrating any additional biotin resulted in a more specific bioti-
nylation process, as there was no band visible indicating biotinylation of SIBAK1-Myc
by GUS-YFP-TbID (Figure 2B, second panel from above).

We next tested our protocol with two additional YFP-TbID-tagged bait proteins. One
of the baits is based on LOW TEMPERATURE-INDUCED PROTEIN 6B (LTI6b), which
is a small transmembrane protein that is commonly used as a PM-localised nega-
tive control 331344347 and another one is based on the tomato RLP Cf-4 4070343 After
generating the expression constructs, we agroinfiltrated the constructs GUS-YFP-
TbID, YFP-YFP-TbID, LTI6b-YFP-TbID, LTi6b-GFP, Cf-4-YFP-TbID and Cf-4-GFP, all in
combination with SIBAK1-Myc, in N. benthamiana. Two days after agroinfiltration,
the leaves were infiltrated with a biotin solution at 200uM and harvested after one
hour. Total protein extracts from the infiltrated leaves were first desalted to remove
the free biotin, and then separated into two halves, of which one half was incubated
with GFP-trap beads (for a GFP pull-down) and the other half was incubated with
streptavidin-coated beads (for a streptavidin pull-down of the biotinylated proteins).
Immunoblotting with anti-GFP antibodies of the GFP pull-downs evidenced the ex-
pression of the GUS-YFP-TbID and YFP-YFP-TbID bait proteins (indicated by black
arrows, Figure 2C, upper panel), whereas the LTI6b-YFP-TbID fusion protein was
visible as a band corresponding to ~74Kda (indicated by a red arrow, Figure 2C, upper
panel), and LTI6b-GFP was visible as a lower band corresponding to ~34KDa (see
the blue arrow, Figure 2C, upper panel). The YFP-TbID- and GFP-tagged versions of
Cf-4 needed a longer exposure time to become visible and appeared as bands corre-
sponding to 190Kda (indicated by the orange arrow, Figure 2C, upper panel) and to
~150KDa (indicated by the grey arrow, Figure 2C, upper panel), respectively. These
results show that also YFP-TbID-tagged LTI6b and the Cf-4 fusion proteins properly
accumulate in leaves of N. benthamiana upon their transient expression. In order
to reveal a possible interaction of the various transiently expressed proteins with
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SIBAK1-Myc and its resulting biotinylation, the fractions of the total protein extracts
that were subjected to a streptavidin pull-down were analysed by immunoblotting
using anti-Myc antibodies. The result revealed that SIBAK1-Myc was biotinylated
by Cf-4-YFP-TbID, and also by the negative control LTI6b-YFP-TbID, albeit to a much
lower level (indicated by the green arrows in Figure 2C, second panel from above).
In this experiment, we did not detect biotinylation of SIBAK1-Myc by the negative
controls GUS-YFP-TbID and YFP-YFP-TbID. These results show that the YFP-TbID-
tagged bait proteins properly accumulate in N. benthamiana and in the case of Cf-4
specifically biotinylates proteins in its vicinity. The result also suggests that, even
in the absence of Avr4 perception by Cf-4, SIBAK1-Myc localises in the proximity of
Cf-4-YFP-TbID when transiently co-expressed in N. benthamiana.

All together, these results indicate that the various YFP-TbID-tagged fusion proteins
that we have generated can covalently attach biotin to other proteins that are pres-
ent in their vicinity. Also, the results confirm previous reports indicating that a long
labelling time after the infiltration of the biotin solution affects the specificity of the
biotinylation process 339341,

NbSOBIR1-YFP-TbID and Cf-4-YFP-TBID fusion proteins retain their biological
function, as they mediate the Avr4-triggered hypersensitive response (HR)
and reactive oxygen species (ROS) burst.

We then set out to investigate whether the NbSOBIR1-YFP-TbID and Cf-4-YFP-TbID
fusion proteins are still immune signalling-competent. We first evaluated the ca-
pacity of NbSOBIR1-YFP-TbID to complement N. benthamiana:Cf-4 sobirl(-like)
knock-out plants. This is a N. benthamiana line that stably expresses the Cf-4
transgene, and in which SOBIR1 and its close paralog SOBIR1-like were knocked
out by CRISPR/Cas technology 3. We transiently expressed NbSOBIR1-YFP-TbID
and NbSOBIR1-GFP by agroinfiltration, together with either Avr4 or Avr9, after which
the leaf tissue was visualised by red light imaging 2% at six days after agroinfiltration.
Clear evidence of a hypersensitive response (HR) was observed upon co-expression
of each of the fusion proteins together with Avr4, but not with Avr9 or upon the ex-
pression of Avr4 alone (Figure 3A). We also evaluated the capacity of these fusion
proteins to restore the Avr4d-triggered production of reactive oxygen species (ROS)
in the apoplast. This ROS burst is an early downstream response upon immune
activation that is not strictly coupled with the development of an HR (Chapter 3).
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Figure 3. YFP-TbID-tagged versions of NbSOBIR1 and Cf-4 are signalling competent. (A) NbSO-
BIR1-YFP-TbID and NbSOBIR1-GFP, together with Avrd and Avr9, were transiently expressed by
agroinfiltration in N. benthamiana:Cf-4 sobirl(-like) plants. The occurrence of an HR was eval-
uated at six days after agroinfiltration by red light imaging #°. An OD,, of 0.5 was employed for
the expression of both fusion proteins, and an OD,, of 0.1 was used for both Avr4 and Avr9.
(B) NbSOBIR1-YFP-TbID, NbSOBIR1-GFP and the negative control GUS-GFP were expressed by
agroinfiltration in N. benthamiana:Cf-4 sobirl(-like) plants, after which the Avr4-triggered ROS
was monitored two days later, by using a luminol-based assay in which Avr4 protein was added at a
concentration of 0.1uM (N=12). Error bars show the standard error. (C) Cf-4-YFP-TbID and Cf-4-GFP,
together with Avr4 and Avr9, were transiently expressed by agroinfiltration in N. benthamiana wild-
type (WT) plants. The occurrence of an HR was monitored by red light imaging 2°° at six days after
agroinfiltration. OD=0.5 for GFP- and YFP-TbID-tagged Cf-4, and OD,=0.1 for Avr4 and Avr9.
(D) Cf-4-YFP-TbID, Cf-4-GFP and the negative control GUS-GFP were expressed by agroinfiltration
in N. benthamiana WT at an OD, of 0.1. The Avr4-triggered ROS burst was monitored two days
later, by using a luminol-based assay in which Avr4 protein was added at a concentration of 0.1uM
(N=12). Error bars show the standard error.
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For this purpose, we transiently expressed NbSOBIR1-YFP-TbID, NbSOBIR1-GFP
and the GUS-GFP negative control in N. benthamiana:Cf-4 sobirl(-like) knock-out
plants and monitored the Avr4-triggered ROS burst two days after agroinfiltration,
using a luminol-based assay. While the expression of both NbSOBIR1 fusion proteins
restored the typical biphasic Avr4-triggered ROS burst, expression of GUS-GFP only
caused a basal generation of ROS, likely because of priming of the tissue due to
perception of the infiltrated Agrobacterium (Figure 3B).

We then evaluated the capacity of the Cf-4-YFP-TbID fusion protein to activate
immune responses upon recognition of Avr4. For this, we transiently expressed
Cf-4-GFP and Cf-4-YFP-TbID, together with either Avr4 or Avr9, in leaves of N. ben-
thamiana wild-type (WT) plants. We visualised the tissue by red light imaging 2%
at six days after agroinfiltration, and observed a clear HR when Cf-4-GFP and Cf-4-
YFP-ThID were expressed together with Avr4, but not when expressed with Avr9, or
when Avr4 was expressed alone (Figure 3C). As for NbSOBIR1, we also monitored
the capacity of the Cf-4 fusion proteins to trigger a ROS burst upon perception of
Avrd4. For this, we transiently expressed Cf-4-GFP, Cf-4-YFP-TbID and the negative
control GUS-GFP in N. benthamiana WT plants and monitored the capacity of the
leaves to generate an Avré-triggered ROS burst at two days after agroinfiltration.
Expression of both Cf-4-GFP and Cf-4-YFP-TbID, resulted in the production of the
typical biphasic Avr4-triggered ROS burst, while the expression of GUS-GFP again
resulted in a basal production of ROS, probably because of the perception of Agro-
bacterium (Figure 3D).

Altogether, these results show that the NbSOBIR1-YFP-TBID and Cf-4-YFP-ThID
fusion proteins are signalling-competent, in addition to being able to biotinylate
their signalling partners when transiently expressed in N. benthamiana.

Transient expression of secreted Avr4-YFP-ThbID results in biotinylation of Cf-
4-Myc in N. benthamiana.

We then evaluated whether proximity-dependent labelling can also be applied in
the apoplast of the leaves of N. benthamiana. For this purpose, we generated a YFP-
TbID-bait fusion protein containing the primary translation product of the Avr4 gene
of 135 amino acids. The resulting fusion protein contains the original fungal Avr4
signal peptide for extracellular targeting “°. To evaluate whether proper expression
and secretion of the Avr4 fusion protein in the apoplast of N. benthamiana leaves
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takes place, we isolated apoplastic fluid (AF) of the leaves at three days after agroin-
filtration of the Avr4-YFP-TbID construct. SDS-PAGE, followed by immunoblotting of
the proteins present in the AF with anti-TbID antibodies confirmed proper secretion
of the intact fusion protein into the apoplast, as a band at ~80KDa was present, indi-
cating the accumulation of Avr4-YFP-TbID (see red arrow, Figure 4A). The presence
of several bands representing faster migrating proteins that were also detected with
the anti-TbID antibodies, suggested that there is degradation of the fusion protein
taking place in the apoplast. These bands included one at ~70KDa, corresponding
with the mass of the -YFP-TbID fragment (indicated with a blue arrow, Figure 4A),
and another band at ~36KDa that corresponds with the predicted mass of the -TbID
element itself (see orange arrow, Figure 4A).

We also infiltrated this AF into N. benthamiana:Cf-4 and N. benthamiana wild-type
plants. Two days after infiltration, the N. benthamiana:Cf-4 plants showed symptoms
of chlorosis in the infiltrated areas, while the wild-type plants showed no response
to the AF (upper panel, Figure 4B). Red light imaging of the infiltrated leaves evi-
denced that the AF indeed triggers a cell death response in N. benthamiana:Cf-4,
but notin N. benthamiana wild-type plants (lower panel, Figure 4B). We then tested
whether biotinylation of Cf-4-Myc takes place by the Avr4-YFP-TbID fusion protein,
which would suggest that Cf-4 and Avr4 interact, either directly or indirectly. For
this purpose, we transiently expressed Avr4-YFP-TbID together with either Cf-4-Myc
or FLS2-Cf-9-Myc. FLS2-Cf-9-Myc is a chimeric protein resulting from fusing the
extracellular LRR domain of FLS2 to the transmembrane and cytoplasmic portion
of the RLP Cf-9. FLS2-Cf-9-Myc was used as a negative control for the specificity of
the biotinylation process, as this protein also accumulates in the PM and interacts
constitutively with SOBIR1 in N. benthamiana, but is not expected to interact with
Avrd-YFP-TbID %4, Two days after agroinfiltration, the leaves were infiltrated with a
solution containing 200puM of biotin and they were harvested one hour later. Total
protein extracts were desalted to remove the free biotin from the samples, subse-
quently incubated with streptavidin-coated beads, after which the precipitate was
analysed by immunoblotting. Development of the blot with anti-GFP antibodies
showed a band at ~80KDa, corresponding to the Avr4-YFP-TbID fusion protein which
was self-biotinylated. Development of blot with anti-Myc antibodies revealed that
Cf-4-Myc was biotinylated by Avr4-YFP-TbID as it had been captured by the strepta-
vidin-coated beads, whereas FLS2-Cf-9-Myc was not biotinylated by Avr4-YFP-TbID
as a band representing the FLS2-Cf-9-Myc fusion protein was not visible (Figure 4C).
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All together, these results suggest that Avr4 appears to have either direct or indirect
affinity for Cf-4, and not for FLS2, and that it is possible to specifically biotinylate
plant cell-surface receptors in the apoplast using TbID-tagged versions of the match-
ing secreted effector proteins.
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Figure 4. Proximity-dependent labelling (PL) of the cell-surface receptor Cf-4 by a YFP-ThID-
tagged version of its matching secreted effector protein, Avr4. (A) Immunoblot of apoplastic
fluid (AF) containing the Avr4-YFP-TbID fusion protein. Avr4-YFP-TbID was expressed by agroinfil-
tration in N. benthamiana, at an OD, of 2. Three days later, AF was isolated from the leaves, and
the proteins present in the AF were analysed by immunoblotting. The red arrow indicates the band
that corresponds to the full-length fusion protein Avr4-YFP-TbID. The blue and the orange arrows
indicate bands that correspond to the predicted migration of the -YFP-TbID and -TbID elements,
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respectively. The possible identity of the 45KDa band is not clear. (B) Elicitor activity of the AF
containing Avr4-YFP-TbID. The AF analysed in (A) was also infiltrated in N. benthamiana:Cf-4 and
in N. benthamiana wild-type plants, at six sites per leaf, after which the occurrence of an HR was
assessed at two days after infiltration. (C) PL of Cf-4-Myc by Avr4-YFP-TbID. Avr4-YFP-TbID was
transiently expressed together with either Cf-4-Myc or FLS2-Cf-4-Myc, in N. benthamiana, as

indicated. For Avr4-YFP-TbID, the OD,,, was 0.03, whereas for the other constructs an OD of 0.5

was used. At two days after agroinfiltration, the leaves were infiltrated with a solution containing
biotin at 200uM (pH=8, 10 MM MES), and they were harvested after one hour. Total protein extracts
were desalted, subsequently incubated with streptavidin-coated beads and the precipitate was

analysed by immunoblotting.

DISCUSSION

Proximity-dependent labelling techniques have emerged as powerful tools to study
protein-protein interactions. For our studies, these novel techniques overcome the
classical limitations of affinity purifications, facilitating the study of weak or transient
interactions of PM-associated proteins 269329330 |n this study, we have generated
several YFP-TbID-tagged fusion proteins and evaluated their potential application
in determining the overall composition of SOBIR1-containing cell-surface receptor
complexes. The different fusion proteins were capable of biotinylating their known
interactors at either the cytoplasmic side or the apoplastic side of the PM. On the
cytoplasmic side of the PM, co-expression of YFP-TbID-tagged versions of NbSO-
BIR1, Cf-4 and SIBON1 resulted in biotinylation of SIBAK1-Myc (Figures 2A-C). On
the apoplastic side of the PM, the co-expression of Avr4-YFP-TbID resulted in bioti-
nylation of its receptor Cf-4-Myc (Figures 4C). The detection of both the YFP-TbID-
and the GFP-tagged versions of the various bait proteins upon GFP pull-down, at
similar levels, suggests that fusion to the biotin ligase TurbolD does not significantly
affect the accumulation of the bait proteins. For example, the accumulation levels
of the YFP-TbID-tagged versions of NbSOBIR1, Cf-4 and LTI6b were not lower than
the accumulation levels of their GFP-tagged versions (Figures 1A and 2C). We ob-
served a lower accumulation level of GUS-YFP-TbID when compared to GUS-GFP,
and an even more pronounced reduction of the accumulation of SIBON1-YFP-TbID,
when compared to SIBON1-GFP. However, this lower accumulation level does not
affect the potential application of these fusion proteins for PL, as we were able
to show that SIBON1-YFP-TbID biotinylates one of its interacting proteins, which
is the RLK SIBAK1 (Figure 2). Previous reports on mammalian model systems de-
scribed significant levels of cellular toxicity when using the TurbolD enzyme 338339,
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This toxicity does not seem to be an issue for plant systems, as the various reports
on TurbolD-based PL in plants do not mention a toxic effect 331341342 |n our experi-
ments in N. benthamiana, we observed no evidence for possible cell death caused
by the expression of the various fusion proteins containing the promiscuous biotin
ligase TurbolD.

The results from the streptavidin pull-down assays showed that the protocol that
we have developed based on the method published by Kim and co-workers 34, is
suitable for PL in N. benthamiana (Figures 2 and 4). The reduction of the labelling
time upon biotin supplementation from four hours to only one hour, diminished the
non-specific biotinylation of SIBAK1 by the YFP-TbID-tagged negative controls GUS
and YFP. We also detected biotinylation of BAK1-Myc by NbSOBIR1-YFP-TbID, even
without biotin supplementation (Figure 2B), evidencing that the endogenous levels
of free biotin in N. benthamiana are already sufficient to support PL. Considering
the balance between the strong specific biotinylation signals of our target proteins
and the relatively low levels of background signals from the negative controls, we
retained the supplementation with 200uM of biotin, in combination with allowing
the labelling reaction to proceed over a period of one hour, as part of the protocol.

Immunoblot analysis with anti-GFP antibodies of the streptavidin pull-downs sug-
gested the occurrence of low levels of self-biotinylation of the GUS-YFP-TbID, NbSO-
BIR1-YFP-TbID and SIBON1-YFP-TbID fusion proteins (Figures 2A and B). However,
follow-up experiments resulted in inconsistent detection of the biotinylated YFP-
TbiD-tagged proteins with anti-GFP antibodies. This prevented us from drawing a
conclusion about the apparent limited self-biotinylation that was observed. For in-
stance, immunoblotting with anti-GFP antibodies failed to detect the accumulation
of Avr4-YFP-TbID in the AF obtained from agroinfiltrated leaves of N. benthamiana
plants (data not shown). Still, developing of the same blot using anti-TbID antibodies
revealed bands corresponding to the Avr4-YFP-TbID fusion protein, as well as to the
-YFP-TbID and -TbID fragments derived from this fusion protein (Figure 4A). Howev-
er, unlike what is the case for classical co-immunoprecipitations, our experiments
suggest that a low level of expression of the ThID-tagged baits is already sufficient
for detectable biotinylation levels of the interacting target proteins. This was for
example observed for the Cf-4-YFP-TbID fusion protein. SOBIR1 is required for the
accumulation of Cf-4 % and therefore agroinfiltration for expression of the fusion
proteins Cf-4-YFP-TbID and Cf-4-GFP, without co-expressing also SOBIR1, yielded
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only limited amounts of recombinant Cf-4 protein accumulation, as observed upon
GFP pull-down (Figure 2C). However, this low accumulation did not prevent the Cf-
4-YFP-TbID fusion protein from catalysing the biotinylation of detectable levels of
BAK1-Myc (Figure 4C). This result also shows that, when both fusion proteins are
over-expressed in N. benthamiana, SIBAK1 and Cf-4 localize in close-proximity to
each other, even in the absence of the Avr4 effector that is recognised by Cf-4 and
triggers specific recruitment of BAK1 to the Cf-4/SOBIR1 complex 6.

The addition of epitope tags can affect the biological function of RLKs. For instance,
C-terminally tagged versions of BAK1 are impaired in their capacity to mediate
immune responses 34%3%, This observation can limit the application of TbID-tagged
bait proteins for PL-MS. Fortunately, GFP-tagged versions of SOBIR1 are able to com-
plement the Avr4-triggered HR and ROS burst in SOBIR1(-like) knock-out lines of N.
benthamiana:Cf-4 . Furthermore, GFP-tagged Cf-4 induces the development of an
HR ¢ and the production of ROS upon Avr4 perception, when transiently expressed
in N. benthamiana (this thesis, Chapter 3). When evaluating the functionality of
the YFP-TbID-tagged versions of NbSOBIR1 and Cf-4, we observed that both fusion
proteins do mediate the development of an HR upon perception of Avr4 (Figure 3),
evidencing the signalling competence of these fusion proteins.

The promising results observed when performing PL of trans-membrane proteins
having TbID fused to their C-terminus, present at the inner, cytoplasmic, side of
the PM, prompted us to evaluate the use of TbID at the apoplastic side of the PM.
This would allow to study which proteins are actually involved in the recognition of
effectors in the apoplast, such as the protein Avr4. In addition to the identification of
possible host virulence targets of the apoplastic effectors of C. fulvum, this approach
might also facilitate the identification of unknown cell-surface receptors of partic-
ular TbID-tagged effectors present in plants resistant to the pathogen of interest.
We tested this option by focusing on the recognition of Avr4 by the LRR-RLP Cf-4.
The Avr4 gene of C. fulvum codes for a pre-pro-protein of 135 amino acids, including
an N-terminal signal peptide for extracellular targeting . Once secreted, the Avr4
pro-protein, comprising 117 amino acids, is processed at its N- and C-termini by
apoplastic proteases into the mature and stable Avr4 elicitor of 86 amino acids 3%
This N- and C-terminal processing implies that the expression of a full-length ver-
sion of Avr4, fused to a C-terminal YFP-TbID tag, might result in the accumulation
of an untagged Avr4 elicitor because of proteolytic processing. Indeed, immunoblot
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analysis of AF isolated from N. benthamiana transiently expressing a C-terminally
YFP-TbID-tagged fusion protein containing the primary 135 amino acid expression
product of the Avr4 gene revealed high levels of degradation of the fusion protein
(Figure 4A). However, besides an intense band at ~37KDa, corresponding to the
ThID element itself, the presence of additional higher bands on the immunoblot
suggests that there is still a small pool of YFP-TbID tagged Avr4 protein present.
Indeed, the band at ~80KDa (indicated by the red arrow in Figure 4A) corresponds to
the predicted mass of Avr4-YFP-TbID. This observation points to the accumulation of
at least some residual amount of the complete Avr4-YFP-TbID fusion protein in the
apoplast of N. benthamiana. Infiltration of this AF in leaves of N. benthamiana:Cf-4
induced an HR (Figure 4B). However, we cannot exclude that the observed HR orig-
inates from the untagged and mature form of the Avr4 protein that will accumulate
due to proteolytic degradation of the fusion protein, in addition to the induction of
an HR by the Avr4-YFP-TbID fusion protein. The observation that co-expression of
Avr4-YFP-TbID and Cf-4-Myc results in a specific biotinylation of the Cf-4 receptor,
suggests that either an (indirect) interaction between the receptor and the full-
length Avr4 fusion protein takes place (Figure 4C), or that the Cf-4 protein and Avr4
are at least in close vicinity. The possible recognition of Avr4, present as a fusion
protein, by the LRRs of Cf-4 might be responsible for keeping the TbID enzyme in
the proximity of the receptor.

A versatile method for the identification of an unknown host cell-surface receptor of
a particular secreted effector protein of a pathogen by PL-MS should work without
knowledge on possible apoplastic processing of the effector and, ideally, with no
need for expression of the TbID-fused effector protein from the host tissue itself. Our
results suggest that, at least when properly secreted by the host cells, even unstable
TbiD-tagged effector pro-proteins can biotinylate the corresponding receptor pos-
sibly already before being processed, and degraded, by proteases. This process may
be facilitated by the short delivery route of the fusion protein, as effector proteins
secreted by the host itself do not have to pass the cell wall to come into contact
with their matching cell-surface receptors, thereby reducing the possibility of degra-
dation of the fusion protein in the apoplast before biotinylation of the receptor can
occur. This option was for example proposed to explain why unstable isoforms of the
Avr4 effector from strains of C. fulvum that are virulent on Cf-4-containing tomato,
still elicit immune responses when expressed by Cf-4-tomato itself, but not when ex-
pressed by C. fulvum during colonisation of the leaf apoplast of Cf-4-tomato 3°%. The
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need for the expression of the TbID-tagged fusion protein from the host tissue itself
might be bypassed by the infiltration of AF taken from leaves of N. benthamiana
expressing the fused, secreted, effector protein. The accumulation of TbID-tagged
effector proteins in the AF of N. benthamiana could possibly be enhanced by the
infiltration of protease inhibitors such as phenylmethylsulfonyl fluoride (PMSF), or
by the transient co-expression of protease inhibitors, such as Extracellular protease
inhibitor 1 (Epil) from Phytophthora infestans 2. It has yet to be tested whether
it will be possible to obtain detectable levels of biotinylation of the Cf-4 receptor
after infiltration of AF isolated from N. benthamiana expressing secreted Avr4-YFP-
TbID. If successful, this would be a more convenient approach than for example the
heterologous production of the fusion protein in the bacterium Escherichia coli or
the yeast Pichia pastoris. Still, the major barriers for the binding of an unstable TbID-
tagged fusion protein by a cell-surface receptor, followed by its biotinylation, are the
proteases that are present in the apoplast 351353354, Another option to try to identify
matching cell-surface receptors of certain effectors by PL-MS in plant species that
are recalcitrant to transient expression by agroinfiltration, could be to perform the
PL in transfected protoplasts.

In this study, we implemented the use of the promiscuous biotin ligase TurbolD for
the determination of the overall composition of Cf-4/SOBIR1-containing immune
receptor complexes. The adapted protocol proved to be useful to selectively bi-
otinylate known components of the complex either at the cytoplasmic side or the
apoplastic side of the PM. We have now generated a validated series of ThID-fused
bait proteins that can be used to identify novel components of the Cf-4/SOBIR1
complex by PL-MS. Additionally, we present data suggesting that it is possible to use
PL-MS to identify an unknown cell-surface receptor of a particular secreted effector
of a pathogen, in plants resistant to that particular pathogen. This could potentially
speed up the process of the identification of economically relevant cell-surface
receptors acting as resistance proteins in plants, and thereby revolutionize resis-
tance breeding.
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METHODS

Plant material and growth conditions

N. benthamiana and transgenic N. benthamiana stably expressing Cf-4 (N. bentam-
iana:Cf-4) were grown in climate chambers under 16 hr of light, at 24°C and 8 hr of
darkness, at 22 °C and at an RH of 75%.

Vectors for Agroinfiltrations

The different bait-TbID fusion proteins were generated using a gateway-compatible
35S-YFP-ThID expression vector based on pEarleyGate101 (pEG101) 34, To generate
C-terminally fused Avr4-YFP-TbID, the sequence encoding the primary translation
product of the Avr4 gene of 135 amino acids was amplified from the pMOG800-Avr4
(SOL6783) plasmid and inserted into the destination vector using the ClonExpress
MultiS One Step Cloning Kit. For constructing LTI6b-YFP-TbID (SOL9208), the se-
quence encoding LTI6b was amplified from pBIB-35S-LTI6b-eGFP %, cloned into
pENTR/D-Topo, and transferred into the destination vector using the Gateway® LR
Clonase® Il enzyme mix. The vectors GUS-YFP-TbID (SOL9203), NbSOBIR1-YFP-TbID
(SOL9201), SIBON1-YFP-ThID (SOL9205), and Cf4-YFP-TBID were generated by LR re-
actions from the gateway entry vectors SOL2685, SOL4064, SOL8609, and SOL2520,
respectively. The primers that were used are listed in Table S1.

Agrobacterium-mediated transient transformation

Agrobacterium-mediated transient transformations (agroinfiltrations) were per-
formed as previously described 2%. For protein expression, we infiltrated the first
fully expanded leaf of three to four weeks old N. benthamiana plants at the indicated
OD,,,. For co-immunoprecipitation and streptavidin-pull downs, the leaves were
harvested at two days after agroinfiltration.

Bioassays for determining the Avr4-triggered HR and ROS burst

The intensity of the HR in the leaf tissue of N. benthamiana was quantified by red-
light imaging using a Chemidoc XRS system (Bio-Rad). We observed that the fluo-
rescence produced by the -eYFP tag that is present in the various fusion proteins
that we generated interferes with visualisation of the HR when using the protocol
as described in Chapter 2. To prevent this, visualisation of the strong necrotic re-
sponses shown in Figures 3A and 3C was performed at six days after agroinfiltration,
once the signal from the -eYFP tag had faded away because of the transient nature
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of the accumulation of the various recombinant, transiently expressed proteins. In
the case of the weak HR observed upon infiltration of AF containing Avr4-YFP-TbID in
N. benthamiana:Cf-4, the images shown in Figure 4B were acquired upon excitation
by a light source in the red visible spectrum (Red LED Module kit no. 1708283), and
using the emission filter 695/55, thereby avoiding the fluorescence emitted by the
-eYFP tag.

Co-immunoprecipitation assays and immunoblots

Co-immunoprecipitations (co-IPs) were performed as described previously . The
eGFP- or eYFP-tagged proteins were detected with aGFP-HRP antibodies (Miltenyi
Biotec, 130-091-833), whereas Myc-tagged proteins were detected using aMyc
antibodies (cMyc9E10, sc-40, Santa Cruz), with aMouse-HRP (GE healthcare) as a
secondary antibody. Presence of the TurbolD element was detected by using aBirA
antibodies (Agrisera, AS20 4440-ALP).

Proximity-dependent labelling (PL)

An adjusted protocol for the PL was used for the experiments of which the results
are shown in Figures 2C and 4C. For these assays, two days after agroinfiltration, the
leaves were infiltrated with a biotin solution (200uM, pH=8, 10 mM MES), harvested
after one hour and kept in liquid nitrogen or at -80°C, after which the samples were
ground in liquid nitrogen using a mortar and pestle. The pulverized samples were
then transferred to pre-cooled 50mL V-shape tubes, weighed, and resuspended in
2mL/gram of extraction buffer (EB; pH=8.0, 150 mM NaCl, 1.0% [v/v] IGEPAL®CA-630
(NP-40), 50 mM Tris (Sigma) and 1 tablet of protease inhibitor cocktail (manufac-
turer) per 50 mL). The samples were subsequently centrifuged at 13,000 rpm for 30
minutes at 4°C in a Sigma 4-16K Centrifuge. To prevent saturation of the streptavidin
beads with the free biotin remaining in the samples, the centrifuged protein extracts
were desalted at 4°C using MiniTrap PD-10 desalting columns (GE Healthcare), fol-
lowing the manufacturer’s gravity protocol for removing salt. An aliquot of 45uL
of each desalted extract was collected as an input sample, mixed with 15pL of 4 x
Laemmli loading buffer (4xLB; 200 mM Tris-HCI pH=6.8, 8% SDS, 40% glycerol, 400
mM DTT and 0.2% of Bromophenol blue), incubated at 95°C for 5 minutes and kept at
-20°C until further processing for western blotting. For each sample, 2mL of desalted
extracts were incubated for 1 hour at 4°C (at 10 rpm in an SB3 tube rotator, STUART)
with 100uL of Dynabeads™ MyOne™ Streptavidin C1 (previously washed according
to the manufacturers’ protocol). After incubation, the beads were transferred into
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new 2mL Eppendorf tubes using a magnetic separation rack, washed three times
with 1mL of EB, and eventually resuspended in 30 pL of EB. To each sample 10uL
of 4xLB was added, after which they were incubated at 95°C for 5 minutes and sub-
sequently kept at -20°C until further processing for western blotting as described
previously 6.

For the PL assay of which the result is shown in Figure 2A, we applied a longer biotin
treatment. Here, at two days after agroinfiltration, the leaves were infiltrated with
the biotin solution and after three hours, the leaves were infiltrated with either MQ
or a solution containing pure Avr4 protein (26uM) and harvested after one hour.

Isolation of apoplastic fluid from agroinfiltrated N. benthamiana leaves

The isolation of apoplastic fluid was performed as described previously 3%°. The sam-
ples were kept at -20°C.
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SUPPLEMENTARY DATA

Table S1. Nucleotide sequences of the primers that were used.

name
LTI6b-Fw
LTI6b-Rv
Avr4-Fw
Avr4-Rv
pEG101-Fw
pEG101-Rv
NbSOBIR1-Fw
YFP-Rv
TurbolD-Rv
GUS-Fw
SIBON1-Fw

SOL-number
JO020
Jo21
S0195
S0196
J028
J029
JO4
JO6
Jo8
JO9
JOo11

sequence
caccATGAGTACAGCCACTTTCG
CTTGGTGATGATATAAAGAGCG
gagaggacacgctcgagatcATGCACTACACAACCCTC
cccttgetcaccctaggcacATAGCCAGGATGTCCAAC
GTGCCTAGGGTGAGCAAGGG
GATCTCGAGCGTGTCCTCTCC
TTCTTGAAGGTCATGTGCC
CTCAGGTAGTGGTTGTCGG
GCAGATACAGGTCATTGGG
GGTTATCTCTATGAACTGTGCG
CTGAAAGTGGAATTGTCGTTCC
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ABSTRACT

The first layer of the plant immune system consists of a set of cell-surface recep-
tors that perceive immunogenic patterns (IPs) and subsequently trigger appropriate
immune responses against invading pathogens. These cell-surface receptors are
either receptor-like kinases (RLKs), comprising an extracellular domain for IP recog-
nition and a cytoplasmic kinase domain for the initiation of downstream signalling
by phosphorylation of signalling partners, or receptor-like proteins (RLPs) that lack
such a cytoplasmic signalling domain. RLPs constitutively interact with the RLK SUP-
PRESSOR OF BIR1-1 (SOBIR1), thereby forming a bimolecular RLK that is capable
of initiating downstream signalling through the kinase domain of SOBIR1. Upon IP
perception, the RLP/SOBIR1 complex recruits the RLK BRI1-ASSOCIATED KINASE 1
(BAK1), thereby triggering a signalling cascade that activates plant immune respons-
es. The weak and transient nature of the interactions of these receptor complexes
that are located at the plasma membrane (PM) with their downstream cytoplasmic
signalling partners, complicate the identification of such partners, and hamper dis-
section of the receptor complex. Proximity-dependent labelling by biotinylation,
followed by identification of the biotinylated proteins by mass spectrometry analysis,
is currently emerging as a very important tool for the dissection of the composition
of receptor complexes. In this study, we deploy the promiscuous biotin ligase Tur-
bolD to identify the proximal proteome of an RLP/SOBIR1 receptor complex in the
model plant Nicotiana benthamiana (Nb). TurbolD-tagged versions of the tomato
RLP Cf-4, providing resistance against strains of the extracellular pathogenic fungus
Cladosporium fulvum secreting the IP Avr4, and the Cf-4-interacting RLK NbSOBIR1,
were used as baits to identify a set of proteins that are members of the receptor
complex. The identified proximal proteome of the Cf-4/NbSOBIR1 complex revealed
proteins that possibly play a role in the functioning of the complex itself, such as
a phosphatase 2C, as well as downstream signalling partners that are potentially
activated by the complex upon IP recognition, including receptor-like cytoplasmic
kinases (RLCKs) and mitogen-activated protein kinases (MAP3Ks). Furthermore, the
proximal proteome that we identified suggests that Cf-4/SOBIR1 receptor complex-
es reside at the PM in nanodomains, as we also detected hypersensitive induced
response proteins (HIRs) and remorins, and provides a snapshot of the molecular
components of such nanodomains.
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INTRODUCTION

Plants are constantly threatened by a wide range of pathogenic micro-organisms.
Unlike vertebrates, plants lack mobile immune cells mediating adaptive immunity
and instead they fully rely on their innate immune system to perceive, and sub-
sequently eliminate, microbial pathogens. The innate immune system of plants is
broadly organised into two interconnected tiers, one at the level of the plasma mem-
brane (PM) and one at the level of the cytoplasm 87. At the level of the PM, cell-sur-
face receptors have the function to perceive extracellular immunogenic patterns
(ExIPs), either directly or indirectly derived from pathogens, and these receptors
represent the first layer of the plant innate immune system 3%¢. The perceived ExIPs
can be structural components of the microbial pathogen, like so-called microbe-as-
sociated molecular patterns (MAMPs), and can also be modified components of
the host, like host-derived damage-associated molecular patterns (DAMPs). In ad-
dition, secreted virulence factors of the pathogen, referred to as effectors, which
are generally produced to suppress the initial immune response of the plant, can
also act as ExIPs. At the level of the cytoplasm, nucleotide-binding leucine-rich re-
peat-containing immune receptors (NB-LRRs or NLRs) perceive effector proteins
that are transferred to the cytoplasm of the host cells, either directly or by sensing
the perturbation of host target proteins with the aim to suppress host immune re-
sponses. Perception of pathogen effectors, either by cell-surface receptors or by
NLRs, triggers an immune response that is often associated with the hypersensitive
response (HR), which is a form of programmed cell death (PCD) 71820,

Cell-surface receptors are single pass transmembrane proteins that possess an
extracellular domain, in most cases consisting of leucine-rich repeats (LRRs), which
mediates recognition of proteinaceous ExIPs. These immune receptors can be cate-
gorised into receptor-like kinases (RLKs) and receptor-like proteins (RLPs), according
to the presence or absence of an intracellular C-terminal kinase domain, respec-
tively. As RLPs lack an intracellular domain for the initiation of downstream signal
transduction, these cell-surface receptors constitutively associate with an adaptor
RLK to mediate downstream signalling. Indeed, the RLK SUPPRESSOR OF BIR1-1
(SOBIR1) was found to be a common adaptor for LRR-RLPs mediating immune
responses 56, An example of such an RLP is the tomato Cf-4 protein, which is a
cell-surface receptor conferring resistance to races of the tomato pathogen Clado-
sporium fulvum secreting the matching fungal effector Avr4. Upon Avr4 perception,
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the Cf-4/SOBIR1 receptor complex recruits the RLK BRI1-ASSOCIATED KINASE 1
(BAK1), leading to a series of phosphorylation events between the cytoplasmic
kinase domains of SOBIR1 and BAK1 that have come in close proximity, eventually
activating a downstream immune signalling cascade 5. This process triggers an
immune response that includes a fast production of reactive oxygen species (ROS)
in the apoplast by respiratory burst oxidase homologs (RBOHs) and eventually an
HRis activated (Chapter 3). In the resting state, the Cf-4/SOBIR1 receptor complex
is negatively regulated by the interaction of BAK1 with the RLK BAK1-INTERACTING
RECEPTOR-LIKE KINASE 1 (BIR1) 1%, Knocking out BIR1 in Arabidopsis thaliana
(Arabidopsis) or silencing of its homologs in N. benthamiana, results in a constitu-
tive activation of immune responses that depends on the RLKs SOBIR1 and BAK1
93100 Currently, very little is known regarding the immediate downstream signalling
components of RLP/SOBIR1-containing complexes mediating immune responses
in solanaceous plants. For instance, receptor-like cytoplasmic kinases (RLCKs) are
common signalling components interacting with RLKs, such as FLAGELLIN-SEN-
SITIVE 2 (FLS2) from Arabidopsis. This is particularly the case for the RLCKs be-
longing to the group VII (RCLK-VII) 2515 Interestingly, the tomato RLCK-VII AVR9/
CF-9-INDUCED KINASE 1 (ACIK1), has been found to be required for the immune
responses triggered by Cf proteins, including Cf-4 4, However, its exact position in
the immune signalling cascade is still unknown. In Arabidopsis, which is a member
of the Brassicaceae family, only higher order knock-out mutant plants in subgroups
of RLCK-VII are compromised in ROS production upon activation of several RLKs
113 This indicates that there is functional redundancy among the various RLCK VII
members, which renders their individual evaluation by virus-induced gene silencing
(VIGS) in Nicotiana benthamiana difficult.

The identification of interaction partners is a critical step in deciphering the various
components of the signalling cascade that is activated by cell-surface receptors.
Commonly used approaches to identify protein-protein interactions that are based
on affinity purification, followed by mass spectrometry to identify co-purifying sig-
nalling partners, requires the interacting partners to remain bound to each other
during the process of protein isolation and purification 3!332%, This requirement
limits the application of regular affinity purification approaches for the study of
membrane-associated proteins engaging in weak or transient protein-protein in-
teractions. Recently, proximity-dependent labelling through biotinylation, coupled
with mass spectrometry (PL-MS), has been emerging as an alternative approach
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to identify proteins that only weakly or transiently interact with the target protein
329330, The fusion of a promiscuous biotin ligase to a protein of interest results in the
biotinylation of endogenous proteins that interact with this protein in a proximi-
ty-dependent manner. The biotinylated proteins can subsequently be captured by
streptavidin-based affinity purification and identified by mass spectrometry anal-
ysis. Several modified enzymes have been developed for PL, with TurbolD (TbID)
being one of the most promising ones 3%, This enzyme was developed based on
the Escherichia coli biotin ligase BirA, using yeast display-based directed evolution
338 and it possesses fast labelling kinetics and requires biotin, which is a non-toxic,
membrane-permeable substrate that is already naturally present in plant tissues.
Of note, PL-MS cannot discriminate whether two proteins are actually physically
interacting with each other or whether they are just in close vicinity. Instead, the
method provides an indication of the physical proximity between the promiscuous
biotin ligase that is fused to the bait protein and the proteins that are biotinylat-
ed by the ligase. In animal cells, the TbID enzyme will biotinylate proteins within a
radius of at least 35nm over a period of 10 minutes after biotin supplementation
339 However, this distance depends on the specific experimental conditions 33034
and cannot be directly extrapolated to plant systems. In plants there is less control
over the biotinylation process, as plants synthesise biotin endogenously, allowing
the biotinylation of proximal proteins to take place even in the absence of biotin
supplementation (see Chapter 4).

In this study, we have performed TbhID-based PL-MS with the aim to identify down-
stream signalling components of the Cf-4/SOBIR1-containing receptor complex in
N. benthamiana. We employed the previously validated NbSOBIR1 and Cf-4 TbID-
tagged fusion proteins as baits (Chapter 4) and have identified a large set of proteins
that are predicted to be located in close-proximity to the cytoplasmic kinase domain
of NbSOBIR1, and which are promising candidates for further validation. When using
NbSOBIR1-ThID as a bait, the identified candidates include proteins that are antic-
ipated to be functionally related to the Cf-4/SOBIR1 complex, like RLCKs belonging
to group VII, mitogen-activated protein kinases (MAP3Ks) and the RBOH enzyme
that is responsible for the swift production of apoplastic ROS upon perception of
Avr4. Interestingly, such signalling partners were not identified when Cf-4-TbID was
used as a bait. Our results are consistent with a role of SOBIR1 as an integral part
of the signalling cascade, acting as a bridge between the Cf-4 receptor and the
cytoplasmic immune signalling machinery.
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RESULTS

Proximity-dependent biotinylation from NbSOBIR1 in N. benthamiana.

To identify proteins that are present in close-proximity of the co-receptor SOBIR1,
when transiently expressed in a Cf-4 background, we performed a series of ThID-
based PL-MS experiments in which we expressed previously validated bait-TbID
fusion proteins in N. benthamiana stably expressing Cf-4 (Chapter 4). For the first
set of samples to be generated, we transiently expressed the fusion proteins NbSO-
BIR1-YFP-TbID and the control GUS-YFP-TbID in N. benthamiana:Cf-4 sobirl(-like)
knock-out plants (Table S1). This transgenic N. benthamiana line stably expresses
the RLP Cf-4 and is a CRISPR/Cas-mediated knock-out mutant of SOBIR1 and its
close paralog SOBIR1-like #53. The samples were prepared in triplicate, expressing
each TbID-tagged bait protein in 15 N. benthamiana:Cf-4 sobirl(-like) plants (one
leaf per plant), and combining the agroinfiltrated leaves of five plants to generate
each individual sample. Two days after agroinfiltration for driving the expression of
the TbiD-tagged fusion proteins, the leaves were infiltrated with a biotin solution
at 200uM and harvested after one hour. Total protein extracts from the harvested
leaves were desalted to remove the free biotin, and the desalted protein extracts
were subsequently incubated with streptavidin-coated beads for one hour to capture
the biotinylated proteins. After this incubation, the streptavidin-coated beads were
collected and washed three times with a detergent-free version of the buffer used
for protein extraction. The disulphide bonds in the captured proteins were then re-
duced using DTT, and the sulfhydryl groups were alkylated with acrylamide. Peptides
from the captured proteins were released from the beads by tryptic digestion and
subsequently analysed by nano-LC-MS/MS, using label-free relative quantitation.
Although the data could still be used, because of the presence of residual detergent
in the first set of samples, the second and the third set of samples for PL-MS received
three additional washing steps with ammonium bicarbonate buffer after incubation
with the streptavidin-coated beads. Besides this modification, we included LOW
TEMPERATURE-INDUCED PROTEIN 6B (Lti6b)-YFP-TbID as an additional control.
Lti6b is a small transmembrane protein that is commonly used as a PM marker in
plant cell biology (Figure 1A) 331344347 \We used MaxQuant to identify the peptides
and to quantify the relative amount of each biotinylated protein 3%’. To determine
the relative enrichment level, we used Perseus 3% to calculate two-sample t-tests,
comparing the samples for which our TbID-tagged baits and control proteins were
expressed.
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The peptides that were significantly enriched in the samples expressing NbSOBIR1-
YFP-TbID from the first, second, and third PL-MS experiment, when compared to
the control, mapped to 209, 572 and 577 proteins, respectively. From those pro-
teins, 81 were significantly enriched in all three independent PL-MS experiments
in which NbSOBIR1-YFP-TbID was used as a bait protein (Figure 1B and 1C). Gene
ontology (GO) terms enrichment analysis of this group of overlapping proteins re-
vealed enrichment within two categories: “molecular function” (MF) and “biological
process” (BP), with the most highly enriched term for each category being “pro-
tein serine/threonine kinase activity” (GO:0004674) and “protein phosphorylation”
(GO:0006468), respectively (Figure 1D). Of these 81 reproducibly enriched proteins
(Figure 1B and 1C, and Table 1), 22 are classified as protein kinases 9, including
seven RLKs, five RLCKs, five MAP3Ks, a calcium-dependent protein kinase (CDPK),
two homologs of the Arabidopsis blue light receptor PHOTOTROPIN 2 (PHOTZ2) 3¢°,
and a homolog of the Arabidopsis NON-RACE-SPECIFIC DISEASE RESISTANCE 1
(NDR1) protein *¢*, Among the non-kinases included in this list, we find the RLP Cf-4,
a phosphatase 2C, the RESPIRATORY BURST OXIDASE HOMOLOG B (RBOHB), three
binding proteins (BiPs) involved in endoplasmic reticulum quality control (ER-QC)
207362 five remorins, six homologs of the Arabidopsis immune repressor RPM1-INTER-
ACTING PROTEIN 4 (RIN4) 363, four hypersensitive-induced reaction (HIR) proteins,
nine proteins involved in chloroplast relocation 34, and several proteins involved in
endocytosis and vesicular trafficking. No RLP other than Cf-4 was detected in any of
the three sets of samples. Furthermore, we did find peptides matching with GUS, but
we found no peptides mapping to the control Lti6b (Figure 1C), likely because of the
protein being very small and relatively hydrophobic (Figure 1A). In relation to this ob-
servation, we also found no peptides mapping to the transmembrane domain of the
identified RLKs and additional membrane-associated proteins that were significantly
enriched in all three independent PL-MS experiments (Figure S1). Furthermore, we
detected a significant enrichment of peptides originating from both homeologs of
SOBIR1, Niben101Scf03816g01001 (NbSOBIR1a) and Niben101Scf04099g05004
(NbSOBIR1b) (Figure 1C and S2). However, the NbSOBIR1-YFP-TbID fusion protein
that we generated is based on NbSOBIR1a, and label-free quantitation (LFQ) of
the peptides that mapped uniquely to NbSOBIR1b did not result in any peptides.
Therefore, the detection of NbSOBIR1b is probably an artifact of the mapping of the
detected peptides, as due to their high homology, peptides matching NbSOBIR1a
also in some cases match NbSOBIR1b.
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Figure 1. TbID-based PL-MS from NbSOBIR1 in N. benthamiana. TbiD-tagged NbSOBIRT and
the GUS and Lti6b control proteins were transiently expressed by agroinfiltration in leaves of N.
benthamiana:Cf-4 sobirl(-like). Two days after agroinfiltration, the treated leaves were infiltrated
with a solution containing 200pM of biotin and they were harvested after one hour. After total
protein extraction, the extract was desalted to remove the free biotin and the biotinylated proteins
were isolated using streptavidin-coated beads, subsequently on-bead digested with trypsin, and
then analysed by nano-LC-MS/MS using label-free quantification (LFQ). In each PL-MS experiment,
three replicates were included. The enrichment of the detected peptides was calculated by a
two-sample t-test based on the LFQ intensities, with a false discovery rate (FDR) set to 0.05 and
an SO set to 0.1. (A) Amino acid sequence of the control Lti6b protein with the predicted trans-
membrane topology indicated %°. (B) Venn diagram showing the number of significantly enriched
proteins detected in the three independent PL-MS experiments, using NbSOBIR1-YFP-TbID as a
transiently expressed bait protein in N. benthamiana:Cf-4 sobiri(-like). Set 1 of three replicates
used GUS-YFP-TbID as a control, whereas Set 2 and Set 3 of three replicates each, included Lti6b-
YFP-TbID as a control. The areas in the Venn diagram are proportional to the number of proteins
in each group *%. (C) Representative volcano plot showing the proteins identified in the PL-MS
analysis. Proteins enriched in the samples expressing NbSOBIR1-YFP-TbID are shown on the right,
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and proteins enriched in the samples expressing the control Lti6b-YFP-TbID are shown on the left.
Proteins crossing the threshold of significance are shown as dark grey dots, and the proteins that
are not significantly enriched are shown as light grey crosses. Proteins belonging to the group of
81 that are significantly enriched in all three PL-MS experiments are shown in red. (D) GO-terms
enrichment analysis of the group of 81 proteins significantly enriched in all three independent
PL-MS experiments, using NbSOBIR1-YFP-TbID as a bait. The top 10 of the most highly enriched
terms is shown for the categories “molecular function” (MF) and “biological process” (BP). No
enrichment was found in the category of “cellular component”.

Table 1. The 81 proteins reproducibly found to be biotinylated in all three independent PL-MS
experiments, transiently expressing NbSOBIR1-YFP-TbID in N. benthamiana:Cf-4 sobirl(-like).
The proteins are grouped according to their functional annotation and are shown next to their
Arabidopsis best blast hit (The Arabidopsis Information Resource, TAIR). The N. benthamiana
identifiers that are depicted in bold indicate the proteins that were also significantly enriched
in at least one PL-MS experiment using Cf-4-YFP-TbID as a bait. Asterisks next to the name of
the corresponding Arabidopsis homologs indicate that the encoding gene is co-expressed with
AtSOBIR1 according to the data described in Chapter 3. The complete list of proteins detected in
one, two and three PL-MS experiments is shown in Table S2.

Kinases

group Bentha ID Arabidopsis best blast hit

RLKs Niben101Scf07619g00006 AT3G51550 / FERONIA
Niben101Scf02854g02005 AT1G48480/RKL1
Niben101Scf11524g00007
Niben101Scf03816g01001 AT2G31880/SOBIR1 *
Niben101Scf04099g05004
Niben101Scf08151g00006 AT3G24550 / PERK1
Niben101Scf10330g02004 AT5G02070

RLCKs Niben101Scf05118g10007 AT4G00330/CRCK2 *
Niben101Scf03216g00001
Niben101Scf00012g00012 AT1G07570/PBL9
Niben101Scf10157g01009 AT2G07180/PBL17
Niben101Scf01671g04002 AT3G17410/ CARK1 *

MAP3K Niben101Scf02437g02021 AT2G24360/STYK*
Niben101Scf02836g02006 ATAG31170/ RAF28*
Niben101Scf07584g02008 AT5G50000/CBC2
Niben101Scf02237g07012
Niben101Scf03469g03002 AT3G22750
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Table 1. (Continued)

Kinases

other kinases

Non-kinases

RLP Cf-4
phosphatase 2C
RBOHB
ER-quality control

remorins

guarded by NLRs

hypersensitive-induced reaction proteins

chloroplast relocation
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Niben101Scf03438g06004
Niben101Scf13290g00001
Niben101Scf11383g03008
Niben101Scf02804g00010
Niben101Scf04396g02009

Niben101Scf02133g02001
Niben101Scf02581g04013
Niben101Scf02972g05008
Niben101Scf15536g02038
Niben101Scf08590g00005
Niben101Scf08587g00002
Niben101S¢f17127g00017
Niben101Scf04804g01002
Niben101Scf02910g01040
Niben101Scf08799g00001
Niben101Scf03479g05049
Niben101Scf08899g00008
Niben101Scf03488g06005
Niben101Scf07498g02020
Niben101S¢f13593g00007
Niben101S¢f00593g03012
Niben101Scf04407g02005
Niben101S¢f00593g03002
Niben101Scf00488g00003
Niben101Scf05166g07012
Niben101Scf00132g01003
Niben101Scf03491g01021
Niben101Scf03738g00006
Niben101Scf06394g04009
Niben101Scf09172g01012
Niben101Scf18348g00015
Niben101Scf01085g02012
Niben101Scf03549g00004
Niben101Scf00709g04010

AT3G57530/CPK32 *
ATAG14350 /NDR1
AT5G58140/PHOT2

AT1G54610

AT1G34750/ CIPP1*
AT5G47910 / RBOHD *
AT5G28540/BIP1

AT5G42020/BIP2
AT5G23750 / REM1.4

AT3G25070/RIN4

AT5G62740/ HIR4

AT1G64500 / THRUMIN1
AT1G42550/PMI1

AT1G66840/ PMI2
AT1G75100/JAC1*

AT2G30520/RPT2
AT5G67385/NCH1



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

Table 1. (Continued)

Kinases

endocytosis and vesicle organisation

others

Niben101Scf01063g04003
Niben101Scf05049g00003
Niben101Scf05049g00008
Niben101Scf02637g00012
Niben101Scf00712g10025
Niben101Scf02569g03013
Niben101Scf07294g00014
Niben101Scf01236g01010
Niben101Scf18014g00014
Niben101Scf00199g03003
Niben101Scf00257g00006
Niben101Scf01489g00009
Niben101Scf03930g04011
Niben101Scf03979g02010
Niben101Scf00593g01002
Niben101Scf01812g05008
Niben101Scf00416g06002
Niben101Scf00898g02014
Niben101Scf06218g01003
Niben101Scf06172g01003
Niben101Scf08390g06006
Niben101Scf07305g00002
Niben101Scf12211g02007
Niben101Scf02280g04002
Niben101Scf12852g03012
Niben101Scf15536g02006
Niben101Scf00700g05004
Niben101Scf06815g01013
Niben101Scf02525g03002

AT5G16880/TOL1
AT1G06210/TOL2

AT1G21380/TOL3
AT1G20760 / ATEH1
AT1G12360/KEU *
AT3G09740/SYP71
AT3G17440 /NPSN13

AT3G63460/SEC31B
AT2G25430/ ATECA4
AT2G35190 / NSPN11
AT1G15400/ MASS2
AT2G18960/ HA1
AT5G62670 / HA11
AT1G08680/AGD14
AT1G16860/ SHOUAL
AT1G27100 *
AT1G30755/PSI2
AT1G74690/1Q31
AT2G01650 / PUX2
AT2G12462

AT2G40070/BPP1
AT3G05900
AT4AG10840/KLCR1
AT4G20260 / PCAP1
AT4G24630
AT5G43310

These results show that TbID-based PL-MS allows to detect proteins that are located in the vicinity of NbSOBIR1

in N. benthamiana, as suggested by the detection of Cf-4 and RLCKs belonging to group VII. In our search

for functional components of SOBIR1-containing cell-surface receptor complexes, this approach resulted in

the identification of a large set of proteins that merit further experimental validation (Table 1 and Table S2).
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Proximity-dependent biotinylation from Cf-4 in N. benthamiana.

