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Abstract

Rhizoctonia solanis a fungus that causes sbidrne diseases and major yield lossesultiple crops
worldwide. Lysobacterspp. isolated fromRhizoctoniasuppressive soils might play a role in the
disease suppression Bf solani Lysobacterspp. are able to inhibR. solaniin vitro but a detailed
understanding of the mechanisms il &icking. In this study | will elucidate the role of chitinases
produced by ysobacterantibioticusstrain LO8 L. capsicistrain L14 L. gummosustrain L15andL.
enzymogenestrains L19 and L29n suppression oR. solani To that endactivity assaysvere
performed to test whether thgsobacteispecies can inhibR. solaniin vitro. A bioassay in which the
Lysobacterspecies were added to the conducive soil and cauliflower plants were sown stowed
consistenR. solanidisease suppressidrRhizosplere colonization showed thidie colonization for the
Lysobacterspecies was sufficient enough for disease suppression, excepsédyacter capsiovhere

it remains unclear if it can colonizall five Lysobacterstrains showed chitinase activity vitro.
gPCR showed that thehiA gene, encoding for chitinase A, was downregulatedLiggobacter
enzymogenem the presence dR. solanicell material. The otherLysobacterspecies did not have
down or upregulation othiAin the presence @R. solanicell material.In vitro activity of all strains
againstR. solaniwas lowered when chitin was added to the medium in comparison to medium without
chitin. HPLC analysis has identified the compounds that are present and absentyatiescter
species were grownnomedium with and without chitin. To obtaim & frame deletion of thehiA
gene, sitedirected mutagenesis via thpEX18Tc vector has been performed, but the final
transformation step was not successhfter this studythe preciserole of Lysobacterspecieson
disease suppression BY. solaniin the soil remains absenbut chitinases do seero affect the
production of antifungal compounds



Introduction

Rhizoctonia solanis a basidiomycete fungus that causessoihe diseses on numerous plant hosts,
including wheat, sugar beet, radish, rice, potato and cauliflower. Several of these plant species are of
significant economic value due to their large scale cropfflugtmaet al, 2010 Gonzalezet al,

201]). To date, chemical and genetic measures to control this pathogen have not been effective.
Therefore, there is an increasedenesst in microorganisms that have activity agaRssolaniand

which could be developed into biocontrol agents. From several agricultural soils, $esatadcter

spp. were isolatefPostmaet al, 201Q Postmaet al, 200§ and proposed as potential candidates for
biocontrol ofR. solaniand other plant diseases.

Rhizoctonia solani

R. solaniis a soitborne fungis that can survive without a host plant as a sclerotium or as a saprophyte
(Fig. 1). Infection occurs through hyphae that have emerged from basidiospores under wet conditions
or directly by mycelium. Hyphae are attracted by exudates released from the@frdlo¢ host plant.

When the hyphae come into contact with the host, they grow over the surface and the infection process
can start. The rounshaped hyphae become flattened and start makisizaped branches. These T
shaped branches can give rise to slswrollen hyphae or appressalike structures or they form
repetitive Fshaped branches. In extreme forms the infection structures can be seen as infection
cushions. Infection pegs are then formed from swollen hyphal tips that can penetrate therzlticle a
epidermal cell wallR. solanioften enters through intact tissue although it can also enter through
wounded tissue, lenticels and stom@aehet al, 1996.

s1en

Figure 1. Disease cycle oR. solani(Agrios, 2005

R. solaniisolates can be grouped intmastomosis group@ostmaet al), which are traditionally
identified by hyphal anastomosis reactions. Anastomosis is the fusion or merger of hyphae between
isolates of the same AG. So far 13 AGs are knowrRfosolani(Carling et al, 2002. R. solanispp.
belonging to different anastomosis groups often have different host plants and can differ in the type of
disease symptom@annecoucque & Hofte, 2009rhe most common disease symptom is damping

off, the killing of the plant before or after germinati(@onzalezet al, 201J. In older plants, lower

stem and root rot (called sore shin) occurs. Lesions on the stem turn from brown to black. These
symptoms often occur in sagbeet and are caused RysolaniAG-1 , AG 22 and AG4 (Gonzalez

et al, 201).



Lysobacterspecies and their bioactive compounds
An agricultural soil in Zvaagdijk (the Netherlands), where cauliflower had been successively grown,
was found to be suppressive agaiRstsolani(Postma et al., 2008In this soil,Lysobater isolates
were more abundant compared to a nearby located pear orchard soil that is condBcigelami
(Postmaet al, 2010, even though the two soils tesimilar physical and chemical properties and
both containedR. solani(Postmaet al, 201Q. The suppressive soil contained five to twelve times
moreLysobacterthan the conducive sajPostmaet al, 201Q. The isolated_ysobacterspecies from
this suppressive soil wereysobacterantibioticus Lysobactercapsici and Lysobacter gummosus
(Postmeet al., 201).

Lysobacterspp. are potential biological control agefitlaywad et al, 201Q Postmaet al,
20117), since they have activity against several bacterial pathogens, inckdmigomonas oryzaen
rice, as well as oomycete pathogens on pepper, sugar beet and cu@lablet) Lysobacterspecies
produce several antimicrobiaietaboliteqTable 2). For exampld,ysobacterenzymogenesrodices
HSAF (Heat Stable Antifunal Factor) that can inhibit fun@iolman et al, 2003. Lysobacter
gummosuss able to produce 2-diacetylphloroglucinol(DAPGHashizumeet al, 201J. In general
all Lysobacterspecies producefs- 1,3 glucanases and chitinases that are able to inhibgi. For
Lysobacter antibioticus anldysobacteicapsici is not much known.

Table 1 an overiew of pathogend.ysobacterspecies inhibit.

Lysobacterspp Disease Plant Pathogen References
Lysobactersp. SB-K Damping-off sugar beet Aphanomyces cochloides Islam et al, 2010, Islam et al, 2005
Pythium sp. Nakayama et al, 1999
Damping-off spinach Aphanomyces cochloides Islam et al, 2010, Islam et al, 2005
L. antibioticus Bacterial leaf blight rice Xanthomonas oryzae pv oryzae Ji et al, 2008
Phytophthora blight pepper Phytophthora capsici Ko et al, 2009
L. capsici damping-off, root rottomato Rhizoctonia solani Puopolo et al, 2010
F. oxysporum f. sp. lycopersici Puopolo et al, 2010
F. oxysporum f. sp. radicis-lycopersici Puopolo et al, 2010
L. enzymogenes  Damping-off cucumber Pythium aphanideratum Folman et al, 2004; Postma et al, 2009
Damping-off sugar beet Pythium aphanideratum Palumbo et al, 2005
Head blight wheat Fusarium graminearum Jochum et al, 2006
Brown spot tall fescue Rhizoctonia solani Giesler and Yuen, 1998
Leaf spot tall fescue Bipolaris sorokiniana Zhang an Yuen, 1999, 2000; Kilic-Ekici and
Yuen 2003, 2004; Kobayashi et al, 2005
Summer patch dise: Kentucky bluegrass Magnaporthe poae Sullivan et al, 2003; Kobayashi and Yuen, 2005
Rust bean Uromyces appeniculatus Yuen et al, 2001
Phytophthora blight pepper Phytophthora capsici Kim et al, 2008
Chitinases

