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SUMMARY 

 

Hepatitis C virus is one of the important risk factor for liver diseases and development of 

hepatocellular cancer (HCC). HCV belongs to family Flaviviridae with a single stranded 

positive sense RNA genome and is known to cause both acute and chronic hepatitis. 

Hepatitis C virus genes are responsible to interact with host cellular genes and play a 

significant role in their alteration which ultimately results in HCC. Among non-structural 

genes of HCV, NS3 and NS5A plays an important role in apoptosis which is the principal 

mechanism of defense of host cells. However the exact molecular mechanism underlying the 

host and pathogen interaction is not clearly understood. The NS3, serine protease, is a non-

structural hepatitis C virus protein responsible for proteolytic cleavage of precursor 

polyprotein encoded by HCV. The sequence analysis of NS3 gene showed presence of two 

conserved domains i.e. catalytic and zinc binding domains. HCV non-structural protein 

NS5A is a pleiotropic protein that functions in HCV replication and influences host cellular 

factors that are involved in HCV pathogenesis. p53 is the main contributor in protecting cells 

in response to a stress as it is involved in apoptotic pathways. NS3 and NS5A genes of HCV 

interact differentially with the tumor suppressor gene, p53. So, it is vital to study the 

relationship of HCV non-structural genes of 3a genotype of local isolate with the apoptotic 

genes in order to understand the HCV pathogenesis. The role of HCV non-structural genes of 

3a genotype in HCV induced pathogenesis has not been evaluated. In the present study we 

observed the interaction of NS3 and NS5A genes of HCV genotype 3a of Pakistani isolate 

with the p53 gene involved in apoptosis. To analyze the interaction of NS3 and NS5A genes 

of HCV genotype-3a from local isolate with apoptotic p53 gene, Serum samples from HCV 

positive patients were collected and confirmed for 3a genotype. NS3 and NS5A genes from 

isolated RNA samples were amplified by using designed primers for NS3 and NS5A genes of 

HCV. The desired sequences were cloned into TA vector and sequencing was done, the 

sequences were submitted to Genebank and accession numbers were obtained. The epitopic 

regions/ antigenic sites were determined, amplified and cloned into the bacterial expression 

vector. The antigenic recombinant proteins were expressed in bacterial strain E. coli 

BL21ply* and the expression was confirmed by western blotting by using gene specific and 
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vector specific antibodies. Mammalian expression vector harboring NS3 and NS5A genes of 

HCV 3a genotype of local isolate were constructed. Huh-7 stable cells lines valuably 

expressing NS3 and NS5A genes of HCV 3a genotype of local isolate were generated. The 

stable cell lines were confirmed by western blot, RT-PCR and immunofluorescence assay. 

Hepatitis C virus NS3 and NS5A expressing cell lines were co-transfected with p53 

expressing clone. Results showed that NS3 and NS5A both interact differentially with p53 by 

down regulating expression of cellular p53 gene involved in HCV pathogenesis. In HCV sub-

genomic harboring cells interaction between NS3, NS5A and p53 was observed consistently. 

Furthermore suppression in expression of p53 gene by HCV NS3 and NS5A genes of 

genotype 3a was observed significantly as compared with NS3 and NS5A negative control 

huh-7 cells. Similar results were obtained when huh 7 cells were co-transfected with p53 and 

HCV infected serum sample. The suppression in p53 expression might also be due to a 

combined effect of the other genes of HCV like core gene. The suppression in p53 protein by 

the HCV harboring sub genomic replicons and the HCV infected serum demonstrate the 

relationship and influence of HCV gene specifically NS3 and NS5A with p53 gene. Taken 

together these studies will help to analyze the genetic variability within the local HCV 

isolates. The non-structural genes (NS3 and NS5A) of HCV play an important role in the 

hepatocarcinogenesis of HCV by interacting directly or indirectly in different manners with 

p53 gene. Collectively, this study may help to enhance the progress in treatment of HCV 

infection accompanied through the modeling of HCV non-structural genes (NS3 and NS5A) 

from local isolate and it may also present the host and viral genes as potential therapeutic 

targets. 
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INTRODUCTION 

 

With the increasing rate of liver diseases around the world it is assessed that the rate 

of developing cancer was also increased. Worldwide about 15-20% of human cancers are due 

to different viral strains (Fernandez and Esteller, 2010). Hepatitis C virus (HCV) is 

associated with liver diseases as it is thought to be the primary causative agent and the 

foremost human pathogen that is responsible for liver fibrosis, cirrhosis, steatosis and cancer 

that results in high rate of mortality (Pawlotsky, 2004; Kasprzak et al., 2009; Amako et al., 

2013). Hepatitis C prevalence varies all over world but among all the cancers worldwide 

HCV related cancer is the 8
th

 common cancer (Lavanchy, 2009; Umar and Bilal, 2012; Ilyas 

and Ahmad, 2014).  

 

It is appraised that 170-200 million individuals are infected with HCV worldwide 

which is about 3.3% of the world population with 5000000-1000000 new emerging cases 

every year (Moradpour and Wands, 1994; Poynard et al., 2000; Waheed et al., 2009; Butt et 

al., 2010; Rehman et al., 2011). In Pakistan it is reported that about 10-17 million people are 

infected with HCV which is about 6% of local population (Idrees et al., 2008; Idrees and 

Riazuddin, 2008). Moreover HCV disease is a worldwide health burden in comparison to 

other diseases as it results in 350,000 deaths of infected persons along with 3-4 million 

persons infected with this silent killer every year with increasing prevalence globally (Perz et 

al., 2006; Munir et al., 2010; Salam et al., 2013).   

  

The principal means or mode of transmission of this silent killer is mainly through 

exposure with contaminated blood of the patients, infected injection drug use, transfusions 

from infected patients (Cordek et al., 2011). Even with the successful development of the 

HCV sub-genomic replication and Japanese fulminant hepatitis 1 (JFH1) virus models, the 

exact mechanism of virus replication and infection causing tumor is still unknown (Wakita et 

al., 2005; Cheng et al., 2013) and also the host determinants that are responsible for the virus 

replication are not clearly understood (Feigelstock et al., 2010). However, the research is 

going on to identify the exact mechanism and reliable markers of progression which are 

file:///D:/AppData/Local/articles/isi/221.htm%23ref-37
file:///D:/AppData/Local/articles/isi/221.htm%23ref-37


2 

 

necessary for the development of HCV related hepatocellular carcinoma (Wagayama et al., 

2002; Brunt et al., 2007; Kasprzak et al., 2009). 

 

Several host receptors are required for the entry of HCV into the host cells. The 

pathogen attaches to the host cells by interacting with the cellular receptors. After interaction 

mainly clathrin mediated endocytosis of the infectious HCV particles occurs which allows 

the virus to enter into the cytoplasm of the host target cell (Blanchard et al., 2006; Cordek et 

al., 2011). Hepatocytes and B lymphocytes are mainly affected during HCV infection (Ohno 

et al., 1997; Omran et al., 2009), which results in release of 10 trillion virions per day (James 

et al., 2005; Inamullah et al., 2011).  

 

HCV infection is primarily asymptomatic which makes it hard to detect in early 

stages of infection. For that reason it is called as silent disease. HCV is responsible for acute 

and chronic infections while in some patients infected with this silent killer the infection does 

not resolve naturally. The antibodies against the HCV infection were produced during the 

period of natural infection. The acute infection was preceded to chronic infection when liver 

fails to remove this pathogen (HCV). It is reported that in 20% HCV infected patients having 

liver cirrhosis lead to the development of hepatocellular carcinoma after 10 years of infection 

whereas the ability to develop chronic infection is exclusive to HCV (Zein, 2000; Moore and 

Chang, 2010; Sharma, 2010).  

 

Currently combination of pegylated interferon (PEG-IFN) and ribavirin (RBV) are 

used as standard care for HCV treatment and management (McHutchison et al., 2009; Kim et 

al., 2014 A) but with substantial progress in research by formulation of Direct Acting 

Antivirals (DAAs), therapeutic strategies for HCV are improved. Sofosbuvir (Cholongitas 

and Papatheodoridis, 2014) a nucleotide polymerase inhibitor, simeprevir a protease inhibitor 

(Muir, 2014), BMS-791325 (Lemm et al., 2014), Boceprevir (BOC) and telaprevir (TVR) are 

the innovative antiviral DAAs which are appropriate to be used in combination with PEG-

IFN/RBV (Salam et al., 2013). Ample progress in therapeutic strategies perhaps increases the 

treatment rate for HCV, additionally reduces duration of therapy. A number of concomitant 

clinical trials conducted, characterize and signifies these protease inhibitor DAAs as a fast 
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and broad research for anti-HCV treatment (Dhingra et al., 2014). The genotyping of the 

HCV is necessary because it was observed that certain HCV infection treatments including 

pegylated alpha interferon and ribavirin are correlated with the specific type of HCV as 

reported that genotypes 2 and 3 are more sensitive to treatment then other genotypes (Zein 

and Zein, 2002; Saracco et al., 2003; Liew et al., 2004).   

 

HCV is an enveloped positive stranded RNA virus belonging to family Flaviviridae, 

distantly linked to Flaviviruses and Pestiviruses (Kato et al., 1990; Miller and Purcell, 1990). 

The genome of HCV is about 9.6kb RNA with an open reading frame (ORF) of 3000 amino 

acids. The genome is flanked by the highly conserved un-translated regions i.e.  5’UTR and 

3’UTR though the polyprotein is co- and post-translationally processed by host and viral 

proteases. The resulting viral proteins are structural and non-structural proteins. The 

structural proteins are: C, E1, E2 and p7 while non-structural proteins are NS2, NS3, NS4A, 

NS4B, NS5A and NS5B (Tellinghuisen et al., 2007; Amako et al., 2013). Core, E1 and E2 

proteins are the key structural proteins, p7and NS2 are related to viral morphogenesis while 

NS3, NS4A, NS4B, NS5A and NS5B are involved in HCV replication (Cordek et al., 2011). 

 

The HCV genome has high genetic variability and is susceptible to high mutational 

rates (Liew et al., 2004), as genomes of other RNA viruses, there are 11 HCV genotypes 

identified with 30-35% nucleotide site sequence dissimilarity from others (Robertson et al., 

1998; Liew et al., 2004; Hnatyszyn, 2005; Afridi et al., 2014). The sequence variability was 

identified in the 5’UTR of the HCV genome (Maertens and Stuyver, 1997). The identified 

genotypes are subdivided further into ~70 subtypes on the basis of nucleotide sequence 

similarity. Each subtype has more than 75% sequence similarity with each other (Simmonds, 

1995; Afridi et al., 2014). HCV genotypes prevalence varied throughout the world according 

to the geographic area but genotypes 1, 2 and 3 has worldwide distribution. Genotypes 1a, 

1b, 2a, 2b are prevalent in USA, Europe and Japan (Takada et al., 1993; Dusheiko et al., 

1994; Zein and Persing, 1996; Liew et al., 2004). The genotype 3a is prevalent in India, 

Pakistan and Nepal (Tokita et al., 1994; Singh et al., 2004; Idrees and Riazuddin, 2008).  

 

http://jcm.asm.org/search?author1=Michael+Liew&sortspec=date&submit=Submit
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In multicellular organisms one of the main processes of cell protection is apoptosis 

which is the programmed cell death (PCD). An intracellular proteolytic cascade mechanism 

is involved in apoptosis for the safety of organism. A pathogen to evade the host defense 

mechanisms must interfere with the self-protective machinery of the host cell however host 

cell is the place where the pathogen resides and replicates. Different viruses are known to 

interact with the apoptotic proteins but the main strategy used by viruses to escape the host 

immune surveillance is the modulation of the apoptotic response (Wyzewski et al., 2014). 

Dysregulation of apoptotic mechanism in infected cells is vital for establishing chronicity, 

fibrosis progression, neoplastic transformation and failure of antiviral treatment (Malhi and 

Gores, 2008; Jang et al., 2014).  

 

HCV encodes some of the proteins that are thought to interact with the apoptotic 

proteins (Simonin et al., 2009; Wyzewski et al., 2014). A number of stress responses and 

apoptotic states are activated as a result of HCV infection (Amako et al., 2013). Liver 

damage is associated with the chronic HCV infection and apoptotic connection with this liver 

damage has been suggested (Valva et al., 2010; Feuth et al., 2014). It is reported in in-vivo 

studies that HCV proteins down regulate some of the apoptotic proteins which causes 

resistance to apoptotic mechanism which in turn results in increased persistence of viruses 

that ultimately causes chronic infections and eventually hepatocellular carcinoma (Simonin et 

al., 2009).  

 

For the development of hepatocellular carcinoma (HCC) the genetic modification of 

proto oncogenes and tumor suppressor genes is quite important (Dominguez-Malagon and 

Gaytan-Graham, 2001). Among tumor suppressor genes p53 is of prime importance as it acts 

to coordinate transcription regulator processes in response to stress. p53 is an effective 

inducer of apoptosis because it functions to suppress the oncogenic transformation (Lan  et 

al., 2002) indeed of its diverse functions, p53 protein is known as the guardian of the 

genome, because it contributes to different tumor suppression by the induction of apoptosis 

and cell cycle arrest. The tumor suppressor gene, TP53 encodes a 393 amino acid 

phosphoprotein called as tumor suppressor p53 protein which consists of three domains 

(Kern et al., 1991; Ko and Prives, 1996; Otsuka and Ochiya, 2014).  
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In normal cells p53 remains silent and under strict cellular control but when cells are 

exposed to stress p53 is quickly activated and perform its principal functions (Yi and Luo, 

2010). In more than half of the human cancers p53 is either mutated or inactivated whenever 

there is a stress or impaired signal to cell p53 works by blocking cell cycle progression and 

activating DNA repair machinery that maintains the genome stability and integrity and 

protect the cells from damage. If the cells experience massive or extensive damage, p53 

initiates irreversible apoptosis to eradicate the abnormal oncogenic cells with genomic 

instability and inhibiting tumorigenesis (Vousden and Lane, 2007; Brady and Attardi, 2010; 

Mollereau and Ma, 2014). 

 

Mainly the viral gene products mark the residues of N-terminus of p53 protein that 

coordinate to interact with the transcriptional machinery of cells (Lin et al., 1994). Some of 

the HCV proteins most importantly Core, NS3, NS5A and NS5B are known to interact with 

the p53 protein and play their role in process of hepatocarcinogenesis (Anzola and Burgos, 

2003). 

 

HCV non-structural protein NS3, molecular weight of 70 kDa, is a multifunctional 

protein because it has dual function. The serine protease domain is associated with the N-

terminal portion and the nucleoside triphosphate (NTPase) and RNA helicase domain is 

located in the C-terminal portion. NS4A act as a co-factor of NS3 protease activity (Suzuki et 

al., 1999). Studies showed that NS3 serine protease activity may influence the innate cellular 

host defense by rendering the various host signals (Brass et al., 2006).  

 

There is a possible relationship between the apoptotic p53 protein and HCV non-

structural NS3 protein. Non-structural protein NS3 of HCV exerts its hepatocarcinogenic 

effect during primary stage by endogenous pathway that brings about transformation of 

hepatocytes (Anzola, 2004). NS3 interacted with the p53 protein in the nuclear region by 

forming a complex with NS3 protein. The NS3 protein of HCV co-localizes the p53 into the 

nucleus (Ishido et al., 1997; Muramatsu et al., 1997) by forming a complex through the N-

terminal portion of NS3 (aa 20-174) and a C-terminal portion of p53 protein (aa 301-360) 

(Ishido & Hotta, 1998). It is conceivable that NS3 either inhibit the expression of the p53 
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gene or effects p53 function itself. It is likely to be suggested that NS3 may inhibit the p53 

function by interaction it with physically (Deng et al., 2006).  

 

In addition to complex formation of NS3 and p53, NS3 may also alter the function of 

other cellular regulatory factors like p21. In a dose dependent manner HCV NS3 protein may 

possibly limit the p21 promoter activity. p53 act as a transcription factor and NS3 might 

cause suppression of  transcription of p21 by controlling the activity of p53 (Anzola, 2004).  

 

NS5A, a non-structural protein of HCV, proposed to have association with the 

apoptotic p53 protein. NS5A is a pleiotropic phosphoprotein of 56-58 kDa which regulates 

viral replication and interact directly or indirectly with variety of host factors (Shimakami et 

al., 2004; Shirota et al., 2002; Cheng et al., 2013).  An extensive attraction has been given to 

NS5A of HCV because of its role in interferon signaling, regulation in cell growth and 

apoptosis (Suzuki et al., 1999; Khabar and Polyak, 2002; Reyes, 2002; Macdonald & Harris, 

2004).  

 

It is reported that the non-structural protein NS5A of HCV may have wide host 

interactions, with various cellular proteins which plays important role in variety of cell 

processes. NS5A is known to interact with the cellular p53 protein and also other 

transcription factors like TBP, ERCC3 which affects the activity of p53 regulated p21 

promoter. NS5A may influence the process of p53 mediated apoptosis by either directly 

interacting with the p53 protein or by inhibiting the function of the mediators of the p53 

related apoptosis. The non- structural protein NS5A of HCV may also described to have 

relationship with transcription factors like hTAF which are the active co factors of the p53 

assisted apoptotic mechanisms (Lan et al., 2002; Anzola and Burgos, 2003).  

 

Furthermore the HCV NS5A protein may also exert its hepatic effect by modifying 

the mechanism of certain ion channels of the infected cell. The Kv2.1 ion channel activity is 

altered by the NS5A protein of HCV by hindering with the oxidative stress induced MAPK 

p38 phosphorylation of this Kv2.1 ion channel. NS5A through a polyproline motif dependent 

file:///D:/AppData/Local/articles/isi/221.htm%23ref-31
file:///D:/AppData/Local/articles/isi/221.htm%23ref-23
file:///D:/AppData/Local/articles/isi/221.htm%23ref-23
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interaction reduces the activation of the kv2.1 activation (Mankouri et al., 2009; Amako et 

al., 2013).  

  

In Pakistani population HCV is among the prevalent liver diseases. The role of HCV 

genes from local isolate with various host processes is yet to be determined. The mechanism 

of apoptosis is a primordial answer of a cell against the entry of a pathogen to spoil its spread 

and thwart the infection however a virus must evade this defense machinery of the cell for its 

multiplication and production of the virions. In order to keep its place inside the target host 

cell the infecting virus suppress the apoptosis mechanism to have a persistent infection. p53, 

a tumor suppressor gene, is mostly a striking target for several viral pathogens so as for HCV 

though the exact mechanism for this is not clear. Keeping all this in view the aim of the 

present study is to determine the possible interaction of the non-structural genes of HCV such 

as NS3 and NS5A in apoptosis i.e. the programmed cell death mechanism whether they are 

associated with the apoptotic p53 gene down regulation in hepatitis C patients infected with 

3a genotype of the HCV. The study of this interaction strengthens the research in finding 

remedies against this silent killer. To find out this the serum sample was obtained from the 

chronically infected HCV patients. The non-structural genes of HCV, NS3 and NS5A, were 

amplified by utilizing gene specific primers and the amplified gene products were ligated 

into the TA vector. The epitope region, that possibly binds with the antibody, of the HCV 

non-structural genes was find out and their expression was checked in bacterial strains. In 

order to investigate the relationship of the NS3 and NS5A genes of HCV these genes were 

cloned into the mammalian expression vector. The generated non-structural coding 

mammalian expression vectors were used to transfect the Huh 7 cell lines. In this study the 

expression analysis of non- structural genes of HCV was carried out. To check the hypothesis 

that HCV genes of local isolate may interact with the apoptotic genes the p53 clones was co-

expressed in huh 7 cell lines harboring the sub genomic replicons (NS3 and NS5A) of the 

HCV.   