SOBIR1 and Cf-4 interact constitutively, thereby forming a bimolecular RLK . Hence,
we anticipated that performing PL-MS from both components of the complex would
improve the identification of proteins that are in close-proximity to the Cf-4/SOBIR1
receptor complex and that possibly play a role in its functioning. Following this rea-
soning, three sets of samples for PL-MS analysis also included samples in which we
transiently expressed the fusion protein Cf-4-YFP-TbID (Chapter 4) in leaves of N.
benthamiana (Table S1).

The peptides that were significantly enriched in the samples obtained upon ex-
pressing Cf-4-YFP-TbID from the first, second, and third PL-MS experiment mapped
to 307, 577, and 327 proteins, respectively (Figure 2A). From those proteins, 59
were enriched in all three independent PL-MS experiments in which Cf-4-YFP-TbID
was used as a bait protein (Figure 2B, Table 2). This group of 59 proteins was sub-
sequently characterised by a GO terms enrichment analysis (Figure 2C), and in the
category of cellular components we found enrichment of GO terms related to com-
ponents of the nucleus, with the highest enrichment corresponding to the “nucle-
osome” (GO:0000786). In the category of molecular function, we found enrichment
for the GO terms: “protein heterodimerization activity” (GO:0046982), “protein di-
merization activity” (GO:00046983), “unfolded protein binding” (GO:0051082), “DNA
binding” (GO:0003677), “protein binding” (GO:0003677), and “nucleic acid binding”
(GO:0003676). For the category of biological process, we found enrichment of GO
terms related to the organisation of the DNA in the nucleus, with the highest en-
richment corresponding to “nucleosome organisation” (GO:0.0034728). Overall, this
GO terms enrichment analysis described a set of proteins very different from the
one detected after performing PL-MS experiments with NbSOBIR1-YFP-TbID. This
analysis suggests that the fusion protein Cf-4-YFP-TbID is locating at the membrane
of the nucleus, besides its expected location at the PM 6. From the 59 proteins that
were significantly enriched in all three independent PL-MS experiments when using
Cf-4-YFP-TbID as a bait, 18 are histones (Table 2).
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Figure 2. TbID-based PL-MS from Cf-4 in N. benthamiana. The TbID-tagged Cf-4 fusion protein
was transiently expressed both in N. benthamiana wild-type (WT) and in N. benthamiana:Cf-4 so-
birl(-like), whereas the controls GUS- and Lti6b-YFP-ThID were expressed in N. benthamiana:Cf-4
sobirl(-like). Two days after agroinfiltration, the leaves were infiltrated with a biotin solution at
200uM and were harvested after one hour. After total protein extraction, the extract was desalted
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to remove the free biotin and the biotinylated proteins were isolated using streptavidin-coated
beads. The captured proteins were on-bead digested with trypsin, and the released peptides were
subsequently analysed by nano-LC-MS/MS using LFQ. In each PL-MS experiment three replicates
were included. The relative protein quantification of the sample compared to the to control was
performed by applying a two-sample t-test on the LFQ intensities, with an FDR=0.05 and an S0=0.1.
(A) Venn diagram showing the number of proteins significantly enriched in the three independent
PL-MS experiments, using Cf-4-YFP-TbID as a bait protein. Set 1 used GUS-YFP-TbID as a control,
whereas Set 2 and Set 3 used Lti6b-YFP-TbID as a control. The areas in the Venn diagram are
proportional to the number of proteins in each group %°. (B) Representative volcano plot showing
the proteinsidentified in the PL-MS analysis using TbID-tagged Cf-4. Proteins enriched in the sam-
ples expressing Cf-4-YFP-TbID are shown on the right, and the proteins enriched in the samples
expressing the control Lti6b-YFP-TbiD are shown on the left. Proteins passing the threshold for
significance are shown as dark grey dots, and the proteins that are not significantly enriched are
shown as light grey crosses. Proteins belonging to the group of 59 that were significantly enriched
inthree PL-MS experiments using Cf-4-YFP-TbID are shown in red. (C) GO-term enrichment analysis
of the group of 59 proteins found to be enriched in three independent PL-MS experiments, using
Cf-4-YFP-TbID as a bait. The top 10 of the most highly enriched terms is shown. (D) Venn diagram
showing the overlap between the proteins that were significantly enriched in all three independent
PL-MS experiments using NbSOBIR1-YFP-TbID and using Cf-4-YFP-TbID as a bait. The areas are
proportional to the numbers in each group *%. (E) Volcano plot showing the result of performing
PL-MS upon transiently expressing Cf-4-YFP-TbID in N. benthamiana, in either the presence or
absence of SOBIRT homologs. Proteins enriched in samples expressing TbID-tagged Cf-4 in N.
benthamiana sobirl(-like) are shown on the left, and proteins enriched in samples expressing
TbID-tagged Cf-4 in WT N. benthamiana are shown on the right. Significantly enriched proteins
are shown as dark grey dots, and the proteins that did not pass the threshold for significance are
shown as light grey crosses. The arrows point at Niben101Scf01035g05012 (NbMSBP2), Niben-
101Scf30418g00019 (SULTR4;2), and Niben101Scf03816g01001 (NbSOBR1a).

However, from this group, 13 are H4 histones that are detected as a single protein
group because of their small size and sequence similarity. Among the detected pro-
teins we also found four proteins involved in vesicle-mediated protein transport, and
several chaperones involved in the endoplasmic reticulum (ER) quality-control path-
way, including binding proteins (BiPs), and homologs of the Arabidopsis transcription
factor ANACO062, which is a PM-tethered transcription factor that is involved in the
unfolded protein response 2737, No protein kinase, other than NbSOBIR1 itself, is
part of the list of proteins that are significantly enriched in the three independent
PL-MS experiments using Cf-4-YFP-TbID as a bait. From the 81 proteins found to be
enriched in all three PL-MS experiments using NbSOBIR1-YFP-TbID as a bait, 17 were
also enriched at least in one of the PL-MS experiments in which Cf-4-YFP-TbID was
used as a bait (Table S2). Only five proteins were found to be enriched in all three
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independent experiments when using both baits, these are Cf-4 and NbSOBIR1
themselves, and three BiP proteins (Figure 2D).

Table 2. The 59 proteins detected in three independent PL-MS experiments expressing Cf-4-
YFP-TbID in N. benthamiana. The proteins are grouped according to their functional annotations
and are shown next to their Arabidopsis best blast hit (TAIR). N. benthamiana identifiers depicted
in bold refer to the proteins that are significantly enriched in at least one PL-MS experiment using
NbSOBIR1-YFP-TbID as a bait. Asterisks next to the name of the Arabidopsis homologs indicate
that the protein is co-expressed with SOBIR1 according to the data described in Chapter 3. The
complete list of proteins detected in one, two and three PL-MS experiments is shown in Table S2.

Group bentha ID Arabidopsis best blast hit

RLP Cf-4 cf-4

RLK Niben101Scf03816g01001 SOBIR1 *

ER-quality control / protein folding Niben101Scf01596g11007 AT5G61790 / CNX1
Niben101Scf03777g00018
Niben101Scf03349g00008 AT3G62600/ ATERDJ3B
Niben101Scf03390g09001
Niben101Scf04331g09018 AT4G24190/ HSP90
Niben101Scf27914g00006
Niben101Scf06091g00010 AT2G25110/SDF2
Niben101Scf02972g05008 AT5G28540/BIP1

Niben101Scf13703g01006
Niben101Scf02030g04003
Niben101Scf15536g02038

Niben101Scf00369g07016 AT5G42020/BIP2
Niben101Scf0859000005
Niben101Scf00308g01003 AT3G49530/ ANACO062 *
Niben101Scf02983g01003
Niben101Scf04779g01020 AT4G12400/HOP3
Niben101Scf09387g03018

vesicle-mediated transport Niben101Scf01773g07014 AT4G01810/SEC23A
Niben101Scf01750g14033 AT5G22360 / VAMP714 *
Niben101Scf00173g04010 AT2G36300
Niben101Scf03413g00005

translational machinery Niben101Scf06761g01029 AT5G23740/ RPS11-BETA
Niben101Scf14636g02013 AT1G61580/ ARP2
Niben101Scf01968g00002 AT3G53740
Niben101Scf24868g00002
Niben101Scf00863g02001 AT1G76810
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Table 2. (Continued)

Group

bentha ID

Arabidopsis best blast hit

histones

others

Niben101Scf04361g01001
Niben101Scf06590g03003
Niben101Scf07945g01002
Niben101Scf02537g02033
Niben101Ctg14707g00002
Niben101Scf00482g03005
Niben101Scf01154g17005
Niben101Scf01579g00002
Niben101Scf02441g01009
Niben101Scf03088g01003
Niben101Scf05373g02004
Niben101S¢f05579g00001
Niben101Scf06238g01004
Niben101Scf07275g00004
Niben101Scf07650g02006
Niben101Scf10015g01010
Niben101Scf16416g02012
Niben101Scf23814g00038
Niben101Scf02829g06001
Niben101Scf07382g01007
Niben101Scf12266g02002
Niben101Scf10152g03006
Niben101Scf07459g00017
Niben101Scf00704g04019
Niben101S¢f00972g01011
Niben101Scf01727g03003
Niben101Scf00634g04004
Niben101Scf00355g01008
Niben101Scf04325g01023
Niben101Scf01623g14008
Niben101Scf10338g00011

AT1G06760/H1.1

AT5G10980/H3.3

AT5G59970 / H4

AT1G03090/MCCA
AT1G52670/BADC2

AT3G56130/BADC1
AT2G45790 / PMM
ATAG31080/LNP2.2

AT1G14340/BPL3
AT1G20330/SMT2
AT3G17000/UBC32
AT5G59210
AT3G62580
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The RLK SOBIR1 and the RLP Cf-4 constitutively interact and SOBIR1 is required
for proper accumulation and functionality of Cf-4 86253 To evaluate the effect of the
absence of SOBIR1 on the detection of proteins that are in the proximity of Cf-4,
we included samples in which we expressed Cf-4-YFP-TbID in N. benthamiana so-
birl(-like) knock-out mutant lines 2 in our PL-MS experiments, and compared the
detected peptides with the ones detected in the samples in which we expressed
the same bait in N. benthamiana wild-type (WT) plants. We observed a significant
enrichment of peptides mapping to three particular proteins in the samples orig-
inating from N. benthamiana WT plants (Figure 2E). Besides NbSOBIR1 itself, the
other two detected proteins are homologs of Arabidopsis MEMBRANE STEROID
BINDING PROTEIN 2 (MSBP2) and SULFATE TRANSPORTER 4;2 (SULTR4;2). From
these three proteins, only NbSOBIR1 belongs to the group of proteins detected in
the three independent PL-MS experiments in which Cf-4-YFP-TbID was used as bait.

Overall, these results suggest that Cf-4 itself is not in close-proximity to the expected
signalling components that play a role downstream of the Cf-4/NbSOBIR1 receptor
complex, like RLCKs and MAP3Ks. It appears that NbSOBIR1 is an integral part of the
signalling pathway, connecting the cell-surface receptor Cf-4 with its downstream
signalling partners.

Comparing GUS and Lti6b as controls for PL-MS using SOBIR1 and Cf-4

To compare the implications of using TbID-tagged GUS or Lti6b as controls for our
PL-MS experiments, the third set of samples included both controls (Table S1). For
the case of NbSOBIR1-YFP-TbID, the use of GUS-YFP-TbID as a control produced a
list of significantly enriched peptides that mapped to 1091 proteins being biotinylat-
ed by GUS-YFP-TbID, which is a much larger set than the one generated when using
Lti6b-YFP-TbID as a control (Figure 3A). From the set of 81 candidate proteins detect-
ed in the three PL-MS experiments using NbSOBIR1-YFP-TbID as a bait (Figure 1 and
Table 1), only two were missed when using GUS-YFP-TbID as a control in the third set
of samples, these are Niben101Scf00898g02014 and Niben101Scf12852g03012,
which are two proteins of unknown function (Figure 3A, Table 1). For the case of
Cf-4-YFP-TbID, the use of GUS-YFP-TbID as a control produced a list of significantly
enriched peptides that mapped to 753 proteins (Figure 3B), which is also a larger
set that the one generated when using Lti6b-YFP-TbID as a control.
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Figure 3. Comparison of GUS and Lti6b as controls for TbiD-based PL-MS on the cell-surface
receptors SOBIR1 and Cf-4. TbID-tagged GUS, Lti6b, and NbSOBIR1, were transiently expressed
in N. benthamiana:Cf-4 sobiri(-like). TbID-tagged Cf-4 was expressed in N. benthamiana WT. Two
days after agroinfiltration, the leaves were infiltrated with a solution containing 200uM of biotin
and were harvested after one hour. Total protein extracts from the treated leaves were desalted,
and the biotinylated proteins were isolated using streptavidin-coated beads. Peptides from the
captured proteins were released from the beads by tryptic digestion and they were analysed by
nano-LC-MS/MS, using label free quantification (LFQ). Three replicates were included. The enrich-
ment of the detected proteins was calculated by a two-sample t-test based on the LFQ intensities,
with a FDR set to 0.05 and SO set to 0.1. (A) Area-proportional Venn diagram *¢¢ showing the number
of significantly enriched proteins detected when using NbSOBIR1-YFP-TbID as a bait, and either
GUS-YFP-TbID or Lti6b-YFP-TbID as a control. The red circle indicates the 81 proteins found to be
significantly enriched in three independent PL-MS experiments, using NbSOBIR1-YFP-ThID as a bait
(Figure 1). (B) Area-proportional Venn diagram ¢ showing the number of proteins corresponding to
the significantly enriched peptides when using Cf-4-YFP-TbID as a bait, and either GUS-YFP-TbID
or Lti6b-FYP-TbID as a control. The red circle indicates the 59 proteins found to be significantly
enriched in the three independent PL-MS experiments, using Cf-4-YFP-TbID as a bait (Figure 2).
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(C) Volcano-plot showing the proteins identified by PL-MS when comparing the samples obtained
upon expression of GUS-YFP-TbID with the samples that were obtained upon expression of Lti6b-
YFP-TbID. The change in colour, from light grey to dark grey, indicates the threshold for statistical
significance. The proteins that were significantly enriched in three independent experiments in
which NbSOBIR1-YFP-TbID was used as a bait (indicated with the red dots in Figure 1C) are shown
inred; as red dots if they pass the threshold for statistical significance and as light red crosses if
they were not significantly enriched in neither GUS-YFP-TbID nor Lti6b-YFP-TbID. (D-E) GO-term
enrichment analysis of the cellular component’s category, showing the top 10 of most enriched
terms in samples obtained upon expression of (D) GUS-YFP-TbID or (E) Lti6b-YFP-TbID.

From the 59 proteins detected to be significantly enriched in the three PL-MS
experiments using Cf-4-YFP-TbID as a bait, 17 were missed when using GUS-YFP-
TbID as a control in the third set of samples. These are the ribosomal proteins
Niben101Scf06761g01029 and Niben101Scf14636g02013, and a set of histone
proteins including Niben101Scf06590g03003, Niben101Scf07945g01002, Niben-
101Scf02537g02033, and 12 histones H4 that were detected as a single protein
group because of their small size and sequence similarity. The shorter list of signifi-
cantly enriched proteins that was detected when using Lti6b instead of GUS as a
control for NbSOBIR1 and Cf-4 is consistent with Lti6b being a membrane-bound
protein. When using ThID-tagged GUS and Lti6b as a control for each other
(Figure 3C), the GO term enrichment analysis in the category of cellular compo-
nents clearly reflects the cytoplasmic location of GUS (Figure 3D), and the mem-
brane-bound nature of Lti6b (Figure 3E). These results suggest that the smaller set
of candidates obtained from the first set of samples (Figure 1A) is not a consequence
of having used GUS as a control, instead of Lti6b. However, it is likely a consequence
of the lower quality of the samples, as indicated by the quality control of the LC-MS
dataset (data not shown).

Proximity-dependent biotinylation from the Cf-4/NbSOBIR1 receptor complex
does not detect significant alterations among the labelled components upon
perception of Avr4.

Activation of cell-surface receptor complexes involves changes in protein-protein
interactions, followed by phosphorylation events. For instance, perception of Avr4
by Cf-4 triggers the recruitment of the RLK BAK1 to the Cf-4/SOBIR1 receptor com-
plex 78. This process brings the cytoplasmic kinase domains of BAK1 and SOBIR1
in close-proximity, and initiates a series of phosphorylation events between both
kinase domains that are essential for the activation of the downstream signalling
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cascade, eventually leading to the HR 77. RLKs generally interact with downstream
cytoplasmic RLCKs that dissociate from the receptor complex upon their activation
by phosphorylation, and which act as executors of downstream signalling events
25154 To evaluate whether the PL-MS approach can provide the resolution required
to detect the specific recruitment or dissociation of immune signalling components,
we prepared samples for which we transiently expressed either NbSOBIR1-YFP-TbID
in N. benthamiana:Cf-4 sobirl(-like) or Cf-4-YFP-TbID in WT N. benthamiana and
supplemented the biotin solution with either 10uM of pure Avr4 protein, or not (Table
S1). Inthis way, we were able to compare the sets of significantly enriched peptides
from samples treated with, and without Avr4. The results of the PL-MS using TbID-
tagged NbSOBIR1 and Cf-4 as baits showed no relevant differences between the sets
of detected proteins when comparing the samples including Avr4, or not (Figure 4A
and 4B). For the samples for which NbSOBIR1-YFP-TbID was a used as bait protein,
the only significantly enriched peptides upon treatment with Avr4 mapped to the
Avr4 protein itself (Figure 4A). Besides this, another set of peptides mapping to a
hydroxyproline-rich glycoprotein of unknown function (Niben101Scf00109g02013)
was significantly enriched in the samples that were not treated with Avr4 protein.
Similar results were obtained with the samples in which Cf-4-YFP-TbID was used as a
bait (Figure 4B). For these samples, the infiltration of Avr4 protein before harvesting
the plant material resulted in an enrichment of a set of peptides mapping to Avr4
and Niben101Scf13971g00002, which is a homolog of the Arabidopsis CTC-INTER-
ACTING DOMAIN 7 (CID7) protein, which is associated with the modulation of RNA
metabolism 3¢, The samples that were not treated with Avr4 were significantly en-
riched in peptides mapping to two uncharacterised proteins with 95% of sequence
similarity (Niben101Scf08157g02042 and Niben101Scf02778g04003). Our PL-MS
experiments revealed no significant impact of the perception of Avr4 on the compo-
sition of the set of proteins found to be in the vicinity of the Cf-4/NbSOBIR1 receptor
complex. We did not detect the recruitment of BAK1, or its close paralogs, to the
receptor complex upon the addition of the Avr4 protein. Intriguingly, we also did not
detect any peptides mapping to the different BAK1 homologs in any of our PL-MS
experiments when using TbID-tagged NbSOBIR1 or Cf-4 as a bait.
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Figure 4. The impact of Avr4 perception on the composition of the set of proteins detected by
PL-MS, using ThID-tagged NbSOBIR1and Cf-4 as a bait in N. benthamiana. NbSOBIR1-YFP-TbID
was expressed in N. benthamiana:Cf-4 sobirl(-like), whereas Cf-4-YFP-TbID was expressed in N.
benthamiana WT. Two days after agroinfiltration, the leaves were infiltrated with either a solution
containing 200uM of biotin complemented with 10puM of Avr4, or with a solution only containing
200uM of biotin, after which the leaves were harvested after one hour. Total proteins were extract-
ed, after which the biotinylated proteins were isolated from the desalted total protein extracts
using streptavidin-coated beads. Peptides were released from the captured proteins by on-bead
tryptic digestion, and they were analysed by nano-LC-MS/MS using label free quantification. (A-B)
Volcano plots depicting the enrichment of the proteins when using (A) NbSOBIR1-YFP-TbID and
(B) Cf-4-YFP-TbID, in the presence or in the absence of Avr4. Proteins enriched in the samples
treated with Avr4 are shown on the right, whereas proteins enriched in the samples without Avrd
treatment are shown on the left. Proteins passing the threshold of significance are indicated with
arrows. The proteins that were significantly enriched in three independent PL-MS experiments,
using (A) NbSOBIR1-YFP-TbID (shown as red dots in Figure 1C) and (B) Cf-4-YFP-TbID (shown as

red dots in Figure 2B), as baits are shown as light red crosses.

DISCUSSION

TurbolD-based PL-MS generates noisy datasets in N. benthamiana.

Proximity-dependent labelling followed by mass spectrometry (PL-MS) is emerging
as an attractive alternative to yeast-based screenings and classical affinity puri-
fications for the study of weak or transient protein-protein interactions involving
membrane-bound proteins, with the aim to dissect the composition of receptor com-
plexes localised at the cell surface *%°. However, PL-MS does not provide conclusive
evidence of a direct physical and functional interaction between the bait protein and
the identified biotinylated proteins, as it merely gives an indication of the physical
proximity between two proteins. Furthermore, this technique reveals the proximity
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relationships that are present during the entire life-cycle of a bait protein, from its
synthesis until its degradation 26°33°, Therefore, the generated datasets are inherently
noisy with regard to the search for specific functional protein-protein interactions. In
this study, we performed a series of PL-MS experiments in N. benthamiana using two
key components of an RLP/SOBIR1 receptor complex; the RLK NbSOBIR1 and the
RLP Cf-4 themselves, as a bait. We identified a set of proteins that was consistently
found to be in the proximity of our TbiD-tagged bait proteins in three independent
PL-MS experiments. From the total amount of proteins that was observed to be
significantly enriched in at least one out of three PL-MS experiments, only 8.6% and
6.5% were consistently enriched in all three independent experiments that were
performed using TbID-tagged versions of NbSOBIR1 and Cf-4, respectively. Our re-
sults suggest the need for a cautious interpretation of PL-MS datasets, especially
when obtained through PL-MS experiments performed only one time. An exam-
ple of such a dataset that was generated deploying the ThID biotinylating enzyme
in N. benthamiana, is the published proteome that is proximal to the cytoplasmic
immune receptor N 3%, which is an NLR that confers resistance to Tobacco mosaic
virus (TMV) %7°, In this study, a PL-MS experiment using a TbID-tagged version of N
resulted in the identification of a set of 374 proteins that were significantly enriched
in the samples expressing the bait protein. Experimental evaluation of 10 of these
proteins resulted in the identification of a putative E3 ubiquitin ligase that inter-
acts with and regulates the stability of N. Besides being an example of a successful
application of PL-MS in N. benthamiana, the numbers in this report evidence the
limitation of PL-MS for the unbiased discovery of functionally relevant interacting
proteins. Our results suggest that multiple independent PL-MS experiments are
necessary to define a reproducible set of proteins that locates in the vicinity of a
TbID-tagged bait protein. Yet, the need for replicate PL-MS experiments to reduce
the large number of false positives, imposes a significant impact on the required
budget. Further optimisation of our protocol for PL-MS in N. benthamiana should
evaluate the possibilities for a reduction of the time between the infiltration of biotin
and harvesting of the leaf samples, as well as a reduction in the concentration of
biotin supplemented to the leaf tissue. Our previous results showed that the endog-
enous levels of biotin in N. benthamiana are already sufficient for the application
of TbiD-based PL (Chapter 4). Besides this, the bimolecular nature of RLP/SOBIR1
receptor complexes might allow the use of split versions of promiscuous biotin
ligases, such as split-TurbolD 37%. Instead of using a full-length enzyme, this method
is based on the use of two inactive fragments of the biotin ligase, which are brought
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together and subsequently result in an active enzyme as a result of protein-protein
interaction. This could lead to a more focused view of the proximal interactomes
of different RLP/SOBIR1 receptor complexes, as biotinylation of proximal proteins
will only take place when a functional, signalling-competent, RLP/SOBIR1 receptor
complex is present, and thereby reducing the number of false positives.

TbhiD-based PL-MS consistently identifies proteins that are functionally
involved in RLP/SOBIR1-containing receptor complexes.

Besides the indicated noisiness of the obtained datasets of our PL-MS experiments
in N. benthamiana, our approach resulted in a set of proteins that was consistently
detected to be in close-proximity to our TbID-tagged bait proteins. In the case of
NbSOBIR1, this group comprised a set of 81 proteins, including proteins that are
known to be functionally involved in RLP/SOBIR1-containing complexes (Tables 1
and S2). In the case of Cf-4, we identified a set of 59 proteins, which did not include
proteins that could be related to the signal transduction cascade that is expected
to be activated downstream of RLP/SOBIR1-containing immune complexes upon
ligand perception. Besides NbSOBIR1 and Cf-4 themselves, the only proteins that
were consistently detected to be in close-proximity of both TbiD-tagged bait pro-
teins were endoplasmic reticulum (ER)-resident chaperones HSP70-related binding
proteins (BiPs), which interact with transmembrane (co-)receptors and are required
for their proper folding 207372373, The signalling components present in the detected
proximal proteome of NbSOBIR1 are anticipated not to be specific for the Cf-4/
NbSOBIR1 receptor complex. NbSOBIR1 will interact with additional RLPs in N. ben-
thamiana, and the signalling mechanism downstream of different RLP/SOBIR1 com-
plexes may differ, as not all of them trigger an HR 8. We expressed our TbID-tagged
NbSOBIR1 fusion protein in a N. benthamiana line that expresses the transgene Cf-4
and is a knock-out mutant of SOBIR1 2%, The observation that Cf-4 was the only RLP
detected to be in close-proximity of NbSOBIR1, suggests that Cf-4 accumulates at
relatively high levels when compared with the endogenous RLPs. Because of this
reason, it is possible that a potentially specific Cf-4/NbSOBIR1 proximal proteome
is enriched in the set of proteins that was found to be in close-proximity of the ThID-
tagged NbSOBIR1 bait.

The set of proteins detected to be in close proximity to NbSOBIR1 includes func-

tionally related proteins, such as RBOHB (Chapter 3). This enzyme is responsible
for the extracellular ROS burst that takes place upon perception of apoplastic im-
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munogenic patterns, such as the fungal effector Avr4 by Cf-4 (Chapter 3) and the
flagellin-derived peptide flg22 2. The flg22 peptide is perceived by the RLK FLS2
3¢ which also recruits the RLK BAK1 to activate immune responses 5. The proximal
proteome of NbSOBIR1 contains also five RLCKs, which were detected in all three
independent replicate experiments using NbSOBIR1-YFP-TbID as a bait. The RLCKs
form a large family of protein kinases that are divided into 17 groups 4. These pro-
teins act either as downstream signalling partners of cell-surface receptors, or as
intracellular sensors of the effectors of pathogens 2. One of these consistently
detected RLCKs, Niben101Scf01671g04002, is a homolog of the tomato RLCK-VIII
PTO-INTERACTING 1 (PTI1), which is required for the flg22-induced ROS burst 375,
Another two of the consistently detected RLCKs, Niben101Scf00012g00012 and
Niben101Scf10157g01009, belong to subgroups 8 and 6 of RLCK group VII, respec-
tively. Interestingly, there is ample evidence describing that the RLCK-VII group mem-
bers acts downstream of cell-surface receptors 2. In Arabidopsis, two close paral-
ogs belonging to the RLCK-VII-8 subgroup, BOTRYTIS-INDUCED KINASE 1 (BIK1) and
PBS1-LIKE 1 (PBL1), have been shown to interact with the RLK FLS2 and are indeed
required for various FLS2-mediated immune responses *5%76, Upon flg22 perception
and BAK1 recruitment to the FLS2-BIK1 (or FLS2-PBL1) complex, these RLCKs ac-
tivate the Arabidopsis homolog of N. benthamiana RBOHB by phosphorylation 2°,
Additionally, higher order knock-out mutants of the RLCK-VII-8 subgroup showed
a compromised ROS burst upon perception of different apoplastic immunogenic
patterns in Arabidopsis, evidencing functional redundancy 13, In the solanaceous
plants tomato and N. benthamiana, the RLCK-VII-6 AVR9/CF-9 INDUCED KINASE 1
(ACIK1) is required for the immune responses triggered by Cf-4, and also by the RLP
Cf-9, the latter which recognises the C. fulvum effector Avr9 164212, Although we base
the description of the obtained dataset as shown in Table S2 on the proteins that
were consistently found to be significantly enriched in all three PL-MS experiments
using TbID-tagged NbSOBIR1 (Table 1), it is also possible of having identified func-
tionally relevant proteins among those proteins that were detected with less consis-
tency. Of the 253 proteins that were significantly enriched in only two out of three of
our PL-MS experiments using TbID-tagged NbSOBIR1, 20 are RLCKs, of which eight
are RLCK-VII members (Figure 1B and Table S3). These RLCK-VII members are: four
close paralogs that are members of the RLCK-VII-8 subgroup; two homeologs that
are members of RLCK-VII-6; one RLCK-VII-4 member that is a homolog of Arabidopsis
PCRK1, which functions downstream of the RLK FLS2 377378: and one member of the
RLCK-VII-1 subgroup, which is a homolog of Arabidopsis AVRPPHB-SUSCEPTIBLE 1
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(PBS1) that acts as a sensor for the bacterial effector AvrPphB and activates immu-
nity through its interaction with the NLR protein RESISTANCE TO PSEUDOMONAS
SYRINGAE 5 (RPS5) 379:380,

TbiD-based PL-MS has generated a set of novel candidates for signalling
components of RLP/SOBIR1-containing receptor complexes.

Protein proximity represents weak evidence of a functional relationship. However,
the presence of proteins that are known to be required for the functioning of RLP/
SOBIR1-containing complexes, among those proteins that were consistently detect-
ed by PL-MS using TbID-tagged NbSOBIR1, invites to speculate about the potential
roles of the other detected proteins in RLP/SOBIR1-mediated immune signalling
(Tables 1 and S2). This is especially relevant when considering the different molecu-
lar processes that are expected to take place downstream of RLP/SOBIR1-containing
complexes triggering immune responses. For instance, MAP kinase cascades repre-
sent key signalling modules that are activated by RLCKs downstream of cell-surface
receptors 19381 These signal amplification cascades comprise three levels of protein
phosphorylation: upstream MAPK kinase kinases (MAP3Ks), middle MAPK kinases
(MAP2Ks), and bottom tier MAP kinases (MAPKs) 382, Recognition of Avr4 by the Cf-4/
SOBIR1 receptor complex indeed requires activation of a MAPK cascade for proper
induction of defence responses, as silencing of the genes encoding the tomato
MAPKs LeMPK1, LeMPK2, and LeMPK3 compromises the Cf-4-induced resistance
to C. fulvum %, Interestingly, the set of proteins consistently detected to be in close
proximity to NbSOBIR1 also includes five MAP3Ks. Two of these belong to the clade
C6 of the MAP3Ks (Niben101Scf02437g02021 and Niben101Scf02836g02006)
and the other three belong the clade C7 (Niben101Scf03469g03002, and the two
homeologs Niben101Scf07584g02008 and Niben101Scf02237g07012) 382, MAP3Ks
are classified into two groups, MEKKs and RAF-like, and the consistently detected
proteins all belong to the RAF-like group of MAP3Ks 382, So far, unlike what has
been shown for the MEKKSs, there is no biochemical evidence showing that RAF-like
MAP3Ks can activate downstream MAP2Ks-MAPKs cascades . When looking at
the proteins that were significantly enriched in two out of three PL-MS experiments
using TbID-tagged NbSOBIR1, we find 12 MAP3K, of which four are indeed MEKKs
(Figure 2A, Table S4). These are the two homeologs of Arabidopsis MAPKKK3 (Niben-
101Scf09063g00003 and Niben101Scf01795g10003), and the two homeologs of
Arabidopsis MAPKKK7 (Niben101Scf03861g02013 and Niben101Scf01587g02009.
MAPKKK3 forms part of the module MAPKKK3/MAPKKK5-MKK4/MKK5-MPK3/
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MPKS®, which is required for immune responses triggered by apoplastic immuno-
genic patterns 38384 |n N. benthamiana, VIGS of these MAPKKK3 homologs results
in a reduction of the HR that is triggered upon co-expression of Cf-9 with Avr9 3%,
Likewise, VIGS of the detected homologs of MAPKKK? results in a reduction of the
HR that is activated upon co-expression of Cf-4 with Avr4, and of Cf-9 with Avr9 3%,

The signalling mechanism of immune receptors needs to be regulated tightly be-
cause of the occurrence of growth-defence trade-offs 2%, Therefore, another mo-
lecular mechanism that is expected to be represented in the proximal proteome
of SOBIR1 is the regulation of the phosphorylation status of its kinase domain by
protein phosphatases of the type 2C (PP2C) 154387, Such a process was proposed to
explain why the overexpression of Arabidopsis SOBIR1 triggers MAPK activation and
an HRin N. tabacum and in N. benthamiana, whereas overexpression of the tomato
and N. benthamiana homologs of SOBIR1 does not trigger such responses in these
plants %%, It was hypothesised that endogenous phosphatases of N. tabacum and
N. benthamiana are able to properly regulate solanaceous SOBIR1 immune signal-
ling by dephosphorylation, while having a lower affinity for more distantly related
Arabidopsis SOBIR1 3%, The list of proteins that are consistently detected to be in
close-proximity of the kinase domain of NbSOBIR1 includes one PP2C-type protein
phosphatase that is a homolog of the Arabidopsis CERK1-INTERACTING PROTEIN
PHOSPHATASE 1 (CIPP1) (Table 1). Arabidopsis CIPP1 negatively regulates signalling
by CHITIN ELICITOR RECEPTOR KINASE 1 (CERK1), which is an RLK that perceives
chitin, a component of oomycete and fungal cell walls 3%3%°, |t has not yet been
established whether CIPP1 is a specific negative regulator of CERK1-mediated im-
munity, or whether this particular phosphatase is a promiscuous enzyme involved
in negatively regulating various RLKs. Possibly, the PP2C-type protein phosphatase
that we identified is indeed a negative regulator of RLP/SOBIR1 complexes.

Some signalling components and interacting proteins anticipated to be
identified, are missing from the detected proximal proteome of the Cf-4/
SOBIR1 receptor complex.

Experimental evidence indicates a role of cytoplasmic NLR immune receptors down-
stream of SOBIR1-containing immune complexes. For example, in Arabidopsis, the
constitutive activation of immune responses that causes cell death in knock-out
mutants of BIR1, which is a negative regulator of RLP/SOBIR1/BAK1 complex for-
mation, partially depends on PHYTOALEXIN DEFICIENT 4 (PAD4), ENHANCED DIS-
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EASE SUSCEPTIBILITY 1 (EDS1), and NON RACE-SPECIFIC DISEASE RESISTANCE 1
(NDR1) %3100, PAD4 and EDS1 are part of a signalling module that is required for NLRs
containing an N-terminal Toll-interleukin-1 (TIR) domain (TIR-NLRs or TNLs), while
NDR1 is required for NLRs having an N-terminal coiled-coil (CC) domain (CC-NLRs or
CNLs) *9.In Arabidopsis, EDS1 and PAD4 have been shown to associate with SOBIR1
and to mediate immune responses triggered by RLPs and RLKs 162163, However, in N.
benthamiana, where PAD4 seems to be dispensable for TNL immune signalling 3%,
neither EDS1 nor PAD4 are required for the HR and ROS burst triggered by the RLP
Cf-4 3%, and knock-out mutants of EDS1 or PAD4 cannot rescue the lethal pheno-
type produced when silencing the homologs of BIR1 in N. benthamiana (Chapter 3).
Consistent with these observations, our PL-MS experiments in N. benthamiana did
not detect a proximity of NbSOBIR1 with the homologs of EDS1 or PADA4. It was re-
cently found that NB-LRR PROTEIN REQUIRED FOR HR-ASSOCIATED CELL DEATH
3 (NRC3), which is a helper CNL required for the activity of sensor CNLs, is required
for the HR triggered by the RLP Cf-4 ¢°. However, the processes connecting RLP/
SOBIR1/BAK1 complex formation and signalling with the activation of downstream
NRC3-dependent processes, likely through an uncharacterised sensor CNL, remain
obscure. Our TbhID-based PL-MS experiments with NbSOBIR1 did not detect any
NLR in any of the three experiments that were performed (Table S2). The only po-
tential links with the activity of CNLs downstream of the Cf-4/SOBIR1 complex are
represented by proteins that are guarded by these immune receptors. The detected
proximal proteome of the kinase domain of NbSOBIR1 includes six homologs of
Arabidopsis RIN4, as well as homologs of the RIN4-associated proteins NDR1 3% and
a H*-ATPASE 1 (HA1) 3% (Table 1). RIN4 is a negative regulator of defence responses
that is targeted by several pathogen effectors in order to perturb plant immune
signalling %3. This protein is guarded by the CNLs RESISTANCE TO P. SYRINGAE
PV MACULICOLA 1 (RPM1) and RESISTANT TO P. SYRINGAE 2 (RPS2), which mon-
itor its phosphorylation status and its integrity, respectively 3°53%, Other members
of the detected proximal proteome of NbSOBIR1 that could be guarded by CNLs
are Niben101Scf05118g10007 and Niben101Scf03216g00001, which are the two
homeologs of the Arabidopsis RLCK-IV CALMODULIN-BINDING RECEPTOR-LIKE
CYTOPLASMIC KINASE 2 (CRCK2). In Arabidopsis a close paralog of CRCK2, CRCK3,
is guarded by the CNL SUPPRESSOR OF MKK1 MKK2 2 (SUMM2), which monitors
the phosphorylation status of CRCK3 3¢7,
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The absence of known interactors in PL-MS datasets has been described in previous
reports. The first application of PL-MS deployed a mutant version (R118G) of the
biotin ligase BirA in mammalian cells and failed to detect one of the known interac-
tors of the fusion protein that was used as bait 3%. More recently, the application of
PL-MS in N. benthamiana using a TbID-tagged version of the TNL N failed to detect
N RECEPTOR-INTERACTING PROTEIN 1 (NRIP1) and SQUAMOSA PROMOTER BIND-
ING PROTEIN-LIKE 6 (SPL6) %2, These two proteins are known to associate with N
upon the activation of the immune response 3%3%, Qur application of PL-MS in N.
benthamiana using TbID-tagged NbSOBIR1 and Cf-4 for example failed to detect
the recruitment of BAK1 homologs to the Cf-4/SOBIR1 complex upon treatment
with Avr4. This was an unexpected result, considering that upon co-expression by
agroinfiltration in N. benthamiana, TbID-tagged NbSOBIR1 and Cf-4 do biotinylate
the tomato homolog of BAK1 in the absence of Avr4 (Chapter 4). In our experiments,
treatment with Avr4 did not result in a relevant change in the proximal proteome of
our ThID-tagged bait proteins (Figures 4A and 4B). This was expected in the case
of proteins that dissociate from the receptor complex, as the endogenous level
of biotin in N. benthamiana allows for biotinylation to take place before the infil-
tration of the solution containing both biotin and Avr4 (Chapter 4). Therefore, any
dissociating protein would likely already be biotinylated and purified anyway by the
pull-down with the streptavidin-coated beads and identified by the mass spectrom-
etry analysis. However, it should be possible to detect the specific recruitment of
proteins to the Cf-4/SOBIR1-containing receptor complex. The plant material was
harvested one hour after the infiltration of a solution containing biotin and Avr4, and
the recruitment of BAK1 is expected to happen within one minute after elicitation
with Avr4 76, Possibly, the relatively high levels of protein accumulation achieved in
N. benthamiana upon transient expression of the TbID-fused versions of SOBIR1 and
Cf-4, employing the constitutive 35S promoter, causes aberrant localisation of the
bait proteins, increasing the level of non-relevant background proteins and reducing
the sensitivity of this PL method for endogenous interacting proteins that are only
expressed at low levels. This could explain why our TbID-tagged Cf-4 protein seems
to also locate at the nuclear membrane, besides its known localisation at the cell
surface 75, as suggested by the biotinylation of histone proteins (Table 2). Also, this
would explain why the absence of NbSOBIR1 has no effect on the detected proximal
proteome of Cf-4 (Figure 2E), as only a fraction of the ectopically expressed Cf-4 pro-
tein would form a complex with the endogenous NbSOBIR1. Lastly, this could also
explain why only Cf-4, as expressed by the Cf-4 transgene in N. benthamiana:Cf-4
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sobirl(-like), was found to interact with NbSOBIR1 and not any additional endoge-
nous RLP. Further PL-MS experiments in N. benthamiana should consider the use
of endogenous, or at least weaker, promoters for transient expression of the TbID-
tagged baits. For the application of PL-MS in solanaceous crops such as tomato and
potato, our results suggest that the relatively low levels of protein accumulation
that are usually achieved by agroinfiltration in the leaves of these plants may be
favourable for the biotinylation and subsequent detection of functionally relevant
endogenous proteins.

The ThiD-based PL-MS approach provides information about the molecular
environment of RLP/SOBIR1-containing receptor complexes.

Besides the identification of candidate proteins that represent downstream signal-
ling partners of RLP/SOBIR1-containing complexes, the application of PL-MS also
provides information about the molecular environment in which these complexes
are organized at the PM. The PM is a heterogenous organelle that can be subdivided
into lateral compartments, with compositions and biological functions distinct from
the surrounding membrane 4%, One of these levels of organization, referred to as
nanodomains, consists of submicron assemblies of protein complexes and lipids
that are visual as punctuate structures at the cell surface upon applying fluorescent
microscopy techniques “°14%2, These nanodomains are hypothesized to act as plat-
forms involved in the maintenance of signalling specificity of the different receptor
complexes that share the same signalling components 4%, For instance, the RLK
BRASSINOSTEROID INSENSITIVE 1 (BRI1) regulates developmental processes by
perceiving brassinosteroid hormones 4%, and shares signalling components with
the RLK FLS2, including their co-receptor BAK1 and the RLCK BIK1 405407 The spa-
tial separation of FLS2 and BRI1 over different nanodomains is proposed to be a
means to generate and preserve the signalling specificities of receptor complexes
regulating growth and immune responses “%, The detected ThID-based proximal pro-
teome of NbSOBIR1 suggests that RLP/SOBIR1-containing receptor complexes also
localize in nanodomains, as the proximal proteome of NbSOBIR1 includes several
proteins known to be associated with these structures, like RBOHB 4%¢4%, and also
proteins that are considered to be markers for nanodomains, such as five hyper-
sensitive-induced response proteins (HIRs) and four remorins (Table 1) 402403.410-412,

HIRs are plant-specific members of a large family of stomatin/prohibitin/flotillin/
HfIK/C (SPFH) domain-containing proteins 4. SPFH domain-containing proteins
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are widespread, from prokaryotes to eukaryotes, and they are associated with nan-
odomains located at the PM and in various intracellular compartments 43, HIRs
associate with the inner side of the PM, likely through myristoylation and/or palmi-
toylation at their N-termini. These proteins are positive regulators of plant immune
responses and their overexpression promotes the HR 410414416 Arahidopsis possess-
esfour HIRs and at least two of these, HIR1 and HIR2, form complexes with the CNL
RPS2 415, Thirteen HIRs have been described in N. benthamiana 416, and the five HIRs
that were found to be in close-proximity to NbSOBIR1 share strong similarity with
HIR4 from Arabidopsis (Table 1).

Remorins were initially described in potato and tomato as pp34, being small 34KDa
proteins associated with the PM that are phosphorylated upon perception of oligo-
galacturonides #7419, These proteins were later renamed as remorins due to their
hydrophobicity and their ability to attach to the PM #2°. Remorins form a family of
plant-specific membrane-associated proteins that are classified into six groups 4.
The five remorins that were found to be in close proximity to NbSOBIR1 belong to
group 1, which is the group of the canonical remorins. These proteins are character-
ised by the presence of the domains Remorin_N and Remorin_C, and they associate
with the PM as a result of palmitoylation of their C-terminal hydrophobic core #2243,
These remorins are associated with the initiation of plant defence responses 23477,
and the overexpression of multiple canonical remorins from tomato induces cell
death in N. benthamiana leaves “¥. In Arabidopsis, REM1.2, a canonical remorin,
co-purifies with RPS2 upon affinity purification of RIN4 3%, Arabidopsis possesses
four canonical remorins #2*, whereas N. benthamiana has at least eight of these pro-
teins 421428, The remorins that were found to be in close proximity to NbSOBIR1 share
more similarity with REM1.4 than with the other remorins of Arabidopsis (Table 1).

The proximal proteome of NbSOBIR1 also includes the two N. benthamiana homeo-
logs of Arabidopsis PHOTOTROPIN 2 (PHOT2). Phototropins are blue-light receptors
comprising an N-terminal photosensory region containing two Light, Oxygen or Volt-
age (LOV) domains and a C-terminal Ser/Thr kinase domain 3. Sensing of blue light
induces autophosphorylation of phototropins and subsequent phosphorylation of
their substrate proteins #?%. Phototropins regulate multiple processes related to the
perception of light, such as chloroplast relocation 3%, stomatal opening *® and pho-
totropism #9431, Arabidopsis possesses two phototropins, PHOT1 and PHOT2, and
both co-purify with the CNL RPS2 #2433 Interestingly, recent evidence points to a role
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of phototropins in the modulation of plant defence responses. In N. benthamiana,
overexpression of the potato homologs of PHOT1 and PHOT2 promotes infection
by Phytophthora infestans. Inversely, silencing of the N. benthamiana homologs of
PHOT1 and PHOTZ reduces colonisation of the leaves by this oomycete #*. In addi-
tion, a recent study on the model bryophyte Marchantia polymorpha found that the
phototropin MpPHOT is phosphorylated upon perception of chitin, and is involved
in negative feedback regulation of defence-related gene expression 4%,

Although the physical proximity of two proteins does not necessarily imply a func-
tional relation, it still calls to our attention that, besides phototropins, several
components involved in phototropin-mediated chloroplast movement are part of
the proximal proteome of NbSOBIR1 (Table 1). Among the proteins consistently
detected to be in close-proximity to NbSOBIR1, we for example also found ROOT
PHOTOTROPISM 2 (RPT2), PLASTID MOVEMENT IMPAIRED 1 (PMI1), PMI2, J-DO-
MAIN PROTEIN REQUIRED FOR CHLOROPLAST ACCUMULATION RESPONSE 1
(JAC1) and THRUMIN1. All these proteins are molecular components regulating
light-induced chloroplast movements 34 Considering that the movement of the
chloroplasts towards the nucleus of the cell, referred to as chloroplast perinuclear
clustering, is a general response upon immune activation 3¢, the physical proximity
of the different molecular components involved in these two cellular processes sug-
gests that there is a crosstalk between light perception through phototropins and
the immune responses triggered by RLP/SOBIR1-containing receptor complexes.

CONCLUSIONS

In this study, we performed a series of PL-MS experiments in N. benthamiana with
the aim of identifying candidate proteins representing downstream signalling com-
ponents of an RLP/SOBIR1-containing receptor complex. By using previously val-
idated TbID-tagged fusion proteins (as described in Chapter 4), we identified the
proximal proteomes of the RLP Cf-4 and the RLK NbSOBIR1, which constitutively
interact. Our PL-MS experiments identified several proteins that were already known
to be functionally related to RLP/SOBIR1-containing receptor complexes, as well as
multiple novel candidates for downstream signalling components (Figure 5). Our re-
sults also suggest that PL-MS using cell-surface receptors as baits can be used as a
tool to characterise the nanodomains in which different receptor complexes localise.
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NbPERK1 NbSOBIR1

| NbBAK1 NbROBHB NbRKL1
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RLCK-VI

eo'
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Figure 5. Diagram showing a selection of the proteins found to be in close-proximity to the
Cf-4/NbSOBIR1 complex by ThiD-based proximity labelling. In the presence of ATP and biotin,
the promiscuous biotin ligase, TbID, produces a “cloud” of reactive and labile biotinyl-5-AMP
(bioAMP), shown as a yellow background. These bioAMP molecules react with primary amines,
such as the lysines that are present in proteins, resulting in the covalent attachment of biotin to
the proteins that are present within the biotinylation cloud. Subsequent extraction of the total
proteins, followed by purification of the biotinylated proteins with streptavidin-coated beads and
subsequent mass spectrometry analysis, allows to identify the proteins that reside in the vicinity
of the TbID-tagged bait protein, which in this figure is NbSOBIRT1. The identifiers of the proteins
shown in the diagram are listed in Table 1. Proteins like NbBAK1 that are depicted with dotted lines
are expected to be present but were not detected by PL-MS.

MATERIALS AND METHODS

Plant material and growth conditions

N. benthamiana, N. benthamiana sobirl(-like), and N. benthamiana:Cf-4 were grown
in climate chambers under 16 hr of light at 24°C, and 8 hr of darkness at 22 °C, and
at an RH of 75%.
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Phylogenetic analysis of the RLK-Pelle_LRR-XI group

The phylogenetic tree of the members of the group RLK-Pelle_LRR-XI in Arabidop-
sis, tomato and N. benthamiana was built after retrieving the protein sequences
already classified at iTAK - Plant Transcription factor & Protein Kinase Identifier and
Classifier **°. The protein sequences were then aligned using the MAFFT web-server
using the default settings 3%, and the phylogenetic tree was built using the neigh-
bour-joining method on the conserved sites with 100 bootstraps.

Agrobacterium-mediated transient transformation

Agrobacterium-mediated transient transformations (agroinfiltrations) were per-
formed as previously described 2%, The constructs used for the PL-MS experiments
were Lti6b-YFP-TbID (SOL9208), GUS-YFP-TbID (SOL9203), NbSOBIR1-YFP-TbID
(SOL9201), and Cf4-YFP-TBID (SOL9210). We performed the agroinfiltrations in the
first fully expanded leaf of three to four weeks old N. benthamiana plants of the in-

dicated genotypes, at an OD,. =0.5. Each sample expressing one of the TbID-tagged

600
fusion proteins was prepared in triplicate. For each replicate, we infiltrated one leaf

per plant, in a total of five plants.

Streptavidin-pull down for mass spectrometry analysis

Two days after agroinfiltration, the leaves were infiltrated with a solution containing
biotin (200 uM, pH=8, 10 mM MES) and harvested after one hour. For the treatments
using Avr4, this protein was included in the biotin solution at a concentration of 10
UM. For each replicate, the five treated leaves were harvested, combined, wrapped
in aluminium foil, and kept in liquid nitrogen or at -80°C until further use.

The frozen samples were ground to a fine powder in liquid nitrogen using a mortar
and pestle. Then, the pulverized samples were transferred to pre-cooled 50mL
V-shape tubes, weighed, and resuspended in 2mL/g of extraction buffer (EB; pH=8.0,
150 mM NaCl, 1.0% [v/v] IGEPAL®CA-630 (=NP-40), 50 mM Tris, Sigma protease
inhibitor cocktail = 1 tablet per 50 mL). For this resuspension, the frozen samples
with the EB were vortexed at room temperature and kept on ice once melted. Then,
the samples were centrifuged at 13,000rpm for 30 minutes at 4°C in a Sigma 4-16K
centrifuge .

To prevent saturation of the streptavidin beads with the free biotin remainingin the
samples, 10mL of the centrifuged protein extracts were desalted using PD MiniTrap
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PD-10 desalting columns (GE Healthcare). This process was done at 4°C, following
the manufacturer’s gravity protocol for removing salt.

The desalted protein extracts were transferred into pre-cooled 15mL tubes, and
incubated for one hour at 4°C (10 rpm in an SB3 tube rotator, STUART), with 200uL
of Dynabeads™ MyOne™ Streptavidin C1 (washed before use according to the man-
ufacturer’s protocol). After incubation, the beads were washed three times with
1mL of EB, without NP-40, and were resuspended in 45ul of EB buffer. Because of
the presence of residual detergent in the first set of samples, the second and third
set of samples were subjected to three additional washing steps with 1ml of ABC
buffer (ammonium bicarbonate, 50 mM, pH=8), and were eventually resuspended
in 45ul of ABC buffer.

Sample preparation for proteomics by mass spectrometry

While still on the beads, the disulphide bonds in the captured proteins were reduced
by adding 5pL of DTT (150 mM) and incubating the samples at 45°C for 30 minutes.
The sulfhydryl groups were subsequently alkylated by adding 6L of acrylamide (200
mM) and incubating the samples for 10 minutes at room temperature.

The peptides to be measured by mass spectrometry were subsequently released
from the streptavidin-coated beads by tryptic digestion. For this, a stock solution
of trypsin (0.5 pg/pL of trypsin in 1 mM HCI, pH 3) was diluted 100 times in ABC
buffer (ammonium bicarbonate, 50 mM, pH=8) and 100pL of the diluted trypsin
solution was added to each sample. The samples were then incubated overnight
at room temperature, with mild agitation, after which they were acidified to pH=3
using trifluoroacetic acid, and cleaned-up using pColumns according to the method
published by Wendrich and co-workers 4%.

LC-MS/MS Analysis

For the LC-MS/MS analysis, the peptides were separated by reverse-phase nano
liquid chromatography using a Thermo nLC1000 column and they were measured
using an Orbitrap Exploris 480 mass spectrometer. The peptide spectra were
searched in Maxquant (version 2.0.3.0) *%8, using the Andromeda search engine 3
with label-free quantification (LFQ), against the version Niben1.0.1 of the N. benth-
amiana proteome dataset, including the protein sequence of Cf-4 (050025), Avr4
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(Q00363), LTI6b (AT3G05890), GUS (P05804) and frequently occurring contami-
nants.

