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Introduction
Dengue distribution
The World Health Organization (WHO) estimates that every year 50 million people get
infected with dengue virus and that two fifth of the world population is at risk of getting
infected. Which makes it a major health issue.

Figure 1 Dengue virus transmission risk in 2007
(adapted from reference [1])
All blue coloured areas are at risk of Dengue virus transmission. The dark blue circles are
extensions of Dengue incidence in the period 2000 till 2007. The lines indicate the area
in which the vector for Dengue virus exists.

Dengue virus is found in tropic and sub tropic countries in urban or sub urban areas. The
disease is endemic in more than a hundred countries within Africa, South America, Eastern
Mediterranean, Southeast Asia and the Western Pacific (Figure 1). For example in 2007
South America reported more then 890,000 infections of which more than 26000 cases of
the severe dengue hemorrhagic fever. [1, 10]

Clinical features
The clinical features of a Dengue virus infection can be divided into two forms: Dengue
Fever (DF) and Dengue Hemorrhagic Fever (DHF).
Dengue Fever is characterized by a sudden onset of flu‐like symptoms including fever,
malaise, headache, pain behind the eyes, muscle and joint pain and skin rash. The fever will
persist for 3‐4 days followed by a couple of fever free days but then the fever will return
including all the above mentioned symptoms. This pattern is common for the infection.
Lifelong fatigue and depression is common in adults after recovering from DF. [1, 12, 13]
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Dengue Hemorrhagic Fever is a severe form of Dengue fever and is considered to be the
result of a sequential infection with a different Dengue serotype. Every year 500,000 cases
of DHF are reported of which many children and infants and 2.5% of the infected patients
dies. The onset of DHF can be similar as DF but is eventually characterized by four clinical
events: high fever, hemorrhagic phenomena like easily bruising or suddenly bleeding,
hepatomegaly (enlarged liver) and circulatory failure. The distinctive laboratory findings are
thrombocytopenia (reduced blood platelets) and elevated hematocrit levels (erythrocyte
volume). The key event that indicates the severity of the disease and distinguish it from DF is
the leakage of plasma. If the loss of plasma is to high it may result in a hypovolemic shock
also known as Dengue Shock Syndrome (DSS). This is a shock state which occurs when there
is insufficient blood supply to the tissues. In the case of DSS the blood thickens due to the
loss of plasma and makes capillary circulation difficult. If DSS is not treated on time or
properly it may lead to the death of the patient. [1, 10, 12, 13]
It is suggested that apoptosis contributes to the clinical manifestations in humans. For
example apoptosis of liver cells [14], monocytes [15, 16] and endothelial cells [17] have been
reported as a contribution to the major clinical manifestations found in DHF.

Transmission
Dengue virus is being spread by a daytime biting mosquito of the Aedes family. The most
common specie to transmit Dengue virus is A. aegypti but also A. albopictus is reported to
transmit the virus. The Aedes mosquitoes prefer a tropical or sub‐tropical area and are
mainly present in urban areas with favorable breeding abilities like standing water. [1, 10,
18]

Figure 2 The transmission of Dengue virus via the Aedes Mosquito
When a non‐infected mosquito feeds on an infected human the virus can replicate in the
mosquito and leads to a persistent infection. When the infected Mosquito refeeds on a
healthy human it may transmit the virus leading to an infected human.

The female mosquito gets infected after feeding on an infected human, the virus then
replicates in the mosquito which will take 5‐8 days (extrinsic incubation time, Figure 2).
When the infected mosquito then feeds on a non‐infected human it can transmit the virus
which can then replicate within the human (Figure 2). In mosquitoes a dengue infection
leads to a persistent infection, which makes it possible for one mosquito to infect multiple
humans. It is also suggested that vertical transmission can take place in mosquitos. [1, 10,
18]
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Dengue virus
Dengue virus is a member of the Flaviridae family and belongs to the genus Flavivirus,. The
family Flaviridae is divided into three genera, Flavivirus, Pestivirus and Hepacivirus. The
genus Flavivirus is further divided into tick‐borne flaviviruses (e.g. Tick‐borne encephalitis
virus), no‐known‐vector (NKV) flaviviruses and mosquito‐borne flaviviruses like dengue,
West‐Nile and Yellow Fever virus. Dengue virus consists of 4 different serotypes: DEN‐1,
DEN‐2, DEN‐3 and DEN‐4. [1, 6, 10, 12, 13, 18, 19]
The genome of flaviviruses, including Dengue virus, consists of a single positive RNA strand
of ~11 kb (Figure 3A). The 5´ end of the RNA molecule contains a type I CAP, m7GpppAmpN2,
which is needed for translation. Unlike host mRNAs the viral RNA does not contain a 3´ poly
A tail. The genome is translated into a single polyprotein of approximately 3400 amino acids
(Figure 3B). When the polyprotein is produced it is further processed and cleaved into 3
structural proteins, Core (C), Membrane (M), Envelope (E) and 7 nonstructural (NS) proteins
(Figure 3B). A host signalase is responsible for the cleavage between Core (C) and premature
Membrane (prM), between premature Membrane and E, between E and NS1 and the
cleavage between NS4A and NS4B. A protease formed by the virus is in charge of the
cleavage between NS2A‐NS2B, NS2B‐NS3, NS3‐NS4A, NS4A‐2K and NS4B‐NS5. Furine
cleavage is responsible for the processing of prM to mature membrane. It remains unknown
which enzyme is responsible for the cleavage between NS1‐NS2A. [6, 18, 19]
For some of the NS proteins the complete function is not fully known. NS1 is a 46kDa
hydrophilic protein which is produced in the endoplasmatic reticulum (ER) as a monomeric
glycoprotein. After synthesis NS1 forms homodimers and is secreted from infected
mammalian cells but interestingly not mosquito cells. NS2 is divided in two hydrophobic
proteins, the 22kDa NS2A protein with several transmembrane domains (Figure 3C) and the
14.5 kDa NS2B protein which is a co‐factor/activator for the NS3 protein. The NS3 protein is
a 70kDa hydrophilic protein which consist of a N‐terminal serine protease and a C‐terminal
RNA helicase. The NS2B/NS3 complex is the viral protease responsible for cleavage of the
polyprotein (Figure 3B). NS4A and NS4B are two hydrophobic proteins of 16kDa and 27kDa
respectively, with a transmembrane localization in the ER membrane. It is suggested that
both proteins play a role in RNA replication, while NS4A was shown to be responsible for the
induction of membrane rearrangements [6, 8] and NS4B was shown to be an in direct IFN
inhibitor in mammalian cells [11]. NS5 is the largest NS protein of 103kDa in size, it is a highly
conserved protein and functions as a methyltransferase and as an RNA‐dependent RNA
polymerase (RdRP). [6, 18, 20]
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Figure 3 The genomic organization and expression of flaviviruses
(adapted from reference [6])
A) the genome of a flavivirus is ≈10.8kb single stranded RNA molecule and consist of one open reading
frame (ORF). The 5´ contains a type I cap, m7GpppAmpN2 and ≈100nt noncoding region (NCR). The 3´ end
of the viral RNA molecule lacks a poly A tail and contains a NCR of ≈400‐700nt. B) The open reading frame
is translated into a polyprotein encoding 3 structural proteins and 7 nonstructural proteins. The
polyprotein is being cleaved by host signalase (), viral protease (↓), Furine (▼) and unknown proteases
(?). C) The topology of the cleaved polyprotein in the membrane of the endoplasmic reticulum (ER).

