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Abstract 
 

   Clone and express NS3 gene of the Egyptian strain ED43 of HCV genotype 
4a in E. coli was studied. Gene and protein sequences of NS3 gene of the ED43 
strain were first analyzed using PC/GENE program. DNA homology was 89% 
the homologies and that of the protein was 78.8% indicating that NS3 gene of 
the genotype 4a is different from those isolated from other strains.  
DNA of NS3 region of genotype 4a was amplified from HCV_ED43/PUC19 
plasmid. The PCR product was cloned and expressed in E. coli M15 using 
pQE-30 vector. Fusion protein containing the peptides coded by HCV NS3  
(NS3_4a)  was expressed by Escherichia coli. The specific HCV antigenicity 
of the NS3_4a fusion protein was identified by western blotting.  
Keywords: HCV, Genotype 4a, Egyptian strain ED43, NS3_4a, Cloning, Ex-
pression 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 
Introduction 

 

   Hepatitis C virus (HCV) infects 
more than 10% of the general popu-
lation in Egypt when intravenous 
injection with an antimony com-
pound for endemic schistosomiasis 
in the past was implicated (Tanaka 
et al, 2004). Egypt could be consi-
dered a candidate country for per-
forming trials of prophylactic and 
therapeutic vaccines as it has higher 

rates of HCV than neighboring 
countries as well as other countries 
in the world with comparable so-
cioeconomic conditions and hygie-
nic standards for invasive medical, 
dental, or paramedical procedures 
(Lavanchy and McMahon, 2000). 
Little is known about genotype 4a 
which is the most widely distributed 
of type 4 sequences, being the prin-
cipal genotype in the Middle East 
and Egypt, and accounts for a major 



 866

proportion of cirrhosis and hepato-
cellular carcinoma in these popula-
tions this genotype (Dusheiko et al., 
1994; Ray et al., 2000). 
The NS3 protein has approximately 
70 kd and involved in critical events 
of viral replication, thus making it 
an attractive target for antiviral ther-
apy (Hong et al., 2000, Sillanpää et 
al., 2009).   Analysis showed motifs 
characteristic of RNA helicase en-
zymatic function (Tai et al., 1996). 
Genomic analysis of the NS3 pro-
tein could be characterized as a se-
rine protease (De Francesco and 
Steinkühler 2000) as well as an 
ATP-driven motor activity (Penin et 
al., 2004). 
   In the present study, NS3 gene of 
the Egyptian strain ED43 of HCV 
genotype 4a was chosen to be 
cloned and expressed in E. coli.  
Gene and protein sequence of NS3 
gene of was first analyzed using 
PC/GENE program, and then ampli-
fied from HCV_ED43/PUC19 
plasmid. The PCR products were 
then cloned and expressed in M15 
strain of E. coli using pQE-30 vec-
tor. The expression and antigenicity 
of the NS3 proteins in E. coli was 
evaluated by SDS-PAGE and West-
ern blotting. 
 

Materials and Methods 
 

   Analysis of NS3 gene of HCV 
genotype 4a genome: PUC19 vector 
con-taining HCV genotype 4a DNA 
genome of Isolate ED43 
(HCV_ED43) was provided by Dr. 
Richard M. Elliott (Institute of Vi-