The identified protein groups were then analysed using Perseus (version 1.6.2.3)
358 Reverse and contaminant proteins, and those only identified by matching, were
filtered out. Then, protein groups identified in less than three replicate samples were
also filtered out. The LFQ values were log2 transformed, and the missing values
were assigned assuming a normal distribution. The relative protein quantitation of
the samples relative to the controls were calculated applying both-sided Student's
t tests, using a permutation-based adjustment (FDR=0.05, 250 randomizations, and
SO setto 0.1).
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SUPPLEMENTARY DATA

>cr4
MGCVKLVFEMLYVFLFOL LPHLCPEDOALALL TGOVIELDLRCIOL FOLSNLKRLDL THLDL KLYVLRIS
LNELTFGPHNFELLLKNLTOL KV DL ESINISSTIPLNFSSHLTNLWL PYTEL RGILPERVEHL SDLEFLDLSSNPOLTVREPTTKWNSSASLMKLYL TSLHKLYMSRSNL SGPIPKPLWNI TNIVELDLNNNHL RNLOT
LWLSSNNL PSLIGLDL (TLSTVTLKONKLKGPIPNSLLNOKNL OFLLL KILILLDLGSNNLEGTIPOCY DLSNNRLSGTINTTESVGNILRVISLHGNKL T
LLDLGNNMLNDTFPNWLGYLFOLKILSLRSNKL FMGLOILDLSSNGESGNLPERILGNL YNYLTT DSNMIINL RTLNLSHNVL £
LDL ASLTFLEVLNLSHNHLVGC RGFPLSKLCGGEDOVTTPAEL (GYGCGLVIGL AWFSRMDLKLEHIITTKMKKHKKRY

> Niben1015cf03816g01001 _RLK-Pelle_LRR-XI-2_NbSOBIRL

MAFTASOIHFFFFSLFAFLLIAVOARLNLYPPDOHAALLLVOKDLGIOGORIALCNSAT L GTLSPAIGKLSVLKELSLPNNOLFDOIPVOILDCRKLEILDLGNNL LRLRILDLSSNEFSGNLNFLKYFP
NLEKLSL KSFRNLRILNISGNSFL EL LSVLEKLVMFFVRKGKTDGTLTIYSPLIKKAEDL
AFLETEDGVASLEMIGKGGCGEVYRAELS TEEDTKALI JILGOIRHRNLLPLLAHMPRPDCHYL\ EYLHINHSOCIIHRDLKPANVLLDDDM
EARIADFGLAKALPDAHTHVTTSNVAGTVGYIAPEYHOTLKFTGKCDIYSFGVVLAVLVIGKLPSDEFFOHTPEMSLVKWLS LVLKIACFCTLE DVRCMLTOIKH

>NIBEN101SCF07619G00006.1_ RLK-PELLE_CRRLK1L-1_BEST BLAST HIT OF AT3G51550 FERRONIA

MTEGSKFCFLLASTFLLLAVVVKVTLA( LNCGGPDGL L FYPSSYNKL T LRNFSAAOTAEALNYDYLTKEFSINVP

ETLI TSIVGO ENVYRL I DVYK RLHFCEIT

MNITKVNC WiAL L IGLWVCL

LPLSL) TNTTGSYASSLPSNLCH LG RHRHLVSLIGYCEENCEMILVYDYMAHGTLREHLYKTOKPPLPWKORLDIGIGAARGLHYLHTGA
CTTNILLD! DFGLSKTGPTLDI DPEYFRROOLTD FELLCARPALNPTLPKEOVSLAEWAFHCYKKGTFDOIIDPYLKGKIAPECLKKFTETAVKCVSDVGYDRPSMGDVLWNLEFALOLOE

'SAEECGKGFGKMDIEEGFDVTCKGKKDLNESAGFD, DDSDGL

>NIBEN101SCF10330G02004.1_ WAK_LRK10L-1_BEST BLAST HIT OF AT5G02070

MAATFORIFTASLLLLMCAAAPALSARRCADCGSSPVPYPLSTGPDCGDOSYKIRCTSTOLLFDTLNNSYPITSISPETORLTIQPSPFLENTCE NSSLPENITSSNTIVYLNCSQTLLTSPLNCSSASLCH RSAP]
c DssL EL IAGLTSGL

GGVKNAKLI T DDGTDVAVKCAKL NEVRILCOVNHKSLLRILGCCVELEQPLLVYEYVPNGTLSDHLOGPDRKLLTWDSRLSVAHATAEGLAYLHFSAVPPIYHRDVKSSNILLDESLNAKVS
DFGLSRLAHADLSHVSTCAOGTLGYLI LELLTSOKAIDFI AVYVORLY LKERASSLOLETMKALGFLAVSCLEERRONRPSMKEVAEEIEYIISIATAKA

>NIBEN101SCFO8151G00006.1_ RLK-PELLE_PERK-

_BEST BLAST HIT OF AT3G24550 PERK1

LSLLFIF LAVLSLLFIF

OSTFTYEEL LGO VSLVGYCITGAORMLY HGKGRPPLDWPTRLKIALGSAKGLAYLHEDCOP

10f LAKL LEL] DWARPLLTRALEDEKFDALVDRRLENDYNHNEMARMVACAAACVRHSAKRRPRMTOVLRALEGAVSLS

DL TSSDYDALC LELT VDWARPLLTRAL ARAC RALE
GAVSLSDLI YSSYTSSDYDALO)

>NIBEN101SCF02854G02005. 1_ RLK-PELLE_LRR-TII_BEST BLAST HIT OF AT1G48480 RKL1

MSSKILIFFTISIFLIFRPTTSDIASDRLALLSIRSALRGRSLLWNI ELHLPGMGLSGOIPPGLESNLTKLNFLSLRYNALSGVIPADLESPLKDLKNLYLOHNL NLVRLNL TGLGTL
L PGL NGSIPSKLSGOPKDSFLGTSLCGKPLDS GGALAGIVIGCVIGLLLFLLLLFFCCCRKRSNKETT

AIVGNGKSL) DDLLKASAEVL ESGITLVVKRLS DHENLVPLRAYYYSGDEKLL SALLHGNKGAGRTPL GAARGIAYLHAOX LTKS
EARVSDFGLAOLVGPSSTPNRVAGYRAPEVTDPRKVSOKADVYSFGVLLLELLTGKAPTHSLMNEEGVDLE ELLRYO) LOLAVDCT/ Ie! /OTALN

>NIBEN101SCF11524G00007.1_ RLK-PELLE_LRR-III_BEST BLAST HIT OF AT1G48480 RKL1

MSSKILIFFIISIFLIFRPTTS LSIRSALRGRSLL PDKSSVLELHL PGMGLSGOIPPGLFSNLTKLNFLSLRYNALSGSIPADLFSPLKDLKNLYLOHNL NLVRLNL NNLTGLGTL
L NLPGL GSIPSKL.SGOPKDSFLGTSLCGKPLNSCI LLILLLLFFCCCRKKSNKET 1

GNGKSL) DDLLKASAEVL ESGITLVVKRLS NHENLVPLS L ALL LTKSYEAR
VSDFGLAOLY LLELLTGKAP PRWVO! ELLRYO LLOLAVDCT c

>NIBEN101SCF02581G04013.1_RBOHB.

SGPL DAYVEITLD LALLAKGLEKKSTLGSSL RRLASL K

GU TASTTGLLPRVKFGEC] DALARRRNITTDSINKAOL} ASANRLST? DPNNLGYIMIENLEMLLLOA

PN KL LLWIGIMAGL CFAKGAAETLKLNMAIILLPVCRNTITWLRNKTRLGAAVPFI GVGVHGLSHLTCDFPRLLNA

MAIAFTL PKPFHKLTGF! FVIVYTLFIVHGEKLYITKDCDNEQTWMYLTIPIILYASERL KVAVYPGNVLALHMSKP( OYMFVNCA
AVSPFEWHPFSITSAPGDDYLSVHIRTLGDWTROLKTVFSEVCOPPPNGKSGLLRADYLOGENNPNFPRVLIDGPYGAPAODYKKYEVVLLVGLGIGAT EL
\LITMLOSLI GAPALTKELROHALDFSHK

>Niben101Scf06815g01013.1_DHHC-TYPE ZINC FINGER PROTEIN_BEST BLAST HIT OF AT4G24630

GGRLIFGPDAKSLLITLLLIIVPVTVECVFVARHLS LIFTIHVLVLLLL DTCMLYRPPRCSHCSICNNCVEREDH
H RNYRFFFCEVSSAMLLCIYVFAVCALYIKVL MAYCEISLWEVGGLTGEHLYLISTNOTT GCLNNFMEVFCTRVKPSRNNFRAYVOEEEPRPPLPTTREAEVEMDDDHRVKVED
DLDIGGDLL T (TSSREPYO

>Niben101Scf00593g01002.1 BEST BLAST HIT OF AT5G62670 H(+)-ATPASE 11

MGEKPEVLDAVLKETVDLENIPIEEVFENLRCTKEGLSGPAAOERLAIFGYNKLEEKKESKFLKFLGEMWNEL LVINSTISFIEENNAGN, MARLAPKAKSALTGESLPVTKGPGDGVYSGSTCKO
YL LNLS RSLGVAYO! IOFIGLLPLI NLGVNVKMITGDOL
AIGKETGRRL( L PIDEL OARKHIC TEPGLSVIISAVLTSRAIFORMKNYTIYAVSITIRIVL GEMLLALIWKEDEPPEMYLIIALL
NDGTIMT LPDSWKLAEIFTTGYVLGGYL ASAIYLOVSTISOAL RS) LLVVAFLIAQLVATL NLVFYFPLDIIKFLIRYA
LSGRAWDLVLEORIAFTRKKDFGKEORELOWAHAORTLHGLOVPDTKLFSEATNFNELNOL HTL KGLDIETIOOSYT

>Niben1015cf03979g02010.1 BEST BLAST HIT OF AT2G18960 H(+)-ATPASE 1

MAKAISLEEIKNETVDLEKIPIEEVFEOLKCTREGLSAEEGANRLOIFGPNKLEEKNESKILKFLGEMWNEL L MAGLAPKTKAAHL TSIGNFCICS
TAIGML KOGELEAVILDL RSLAVARO! PLE ETIRRALNLGVNVKMITGDOLAIAKETGRRLGMGTNMYPSASLLGODKDSAIASLPIEELIEKADGFA.

c TEPGLSVIISAVLTSRAIFORMKNYTIYAVST LIAILNDGTIMT KEIF) MIVIEE
WAMHDT LOVSIISOAL LVIAFMIAQLVATL LLFYFPL GKAWNNLLDNKTAFT RTLHGLOPPE
ATNLF RELHTL KGLDIETIOOHYTV

> Niben1015cf00416g06002. 1 BEST BLAST HIT OF AT1G16860 SHOU4L

SGLYVSGRPEOS GKMFVIPTTI KKTNSGPL PTTGLITSGPLNSA
DSTGSMKL L RNPILLVVVIVL NLPLE YTVTSL)
OSGLRALVK] LADRNLSSDDRIMRL ORNDSVLI PASLEGIVLRCEDSSKID

ViV

Figure S1. Mapping of the peptides corresponding to transmembrane proteins that were de-
tected by PL-MS using TbiD-tagged NbSOBIR1. Legend: signal peptide, underlined in orange; ex-
tracellular domain, underlined in blue; transmembrane, underlined in red; intracellular, underlined
in grey; peptides detected by mass spectrometry are highlighted in yellow.
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Figure S2. Phylogenetic tree depicting the members of the family of kinases belonging to RLK-

Pelle_LRR-XI in Arabidopsis, tomato, and N. benthamiana. The branch lengths in the tree are

proportional to the number of substitutions per site.

Table S1. Sets of samples prepared for PL-MS and analysed in this study. The first column refer to

the ThID-tagged fusion proteins that were expressed by agroinfiltration. It also indicates for which

samples the biotin solutions were supplemented with 10 M of Avr4 protein. The second column

indicates the genotypes of N. benthamiana that were used. The third and fourth columns indicate

the amount of plants that were used and the amount of samples that were prepared, respectively.

First set of samples

Bait Genotype #of plants #of samples
NbSOBIR1a-YFP-ThID N. benthamiana:Cf-4 sobir1(/sobirl-like) 15 3
Cf-4-YFP-TbID N. benthamiana WT 15 3
GUS-YFP-TbID N. benthamiana:Cf-4 sobir1(/sobir1-like) 15 3
Second set of samples

Bait Genotype #plants #of samples
NbSOBIR1a-YFP-ThID N. benthamiana:Cf-4 sobir1(/sobir1-like) 15 3
Cf-4-YFP-TbID N. benthamiana WT 15 3
Cf-4-YFP-TbID N. benthamiana sobir1(/sobir1-like) 15 3
Lti6b-TbID N. benthamiana:Cf-4 sobir1(/sobir1-like) 15 3
Third set of samples

Bait Genotype #plants #of samples
NbSOBIR1a-YFP-ThID N. benthamiana:Cf-4 sobir1(/sobirl-like) 15 3
NbSOBIR1a-YFP-TbID + Avr4 N. benthamiana:Cf-4 sobir1(/sobir1-like) 15 3
Cf-4-YFP-TbID N. benthamiana WT 15 3
Cf-4-YFP-TbID + Avr4 N. benthamiana WT 15 3
Lti6b-ThID N. benthamiana:Cf-4 sobir1(/sobir1-like) 15 3
GUS-YFP-TbID N. benthamiana:Cf-4 sobir1(/sobir1-like) 15 3

223



Chapter5

G aseupy ufe3oud y|-103deday HLYYY S0 TYISELLbd]ds €€£9050Y'T T00T089T8E0JISTOTUBGIN €

Z utajoid ey 0/ pare|aI-20ys Jeay NYINNHZ/dSHIZS9pSdlds 660£98551'T 5000030658049STOTULQIN €
87=H19N31utej0.d Ajiwey 9z asereydsoyd urejold T0SLPEDTLY 100088225°T T00Z03€ETZ04OSTOTULQIN 0
aseuy utejoud axi-l03daosy 0TVLTDELY 96v€L918G'T 2007031£9T049STOTULQIN 0

T utejoid asuodsas paonpul-aansuasiadAy HLYYY THIHIETNA6DIds 867€L988L'T Z10€03€650049STOTUBQIN 0

9 ura30.d Sulurejuod-urewop Xgn NYINNH™9NXANITAZa6dIds 8G9/¥7LT6'T 90090306£8049STOTUBQIN 0

T3SH utejoud Asauyoew 3uilios-ute3oud Jejonden 3 sse|) ANAYO TISHI6L¥O0d|ds TEV6TSLST £00708£90T049STOTUSQIN 0
aseuyy utajoud axi-103daoay 0£5L09T1Y §6981085L'C Z100082T00049STOTUSqIN 0

[pubByjps ban3op7] 7 1duosue) ¥ uisload BunnoeieIuI TINGY [TTzzy9zovlas T¥19/6058°C 8000086688049STOTUSQIN 0
aseuy ute3oud axi-103daoay 0££00971Y 787619£97°C £000T38TTS04OSTOTUSGIN 0

uiajoud Ajquiasse uniyye|d uipuig-joysourjApireydsoyd vy 1v0IdIz10860Ids 9YETE8SIEE 900008£520049STOTUAGIN 1
£z w101d paje1d0sse-8uilios utajoud sejonae ONYHd £ZSdAI8zynovlds 9/07S8LEE Z10008£9Z049STOTUSGIN 0
8€G=HLONI1 ¢€ aseusy utajoid Juapuadap-wniofed T'0£6/5DELY 8YEVITYISE 7009038€7€049STOTULGIN 0
aseuy utejoud axi-l03daosy HLYYY /Y TdIy6NA46DIds 8£78TIST6E 90000315T8049STOTUSQIN 0

[pubyjos bonjop7] 7 1dudsuedy y uiejoud Suioeielul TINY [T°T22y9z0vIas TL8STLILTY 6v05086/7€0J9STOTUQIN 0
0 uiaj01d Sojowoy asepixo 1snq Aoresidsay N110S"0HOgYI0TXHZD|ds LET8YTI6T Y £107031852049STOTULqIN 0

aseuly uta3oud yi|-103daoay HLYYY 9 TYlzoNedlds 6L6VTSSTYY ¥00Z080£E0TOSTOTUQIN 0

[pubyjps ponjon7] 7 1dudsuedy y uieload Sunnoeielul TNY [T'v22y9z0v198 9GE8YTE0S Y 10000366/8049STOTUQIN 0
uonduosaq UoIssadoy IH Ise|g 49T SN SA pIAY QI pbupjwoyuag N QI9L-b-40 #

Weqese alq1-dJA-THIA0SAN Suisn uaym suawiiadxa SIN-1d Juapuadapul aaayy ul payouua Auesyiusis

“Jeq e se g|q1-d4A-THIGOSAN Buisn usym sjuswiiadxa SIN-1d 1UaI8 1P 841 Ul paydLus AJUedyIuSIS 818m 1eY1 ‘e
a)1sgam sojwousd 108 ay3 03 Suipioooe suleold bubjwpyIuag "N dY3 JO UOITBIOUUE 843 UIBIUOD UWN|0D YLY 8y} pue Y1unoy 8y 'SND J0 uoljes}jyuioiSe
Y3im pasedwod usym ‘yIAY Jo UoielijyuiolSe Jaye sinoy usalxis Je y-Jo:oupiwpyiuaq ‘N jo bas-yNy Aq paureiqo eyep uoissaidxe paysijgndun o3 siajal ‘yg1
SN SA FIAY ‘UWIN|0D PJIY3} 8Y | ‘DUDIWDYIUAG "N J0 dwoalold ay3 Jo uoisian T'0'TUSGIN 8y} 03 Suiploooe Jayiluapl uielold ayj 03 sia4al ‘g| bubjwbyuag N
‘uUwN|0d puooas ay] "pPaloalep osfe sem uiajold ay3 yoiym ul ‘p-40 peS38e1-glq L Suisn Juawiiadxa SIN-1d @Y3 40 Jaquinu ay3 0} slajal ‘g|ql-p-4O # ‘'UWn|od
1S14 8y "DUDIWDYIUAQ N Ul -3 0Few o) pue TIYGOSIN JO suoisian pagSel-qiqL o uoissaidxa Juaisuesy uodn ‘S|N-1d Aq paloa3ap su1ajoid "zS a|qeL

224



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

89€=H19ON37 ute30.d A|iurey uixopaseinjy

G8€=H19ONI7 ue3oid Ajiweysadns aseury uiajold
urloway

[pubijps ponjonT] 7 1duosuely  uiejold uiyoesaiul TNY
adA3-auelquaw ewse|d ‘¢ ased |y

68¢=H19HNJ T utezoud Ajiweytadns aseury uidjold
[pubyps nonjon7] g 1duasuely ¢ uiejoad Sunjoelaiul TNGY
[sndpu pojssnig] A0€88T3E0VeUG

¢ u1ajoud Bulurejuod-urewop Hd pue jeadal YNV ‘9Sed 1D YHM dyD-4Y
aseuy u1ajoud ay1|-103dasay

T/-uixeuks

TTy=HLONIT ue3o.d Ajiweysadns aseury uiajold

T ureyd Jys1| uisaury

1 utajo.d asuodsal paanpul-aniysuasiadAy

utajoud e@y 0/ 4o0Ys 1eaH

1T 34YNS Juejd janoN

0GGTS9ELY

[siunwwoa snurory] aaizeInd ‘uisjoud Suipuiq apiyosjonu
€T JYYNS Jue|d [9roN

T u12304d BuIpuiq-uoljed payeId0SSE-aUBIGLIBW BWSE|d
6T0T=HLONT1 utero.d Aj1uey puey 43 Suipuig-wnidfe)
[sndou parsspig] 40£96185008Ug

T utajo.d asuodsal paanpul-aniyisuasiadAy

uia304d umouyjun

[p3p.A] *dsqns pap.A} sisdopiqoay] uieyoad Sulpuiq uol ouiz

100579911

00005951
N110S"0W3YI88.£6dIds
[T°5z2y9zovIas8

HLVYVY €VINdITEYOZdIds
00005951Y
IT'022v9Z0vI98
[1°829£0A00Iqwa
ISNOW~EdYOVISHHASDIdS
081.£09ZLY

HLYYY T/dASI6Z4S60DIds
09€729ZLY

4VYNOd TOTNIT85USDds
HLYYY THIHI6TN46D|ds
YINNYE 0/dSHITYS/Zdlds
H1YYY TTSdNI6Vy¥6D|ds
H1vYY 9N 14Iz9116DIds
IT'€56£25200 dXlJos
H1VYV €TSdNITdY160Ids
HLYYY 1dv0dIz9z96DIds
1°09£0Z91LY
[T°90£pTAQDIqWa

HLYYY THIHIETNA6D|ds
100102951V
[1°60£698200 dXI42/

791068686°T-
160€£50€°T-
ETAZANETAY
¥2906¥061T-
6C6VSEESTT-
€0T/9/¥90°T-
€T0SETSEGO-
€905¢1816°0-
€09895¢65°0-
G8YSE86YY0-
1£21202€0°0-
§0/82S5.60°0
91/0€9102°0
TTELTI9YVE0
TEGC0EYBED
6/896698¢€°0
€9¢99106€°0
GLC6CLOTLO
650701¢8°0
166£95928°0
LE95V8GER0
766561768°0
9C6CCEVLOT
80£6067V1'T
€2695908C'T

€00T0SZET004OSTOTUBGIN
ZT0£08LETT0JOSTOTUSAIN
700008£858049STOTUSQIN
020203861£04°STOTUSQIN
Z00T08£650049STOTUSQIN
800208185 /049STOTUSGIN
50090388%€049STOTUQIN
700708082Z049STOTUBGIN
800503Z18T049STOTULQIN
600T03LSTOTJOSTOTULGIN
¥10008762£049STOTUBQIN
120208L£7709STOTUSQIN
9002039€GSTJOSTOTUBqIN
700£03€650049STOTUSQIN
8005082.67049STOTUSQIN
60000868+T049STOTUSGIN
9000086T9£0J9STOTUAGIN
€00£0866T009STOTUAGIN
0TOT039€EZT0JOSTOTUAGIN
¥0050800£004°STOTULQIN
G200T8ZTL0049STOTURGIN
¥102038680049STOTUBQIN
§00203£0%09STOTUQIN
TT0080€6£049STOTUBGIN
€T0T08GT89049STOTUIGIN

O O O O O O O N - O n O O O O O o o o o = o o o o

(panuiuoy) -zs 8|qeL

225



Chapter5

ZIy=H19N37 uteroid Ajiweysadns aseuy uiejold
aseuy uiajoud ay1|-103daoay
aseuny utajold ayij-101daday

§G9=HLONTT T aseuly axij-103dadal
G0G=HLONT1 1:0 8seuly| Juapuadap-uijokd
667=HLONIT ue3o.d Ajiweyiadns aseury uiajold
695=HLONTT uta3o1d Ajiurey aseun uiajold

VN

1 asuodsal
uol3e|nwnade 3sejdoo|ya Joy paiinbai uiglold Sujurejuod-urewop

1 @suodsal
uofje|nwnode 3se|jdo.ojyd 1oy pasinbal uidjoud Sujurejuoa-urewop

709=HLON37 utaro.d Ajiwrey eHd N anisuodsai-oidonoloyd
667=HLONIT utejoud Ajiweysadns aseury uiajold

urlowsay

€r8=H19NI1 Tparedwi juawanow piseld

Z6T=HL9N31 utejo.d Buiureuod-urewop (WyS) row eydje ajus)g

[siunwwoo
snuroly] anend ‘urajoud 3uiuIe3U0I-UIBWIOP [109-PB]I0D PUE d|Y9

uliowsy

uliowsy

20Z=H19N37 ute304d Buiurejuod-urewop (Nys) ynow eydie ajuas
L€TT=H1ONT1 pajejas-utajoid Suioesau-1dod

G59=HLONT1 T aseuy axij-03dadal

I€ NIVINOQ-DI uteloid

 Q3™IYdNI INJWIAOW A1LSY1d utelold

0LTTEDVLY
0€€009VLY

INOdI T)d¥Ir6TE6dlds
T°08v8¥OTLY
1°0£20T9SLY
T'0€007951LY
1°0Z6€09TLY

VN

H1vY¥Y TOVrIyD6260Ids

HLYYY TOVr1yD606DIds
T'68€£9951Y
T'0£00¥951Y

N110S ON3YI88LE6dIds
T0S5ZyOTLIY
102508911V

[1°885216200 dXl40!
NL10S OW3YI88.E6dlds
NL10S OW3YI88.EBdlds

T'09/8TOTLY
T'0TEEYHSLIY
T'08¥8YDTLY
HLvyY 1€@oIIgar1golds
HLYYY ZINdIINGD6DIdS

€6T6EST00Y-

8668556/8°¢-
€G9GCC6LLE-
CTI6STLL6SE-
8888L19/E°¢-
88YIGTISIEE-
TS88YTL6TE-

8EC69STVO'E-
€8666G8T1L°C
£988E69LV'C-
GG69/85CV'C-
S009VTYYT'C-

9L8CTYYT'C-
28.8¥0.S0°C
LS/8¥0¥10°C

9002039€8Z049STOTUAGIN
10000391Z€049STOTULGIN
#00508660102STOTUQIN
£000081ZSTTHOSTOTUIGIN
60020896 7049STOTUIGIN
070008108Z049STOTUSGIN
T0000806Z€T4OSTOTUSQIN

740

GT000881£8TIOSTOTUAGIN

Z10T087.L16049STOTUSQIN
#00008675€09STOTUSQIN
800£08€£8ETTIOSTOTUBGIN
0v0T030T6Z049STOTUSqIN
TZ0T08T6¥E049STOTUSGIN
£00Z08T1ZZTJOSTOTUAGIN

Z10£087G8ZT4OSTOTUIGIN
LT0008£ZTLT4OSTOTUSQIN
2001087087 049STOTUSGIN
70000850€£0J9STOTUAGIN
200£085752049STOTUGIN
500208758Z049STOTUBGIN
€00T08Z£T9049STOTUBGIN
60070876£9049STOTUGIN

M - - O O O o o

o O O N o o

- O O O O o o o

(panunuop) -zs aqeL

226



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

urajoud umouyjun

09€=HLONIT

uta3oud Ajiwey (urewop gie)) Suipuig-pidi| Juspuadap-wnioje)
aseayjuAs y swAzuaoo-|A3aoy

J uigjoad Sojowoy asepixo 3sinq A1ojesidsay

g/ u19304d BUBIQUISW PAIRIIOSSE-3|IISIA

uiajoud asyi|-uuild

uonduasag

€1 JYVYNS Jue|d [aroN

[pubijps ponjonT] 7 1duosuely  uejoad uiyoesajul TNY
GT9=HL9ON3T(8994NQ) UoIdUNJ UMOUNUN JO UIBI0I4

T u1ajo.d asuodsal paanpul-aniyisuasiadAy

€78=H19N71 Tpauredw juawanow piyseld

199s uig3o0.4d Jiodsuesy uigjold

€65=HLON37 uieoid Ajiurey HJN aaisuodsai-oidoijojoyd
#09=H19N3 7 ue30.d Ajiwrey HdN aaisuodsas-oidosjoloyd
T utajoud asuodsal paonpul-anisuasiadAy

£8£=H1DNI 1 u1e3oud Ajiwey 1yH/SHA/HLINI

13SH urejoud A1auiyoew 3uj3ios-uid3old JejondeA 3 SSe|)

1 9SBd ]y dUBJIUWAW BWSE|d

y/y=H1DN37 uteroid pajejal-g 1O Ajiwey aseajold oyioads-uiyinbign
Z u12joud By 0/ POIL|3I-4O0YS JeH

8/£=H1ONI 7 utejoud Ajiweysadns aseury uiajod

108987961V

T'0TG9TOELY

NSOvd ¥SOvIz906€d|ds
N110S OHO9YI0TXHZDIds
H1VYV vZLVAl6ZrEZOldS

01108 IdIy33ISe0lds
uoISSa22y HH 1se|g

v6I9TELL Y

€699CC69VY
166/80668%
190£¥910C°S
199906€1Y'S
GCCETC8e89
Y91 SNY sA pIAy

¥10Z08rEGTOOSTOTUGIN

9000036515095 TOTUAGIN
€708085650049STOTUGIN
9100085€L04OSTOTUQIN
100+084Z50T49STOTUGIN
T€0¥089/ET04OSTOTUGIN

@l bupbjwoyuaq ‘N

o o o o o

aiqL-y40#

Weq ese 19L-dJA-TIG0SIN Suisn uaym sjuawpiadxa SI-1d Juapuadapul omy ut payaLua Apueayiusis

HLYY¥V £1SdNITdU16DIds
[T°Tz2y9z0vIas
T'66£0€DTIY

HLYYY THIHI6TNA6D|ds
T'0SSZyDILY

13010 10351800 5D|ds
T'0250£971Y
1'68€£9951Y

HLVYY THIHI6TINA6DIds
101290911V

ANAYO T3SHI6LHD0dIds
071108 TYINdI08Tzzdlds
T'0989T9TLY

IHdYO ZZdSHIEDN16DIds
0S.2Z9ELY

¥100037T08T49STOTUIGIN
£00003€6SETIOSTOTUBGIN
£00T088129049STOTUSQIN
210£0899TG049STOTUIGIN
9000088€££049STOTUSGIN
£10£086952049STOTUSQIN
Z10Z08580T049STOTUQIN
0T0+0860£0049STOTUAGIN
€0000388700J2STOTUQIN
8000086705049STOTUQIN
£000036705049STOTULQIN
0T0Z036£6€049STOTUBQIN
2009039T%0049STOTUSQIN
8£02089€GGTJOSTOTUBQIN
700£08697£049STOTUIGIN

o M = - - - O O O O o o o o o

(panuiuoy) -zs 8|qeL

227



Chapter5

usajold umousun

818=H19N37 t aseun utajoid ay1|-103dadal

§5Z=HL9N37 uteloid Ajiwey Tdi sueiquiaw [es3aqu|

7'S aseuny utajo.d ay1j 103daday

aseuy uiajoud ay1|-103daoay

889=H19NI1 T've aseuly 103dadal unoaj

V U19301d pajeloosse-urajold suelquiaw pajeoosse-3|aIsan
TFG=H19N3T 0€ seun ute3old Juspuadap-wniofed

1-eydje yunqgns xa)dwod g-dy

Z u19301d Bujurejuod-urewop Hd pue yeadal YNY ‘9Sed1D YHM dy9-Hy
8/£=H19NT u1e304d Ajjweyiadns aseury uiajold

7 9seunyj uajoud ay1-103daday

1£9=H19N37 utejoud Ajiwrey 1YO/SHA/HINT

/ uia3oud 3ujurejuod-yeadal yau-auiana

68¢=HL9NI1
urajoud Ajiwey (urewop geD) Sutpuig-pidij Juapuadap-wnia[e)

7 uIajo.d aUBIGLIBLI PaYeIOOSSE-13111ed £10391098

68Z=HLON31
urajoud Ajiwey (urewop ged) Sutpuig-pidij Juapuadap-wniofe)

€29=H19N37 u1a304d Ajiwey uis3osdoak|3 you-aurjosdAxoiphy
aseury utajoud ay1-103daday

195=H19N37 ula3o.d 3uluIeIu0d-UrRWOP ULI0Lad/JVIN
§0G=H19N31 1:0 aseun| Juapuadap-uijoko

aseuy uiajoud ay1|-103daoay

8E€G=H19YNIT € aseury Ewuoa u:wt:wawt.:._:_o_mo

100102951V
T0¥€009¥LY
100€9€971Y

0£S209T1Y

0250/911Y

105570951V

NYINNH YdYAI010d6DIds
TOpLyLOTLY

HLVYY TV¥2dvI91d18Dlds
ISNOW"ZdvoVvIeaHNED|ds
0S£779ELY

0£50/9T1Y

T'0T¥8€9ZLY

1vyd £0u411£850£dIds

T'SG/STOYLY
rSAYO ZINVOSIET94.DIds

T'GGLSTOVLY
T06¥EEDCLY

08€0¥OGLY
T°'0696C9TLY
T°0£20TOS1Y

08899911Y
T'0€SLS9ELY

¥Zv00vS92°C
€0680v.1¢€°C
CSTLLLLSET
6€6C€L09¥°C
65670918%°C

8ET6CY8Y'C

CC10€L5S°C
120TL6€19C
19200S4£9°C

905£09¢8'C
T11670098°C

¢8076988°C
L160E€E66C
GETL6C6ECE

€6/CE0STEE
TSLECTSLEE

Y786G9EVYE
¢08T1SS0S°€
TOV¥166¥5°€
T086€ET6L9°€C
G0£08295L°€
TevEEYS96°€
SY8EE0LI0Y

100Z086Z8/049STOTUSQIN
6T0Z085ELT0JOSTOTUBGIN
0T0v03€£1004STOTULQIN
7000038LET0JOSTOTUIGIN
¥20003%86T0J9STOTUQIN
9T0Z1870Z€049STOTUIGIN
600T036Z5T04STOTUBGIN
5007087200049STOTUSGIN
¥T0£0862£L04°STOTUSQIN
TT0T0898GT049STOTUSQIN
£00008£026049STOTUSGIN
70050879£€049STOTUAGIN
0T0T088¥Z6049STOTUBGIN
100£0318€0049STOTULQIN

§00Z0369€0049STOTUAQIN
1010870700495 TOTULGIN

800T08T065049STOTUQIN
€10Z0860T0049STOTUQIN
820008y9TLTJOSTOTUAGIN
LT0TOST69T04OSTOTUGIN
Z101089¥T70JOSTOTUAGIN
61080376£90J9STOTUAGIN
7000082G/ST4OSTOTUQIN

O O O O O O O O o o o »m o o

o O O o o o o

(panunuop) -zs aqeL

228



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

1 u1ajo.d Suipuig-uoied PajeId0SSE-aUERIGUWA BUWISE|d
§05=HL9ONI1 1°Q aseuty Juapuadap-uijofo

[pjn3pOuNI] 06DOIPaJy] ue30.d UOIEZIUBSIO0 B|NGN0IDIW
g9¢TINVA uldjoid

g9¢TINYA udjoid

9 utajold Apoq Jejnoisaniynw pagiey)

[dnouy eojuoder earyes ezA1Q] ueyoad Sujurejuod urewop YA
aseury utajoud ay1[-103dasay

287=HLON37 uter0.d Ajiurey 9z asereydsoyd uiarold
0£T=HLHN318£54NA ‘UolROUNJ UMOUNUN JO UIB]0Id

T LHOIT3INTE ¥YIANN LNINIAON LSYTdOHOTHI MYIM Uldlold
aseuny utajold ayij-101daday

89€=H19NJ uteoud Sujurejuod-urewop gHS
0£T=HLHNI18£54NA ‘UorOUNJ UMOUXUN JO UIB]0Id
uajoid umouyun

Z19=HLHN3T uiejoid SuluIeIU0D-UIBLIOP ULI0LIA]/DYIN
TTy=HLONI] ue3o.d Ajjweysadns aseury uiajold

7 Sojowoy gz urajoid pajeroosse-guiyios uiajoid Jejonoep
aseury uiajoud ay1|-103dasay

G aseuy uiajold ay1|-103daday

1-eydje yungns xa|dwod g-dy

{ @seuy 103daoal pajeloosse-||ep

7 u19joid sueIqIBL PAJRID0SSE-1a11IeD 10191095

uia30ud umouyjun

Z€L=H1DNT 7 9SBUIY Pa)RI00SSE-|[BM

HLYYY TdvOdIz9z96dIds
T°0£20TOGLY
IT°087EYHINIGS
ISNOW99214162£08d|ds
4VNOd 992141££645D|ds
JYNYA 9dINHOIOAE0SDIdS
IT'€5076u3vI98
HLYHY 9 TdlzDI16DIds
T0SLPEDTLIY
1'068809€LY

HLYYY T9IMIpzL8+0lds
07511921V

T099v€9VLY
T'068809€LY
T'00£EZDSLY
T'08€8Z9T1Y

0972921V

HLVYY ¢8ZdAlZ16S6DIds
0£8609€LY

0£vESHTLY

HLYYY 1VZdvI91d180lds
0TZTZOTLY

rSAYO ZINYOSIET94.DIds
T'00£EZHSLY
T'0L2TZOTLY

9CITTLLEET
96¢C6¢59€'T
TETYITCOV'T
SY1896YSY'T
G8/GTC69Y'T
6C16E9TIS'T
79¢960€¢S'T
¢908€¢S'T
¢8V8IYC9ST
Gr€04858G°T
TPEECTITIT
88¢9C¢89T
CLEBTLLLT
€/8EETIT
LTC0LSST8'T
T9SVvEET8T
[ATAAELTA R
¢EETB8TC0C
8G/16¢LE0C
6vv6.v280°C
796500060°C
8Y7C61EE60C
8€9868€EST'C
GECT06STCC
9091¥8€SCC

100203988TTJOSTOTUIGIN
9005085G8E049STOTUIGIN
97001808T004°STOTUSGIN
Z00£085E£€Z049STOTUQIN
7006086/Z0049STOTUSQIN
£0090889T70049STOTUSQIN
900708GT09TJOSTOTUGIN
2000080£€9749STOTUAGIN
£00£080LET04OSTOTUGIN
9109086£20049STOTULQIN
¥20£03£00%049STOTUBQIN
0T0003%5.ZT4STOTUBGIN
2002037997 049STOTUIGIN
900808£681049STOTUSqIN
£00008088049STOTUSQIN
£1020800Z9049STOTUSQIN
5000089/18049STOTUSGIN
TT0T086116049STOTUGIN
8T0T031805049STOTULQIN
L00T0361GT0JOSTOTUIGIN
#10003£GGT0JOSTOTUIGIN
T0001864T0049STOTUIGIN
800503 T¥T04OSTOTUBGIN
§00208Z165049STOTUBqIN
0200T865T004°STOTUSGIN

O - O O O O O O O O - O O O o o o o = = O o o o o

(panuiuoy) -zs 8|qeL

229



Chapter5

££6=H19NI T utejoid Ajiwreyiadns aseury uiajoid
G19=H19HNI1 v A|luo Jeada. ofjipewe

T4 Jaquiaw G¢ Ajiwey JaLIed a3njos

1 utajoud Sulurejuoa-yeadal g

[eziy11£aK13 wnipodAjod] [er3ed ‘uiejo.d sisaury03fo
89£T=HLONTT £ @Seury aseupy aseuy uiajoid pajeaijoe-uagoliw
1 ureyoid Surjeajoe-aseqd| v 103084 uoile|Asoqu-dqy
O-149 urejoud axi|-¢--yT

7 Sojowoy gz urajoid pajeroosse-guiyios uiajod jejonoep
££6=H1ONI T urejoad Ajiwesadns aseury ua3old

urajoud Sujurejuoa-urewop axl|-10yg Suiyadie} jewosopuy
£/G=H19N3 T utejoid Ajiwreyiadns aseury u1ajoid
60G=H19N37 ure0.d sueIquIB BYI|-THIIN ]

£19=H19DN37 utero.d Ajiweysadns aseuy uiejold

98 utajoud 3uiureuod-urewop QYN

[dnouig eajuoder eaijes ezA1Q] ueoud passaidxa

7 aseuy ujajoad ayj1-103daday

T wiojos! uidoud Ajjweytadns ayjij-yeadal gy /ulonpsuesp
168=H19HN37 utazoud Ajweyladns urewop-reuq auoladey)
¢1 u1ajoud Sujurejuoa-urewop ase|oipAy eyaq/eyd)y
uajoud 10T auad Ayiqradasns Jown)

aseury utajoud ay1|-103daday

60G=H19N37 ureo.d sueIquIa YI|-THEIN ]

Sojowoy uixauje)

80=HLONI7 ue3o.d Ajiweysadns aseury uiajold

02£80911Y

T'009979€LY
3ISNOW™T45€SISDa80]ds
YOIHO TYAMIZLzE6Olds
[T'2z28879V108
0£SETDELY

vy 1944VI8¥8z90Ids
rSAY0 €€€71I00YZ9Dlds
HLYYY Z8ZdAlL16S6DIds
02£80911Y

T'06EELDTLY
T'09£9S9€ELY
T'09¥10951Y
1'0860¥DZLY

HLYY¥V~ 980VNIGI4460]ds
[T"0L¥8648Y193
06220951V

[1°6097T0£00 dX|J24
T'0LLTIDYLY

MOIHO aaHavIg1rzeolds
1v¥7T0TS1IF3YI9D]ds
09T€THSLY

T'09¥10951Y

NEAOS X1vOlL186£DIds
05£659€1V

9CYICYIES0
£90585¥85°0
GGGLEE6C90
T€0EV6Y99°0
1£02S9€L9°0
8GCCL1V69°0
vEBYYSETLO
GEBOYY89L0
90%.62958°0
1£0256¥68°0
18¢E8Y568°0
GEGTLLLTIE0
G88660.6°0
6LL18Y/16°0
6¢0209110°T

EVIIV090°T
G29901v90°T

£6£96¢80'T
C9€E8YC60'T
6v6670.60'T
G166950VT'T
¢8T0LV69T'T
GGLY6TIEET'T
C81¥8188C'T
vy8YL156¢°T

9100396€0J9STOTUSQIN
100T13570€049STOTUIGIN
110208£E6L049STOTULQIN
9T01037620049STOTUBGIN
1000038500049STOTUAGIN
€£70208198€049STOTUBQIN
Z00708€T1£0049STOTUSQIN
8T07089T59049STOTUSQIN
210208£800049STOTUSQIN
700008ZETITHOSTOTUQIN
6202087Z79049STOTUGIN
G00£031987049STOTULQIN
2107032ZL5049STOTULqIN
£00008T£9£Z49STOTULQIN
£00T03€862049STOTUBQIN
T00T03T6.T049STOTUBqIN
£00£036220049STOTUSQIN
8700086098049STOTUSGIN
££02088602049STOTUSQIN
G00008TEITTIOSTOTUSGIN
T000085568T49STOTUGIN
800€039662049STOTUAGIN
80000367T0049STOTUAGIN
200008££LE04STOTULQIN
TT0€08990T049STOTUIGIN

O N - O O - O O O o n O =W O O O O o o o o o o o o

(panunuop) -zs aqeL

230



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

1 ut23oad Sururejuod-urewop Hd pue yeadal YNY ‘95ed 1D YHM d¥9-}y
079=H1HN3I7 uteroid Ajiwey JaLired x|y uixny

T/-uixejuhg

69G=H19NT7 u19304d Ajiwey aseury uajold

O-v149 ureyoud ai|-g-€-pT

T/-uixejufg

uiajoud Ajiwey gm

T0TT=HL9DN31(0184NA) UolIUN} UMOUNUN JO UIBI0I]
[pjn3vounsy 0bpaIpajy] an1zeInd ‘uidlold suelquia |y

[dnoup eojuoder eajjes ezA1Q] uiajold ayi|-uisoAwoiaw Aneay
G11d 40308} 1J0dSUEI} JB|NDISAA [BIBUIY)

€/=HLONTT uter04d Ajiurey (7N1y)  ute3oad Sunnoesalu-TNdY
98 uiayo.id 3uiureuoo-yeadas am

609=HLONI1 £ aSeury aseuny aseury upjoid pajealjoe-uagoyw
aseury utejoud ay1[-103daday

697=H1HN37 utarod ang Jusuodwod waishs uinbign
G19=H19N31 ¢ A|uo Jeadau ofipeune

V U19301d pajeloosse-uiajold sueIqUIBW PajeId0SSe-3|dISaN
¢ u19304d Bujurejuod-urewop xog-

[dnoup eojuoder eajjes ezA1Q] uiajold ay1|-uisoAwoiaw Aneay
86TT=H19ONJ7 u1a30.d Suiurejuod-urewop gHS

g 3ojowoy { aseury ud3old-aujuoalyy/auliag

TTy=HLONI1 ue3o.d Ajiweysadns aseury uiajold

9SBUIWEAP UISOUdPE dY103ds-yNY}

€703S utejoud iodsuety uiglold

YINIX TdVOVITTUN9DIdS
T'0r60/9T1Y

HLYYY T/dASI6Z4S60DIds
T'0Z6£09T1Y

rSAY0 €€€71I00YZ9D|ds
HIVYV T/dASI6Z4S6DIds
HLYHY 985GAIFOA16DIds
T'0£690961Y
[T°96¥109£00 dXI421
[1'90£2£0VVIa3
3SNON"TOSNI0ZTZ6DIds
T0TY70971Y
NYINNH™984aMIpIL98D|ds
0£5€SDTLY

072299€1V

£0ryZESLY
T'009979€LY
NYINNH " YdYAI010d6DIds
HLVYV €randlzx4S60lds
[1'90£2£0VVIa3
70960971y

077ST9ELY

09€729ZLY
NSova~vavllseerzdlds
N9IId €203sloovasylds

¢8€88.850°0-
G0-365°6-
€/6898¢50°0
891STZYL0°0
9695966800
LT¥65.E60°0
€¥109¢80T°0
€L18GSTIT0
699589110
T762809€T0
ST/0€VCCC0
65€TYYCC0
87€0C0SZ°0
CL6LYEILTO
LY6T15062°0
79850€T0€°0
G6€9.020€0
€98¥6209€°0
6€0CE0TIE0
8865€LE0V0
68069€0¢Y°0
C8TLIBIEY0
928902910
16ZEYL69Y°0
I70v8SY6¥°0

120008€0Z8049STOTUBqIN
¥10£087E¥S049STOTUQIN
£00908€567049STOTUIGIN
§002085252049STOTUSqIN
T00¥08£9€Z049STOTUSQIN
Z00£085GT0049STOTUSAIN
GT00TBEETZ0JOSTOTUBGIN
2001037 ¥Z9TJOSTOTUIGIN
GT0£037yYE0JOSTOTUIGIN
070803ZZ6T049STOTULQIN
2000039790049STOTUSQIN
£10£036781049STOTUBQIN
800Z081£76049STOTUIGIN
£00008£906049STOTUSqIN
800%087EET0JOSTOTUIGIN
1000089/£9T49STOTUSQIN
110008€59Z1JISTOTUBGIN
€001085092049STOTUQIN
2000035565049ST0TUAGIN
LT0€039%9TTJOSTOTUIGIN
Z109081979049STOTULQIN
1000035164 TJOSTOTUIGIN
100208€£69049STOTUBQIN
020008€8ETTIOSTOTUSGIN
¥T0£08€.£T0J9STOTUSQIN

M - O O &N N O O O N O O O O N N O - O o o - o o o

(panuiuoy) -zs 8|qeL

231



Chapter5

aseuy uiajoud ay1[-103daday

vy wa0ad ay1|-dSYO

0£T=HLHN318£54NA ‘UolROUNJ UMOUNUN JO UIB]0Id
§//=H19NI1(z£94NA PUB 0£94NQ) UOIIOUNJ UMOUNUN JO LRI04
95Bq ]y dUBIQLIBW BWSE|d

ase|Axoq.eo yo)-|A190y

[85-1H "ds s230BqOULIE\] 8SB|AX0GIRD YOO -|AoU0j0I|AYIaW
0£T=HLHN318£54NA ‘UorOUNJ UMOUNUN JO UIB]0Id
70Z=HLONT 1 uteroad Ajiwey sseuiwreap are|Apiifohxoap/auipnfo
¢£'g aseuny urajod ay1| 103deoay

89=H1ONT 1 ute3o.d Ajiuey Jojow s|ngn3o.IW Bulpulq d 1Y
71-qey uigjoud pajejal-sey

Tz u93oad 3uiurejuod-urewop JAA4 Jo3uy oulz
asenwouuewoydsoyq

1/ u1930.4d dUBIqUIBW PAJBIDOSSE-D|IISAA

aseuny utajold ayij-101daday

v/y=H1DNIT uteload paje|ai-g T Ajiwey aseajold ayioads-uiinbiqn
aseury utajoud ay1-103daday

¥19T=H1ONIT utaroud Ajiweysadns ayi-yeadal oM /uoNpsuel]
£85=H19N37 ase|Ax0qJed yo)-|AuojosdjAylaw-¢

08STSOELY

§05=HLONI1 T°0 aseuty Juspuadap-uijofo

98G=HLONI1 ¢ 1| aseuny utejoid 9g

T LHOI73N79 43ANN LNIWIAOW LSYTdOYOTHI MVIM Udioid
7 9seuy 103dadal paje1dosse-|[ep

06£YTOTLY
TIVEY r1dSOlYMININZalds
T'0£0LEDSLY
106552951V

1GNNA TYINdITTZFSdlds
YOIHO OYOVI6Z0TTd|ds
[1°6€90€8.20 dMIJd!
T'068809€LY
705087951y

0£25€91LY

T'0909T9ELY
ISNOW"Z1avHleszsed|ds
NINOE TZA4ZI8£8500|ds
V401 WNdISZEMTDIds
HLYYY ¥TVAISHINA6DIds
0ST9991T1Y

1°098919TLY

0629t9€1Y

T'065059¢1Y
T'0£0VEDYLY
HLYHY 9 TYlzDI160Ids
1°0£20T9G1LY
T0SLLY9S1Y

HLYYY T9IMIpzL8r0lds
0LTTTOTLY

6/1056¢59°0-
8//T¥0€EI0-
9667918290~
¢eseore9o-

99¥69195°0-
¢L18¥686%°0-
€€906¢18Y°0-
LT8L0O6YCY 0
989559¢6€°0-
16958816€°0-
TE6CTI6CED-
7€69€8YCE0-
89¥80£¢9C°0-

80¥881€C°0-
LST9TVECC0-
90870€£0C°0-
¢Sevovy610-
8GCS819CT°0-
1681005¢1°0-
6TTE90VITO0-
66EEYVETTO-
89E¥ES90T0-
9€CYLETOT O~
899¢01€£0°0-
€TLEBTYI0°0-

£0000369€5049STOTUAGIN
€00503660%049STOTULQIN
§000Z3580Z049STOTUAGIN
€200030£02049STOTUSQIN
£002038870049STOTUBQIN
1009086282049STOTUBqIN
GTOTOSTEIZ0JOSTOTUIGIN
0T0£0889€5049STOTUSQIN
££0T089/89049STOTUSQIN
910008/£80049STOTUGIN
0£0008800£049STOTUBGIN
1007037802 1J9STOTUAGIN
8T0T037186049STOTUAGIN
L10003651£049STOTUBQIN
€€07T806/T049STOTUIGIN
1Z0103888€04STOTUBGIN
T00008TZLYT4OSTOTUIGIN
800%08Ty¥Z049STOTUQIN
TT0508YT8T049STOTUSQIN
7100088£Z£04°STOTUSQIN
0T000889/GZ49STOTUQIN
€20£037€76049STOTUQIN
100£03€€TZ0JOSTOTUIGIN
200203Z€0T049STOTURQIN
L1003Z0Z€049STOTUBqIN

O O O O = N N O O O n M N N O O - O N n = O O o o

(panunuop) -zs aqeL

232



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

aseuny utajosd ayij-101daday

£59=HLHN31(8994nq) uoroUN) uMOUNUN JO Uldj0.d
7 aseuy ujajoad ayj1|-103daday

68€=H19NI 7 utejoud Ajiweysadns aseury uiajod
aseury utajoud ay1-103daday

G aseun uiajold ay1|-101daday

u1a30.d Sujurejuoa-urewop 70d/d19

9 aseaw.ad pjoe oujwy

G8¥=HLONI1(0294NQ) uoidUNJ UMOUXUN JO UIR]0Id
g-aseajonuoquopua oytoads-(n)Ajod

[pjnapounsy 0bpoIpajy] oareInd ‘utelold aueiqIB |
aseuny utajold ayij-101daday

66=H19N37 utejoud Ajiwey (yNIY) ¢ utelosd Surjoesajul-TiNdY
T NIVINOQ-DI utajoid

aseury utejoud ay1[-103daday

C€ NIVINOQ-DI utsloid

0£T=HLHN318€£54NA ‘UoroUNj UMOUXUN JO UId]0Id
aseuy uiajoud ay1|-103dasay

urajold umouyun

¢€-uinonaljed

896=H1DNI1 £ @sejAxoq.ed ayeaniAdjouaoydsoyd

1 utajoud Suipuig-aseuly Suluiejuod-urewop g¢HS
y/y=H1DN37 uteroid pajejal-g 1O Ajiwey aseajold oyioads-uiyinbign
9 utajold ayj-uiw.io

I|-T utr04d ey 0/ OOYS 1eaH

08€75951Y
T'0ZEPEDTLY

HLYYY ZHOYIydH16DIds
00005951Y

096279Z1Y
HLYYY S TYISELLbd|ds
HLYYY 0095AI69A16DIds
HLVHY 9dYVIre6z6dlds
T0¥S6T9ELY

IYNYA dNanalengosolds
[T°965T09€00 dX|4o4
HLYYY 9 THlzoNedIds
T'ELV6TOSLIY

H1YdY TadIlze4S6dIds
0£682921V

HLYYY ZeadIlSIX460lds
T'068809€LY

05L£T9ELY

T0L8¥¥9TLY

HLVYY €41v0IE§TY0Olds
T0r6YIDELY

NYINNH TYEHSIZ6896D]ds
1°0989191TLY

HLYYY 9H4I9Xr460lds
NINOE T1/SHIz€800dlds

9T€09SLer'T-
LCTLITEECT-
10S85916T°T-
G8/ESBLLTT-
G66/5T89T'T-
C068Y¥¥ST'T-
T/¥S068ETT-
86V0VYYET'T-
£9S60TLCT'T-
991€80860°T-
959¢v¥880°T-
€G8CV19L0T-
78€69950°T-
860€¢L1SO0'T-
6CLLTTLYOT
100€£66¢0°T-
G68V19€C0T-
6895v/v00'T-
68€6€6786°0-

¢89L0L26°0-
Gv08LC¢v80-

1€C8CELLO-
9€G6€06€L0-
658906¥12°0-
86€50¥299°0-

600Z08£0€09STOTUSQIN
LT0€039TZ70JOSTOTUIGIN
20000810FETJOSTOTUIGIN
970T081087049STOTUSqIN
LTOT08/0ST04OSTOTUSQIN
GT0T08€8ZT04OSTOTUSGIN
¥105080£T0049STOTUSQIN
G100036681T4OSTOTUSGIN
800€08£Z1Z049STOTURQIN
200003587T0J9STOTUQIN
810£03970009STOTUQIN
900008ZTLZ049STOTUSQIN
1T00087558049STOTUBQIN
§00008£T8TZ4OSTOTUIGIN
T00T089.¥S049STOTUSGIN
0T06T87GT0049STOTUSGIN
£00T08785ZT4OSTOTUSQIN
€10%0855£0049STOTUAGIN
900208065£049STOTUAGIN
1001089529049STOTULQIN
100008Z5€£049STOTULQIN
STOT03EETY0JOSTOTUIGIN
0TOT03Y8TEQSOSTOTUBGIN
T00£08£29%049STOTUBQIN
910£0869€0049STOTUSQIN

MmO O O - N O O O O O O o o o - O o -« O o o o o o

(panuiuoy) -zs 8|qeL

233



Chapter5

1£5=H19N37 uter0.d Ajiwey gHdN dAsuodsal-oidonoloyd
T-)ym aseawsad/uiajold uipuig-4 1y Ja3iodsuesy Ogy

89£=HLONIT uie101d Ajiwey uixopasen|y

yeuq utejoid suosadey)

aseuny utajold ayij-103daday

 urajoud juejd ay1-quawe|i4

1€ NIYINOQ-DI ute304d

ased |y duelqual ewse|d

[sndpu poIsspig] 4OTTT¥86008UE

aseury uiajoud ay1|-103daoay

T NIVINOQ-DI utajold

¥/y=H19N37 uteroud pajejai-g T Ajiwey aseajold oyioads-uiinbign
aseuny utajold ayij-101daday

uia30.4d umouyun

266=H1DNI 7 utejoad Ajiweyiadns aseury uiajoid
u1a304d Sururejuoa-urewop 70d/d1d

aseury utajoud ay1-103daday

69/=H19HNJ7 utezoud Ajiweyladns aseury udjold
aseury utajoud ay1[-103daday

99=H19N37 utaroud Ajurey eadas unihuy
180T=HLONI1 T aseyjuAs asojnj|a2
G87=HLHYN31(0294Nq) uorOUN} UMOUNUN JO Uld]0.d
12S=HLONI1 £€ aseuny uieoid uapuadap-wnia|ed

aseuny uajold ayij-101daday

T'0Z81€9YLY

1330 TIHMIOSTTID|ds
T005799TLY

HLYYY SALVIrdOry4lds
ZY0¥d MYNalLd9sralds
00£979€ELY

HLYYY ¥dddIzASMODIds
H1vYV~ 1€aDII8ary18dlds
1v3IHM TYINdI0Z6€8dIds
[T'7869TAQDIqwS
0£920971Y