 

The present findings reports the amplification of the non- structural NS3 and NS5A 

genes of HCV of genotype 3a of local isolate and their successful cloning into the TA vector, 

mammalian expression vector (pcDNA 3.1) and bacterial expression vector (pET 28). The 
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development of these recombinant vectors containing HCV genes is very helpful to enhance 

the ongoing research on this silent disease. The constructed mammalian expression vector 

coding unmodified HCV genes from local isolate was used for the generation of huh 7 cell 

lines stably expressing the NS3 and NS5A genes of HCV-3a. This established model was 

used for the investigation of possible interaction of NS-3 and NS5-A HCV genes of genotype 

3a with the apoptotic p53 gene. The developed cell culture system harboring the HCV non-

structural genes is used as a powerful tool for the study of various host to virus interactions. 

This system is also favorable as it assists in the study of molecular virology of HCV. 

Additionally this will be helpful to know the viral replication, persistence and pathogenesis 

moreover it provides information regarding the different processes that HCV influence. The 

knowledge of these processes and interactions of HCV with the host cells are quite 

supportive in the development of the new strategies against this silent disease along with the 

development of genotype specific antiviral is an effective means of curing and preventing the 

prevalence of this disease in the local population.  
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LITERATURE REVIEW 

LIVER AND LIVER DISEASES  

In vertebrates, a key role in metabolism is played by an organ located beneath the 

diaphragm known as LIVER, a dynamic human organ. Functions performed by liver are 

related to the synthesis of fibrinolytic proteins, certain clotting factors, co- agulation 

inhibitors, detoxification, RBCs decomposition, hormone production, regulated variety of 

chemical reactions etc. (Blonski et al., 2007).  

 

Fibrosis (scarring) is characterized by a reversible and dynamic process which 

involves a number of cells (hepatic stellate cells HSCs) (Mastroianni et al., 2014) and 

intermediates causing a wound healing reaction in response to an injury. Liver diseases are 

characterized as acute or chronic disease. If there is a sudden damage to the liver, it will 

initiate the process of fibrosis but for the chronic liver diseases or for fibrosis to progress 

constant signals associated with liver disease generally caused by any viral infection, toxic, 

metabolic stress, drugs, liver transplantation, imbalance of extracellular matrix (ECM) 

protein turnover (greater protein synthesis and lesser degradation) and immune violence are 

compulsory (Schluger et al., 1996; Bonnard et al., 2007; Friedman, 2008 A).  

 

The second condition mainly associated with injured liver is Cirrhosis, primarily 

described as utmost advanced stage of fibrosis as a consequence of which more scarring or 

changeover of liver parenchyma with more scar tissues of liver is seen. Cirrhosis also results 

in damaged liver parenchyma which is associated with liver septae and nodule formation of 

regenerating hepatocytes leading to altered blood flow that in the long run causes liver failure 

which is an indication of progression of fibrosis to cirrhosis (Hui and Friedman, 2003; 

Friedman, 2008 B;  Zhao et al., 2013; Mastroianni et al., 2014). Around 1-5% of these 

prolonged liver chronic infections eventually progress to hepatocellular carcinoma and 20% 

of chronic patients may advance towards End stage liver diseases which are an indication of 

liver transplant (Saito et al., 1990; Cohen, 1999; deLemos et al., 2014).    
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HEPATITIS 

Hepatitis, a universal health problem, is described as the inflammation of a healthy 

liver as a result of exposure to hazardous material, viruses, toxins e.g. alcohol, or certain 

autoimmune diseases. The inflamed liver may recover itself or it may progress to chronicity. 

There are five types of hepatitis viruses that cause the liver diseases (WHO): 

1. Hepatitis - A   

2. Hepatitis - B 

3. Hepatitis - C 

4. Hepatitis - D 

5. Hepatitis - E 

 

HCV and Liver 

Virus insult is one the primary reason of Hepatic injury. Hepatitis, inflammation of 

liver, is an infectious disease caused by a killer virus known as HCV. Hepatitis C infection 

characterized by liver fibrosis, cirrhosis and eventually hepatocellular carcinoma developed 

in approximately 2-4% of HCV infected patients as HCV keep up a sustained viral infection 

by maintaining the viability of the virally infected cells, vital for virus pathogenesis (Amako 

et al., 2013; Salam et al., 2013; Feeney and Chung, 2014). A most important risk factor for 

the development of Hepatocellular Carcinoma (HCC) is the deregulation of cell cycle 

mechanisms in HCV resulted liver damaged (Bartenschalger and Lohmann, 2000). Nearly 

60%-90% of the primary liver malignancies are related to hepatocellular carcinomas in 

Pakistan (Ogunbiyi, 2001). HCV exerts its hepatic effect by enhancing certain mechanisms 

that supports viral growth and liver damage because the localization of this killer pathogen 

causes several problems inside the cell (Takano et al., 2011).  

1) HCV makes the environmental conditions favorable for viral progeny by stimulating the 

process of lipogenesis (synthesis of fatty acid) because this leads to the accumulation of lipid 

droplets which may assist the virion assembly and their maturation (Miyanari et al., 2007; 

Moradpour et al., 2007; Waris et al., 2007; Syed et al., 2010).  

2) HCV can also affects the mitochondrial functions inside the liver cells. It prompts the 

Endoplasmic reticulum and oxidative stress that causes mitochondrial dysfunction which 
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gives rise to several consequences e.g. increase of Ca++ ions inside mitochondria, production 

of ROS (reactive oxygen species), trans membrane potential of mitochondria was changed, 

and ultimately interrupted mitochondrial respiration was observed (Korenaga et al., 2005; 

Waris et al., 2005; Waris and Siddiqui, 2005; Piccoli et al., 2007; Kim et al., 2013 & 2014 

B).  

3) Mitochondrial damage for example ruptured, swollen and emptied mitochondrial features 

are associated with patients that are infected with HCV chronic infection (Otera et al., 2013).  

4) In HCV infected patients studies showed that the dendritic cells are damaged and this 

dysfunction of dendritic cells may enhance mechanism of chronicity (Krishnadas et al., 

2010).   

 

HEPATITIS C VIRUS 

Among various causative agents of hepatitis infection, HCV is the primary one which 

was first discovered in 1989 (Kubo et al., 1989). HCV is the main etiological agent of non A 

and non B hepatitis all over the world (Aweya and Tan, 2011). According to World Health 

Organization (WHO) this silent killer is assessed to infect more than 170-200 million humans 

globally with 2.3-4.7 million emerging cases of infections every year (Alter, 2007; Timpe 

and McKeating, 2008; Butt et al., 2010) with the death rate of 350,000 individuals (Hatzakis 

et al., 2011).  

 

According to Idrees et al (2009) more than 17 million people are infected with HCV 

in Pakistan. Clinical studies showed that in Pakistan 60-70% individuals suffering with 

chronic liver disease (CLD) are anti-HCV positive (Hamid et al., 1999; Umar et al., 2000; 

Khan et al., 2002) moreover almost 50% patients having hepatocellular carcinoma are 

positive for anti-hepatitis C virus (Chohan et al., 2001; Jafri et al., 2006; Saleha et al., 2014). 

The capability of developing chronic infection goes mainly to HCV as 15-30% of hepatitis 

infection was clear spontaneously while 70-85% of remaining infection tends to develop into 

chronic infection (Umar et al., 2000; Khan et al., 2002) that enhances the rate of morbidity 

and mortality of liver patients. 
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Figure 2.1: Hepatitis C Virus infections  

 

Generally, HCV is transferred to a healthy person by way of blood transfusions (Luby 

et al., 2000), exposure to contaminated blood, blood products, dental exposure, nasal 

inhalation of drug, sexual exposure and non-sterile injections used for therapeutic injections 

(Khan et al., 2000; Vandelli et al., 2004; Karmochkine  et al., 2006; Hahn, 2007).   

 

TYPES OF HCV INFECTION  

There are two types of infection caused by HCV. 1) acute hepatitis and 2) chronic 

hepatitis.  

 

Acute Hepatitis  

Acute hepatitis is characterized by onset of early 6 months of HCV infection. In case 

of acute hepatitis diagnosis of HCV is quite hard but the chances of virus clearance are still 

present (Thomas and Seeff, 2005). It is estimated that only 15-40% of people infected with 

HCV resolve acute HCV infection (Alter and Seeff, 1997), suggesting that some of the host 

factors are capable of controlling HCV replication in some individuals (Feigelstock et al., 

2010). 
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Chronic Hepatitis  

Chronic hepatitis patients develop cirrhosis, hepatocellular carcinoma and eventually 

develop end stage liver diseases (ESLD). It is reported that among chronic hepatitis patients 

20% progress to cirrhosis, 4% develop HCC and 6% advanced towards ESLD (Liang et al., 

2000; Berenguer et al., 2001; Ashfaq et al., 2011; Jiang et al., 2011). The period in between 

for the progression of acute hepatitis to chronic hepatitis is 20-30 years of infection (Poynard 

et al., 1997).  Approximately 85% of patients having acute hepatitis lead to the development 

of chronic infection (Armstrong et al., 2006). In Pakistan 10% of local population are 

estimated to have chronic HCV infection (Idrees et al., 2014).  

 

HCV CO-INFECTION 

The high rate of mortality and morbidity are not only associated with HCV, the major 

cause of liver diseases, but HCV also co-infect humans with other viruses like Human 

immunodeficiency virus (HIV).  This co-infection of HCV and HIV lead to accelerate the 

hepatic fibrosis progression which causes the high rate of liver decompensation and 

ultimately death of the patients (Chen et al., 2014). The rate of disease progression is much 

higher in co-infection as compared to HCV mono-infection as HCV is quite prevalent in HIV 

patients with an estimate of about 7 million people worldwide being co-infected with HCV 

and HIV (Kim and Chung, 2009).  

 

With advancement in cancer research it was observed that multiple mechanism by 

which both HCV and HIV accelerated the disease advancement are observed. It was 

suggested that the HIV infection increases the HCV replication thus enhances HCV-induced 

hepatic inflammation, increases hepatocyte apoptosis, cause an increase in microbial 

translocation from the gut which results in impairment of HCV-specific immune responses 

(Chen et al., 2014). The HCV is also associated with cryoglobulinaemia (Agnello et al., 

1992) non-Hodgkin's lymphoma (Brind et al., 1996) and glomerulonephritis (Okada et al., 

1996; Inamullah et al., 2011).  

 

 



14 

 

MOLECULAR VIROLOGY OF HCV 

Structure of HCV 

Hepatitis C virus, measuring 30-60µm in size (Anzola and Burgos, 2003) is a 

hepatotropic and non-cytopathic (Guidotti and Chisari, 2006; Paula et al., 2009) pathogen of 

family Flaviviridae (Choo et al., 1989; Takamizawa et al., 1991; He et al., 2012) which is 

divided into three genera: 

1) Flavivirus 

2) Pestivirus 

3) Hepacivirus 

Hepatitis C virus, an enveloped single stranded RNA virus, goes to the genus 

Hepacivirus. The pathogen was enclosed in a lipid bilayer which anchors the envelope 

proteins. The nucleocapsid of HCV is composed of core protein (C) and RNA genome which 

is encased by the envelope (Lindenbach and Rice, 2005).      

 

 

 

 

 

 

 

 

Figure 2.2: Structure of Hepatitis C virus  

 

Genome organization of HCV 

HCV contains a ~9.6 kb RNA single stranded RNA (ssRNA) genome which is 

flanked by the 5’ and 3’ Un-translated regions (UTR) (He et al., 2012; Salam et al., 2013), 

which are 341 nucleotides and 225 nucleotides in size respectively (Chevaliez and 

Pawlotsky, 2006). The open reading frame of HCV comprises of ~3000 amino acid (aa), 

which encodes a single polyprotein, is located between the 5’ and 3’ UTR. The viral 
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polyprotein is co-translationally and post translationally synthesized by utilizing host protein 

as well as the viral proteins. The IRES, internal ribosome entry site, region in the 5’ UTR of 

HCV genome is the site for the viral protein synthesis (Tsukiyama et al., 1992; Wang et al., 

1993; Moradpour et al., 2007). The 3’ UTR is important for viral replication and its infection 

because it contains an important variable sequence which consists of about 30-40 

nucleotides, a poly (U) - poly (UC) region and a conserved 3’ X region a stretch of 98 

nucleotide near 3’ terminus (Yanagi et al., 1999; Kolykhalov et al., 2000; Friebe and 

Bartenschlager, 2002; Yi and Lemon, 2003; Chevaliez and Pawlotsky, 2006). 
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Figure 2.3: Schematic representation of Genome organization of HCV and viral proteins: The 

HCV RNA consists of 5’UTR followed by HCV structural and non- structural proteins with a 

3’UTR  

 

Viral proteins 

Various cellular (host) and viral proteases are required for the subsequent synthesis 

and processing of the precursor (mature) polyprotein that is cleaved into 10 specific HCV 

proteins (NH2.C.E1.E2.p7.NS2.NS3.NS4A.NS4B.NS5A.NS5B.COOH) that are categorized 

as structural and non-structural viral proteins (Rice, 2011). The amino terminal of the open 
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reading frame i.e. N-terminal encodes for the viral structural proteins core (C), envelope 1 

(E1) and envelope 2 (E2) while the rest of the open reading frame is responsible for the non-

structural proteins p7, non-structural protein 2 (NS2), non-structural protein 3 (NS3), non-

structural protein 4A (NS4A), non-structural protein 4B (NS4B), non-structural protein 5A 

(NS5A) and non-structural protein 5B (NS5B) (Chevaliez and Pawlotsky, 2006; Cordek et 

al., 2011; He et al., 2012). The HCV structural proteins (C, E1, E2) are important for virion 

structure. The structural HCV core protein (C) plays its vital role in the formation of 

nucleocapsid whereas the HCV structural envelope proteins (E1 and E2) are required for 

entry of the virus into the hepatocytes because they are able to bind with host receptors that 

mediate the endocytosis. The non-structural proteins p7, NS2, NS3, NS4A, NS4B, NS5A and 

NS5B are able to form the replication complex (Rice, 2011).  
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Table 2.1: Function and properties of HCV proteins 

 

Protein Function Properties of membrane domain 

 

Core 

 

Nucleocapsid 

 Act as signal peptide before polyprotein synthesis 

 After processing interact with lipid 

 

E-1 

 

Envelop glycoprotein 

 Heterodimerization, 

 ER localization signals 

 C-terminal half can function as a signal sequence 

 

E-2 

 

Envelop glycoprotein 

 Heterodimerization, 

 ER localization signals 

 C-terminal half can function as a signal sequence 

 

p-7 

 

Ion channel 

 C-terminal domain act as a signal sequence 

 

 

NS-2 

 

autoprotease of NS-2 & 

NS-3   

 TM domains 2 and 4 can function as signal 

anchor sequences 

 

 

NS3 

1. N-terminal 

protease 

2. C-terminal 

helicase 

 

 

NS4 

 

NS-3 protease Co-factor 

 Membrane anchor for NS3 

 ER localization of the NS-3/NS-4A complex 

 

 

NS4B 

Induction of  membranous 

web 

 

 

NS5A 

1. RNA replication 

2. IFN resistance 

 ER localization signal 

 Monotopic amphipathic α-helix 

 

 

NS5B 

RNA-dependent-RNA 

polymerase 

 ER localization signal 

 Tail anchor 
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Life cycle of HCV 

The vital steps involved in the living phase (life cycle) of HCV must include: 

1) Binding of HCV particle with the target cell. 

2) Uncovering of the virus. 

3) Synthesis of polyprotein by the process of translation. 

4) Host cell and viral protease processing of polyprotein. 

5) Replication of viral RNA. 

6) Virion assembly and packaging. 

7) Virion maturation and release from the target cell.  

 

In life cycle of HCV the first step is the virus entry into the host cell through a 

receptor mediated endocytosis pathway. A number of host cell receptors like CD81, LDL-R, 

and SRBI etc. are associated with host virus interaction. HCV entry inside the host cell is a 

slow and complex process that involves the association of the host cell surface receptors and 

the viral proteins (Keyvani et al., 2012).   

 

After the clathrin mediated endocytosis of this silent killer, the HCV nucleocapsid is 

released into the target cell’s cytoplasm where the viral particles are decapitated hence 

making the viral genome ready to hijack the cell machinery. The translation of viral RNA 

starts in cytoplasm which is a cap-independent process in which the HCV IRES region binds 

to the 40S subunit of ribosome and the viral polyprotein is translated on the rough 

endoplasmic reticulum. As the HCV polyprotein is synthesized it is cleaved by the viral and 

cellular proteases to produce the mature HCV structural and non-structural proteins (Grakoui 

et al., 1993 A; Hijikata et al., 1993; Pawlotsky and Germanidis, 1999; Dubuisson et al., 

2002; Keyvani et al., 2012). 

 

The HCV used to replicates its genome by utilizing membranous web (altered 

cytoplasmic membranes) or the endoplasmic reticulum deformed membranous structures 

(Egger et al., 2002; Moradpour et al., 2007), where the replication complex assembles, 

induced by the viral NS4B an integral membrane protein (Gosert et al., 2003; Lemm et al., 

2010) by using the IRES region sited in the 5’ UTR (Lindenbach and Rice, 2001). The 
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process of replication of HCV genomic RNA takes place in the cytoplasm. In HCV the 

negative RNA strand was synthesized by the HCV non-structural protein NS5B which 

functions as the RNA dependent RNA polymerase (RdRp). The replicase complex, formed 

by the host cell and the viral non-structural proteins (NS3, NS4A, NS4B, NS5A, and NS5B), 

utilizes this newly synthesized RNA as a template for the production of positive strand RNA. 

Replication and post translational modifications are followed by the HCV genome 

encapsidation on the endoplasmic reticulum where the HCV nucleocapsids are enclosed. 

Prior to the release of the newly synthesized virions, these are matured in the Golgi apparatus 

and successively following exocytosis virions are released into the peri-cellular space (Penin 

et al., 2004; Pan et al., 2007; Huang et al., 2010; Ashfaq et al., 2011; Nakabayashi, 2012).  

  

 

 

 

 

 

 

 

 

 

 

Figure 2.4: Hypothetical model of replication of hepatitis C virus: HCV entry into the host 

cell and its replication process   

GENOTYPES OF HCV  

The HCV is categorized into seven different genotypes and about 80 subtypes with a 

30-50% and 15-30% nucleotide sequence variation among the HCV genotypes and subtypes 

respectively. Whereas in a single HCV infected individual 1-5% variation in nucleotide 
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sequence was observed. Each genotype of HCV is known to be pathogenic and hepatotropic. 

All of these HCV genotypes are able to influence the rate of disease progression to cirrhosis 

and hepatocellular carcinoma (Fujiwara et al., 2013). 

The known genotypes of HCV are: 

1. HCV genotype-1 

2. HCV genotype-2  

3. HCV genotype-3 

4. HCV genotype-4 

5. HCV genotype-5 

6. HCV genotype-6 

7. HCV genotype-7 

 

Amongst all genotypes of HCV, genotype 1 (1-a, 1-b), 2 and 3 (3-a) are more 

prevalent worldwide for the most part in Europe, Asian countries, South and north America, 

Australia, while other like genotypes 1, 2 and genotype 4 are restricted Middle East and 

Africa while HCV genotype-3 and genotype 6 are found in Southeast Asia. The prevalence 

of HCV genotypes may vary according to the geographic area. Throughout the 20
th

 century, 

certain genotypes of HCV e.g. 1a, 1b, 3a spread very quickly throughout the world and have 

a low genetic variation as compared to other genotypes that possesses high genetic variation 

(Idrees and Riazuddin, 2008; Idrees et al., 2009; Gottwein et al., 2013; Afridi et al., 2014).  

