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Abstract 

Background: Tick borne Encephalitis Virus (TBEV), the cause of the fatal Central Nervous 

System (CNS) infection Tick Borne Encephalitis (TBE), belongs to the family of Flaviviridae 

and the genus Flavivirus. In order to replicate themselves, they cause the formation of a 

replication complex, which is nestled inside vesicles of the Endoplasmic Reticulum (ER) 

membrane to protect the RNA from host defense mechanisms. These membrane vesicles are 

created by the interaction of viral nonstructural proteins and host proteins. The nonstructural 

protein, NS4A, is believed to play an important part in the formation of ER membrane vesicles, 

but it is not precisely known how. Earlier studies have shown that the cleavage of the NS4A 

protein from its C-terminal fragment, called 2k, is an important process in the formation of 

membrane vesicles.  

Aim: To express NS4A in human A549 cells, and analyze it with Western Blot in order to later 

purify said proteins and study their interactions with host proteins. This is important information 

in the study of mechanisms in membrane bending, which is crucial for the replication of TBEV 

as well as other flaviviruses.   

Methods: The DNA fragments were amplified using PCR and tagged with a HIS-tag sequence. 

The fragments were then cloned into plasmids and transfected into A549 cells. SDS page and 

Western Blot were used to express the proteins.  

Results: The results showed a successful expression of the proteins NS4A and NS4A-2k. The 

expression was stronger for the NS4A proteins lacking the 2k-fragment. The expression also 

seemed to be stronger in the cell cultures harvested on the second day of culturing. 

Conclusion: The results imply that the expression of NS4A is affected by whether or not it is 

cleaved from its 2k fragment. However, the experiment was only done once, and so, no absolute 

conclusions can be drawn.  
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Abbreviations  

NS = Nonstructural Protein (1,2 etc) 

TBE = Tick Borne Encephalitis 

TBEV = Tick Borne Encephalitis Virus 

CNS = Central Nervous System 

YFV = Yellow Fever Virus 

WNV = West Nile Virus 

DENV = Dengue Virus 

KNV = Kunjin Virus 

RC = Replication Complex 

ER = Endoplasmic Reticulum 

PCR = Polymerase Chain Reaction 

CME = Structural proteins -  Capsid-protein, Membran-eprotein, Envelope-protein 

E.coli = Escherichia coli 

RTN3.1A = Reticulon 3.1A 

HIS-tag = polyhistidine tag 

EDTA = Ethylenediaminetetraacetic acid 

TAE = buffer containing tris base, acetic acid and EDTA  

TBS-t = Tris Buffered Saline 

GAPDH = Glyceraldehyde 3-phosphate dehydrogenase  
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Introduction 

Tick Borne Encephalitis Virus (TBEV) is the cause of the fatal Central Nervous System (CNS) 

infection – Tick borne encephalitis (TBE). It is transmitted to humans mainly by tick-bites, but it 

can also be transmitted by consummation of infected unpasteurized milk or milk products from 

infected livestock. [1–3] The incidence of the disease has been increasing during the last few 

decades and it now poses a growing health problem in almost all endemic European and Asian 

countries. The areas most affected by the disease in Sweden can be seen in figure 1. The disease 

is more common in adults than in children and the clinical spectrum ranges from mild meningitis 

to severe meningoencephalitis with or without paralysis. [4] The severity of the disease is 

dependent on the viral subtype. There are three subtypes – the European subtype, the Siberian 

subtype, and the far-eastern subtype. Infection with any subtype is serious, but the far eastern 

subtype is the most severe. [5] 
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Figure 1 Areas of increased risk for infection with TBEV in Sweden. Picture from Folk [6] 

TBEV belongs to the family of Flaviviridae, and the genus Flavivirus. The flaviviruses consists 

of about 70 enveloped viruses. Their genome is a positive single-stranded RNA of about 11000 

bp. In addition to the TBEV, the group also includes the viruses Yellow Fever Virus (YFV), 

Dengue Virus (DNV), West Nile Virus (WNV) and Zika virus, among others. [7,8] The genome 

encodes a single polyprotein that is co-translationally and post-translationally cleaved by both 

viral and host proteases into ten individual mature viral proteins, as shown in figure 2. Out of 

those ten proteins three of them (Capsid- (C), Membrane- (M) and Envelope- (E) proteins) are 

structural, and the remaining seven proteins are nonstructural (NS). As for the nonstructural 

proteins, they are multifunctional proteins involved in many procedures. [8]  
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Figure 2 Picture drawn by author with inspiration from Kuhn et al [7,9]. It shows the structure and cleavage of the 

polyprotein, as it is processed to become mature individual viral proteins. On the ER lumen side, the polyprotein is 

cleaved by host proteinases. On the cytosolic side, it is cleaved by the viral proteinase NS2B-3.  