Apoptosis
Apoptosis is an actively regulated form of programmed cell death which is of importance
in many physiological events like embryonic development, tissue renewal and the removal of
viral infected cells. [21‐23]
Signals that can trigger this programmed cell death can be either internal or external.
External signal can be certain hormones or IFN that binds to the death receptor leading to
the receptor‐mediated apoptotic pathway or extrinsic pathway (Figure 4). The activation of
the death receptor will lead to the activation of the cascade of caspases (cysteinyl aspirate‐
specific proteases), a group of proteases which will lead to DNA fragmentation and the
death of the cell.[7, 24]
Internal signals can be for example DNA damage or unscheduled DNA synthesis like in case
of a viral infection. The pathway activated by an internal death signal is called the
mitochondria‐mediated apoptotic pathway or intrinsic pathway (Figure 4). The death signal
leads to activation of proteins which transport the signal to the mitochondria this results in a
membrane change and to the leakage of cytochrome c. Free cytochrome c activates the
caspases cascade resulting in the death of the cell.[7, 24, 25]
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Figure 4 The extrinsic and intrinsic apoptotic pathways
(adapted from reference [7])
The extrinsic pathway is activated after the binding of an external signal to a death
receptor. This will activate a cascade of caspases resulting in cell death.
Signals from inside the cell can activate the intrinsic pathway which will lead to
cytochrome c leakage from the mitochondria resulting in the activation of caspases and
finally cell death.

After receiving a death signal the cell enters the second phase of apoptosis which is
characterized by morphological changes. First the cell will shrink, becomes round and looses
contact with neighbouring cells [23, 24, 26]. Then the chromatins condensate and the DNA
fragmentizes which will become present in the cytoplasm [23]. On the membrane of the
apoptotic cell signal peptides will become present which are needed for the phagocytosis by
macrophages [27]. Then the next phase starts in which the cell membrane starts to bleb and
eventually apoptotic bodies will be formed [23]. These apoptotic bodies have intact
membranes with the signal peptides present therefore phagocytosis can take place by
macrophages or the apoptotic bodies will be engulfed by nearby cells without the spill of the
cellular content [27]. This distinguishes apoptotic cells from necrotic cells in which the cell
content will be spilled leading to inflammation [24].
One of the host responses against a virus infection is apoptosis. It is suggested that in
mosquitoes, culex pipiens, apoptosis in the midgut limits a flavivirus infection and that
apoptosis in the salivary glands can reduce the transmission [23, 25, 28].
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Anti apoptotic mechanisms
One of the host responses against a viral infection is apoptosis, some viruses have evolved
mechanisms to inhibit the apoptotic host response.
In baculoviruses two mechanisms have been identified that inhibit apoptosis upon
infection, the p35 protein and the inhibitor of apoptosis protein (IAP). The p35 protein can
inhibit a broad range of caspases in insect cells as well as in mammalian cells. By inhibition of
the caspases, apoptosis is prevented [29, 30]. Of IAP, firstly discovered in baculoviruses, it is
suggested to inhibit apoptosis on a transcriptional level [29]. IAPs are characterizes by a BIR
(baculovirus IAP repeat) domain and a RING finger domain (zinc finger)[21, 29‐31]. IAP can
inhibit apoptosis as well in insect cells as mammalian cells which indicates that it is a
conserved anti‐apoptotic mechanism [31].
Also two virus‐encoded hydrophobic proteins have been identified to inhibit apoptosis,
vGAAP of Vaccinia virus and the 2B protein of Enterovirus. The vGAAP, which stands for viral
golgi anti‐apoptotic protein, is a conserved protein and can be found in insects, plants,
amphibians and mammals [32]. All GAAP proteins show a conserved length of 235‐239 aa
and consist of 6‐7 transmembrane domains. It can inhibit apoptosis via the extrinsic pathway
as well as the intrinsic pathway, but the exact mechanism remains unknown [32].
The other hydrophobic protein which is able to inhibit apoptosis is the non‐structural 2B
protein of Enterovirus, located on endoplasmic reticulum (ER) and golgi membranes. This
small protein consists of two transmembrane domains which form a homotetrameric pore.
This pore allows Ca2+ ions to leave the ER (and golgi) in case of a cytotoxic overload during
apoptotic activation, preventing further signalling of the apoptotic pathway [9].

Flow Cytometry
Flow Cytometry is a technique which makes it possible to measure multiple parameters of
single cells, like size, granularity or fluorescence, by sending a light beam (mostly laser)
through a flow of cells. The machine used for this technique is called a flow cytometer and
many different types are available. Some of these machines can even sort cells based on the
measured parameters, also known as Fluorescence Activated Cell Sorter (FACS). All Flow
Cytometry machines consist of a light source that passes through a single cell flow and via
mirrors and detectors different parameters are detected. When a cell passes the light
source, light will scatter in all directions. The forward scatter (FSC), so the amount of light
scattered in the forward direction is related with the size of a cell. The amount of light
scattered to the side, the side scatter (SSC), is a measure of the cellular complexity of a cell,
like granularity. Both the FSC and SSC are detected and send to the computer. When the cell
contains a fluorescent marker the fluorophore can be excited by the laser beam and the
emission is measured in one of the fluorescence channels (FL). These channels can detect a
specific range of the light spectrum (Figure 5). So of one cell multiple parameters are
measured, the size, the granularity and the presence of fluorescence which makes it possible
to distinguish between different cell types or between cells with different properties.
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Figure 5 Overview of a Flow Cytometer
(adapted from reference [2])
The laser beam goes through the flow of single cells and the FCS, SSC and fluorescence
are measured with the different detectors. eGFP can be detected in the first fluorescent
channel whereas PI can be detected in the second and third fluorescent channel. When
eGFP and PI are used together PI should be measured in the third channel.

Hypothesis & aim
It is suggested that apoptosis is an important antiviral defense mechanism in mosquitoes
against a flavivirus infection. On the other hand, an infection with Dengue virus leads to a
persistent infection in mosquitoes. Therefore we hypothesize that the genome of Dengue
virus contains a gene which encodes an inhibitor of apoptosis, to circumvent the antiviral
mechanisms of mosquitoes. It is not likely that the inhibitor will function the same way as
the IAPs since the genome of Dengue does not contain any BIR or RING domains. But is does
contain multiple hydrophobic proteins with multiple transmembrane domains, like NS2A,
NS4A and NS4B. Therefore we hypothesize that it is more likely that the inhibitor will
function like vGAAP of Vaccinia virus or like the 2B protein from Enterovirus. With this study
we hope to identify the dengue virus‐encoded inhibitor of programmed cell death.
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Material and Methods
Cloning
PCR
PCR reactions were performed using PhusionTM High‐Fidelity Polymerase (F‐530,
Finnzymes). The PCR mixture consisted of: 10µL 5X Phusion HF Buffer, 1µL dNTP’s (10mM),
2X 1.5µL primer (10µM), 0.5µL Phusion DNA Polymerase (2U/µL), 1‐5µL of cDNA template
and MilliQ water up to 50µL.
The PCR was performed in a Primus 25 advanced® Thermocycler (Peqlab) or a Tpersonal
Thermocycler (Biometra) using the program described in Table 1. The PCR program was
optimized per primer‐set to obtain the PCR product, variations were made in annealing
temperature and extension time. See appendix I for primer sequences, product size and the
optimal conditions. The PCR products were checked on a 1% agarose gel (15510‐027,
Invitrogen), in 1X TAE buffer (40mM Tris (15504‐020, Invitrogen), 20mM glacial acetic acid,
10mM EDTA (108418, Merck), pH8.0) containing ethidium bromide.
For the PCR of the Dengue genes, DEN‐1 RNA from Tatsuya was used as a template except
for NS5 were the DEN‐1 replicon from Shi [33] was used as template.
Table 1 PCR program
98°C
30 sec
98°C
10 sec
55‐65°C 30 sec
72°C
45‐90 sec
72°C
7 min
4°C
∞