 

TREATMENT 

Hepatitis C is a universal health problem and regarding treatment of this silent 

disease, till 2011 administration of pegylated interferon (PEG-IFN) and ribavirin is thought 

to be the prime most and standard care for HCV. A sustained virological response (SVR) of 

40-50% was developed for this combined therapy (McHutchison et al., 2009; Casey and Lee, 

2013; Idrees and Ashfaq, 2013; Aalaei-Andabili et al., 2014; Kim et al., 2014 B). The precise 

mechanism, how interferon alpha and ribavirin works, is not well-known (Chung et al., 

2008). The shortcomings of the usage of this combined therapy of pegylated interferon and 

ribavirin include severe anemia, cost effectiveness, certain adverse effects such as fever, 
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headache, depression, distress after administration, interruption in administration results in 

intolerance, also it is effective in patients having advanced fibrosis, high BMI, base line viral 

loads and older age (Backus et al., 2007; Matsuura et al., 2013). Hemodialysis patients 

having chronic HCV disease are able to bear the combined therapy of standard pegylated 

interferon in combination of low-dose ribavirin, which shows greater sustained virological 

response as compared to monotherapy (Liu et al., 2015 B; Wang et al., 2014).  

 

The success of treatment rate is estimated by the sustained virological response 

obtained. HCV develops certain mechanisms that make the virus more vulnerable and 

persistence which ultimately make the infected patient to behave as non-responder against a 

certain drug. Factors that make the patient non-responder to HCV therapy include viral, host 

and social factors additionally some response relevant molecular mechanism (Kanwal and 

Mahmood, 2014).     

 

A considerable and extensive research work is going now a days regarding interferon 

and ribavirin free regimen. The antiviral drugs known as Direct Acting Antivirals (DAAs) 

are specifically designed to target the life cycle of the HCV more precisely the viral proteins 

(NS3/4A protease, NS5A, NS5B RdRp). These are seem to be more promising because they 

give more SVR as compared to standard therapy i.e. >95%, are less toxic, having reduced 

duration of therapy, but the main obstacle regarding these DAAs is their high cost (Feeney 

and Chung, 2014; Kim et al., 2014 A). Two protease inhibitors (NS3/4A), boceprevir (BOC) 

and telaprevir (VR) are approved by US Food and Drug Administration (FDA) for use in 

combination with PEG-IFN and ribavirin. Some other DAAs simeprevir (NS3/4A inhibitor), 

sofosbuvir (NS5B inhibitor), fluvastatin are also verified to use for HCV therapy (Salam et 

al., 2013; Atsukawa et al., 2014; Feeney and Chung, 2014; Kim et al., 2014 B; Muir 2014). 

Presently no vaccine for the prevention of HCV has been developed. Along with the 

development of new HCV antiviral drugs, vaccines specifically against HCV are mandatory 

although currently a vaccine HCV E1E2MF59 is under clinical trials (Colombatto et al., 

2013). 
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EPITOPES WITHIN HCV GENES 

The endless research on designing of new therapeutic drugs against this silent killer 

(HCV) enhances the management of HCV infection. The prompt and efficient diagnosis of 

HCV is quite useful for the cure of the disease manifestation. With regard to clinical data it is 

perceived that antibody response against certain HCV proteins was quite variable. The 

immunogenicity of Hepatitis C proteins varies as some of the proteins are highly 

immunogenic in nature while others are not (NS2 and NS5B) (Sillanpaa et al., 2009). The 

serological diagnosis of HCV is mainly done by using the specific antibody through the 

enzyme immunoassays (EIAs). Along with the routine diagnostic tests some new methods 

are required for the selection of sequence variants of antigens that have the ability to develop 

antibodies against the diverse genotypes of HCV.  HCV recombinant proteins are most 

suitable for the study of the antigenic heterogeneity of the proteins. The available data 

showed that the determined antigenic regions of HCV possess sequence heterogeneity which 

influences the antigenic properties of these antigenic regions (Bian et al., 2013).  

 

HCV NONSTRUCTURAL PROTEINS 

NS3 

A multifunctional protein of HCV is the non-structural NS3 protein, a 67-70 kDa 

protein, member of DExH/D-box helicase superfamily 2 (Huikata et al., 1993; Hahm et al., 

1995;  Shoji et al., 1995; Gallinari et al., 1998). HCV NS3 protein has activities like:  

1. Serine protease activity 

2. Helicase / NTPase activity  

 

These activities of NS3 serine protease are related to two domains of NS3 protein: a 

serine protease domain and an NTPase/helicase domain. The serine protease domain is 

located towards the N-terminus 1-180 amino acids (one third) of the NS3 protein while the 

second NTPase/helicase domain is 181-631 amino acids (two-third) of C-terminal. NS3 itself 

does not possess trans- membrane domain but it has a strong non- covalent correlation with 

NS4A, a membrane protein (Sakamuro et al., 1995; Dubuisson et al., 2002; Liefhebber et al., 

2010; Morikawa et al., 2011; Gottwein et al., 2013).  



23 

 

 

 

 

 

 

Figure 2.5: Diagrammatic representation of NS3 protein of HCV: The HCV NS3 consists of 

two domains: protease domain and helicase domain  

 

Although the individual domain of HCV NS3 protein can work efficiently however 

this covalently formed complex of NS3 (catalytic subunit) and NS4A (activation subunit) i.e. 

NS3-NS4A is required for the NS3 protease function for the processing of the HCV 

polyprotein. The protease domain of the NS3 protein functions to cleave the NS3/4A, 4A/4B, 

4B/5A and 5A/5B sites or junctions of the HCV precursor polyprotein. This catalytic action 

of NS3 protease is because of presence of amino acid residues: His-1083; Asp-1107; Ser-

1165 however a substitution of any of these amino acids results in the inhibition of NS3 

function. Additionally NS4A makes NS3 able to anchor the endoplasmic reticulum 

membrane during replication process (Grakoui et al., 1993 A & B; Bartenschlager et al., 

1993 & 1994; Chao, 2006; Yang et al., 2006; Wu et al., 2008; de Vicente et al., 2009; 

Chatel-Chaix et al., 2010; Raney et al., 2010).  

 

The helicase domain at C-terminus of the HCV NS3 protein initiates the separation of 

RNA and DNA utilizing helicase and ATPase activities in a 3’-5’ direction. The functional 

activity of NS3 helicase domain may be altered by the post translational methylation at 

Arginine 1493 by protein arginime methytransferase 1 (PMRT1). The non-methylated form 

of NS3 helicase domain able to unwind the double stranded DNA (dsDNA) while the 

helicase activity is not functional in methylated form (Suzich et al., 1993; Kim et al., 1995; 

Locatelli et al., 2001; Rho et al., 2001; Duong et al., 2005; He et al., 2012).  

 

Along with this important function of NS3 protein in HCV life cycle by processing of 

HCV polyprotein, one more job assigned to NS3 protein is to interfere with the host immune 

processes. It will interact with the protein kinase A (PKA) catalytic subunit and deregulates 
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intracellular signaling pathways e.g. RIG-I, TLR3 signaling etc. thus suppressing the host 

cellular defense system. For that reason  the NS3 protein of HCV is now marking as an 

effective target for designing new therapeutic drugs (Yang et al., 2006; Wu et al., 2008; de 

Vicente et al., 2009;. Sharma, 2010).  

NS5A 

HCV non-structural protein NS5A is formed by the processing of the HCV 

polyprotein by the HCV NS3 protease. NS5A exists as phosphorylated 56kDa and hyper 

phosphorylated 58kDA forms in the cell. The phosphorylation occurs at the serine residues 

after the mature NS5A protein is produced from the HCV polyprotein. The NS5A protein of 

HCV is localized in the cytoplasm and peri nuclear region of the cell also include the ER 

membranes and the Golgi apparatus (Reed et al., 1997; Majumder et al., 2001; Tellinghuisen 

et al., 2008 A; Sharma, 2010).   

 

NS5A is known to play an important role during the HCV replication and assembly 

i.e. HCV infection but the precise mechanism is not well-known (Pawlotsky and Germanidis, 

1999; Jiang et al., 2011; Sudha et al., 2012; Yim et al., 2013). NS5A also known to play an 

important role in viral pathogenesis and hepatocellular carcinoma but how this happens it is 

not fully known (Cheng et al., 2013).  

 

The structure of NS5A protein consists of an amphipathic alpha helix located at the 

N-terminus and it is responsible for anchoring NS5A into the ER membrane. There are three 

domains in NS5A protein (Yupeng et al., 2006): 

 

1. Domain I (aa 1-213) (N-terminal) 

2. Domain II (aa 250-342) (C-terminal) 

3. Domain III (aa 356-447) (C-terminal) 
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Figure 2.6: Diagrammatic representation of NS5A protein of HCV: NS5A consists of three 

domains: DI, DII, and DIII. The domains are linked via low-complexity sequences LCS1 and 

LCSII.  

 

Domain I and II of HCV NS5A protein are required for viral replication while the 

Domain III is essential for virion assembly (Tellinghuisen et al., 2008 A & B). The crystal 

structure showed that Domain I (DI), a dimer, of NS5A is highly conserved domain which 

possesses a unique fold. The DI of NS5A consists of a zinc-binding motifs and a nucleic acid 

(RNA) binding groove which is situated at the monomers interface site. For the proper 

functioning of the NS5A protein during viral replication it must bind to the RNA. NS5A 

interacts with the HCV RNA by binding with the G/U rich sequences towards the 3’ end of 

RNA. Furthermore NS5A contains of a region in DI, which is essential for association with 

lipid droplets necessary for the virion assembly and production (Love et al., 2009; Sharma, 

2010)   

 

The crystal structure for domain II (DII) and domain III (DIII) is not available. As 

compared to DI, domain II and III of HCV NS5A protein are highly variable among 

genotypes. The NS5A domain II is quite disordered and flexible having a PKR and NS5B 

(HCV) binding domains. Studies showed that the DII may play a role viral replication. 

Regarding role of NS5A DIII, it is reported that DIII is not involved in viral replication but it 

owns some conserved sequence which proposed this domain to function in HCV life cycle 

(Appel et al., 2005; Sharma, 2010).  

 

An important region in the NS5A gene, called as interferon sensitivity determining 

region (ISDR), is nominated to respond against interferon regimen. Protein kinase R (PKR) 

is an interferon stimulated gene product though the resistance to interferon takes place as a 

result of strong interaction between NS5A and PKR hence this will inactivate the PKR which 
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allows the virus to escape the host defense machinery (Gale et al., 1997; Majumder et al., 

2001; Tan and Katze, 2001). 

APOPTOSIS  

Whenever a pathogen enters a body the immune system generates certain signals that 

activate the responses that efficiently remove the pathogen and protect the body. The 

apoptosis mechanism, the programmed cell death, of cells in response to a stress signal 

occurred to protect the cell form various pathogens (Wilson and Brooks, 2011). In order to 

develop a persistent infection a virus must evade the host defense machinery (Kanda et al., 

2009), in view of that in HCV infected hepatocytes the host responses are intact while liver 

damage in chronic HCV patients, the process of apoptosis has been proposed (Valva et al., 

2010). Apoptosis is the most vital and primary cellular process in response to toxic stimuli 

although the exact mechanism underlying the relationship between apoptosis and hepatic 

injury is not known (Canbay et al., 2004). A cell commits process of apoptosis because it is 

necessary for the proper development and to guard the cells from the exposing threat to 

maintain the integrity of the genome. Inappropriate and defective apoptosis is related to viral 

infection which induces tumorigenesis and hepatocellular carcinoma (Kountouras et al., 

2003). 

p53 

p53, tumor protein 53, is a nuclear protein known to be the guardian of the genome 

as it maintains the genome stability and prevent tumor formation by regulating important 

cellular processes like DNA repair, cell-cycle arrest, or apoptosis but the prime most function 

attributed to p53 is the tumor suppression. It is suggested that half of the patients having 

tumors carry the mutated form of p53. According to an estimate in more than 10 million 

people having tumors functionally inactivated p53 was found furthermore the p53 mediated 

pathways are also abolished due to the inhibition of other signaling mechanisms. (Levine, 

1997; Amaral et al., 2010; Yi and Luo, 2010; Gonfloni et al., 2014; Liu et al., 2015 A) p53 

has three domains:  

1. Transcriptional activation domain (N-terminal) 

2. Central DNA sequence specific binding domain 

3. Oligomerization domain (C-terminal) 
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Figure 2.7: Schematic representation of p53 protein 

The tumor suppressor protein p53 act as transcriptional activator and can regulate p21 

by a p53 dependent and p53 independent processes. The upregulation of the p21 by p53 leads 

to the G1 cell cycle arrest by a p53 dependent mechanism (Majumder et al., 2001).  In 

normal conditions p53 is present in low levels in the cells under control of MDM2 facilitated 

ubiquitination pathway and a proteasome degradation mechanism. However, when a cell 

experiences a stress signal, this guardian gene is rapidly activated and accumulated via the 

post-translational modifications to carry out its important functions. After activation p53 

specifically binds to its target at the degenerative DNA sequence which is called as p53 

responsive element (p53-RE) (Yi and Luo, 2010; Hager and Gu, 2014; Liu et al., 2015 A).  

 

The HCV functions to induce hypermutation in the p53 gene although data showed 

that HCV infected patients are devoid of p53 expression. The viral gene products mainly 

interact with the p53 protein on its N–terminus (Majumder et al., 2001; Kountouras et al., 

2003; Machida et al., 2005; Kasprzak et al., 2009). 

 

 

 

 

 

 

 

 

Figure 2.8: Hypothetical model showing function of p53 protein  
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RELATIONSHIP OF HCV GENES WITH P53 

In case of HCV, three proteins; core, NS3 and NS5A has interaction with cell cycle 

control proteins like p53. Non-structural protein NS3 of HCV is known to influence the 

activity of p53 and p21either directly or indirectly. Studies showed that the non-structural 

NS3 protein of HCV and the nuclear protein p53 may have close proximity by a strong 

interaction between the NS3 N-terminal and the p53 C-terminal sites. According to Ishido et 

al (1997) the NS3 protein was expressed in the cytoplasm and nuclear regions but when co 

expressed with the p53 protein it was mainly accumulated inside the nuclear region. But 

some other studies also showed the retention of p53 proteins by NS3 in the cytoplasm.  

 

This aggregation of NS3 and p53 protein may be due to the interaction of the p53 

protein with the HCV NS3 protein. The N-terminal region i.e. amino acids 29-174 of the NS3 

protein of HCV is thought to form a complex with the p53 protein via its C-terminal region 

i.e. amino acids 301-360. The interaction of NS3 with the p53 protein also varies in a 

sequence dependent manner. Activated p53 functions through binding with the p53 response 

element so it may be assumed that if it interacts with NS3 at this region its activity may be 

impaired because of decreased binding with DNA. p53 regulates the activity of p21 promoter 

in a p53 dependent and in-dependent process which leads to the p53 mediated G1 arrest of 

cell cycle. It is also conceivable that the possible interaction of the HCV NS3 with the p53 

protein may prohibit the activity of the p21 promoter in a dose dependent manner (EI-Deiry 

et al., 1993; Gartel and Tyner, 1998; Waterman et al., 1998; Anzola and Burgos, 2003; Deng 

et al., 2006).  

 

 

 

 

 

 



29 

 

 

Figure 2.9: Hypothetical model representing relationship of NS3 and p53 proteins 

 

Along with NS3 the other non-structural protein of HCV i.e. NS5A is reported to 

influence the activity of this tumor suppressor gene. Many of the described interactions of 

NS5A with the cell regulatory elements e.g. p21, p53, growth factor receptor-bound protein 

2, cyclins, cellular kinases  may result in suppression/blocking of apoptosis either p53 

dependent or independent mechanism (Lan et al., 2002;  Qadri et al., 2002; Street et al., 

2004; Peng et al., 2010),   which suggests its role in development of hepatocellular 

carcinoma (Cheng et al., 2013).   

 

The exact mechanism by which NS5A exerts its part in cellular responses is largely 

unknown. According to findings it was suggested that HCV NS5A did not down regulate the 

p53 protein expression instead it forms a complex with p53 protein and thus NS5A of HCV 

able to inhibits its function (Lan et al., 2002). It is probable that NS5A might form a 

heteromeric complex with TATA box binding protein (TBP) and tumor suppressor protein 

p53 (Qadri et al., 2002). NS5A effects p53 induced apoptosis by inhibiting both exogenous 

and endogenous p53 transactivity on p21 promoter in a dose dependent manner. It prevents 

the binding of p53 and TBP to the consensus DNA sequence (Majumder et al., 2001) and 

also thwarts the p53-TBP and p53-excision repair cross complementing factor 3 (ERCC3) 

protein-protein complex formations. p53 might co-localize with NS5A in the perinuclear 

region as consequence of direct binding between NS5A and p53 therefore down regulating 

transcriptional transactivation by p53 in a dose dependent manner (Ghosh et al., 1999; Arima 

et al., 2001; Majumder et al., 2001; Lan et al., 2002).   
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In- vivo studies revealed that NS5A also renders the function of certain transcription 

factor. It interacts with the hTAF(II)32 and hTAF(II)28, important co-activators of p53 and 

components of TFIID, and sequester/co-localize them in cytoplasm thus inhibiting p53 

facilitated transcription and p53 mediated apoptosis which contributes to 

hepatocarcinogenesis during the course of hepatitis C infection (Otsuka et al., 2000; Lan et 

al., 2002; Anzola, 2004).  

 

In addition to this, non-structural protein NS5A also described to alter certain ion 

channels of the host cell that induces an oxidative stress (Gong et al., 2001). The non-

structural protein NS5A through polyproline motif dependent interaction reduces the activity 

of p38MAPK which results in reduction of phosphorylation activation of kv2.1 K ion 

channel that maintains the survival of infected cells (Norris et al., 2012).  The interaction of 

these non- structural HCV proteins, NS3 and NS5A, with cellular p53 protein makes it an 

important target for the development of new therapeutics drugs for the cure of this silent 

disease (Amako et al., 2013).   

 

 

 

 

 

 

 

 

 

 

Figure 2.10: Hypothetical model illustrating relationship of NS5A with p53 protein  
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MATERIALS AND METHODS 

 

MEDIA AND SOLUTIONS 

For the preparation of all media glass distilled water was used. For sterilization, all media 

were autoclaved at 121ºC temperature and 15lbs/inch² pressure for 15 minutes. All the 

glassware used was washed, autoclaved and dried variably at 60-100ºC temperature in oven 

before use.  

 

 10X PCR Buffer   

50 mM Tris-HCl (pH 8.8 at 25°C),  

200 mM (NH4)2SO4, 

 0.1% (v/v) Tween 20 

 

 1.2% agarose gel 

agarose      1.2 g 

1X Tris Acetate EDTA (TAE) buffer  100 ml 

 

 50X TAE 

Tris base     242g 

sodium acetate     136g 

Na2EDTA     18.6g 

up to 1L H2O 

 

 Loading Dye (10ml)  

EDTA (0.5M)                                    200µl  

Glycerol (100%)                               3ml  

Bromophenol Blue                            0.025g  

Xylene Cyanol                                  0.025g  

dH2O                                               To make volume 10ml. 
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 Ethidium bromide (10mg/ml) 

ethidium bromide    1g 

Dissolve in 100ml of water  

 

 3 M Sodium Acetate 

sodium acetate      27.22g 

Up to 100ml H2O 

 

 0.5M EDTA (ethylenediamine-tetracacetic acid) 

Na2EDTA      186.1g 

~50ml 1N NaOH solution 

H2O up to 1l 

 

 70% Ethanol 

100% ethanol     35 ml 

15ml H2O 

 

 1M MgCl2 (100ml) 

MgCl2       23.30g 

Dissolve in dd H2O to make 100ml solution 

 

 1M CaCl2 Stock (300ml)  

CaCl2                 33.3g 

Dissolved into 300ml dd H2O and autoclaved. 