rology, University of Glasgow, 
Glasgow). The complete nucleotide 
sequence of HCV_ED43 which is 
9355 nucleotide long is deposited in 
the EMBL database under accession 
number Y11604. 
   Analysis of the nucleic acid se-
quence and the deduction of amino 
acid sequences of the NS3 
(NS3_ED43) gene of HCV_ED43 
were performed by PC/GENE soft-
ware programs (Intelligentics, Inc.). 
These programs have been used to 
determine the open reading frame, 
restriction enzymes cleavage sites as 
well as the primary, secondary 
structure analysis of the deduced 
amino acid sequences. The nucleo-
tide sequence of the NS3_ED43 was 
subjected to similarity search using 
standard nucleotide-nucleotide 
BLASTN option of the internet 
(http://www.ncbi.nlm.gov/BLAST) 
(Altschul et al., 1997). Multiple 
DNA and protein alignments of 
NS3_ED43 were done with some of 
the isolates which showed a high 
degree of similarity using PC/GENE 
program. 
Cloning Strategy of the NS3_ED43 
gene 
The original DNA concentration of 
the HCV_ED43 genome was 0.98 
µg/µl and was diluted to a final con-
centration of 0.1 µg/µl by adding 10 
µl of DNA to 90 µl sterile distilled 
water (dH2O). 
   The cloning strategy of the 
NS3_ED43 and gene was done 
(Sambrook et al., 1989) and the 
QIAexpressionist kit instruction 
manual as: amplification of DNA 
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region of interest using whole 
PUC19/HCV_ED43 plasmid as a 
template. A restriction enzyme tar-
get site was introduced into each of 
the PCR primers. The restriction 
sites of the enzymes that were not 
found to cut inside the target se-
quence and at the same time are 
present in the multiple clonal site 
(MCS) of the appropriate vector, 
were chosen to be added to the pri-
mers. The resulting PCR product 
and cloning vector were digested 
with the restriction enzymes to gen-
erate complementary ends at the 
PCR product and the vector which 
were then ligated and transformed 
into E. coli.. DNA sequences coding 
for the whole NS3 protein was am-
plified from PUC19/HCV_ED43. 
The sequence of primers used was: 
NS3_ED43F primer: 5'-CGCGGA-
TCCGCCCCCATCACAGCATAC
GC-3'.NS3_ED43R primer: 5'-
GACGTCGAC TGTCA CTACC 
TC GAGATCAGC -3'.  The ampli-
fied region was cloned into pQE30 
cloning and expression vector be-
tween the BamHI and SalI Sites. 
   Expression of NS3 (NS3_4a) fu-
sion protein: Recombinant M15 
cells were grown overnight  at 37°C 
in 20 ml of Luria–Bertani (LB) 
broth (1% tryptone, 0.5% yeast ex-
tract, 1% NaCl) containing 100 
µg/ml ampicillin, 25 µg/ml kana-
mycin (LBkan,amp). The 20 ml culture 
was inoculated into 1 litre  of 
LBkan,amp media and cultured at 37°C 
with vigorous shaking for 1 h. Ex-
pression of recombinant protein was 
induced by adding isopropyl b-D-

thiogalactoside (IPTG) to a final 
concentration of 1 mM. After 4 h of 
induction, cells were harvested by 
centrifugation 4000 rpm for 20 min 
& frozen overnight at -20°C until 
needed for purification. 
  Preparation of pure lysates was 
done under denaturing conditions on  
Ni2+-nitrilotriacetate (NTA)–
agarose (Qiagen) according to the 
manufacturer’s instructions. The 
cell pellet was thawed for 15 min on 
ice and resuspended in buffer B 
(100 mM NaH2PO4, 10 mM Tris·Cl, 
8 M urea, pH to 8.0) at 5 ml/g wet 
weight (25 ml buffer was added to 5 
g cells). The cells were gently vor-
texed for 20 min at RT until the so-
lution became translucent. The lys-
ate was centrifuged at 10,000 rpm 
for 30 min at RT to pellet the cellu-
lar debris. The supernatant (cleared 
lysate) was saved and the cell debris 
was discarded. Five ml of the 50% 
Ni-NTA slurry was added to 25 ml 
lysate and mixed gently by shaking 
(200 rpm on a rotary shaker) for 60 
min at RT. The lysate–resin mixture 
was carefully loaded into an empty 
column with the bottom cap still 
attached. The bottom cap was re-
moved and the flow-through was 
collected. The column was washed 
twice with 4 ml buffer C (100 mM 
NaH2PO4, 10 mM Tris·Cl, 8 M urea, 
pH to 6.3). The recombinant protein 
was eluted by adding 2.5 ml buffer 
D (100 mM NaH2PO4, 10 mM 
Tris·Cl, 8 M urea, pH to 5.9) 4 times 
and followed with 2.5 ml buffer E 
(100 mM NaH2PO4, 10 mM Tris·Cl, 
8 M urea, pH to 4.5) 4 times. A 10 
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µl 5X SDS-PAGE sample buffer 
was added to 40 µl of each elution 
and stored at –20 °C for SDS-PAGE 
analysis. The samples were analysed 
in 12% SDS-PAGE. The protein 
content of purified samples was 
measured using BioRad protein as-
say reagent (BioRad) 
   For Western-blot analysis, fusion 
protein was electro-transferred on to 
nitrocellulose membrane (Watt-
man). The membrane was blocked 
with 1% bovine serum albumin in 
Tris-buffered saline (TBS, 20 mM 
Tris-Cl, pH 7.5, 500 mM NaCl) for 
2 h at RT with shaking.. The mem-
brane was then incubated with anti-
HCV pooled human sera (from 
Egyptian blood donors infected with 
hepatitis C), washed, then incubated 
with second antibody [horseradish 
peroxidase (HRP)-labelled Protein 
A (Sigma)]for 1 h at 37 °C. After 
washing, the membrane was devel-