25‐55 X

Transformation
In order to introduce and amplify plasmid DNA in bacteria, the electroporation method
was used. The membrane of a cell is hydrophobic which makes it impossible for the polar
plasmid DNA to enter the cell. Due to a short electrical shock given during the
electroporation procedure, the membrane potential is shortly disrupted which makes it
possible for the plasmid DNA to enter the cells.
50µL of competent E. coli bacteria (DH5α) were mixed with the appropriate amount of
DNA, depending on the salt concentration of the sample. The mixture was transferred to a
0.1cm cuvette (165‐2093, Bio‐Rad). The cuvette was then placed into the Micro PulserTM
(Bio‐Rad) and the bacteria were transformed with an electric pulse of 1.8kV. After the
electroporation, 500 µL LB‐medium (10g/L peptone (P1328, Duchefa), 5g/L Yeast extract
(Y1333, Duchefa), 85.6mM NaCl (106404, Merck)) was added to the cells and they were
placed in a 37°C shaker for 1 hour to recover. Afterwards 50‐100µL of the bacterial mixture
was plated on an agar plate (LB‐medium with 15g/L Agar (30391‐023, Invitrogen)) containing
the specific antibiotic (100µg/ml ampicillin (10835242001, Roche) or 7.5µg/ml gentamicin
(15750‐037, Invitrogen). The rest of the bacterial mixture was centrifuged for 1 minute at
8000rpm and also plated on an agar plate. Plates were incubated overnight (O/N) at 37°C.
Plasmid purification
Quick plasmid purifications were performed to check the constructs. Overnight one colony
was picked from the plate with an toothpick and grown O/N in 3‐4mL LB medium, containing
the specific antibiotic (100µg/ml ampicillin or 7.5µg/ml gentamicin). The following day 1.5mL
of the O/N culture was centrifuged, 1 minute at 8000 rpm, the supernatant was partially

Dengue virus inhibition of apoptosis

11

discarded and pellet was resuspended in ±50µL of the leftover supernatant. The cells were
lysed with 300µL TENS buffer (10mM Tris‐HCl, pH8.0, 1mM EDTA, 0.1N NaOH (106498,
Merck), 0.5% (w/v) SDS). Next the lysed cells were neutralized with 150 µL 3M NaAc, pH5.2
and centrifuged for 3 minutes at 14000 rpm. The supernatant containing the plasmid DNA
was transferred to a new tube and 900µL absolute ethanol (100983, Merck) was added to
precipitate the DNA. The mixture was placed on a vortex for 2 seconds and then centrifuged
for 2 minutes at 14000 rpm. Then the DNA pellet was washed with 500µL 70% ethanol and
centrifuged for 1 minute at 14000 rpm. Finally the pellet was air dried and dissolved in 50µL
TE buffer. The constructs were then checked by restriction fragment analysis.
Clean plasmid purifications were performed following the protocol supplied with the
GeneJETTM Plasmid Miniprep Kit (K0502, Fermentas) or the High Pure Plasmid Isolation Kit
(11754777001, Roche). The plasmids were then used for further cloning or sent for
sequencing (Eurofins MWG Operon, Germany).
Large amounts of plasmid purifications (midi‐prep) were performed following the
Nucleobond® Xtra Midi Plus Kit (74041210, Macherey‐Nagel) protocol. The plasmids were
then used for transfection.
Of all pure plasmid isolations the concentration was measured using the Nano Drop 1000
(Thermo Scientific).
Digestion
Restriction enzymes, isolated from bacteria, are capable to cut dsDNA. These restriction
enzymes recognize a specific sequence after which digestion can take place. In order to
digest 1µg of DNA (in one hours at 37°C), 1U of enzyme is needed.
Digestion reactions were performed at 37°C for at least 2 hours. The total reaction volume
of a control digestion was 20µL and consisted of 0.5µL of each enzyme, 1.5µL reaction buffer
(10X), 1‐5µL DNA, and MilliQ water up to 20µL. In addition, 0.5µL RNaseA was added to the
digestion mixture in case of a quick plasmid isolation to remove all RNA.
When a large amount of digested DNA was needed (2‐5µg) for further experiments the
digestion volume was increased to 50 or 100µL, with a 2‐fold excess of each restriction
enzyme. The digestion products were checked on a 1% agarose gel containing ethidium
bromide.
In appendix II all used restriction enzymes are described.
eGFP‐FMDV 2A
To be able to check transfection efficiency eGFP‐2A was cloned upstream of the DEN‐1
genes in the pDONRTM 207 constructs. The 2A sequence from Foot and Mouth Disease Virus
(FMDV) acts as an auto‐protease and will cleave itself loose from the DEN‐1 gene after
translation [34]. The eGFP‐2A product was obtained by PhusionTM PCR from MluI‐eGFP‐
FMDV‐2A‐AscI product, using a forward and reverse primer with a HindIII site (appendix I).
After purification of the PCR product, using the illustra GFXTM PCR DNA and Gel Band
Purification Kit (28‐9034‐70, GE‐healthcare), the blunt PCR product was ligated into the
pJET1.2/blunt cloning vector (K1231, Fermentas) as described in the protocol supplemented
to the kit. 1.3µL ligation‐mix was used for the electroporation of DH5α cells. After a quick
plasmid purification the plasmids were checked by digestion with restriction enzymes BglII
and HindIII. One clone was used for clean plasmid purification and sent for sequencing. Also
a midi‐prep was performed to obtain enough DNA.
Expression constructs
For the construction of the Dengue virus expression constructs the Gateway® technology
(Invitrogen) was used. This method is based on recombination of lambda phage DNA into
the chromosomes of E. coli, this recombination takes place at certain attachment sites (att).
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The attB on the E.coli chromosome and the attP on the phage chromosome. The enzymes
that are responsible for the recombination work either on the lysogenic pathway (BP
clonase) or via the lytic pathway (LR clonase). How this technology can be used for cloning is
further described below.
Primers are designed for the gene of interest including the specific attB sequence, for a
forward primer attB1 is used and for the reverse attB2. The donor vector, in this case
pDONR®207 (Invitrogen), has attP sites and when BP clonase®II enzyme is added, to the PCR
product and the donor vector, recombination will take place resulting in the entry clone
(Figure 6). Due to this recombination a killer gene, ccdB, is removed which allows only
bacteria transformed with the recombined clones to grow on the plates. Further the
pDONORTM207 vector has a gentamicin resistance gene which makes selective growing
possible.
Due to the recombination the sites of the entry clone have changed into attL sites. These
sites can recombine with the destination vector, which has attR sites, with the use of the LR
clonase®II enzyme. This reaction results in the expression clone (Figure 6). In this case pIB‐
GW1497 (made by Hans Hemmes at WUR, Virology) was used as destination vector. This
vector consists of two killer genes, ccdA and ccdB, which are replaced by the gene of interest
after recombination and allows only bacteria transformed with the recombined clones to
grow. In addition this vector also contains an ampicilline resistance gene, which makes
discrimination between entry vector and expression vector possible and a blasticidin
resistance gene for further selection in transfected insects cells.

Figure 6 Gateway® cloning strategy
Adapted from Gateway® manual, Invitrogen
The upper row shows the BP reaction in which the attB flanked PCR product is
recombined with the Donor vector resulting in the entry clone. The lower row
shows the LR reaction in which the entry clone is recombined with the
destination vector resulting in the expression clone.