 

 1M Tris (1 liter) 

Dissolve 121.1 g Tris base in 800 dd H2O, adjust pH by adding HCl 

pH 7.4: 70ml HCl 

pH 7.6: 60ml HCl 

pH 8.0: 42ml HCl 
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Make up the volume to 1 liter, sterilize by autoclaving 

 

 4% p-formaldehyde 

10mL Formaldehyde methanol-free  

30mL H2O 

 

 0.2% Triton X-100 in PBS: 

Add 200 ml Triton X-100 to 100 ml PBS 

Stir gently with magnetic stirrer for at least 3 hours before use 

 

 4',6-diamidino-2-phenyindole (DAPI) solution: 

Make 100 ng/ml DAPI in PBS, protect from light and keep at 4
o
C. 

 

 0.5 M EDTA (1000 ml)  

EDTA           186.1 g/L  

NaOH                                    Few pellets to dissolve EDTA  

Distilled water to make volume up to one liter. 

 

 TE Buffer (1000 ml)  

0.5 M EDTA             0.2ml  

1M HCl                                                           1.0ml  

dH2O                                    98.8ml  

 

 0.5 Tris-HCl (1000ml)  

Trisma                                    3.025g  

dH2O                                   To make volume up to one liter  

 HCl                                     To adjust pH up to 7.5 

 

 

 



34 

 

 10N NaOH (100ml)  

NaOH                40g  

dH2O                                                                  100ml  

 

 1N HCl  

Pure HCl                                                             8ml  

dH2O                                                                   92ml 

 

 0.5 M IPTG  

Dissolved 1.19 gm of IPTG in 10 ml of dH2O. 

 

 6X protein loading dye 

100% Glycerol    6 ml 

10% SDS        240 ul 

1M Tris-Cl pH 6.8      3 ml  

Mercaptoethanol    600 ul  

1% Bromophenol    0.5 ml  

Store at -20 ºC 

 

 20XPBS 

NaCl       160 g 

KCl       4 g 

Na2HPO4      28.8 g 

KH2PO4      4.8 g 

Add dd H2O and adjusted the pH to 7.4, autoclaved. 

Working solution of PBS was prepared by diluting the 20X stock solution to 1X with 

autoclaved dd H2O or DEPC treated water. 
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 Protein lysis buffer 

150 mM NACl                  750ul 

1M Tris HCl pH 7.5         250ul 

0.5M EDTA                   250ul 

1% Triton                       250ul 

Make volume upto 25 ml with dis H20 

Add protease inhibitor cocktail and 1 mM PMSF immediately before use 

 

 10% SDS  

SDS                                                       100g  

dH2O                                                      900ml  

Dissolved 100g of SDS in 900ml of dd H2O. Heated to 68 ºC to assist dissolution.                         

Adjusted the pH to 7.2 by adding a few drops of concentrated HCl. Adjusted volume   

to 1000ml. 

 

 10X Running buffer (WesternB) 

Tris      18g 

Glycine     86.4g 

SDS      6g 

Up to 1l H2O 

 

 1X Running buffer (WesternB) 

Take 50ml of 10X Running buffer 

450ml H2O 

 

 1X Washing buffer Tween (PBST) 

1 ml of Tween 20 in 2 Litre of PBS 
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 Stripping buffer (WesternB) 

2M Tris pH      6.81.6ml 

SDS      1g 

 Beta-Mercaptoethanol   350ul 

Up to 50ml H2O  

 Dry milk solution (westernB) 

Skimmed milk     2.5g 

1X TBST     50 ml 

 

 WB Transfer Buffer 

Glycine      14.4g 

Trizma base      3.03g 

Methanol      100ml 

H2O       900ml 

 

 30%  Acrylamide  

Acrylamide      29.2 gm  

Bisacrylamide        0.8 gm  

dH2O     To make volume 100 ml  

 

 10% Ammonium per sulphate solution APS  

APS       0.12 g  

dH2O      1.2 ml  

Store at 4 ºC, but not more than one week.  

 

 Lower Buffer (Resolving Gel)  

1.5 M Tris (pH 8.8 with 6M HCL)  36.4 gm  

0.4% SDS 

Make volume upto 200 ml with distilled water.  
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 Upper Buffer (Stacking Gel) 

0.5 M Tris (pH 6.8 with 6 M HCL)  6.06 gm 

0.4% SDS 

Make volume upto 100 ml with water.  

 

 Luria Bertani Agar Medium (1000ml)  

Tryptone                                              10g  

Yeast Extract                                        5g  

NaCl                                                  5g  

Agar                                                     12g  

dH2O                                                   Up to 1000ml   

Dissolved the above reagents in dH2O, adjusted the pH to 7.5 by 1N NaOH and    

autoclaved.   

 

 Luria Bertani Broth Medium (1000ml)  

Tryptone                                             10g  

Yeast Extract                                        5g  

NaCl                                                   5g  

dH2O                                                Up to 1000ml   

Dissolved the above reagents in d H2O, adjusted the pH to 7.5 by 1N NaOH and autoclaved.    

 

 SOC Medium (100ml)  

Tryptone                                               2g  

Yeast Extract                                     0.5g  

NaCl                                                 0.06g  

KCl                                                  0.02g  

MgCl2                                                 0.2g  

MgSO4                                             0.25g  

Glucose                                            0.36g  

 



38 

 

 DMEM medium 

DMEM powder    14g 

NaHCO3     3.7g 

FBS      100ml 

Streptomycin and penicillin solution   10ml 

Make volume upto 1000ml  

 

 Kanamycin (25mg/ml) 

Kanamycin     1g   

35 ml distilled water 

Make volume upto 40 ml 

 

 Chloramphenicol (34mg/ml) 

Chloramphenicol     1g 

Dissolve in 25 ml of 100% ethanol 

Make volume upto 30ml 

 

 Tetracyclin   

Stock                                              12.5g/ml          

Dissolved 0.125g of Tetracyclin in 10ml of 70% ethanol.  

 

 Ampicillin  

Stock                                                       100g/ml  

Dissolved 1g of Ampicillin in 10ml of dH2O.  

 

 G418 drug 

1 gm of G418 in 10 ml of autolaved distilled water.  
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METHODS 

 

3.1 SAMPLE COLLECTION OF 3A GENOTYPE ISOLATES: 

In the current study we enrolled and collected the blood samples of HCV infected 

patients for research on studies of role of NS-3 and NS-5A Non-structural genes of HCV 

genotype 3a local isolates in apoptosis at Molecular Diagnostic Lab, Center of Excellence 

in Molecular Biology. The samples collected were positive for anti-hepatitis C virus 

antibody (anti-HCV ELISA, DRG Germany) and negative for Hepatitis B virus. The 

collected blood samples were stored at 4 º C for further use.  

 

Inclusion Criteria 

The following terms are considered during sample collection: 

1. HCV infected Patients at the age of 18 years or older.  

2. Patients showed positive ELISA and RNA test for HCV. 

3. Patients showed negative ELISA and DNA test for HBV. 

4. There is no evidence of liver failure. 

5. There is no evidence of any treatment of HCV therapy at the time of enrollment and in past. 

6. Patient consent for this study was taken.  

 

Exclusion Criteria  

1. Patients having co-infection (Hepatitis B or delta virus). 

2. Only 3a genotype of HCV. 

3. Low viral load patients are excluded. 

4.  Lack of required information such as age, sex, mode of transmission etc.  

 

3.2 COLLECTION OF SERUM  

Five mL of whole blood samples were drawn from each positive HCV patients in 

BD Vacutainer collection tubes (Becton Dickenson). Serum separation tubes (SST) were 

used for the isolation of serum. The serum was recovered after centrifugation at 2000 g for 

10 minutes. The collected sera were stored at -70°C. 
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3.3 GENOTYPING 

The genotype of collected serum was determined using the method as described previously 

(Idrees et al., 2008) before including the samples in the main study. The 3a genotype 

confirmed samples were preceded further for RNA isolation.    

 

3.4 RNA ISOLATION 

1. 150 µl of serum was used for the isolation of RNA by using FavorPrep viral 

nucleic acid extraction kit (FAVORGEN BIOTECH CORP. Taiwan) by using 

manufacture’s protocol. This method allows efficient, rapid recovery of HCV RNA, and 

avoids potentially hazardous phenol/chloroform extraction.  Serum was equibrilated to 

room temperature before processing in a class II hood.     

2. Add 570 µl of lysis buffer (VNE) in a 1.5 ml microcentrifuge tube 

containing 150 µl of serum.  The mixture is mix by vortexing and incubated at room 

temperature for 10 min.  

3. Add 570 µl of 100 % ethanol and mix well by pulse-vortexing.  

4.  700 µl of mixture was shifted a column fixed in a collection tube.  

Centrifuge at 8000 g for 1 minute. Discard the flow-through.  

5. Transferred rest of the sample to the column and centrifuge again at 8000 g 

for 1 minute. Discard the flow-through and the collection tube and combine the column 

with the fresh collection tube.  

6. Added 500 µl of wash buffer 1 and centrifuge at 8000 g for 1 minute. 

Discard the flow-through. 

7. Now added 750 µl wash buffer 2 to the column and centrifuge at 8000 g for 

1 minute. Centrifuged at 8000 g for 1 minute. Discard the flow-through. 

8. Repeated the above step by adding 750 µl of wash buffer 2 and Centrifuge 

again at 8000 g for 1 minute.  

9. Centrifuged at 13000 g for 3 minutes to dry and remove residual ethanol.  

Discarded the flow-through and the collection tube. 

10. Fixed the column with a new eppendorf and add 30 µl of RNase-free water 

in the center of the filter. Stand for 2 minutes at room temperature. 

11. Centrifuged the column for 2 minutes.  
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12. Stored the eluted RNA at -70 º C.  

 

3.5 PRIMER DESIGNING AND SYNTHESIS  

Primers are the short oligonucleotide sequences that are complementary to both 

regions (forward and reverse) of the template genes sequence. For the amplification of the 

NS-3 and NS-5A genes of 3a genotype gene specific primers were designed by using the 

existing sequence data on these genes. Genebank number GU294484.1 strain was used as 

reference strain for primer designing. Primers for the amplification of NS-3 and NS-5A 

genes of HCV 3a genotype were designed by using primer3 software: 

(http://bionformatics.weizmann.ac.il/cgi-bin/primer/primer3.cgi). 

 

Primer designing for mammalian expression vector 

A set of primers having specific restriction sites and a start codon at 5’ of the 

proposed peptide signal of the NS-3 and NS-5A proteins were designed. This allows the 

expression of these non-structural genes of HCV in the mammalian cell lines. The gene 

sequences were analyzed on NEB cutter to select the appropriate restriction site. BamHI 

and NotI restriction sites were added in forward and reverse primers respectively of 

individual primer set.  

 

Primer designing specific for antigenic sites  

To clone the antigenic sites into PET vector these sites were amplified by using 

individual gene specific primers. Primers were synthesized as mentioned previously. The 

desired sequences were analyzed in NEB cutter before primer designing for the analysis of 

the restriction sites present within the sequences. In NS-3 antigenic site specific primers 

HindIII and XhoI restriction sites were added in forward and reverse primers respectively. 

In case of the NS-5A antigenic sequence EcoRI and HindIII restriction sites were added.  

 

Names of primers, sequences and expected product size of primers are shown in Table 3.1, 

3.2 and 3.3  

 

http://bionformatics.weizmann.ac.il/cgi-bin/primer/primer3.cgi
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Table 3.1: List of primers of individual genes of HCV-3a genotype, number of nucleotides 

each region amplified and estimated product size 

 

Table 3.2: List of primers of individual genes of HCV-3a genotype, restriction sites and 

number of nucleotides each region amplified 

 

Table 3.3: List of primers of individual antigenic site of NS3 and NS5A of HCV-3a 

genotype, restriction sites and number of nucleotides each region amplified 

Serial 

no. 

Primer 

name 

Primer seq. 5’-3’ Restriction 

site 

No. of 

nucleotides 

amplified 

1. NS3-S ATAAGCTTGCCACCATGGGCATGGGGCTCAAC

GCTGAA 

HindIII  

 

328 2. NS3-AS GCCTCGAGGAGAACAGCCGAGTCAAACAT XhoI 

3. NS5A-S ATGAATTCGCCACCATGAGAGACCCTTCCCAT

ATCACC 

EcorI  

 

747 4. NS5A-AS GCAAGCTTGCAGCAGACCACGCTCTGCTC HindIII 

 

 

Serial No. primer 

name 

Sequences (5’- 3’) Product 

size bp 

1 NS3-S GGCCGTGAGGTGTTGTTGG 1953 

2 NS3-AS TGGTTACTTCCAGATCGGCTG 

3 NS5A-S AGCGACGATTGGCTACGTAC 1356 

4 NS5A-AS AGCAGACCACGCTCTGCTC 

Serial no. Primer 

name 

Primer seq. 5’-3’ Restriction 

site 

No. of 

nucleotides 

amplified 

1. NS3-S GGCCGTGAGGTGTTGTTGG BamHI  

1953 
2. NS3-AS TGGTTACTTCCAGATCGGCTG NotI 

3. NS5A-S AGCGACGATTGGCTACGTAC BamHI  

1356 
4. NS5A-AS AGCAGACCACGCTCTGCTC NotI 
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3.6  cDNA SYNTHESIS: 

For the PCR amplification of NS-3 and NS-5A genes of HCV, the extracted RNA 

was reverse transcribed into a negative sense cDNA by using gene specific primers for 

HCV RNA. Antisense primer will be used for cDNA synthesis. This generated cDNA act as 

template for PCR of the NS-3 and NS-5A genes.  

The reaction mixture was prepared as follow: 

1. Took an appropriate volume about 8 µl (50 ng) of extracted RNA. 

2. The denaturation of RNA template was done at 65 º C for 5 min in presence of 15 pmol, of 

anti-sense primer and 2 µl of 10 mM stock dNTPs, in a final volume of 12 µl. After the 

denaturation the template was immediately snap cool on ice for 5 min.  

3. Added 4 µl of 5X reaction buffer, 1 µl of 100 mM DTT (Dithiothritol), 40 units of RNase 

OUT, 1 µl of Thermoscript reverse transcriptase (Invitrogen) biotechnologies, USA) and 1 

µl of RNAase-free water.  

4. The samples were centrifuge briefly and mixed with the help of pipette.  

5. Cycling profile: 

The reaction mixture was incubated at  

42 º C………………….1 hour 

85 º C………………….5 min (polymerase inactivation) 

37 º C………………….30 min 

6. For the removal of residual RNA, 2 units of RNaseH were added and mix was incubated at 

37 º C for 30 min.  

7. This generated cDNA is stable at 4 ˚C for short time storage and for prolong storage -20 ˚C 

will be used. This cDNA will serve as template for PCR amplification of NS-3 and NS-5A 

genes.  

 

3.7 PCR AMPLIFICATION OF HCV NS-3 and NS-5A GENES: 

The Polymerase chain reaction is a major technique that revolutionized the field of 

life sciences. It is a quite sensitive, reliable and efficient means of amplifying the DNA 

template.  
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3.7.1 PCR protocol 

The template (cDNA) prepared by using antisense primer for HCV RNA and all the 

reaction material was thawed at 4 º C. The amplification of NS3 and NS5A was done using 

Taq polymerase (Fermentas). The reaction mixture for a single reaction consisted of: 

RT-PCR product (Template)     4.0 µl 

Taq DNA polymerase (2 U/µl)    1.0 µl 

10X PCR Buffer*      2.0 µl 

MgCl2 (25 mM)      2.4 µl 

dNTPs (2.5 mM)      1.0 µl 

Inner sense Primer (10 pmol/µl)    2.0 µl 

Inner Anti sense Primer (10 pmol/µl)    2.0 µl 

dH2O (nuclease free)      up to 20.0 µl 

* 10X PCR Buffer contained 50 mM Tris-HCl (pH 8.8 at 25 °C), 200 mM (NH4)2SO4, 0.1% 

(v/v) Tween 20 

 

3.7.2 Thermal Cycling Profile 

An automated thermal cycler was used for the PCR. The PCR reaction was run at following 

program for the amplification of the NS-3 and NS-5A genes was given below: 

  

 

 

 

 

 

 

3.7.3 Detection of amplified PCR product by Agarose Gel Electrophoresis 

3.7.3.1  Preparation of Gel: 

To analyze the PCR product 1.2 % agarose gel was prepared. 1.2 g of agarose was 

dissolved in 100 ml of 1X Tris Acetate EDTA (TAE) buffer and heated to boil till a clear 

solution was obtained and cool at room temperature to about 60 °C. 10 μl Ethedium 

bromide was added to make final concentration of 0.5 µg/ml. Fix the horizontal gel 

Hold 

95°C 

 

 

95°C 

 

 

58°C 

 

 

72°C 

 

 

72°C 

 

 

4°C 

5:00 min 

 

 

0:30 S 

 

 

0:30 S 

 

 

2:00 min 

 

10:00 min 

 

 

  ∞ 

Hold 35 cycles 
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apparatus with comb positioned towards the left side (anode) of the apparatus. Molten gel 

was poured into the gel casting tray and allow it to polymerize at room temperature. After 

polymerization the comb was gently removed and gel casting tray was placed into the gel 

apparatus.  

 

3.7.3.2 Gel electrophoresis: 

 1X TAE running buffer was poured into the two reservoirs of the gel tank upto the 

depth of approximately 1mm so that the gel was fully submerged into it. 3 μl of 6X loading 

dye was mixed with the 20 μl of PCR sample. The prepared samples were loaded into wells 

of prepared gel. An appropriate DNA marker was also run with the samples for the 

confirmation of the desired amplified PCR product. The gel was run at 80 volts (V) until 

the dye reaches one third of the gel. After running the gel, the PCR products were 

visualized under UV illuminator in the gel documentation system.  

 

3.7.3.3 Gel Elution 

After confirming the desired bands on gel these were excised from the gel. For the 

purification of desired DNA bands from agarose gel GF-1 Gel DNA Recovery Kit 

(Vivantis Cat# GF-GP-100) was used according to the manufacturer’s instructions. The 

protocol was as followed:  

1. The desired DNA fragment was excised from the gel with the help of a sterile razor in 

microcentrifuge tube. Determine the net weight of the gel slice. 

2. Added 1 volume of GB buffer into 1 volume of the excised gel band in a microcentrifuge 

tube. Incubated the tube at 50 ˚C until the gel melts completely. 

3. Placed the column into the collection tube. Transferred the sample into the column. 

Centrifuged at 10,000 x g for 1 minute. Discard the flow through. 

4. Added 750 µl of Wash Buffer in the column. Centrifuged at 10,000 x g for 1 minute. 

Discard the flow through. 

5. Centrifuged the column again at 10,000 x g for 1 minute to remove the residual ethanol. 

6. Now placed the column containing DNA sample in a fresh microcentrifuge tube.  

7. Added 25-30 µl of elution buffer in it. Allowed it to stand for 5 min. Centrifuged at 10,000 

x g for 1 minute to obtain pure DNA.  
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8. Stored this DNA at -20˚C. 

9. To check the eluted DNA product, a small amount of eluted DNA along with the control 

was run on agarose gel.  