H1YYY 1adIlze4SedIds
T'0989T9TLY

0£92091LY

T'09ZETHSLY

09181911V

HLVYYY 8€£5A10d999DIds
09795951V
T0E8YYDZLY
0Y6ISOTLY

T'0781€971Y
T0TYZEOPLY
T0¥S6T9ELY
1°00£059TLY
08€759G1Y

€60€8G8.E°¢-
90C.L1661€°¢-
£880vSC0€¢-
I8Y9LETTITE-
8LY6¥1Cl6'C
C€8G889ELC
GGCES9Y8S T
LL9T88L9SC
1/6¥9096C°C
9€€9T0EETT-
T95S10£80°C
cvv9.0v80°C

8¥CS81V6T-
1/€096V€6T-

C0vLCE06°T-
6€LLE0CS8T-
S6v70SL8'T-
88V6S6ETLT-
8S/0LLV6S°T-
£86/6GC85°T-
€5690€¢CS'T-
680TTE68YT-
£065ST98Y'T-
L186Y9LLY'T-
9GTI8C9EY T

100£038259049STOTULQIN
11020378Z10J9STOTUAGIN
920T087059049STOTUQIN
0T0£032662049STOTUBqIN
T007087556049STOTUIGIN
LE0TOBTLEEOJOSTOTUIGIN
§000088£08049STOTUAGIN
TZ08089ZET04OSTOTUIGIN
900%087200049STOTUSQIN
¥00T08£90T04OSTOTUGIN
T00T086ZT0049STOTUBGIN
8100030£56049STOTUQIN
1005031/ L0J9STOTUSQIN
¥10003666+0J9STOTUSQIN
§000036808049STOTUBQIN
Z10003ZFTTT4OSTOTUBqIN
#10008£059049STOTUBqIN
£000038688049STOTUSQIN
£00S080£T0049STOTUSqIN
600T030590T49STOTUSQIN
920208807 T4OSTOTUSQIN
810003€8T£049STOTULQIN
7005135667049ST0TUAGIN
0T0203GE5009STOTUQIN
TT00089£6T0JOSTOTUIGIN

o O O -+ O O -+ O O O +-H O O - O O O o o o o o o = o

(panunuop) -zs aqeL

234



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

609=HLONI1 £ oseury aseuly aseury uejoid pajealjoe-uagow
aseuny utajold ayij-103daday

818=HLON3IT v 9seun urd30id 8j1|-101dadal

¢S aseuny utajold ay1| Jo3dasay

aseury utajoud ay1-103daday

aseury utajoud ay1-103daday

aseury utajoud ay1[-103daday

aseury utajoud ay1[-103dasay

aseuy uiajoud ay1|-103daoay

aseuy uiajoud ay1|-103daoay

aseuny utajold ayij-101daday

7 aseupy ujajoid ayj1j-103daday

aseuny utajold ayij-103daday

aseuny utajold ayij-103daday

aseury utejoud ay1[-103daday

aseury utajoud ay1[-103daday

889=H1ONI1 1"y aseuny J03dadai uinoa)

aseuy uiajoud ay1|-103dasay

aseury uiajoud ay1|-103dasay

££G=H1DN37 6T oseuny utejoid yuapuadap-winidjed
¥00T=HLONI1 uta30.d Ajiwey uiaroadooh|3 you-aurjoidAxoipAH
68Z=H19HN37 uterold Ajiweysadns ayi-utiodenby
[dnoug eojuoder eapjes ezAig] 3onpoud

¢ urajold ayj-uisaury|

awAzua Suinowsal-|A|Apuin/asesaysuesyjA|Apun jeuonjounyig

0£5€SDTLY
HLYYY 9 TYlzonedIds
T'0¥£009¥1Y
0£75€DVLY

09795951V

06220951V

02£959T1Y

00£979€LY

07STIHZLY

055vZOELY

076ISOTLY

0076971V
HLYYY 9 TYlzoedIds
06EYTOTLY

INOdI” TXdYIr6TERdIdS
0$T99911Y
105510951V
0629v9€LY

08E¥SOS1Y
10561951
1'069529¢1Y
T'081LE9ZLY
1126490100 dNIyo4
0dHOS €dT)109SN6DIds
ySOHY ANTDI9HSrED|ds

G8198948°¢-
95¢0L€L59°C-
C6ST8TL6GE-
G/1098/1G°¢-
CvOv6STLY E-

€£000T8G6/T0JOSTOTUIGIN
Z100088T0ETJOSTOTUBGIN
T005080%€€049STOTUSQIN
£10£086/TZ04OSTOTUIGIN
G0000896££049STOTUSGIN
2007085£90049STOTUSQIN
¥002082070049STOTUSQIN
100003£19%049STOTULQIN
200€038£99049STOTUSQIN
ST0T03S£05049STOTURGIN
S00€T87/ET0JOSTOTUQIN
€00TT8£89T0JOSTOTUIGIN
900T03TZ0E04OSTOTUBqIN
£00T037£88049STOTUSQIN
£0000858T9TJOSTOTUSQIN
8000088090T49STOTUSGIN
500008£681Z49STOTUQIN
¥0020867+Z0J9STOTUGIN
€T0T037661049STOTUAGIN
6007039676049STOTUQIN
6T0€038EET0JOSTOTUBGIN
2000038860049STOTUBGIN
#10£08£9T0049STOTUIGIN
920T0890/704°STOTUSQIN
0T0S08185Z049STOTUSqIN

O O O O O O O O O O O O o O o o o o o o o o o o o

(panuiuoy) -zs 8|qeL

235



Chapter5

9/9=H19HN37 utezoud Ajiwey 1y9H/SHA/HLNI

799=H19N37 utejoud Ajiwrey yeadal upfuy

€89=HLONI1 T4 uiejoud Ajiwrey g£oxa Jungns 3skooxa
anjeInd ‘uiajoad ||em |19 JO JUAN3IISUOI |BINJONIIS
#89=H19N31 uteroud Ajiwey Jojow ajngnjosdiw uipuiq d1y
[dnoug eajuoder eaijes ezA1Q] uejoud passaidxa
89£=H19HNT7 ua30.d Sururejuoa-urewop gHS
L¥ZT=H1ONTT ute304d Ajiwrey puey 43 Suipuig-wniofed
uiayoud Ajquiasse ulyye|d Suipuig-joysourAprieydsoyd
180T=H19ONT1 T aseyjuAs aso|n||ad

9 upajold Apoq Jejnaisaniynw pagiey)

 u1ajoud jueyd ay1-quawei4

L8TT=HLONI1(1@0s) uteloid TS / 2A110849p Sisaunj0Ad [ejewols
€-ulnonaljed

z utajoud ey 0/ paIe[aJ-o0ys JeaH

g aseuadAxodi|-S6 93e3j0UIT

¥19T=H1DNI7 uteroud Ajiwessadns ayi-jeadas g /utonpsues
€703S utejoud iodsuety uiglold

g urajoid ey 0/ %90Ys JeaH

[dnouy eojuoder earyes ezA1Q] uajold ayij-uisoAw
§GZ=H19N37 ute3oud Ajiwey TdiA suelquisw [e1583u]
68€=H19NI T utejoid Ajiwreyiadns aseury uiajoid

€ 9seuny ug3oid-auluoaiyl/autias

{ aseuny u1gjoid-auluoalyl/autias

g Sojowoy y aseupy uajosd-aujuoaiy}/aulIag

709L2€DY1Y
T'0781€971Y
T'08£06DG1Y
[T'£T9£THINIG3
T090919ELY
[T"0Ly864aY193
T'0997EDYLY
Z0£9TZHILY

NVINNH 1vOIdIz6vETOlds
T0TYZEOPLY

UNYA 9dINHOI0AE0SDIdS
HLVYY vdddIzASMOD|ds
T006YDTLY

HLYYY €41vOlESTYOOIds
NVINNHZLdSHIZG9¥SdIds
NL10S9TX01I8€LTYOIdS
T'0650SDELY

N9IId €203sloovasylds
NYINNH 9£dSHI990£Tdlds
[1°8652£0VVvIg8
T'00£9€DZLY

00005961y

0£SETDELY

0£L019YLY

0£L019DYLY

S00€T3YSEZ0JOSTOTUGIN
€007030612049STOTUQIN
¥001089281049STOTUGIN
§002038¢¥T0J9STOTUQIN
700t087LET0J9STOTUSQIN
§00S08Z£ZT049STOTUBqIN
50070806TT049STOTUQIN
020603T8£0049STOTUSQIN
T0000865GST810T0TUSqIN
600008778£0J9STOTUAGIN
T0008TGEE04OSTOTUAIN
6009038050049STOTULQIN
10070316%00J9STOTUSQIN
S00£087£80TOSTOTUAGIN
91090865/Z049STOTUBqIN
900€08€FT0JOSTOTUSQIN
ST0T0859Z0049STOTUBGIN
£00S080TT0049STOTUSqIN
900T08E0LETHOSTOTUIGIN
€£20108G2E7049STOTUSQIN
G00008€TYE0JOSTOTUAGIN
20000379T9049STOTUAGIN
600208/85T049STOTUQIN
0T01082598049STOTUQIN
9002039252049STOTULqIN

O O O O M M MM N N N N N = = - - O O O O O o o o o

(panunuop) -zs aqeL

236



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

19sy utajoud Aiauiyoew 3uijios-uiajoid sejonoea 3 ssej)

€T JYYNS Jue|d janoN

1-eydje yungns xa)dwod g-dy

9/9=H19N37 utejoud Ajiwey 1Y9/SHA/HINT

urajold umousun

asejayjuAs y awAzuaoa-|A1p0y

uajoud A|quiasse uyyeo uipuig-joysouljApizeydsoyd

V u1a301d pajeloosse-uiajold suelquiaw pajeloosse-a|aIsap
£6/=H19N37 urezoid Ajiwey asejeydsoyd uiajosd aujuoaiyl/auries
uiayoud Ajiwey (urewop gie)) Suipuig-pidi| Juspuadap-wnioje)
€ U19301d BUBIqUIAW PaJBID0SSE-1311IBD 10391098
68Z=H19N37 uteyold Ajiweysadns ayi-utiodenby
G//=H19N31(z€£94NA pue 0£94NQ) UOIUNJ UMOUNUN JO UIBI0I]
¢-T Jaquiaw xajdwod 103dadal dyNS 15]09

799=H19NI1 TV uiajoud £jiurey g£oxa Jungns 3skooxa

TYOIN uld30id

T0TT=HL9ON31(0184NQ) UoIdUN} UMOUNUN JO UIBI0I]

8 95epIS0oN|3-e3aq-£'T-0pua uean|y

T wiojos! uidjoud Ajjweysadns ayjij-yeadal oy M /ulonpsues |
0-v149 utsjold o1|-¢-g-p1

{ utajoud Bujureuoo-urewop Suipuig-yo)-|Aoy

O-149 utejoid axi-g-€-p1

ONdSY TISHIE6MDTYIds
H1VYV €1SdNITdY16DIds
HLYYY TVZdYI91d180Ids
70928971V
T'0/8¥¥9TLY

NSOYE V¥SOVIz906€dIds
vy 1v0IdIzT0550Ids
NYINNH YdYAI010d6DIds
T'SPrE0DTLY
T'0TS9TOELY

HLYYY ENYOSIZdSNeD|ds
T'08TLEDTLY
106552951V

H1vYYY Z1S09l151zZ0Ids
£0r5£0951Y

SAYO  TYOWI6FZNGDIds
T'0£690961Y

HLVYY 8€TII6MYN9DIds
[1°609%10£00 dX40/
SAYO €€EFTI0ONZ9DIdS
HLYYY 7d8OVISSYNEDIds
rSAY0 €€€7TI00YZ9D|ds

2100082022 T49STOTUSqIN
900T08.£Z0TOSTOTUSQIN
G00T03¥ZZ0T4OSTOTUSGIN
0T0Z08£9%6049STOTUQIN
£1000378780J9STOTUQIN
07100035178049STOTULQIN
900€035TG£049STOTULQIN
810003075£04°STOTULQIN
970003T0€5049STOTUBqIN
§000086715049STOTUQIN
0T02081905049STOTUSqIN
7002031505049STOTUSqIN
£20708y705049STOTUSQIN
ST0£08¥T/F04OSTOTUSQIN
£05088097049STOTUBGIN
§00%0378€10J2STOTUQIN
2100038607049STOTUAGIN
€10T03975€049STOTUBGIN
Z10003Z5TE04OSTOTUBGIN
0T0£08GT0E04OSTOTUBGIN
£0020825£Z049STOTUBqIN
¥00008££57049STOTUSQIN

O O O O O ©O O O O O o o o o o o o o o o o o

(panuiuoy) -zs 8|qeL

237



Chapter5

£9€=HLONTT T aseJaysuesyAylow-o 10917551V €1€6/9/6G°€ 2002036£ZT049STOTUSqIN 0

££6=H19N37 utajoud kemyyed g ay3 ut K3ia1oe psdp Jo sojejnsay T0TL6TOZLY 687629209 600T039T8Z049STOTUSQIN 0
(suouinb) aseuadoupAyap H(d)avN 40039 YOONIEAPINGEIdS £999€€E9°E T000180950049STOTUSQIN 0

§T9=H19N31(8994NQ) UOIIOUN UMOUSUN JO UIBI0Id T'GGZ0EDTIY 89Y£79259°€ 6T07036TET04OSTOTUSGIN 0

£6/=H1ONT 1 ute3o.d Ajiuey ssejeydsoyd utajoud suluoalyy/aunieg T'SPrE0DTLY 1658/819/°¢ £000080£LTZ4OSTOTUQIN 0
1-9 aseubf uapuadap-uljok) SAYO ™ TOMADI845M9DIds 7L9906118°€ 900203€/80049STOTUAGIN 0

962=H19ON37 utejoud Ajiwrey saysue.y joysourjApiyeydsoyd axy-dy1oag T0/16/DT1Y £9/9%57E8E 2100039£€8049STOTULQIN 0
aseuy utejoud axi-l03daosy HLYYY 2 1dly6N46DIds €15€86858°¢ 1T0108822049STOTUSQIN 0

ZIONVLSISTY WNINAYO INY1d utelod HLYYY Z¥0dIrnD160Ids §6776€90'7 900008£508049STOTUSQIN 0

G utajoud ax1|-ujuiiod HLYYY GH4lZ/avedlds 8LYTLO0ET Y 020108292Z049STOTUSqIN 0

[sndpu paysspig] 40051860 UG [T"zrISvAQOlqua €66188L2TY £70803TZGT0JOSTOTUIGIN 0

asepIxo a3e|Axoq.ed-T-suedoidojofooulue- Y801 000VIz6LErdIds vSS6LhY6TY £000088767049STOTUSQIN 0

9 utezoud ax1|-OTTN HLVHY 90 TNIZENY6DIds L8ET6TEVE Y ¥£020826.£049STOTUSQIN 0

duwnd uojoid sueiquiaw JejondeA pazidiaua-ajeydsoydoihg YUDIN dAYI9T9TZdIds T790£99b "7 Z109082£€0049STOTUSQIN T
ZIONVISISTY WNINAYD INY1d U18301d H1YdY z40dIrND160Ids ¥1/5868%5Y TT0Z0STIT804STOTUGIN 0

u12301doaA|3 you-sutjosdAxoipAy (y37) Juepunge sisauadoiqua a3e 106959911V 8/T15€8691 $000082222049STOTUAGIN 0
[sndpu poIsspig] 40£96185008UG [T°90£¥TAQOIqWa SOTYIS8TLY 10000399/6T49STOTUQIN 0

[ojn3poun3 06pa1papy] utejold ayi|-103dadai suowoIBYyd [T'872685€00 dX|J2! G€6055508% 200203£881049STOTULQIN 0

aseuy uiejoud axi-l03daosy 00820971y ¥6.£79186'7 6000037891 TJ9STOTUQIN 0

v @ asedijoydsoyq 1001a"va1dloynysolds LTELITITS 0T0703ZZ09T49STOTUBqIN I

TZT-uixejuAg HLYYY TZTASIYASZ6D|ds 16/886L05°S ¥00008€602049STOTUBGIN 0

G aseyjuhs auadia| 0001476SdLlenasealds ySYSSTITT'9 LT0T085729049STOTUIGIN 0

[sndou poissnig] A0LEZyB8800kUg [T°€09zZAQOIqwa L8T£0T979'9 §00008G/TTT4OSTOTUIGIN 0

uonduosaq uoISsa00y UH Iselg 49T SN SA pAAY QI pupjwoyuag N QI9L-b-40 #

Jeq e se q|qLl-d4A-THIG0SqN Suisn uaym syuswiiadxa S|A-1d 3Y3 J0 auo ui payariud Ajueosyiusis

(panunuop) -zs aqeL

238



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

€29=H19N37 utezoid Ajiwrey u1a3oidoak|3 yau-aurjosdAxolphy
vas|\ utejoid aseawdad/3uipuig-d 1y Hodxa y pidiq

¢ Sojowoy ez utajold Apoq Jejnoisaniynw pagiey)

yeuq utajoid suosadey)

(auouinb) aseuadoipAyap H(d)a¥N

a-uIsoAw [euoijuaAUOdUN

0S7=HLONT1 uteroid Ajiey aselaysuesr-|foe adk-aX XXH

Gz @seuny uajo.d ayi|-103dadal you-au1alsky

aseuadolphyap joyooly

TZT-uixejuhg

urajo.d J0jory uoire3UOd JBGYNY

71 9sepixolad

Z u1ajo.d Sujuieuoo-urewop Hd pue yeadal YNY ‘95ed 19 YIM dy¥D-Hy
£79=H19N3T ute3oud Bujulejuod-urewop uoad/oyIN
266=H1ONI 7 utajoud Ajiweiadns aseury uiajod
€29=H19N37 u1a304d Ajiwey uis3o1doak|3 you-aurjosdAxoiphy
198=H19N31 oseyiuAs ayeydsoyd asojeyasy
£86=H19DN31(0184NA) uodUN} UMOUNUN JO UIBI0I]

[sndpu poisspig] 0£88Z8L0VeUg

[sAew ea7] g1@GTUG UIAI0Id DY10adsS pass

98 u1a301d Bulurejuod-urewop JyN

aseuny utajold ayij-103daday

T Joquiaw Ajiwey o sepiodsuely gy

/ u1ajoid 3ujurejuod-yeadas yoL-aulaNa]

vas|\ uejoad aseaw.ad/uipuiq-d ]y 1Hodxa v pidi]

T06vE€DTLY

SYNAS VESWIOTATZDIds
1a01a" z¥ZWOlTaarsolds
INSHOYIN MYNalzzy10vIds
YINSIA YOONIZ0OXYOlds
ISNOIN"ITOANIFEIDEIIdS
T'0€8Zy9S5LY

HLVHY ™ SZHUOISX0WEDIds
35039 ZHAVYILzELRdIds
HLYYY TZTASIYASZ6DIds
YAIH 43dlzszsTdlds
HLYY¥Y ZT43dl0zG96D|ds
ISNON"ZdvOVI6aHNED|ds
T08LYTOTLY

09181911V

T06vEEDTLY

T0¥T099T1Y

1°00852971Y
[1°9£296Xa0lqwa
[T°€02651T00 dNIjos
HLYYY 980VNISI446D]ds
HLYY¥Y LY TdIr6N46DIds
HLYYY D1ravIg80d.dlds
3ISNOIN"£0¥Y11£3108D|ds
ONYHO VASINI9NZN.DIds

8198€€865°C
69v20v619°C
9IVELLBEIT
€£58090£9'C
¢SYSETV89'C
6VCVI0TI8'C
896v55v¥8'C
€6V9198°C
G/€69T9/8°C
9GGCESTI6C
8099¢CS16C
€506L0¥26°C
99€¢1¢896'C

[Ya7A4 7804
180866591°€
€LSVCTI6TE
685969/61°€

LYBTLYITE
6/8016C1¢€°¢C

CEG/686EC
8€0¢STS0YE
L6%956051°€
VLCLIBETSE
LT298G€SG€
SYvS81195°€

§009T81280049STOTUBQIN
T00£036570049STOTUIGIN
£00$0306.2049STOTUSQIN
LT0S089£E€04STOTUSQIN
¥000081667049STOTUSQIN
7200082925049STOTUSqIN
¥00TOBTGLE04OSTOTUGIN
¥00£089/10049STOTUQIN
1€0903£06204°STOTULQIN
91010367T049STOTULGIN
G0080369€0049STOTULGIN
0T0903€5HT04OSTOTUBGIN
ZT0908T7E8049STOTUBGIN
€T0£08/¥00049STOTUBQIN
0700085022 T4STOTUSqIN
70080890t%049STOTUSQIN
¥10T0ST97£09STOTUAGIN
020v087ZET04OSTOTUAIN
600T03T6ESTIOSTOTUIGIN
¥10Z03TELY0JOSTOTUIGIN
£00803660%049STOTULQIN
2000030ST9TJOSTOTULQIN
T008086T.T04STOTUSGIN
2000082182049STOTUSQIN
800008Zt£049STOTUSQIN

o O - O N O - O - O O O O O O O o o o o o o o o o

(panuiuoy) -zs 8|qeL

239



Chapter5

1 Jo3oeJ9jul-dwnd uojold

1-9 aseury Juapuadap-uljok)

169=H19N31Z Ajuo Jeadal ojipeusse

€89=HI19NI7 14 ue3oid Ajiwey p/0xa yungns 3sAaoxa
G aseuy u1aoud ay1|-103daoay

unoy

LSP=HLONIT | aseuly uiased

1 u1ajoid Sujuieuoo-urewop Hd pue yeadal YNY ‘85ed 19 YIM dy¥D-Hy
aseury utajoud ay1[-103daday

pPG=H19NIT utel0ld Ajiwepsadns SHA/HINY/HLING
y¥G=H19NI T uteloud Ajjweysadns SHA/HLNY/HINI
aseury uiajoud ay1|-103dasay

€€T=H19NI1A|lurey segT7 utajoud [ewosoqry
266=H19NI 7 uteroid Ajiwejiadns aseury u1ajoid
0-v149 utejold ayi|-¢-¢-41

nw 3iungns xa|dwod g-dy

1 u1ajo.d yeadal apiydadoonijesia

8[N 9SBJIB)SUBI}-S BUOIYIRIN|D

(auouinb) aseuadopAyap H(d)av¥N

765=H1ONI1 7 Jo3i0dsuel} 8s01ons

9 utejoud ax1|-OTTN

78Z=H19N37 ue304d Ajiwey 9z asejeydsoyd uiarold
787=H19HN37 ua304d Ajiwey Oz esereydsoyd utajoud
¢ 3ojowoy ez uiajoid Apoq Jejnaisaniynw pagdiey)

0£€=HLON3T € aseuly uia30.d pajenioe-usgoyw

H1VYY TiddIr¥1EZ0lds
SAYO T9XA0I845%90Ids
100299951Y
T08€05951Y
HLYYY S TYISELLbdIds
NOON3 LOVIBNMS8DIds
TOvEYTOYLY

VINIX TdV9OVITTINIDIdS
HLYYY /Y THIr6N46D|ds
T'0025€961Y
T'0025€961Y

0£0L¥9S1Y

10909291V

09T8T9TLY

SAYO €€EFTI0ONZ9DIdS
HLYYY INzdvlorTezolds
NYINNH TOLLI¥T9660Ids
HLVYY 8NLSDI9eUS6DIds
YINSIA HOONIZODXPOlds
1°098209ZLY
H1vY¥Y 90 TWIZaMr6dIds
T0SLPEDTLIY
T0SLPEDTLIY
1001a"z¥ZWolTgarsolds
0795H9ELY

9/¢CLL808°T

€GGVTIV8T
TLL12S1S8T
¥/9€/€698°T
v€L96LCL8'T
vETLOEE06'T
9€C68TLLE6T

CL6SYLY6'T
v6vZETVL6T
¢c0vL5€00°C
T6TLSVYE0T
G09¢82L¥0C
¢8SY616v0°C
€/980S¢1T°C
G1r680991°C
€06959181°C
€8/8TLYYCC
L9E8YBYLT'C

6IVCEOTE'T
9CE6VCS9EC
¥0T65VL9€°C
86818¥T0V'C
¥S9LET6SY'C
L6EIESCESC
60LL8TLEST

€00%08,5ZL049STOTURQIN
0T0203€56£049STOTULQIN
€00T03€7£8049STOTURQIN
9007035206049STOTUQIN
ZT0TT39ZET04STOTUBqIN
Z10008€59ZT49STOTUBGIN
#00003£860049STOTUSGIN
£00T087057049STOTUSGIN
£00708T0£5049STOTUSAIN
LT0T087085049STOTUSQIN
870T08/9¥Z049STOTUQIN
11070367£10J9STOTUQIN
60000350£5049STOTUAGIN
900203Z€€0TJOSTOTULGIN
T00008£G£0TJOSTOTUSQIN
9001082289049STOTUBqIN
0207086959049STOTUSQIN
¥00008¥¥GE49STOTUSQIN
9000080%+Z049STOTUSQIN
020£085870J9STOTUAGIN
£00008Z42TZ4OSTOTUQIN
7000039807€49STOTUSQIN
§002039958049ST0TUAGIN
9T0T08,256049STOTUQIN
£0000316T9€JOSTOTUBGIN

- O O O O N O O O O Oo O =W O O O o o o o o o o o

(panunuop) -zs aqeL

240



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

104q uta3oid 3uipos-uiajoud Jejondep

6 9SBI3)SUBI)-G BUOIYIRIN|

6€9=HLONT ute3oud Ajiweysadns SHA/HLNY/HLNI
aseuadAxolp aeaea|d-3ull [oIpeIX]

z-uisdy

Z-U1S0350X3

¥99=H1ONI1 Ty uiejoud £jiwrey g£oxa Jiungns 3skooxa
-9¢7 uteg0.d [ewiosoqu 509

[dnoup eoajuoder eaijes ezA1Q] uiajoud passaldxa
1G-uIxejuAg

Y-8 utajold Suipuig-yNy

T NIVINOQ-DI utajold

Sojowoy TyLA uaoid pajeroosse-guiyios uiajoid Jejondep
£1€=H19N37 u130.d 424d/9zyd sisayjuksolq suizeusyd
g9 Hungns A103e|n3ai aseajoid §9z

L¥ZT=H1ONTT ute304d Ajiwrey puey 43 Bupuig-wniofed

¥ SdOY 9AI139B SAIIN}IISUOD JO 103IBIAIU|

1 uia3oad Sujurejuod-urewop Hd pue yeadal YNY ‘9Sed 1D YIm dyo-Hy
8vT=HLONI1 uteroid Ajiurey puey-43 3uipuig-wniofe
-9 aseury Juapuadap-uljak)

Hs14 aseajoldojjeyaw ouiz Juapuadap-d 1y

yeuq utejoid suosadey)

ZI7=H19DN37 uteroid Ajiweysadns aseury uijold
01G=H19ONI7 uta3o.d Ajiwey aseury ayeanshd
$99=H19HN31 TV utazoud Ajiwey g/oxa 3ungns 3sAo0xa

INJN3"TOYalzTZA8OIds
H1YYY 6Nn1S9I0LN46DIds
T'G82ZETLY

HLVYY 1X0lalyy6r60lds
NYINNH ZNd31802560Ids
JINOYA Z1X3I69TAGDIdS
€'0rSE0951Y
HLYYY 29 T4lzGENBDIdS
IT°0L¥864av193

HLYYY 1SdASIEZYS6DIds
YINIX"vv8aylzy4aelds
H1YdY TadIlze4S6DIds
100IA " TYLAITTESSDlds
1098209¥1Y
ISNOW~89SYdIS. LySdlds
Z'0£91Z9T1Y

H1VYY 7d0Il646IN6DIds
YINIX TdVOVITTUNIDIdS
T0TEZIOTLY
ISAY0”ZONADITMNXZYIds
0SAAHHSL4lPnZnyalds
08v49 HMYNAlZ8maoolds
0LTTEDYLY

104580951V
£'0vSE0951Y

9G9500£9L¥°T
EVIECTEY'T
€v08¢r96Y'T
6SVLE0E0S'T
8E68EVECS'T
955018874'T
Svee6yLSST
€8CETV69ST
EIGTL8ELST
¢8817S019'T
LL15CCTI9T
¥199962¢9°T
CEBLEETYI'T
C90€9€ETVI'T
¢68GT1859'T
6008T.6S9'T
vL6VLTC99'T

€5629/9°1
G/¥0L96L9°T
170088891
€VSLT620L'T
8EV6LSTCLT
6ST6E80ELT
LT6CYL09L'T
9¥80LL06L'T

900203€£6v0J9STOTUQIN
200T0375Z0T4STOTUBqIN
90090807£5049STOTUIGIN
§00£08¥99T049STOTUSQIN
600T03990T049STOTUSqIN
600008T87T049STOTUSQIN
9€05088097049STOTUBGIN
2000088961095 TOTUAGIN
€£20¥08€9TT04OSTOTUGIN
07T00038Z19049STOTULQIN
€00€08£ZLT0JOSTOTUIGIN
8007088899049STOTUQIN
Z1071080805049STOTUBqIN
€€0T08TZL8049STOTUIGIN
£00S08€Z1L049STOTUIGIN
Z10908£20£049STOTUSGIN
Z10£085561049STOTUGIN
YT0Z08TELEOJISTOTUBGIN
T00T03690€049STOTULQIN
€10003860€TJOSTOTULQIN
G00£036£97049STOTUBQIN
110908666T049STOTUBGIN
TT0081979049STOTUBqIN
ZT0003€T6Z049STOTUBGIN
9700030£Z8049STOTUSQIN

O O O O N o O O O O N O - O n = O MHm O O o o o o o

(panuiuoy) -zs 8|qeL

241



Chapter5

75-uixejuks

[pjn3pounsy 06paipajy] sniyeInd ‘uie3old ||em |139 JO JUSN}IISUOI [BINJONIYS
[pjn3pounsy 06paipajy] aniyeInd ‘uieyold |[em |[39 JO JUSN}IISUOD |BINJONIYS
7 aseuy ujejoud ayj1|-101daday

T6¢=HLHYNIT §G¥4NQ UoiduUNjumMouNun Jo uisjold

169=H19N31 ¢ Ajuo Jeada. ofjipewLre

69Z=H19HN37 u1a304d an) juauodwod waysAs urynbign

21/ u19304d dUBIQUISW PAJRIDOSSE-3|IISIA

12S=H1HNIT £€ aseuny uiajoad Juapuadap-wnio|ed

8[) 9SBIa)SuLI}-G dUOIYIRIN|Y

4-¢149 uejoud axij-¢-g-pT

T uixau 3ui30s

60£=H19N31 z€ 8wAzua Surgesnfuod-urinbign

T NIVINOQ-DI utajold

£0G=HLON3T T INVLS 0 uleWwop £HS aY3 Y3Im 3|ndajowl pajeldosse
aseuny utajold ayij-101daday

93usuodwod xa|dwod 3skaox3

90Z=H19N37 utazo.d Ajweytadns ayi|-(4d 1) yeadau apiydadoonijesial
T/S=H1DNI1 9T aseuny uia3oid Juapuadap-wnio|ed

Sojowoy uixaujey

urajold g743 J03oe}) UoijRBUOS UOIJR|SURIY/PaIRID0SSE-UIHNbIgN
T/§=HLHNI1 91 aseuyy uiajold Juapuadap-wniofed

[sndou parsspig] 409Z€T880VEUG

£T€=H19DN37uta30.d Buiurejuod-urewop qsg

ZI7=H19N37 uterold Ajiweysadns aseuy uiejold

HLVHY ZEdASI60M16DIds
[T'£19/THINIA8
[T'£T9£THINIG3

HLYYY ZHOYIrdH16DIds

102570951V
100299951Y
£0ryZESLY

HLVYY ¢TLVAI6DISED|ds

10005911V

HLVYY 8NLSOI9eUSEDIds

rSAYO 9€€¥11296900Ids

H1VYV TXNSI8ED46D|ds

T'000£T9ELY

H1YYY TadIlze4S6dIds
T06/8Y9TLY
0L0Ly951Y
NYINNH™900X3169Y18D|ds
T'02559951Y
10681921V

NEAOS X1vOl/186€DIds
IT'06£89 dNIja1
T'068£1971Y
[T°66TYTAQDIqWD
T'0€0699TLY
0LTTEDYLY

1€8898700°T
¢06€6800'T
€60€98G¢0'T
G950€60€0°T
6¢0ST060T°T

GT16GS¢CT'T
9//8V00€T'T
C0TTC6CET'T

87GV88ST'T
GEVYEI6ST'T

8E0V9C6T'T
1665€980¢°T
GBEBTLLECT
7950¢2/8C'T
(AZATTAL I
26¢607.6C°T
€TC0ESTOE'T
79996€L1E'T
76£69/85€'T
TCETIECLET
¥2S8¢8YLET
816681681

LOVCYS6ET
191996€0¢'T
698¢8E8EY'T

Z10908/£L0049STOTUSQIN
6200035852049STOTUAGIN
6002185060049STOTUSQIN
0702038Z10049STOTUSQIN
#006082292049STOTUIGIN
910908€£852049STOTUBqIN
9T0T0800TE04OSTOTUIGIN
£00T089T60049STOTUSGIN
$0020861/0T49STOTUSGIN
9100080£T804STOTUGIN
L00Z08T8EL049STOTUSQIN
670T036806049STOTUQIN
800T0355€009STOTUQIN
0T07036£02049STOTUSQIN
12020316 TTJOSTOTUIGIN
#0000868+T049STOTUIGIN
T00Z03T¥¥T0J9STOTUSQIN
£102087¥£004°STOTUSQIN
9002085085049STOTUSGIN
£00T1896GT04OSTOTUSGIN
820608G/£T04OSTOTUAIN
§000038066049STOTULQIN
100203265€049STOTULQIN
L00T03LEE004OSTOTURQIN
2000036€6.09STOTUQIN

o O - O O MHm O O O O o o Mm O O O O = = O O O ™ ™

(panunuop) -zs aqeL

242



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

Y utajoud paje1oosse-ula3o.d auelquIaW PaleId0SSe-a|ISa
{ aseuny u1ajoid-auiuoalyl/autias

[dnoin eojuoder eayes ezA10] 00972 £SO

UIeyd 3y uisaury

ZP unqgns ased ]y uojold adA3-p

££6=H1ONI T utejoid Ajiwresadns aseury uiajoid

¢-T Jaquiaw xajdwod 103dadal dyNS 15]09

ua0.d Ajiwey puey 43 3uipuig-wnia|ed

6-uixejuhg

{ u1a3o.d Sujureuod-urewop 3ulpuig-yoQ-|Aoy

O-v149 uiajoud asji|-¢-g-p1

065=HL9ONT7 ue30.d Ajiwey yeadas uhyuy

¢ urajold Sunpoesajul-apiyisoutoydsoyd urewop yeadas gm
079=H1HN3I7 uta3oid Ajiwey JaLLred xnjya uixny

asejop|e ajeydsoydsig-as030n.4

7 Sojowoy /¢ urejoid pajeroosse-guiyios-uiajold sejonaep
gz uixau 3urplog

£6/=H1ONI7 utayoad Ajjwey asereydsoyd urajosd suiuoaiyy/auiias
60£=H19N37 ¢€ awAzua Surgesnfuod-urynbign

79 3ungns ased]y uojoid adA3-p

uajoud B 0/ O0YS 1BaH

ased| uiajoud-uninbign ¢3

867=H19DN37 utero1d Ajiwey JaL1Ie 83€13SqNS [BLIPUOYIOH
[dnoug eojuoder eaiyes ezA1Q] uieyoad ayij-uisoAwolaw Aneay

[sAew eaz] utejoid anisuodsal-ygy

NYINNH YdYAI010d6DIds
0£L0T9YLY

[T°068650100 dNIJ2!
IN0YA O TNIFZ89d|ds
HLYYY ZA0YAlyYH160Ids
102480911V

HLVYYY Z1S09I151zZ0Ids
IT'€9£588200 dX|yo!
HLVYY ™ ZGdASIZMNY6DIds
HLYYY 7da0VISSYNEDIds
SAYO €€EFTI0ONZ9DIdS
T'09€ZTOELY

YINIX €EIdIMISE4890Ids
T0r60L9T1Y

10010 41v1£9v98d|ds
HLYYY Z/EdAI6183EDIds
H1VYV 9ZXNSI9s4asalds
T'SPPE0DTLY
T'000£T9ELY

0vd0L Z9LYAlE0Lz80lds
YINNYE 0LdSHITFS.Zdlds
HLVYY TONIYITZNT6DIds
T'09£6TOGLY
[T'90£2£0VVIa3
[T'81£95M4YI93

682£90969°0
81€.5€969°0
1668.¥5CL°0
€TTLCIEVLO
1980¢6€8L°0
917008¥8L°0
8€99Y6€6.°0
GEITBCS6L0
G9CTE086L°0
G06¢T€L080
7986916180
6857¢07€8°0
L08T18ZY8°0
816256980
€£01809.8°0
£0£8189/8°0
€81959868°0
£9€650€06°0
16076911670
7809078€6°0
66¢805¢v6°0

91896€¥6°0
Y1ECYI856°0

€202¥296°0
9899¢1926°0

11050822 TH04OSTOTUIGIN
€00£03Z£62049STOTUBqIN
¥T0£1870ZE049STOTUIGIN
Z1000899€0T49STOTUSGIN
9T07088EYL04OSTOTUBQIN
T00008ZETITHOSTOTUSGIN
200008€0.70J9STOTUAGIN
800T08ZESSTHOSTOTUGIN
€00T03£8TL0JOSTOTUIGIN
800£031065049STOTUQIN
0T0ZT3086T049STOTUIGIN
#T00T8GT00TJOSTOTUSQIN
6000039/86049STOTUAGIN
TT0T082ZZT049STOTUSqIN
900703085£049STOTUSQIN
1002182052049STOTUSGIN
700708ZGTOT4OSTOTUSGIN
¥1000866970J9STOTUBGIN
T00TTSTTTZ0JOSTOTUIGIN
£002039/Z1049STOTULQIN
0Z0T03Y6EYTIOSTOTUIGIN
TT0Z08TFEE0JOSTOTUSAIN
6000030T0T04OSTOTUBGIN
900£08805Z049STOTUAGIN
€T0TT8£9ZT04OSTOTUIGIN

O - O - - - - O O O - O O O O O - O O o o o o o o

(panuiuoy) -zs 8|qeL

243



Chapter5

TT°C ATINYL d1d /TLYN udlold

1 u123oad pajejal-uisaury

urgyoud Ajiwey gam

61F=H1DN37 uteroid Sujureuod-urewop ay1-TOYg Suiyes.ie] [ewosopul
£6/=H19N77 uIezoid Ajiwey asejeydsoyd uiajosd aujuoaiyl/auries
9£9=HLONI1 ute3oad Ajwey 1y/SHA/HLNI

T LHOIT3INT9 4IANN LNIWIAOI LSYTdOYOTHI MVIM Utelod
Tp Hungns ased ]y uojoid adAy-p

¥ 1ungns A103e|ngas aseajoud 59z

789=HLON37 utajoud Ajiwres so30w ajngniosdiw Sulpuiq d 1y
/0£=H19NI1 vz esereydsoyd uiajold sujuoaiyy/auilas

g6 urejoid 3ujurejuoa-jeadal gm

T19€=HLONI1Z oseuajsuenjhylow jo1a)s

/ u1ajoid Sujurejuod-yeadas yoL-aulana]

699=H19N31 ¥ utejoud Buipuiq yoo-|Aoe

asejnw ajesa94|3oydsoyd juapuadap-ajesaak|Soydsoydsiq-g'z
[shew eaz] £/7G/€™€LGNINY3IZ uteloud [eonayodAy -ydL
££6=H19NI1 6T aseuny uiajosd Juapuadap-wniojed

/¥ urajoid Sujurejuoa-urewop |109-paji09

Sojowoy urajoud A103e|n3a1 sisausdolq swosoqry

T LH9IT3INTE ¥YIANN LNIINIAOW LSYTdOYOTHI MYIM Uldjold
/9G6=H1ONIT 9T aseury uia3o.id pajeajoe-uaopw

ase|op|e aeydsoydsiq-asojoni4

61T=H19NI 7 utezoid Ajiwejiadns uixopaloly ]

aseuny uajold ayij-101daday

H1vYV €5Y1dI0TA16DIds
1010 T41MIZ0ON6DIds
HLYYY 9855AIFOAT6DIds
T'06E€€LDTLY
T'SPrE0DTLY
7°09L2€971Y
HLVYY " 19IMIrZ/8t0lds
HLYYY~ TAOVAISIr16DIds
NYINNH ¥SudIT6129dIds
1°0909T9ELY
1°096699TLY

vy 954amlyo8AyDlds
T'0€€029TLY

NIAOE LO¥Y1ILYONTHIds
70Zr509€1Y

EHLAD YINADITASTTOldS
[T"Z006€Yval3dy
T0SY6TOSLY

NYA £¥AD0IZTI990Ids
HLvYY TS¥YI88HS6DIds
HLVYY " 19IMIFZ/870lds
0T06THSLY

10010 41v1£9v980Ids
T'0EL6TOTLY
HLYY¥Y 9 TYlzonedIds

6£¢20¥S05°0
EIAZANARN]
CETBLY61S0
17GCvc92s0
9//ST6VES0
€1rC8SIvS0
€L120L5°0
666SY11L50
6295767850
YILTvL¥6S0
G0TZ£0965°0
Gv/€€89650
6801206190
7659197€9°0
£6686LE9°0
9/90TETY90
TCET89Y90
€68L96V9°0
€VEGTSESI0
G8/69€V59°0
1€0956£59°0
£9081599°0
€L0€T60£9°0
2688089290
EIVEOT8L0

620008G6€£0J9STOTUAGIN
60000868ZETJOSTOTUAGIN
8005036781049STOTUAGIN
0700035289049STOTUSQIN
800908T/97049STOTUIGIN
£000086/£6T4OSTOTUBQIN
0T050378/T049STOTUSqIN
1T09T88Z%0049STOTUSQIN
6T0£08€0TY04OSTOTUSGIN
€10€08671E049STOTUQIN
9002088.070J9STOTUBGIN
5001032865049STOTULQIN
700%087£900J2STOTUQIN
6002039797049STOTUIGIN
£0020389+2049STOTUBqIN
100£036782049STOTUBqIN
1T0008896%049STOTUBqIN
T00003€609049STOTUQIN
900008T9TTTHOSTOTUIGIN
0T07080Z1049STOTUSQIN
TZ0T081205Z49STOTUAGIN
¥102031072049STOTURGIN
Z00T0320€0049STOTULQIN
600£03T0LT0JOSTOTUIGIN
ZT0T03TT0E0OSTOTUSQIN

o O = - O O - O O O o o Mm = O O O o o o o o o o o

(panunuop) -zs aqeL

244



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

TT 3YNS Jued janoN

060T=H19HNI1 G295 Juauodwod xa|dwod 3skaoxa

V1 Hungns xa|dwod ¢/z uiajoid paje|ai-unoy

aseury utajoud ay1-103daday

/7/ u19304d dUBIqUISW PAJRIDOSSE-3|IISIA
065=H19NT1 utajoud Ajiurey eadal uukyuy
9/9=H19N37 utejoud Ajiwey 1Y9/SHA/HINT
ase|op|e ajeydsoydsiq-asojoni4

[wnsolagny wnue|og] (e} ed ‘uta3oud ay1-0256 79 LY
96ZT=H19NI u1a304d Ajiweyiadns aseury uajold
Zz-uixejus

reuq udjoud auosadey)

Z u1gjoud ey 0/ PaIe|2I-4O0yS JeaH

61T=H.1ONIT utezoid Ajiwepiadns uixopaloly
2-¥203S uigjoad odsuesy uiajold

[skew eaz] 1dOLINgd

69TT=H1ONI1 ue3oid Ajjweyiadns aseury uiajold
urajoid Suiurejuoa-urewop A / uia3old Sujurejuod-urewop [oes
uajoud xoq-4

utnanalled

¢ u1ajoud ay1|-e39q UlINpsueL|

13SH urejoud Aisuiyoew 3uijos-uajosd Jejondea 3 sse|)
{ aseuly ulajold-aujuoalyy/auriag

ased|| yNYI--auideledsy

060T=H1ONI1 5295 Juauodwod xa|dwod 3skaoxa

HLYYY T1SdNI6V76DIds
10689911V
HLYdY~VTOUYI958080|ds
HLYYY /X 1dl76N46DIds
HLVYY ZZLYAI9LENED|ds
T'09€ZTHELY
70928971V

10010 41v1£9v98DIds
[1°8£015N1VI93
T0S8L19€LY

HLYYY ZZdASIFS9€6d|ds
¥40v4 TYNalLIAy9DIds
ISNON"ZLdSHI9STLTdIds
T'0ELBTOTLY

LNJYS ¢v20SIs49/8D|ds
IT°9£90%90vIq3
T09vELDTIV
€0£L659¢1Y

HLVHY TrEa4IrAD46D|ds
1dOIN"41vOIT0Y0rDIds
NYINNH€781I88.zTOlds
ANAYO TISHI6LY¥O0d|ds
0£L0T9YLY
ZSSIH™NASI8NLNOglds
10689911V

6997€L6€C°0
¥2CL99YST0
69809v592°0
1£22086L2°0
£9£€89€8T°0
CECEIEIBC0
899G€1682°0
9LS9¥VL1E°0
£995V¥81E0
75566812€°0
99G¥EVCTED
¢5075892€°0
€CCT1L60S€E0
90C8GEESE0
CCLLTIYSED
€T8YE9E0
Try¥8SL9€°0
98¢80618€E°0
8C¥68LL70
€C6EV0SEY0
LLETESYYY 0
G/y8S8T19Y0
799¥¢v29v0
9161TIVI8Y 0
YI17595987°0

900%08G7£1049STOTUBQIN
800£082062049STOTUIGIN
L00TOSEYZT0JOSTOTUIGIN
8T0008€E€£Z049STOTUBQIN
¥Z0T087STS04OSTOTUSGIN
¥10£086£92049STOTUSQIN
7000819600495 TOTUAGIN
€00T037106042STOTULQIN
110008/.£66049STOTUAGIN
0200036T62049STOTUQIN
§000037065049STOTULQIN
Z00T039LTOT4OSTOTUBGIN
£007080£0Z049STOTUIGIN
0700039090049STOTUAGIN
#000087020049STOTUSQIN
900208v70Z049STOTUSGIN
81020880TZ049STOTUSQIN
9200188915049STOTUAIN
9200035117049STOTULQIN
9€07039970049STOTULQIN
600203987£049STOTUIGIN
800503060T049STOTUIGIN
9T0T08Y68€049STOTUBGIN
#00£086£62049STOTUSGIN
9005080GTT049STOTUSAIN

o O O = - O O O - O N O n O = O N O O O N O o o o

(panuiuoy) -zs 8|qeL

245



Chapter5

7 Sojowoy gz urejoid pajeroosse-3uiyios uiajoid Jejondep
£/ wi9304d auBIqUWAW PaJBID0SSE-9|dISB\

G aseuy uiajold ay1|-103daday

ase3|| a1e|0jolpAyeulal--a1ewio

V1 3ungns xa|dwod ¢/z utajoid paje|ai-unoy

1 u1ajo.d pajeroosse-}e0d 3uipuiq-iea uidepy

uojisda lungns xa|dwod -dy

8S u1ajoad jewosoqu SOf

| @SBUlY Ulase)

| 9SBUlY Ulase)

196=HLON3T utejoid SululeIu00-UleLIOp ULI0LIdd /YN
z-uisd3

T ura3o.d ay1j-3uipuig-1e30wold esowenbg

ase[ee)

[sndou parsspig] 408E T3y 0oRUg

aseIny|ns 1039.J00 WnuapqAjop

1 Sojowoy /¢ urejoid pajeroosse-guiyios-uiajold sejonaey
1 aseJajsuel}jfouedapesal-N apidad|foh|n

1 u1a3o.d Sujurejuos-urewop H3

zz-uixejuhg

reuq uigzoud suosadey)d

O-149 urejoud axi|-¢-g-pT

0T @seuny ulajold-auluoalyl/aulias

g 3ojowoy { eseuly u1ajoid-auiuoaiyl/aulas

Sojowoy T ayj1j-uta3oud 1a3uy ouiz

HLVYY ¢8ZdAlZ16S6DIds
HLVYY ZZLYAI9LENED|ds
0L6TY9TLY

OVOYd SH14I5Sav9Dlds
H1YdY ™ VIOuYI958080Ids
3ISNOIN"TdDINISE6HO6DIds
HLYYY 3rdYI6Y.18DIds
37IVIN"8SY169080D|ds
1001a" TOMIFA9SSDIds
1001a" TOMIFA9GSDIds
T'069679T1Y

NYINNH ZNd31802G60Ids
HLVYY T1dSI6XNS6DIds
NYdYO VLYOI915W6EDIds
[1°68€5TAQDIqD
NIAOG~SOJ0WIZ30N6DIds
HLYYY T.EdAI6dOSEDIds
HLVYV TLANI6YL16DIds
NIAOE™ TaH3lgy6350Ids
HLVYY ¢ZdASIFS9€E6dIds
aAOZY T¥Nalzn4arolds
SAYO €€EFTI0ONZ9DIdS
02269911V

027ST9ELY

733v0 T1d4ZI6AFN6DIdS

9v¢081T0°0-
LTY16ST100°0-
0
€998¢€L10°0
99¢1£1020°0
815869200
1£€6911¥0°0
GZ¢S10050°0
686.1€550°0
LV61.6€90°0
G¥C66€6.0°0
£S8LL0TT°0
8€9000€TT°0
LBTZY6YET0
¥1L0S89€T0
8968T¢8ET0
66VLLLTYT0
780EE6YYT0
65€8690S1°0
LESYBSESTO
80CT90VLT°0
€ETBYEYST0
6€9866861°0
GT0€C9€0C0
€800ST£02°0

€20T0806//049STOTUQIN
800703€807049STOTUAGIN
200T03G175049STOTULGIN
0T0703Z8T£049STOTUBqIN
€00T03€599049STOTUBqIN
£00808829£049STOTUSQIN
T00T08096TT49STOTUSQIN
¥00T08y¥¥1049STOTUSQIN
8Z0TT8TT90049STOTUSQIN
¥00£T88T070J9STOTUAGIN
6T0008£0T004STOTUGIN
000086025 T310T0TUSGIN
91000318£6049STOTULQIN
6000039667TJ9STOTUQIN
TZ0T08£819049STOTUBqIN
800008£5¥9TJOSTOTUBqIN
T00008%€££049STOTUQIN
TT0T08.PL0049STOTUSQIN
£T0£08568TT4OSTOTUSGIN
¥00Z0850£T049STOTUSAIN
100¥080809049STOTUBGIN
200T038/Z0T49STOTUAGIN
100€03€0¥0J9STOTUQIN
§000038T€Z0J9STOTUQIN
#007031008049STOTUSQIN

o O O O O +H O - O = - O O O O O O N O o o = o —-= o

(panunuop) -zs aqeL

246



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

| 9SEeU Ulase)
€87=HLONIT ¢ !|-8seupy auipun

9 u1a304d Apoq Jenoisaniynw padiey)

ay/7 utajoud jewosoqu SO

VEINYL uIdl0.d

9/TT=H19ON3T T uisofw

Z @sejoug

[sndpu paisspig] A06810390veug

aseuy uiajoud ay1|-103daoay

O-¥149 uteoud oi|-g-¢-y1

ase|jous

61T=H.1ONIT utezoid Ajiwrejiadns uixopaloly
6ZG=H19DN37 uterod Ajiweysadns aseury uijold
v-1 asejeydsoyd urayoud Ayoyioads [eng

aseury utejoud ay1[-103daday

V8T u19joud sueiquidwsuel]

apyse|dolojyo ‘p17 u1e3oad [ewWosoqu S
16€=H19N3 7 ute30d jiwre) puey 43 Sulpuig-wniofe
£9G=H19N37 9T 8seuly utajoud pajenjoe-usgoyiw
aseuadolpAyap apAyap|eiwas-ajesedsy

85 ulg30.d [eWoOSoquU SOy

¥ Hungns A103e|n3a1 aseajold 59z

nu $T49 u1a3oud axjl|--g-4T

urajoud ayij-uisofw

JauyJed auagoouo TY494

101a" TOMIFA9SGDIds
T'06TLZDELY

10013 9dWHOI¥Z)¥SD|ds
DINYN VL THl£zrz9dlds
1v¥ vegv4lzorasolds
70966191

09X0L ZON3I£1dg6dIds
[T°655€6Xa0lqua
05€659€1Y

SAYO €€EFTI0ONZ9DIdS
YONOH ON3IZ6795dlds
T'0EL6TOTLY

05685951V

YINIX VISNalosL16Dlds
01981951V

1vY¥ vr8ILITSODYDIds
IHYYY pIMHIrSHOVYIds
1°0858095LY

0T06THS1Y

EANAS SYHQlZ1§650|ds
3ZIYIN~8SHI690800Ids
NYINNH 7SYdIT6TZ9d|ds
H1YYY LE€TI00£96D]ds
[1°865Z£0VVvIg3

NYIWNH dOTY41789560Ids

119€665¢C°0-
LTLL8ESTL 0~
9/€299C1C°0-

801¥¥S0Z°0-
88T/STL6T0-
y10S6T961°0-
€0€9T/L68T°0-

Cv[86181°0-
¥8¥0¢v1LT0-
108€95/91°0-
680158¢91°0-
288668510~
L9861CCET0-
¥1901611T°0-
¥10¥50501°0-
LT9181720T0-
£2885000T°0-
690698900~
69¥€69TL00-
6£991.€90°0-
60081.¢90°0-
LLS0€L090°0-
6£9¥60570°0-
§9¥6€29¢0°0-
€889865¢0°0-