Five genes of the Dengue 1 (DEN‐1) genome were PCR‐amplified using primers with an att‐
linker sequence and gel or PCR purified using the illustra GFXTM PCR DNA and Gel Band
Purification Kit. Then the purified PCR products were cloned into the pDONRtm207 vector by
use of the protocol supplied with the Gateway® BP Clonase® II enzyme mix (11789‐020,
Invitrogen). The electro‐competent DH5α bacteria were transformed via electroporation,
using 1.5µL of the mixture and 50µL bacteria. Correct clones were selected with use of
selective agar plates containing gentamicin. The pDONR‐DEN1 constructs were purified and
checked by construct specific restriction analysis and sent for sequencing to Eurofins MWG
Operon, Germany.
The next step was the cloning of eGFP upstream of the DEN‐1 gene of interest, for
visualization of expression. 1µg of the pDONR‐DEN‐1 constructs was used for overnight
linearization with HindIII at 37°C. The following day 1U of Calf Intestinal Alkaline
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Phosphatase (CIAP; M182A, Promega) was added to the digestion mixture, to prevent self‐
ligation, and incubated for 30 minutes at 37°C. Then 300µL CIAP stop buffer (10mM Tris‐HCl
(pH7.5), 1mM EDTA (pH7.5), 200mM NaCl, 0,5% (w/v) SDS (15525‐017, Invitrogen)) was
added to stop the dephosphorylation. Afterwards 350µL phenol:chloroform/isoamylalcohol
(15593‐031, Invitrogen) was added and the mixture was placed on a vortex for 3‐5 seconds,
after
the
first
centrifuge
step
of
10
minutes
at
10,000rpm
the
phenol:chloroform/isoamylalcohol layer was removed and after the second centrifuge step
the water phase, containing the plasmid DNA, was transferred to a new tube and 0.2
volumes of 3M NaAc (106268, Merck), pH5.2 and 2.5 volumes ethanol absolute were added
and the mixture was placed at ‐80°C for ≥30 minutes. Then the plasmid DNA was centrifuged
for 10 minutes at 14,000rpm and the DNA pellets were washed twice with 300µL 70%
Ethanol, air dried and dissolved in 15µL TE buffer (10mM Tris‐HCl, pH8.0, 1mM EDTA). Then
the DNA was loaded on a 1% agarose gel and the products were gel purified using the illustra
GFXTM PCR DNA and Gel Band Purification Kit. Next the ligation was performed, overnight in
the cold room, with a 1:3 (vector:insert) ratio in a total volume of 15µL containing: 1µL
purified pDONR‐DEN1 construct, 1.3‐3.2µL eGPF‐FMDV‐2A (HindIII digested), 1U T4‐DNA
ligase (M1801, Promega), 2µL 10X T4 ligase buffer and MilliQ water up to 15µL. The next day
the T4 ligase was inactivated by placing the mixture 10 minutes at 65°C and 1.3µL was used
for the electroporation of DH5α. Right clones were selected based on gentamicin resistance.
The orientation of the eGFP‐FMDV‐2A was checked, after plasmid isolation, with construct
specific restriction enzymes.
After that the expression cassette was transferred to the destination vector, pIB‐GW1479,
with a strong insect OpIE2 promoter. The transfer was performed following the protocol
supplied with the Gateway® LR Clonase® II enzyme mix.
Five different constructs of the Dengue 1 serotype (DEN‐1) genome were created: pIB‐
eGFP‐2A‐DEN1 Core, pIB‐eGFP‐2A‐DEN1 NS1/NS2A, pIB‐eGFP‐2A‐DEN1 NS2B/NS3, pIB‐
eGFP‐2A‐DEN1 NS4A/NS4B and pIB‐eGFP‐2A‐DEN1 NS5 and the clones were checked using
specific restriction enzymes. Of the correct clones a midi‐prep was performed to obtain
enough DNA for transfections.

Western blot
Four days after transfection the culture medium of the Sf21 cells was removed and cells
from the well of a 24‐wells plate were resuspended in 250μL 2x protein sample buffer and
incubated 5 minutes at 98°C. A 15μL sample and 5μL marker (SM0671, Fermentas; appendix
III) was loaded onto two 15% SDS‐page gels, one gel was used for Western blotting and the
other for protein staining. The gels were run with a constant amperage of 40mA until the
dye front was at the bottom of the gel. The gel for protein staining was placed in 20mL of
Coomassie Brilliant Blue (10% methanol, 10% glacial acetic acid, 0.09 commassie briljant
blue) for 30 minutes and destained overnight with water.
The other gel was used for blotting. The proteins were transferred to immobulon‐P
membrane via semi‐dry electro‐blotting for 1 hour at 0.05A. Next the blot was blocked O/N
in blocking buffer (PBS/0.1% Tween with 1% ELK (fat free milk powder)), to occupy all empty
places on the blot to prevent a‐specific binding of the antibody. The next day the first
antibody was applied to the blot, 1:2000 Anti‐GFP rabbit (Molecular Probes Leiden) in
blocking buffer for 1 hour. Afterwards the blot was washed with PBS/0.1% Tween. Then the
second antibody was added to the blot, 1:3000 Polyclonal Goat anti‐rabbit
Immunoglobulins‐AP (D0487, DAKO) in blocking buffer for 1 hour. Finally the blot was
washed with alkaline phospatase (AP) buffer (0.1M Tris, 0.1M NaCl, 0.05M MgCl2, pH9.5)
and overnight stained with 150μL nitro blue tetrazolium chloride (NBT) and 5‐Bromo‐4‐
chloro‐3‐indolyl phosphate (BCIP) (11681451001, Roche). BCIP is the substrate of AP and the
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oxidation will lead to a blue precipitate. The NBT serves as an oxidant and gives also a blue
precipitate to further enhance the detection.

Northern blot
Northern blot is a technique to transfer RNA from a gel to a membrane. A labeled probe is
used to detect specific transcripts. The probe can be either radiolabeled or non‐radioactively
labeled. In this case a Digoxigenin (DIG) labeled probe was used to detect eGPF. A PCR was
performed using normal dNTPs plus digoxigenin‐11‐dUTP. To visualize the probe an alkaline
phosphate (AP) labeled antibody against DIG is used, which can be visualized using CSPD or
NBT/BCIP substrates. CSPD is a chemiluminescent substrate for alkaline phosphatase, the
luminescent light emission can be recorded on X‐ray films and the signal persists for days.
RNA extraction
To prevent breakdown of the RNA by RNase, all materials used for the extraction of RNA
were sterilized and gloved were used when handling the materials.
After 7 days or 48 hours cells were harvested and spun down 10 minutes at 1000 rpm. Cell
pellets were resuspended in 500μL Trizol (15596‐026, Invitrogen) and stored at ‐20°C until
further processing. Next RNA was isolated from the cells, 100μL chloroform was added,
mixed well, incubated for 2‐3 minutes at room temperature and spun down for 15 minutes
at 14000 rpm. The water‐phase, containing the RNA, was transferred to a new tube and 250
μL Isopropanol was added to precipitate the RNA. After 10 minutes incubation at room
temperature the mixture was spun down for 10 minutes at 14000 rpm. The pellet was
washed with 500μL 70% ethanol, air dried and dissolved in 50μL sterile water incubated at
55°C for 10 minutes to be sure that the RNA is dissolved. The concentration was measured
using the Nano Drop 1000 (Thermo Scientific) and the RNA was checked on a 1% RNase free
agarose gel.
Methyl Mercuric hydroxide gel electrophoresis
Prior to the blotting RNA was loaded on a 1% agarose gel in 1x Hg running buffer (Dick
Lohuis). 2x loading buffer (from Dick Lohuis) was prepared by adding 2.5% Methyl Mercuric
Hydroxide (CH3HgOH) and it was added to the RNA (7‐10μg). Also a RNA marker, 0.1kb–2kb
marker (15623‐200, Invitrogen; appendix III), was loaded on the gel to determine the
product sizes. The gel was run for >2 hours at 50V with continuous circulation (buffer puffer
system, OWL) to prevent a pH gradient.
Northern blot
The RNA was transferred from the gel to N‐cellulose membrane with the use of capillary‐
blotting. The blotting was performed for 3.5 hours till overnight and afterwards the RNA was
cross inked to the membrane by UV light irradiation. Next the hybridization was performed.
The membrane was pre‐hybridized by adding hybridization solution (5% blocking agent
(1096176, Roche), 0.002% SDS, 0.1% sodiumlaurylsarcosine, 25% 20X SSC, 50% formamide)
without probe for 1 hour at 50°C. In the mean time the eGFP DIG labeled PCR product (from
Tinka Hogeling) was incubated, 2‐4μL in 100μL water, for 5 minutes at 99°C. Then the probe
was added to 5mL hybridization solution and the membrane was hybridized overnight at
50°C in a rotation oven.
The next day the blots were washed 2 times with 2x SSC + 0.1% SDS at room temperature
and 2 times with 0.1x SSC + 0.1% SDS at 50°C. Afterwards the blots were prepared for the
detection by washing 2 times with maleic acid buffer (0.1M Maleic acid, 0.15M NaCl, 1M
NaOH, pH8.0), blocking with maleic acid buffer + 1% Blocking agent (1096176, Roche) for 30
minutes and incubated with 1:1000 Anti‐Digoxigenin‐AP Fab fragments (11093274916,
Roche) in blocking buffer for 45 minutes at room temperature. Then the blot was washed 4
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times with CSPD washing buffer (0.1M Maleic acid, 3M NaCl, 1M NaOH, 0.3% Tween, pH 7.5)
and 2 times with CSPD detection buffer (0.1M Tris, 0.1M NaCl, pH9.5). Then 10 drops of
CSPD (1175563301, Roche) were added and incubated for 5 minutes at room temperature.
Then an X‐ray film was exposed to the blot for 30 minutes till overnight, after which it was
developed.