10. The eluted PCR product was quantified using Bio-Rad smartpec plus spectrophotometer.  

 

3.7.3.4 Sequence Analysis of PCR Product 

Sequencing of the eluted amplified PCR fragment was done by using the forward 

and reverse gene specific primers for individual genes. Sequence analysis was done 

according to the manufacturer’s instructions (Big Dye Deoxy Terminators; Applied 

Biosystems, Weiterstadt, Germany) on an automated genetic analyzer (Applied Biosystems; 

3100 DNA Analyzer). Sequencing Reaction mixture for single reaction is as follow: 

Template DNA     2.0 µl 

Big Dye      1.5 µl 

5X sequencing buffer     1.5 µl 

Forward or reverse gene specific primer   1.0 µl 

Sterile dH2O      upto 10 µl 

 

Thermal Cycling Profile: 

 

 

 

 

 

 

3.7.3.5 Ethanol Precipitation of the Sequencing PCR Product 

1. After the sequencing PCR reaction the sequencing PCR product was transferred into 

a 1.5ml microcentrifuge tube. Add 2 µl of 3 M Sodium Acetate and 2 µl of 125 mM 

EDTA to the 10 µl of sequencing PCR reaction.   

2. Now added 26 µl of 100 % ethanol and incubate at room temperature for 15 

minutes. 

3. Spin thesample at 2800 rpm at 4 
o
C for 30 minutes. 

Hold 

95°C 

 

 

95°C 

 

 

48°C 

 

 

60°C 

 

 

2:00 min 

 

 

30 S 

 

 

30 S 

 

 

4:00 min 

 

35 cycles 
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4. Discarded the ethanol and add 36 µl of 70 % ethanol. Centrifuge at 2800 rpm at 4 

o
C for 15 minutes. 

5. Removed ethanol with micropipette and air dried the pellet at 50 
o
C for 2 min. or by 

keeping it at room temperature overnight. 

6. Added 12 µl of formamide and the product was transferred into microtiter plate. 

7. Incubated at 95 
o
C for 5 minutes. 

8. Kept on ice for 5 minutes. 

9. Then handed over to core sequencing lab facility of CEMB for sequence analysis. 

10. All the work was done in triplicates.  

 

3.8 CLONING IN TA VECTOR: 

The sequence confirmed NS-3 and NS-5A genes of HCV 3a genotype were cloned 

into the TA vector by using Dual promotor TA cloning (Invitrogen) and transform into the 

bacterial cells.  

3.8.1 TA vector  

       The plasmid vector pCRII-TOPO or pCR 2.1-TOPO is a linearized vector with 

single 3’-thymidine (T) overhangs for TA cloning.  The Taq DNA polymerase has a unique 

of adding single deoxyadenosine (A) to the 3’ ends of the PCR products. The single T 

overhangs in the TA vector allows efficient ligation of the PCR insert with the vector.   
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3.8.2 Ligation reaction  

The sequence confirmed NS-3 and NS-5A PCR products of HCV 3a genotype were 

ligated into the pCRII-TOPO vector. For ligation, approximately 50 ng of the insert was 

required which was confirm on nanodrop.  The ligation reaction mixture was given below: 

 

pCRII- vector     2 µl 

PCR product     5 µl 

10X ligation buffer    2 µl 

T4 DNA ligase    2 µl 

Sterile water     9 µl 

Total volume     20 µl 

The ligation mixture was incubated at 14 ºC for overnight. 

 

3.8.3 Preparation of competent cells 

3.8.3.1 Bacterial strain 

E. coli TOP10F’ strain was used for the transformation of the ligated product. This 

strain overexpresses the Lac repressor (lacIq gene). This strain contains the F episome and 

can be used for single-strand rescue of plasmid DNA containing an f1 origin.   

Genotype of strain: 

F´ {lacIq Tn10 (TetR)} mcrA ∆(mrr-hsdRMS-mcrBC) Φ80lacZ∆M15 ∆lacΧ74 recA1 

araD139 ∆(ara-leu)7697 galU galK rpsL (StrR) endA1 nupG.  

 

3.8.3.2 Protocol  

Bacterial competent cells were prepared using the CaCl2 method is given below: 

1. The E. coli TOP10 F’ cells were streaked on the LB medium plates and incubate at 37 º C 

for 24 hours. 

2. Poured 3 ml of L broth in a culture tube supplemented with 12 µg/ml of tetracycline. 

3. Inoculated a single colony into the tube containing media along with antibiotic and incubate 

at 37 º C for 24 hours at 100 rpm. 

4. Took 1 ml of 24 hours old culture and inoculate into 100 ml of L broth supplemented with 

12 µg/ml of tetracycline. 
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5. Incubated at 37 º C at 100 rpm until the OD (optical density) reaches 0.6. 

6. Transferred the culture into 50 ml culture tubes and place on ice for 20 minutes. 

7. Harvested the cells at 4 º C for 10 minutes at 3000 rpm. Discard the supernatant. 

8. Re-suspended pellet completely into 10 ml of 0.1 M ice cold MgCl2 solution. Centrifuge 

cells at 4 º C for 10 minutes at 3000 rpm. Discard the supernatant.  

9. Washed the pellet with 10 ml of 0.1 M ice cold CaCl2 solution. Centrifuge at 4 º C for 10 

minutes at 3000 rpm. Discard the supernatant. 

10. Re suspended cells in 2 ml of 0.1 M CaCl2 containing 15 % glycerol.  

11. Aliquot 100 µl of cells in a sterile 1.5 ml microcentrifuge tube  on ice and store at -70 º C 

upto 6 months.  

 

3.8.4 Transformation 

The ligation mixture was used to transform prepared chemically competent bacterial cells.  

Heat shock method used to transform the competent cells was followed as: 

1. Took a 1.5 ml microcentrifuge tube containing 100 µl of competent bacterial cells and keep 

on ice. 

2. 10 µl of ligation mixture was added into the 100 µl of competent cells and incubated on ice 

for 15-20 minutes. 

3. Heated shock was given at 42 º C for 30 seconds and then immediately snap cool on ice for 

5 minutes. 

4. Added 500 µl of SOC medium/L broth and incubated at 37 º C for 1 hour at 100 rpm. 

5. 150 µl of the transformed bacterial cells were spread onto the LB agar plates containing 12 

µg/ml of tetracycline and 100 µg/ml of ampicillin and incubated at 37 º C for overnight.   

6. Observe the plates for selection of clones. 

 

3.8.5 Screening of positive clones 

After transformation screening of positive clones for NS-3 and NS-5A genes was done. To 

identify the bacteria harboring the NS-3 and NS-5A clones following methods were used.  
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3.8.5.1 Colony PCR 

The colony PCR is used to quickly screen the colonies that efficiently take up the 

plasmid. To identify the positive clones various colonies were screened by PCR. Both the 

vector specific (M13) and gene specific (NS-3 and NS-5A) primers were used. PCR 

confirmed colonies were further preceded. The protocol was given below: 

 

1. 15 individual bacterial colonies were selected and inoculated into the 3 ml of L broth 

supplemented with tetracycline (12 µg/ml) and ampicillin (100 µg/ml). Incubate at 37 º C 

for 24 hours at 100 rpm.  

2. Harvested the cultures at 14,000 rpm for 1 minute and discard the supernatant.  

3. Re suspended pellet gently in 50 µl of TE buffer and heated in boiling water bath for 10 

minutes.  

4. Centrifuged at 14,000 rpm for 15 minutes.  

5. Pellet was discarded and the supernatant was used as template in colony PCR. 

6. The mixture for single reaction consists of: 

Template      5 µl 

Taq DNA polymerase     1 µl 

MgCl2 (25 mM)     2.4 µl 

10X reaction buffer     2 µl 

dNTPs (2.5 mM)     1.0 µl 

Inner sense Primer (10 pmol/µl)   2.0 µl 

Inner Anti sense Primer (10 pmol/µl)   2.0 µl 

dH2O (nuclease free)     up to 20.0 µl 

 

7. Thermal cycling profile:  

 

 

 

 

 

Hold 

95°C 

 

 

95°C 

 

 

58°C 

 

 

72°C 

 

 

72°C 

 

 

4°C 

5:00 min 

 

 

0:30 S 

 

 

0:30 S 

 

 

2:00 min 

 

10:00 min 

 

 

  ∞ 

Hold 35 cycles 
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For M13 primers 50 º C annealing temperature was used.  

8. Following amplification, the PCR products were analyzed on 1.2 % agarose gel stained 

with ethidium bromide under UV illuminator.  

9. The approximate size of NS-3 and NS-5A were ~ 1953-bp and ~ 1356-bp respectively. The 

positive colonies were selected further for plasmid isolation as these were supposed to 

harbor the desired cloned.  

 

3.8.5.2 Plasmid isolation  

The PCR confirmed positive colonies were used for plasmid isolation using GF-1 

Plasmid DNA extraction kit (Vivantis). The protocol followed according to manufacturer’s 

instruction:  

1. Individual colonies harboring the plasmid were inoculated into 5-10 ml of L broth 

supplemented with tetracycline and ampicillin. Incubated at 37 º C for overnight with 

agitation. 

2.  Pellet down the bacterial culture containing plasmid at 10,000 rpm for 2 minutes. Decant 

the supernatant completely and precede the pellet further. 

3. Added 250 µl of S1 to the pellet and gently resuspend the completely by pipetting or 

vortexing. 

4. Transferred the suspension to a clean microcentrifuge tube.  

5. Added 250 µl of S2 solution to the suspension and gently mix by inverting the several times 

(4-6 times) to obtain a clear lysate. Incubate at room temperature or on ice for 5 minutes.  

6. Added 400 µl of NB buffer to neutralize the lysate, and gently mixed by inverting the tube 

several ties (6-10 times) until white precipitates are formed.  

7. Centrifuged at 14,000 rpm for 10 minutes. 

8. Assembled a column into the collection tube. Transfer the supernatant into the column and 

centrifuge at 14,000 rpm for 1 minute. Discard the flow through. 

9. Washed the column with 700 µl of wash buffer and centrifuge at 10,000 rpm for 1 minute. 

Discarded the flow through.  

10. To completely remove the residual ethanol centrifuge the column at 10,000 rpm for 1 

minute. Discarded the flow through. 
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11. Took a clean microcentrifuge tube and place the column in it. Add 20-30 µl of elution 

buffer or TE buffer or sterile water onto the center of the column membrane and stand for 

1-2 minute at room temperature.  

12. Centrifuged at 10,000 rpm for 1 minute, to elute the plasmid DNA. Store the DNA at -20 º 

C.  

13. Quantification of the isolated plasmid was done by using the spectrophotometer. This DNA 

serves as a template in plasmid PCR. 

 

3.8.5.3 Plasmid PCR 

The plasmid isolated from the screened colonies was used to confirm the insert in 

the TA vector. The amplified PCR product was run on ethidium bromide stained 1.2 % 

agarose gel. The plasmid was used as template and was confirmed by using gene and vector 

specific primers. The reaction mixture for plasmid PCR is as followed: 

 

Template      4 µl 

Taq DNA polymerase     1 µl 

MgCl2 (25 mM)     2.4 µl 

10X reaction buffer     2 µl 

dNTPs (2.5 mM)     1.0 µl 

Inner Sense Primer (10 pmol/µl)   2.0 µl 

Inner Anti sense Primer (10 pmol/µl)   2.0 µl 

dH2O (nuclease free)     up to 20.0 µl 

 

Thermal cycling profile was same as for regular PCR as described in section 3.7.1 above.   

For M13 primers 50 º C annealing temperature was used.  

 

3.8.5.4 Restriction and digestion analysis 

The plasmids confirmed by PCR were further identified by restriction and digestion 

analysis. The EcoRI recognition site was present in the TA vector on both sides of the insert 

so the cloning confirmation was done by using the specific enzyme. 

1. The restriction and digestion reaction was made as follows:  
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Plasmid DNA (~ 40 ng)………………………….4 µl 

EcoR1 (20 U/ µl)………………………………….1 µl 

10X EcoR1 buffer…………………………………2 µl 

Sterile water……………………………………….up to 10 µl 

 

2. The digestion reaction mixture was incubated at 37 º C for 6 hours. 

3. After incubation observe the digested product on 1.2 % agarose gel stained with ethidium 

bromide.  

 

3.8.5.5 Sequence analysis 

The restriction and digestion confirmed clones were sequenced by using both the gene 

specific (NS-3 and NS-5A) and vector specific (M13) primers. Clones were sequenced in 

both directions by using big dye on an automated sequencer as mentioned above (3.7.3.4).  

   

3.9 DETERMINATION OF ANTIGENIC SITES WITHIN THE NS-3 and NS-5A 

GENES: 

The antigenic sites present in the NS-3 and NS-5A non - structural genes of HCV 

genotype 3a are determined by suing available free software Foldindex 

(Biportal.weizmann.ac.il/fldbin/findex). This software will highlight the folded and 

unfolded region of the protein sequence. The unfolded region represents the hydrophobic 

region of the protein and is considered as the proposed antigenic site or antigenic region of 

the protein.  

The full length gene sequences of NS-3 and NS-5A were translated to the protein 

sequence by using ExPASY Bioinformatics Resource Portal 

(http://web.expasy.org/translate/) and the protein sequence was used for the determination 

of antigenic sites present in these sequences.  

 

3.9.1 CLONING IN PET VECTOR: 

3.9.1.1 PCR Amplification  

The antigenic sites of the individual genes were amplified by using site specific primers 

(Table 3.3) having the specific restriction sites. The PCR reaction mixture is given below: 

http://web.expasy.org/translate/
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DNA Template    4.0 µl 

Taq DNA polymerase (2U/µl)  1.0 µl 

10X PCR Buffer*    2.0 µl 

MgCl2 (25 mM)    2.4 µl 

dNTPs (2.5 mM)    1.0 µl 

Inner sense Primer (10 pmol/µl)  2.0 µl 

Inner Anti sense Primer (10 pmol/µl)  2.0 µl 

dH2O (nuclease free)    up to 20.0 µl 

 

Cycling profile: 

 

     

 

 

 

The PCR products were run on 2 % gel stained with ethidium bromide and observed under 

UV illuminator.  

 

3.9.1.2 GEL elution  

The desired amplified antigenic sites gene products were eluted from gel by using the GF-1 

gel elution KIT as described by manufacturer’s instruction previously. 

  

3.9.1.3 Sequencing  

The sequencing was done by using the gene specific primers. The reaction mixture and 

cycling profile are given below: 

Template      2 µl 

Bigdye      0.5 µl 

Forward or reverse primers   2 µl 

Buffer      1.7 µl 

Sterile H2O     4.8 µl 

Total reaction volume    10 µl 

Hold 

95°C 

 

 

95°C 

 

 

58°C 

 

 

72°C 

 

 

72°C 

 

 

4°C 

5:00 min 

 

 

0:30 S 

 

 

0:30 S 

 

 

30 sec 

 

10:00 min 

 

 

  ∞ 

Hold 35 cycles 
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3.9.1.4 Digestion of amplified product and Vector 

To clone the amplified antigenic site into the PET vector the desired gene and the vector 

were digested by using the respective restriction enzymes. The reaction mixture for the 

gene and the vector are given below: 

 Digestion reaction for NS-3 gene: 

Template     10 µl 

HindIII (5U)     1 µl 

XhoI      1 µl 

Buffer R     2 µl 

Sterile H2O     6 µl 

Total reaction volume    20 µl 

 Digestion reaction for NS-5A gene: 

Template     10 µl 

EcorI (5U)     1 µl 

HindIII     2 µl 

2X Tango buffer    4 µl 

Sterile H2O     3 µl 

Total reaction volume    20 µl 

 

 Digestion reaction for NS-3 vector: 

Vector       30 µl 

HindIII (5U)     2 µl 

XhoI      2 µl 

Hold 

95°C 

 

 

95°C 

 

 

48°C 

 

 

60°C 

 

 

2:00 min 

 

 

30 S 

 

 

30 S 

 

 

4:00 min 

 

35 cycles 
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Buffer R     5 µl 

Sterile H2O     11 µl 

Total reaction volume    50 µl 

 

 Digestion reaction for NS-5A vector: 

Vector       30 µl 

EcoRI      2 µl 

HindIII     4 µl 

2X Tango buffer    10 µl 

Sterile H2O     4 µl 

Total reaction volume    50 µl 

 

The digestion reaction mixture was incubated at 37 º C for 6 hours. After incubation 

the digested products were run on 2 % gel in case of gene products while the vector was run 

on 0.8 % agarose gel stained with ethidium bromide and observed under UV illuminator. 

The desired products were then excised form gel and eluted as mentioned earlier. 

 

3.9.1.5  Ligation reaction  

The digested and eluted gene products were ligated into the digested vector. The 

single ligation reaction mixture for each individual gene was given below: 

Gene     15 µl 

Vector    10 µl 

Ligase    4 µl 

Buffer    5 µl 

Sterile water   16 µl 

Total volume   50 µl 

The ligation mixture was incubated at 14 º C overnight.  
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3.9.1.6 Transformation  

E. coli Top10 F’ competent cells were used for the transformation. 25 µl of the 

ligated product was transformed into the competent cells as described in the previous 

section 3.8.4.  

 

3.9.1.7 Screening of clones 

The verification of the positive clones was done by following methods: 

3.9.1.7.1 Colony PCR 

Isolated colonies were inoculated into L broth supplemented with tetracycline (12 µg/ml) 

and kanamycin (25 mg/ml) and incubated at 37 º C for overnight at 100 rpm. Individual 

colonies were used for the colony PCR reaction by following the method described in 

above by using the gene specific primers. 

The reaction mixture and cycling profile are given below:  

DNA Template    5.0 µl 

Taq DNA polymerase (2 U/µl)  1.0 µl 

10X PCR Buffer    2.0 µl 

MgCl2 (25 mM)    2.4 µl 

dNTPs (2.5 mM)    1.0 µl 

Inner sense Primer (10 pmol/µl)  2.0 µl 

Inner Anti sense Primer (10 pmol/µl)  2.0 µl 

dH2O (nuclease free)    up to 20.0 µl 

 

 

 

 

 

 

 

The PCR products were analyzed on 2 % ethidium bromide stained gel and 

observed under UV illuminator.  

 

Hold 

95°C 

 

 

95°C 

 

 

58°C 

 

 

72°C 

 

 

72°C 

 

 

4°C 

5:00 min 

 

 

0:30 S 

 

 

0:30 S 

 

 

30 sec 

 

10:00 min 

 

 

  ∞ 

Hold 35 cycles 
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3.9.1.7.2 Plasmid PCR 

The colony PCR confirmed colonies were used for the plasmid isolation. The 

plasmid was isolated by suing the GF-1 Plasmid DNA extraction kit (Vivantis) as PCR was 

performed as described previously.  

3.9.1.7.3 Digestion  

The plasmid PCR confirmed clones were further confirmed by restriction and digestion 

analysis. The single reaction mixture is given below: 

 For NS-3 clones: 

Digestion reaction for NS-3 gene: 

Template (plasmid)  10 µl 

HindIII (5U)   1 µl 

XhoI    1 µl 

Buffer R   2 µl  

Sterile H2O   6 µl 

Total reaction volume 20 µl 

 Digestion reaction for NS-5A gene: 

Template (plasmid)  10 µl 

EcoRI (5U)   1 µl 

HindIII    2 µl 

2X Tango buffer  5 µl 

Sterile H2O   2 µl 

Total reaction volume 20 µl 

The digestion reaction was incubated at 37 º C for 6 hours and the product was resolved on 

2 % gel and observed under UV illuminator.  

3.9.1.7.4 Sequencing 

The confirmed clones carrying the NS-3 and NS-5A antigenic sites were further 

verified by doing sequencing. The sequencing was done by using the vector specific primer 

T7 and antigenic site specific primers. The sequencing was done as mentioned in previous 

section.   