oped using the enhanced chemilu-
minescent (ECL2) kit from Amer-
sham. The same steps were repeated 
using sera from healthy Egyptian 
donors to ensure the proteins recog-
nition specify. 
 

Results 
 

   HCV Sequence, NS3_ED43 gene 
of the HCV_ED43 is 1893 bp and 
lies between nucleotide bases 3358 
and 5250 of the genome. Amino 
acid translation of the NS3_ED43 
gene using PC/GENE program re-
vealed a protein that consists of 631 
aa and have a molecular weight of 
67.5 kDa. 
Amino acid analysis of NS3_ED43 
protein showed threonine (11%), 
glycine (9.3%), valine (8.5%), leu-
cine (8.2%) and alanine (8.2%) 
(Tab. 1).  

 

Table 1: Absolute and % of amino acid residues of NS3_ED43 deduced pro-
tein. 
 

Code Nb %  Code Nb % 
Thr 70 11  Glu 22 3.4 
Gly 59 9.3  Lys 20 3.1 
Val 54 8.5  Gln 19 3 
Leu 52 8.2  Phe 19 3 
Ala 52 8.2  Cys 18 2.8 
Ser 43 6.8  His 14 2.2 
Pro 43 6.8  Asn 13 2 
Asp 31 4.9  Met 10 1.5 
Arg 30 4.7  Trp 7 1.1 
Ile 30 4.7  Xaa 1 0.1 
Tyr 24 3.8     

 

 
   The estimated half-life is consi-
dered to be 4.4 hour in mammalian 
reticulocytes, in vitro, more than 20 

hour in yeast, in vivo, and more 
than 10 hour in E. coli, in vivo. 
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The isoelectric point (pI) of the 
NS3_ED43 deduced protein was 
found to be 6.54  
   The three highest points of hydro-
philicity of the NS3_ED43 protein 
were determined. The first was lo-
cated from amino acid 371 to 376 
(Lys-Lys-Lys-Cys-Asp-Glu) with 
an average hydrophilicity (Ah) of 
2.33, second was located from ami-
no acid 117 to 123(Arg-Arg-Arg-
Gly-Asp-Thr-Arg) with an Ah of 
1.93 and third was from amino acid 
457 to 462 (Ser-Arg-Ser-Gln-Arg-
Arg) with an Ah 1.63. 
   Sites annotated analysis of the 
deduced NS3_ED43 protein showed 
one N-glycosylation site, one tyro-
sine sulfatation site, 11 protein ki-
nase C phos-phorylation sites, 10 
casein kinase II phosphorylation 
sites, 16 N-myristoylation sites, one 
gram-positive cocci surface proteins 
`anchoring' hexapeptide, one cell 
attachment sequence and one 
ATP/GTP-binding site motif A (P-
loop). 
   The BlASTN (for DNA) program 
was used to search the similarity 
between NS3_ED43 DNA sequence 
and other DNA sequences, using 
non redundant Gen-
Bank+EMBL+DDBJ+PDB se-
quences database. Three isolates 
were chosen for comparison with 
NS3_ED43.  BLASTN showed si-
milarities of 89% with isolate 25 of 
genotype 4a (Is. 25), 82% (homolo-
gy search covered 90% only of 
NS3_ED43 sequence) with isolate 
24 of genotype 4d (Is. 24), and 87% 
(covered 45% of NS3_ED43 se-