Chitin is an i nAlglnked Bécetylgiuandamineg@lcNAc) prebent in many insect

and fungal cell walls. Chitinases are glycosyl hydrolases that catalyze the hydrolytic degradation of
chitin. They are divided into two families of glycosyl hydrolases 18 and 19, based on similarity of the
catalytic domain(Song et al, 2013. Family 18 chitinases are present in bacteria, fungisesu

animals and some plan{lingaraju, 200 They have a commo( b 4 Rairel catalytic domain

(Perrakiset al, 1999 that first cleaves the sugar chain-élletyl) followed by further hydrolysi&zan

Aalten et al, 200]). Chitinolytic enzymes can be divided into three categories: exochitinases,
endochi t i-N-acetdgtucosamididade. Exochitinases have activity only at dheeducing

end of the chitin chain and cleave off (GIcNac) Endochi ti nases c¢lagdnh hydr c
glycoside and <c¢cleave randomly in the ©ciNitin ct
acetylglucosaminidase cleaves GICNAc units sequentigdiy the norreducing end of the substrate
(Bhattacharyaet al., 2007%.



Table 2 an overiew of inhibitory metabolites produced byl ysobacterspecies

Species Compound Activity Gene References

L. antibioticus 1-hydroxy-6-methoxyphenazine antioomycete Cook et al, 1971;
4-hydroxyphenylacetic acid antioomycete Ko et al, 2009
L. Yu et al, 2007; Li et al, 2009, Lou et al,
enzymogenes dihydromaltophilin (HSAF) antifungal/antioomycete PKS/NRPS 2012
biosurfactant antifungal/antioomycete Follman 2003
cyclic lipodepsipeptide (WAP-
8294A2) anti-MRSA NRPS Zhang et al, 2011
L. gummosus 2,4-diacetylphloroglucinol antifungal Brucker et al, 2008
L. lactamgenus cephabacin unknown Demilev et al, 2006; Lee et al, 2008

tripropeptin C (cyclic

Lysobacter sp.  lipodepsipeptide) antibacterial Hashizume et al, 2011
lysobactin (macrocyclic
depsipeptide) antibacterial NRPS Hou et al, 2011
Nakayami et al, 1999; Hashizume et al,
xanthobaccin A, B & C antibacterial 2008
endopeptidase L1,4,5 antibacterial - lysis Tsfasman et al, 2007; Vasilyeva et al, 2008
N-acetylmuramoyl-L-alanine
amidase antibacterial - lysis Tsfasman et al, 2007; Vasilyeva et al, 2008
muramidase antibacterial - lysis Tsfasman et al, 2007; Vasilyeva et al, 2008
Lysobacter spp. B-1,3-glucanases Palumbo et al, 2005
chitinases antifungal Zhang et al, 2001; Ko et al, 2009

Bacteia that produce chitinases often have more than one chitinaséHgmeet al, 2006.
Serratia marcescensontains up to five different chitinases with each éedint protein size ranging
from 20 kD to 60 kD(Fuchset al, 198§. Cloning and subsequent sequencing of the genes encoding
these enzymes have resulted in the identification ofctii@, chiB, chiC and chiD genes each
encoding for an enzyme with a different protein gia&atanabeet al, 1990. The chitinases share the
catalytic domain, but they possess one or more smaller subdomains thought to be involved in specific
substrate bindingHorn et al, 2006. chiA, chiB andchiC are the best characterized enzynobsA has
a N-terminal substrate binding domaihiB has a linker and a-@rminal chitin binding domairchiC
only has a Germinal chitin binding domains. It is thought that despite having catalytic domains with
similar folds,chiA functions as an endochitinase atdB as an exochitinase, degrading chitin from
the opposite endshiC has a lower catalytic efficiey for short substrates thahiA andchiB (Horn
et al, 2009.

Chitinase production is influenced by several biotic and abiotic factors. For example,
chitinases areften upregulated by the presense of chitin or chitin derivatives like colloidal chitin.
Also, nutrient rich medium repressed chitinase productigmch was mainly attributed tohigh
glucoseconcentrationgBhattacharyaet al, 2007 Folderset al, 200). Other factors that influence
chitinase activity are pH and temperature. The optimal pH for chitinasegacarirom 4.5 to 10.
Different optimal temperatures have been found Sireptomyces violaceusnig€R8°C) and
Streptomyces thermoviolace(80°C) (Bhattacharyaet al, 2007. Little is known about the genetic
regulation of the chitinase genes. An overexpressing chitinase mutant was identfigddrcescens
but the mutated gene has not been identified s@Raid & Ogrydziak, 198)L In L. enzymogenes
mutation in genes encoding for the glge/galactose transporteglP), S-adenosylmethionine
decarboxylase speD and a disulphide bond formation protein BsgB abolished chitinase
production inL. enzymogeneS83, indicating a role in the regulation of chitinase produc{{®moi et
al., 2012. Also, a mutation in catabolite activator protéike (clp), a known global regulator for lytic
enzymes, gliding motility andn vitro antimicrobial activity, redugs chitinase activity ofl.
enzymogeneSullivan et al, 2003 Choi et al, 2012. Whether these genes play aer@h chitinase
production in othelLysobacterspp is not known.With regards to secretion of chitinase, also not
much is knownchiA in Vibrio choleraeis secreted into the cellular medium via the type Il secretion
pathway. InPseudomonas aeruginostis postulated thathiC is secreted by a novel secretory
pathway(Folderset al, 2007).

SinceLysobacteispp. are known to produce chitinagegyward et al., 200)Cand most fungal
cell walls have chitin as major building brick these chitinases might contribute to antifungal activity
(De Boer et al., 2001 A tobacco plant over expressing plant chitinases has been found more resistant
againstR. solani(Gonzalez et al., 20)1Also, chitinases produced by bacteria are inhibingolani
growth, as was shown f@&. marceseng§Song et al., 2013 In Lysobacterenzymogenethe gene
encoding for chitinase activitghiA, was either mutated or deleted and tested for antifungal activity
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(Qianet al, 2012. Besides a loss in chitinase activity on chitin medium, the antifungal inhibition was
not lost, indicating that chitinases were not required itiftangal activity. However, this is not known
for the chitinases produced by othgsobacterspp.