The flaviviral replication complex consists of both viral and host proteins [10], and previous 

studies on WNV have revealed that it is built upon an Endoplastic Reticulum (ER) membrane 

scaffold. [11–13] It has also been suggested that the biogenesis and recruitment of host proteins 

and/or membranes occur during a pre-Golgi step, and that a highly dynamic lipid-based sorting 

mechanism is in place to enable the biogenesis of the viral RC. [11] Furthermore, the 

nonstructural proteins are all in one way or another involved in viral replication complex and the 

formation of the membranous replication compartments. [8] 

Of the nonstructural proteins in TBEV, NS4A and NS4B are the ones whose functions are the 

least understood. [7] They are both small integral membrane, hydrophobic proteins. [8] NS4A 

consists of four transmembrane helices and an N-terminal cytosolic region is integrated into the 

ER membrane. [14] Also, the N-terminal seem to be the NS4A-proteins main way of interacting 

with the ER-membrane. [15,16] The C-terminal region of NS4A is called the 2k-fragment and it 

serves as a signal sequence for the translocation of the adjacent NS4B into the ER lumen. In the 

lumen, the 2k fragment will be removed from the N-terminus of NS4B by the host 

signallase.[17,18] A specific motif of the 2k fragment has also been shown to be essential for 

regulation of the ATPase activity of the NS3 protein.[19] Studies on DENV and Kunjin Virus 

(KUNV) have shown that mature NS4A protein lacking the 2k fragment promotes membrane 
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rearrangements by inducing bends in the ER membrane, in which the Replication Complex can 

reside. The Replication Complex should then be protected from the intracellular host immune 

defences such as the cellular pattern recognition receptor RIG-I. On the cytosolic side the NS4A 

protein interacts with the NS2A protein, which attaches the secondary tructures of the 3´Non 

Coding Region and the NS3-NS5 complex, and thus completes the replication complex.[17,18] 

In the case of formation of the replication complex, interactions of NS4A with Double Stranded 

RNA (dsRNA), NS1, NS2A and NS5 have also been found. [20] Furthermore, the NS4A protein 

seem to aid formation of the RC by its interaction with the cellular scaffolding protein 

vimentin.[21] 

Overexpression of NS4A has been shown to induce membrane rearrangements and formation of 

autophagosomes and that regulated NS4A/2K/NS4B cleavege is necessary for this activity. [8] 

The induction of autophagy in host cells protects these cells from death during infection and thus 

ensures the continued replication of the virus. Inhibition of autophagy has been shown to limit 

replication of both DENV2 and Modoc virus (a murine flavivirus) in epithelial cells, thus the 

induction of autophagy in cells seem vital to flavivirus replication. [22] Mutations in NS4A and 

2k have also been found to implicate resistance to a potent inhibitor of flavivirus RNA 

replication and to overcome superinfection exclusion. [8]  

That NS4A has a major role in the replication of the flaviviruses, bending of the ER membrane 

and in formation of the RC has been established in earlier studies. In addition to viral proteins, 

the recruited host proteins can support the formation of replication compartments. The 2k 

cleavage of the 2k has been shown to play a part in the interactions between host- and 

viralproteins as well. [23]  However, there is only a limited knowledge of the viral-host protein 

protein interaction of NS4A. In this experiment we will attempt to generate gene constructs to 

express NS4A proteins with and without the 2K fragment in human lung adenocarcinoma cells. 

This will be the tool for further studying the NS4A-host protein interactions that contribute to the 

formation of replication compartments. These are crucial for the replication of TBEV.    

Aim/purpose 

The aim of this experiment is to generate gene constructs from the replicon Torö-2003 (GenBank 

Acc no DQ401140.3 [24]) expressing polyhistidine(HIS)-tagged NS4A and NS4A-2K in 

eukaryotic cells. In the future, these proteins will be purified and used for later studies in the 

NS4A-host protein interactions. The study of these interactions is important in order to 

determine the mechanisms of membrane bending, which is crucial for the replication of TBEV 



	   9	  

as well as other flaviviruses. In the future, these studies may lead to the discovering of targets for 

pharmacological substances.    