3.9.2 Expression studies of NS-3 and NS-5A antigenic sites 

3.9.2.1 Western blot analysis 

The expression of the antigenic sites of the NS-3 and NS-5A genes of HCV 3a 

genotype was determined by western blotting. E. coli BL21 ply* strain was used for the 

expression studies. Individual pET28 clones NS3.1-28 and NS5A.1-28 was transformed 

into the bacterial strain by using heat shock method as mentioned previously. 2 µl of 
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plasmid was transformed into the competent bacterial cells and selection was done on L 

agar plates supplemented with chloramphenicol (34 mg/ml) and kanamycin (25 mg/ml).  

Isolated colonies were selected and inoculated into L broth supplemented with 

chloramphenicol and kanamycin and incubated at 37 º C for overnight on shaker. After 

incubation colony PCR with gene specific primers was done as mentioned above to confirm 

the positive clones. The confirmed clones were then used for expression analysis. 

Individual colonies were given induction of 0.5 M IPTG for 4 hours. After induction 

protein isolation was done by using the following method: 

1. Cells were harvested. For 1 g of pellet adds 10 ml of lysis buffer. 

2. Thawed the pellet at room temperature. Prepare a protein sample by mixing 65 µl of sample 

with 35 µl of 6 X protein loading dye. This is the sample of the total extract.  

3. Now added 0.004 g of lysozyme to the remaining extract and mix well.  

4. Sonicated the lysed cells for 15 seconds x 4 pulses. Transfer the pellet into a separate tube. 

5. Washed the pellet with three times with lysis buffer. Now resuspend the pellet 400 µl of 1X 

PBS. 

6. Prepared the protein sample by mixing 65 µl of pellet and 35 µl of 6 X protein loading dye. 

Heat shocked for 7 minutes in boiling water bath and snap cool on ice for 5 minutes.  

7. Run on 15 % SDS-PAGE gel at 60 V for 90 minutes. Western blot was performed as 

mentioned above by using the gene specific and vector specific His tag antibodies.  

8. The protein was shifted on a hybond-C extra nitrocellulose membrane and placed in semi-

dry blotting apparatus (Bio-Rad) at 16 V for 90 minutes.  

9. The membrane was bloked with 5% skimmed milk for 1 hour. 

10. Wash membrane three times with 1XPST. 

11. Membrane was incubated with gene specific primary antibody (NS3 and NS5A) at 4ºC 

overnight at a dilution of 1:200.  

12. Wash membrane three times with 1X PBST. 

13. Probe the membrane with anti mouse secondary antibody (sigma) conjugated alkaline 

phosphatase for 1 hour at room temperature.  

14. Wash the membrane with 1X PBST three times. 

15. Blot was developed with BCIP/NBT substrate at 37ºC.  
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3.10 STUDY OF INTERACTION OF p53 GENE WITH NATIVE NS-3 and NS-5A 

GENES/PROTEINS IN CELL LINES: 

 

3.10.1 Construction of mammalian expression vector 

To study the possible interaction of the HCV non-structural genes NS-3 (full length) 

and NS-5A (full length) at expression level the HCV genes were cloned into a mammalian 

expression vector pcDNA 3.1 (Invitrogen life technologies, CA). Construction of 

mammalian expression vector pcDNA3.1/NS-3 (full) and pcDNA3.1/NS-5A (full) required 

the restriction analysis of the NS-3 and NS-5A genes of HCV. The gene sequences were 

analyzed in NEB cutter (http://tools.neb.com/NEBcutter2/) and specific restriction enzymes 

were selected for individual genes. BamHI and NotI restriction sites were added in forward 

and reverse primers respectively at 5’ site of individual genes. The name and sequences of 

primers for individual genes having the particular restriction site were synthesized as 

mentioned in table 3.2.   

 

3.10.2 PCR reaction using restriction primers 

To clone the NS-3 and NS-5A genes into the mammalian expression vector 

pcDNA3.1 individual genes were amplified by using the restriction primers. The reaction 

mix consists of: 

RT-PCR product (Template)   4.0 µl 

Taq DNA polymerase (2 U/µl)  1.0 µl 

10X PCR Buffer*    2.0 µl 

MgCl2 (25 mM)    2.4 µl 

dNTPs (2.5 mM)    1.0 µl 

Inner sense Primer (10 pmol/µl)  2.0 µl 

Inner Anti sense Primer (10 pmol/µl)  2.0 µl 

dH2O (nuclease free)    up to 20.0 µl 

* 10X PCR Buffer contained 50 mM Tris-HCl (pH 8.8 at 25 °C), 200 mM (NH4)2SO4, 0.1% 

(v/v) Tween 20 

 

http://tools.neb.com/NEBcutter2/
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Thermal Cycling Profile 

 The PCR reaction was run at following program for the amplification of the NS-3 

and NS-5A genes are given below: 

 

 

  

 

 

 

 

The PCR products were analyzed on 1.2 % agarose gel. The required PCR product 

was excised from the gel and eluted as described previously 3.7.3.3  

 

3.10.3 Restriction digestion of non-structural genes (NS-3 and NS-5A) and pcDNA3.1 

To clone the genes into the vector pcDNA3.1 the eluted amplified gene products 

and pcDNA3.1 were digested by using the specific enzymes in order to generate the sticky 

ends in both the genes and the vector. The digestion mixture is given below: 

Gene digestion reaction mixture: 

DNA Template  30 µl 

BamHI    5 µl 

NotI    10 µl 

Tango buffer   5 µl 

Sterile H2O   --- 

Total reaction volume  50 µl 

Vector digestion reaction mixture: 

pcDNA3.1 vector  20 µl 

BamHI    5 µl 

NotI    10 µl 

Tango buffer   5 µl 

Sterile H2O   10 µl 

Hold 

95°C 

 

 

95°C 

 

 

58°C 

 

 

72°C 

 

 

72°C 

 

 

4°C 

5:00 min 

 

 

0:30 S 

 

 

0:30 S 

 

 

2:00 min 

 

10:00 min 

 

 

  ∞ 

Hold 35 cycles 
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Total reaction volume  50 µl 

The tubes were incubated for 6 hours at 37 º C. The digested products were run on 

0.8 % agarose gel. The required bands were excised from the gel by using the gel elution kit 

as described above (3.7.3.3).  

 

3.10.4 Ligation into pcDNA3.1 

The digested PCR products were ligated into the digested pcDNA3.1. The ligation 

mixture for individual gene is given below: 

 

Gene product   20 µl 

pcDNA3.1  10 µl 

Ligase   4 µl 

Buffer 10X  5 µl 

Sterile water  11 µl 

The ligation mixture was incubated at 14 º C for overnight.  

 

3.10.5 Transformation 

The ligated vector containing the NS-3 and NS-5A genes were transform into E. coli 

Top 10F’ bacterial cells by using the heat shock method as describe in previous 3.8.4  

section. 10 µl of the ligation mixture was transformed into the competent bacterial cells. 

After successful transformation screening for positive clones was done.   

 

3.10.6 Screening of clones 

 

3.10.6.1 Colony PCR  

For the screening of the clones expressing the NS-3 and NS-5A genes of HCV 

colony PCR was done. 15 individual colonies were selected and used for PCR reaction as 

mentioned above in section (3.8.5.1). Colony PCR was performed with both gene specific 

(NS-3 and NS-5A) and vector primers. T7 and BGH vector specific primers were used for 

the screening of the positive clones. The primer sequences were shown in table 3.4  
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Reaction mixture for the gene specific primers is given below: 

Template     4 µl 

Taq polymerase    1 µl 

MgCl2      2.4 µl 

PCR buffer     2 µl 

dNTPs      1 µl 

Forward or reverse primer   2 µl 

dH2O      up to 20 µl 

Thermal cycling profile for gene specific primer is given below: 

 

 

 

 

 

 

For pcDNA3.1 vector specific primers 50 º C annealing temperature was used. The 

PCR products of both the PCR reactions were run on 1.2 % agarose gel stained with 

ethidium bromide and visualized under UV light. The colonies showing positive results 

were preceded further for plasmid isolation.  

 

Table 3.4: pcDNA3.1 vector specific primer sequences  

Name Primer sequence 

T7 TAATACGACTCACTATAGGG 

BGH TAGAAGGCACAGTCGAGG 

 

3.10.6.2 Plasmid PCR 

The positive colony PCR screened colonies were further used for confirmation of 

NS-3 and NS-5A clones. The colonies were grown overnight at 37 º C in L broth with 

ampicillin and tetracycline selection. Plasmid was isolated from overnight grown culture by 

Hold 

95°C 

 

 

95°C 

 

 

58°C 

 

 

72°C 

 

 

72°C 

 

 

4°C 

5:00 min 

 

 

0:30 S 

 

 

0:30 S 

 

 

2:00 min 

 

10:00 min 

 

 

  ∞ 

Hold 35 cycles 
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using GF1 plasmid isolation kit as described in 3.8.5.2 section.  

Plasmid PCR was performed by using both gene and vector (T7 and BGH) specific primers 

as mentioned in section 3.8.5.2. 

  

3.10.6.3 Restriction and digestion  

The plasmids showing required amplified product were further confirmed by 

restriction and digestion analysis. Double digestion was performed by using the specific 

restriction enzymes BamH1 and Not1. The reaction mixture is given below: 

Plasmid    5 µl 

BamHI    2 µl 

NotI    4 µl 

Tang buffer   2.5 µl 

Sterile H2O   up to 25 µl 

The digestion mixture was incubated at 37 º C for 6 hours. The digested products were 

resolved on 0.8 % gel ethidium bromide stained gel and observed under UV light. 

 

3.10.6.4 Sequencing  

The NS-3 and NS-5A pcDNA3.1 positively digested clones were sequenced to 

confirm that the insert is in appropriate reading frame. To check the entire sequence of NS-

3 and NS-5A sequencing was done by using the gene specific (NS-3 and NS-5A) and 

pcDNA3.1 vector specific T7 and BGH primers (Table 3.3).  The sequence confirmed 

clones were used for the expression studies. The sequencing reaction mixture for both the 

prime sets and the thermal cycling profile was given below:  

DNA template     1 µl 

Bigdye      2 µl 

Forward or reverse primer   1 µl  

5Xbuffer     1.5 

Sterile H2O     4.5 µl 

Total reaction volume    10 µl 
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Cycling profile:  

 

 

 

 

 

 

3.10.7 Expression studies of non-structural genes NS-3 and NS-5A of HCV  

3.10.7.1 Cell culturing  

To study the expression of the NS-3 and NS-5A genes of HCV 3a genotype huh-7 

(human liver heptoma) cell lines were used.  Huh-7 cells were grown and maintained in 

Dulbecco’s modified eagle medium supplemented with 10 % fetal bovine serum (Gibco life 

science technologies USA) and streptomycin (100 µg/ml) and penicillin (100 U/ml).  

 

3.10.7.2 Generation of stable cell lines  

Stable cell lines of NS-3 and NS-5A non-structural genes of HCV 3a genotype were 

established to check the role of these proteins in apoptosis. p53 the guardian gene was used 

to study the possible interaction with NS-3 and NS-5A genes of HCV 3a genotype. 

 

3.10.7.2.1 Linearization of NS-3 and NS-5A pcDNA3.1  

Prior to transfection all the plasmids pcDNA3.1/NS3 and pcDNA3.1/NS5A were 

linearized by using a specific enzyme that cuts the vectors at a single site. BglII enzyme 

(AGATCT) was used for linearization of vectors. The desired gene sequences were 

analyzed on NEB cutter to check that this enzyme was safe for the gene of interest. BglII 

cuts the vector at nucleotide 12 that was away from the CMV promotor. The reaction 

mixture for the individual digestion is given below: 

Plasmid DNA    10 µl 

BglII (10U/µl)    2 µl 

10X buffer O     2.5 µl 

Sterile H2O    10.5 µl 

Hold 

95°C 

 

 

95°C 

 

 

48°C 

 

 

60°C 

 

 

2:00 min 

 

 

30 S 

 

 

30 S 

 

 

4:00 min 

 

35 cycles 
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Total volume     25 µl  

The reaction mixture was incubated at 37 º C for 4-6 hours. The digested products were 

run on 0.8 % agarose gel stained with ethidium bromide and observe on UV illuminator for 

single required bands. The bands were excised from the gel and eluted as mentioned in 

3.7.3.3 section.  

 

3.10.7.2.2 Transfection of Huh-7 cells 

1. Huh 7 cells were grown in DMEM medium supplemented with streptomycin (100 µg/ml) 

and penicillin (100 U/ml) in 6 well plate. When cells become 70 % confluent remove the 

media completely and wash the cells with 1X PBS. Add 2 ml of transfection media (without 

FBS and antibiotic) to the cells and incubate at 37 º C with 5 % Co2 for 15-20 minutes.  

2. Took two tubes and add 500 µl of transfection media in each tube. Add 10 µl of linearized 

pcDNA3.1/NS3 (10 µg) in one tube and 10 µl of lipofectamine reagent (Invitrogen) in other 

tubes. Incubate the tubes at room temperature for 5 minutes. Now mix content of both the 

tubes and incubate at room temperature for 20 minutes.  

3. After incubation the mixture was added to the cells drop wise very gently.  

4. The cells were incubated for 6-8 hours at 37 º C with 5 % Co2. After incubation transfection 

media was changed with complete culture media DMEM with 10 % FBS and streptomycin 

and penicillin.  

5. Same procedure was used for the transfection of pcDNA3.1/NS5A construct. Huh 7 cells 

were used as control.  

 

3.10.7.2.3 Selection of single colonies 

1. After 72-96 hours of posttransfection cells were further cultured and grown in 60 mm 

petriplate.  

2. Cells were given selection with G418 (1 mg/ml) for approximately 5 weeks.  

3. Isolated single colonies of both the genes (NS-3 and NS-5A) resisting G418 were selected 

and transferred into a 24 well plate with the help of a sterile filter tip and grown 

individually in complete culture medium supplemented with 500 µg/ml of G418 for stable 

cell lines.  
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4. Further grown single colonies were shifted into a 6 well plate and grown in complete 

culture medium with 500 µg/ml of G418 at 37 º C with 5 % Co2. The medium was changed 

after 72 hours.   

5. When the cells were confluent they were split into a 60 mm Petri-plate. The individual 

amplified cells were further analyzed to characterize the stable cell lines of both the genes.  

 

3.10.8 Confirmation of stable cell lines 

Confirmation/Verification of the individual cell lines expressing the NS-3 and NS-

5A genes was done by Reverse transcriptase PCR, western blotting and 

immunofluorescence assay.   

3.10.8.1 Extraction of RNA and Reverse Transcriptase PCR 

To isolate total RNA from cells, individual cell lines were fully grown. Cells were 

trypsinized and shifted into a tube. Centrifuge at 3000 rpm for 3 minutes. RNA was isolated 

as mentioned in section in 3.4.  

Individual RNA was reverse transcribed into cDNA by using the corresponding 

antisense primers for individual genes (NS-3 and NS-5A). The transcribed RNA was used 

as a template for PCR reaction. The PCR reaction was performed by using the individual 

gene specific sense and antisense primers as described in section 3.7.  The PCR product 

was resolved on 1.2 % agarose gel and observed under UV illuminator.  All experiments 

were done in triplicates.  

 

3.10.8.2 Protein extraction and Western blot of NS-3 and NS-5A genes 

A. Protein extraction 

To check the expression of NS-3 and NS-5A genes, protein was extracted from the 

stably expressing NS-3 and NS-5A cell lines. The protocol followed is given below: 

1. Huh 7 cells expressing NS-3 and NS-5A genes were grown and lysed after 72 hours. 

Protein was extracted from the total cell lysate. 

2. When the cells were confluent media was removed and cells were washed with 1X PBS.  

3. 500 µl of trypsin was added to the cells and incubate at room temperature for 5 minutes. 1 

ml of DMEM media was added and detach cells were completely resuspend in it.  

4. Cells were shifted to eppendorf and centrifuge at 8000 rpm for 3 minutes at 4 º C. 
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5. Cells were washed with 500 µl of 1X PBS. 

6.  Added 60 µl of protein lysis buffer and vortexed and place on ice for 15 minutes. 

Centrifuge at 13,000 rpm for 15 minutes at 4 º C.  

7. Transferred the supernatant into a fresh tube.  

B. Western blotting  

1. To check the protein western blot was performed by using the gene specific antibodies.  

2. Individual extracted protein was mixed with 6X protein loading dye. Heat shock was given 

for 10 minutes in boiling water bath and immediately snap cool for 5 minutes.  

3. 60 µg of extracted protein along with 10 µl  a prestained protein marker was loaded onto a 

10% SDS PAGE  and run for 60 volts for 90 -120 minutes.  

4. The protein was shifted on a hybond-C extra nitrocellulose membrane and placed in semi-

dry blotting apparatus (Bio-Rad) at 16 V for 90 minutes.  

5. The membrane was blocked with 5 % skimmed milk for 1 hour. 

6. Wash the membrane three times with 1X PBS-T.  

7. Gene specific monoclonal antibody NS3-sc-69938 and NS5A-sc-57776 dilutions at a 

concentration of 1:200 were prepared. The membrane was incubated with primary antibody 

for overnight at 4 º C. 

8. After incubation membrane was washed three times with 1x PBS-T.  

9. The anti-mouse secondary antibody conjugated to alkaline phosphatase (sigma) at a dilution 

of 1:1000 was probed with membrane for 1 hour at room temperature.  

10. The trans-blot was washed three times with 1X PBS-T. 

11. The blot was developed by using BCIP/NBT substrate for 30 min at 37 º C.    

12. The experiment was done in triplicate.  

3.10.8.3 Immunofluorescence assay 

For the further verification of the stable cell lines immunofluorescence assay was 

done by using the gene specific antibodies against each gene. The method followed is given 

below: 

1. Stable cell lines of individual gene were grown overnight for 24 hours on cover slips. 

2. The cells were fixed with 4 % p-formaldehyde for 10 minutes at room temperature.  

3. Incubated the cells with 0.2 % triton-X100 for 5 minutes at room temperature.  

4. Wash the cells with 1X PBS. Blocked the fixed cells with 1 % donkey serum in 1X PBS. 
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5. Incubated the cells with respective primary antibodies for 2 hours at a dilution of 1:100. 

6. After incubation wash the cells with 1X PBS. Incubate the cells with secondary donkey anti 

mouse IgG antibody conjugated with fluorescein isothiocyanate (FITC) (chemicon) for 2 

hours. 

7. The cells were washed three times with 1X PBS and mounted onto the glass slide and 

observed under the microscope.  

8. The cells were also counterstain with DAP-I and observed under microscope.  

9. The experiment was done in triplicate.  

  

3.10.9 Study of interaction of p53 with HCV non-structural genes  

To check the hypothesis that HCV nonstructural gene/proteins NS-3 and NS-5A are 

interacting with p53 gene/protein, we investigate the possible relationship of NS-3 and NS-

5A of local HCV 3a genotype with p53 in huh 7 cell lines. Stable cell lines of NS-3 and 

NS-5A were transfected with p53 clone and the protein expression was checked by western 

blotting. The steps followed were given below: 

1. Huh-7 cells and NS-3 and NS-5A expressing stable cell lines of HCV 3a 

genotype were transfected with pcDNA3.1/p53 as mentioned previously.  

2. The huh 7 cells are co- transfected with high titer HCV positive serum 

samples (sample 1 titre: 354446 IU/ml ; sample 2 titre: 5999941 IU/ml ; sample 3 titre: 

52167891 IU/ml) and pcDNA3.1/p53 as mentioned above while huh 7 un-transfected cells 

were used as control.   

3. 48 hours post transfection protein was extracted from the total cell lysate and 

protein samples were prepared by following same method as described above.   

4. 60 µg of total protein was run on 10% SDS-PAGE and blotted onto 

nitrocellulose membrane. 