Research guestion
Do Lysobacterspecies play a role of disease suppressidR. ablaniin cauliflower and are chitinases
involved?




Material and methods

Strains and culture conditions

Lysobacterstrains LO8 K. antibioticusL08), L14 (. capsiciL14), L15 L. gummosu&15), L19 (.
enzymogendsl9), L29 (L. enzymogends29) were maintained on R2A medium (Difco) and gratn
25°Cfor3days When cultured in Iiquid medi ulRgsolahiur i a
AG2-1 and AG22I11B were grown oril/5 PDA mediunmat 25°C.

In vitro activity againstR. solaniAG2-2111B and AG2 -1 on R2A

All Lysobacterstrainsweregrown in 10 ml LB for three days at 25°C at 200 r@Baspensions were
centrifuged ar643 g for 10 minutes and cells were washed three times and resuspentiednl
0.9% NadC. The ell density was measured with a spectrophotometer at a wavelength of 688chm,
subsequently diluted to the required densitP®% NaCl 50 pl of 10° cells/mlwas spot inoculated

on R2A medium. After overnight incubation at 25°C a phith a diameter of 5mrof R. solaniAG2-

1 or AG-21lIB was placed in the middleThe plateswere incubatedfor 5 days at 25°Cand
photographedTo test the presence of chitin on inhibition, R2A was supplemented with 0.2% or 0.5%
colloidal chitin. Also culture filtrates of theysobacterstrains were tested for activitizysobacter
strains were growin 10 ml R2B, with and without 0.2% colloidal chitin, for three days at 25°C at 200
rpm and centrifuged643gfor 10 minutes. The supernatant was filter sterilized with aethZilter
(Whatmarn. 50 el of the supernatant was spot inoculated on R2A medium, R2A medium
supplemented with 0.2%r 0.5% colloidal chitin. A plug oR. solaniAG2-1, grown on 1/5 PDA, was
placed in the middle of the petridish. After 5 days incubati@b &t pictures were taken.

In vivo bioassay

rifampicin resistant mutastof theLysobactestrains wergrown in 10 ml LB, supplemented with 100
pg/ml rifampicin for threedays at 25°C a200 rpm. Suspensions were centrifuged4&43g for 10
minutes and ells were washed three times and resuspended in 10 ml 0.9% NaCelTdensity was
measured with a spectrophotometer at a wavelength of 600 nm, and subsequently diluted to the
required densityn H,0. The treatments corssiof LO8, L14, L15, L19, L29 asha combination of L0O8,

L14 and L15 in a 1:1:tatio with 10° and 10 cells/g soil Cell suspensions weraixed through the
conduciveZwaagdijk soilwith a finalwater content of 20%. The seilasdivided intoeightcontainers
(replicates)each containin@50g soil The next day, cauliflower seeds2012-00003 were sownA

trial has been performed to test for type of container and amount of seed@gpw@nandAppendix

1). Plant growth and disease scoring was most optimal wBeseedsvere sown irarectangleshaped
container 20 mm by 7 mm by 2.5 mm, right panel Fig. 2), so this setp was used for further
bioassaysPlans were grown in a climate chamber at 24 C, 70% humidity with 16 h of light and 8 h of
dark.

Figure 2. Left panel: square pot con?ining 9 cauliflower plants. Right panel rectangular container
containing 12 cauliflower plants. On the right sideof the containerR. solaniwas inoculated andiwo plants
suffer from R. solanidisease symptoms.



R. solaniAG2-1 was grown for 5 daysrgwn on 1/5 PDA and plug of 5 mm diametemwas placed
into the soil touching the first plaiseven days after sowing the see@&rmination percentage was
scored at day 1. During a 15day period after inoculation d&t. solanidisease incidencand distane
was scored every two to three dapdter 15 days the bioassayas finalizedand rhizosphere samples
hadbeen taken.

Colonization

Cauliflower hizosphers were collected fromhealthy plantsthat were the closest to thénfected
seedlingsPer replicate2-4 plants were takedepending on how mamyninfected plants thereere
left. Two replicates were poole®hizospheres wenesuspended into 4 ml 0.9% Na&hd vortexed
for 1 minute, sonicated for 15 secorat®d vortexd again for 15 second$0el of a 10x, 10« and
100 time dilution was plated on selective medium, R2A supplemented with ¢ gfampicin r
200 eg/ ml,2&mpeigcinmll idndah@GUny elRekocid. Plates were incubated for
maximum of 7 dayat 25°C. Colory forming units(cfu) were counted once they appeared on plate
and cfu/g rhizosphere was calculated

BOX-PCR

The coloniesobtained withthe colonization assayere analyzedby BOX-PCR. A colony is picked
with a toothpick and resuspended in 50 pl miliQ wateBOX-PCRreaction of25 pL is composed of

5 uL cell suspension, AL BOX-A1R primer(10 uM), 1.25 pL dNTPs(100 mM each) 0.4 yL BSA(10
mg/ml), 2.5 pL 100% DMSO, 5 uL 5x Gitschier buffer, 0.4 uL Taq polymerase, 5USuperTaq)
and 9.45 pL miliQ watefThe 25 L is heated up t®9C for 2 min, then &times a cycle of 3 seconds
at 94°C followed by 92°C for 30 second°C for 1 minute and 65°C for 8 minutes. After 30 cycles
samples were incubated 65°C for 8 minutes and then kept at 8°C. 5 pL of the PCR pradhgt
loadedon anl.5% agarose gaind rarfor 8 hours at 40 \ér overnight at 20V.

Chitinase activity

All Lysobacterstrains were grown in 10 ml LB for three days at 25°C at 200 rpm. Suspensions were
centrifuged at4643 g for 10 minutes and cells were washed three tinmes rasuspended in 10 ml

0.9% NaCl. The cell density was measured with a spectrophotometer at a wavelength of 600 nm, and
subsequently diluted to the required density in 0.9% NaCjil 56 10° cells/ml was spot inoculated

on R2A medium, R2A medium supplented with 0.2% colloidal chitin and R2A medium
supplemented with 0.5% colloidal chitin. After 5 days of incubation at 25 °C pictures were taken.

Genome walking

To obtain the completehiA sequence of. antibioticusL08 andL. gummosud.15, a PCR was

perfo0 med with f o-CARLGTUGAD GACRCFACEAETTE d and rev-erse pr
GAAGTCGTAGGTCATCACGTT&G 6. The PCR product Nudesspipur i fi €
cleanup kit(Machery Nagel) according to the manufactures protecm sent for sequeing at

Macrogen.