Cell culture
For cell culture, 2 mosquito cell lines were maintained, Aag2 from Aedes aegypti (Carol
Blair, Colorado State University) and AP61 from Aedes pseudoscutellaris (Brian Martina, EMC
Virology). AP61 cells were cultured in Leibovitz’s L15 Medium (1X) (21083, GIBCO) containing
1% MEM NEAA (100X) (11140, GIBCO), 2% tryptose phosphate broth (18050, GIBCO) and
10% FBS (intervet). Aag2 cells were cultured in Schneider’s Drosophila Medium (1X)
(11720034, GIBCO) with 10% FBS.
Furthermore a lepidopteran cell line, Sf21 (Invitrogen), was used for cell culture which
originates from Spodoptera frugiperda. Sf21 cells were cultured in Grace’s Insect Medium,
Supplemented (1X) (11605, GIBCO) with 10% FBS.
Prior to use all media were filtered with a 0.2µm puradisc 30 syringe filter (10462200,
Whatman). All cell lines were sub cultured twice a week and placed in an incubator at 28°C.
Cells placed under blasticidin selection pressure were first cultured for 3‐5 days in medium
containing 50µg/mL Blasticidin S HCL (R210‐01, Invitrogen) afterwards normal medium was
added for the recovery of the cells and after 3‐5 days the cells were maintained under
continuous selection pressure by culturing the cells in medium containing 10µg/mL
Blasticidin S HCL.

Transfection
For the introduction of foreign DNA, like the Dengue genes of interest, lipid‐based
transfection methods were used. To optimize the transfection efficiency three different
methods were used, Lipofectin® reagent, Cellfectin® reagent and FuGENETM6 transfection
reagent.
All these methods are lipid‐based and of lipofectin and cellfectin it is known that the are
cationic lipids. These cationic lipids will form a complex with the negative plasmid DNA
which can be taken up by the cell via phagocytosis or by fusing with the membrane
introducing the plasmid DNA into the cell. Of Fugene it is not know which type of lipid it is
but probably it will work in the same way.
From here on the methods differ and are further described in the three different
paragraphs.
Table 2 The amount of cells and DNA used for the different transfection reagents and plates

Lipofectin
Cells

DNA

Cellfectin
Reagent

Cells

24 wells

2‐4x105

500ng

10μL

2‐3x105

12 wells

‐

‐

‐

6 wells

5‐2x106

1‐2.5μg

20μL
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Fugene
Reagent

Cells

DNA

Reagent

500ng ‐ 1μg

2μL

1.5x105

300ng

1.8μL

2x10

5

1 μg

4μL

‐

‐

‐

4x105

1 μg

6μL

3x105

500ng ‐ 2μg

6μL
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Lipofectin transfection
Cells were plated on day 0 at the end of the day (Table 2). The following day the culture
medium was replaced by serum free medium, in case of Sf21 cells Grace’s Insect Medium,
Unsupplemented (1X) (MED‐10004, GENTAUR) was used and in case of the mosquito cell
lines Opti‐MEM® I Reduced Serum Medium (1X) (51985, GIBCO) was used, and incubated
for 2 hours at 28°C. Next the DNA and Lipofectin® Transfection Reagent (18292, Invitrogen)
mixtures were made in MilliQ water and incubated for 5 minutes at room temperature.
Afterwards equal amounts of Lipofectin mix were added to the DNA mix (Table 2) and
incubated for 15 minutes at room temperature, to form lipid‐DNA complexes. Next serum
free medium was added to the mixture and added to the cells. Cells were incubated at 28°C
for 2 hours and after that normal culture medium was added and cells were further cultured
at 28°C. After 24 hours the amount of eGFP positive cells was checked by use of the inverted
fluorescence microscope (Leica DMIL). After 48 hours or later cells were used for further
experiments.
Cellfectin transfection
On day 0 cells were plated at the end of the day (Table 2). The next day the medium was
replaced by serum free medium (same as mentioned above) and incubated for 2 hours at
28°C, Next a mixture of DNA (Table 2) and MilliQ was prepared and incubated 5 minutes at
room temperature. At the same time a mixture of Cellfectin® Transfection Reagent (10362,
Invitrogen, Table 2) and MilliQ was prepared and also incubated at room temperature for 5
minutes. After the incubation equal amount of Cellfectin mixture was added to the DNA
mixture and incubated for 15 minutes at room temperature, to make lipid‐DNA complex
formation possible. Afterwards serum free medium was added to the DNA‐Cellfectin mixture
and, after removal of the medium from the cells, added to the cells and incubated for 2
hours at 28°C on a rocking plate. After that normal culture medium was added to the cells
and cells were incubated at 28°C. After 24 hours the transfection efficiency was checked
with the inverted fluorescence microscope by looking at the amount of (e)GFP positive cells
and after 48 hours or later experiments could be performed on the cells.
FuGENE transfection
On day 0 cells were plated at the end of the day. The next day DNA and FuGENETM 6
Transfection Reagent (11815091001, Roche) mixtures were made (Table 2) in serum free
medium (in case of Sf21 cells Grace’s Insect Medium, Unsupplemented (1X) and in case of
the mosquito cell lines Opti‐MEM® I Reduced Serum Medium (1X) was used) and incubated
at room temperature for 5 minutes. Afterwards the Fugene mixture was added to the DNA
mixture (Table 2) and incubated for 15 minutes at roomtemperature. Then the DNA‐Fugene
mixture was added to the cells and incubated at 28°C. (e)GFP expression was checked after
24 hours by inverted fluorescence microscope and after 48 hours or later the cells were used
for further experiments.

Apoptosis assay
To induce apoptosis in cells Actinomycin D was used. This chemical inhibits cell
proliferation and induces apoptosis by forming a complex with double‐stranded DNA
(dsDNA). To visualize apoptotic cells propidium iodide (PI) was used, since it can only enter
cells with permeable membranes. Once the PI has entered the cell it binds dsDNA and
fluorescence can be detected. PI can be excited with a xenon or mercury‐lamp or with the
488nm argon‐ion laser of a FACS machine and emission can be detected in the FL2 (585/42)
or FL3 (670/LP) channel of a FACS machine (Figure 7). Transfected cells also contains an eGFP
fluorophore which can also be excited with the 488nm argon‐ion laser and the emission can
be measured in the FL1 channel (530/30)of the FACS machine (Figure 7).
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Figure 7 The excitation and emission spectrum of PI and eGFP
(Based on the Fluorescence Spectra Viewer [4])
In green the excitation and emission spectra of eGFP. In blue the excitation and emission
spectra of PI. Three of the fluorescent channels are also depicted, FL1 green channel
(530/30), FL2 orange channel (585/42) and FL3 red channel (670/LP). Both fluorophores
can be excitated with the 488nm argon laser of the FACS machine.

On day 0 cells were plated, 2x105‐106 cells in 24‐, 12‐ or 6‐wells plates with or without
cover slips, or previously transfected cells were used. The next day Actinomycin D (A1410,
Sigma) was added to the cells, diluted in the normal culture medium, and incubated for the
appropriate time. The concentration Actinomycin D differed from 0.25μg/ml to 2.0μg/ml.
After the incubation with Actinomycin D the cells were checked for apoptotic signs like
membrane blebbing and the formation of apoptotic bodies under the microscope, used for
PI staining (81845, Sigma) or used for Flow Cytometric analysis.
The PI staining was performed with 1μg/ml PI in PBS or in the normal culture medium and
incubated for 3‐5 minutes at room temperature. Fluorescence could be measured as
described previously.
For the apoptosis assay the pFB‐Opiap3 expression construct (Agah Ince) was used as a
positive control, since it was reported that Opiap3 acts as an inhibitor of apoptosis [21].