9T0T08/FL0049STOTUIGIN
€£10003€258049STOTUBQIN
T00Z08TZLT049STOTUSQIN
§00008£Z85049STOTUQIN
100708ZZ09T49STOTUSqIN
1208088./4T049STOTUSQIN
60020878€0TJOSTOTUAGIN
L£00£038855049STOTUAGIN
700%039€0€049STOTULGIN
§000035.7049STOTUIGIN
8100082£9£049STOTUBQIN
11000806+0T49STOTUBGIN
8005036687049STOTUSQIN
Z00T0SEESL04OSTOTUBGIN
60050825£Z049STOTUSqIN
£000080/Z049STOTUSQIN
TT0TOSTIZ9049STOTUSGIN
0208038.¥T049STOTUQIN
£0000300Z0T49STOTUSQIN
L10Z08£260049STOTUAGIN
TT00T3ZS.T049STOTUIGIN
TT0£08STST04OSTOTUBqIN
500T086565049STOTUBqIN
T00TOSTOEY04OSTOTUBGIN
¥000086£01049STOTUSQIN

O N O O N O - O O - O O O O O O o o o o = —= o —= o

(panuiuoy) -zs 8|qeL

247



Chapter5

T utajoid Suiuiejuod-urewop JAA4 Ja3uy ouiz
£€-qey ulejoud pajejai-sey

¢ uig3o.d Sujureuod-urewop 3ulpuig-yoQ-|Aoy
€6/=H19N37ute30.d Ajiwey asejgng

g aseyjufs auiprinopnasd yNY3

aYI|-6¢ utayold Suipuig-wniofen

169=H19N31 ¢ Ajuo Jeada. ofjipewire
Lyy=H19NTT utajoud Ajirey 1¥9/SHA/HLING

reuq uig3ouid suosadey)d

[dnouy eatuoder earjes ezA10] utajoad Sururejuod urewop ypma

MIPI uta3oud aoueysisal Snipiynpy

€°S aseun] uajoid ay1| 101daday

[sndpu pojssnig] A0€88T3E0VEUG

T Joje|n3as suosadeyd Jejnoajow Ajiwe) Hyg

T NIVINOQ-DI utajold

£28=H19N37 uterold Ajiwey ndiy urejoid suosadey)d
@3ungns aseyjuAs 4y adA3-p

ZPunqgns ased ]y uojold adA3-p

G aseun uiajold ay1|-101daday

#99=H19N31 TV urejoid Ajiwrey 0£0xa Jungns 3skooxa
aseury utajoud ay1-103daday

G9¢=H19NI T utejoid Ajiwreyiadns aseury uiajoid
aseury uiajoud ay1|-103dasay

qg uiao.id Apoq Jenaisaniynw padieyn

auoJadeyd Jaddoo T asejnwsip apixoadng

NYWNH TAA4ZIy4gH6DIds
133v0 €€gvls9e0zDlds
HLYYY €d90VITX1S6DIds
102299911V
S173d"anylleszasylds
NYINNH 16£9017S6HEDIds
100299951V
T'0r9£9951Y

dvond ryYNaleA6y8dlds
IT'€50z6u3vI98

8343IA NLAWITYArTYIds
0£25€9vLY
[1°829£0A00Iqwa

H1YYv 1ovelIonmodlds
H1YYY TadIlze4S6dIds
T06THZOVLY

OM3IHL ALVAITHIrGD|ds
HLVYY ¢A0vAlrYHI6DIdS
HLYYY S TYISELLbd|ds
£'0vSE0D51Y
HLYHY 9 TYlzDI160Ids
0L6T¥971Y

05£659€1V

YLNIX 9ZINHOILTAN9DIds
YHE3Q 1S00199xg90lds

TTIETC0S°0-
v0CET8EGY 0~
69EGEBTLY 0~
18£9€5€EGY°0-
€ECTB6YYY0-
€0CL9V8EV0-
658L116CY0-
¥90VETTCY 0-
2867€002 0~
898ETTOTY 0~
9€9G¢CS6€0-
G/¥69LE8E0-
LETLITTLEO-
¥0185¥95€°0-
¢CST90vveo-
9GCC0TEVED-
7€G£559€€°0-
€9888£9C€0-
1661168620
€LE6ESL6C0-
900065€9¢°0-
¢6¥859595¢C°0-
9991870520~
19/8.1S€C°0-
€L96LEVECO-

€10£0325£0049STOTURQIN
Z00T03ZEEITIOSTOTUIGIN
€208136667049STOTULQIN
810£039TZ7049STOTUIGIN
20020856£7049STOTUSQIN
TT09081167049STOTUSQIN
6000087£90049STOTUSGIN
7000080860T49STOTUSQIN
£700088250049STOTUSQIN
600008TZZETJOSTOTUAIN
£00£08658T049STOTUGIN
YT0T03/STT0OSTOTUIGIN
Z100082ZEHZ4OSTOTUIGIN
8000038€GLTJOSTOTULQIN
€10T080€£0049STOTUBQIN
810603TEEY0JOSTOTUBGIN
£00Z03£6¥TT4OSTOTUSQIN
GT09087€£9£049STOTUAIN
¥20008881/049STOTUSQIN
€00508/£E€04OSTOTUQIN
600£08G/6T04OSTOTUQIN
£20£08700£T4OSTOTUQIN
¥10€030£20049STOTULQIN
81020376£6049STOTULQIN
020T082169049STOTUBQIN

O O O O O O O O o Mm O O O O O o o o o o —=w O ™ ™ o

(panunuop) -zs aqeL

248



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

9£€=H1ONTT T asesdjsuesyjAyjaw [01a)s

71 uteloud [ewosoqu SOG

gz-uixopalixolad

8Ly=H19N37 Ajiwey uteyoad (zd)yx 4oy uteyoud Sunadie) zxdL
985=HLONIT 7 1| aseupy utajoud 9q

0-9seajonuoquiopua oy1vads-(n)Ajod

VELLS
Junqgns aselaysuesl|As0ah|3 ueyoid-aprieyaoesodijooydsoydip-|Ayoijoq

1 asejeydsoyd-g ajeydsoydsiii-G'y'1-|03isou|

€ 9seuny ugoid-auluoalyl/aunias

/1S u1go.d [ewosoqu SO¢

[sndou paysspig] 4089823y 0veug

0¢ utajold pajeloosse-ajeIpaLLIalul 9SeIINPAIOPIX0 duouinbign:HaYN
aseIny|ns 1039.J00 WnuapqAjop

[si1qe0u snION] YTTH 8seuly uisjoid

510308} 93UBYDXa 8pI1308|oNU-|Auend

0$8=HL9NI1 € aseunsj J03dadal

(suouinb) aseuadoipAyap H(d)avN

VIS|\ 8SB1ONpal apIxo)|ns auiuolyaw apiydad
anpse|douo|yo ‘-z u1ajold Jaoueyua Suinjons-uadhxQ
¢ aseunj uapuadap-uljohy

1 asejonpai aje|ojoipAye.tialaus|Ayla |y
1ZT=H19N3712uosadeyo saddod

[sndou paysspig] A068+0390veug

22S=H19NI1 T Je1odsuely je3ns

TOTLETOSLY
NadAH ZTdlzawazylds
HLVYY ™ 9zXydlzxaxeolds
T0$60/9T1V

T0SLLy9S1Y
JYNVA-ONANIIEWNTIDIdS

HLVYY VELISIEAZEEDIdS
0dHOS TrASIT00£0lds
07Ly1951Y
N43HS£1SYISd680DIds
[1°28685AQ0Iqwa
T0ZvZLOTLY
J710S”SOJ0NIZIND18DIds
[1°6£€260010 dX|Ja!
T0rEITOYLY
T'08ETZOHYLY

Gd43S YOONI9SIH8Y|ds
35003 vysinIzazigglds
HLVYY ™ 1dasdl6zozydlds
ISNON"ZYA0ILLEL6dIdS
JZIVIN TYHLINIY63S6DIds
T0¥Z959€1Y
[T°656€6Xa0lqwa
T'09ZTIOTLY

70EST80GL0-
8G/9¢08vL°0-
99/1€2¢CL0-
9G50699€1L0-
GT8TS80TL0-
£69€06¥0L°0-

LTT¥9€C0L°0-

61808569°0-
L19€26¥69°0-

666257690
¥6£¢56269°0-
L¥9LETL99°0-
296€6¢159°0-
9/5€€9565°0-
120020¥65°0-
9v89¢¢0.5°0-
901¥¥9095°0-

L¥789/55°0-
80G¢¢L6VS0-
TTvZE6SYS0-
GL1566¥¥50-
8616/C1€5°0-
6TES8YCIS0-
80186£L05°0-

900T087/8ETJOSTOTUGIN
T00TT38ZG709STOTURGIN
TZ0T0STTLEOSOSTOTURGIN
T00v08LEYL0JOSTOTUGIN
0£0£03€2¢90J9STOTUAGIN
70010380860J2STOTUAGIN

1105086059049STOTUSQIN
810003££00249STOTULQIN
20020367£9049STOTUAGIN
620T03T9L9049STOTUIGIN
200003899T049STOTUSQIN
¥00703888T049STOTUQIN
9008087555049STOTUAGIN
#00008T£ZG049STOTUSGIN
1T0Z087258049STOTUSGIN
9002085557049STOTUGIN
9005088£50049STOTUBGIN
200203€628049STOTULQIN
£00003££8€09STOTUSQIN
60020351£0049STOTULQIN
#000038€EZFZ9STOTUQIN
Z00T08£GS0TJOSTOTUSQIN
T00Z08GE0£049STOTUBGIN
#10508ZZT7049STOTUSGIN

o O O O = -

O O O O O O = O = - O ™= = O n O o

(panuiuoy) -zs 8|qeL

249



Chapter5

7 @seunyj Juapuadap-uljok)

ase|Ax0q.ed yo)-|A199® Jo uiajoid Jai1ied |Axoqued unjolg
965=H19NI7 Z aseuadoipAyap ajeydsoyd-g-asoon|3
VIS|\| 95B39NPaI pIX04|ns auluolyaw apiydad

GQ uxauuy

G 1ungns xa|dwoaqns eydje T [suouinbign] aseuadoipAyap HQVN
S u1ajoud jewosoqu SOf

9SBJALIOS| BUOUOARY--8UOD[BYD

Syy=H19NT uteioud pajejai-gTO Ajiwey aseajoud oyroads-uninbign
g U19301d [aUUBYD UO] BAI}ISUBSOUBYID|
asepiwelad|hsoon|3 jewososA|-uop

Sojowoy QT-uIxely

68€=HLONT1 ¢ uteroud pajejas uinoe

[sndou parsspig] 40LLyS3E0VEUG

aseuny utajold ayij-101daday

€ 5By dUBIQLIBW BWSE|d

ax1-6€ uajoad Suipuig-wnioje

urajold Ajquiasse uyye|d Suipuig-joysourjApireydsoyq
[Bune|Axoqueo] ase|fioydsoydoiAd apiyosjonu-syeurjoalN
1 ug304d pajeroosse-}eod Suipuig-res uiydepy

9€00yg aseuninbignap ay1oads-gg-sk7

¢ @sed|| ulgyoud--unjoig

[skew eaz] T ue3o0.d 3ui3orIBUI-TYYUS

[ @seupy uiajoid ay1|-103dadal you-au1a3shy

ISNOW Z)A0ILLEL6dlds
ISSON"d00dI188900Ids
TOTTETOSGLY

HOTVS VYSINIEHD.LGDIds
HLYY¥Y SAXNVIEX606D|ds
NIAOE SYNANISEBEZIds
N110S 7SY¥l00£9rdlds
Jvdol 140lT1ageD|ds
T'0622297LY

HLYYY 81SNIZaNIv4lds
ISNOIN"ZYaDIE4Z69Dlds
1001a0TX1vI913550Ids
1°000£29¢1Y
[T°9190£AQ0Iqwa
HLYY¥Y LY TdIr6N46DIds
1dOIN"€YINI9EY8ODIds
NYINNH 16€90I7S6HEDIdS
vy 1v0IdIz10860Ids
3v¥3Sd 0AVNI6T80€EdIds
ISNOW TdOINIS64O6DIds
YS1¥S £00udIrINgXGdlds
HLYYY ZSOHIZMpIv4lds
[1°6£88€90V193

HLVYY 2340l 180Ids

€/98E0€L60-
L6/£125296°0-
652090€56°0-
9/12€€056°0-

L09LCLY60-
6906559¥6°0-
€56€€06V6°0-
888¢191Y6°0-
7619¢88€6°0-
9v9/95616°0-
¥¥0596¢06°0-
G6EYCIV88°0-
€86£566.8°0-
£96.206/8°0-
€80/81198°0-
Cv9218098°0-
80€089958°0-

€0T9€€S8°0-
606609¥¥8°0-
€Lv1865¢8°0-
L9SEVTS8L0-
619509¢8.°0-
€C8SST8LL0-
€EEISELLLO-

£00€030679049STOTUAGIN
€0000359TZTJOSTOTULQIN
£00£0366£5049STOTUAGIN
670£030980049STOTUSQIN
0T0T030600049STOTUSqIN
T00£08GLETOJOSTOTUIGIN
9£00081587€49STOTUSQIN
800T036865049STOTUSQIN
600703955T0JOSTOTUBGIN
¥00208085T0J9STOTUBGIN
60070380Z€049STOTULQIN
€00003088€049STOTULQIN
8202038812049STOTULQIN
900003£5TE049STOTUBGIN
¥100080t75049STOTUIGIN
TT0£080EL0JOSTOTUIGIN
800208856T049STOTUAIN
£00T038TZT04OSTOTUSGIN
T00T05/89€0J9STOTUBGIN
0102086990495 TOTUAGIN
€00208997ZT4OSTOTUQIN
¥109089210049STOTULQIN
800903676€049STOTULQIN
§0000356€T0J9STOTUGIN

. - N - O O O O - O O O N O O O O N = O = - o~ o

(panunuop) -zs aqeL

250



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

896=H19NIT £ ase|Axoq.ed a3eaniAdjousoydsoyd
G89=H19HNI1 1"t Je1lodsueuy ajeyns

I NIYINOQ-DI uid30id

[oeoed BWOIGOaY ] 8A13eINd ' 8j9nU Suturejuod dooj-d
aseury utajoud ay1j-103daday

€88=H19N31 utelo.d Ajiwreysadns aseuny uiajod
[6086 00d esoutdniae siyshooudi] 10ud

[sAew ea7]
ureoud Buipuiq uol [e3aw 1°9/G62DOV|q8 [sAew ea7] 659182001001

VELLS
Jungns asetajsues}|AsodA|3 uieroad--aprieyosesodijooydsoydip-jAyaijoq

¥ nungns xa|dwod ¢/z utajoid pajejai-u3oy

ase|Axoq.ea yo)-|A199¢ Jo u1ajoid Jariied |Axoqled unolg
g7 8¥l|-J 8seuly ulajo.d

aseury utajoud ay1|-103daoay

aseuy uiajoud ay1|-103daoay

€ Junqns xa|dwoa uejosdoajonuoqu yI/H
0£ZT=HL9NI1 parejas-utelosd 3uinoesaqul-1doo
967T=H19N37 utejoid Ajiweysadns aseury uiajold
utajoud Ajjwey puey 43 3uipuig-wnio|ed
3SEUN{0}IB[ED

9/Z=H19HNT1 6 10308} A1038|NS01 [BIBUST
9SEUD|0}OBED

725=H19HNIT T JoHiodsuesy teSns

0€8T=HLONIT
3ulpuiq d19:3ulpuiq ased | H's1019.) a3ueyaxs apiosjonu-jfuend

TOr6YIOELY
T'0SGETOSLY

H1VYV~ TadIlze4s60lds
1299610200 dXl421
HLVHY /X 1Hl76N46DIds
00££99T1Y
1166996200 dMljo

197081100 dNIja!

HLVYY VELLSIEAZEEDIdS
HLVYY 7OdyvleInridlds
TSSON"d00dI188900|ds
133v0910dMIS88YEd|ds
HLYY¥Y 9% T¥[zoedIds
0TvLTDELY

HLYYY 0TdONI8XXE6DIds
T0IPeLOTLY
T'0S8LTDELY
[1°€9€588200 dX|4o4
HLYHY TX1Y9IG3356D|ds
£0657y971Y

HLYYY TX1Y9I53356D]ds
109211911V

T'0vEITOVLY

69/69LVECT-
6.60vS6TCT-
YrL8ETBICT-

¥8¢v601C'T-
9IGTEV60C'T-
€0v€0SS0C'T-
T9E6LTEBT'T-

80vC6Y0LTT-

6280529VT'T-
Ir8CYIvET T
8/90LLTT'T-
¢969¢80T°T-
€6197050TT-
9G1S¢LYOT'T-
618576601
¥€CY85¢80°'T-
€GT0€0550°T-
LL0869Y10°T-
200£28Y00°T-
898G170566°0-
CL0TETEBG 0~
Gyv/C€86°0-

¥09£6¥6.6°0-

£00008T£00049STOTUAGIN
6T00038TF0EJOSTOTUSGIN
¥002087620049STOTUSQIN
¥100089569049STOTUSQIN
0T0808/5€Z049STOTUSQIN
100Z085650049STOTUQIN
9002089TZ104STOTUGIN

L10£08655T049STOTURGIN

900T089€6£049STOTUSQIN
£00208861£04°STOTUSQIN
¥00108Z6Zv049STOTUSQIN
§00£082292049STOTUSQIN
LT0T08800£049STOTUBGIN
£002089£7104STOTUGIN
¥10€0326£6049STOTULQIN
8200030008T49STOTUIGIN
2100030¥6T049STOTUQIN
200.£087695049STOTUBqIN
T00003€0£6049STOTUBQIN
600£08£8T9049STOTUSQIN
1008080£0£049STOTUSQIN
¥002086Z5T0J9STOTUAGIN

91020827S8049STOTURGIN

O O O N O ™ -

O O O O O O O = O O O N o

0

(panuiuoy) -zs 8|qeL

251



Chapter5

Sojowoy T ud30.d pajeroosse-yoN

{ u1a30.d BUBIqLIBW PAJRII0SSE-1A1LIBI £10}2103S

CE€ NIVINOQ-DI utajold

reuq udjoud auosadey)

96ZT=HLONI7 u1a304d Ajiweyiadns aseury uajold

1se|doJo|y ay3 JO duBIqUAW JauU| 3y} 03 pazi|eoo| uiajold passaidxa
uia301d umouyjun

9 u1d30.d ay1j-uIwo4

10£=H1DNI1 8se3onpal-aselawida/aseyjuAs asouweyl-ap13oajonu
aseuy ajejAueny

T 1HOI73N79 43ANN LNIWIAOIW LSYTdOYOTHI MVIM Uleloid

g aseuajoud au1aysho ayi|-g uisdayie)d

GZ-qey utajoud pajejal-sey

1 ura3oud Buipuig-aseury Sujuieuod-ufewop EHS

1 aseyjufs ajeydsoyd-asosong

[y=H19NI7 utezoid Ajiwey uiajosdoak|3 yau-aurjosdAxolphy
[BunzejAxoquea] asejfioydsoydo.Ad apiyoajonu-ajeurjooly
[Bune|Axoqued] ase|fioydsoydoiAd apiyosjonu-syeurjoaly

z wuojyos aniyeind ‘uiajoud Suipuiq pioe o18jony

6/5=HLON31V ulwBejoydeuds

4 aselaysueIAYIoW JUNGNS |[BWS YNY [BWOSOqLY

1se|d0.0|y9 ay3 JO SUBIGIBW JBUUI Y} 0} PazI[edo| uldlold passaldxa
[skew eaz] T uejo.d SuijorIaUI-TYYUS

{z 9seupy ulajoud-aujuoalyy/aulas

1801=HLONT1 T aseypufs asojnjjad

1001a" YdYNIED698DIds
HLYYY ¥INYOSIZX906DIds
HLYYY zeaollsIx460lds
INL0ID TYNAI9SMM6DIds
T'0S8LTDELY
10962911V
T'006209¢1Y

HLVYY 9H4I9Xr46D|ds
T°000£99T1Y

4roHY” vNoylZ10S00lds
HLVYY 19IMIFZ/870lds
1330 94dOI0TGEdlds
L19vd75zavul6z99vd|ds
ISNOIN"THEHSI0GGHSDIdS
HLYYY TVSdSloLaredlds
102991951V
3¥3Sd"OaVNI6T80<dlds
3v¥3Sd OAVNI6T80€EdIds
[T7S00£0£00 dXl421
€0660Z9ZLY
£d3TN4INSHI908L9vIds
109627911V
[1°6£88€90V193
00££99T1Y

T0TYZEDTLY

6288208¢9°T-
L9VL6YCT9 T
6v99€vCC9T-
¢96918S19'T-
1¢899€CYS'T-
€L1€96CCST
IvLy9919Y'T-
96£26655V'T-
YEEBELBYY T-
YOLLTLOVY'T-
TCCEBTSEY'T-
766505V’ T~
G8LEISEEY'T-
GTOT9/86ET-
GEE6G8CIET
TL9V9¥CSET
YeyivyIce T
1205£860€°T-
LSLEBTBLTT-
8€CIGYISCT
Gy8Y¥/099C'T-
69G£¢15SC'T-
19190661
90vCEEBYT'T-
9C6TIYYIve'T-

970T039£0€049STOTULQIN
1000032Z€8049STOTUSQIN
9T0T035970J9STOTUSQIN
9007039958049STOTUSQIN
900£081088049STOTUBQIN
8£060821£0049STOTUSQIN
#105089Z€£049STOTUBqIN
7008081660049STOTUSQIN
¥00%082209T49STOTUSAIN
€0020802t70J9STOTUAGIN
£108080600049STOTUBGIN
£000039.67049STOTUSQIN
00T035259049STOTULQIN
0Z0T0388ET04OSTOTUBQIN
9002038£99049STOTUSQIN
£007081Z98049STOTUSQIN
£2000888.09STOTUQIN
ZT0T08/89£049STOTUSQIN
02000852£6049STOTUSQIN
£00T0860T/04°STOTUSQIN
€00T08€8T5049STOTUSQIN
£000039/5€049STOTUSQIN
100208£52€049STOTUAGIN
8009039819049STOTUAGIN
Z10T0872ZE0JOSTOTUIGIN

o O - - - O O O O O o O o =W O - O O = - O o o o o

(panunuop) -zs aqeL

252



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

asejeydsoydo.Ad aluediou

ureyo a|qeLIeA ‘ase3onpal uIxopaJloly}-uixopalia

1 J191Jodsuel) 9}e(qI00SE-9SBG03|INN

[sndou paIsspig] A0/ L7 S3E0VEUG

¥ SdOY 9AI}9B SAIIN}IISUOI JO J0JIBIAIU|

[=H19NI7 uteloid Ajiwey uia3oidoak|3 yau-aurjosdAxolphy
Sy=HL9ONI u1e304d pajejal-g T Ajiwey aseajoud ayioads-uiinbign
1se|doJo|y9 ay3 Jo auBIqUAW JaUU| By} 03 pazi|edo| ulajold passaidxa
8T/=H1ONT7ute30.d Ajtwey 1a3uy ouiz ad}-OHHQ

1 dwnd uojoud sueiquaw tejondea pazidiaua-ajeydsoydoihg

I NIYINOQ-DI uld30id

aseury utajoud ay1[-103daday

G 1ungns xa|dwooqns eydje T [suouinbign] aseuadoipAysp HAVYN
unoy

10£=H1HNI1 9se1onpal-aselawida/aseyiuAs asouweyl-ap13oajonu
aseulayo.d auraysha ayij-g uisdayie)

ase|Ax0q.ed yo)-|A199® Jo uiajoid Ja11ied |Axoqued uijolg
CZy=H1YNI1 G ulewop-pi

urajoud g @duanbas passaldxa-si3sa)

7 10joe} podsuely Jeajony

[+eAnInd pLgAy wnseyodes] Hs

Ureyo a|qeLIeA ‘ase3onpal uIXopaJloly}-uixopalia

0TS=H1ON3T
uiajoud Ajiwey (urewop gieQ) Suipuig-pidi| Juspuadap-wnioje)

aseury utajoud ay1-103daday

01d31 ¥AdIlyDINZLD|ds
37IVIN"AY14108908d|ds
HLVHY ¢TL¥Nl0a/3Ed|ds
IT'9190£A00Iqwa

HLVYY 740Il646N6DIds
102991951V
1°062229vLY
10962911V
T°0805T9OYLY

HLVYY TdAVIvTrIEdIds
H1VYV~ TadIlze4s60lds
HLY4Y 9 TdlzoNeD|ds
NINOE GYNANISEBELIds
9dOId LOVITardedIds
T'000€99TLY

YINHOS dSAQlz6.Gzdlds
JAYAd d0OalsaxTolds
T'061ZZ9ELY
3SNOW"zx3Llordz9olds
0DHSY Z4INISYYS.D|ds
[T°28599A4vI93
3ZIYIN"AY14108908dlds

T'0S0T99ELY
0Z£959TLY

vv9L100T°C-
88V6.7990°C-
60965¢9v0°C-
G86V1v810°C
6ETSTEBYET
GG88199€6°T-
1699206061
1/069€/8°T-
v10v9¥898'T-
¥9vSLS8'T-
1/65166Y78°T-
GL6T18V8'T-
T/68891E8T-
LS9VCTOES T
€06886618'T-
€896¢VT18'T-
G/SSCL108°T-
G880096/L°T-
G8EL66VIL T
LICTYILELT
VCSETLELT
69€6016¢L'T-

19¥86€¢89'T-
TE86EEVETT

8102089090049STOTUSQIN
£2090869800J9STOTUGIN
900008¥T/£0JOSTOTUAGIN
110003686T049STOTULQIN
2005039T€10J9STOTUQIN
€1020820TG049STOTUIGIN
210003Z0%£049STOTUBQIN
72050369€T049STOTUBGIN
£70008T6T5049STOTUBGIN
TZ0T08YLYZ049STOTURGIN
§100080858049STOTUSGIN
£007085500049STOTUSQIN
LT0€08T/99049STOTUGIN
900008585¢049STOTUAGIN
8000086660195 TOTUAGIN
10103007 049STOTUIGIN
100003Z€S0T4OSTOTULGIN
YT0SGT3LT8E04OSTOTUBGIN
T00T08£00Z04°STOTUBGIN
£002086265049STOTUQIN
£00008€TT£049STOTUSqIN
¥00T08v9Z£049STOTUSAIN

60000365Z0T4STOTUGIN
¥00008£9£T04STOTUGIN

O O O N O N O O O -+ O O o O -2 O O O o o o o

(panuiuoy) -zs 8|qeL

253



Chapter5

G9/=H19N37 ue304d Ajiweyiadns ase

u1a30.d
dwnd uojoid aueiquiaw Jejonaea pazidiaua-ajeydsoydoifd

[skew ea7] Gy77y6™€LQININYIZ ute0ad [eaaYy0dAY 2y d L
[wnueianiad wnuejog] upAyap

[oeorO BWOIQOBY || T WJ0JOSI T SAOJ BAI}OB DAIIN}IISUOD JO 10JIRIDIU|
B}aq aseuajsue.yfuens ajeydsoyd-T-asouuey

(8284N@) uoiouny umouyun jo udjoid Jueld

aseury utejoud ay1-103daday

[skew ea7] G47zv6 ™€/ ININYIZ utaroad [eonayl0dAY 2yd L
19£=H19N31 u1a30.d Ajjwey aseuajsuelyjAjAuape ayeydsoyd-1-as0an|o
[oeoRO BWOIGOBY | ] 7 WI0JOS] T SA0J BAI}OB DAIINYISUOD JO 103IBISIU|
[5096 00d "ds ejja18y2si4] reuq auosadeyd Jejnoajow

6/T=HLDNI 1 8£54NA ‘U01IdOUNJ UMOLNUN JO UIBJ0Id

{7 ure3o.d sueIqWaW PajeId0sSE-1911IBD A10181095

T u1ajoid pajeIdosse-a|ngqn3oLdiW QY-G9

£8/=H19N31(66€T4NA Paredl|dnp) uorOUNS UMOUSUN JO UIBYOI]
¥§22=HLONIT T dsejhxoqued yo)-|A1aoe

G0S=H19NI1 10 aseury Juapuadap-uijoha

dwnd uojoud sueiquauw 1ejondea pazidiaus-ajeydsoydoihg

987=H1DN37 uer0.d Ajiwey) uioway
8¢v=H1DNI T uez0ud Ajiwey ura101doak|3 yau-auljosdAxoiphy

aseuny ulajold ayij-101daday

G0SG=HLHNI1 10 8seuny Juspuadap-uijoho
195=HLHNI1 67 @seupy utejoud Juapuadap-wniojed
[sndou parsspig] 089rESTOVEUY

T'0£8Y¥9ZLY
YYDIN dAYI9T9TZdIds
IT'851Z9vvalsdy
[T'286€L0avIa3
[T'¥91220£00 dXl$o1
JINOYA” 9ddDIrazrolds
TOYLYTOVLY

0£92097LY
|T°85TZ9vVvalSdy
T'0LL6€9T1Y

[1°691220£00 dXlJo1
[1°66£5€£920 dMlJo1
T'0S€€0DZLY

HLYY¥V ¥INYOSIZX9060Ids
HLYY¥V " 159VINI0d146DIds
T'006£EDY1Y

T'0919€DTLY

T'0LZ0TDSLY

YYDIN dAYI9T9TZdlds
T°0£1209Z1Y

T0E¥ZSHS1Y
H1vYY 9N 14Iz9116DIds
1°0£201961Y

70¥09/9TLY
[T°€06£9AQ0Iqwa

92£200859°C
GL6TY8IEC-
G/12¥9209°C
C169676€5°C
CL120LE8Y T
SEEVLICIV T
SL66LLLEYT
€ELVB00EYC-
996¢8ZL1V'C-
6/SEELCIET
9€€TL88SEC
GS0T¥680€°C-
€0LLELLBTT
CT0LELS8C°C
SveSEVe8Tc
90TVET9LL T
C986€061C°C
€8TC0ELIC T
160vv6261°C-
689TLE0BTC-
L6T/90SLT°C
€9VEGESIT'C
8€TC98LST'C-
Cevvve8otre
TET9ETI0T'C

£002087STT04OSTOTUGIN
100£03722€0JOSTOTUIGIN
£0000896/T€JOSTOTUQIN
L0070358€G049STOTUAGIN
TT0€089GLTT4OSTOTUBQIN
¥000088£Z9T49STOTUSQIN
1007030992049STOTUSQIN
200708007 049STOTUSGIN
2101089027 049STOTUSGIN
0T0¥08Z9T/04OSTOTUSAIN
1002086800095 TOTUAGIN
910103806204°STOTULQIN
8000035/8€049STOTUIGIN
100Z08ST/9049STOTUQIN
TT01080805049STOTUBqIN
800003870T049STOTUIGIN
T007036925049STOTUBqIN
Z00T08.ZL049STOTUSqIN
T007082952049STOTUSAIN
6T02086T8T04OSTOTUSGIN
0T0€08/705049STOTUSQIN
€10003€760J9STOTUQIN
2009086/ TT049STOTUQIN
£00008£0GE0JOSTOTUBGIN
20000307T0049STOTUSQIN

- O O - O O - O N = - O O O O O O o o o o —w O ™

(panunuop) -zs aqeL

254



255

a1 9xI|-0 aseuly urajold 133¥0 910dMI588FEdIds 900008£695049STOTUSQIN 0

967T=H19N37 uiaj0ud Ajiweysadns aseun| uiajoud T0S8LTDELY N £20T08965T049STOTUBGIN 0
86£=HLONT1 ¢ asejop|e ajeydsoydsig-asojonyy T'0L68€DYLY G£998ZEY8 Y- €T0T085Z0T049STOTUSQIN T
aseuadoupAyap areje HOAIN HaWlELNY6DIds 95£766680%- 7£000800Z049STOTUSGIN 0

687=H19N37 u1a3o.d £jwieysadns ayi|-uriodenby T'08TLEDZLY TLELTEIVSE- 1T00089£52049STOTUSGIN 0
98T=H1DN3 7 ute30.d Ajiweyiadns uixopaioly | T0ZGE0971Y S8YTYTOES €- 100008Z092049STOTUSQIN 0

nJ 10308} uolje3UO|3 EANAS NL43l2zzpLdlds ¥9/6€5025°€- 0T0Z089T8€049STOTUSGIN 0

[95u209DYD WnUDjOS] G 10308} UONEZIUI[EY e pIde) IT'06€£1VVIq8 806v6/Zb1E- T2000889/G749STOTUQIN 0
L16=HLDN31 7 85€30NpaI 83eI}iu T'0ETLEDTLY (AR TAN S 600008G€/T0J9STOTUAGIN 0

687=H1ON37 uteoud Ajiurepsadns axij-uriodenby T'08TLEDTLY 87960920€€- 500203689TT4OSTOTULQIN 0
867=H19N37 u1a30.d £jjwey 1a111e 9Je13SGNS [ELIPUOYOO| T'09£6T96LY L76829€T°€- Z000T81£50049STOTUBQIN 0
T£5=H19N37ute301d Ajiwey gHdN dAIsuodsal-oidoaloloyd 1'0Z81€9YLY 8G98112ZT°¢- £002185785049STOTUBGIN 0
98T=H1DN37ute30.d Ajiweyiadns uixopaioly | T0Z5€0971Y €€202580T°¢- L00£039€0T049STOTUBqIN 0
169=HLON3T €& aseun| 103dada1 U103 109510961y §7.551620°¢- §20£0389.£049STOTUBQIN 0

0$8=H1ONI1 € 8seuny 103dasal T'08£TZHYLY §6££92010°¢- L£0T080¥1Z049STOTUSqIN 0

£96=H19NTT T ase|Axoq.ed ayeanukdjousoydsoyd T'0TEESOTLY 8877656867 G100080£¥SZ49STOTUSAIN T
0TG=HL9N3T utej0.d Ajwrey aseury ajeanihg T'0/580961Y 695.666.6'C 700008€£ZT04OSTOTUGIN 0

199=H19N37 oseuly 103da2a.-u303)| T'00£6S9ELY %9886656C- GT0008959T049STOTUGIN 0

aseuadoupAyap ayeydsoyd-¢-apAyap|esadh| AVOAINdEDISTEY6dIdS ¥78199Y56°Z- €2050369€T049STOTULQIN I

1S utajoud [ewosoqu S0E 4LTHO 1SY¥I00TP8OIds v0Y666848°C- 900203078€049STOTULQIN 1

[pjn3poun.3 06a1pajy] ueload uoiFezijeueo uixne [T'T90T¥HINIGB LE6EYT098C- 10000360£0049STOTUAGIN 0
¥80T=HL9N31 9 aseyjuhs ason||ad T'0vLy9951Y 6LYE0V0Y8 T 11000880£7049STOTUBQIN I

¥Z€=HLONITV INIT-GUDd 106822971V 69/8ETGGLT- 9£0708067009STOTUQIN 0

[stunwiwod snujoly] saiReInd ‘Yosiny uta3oud pajerdosse-a|ngniool | [T°€9¥126200 dX|4o! 9/VTSE9ELT- £002036007T49STOTUSqIN 0
99=HLONT ute3oid Kemyzed gAIN Y3 u A1iAoe pSdA Jo 1oje|n3ay T'0£LSEDYLY 60098£0.9°C- 900%08£6vT049STOTUSQIN 0

Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

(panuiuoy) -zs 8|qeL



Chapter5

uajoid ey 0/ YO0YS 3BaH

Sojowoy uixauje)

€28=H19N37 uteroud Ajjwrey ndyy ureyoud auosadeyn
£28=H19N37 uterold Ajiwey Hdiy urejoid suosadey)d
z-9¢7 ute30.d [ewiosoqu S09

Sojowoy uixauje)

6ZS=H19HN37 utazoid Ajiweysadns aseury uijold
aseury utajoud ay1-103daday

aseury utajoud ay1[-103daday

aseury utajoud ay1[-103daday

aseury uiajoud ay1|-103daoay

aseury uiajoud ay1|-103dasay

aseuy utajoud ay1|-103dasay

aseuy uiajoud ay1|-103daoay

aseuny utajold ayij-101daday

aseuny utajold ayij-101daday

aseuny utajold ayij-103daday

aseury utajoud ay1-103daday

7 aseunyj yuapuadap-uljok)

7 aseunyj yuapuadap-uljoky

| 9SBUlY Ulase)

G9¥=HIDNI1Z utejoud s
£/G=H19N3 7 utejoid Ajiwreyiadns aseury u1ajoid

-] 9SBUDY| UI9SED

12S=HLHNIT £€ aseuny utajold Juapuadap-wniojes
195=HLONIT 67 @seuly uta01d Juapuadap-wnjofed

YINNYE 0LdSHITYS.ZdIds
NEAOS X1v0l.186€DIds
T06T7ZOVLY
T06THZOVLY
HLVYY 29 TdlzGEN6DIdS
NEAOS XT1vOlL186€DIds
05685951V

0£0Ly951Y

00820971Y

01981951V

09TETHSLY

011659¢1Y

0££009¥1Y
HLYY¥Y 9 TYlzonedIds
HLYYY 9 TYlzonedIds
HLYY¥Y LY TdIr6N46DIds
HLYYY LY TdIr6N46D|ds
HLYYY 9 TY[zoI16DIds
ISNONZ)A0ILLEL6dlds
ISNON"Z1ADILLEL6dIdS
1d01a" TOMIFA9GSDIds
T0TL2LOTLY
T'09£9$9€ELY
1°00£059TLY
70v09/9T1Y

070%03€8010J2STOTUGIN
¥00Z13965T049STOTULQIN
¥00TT8££80049STOTURQIN
90000316.749STOTULQIN
2000038987749STOTUQIN
8T0008££LE04OSTOTUBQIN
600708€T£5049STOTUQIN
6200080£60T49STOTUSQIN
#000089T6G049STOTUSGIN
5000082025049STOTUAGIN
T00008€7EY0JOSTOTUBGIN
100003%117049STOTULGIN
#T0T08GT0Z049STOTUIGIN
S00T0SGTHT0JOSTOTUGIN
L00€03¥LETOJOSTOTUIGIN
9T0508Z6TT04OSTOTUIGIN
9000136Z0T049STOTUSqIN
TE0T08£ZTY049STOTUSQIN
#00T088699049STOTUSGIN
600508/1ZZ04°STOTUSQIN
£00008ZGT9THOSTOTUSQIN
6200031€0Z049STOTULQIN
8000087Z€YTIOSTOTUSAIN
8008036921049STOTUQIN
2105036€50049STOTUQIN

O O O O O O O - O O O O O O O o o o o »n M o o o o

(panunuop) -zs aqeL

256



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

60¢ u19304d sueiquaWwISuel]
g uisdayie

urajoud
Sururejuoo-urewop M / utaoad Suiurejuod-urewop A3ojowoy [oes

utajoud e@y 0/ ¥o0Ys JeaH

TG-uixejufg

€8Y=H1ONIT ¢ #l|-eseuly aulpun

1 dwnd uojoid sueiquaw JejondeA paziiaus-ajeydsoydoihd
(y0%24NQ) uoiSal pantasuod ulgloid sueiquaw [ei3ajul aAljeIng

4 aseJaysues}jAyjaw Jungns |[ewS YNY [ewosoqry

urajoud ay1|-¢ pungns xa|dwoa utajosdosjanuogu yI/H

ze-uixejuhg

965=H19NI1 Z aseuadoipAyap ajeydsoyd-g-asoon|3
aseuly ajejAueny

1 J030eJ9}Ul-dwnd uojoid

1 aseJajsuel}fouedapesal-N apidad|foh|n

1 aseJajsuel}jfouedapesal-N apidad|foh|n

Z1S urejoud [ewosoqu SOg

¢1 urajoud Sujurejuod-urewop ase|olpAy ejaq/eyd)y
/¥ uteyold Sujurejuoa-urewop |109-paj109

0¢ u1g301d pajeloosse-a3eIPaLLIaIUl 9SBIINPAIOPIX0 duoulnbign:HAYN
G11d J030B) 1J0dSUEI} JB|NDISAA [BIBUIY)

S urejoud [ewosoqu SOy

-¥203S uigold yodsuesy uiajold

ura30.d ay1|-z 10308 PAALIBP-||99 [WOIIS

NYINNH 60ZNLIZIS96DIds
gYNOd 91v0l1a9ysolds

€0LL659¢1Y
YLAYQ 0/dSHI8160vd|ds
HLVYY 1SdASIEZYSEDIds
T'06T/ZDELY

HLYYY TdAVIYTvTEd|ds
T'0Z8LI9TLY

LdI 4NSHI90gL9vIds
HLYYY 0TdONI8XXE6DIds
HLYYY Z€dASI6016DIds
TOTIETOSLY
NMLIN"YNONILZYSED|ds
HLVYVY TiddIr¥Tezolds
HLYYY TLANI6Y116D|ds
H1VYV TLANI6Y116DIds
YINAS ZISYlZXNrzolds
MOIHO ™ aaHavIg1rzeolds
INYA £AD0IZTI990|ds
T0SELTOTLY
3SNON"TOSNI0ZTZ6DIds
N110S +54100£9¥d|ds
YONYO ZbzOSIEam490|ds
H1VYV ™ z4asl83ze6olds

L106086v570J9STOTUIGIN
9%0208£98€04OSTOTUGIN

§000T8Z6EE049STOTUBQIN
800Z08STTE04OSTOTUSQIN
T00008£0TE04OSTOTUSGIN
TZ0Z08€19Z049STOTUBGIN
1101085572049STOTUQIN
800T03€SEZ04OSTOTULQIN
LT0Z0390€Z049STOTURQIN
620T03€YZC0JOSTOTUIGIN
GT0T08Z6TZ0JOSTOTUIGIN
100908£00Z049STOTUBqIN
7000Z356.T04STOTUSQIN
0T0£08G/TT049STOTUSQIN
TT0ST80/80049STOTUSGIN
9Z0T08.7£0049STOTUSQIN
£000087¥50049STOTUAGIN
800003£050049ST0TUAGIN
¥00£032£009STOTUSQIN
£T0T030€7009STOTUQIN
§00$08520049STOTUIGIN
0T0008LTLYT4OSTOTUBQIN
£00£08Z08€TJOSTOTUBGIN
T20£089£6904°STOTUSQIN

N N N H A H A A1+ A+ =+ = A = A A A

(panuiuoy) -zs 8|qeL

257



Chapter5

T-3ym aseawad/uajosd Suipuig-d 1y 1e31odsuesy 9gy
£6/=H19N77 uIezoid Ajiwey asereydsoyd uiajosd auiuoaiyy/auriag
68€=H19NT1 ¢ utejoid pajejal unjoe

G0¥=HLONIT
ura3oud Ajiwey (urewop gieQ) Suipuig-pidi| Juspuadap-wnioje)

13SH urajoud Aiauiyoew 3uiyios-uiajosd Jejondea 3 sse|)
[pynapounsy obpoipajy] d |ensnun jsejdolojy)
uinanale)

asejeydsoydo.Ad aluediou

£79=H19NTT u1a301d SujuleIU0D-UIBWOP ULIOLIAd/QYIN
yeuq utajoid suosadey)

p17ua301d [EWOSOqU SOG

[sndou parsspig] 0£05€8200BUY
gz-uixopalixoiad

nuw 749 utajold ai|-g-g-1

| aseuny utese)

[sndpu posssnig] 405TST8Z0VeUE

[ojn3pouns3 0Bpoipajy] aazeInd ‘utajoad [[em |30 Jo JUSNISUOD [BINJONIIS

T urajold paje1d0sse-3|Ngn3oIIW B(QY%-G9
B19q HuNgns aseyjuAs 41y

zz-uixejuhg

1€ Jaquiaw Ajiwey 5 Jayiodsuel) Dgy

79 3ungns ased ]y uojoid adA3-p

dwnd uojoud suesquaw Jejondea pazidiaus-ajeydsoydoiyd

1330 TLIHMI0STTIO|ds
T'SPrE09TLY
10002981V

T'0€556951Y
ANAYO TISHI6L¥O0d|ds
I1°900685£00 dXl4o!
1dOIN"41vOIT0r0rDIds
01d31 ¥AdIlyDINZLD|ds
T08LYTOTLY

aHyog MvyNalowoszglds
131 FT 80T TOIdS
HLVYY SH4IZ/ar6Dlds
[T'66TLEAQDIqud

HLYYY azxydlzx3xeolds
HLVYY 6EEYTI66796DIds
09X0L TONITWNDIDIds
[T°ZzLE0AQOIqwa
[T'ZT9LTHIANIG8

H1VYV T1S9VINI0d146DIds
g33H1 4d1vI8o1a8olds
HLVYY 2ZdASIFS9€E6dIds
HLVYY 91£4YI880d.DIds
0vd0L Z9LYAlE0Lz80Ids
YUDIN dAYI9T9TZdlds

£102081980049ST0TUBQIN
S00£081580049STOTUAGIN
G1000898£0049STOTUAGIN

¥00203£890049STOTUBqIN
£002088990049STOTUAGIN
800£080£50049STOTUSGIN
1T09087€£0049STOTUSQIN
T€050850€0049STOTUSQIN
0T0ST80£Z0049STOTUSQIN
6T0208/1T009STOTUAGIN
600£038200049STOTUAGIN
¥000087££9T810T0TUBqIN
200008989%T810T0TUSAIN
1000036Z9¢1810T0TUAGIN
200008z8¢¥T810T0TUBqIN
1000080t6ZT810T0TUSQIN
£000089LETIOSTOTUSQIN
800T08E9ETIOSTOTUSQIN
T00T08S68TT4OSTOTUSAIN
600T08€0T/049STOTUSQIN
8T0T037T89049STOTUAGIN
600£03€859049STOTUAGIN
£0000379€5049STOTULQIN
T00£08Z95+049STOTUSQIN

Y = Y " - O O O O O O O O O o o o o

(panunuop) -zs aqeL

258



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

£z uieyo.d pajeidosse-guios utejoid tejondep
867=H19DN3T7 u1eroid Ajiwey Jo11Ie 83813SqNS [BLIPUOYIOH
8vT=HLONIT utejoid Ajiurey puey-43 Suipuig-wniofed
0TS=H1DNI7 utero.d Ajiwey aseury ajeanthd

vas|\ utajoad aseaw.ad/uipuiq-d ]y Hodxa v pidi]

9 urejoud ax1|-OTTN

¢ A™IVdINI LINFNIAOIN AILSVY1d utelold

1019 103dadal uljja184q19

ZHungns o13Aje3ed  asejeydsoyd uiajoid-aujuoaiyy/aulias
6T0T=HL9NT1 utaro.d Ajiey puey 43 Suipuig-wniojed
86Z=HLHNI1 ureyold Ajiwey Ja111ed 81BIISGNS |BLIPUOYION|
aseuadolpAyap apAyap|elwas-ajeiedsy

z-uisd]

7 VS| 9se1oNnpal apixoj|ns auluolyaw apiydad

UIBY 3y uisaury

£6/=H19NI7 uIezoid Ajiwey asereydsoyd uiazosd sujuoaiyy/auriag
¥89=H19N31 uta30.d Ajiwey Jo30w ajngnjosdiw uipuiq d1y
[e3e14| “dsqns eje.f| sisdopigp.y] uiajoad Suipuiq uol ouiz

71 asepIxolad

ujajoud ay|

/ uig3o.d 3ujurejuod-yeadal you-auana

urajold umousun

9p/=H19NI 7 utezoid Ajiwey gH4N anIsuodsal-oidosjojoyd
9935 uauodwod xa|dwod 3s£00x3

[shew eaz] 1dI4

ONVHd £ZSdAI8zynoolds
T'09L6TOGLY
T0TELIOTLY
T'0£580951Y

SYNAS™ VaSWI01ATZDIds
HLVHY 90 TNIZExY6D]ds
HLVYY ZINdIINGD6DIdS
rSAY0 1AI9ISy5190]ds
133V0 ¢OvddI8LLX6DIds
1°09£0Z91LY
T'09£6T9GLY

YINOYd SYHal0Zr6vdlds
NYINNH ZNd31802560Ids
TSSON " ZY4SIBamA8DIds
IN0YA O TNIFZ89d|ds
T'SPrE0DTLY
T'0909T9ELY
IT'60£698200 dXI421
HLVHY ¢T43dl0z596DIds
0710 TdldIy33s60lds
NYINNHLO¥Y11ZMN96DIds
1°00Z89ELY
T'0EEF9DSGLY

HLYY¥Y 903S|91v+60Ids
[T°0169290vIa3

9T0T039ZEE0JOSTOTUIGIN
ST0003€E0TE0JOSTOTUBGIN
Z00T08690£049STOTUBGIN
€T0003€T6Z04°STOTUSQIN
¥000089682049STOTUSQIN
9007030892049STOTUSAIN
910€088€G2049STOTUAIN
€10803021Z04STOTULQIN
£00S03€S€Z0J9STOTUQIN
910208L0£Z049STOTUIGIN
80070389120J9STOTUSQIN
0T0003¥TTZ04OSTOTUIGIN
¥100082702049STOTUBGIN
G00Z08LEBTOJOSTOTUBGIN
LTOE0879/T0JOSTOTUIGIN
6009080G£T049STOTUSQIN
€10€08569T049STOTUQIN
T00608€57T049STOTUGIN
£00908€GPT04OSTOTUGIN
2€07039/ET04OSTOTURQIN
1Z0T0397ET0JOSTOTUIGIN
9000038£0T09STOTUSQIN
2102085007049STOTUBqIN
€£70003T760049STOTUBqIN
0T0£03LT60049STOTUIGIN

O O O O O O O O O O O O o O o o o o o o o o o o o

(panuiuoy) -zs 8|qeL

259



Chapter5

G urajoud pajejas-uisaury

TZT-uixejuAg

7-19Z J1UNQNS 13W03e0)

z-uisdy

16%=HLONIT uijoud Ajiurey 9z asejeydsoyd uiazold
8c=H19HN37 uteroud Ajiwey uiajosdooA|3 yau-auijosdAxoipAy
¢ u1ajoud pajejal-uisaury

t u1a104d 3ulurelu02-UlRWOp X0g-

uajoud Ajjweysadns
uiwngje Sz a8eloys paas/uiajold Jajsues3-pidij/103qiyul jeuoounyig

eydje-1 Jojoe} uoreduol3

@3ungns aseyjuAs 41y adA3-p

{Zy=H19DN31 G ulewop-p|

[oeoED BWOIGOaY] ] aAI3EINd ‘T UIB0Id pajejal-ulnpoN
y/y=H19DN37 uteroid pajejal-g 1O Ajiwey aseajold oyioads-uiyinbign
104q uta3oad 3uios-uiajoud Jejonoep

n] 103oej uoijeduo|q

g U19301d [aUUBYD UO| BAI}ISUBSOUBYID|

G1G=H19HN3I19 aseuadoipAyap ayeydsoyd-9-asoan|3
GZ-qey uiejoud pajejal-sey

7103084 1odsuely Jeajony

 1ungns xajdwod ¢/ urajoid paje|al-unoy

86Z=H1HN3I1 ureyold Ajiwey Ja111eD 8JBIISANS |ELIPUOYIOH|
£ Juauodwod xa|dwood 3sAaox3

[sndpu pojsspigl Q0TTT¥86008UG

101d"S4IMISETL8D|ds
HLYYY TZTASIYASZ6DIds
SAY0 2Zd02Irv8Z90lds
NYIWNH ZNd31802560Ids
T'0229TOTLY
T'0E4ZSDS1Y
1a01a"€41Ml6oNySdIds
HLYY¥Y vandleerzzolds

T078Z1ObLY

S¥a0d Y14310z510Dlds
YM1IW ALYAI6SNLEDIds
10612291V
[1°2€650£00 dXlJ24
1°098919TLY
ININ3"TOYalZTZA8DIds
EANAS NL43lLzzpLdlds
HLVYY 81SINIZaNIT4lds
1090951V

Ligvy Gzavulez99vdlds
YLAYQ Z4INIZSrNgDIds
HLYYY vOdyvl6Inry4lds
1'09£619G1Y
ISNON£00X3l05zGE0lds
[T7869TAQDIqWD

600708TT£5049STOTUBqIN
6000037695049STOTUBQIN
£000086075049STOTUSQIN
TT0T08.47S049STOTUSQIN
¥00Z08T4Z5049STOTUSQIN
L108089Z2Z5049STOTUSQIN
Z10008££05049STOTUQIN
10070378.70J9STOTUAGIN

6Z0T086/.7049STOTUAGIN
£L009086€97049STOTUAQIN
600203955 70J9STOTUGIN
0T0T031EYF04OSTOTUGIN
9001030077049STOTUGIN
120003¢8270J9STOTUAGIN
600£0860T70J2STOTUAGIN
€00£036607049STOTUQIN
900508598€0J9STOTUGIN
800708009€049STOTUQIN
T00008/£5€049STOTUSQIN
Z00T08975€049STOTUAGIN
900903887€049STOTUQIN
620L0396€€040STOTUQIN
700503, ££€0JOSTOTUAGIN
€10%039Z€€04STOTUQIN

o O O O o o o o

O O O O O O O O o o o o o o o o

(panunuop) -zs aqeL

260



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

/N @Se1ajsuel}-S auolyien|oy
66=HLONI T u1a30.d Ajiwey (yN1y) ¥ uteloid Bunoelsjul-TNdY

aseJajsuesyjAyraw
auaishoowoy--arewein|dujfosaidosphyelisyjhylow-g

T :_wuo\_n m:_am>_aom.mmmn_._.0 10108} :o_um_>wog_‘_.n_h_<

9 :_wao‘_n_ w:_:_mHEOQ.:_mEo_u Xan

O-149 urejoud axi|-¢-g-pT

£6/=H19N37 uezo.d Ajiwey asejeydsoyd uiajosd sujuoaiyl/euries
962=H19NT1 uier04d Ajiey sajsuesy joyisouliApireydsoyd axy-dy1oag
nw jungns xa|dwod z-qy

0£2T=H1ONT1 paje|a.-utajold Su1joelaul-1d09

awAzua Suinowau-|A|ApLin/aselaysueiyjf|ApLin [euoijounyig
L0G=HLON37 T INVLS 0 UIEWIOP EHS 3Y3 Y31M 3|Nd3|0LL PaIeId0SSE
reuq uigjoud auosadey)d