Site-directed mutagenesis

Site-directed mutagenesis was performed with the pEX18Tc vectording to the protocdlChoi &

Schweizer, 2006 To amplify the fragment for sidirected mutagenesis chiA in L. capsicilL14,

flanking fragments of thehiA gene have been amplified with the following primers: upper fragment

f or wa-TGATGGATG CAA GCT TCG TGC TCACTT ATG TCG AGG AB 6 ; upper rev
f ragm&€ATt GGS &CT TCC TCT CTC @ 6 ; down f or w@GAdGAG AGE me nt :
AAG CAC CATGAAG TAATCGGCCTGACGT&@ 6; and down r-AGAsITGe frag
ACT CGG TAC CCAT CAC ATA CAG CGT GTC GA& 6 . T hpmgram@aéhsist of 3 min at

95°C, 35 times a cycle of 1 min at 95°C, 1 min at 56°C and 1 min at &€ wasfinished with5

minutes at 72°C. The upper forward primer contaikgnallll restriction site, the lower reverse primer

contains aKpnl restriction site for efficient cloning into pEX18Tc. The upper and down fragments

were connected via an overlap PCR with the uppsvdiad primer and the lower reverse primer. The

PCR program consist of 3 min at 95°C, 35 times a cycle of 1 min at 95°C, 1 min at 56°C and 1 min at
72°C it is finished with 5 minutes at 72°C. This product was ligated into the ptGéddy vector
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(Promega), acor ding to manufacturero6s instrKpntandons. T
Hindlll restriction enzymes and subsequently subcloned into pEX18Tc, digested with the same
restriction enzymes. After overnight ligation at 16°C, the plasmid was traresfaimo Escherichia
coiDH5U0 heat shock competent c e]récevenpiySOL madamt s ho
shaking at 200 rpm &7 °Cfor 1 h and subsequent plating on LB medium supplemented with 50
pg/ml tetracycline Plates were incubated at 37°C for 3 days. Correatitig was confirmed by

colony PCR usinpEXP18f o r w a-CQIl .CTToC&C TAT TAC GCC A& andpEXP18Reverse:

5&TT GTG TGG AAT TGT GAG C& {rimer. The PCR program consist of 3 min at 95°C, 35
times a cycle of 1 min at 95°C, 1 min at 56°C and 1 min &€ Z&dit wasfinished with 5 minutes at

72°C. Digestion of isolated plasmid DNA wikpnl andHindlIl restriction enzymes and loading the
samples on a 1% agarose gel. The fragmexgpurified from gel withthe Nucleospin cleamup kit

(Machery Nagel) accodi ng t o t he ma nThd iaotatedl fragmeidt svas psent foro ¢ o |
sequencing at Macrogen. Subsequently, the correct pEXdldAgplasmid was transformed into the
Lysobacter capsiciL14 strain via several electroporation or triparental mating. Fentrejporation,
competent cells were generated by a sucrose wash, 2 times washing in 4 ml 300 mM sucrose and
resuspending it in 1001 300 mM sucrose and 50 ng plasmids was introduced by electroporation using
ec2settings(2.5 kV in a 0.2 cm cuvett®iorad) settings. Subsequently, cells were plated on selective
medium, consisting of either LB or R2A with 100 pg/rifampicin and 50 pg/mitetracyclineand
incubated at 25°C or 30°C. Cells that were able to gwesve then plated on LB medium
supplemented with% sucrose. A glycerol wash was also performmgdmpicin resistantL. capsici

L14 were grown in LB medium without NaCl and supplemented with 100 pgfanipicin. After the

cell were grown to a density between 0.6*a0d 0.9*10 the cells were spinneddn at 1892. The

medium was removed arthle cells were@esuspended in ice cold gBl. The cellswerewashed twice

in ice cold 10% glycerahnd aliquoted it sample Plasmids have been introduced via electroporation

as described above.

Plasmid isolation

E. coli D H 5dglls were grown on LB supplemented with tetracycline and grown overnight at 37°C at
200rpm. 1.5 ml of the overnight cultuneasspinned down at 1587 for 2 minutes. The supernatant
wasremovedand 200 pl of a solution consisting of 50 mM gluco2e, mM Tris and 10 mM EDTA
adjusted to pH 8.Qyas added andhixed by inverting. 200 ul of a solution consisting of 0.2 N NaOH
and 1% SDSvasadded and gently mixed by inverting. 200 pl solution consisting of 60 pl 5 M KAc,
11.5 pl HAc and 28.5 pl H2@vas aldedand gently mixed by inverting. The mixtueasspinned for

10 minutes at 15&87g. The supernatant is collected and precipitated with 1 volume isoprppanol
spinned for 10 minutes at 158¢ and washed with 70% cold ethanol. The pellasdissolved inl0

mM Tris with 100 ug/ml RNase.

QPCR

All Lysobacterstrains weregrown and washed as described abokach treatment wagerformed

with 4 replicatesA starting concentration dfc® cells/ml were inoculated ia 24wells plate (Nunc),

each well containing.25 mIR2B and R2B supplemented with 33,8 mg/ml BrysolaniAG 2-1 cell

material obtained bys days incubation dd R. solaniplugin 25 ml 1/5 PDB. TheR. solanimaterial

was autoclaved and dried overnight at 60°C. The matevis grinded and disseéd in R2B.To

explore which was the best time point for determining differences in chitinase expressiBGRRT

was perfomedAppendix2 and Appendix3). During the exponential growth phase, the phase between
24 and 48 post inoculation, the expressiochof is the highest. Therefore isolation of RNA is done
after 24 hoursPlates werencubated for 24 hours at 25°C at 200 rpnmd 1 ml of each culture was
centrifuged fors min at20238 g. The cell pellet was stored #0°C. RNA was isolated from the cell

pellet with Trizol (Invitrogen according to manRNAaamplaswer®Nase i nstr
treatedwith TURBO DNA-free™ (Ambior) and cDNA was maderom 1 ug RNA with MMLV

reverse transcriptag®romegalaccordingtonanuf act ur e r ThasgPCRnExture eandist o n s
of 5 pl of the 5 times diluted cDNAL2.5 |l Sybr greenSensimix(Bioline), 5.5 pl miliQ and 1 pl
forward primer and 1 pl reverse primer. The analysis was conducted in 7300SDS system from Applied
Biosystems. The program consisted ahi2 at 50°C, followed by 10 min at 95 °C and followed by 40
cycles of 15 sec at 95C°and 1 min 60C. The program was finished with a dissociatmurve
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Primers for thepoD housekeeping gene have been usead housekeeping gefoe correction of the
fluctuations in cDNA concentration between individual samglbe qPCR has been performed with
the chiA primers:Forward5 & CA GCT CAA GGC CAAG C-3 j0Reverseb ©6GT TGC CCT TGA
TGT AGG C-3 @ndrpoD primers:Forward:5 €6 TC CGA TAT CAA GCT CCT G-3 @nd reerse:

5 &AT GCCGAT GAT GTCTTCG-3 6

HPLC

All Lysobacterstrains wergrownand washed as described ab®d.0™ cellsweredissolved in 200
pl 0.9% Nad. The cell suspensi@wereinoculated on R2A, R2A with 0.2% chitin and R2A with
0.5% chitin in aline with a small inoculation loomt one side of the petridistifter overnight
incubation at 25°C alug of R. solaniAG2-1 grown on 1/5 PDA is placed on t¢her side of the
petridish (Fig. 3). After 5 daysof incubation at 25°Ghe inhibition zone was cut into pieces and
dissolved in sterile diD. 6 replicate plates wergooled into one sampléifter vortexing for 2
minutesthe samples wergpinned down for 30 min &643g at 4°C. Trifluoroacetic acid is added to a
final concentration of 0.1% and théwo volumes of ethyl acetaterere added. After overnight
incubationat-20°C the ethyl acetate fraction is dried under continaau$ow. The driedextract was
dissolved in Inl MeOH. A Reverse phasg18 column(5um), in-line Degasser, 600S Controll&l.7
plus Autosamplerand 996 Photodiode array Detectbave been used for the HPLaDalysis The
running solution changed froMilliQ + 0.1% TFA to 100% acetonitrilen 45 minutes, and then back
again in 15 minutes, with a flowrate of 0.5 ml/min.

Figure 3. Lysobacter ahtibioticusLOS inhibiting R. solaniAG2-1 on R2A medium.
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Results

Activity against R. solaniAG2-2111B and AG2-1 on R2A

All five Lysobacterstrains showeth vitro activity againsiR. solaniAG2-1 and AG22 on R2Ain a
dualculture assayFig. 4). When culture filtrates of theysobacterstrains grown irR2B or R2B with
0.2% colloidal chitinwere tested for activity oR. solaniin a similar seup, or when the culture
filtrates were pipetted directly on top of growing myuaeli nore of the culture filtrate showed any
activity. This indicates that théysobacterstrains are not able to produce chitinases and other
inhibitory metabolites undethe conditiors used for obtaining the culture filtratder examplethe
presencef the pathogeis requiredor asolid surface othe compounds arapidy degraed

Figure 4. Inhibition by Lysobacterstrains L0O8: L. antibioticusL08; L14: L. capsiciL14; L15: L. gummosus
L15; L19: L. enzymogene&19; L29: L. enzymogenek29 of R. sdani AG 2-1 (left panel) or R. solaniAG
2-2 llIB (right panel) on R2A medium.

In vivo bioassay

To find out if Lysobacterstrainswere alsoable to suppresR. solanidiseasg in vivo in cauliflower,
strains L08, L14, L15, L19, L29 and a combination of L084 and L15n a 1:1:1 ratiovere added to
the conducive Zwaagdijk saitt a density of 10and 10 cells/g soil Germination was not affected by
the addition of thelLysobacterstrains Appendix 4). After germination,R. solani AG2-1 was
inoculated and idease progress monitored by determining disease percentage and the &stance
solani migrated through the soillreatment with rast strains did not show a significant different
disease percentage, disease distan@am under the disease progress c@aldDPC) compared to
the control(Fig. 5 and Fig. B L. enzymogenels29 applied at 10cells/g soil showed significantly
decreased disease percentage from the cattidd days post inoculation (dpBut this was not seen
in the AUDPCL. gummosus15 gplied at 10 cells/g soil showed a significantly decreased AUDPC,
but this was not seen in the disease percerdagksease distance (Fi§ and Fig 6). However,L.
enzymogeneis19 applied at a density df0® cellshy soil showed asignificart diseasesuppression for
both 15 days post inoculum Bf solanidiseasedistanceand AUDPC calculationg~ig. 5 andFig. 6).
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Figure 5. Left panel: disease percentage 15 days post inoatibn (dpi) of R. solaniof cauliflower seeds
grown in conducive Zwaagdijk soil supplemented withLysobacterstrains LO8: L. antibioticusL08; L14: L.
capsiciL14; L15: L. gummosusL15; L19: L. enzymogene&19; L29: L. enzymogene&?29 on R. solaniat
10° cells/g soil (16) or 10° cells/g soil (10). Right panel: AUDPC of diseasepercentage. An asterisk
indicates asignificant difference (p<0.05) from the control treatment tested with analysis of variance and
Dunnet post hoc analysis.
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Figure 6. Left panel: disease distance 15 days poistoculation (dpi) of R. solaniof cauliflower seeds grown
in conducive Zwaagdijk soil supplemented with_ysobacterstrains L08: L. antibioticusL08; L14: L. capsici
L14; L15: L. gummosud_15; L19: L. enzymogenek19; L29: L. enzymogenek29 on R. solaniat 10° cells/g
soil (1) or 10’ cells/g soi (10"). Right panel: AUDPC of disease distance. An asterisk indicates a
significant difference (p<0.05) from the control treatment tested with analysis of variance and Dunnet post
hoc analysis.

This bioassay was repeatedth nonrifampicin resistant.ysobacterstrains In thisexperimenttrain

only strainL14 appliedat 10° cells/g soilshowed a significantly different disease percentage from the
control at 15dpi. Howe\er, this disease percentage viagherthan the control treatme(ppendix5

and Appendix 6). These results indicate thaone of the strains could suppress the disease
development oR. solaniconsistently.

Colonization

To find out if Lysobactertreatments can colonize cauliflowir vivo, rhizosphers were collectedof
plants growrfor 15 daysin Zwaagdijksoil to whichrifampicin resistant.ysobacterstrains L08, L14,
L15, L19, L29 and a combination of L08, L14 and Lih5a 1:1:1 ratiowere addedRhizospheres
samples were plated on R2A supplemented with rifampicin and colonizaisndetermined by
dilution plating(Fig. 7). No bacteria were retrieved from the control treatments. When applied at 10
cells/g soil, strains L14 could not be retrieved, whelgd L15, L19 and L29 could be retrieved
ranging from3*10° to 1.3*1 cells/gsoil. When the combination of L08, L14 and L15 was applied,
1*10° cells/g rhizosphere were retrievéthen applied at 10cells/g soil, L08, L14, L15L19 and
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L29 could be retrievé ranging from3*10° to 4*10° cells/g soil(Fig. 7). When the combinationfo
L08, L14 and L15 was applied,8*10° cells/g rhizosphere were retrieved.
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Figure 7. Colonization of Lysobacterstrains L08: L. antibioticus L0O8; L14: L. capsici L14; L15: L.
gummosusL15; L19: L. enzymogened.19; L29: L. enzymogene4.29 collected from the rizosphere of
cauliflower. Bars indicated with a different letter indicate a significant difference (p<0.05) between the
samples tested with analysis of variance andLSD post hoc analysis.ND indicates notdetected. NP
indicates that statistics is nofpossible because there is only one repetition that worke@he detection limit
of this experiment is 284 cells/gr rhizosphere.