Flow Cytometric analysis
To be able to quantify the amount of apoptotic cells, Flow Cytometric analysis was used.
10,000 cells were counted per sample and analyzed. The FACSCalibur was used to measure
the fluorescence and analysis were performed using the free online program WinMDI
version 2.8 [5].
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Results
Cloning
PCR
To obtain the five different expression constructs the Gateway® strategy was used. Firstly
a PCR was performed in order to obtain the five Dengue genes. In Figure 8 the results are
depicted for the purified PCR products, either gel or PCR purified. These products were used
for further cloning.
1

λPst

2

3

4

λPst

2.8
2.4
2.1
1.7
1.2

5

2.8
2.4
2.1
1.7
1.2
0.5

0.5

Figure 8 Purified PCR products on an 1% agarose gel
1=DEN1 Core (463bp), 2=DEN1 NS2B3 (2332bp), 3=DEN1 NS4AB (1282bp),
4=DEN1 NS5 (2773bp), 5=DEN1 NS12A (1850bp)

Constructs
Once the PCR products were obtained a BP‐reaction was performed in order to create the
DEN‐1 entry clone. Once the correct clone was selected this clone was sent for sequencing.
For pDONR‐Core, ‐NS12A, ‐NS2B3 and –NS5 clone 1 was sent and for pDONR‐NS4AB clone 2
was sent for sequencing. When the sequence turned out to be correct, the constructs were
linearized with HindIII, dephosphorylated and gel purified, Figure 9 shows the gel purified
products of all five entry clones.
λPst
11.5
5.1
4.5
2.8
2.4

1

2

3

4

λPst

5

11.5
5.1
2.8
1.7
0.8
0.5

Figure 9 Linearized and dephosphorylated entry clones after purification on 1% agarose gel
1 = pDONR207‐DEN1 Core (3685bp), 2 = pDONR207‐DEN1 NS12A (5164bp),
3 = pDONR207‐DEN1 NS2B3 (5635bp), 4 = pDONR207‐DEN1 NS4AB (4585bp),
5 = pDONR207‐DEN1 NS5 (6408bp)
For Core, NS12A, NS2B3, NS5 clone 1 was used and for NS4AB clone 2 was used.
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The linearized products were used for ligation with HindIII digested eGFP‐2A and checked
for the right orientation (Figure 10). Entry clones with the right eGFP orientation were used
for the LR reaction, for Core, NS12A and NS4AB clone 1 was used, for NS2B3 clone 2 and for
NS5 clone 3 was used.
λPst
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5
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pDONR‐eGFP‐NS12A pDONR‐eGFP‐NS2B3
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2.8
2.4
1.7
1.2
0.8
0.5

4.5
2.8
1.7
1.2
0.8
0.5

pDONR‐eGFP‐NS4AB

pDONR‐eGFP‐NS5

Figure 10 eGFP orientation check of DEN1 entry vectors
These pictures show the results of a digestion in order to check the orientation of eGFP in the entry
vector. For Core the expected SalI/NcoI bands are: 3658bp & 810bp. For NS12A the expected NcoI
bands are: 476bp, 1173bp & 4295bp. For NS2B3 the expected NdeI/NcoI bands are: 2375bp,
2355bp, 1005bp, 780bp & 53bp. For NS4AB the expected NcoI bands are: 1896bp & 3469bp. The
expected NcoI bands for NS5 are: 3620bp, 1457bp, 780bp, 512bp, 480bp & 16bp. The clones with a
circle are the entry clones with eGFP‐2A in the right orientation.

Once the right entry clones were obtained the LR reaction was performed resulting in the
final expression constructs (Figure 11). Of Core, NS12A, NS4AB and NS5 clone 1 was used
and of NS2B3 clone 4 was used for expression in insect cells.
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λPst
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Figure 11 Control digestion of pIB DEN expression constructs
1= pIB‐eGFP‐2A‐DEN1 Core. The expected results of digestion with a) HindIII:3785bp, 780bp & 53bp,
or b) HindIII/MluI:2375bp, 1005bp, 780bp, 435bp & 53bp. 2= pIB‐eGFP‐2A‐DEN1 NS12A. The
expected results of digestion with a) HindIII: 5264bp, 780bp & 53bp, or b) HindIII/MluI: 2375bp,
1005bp, 914bp, 780bp, 712bp, 258bp & 53bp. 3= pIB‐eGFP‐2A‐DEN1 NS4AB. The expected results of
digestion with a) HindIII: 4685bp, 780bp & 53bp, or HindIII/MluI: 2375bp, 1305bp, 1005bp, 780bp,
53bp. 4= pIB‐eGFP‐2A‐DEN1 NS4AB. The expected results for HindIII/NotI digestion:
3068bp,2032bp, 773bp, 53bp & 7bp. 5= pIB‐eGFP‐2A‐DEN1 NS5. The expected results of digestion
with a) HindIII: 6238bp & 780bp, or b) NcoI: 2092bp, 1681bp, 1457bp, 780bp, 512bp, 480bp & 16bp

Sequence analysis
Once the pDONR constructs were obtained they were sequenced. Analysis of these
sequences revealed several mutations under which silent mutations (appendix IV). Especially
for NS12A numerous mutations were found. Since the complete genome of Dengue 1 is not
yet known it is possible that the changes found are variations on the wild type sequence that
was used for the comparison.

Expression in insect cells
Transfection of the five DEN‐1 expression constructs in Sf21 cells resulted in eGFP
expression (Figure 12) with a transfection efficiency of approximately 15‐20%. After
transfection of AP61 and Aag2 cells with these constructs, eGFP expression was visible as
well although with a much lower intensity (Figure 13, expression in Aag2 not shown).
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A

B

C

D

E

F

Figure 12 eGFP expression of DEN‐1 expression constructs in SF21 cells
A) Sf21 pIB‐eGFP‐2A‐DEN‐1Core, B) Sf21 pIB‐eGFP‐2A‐DEN‐1 NS12A, C) Sf21 pIB‐eGFP‐2A‐DEN‐1
NS2B3, D) Sf21 pIB‐eGFP‐2A‐DEN‐1 NS4AB, E) Sf21 pIB‐eGFP‐2A‐DEN‐1 NS5, F) Sf21 pIB‐eGFP (these
are pictures from transfected Sf21 cells on continuous Blasticidin S HCL selection pressure)

The results of eGFP expression in Aag2 cells is not shown, nevertheless the transfection
efficiency was comparable with that in AP61 cells. Since the transfection efficiency in the
two mosquito cell lines was too low, Sf21 cells were used instead.

A

B

D

E

C

Figure 13 eGFP expression of DEN‐1 expression constructs in AP61 cells
A) AP61 pIB‐eGFP, B) AP61 pIB‐eGFP‐2A‐DEN1 Core, C) AP61 pIB‐eGFP‐2A‐DEN1 NS12A, D) AP61
pIB‐eGFP‐2A‐DEN1 NS2B3, E) AP61 pIB‐eGFP‐2A‐DEN1 NS4AB.
Expression of pIB‐eGFP‐2A‐DEN1 NS5 not shown.
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Western Blot
A western blot was performed to find out how efficient the cleavage of the FMDV‐2A
protease is. In case of incomplete cleavage the DEN‐1 proteins fused to EGFP‐2A may be
visible. Protein was isolated from Sf21 cells transfected with the 5 different DEN‐1 constructs
and an eGFP control. When the cleavage is complete (100%) a band of >30kDa will appear,
corresponding to the eGFP‐FMDV2A protein. When the cleavage is incomplete (<100%) an
extra higher band will appear which corresponds to the fusion protein of DEN‐1 and eGFP‐
FMDV2A. In Table 3 the sizes of the expected products are described. The positive control
used was a construct with eGFP alone (no FMDV‐2A) giving an expected size of 29kDa.
Table 3 The product sizes of the DEN‐1 proteins