GQ uixauuy

8tT=H19NT1 utajoud Ajiurey puey-43 Suipuig-wniofe
8tT=H19NT1 uta3oud Ajiurey puey-43 Sulpuig-wniofe
0S7=H19N3 1 utejoud Ajiwey aseaysuesy-|Koe adA3-ax X XH

uojisda Jlungns xa|dwod {-dy

-U1S0350X3

1 utayold pajejas-unjixny

asejnw ajesa94|3oydsoyd yuapuadap-ajesadk|Soydsoydsiq-g'z
61T=H1ONIT utezoid Ajiwejiadns uixopaloly

reuq uigjoud auosadey)d

H1VY¥Y £NLSDIyzMZeDIds
T'€LV6TDGIY

NMLIN 3LINITANSEDIdS
1vY 1944vI8+8z90|ds
NYINNH™9NXANITAZa6DIds
rSAYO €€EFTI0ONZ9DIdS
T'SPrE0DTLY
T'0LISLOTLY

HLYYY INzdvlorTezolds
T01PeLOTLY

YSOHY ANTDI9HSrED|ds
T06/8Y9TLY

9dy1S rv¥Nalzavxsolds
HLYY¥Y SAXNVIEX606D|ds
T0TEZIOTLY

T0TEZIOTLY
T'0€8Zy9S5LY

HLVYY 3rdyI6Y.18D|ds
JNOYA Z1X3I69TAEDIdS
HLvdY TIXNYI80NS6DIds
EHLAD YINADITASTIDldS
T'0EL6TOTLY

YIWLIN TYNQlZ0MO0dIds

90000350Z0T49STOTUGIN
T00008£000T49STOTUAGIN

2200086Z/6049STOTUSQIN
80000876£6049STOTUSGIN
£002038£76049STOTUAGIN
900703£258049STOTULQIN
yT0T03€978049STOTUAGIN
9002030918049STOTUSQIN
9002039208049STOTUAGIN
70020386 L049STOTUIGIN
GE0T0SETIL0JOSTOTUIGIN
700008165£049STOTUBqIN
£¥000858G£049STOTUQIN
720208615£049STOTUSQIN
0T0Z08ZES.049STOTUQIN
6002087£5L049STOTUAIN
100703¢6v£049STOTURQIN
610803882£049STOTULQIN
§00T03GZ19049STOTULQIN
£00€031965049STOTUQIN
700808€T85049STOTUAGIN
91050879/5049STOTUSqIN
800008T€£5049STOTUSQIN

O O O O O ©O O ©O O O o o o o o o o o o o o

(panuiuoy) -zs 8|qeL

261



Chapter5

77 utsjoud [ewosoq §0G

0T-undy

9/9=H19N3I7 ueload Ajiwey 1YH/SHA/HLNI

7 Sojowoy gz utajoid pajeloosse-3uiios upjoad jejonaep
aI|-6¢ u1e304d Buipuig-wniofey

urloway

T LHOI73IN789 43IANN LNIWIAOI LSYTdOYOTHI MVIM Utelod
T ureyo Y3 uisaury

168=H19HN37 utazod Ajweyladns urewop-reuq auoladey)
[skew eaz] 1dOLINgd

196=HLON3T uiejoid SuluIeIu0d-UIBLIOP ULI0LIAd/OYIN
GGZ=H1DN31 TT 40308} A103e|NSal [RIBULT

1 aseyjufs ajeydsoyd-asosong

0TG=HLONI7 uta30ld Ajiwey aseury ajeanihd

0€8T=HLON31
3ulpuiq d19:3ulpuiq ased | H:s10}9e} a3ueyIxs apiosjonu-juend

Sojowoy T ayjij-ute3oid sauy ouiz

9SBUIWEAP BUISOUBPE dY19ads-yNY}

£ yungns Aio3e|n3al aseajord g9z

93jusuodwod xa|dwod 3skoox3

T Juauodwo? xa|dwod 3sA20x3

T6€=HLONI 7 ute30.d Ajiwey puey 43 Sulpuig-wnioje)

ewwes
jungns , g 3ungns Aio3e|ndas yz asereydsoyd uiejoid-aujuoalyy/auliag

NadAH ZTdlzawazylds
1001”01 LOVIZXDYSDIds
709L2€DY1Y

HLYYY 28ZdAlLL6SEDIds
NYINNH 16£8017S6HEDIds
NL10S ON3YI88.E6dlds
HLYYY TgIMIpzL8+0lds
NYIWNHTO1Y1998£0Dlds
T'0LLTTOVLY
IT'9£90%90vI98
T'069679T1Y
T'09.PEDTLY

HLVHY TV¥SdSl01ar60lds
104580951V

T'0vEITOYLY
NN EEVArATACII ]
NYVYLS VYavLITSMe6DIds

1V47/SYdILpeE9Dlds
1001a"900x3lzarsolds

NYINNH TO0X30£ANGDIds

108580951V

NINOE~0£Y¥ZdITH635DIds

TT0E08ZEEI04OSTOTUGIN
60000352 TTZ4OSTOTULQIN
0T00036£.6T49STOTULQIN
90000857/8T49STOTUQIN
Z100036858T49STOTULGIN
££0008895GT4OSTOTUSQIN
£00008THSSTJOSTOTUBGIN
8£0T03Y6EYTIOSTOTUSGIN
80000869Z¢T4OSTOTUSQIN
TT0b0STYLETHOSTOTUSGIN
G00T08E0ZETHISTOTUGIN
£207080GTETJOSTOTUAIN
11000875/ZTJ9STOTUIGIN
€00T03€S9ZTJOSTOTUIGIN

700508/10ZTJ9STOTUAGIN
€00T0896YTTJOSTOTUAGIN
120003€8ETTJOSTOTUIGIN
700008€5ZTTJOSTOTUQIN
€T0T03LELOTHOSTOTUIGIN
Z10T03ZT70T4OSTOTUBqIN
920£036Z€0T4OSTOTUBGIN

9007037TE0TIOSTOTUGIN

O O O O O O O O o o o o o

o O O o o o o

0

(panunuop) -zs aqeL

262



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

H auoisiy NYdYO vHIBOAT.DIds 6LETES06CT €00703880£049STOTUGIN €

H auo3siy HLYYY ¥HI65Z6GdIds GEILLIVT'T- 8€0003yT8ETIOSTOTUAGIN €

ase|Ax0q.ed y0)-|A190E Jo ulejoid Jalied |AXoq.ed unjolg ISSON " d004I188900Ids 110800100°T- L00108Z8€.049STOTUQIN €
H auo3siy NVdYO vHIB0AL.DIds Iv11¥88¥6°0- ¥00T038£290J2STOTUAGIN €

yH 8uoisiH NYdYO vHIGOATLDIds 1819601160~ 000036.GT04OSTOTUGIN €

€7 uaj0.d [ewosoqu 50§ Iv¥Ad €TdIZSMZ8DIds ¢¥1868€09°0- €102039€9¢1JOSTOTUGIN €

H 8uo3siH NYdVO 7HIBOATLDIds 820CECT6Y 0 600T03THZ049STOTUQIN €

C'EH3U0ISIH NINOE ™ Z€HILZzr8dlds ¥6¢9£919€°0- 700108516/049STOTUQIN €

7H auoisiy NYdYO vHIB0AT.DIds 87€611600°0 ¥000085£Z£0J9STOTUBGIN €

H auoisiy YasyIN ¥HI0a,nedIds 10S£82C12°0 Z10Z089179TJOSTOTUIGIN €

-411030Bj UOIENIU UONEISUBI] SWY10 zdIleAayoglds VLLLYSTYT0 T00208£9800J9STOTUAGIN €
H 8uoisiy NYdYO vHIB0AT.DIds €G/0C¢SvS0 T000086£55049STOTULGIN €

H auo3siy NYdYO vHIBOAT.DIds 16€££0689°0 §00£08¢87004STOTUQIN €

98 uiajo.d 3ulurejuod-ufewop JyN HLYYY 980VNISI446D]ds TGEL0LEELO €0010380£00J2STOTUAGIN €
€'EH8U0ISIH HLY¥Y €€HI69165dIds TEEE0SL6L°0 €€0203/€5Z049STOTUQIN €

reuq utejoud auosadeyy NOYYE rYNalg41990lds £90666088°0 80000367€€049STOTUGIN €

reuq utejoud auosadeyy D3IVLS FYNAIZMNHSDIds T/8EEELLTT 10060306£€0J2STOTUAGIN €

saedeun| ujgjold av¥NOd dNTIT6845DIds 899V/61LC'T 610%0370£00J2STOTUAGIN €

sedeun| ujajold av¥NOd dNTIT6845DIds €€C95Ser'T 110T087£60049STOTUAGIN €

10s1n02.d ufa30.d 31| 4030B) PAALIDP-||2D [EWOL}S T'0T1S¢9CLY LY9¥0€5TS'T 0T00081609042STOTUAGIN €
G0g uiajoud auelquiawisuel | YINIX S0ZINLIPMdD9DIds €LTET69CST 8007T8EZ9T0JOSTOTUGIN €

7H 8uoisiy NYdYO vHIBOAT.DIds 6v/17S80L°T €00€080659049STOTUAQIN €

TH8uo3siH 01105 THI8TZLEdlds 9/99C€CEL'T T00T08T9EF0SOSTOTUAGIN €

uonduasaq HH3selg Y91 SNO sA pIAy dlpubjwoyuag'N  alqL-v-40 #

Jeq e se qqL-p-39 Suisn uaym sjuawiiadxa S -1d ul paysniua Ajuesyiusis

(panuiuoy) -zs 8|qeL

263



Chapter5

Sojowoy zySN uiejoud sisauadolq awosoqry
1£9=HLHN31 uteloud Bulpuig-d.19 1ejodjonN
TH8uo3siH

Z u19304d 3uipuiq-p10Ja)s aueIquIB

T°4CH duo3IsiH

z utajoud ey G 9o134ed UoiuZ0oal [eUSIS

¢ ayj1j-ura30.d Suipuig-ap130sjanu auiueny
[sndpu poisspig] A09ZE 1880V eUg

1/ uI93o.d auelqUAW PajeId0SSe-3[ISAN
TH8uoisiH

¥ Hungns A103e|nSa1 aseajold 59z
C'EH8U0IsIH

(@ asesawos| sueJ}-sia [Kjoid-|Apnday

yH 8uo3siH

reuq udoud auosadey)

ase|Ax0q.ed yo)-|A199® Jo uiajoud Ja11ied |Axoqued unjolg
G0z utejold aueiquiawisuel]

¢1 utejoud yeadal apiydadooriiesia)

¢1 utejoud yeadal aprydadooiiiesia)

H 8uoisiy

H 8uoisiy

H 8uoisiy

H 8uoisiy

H 8uo3siH

ase|Ax0q.eo yo)-|A199® Jo ulajoud Ja11ied |Axoqued ujolg

10013"ZYSNI8NOYSDIds
102605911V

01108 THI8TZLEdlds
HLYYY zdaSWIvzzineolds
H1YYY 18zZHIy0D16DIds
0T10S ¢vSuSIzL66vd|ds
YINIX EINDITEXZLDIds
[T°66TYTAQDIqWD

HLYHY ¥T/VAISHNA6D|ds
OT10S THIgTZ.EdIds
NYWNH ¥S4dIT6129dIds
NIAOE ™ Z€HILzzy8dlds
NYIWNH"dIddIz6£800lds
N0 vHI8888dlds
INdTOM TYNalrAIELDIds
TSSON"d00dI188900|ds
YINIX S0ZINLIPMdD9DIds
Y4OVIN ZTOLLISA1G6D]ds
Y40V ZTOLLISATS6DIds
NYdYO ¥HIB0ATLDIdS
HLVYY vHI6SZ6GdIds
YaSYIW vHI0aLnevlds
HLVYY vHI6SZ6GdIds
NVdYO vHIB0AL.DIds
ISSON"d00dI188900Ids

€6GGECTC0
G/S0TI8YED
¢SST06109°0
LEETBEE0L0
€€L0158L8°0
YIvISYIST'T
1056899911
C9LSTYSET'T
GCTL0TST
162€6/9C6°'T
6016¢696'T
€G0T8STEC'T
6298€80C€EC
CLEE68TYEC
¢8€502¢86'C

EVETITC86'T-
Cv8Y196¢8°T-
196691/V9'T-

9289918v'T-

6105030£20049STOTU2QIN
0702036062049STOTULQIN
600108/8%5049STOTUQIN
Z10503GE0T04OSTOTUBqIN
ST0Y03ZSTL04OSTOTUBqIN
6705036T82049STOTUSqIN
T00T08/89T049STOTUSQIN
¥10008£28L049STOTUSGIN
6100035T68049STOTUSQIN
T00T0887/£0J9STOTUAGIN
600T08STEZ04OSTOTUGIN
6002080STT04OSTOTUGIN
1T0£035€0£0J9STOTUSQIN
9102089055049STOTUQIN
200008170£T0J9STOTUSQIN
7002039922 T49STOTUBqIN
TT00088EE0THOSTOTUIGIN
810£03/8£6049STOTUSQIN
020T086/£¥049STOTUSQIN
G00LT8YSTTOSOSTOTUSGIN
200008£0£¥T830TOTUSAIN
700203€£€509STOTUQIN
0TOT03STO0TJOSTOTUSGIN
9002080590495 TOTUAGIN
900€037GTOT4OSTOTUBGIN

M M M MmN M M M M N NN N NN NN N NN N NN NN

(panunuop) -zs aqeL

264



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

6S u1ajold [ewosoqu SOE

g-g 3ojowoy GSQd uteloid uoisayod piyewolyd Jaisis
aseyjuAs ajewsiioy)

7 uteloud [ewosoqu S09

T-t7 utejoud [ewosoqu 509

1-9771 uta30.d [ewosoqu S09

85 u1g304d [BWOSOqL SOY

6771ure104d [ewosoqu 0§

7S wiejoud [ewosoqu Sov

1 13 awAzua 3uienizoe-uninbign

6S u1ajold [ewosoqu SOE

g7 u19304d [BWOSOQL SO9

€-£€7utejoud [ewosoqu 509

67 u1a30.d [ewosoqu S09

€17 utajoud jewosoqu SO

S wieoud [ewosoqu oy

7-41 1030} UOIFRI}IUI UOIFR|SUBI|

©1aq Jungns aseJaysuel} |Axoqled ase|Axoq e y awAzuaod-|£100y
anse|dolojyd ‘S urejold [ewosoqu SOE

1 asejeydsoydip|fyaijoq

0€S utajoud [ewosoqu SO

0/y=H19N37 ute3oud Buurejuod-urewop 4sg
0£S urejold [ewosoqu SO

/7S utejoud [ewosoqu Sop-urnbign

1 urajoid Sururejuoa-urewop pajeldosse-uninbign

OHYAd 6SHl662650Ids
YINIX 985ad|Trznsolds
01d317004vITOMZLD|ds
dvNY¥d v 1Yl264X6DIds
HIVYY vy 1dl0v4S6D]ds
HLYYY T9ZlpTrTGd|ds
37IYIN~8SHI69080DIds
XdNAS 62 dlZryn.olds
HLYYY zbzsyleg18olds
H1YYY 1138NI820€6dIds
OHYAd 6SHl662650Ids
4voI0 vz TulErLG90Ids
HLVYY €€ TYI8INTT8DIds
SAYO 61410TZ6dlds
OVLIN €T HIEYLLEDIdS
HLYYY ZbzSule8018DIds
SWV10"zdIl6AQy0dlds
3¥SNO"@00VIZ9sTEdlds
NdI10” vYISLropy|ds
NYWNH TddOAlTNA98DIds
HLYYY 0€SYI6896vdlds
T'0SEE0DTLY

HLYYY 0€SY16896vdlds
07110S " V£ZS4l08679d|ds
ISNOW™TOVANIZIaA8DIds

¥00v¥L0LE0-
18918989¢°0-
86€8STLLED-
€€8L6¥60€°0-
959S¥8LLT°0-
8¢16L9vLC°0-
€GETOVLL0-
€9¢9€9€90°0-
160£¥6¢9C°0-
606¢898€C°0-
¢eSv0662¢0-
9€08YCL1C0-
6YIY€SCIT0-
69€GETSYT0-
95565ST1CT0-
YIISYSvy00-
165€56/10°0-
0

0
GG/16¢200°0
6816148500
¥1981€260°0
87681766600
YZrEe0SLETO
€9¢056€T°0

TT0T03€GE0JOSTOTUIGIN
72Z0T080€T0049STOTUBGIN
2000086070049STOTUBqIN
T00T089670049STOTUSQIN
£00008£22Z049STOTUSqIN
7£0008GZETT4OSTOTUSGIN
60000895/Z0J9STOTUBGIN
2100037.£8049STOTULQIN
Z1000365TZTJOSTOTUIGIN
0T0£T3Z0ZE0JOSTOTUIGIN
€00T03€£98049STOTUBQIN
£00003£6€£0J9STOTUQIN
9£0£03¥LETOJOSTOTUIGIN
1002088£00049STOTUSqIN
670603887£049STOTUSGIN
9002086789049STOTUSQIN
¥0000818T00J9STOTUBGIN
€00T088/TTT4OSTOTUGIN
9000038550049STOTULQIN
¥000039650249STOTULQIN
210£036785049STOTUQIN
210108669204STOTUBQIN
§00608.Z6T04STOTUBQIN
£00T08956T04OSTOTUBGIN
£00908887£049STOTUSGIN

N NN NN NN NN N NN N NN NN N NN NN N NN

(panuiuoy) -zs 8|qeL

265



Chapter5

£17u19304d [BWOSOQL SO

g1 ug301d [BWOSOQLI SO

g7 ug304d [BWOSOqLI SO9

vy asepiwe auidesedse(|Auiwesoan|3-ejaq-|A190e-N)-yN-opiidad
aselaysuesyjfsoquoydsoyd jueid Suipuig-pidij/wniofe z9
¢-BGg ug3oad [BWOSOqL SO9

-vzs wiejod [ewosoqu SOy

8S uajoad jewosoqu SOf

¢-BGg udjoad [BWOSOqL SO9

97 utajoud [ewosoqu §0G

1-B/7 u19304d [BWOSOQL SO9

C'EH8U0IsIH

€-eGg7 ulajoud [ewosoqu 509

v Jo3engdal Hd 18j0n

0€S ureyold [ewosoqu SO

aselawos| sues}-sio [Ajoid-|Apndag

627 ue3oud [ewosoqu SO§

08/=H19N37 uta30.d Ajiwey ndyy uiazoud suosadey)
uLIe||1IqY aselaysuelAy1aw-Q-,z YNY!

T-v17 uiejoud [ewosoqu 509

Sojowoy zySN u1g104d sisauadolq awosoqry

1-8/7 utajoid [ewosoqi §09

z-€17utejoud [ewosoqu 509

27 utel04d [ewosoqu 509

1 73 awAzua Buigednluod-uinbign

1A ETTHITISHTYIdS
4v0I0 vz TlErLS90lds
4v0I0 vz 1YlErLG90Ids
Nanyd vvYNdIge818d|ds
T'0192ZOTLY

HLYYY EVSEUIZT606DIds
HLYYY zbzSyle8018DIds
37IVIN"8SYH169080Dds
HLYYY EVSEUIZT606DIds
YALIN 9THI0€0rTdlds
HLVYY TV 1412696¥d|ds
NINOE ™ zEHILTTy8dlds
HLVYY €VSeUlz16060Ids
NYINNHY4HdDI90YZ.8lds
HLYYY 0£SY16896vdlds
0dHOS day4le66zr0lds
av010 6Z741913£6DIds
T'0£0¥0971Y

733v0 14a4lgs0zzolds
HLIVHY YT TdlyINISEDIds
1a01a"ZYSNISNDFSDIds
HLVYY TV 1412696%d|ds
YNYY9 ZETT4I621Trd|ds
4v0I0 v 1HlErLG90Ids
133v0 108NI8LrZSdIds

GLESLOESL0-
€6G9999€£°0-
699TVEEEL0-
€0¥/78089°0-
9CC186¥.9°0-
G959€VYY9°0-
¢0SCC0EY90-
18G€600%9°0-
EV61V8€9°0-
1£02€80¢9°0-
G¢0579865°0-
8€80CT¢650-
1285620650~
160CL118G°0-
€LGSL61L5°0-
9506€0855°0-
¢C618¢55°0-
8LLY6LYYS0-
L9SLTT6ES0-
€60¢0¢6¢5°0-
¢/8196€05°0-
9££998S.¥°0-
9168T.Y°0-
86V/8T¢T1V0-
CETITTEBE 0~

L10€087569049STOTULQIN
0T0003956049STOTUAGIN
GT0Y03r€LE0JOSTOTUQIN
600508ZT7€0J9STOTUSQIN
800503€7E0049STOTUBGIN
1200080Z€£049STOTUBQIN
G00008£t¥9049STOTUIGIN
#000082162049STOTUSGIN
TT0¥08£105049STOTUSQIN
80080389T00J9STOTUBGIN
800208€Z€04OSTOTUAIN
900T03€€8809STOTUQIN
£00£036£LE049STOTULQIN
L00%08£ZL5049STOTULQIN
§00903689T09STOTUQIN
210£087¢50049STOTUBGIN
Z10£086£92049STOTUBGIN
£100082582049STOTUSqIN
0000879800495 TOTUSGIN
700008£665049STOTUSQIN
600208£7£L04OSTOTUAIN
£006038070049STOTULQIN
1000038105049STOTULQIN
€00£0325£2049STOTULQIN
6002031960049STOTUSQIN

N NN NN NN NN NN NN NN N NN NN N NN NN

(panunuop) -zs aqeL

266



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

C'EHdU0IsIH

08/=H19N37 uta3o.d Ajiwey ndyy uiajoud suosadey)
T-€17 u1a30.d [ewosoqu $09

8S uajoud jewosoqu SOf

¢ urejoud [ewosoqu SOG

67 u1a3oud [ewosoqu S09

z-€17utejoud [ewosoqu 509
aseJajsuel)|Asoon|3 ueyoidooA|3:asoon|3-4an
€-eGg7 ulajoud [ewosoqu 509

C'EH3U0ISIH

8S urajoud [ewosoqu SOy

1-8/7 utejoid [ewosoql S09

z-&/7 u1g30.d [eWosoqu S09

T-€17 u1s30.d [ewosoqu $09

¢-eGg ugjoud [ewosoqu S09

T-v17 uiajoud [ewosoqu 509

€-eGg7 uiajoud [ewosoqu 509

LTS utejoud [ewosoqu SOg

S utejoid |ewosoqu SOy

LTS utejoud [ewosoqu SOg

97 u1ajoud [ewosoqu SO5

g1 utejoud [ewosoqu 509

Y u1ajold paje1oosse-ula3o.d auelquIaW PajeId0SSe-a|dISa
yz1utejold [ewosoqu 505

Z-7¢S utajoud fewosoqu oy

YSAIW ZEHI6ZY89dIdS
T'0£0%0971Y

HLVYY TETTHILZTTYdIds
rSAY0 8SYl66161dlds
OHYAd € TMI8TY6S0lds
¥SONO S TlZINN9D|ds
YNYYE ZETTHI62TTrd|ds
H1vY¥V 599n(081M0DIds
HLVYV €VSedlzT16060Ids
NIAOE Z€HILzzy8dlds
3ZIYIN~8SHI690800Ids
HLYYY TV T4l26961dlds
HLYYY ZVLT4l6HZ160Ids
HLVHY TETTHILZTTHdIds
HLVYV €VSeYlzT16060Ids
HLYYY TYTTdIpNISED]ds
H1VYY €VSEYlZT16060Ids
N43HS Z1SYISd680DIds
N110S ¥SY4100£9¥d|ds
N43HS Z1SYISd680D|ds
1S13IN"9THIEXINZDIds
4v0I0 vz THlErLG90Ids
NYINNH YdYAI010d6D]ds
9vYSIA ¥ZTYlESZ0ED|ds
HLVYY ¢yzsylego18olds

LEVO6EIIT'T-
GSSTCTLVTT-

LLOETYCTT
€090€6¢90°T-
79€¢L¥900'T-
L6789.9.6°0-
9/88095.60-
180006¥26°0-
EVEVITELE0-
1¢95€€656°0-
¥6€50££56°0-
L¥S6CEBEE0-

659189160~

99€€G£06°0-
€L6ETYC06°0-
G9/€02T06°0-
698780680~
G¥€99.¢88°0-

7589€6/8°0-
9IvEEYTYI80-

£€00ST98°0-
7€95€58€8°0-
G8ETC066L0-
686€1616L°0
CCETETLSL 0~

50020316€5049STOTUBQIN
200T08000£049STOTUSQIN
800008776049STOTUQIN
S00T088Z7L049STOTUSQIN
6007089790095 TOTUSQIN
80020881TT04OSTOTUSQIN
6002080722095 TOTUAGIN
670£03897E0JOSTOTUAGIN
8000037€76049STOTULQIN
2102039T22049STOTUIGIN
800208/F¥80J9STOTUQIN
£000081920749STOTUBqIN
800008€£0Z049STOTUIGIN
1T02086¥22049STOTUSQIN
ST0T0808ZZ04°STOTUSQIN
£00£039TT6049STOTUSQIN
¥00TOSTIEL04OSTOTUSGIN
900208708TT4OSTOTUGIN
60000395 TE0JOSTOTUAGIN
9005088855049STOTUGIN
8T07031ZEE0JOSTOTULGIN
¥T0GT82052049STOTUIGIN
£00S08£250049STOTUBqIN
900£08€580049STOTUIGIN
§Z0T089/89049STOTUSQIN

N NN NN NN NN N NN N NN NN N NN NN N NN

(panuiuoy) -zs 8|qeL

267



Chapter5

87=HL9ONT1 utajold Ajiurey asesaysuelr-|foe adA1-gX XXH
BZ 9se3onpal aseuagdolpAyap ureys-3ioys

0qe4 asejonpal [ula3oid-1a111ed-|Aoe]-|Aarox0-¢

GS urjold [ewosoqu SOE

66 urajo.id A103a.109s Jeadas you-aulalsky

17 utejoud jewosoqu SO5

Geuta0ud [ewosoqu S5

17 utajoud jewosoqu SO

op3se|dolojys ‘g uiajoud [ewosoqu S5

7 utajoud [ewosoq 509

07 uajoud [ewosoqu S0g

Gguajold [ewosoqu SO§

0zS utejoud [ewosoqu S0g

ase|Ax0q.ed yo)-|A199® Jo uiajoid Ja11ied |Axoqued ujolg
¥G22=HL9IN37 T ase|fxoqued yo)-|fjae

T'EH8uolIsIH

C'EH8u0IsIH

19£=H1HNI1 Z @selajsuesyjhyiaw 0193s

uiayoud Aj1wey asesajsuesyjAsoqrioydsoyd juejd urewop g1ed
85 ug304d [RWOSOQL SOY

6771ure104d [ewosoqu SO§

C'EH8U0ISIH

Y1G=H1ONT 7 ute3oud Ajjweyiadns 0Gd aWwo1yo03£9
7-8/7 u1aoud |ewosoqL S09

eg17 ulejold [lewosoqu §09

T0¥8ETOYLY
H1vYV ™ vZyaslonosedlds
YINIHL Dav4I8yzxedlds
¥400N " §SYIS01Z50ds
HLVHY55440I09A16DIds
DSIHL TTYI8e6TTalds
SYNAS € Tdl0zY1ZDIds
DS3IHL TTYI8E61Tdlds
¥3d GduSdIT68T1d|ds
dvNYd v 1ulZ64X6DIds
g33H10ZSulyNrasolds
ZdNAS SETloYIXTalds
8dVAD 0ZSYlTAMI.glds
ISSON"d00dI188900Ids
T'09T9€EDTLY

NIAOE TEHIZEY89dIds
NIAOE Z€HILzzy8d|ds
T'0E€0Z9TLY
1'088/59¢1Y

rSAYO 8SHl66T6vdlds
avo10 6274l913260Ids
NINOE ™ zEHILZTy8dlds
1'095019E1Y

HLYYY ZvL14l6HZ160Ids
YSSYO V8T TYIS41v6DIds

TZOVeyIT0E-
EIYYYISY6'C-
¢0€981089°¢C-
6CIELELVY T
9€L5¥/98¢E°C
¥6169159¢€°C-
8EVL1668CC
ETCS6IvYI T
81¢9L€0L0°C
7G9€01950°C
€0ST16¢0°C
C61862668°T-
69€46896/T-
€6G9€LEBL'T-
669€9C1C9'T-
8IV61CE09T-
G/L0S6V9S5°T-
81850£9¢G°T-
75061106V 'T-
€Gvv9S8LY'T-
866599TEY'T-
¢C0STTI90Y T
€96595698¢€'T-
G9vE8TIEET
LLETBILET'T-

€00£032867049STOTUQIN
Z1000809.ST4OSTOTUQIN
€102030%11049STOTURGIN
0T0£039€HT04OSTOTUBGIN
90000868£ZT49STOTUSQIN
900Z08€57£049STOTUQIN
7000089€££049STOTUQIN
T00£037STE0SOSTOTUSGIN
7000088219049STOTUSAIN
Z10Z08v66T04STOTUQIN
GT0008€.6/TJOSTOTUBGIN
1€0003Z7£6049STOTUAGIN
20020381€Z049STOTULQIN
0T0T03£590049STOTULqIN
9005130960049STOTUIGIN
9002086989049STOTUAGIN
£000082062049STOTUSGIN
G00£088TLT04OSTOTUSGIN
8102085991049STOTUSQIN
T00£089€H1049STOTUSAIN
£T09089/95049STOTUSQIN
9000082685049STOTUGIN
2100035995049STOTUQIN
€00€036572049STOTUQIN
920003€258049STOTUSQIN

N NN NN NN NN NN NN NN N NN NN N NN NN

(panunuop) -zs aqeL

268



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

[dnoug eojuoder eanjes ezAig] 3onpoud

g-g 3ojowoy GSQd uteloid uoisayod piyewolyd Jaisis
p-eg17 u1930.d [eWOSOqL S09

11S uajoud jewosoqu SOf

C'EH3U0IsIH

urayo.d asesaysuejjAsoquoydsoyd yuejd Suipuig-pidij/wnidfed 7o
T utaj0.d ayi|-utle||Liqy aselasuel)|ALy1aw-0-, 2 YNYY/ YNY
97 u1a3o.d [ewosoqu SO§

18-uixejuhg

¢ u1aj0.d [WoOsoqu SOG

Sojowoy zySN uiajoid sisauadolq awosoqry

1-9271 ute30.d [ewosoqu $09

aseJajsuel)|Asoon|3 ugyoidooA|3:asoon|3-dan

g1 utejoud [ewosoqu 509

©/7S uiejoud [ewosoqu Sop-uninbign

T£9=H19N37 u1a30.d Buipuig-d 19 Jejos[onN
{'EH8u0IsIH

C'EH8U0IsIH

©/7S utejoud [ewosoqu Sop-uninbign

[dnoup eojuoder eajjes ezA1Q] 3onpoud

C'EHdU0IsIH

7 u1ajoud [ewosoqu S09

g1 utejoud [ewosoqu 509

9 aseyjuAs yo)d-|Aoeojay-¢

/17 uig30.d [ewosoqu SO§

[1°82Z750100 dNI4o!
YINIX 985ad|Trznsolds
HLYYY pVETHI0OY46DIds

NEAOS 11SYl€60.1d|ds
NINOE™ ZEHILZTy8dlds
T'01922OTLY
ISNON"T11841€SM08DIds
YSTVH 974I89dH6DIds
HLVYY 18dASIZ/Z6Gd|ds
JNVLS ETIPYNaEYIds
1001a"ZYSNI8NDYSDIds
HLYYY 19z HIpTrTGdIds
H1vdY 999n(08T1MODIds
4vOI0 vz TulErLG90Ids
07110S™v£ZSY108629dlds
102605911V

NIAO8 Z€HILzzy8dlds
TYON3 Z€HIE0680dIds
07110S"v£ZSY108629d|ds

[1°82Z750100 dNI4o!

HLYYY ZEHI9ZZ65dlds
¥vNYd ¥ 1dlL64X6dIds
4v0I0 vz TulErLG90Ids
HLY¥Y 9SOMIEr4X6D|ds
YNOAW LT T4I89INdOY|ds

8€¢8C/88°¢-
62£98916G°¢-

100£08760909STOTUQIN
0202030085049STOTUAGIN
¥00t08£9£5049STOTUQIN
900£08¥99%049STOTUSQIN
72000856£7049STOTUSGIN
T209080GE£049STOTUSQIN
1106084 TTE0J9STOTUAGIN
200203€TTE04OSTOTURGIN
€10803G162049STOTULQIN
600003208Z049STOTUAGIN
6700039672049STOTUSQIN
100008282Z049STOTULqIN
12020822TZ049STOTUIGIN
¥T0£08TS8T0JOSTOTUIGIN
£20£08€£LT04OSTOTUSQIN
810008Z05T049STOTUSQIN
0T0Z0805TT0JOSTOTUBGIN
TT0T08760T0J9STOTUAGIN
800£03£890049STOTUSQIN
1102086£90049ST0TULQIN
Z101038250049STOTUIGIN
7E0€087620049STOTUBQIN
9TOTO8TTT004OSTOTUBqIN
70000808.0T49STOTUBqIN
¥T00087E8LT4OSTOTUSGIN

N NN NN NN NN N NN N NN NN N NN NN N NN

(panuiuoy) -zs 8|qeL

269



Chapter5

1 asejeydsoydip|Ayoijoq

g 3ojowoy 1938 ureloud yJodsuely uigold
T-U13ONPaIOPIX0 WN|NII3a1 olwse|dopul

[sndou paysspig] A0EL0TSG0YeUY

( aseJawos| sueJ}-sia [Kjoid-|Apiday

 1aquiaw Ajiwey ygs aselonpai/aseuadolpAyag
78Z=H19N37 u1a30.d Ajiwey TdiA sueiquiaw [ei3aju|
T u9304d Sujurejuod-urewop Jopny

T-U13ONPaJIOPIX0 WN|N2[3a1 ojwsejdopuy
§G9=HIDNITVMA LT¥ST0dON uleloid panlasu0d pasiiajoeleyoun
9 utajousd Buipuig-906)4

(sjuaweud) z uaoud Buipuig-yNY you-auidh|n
[d1Vv]@seunyAxogJed ayeaniAdjouaoydsoyq
8Y/=HLONT1 T 8seupy uiajoud ayji|-103dadas
G1G=H19N3I19 aseuadoupAyap ajeydsoyd-g-asoan|3
LETIND utejoud Suipuig-wnioed

8 @8]0 uadialje 3uipuig-wnide)

Z-€17udj04d [ewosoqu S09

H3uy Jo3Jodsuel) uoijed [e3aw JusjeAlq

917 uta30.d [ewosoqu 50§

¢S wiaoud [ewosoqu SOy

T 13 awAzua Suijeayoe-uinbign

85 ulg3oid [ewosoqu SOy

C'EH3U0ISIH

1 utajotd Sujurejuoa-urewop pajeldosse-uiinbign

NYWNH TddOAlTNA98DIds
HLYYvy gae10Sl0v.790Ids
H1YYY T0¥3l£S£06DIds
[T'1828¥AQOIqwa
60IHY"AlddITITO0d|ds
NYWNNH ¥SYHalzzLa60lds
T'067£2951Y

NYWNH Ta¥allyLxaedlds
H1YYY TOY3|/5£06D]ds
T00vEYDSLY

10014 9dgY4I2zArSDIds
N3d0d zd¥o19.6v8dlds
0SvYd Y)0dI061ApYIds
1°00609951Y

1090951V

HLYYY ZETNOI6HI46DIds
N3370°871vI0YLNEDIds
YNVYE ZETTYI62TTYdIds
0STvY HININ[94SX8D|ds
833HL 9T NISINNagD|ds
HLYYY zkzsylegD18dlds
H1vYV~ 1138NI820<6d|ds
3ZIYIN~8SHI690800Ids
NIAOE Z€HILzzy8dlds
YOIHO TOVanleIrzeolds

€606€CC69'T
615/9568L°T
VCELETEES'T
7/6069206'T

€GE68€86'T
2€86CY620°C
1¢L¥16620°C
968118881°C
75008999¢°C
969T€E€S6CC
€€805C/16°C
8v/8165€9°C
665E€€S69°C
80996£0.6°C

€S¥CS69C°€
96v€02L29°€
€05959v¢SEY

GT0003£6€9049STOTULQIN
7202087071049STOTUGIN
9002035221049STOTUQIN
9T0TT3£08Z049STOTULQIN
0T0708885G049STOTUAGIN
¥10003Z0%£04°STOTUBGIN
8207080££0049STOTUSGIN
700£03185Z049STOTUSqIN
T00T08.LEY0JOSTOTUIGIN
600508£90Z049STOTUBGIN
8005087/E£€04OSTOTUAIN
L00T03€G6€049STOTULQIN
T00Z08€STSTIOSTOTUAGIN
Z00T08€ETZ0049STOTULGIN
9100039622049STOTULqIN
G70T089768049STOTUBqIN
#00008985£049STOTUSqIN
T00008€5ZE4OSTOTUBGIN
700008GGEEZIOSTOTUBQIN
70000876.£7749STOTUQIN
GT0008€8ETTHOSTOTUGIN
60000890€TT49STOTUSQIN
0T0T039/90TJ9STOTUSQIN
L00T03€Z56049STOTURQIN
#00203861£049STOTULQIN

N N N N NN NN A A A A A A A A A A A A =

(panunuop) -zs aqeL

270



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

9diH utejoid suosadey)

reuq udoud auosadey)

urajoud Jiodsuel) ajoIsan ey £'GZ

¢ asejoipAy apixod3

Z-UIIA

9SBUIY BUIWE|OUBY}3/aUIl0YD

67 uiajoud [ewosoqi §0G

T-L17ute304d [ewosoqL 09

7/dys Hungns ajo1sed u

askUIY AUIWLE|OUBYIB/BUI0YD

1u02ai1 [eusdis

Z uiajoadooys pjoy

(sjuaweud) ¢ ugzoud uipuig-yNyY You-auidh|n
017utejoud [ewosoqu S09

Z€7=H19N3IT utejoud Buurejuod-urewop 4sg

g u1a3o.d paje1oosse-u1ajold aueiquIBL PajeId0SSE-d]dISa)\
g 8ojowoy £193S utajold podsuesy upjold

opnu ugjoud uonjesSiw Jeajany

reuq uig3oud auosadey)d

[wnsolagny wnue|og] (e} ed ‘uta)oud a1-0Z56 79T 1Y
9SBJIBWOSI-apY[NSIp UIal0ld

asedl| YNYI--auIuoaiy |

T-v17 ulajoud [ewosoqu 509

8Z1T=H1DNI1 pale[al-uiajold Jusnyi3suod Xijew Jeajonu
6G7=HLONIT 9 UleWop dy9-44y

[sndou paisspig] 40/6+0890veUg

AXXAIN"9dLHIZIZOTDIdS
avVv1S TvNaI8rLAZDIds
HLvdY zz03slznvr60lds
NYWNH EXHd3I699HEDIdS
HLYYY ZITIAlPY9180]ds
NYINNH a)HOI6SZA6DIds
£S13IN"STHISLINGY|ds
HIVYY TZTHIEINEEDIdS
NYIWNHZ£dYSI¥609.0lds
NYINNH @)HOI6GZA6DIds
HLYYY zdSOI88TIrdIds
N3d0d €dyDI/L6v8dlds
JIN10S 0T 1YLy 8E6dIds
101659951V

NINO9 9dVAl6Zanzylds
HLYYY ™ ae10Sl0t/790]ds
3SNOIN~0ANNIs89s€0lds
YINLINTYNQlZ0MO0dIds
[1°8£015NIVI93
LigvyTvIadiseTTzdlds
NNOTQ LASITNZdOV|ds
HLYYY THTTdIFNISEDIds
T'0ZZETOTLY
T'0TLESDELY
[T'155€6XA0Iqa

287€5996°0
€08190£96°0
1192/6586°0
1629¢0vv0'T
yIrSv9060'T
T96€G¢60°T
ChoyILCvTT
G08G8Y6ST'T
60CC0TEST'T
81¢00S¥0C'T
10090660C'T
C0V6681ECT
¥£5596¢9¢°T
68C€B6TLL'T
€1601€L8C'T
69/60G5V€'T

8YGTL6VET
¥9¥65795E'T
VCIEL9C9E'T
£90V¥869€T
98CISTIEY'T
¢v0886¥55°T
GG9587985°T

9/9€VEINT

7S0v0169°T

810£03.78%049STOTUBQIN
9T0Z186¥10049STOTUSQIN
ZT0T08€9.L0JOSTOTUIGIN
0208T369£0049STOTUSQIN
600T0STTLZTIOSTOTUSQIN
0£0008££00749STOTUSQIN
Z00T089€50049STOTUAIN
100€231/87049STOTULQIN
€00£032902049STOTUSQIN
€2000395T6049STOTUQIN
§007038592049STOTULqIN
200T086£25049STOTUBQIN
£00£082920049STOTUSQIN
T00£08€€£6T0JOSTOTUIGIN
9T0E08LEEE0JOSTOTUIGIN
9102080829049STOTUSQIN
£00£0806220J9STOTUAGIN
§00508202€049STOTUAGIN
970£039T82049STOTUAGIN
¥00%032€€0049STOTULGIN
0T0T03660€049STOTURQIN
¥10508791Z049STOTUBqIN
T00008T8£ZZ49STOTUBQIN
§000087S6EZ49STOTUIGIN
Z00TOSTYEE0JOSTOTUBGIN

LR T I T T T R T T R T R I I T TR I T T T TR R R T ]

(panuiuoy) -zs 8|qeL

27



Chapter5

¥ 1ungns Aio3e|ndas asesjold 59z

g- 10J0B} PajRI00SSE-SY/4

€ uiajoud 3uipuig-yNy

1 utajo.d yeadal apiydedoolijesia)

9¢7 ug3oud [ewosoqu SO5

[siunwwooa snujpory] aaizeind ‘uiajold Suipuiq apijosjonu
€-6£7ute30.d [eWOSOGL S09

£67=H1ONI 7 ute301d Ajiwey 0799

g 8ojowoy g193S utajold podsuesj uplold

{ ureyoud Bujurejuoo-urewop Xgn

aI|-T urajoud @y 0/ 3o0ys JeaH

asedl| YNYI--auluoaiy |

0£6=HL9ONITHUNGNS B38q ‘Jawole0)

9TZT=HL9ONIT Hungns eydje ‘Jawoieo)

78NS asedljay YNY Juapuadap-d |y

£z ug3o4d [ewosoqu S09

017 utejoid jewosoqii §09

89dyS Hungns ajdped uoriudodas [eudis

0T Hungns xa|dwoa uopduosuel} |ON-v40D

£703S urejoud yiodsuely udoid

B}[9p JUNQNS J3W03e0)

025=H19N37 uteyoud Ajiwepiadns 0G4 awoiya03f)
[dnoup eojuoder eaijes ezA1Q] uiajold ay1|-uisoAwoiaw Aneay
¢ urajo.id Juawisedwod ajeipawajul I3|0H-wninaial olwse|dopul

€67=HL9N37uteloud fjiwey ozoag

JINOYA ¥SUdIT098Yd|ds
YINIX 924Y41690990|ds
NYINNH YENGYI969Z1dlds

ISNON"TOLLIBEZTEDIdS

arNAS 9€TYlZLTrzDlds
15625200 dXlja!
rSAYO €6ETHIPINSSDIds
T'STEPZOELY

HLYdY ™ ae10Sl0t/790]ds
NYIWNH ¥NX8nIS.5z6dlds
NYWNH TTZSHITEBYEIdS

180107 LASIZ8A4LVIds
T09€259TLY
102029911V

LSYIA 2anslydxz9vlds

v3d 22 Iz9r500|ds

IN10S 0T 1YLy 8E6dIds
Y4NYO 89d¥SIr0000D|ds

1v4 0TONDIpVIXSD|ds
YINLSN €203SI6€3drDIds
H1VYY ad02IzzAE6DIds
T'01£92971Y

1902220V VIa3

JUNYQ~€19Y3IzIE08DIds

T'STEPTOELY

9T1018605°0
T78G0¥8€S°0
1€8v89¢55°0
£961501755°0
¢v0529955°0
T0TEYYYLS0

GS0T09.5°0
680TTLLLS0
6£9599085°0
LE880OVY8S0
¢C6058¥85°0
T¢6161809°0
vS8¥8¥219°0
G8¢CLE0C90

CL8ESLL90
9r66€EVCL0
€8TEV09EL0
(768851820
GEL6T0008°0
GEELLTVERD

668€91.8°0
£9986/8€6°0
G¥8/69EY6°0
6812¢C676°0
£0£815596°0

GT0ST3TIETOSOSTOTULGIN
€20003€Z5T04OSTOTULQIN
200003957£049STOTUIGIN
§00703796€049STOTUBQIN
T00003€EZT04OSTOTUBGIN
¥10708Z£5€049STOTUBqIN
900%085289049STOTUBQIN
810508TZZT04OSTOTUIGIN
910008£9£6049STOTUSAIN
£005089£0€0J9STOTUBGIN
10000806t7049STOTUGIN
6102037€£9049STOTULQIN
G00T03LZT004OSTOTUAGIN
§Z0T087590Z49STOTUIGIN
8000038.LT9T4OSTOTUBGIN
8009085T0£049STOTUSQIN
2009089 77049STOTUBGIN
ZT0003T6ZTTOSTOTUSQIN
Z107081085049STOTUSGIN
£00£089870049STOTUQIN
T00€08y€£80J9STOTUAGIN
1100082Z0vT49STOTURGIN
1002082190049STOTULQIN
€00£039958049STOTUSQIN
2009036265049STOTUQIN

o 1+ 1+ o+ 1 1 1 o 1 o o o o e o o

(panunuop) -zs aqeL

272



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

91.LdS Nungns xa|dwod | 94

169=H19N37 utajoud urewop (yyeaq || pue Juswdojersa) 4o
G u1a3oud [eWosoqu SOG

aseyjuAs ajewstioy)

(syuawSeud) ¢ urajoud uipuig-yNY Yyou-aurohjn
T€Z=HLONT1 ¢ aseusy ajeydsoydip apisoajonu

uiajoud Ajiwey yeadal o-ap / uezoad Ajiwey ulonpsuel)
Sojowoy  uiejoud Jeada. sprdadoonesia)

1£9=HLONI T 8sey3uAs ajejew|Adoidosi-z

91.LdS Mungns xa|dwod | 9y

Z-817 uaj04d [ewosoqu S09

G7urejoud [ewosoqu S0§

627 ue3o.d [ewosoqu SO§

¢ ayj1j-utaj0.d Suipuig-ap130sjanu suiueny

€15 utejoud [ewosoqu SOy

8ZTT=H1DNI1 paie[aJ-u1a3oid Juan3iIsuod Xijew Jeajanu
Sojowoy t Jungns A103e|n3a1 8sed | y-uou swoseajoid §9z
culp

g-Z 10108} Pa]eId0SSe-Sy

v uiao.d Sujureuod-urewop QN 13
9TZT=HL9ONITHungns eydje ‘1awojeo)

z uiajoud ey 76 9o134ed UoiuZ0oas [eudiS
91ZT=HLONTTHungns eydje Jawojeo)

T uluosadeyd egy 09

7ans asealjay yNY Juapuadap-d1y

HLvY4Y 911dS|T67Z80Ids
T'0162€9ZLY
SINLINTSTYI8YMAbYIds
r4d31°004vI07Mr0D|ds
N3d0d €dydILL678dlds
T'0TEE9DS1Y
IT'1£9920£00 dX4e!
1a01a ¥OLLl0ZINYSDIds
T'0v0v/OTLY

SAYO 9T.1dSlEz6XLDIds
HLYYY Z81TYlT6L2dlds
€S13IN"STHISLINGYIds
XdNAS 62 dlzZryn.dlds
ISNONEINDITTIO8Dds
NEAOS €1SYI20£z9dlds
70ZZETOTLY

HLYYY vANSdIrE0G6d|ds
HLVYV ZIIAlPy9T8OIds
YINIX ™ 924v41690990|ds
1001d"YOWTAITMAYSDIds
102029911V

07110S ¢vSuSIzL66vdlds
102029911V

JNIHY TO9HDI69rGEdIds
NO3ry zanslco9ygv|ds

9G8158€61°0
161€2202C°0
LSY66¥SYC0
6CCIVILSCO
£9019¥692°0
8LEV60ELTO
¥6019%LC°0
€v5698¢°0
€9029¢€6¢°0
166¢9196¢°0
GG/€0£86¢°0
861€5C0€°0
8€061¢50€0
9059Y€LTED
SLYITL6TED
£S0616SZE0
vETI8CTOEE0
€¥058007€0
LBTSYLIVED
1¢0£1668€°0
6VC6E616€°0
668€6E0Y°0
LESTLEVYYO
95¥S¥0291°0
GGCL9599Y°0

LT0T038/£G049STOTUIGIN
0T0003€EEZ5049STOTUBqIN
GT0803T8€Z049STOTUSqIN
¥10T08£067049STOTUSGIN
¥000086591049STOTUSQIN
£00T08T0ZL04OSTOTUSGIN
GTOTT881E009STOTUAGIN
100003569£049STOTUSQIN
8000037688049STOTULQIN
#0000388E0TJOSTOTUIGIN
2009038675049STOTUQIN
900Z08TEZETIOSTOTUBGIN
ZT0008L£0T4OSTOTUIGIN
9007030Z60049STOTUSQIN
#20808£090049STOTUSGIN
£1080388£0049STOTUSQIN
£000039689049STOTUSGIN
9001080692049STOTUAGIN
700203y1Z1049STOTURGIN
LT0003G/T70JOSTOTUIGIN
0700038229049STOTUSQIN
0209031609049STOTUQIN
900208£6T004STOTUBGIN
£00908/6TE04OSTOTUBGIN
970008€8T£049STOTUSqIN

o o o+ 1 = o+ o+ 1+ o+ o 1 o 1 o o o e

(panuiuoy) -zs 8|qeL

273



Chapter5

(@ @seJawos] sue.}-sio |Ajoad-|Apirdag

S utajoud [ewosoqu SO

€7 ursjold [lewosoqu §09

g-7 10308} paJeID0SSE-SY4

VZH 8uoisiH

asejnwouuewoydsoyd

9diH utejoid suosadey)

Bojowoy £103S UL30Id

GZS urajoid [ewosoqu SO

g6 1039e} UOIBIIUI UOIB|SURL) D130AIRYNT
85T=HLON31 7 uie30id Buipuig-yNy you-auiok|3
97 utajoud jewosoqu 509

87G=H1DN37 ¢ aseyufs yo)-|Koeojen-¢
7z ug30ad [BWOSOqL SO

 1ungns xa|dwoa u1a3o.d aueiquisw Y3
T-€17 uta104d [ewosoqL 509

V88TINV4 ulajold

G7utejoud [ewosoqu S09

017 ut2304d [ewosoqu 509

uiajoud ey 6 3)o13sed uoryudooal jeudis
Lz utel04d [ewosoqu 509

7-9¢7 u1a3oud [ewosoqu §09

B}9 Jlungns T uiajoid xajdwoa-|

ujajoud ujuiejuoa-yeadal apiydadooiiejuag

Z utazoud yooys pjo9

NYIWNH"dlddIz§£800lds
YHNOI vSUlEM8Y8Y|ds
ovd0L 7E14I860Trd|ds
YINIX ™ 974v41690990|ds
YONIN"VYZHIZETX8DIds
Y401 INNISZEMTD]ds
AXXAIN"9dLHIZIZOTDldS
NINOg €10351600Z€DIds
07110S §ZSHIT0E9rd|ds
1001a"dz41l9dXxysolds
T'0S8ETOYLY
OSAN9T4IT607EdIds
102270911V
YINLIW 22 THISAd8DIds
JYNYA FONIITTOd9DIds
HLVYY TETTHILZTTYdIds
JUNYQ~ v88T4IsuNyoY|ds
¥SONJ S TYlzINNYD|ds
JIN10S 0T THILY8E6dIds
HLVYYY~ 60dYdSIZNINSEDIds
NL10S ZZTYITOTTHdIds
H1VYV 29€Tdlz5EW6DIds
4YNOd HdOLI80545D|ds
HLYYY TZYddITON16DIds

HLYYY ZdSOI88TIrDIds

9268€0£€0°0-
€/€280810°0-
81/¥65800°0-
29680%.00°0-
¢EY86¥500°0-
6EVCYEE000-

895/9100°0-

o o o

0
€8¢¢C€00°0
€16598600°0
T7S190910°0
9¢¥9v8¢50°0
910055500
€L0€¥9.90°0
906085201°0
7929626010
€6608v¢CT0
L0T06L9¢T°0
98G¢6T8ET0
G6006v7671°0
10G6/8€9T°0
8T9799€61°0

100€03792€049STOTULGIN
210003175€049STOTULQIN
800%0372£8049STOTUIGIN
100£087£62049STOTUIGIN
0T0003ZEE9049STOTUSAIN
£000035687049STOTUBqIN
8009081T0049STOTUQIN
£00008££56049STOTUSqIN
8100039/0£049STOTUSQIN
£00008909Z09STOTUBGIN
£000086760049STOTUBGIN
620003602€049STOTUAGIN
2000030.78049STOTUAGIN
TT0T030€Z6T4OSTOTULGIN
0T0T03ZT¥0049STOTUIGIN
Z00T08£99049STOTUBQIN
#10T08206204°STOTUSqIN
£102088602049STOTUSqIN
0T0008¥T9Z049STOTUSQIN
Z00T08ZEL704STOTUSQIN
5002088£00049STOTUAGIN
700T039790049STOTULQIN
100€036762049STOTULQIN
9€0503€5T6049STOTULQIN
810203L7€7049STOTUBQIN

o 1+ 1+ o+ 1 1 1 o 1 o o o o e o o

(panunuop) -zs aqeL

274



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

g urejoud Jejosjony

ay/7 u1ejold [ewosoqu SO§

uiayoud Ajiwey yeadas gy~ / uterold Ajjwey uionpsuel)
€-839q ungns (1)9/(S)9/(1)9 wiajoad Suipuig-apraoajonu suueny
1-¢€7 utdjoud fewosoqu §09

reuq uigjoud suosadey)d

Z1S urejoud [ewosoqu SOg

61 utejoud [ewosoqu SOg

S urejoid [ewosoqu SOE

(sjuaweld) ¢ upzoad Suipuig-yNY Yyou-auldh|n
zqns asedljay YNY Juapuadap-d |y

T'VZH auoisiH

G u1a3oud [ewosoqu SOG

97 u1a3oud [ewosoqu S09

¢ u1ajoud Buiurejuod-urewop Suipuiq-yo)-|Aoy
YZH8uoisiH

17 ute304d [ewosoqu S09

017 ute304d [ewosoqu 509

6S utajoud [ewosoqu SOE

8¢ u1ajoad yeadal apydadooliielia)

€-6€7 utajoud [ewosoqu 509

18-uixejuhg

u1aj04d 3uijoelaul-0/9SH

[dnoug eojuoder eaiyes ezA1Q] utejoad ayij-uisoAw

1-z€7 utejoud [ewosoqu §09

NYINNH 8TONIFN49.0]ds
011NS ™YL 141601£6DIds
[TT76800£00 dXI42/
ISNOW"€8g9ITT0T9D|ds
HLYYY TZETYITTZ6Ydlds
3dOAW TYNQlyINN3gD|ds
NAdAH ¢TSYI8ENGZY|ds
£STYH 61S41099404lds
YHNOI vSulEM8Y8Y|ds
N3d0d €d¥Dl/L6v8dlds
15705 2aNsILXI3Lvlds
S11317TYZHIS905€Ed|ds
PHL3N"STYI8EL4ZDIds
YOSIN9T4IT60VEdIdS
HLVYY €d80VITX1S6Dlds
37819 VZHITLLHYOlds
AH13d"G174I8Z5280lds
INT0S 01TYIZr8E6dIds
aVYAd 6SHISETAEDIds
NYIWNH 8Z0LLIFAY96DIds
SAYO €6ETHIPINSSDIdS
HLYYY T8dASIZLZ6GdIds
3ISNON"TYOT4I.t166DIds
[1°865Z£0VVvIg3