5. The blot was probed with p53 specific monoclonal antibody (sc-55476).  

6. The primary antibody was detected by using specific secondary antibody and 

blot was developed with BCIP/NBT. 

7. The level of protein expression was compared for each transfection. 

8. Huh-7, NS3 and NS5A un-transfected cells were used as controls.  

9. The experiment was done in triplicate.  
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4.1 Amplification of Hepatitis C Virus Non Structural NS-3 and NS-5A genes 

 

4.1.1 Patient enrollment criteria  

The HCV genotype 3a infected patients were screened and only HCV infected 

patients were enrolled for this study. All the selected patient samples were positive for HCV 

RNA and negative for Hepatitis B Virus Surface Antigen (HBsAg).  

 

4.1.2 HCV complementary DNA synthesis and Gene specific amplification  

 The serum samples were obtained and RNA was isolated by using the FavorPrep viral 

nucleic acid extraction kit. Negative sense complementary DNA of the isolated RNA was 

generated with HCV gene specific primers by the process of reverse transcription. The 

3’UTR antisense primer was used for the generation of the cDNA. The created cDNA of 

HCV 3a RNA was aimed to use as a template for the PCR amplification of the NS-3 and 

NS-5A genes of HCV 3a genotype local isolate. The generated negative sense cDNA was 

used as a template for the gene specific amplification of the non-structural genes, NS-3 and 

NS-5A, of the HCV genotype 3a of Pakistani isolate. The primers for the gene specific 

amplification of NS-3 and NS-5A genes were designed on the knowledge of available data. 

Primer3 software was used for the synthesis of primers (Table 3.1). The primers were 

optimized for the best amplification of the HCV genes and the primer set that give the whole 

gene amplification was used in further studies. The estimated gene size for the NS-3 gene of 

HCV was ~ 1953 base pairs and ~ 1356 base pairs for NS-5A HCV gene. The PCR 

amplification results showed single band of the estimated required size for both the genes. 

Figure 4.1 shows the gene specific amplification of the NS-3 gene of HCV 3a genotype. The 

expected product of 1956 bp of NS-3 gene was observed.  
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Figure 4.1: NS-3 amplified gene of Hepatitis C Virus genotype 3a  

Lane 1, 2, 3 : NS-3 ; lane 4 : negative control ; M : 1kb marker 

In figure 4.2 amplified PCR product of NS-5A was shown. The expected product of 

NS-5A of HCV genotype 3a was 1356 bp was detected. The amplified products were run on 

1.2 % agarose and observed under UV illuminator. The precise bands of both the NS-3 and 

NS-5A HCV genotype 3a of local isolate were gel purified and confirmed through 

sequencing and used for further studies.  

 

 

 

 

 

 

 

 Figure 4.2: NS-5A amplified gene of Hepatitis C Virus genotype 3a  

 Lane 1 , 2 , 3 NS-5A ; M : 1kb marker  
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4.1.3 Sequence Analysis  

The gene specific NS-3 and NS-5A amplified products were analyzed by 

sangerssequencing method. Sequencing reaction was carried out by using the gene specific 

primers in separate reactions. Forward and reverse gene specific primers for NS-3 and NS-

5A of HCV genotype 3a local isolate respective genes were used in sequencing PCR.  

Figure 4.3 and 4.4 represents the sequencing electropherograms of NS-3 and NS5-A genes 

amplified from 3a genotype infected HCV isolate (local). The obtained NS-3 and NS-5A 

gene sequences of HCV genotype 3a of local isolate were BLAST and results were 

observed. The obtained results demonstrate that the gene sequences of NS-3 and NS-5A of 

HCV from local isolate showed homology with the 3a genotype of reported sequences of 

HCV. The confirmed sequences of NS-3 and NS-5A of HCV genotype 3a were submitted to 

NCBI gene-bank database and accession numbers were obtained. The accession numbers for 

NS-3 and NS-5A genes of HCV 3a genotype of local isoate are JX679463, JX679464 and 

JX679462. These NS-3 and NS-5A confirmed gene sequences of HCV genotype 3a from 

Pakistani isolate were used for further studies.  
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Figure 4.3: Electropherogram of NS-3 gene of HCV 3a  

 

   

 

 

 

 

Figure 4.4: Electropherogram of NS-5A gene of HCV 3a               

Comparison with other HCV sequences 

The confirmed sequences of NS-3 and NS-5A of HCV genotype 3a of local 

isolate were compared with other worldwide available HCV sequences of the 3a 

genotype to fine out the percentage nucleotide identity. Comparison of local sequence 

of HCV NS-3 and NS-5A genes with other reported ones from all over the world aids 

in understanding the disease progression because of variation in sequences. It helps in 

designing of new and existing genotype specific therapies against HCV infection and 

helpful for mankind. Table 4.1 and 4.2 showed that the comparative study of 

sequence analysis explained that the NS-3 and NS-5A non-structural genes of HCV 

genotype 3a of Pakistani isolate showed homology with the different reported 

sequences from all over the world.  
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Table 4.1:  Sequence comparison of non-structural gene NS-3 of HCV 3a genotype of local 

isolate with worldwide 3a genotype reported sequences   

 

 

NO.  Accession No. Genotype Country Percentage 

identity (%) 

1 GU294484.1 3a Pakistan  100 

2 KJ470613.1 3a Canada  95 

3 DQ437509.2 3a Switzerland  95 

4 GQ356209.1 3a United kingdom  94 

5 D17763.1 3a Japan  94 

6 KJ470615.1 3a Canada  94 

7 GU814263.1 3a Italy  94 

8 KF589884.1 3a Denmark  94 

9 GU814264.1 3a Italy  94  

10 JQ803542.1 3a United states  94 
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Table 4.2: Sequence comparison of non-structural gene NS-5A of HCV 3a genotype of local 

isolate with worldwide 3a genotype reported sequences   

 

NO.  Accession No. Genotype Country Percentage 

identity (%) 

1 GU294484.1 3a Pakistan  99 

2 JX674899.1 3a Italy   92 

3 D17763 3a Japan  91 

4 GQ356211.1 3a United kingdom  91 

5 KJ470614.1 3a Canada  91 

6 GQ356202.1 3a United kingdom 91 

7 GQ356209.1 3a United kingdom 91 

8 HM042066.1 3a Thailand  91 

9  JX674891.1 3a France  91 

10 JN689543.1 3a Brazil  91 
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4.2 NS-3 and NS-5A gene cloning in TA Vector  

For upcoming experimental work, to use gene sequences of non-structural genes NS-

3 and NS5-A of HCV genotype 3a, individual gene sequences were cloned into TA vector. 

The sequenced confirmed gene sequences of NS-3 and NS-5A were used for further 

experiments.  

4.2.1 Ligation of NS-3 and NS-5A genes in TA plasmid 

Entire sequence of non-structural genes NS-3 and NS-5A of HCV 3a genotype of 

local isolate were ligated into a dual promotor pCRII-TOPO TA vector. E. coli Top10F’ 

competent bacterial cells were used for the cloning experiments. The ligation mixture was 

transduced into the competent bacterial cells overnight at 14 º C. The bacterial cells thought 

to taken up the required plasmid DNA were obtained by spreading onto the LB agar plates 

supplemented  with ampicillin 100 µg/ml and tetracycline 12.4 µg/ml. The individual 

bacterial colonies were selected for the screening of the positive NS3 and NS5A TA clones 

of HCV genotype 3a from local isolate. Figure 4.5 and 4.6 depicted the construct of NS-3 

and NS-5A coding TA vectors of HCV 3a genotype. Both the NS-3 and NS-5A genes of 

HCV genotype 3a were ligated into TA vector within the multiple cloning sites at a specific 

region between the restriction sites of EcoRI restriction enzyme.   

 

 

 

 

 

 

 

 

Figure 4.5: TA construct of NS-3 gene HCV 3a genotype  
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Figure: 4.6 TA construct of NS-5A gene HCV 3a genotype 

4.2.2 Screening of TA clones of NS-3 and NS-5A genes of HCV 3a 

genotype  

To screen out the TA plasmids taken up foreign DNA of the NS-3 and NS-5A 

genes of HCV genotype 3a of Pakistani isolate following steps were done.  

 

4.2.2.1 Colony PCR 

In order to screen out the positive clones having the entire sequence of non-

structural genes, NS-3 and NS-5A of HCV genotype 3a of local isolate, 15 isolated 

colonies (bacterial)  were inoculated individually in LB broth supplemented with 

Tetracycline 12.4 µg/ml and Ampicillin 100 µg/ml. Inoculated tubes were incubated 

at 37 º C for 24 hours. In colony PCR the individual colony was used as the PCR 

template. The colony PCR was performed by using the gene specific sense and 

antisense primers for NS-3 and NS-5A respective genes of HCV genotype 3a. Results 

as shown in figure 4.7 depicted that an approximate band size of ~ 1953bp of NS-3 
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gene of HCV was observed in six isolated bacterial colonies except for one bacterial 

colony. Some non specific bands were also seen, this is because whole bacterial 

colony was used as  PCR template.  

 

 

 

 

 

 

 

 

Figure: 4.7 Colony PCR for the screening of positive NS-3 TA clones 

M: 1kb marker; lane 1-6 positive TA NS-3 clones except 4 

In figure 4.8 results of HCV NS-5A coding TA colony PCR results were 

shown which illustrates that out of nine bacterial colonies 8 gives positive result for 

NS-5A gene of HCV 3a genotype colony PCR with an approximate band size of 

~1356bp of NS-5A HCV gene. The results were visualized on 1.2 % agarose gel 

under UV illuminator. The transformed colonies of NS-3 and NS-5A genes that give 

precise amplification in colony PCR were selected and used for further confirmation.  
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Figure: 4.8 Colony PCR for the screening of positive NS-5A TA clones 

M: 1kb ladder; lane 1-9: positive TA clones for NS-5A except 3 

4.2.2.2 Restriction and digestion of NS-3 and NS-5A encoding TA 

clones 

The colonies that give the positive band size of NS-3 and NS-5A genes of 

HCV genotype 3a from local isolate were further used for the screening of the 

positive TA clones. The colonies showing posistive NS-3 and NS-5A gene 

amplification in colony PCR were selected and used for the restriction and digestion 

analysis. The colonies (bacterial) were inoculated in the LB broth supplemented with 

Tetracycline 12.4 µg/ml and Ampicillin 100 µg/ml. The plasmid was isolated from 

the overnight grown bacterial culture. The isolated plasmid was used as a template for 

the restriction and digestion analysis by using EcoRI restriction enzyme. The digested 

gene product was resolved on 0.8 % ethidium bromide stained agarose gel and 

visualized under UV illuminator. Figure 4.9 explains the restriction and digestion 

analysis of the NS-3 coding TA clone. The results showed band of respective size for 

NS-3 gene i.e ~ 1953 bp with the vector backbone of 4.0 kb. The uncut (undigested) 

plasmid showed only a single band of the TA vector.  
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Figure: 4.9 Restriction and digestion of NS-3 coding TA vectors 

Lane 1-3 : uncut vectors ; lane 4-8 : positively digested NS-3 coding TA vectors ; lane 9 : 

1kb marker  

The restriction and digestion analysis of the NS-5A TA clone were shown in figure 

4.10 demonstrates that the EcoRI digestion results in the digestion of single band of expected 

1356 bp of NS-5A gene of HCV 3a genotype.  The bands were checked against a 1kb ladder. 

The result of restriction and digestion analysis indicates that the required gene of interest, 

NS-3 and NS-5A of HCV Genotype 3a of Pakistani isolate was successfully ligated into the 

TA vector. The presence of single required band and vector backbone in both the gene 

restriction and digestion analysis also verifies the positive results and confirmation of NS-3 

and NS-5A TA clones of HCV 3a genotype of local isolate.  

  

 

 

 

 

 

Figure: 4.10 Restriction and digestion of NS-5A coding TA vectors 

M: 1kb marker; lane 3, 7: positively digested NS-5A coding vector; lane 5: uncut 

vector 
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4.2.2.3 Sequencing confirmation of NS-3 and NS-5A TA clones 

In order to identify that the TA clones having or coding the entire sequence of 

NS-3 and NS-5A gene insertion of HCV 3a genotype, the positively restricted and 

digested clones were further confirmed by sequencing of the TA clones. The TA 

vector constructs of NS-3 and NS-5A were sequenced by using the M13 forward and 

reverse vector specific primers. The big dye sequencing in an automated sequencer 

was done. The data of sequence obtained for both the NS-3 and NS-5A genes of HCV 

3a genotype were BALST and compared with the other available sequences of HCV 

3a genotype. Figure 4.11 and 4.12 indicates the sequencing electeropherograms for 

the NS-3 and NS-5A TA clones of HCV genotype 3a local isolate. The NS-3 and NS-

5A coding TA clones that were sequence confirmed were used further in this study.  

Figure: 4.11 Electropherogram of TA clone of NS-3 HCV gene 

Figure: 4.12 Electropherogram of TA clone of NS-5A HCV gene 
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4.3 Antigenic site determination and cloning into bacterial expression vector 

The antigenic site is the region where the antibody binds i.e the antibody binding region. 

It is the area on protein that is hydrophobic and is present on the surface of the protein to 

bind with the antibody molecule. The determination of antigenic site is important because a 

particular antigen triggers the immune response and it makes easy for the prevention of a 

certain pathogen. The study of the antigenic sites of the non-structural genes NS-3 and NS-

5A of HCV 3-a genotype of Local isolate helps in designing of specific synthetic peptides 

and enhancing therapeutic drugs against HCV disease. It may also use to characterize the 

immune/defensive response against the HCV infection. The determined antigenic regions are 

also of potential importance as ther are useful for the development of the new screening 

methods for HCV infection.  

 

4.3.1 Determined antigenic sites of NS-3 and NS-5A genes 

To determine the antigenic regions of the NS-3 and NS-5A genes of HCV genotype 

3a of local isolate Foldindex software was used. The full sequence of NS-3 and NS-5A genes 

of HCV 3a genotype of local isolate were analyzed for the analysis of the presence of the 

hydrophobic region (unfolded) which is proposed as antigenic region or antigenic sites. 

Figure 4.13 illustrates the antigenic sites determined in the NS-3 gene of HCV of 3a 

genotype of local isolate. Several antigenic regions were observed as shown in figure.  
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Figure: 4.13 Determined antigenic sites of NS-3 gene of HCV 3a genotype  

In figure 4.14 the determined antigenic sites of NS-5A gene of hepatitis C virus 3a genotype 

of local isolate were shown. 

 

Figure: 4.14 Determined antigenic sites of NS-5A gene of HCV 3a genotype  
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Figure: 4.15 Full gene sequence of NS-3 gene indicating (highlighted) specific antigenic site 

NS3.1 
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Figure: 4.16 Full gene sequence of NS-5A gene indicating (highlighted) specific antigenic 

site NS5A.1 

A specific antigenic region NS3.1 and NS5A.1 in both NS-3 and NS-5A HCV genes 

of genotype 3a local isolate were selected (figure 4.15 and 4.16) and amplified. The primers 

of particular selected antigenic region NS3.1 and NS5A.1 were synthesized.  

 

4.3.2 Antigenic site Amplification by using antigenic site specific primers 

In order to clone the antigenic site region into pET28a vector the determined 

antigenic regions NS-3.1 and NS-5A.1 of non -structural genes NS-3 and NS-5A of HCV 3a 

genotype of local isolate were PCR amplified by utilizing the antigenic site specific 

restriction primers. Designed primers for NS3.1 and NS5A.1 specific antigenic site having a 

start codon ATG and specific restriction sites were synthesized. The addition of the start 

codon at 5’ end is to get the expression of the antigenic recombinant clone. Figure 4.17 
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revealed the amplified regions of the specific antigenic site of NS-3 gene. The expected band 

size of NS3.1 was ~ 328 bp which was clearly observed on the agarose gel. In figure 4.17 a 

~747 bp gene band of NS5A.1 antigenic region was observed. This clearly indicates that the 

determined antigenic sites were successfully amplified by the designes set of primers. The 

PCR amplified products were observed onto 2 % agarose gel which is stained with ethidium 

bromide.   

 

 

 

 

 

 

 

 

Figure: 4.17 PCR amplification of antigenic site using antigenic restriction site specific 

primers  

Lane 1: NS3.1 amplified antigenic site (328 bp); lane 2: NS5A.1 amplified antigenic site 

(747 bp); M: 100 bp marker 

 

4.3.3 Cloning of the amplified antigenic sites into the pET 28a vector 

To check the expression of the antigenic recombinant clones of NS-3.1 and NS-5A.1 

genes of HCV 3a genotype of local isolate these amplified antigenic sites were cloned into 

pET28 vector. The antigenic regions were cloned into the pET28a vector as shown in figure 

4.18 and 4.19.  
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Figure: 4.18 pet28 construct of NS3.1 encoding antigenic sites  

 

 

 

 

 

 

 

 

Figure: 4.19 pet28 constructs encoding NS5A.1 antigenic sites  
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4.3.3.1 Construction of the pET28a vector 

The ligation of the amplified antigenic sites NS3.1 and NS5A.1 of HCV NS-3 and 

NS-5A genes was done by the double digestion of the vector and the amplified PCR product 

was required. The vector and genes were digested according to their respective restriction 

sites and were gel purified. The digested products of NS3.1 and NS5A.1 were ligated into the 

pET28a vector. The ligation mixture was transduced into the E.coli To10F’strain. After 

incubation the transformed colonies were selected for the screening of the clones expressing 

the NS3.1 and NS5A.1 antigenic regions of NS-3 and NS-5A HCV 3a genotype genes of 

local isolate.  

 

4.3.3.2 Selection of clones 

4.3.3.2.1 Colony PCR 

To confirm the cloning of the antigenic region into the pET28a vector colony PCR 

was performed. The individual isolated colonies after transformation were selected and 

grown in L-broth supplemented with tetracycline12.4 µg/ml and kanamycin 25mg/ml. After 

24 hours the colonies were directly used for the colony PCR. Results (figure 4.20) indicate 

that selected colonies give positive results for gene specific amplification of NS3.1 antigenic 

site (~ 328 bp). The results were confirmed against the 100 bp DNA ladder 

 

.  

Figure: 4.20 Colony PCR of NS3.1 pet28 clones  

Lane 1-8: NS3.1positive colonies; M 100bp ladder  
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Figure 4.21 depicted that the required NS5A.1 bands (~ 747 bp) were obtained after gene 

specific amplification. The bands were confirmed by using the 1kb DNA ladder. The 

colonies that give the positive colony PCR amplification were further used for the plasmid 

isolation.   

 

 

 

 

 

 

 

 

Figure: 4.21 Colony PCR of NS5A.1 pet28 clone 

Lane: 1-7 NS5A.1 positive colonies; M: 1kb ladder 

4.3.3.2.2 Plasmid PCR 

The colony PCR positive colonies were preceded further for plasmid isolation. The 

positive colonies of respective genes were grown overnight in L broth with tetracycline and 

kanamycin selection. After 24 hours plasmid was isolated and used as template in plasmid 

PCR. Plasmid PCR was done by using the antigenic site specific primers and vector specific 

primers (T7). The results are shown in figure 4.22 reveals that expected bands of NS3.1 

antigenic region was observed on 2 % agarose gel stained with ethidium bromide. The 

approximate amplified band of 600 bp of antigenic region of NS3.1 was observed with vector 

specific primers because this primer was designed from the outer region of the gene of 

interest (figure 4.23).  
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Figure: 4.22 Plasmid PCR of positive NS3.1 colonies (gene specific amplification)  

Lane 1-3: positive NS3.1 amplified antigenic site; M: 100 bp ladder 

 

 

 

 

 

 

 

 

Figure: 4.23 Plasmid PCR of positive NS3.1 colonies (vector specific amplification)  

Lane 1-3: shows positive NS3.1 amplified antigenic site; lane 4: negative control M: 100 bp 

ladder 
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In figure 4.24 the required bands for NS5A.1 were detected on ethidium bromide 

stained 2 % agarose gel. While with vector specific primers an approximate band size of 

1000 bp (figure 4.25) was detected. The results indicate that the desired gene of interest i.e. 