quence) with isolate MD4-2 of ge-
notype 4 (Is. MD4-2). DNA of the 
isolates was multiple aligned with 
NS3_ED43 DNA sequence using 
PC/GENE program. 
  Amino acid translation of the nuc-
leotide sequences of the three iso-
lates that were aligned with 
NS3_ED43 gene was done and mul-
tiple protein alignment of 
NS3_ED43 protein with the de-
duced proteins were done using 
PC/GENE program (Fig. 1). Align-
ment revealed an identity of 78.8% 
between the NS3_ED43 and the 
three proteins. 
   DNA sequence coding for 
NS3_ED43 was amplified from 
PUC19/ HCV _ED43 and the ex-
pected size (1.9 kb) of PCR product 
was obtained (Fig.2). 
   PCR product of the amplified 
NS3_ED43 DNA was purified from 
gel by High Pure PCR Purification 
Kit (Roche), double digested with 
the restriction enzymes BamHI and 
SalI., and purified from solution. 
The purified double digested DNA 
concentration was 20ng/µl for each 
band (Fig. 3). PCR product cloned 
to pQE30, miniprep took place and 
electrophoresis of the double di-
gested DNA with BamHI and SalI 
showed a band of around 1.9 kb 
which is the size of the NS3_4a in-
sert (Fig. 4). 5´ DNA sequence 
analysis of NS3_4a region of re-
combinant pQE-30/NS3_4a plasmid 
showed that NS3_4a insert was li-
gated in frame with the 6xHis-
tagged DNA of pQE-30 vector (Fig. 
5) and alignment search with origi-
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nal HCV_ED43 by BLAST pro-
gram showed that the sequence of 
the insert is similar to that of the 
original NS3_ED43 (Fig. 6).  
   M15 bacterial cells containing 
recombinant plasmids pQE 
30/NS3_4a was induced with 1mM 
IPTG. Four hours after induction, 
the cells were harvested, samples of 
whole-cell lysates were prepared 
and analysed by SDS-PAGE. A 
band of approximately 70 kDa was 
in good agreement with predicted 
molecular mass (Fig. 7). Nearly all 
of the expressed fusion protein was 
found in the insoluble fraction after 
sonication (Fig. 8). NS3_4a protein 
was solubilized with 8 M urea and 
was purified on Ni2+-NTA–agarose 
under denaturing conditions. After 
washing, bound proteins were eluted 
at low pH, and fusion proteins of 
high purity were obtained (Fig. 9). 
The yield was about 8.44 mg/2litre 
culture.  
   Western blot analysis checked the 
NS3_4a protein antigenicity. Ex-
pressed NS3_4a protein was recog-
nized by the anti-HCV antibodies 
present in the pooled human sera of 
Egyptian patients infected with 
HCV and a band was approximately 
at 70 kDa corresponding to NS3_4a 
(Fig. 10). Specificity by using sera 
from healthy donors showed no 
specific recognition of the NS3_4a 
protein. 
 