HLVYY TZETYITTZ6Ydlds

LSLTLTETC 0~
G9101¢661°0-
CTLLT086T0-
66TVCvS61°0-
G86€59/81°0-
616T8VELT 0~
G8C8EEELTO-
9¢0798891°0-
91085¢/91°0-
€EELYBI9T0-
CTLECESITO-
L¥/9¥0591°0-
¢6€509791°0-
165078510~
81¥8CSEVI0-
LBEVIEBITO-
G85G70960°0-
G8¢905680°0-
TTLCTT8L0°0-
G28€99690°0-
8E¥€86/90°0-
6¢5€08190°0-
1r€C19950°0-
9096285500~
£805009%0°0-

8000039€82049STOTUBQIN
#00008T€0£09STOTUSQIN
0T050879£Z049STOTUBqIN
T00T0STO0FZ04OSTOTUIGIN
TTOET8Z85049STOTUSQIN
Z00T08687049STOTUSGIN
9200080€£00J9STOTUBGIN
7€02030€82049STOTUSQIN
0T0T03€667049STOTULQIN
£000038976049STOTUAGIN
G00%038€9/049STOTUIGIN
Z10208LLTE0JOSTOTUIGIN
700T036916049STOTUSQIN
G00T08LL6E04OSTOTUBGIN
0T0T03£788049STOTUSQIN
LTOET387GY049STOTUIGIN
¥0060865+Z0J9STOTUGIN
070£089TEZ0JOSTOTUAGIN
600£036785049STOTUGIN
€009031/EE04OSTOTULQIN
TZ0T039€6TT4OSTOTULGIN
£000081ZZLT4OSTOTUBQIN
€£00608T50T04STOTUBqIN
200008Z£07049STOTUIGIN
£Z00TBT8ZT049STOTUSQIN

o o o+ 1 = o+ o+ 1+ o+ o 1 o 1 o o o e

(panuiuoy) -zs 8|qeL

275



Chapter5

9¢7urel0.d [ewosoqU SO§

u1a304d J93uad UoIOBAI £ 4D || WalsAsojoyd
€7 uajoud [ewosoqu 509

1-87 utejoud [ewosoqu 509

ay/7 utejold [ewosoqu SO§

61S uta3oud [ewosoqu SO€

17 u1e3oud [ewosoqu S09

€1S ugjoud [ewosoqu SO€

T-g€1 uieoud [ewosoqu 509

0TS utej0.d [ewosoqu SOg

G u1a3oud [ewosoqu SO§
aselaysue}jAylow-9-z |0191S

uiaold ay1|-1doYy utejoid piodsuely 13|00 apeidolay
¢ 9sepixo aje|AxoqJeo-T-auedoidojofoouiwe-T
T-L€7 uijoud [ewosoqu S09

G7 u1ajoud [ewosoqu S09

627 ue3oud [ewosoqu SO§

GZS ura3oud [ewosoqu SO

B}[9p JUNQNS J3WO03e0)

[s111gns snjjioeg] asepixo Jaddod

Z1S urejoud [ewosoqu SOg

0vZ=HLHNI 1SN ute3oid UoISNy BUBIGUIB
eg17uIejold [eWOSOqL S09

VZH 8uoisiH

T1S utejoid [ewosoqu SOE

4rNAS 9€TdlZ£1rzDlds
avino-0asdleInTzalds
ovd0L 7E14I860Trd|ds
HLYYY 182 T4Ir0zz80lds
011NS V£ 141601£6DIds
99.13N6TSYlEdSILYIds
IHSOD v¥14l66796D|ds
ASNID€TSHITOAYOV(dS
HLYYY TZETHITTZ6Ydlds
LINLIN0TSHIZADA9Y|ds
713N SIS 1dSevlds
1SY3IA 99431£806zdlds
[Tv6/25473198
AHL3d"€000VI£0580DIds
HLYYY T/ETYIZHA180Ids
YSOND S THlzINN9D|ds
XdNAS 62 dlzZryNn.dIds
0110S75ZSHIT0E9vdlds
H1YdY ad02lzzAE6d|ds
IT'86€LTE6Z0 dMIya
NAdAH ¢TSYI8ENgGZY|ds
1°009559¢1Y
YSSYO V8T TMIS41v6DIds
¥4V 1d VZHIZ8z0vdlds
QY13 TTSYl0YYL8D|ds

¢6€000T6€0-
168068/8€0-
8996¢998¢€°0-
G090TL18€°0-
1££595S08€°0-
9CL68TVLED-

¢80S6¢LE°0-
9Y1v690LE°0-
9/88106V€0-
68VEETGEE0-
166202L¢E0-
G096v15¢€°0-
297C8TICe0-
9€££0991¢€°0-
CyST9SYIE0-
VLISEIETED-
¥9£6.¢86C0-
886€€968¢°0-
66688998¢°0-
£89955¥8C°0-
7069¢Cy8C°0-
91¢€9965C°0-
€V1820€SC0-

€9/9/v¥T°0-
G€095SL1C°0-

800003/£0£049STOTUQIN
110%038950049STOTULQIN
810703067+09STOTUQIN
60000379£10J9STOTUSQIN
900£03L¥T€0J9STOTUSQIN
§002031801049STOTUSQIN
91020878€9049STOTUSqIN
£002088177049STOTUSQIN
100003T90T04OSTOTUSGIN
902087 7Z9THOSTOTUGIN
£000087685049STOTUBGIN
¥00903G€£0049STOTULQIN
600%0376700J2STOTUQIN
L00£030656049STOTUIGIN
600Z087SEZ04OSTOTUIGIN
¥Z0€189€77049STOTUBGIN
£000087£SE04OSTOTUIGIN
£T0T08YTZE049STOTUSQIN
600208£TT0049STOTUSGIN
9101089/ /ETIOSTOTUSQIN
8000086001 TJOSTOTUAGIN
2002031£20049STOTULQIN
20000882/ £0J9STOTUAGIN
60000385800J2STOTUSQIN
#10008Z€22049STOTULqIN

o 1+ 1+ o+ 1 1 1 o 1 o o o o e o o

(panunuop) -zs aqeL

276



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

95 ug30.d [BWOSOqL SOY
V88TINV4 ulajold

Gq awo1Yyd203A)

-/ u1ajoad jewosoqL S09

€S uigjo.d [ewosoqu SOE

e/ urgjold [ewosoqu 509
py1utel0id [ewosoqu 509
G7urejoud [ewosoqu §0G

g aseyjufs auipunopnasd YNy}
ay/7 ureyold [lewosoqu S05

G117 u1g304d [BWOSOQLI SO

T-L€7 uijoud [ewosoqu S09

S urejoud [ewosoqu SOy

Z-817 ute3oud [ewosoqu 509

€1 urejoad ujurejuoa-urewop ase|oIpAy eyaq/eydyy
©}{9p HUNGNS JaW03e0)

urajold urewop (yyea( ||20 pue Juawdojaasq) add
0TS utejoud [ewosoqu SOg

ndiH uiajoid suosadey)

95 ulg3oid [BWOSOqL SOY

1 urel04d [ewosoqU 509

817 utejoud [ewosoqu 509

11S utejoud [ewosoqu SOE

S urejoud [ewosoqu SOy

7 2dA3 1S utajoud [ewosoqu SOE

40dSY9SYI8AENEDIds
JUNYQ~ v88T4IsuNyoYIds
Ovd01 G8AI8606dlds
HLVYY 7. 1dITdH16D]ds
dIN13IN"ESYHIZIX19D|ds
rSAYO V£ 1415895¢dlds
IHSOD vy 14l66796DIds
YALIN STHI6Z0pTdIds
S173d-anyLlgszasylds
0L11NS V£ 141601£6DIds
AH13d"6T7dI8zGz80Ids
HLYYY TZETYIZHA180Ids
N110S +S4100£9d|ds
HLYYY Z8TTYlT6L2pdlds
JYNYA aaHavI9sTzeDlds
H1YdY ad02lzzAE6D|ds
1'0162€9ZLY
LINLIN0TSHIZADAYY|ds
AXXAW 9dLHIZIZOTDlds
40dSY 9SYI8AEWEDIds
IHSOD v¥14l66796DIds
HLYYY 81T TYlT6L2Ydlds
QY13 TTSHl0YYL8D|ds
N110S +S4100£9¥d|ds
HL13N"ZvTISYHISZT9Z0lds

78€GL9€09°0-
€6CEVYEN90-
6£9L€9Y65°0-
1€000¥885°0-

¥6L199£5°0-
70€¥000£5°0-
798L€C€95°0-

TL6TCESS0-
608€LETSS0-
8C6LLE8YS0-
GE8TY082S0-
L0¢801861°0-
¥8280006%°0-
GGE07989Y°0-
GLTT8EYIV0-
S69¢CYLYY0-
L0TCL8CvY 0~
v€61GGGCY 0~
968989¢¢°0-
¢0£0€50¢Y°0-
€IrS80STY°0-
¢v02.680%°0-
L¥985C66€°0-
65€99586€°0-
€80€58¢6€°0-

2009038.5009STOTUQIN
900£0305TT04OSTOTUBqIN
700£087855049STOTUBQIN
90000886£0T49STOTUQIN
TT0¥089€£0049STOTUSQIN
T00T08S0T9049STOTUSGIN
9000087656049STOTUBGIN
§100032806049STOTUSQIN
£00003/9TETJOSTOTUIGIN
¥20€038ELE0JOSTOTULQIN
800813Z81Z049STOTULQIN
TT0003TTIEZIOSTOTUBGIN
600008€.L/TJOSTOTUIGIN
800008.EL0T4OSTOTUSQIN
GT00089€£0049STOTUSQIN
¥T0T087G56049STOTUSGIN
T00T08/5¥Z049STOTUGIN
$00008TEY0TIOSTOTUGIN
GT0£0399TSTJOSTOTUIGIN
G00T0309€0049STOTUSQIN
€105038Z70049STOTULqIN
600%03879T09STOTUSQIN
900003€718049STOTUQIN
§0097888Z0049STOTUSqIN
T00808¥T9%049STOTUSqIN

o o o+ 1 = o+ o+ 1+ o+ o 1 o 1 o o o e

(panuiuoy) -zs 8|qeL

277



Chapter5

LTS utejoid [ewosoqu SOy

¢1 urejoud yeadal apiydadooijelia)
€-6€7 utajoud [ewosoqu 509

GZS utajoud [ewosoqu SO

S ulajoud [ewosoqu SO

97 u1a3oud [ewosoqu S09

T-z€ 1 ue30ud [ewosoqu S09

11S utajoud jewosoqu SOE
TH8uoIsiH

1-L€7 uiajoud [ewosoqu 509
T'9¢H 8uoisiy

1-8271 utejoud [ewosoqu 509

G5 utajold [ewosoqu SOE

LTS utejoud [ewosoqu SOg

1271 u1g30.4d [ewosoqu $09

/1S uia3oid [ewosoqu Sop

[sndou parsspig] 0052Z88008Ug
€5 ugdjold [ewosoqu SOE
py1utel0.d [ewosoqu 509

LTS utejoid [ewosoqu SOy

TS1p 8SBI|3Y YNY Judpuadap-d 1y
¢S wiejoud [ewosoqu SOy
2-9¢7 utaj0.d [ewiosoqu 509
ureyo eydje aseyjuhs 41y adA3-p
VZH 8uoisiH

JT110S£1S4I51Z6vdlds
NYWNH €T011l0dgNgDIds
SAYO €6EIPINSSDIds
0710S§7SHIT0£9vd|ds
0S1NS ¥SY|£8656dIds
YOSIN9T4IT60VEdIdS
HLYYY TZETHITTZ6Ydlds
1SLINTTSHISZANZDIdS
v3d THIE8Z80dlds
HLYYY TZETHIZHA180Ids
H1VYY 19ZHIYDD16DIds
HLYYvY 182 14Ir0zZ80lds
£Y1INTSSHIBAMNIYIds
N43HS£1SYISd680DIds
HLvYY Z1Z14l6Za46DIds
071105 ™L1SYI5TZ6vdlds
[T°€G2€4XaDlqu
dIN13IN"ESYIZIX19D|ds
IHSOD vy 1HI66796D|ds
JT110S™£1S4I51Z6vdlds
0dHOS 1S¥ale0660DIds
HLYYY zkzsyleg18dlds
HLYYY 29 T4lzGENBDIdS
8dy1S vivAloxartolds
v4v1d VZHIZ8z0vdlds

8CELLTSELD-
961T¥0CEL0-
€00T986¢.°0-
€€9€8Y8CL0-

GC9E19¢L 0~

8166SY1L0-

TOLLIETLO-
L6EBYLITLO-
80£80550£0-
€LTV8TY69°0-
L89CTL169°0-
G0¥00¥169°0-
696/56699°0-
6£¢5¥8599°0-
7951202990~

£062€859°0-
6£00066%9°0-
LT9L¥S58Y9°0-
9CL¥86Y19°0-
GS0£5¢r9°0-
6.v¥.00%9°0-
81G8.¥¥29°0-

18896190~
850€9€0T9°0-
92€£986809°0-

0102030%¥1049STOTULGIN
1000036255049STOTULQIN
Z00T08506T049STOTUQIN
0T0T038800049STOTUBqIN
ZT0T03SY6T04OSTOTUIGIN
£00£08856T049STOTUQIN
£00£085280049STOTUAGIN
T002080£ZZT4OSTOTUSGIN
100208428€04STOTUSQIN
8002088591095 TOTUAGIN
9¥0T086/GT04OSTOTUQIN
€£€00039020049STOTUAGIN
€10208££92049STOTUIGIN
#20T03895T049STOTUBQIN
£00T085T00049STOTUBqIN
¥00082160049STOTUBQIN
ZT0008£GGEZJOSTOTUIGIN
0£0£08200G049STOTUAGIN
600008155G049STOTUSGIN
£00T08809+049STOTUSQIN
£0020879/1049STOTUQIN
62000356T2Z49STOTULQIN
900003595€049STOTULQIN
90070356T7049STOTULQIN
€T0T0STLYE0JOSTOTUIGIN

o 1+ 1+ o 1 o 1 o o 1 o 1 o o o e e e e o

(panunuop) -zs aqeL

278



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

T-z€7 uejoud [ewosoqu 509

Z-1Z71 u1g30.d [ewosoqu $09

Z1S utgjoud [ewosoqu SO€

0£/=H19N31(6£94n () uonouny umousun jo utajold Jue|d
€1S utejoud [ewosoqu SOy

13 asedln

aseJaysue.yhylaw-Q sisayjuhsolq suouinbign
[sn22020.0]y20.4] uta30.d [ea38Y10dAY :S31DIJSILININ
aselaysueayjfsoquoydsoyd jueid 3uipuig-pidij/wniofea zo
/S u1ajo.d [ewosoqu SOY

€-6€7 utajoud [ewosoqu 509

[sndou parsspig] 4005228800BUg

£1S uIa3oud [ewosoqu SOp

GS u1ajo.d [ewosoqu SOg

€15 utejoud [ewosoqu SOy

€17 u19304d [ewosoqu 50§

€IS urejoud [ewosoqu SOy

-, ue0.d [ewosoqu 509

BgS ulajoud [ewosoqu SOf

69=H1HNI1 Ajwey 1a3i0dsuesy uol [e3aw d|z

TTS utejold [ewosoqu SQ¢

95 urajoud [ewosoql SOy

T-z€ 1 uejoud [ewosoqu S09

£1S uIa3oud [ewosoqu SOp

/¢ uteloud [ewosoqu S09

HLYYY TZETMITTZ6Ydlds
HLVYY 2Tz 14l6Za46DIds
NAdAH ZTSYI8ENETY|ds
T'06E£Z951Y

NEAOS €1SYI20£29dlds
roynga-y3ialsmyaralds
YOLIN919NIz9609DIds
[1°600088520 dMIJa!
105890951V

YINIAY £SYITSNZ6DIds
SAYO €6EIPINSSDIdS
[T°€G2€4XaDlqu
NEAOS €1SYIZ0£79dlds
£Y13INTGSYIBAMNIYIds
NEAOS €1SYI20£z9dlds
ANYAd ETTHIZEOATAIdS
NEAOS €1SYIZ0€79dlds
HLYYY ¥/ 1dITdH16DIds
NYYOL YESHIZDIXEDIds
T'00T899T1Y

NO3IHL TTSHIzDSA9glds
40dSY 9SYI8AENEDIds
HLYYY TZETYITTZ6Ydlds
NEAOS €1SYI20£79dlds
N110S £z 14l10TTrd|ds

6£568¢516°0-
¢SE0E0TTE0-
L¥9¥19016°0-
8800.6806°0-
685€EY8./8°0-
G0T/S/698°0-
CeyvLEC980-
LSLLYSL58°0-
C8/88ELEG0-
€L17/0v¢8°0-
901€9€C80-
88EY192¢8°0-
€26706.08°0-
GETVIE06L0-
Cv0Ly68L°0-

€L2€078L0-
8€ELCT08L0-
v09¢¢C6LL0-
¢S0969vLL°0-
62¢60LELL0-
8VEBEYYIL0-
C6Y6€919L°0-
vyS96€EVL0-
T/8TECEYVL0-
T¢8E00EVL0-

800T03£6£T0J9STOTUSQIN
£00608£262049STOTUBqIN
G00008T6T9€JOSTOTUBGIN
0T00089Z5Z€49STOTUSqIN
LT0Z087€GL04OSTOTUIGIN
£009089767049STOTUSGIN
£007081782049STOTUAGIN
¥200082952049STOTUSQIN
§000030t.70J9STOTUQIN
£0020316¥TTJOSTOTUQIN
60000389/G749STOTUSQIN
¥€000818T70J9STOTUQIN
T00003T9ETTHOSTOTUIGIN
G00T08LE9Z04OSTOTUIGIN
700808v672049STOTUQIN
£10003660£T49STOTUSQIN
G00T08/Z50049STOTUSQIN
LT0T08G8GT04OSTOTUSGIN
Z00T0859T/049STOTUSGIN
9000036852 149STOTUAGIN
9£0703680609STOTUQIN
2005086/ £T049STOTUBQIN
200008€€709STOTUQIN
6T0T08YTHZT4OSTOTUIGIN
700008£96¥T810T0TUSqIN

o o o+ 1 = 1 o+ o+ 1 o+ o o 1 o o o o e e e e

(panuiuoy) -zs 8|qeL

279



Chapter5

aseJajsuel}|As0oA|3 uieoid-aprieyooesodijooydsoydip-jAyaijoq
1-9771 utaj0.d [ewosoqu S09

GzS uiajoud [ewosoqu SOt

S urejoid jewosoqu SOE

T-L€7 uteroud [eWOSOGL S09

/1S uiajoid [ewosoqu Sop

11S urejoud [ewosoqu SOE

aseury ajeydsoydip apisoajony

-/ ue0.d [ewosoqu 509

7 utejod [ewosoqu 50§

urajoud ay1|-e38q Jungns uiajold Suipuig-api30ajonu aujueny
uiaj0.d aseuajsuesyjAsoqrioydsoyd juejd urewop ged

71 ug30.d [eWOSOqU SOG

[sn2202040]y20.d] uia30.d [ed138Y30dAY :S31DIJSILTNIN

G7 u1ajoud [ewosoqu SOG

¥z utejoad [ewosoqu S05

/1S uia3oid [ewosoqu Sop

6S u1ajo.ld [ewosoqu SOg

-tz utelold [ewosoqu 09

T~ uiajoud [ewosoqu 509

Z utajoud ay1|-T Hungns xa|dwod urajoidoajonuoqu YOy/H

aseJajsuel)|As0oA|3 uieoid-aprieyaoesodijooydsoydip-jAyaijoq
6ZS uteroud [ewosoqu SO

¢ urejoud [ewosoqu 50§

827 utajoud [ewosoqu 509

rSAY0”871S0l0M1Z9D|ds
HLYYY 19z lpTr1GdIds
0710S §¢SHIT0E9rd|ds
aVHAd 7SYlze6T9dlds
HLYYY T/ETYIZHA180Ids
01105 £1SYI§TZ6vdlds
OVIIN TTSHI0YY18DIds
0NOYd MANIL6YdEVIds
HLYYY ¥/ 1dITdH16DIds
FSOON vZTdIZMNSTYIds
NOON3 d199l094S8dIds
T'088L59ELY

AdL¥N ZTHISANIED|ds
[1°600088520 dMIja4
4413IN7STYI8YD9rD|ds
PSOON vZTdILNNSTYds
JT10S™£1SYI5TZ6vdlds
N404v6SYl9¢1620Ids
HLYYY 222 T4 TMBINEDIds
H1VYY vy 1dl0v4S6DIds
HIVYY 2TV INIEGN6DIds
HLVYY ¢NdYl91Z£6DIds
071108 7625UI10£9tdIds
0LInS"€TyITISL6DIdS
HLvdY 8z 1dlz30N6dIds

E0vvSCeeT'T
6IV8Y8ETTT-
788565ETT'T-
918G99TTT'T-
7000800011~
81G20¥£60°T-
9506¥760°T-
£906880°T-
168.10980°T-
8690685€0°T-
r6€0T02E0°T-
¥916SyC0T-
€9092866°0-
G6¢581v86°0-
69/1/8€86°0-
S6T1C96.6°0-
TTLEL6LLEO-
€¥5095996°0-
€€G861¢960-
TCEEEEVSE0-
700vSCEV60-
€80V8T¢Y6°0-
G506076°0-
658T9E6E60-
9S/L9€L16°0-

9002086701095 TOTUAGIN
6005031660049ST0TUAGIN
€20703€ZEY0JOSTOTUAIN
600703G76T049STOTULQIN
Z1090361€Z04STOTUBQIN
L007087€8T04OSTOTUIGIN
L00£08ZE£97049STOTUIGIN
£000087£95049STOTUSQIN
¥000T8G500T49STOTUSQIN
0T0Z08/Z9%049STOTUSQIN
90000861%£0J9STOTUAGIN
10000310€0049STOTUSQIN
100508858009STOTUQIN
#1000306££09STOTUQIN
#10£03€819049STOTUBQIN
0T0Y03L7L£0J9STOTUSQIN
T70T088ETE0JOSTOTUSAIN
£100085565049STOTUQIN
¥00008/668€49STOTUQIN
70000887Z0T4OSTOTUGIN
9000088TEZTJOSTOTUAIN
010903787£049STOTUQIN
G00€0318.7049STOTUIGIN
900003£1T0049STOTULQIN
210003 LFT0JOSTOTUIGIN

o 1+ 1+ o+ 1 1 1 o 1 o o o o e o o

(panunuop) -zs aqeL

280



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

66 u1ajoid A103a.100s Jeadal you-aulalsky

/7S utejoud [ewosoqu Sop-unnbign

Z-y17ute3oud [ewosoqu 509

7 uteloud [ewosoqu S09

GS uigjo.d [ewosoqu SOE

87G=H19N31 ¢ aseyjufs yo)-|foeojex-¢

9/G=H19N31 T aseuadopAyap ayeydsoyd-g-as0on|3
[eaoeuajo e1oRUIS] VY UIBY0Ld BUlpUIq YNY Jeajonu

eyd[e yungns aseuajsue.y |Axoqued asejAxoqied y awAzuaoo-|A100y
gz utajoud Sujurejuoa-urewop xgn

71 utajoud [ewosoqu S0G

8GT=HLDNI Z ute304d Buipuig-yNY YoL-auiok|3

["VZH duo3siH

T ase|Ax0qJed y0)-|A199® Jo u1ajo.d JaLiiea |Axogqled ujolg
¢ asejfxoqued yo)-|A1e0y

urajo.d ay1j-e39q 1ungns ujdjold Suipuig-ap13oajonu sujueny
G u19301d [3UUBYD UO] BAI}ISUBSOUBYID|

[eageuajo eloRUIS] Y UIBj0Id BUlpUIq YNY Jeajonu
Gqawo1y203£)

169=HLHNI1(6£94NQ) uorrouny umousjun o uajold Jueld
yH 8uo3siH

€7 urajold [lewosoqu §09

6S u1gjold [ewosoqu SOE

€-6€7 u1ajoud [ewosoqu 509

8TT=H1HNI1 ¥ utaroad jewosoqu oytoads-piyseld

HLVHY55440I09A16DIds
0710SV£zS4l08679d|ds
HLYYY ZvTTHIEY0L6DIds
IHS09 77 14l66+96DIds
EYLINGSYIsAMNIY|ds
T0ZZv09T1Y

T'06/5£951Y
178ZZ0TT4VIT vyTyT4vylad
INT13H vOOvIzElILog|ds
ISNON~gzXanitoInodIds
NAdAH ZTdlzaNgzylds
T'0S8ETOYLY

Y40V TYZHISXEUDlds
HLYY¥Y 1d004leeszydlds
ISNON~80VOVIzzro63lds
NOON3 d19ol0gus8olds
HLVYY §1SWIvZH16DIds
178ZZ0TT4VIT vyTyT4vylad
Ovd0L §8A0I8606dlds
T'0r88Y9TLY

HLYYY ¥HI65Z6GdIds
0vd0L 7ET4I860Trd|ds
aVdAd 6SHIS6TAGDIds
rSAYO €6ETHIPINSSDIdS
T0vT8EDZLY

86G¢r9SY'T-
€0¥9¢/96€T-
6C881958€T-
91166269€'T-
€L9€8SLYET-
¢SSCLTISCE T
y0TSYCET-
98YC00ETET-
T106¥980€°T-
6LETYI6CT-
1690¥¢/8C°T-
CC6LOETLTT
162S€L99C°T-
L81669LSC'T-
8E00TEIVC'T-
v99vLY6CT T
9C6€CLSCCT-
SLLYT6ECT T
¢05/99081°T-
6£89G¢0LT'T-
9ETVCT8IT'T-
LOETLIBITT-
LE6G95CIT'T-
99/06L19T°T-
6YT9LZESTT-

1000039860T49STOTUBGIN
Z00T080%0T4OSTOTUBqIN
§009087600J9STOTUSQIN
7209086£6£049STOTUQIN
£00203£9%6049STOTUSQIN
800008780%049STOTUSQIN
200£0800T6042STOTUAGIN
910Z188270049STOTUBGIN
#00003€2T6049STOTUAGIN
100003ZZ9€T4STOTURGIN
GTOTO3ETYS04OSTOTUIGIN
9000037TZ£049STOTUQIN
TT00087££9T810TOTUBGIN
#208085.E0J9STOTUQIN
900£08££0¥049STOTUSQIN
6T0003TZT004STOTUSQIN
€£0008£500049STOTUAGIN
7€02088£09049STOTUQIN
0TOT038T0T0JOSTOTUSGIN
900008164TT4OSTOTUGIN
100003€90ZT49STOTULGIN
9007037086049STOTULqIN
TT0T030TT004STOTUBqIN
20008y yTYTIOSTOTUIGIN
9701087107 049STOTUSGIN

o o o+ 1 = o+ o+ 1+ o+ o 1 o 1 o o o e

(panuiuoy) -zs 8|qeL

281



Chapter5

017 ute304d [ewosoqu 509

anse|dolojyd ‘1€S utajoud [ewosoqu SO¢
[wnsosagny wnuejog] 9 Joyqiyur adA}-zyuuny
€7 utejo.d [ewosoqu SOG

NI-VZH 8u03siH

1¢7utejold [ewosoqu S05

€6 u1ajo1d Sujurejuoo-urewop yeadal unhyuy
7 uteloud [ewosoqu S09

7 u193oud Sujurejuoa-urewop yeadas upAyuy
605=H.19NJ7 u1a30.d Suiureu0d-urewop THN
asejonpai ajeydsoyd |Aweln|S-ewwen

€7 utejoud [ewosoqu 509

1 ue3o.d [ewosoqu SO§

1S utejoud [ewosoqu SOg

7 9dA3 1S utajoud [ewosoqu SOE

Zz1uteyoud ewosoqu 05

68€=H19NI1 67 8sereydsoyd pioe o|dind
uayoud TXND sisayjuhsolq uriaydopgAjow
[pupyypy3 sisdopiqp.y] awoy xopal ||99

€1 uajo.d [ewosoqu 509

71 wazoud [ewosoqu SO§

B19q Jlungns juauodwod T3 aseuadolpAyap ajeanihy
71 ug3oud [eWOSOqU SOG

9/£=H19DN71 6 oseJaysueiyjfoe ajeydsoyd-¢-101904|3

aseyjuAs aulaishy

INT0S 01TYl2r8E6dIds
H1VYY~ T€YYI6€7080Ids
[1°80zzpLIvIa8

14018 7ETHI0ADALDIdS
YO0 ¥VZHI9989Tdlds
9130 TENISA0rTOlds
NYINNH ESYNYIIAENSD|ds
IHS09 7 14l66+96DIds
ISNON " ZrUNYI9B0AEDIdS
7'0820/9T1Y

[INAS VOUdIrXYTED|ds
0v401 vETHI860THdlds
1d0T0 ¥ZTIZOWL0DIds
94.13IN"ZTSYI9XpILYIds
OA3HL Z¥TSHlzZMdL6DIds
YINLIW ZZTHISPAd8DIds
T'0rTE9DSLY
106602951V

[2°805GLT dNIJa1

OvdO0L ¥ETYI860Trd|ds
AdL¥YN ZTHISANIED|ds
D3IVLS 9daols.OHSDIds
AdL¥N ZTHISANIED|ds
102909951y
N110S™¥SAOI¥STI80Ids

9EV9LITST T
CETC091ST T
€¥8¢60901°C-
8€685V.E0C
¢9TL06196°T-
8ECYITLYE'T
9680.7698'T-
6v6781758'T-
2€5800098'T-
8¥¢8061V8'T-
8G09588¢8'T-
Tr0618L6L°T-
€€00LLTVL'T-
8169566ELT-
8LC6LIEELT-
YeLVIVL69T
9T16¢6€69'T-
v699¥269°T-
6/11S€659'T-
€61050V19°T-
196¢8.6¢5°T-
961¢€CS0ST-
9TvIv8.L8Y'T-
GGCLEITLY'T
9E88YLCIVT-

700008TET9049STOTUAGIN
5000038TET0JOSTOTULGIN
9007031/6T04STOTULGIN
¥200038Z€0T4OSTOTUBGIN
G£0T037850049STOTUBQIN
T00008T£T9049STOTUSqIN
§000089T0Z049STOTUSQIN
§00608£0ZZ049STOTUSqIN
T00T08780£049STOTUSQIN
¥100087€£90J9STOTUAGIN
¥005080169049STOTUBGIN
7007039ZET04OSTOTUAGIN
910Z03LEYSTIOSTOTUQIN
600203v66T0J9STOTUQIN
0T09036EET0JOSTOTUBGIN
§100036880T4OSTOTUBGIN
#00Z08€78ETIOSTOTUAIN
2002088557 049STOTUIGIN
£00708ZLTTHOSTOTUSGIN
0T0T080905049STOTUSQIN
0100088£50049STOTUAGIN
01000301ZFTJ9STOTUQIN
6001032922049STOTULqIN
100T0376Z7049STOTULQIN
0202038889049STOTUAGIN

o 1+ 1+ o+ 1 1 1 o 1 o o o o e o o

(panunuop) -zs aqeL

282



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

§8y=H19NT1 8T/ Altwrey ‘0Gyd awoiyo03ko

LTS utejoid [ewosoqu SOg

£171 utajoud [ewosoqu S0§

8¢ utajold Suipuig-yNy

¢ @seyjuAs ayeweln|3 Juapuadap-uixopalia
9/6=H19N31 T aseuadoipAyap areydsoyd-9-asoon|3
£2S=H19N37 utajoud Ajjwey aseury a3eanshd

/17 u1aj0.4d [ewosoqu SOG

asejonpai ajeydsoyd |Awejn|3-ewwen
asejeydsoydsig-9'z-asojonuy/aseuny-z-o03onijoydsoyd-9
6T71uiaj01d [ewosoqu SO§

605=H.19NJT u1a30.d Sujureu0d-urewop THN
/96=H1DNI1 T asejAxoqued ayeanihdjousoydsoyd
G171 utej0.d [ewosoqu S0§

ased||
a1ejawidoulwelp-9'z--ayeweln|s-q-|Auefe-1- foweinwiA}aoe-N-dan

617 ut2304d [ewosoqu 50§

875=H1DNI1  9seyuAs yoQ-|foroley-¢
1€7uta30.d [ewosoqu SO§

1€9=HLHNI T 8sey3uAs ajejew|Adoidosi-
€7 uajoud [ewiosoqu 50§

spunodwod |As024|3-0 SuizA|oipAy ‘asejoiphy
[s11agns snjj1oeg] asepixo Jjaddoa

G7 u1a3oud [eWOSOqI SOG

v asepiwe suiSesedse(jAuiwesooan|3-e18q-|K199e-N)-yN-ap1idad

T0682y971Y
NN3IHL Z1SHIs68M64lds
INWOAW ZTTHISXOHZdlds
NYINNH 8ZINGYIETMNGDIdS
€ANASS11918€056d|ds
106456951V

1'066259€1Y

rSOON ZTTHIZINSTV|ds
LINAS YOUdIFXNTED|ds
H1VYY~9z4I85aN6dIds
TYHdS 61 14I8rdO1O|ds
70820L9T1V

T'0TEESOTLY

ZHYYD STTYISL6YEDIdS

TINOYd ™ 34NINIZ100ZV|ds
IOV 611HI£9096V(ds
T0ZZv0911Y

NNOTO TETI9TEDOVY(ds
T'0v0v/OTLY

YAIHL v€141043SEDlds
[1°6€6€25200 dX |40
[1°88£TL5¥20 dMlIyo
7dova G 1dl£6648YIds
Nanyd vvNdI86818d|ds

L0LETO8LLE-
¥€0€696¢C°¢-
TT6SLVL0T°E-
G8¢CCL190°¢-
LSOTBELLE'C
8€585v968°C-
88CY/8E8L'C
16GL0ST1ILC
9CEEETOL T
L6£0128YS°C-
88LyLvSC
T976EV0ES T
€CO9TYIIV'C-
GSLT8Y8EY'T-

GZ806LLE°C
C98Y€9EIEC-
G8TSLESSEC
9501598¥SE'C-

LLEVB6LE T
L06€1889¢°C
GS¥8¢08€C -
19¢6vECeET T
95¢eet6e’t
CS88ETIYLTC

900£0896££049STOTUIGIN
600008202 TZ4OSTOTUGIN
S00708167104STOTUGIN
#200035G€ETIISTOTUQIN
700T038617049STOTULQIN
€00T03ZT96T49STOTUIGIN
£00203£695049STOTUBQIN
67000802€2049STOTUSQIN
£00008T08E049STOTUIGIN
600208vZ£8049STOTUSqIN
900ST88Z70049STOTUSqIN
TT0T0368Z1049STOTUSQIN
TZ0YT8829£09STOTUAGIN
800208950€049STOTUBGIN

LT0T08689TT4OSTOTUSQIN
£000038£090J9STOTUBGIN
TZ0€08ZT£5049STOTUBGIN
Z10103€TTF049STOTULGIN
£00203189T049STOTULQIN
£20503£070049STOTUBQIN
600£031GT0049STOTUBQIN
£00£031662049STOTUIGIN
62020381 ¥1049STOTUSqIN
¥Z0Y08EET0049STOTUAIN

— o o+ o o 1 o o o

o o o o o

(panuiuoy) -zs 8|qeL

283



Chapter5

917 ute30.d [ewosoqu 50§

G u1a301d [aUUBYD UO] BAI}ISUBSOUBYDD|
9SBJAWOS|-apY|NSIp U1930.d

eydje ungns aseyjuhs 41y

aseyjuAs suisouapefj|ejhyrawip-(9)N-ory3iAyraw-z-yNy3
-9¢7 utajoud [ewosoqu S09

G17utejold [ewosoqu 509

aseury utajoud ay1-103daday

£171 utajoud [ewosoqu S0§

19q 9sedln

19€=HLHNI1 Z asesajsuenfyrou [osals
asepiidadAxoqJed x-01d [ewososA

95 ulg3oid [eWOSOqL SOy

¢ urajoud Juawiltedwod ajeIpawIalul 15]0H-wn|ndal djwse|dopus

¢ Jlaquiaw ¢ Ajiwejgns uiajold axij-uiwian

aseJajsuesjoulwe aje|AxoA|3--aurag

T Jaquauw ¢ Ajiweyqns urajold a1

jwian

11 lUNQNS 191U UOI}9Ba | Wa)sAS0I0yd

£66=H19N37 u1a304d Ajiwey s 10joey uoijesuoe

dwnd uojoud sueiquauw 1ejonden pazidiaus-ajeydsoydoihg
Z aseyjuAs auoaey)

Z17/£7 uteyoud [ewosoqu SOG

Z17/£7 uteiold [ewosoqu 0§

¥St=HLONI T ureroad Ajiwey n| 1030y uorjeduoj3 Buipuiq d19
6271 uter04d |ewosoqL SOG

833H1L 9T NHISIWNa8D|ds
HLVYY S1SWIvZH16DIds
8VYNOd ™ Tv1adI9g5ysolds
MMHJSVdLYIEXEASYIds
a1ova-avinisarggolds
HLVYY 29 TdIzGEN6DIdS
AHL3d " STT4I8zGz80Ids
HLYYY 9 TY[zoI16DIds
HYS3aZ1T419n6D00Ids
8dyna y3alznirzalds
T'0£€0ZOTLY

NINOE dOdIrTYLZDlds
40dSY 9SYI8AEWEDIds
ISNOIN"€19Y31/3006DIds
HLYYY €€T19IZL0v6d|ds
HLYYY 1VDSISYA9SD|ds
HLvdY TE1DI0v0v6dlds
H1IN9~avsdlzosg.olds
109067971V

YUDIN dAYI9T9TZdIds
¥OLNY ZSHOIASA6DIds
dIMYTZTdIENdINTD|dS
I1THO £ 141919Y8D|ds
T'0€62097LY

€dIHL 6ZTHI8NOM0g|ds

96¥CEESEG V-
v9199vLSEY-
G/GE608CT Y-
8Y786680°1-
§9¢605¢C0°1-
GChy09TvLE-

¢96vCC0Le-

L1626099°€-
¢1690T0LY°E-
81020€C0v'E-
8Yc0v8LEE-

¥100036150049STOTULGIN
6007038050049STOTUQIN
££07089970049STOTUQIN
9702088€5009STOTUQIN
TT0508€7E0049STOTUBGIN
G00TT8ZEE004OSTOTUBGIN
T00008TTE004OSTOTUSGIN
8£0T08L0£004STOTUSQIN
1T02082920049STOTUSGIN
600£08€9T0049STOTUQIN
100008¢TZSTSI0TOTUSAIN
20000366071330T0TUBQIN
£000036/1Z1810T0TUSGIN
£00008¢6¢11810T0TUSGIN
800%0367.20J9STOTUQIN
6008T3£6£004°STOTUSQIN
020008€6¢0049STOTUIGIN
£00008£E£5049STOTUBQIN
T00T08/5/Z049STOTUSqIN
§00008022G049STOTUSGIN
80000895TZ0J9STOTUBGIN
€00T03Z16T0JOSTOTUAGIN
GT020367€909STOTUQIN
£000082G£ST4OSTOTUQIN
£T0€0361ZT04STOTUBGIN

o 1+ 1+ o+ 1 1 1 o 1 o o o o e o o

(panunuop) -zs aqeL

284



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

T urejoud Sujurejuod-urewop Jopnj

¥§22=HLON3IT T asejAxoqued yo)-|A1ae

uiuosadeyd egy 09

eyd[e lungns aseyjuAs 41y

B}3q JlUNgns aseJaysuel} |Axoqled ase|Axoqued iy awAzuaod-|A}aoy
6S urajoid [ewosoqu SO¢

¢ ase|o4pAy apixod]

7ans asedljay YNy Juapuadap-d |y

9T€=HLHN37 utajoid Suiurejuod-urewop 4sg

LTS utejoud [ewosoqu SOg

827 utajo.d [ewosoq 509

€7 ug304d [RWOSOqU 09

G u1a3oud [ewosoqu SOG

urajo.d ay1j-e39q ungns uidjoad Suipuig-ap13oa|onu aulueny
103e|n3a1 Hd 18109

g1 uejo.d [ewosoqu 509

€-6€7 uiajoud [ewosoqu 509

27 utel04d [ewosoqu 50§

ySy=HL9NI 7 ute3oud Ajiwey nj 103oe) uoryesUO|3 Bulpulq 419
€S urajoud [ewosoqu SOE

ndiH uiajoid suotadey)

Z1S urejoud [ewosoqu SOE

urewop 3uipuiq YNY Yyam uiajoud Ajiwey z 1030e4 J1odsuesy seajony
(3se|douojyo) Bungns e3aq ase|Axoquea yo)-|A}aoe

7.d¥yS 1unqgns ajo1naed uoniusooal eudis

NYNNH TA¥aLlr1Xa6dlds
T'09T9€EDTLY
HSNIQ~09HOI6dr18vIds
rY13IN"vd1vITHATTEldS
¥9SNO A00VIL06NLYIds
3dY3V 6SYI8rAA6DIds
NYWNH EXHd3I699H6DIds
89VHO zansloarHzolds
TOTTETOPIY

NNIHL Z1S¥Is68M64lds
HLvdY 8z 1dlz30N6dIds
ovd0L 7ET4I860Trd|ds
DINVN GTHI6LNpLDIds
NOON3 d19ol0gus8olds
YIN3X 4HdDI9Maa9olds
Ova0L ¥ETI860Trd|ds
rSAY0€6£THIPINGSDIds
1d0T0 ¥ZTHIZOWL0DIds
T'0€62097LY
EANAS€SHIPTEELdlds
AXXAIN"9dLHIZIZOTDIdS
NAdAH ZTSYI8ENETYIds
[1°891050£00 dXl42/
[T'1££6£030lqwa

VANYO ZLdysITELEEd|ds

20108£207049STOTUSQIN
100203086T049STOTUBGIN
§005082Z6T049STOTUBqIN
6000089T8T049STOTUSQIN
870T08rELT04OSTOTUSQIN
£00908689T049STOTUSGIN
900208879T049STOTUQIN
6T0£0381HT0JOSTOTUQIN
10070316ET04OSTOTURGIN
800003Y£ET049STOTULQIN
ZT0ET370ET0JOSTOTUIGIN
11008682 1049STOTUBqIN
Z00T0805ZT049STOTUBqIN
6T0003T8TT0JOSTOTUIGIN
#00T0800TT049STOTUSGIN
Z001089960049STOTUSQIN
T00T087060049STOTUSGIN
600T088580049STOTUBGIN
¥007030080049ST0TUAGIN
¥00Z03€1£009STOTUSQIN
220203€690049STOTUQIN
020T031£90049STOTUBqIN
620803£650049STOTUBqIN
#000088550049STOTUSQIN
£10008550049STOTUSGIN

o o o+ 1 = o+ o+ 1+ o+ o 1 o 1 o o o e

(panuiuoy) -zs 8|qeL

285



Chapter5

V u1930.1d pajeroosse-u1a3o.d aueiquuIsW PajeId0SSe-3|dISaj
p-eE 17 utejoud [ewosoqu 509

[sndou parsspig] 408EZy3y0JRUg

£1S u1ajoud |ewosoqu SO¢

£66=H19NI 7 utezoid Ajiwrey s| 103084 uoiye3uoe

/1S uia3oud [ewosoqu Sop

/77 ug3oud [ewosoqu S09

[sndpu parssp1g] A0688€8E0VEUE

[pupipy] sisdopiqu.y] awoy xopai |99

Z-817utej04d [ewosoqu 509

B13q Hunqgns juauodwod 13 aseuadospAyap ajeanihd
€-£S utejold [ewosoqu SOy

utajoid podsuesy ajoIsan eQY £°G7

[T7€€260T00  dNI4o4 [suaides owoH] TYNSY ased LY

89dYS Hungns ajo1sed uonyiudooal jeudis

G u1a3oud [ewosoqu SO§

0T 1unqns xa|dwoa uonduosuel} |ON-v¥0D

1 uta3o4d Joje|n3au sisoydode pue 8|94d UOISIAIP |90
¢T u1ajoud Suiurejuoa-urewop ase|opAy e3aq/eydyy
€-£€7ute304d [ewosoqu 09

17 utej04d [ewosoqu 509

Z1S utejoud [ewosoqu SOg

gz uieyoud Bulurejuoa-urewop xgn

py1utel0ud [ewosoqu 509

GT7ute304d [BWOSOQL S09

NYINNH " YdYAI010d6DIds
HLVYY yVETHI0ON46DIds
[T°68€5TAQDIqw?

ASN3O €TSHIT0AYOYIdS
109062971V
JT110S™£1SYI5TZ6vdlds
NL10S £ZTYIT0TTHdlds
[T°8£220AQOIqwa
[2°805GT dNIJa1

H1VYYY Z8TTulT6L2pdlds
D3IVLS 9daols.DHSDIds
H1VHY €€Syl9vrd60lds
H1VYV 2z03Slznyrenlds
[2°80€100 dNI4o!

Y4NYO 89dYSI¥00000|ds
YSova S THl00IMSDIds
1v4 0TONDIpVIXSD|ds
ISNOWT¥VIDI8THO8DIdS
JYNYA aaHavI9S1zedlds
H1VYV €€ T4I8W318DIds
AH13d761T4I8Z5Z80lds
NAdAH ¢TSYI8ENgGZY|ds
ISNOW~azXanitoTMoDlds
IHSO9 vy 14l66796DIds
AH13d"6T7dI8zGz80Ids

910103665€049STOTULQIN
210003Z€€0J9STOTUAIN
8T0TOSTLEC0JOSTOTUIGIN
900£03€0ZE049STOTUBqIN
G00Z03ZrTE04OSTOTUBGIN
LTOT088ETE0JOSTOTUSQIN
ZT0Z03€TTE0JOSTOTUSQIN
620708080£049STOTUSGIN
900008%0£049STOTUSQIN
600718667049STOTUGIN
TT0£08££82049STOTUAGIN
G1050306£2049STOTULQIN
TT0008.£Z049STOTULQIN
LTOTO3YELT04OSTOTUBQIN
§00%0890£2049STOTUIGIN
#100085852049STOTUQIN
800T08£9+Z049STOTUBGIN
8702089Z+Z04°STOTUSqIN
0200085Z74Z049STOTUSqIN
800Z08SEZ049STOTUSGIN
£00818Z81Z049STOTUSQIN
100003T£1Z049STOTULQIN
€00T03GFTZ0JOSTOTUIGIN
T000T3££07049STOTUSQIN
Z10703€£02049STOTULqIN

o 1 = 1+ o+ 1 o+ 1 1 1 o o o o o o

(panunuop) -zs aqeL

286



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

[eaoeua|0 e19RUIdS] Y UIB304d BUlpulq YNY Jeajonu
Zz1utejoud ewosoqu S05

/S u1ajo.d [ewosoqu SOf

[dnoug eojuoder eajyes ezA1Q] 3onpoud

8GT=H1DNI1Z ute304d Sulpuig-yNY YoL-au1df|3

€IS urejoud [ewosoqu SOy

2-6S utaj0.d [ewiosoqu SO

reuq uigzoud auosadey)d

dwnd uojoid aueiquiaw Jejonaea pazidiaua-ajeydsoydoifd
1£9=HLONI T 8sey3uAs ajejew|Adoidosi-

T-z€1 ueoud [ewosoqu S09

9diH utejoid suosadey)

g u1ajo.d payeld0sse-uja30.d aueIqUaL PaJeId0SSE-I[DISI)
£1S urajoud [ewosoqu Sop

urajo.d asesaysuejjAsoquoydsoyd juejd 3uipuig-pidij/wnidfed 7o
Z17/£71 ute304d [ewosoqu SOG

Z1S urejoud [ewosoqu SOg

YZH 8uoisiH

006=H19N31Z ute3o.d ueydoydAiy a1porsad

67 utajoud jewosoqu 509

1 urel04d [ewosoqU 509

1£2=HLONI1 ¢ eseury ayeydsoydip apisoajonu

[suaides owoH] uiajoud pajejal-}Jodsuesy 8|aIsan

67 ue3oud [ewosoqu SO§

Z-6T7u1d304d [EwWoOSOqL S09

1782Z0TT4VIT vrTyT4vYyIas
YINLIW ZZTHISPAd8DIds
YINIAY ZSHITSNZ6DIds
[1°822¥S0T00 dNIj24
T'0S8ETOYLY

NEAOS €1SYI20£Z9dlds
H1VYV 26S4l04146DIds
3d0T0 TYNAITLIX8D|ds
YYDIN dAYI9T9TZdIds
T'0r0y/9TLY
HLYYY Tz TMITTZ6Ydlds
AXXAIN"9dLHIZIZOTDIdS
DId"advYAI8S4D5YyIds
NEAOS €1SYIz0£79dlds
106890961Y
0SAAHLTdI9€LNYdlds
NAdAH ¢TSYIsENgGZY|ds
378197 VZHITLLHYDIds
TObPSIOTLY
¥SONO S HIZINN9DIds
IHSOD v¥14l66796DIds
T'0TEE9DSLY
[T'18€0¥AvYIq3
£dIHL6ZTHI8MON0g|ds
H1vYV z6174190N716D]ds

1€02038£09049STOTUBQIN
0T0¥0805£5049STOTUBqIN
£000085755049STOTUBqIN
£0090807+5049STOTUSQIN
T000086/£5049STOTUSQIN
¥00008/T€5049STOTUSQIN
€10086725049STOTUGIN
8005032225049STOTUSQIN
1005038167049STOTULQIN
1009036£8+09STOTUQIN
#00208£8.7049STOTUBqIN
0T0Z036€L7049STOTUBGIN
700T08vTLy04OSTOTUBqIN
€£20TT8€0/049STOTUSQIN
120208599%049STOTUSqIN
§00Z08€£97049STOTURGIN
91000826570J9STOTUAGIN
900£188Z51049STOTUAIN
80000868t109STOTUAGIN
€0021881¥¥049STOTUQIN
TT0Z08LLEY0JOSTOTUIGIN
6700038ZE0J9STOTUSQIN
TT0€0876Z7049STOTUBGIN
€££0T0898Z7049STOTUBGIN
€£1020890£E049STOTUSQIN

o o o+ 1 = o+ o+ 1+ o+ o 1 o 1 o o o e

(panuiuoy) -zs 8|qeL

287



Chapter5

¥ 1ungns A103e|nSa1 aseajold 59z

€-6€7 uiajoud [ewosoqu 509

7aNs aseal|ay YNy Juapuadap-d 1y

1S ug3oid [eWoOSOqu SOE

eg17 urejold [lewosoqu §09

91 ¢3 awAzua Suigednluod-urinbign
60G=HLONTT TT aseyjuAs yo)-|Kkoeojex-¢
Z1S ugjoud [ewosoqu SO€

1 uiajold Buipuig-q19 JejosjanN
aselaysues}jAyow-Q sisayjuksolq auouinbign
Sojowoy y yunqns A1oje|nal ased]y-uou awosealoid 9z
T~y uiajoud [ewosoqu S09

on3se|do.ojya ‘'z uglold [ewosoqu SO§
7aNs aseal|ay YNy Juapuadap-d 1y
aseJajsuejoulwe aje|Axof|3--aurag
€-£€7utejoud [ewosoqu 509

o13se|doojyd ‘TS ulejold [ewosoql SOE
eydje ungns aseyjuAs 41y

917 utajoud jewosoqu SO

1 ase|Ax0qJed yo)-|A100y

77 uisjoud [ewosoqu §0G

¥G22=HL9IN3T T ase|fxoqued yo)-|fjaoe
-/ u1jold [ewosoqu SO9

€IS urejoud [ewosoqu SO

eydje yunqgns aseyjuis 41y

G l|-gH dU03ISIH

JINOYA ¥SUdIT098Fd|ds
rSAY0”€6£IPINGSDIds
aNAY¥O28NSIL6D00d|ds
TINYOV ™ TISYHITEYO0gIds
YSSYO V8T TYIS41v6DIds
0dHOS™910aNIT19d6D|ds
107997971y

NAdAH ZTSYI8ENETY|ds
HLVYY T9ONI8I906D|ds
YOLINDI19NIZ9609D|ds
HLYYY vANSdIrE0G6dIds
H1VYY vy 1dl0v4S6DIds
YOOV~ Z)YIZaAT6YIds
aNAY¥O28NSIL6D00d|ds
HLYYY 1VDSISYA9SDIds
HLVYY €€ TYI8INTT8DIds
ASOINTGTHY|LdTOED|ds
0SvYd VdLYI8aMApYIds
833HL 9T NISIWNasD|ds
d33HS YOVOVI6558ZDIds
AdL¥YN ZTHISANIED|ds
T'09T9€9TLY
HLYYY ¥/ TdITdH16DIds
NEAOS €1SYIZ0€79dlds
70NY¥a" vd1vI€ISAGYyIds
HLYYY GIEHIEDY46DIds

600008, £Z0T4OSTOTUQIN
¥001030070T49STOTULGIN
£000039186049STOTUSQIN
20000370£6049STOTULQIN
£0000326£8049STOTUSQIN
8202039/£8049STOTUBqIN
720008£258049STOTUSQIN
S00£08TYLL0JOSTOTUIGIN
§00008t2£L049STOTUSQIN
G00T0388Z£049STOTUSQIN
§Z0€08057L049STOTUGIN
£00T08€£ZZ/049STOTUQIN
10000312Z£049STOTURQIN
LT0003€8TL04OSTOTULQIN
T00003€ZTL049STOTURQIN
§00003800£049STOTUIGIN
070Z039869049STOTUSqIN
TT00086789049STOTUQIN
Z10003089049STOTUAGIN
£002036289049STOTUSQIN
§000086G29049STOTUSGIN
T005085/£9049STOTUGIN
10000359€9049STOTUQIN
TT01089€29049STOTUAGIN
200€0312Z9049STOTULqIN
110080809049STOTUSQIN

o 1 o+ 1+ o+ 1 o o+ o o 1 o+ 1 o o o o

(panunuop) -zs aqeL

288



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

1-2€7 utajoud [ewosoqH S09

ased||
ajejawidoujwelp-9'z--a3eweln|3-q-jAueje-1-| Aowelnwif3aoe-N-dan

u12304d 493U UOIIBAI EHdD || WBISASOI0Yd

G117 u19304d [BWOSOQLI SO

[sndou paysspig] A0EL0TSG0YeUY

627 ueoud [ewosoqu SO§

1-6€7 utejo.d [ewosoqu S09

T1S utajoud [ewosoqu SOE

GIS utejoud [ewosoqu SOg

7aNS aseal|ay YNy Juapuadap-d 1y

[1°690£€A0393 [0BOED BUWIOIGOAY ] T ULIOJOS] [BUILLID}-N
1-¢€7 uiajoud [ewosoqu 509

 1unqgns xa|dwoa u1ajoid sueiquisw Y3

917 u1g304d [BWOSOQL SO

T71v4 9sealjay YNy Juapuadap-d 1y

7 @seyjuAs ajeweln|3 yuapuadap-uixopalia]

(ss1)

(8-4vS) 10308} JusyexE plojfeds/uteloid Bulpuig-y1y1-43-/ZdsH
uiayoud Ajiweysadns ayi-(4Yd 1) yeadad apiydedoorijesia
s1030e) 93UBYIXd BpI309|aNU-|Auend

Z-TT7ue30.d [eWIOSOQU S09

[epoazied epaidy] jerpied ‘1doy uiajoid 1iodsuely 13jon apeidolay
5diH utejoid suosadey)

©33q J1ungns juauodwoa T3 aseuaSolpAyap ayeanihd

6271 uis30ud [BLI0SOGH S0G

HLYY¥Y TZETHITIZ6RdIds

Sg071V IUNWIL0SA0DIds
¥91¥a~09SdITOH90DIds
AHL3d ST 4I8zGz80Ids
[T'1828¥AQDIqwa
1314162 74Is80TTO|ds
rSAY0 T6£THI8ryN9D|ds
NO3HL TTSHIzDSA9alds
13141 STSHIETYTIO|dS
ANAY¥O28NSIL6D00d|ds
[T°9¥¥S10£00 dXlJ24
HLYYY TZETHITTZ6YdIds
JYNYQ FONIITTOd9DIds
SINOYd 9T 14I6SAgZYIdS
OdNVYA T1V4l¥43L2vIds
€ANASS11918£066d|ds

[T°£08v£0€00"dX |40
10808291V
T'0YEITOYLY

HLYYY ZTTIv6LTdlds

[T°68622d4)I98
AXXAIN"9dLHIZIZOTDIds
35039°4daoly/81zdlds
90d3d 67 141690810|ds

9000031$8Z€J9STOTUAGIN

100003T0STESOSTOTULGIN
T00008ST16Z49STOTUBGIN
#00008TLTTZ4OSTOTUBGIN
170008920TZ49STOTUSQIN
200T089£50Z49STOTUIGIN
£00T08G/66T4OSTOTUIGIN
6000086T£6T4OSTOTUSQIN
200008Z679T49STOTUSQIN
7000038£T9T4OSTOTUQIN
600T089£8GT4OSTOTUAIN
000089016 TJOSTOTUAGIN
600008GZEPTIOSTOTUGIN
G00T0376ZHTJOSTOTUIGIN
1000038924 T4OSTOTUIGIN
5000089962 T49STOTUSQIN

6000035692 149STOTUSQIN
900703852 T4STOTUBQIN
9T0508LT0ZT4OSTOTUBqIN
9700039THTT4OSTOTUSGIN
GT000889€TT4OSTOTUSGIN
60000896£0T49STOTUSQIN
€0000806€0TJOSTOTUAGIN
T00T08KTE0TIOSTOTUSGIN

o = 1+ o+ 1 o o o e o

— o o o o o

(panunuo)) -zs alqeL

289



Chapter5

Table S3. RLCKs detected in two out of three PL-MS experiments for which the NbSOBIR1-YFP-
TbID fusion protein was transiently expressed as a bait in N. benthamiana. The N. benthamiana
IDs refer to the protein identifiers according to the Niben1.0.1 version of the proteome of N.
benthamiana. Asterisks next to the name of the Arabidopsis homologs in the second column
indicate that the protein is co-expressed with SOBIR1 according to the data described in Chapter
3.The third column indicates the classification as protein kinases according to Zheng, et. al. **°.