Name eGFP‐2A‐
DEN1 Core
Size
~40kDa

eGFP‐2A‐
DEN1 NS12A
~100kDa

eGFP‐2A‐
DEN1 NS2B3
~115kDa

eGFP‐2A‐
DEN1 NS4AB
~75kDa

eGFP‐2A‐
DEN1 NS5
~130kDa

The results show that the FMDV‐2A cleavage is very efficient, since for pIB‐eGFP‐2A‐DEN1‐
Core, ‐NS12A, ‐NS2B3 and ‐NS4AB just the lower band corresponding to eGFP‐2A was visible
on the blot (Figure 14, lanes 1‐4). For pIB‐eGFP‐2A‐DEN1 NS5, the lower 30kDa plus an
additional band of ~130kDa of the fusion protein were visible (Figure 14, lane 5). Since this
fusion product appeared as a minor band on the Western blot, it can be concluded that also
here the FMDV‐2A cleavage was near completion. Figure 14 also shows the result of the
protein gel. Unfortunately no Dengue proteins could be detected on this gel. But since the
eGFP protein is not visible either the concentration of the expressed proteins is probably too
low to detect it on the protein gel.
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Figure 14 The results of the protein gel and Western blot
A) The CBB protein staining of the SDS‐page gel. B) The NBT/BCIP staining of the Western blot.
1 = Sf21 pIB‐eGFP‐2A‐DEN1 Core, 2 = Sf21 pIB‐eGFP‐2A‐DEN1 NS12A, 3 = Sf21 pIB‐eGFP‐2A‐DEN1 NS2B3,
4 = Sf21 pIB‐eGFP‐2A‐DEN1 NS4AB, 5 = Sf21 pIB‐eGFP‐2A‐DEN1 NS5, 6 = SF21 pIB eGFP (29kDa), 7 = Sf21
non transfected
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Northern Blot
In order to confirm the presence of the full‐length EGFP‐2A‐DEN‐1 transcripts a Northern
blot was performed. RNA was isolated 7 days post transfection. The expected sizes for the
five DEN‐1 genes are depicted in Table 4. As a control eGFP transfected cells and non‐
transfected cells were used.
Figure 15 shows the results of the first Northern blot, including the gel picture of the RNA
check on agarose in which barely RNA degradation is present. Only two bands were visible
after CSPD and NBT/BCIP treatment (Figure 15B&C), one in the RNA of pIB‐eGFP‐2A‐DEN1
NS5 transfected Sf21 cells and one in the RNA of pIB‐eGFP transfected Sf21 cells. The sizes of
these bands are >2kb for the pIB‐eGFP‐2A‐DEN1 NS5 transfected cell RNA and ~0.8kb for the
pIB eGFP transfect cell RNA. These bands have the same size as the expected product sizes.

Name
Size
λPst 1

Table 4 Product sizes of the mRNA from the different constructs
eGFP‐2A‐DEN1
eGFP‐2A‐DEN1
eGFP‐2A‐DEN1
eGFP‐2A‐DEN1
Core
NS12A
NS2B3
NS4AB
~1250bp
~2640bp
~3120bp
~2070bp
2

3

4

5

6

M

kb

1

2

3

4

5

eGFP‐2A‐DEN1
NS5
~3560bp
1

6

2

3

eGFP
~790bp
4

5

11.5
4.5
2.8
1.7
1.1
0.8

2
1.5
1/0.8
0.6/0.4

0.5

0.3
0.2/0.1

A

B

C

Figure 15 The results of the Northern blot
A) The check of the extracted RNA on an 1% agarose gel. B) The result of the NBT/BCIP staining. C) the
result of the X‐ray development after CSPD treatment.
1= SF21 pIB eGFP‐2A‐DEN1 Core, 2= SF21 pIB eGFP‐2A‐DEN1 NS12A, 3= SF21 pIB eGFP‐2A‐DEN1 NS2B3,
4= SF21 pIB eGFP‐2A‐DEN1 NS4AB, 5= SF21 pIB eGFP‐2A‐DEN1 NS5, 6=SF21 pIB eGFP, M=RNA marker
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Because only bands for pIB‐NS5 and pIB‐eGFP were visible on the first Northern blot the
entire experiment was repeated with RNA purified from newly transfected cells. This time
the cells were harvested 48 hours after transfection. The RNA was checked on an 1% agarose
gel to check the quality prior to blotting and only slight degradation was seen (Figure 16A).
After hybridization and development nothing was visible on the film (picture not shown). A
new Northern blot was performed with a higher concentration RNA of the second isolation
as well as RNA from the first isolation (Figure 16B). Even though only slight RNA degradation
was present no bands appeared on the third Northern blot (picture not shown). It turned out
that an antibody was used with the wrong conjugate, HRP instead of AP therefore no
products could be detected using CSPD or NBT/BCIP detection.
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Figure 16 RNA check on an 1% agarose gel
A) Second repeat with RNA isolated 48 hours after transfection on a normal 1%
agarose gel. B) Third repetition of Northern blot with the RNA of the first
isolation (7days) and the RNA of the second isolation (48h) on a 1% agarose Hg‐
gel. 1=Sf21 pIB‐eGFP‐2A‐DEN1 Core, 2=Sf21 pIB‐eGFP‐2A‐DEN1 NS12A, 3=Sf21
pIB‐eGFP‐DEN1 NS2B3, 4=Sf21 pIB‐eGFP‐DEN1 NS4AB, 5=Sf21 pIB‐eGFP‐DEN1
NS5, 6=Sf21 pIB‐eGFP, 7=Sf21 non transfected.

Dengue virus inhibition of apoptosis

25

7

Flow Cytometric analysis
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FL‐3 (PI) Æ

FSC Æ

FSC Æ

FL‐3 (PI) Æ
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FSC Æ

A

FL‐3 (PI) Æ

SSC Æ

FL‐1 (eGFP) Æ

Flow Cytometry was used to quantify the amount of apoptotic cells after the induction
with Actinomycin D. 33 hours after transfection cells were stained with propidium iodide
and 10,000 cells were measured. Of all samples the FCS, SSC and fluorescence in FL‐1 and FL‐
3 was detected. In Figure 17 the results of induced and non‐induced cells are shown for the
eGFP control. The first graph is a measure for the quality of the cells. And after induction of
apoptosis an extra population appears. This population most likely represents the apoptotic
cells, since they are becoming smaller and the cellular complexity increases. Furthermore, a
high number of PI positive cells are present in the third graph. With the last graph the
number of PI positive transfected cells can be measured.

FSC Æ

FSC Æ

Figure 17 Flow Cytometric results
A) Graphs of the Flow Cytometric measurements of the non‐induced eGFP control. B) Results for the
induced eGFP control.
The first graph is the FSC against the SSC and is a measure for the quality of cells, the second graph
is the FSC against the first fluorescent channel, this is a measure for eGFP expression. The third
graph shows the FSC against the third fluorescent channel (PI staining) which is a measure for the
cell permeability. In the last graph only the eGFP positive cells are depicted, so this graph is a
measure for the amount of PI positive transfected cells.