Discussion 
 

Egypt could be considered a candi-
date country for performing trials of 

preventive and therapeutic vaccines 
as it has higher rates of HCV than 
neighboring countries as well as 
other countries in the world with 
comparable socioeconomic condi-
tions and hygienic standards for in-
vasive medical, dental, or paramedi-
cal procedures (Lavanchy and 
McMahon, 2000). Although Egypt 
has a very high prevalence of HCV 
and a high morbidity and mortality 
from chronic liver disease, cirrhosis, 
and hepatocellular carcinoma, not 
much is known about genotype 4a 
which is the most widely distributed 
of type 4 sequences, being the prin-
cipal genotype in the Middle East 
and Egypt (Dusheiko et al., 1994; 
Ray et al., 2000). 
   NS3 protein was chosen in the 
present study for its importance as a 
multifunctional virus-specific pro-
tein that possesses multiple enzy-
matic activities (Misialek et al., 
2009). NS3 contains serine protease 
activity in its N-terminal region and 
accounts for processing of the viral 
polyprotein at four cleavage sites, 
NS3/ 4A, NS4A/4B, NS4B/5A, and 
NS5A/5B. The serine proteinase 
activity of NS3 is an attractive tar-
get for new drugs that could block 
viral replication efficiently (Lordini 
et al., 2003; Penin et al., 2004). 
Also, helicase and nucleic acid-
stimulated nucleoside triphos-
phatase activities are found in its C-
terminal region (Bartenschlager, 
1997; Kwong et al., 1998). The NS3 
helicase– NTPase domain probably 
has multiple functions, including 
RNA-stimulated NTPase activity, 
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RNA binding, and unwinding of 
RNA regions with extensive secon-
dary structure by coupling unwind-
ing and NTP hydrolysis. This en-
zyme acts as an ATP-driven motor 
and is thought to switch between 
alternative conformations during 
active unwinding of double-stranded 
RNA (Penin et al., 2004).  
   In the present study, prior to clon-
ing, the DNA sequence of the NS3 
region (NS3_ED43) of the HCV-
ED43 was analyzed using 
PC/GENE program. NS3 
(NS3_ED43) gene of the HCV-
ED43 is 1893 bp and lies between 
nucleotide bases 3358 and 5250 of 
the genome. The DNA sequence 
analysis revealed that it has a rela-
tively higher proportion of GC 
bases (56.7%) than AT bases 
(43.2%) with a base percentage of 
27.3 % G, 29.4 % C, 22.8% A and 
20.3% T. Amino acid translation of 
the NS3_ED43 gene using 
PC/GENE program revealed a pro-
tein that consists of 631 aa and has a 
molecular weight of 67.5 kDa. 
Amino acid composition analysis of 
the NS3_ED43 protein revealed the 
presence of a high percentage of 
threonine (11%), glycine (9.3%), 
valine (8.5%), leucine (8.2%) and 
alanine (8.2%). The N-terminal of 
the NS3_ED43 protein sequence is 
A (Ala).The estimated half-life is 
considered to be 4.4 hour in mam-
malian reticulocytes, in vitro, more 
than 20 hour in yeast, in vivo, and 
more than 10 hour in E. coli, in 
vivo. 

The three highest points of hydro-
philicity of NS3_ED43 protein were 
determined. The first point was lo-
cated from amino acid 371 to 376 
with an average hydrophilicity (Ah) 
of 2.33, second point was located 
from amino acid 117 to 123 with an 
Ah of 1.93 and third was from 
amino acid 457 to 462 with an Ah 
1.63. No previous data of the anti-
genic determinants of the NS3 pro-
teins of the other HCV genotypes 
was available. Sites annotated 
analysis of the predicted protein 
encoded by NS3_ED43 revealed the 
presence of one N-glycosylation 
site. It is known that potential N-
glycosylation sites are specific to 
the consensus sequence Asn-Xaa-
Ser/thr. The presence of the consen-
sus tripeptide is not sufficient to 
conclude that an asparagine residue 
is glycosylated, due to the fact that 
the folding of the protein plays an 
important role in the regulation of 
N-glycosylation (Pless and Lennarz, 
1977). No glycosylation was men-
tioned for NS3 in the previous stud-
ies which suggest that NS3 folding 
might have depressed this site activ-
ity. Also, one Tyrosine sulfatation 
site, 11 protein kinase C phosphory-
lation sites, 10 Casein kinase II 
phosphorylation sites that might be 
responsible for interactions with 
protein kinases A and C. Numerous 
NS3 interactions with cellular com-
ponents have been reported, includ-
ing protein kinases A and C, p53, 
and histones H2B and H4, but their 
significance is unclear (Tellinghui-
sen and Rice, 2002). One Gram-
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positive cocci surface protein `an-
choring' hexapeptide has been re-
ported as well as one Cell attach-
ment sequence and one ATP/GTP-
binding site motif A (P-loop) which 
might be responsible for the NS3 
helicase– NTPase domain interac-
tion with ATP. 16 N-myristoylation 
sites were also found along the se-
quence, Myristoylation is essential 
for the biological function of most 
proteins. As attachment of the 
myristoyl residue to glycine resi-
dues provides hydrophobicity and 
promotes protein-protein interac-
tions (Johnson et al., 1994), it might 
have other vital functions in the 
NS3 protein other than providing 
hydrophobocity as NS3 is not 
known to have hydrophobic regions.  
   The BlASTN (for DNA) program 
gave the similarity between 
NS3_ED43 DNA sequence and 
other DNA sequences, Three NS3 
isolates from those which showed 
significant similarity were chosen 
for multiple alignments with 
NS3_ED43.  BLASTN Homology 
search revealed similarities of 89% 
with isolate 25 of genotype 4a (Is. 
25), 82% (homology search covered 
90% only of NS3_ED43 sequence) 
with isolate 24 of genotype 4d (Is. 
24), and 87% (covered 45% of 
NS3_ED43 sequence) with isolate 
MD4_2 of genotype 4 (Is. MD4_2). 
These results support the findings 
that suggested that   the Egyptian 
genotype 4a is different from those 
isolated from other parts of the 
world (Stuyver et al., 1994; Bukh et 
al., 1995; Alfonso et al., 2001). 