RLCKSs significantly enriched in two independent PL-MS experiments when using NbSOBIR1-YFP-ThID as a bait

N. benthamiana ID Arabidopsis best blast hit Classification as a kinase **°
Niben101Scf12754g00010 AT2G11520/ CRCK3 * RLK-Pelle_RLCK-IV
Niben101Scf06678g03002

Niben101Scf01507g01017 AT2G42960 RLK-Pelle_RLCK-V
Niben101Scf04995g00014 AT4G02630 RLK-Pelle_RLCK-V
Niben101Scf00129g01001

Niben101Scf00402g02004 AT1G56720 RLK-Pelle_RLCK-V
Niben101Scf02996g03008 AT5G13160/PBS1* RLK-Pelle_RLCK-VII-1
Niben101Scf05081g01018 AT3G09830/PCRK1* RLK-Pelle_RLCK-VII-4
Niben101Scf08898g00003 AT5G56460/PBL16 RLK-Pelle_RLCK-VII-6
Niben101Scf03396g00005

Niben101Scf01378g00004 AT1G07570/PBL17 RLK-Pelle_RLCK-VII-8
Niben101S¢f00229g07003 AT5G02290 / NAK * RLK-Pelle_RLCK-VII-8
Niben101Scf05476g01001 AT2G28930/ PK1B RLK-Pelle_RLCK-VII-8
Niben101Scf00635g04002 AT5G02290 / NAK* RLK-Pelle_RLCK-VII-8
Niben101Scf01066g03011 AT3G59350 / MAZ RLK-Pelle_RLCK-VIII
Niben101Scf01334g04008 AT3G62220/ CARK2 RLK-Pelle_RLCK-VIII
Niben101Scf03371g01037 AT3G26700 RLK-Pelle_RLCK-IX
Niben101Scf04617g00001

Niben101Scf00837g00016 AT4G35230/BSK1 RLK-Pelle_RLCK-XII

Niben101Scf02175g03013

290



Proximity-dependent labelling, followed by mass spectrometry analysis, of the Cf-4/SOBIR1 receptor complex

Table S4. List of mitogen-activated protein kinases detected in two out of three PL-MS

experiments for which the NbSOBIR1-YFP-TbID fusion protein was transiently expressed

as a bait in N. benthamiana. The first column refers to the protein identifiers according to

the Niben1.0.1 version of the proteome of N. benthamiana. Asterisks next to the name of the

Arabidopsis homologs in the second column indicate that the protein is co-expressed with SOBIR1

according to the data described in Chapter 3. The third column indicates the classification as

protein kinases according to Zheng, et. al. **°. The fourth column indicates the classification as

mitogen-activated protein kinase according to Ichimura, et. al. 2.

Mitogen-activated protein kinases significantly enriched in two independent PL-MS experiment using NbSOBIR1-YFP-TbID

N. benthamiana ID

Niben101Scf09063g00003
Niben101Scf01795g10003
Niben101Scf03861g02013
Niben101Scf01587g02009
Niben101Scf11142g00012
Niben101Scf16132g00002
Niben101Scf04396g04016
Niben101Scf08176g00005
Niben101Scf06933g02001
Niben101S¢f09203g00003
Niben101Scf06164g00002
Niben101Scf04801g01026
Niben101Scf14915g00001
Niben101Scf02526g02006
Niben101Scf08652g01010

Arabidopsis best blast hit
AT1G53570 / MAPKKK3 *

AT3G13530 / MAPKKK?

AT1G18160 /M3KDELTA7 *
AT1G08720/EDR1*

AT2G24360/RAF22*

AT3G22750
AT5G50000/CBC2

AT3G15220
AT4G10730

Classification as kinase %

STE_STE11

STE_STE-PI

TKL_CTR1-DRK-2
TKL_CTR1-DRK-2

TKL-PI-4

TKL-PI-4
TKL-PI-4

STE_STE20-YSK (MAPKKKK)
STE_STE20-Fray (MAPKKKK)

Classification as MAPKKK 382

clade A2 (RAF-like)

clade A4 (RAF-like)

clade B3 (MEKK-like)
clade B3 (MEKK-like)

clade C6 (MEKK-like)

clade C7 (MEKK-like)
clade C7 (MEKK-like)
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General discussion

Cells are the functional unit of life. There are very many cells in multicellular or-
ganisms, such as in plants. Multicellularity evolved, so that cells can cooperate to
achieve more than they would be able to achieve individually. The benefits associ-
ated with multicellularity include: size-related advantages, functional specialisation,
and metabolic cooperation %%, Cell death is a vital process for multicellular organ-
isms, and plants use a series of regulatory pathways to program the end of a cell’s
life. Programmed cell death (PCD) is a highly regulated process that directs a cell
to eliminate itself, for the overall benefit of the organism. In plants, PCD has been
reported to play a role in developmental processes such as xylem formation, game-
tophyte maturation, degeneration of embryo suspensor cells, root development,
and senescence . Furthermore, PCD processes have important roles in mediating
plant responses to abiotic stress and invading pathogens 183442-447,

This General Discussion provides an overview of the major PCD pathways that have
recently been described in eukaryotes and highlights the roles of these pathways
in the interactions of plants with their microbial pathogens. The aim of this chapter
is to place the findings described in this thesis, regarding the Cf-4/Avr4-triggered
immune responses, within the broader context of the research into the molecular
mechanisms of PCD in plants.

Programmed cell death as a survival mechanism

There are different ways by which a cell can commit suicide. Studies on the regulato-
ry processes mediating PCD are dominated by the research on mammalian systems,
in which several cell death programs have been described, including apoptosis, py-
roptosis, necroptosis and autophagy #4451

Apoptosis is a highly regulated process, because it directs the demise of the cell,
while preventing the leakage of intracellular material. In mammals, at the end of
this process, the cells are broken down into membrane-enclosed vesicles called
"apoptotic bodies”, which are rapidly phagocytosed by macrophages 2. The degree
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by which the process of apoptosis is conserved in plants when compared to mam-
mals, is subject to a debate in the literature, and the term apoptotic-like cell death
is often used 181185453-4%  Apoptosis is largely mediated by the activity of a class of
cysteine aspartate-specific proteases, known as caspases 5745, Caspases are not
conserved in plants, and this, together with the absence of circulating phagocytic
cells, is presented as arguments against the use of the term apoptosis regarding
PCD in plants. Nevertheless, caspase-like activity has been observed during plant
PCD #9460 and the genome of plants codes for caspase-like proteases, including
vacuolar processing enzymes (VPEs) “6!, serine-dependent subtilisin-like proteases
(saspases) 2, and metacaspases which are plant proteases that are most similar to
caspases 63-46_Moreover, many of the hallmark features of apoptotic cell death are
conserved in plants, including plasma membrane (PM) blebbing, cytoplasmic and
nuclear shrinkage, chromatin condensation and fragmentation, and cytochrome c
release *¢7.

Unlike what is the case for apoptosis, during which the integrity of the PM is main-
tained until late stages of the process, pyroptosis and necroptosis involve the release
of lytic content to the extracellular space and rupture of the PM, prior to cellular
demise. Pyroptosis in mammals is typically initiated upon perception of pathogens
by their innate immune system. This process is mediated by a subset of caspases
that cleave gasdermin family members (GSDM), of which gasdermin D (GSDMD) is
one of the most extensively studied #6470, GSDMs typically consist of two domains,
an N-terminal pore-forming domain and a C-terminal repressor domain. Upon cleav-
age of these proteins by caspases, the N-terminal domain oligomerizes and forms
pores in the PM. As a consequence, the water entering through the pores causes
cell swelling and osmotic lysis 471472, Pore-forming GSDMs are widespread across the
tree of life 4. Even in prokaryotes, GSDMs are processed by bacterial caspase-like
proteases that remove their C-terminal inhibitory peptide and thereby activate them
to oligomerize and form pores in the PM %73, However, notably, GSMDs are absent in
plants. So, pyroptosis, when defined as GSDM-mediated cell death 474, is not a pro-
cess that is conserved in plants. In contrast to apoptosis and pyroptosis, necroptosis
does not require caspase activity *°1475, Necroptosis is also activated upon pathogen
perception by the innate immune system of mammalian cells. However, this pro-
gram requires the inhibition of apoptosis and caspase activity. As a consequence,
necroptosis is generally regarded as a backup mechanism of apoptosis #75. The key
step committing a cell to undergo necroptosis is the oligomerization of the protein
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kinase RECEPTOR-INTERACTING SERINE/THREONINE-PROTEIN KINASE 3 (RIPK3)
and the recruitment of the related protein kinase RIPK1. The activated complex
then recruits, and phosphorylates, the pseudokinase MIXED LINEAGE KINASE-LIKE
(MLKL). Once activated, MLKL oligomerizes and associates with the PM causing
its permeabilisation, likely through PM pore formation 4°#77, Although pyroptosis
and necroptosis represent pathways mediating PCD in mammalian cells, recent
discoveries on the mechanisms mediating PCD upon pathogen perception in plants
(see Chapter one) shows that alteration of the integrity of the PM by pore-forming
proteins is a common mechanism to trigger PCD, used by both mammalian and
plant cells 127:128478,

In addition to the classical pathways described to eventually trigger PCD in mam-
malian cells, autophagy, which is a conserved process in eukaryotes, also plays an
important role in modulating PCD. Autophagy refers to a range of cellular processes
involving the degradation and recycling of cytoplasmic material, through their deliv-
ery to the lysosome in animal cells, or to the vacuole in yeast and plant cells #4847,
These are, in general, survival processes. However, under certain circumstances,
autophagic processes can either modulate or lead to PCD #8481, There are three
major types of autophagy: chaperone-mediated autophagy, micro-autophagy, and
macro-autophagy. Chaperone-mediated autophagy involves the direct transport
of cytoplasmic proteins across the lysosomal membrane and has only been doc-
umented in animal cells %248, In micro-autophagy, the lysosome, or the vacuole
itself, engulfs a portion of cytoplasm, either by invagination or protrusion of their
membranes to surround the cytosol or organelles “®*, In plants, micro-autophagy for
example mediates the degradation of anthocyanin aggregates #, the elimination of
photo-damaged chloroplasts %47 and is induced in root cells as a mechanism to
recycle cellular components in response to starvation “%. Macro-autophagy is the
most extensively studied type of autophagy, and is usually referred to simply as au-
tophagy 182448489491 This process is mediated by the formation of double-membraned
vesicles, known as autophagosomes, that engulf cytosolic cargo and deliver it to a
lytic organelle. The development of autophagosomes requires the concerted activity
of different autophagy-related (ATG) proteins, many of which are also required for
micro-autophagy 4%, In plants, the contribution of autophagy to the maintenance
of cellular homeostasis becomes evident when growing autophagy-defective plants
(atg mutants) under nutrient-deficient conditions. The resulting phenotypes are
slow growth, enhanced senescence, lower fecundity, and reduced survival 42, The
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cellular machinery for macro-autophagy is also involved in the regulation of plant
PCD, and autophagy-dependent cell death has been defined as a form of PCD that
can be retarded by pharmacological or genetic inhibition of macro-autophagy .

The demise of plant cells is often accompanied by autolysis. This process involves
the permeabilisation and rupture of the vacuolar membrane, thereby releasing hy-
drolases directly into the cytoplasm, causing the degradation of cytoplasmic mate-
rial. As there is no phagocytosis in plants, autolysis often represents the final stages
of developmental PCD 434%, and it has also been observed as part of the immune re-
sponse triggered in Nicotiana benthamiana against tobacco mosaic virus (TMV) 444,
This process has been proposed as a fourth type of autophagy in plant cells, termed
mega-autophagy °24%, However, mega-autophagy does not involve the delivery of
cytoplasmic material to the vacuole. Hence, this process should not be considered
as a type of autophagy, and the processes involving the rupture of the vacuole and
the release of its lytic content, should be described as different forms of autolysis.

PCD in plant-microbe interactions

The battle between plants and their challenging microbial pathogens is largely dic-
tated by the interaction of the pathogens with the innate immune system of the
plant. The plantimmune system is governed by the ability to perceive immunogenic
patterns (IPs) originating from the microbial pathogen by a series of immune recep-
tors either present at the PM or in the cytoplasm (for an overview, see Chapter 1).
These IPs can be of a different nature. They can be microbe-associated molecular
patterns (MAMPs), which are conserved structural components of all microbes, in-
cluding microbial pathogens. IPs can also be damage-associated molecular patterns
(DAMPs), which are host-derived danger signals released in response to pathogen
invasion. Furthermore, proteins released by the pathogen to enhance virulence,
referred to as effectors, also represent IPs when perceived by host immune recep-
tors. In plants, MAMPs and DAMPs are perceived by cell-surface receptors and elicit
largely overlapping downstream immune responses . Activation of these cell-sur-
face receptors triggers a series of physiological responses that include the closure
of the stomata, the liberation of reactive oxygen species (ROS) into the apoplast,
the deposition of callose in the cell walls, and a transcriptional reprogramming fa-
vouring the activation of defence responses . Effector proteins are recognised by
immune receptors that are either located on the cell surface or present in the cyto-
plasm. Their perception is generally associated with more pronounced and sustained

298



General discussion

immune responses. Recognition of effectors by plant immune receptors usually
leads to a hypersensitive response (HR), which represents a rapid localized PCD that
occurs at the point of pathogen ingress and is associated with disease resistance
4, Together, these cell-surface and cytoplasmic immune receptors enable plants to
mount a swift and effective immune response against most plant pathogens 6182,
In order to colonize the host tissue, adapted pathogens deploy a series of strategies
attempting to evade their detection, to suppress plant defence responses, or to
manipulate the plant physiology to facilitate the infection process 15186496497,

Cell death processes play a critical role in the outcome of the interaction between
plants and microbial pathogens. Depending on the pathogen'’s lifestyle and how the
PCDis carried out, the cell death can be beneficial or detrimental to the plant 1814%,
Archetypical examples of cell death processes in plant-microbe interactions include
the cell death induced by necrotrophic pathogens and the HR that is triggered as a
defence mechanism against biotrophic and hemibiotrophic pathogens. Compelling
evidence for the relevance of apoptotic, or apoptotic-like, PCD in plants in relation
to their interaction with microbial pathogens, and its interplay with autophagic PCD,
comes from the interaction between necrotrophic pathogens and their hosts. For
instance, Sclerotinia sclerotiorum, which is a necrotrophic ascomycete with a broad
host range, secretes the non-selective phytotoxin oxalic-acid (OA) as an effector
to promote its virulence “°. Infection of Arabidopsis by S. sclerotiorum results in
a spreading of the cell death and an infection displaying apoptotic features in the
host cells, such as DNA laddering and chromatin condensation 4435%, However, in-
oculation of an OA-deficient mutant onto Arabidopsis results in localized cell death
and restriction of the mycelial growth, which is a situation reminiscent of the HR
observed in incompatible interactions of plants with biotrophic pathogens 2 This
incompatible interaction between Arabidopsis and an OA-deficient mutant of S.
sclerotiorum displays autophagic features in the host cells, including the produc-
tion of autophagosomes *°. Additionally, the expression of the antiapoptotic CELL
DEATH ABNORMALITY-9 (CED-9) gene from C. elegans in Arabidopsis results in host
resistance and a suppression of the spreading necrosis after inoculation with S.
sclerotiorum %, without affecting the localized cell death that is triggered upon
inoculation with an OA-deficient mutant 5°%. Conversely, the use of Arabidopsis au-
tophagy-defective mutants, or tomato leaves that were pre-treated with chemical
inhibitors of autophagy, restored the pathogenicity of the OA-deficient mutant and
had no effect on wild type S. sclerotiorum infection 0% In general, the expression
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of anti-apoptotic genes in plants tends to confer resistance to infection by necro-
trophic fungi 445592503 while autophagy-defective plants show spreading necrotic
lesions and enhanced susceptibility upon their inoculation with necrotrophic fungi
504-506 Other necrotrophic fungal pathogens deploy host-specific toxins to hijack
host defence mechanisms, for example activating host immune receptors to pro-
mote their virulence 5. The fungal pathogen Cochliobolus victoriae, causal agent
of Victoria blight on oat (Avena sativa), produces the host-specific toxin victorin to
induce a type of PCD that exhibits several apoptotic hallmarks 18508511 Suscep-
tibility to Victoria blight disease is conferred by the dominant VICTORIA BLIGHT
(Vb) gene. Interestingly, the Vb gene is proposed to be the same as the PUCCINIA
CORONATE-2 (Pc2) gene, that confers resistance to the biotrophic fungal pathogen
Puccinia coronate 52514, This is further supported by research on Arabidopsis and
bean (Phaseolus vulgaris) that identified the cytoplasmic immune receptor LOCUS
ORCHESTRATING VICTORIN EFFECTS-1 (LOV1) as the determinant of the sensitivity
to victorin 446515517 These observations exemplify that a strict control of cell death is
crucial, with PCD having different outcomes depending on which organism, either
the host or the invading pathogen, is dictating the process.

Unlike the clear trends observed in the interaction between plants and necrotrophic
pathogens, autophagy plays both a positive and a negative role in modulating the
PCD occurring upon infection of plants by biotrophic and hemibiotrophic patho-
gens. Autophagy is for example required to restrict the cell death to the infection
sites in plants mounting an HR in response to infection by the pathogenic bacteri-
um Pseudomonas syringae pv. tomato DC3000 and TMV 58520 Conversely, leaves
of Arabidopsis and N. benthamiana silenced or knocked-out in ATG genes display
spreading necrosis upon activation of several immune receptors perceiving effector
proteins at the PM or in the cytoplasm 8. Furthermore, autophagy negatively regu-
lates Arabidopsis cell death and suppresses resistance to infection by the obligate
biotrophic powdery mildew pathogens Golovinomyces cichoracearum and Erysiphe
cruciferarum 505521, |n contrast, Arabidopsis mutants deficient in autophagy show
a reduced HR upon recognition of the effector protein Avr4RPS4 produced by P.
syringae %22, This effector is recognised by the pair of cytoplasmic immune receptors
RESISTANCE TO RALSTONIA SOLANACEARUM 1 (RRS1) and RESISTANCE TO PSEU-
DOMONAS SYRINGAE 4 (RPS4), which cooperate by forming a receptor complex 12,
The contribution of autophagy to the HR seems to depend on the type of immune
receptor that is activated. Cytoplasmic immune receptors are nucleotide-binding
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domain and leucine-rich repeat-containing proteins (NLRs). NLRs perceiving patho-
gen effectors can be broadly classified according to their N-terminal domains into
TOLL/INTERLEUKIN-1 (IL1) receptor-like (TIR)-type NLRs (TNLs) and coiled-coil
(CC)-type NLRs (CNLs) 5%, In Arabidopsis, the HR triggered upon activation of the
TNLs RPS4 and RECOGNITION OF PERONOSPORA PARASITICA 1 (RPP1) requires
the activity of ATG genes, while these are dispensable for the HR triggered by the
CNLs RESISTANCE TO P. SYRINGAE PV MACULICOLA 1 (RPM1) and RESISTANT TO
P. SYRINGAE 2 (RPS2) 522, In N. benthamiana, the HR and resistance against TMV
mediated by the TNL resistance protein N are enhanced as a result of the constitu-
tive activation of autophagy, whereas the disruption of autophagy results in more
TMV accumulation 518524,

Autophagy refers to more than the non-selective bulk recycling of cytoplasmic com-
ponents. Autophagy can operate in a very specific manner, through mechanisms
involving the recognition of autophagy substrates by dedicated receptors that drive
the selective engagement of the autophagy machinery %2, Selective autophagy in
plants allows for the removal of specific proteins, protein aggregates, organelles,
and viruses ##492_Some pathogens have evolved mechanisms to modulate these
autophagic processes for their own benefit. For instance, the bacterial pathogen
Ralstonia solanacearum secretes the effector AWRS5, named like this after a con-
served alanine-tryptophan-arginine triad, to activate autophagy with the likely aim
to contribute to pathogenicity by promoting nutrient availability during the necro-
trophic phase of the bacterial infection 5. Also, the oomycete pathogen Phytoph-
thora infestans secretes the effector protein PexRD54, referring to P. infestans ex-
tracellular (Pex) proteins containing an RXLR-DEER motif (PexRD), to interfere with
the host's autophagy, thereby stimulating the formation of autophagosomes 52752,
This process is proposed to outcompete selective autophagy pathways that would
otherwise contribute to the plant's defence responses, or to activate selective au-
tophagy to eliminate defence-related compounds. In addition, the pathogen could
also benefit from the redistribution of nutrients that are released when the cellular
material is broken down via autophagy 527528,

Recent breakthrough studies have shown that the activation of plant NLRs leads to
the formation of large wheel-like structures, referred to as resistosomes 104105109127,
This name highlights their structural similarities to mammalian apoptosomes and
inflammasomes, which are macromolecular complexes that play central roles in
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apoptosis and pyroptosis, respectively 478, The activation of these resistosomes
results in the formation of pores in the PM, resembling the mechanisms by which
pyroptosis and necroptosis cause the death of animal cells 12712815352° The first re-
sistosome described in plants corresponds to the activated form of the Arabidopsis
CNL HOPZ-ACTIVATED RESISTANCE 1 (ZAR1) 7. ZAR1 is part of a pentameric re-
sistosome that is formed upon perception of the effector protein AvrAC, produced
by the plant-pathogenic bacterium Xanthomonas campestris pv. campestris 8.
In the ZAR1 resistosome, the N-terminal helices of the five protomers form a fun-
nel-shaped structure to create a pore in the PM, which is crucial to induce HR and
bacterial resistance 127128 Unlike CNLs, the activation of TNLs results in the forma-
tion of tetrameric resistosomes that display multiple enzymatic activities and pro-
duce signalling molecules. For instance, in Arabidopsis, perception of the effector
protein ARABIDOPSIS THALIANA RECOGNISED 1 (ATR1), produced by the oomycete
Hyaloperonospora arabidopsidis, triggers the oligomerization of RPP1 into an active
TNL resistosome 106107132133 Active TNLs produce signalling molecules, resulting
in the activation of a small set of helper NLRs that are characterized by having a
CC domain similar to the resistance protein RESISTANCE TO POWDERY MILDEW 8
(RPWS), and that are referred to as RNLs (or CC_-type NLR) #25%, In Arabidopsis the
N REQUIREMENT GENE 1 (NRG1) and ACTIVATED DISEASE RESISTANCE 1 (ADR1)
subfamilies of RNLs are required as helper NLRs for TNL-mediated immunity, while
in N. benthamiana TNLs signal primarily through NRG1 142145147 The transduction
of the signals from TNLs to RNLs is mediated by a small family of lipase-like proteins
comprising ENHANCED DISEASE SUSCEPTIBILITY 1 (EDS1), SENESCENCE-ASSOCI-
ATED GENE 101 (SAG101), and PHYTOALEXIN-DEFICIENT 4 (PAD4) 148, EDS1 forms
mutually exclusive heterodimers with SAG101 or PAD4, which are required for the
activation of NRG1s and ADR1s, respectively #8150, Similar to CNLs, the activa-
tion of RNLs results in their oligomerization into pentameric resistosomes and the
formation of Ca?-permeable channels to induce an HR %33 |t is not yet known
which mechanism mediates plant cell death after the induction of the Ca?* influx
into the cytoplasm. Resistance and HR upon activation of NLRs can be uncoupled,
suggesting the existence of additional signalling requirements beyond the formation
of pores in the PM and an increase in the cytoplasmic Ca?* concentration 531-534,
Evidence suggests a role of the vacuole in regulating NLR-mediated cell death. For
instance, autophagic components are necessary for the cell death mediated by the
TNLs RRS1/RPS4 and RPP1 52?, and activation of the TNL N is followed by the disrup-
tion of the vacuole in a process that depends on the vacuolar protease VACUOLAR
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PROCESSING ENZYME 1 (VPE1) 444, Additionally, the activation of the CNLs RPM1
and RPS2 induces the fusion of the central vacuole with the PM, resulting in the
discharge of vacuolar proteins with antibacterial and cell death induction activity
into the apoplast %,

Dissection of the cell-surface receptor complex triggering PCD

The activation of plant cell-surface receptors mediating immune responses is typ-
ically associated with the perception of MAMPs and DAMPs, and the resulting ac-
tivation of defence responses, without triggering an HR %35, However, a subset of
cell-surface receptors triggers an HR upon perception of their corresponding IPs
18, The tomato resistance protein Cf-4 is a representative of this group. The work
described in this thesis focuses on the study of the early signalling mechanisms
underlying the Cf-4-triggered immune responses leading to resistance. Cf-4 is a
cell-surface receptor that confers resistance to strains of the hemibiotrophic fungal
pathogen Cladosporium fulvum (Syn. Fulvia fulva), expressing the effector protein
Avr4 08788 This effector binds to chitin, and is secreted by the pathogen to con-
tribute to virulence by protecting the fungal hyphae against degradation by host
chitinases that are released into the tomato apoplast during infection 7071536,

Red light imaging as a proxy for monitoring cell death in green plant tissue

Most of the previous research on the signalling mechanisms downstream of Cf-4
was performed by evaluating the intensity of the HR by a visual assessment of the
necrotic lesions that are formed on the leaves after Cf-4 activation 4066687677.10216
5201253537 This approach hinders the evaluation of the contribution of regulatory
components that modulate the intensity of the HR. For this reason, in Chapter 2,
we propose a new method for visualisation and quantification of the intensity of cell
death in green plant tissues 2%.

The actual moment when cells die is difficult to define. Cells undergoing PCD are
engaged in a process that is reversible until the first irreversible point-of-no-return
is crossed. The complete loss of PM integrity is a generally accepted operational
definition of cell death in plant biology #6753, This is a point-of-no-return, as cells
cannot maintain homeostasis in a space that is not physically defined. Vitality dyes,
such as fluorescein diacetate (FDA) and propidium iodide (PI), are often used in
combination with fluorescence microscopy to distinguish between live and dead
cells and to quantify their relative proportions 128539540 |n viable cells with an active
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metabolism, intracellular esterases hydrolyse FDA producing the green fluorescent
compound fluorescein. In dead cells with a permeabilised PM, Pl can enter the cell
and binds to the DNA present in the nucleus, resulting in red fluorescence. The
most widely used method to visualise cell death in plant tissues is staining using
trypan blue (TB) 541542, TB selectively stains cells that have a PM with a compromised
integrity, resulting in a blue colouration. However, this method requires the use of
harmful chemicals, such as phenol, and provides a qualitative rather than a quan-
titative assessment of cell death. A quantitative alternative for assessing the cell
death intensity in plant tissue is the measurement of ion leakage 5*. When a cell
loses the integrity of the PM, electrolytes leak out of the cell and this process can
be monitored by measuring the electrolytic conductivity of the water in which leaf
discs are incubated. Although it is a versatile method, it is labour-intensive and the
destructive nature limits its applicability.

The newly proposed method (Chapter 2) is not based on assessing the integrity of
the PM but exploits the increase in red light fluorescence of plant tissue undergoing
cell death. We propose that the increased fluorescence is caused by the disassembly
of the thylakoid membranes in the chloroplast and the resulting halt of the electron
flow, causing the release of the excitation energy as fluorescence. The intensity of
the red light signal shows a dose-dependent response upon infiltration of different
cell death-inducing agents and correlates with the severity of the visual signs of
cell death, such as the collapse of leaf tissue. Moreover, this non-destructive ap-
proach allows for monitoring the development of necrotic lesions over time in in-
oculation assays. However, the presented validation of the method does not further
explore whether the emission of red light fluorescence occurs before or after the
disruption of the PM, which is the generally accepted moment of plant cell death.
The moment when red light fluorescence starts to be emitted could depend on the
particular trigger of cell death. The increased emission of red light fluorescence is
likely a post-mortem process in the case of cell death induced by NECROSIS- AND
ETHYLENE-INDUCING PROTEIN 1 (NEP1)-like proteins (NLPs) that are produced by
several bacterial, fungal and oomycete plant pathogens °#. NLPs target the outer
leaflet of the PM and exert their cytolytic activity by eventually disrupting the in-
tegrity of the PM 5454, |n contrast, the increased emission of red light fluorescence
may be a pre-mortem process in the case of cell death triggered by the activation of
NLRs. The activation of the CNL ZAR1 results in damage to the chloroplasts prior
to the rupture of the cell 1?8, and the activation of the TNL RPS4 induces chloroplast
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degradation via autophagy °¥. Further research is needed to assess whether the
detected increase in red light fluorescence represents a point-of-no-return in the
chain of events leading to cell death, or whether there are physiologically relevant
processes in which this could be a reversible process. Despite this uncertainty, since
its publication as a method %, red light imaging has been used by various research
groups to visualise and quantify the intensity of the cell death triggered by cell
death-inducing proteins from necrotrophic pathogens %54, activated cell-surface
receptors %51 and activated NLRs 392552, and in inoculation assays with fungal 553554
and oomycete pathogens 5%.

Main aspects of the immune signalling cascade downstream of Cf-4in N.
benthamiana

Cell-surface receptors can be classified into receptor-like kinases (RLKs) and re-
ceptor-like proteins (RLPs). RLKs are single-pass transmembrane proteins with an
extracellular domain for recognising apoplastic IPs and a cytoplasmic kinase domain
for the initiation of downstream signalling. RLPs lack such a cytoplasmic signalling
domain and form bi-molecular receptor complexes with adaptor kinases to acti-
vate cytoplasmic signalling cascades 5. Different extracellular domains can recog-
nise different types of IPs. Most RLKs and RLPs with leucine-rich repeats (LRRs) in
their extracellular domains recognise proteinaceous IPs. LRR-RLKs and LRR-RLPs
make up the largest groups of cell-surface receptors and will be further referred
to simply as RLKs and RLPs, respectively 3*3°. One of the best characterised RLKs
mediating plant immune responses is FLAGELLIN SENSING 2 (FLS2), which has
been extensively studied, particularly in Arabidopsis. FLS2 recognises the flagellin
epitope flg22, which is a MAMP derived from the bacterial flagellum 36, The tomato
immune receptor Cf-4, instead, is an RLP. Cf-4 constitutively interacts with the RLK
SUPPRESSOR OF BIR1-1 (SOBIR1), thereby forming a bi-molecular receptor that,
unlike FLS2, triggers an HR upon its activation 5. This constitutive interaction with
SOBIR1 appears to be a general feature of all RLPs mediating immune responses
and these RLPs are thereby expected to activate similar downstream immune sig-
nalling events 182061,

A common step upon recognition of IPs by both RLKs and constitutive RLP/SOBIR1
receptor complexes is the recruitment of the RLK BRASSINOSTEROID-INSENSITIVE
1 (BRI1)-ASSOCIATED KINASE (BAK1) and its closely related paralogs 582%° (Figure 1).
Indeed, both FLS2 and Cf-4/SOBIR1 recruit these regulatory RLKs, starting a series
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of phosphorylation events that eventually result in the activation of the receptor
complexes 552545776 Subsequent cytoplasmic signalling downstream of all cell-sur-
face receptor complexes that have been characterised up till now is mediated by
receptor-like cytoplasmic kinases (RLCKs) 25112154 RLCKs form a large family of pro-
tein kinases, which are classified into 17 different groups %74, RLCKs belonging to
group VII (RLCK-VII) have prominent roles downstream of cell-surface receptors
11354555 The RLCK-VII members are further classified into nine subgroups, exhibit-
ing a significant functional redundancy downstream of different RLKs 11354955, Qne
well-studied representative of the RLCK-VII group is BOTRYTIS-INDUCED KINASE
1 (BIK1), which constitutively interacts with FLS2 and BAK1. Upon perception of
flg22, BIK1 undergoes a rapid phosphorylation and subsequent dissociation from
the receptor complex 115157, Activated BIK1 then phosphorylates the PM-associat-
ed RESPIRATORY BURST OXIDASE HOMOLOG D (RBOHD) and CYCLIC NUCLEO-
TIDE-GATED CHANNEL 4 (CNGC4) proteins, resulting in a swift production of ROS
in the apoplast and an increase in the concentration of cytosolic Ca%, respectively
158557 Next, mitogen-activated protein kinases (MAPKs) and calcium-dependent
protein kinases (CDPKSs) act as signal transducers, resulting in a massive transcrip-
tional reprogramming to activate further downstream defence responses 25160161,

Similar to FLS2, the activation of C-4/SOBIR1 in N. benthamiana plants also induces
the production of apoplastic ROS through the activation of RBOHB, which is the N.
benthamiana ortholog of Arabidopsis RBOHD 278 (Figure 1). However, it has been
observed that recognition of flg22 and Avr4 elicits clearly distinguishable ROS burst
profiles (Chapter 3). While the perception of flg22 by FLS2 triggers a monophasic
burst of ROS, the perception of Avr4 by the Cf-4/SOBIR1 complex produces a more
prolonged and biphasic profile of the ROS burst. A similar ROS burst profile has been
described for Cf-9-transgenic tobacco (Nicotiana tabacum) plants that were chal-
lenged with the Avr9 effector 274. Cf-9 is a tomato RLP that has a very similar overall
structure as Cf-4 and triggers an HR upon recognition of the secreted effector Avr9
from C. fulvum %2, Similar to what has been reported for Cf-9, virus-induced gene
silencing (VIGS) experiments in N. benthamiana plants revealed that the activity of
RBOHB is not only dispensable for the onset of the Cf-4-triggered HR, but even has
a negative regulatory effect, as the intensity of the HR increases upon silencing of
RBOHB (Chapter 3) 5%,
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The development of an HR is also associated with the generation of ROS from the
chloroplasts 2555 (Figure 1). The staining of leaves with 3,3’-Diaminobenzidine
(DAB), which allows for intracellular ROS detection 247282 revealed that the percep-
tion of Avr4, rather than flg22, triggers a ROS production that is independent of the
apoplastic ROS burst generated by RBOHB (Chapter 3). These findings align with
previous observations in tobacco, showing that the activation of MAPK signalling
triggers a light-dependent burst of ROS from the chloroplasts and a subsequent HR-
like cell death 247560, Qur results indicate that the ROS burst generated by RBOHB,
and the HR represent different branches of the immune signalling cascade that is
activated downstream of the Cf-4/SOBIR1 complex.

The identification of downstream signalling components associated with RLP/
SOBIR1 complexes has proven to be difficult because of technical limitations
associated with detecting weak and transient protein-protein interactions with
membrane-bound proteins. Previous attempts using affinity purification, followed
by mass spectrometry did not significantly detect any RLCK interacting with the
kinase domain of SOBIR1 in N. benthamiana 1°2. To overcome these limitations, we
implemented the use of TurbolD-based proximity-dependent labelling (PL) for the
dissection of the Cf-4/SOBIR1 receptor complex in N. benthamiana (Chapter 4).
This approach involves fusing the PM-associated proteins of interest to TurbolD,
which is a promiscuous biotin ligase, enabling the biotinylation of endogenous pro-
teins that are in close-proximity to the TurbolD-tagged bait protein. The biotinylated
proteins are then purified using streptavidin-coated beads 33%3%, The application
of PL, using a TurbolD-tagged version of SOBIR1, followed by the identification of
the biotinylated proteins by mass spectrometry analysis (PL-MS), revealed a set
of 81 proteins that was consistently detected to be in close-proximity to the Tur-
bolD-tagged SOBIR1 fusion protein, across multiple experiments (Chapter 5). This
proximal proteome of SOBIR1 in Cf-4-transgenic N. benthamiana plants includes
proteins that are functionally related to the Cf-4/SOBIR1 complex, such as RBOHB
and Cf-4 itself. Moreover, it includes five RLCKs, with two of them belonging to the
RLCK-IV group, two belonging to the RLCK-VII group, and one belonging to the RL-
CK-VIlI group. The detected RLCK-VIIs belong to the subgroups -6 and -8. Interest-
ingly, it has been found that higher-order mutants of the RLCKs belonging to these
subgroups in Cf-4-transgenic N. benthamiana plants display an impaired ROS burst
production upon recognition of flg22 and Avr4 ¥, While rlck-VII-8 knock-out lines
show a reduction of the overall biphasic profile of the Avr4-triggered ROS burst,
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rlck-VII-6 knock-out lines seem to be particularly compromised in the ROS burst
belonging to the second phase that is produced by RBOHB upon perception of Avr4.
Among the other detected RLCKs, the one belonging to RLCK-VIIl is a homolog of the
tomato RLCK PTO-INTERACTING 1 (PTI1), which is required for the flg22-induced
ROS burst 375,

The immune responses elicited by cell-surface receptors and NLRs have long been
considered to be separate pathways 1° Recently, emerging evidence shows that
immune signalling by cell-surface receptors and NLRs are interconnected 910162163,
For example, the activation of cell-surface receptors is required for the HR triggered
by multiple NLRs. In addition, EDS1 complexes and their associated RNLs are re-
quired for many immune responses mediated by RLKs and RLPs in Arabidopsis 162163,
The emerging model is that immune signalling by cell-surface receptors and NLRs
mutually potentiate each other by enhancing transcription of their core compo-
nents. Consistent with these observations, our gene co-expression network analy-
sis of publicly available Arabidopsis microarray data revealed that genes encoding
downstream signalling components of cell-surface receptors and NLRs are part of
the same transcriptional cluster in the context of the Arabidopsis co-expression
landscape (Chapter 3). In N. benthamiana, EDS1-containing complexes are neither
required for the Avr4- or flg22-triggered apoplastic ROS burst, nor for the Avr4-trig-
gered HR (Chapter 3). Recently, the Cf-4-triggered HR was shown to be largely me-
diated by the CNL NB-LRR REQUIRED FOR HR-ASSOCIATED CELL DEATH-3 (NRC3)
165201 (Figure 1). NRCs form a clade of helper NLRs that are required for many sensor
CNLs in solanaceous plants . It is not yet known how the signal originating from
sensor CNLs is transduced to helper NRCs. An activation-and-release working model
has been proposed, in which the IP-triggered activation of a sensor CNL leads to
conformational changes that allow them to signal to NRCs, possibly via transient
interactions 5152, The activated NRCs then oligomerise into pore-forming resisto-
somes, triggering cell death.

Our PL-MS experiments in N. benthamiana revealed a proximal proteome of SOBIR1
that also includes a set of novel candidates for signalling components downstream
of RLP/SOBIR1-containing receptor complexes. Interestingly, the products of genes
that we identified as being co-expressed with SOBIR1 in our expression analysis of
the Arabidopsis microarray data (Chapter 3), are overrepresented in the detected
proximal proteome of SOBIR1 in N. benthamiana (Chapter 5). From the 57 Arabi-

308



General discussion

dopsis homologs of the proteins detected to be in close-proximity to SOBIR1 in N.
benthamiana, the genes encoding 11 of them are also co-expressed with SOBIR1
in our gene co-expression network analysis of the Arabidopsis microarray data
(hypergeometric p-value = 4e-05). These proteins include RLCKs, MAP3Ks, a phos-
phatase, a CDPK, and RBOHB. However, some expected signalling components
and interacting proteins are missing from the detected proximal proteome of the
Cf-4/SOBIR1 receptor complex. Our application of PL-MS in N. benthamiana using
TurbolD-tagged versions of SOBIR1 and Cf-4 for example failed to detect the re-
cruitment of BAK1 homologs to the Cf-4/SOBIR1 complex upon treatment with
Avr4, Furthermore, the detected proximal proteome of SOBIR1 did not include an
endogenous RLP other than Cf-4, as being expressed by the Cf-4-transgene in N.
benthamiana:Cf-4 sobirl(-like). Consequently, we were unable to draw conclusions
regarding the absence of any sensor CNL in the proximal proteome of SOBIR1 that
could connect Cf-4/SOBIR1/BAK1 complex formation and signalling with the activa-
tion of downstream NRC3-dependent cell death. It is likely that this lack of resolution
is a consequence of the relatively high levels of protein accumulation achieved in
N. benthamiana upon transient expression of the TurbolD-tagged fusion proteins
employing the constitutive 35S promoter. To enhance the resolution, future PL-MS
experiments should either use the endogenous promoters of the genes encoding
the bait proteins or should express the TurbolD-tagged bait proteins in alternative
solanaceous plants, such as tomato and potato (Solanum tuberosum), which show
lower levels of protein accumulation upon their agroinfiltration.

309



Chapter 6

Cf-4

Avr4'

BAK1

=
KD

SOBIR1

N S

TTTTT .
L

Apoplast
e il NRC3 _
t I ,/
Cytoplasm 2 ¥ Cat

I
]
Ca* Ca? :
RLCK-VII-6|
: - o%9
1 1 RLCK-VIII : RLCK-VII-8
1 1 |
1
! _t — PN
! P R <~F‘3|—':|
| i MAPK |17 a0
i é)cisgac_ies_r B Transcriptional
1 v
1
A 1
I “ !
I ‘P\ ~ </
NRC3 s Y F— ROS
x 1
\
M chlorophyll fluorescence

sensor CNL

Figure 1. Main signalling events downstream of the Cf-4/SOBIR1receptor complexin N. benth-
amiana. Perception of the C. fulvum effector Avr4 by the Cf-4/SOBIR1 receptor complex triggers
the recruitment of BAK1. RLCKs serve as signal transducers for cell-surface receptors, and evi-
dence suggests that members of the RLCK-VIII, RLCK-VII-6, and RLCK-VII-8 groups are required for
the Avr4d-triggered apoplastic ROS burst. Perception of Avr4 also triggers the activation of MAPK
cascades, acting as downstream signal transducers, resulting in transcriptional reprogramming
of the cell and the release of ROS from the chloroplast, with an associated HR. The Avr4-trig-
gered HR has recently been found to be NRC3-dependent, possibly through the formation of
an NRC3 resistosome, involving yet uncharacterised sensor-CNLs. TF, transcription factor; P in
circle, phosphorylation.

Final remarks

PCD is a complex process with multiple dimensions. In the context of the inter-
actions of plants with microbial pathogens, the morphological characteristics of
the necrotic lesions, the underlying biochemical mechanisms triggering the pro-
cess, and the ultimate outcome of the interaction, can vary in different manners
depending on the context. The consequences of PCD activation, whether it leads
to resistance or susceptibility allowing disease development, are intricately tied
to the lifestyle of the pathogen involved. Moreover, unlike what is the case of the
clear and defined molecular interactions we use to study the processes related to
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PCD, the interactions actually taking place in nature involve a cross-talk between
pathways that are activated by different IPs, originating from different microbial
pathogens, and are also influenced by different abiotic stress conditions. Despite
these complexities, plant immune receptors play significant roles in shaping the
outcomes of these interactions.

Current scientific and technological limitations hinder the rational design of immune
receptors to recognise specific IPs. As a result, we rely on exploring the existing
natural biodiversity to identify immune receptors that can be deployed for crop
protection. A profound understanding of the molecular mechanisms regulating plant
immune receptors and the diverse physiological processes that they activate is
crucial for their successful transfer and effective implementation in crop protec-
tion strategies. The work described in this thesis is the result from curiosity driven
research into the early signalling mechanisms of the cell-surface receptor Cf-4 in
the model solanaceous plant N. benthamiana. The work has resulted into a novel
method for the assessment and quantification of cell death in green plant tissues,
novel insights into the downstream immune signalling cascade that is activated,
and a list of candidate proteins playing various roles in the functioning of the Cf-4/
SOBIR1 receptor complex.
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Summary

SUMMARY

Plants possess an innate immune system that enables them to defend themselves
against pathogenic microorganisms. This immune system is organised into two
interconnected tiers, with immune receptors localised at the plasma membrane
(PM) and present in the cytoplasm of the cells. At the PM, cell-surface receptors
act as a first line of defence, recognising immunogenic patterns (IPs) that can be
microbe-associated molecular patterns (MAMPs), damage associated molecular
patterns (DAMPs), or secreted virulence factors that are referred to effectors.

Cell-surface receptors can be classified into two main types; receptor-like kinases
(RLKs) and receptor-like proteins (RLPs). RLKs are transmembrane proteins with
both an extracellular domain to recognise IPs and an intracellular kinase domain
for the initiation of downstream signalling. In contrast, RLPs lack an intracellular
signalling domain and form complexes with adaptor RLKs such as the SUPPRES-
SOR OF BIR1-1 (SOBIR1), to initiate downstream signalling. The tomato resistance
protein Cf-4 is an example of an RLP. This cell-surface receptor confers resistance
of tomato to strains of the hemi-biotrophic fungal pathogen Cladosporium fulvum
(syn. Fulvia fulva), secreting the effector protein Avr4.

When Avr4 is perceived by Cf-4, this event triggers the recruitment of the RLK
BRI1-ASSOCIATED KINASE 1 (BAK1) to the Cf-4/SOBIR1 complex. BAK1 associa-
tion leads to a series of phosphorylation events between the cytoplasmic kinase
domains of SOBIR1 and BAK]1, thereby activating downstream immune signalling.
The resulting immune responses include a swift production of reactive oxygen spe-
cies (ROS) and the activation of a hypersensitive response (HR), which is a form of
programmed cell death (PCD). The work described in this thesis focuses on the study
of the early signalling mechanisms underlying the Cf-4-triggered immune responses
in the model solanaceous plant N. benthamiana.

Chapter 1 of this thesis provides an overview of the plant immune system, focusing
on the activation and signalling mechanisms of plant immune receptors. It explores
the diverse repertoire of plant immune receptors that are present at the plasma
membrane (PM) and in the cytoplasm of cells, describing how they are activated
upon recognition of their corresponding IPs. The chapter further explores the down-
stream signalling events that are initiated by cell-surface receptors, highlighting the

347



Summary

role of receptor-like cytoplasmic kinases (RLCKs) in connecting these receptors
with intracellular signalling cascades. The chapter concludes by emphasising the
interconnected nature of the signalling pathways that are activated by cell-surface
receptors and by cytoplasmic immune receptors, underscoring their collaborative
roles in orchestrating the activation of plant defence responses.

In order to assess the role of regulatory components in modulating the intensity
of the Avr4-triggered HR, Chapter 2 of this thesis introduces a novel method for
visualising and quantifying PCD in green plant tissues. This method relies on de-
tecting red light signals emitted by cells undergoing cell death. Through various
experiments involving IP infiltration and pathogen inoculations, the capability of this
method to quantify PCD intensity in a standardised and reproducible manner and
track its progression over time, is demonstrated. This innovative approach offers a
safer and more efficient alternative to traditional staining techniques, allowing for
high-throughput analysis of many samples in a shorter time.

Chapter 3 of this thesis explores the early signalling mechanisms of the Cf-4-trig-
gered immune responses in the solanaceous model plant N. benthamiana. In this
chapter, relevant biological information from the well-studied model plant Arabidop-
sis thaliana (Arabidopsis) is transferred to the solanaceous research model plant,
Nicotiana benthamiana. Through an analysis of publicly available Arabidopsis mi-
croarray data, a transcriptional cluster enriched in genes related to immune respons-
es that include known components of the SOBIR1 complex was identified. The role of
various genes within this cluster in Cf-4-transgenic N. benthamiana plants was evalu-
ated through a combination of gene silencing experiments, phenotypic analysis, and
protein-protein interaction analysis. This study revealed that a biphasic ROS burst
is produced by the PM-associated RESPIRATORY BURST OXIDASE HOMOLOGUE B
(RBOHB) enzyme, which is dispensable for the initiation of the HR. Furthermore, the
signalling cascades that are activated downstream of SOBIR1 were explored, reveal-
ing non-conserved mechanisms between N. benthamiana and Arabidopsis. While
the lipase-like proteins ENHANCED DISEASE SUSCEPTIBILITY 1 (EDS1) and PHYTO-
ALEXIN-DEFICIENT 4 (PAD4) form a heterodimer required downstream of cell-sur-
face receptors in Arabidopsis, their contribution was not observed in N. benthami-
ana, indicating differences in the immune signalling between the two model species.
In this chapter, the role of heterotrimeric G-proteins in the Cf-4-triggered immune
signalling was also investigated and opposing roles of the different extra-large G-pro-
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teins (XLGs) in regulating the activity of the SOBIR1 complex were discovered. Fi-
nally, a genetic interaction between the N. benthamiana homologs of the copine
protein BONZAI 1 (BON1) and components of the SOBIR1-complex was revealed,
suggesting its role as a negative regulator of a guarding mechanism of the Cf-4/
SOBIR1 complex, based on yet unidentified cytoplasmic immune receptors.

The identification of downstream signalling components linked to the Cf-4/SOBIR1
complex has been hindered by technical limitations in detecting transient and weak
protein-protein interactions involving membrane-associated proteins. For that
reason, Chapter 4 of this thesis focuses on the implementation of proximity-de-
pendent labelling (PL) to study the proximal proteome of the Cf-4/SOBIR1 complex.
This chapter describes the generation and validation of various fusion proteins con-
taining a promiscuous biotin ligase named TurbolD, to enable selective biotinylation
of proteins that are present in close proximity to the receptor complex. In this way,
the biotinylated proteins can then be purified using streptavidin-coated beads. It
is shown that the fusion proteins NbSOBIR1-YFP-TbID and Cf-4-YFP-TbID retained
their signalling competence, as indicated by their ability to mediate HR and apoplas-
tic ROS burst production upon perception of the effector Avr4. This chapter also
explores the application of PL in the apoplastic space of plant leaves. For this, a
YFP-TurbolD-tagged version of the effector Avr4 is shown to be capable of selective
biotinylation of the immune receptor Cf-4. This result suggests that it is possible
to use TurbolD-tagged effector proteins to identify unknown cell-surface receptors
that recognise a tagged effector in resistant plants.

The Chapter 5 of this thesis describes the application of PL, followed by mass spec-
trometry (PL-MS) analysis, to identify the proteins that are located in the vicinity
of the Cf-4/SOBIR1 complex in N. benthamiana. This study revealed that SOBIR1
actually functionally connects the Cf-4 receptor with the cytoplasmic immune
signalling machinery, as none of the expected signalling components that play a
role downstream of the Cf-4/SOBIR1 complex was found to be biotinylated by the
TurbolD-tagged Cf-4 fusion protein. The use of TurbolD-tagged SOBIR1 instead, re-
sulted in the identification of a set of proteins that was consistently detected to be
in close-proximity to this bait fusion protein across multiple experiments. Among
these proteins there are known interactors of the Cf-4/SOBIR1 complex, including
chaperones involved in proper folding of cell-surface receptors, as well as key sig-
nalling components such as RLCKs and mitogen-activated protein kinases (MAPKs).
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This study also provided insight into the potential organisation of RLP/SOBIR1-con-
taining receptor complexes in nanodomains present at the plasma membrane,
as the detected proximal proteome of SOBIR1 includes proteins associated with
nanodomains, such as remorins and hypersensitive-induced responses proteins
(HIRs).

Finally, Chapter 6 of this thesis provides an overview of the major PCD pathways
described in eukaryotes, focusing on their significance in plant-microbial pathogen
interactions. Within this context, the chapter presents the key findings of this thesis
in relation to the main signalling events triggered by the recognition of Avr4 by the
Cf-4/SOBIR1 complex.
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