Around all eGFP positive and PI positive cell populations a gate was placed (Figure 17) to
measure the number of cells within the gate. This was done for every sample using the same
gate settings. Raw data is shown in appendix V and the results are summarized in Figure 18.
From Figure 18A can be concluded that the transfection efficiency of the five different
expression constructs is between 10‐16%. The percentage eGFP positive cells for the positive
control, pFB‐Opiap3, is not shown since this was below 3%. After the induction of apoptosis
the percentage of eGFP positive cells decreases, this is due to the increased amount of cells
with a low FSC (cell debris). However this does not effect the further analysis.
The total percentage of PI positive cells after apoptosis induction increases for all
constructs, including the eGFP control, expect for NS4AB (Figure 18B). This suggests that
NS4AB is a potential inhibitor of apoptosis.
To measure the percentage PI positive cells within the tansfected population an extra
graph was analysed in which only transfected cells were shown (Figure 17). For all constructs
the percentage the percentage PI positive cells of the transfected population increases after
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the induction of apoptosis. Also for NS4AB the percentage increases, although this increase
seams less when compared with the other constructs and the eGFP control. This inhibitory
effect is not seen for the co‐transfection with NS2B3 and NS4AB, nevertheless it can be
concluded that NS4AB is a potential inhibitor of apoptosis.
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Figure 18 The results of the Flow Cytometric analysis
A) The percentage of eGFP positive cells, B) The percentage of PI positive cells, C) The percentage of
PI positive transfected cells, in this graph only the transfected cells are given.
Analysis were performed using the free online program WinMDI [5].
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Discussion
The aim of this project was to indentify Dengue virus‐encoded inhibitors of apoptosis. In
order to indentify the inhibitors five DEN‐1 expression constructs were created, expressed in
insect cells and used for the apoptosis assay.
The sequences of all DEN‐1 expression constructs were checked and although silent
mutations and amino acid changes were detected no premature stop codons were found.
Since the complete sequence of DEN‐1 is not yet fully known it is possible that the mutations
found are variations like polymorphisms. Because the open reading frame was not effected
the constructs were used for further experiments.
When the constructs were expressed in Sf21, AP61 and Aag2 cells this resulted in eGFP
expression there for it is likely that the DEN‐1 expression constructs are expressed in Sf21
cells as well as two mosquito cell lines.
FMDV‐2A protease cleavage was confirmed with the Western blot results were we can
conclude that the FMDV‐2A cleavage is efficient since for pIB‐eGFP‐2A‐DEN1‐Core, ‐NS12A, ‐
NS2B3 and ‐NS4AB just the lower band corresponding to eGFP‐2A was visible on the blot.
Only for pIB‐eGFP‐2A‐DEN1 NS5, the lower 30kDa plus an additional band of ~130kDa of the
fusion protein were visible. Since this fusion product appeared as a minor band on the
Western blot, it can be concluded that also here the FMDV‐2A cleavage was near
completion. It is possible that for the other proteins the fusion is present as well but that it
can not be distinguished from the background. Also the protein gel did not show any clear
bands for either eGFP or the fusion proteins, this may be due to low protein concentrations.
We assume that the Dengue proteins are present as well, however for the detection of the
Dengue proteins a Western blot should be performed with Dengue specific antibodies.
In order to see if the Dengue genes were transcribed after transfection a Northern blot
was performed. The first Northern blot performed showed a band for DEN‐1 NS5 and the
eGFP control, with the expected size. This means that transcripts are present for NS5 and
eGFP. However for the other four constructs no transcript could be detected. Since the
transfected Sf21 cells were harvested after 7 days it was considered to be too late for the
detection of transcripts. Therefore the Northern blot was repeated with RNA of newly
transfected Sf21 cells harvested after 48 hours. Unfortunately due to the usage of an
antibody with the wrong conjugate there was no result.
The eGFP expression was also seen in two mosquito cell lines, AP61 and Aag2, but with a
much lower transfection efficiency than Sf21. Therefore, in further experiments Sf21 cells
were used. However, since caterpillars are not the natural hosts for Dengue virus, the
obtained results must ideally be confirmed in mosquito cells.
The Flow Cytometric results indicate that there is an inhibition of apoptosis in Sf21 cells
which are transfected with the pIB‐eGFP‐2A‐DEN1 NS4AB construct, since a smaller increase
in the percentage of PI positive cells was observed between non‐induced and induced cells
as compared to the other constructs and controls. This effect is not seen for the co‐
transfection of the DEN‐1 NS2B3 and ‐NS4AB constructs. In this combination, NS4AB will be
cleaved by the protease activity of NS2B3, resulting in separate NS4A and NS4B. It is
possible, since this is an co‐transfection, that the NS2B3 construct was transfected with a
higher efficiency which could overshadow the inhibitory effect of NS4AB. An other
explanation could be that the unprocessed NS4AB precursor and not the individual NS4A
and NS4B are necessary for the inhibition of apoptosis.
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Both NS4A and NS4B are small hydrophobic proteins with multiple transmembrane (TM)
domains, two for NS4A and three for NS4B (Figure 19A/B). The proteins are separated in the
polyprotein by a signal peptide called 2K. To detach the proteins, cleavage by the viral
protease and the host signalase is required, about the order of cleavage contradicting
evidence is reported [8, 35].

A

B

C
Figure 19 The topology of Dengue NS4A, NS4B and Enterovirus 2B protein
(adapted from references [8, 9, 11])
A) The topology of the Dengue NS4A protein (150aa) in the ER membrane. The 4th transmembrane
domain is the 2K signal peptide. B) The topology of the Dengue NS4B protein (248aa) in the ER
membrane. C) The homotetrameric pore of the Enterovirus 2B protein.
The T indicates the viral protease cleavage site, the indicate the host signalase cleavage site

As previously described both proteins play a role in RNA replication. Furthermore, NS4A is
suggested to play a role in the induction of membrane rearrangement [8] whereas for NS4B
it is suggested that it plays an indirect role in the inhibition of the IFN pathway [11].
As described in the introduction there are two virus‐encoded hydrophobic proteins known
which can inhibit apoptosis, vGAAP and 2B. It may be possible that NS4AB functions in the
same way as vGAAP since it has a similar number of TM domains (6 vs. 6‐7 in vGAAP [32]).
However, NS4AB is substantially longer than vGAAP (399aa vs. 235‐239aa in vGAAP [32]). It
is worth noticing that it has not been reported whether vGAAP is processed by viral or host
proteases.
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Individual NS4A, shows similarity with the 2B protein of Enterovirus, which both consist of
two tansmembrane domains (Figure 19A/C). The 2B protein consists of an amphipathic α‐
helix which forms an aqueous pore in the ER membrane after the formation of a
homotetramer and by doing so Ca2+ ions are able to leave the ER [9] (Figure 19C & Figure
20B). Computer prediction showed an amphipathic helix in NS4A (Figure 20A, [3]) although
not very convincing. One side of pTMS2 (Figure 19A) contains only 4‐5 slightly polar amino
acids whereas the 2B protein contains 6 strongly hydrophilic amino acids.
Further more it was suggested that the second TM domain of NS4A has a membrane
association rather then a transmembrane orientation [8]. It remains to be seen whether
NS4A is also capable of pore formation, although it is possible that due to alternative folding
of NS4A the second TM domain changes localisation from membrane associated to
transmembrane.

A

1

2

3

B
Figure 20 Amphipathic α‐helix of Dengue virus NS4A and Enterovirus 2B
A) The computer estimation of the three TM domains of Dengue virus NS4 [3]. The second TM
domain is suggested to have a membrane‐association [8]. B) The estimated amphipathic helix of
Enterovirus 2B [9].
The boxed amino acids indicate the hydrophobic residues. The blue amino acids indicate the
hydrophilic amino acids.
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Recommendations
Recommendations for future experiments would be to repeat the Northern blot with the
correctly conjugated antibody. This experiment will show if the Dengue transcripts are
present however this does not necessarily mean the proteins will be produced as well. In
order to detect the proteins a Western blot with Dengue specific antibodies is
recommended.
The next suggestion would be to repeat the Flow Cytometric experiment to see if the same
inhibitory effect for NS4AB could be detected again. Before repeating the Flow Cytometric
experiment the Opiap3 positive control should be cloned in the same expression vector as
the Dengue genes in order to increase transfection efficiency.
If after repetition of the Flow Cytometric experiment the same results are found, research
should focus mainly on NS4AB. In order to do so two new expression constructs should be
created, one for NS4A and the other for NS4B. By expressing both proteins separately it can
be determined which protein has the inhibitory effect on apoptosis induction. For these
experiments the Enterovirus 2B protein and/or vGAAP proteins could serve as positive
controls.
To increase the inhibitory effect in the apoptosis assay a larger number of transfected
Sf21 cells should be measured, for example by using cell lines which stably express the
Dengue genes. These cell lines have been generated in this project.
The best cell line for performing the apoptosis assay would be a mosquito cell line,
however due to low transfection efficiencies this has not been possible. Further optimization
of the transfection protocol for the mosquito cell lines is recommended.
The PI staining is only an indication for late apoptotic cells and does not allow
discrimination between apoptotic and necrotic cells. Another staining more specific for
apoptosis should be used, such as Annexin V, which is a marker for early apoptotic cells. Also
the TUNEL assay would be useful, which detects DNA fragmentation after caspase cascade
activation.
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