   Amino acid translation of the nu-
cleotide sequences of the three iso-
lates that were aligned with 
NS3_ED43 gene and multiple pro-
tein alignment of NS3_ED43 pro-
tein with the deduced proteins were 
done using PC/GENE program. 
Alignment revealed an identity of 
78.8% between the NS3_ED43 and 
the three proteins. Amino acid com-
position comparison between 
NS3_ED43 and the proteins of the 
three isolates was done and revealed 
that the amino acid composition is 
almost conserved in the four iso-
lates.  
   Computer analysis of NS3_ED43 
was followed by cloning and ex-
pression of NS3_ED43 DNA region 
in pQE-30/M15 E.coli. In previous 
studies,  Fragments Vishnuvardhan 
et al., 1997; Jiao et al., 2004, Frick, 
2007), whole (Poliakov et al., 2002, 
Cheng et al., 2002), as well as  fu-
sion proteins from different ligated 
gene fragments  such as NS3-NS4a 
(Du et al., 2002; Thibeault et al., 
2004).  
   Amplification of NS3_ED43 
DNA began by cloning of 
NS3_ED43 DNA via 
PUC19/HCV_ED43 plasmid as a 
template. Core insert into pQE30 
vector, t BamHI and SalI restriction 
sites were introduced to the forward 
and reverse primers respectively. 
pQE-30 vector with PCR product of 
the core region (designated as 
NS3_4a)  was used to transform 
M15(pREP4) bacteria supplied with 
the kit. Successful transformation 
was confirmed by plasmid miniprep 
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and gel electrophoresis showing the 
DNA bands of the expected size 
(1.9kb).  
   Optimized conditions for expres-
sion of NS3_4a protein was done 
according to the manufacturer’s 
manual of QIAexpressionist kit with 
the only exception that before in-
duction, the bacterial cultures of 
NS3_4a was grown at 37ºC, SDS-
PAGE of the whole induced cultures 
before purification showed the 
bands of NS3_4a fusion protein of 
69 kDa (Jiao et al., 2004). The solu-
bility of expressed NS3_4a protein 
was checked before preparing the 
proteins on large scales, and it was 
found that the NS3_4a protein was 
expressed in the insoluble form. 
Thus, large scale preparations of the 
NS3_4a protein was done under 
denaturing conditions and Core_4a 
protein content was estimated to be 
around 4 mg/liter. Reactivity of 
NS3_4a against human sera in 
Western blot was analysed. The ex-
pressed NS3_4a protein was recog-
nized by the anti-HCV present in 
the pooled human sera of Egyptian 
patients infected with hepatitis C 
and a band appeared approximately 
at 69 corresponding to the NS3_4a. 
Specificity of this recognition was 
confirmed by using sera from 
healthy donors which showed no 
specific recognition of the two pro-
teins. So, this E. coli-derived 
NS3_4a protein displayed specific 
antigenicity. 
   Further studies are recommended 
in experimental animals to specify 
these proteins antigenicity. More-

over, characterization of more HCV 
isolates, extracted from the blood of 
Egyptian patients, will be important 
for the improvement of diagnostic, 
epidemiological and clinical treat-
ment regimens as well as the devel-
opment of a candidate vaccine 
against HCV genotype 4a. 
 