Materials and Methods  

Cloning Strategies in short 

The gene fragments NS4A and NS4A-2k were amplified using PCR. The DNA fragments were 

then ligated with a blunt end vector, and grown in E.coli. The plasmid DNA was then extracted 

and cut with restriction enzymes to generate NS4A- and NS4A-2k-DNA fragments with sticky 

ends. Those fragments were then ligated with the plasmid backbone from the pCAG. The pCAG 

– NS4A/NS4A-2k were then grown in E.coli to give rise to three clones for each DNA-fragment.  

Gene Fragments and design of Primers 

The source of the intended gene fragments was the TBEV Torö Replicon. Primers were designed 

to amplify the gene fragments for NS4A and NS4A-2k, to be able to compare the uncleaved 

version of the protein to the one with a cleaved C-terminal. The primers were designed to 

include a cutting sequence for restriction enzymes Kpn1 and Not1, and a HIS-tag sequence to be 

copied into the amplified DNA-fragments. The primer sequences can be seen in figure 3.  

 

Figure 3  The sequence of the primers used in the experiment, highlighted by color for the different parts of the 

sequence. The number at the end of the sequence represents the total amount of nucleotides. Pink = Restriction 

Enzyme Sequence, Yellow = HIS-tag sequence, Green = Start codon, Red = Stop codon 

Restriction Enzyme Analysis 

The restriction enzymes used for all restriction reactions mixed in the method was Kpn1 and 

Not1n(Thermoscientific). To the restriction reactions, 10 units of each enzyme was added for 

each µg of added DNA. To the reaction was also added dye-containing buffer (10X) and water to 

Forward primer NS4A TBEV:5’ 

GGTACCATGCATCATCACCATCACCACAGCTTCGGAGATG 3’ (40) 

Kpn1-ATG-Histag-(sequence) 

Reverse Primer NS4A TBEV: 5’ GCG GCC GCTTACTCTGTTTTCCCGC 3’ (25) 

Not1-AAT-(sequence) 

Reverse primer NS4A-2k TBEV: 5’ GCG GCC GCTTAGGCTGCAACCAG 3’ (23) 
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reach the intended volume. The reactions were vortexed, centrifuged and then incubated in 37°C 

for four hours. The reactions were stopped by incubation in 80°C for five minutes.  

All electrophoresis for PCR and restriction enzyme analysis were run on a 1% Agarose gel, 

consisting of agarose (Sigma), 0.5 µg/ml Ethidium Bromide and a buffer containing tris base, 

acetic acid and Ethylenediaminetetraacetic acid (EDTA) (TAE buffer). All DNA fragments were 

purified, using the QIAquick Gel Extraction Kit. (Qiagen)	  

Polymerase Chain Reaction (PCR) and Gel Electrophoresis 

PCR was used to amplify 60 ng (1 µl) Replicon plasmid DNA, which was mixed in a reaction 

setup of 50 µl in total. KOD Hot Start Master Mix (0,04 U/µl, Novagen®) was added to the 

reaction along with 1.5 µl each of Sense (5’) Primer (10µM), Ant-Sense (3’) Primer (10 µM) and 

PCR Grade Water (Novagen). Table one shows the PCR cycles used. 

Table 1 PCR cycles 

Step  

1.   Polymerase 

activasion 

95°C for 5 minutes 

2.   Denature 95°C for 2 minutes 

3.   Annealing 65°C for 10 seconds 

4.   Extension 70 °C for 15 seconds 

5.    Repeat steps 2-4, 40 times 

6.   Stabilize PCR 

products 

72°C  for 8 minutes 

 

Blunt End Plasmid Ligation and Bacterial Transformation 

After amplification of DNA-fragments, the blunt end DNA-fragments were to be ligated with a 

blunt end plasmid. The ligation mix contained 4 µl of the purified DNA blunt end fragments 

purified from the gel, 1 µl salt solution, sterile water and 1 µl of the Blunt end Plasmid pCR 

Blunt II-Topo (Thermofisher). The total volume of the ligation mix was 6 µl. The reaction was 

then mixed gently and incubated for 30 minutes in room temperature.  
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One vial of E.coli DH5α competent cells for each of the three transformations was thawed on ice 

and 2 µl of the ligation mix was added to each of the tubes. The tubes were incubated on ice for 

20 minutes, heat shocked for 50 seconds at 42°C and incubated on ice for three minutes. Room 

temperated S.O.C medium in a volume of 250 µl was added to the reaction and the tubes were 

shaken in 37°C for one hour.  