BOX-PCRconfirmed that all bacteria that were isolated were the same strains as édppeddix
7), except for strain L14tboth 16 and 10 cells/gr soil Overall, his indicates thathe allLysobacter
strains colonize cauliflower rhizospheres with around110 cells/g rhizosphere, with the exception
of L14, which seemed a poor coloniz&€hese results indicate that thekaof disease suppression for
strain LO8, L15 and L29 (Fig 5 and Fig. 6) cannot be explained by a poor colonizat@mparison
between 10and 10 cells/gr soiltreatments showed that inoculationléf cells/gr soilresults inbetter
colonizationfor Lysobacter gummosusl5, Lysobacter enzymogen&29 and the combination of
Lysobacter antibioticu$08, Lysobacter capsicL14 andLysobacterL15. When a combination of
L08, L14 and L15in a 1:1:1 ratiowith a concentration of I@ellsk soil per strainvasadded to the
soil higher amount of cellsvere retrieved from the rhizosphere compared to L08 and L14 applied
alone. Potentially the majority of the cells retrieved from the mixture betbtogstrain L15 since all
the tested colonies follow the samétpan as the L15 control.
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Chitinase activity

All strains showed degradation of chitin in the mediiig 8). However not all photos showed a clear
halo of chitin degradation by the/sobacterspecies. This indicates that the chitinase(s) are functional
in all of theLysobacteistrains used

L14 L15 L29

0.2% Chitin

0.5% Chitin

Figure 8. Chitin degredation by Lysobacterstrains L14: L. capsiciL14; L15: L. gummosud.15 and L29: L.
enzymogene&29 on R2A medium with 0.2% and 0.5% addedPhotos ofLysobacterantibiotcusL08 and
Lysobacterenzymogened.19 were unclear and not shown

Site-directed mutagenesiof the chitinase gene

Site-directed mutagenesigas attemptedo test the inhibitory role of chitinasés vitro. Flanking
sequences are required to be able to delete a complete gengh&vwgim genome sequences were
obtained in November 2012, the flanking sequences fochi®e gene of strain LO8 and L15 were
unavailable. By genome walking it was attempted to retrieve the missing upstream regioohifthe
gene of strain LO8 and L15, howar, the genome walking was unsuccessful. Thereforediséeted
mutagenesis hasnly been performed for L14. Upstream and downstream flanking fragments of the
chiA gene have joined by overlap extension PCR and ligated into the pEX18Tc vector. Sequencing
results from the fragmenhserted in pEX18Tshowed a insertion with 2 nucleotide substitutions
,with coding for a different amino acighto the vecto(Appendix8 and Appendix P Introduction of

the pEX18TechiAto Lysobacter capsidil4 was unsuccesul.

Chitinase expression in presence and absenceRfsolani

To find out if the presence dR. solanidead cell material regulates the expression dfiA in
Lysobacterstrains L08, L14, L15, L19 and L2irst, the Lysobacterstrainswere grown in R2Bto
find the best timing foexpression analysisy performing RTPCR After around 42 the stationary
growth phasewas reached(Fig. 9). The chiA expression is highest during the exponential growth
phase, between 24 and 48 hours after inoculation (App@&ndi
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Figure 9. Growth curve of Lysobacterstrains L0O8: L. antibioticus LO8; L14: L. capsici L14; L15: L.
gummosud.15; L19: L. enzymogenek19; L29: L. enzymogenek29 grown in R2B.

Therefore, 24 hours of incubation was selected as the timepointlysattze effect of deaR. solani
AG2-1 tissue by qPCRWhen he strains were grown iR2B medium supplemented with de&d
solaniAG2-1 tissuenone of the strains showed a significantly different expressichisf except for
strain L19, (Fig. 10. The chiA expression of L19 was significantly lowered in comparisoichié\
expression when grown on R2B withd®hizoctonia solancell material.This indicates that the cell
material ofRhizoctonia solanAG2-1 does not significantly influence the expressibrctiA of most
Lysobacterstrains.
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Figure 10. Relative quantification ofchiA by Lysobacterstrains L08: L. antibioticus L0O8; L14: L. capsici
L14; L15: L. gummosusL15; L19: L. enzymogened.19; L29: L. enzymogened 29 after 24 hours of
inoculation. Lysdbacter strains grown in R2B supplemented An asterix indicates a sifnificatly different
expression wherR. solaniis added. Tested with independent sample-fest

Activity against R. solaniAG2-2111B and AG2 -1 on R2A with and without colloidal chitin

To deermine theeffect of colloidal chitinon antifungal activity of th&ysobacterstrains, the strains
were lineinoculated on medium supplemented with colloidal chitin &dsolani AG 2-1 was
inoculated.In this setup the addition of colloidal chitin inhited the activity ofeach strain. For LO8
and L19 this is only the case when 0.5% colloidal chtisadded (Fig11l).
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Inhibition R.solani AG 2-1
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Figure 11. Inhibition in mm of Lysobacterstrains L0O8: L. antibioticus L08; L14: L. capsiciL14; L15: L.

gummosusL15; L19: L. enzym@enesL19; L29: L. enzymogened.29. An asterisk indicates that the
treatment differs significantly (P<0.05) from the control (R2A) tested with analysis of variance and
Bonferroni post hoc analysis.

In a different set upwvhere thd.ysobacteistrains werespot iroculated on a plate instead of inoculated
in a line,all strains were tested for inhibition agaifstsolaniAG 2-1 andR. solaniAG 2-2 IIIB on
R2A, R2A with 0.2% chitin and R2A with 0.5% chitin.ysobacter sains L14 and L19 and L29
showed a shilar decreased inhibition when colloidal chitin was added to the medium as the first set
up. Lysobacterstrains LO8 and L15 do not show a decreased inhibition adrirstlaniAG2-1 when
colloidal chitin was addednhibition of R. solani AG22 IlIB hasonly been tested in the second-set
up. Lysobacterstrains LO8 and L15 did not show any decreased inhibition agrinsvlaniAG2-2
I1IB when colloidal chitin was addetlysobacterstrains L14 shows decreased inhibition agaist
solaniAG2-2 1lIB when bdh 0.2% and 0.5% chitin are added to the mediwysobacterstrains L19
and L29 only show decreased inhibition agaiRstolaniAG2-2 I1IB when 0.2% colloidal chitin is
added, when 0.5% colloidal chitin is added there is no decreased inlifigiti@ndix 10). These
results showdthat when colloidal chitin is added thatifungal activity of thd.ysobacteistrainswas
inhibited

Extraction and HPLC analysis of inhibition zones on R2A with and withoutcolloidal chitin