Conclusion 
 

   Analysis of NS3 region of the iso-
late ED43 revealed that the Egyp-
tian genotype 4a is different from 
other genotypes. Construction of 
pQE-30/NS3_4a recombinant plas-
mid and expression of NS3_4a gene  
in E. coli (M15) was successful and 
have immunogenicity in Western 
blot useful in vaccine development 
studies against the Egyptian geno-
type 4a. Further studies of NS3 re-
gion are recommended in experi-
mental animals and cell cultures to 
explore its role in diagnostic, epi-
demiological, treatment and devel-
opment of a candidate vaccine 
against HCV genotype 4a. 
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Fig. 1: Multiple alignments between NS3_ED43 protein and proteins of different HCV isolates. Consensus length:  
631, Position in alignment perfectly conserved: '*' Position well conserved: '.', Identity: 497 (78.8%), Similarity:  08 
(17.1%) 
 

 
 
                                  Fig. 2                                                     Fig. 3 
 
 
Fig. 2: Agarose gel electrophoresis of PCR product after amplification of NS3_ED43 DNA from 
HCV_ED43 genome. Lane M: 1 kb ladder marker. Lane 2: control sample. Lane 3: PCR product of 
NS3_ED43 gene. 
Fig. 3: Agarose gel electorophoresis of PCR product of NS3_ED43 DNA digested with BamHI and SalI and 
purified from solution. Lane M:1 kb ladder marker. Lane V: pQE-30 DNA digested with BamHI, Lane 1: 
pure double digested (BamHI/SalI) NS3_ED43 PCR product. 
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Fig. 4: Double digestion of miniprep samples of recombinant pQE-30/NS3_4a plasmid with BamHI/XhoI. 
Lane M: 1 kb Ladder marker. Lane V: pQE-30 digested with BamHI/SalI. Lane 1-5: DNA resulted from 
minipreps digested with BamHI/XhoI. V: vector. I: insert. 
 

 
 
Fig. 5: DNA sequence analysis of NS3_4a insert (NS3-1) inside pQE-30 by ABI PRISM model 
310 DNA automated sequencer. Bases 1-50 are pQE-30 vector sequence, bases starting from 51 
~ end partial NS3_4a sequence, █ Sequence of 6xHis, █ BamHI site, █ Beginning of NS3_4a 
sequence. 
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Fig. 6: Similarity search result between sequences of NS3_4a and NS3_ED43 genes. Query: DNA Sequence of NS3 
_4a gene. Subject: sequence of original NS3_ED43 DNA. Identities: 609/619 (98%). Gaps: 1/619 (0%). Strand: 
Plus/Plus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: SDS-PAGE (12% gel) of bacterial cultures resulted from small expression of NS3_4a protein in M15 
bacteria. Lane M: prestained wide range MW marker. Lane 1: uninduced culture. Lane 2: induced culture. 
Lane 3: flow-through. Lane 4: wash. 
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Fig. 8: SDS- PAGE (12% gel) of bacterial cultures resulted from expression of Core_4a and NS3_4a proteins 
in M15 bacteria to determine solubility. Lane M: prestained wide range MW marker. Lane 1: uninduced 
culture of NS3_4a protein. Lane 2: soluble fraction of induced culture of NS3_4a protein. Lane 3: insoluble 
fraction of induced culture of NS3_4a protein. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 9: SDS- PAGE (12% gel) of the NS3_4a protein after purification from large-scale culture. Lane M: 
prestained wide range MW marker. Lane 1: elution 1 of NS3_4a protein. Lane 2: elution 2 of NS3_4a pro-
tein. 
Fig. 10: Western blot of purified NS3_4a protein recognized by pooled sera of Egyptian patients with HCV. 
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