After incubation, 50 µl from each transformation was spread on pre-warmed LB Plates 

containing 50 µg/ml kanamycin. The LB plates were made from LB broth (Difco) having 1% 

Agarose (Sigma) and contained kanamycin for selection. The plates were then incubated 

overnight at 37°C.  

Bacteria colonies from the LB plates were picked for analysis after overnight incubation. For 

each transformation, three colonies were picked and inoculated in 5 ml LB medium (Difco) 

containing 50 µg/ml Kanamycin. These were grown in 17 hours in a 250 rpm shaking incubator 

at 37°C.  

The media were centrifuged at a speed of 7000 x g for three minutes after incubation, and the 

DNA plasmid was extracted using QIAprep Spin Miniprep Kit (Qiagen) 

pCAG Plasmid Ligation, Bacterial Transformation and sequencing  

The amount of NS4A needed for the mix was calculated to be 23 ng and for NS4A-2K 27.8 ng. 

To each mix was then added 60 ng Vector, 1 µl Buffer, 1 µl T4 ligase enzyme (Thermo 

Scientific) and water to reach the intended total volume of 10 µl. The tubes were incubated for 

one hour in room temperature.  

From each ligation reaction, 5 µl were added to vials of top 10 Chemically competent E-coli 

cells. The procedure then continued in the same way as earlier described for the blunt end 

plasmid. The only difference was the use of a different antibiotic for selection (100 µg/ml 

ampicillin). The DNA was also centrifuged and extracted in the same way as previously 

described, after which the DNA concentration was determined.  

To see that the fragments had the correct sizes, 1 µg of the DNA was cut with restriction 

enzymes Kpn1 and Not1 and run on a gel. DNA from clone 2 NS4A and clone 3 NS4A-2k was 

also sent for sequencing (Sanger sequencing) to ascertain that the sequences were correct. For 

each clone, a volume of 15 µl with the concentration of 75 ng/µl and 2 µl of 10 pmol primers 

was sent for sequencing.  
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Cells and Transfection Conditions 

The cells used were the epithelial cells A549 (ATCC® CCL-185™). They were epithelial like 

lung carcinoma cells harvested from a 58 years old male, a hypotriploid cell line. The growth 

medium used was EMEM (ATCC®) supplemented with 0.25 g/l glucose, 1 mM Sodium 

Pyruvate and 10% Fetal Bovine Serum (FBS).  

For transfection of 1 x 106 of the A549 cells with 2.6 µg of NS4A DNA, the Amaxa® Cell line 

Nucleofector® Kit (Lonza Cologne) was used.  

After transfection of the cells, cultures of cells were harvested for three days. Alongside the 

transfected cells were also a negative control containing non transfected A549 cells. Cells from 

the different cultures were lysed and the concentrations were then measured using Micro BCA 

Protein Assay Kit (Thermo Scientific).  

SDS Page and Western Blot 

All incubations in this part of the method was done in room temperature. Protein was loaded on 

to a pre manufactured NUpage 4-12 % BisTris gel (Invitrogen) and run for 90 minutes at 130 V. 

The amount of protein loaded was 16 µg. The proteins on the gel were then transferred to a 

neutral nitrocellulose membrane (ThermoScientific) using iBlot™ 2 Transfer device 

(ThermoScientific) and iBlot™ 2 Transfer Stacks (ThermoScientific) 

The membrane was incubated for ten minutes with a Super Signal Western Blot Enhancer Kit 

(Thermo Scientific), to enhance the effect of the antibodies. The buffer used with the kit was 

Thermo Scientific SuperBlock Blocking Buffer (Thermo Scientific). The membrane was then 

washed five times with ultraclean water. 

The membrane was incubated and shaken for one hour with five ml of a blocking buffer 

composed of Tris Buffered Saline (TBS-t) and 5 % milk powder. It was then incubated while 

shaken for one hour with primary mouse anti-HIS Antibody diluted 1:1000. In between 

incubations, it was washed with TBS-t four times, five minutes each. For the secondary goat anti 

mouse antibody (Advansta) diluted 1:10000, incubation time was 45 minutes. The membrane 

was then washed again with TBS-t.  