The inhibitionof the activity againsR. solaniAG2-1 by all Lysobacteistrairsin presence of colloidal
chitin (Fig. 11) indicaks that bioactive metabolitesere downregulatedBecause the shdirected
mutation of thechiA gene did not succegethe role of chitinases could not be determinguerfore,a

HPLC analysisvasperformed in order to explain the differences in inhibitiome ihhibition zonewf
Lysobacterstrains growing on R2A with and without colloidal chitirere extracted with ethyl acetate
andanalyzedoy HPLC(Fig. 12) Different metabolitesvereproduced under these different conditions
and all strains showed a different HPLC profildere is a peak around 28 minutes retention time that
seems to be common in all treatments except for the treatment with-a2Bysobacterantibioticus

LO8 two peaks appead upon 0.2% chitinadditionand one peakncreasd when 0.5% chitirwas
added.Addition of 0.2% chitinLysobacter capsiaiesuledin the loss of four peak$or Lysobacter
gummosust is not very clear? different peaks aeaed when 0.5% chitin was added, bupon
addition of0.2%these two peaks were not presdfar bothLysobacter enzymogenssains only a

few different bioactive metabolites could be detectggdobacter enzymogene$9 has one peak that
disappeared um addition of chitin. Two othepeals appeaed when 0.5% is added.ysobacter
enzymogenek29 shows a decreased production of bioactive metabolite production when chitin is
addedWhen 0.2% chitin is added two peaks disappear comparison to R2A, two ane additional
peaks disappead when 0.5% chitinwas added.The Lysobacter enzymogestrainshave a lot of
bioactive compounds produced in common, although the production is affected differently by chitin.
For example the two peaks occurring at 40 minutgention time are produced fduysobacter

17



enzymogeneks19 when 0.5% chitin is added whereas these peaks occur on R2A medium and

0.2% chitin is added fdrysobacter enzymogenie29
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Figure 12 Contour plots of HPLC extracts of inhibition zones ofLysobacterstrains againstR. solaniAG2-
1. Lysobacterstrains L08: L. antibioticus L0O8; L14: L. capsici L14; L15: L. gummosusL15; L19: L.
enzymogene&l19; L29: L. enzymogenes29 grown on R2A, R2A with 0.2% chitin and R2A with 0.5%

chitin. The y-axe and xaxe of each graph are equalGreen circles indicate peak that were only present

on R2A medium. Red circles are peaks thatvere not present in R2A. Black circles are peaks that are
present in R2A and only present inonly in one of the other medium with chiin, so either present in R2A

and R2A with 0.2% chitin or present in R2A and R2A with 0.5% chitin.

This indicates thaespecially for straind. capsiciL14, L. enzymogenek19 and L29 metabolites

could be detected that were inhibited by the presencehitin.cFor L. enzymogene&29 this
relationshipwas also dosedependensince more peaks disappeared when higher concnetrations of

chitin wereadded.
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Discussion

The Lysobacterstrains inhibitR. solaniin vitro but do not havén vivo activity againstR. solaniin
cauliflower. Colonizationis necessary for biocontrol activitft ugtenberget al, 200). In previous
studies orPseudomonas fluoresceasleast 10 CFU/g root was required for disease suppression of
Fusariumwilt (Raaijmakerset al, 1995. Since allLysobacterstrains have colonized in at least one
treament at higher concentrations, except lfigisobacter capsicL14, it can be expected that the
absence of disease suppressiveness is not due to a bad colonizatioh ysotiecterstrains used.
This can indicate that either the condigan vivo are not suitable to producéenough) oftheir
inhibitory metabolites or that when they come in contact Withsolanitheir inhibitory activity is
negativelyregulated.

Unfortunately nachiA mutants were obtained making it more difficult to analyze the rolbithases

in in vivo and in vitro the disease suppressioA possible explanation for the unsuccessful
transformation is the mismatch of two nucleotides, one coding for a different amino acid, making it
more difficult for recombination to occurDuring transformation, false positive colonies were
observed that were resistant to tetracycline while the vector used fdireitteed mutagenesis was not
present. This indicates that transformation with the pEX18Tc vector is not the most optimal-for site
directedmutagenesisChitinase purified fromChromobacteriuncould inhibit spore germinatioof
several fungi and a chitinase mutant had a reduced in planta activity against rice blast, tomato leaf
blight and wheat leaf rugKim et al, 2013. However,a chiA mutant ofLysobacter enzymogenes
strain OH11 lost chitinase activity, but still had activity agaihstapsicj P. ultimum S. sclerotiorum

R. solaniand S. cerevisiadQian et al, 2013. This indicates that the inhibition agaifahgal and
oomycetepathogens is not strictly regulated by chitinasesl most likely other compounds are
involved in antimicrolal activity.

Therefore, the effect of chitin on antimicrobial compounds was further investigatgCR analysis

of chiAin the presence and absence of deadolanihyphae did not result in a significant change in

the amount o€hiAtranscript levelsThis is different from expected since the cell walRokolaniis

composed of chitin and the chitinase genes have been known to be upregulated in the presence of

chitin (Bhattacharyat al, 2007 Folderset al, 200J). A possible explanation is thRt solanicell

walls contain compounds that can inhibit the induction of the chitinase, gedéferent exfanation

is that the chitin from thRhizoctoniac e | |  wal | i s O ma s kLgsdbactespeciea ot det
To test whether these compounds are not detected one can test whether addition of colloidal chitin to

the medium withRhizoctoniacell wall dees increase the expressiorchfAin Lysobacteispecies.

When chitin was added to the medium the activity of ltheobacterspecies againdR. solaniwas
decreased. HPLC analysis showed that the metabolite profile changed when chitin was added to the
medum and forL. capsiciL14 andL. enzymogendsl9 and L29 clearly some peaks disappeared upon
addition of chitin. This indicates that the presence of chitin can have a negative on the production of
antimicrobial compounds. FaChromobacteriuma similar reslt was described. When they added
chitin to the mediumthe chitinase production increased, the activity againsR. solaniandBotrytis
cinereawas inhibited(Kim et al, 2013. Also culture filtrates of theChromobacteriungrown in
presence of chitishowedthatin plantainhibition of leaf blast, tomato leaf blight and wheat leaf rust

was reducedKim et al, 2013. Besides chitinase€Chromolacterium produced the antimicrobial

cyclic lipopeptide chromobactomycin, which was produced less in presence of (Kiitinet al,

2013. This indicates that there is a-mgulation of chitinass and other antimicrobial compountts.

was specul at ed t hat ei t her -1flnked [gacaiylglecosarine, c hi t i
inhibits the other antibiotics or thatherco-regulation between the other antagonistic compounds and
chiAoccurs including quorum sensing

Quorum sensig in xanthomonads depend on tHRpf/IDSF (Regulation of Pathogenicty
factor/Diffusible Signal Factor) and DF (Diffusible Factor) signaling. The extracellular sensor receptor
proteins RpfCRpfG perceive intracellular signals (DSF) and influence gene exmneg® second
messengers, one of them being Clp (CAMP receptor protein -([Kepyegulator). The globular
regulatorClp (regulator) regulates thehiA expressionSullivan et al, 2003 Choi et al, 2012 and
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has been described to be required iforvitro biocontrol activity and antifungal activity of.
enzymogenéiKobayashi et al., 2005 Furthermorethe Rpf/DSF and DF signalling was proven to be
important in the biosynthesis of HSAF (Heat Stable Antifungal Factdr) @mzymogengQianet al,
2013. However, chitinases and lytic enzymegere notinfluenced by these signaling pathwg¢san

et al, 2013. The role of chitinasem the biocontrol activity of thé.ysobacterstrains ued in this
studycould have been studied more in deptthésite-directedmutagenesisvas succesfullf there is

a coregulation between thehiA gene and other metabolitean be investigated by gene expression
analyse®f genes encoding for th@hermetabolites in presence and absence of chitin and ichilde
mutant.

Future prospects

The HPLCanalyseshowed thaseveralcompound weredownregulated in the presence of chitin in
the mediumThe compounds with a specific retention time can be extrdoten the HPLC analysis
and chemical analysis on these compounds can be performed. These composntseguentlype
testedfor their inhibitory function onR. solani Scanning through the genome for possipbmes
encoding for antimicrobial compoundsn be performed as well. If a possible antibiotic gene is
identified inthe genome a gPCR can be perforimethe presence and absence of chitin in order to see
if this antibiotic is down or up regulated under these conditions.

In this study we observdtat addition oR. solanicell wall material does not affect or reducksA
expressionThe major cell wall components Bf solaniarec hi t i n -glacarfTweadelletal,
1994). Most of theLysobacterstrainsdo not increasthe chiA expression in the presenceRfsolani

, this could be due to the fact that eitbbiA expressia is not increased in the presence of chitin or
that the chitin from th&. solanicell wall is not available to recognize Rt solanimasks the chitin
fragments it could prevent an increased expressichigf A qPCR orchiAexpression in the
presencef only colloidal chitin and colloidal chitin plUR. solanican reveal whethd®. solanimasks
the chitin fragments or whethehiA expression is not regulated by chitin.

If chiAis causing the inhibition dR. solaniby theLysobacterspeciesn vitro then the focus on the
expression should be f oc us egtucaovares ar btieeantibibtigst i ¢ enzy
produced.
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Appendix
Appendix 1 Trial bioassay
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Appendix 1 Trial bioassay pots vs. trayswith either 9 or 16 seeds or 12 and 16 seeds sown, respectively
Left panel: diseasepercentage 12 days poshoculation of R. solani Right panel: diseasedistance 12 days
postinoculation of R. solani
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Appendix 2 trial number of cyclesRT-PCR chiA

RPOD

Appendix 2 RT-PCR of Lysobacter antibioticud.08 grown on R2B for 72 hours. In order to determine
how many cycles are necessary for an RPCR, 1 is 25 cycles, 2 30 cycles and 3 35 cyclesown are four
different PCR reactions loaded in duplicate.

Appendix 3 RT-PCR of chiA during growth curve
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Appendix 3 RT-PCR of Lysobacterstrains L08: L. antibioticus L08; L14: L. capsici L14; L15: L.
gummosud.15; L19: L. enzymogenek19; L29: L. enzymogene&29 grown on R2B, tested genes arehiA
and the housekeeping gene RPOD at four different time points after inoculation. Missing pictures indicate
a RNA isolation that did not succeed. Shown are four different PCR reactions loaded in duplicate.
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Appendix 4 Germination percentagebioassay
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Appendix 4 Germination percentage of cauliflower seedsnoculated with Lysobacterstrains L08: L.
antibioticus LO8; L14: L. capsici L14; L15: L. gummosusL15; L19: L. enzymogened 19; L29: L.
enzymogenek29 11 days post sowing of the seeds. Germination was not influenced by the treatments.
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Appendix 5 Replicate bioassay disease percentage

Disease percentage 15 dpi AUPDC Disease percentage
100 600
% $00
30
-‘E' 2 zm
£
g 50 300
£y o
i 30 5200
j: 100
9 o
g
o d“ \g o g §* & & °.~, 0.« $°
09 &’» 00»\ o\,\\)\. s. Jo‘o’ \\\\\\ » \\\\ ¥
f&f ‘f Q& L (.
Ca
Cells/ g7 soil Colls/gr soil

Appendix 5 Left panel: disease percentage 15 days pdsbculation (dpi) of R. solaniof cauliflower seeds
grown in conducive Zwaagdijk soil supplemented with differentLysobacterstrains L08: L. antibioticus
LO8; L14: L. capsiciL14; L15: L. gummosusL15; L19: L. enzymogene&19; L29: L. enzymogene&?29 at
10° cells/g soil (16) or 10’ cells/g soil (D). Right panel: AUDPC of disease percentage. An asterisk
indicates asignificant difference (p<0.05) from the control treatment tested with analysis of variance and
Dunnet post hoc analysis.

Appendix 6 Replicate bioassay disease distance
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Appendix 6 Left panel: disease distance 15 days post inoatilon (dpi) of R. solaniof cauliflower seeds
grown in conducive Zwaagdijk soil supplemented with differentLysobacterstrains L08: L. antibioticus
LO8; L14: L. capsiciL14; L15: L. gummosusL15; L19: L. enzymogened.19; L29: L. enzymogene&?29 at
10’ cells/g soil (16) or 10’ cells/g soil (10). Right panel: AUDPC of disease distancee. An asterisk indicates
a significant difference (p<0.05) from the control treatment tested with analysis of variance and Dunhe
post hoc analysis.
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Appendix 7 BOX-PCR bioassay

Appendix 7 BOX-PCR of coloniesisolated from the cauliflower rhizosphereof the bioassay. The numbers
indicate the treatments from the bioassay section. 3=L08 1@ells/gr. soil; 4= L08 10 cells/gr; 6= L14 10
cells/gr; 7= L15 10 cells/gr; 8= L15 10 cells/gr; 9= L19 108 cells/gr; 10= L19 10 cells/gr; 11= L29 10
cells/gr; 12= L29 10 cells/gr; 13=Combination of L08, L14 and L15 1®cells/gr; 14= Combination of L08,
L14 and L15 10 cells/gr, C=Control of the corresponding treatment(C behind 4 is therefore LO08) -
C=Negative control (miliQ instead of cells) LO8: L. antibioticus L0O8; L14: L. capsici L14; L15: L.
gummosud_15; L19: L. enzymogenekl19; L29: L. enzymogenek29.
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