A mix of Super Signal West Pico Plus Chemo Luminescent Substrate was prepared containing a 

1:1 ratio of Stable Peroxide Solution and Luminal/Enhancer Solution (Thermo Scientific). The 

mix was added to the membrane by pipetting, after which the membrane was incubated for five 

minutes.  
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To normalize the protein expression, the membrane was also incubated with mouse antibodies 

anti Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Sigma). The GAPDH is a 

housekeeping protein that exist in all cells. The procedure for detecting GAPDH was the same as 

the procedure to detect the HIS-tagged NS4A.  

Reflection on Research Ethics 

No ethical approval was needed for this experiment. However, the conclusions of this study can 

not ethically be used for direct application on humans at this stage. The transfected cells in this 

case are human lung carcinoma cells. These cells do not necessarily behave like normal, healthy 

cells. Thus the results of this experiment can not properly represent the results of transfection in 

healthy epithelial cells.  

The proteins expressed in this experiment may however be used for further molecular biological 

studies. Perhaps the results of those might be used for clinical studies in the future, for which an 

ethical approval would have to be obtained.   

Results 

Polymerase Chain Reaction (PCR) 

The amplified fragments from the Torö Replicon was run on a gel, and the resulting bands can 

be seen in figure 4. The bands have the correct sizes and the generated fragments can thus be 

assumed to have been correctly amplified. The restriction reaction of the pCAG plasmid was run 

on the same gel, and it can be observed how the larger backbone separates from the smaller 

CME-fragment. Also, a band representing an uncut vector can be seen in the same lane. It is thus 

the size of the backbone and the CME-fragment together.   
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Figur 4 Wells 1 and 2 contain bands of NS4A fragments with a size of 400 bp. Wells 3 and 4 contain bands of 

NS4A-2k fragments with a size of 445 bp. Well 6 contains the pCAG backbone of 5200 bp, the cleaved off CME-

fragment of 2500 bp. The band above the pCAG backbone is an uncut vector. 

 

Blunt End Plasmid Ligation and Bacterial Transformation 

The blunt end DNA were run on the gel, and the resulting bands show fragments of correct sizes. 

Furthermore, this would have generated NS4A and NS4A-2k fragments with sticky ends, ready 

to be ligated with the sticky end pCAG backbone. The bands of the sticky end fragments can be 

seen in figure 5.  
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Figure 5 The gel electrophoresis from the Restriction Enzyme Analysis of the blunt end plasmid ligation. The pCR-

Blunt II-TOPO backbone has the size of about 3500 bp. NS4A has the size of 400 bp and NS4A-2k has the size of 

445 bp.  

pCAG Plasmid Ligation, Bacterial Transformation and Sequencing  

After ligation of the sticky end plasmid with the sticky end fragment, the resulting DNA were 

run through gel electrophoresis. The resulting bands on the gel can be seen in figure 6, showing 

fragments of correct sizes. To ensure that there were no mutations in the DNA for NS4A and 

NS4A-2k, the DNA was sent for sequencing. The results of the sequencing can be seen in figure 

7. The alignment of the strands resulting from each primer to the original sequence shows a 

correct sequence of the generated DNA. That is, the existence of mutations could be excluded.  
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Figure 6 The figure shows the bands of the ligated sticky end fragments. The bands in well 2,3 and 4 come from the 

NS4A clones and NS4A has a size of 400 bp. In wells 5,6 and 7 are the bands of the NS4A-2k clones. NS4A-2k has 

a size of 445 bp. The pCAG backbone has a size of 5200 bp.  

	  

	  

Figure 7 The figure shows the results of the sequencing. The generated DNA-fragments can here be seen to align 

with the original sequence. The arrows represent the way of the forward and reverse Primers for NS4A and NS4A-
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2k. Where the arrows begin is where the sequencing starts, the whole sequence is covered thanks to the use of both 

forward and reverse primers.  

1 =NS4A Forward 2= NS4A-2k Forward 3= NS4A Reverse 4 = NS4A-2k Reverse 

SDS Page and Western Blot 

Figure 8A shows the result of the Western Blot. It can be observed that the second day of 

culturing shows the strongest expression for NS4A. For NS4A-2k, the strongest expression can 

be seen on day three. The expression is stronger for NS4A than it is for NS4A-2k. The GAPDH 

bands, also seen in figure 8A, gives us the normalization of the protein expression. The lane with 

the negative control, non-transfected A549 cells, shows no band in the correct size of NS4A or 

NS4A-2k. 

Figure 8B shows the positive control, in which we can see the expression of HIS-tagged IPTG. 

This shows that the HIS-tag antibody is working.  

 

 

Figure 8 A) Shows the bands of NS4A and NS4A-2k. Both has a size of about 20 kDa. It also shows the bands of 

housekeeping protein GAPDH, which should have a size of about 35.8 kDa. B) Shows the ladder and the positive 

control IPTG. The positive control has a size of 98.7 kDa  

Discussion 

In this experiment we have managed to successfully amplify the TBEV NS4A gene and cloned 

in a plasmid construct downstream of the pCAG promotor. The resulting gene fragments have 
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been sequenced and shown to be correct oriented, in frame and with no mutations. Furthermore, 

the plasmid construct was successfully transfected into the mammalian cell line A549 and 

expressed by those cells. Thus, the aim of this experiment has been successfully achieved.  

However, immunoblotting analysis of the protein expression indicate that the protein is more 

difficult to express if the 2k fragment remains attached to the protein. Also, the cells harvested 

on day two seem to show a stronger degree of expression, though the NS4A lacking the 2k 

fragment generally shows a stronger expression.   

The reasons for the variation of expression could be many. The lesser degree of expression in 

cells harvested on days one and three could possibly be the results of particular properties of that 

culture, for example the amount of cell death in different cultures. Inappropriate antibodies is not 

likely to be a reason for weaker expression. The HIS-tag ought to be free to bind its antibody, 

since the proteins have been straightened out in the SDS page. The HIS-tag is bound to the N-

terminal of the protein, which means it should not be affected by whether the protein lacks the 2k 

fragment or not. The positive control also shows the HIS-tag antibody works fine. Thus when it 

comes to the difference in expression between NS4A and NS4A-2k, it should be dependent on 

the post translationally expressed protein. It could thereby reflect the detected protein level in 

our experiment.  

The viral protein interactions of NS4A has been shown in earlier studies, and many of those 

interactions seem to be dependent on the 2k-fragment. [19] The 2k fragment also play a part in 

the membrane bending in such a way that cleavage of 2k from NS4A seem to regulate the chain 

of events that leads to bending of the membrane. [8,17,18] The process of membrane bending is 

assumed to include viral-host protein interactions as well, and interactions with some host 

proteins has been showed in studies as well. It has been shown that interaction between NS4A 

and the host protein RTN 3.1A (Reticulon 3.1A) protects NS4A from degradation in the 

proteasome. Also, in the same study it was found that NS4A lacking the 2k fragment bound 

more strongly to RTN 3.1A. [23] This could possibly explain the lesser degree of expression of 

the NS4A-2k.  

Since attachment of the protein NS4A to its C-terminal seem to be so essential in interactions, it 

is possible that it also affects the pattern of expression in other ways as well as mentioned above. 

The difference in the amount of expression of NS4A with or without the 2k fragment could 

possibly reflect that the difference in structure affects the binding properties of the protein. For 

example, the NS4A-2k could be bound by detectors of foreign proteins to a higher degree. Thus 

they would also be destroyed in the proteasomes to a higher degree.  
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There are some limitations to this experiment, the most important being that it was only done 

once, which makes it impossible to draw any real conclusions from it. Thanks to the GAPDH 

normalization of protein expression, we can be certain to some extent that there is indeed a 

difference between the expressions of NS4A and NS4A-2k. However, to be able to draw an 

absolute conclusion, the experiment would have to be repeated at least three times with the same 

results, measured with a semi-quantitative method.  

However, the proteins derived from this one experiment can still be used for future experiments 

with mass spectroscopy on the transfected cells to determine viral-host protein-protein 

interactions. To provide this useful material for future experiments was after all, the main 

purpose of this experiment. The exploration of interactions that lead to membrane bending and 

indirectly to the replication of the flaviviruses could very well lead to the finding of targets for 

new pharmacological substances. For example, host factors which aid in virally induced 

membrane structures could be targeted, since inhibition or alteration of those host factors could 

potentially reduce or completely stop the replication of the virus.  

Conclusion 

In conclusion, we have successfully generated material for further studies of the NS4A-host 

protein interactions in this experiment and have also observed some difference in expression 

depending on whether or not the NS4A is still attached to it’s C-terminal, which could be a cause 

of difference in host protein interactions. However, the experiment would have to be repeated 

with the same results in order to make any absolute conclusions about those observations. 

Although this experiment has not directly contributed to further understanding of viral host 

protein protein interactions important for the membrane bending, it may indirectly do so, since it 

has provided material for future studies. Those studies of interactions could in their turn lead to 

the development of antiviral drugs.  
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