NS3.1 and NS5A.1 were successfully cloned into the pET28a vector. The vector specific 

amplification counterproofs the insertion of NS3.1 and NS5A.1 into the pET28a vector.   

 

 

 

 

 

 

 

Figure: 4.24 Plasmid PCR of positive NS5A.1 colonies (gene specific amplification)  

Lane 1-7: shows positive NS5A.1 amplified antigenic site; M 1 kb ladder 

 

 

 

 

 

 

Figure: 4.25 Plasmid PCR of positive NS5A.1 colonies (vector specific amplification)  

Lane 1-6: shows positive NS5A.1 amplified antigenic site ; M 100 bp ladder 
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4.3.3.2.3 Restriction and digestion analysis 

The antigenic recombinant clones NS3.1-28 and NS5A.1-28 that showed positive 

results for plasmid PCR were further confirmed by restriction and digestion analysis. The 

double digestion of NS3.1-28 clones was done with HindIII and XhoI restriction enzymes. 

The results shown in figure 4.26 confirm the presence of desired gene of interest with the 

vector backbone. The restriction and digestion analysis showed exact product of ~ 328 bp of 

NS3.1 region. Lane 2, 4, 6 showed positively digested NS3.1-28 antigenic recombinant 

clones.  

 

 

 

 

 

 

Figure: 4.26 

Restriction and digestion analysis of pet28 vector expressing NS3.1 antigenic sites 

Lane 1, 3, 5: uncut vectors; Lane 2, 4, 6 positively NS3.1 digested plasmids; M: 100bp 

marker 

Figure 4.27 showed the restriction and digestion analysis of the NS5A.1-28 antigenic 

recombinant clone. NS5A.1-28 was digested with EcoRI and HindIII enzyme which gives the 

required product of ~ 747 bp. The figure shows that lane 4, 6, 8 showed positively digested 

NS5A.1-28 antigenic recombinant vector. These results indicate that the required NS3.1 and 

NS5A.1 antigenic regions were successfully clone into the pET28a vector.      
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Figure: 4.27 Restriction and digestion analysis of pet vector expressing NS5A.1 antigenic site 

Lane 1, 3, 5, 7: uncut plasmids; Lane 4, 6, 8: positively digested plasmids; M 1kb marker  

4.3.3.2.4 Sequencing confirmation 

In order to confirm the precise ligation of the desired region and its correct orientation 

sequencing of the positively digested clones was done. Dye termination sequencing method 

was used on an automated sequencer. The sequencing of the positively digested NS3.1-28 

and NS5A.1-28 vectors was done by using T7 vector specific primer. Figure 4.28 and 4.29 

depicted the sequencing electerpherograms for NS3.1-28 and NS5A.1-28 antigenic 

recombinant clones. The results indicate that the amplified antigenic sites NS3.1 and NS5A.1 

were successfully ligated in correct orientation in pET28a vector. The sequences were 

BLAST and compare with the known sequences of the 3a genotype. The comparison results 

indicate that the cloned antigenic sites of NS-3 and NS-5A genes of HCV genotype -3a of 

Pakistan isolate showed homology with the reported sequences of NS-3 and NS-5A genes of 

HCV.   
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Figure: 4.28 Electropherogram of NS3.1 antigenic recombinant clone 

 

 

Figure: 4.29 Electropherogram of NS5A.1 antigenic recombinant clone 
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4.3.4 Production of antigenic recombinant proteins in Bacterial cells 

 The expression of the NS3.1-28 and NS5A.1-28 antigenic replicons was checked in E. coli 

BL21 ply* bacterial strain. The confirmed antigenic recombinant clones were used for the 

expression studies. To characterize the antigenic recombinant protein the confirmed plasmids 

NS3.1-28 and NS5A.1-28 were transformed into E. coli BL21 ply* strain. Isolated colonies 

were selected to check the expression of the antigenic recombinant vectors. The individual 

colonies were grown overnight in L-broth supplemented with chloramphenicol (34 mg/ml) 

and kanamycin (25 mg/ml). An induction of 0.5 M IPTG was given for fours. The un-

induced culture was used as control. Protein was extracted after induction and samples were 

identified through Western blot by using gene specific as well as vector specific antibodies. 

Results shown in figure 4.30 and 4.31 demonstrated that expected NS3.1 protein of ~ 12 kDa 

was observed with both gene and vector specific antibodies respectively.  

 

 

 

 

 

 

 

 

Figure: 4.30 NS3.1 antigenic recombinant protein expressed in bacterial cells (gene specific 

antibodies) 

Lane 1-4: NS3.1 protein; Lane 4: positive NS3.1; M prestained protein marker  

NS3.1-28 antigenic recombinant clone was expressed in E.coli BL21 strain. The produced 

proteins were detected by using the NS3 gene specific antibodies.  
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Figure: 4.31 NS3.1 antigenic site protein expressed in bacterial cells (vector specific 

antibodies) 

Lane 1-4: NS3.1 protein; M: prestained protein marker 

 

 In figure 4.32 results of NS5A.1 expression was analyzed which showed that approximate 

bands 28kDa with gene specific and vector specific antibodies ( figure 4.33) was detected. 

These results indicate that the amplified antigenic sites of NS3 and NS5A HCV 3a genotype 

gene of local isolate were successfully cloned into bacterial expression vector and expressed 

well in bacterial system. These antigenic recombinant proteins were quite important in the 

screening of HCV infected patients 
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Figure: 4.32 NS5A.1 antigenic site protein expressed in bacterial cells (gene specific) 

Lane 1-3: NS5A.1 antigenic protein  

 

 

 

 

 

 

 

 

Figure: 4.33 NS5A.1 antigenic site protein expressed in bacterial cells (vector specific) 

Lane 1, 2, 4, 6; NS5A.1 antigenic protein; M: prestained protein marker  
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4.4 Relationship of HCV non-structural genes NS-3 and NS-5A with apoptotic p53 

gene 

Apoptosis is the key process to protect a cell in case of any trauma. For a virus to infect a 

cell it must inhibit or prevent the process of apoptosis for a long time to produce progeny 

virions. p53 is  an  important gene in the process of apoptosis or it is said to be the guardian 

gene of the cell. HCV Non-structural gene NS-3 and NS-5A are known to interact with the 

p53 gene in different manners. The interaction of non-structural genes NS-3 and NS-5A of 

HCV genotype 3a local isolate with apoptotic p53 gene was checked. To fulfill this NS-3 and 

NS-5A genes of HCV 3a genotype were amplified with gene specific primers and cloned into 

the mammalian expression vector pcDNA-3.1 and stable cell lines valuably expressing these 

genes of HCV were generated and the relationship of NS-3 and NS-5A gene of local isolate 

with apoptotic p53 gene was studied.   

   

4.4.1 Construction of NS-3 and NS-5A mammalian expression vector 

The non-structural genes NS-3 and NS-5A of HCV genotype 3a local isolate, were 

cloned into the mammalian expression vector pcDNA 3.1 (figure 4.34). pcDNA-3.1 vector is 

a 5.4 kb mammalian expression plasmid which is designed to achieve high-level stable and 

transient expression of proteins. The vector contains the human cytomegalovirus immediate-

early (CMV) promotor that facilitates for higher level mammalian/eukaryotic expression.  

The pcDNA 3.1 vector contain multiple cloning sites (MCS) for efficient cloning and 

neomycin/G418 resistance for the selection of stable cell lines. To clone the NS-3 and NS-5A 

genes into the pcDNA3.1 vector, the amplified genes were double digested with specific 

restriction enzymes and gel purified. The digested eluted products were then ligated into the 

digested vector and transform into the bacterial cells. The NS-3 and NS-5A mammalian 

expression vector constructs were shown in figure 4.35 and 4.36.  
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Figure: 4.34 Map of pcDNA3.1 mammalian expression vector (Adapted from Invitrogen 

User Mannual) 
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Figure: 4.35 pcDNA3.1/ NS-3 Mammalian expression vector of HCV 3a genotype  

 

 

 

 

 

 

 

 

 

Figure: 4.36  pcDNA3.1/ NS-5A Mammalian expression vector of HCV 3a genotype  

 



101 

 

4.4.1.1 PCR amplification of NS-3 and NS-5A gene with restriction site 

specific primers  

For pcDNA3.1 cloning the amplified gene product have specific restriction sites at 

both forward and reverse ends. This is necessary for the ligation of gene into the plasmid in 

accurate orientation. The restriction site specific primers introduce a start codon at the 5’ end 

of NS-3 and NS-5A proposed signal peptide. The NS-3 and NS-5A genes were amplified 

with primers having BamHI and NotI in forward and reverse primers respectively. This will 

generate BamHI site at 5’ end and NotI at 3’ end of the both the genes. Approximate ~ 1956 

bp of NS-3 and ~ 1356 bp of NS-5A genes were expected. 1.2 % agarose gel stained with 

ethidium bromide was used to examine the PCR product. Figure 4.37 depicted the precise 

amplification of NS-3 and NS-5A genes of HCV 3a genotype of local isolate. The expected 

bands of NS-3 and NS-5A of HCV genotype 3a were obtained by utilizing gene specific 

primers. Resulting bands were checked against the 1kb DNA ladder. The required bands 

were gel purified and were used for ligation reaction.   

 

 

 

 

 

 

 

Figure: 4.37 PCR amplification of the NS-3 and NS-5A gene with restriction site gene-

specific primers 

Lane 1: NS-5A (1356); lane 4: NS-3 (1956); M: 1 kb marker 
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4.4.1.2 Ligation of NS-3 and NS-5A genes of HCV into pcDNA3.1 Mammalian 

expression vector  

Prior to ligate the NS-3 and NS-5A genes into the pcDNA vector both the amplified 

genes and vector were digested with specific restriction enzymes. The vector and genes were 

double digested with BamHI and NotI restriction enzymes. The digested products were 

resolved on 0.8 % agarose-gel and required product (bands) was gel excised and purified. 

Figure 4.38 represents the digested pcDNA3.1 vector which was digested with BamHI and 

NotI restriction enzyme.  

 

 

 

 

 

 

 

Figure: 4.38 Double digested pcDNA3.1 mammalian expression vector 

M: 1kb marker; lane: 1, 2 digested pcDNA3.1: Double digestion of pcDNA3.1 vector 

was performed with BamHI and NotI restriction enzymes  

 

The digested purified NS-3 and NS5-A genes (figure 4.39) were then ligated into the 

digested purified pcDNA3.1 vector. The ligation was done in individual reaction tubes. The 

ligation reaction mixture of NS-3 and NS-5A genes was used to transduce E.coli Top10F’ 

competent bacterial cells. The selection was done on L agar plates supplemented with 

tetracycline 12.4µg/ml and ampicillin 100 µg/ml. The individual isolated colonies were then 

used for screening of positive clones that express the HCV 3a genotype NS-3 and NS-5A 

genes of local isolate.  
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Figure: 4.39 Double digested amplified NS-3 and NS-5A gene of HCV 3a genotype  

Lane 1: double digested NS-3 gene; Lane 2: double digested NS-5A gene: M: 1 kb 

marker: Double digestion of NS-3 and NS-5A gene was performed with BamHI and 

NotI restriction enzymes  

 

4.4.2 Selection of clones expressing NS-3 and NS-5A genes of HCV-3a  

Transformed colonies that have taken up the foreign DNA are able to grow on the 

selection plateshaving antibiotics. The isolated bacterial colonies were assumed to have the 

required genes. To check successful cloning of the desired gene of interest the colonies were 

used for PCR amplification of the individual gene. The positive colonies were further used 

for restriction and digestion analysis.   

 

4.4.2.1 Colony PCR of the transformed bacterial cells 

The first step for the screening of positive clones, expressing the NS-3 and NS-5A 

genes of HCV 3a genotype of local isolate, was colony PCR. The isolated E.coli Top10 F’ 

colonies for both the genes were individually inoculated into the L broth with selection 

markers ampicillin and tetracycline.  The isolated transformed bacterial colonies were used 

directly as a template in PCR amplification. The amplification was done using the gene 
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specific (NS-3 and NS-5A) and vector specific (T7 and BGH) primers. The PCR product of 

approximately 1953 bp and 1356 bp in case of gene specific primers and 2.2 kb and 1.6 kb 

with vector specific primers for NS-3 and NS-5A genes respectively was expected. Figure 

4.40 shows the approximate required gene product of 1953 bp with gene specific primers. 

The results as shown in figure 4.41 exhibited that with gene specific primers colonies were 

give positive amplification in case of NS-3 gene while with vector specific (T7) primers four 

bacterial colonies showed positive results. Only those bacterial colonies that give both gene 

specific and vector specific amplification in colony PCR were further proceded. More 

screening was done by using vector speificprimers.    

 

Figure: 4.40 Colony PCR (gene specific) for screening of NS-3 coding mammalian 

expression vector  

Lane: 1-8 shows positive NS-3 encoding clones; M: 1 kb ladder  

Figure: 4.41 Colony PCR (vector specific T7) for screening of NS-3 coding mammalian 

expression vector  

Lane 5, 6, 7, 15: positive NS-3 encoding clones; M: 1 kb ladder  
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In case of NS-5A gene results (figure 4.42) showed that gene specific amplification of 

10 bacterial colonies give positive results while with vector specific amplification (figure 

4.43) explains that 12 bacterial colonies showed positive PCR results. The number of 

colonies varies with each amplification. The presence of required bands for both the genes in 

both the cases evidences the successful cloning of the gene of interest. The slight increased 

band size in case of vector specific primers is because these primers were designed and 

originated from the outer region of required clone gene. The amplified PCR product (NS-3, 

NS-5A) was detected using ethidium bromide stained 1.2 % agarose gel.  The successfully 

cloned bacterial colonies that give positive results of amplification for both the gene specific 

and vector specific primers were preceded further and analyzed for plasmid PCR and 

restriction analysis.  

 

 

 

 

 

 

 

Figure: 4.42 Colony PCR (gene specific) for screening of NS-5A coding mammalian 

expression vector  

Lane 1-10: shows positive NS-5A encoding clones; M: 1 kb ladder  
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Figure: 4.43 Colony PCR (vector specific T7) for screening of NS-5A coding mammalian 

expression vector  

Lane 1-12: positive NS-5A encoding clones; M: 1kb ladder  

4.4.2.2 Confirmation of the plasmid harboring the HCV NS-3 and NS-5A genes 

by plasmid PCR  

The bacterial colonies showing positive PCR amplification were preceded further for 

plasmid PCR. The colony PCR positive colonies that gives both amplification with gene 

specific and vector specific primers were grown overnight in L broth supplemented with 100 

µg/ml and tetracycline 12.4 µg/ml. After 24 hours plasmid was isolated and used as template 

for plasmid PCR reaction. NS-3 and NS-5A gene amplification was done by using the gene 

specific and vector specific primers. The amplified plasmids of both the genes NS-3 and NS-

5A of HCV genotype 3a of local isolate were confirmed through restriction and digestion 

analysis.   

 

4.4.2.3 Restriction and digestion analysis of NS-3 and NS-5A encoding 

pcDNA3.1 Mammalian expression vector 

Another confirmatory method of cloning confirmation was restriction and digestion 

analysis of pcDNA plasmids encoding NS-3 and NS-5A genes of HCV genotype 3a oflocal 

isolate. The plasmids PCR conformed clones were analyzed by doing double digestion using 

BamHI and NotI restriction enzymes. The digested plasmids were resolved on 0.8 % agarose 

gel and observed on UV illuminator. Figure 4.44 reveals the restriction and digestion analysis 

of NS-3 and NS-5A gene of HCV 3a genotype of local isolate encoding pcDNA3.1. Results 
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exhibited the required size bands of NS-3 (~ 1953 bp) and NS-5A (~ 1356 bp) genes with the 

vector backbone of 5.4 kb. After double digestion single required bands of NS-3 and NS-5A 

genes were observed. These results indicate successful cloning of the NS-3 and NS-5A genes 

of HCV 3a genotype of local isolate in pcDNA 3.1 mammalian expression vector.   

 

 

 

 

 

 

 

 

   Figure: 4.44 Restriction and digestion of NS-3 and NS-5A coding Mammalian expression 

vector 

M : 1kb marker ; lane 1, 3, 5, 7, 9 positively digested NS-3 encoding pcDNA plasmids and 

lane 2, 4, 6, 8 uncut NS-3 gene coding plasmids. Lane 10, 12, 14, 16 positively digested NS-

5A coding pcDNA plasmids and lane 11, 13, 15, 17 uncut NS-5A gene coding plasmids  

The p53 clone pcDNA3.1-p53-Myc-His was kindly provided by Dr. Deng (Japan). 

The clone was digested with XhoI restriction enzyme and was analyzed on 0.8 % ethidium 

bromide agarose gel. The results showed that a required band of size ~ 1179 bp was observed 

with a vector backbone of pcDNA3.1 (figure 4.45). 
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Figure: 4.45 Restriction and digestion of p53 coding mammalian expression vector  

Lane: 1-3 uncut p53 plasmids; lane: 4-8 digested p53 plasmids   

4.4.2.4 Sequencing confirmation of the clones expressing NS-3 and NS-5A 

genes of HCV 3a  

Furthermore, positively double digested clones of NS-3 and NS-5A pcDNA3.1 of 

HCV 3a genotype were also confirmed via dye termination sequencing method. The 

sequencing reaction for both the genes was carried out by using the vector specific primers 

T7 and BGH. The sequencing results confirmed not only the precise ligation of the gene of 

interest (NS-3and NS-5A) and also the correct orientation of both the genes for expression in 

pcDNA 3.1 mammalian expression vector. Sequencing of the vectors also confirms the 

presence of the ATG and a stop codon. Figure 4.46 and 4.47 shows the sequencing 

electeropherograms of the NS-3 and NS-5A pcDNA clones. The sequencing 

electeropherograms of NS-3 and NS-5A encoding pcDNA 3.1 depicted the correct reading 

frame of gene of interest. These sequencing results verify that NS-3 and NS-5A encoding 

pcDNA3.1 of HCV 3a genotype of local isolate were used for the transfection of huh 7 cells.  

The sequences of NS-3 and NS-5A were BLAST and compared with the available sequences 

of both the genes of genotype 3a worldwide. 
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Figure: 4.46 Electropherogram of pcDNA3.1/NS3 vector 

 

 

Figure: 4.47 Electropherogram of pcDNA3.1/NS5A vector 

 

4.4.3 Stable cell lines expressing NS-3 and NS-5A genes of HCV 3a 

Advancement in establishing such a system in which HCV replicons replicate 

efficiently is necessary for the study of the disease pathogenesis and prognosis. Such a cell 

culture based system enables a convenient in vitro study of infectious HCV life cycle. The 

objective of the current study is the development of cell-culture based system created on a 

definite/specific molecular clone designed for viral gene expression study. The stable-cell 

line expressing NS-3 and NS-5A genes of HCV-3a genotype of Pakistani isolate were 

generated in order to study the relationship of these genes with apoptotic p53 gene.  

 

4.4.3.1 Linearization of pcDNA3.1/NS-3 and pcDNA3.1/NS-5A  
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The sequenced confirmed clones pcDNA3.1/NS-3 and pcDNA3.1/NS-5A were 

characterized for NS-3 and NS-5A proteins by RT-PCR and western blotting before these 

were used for generation of stable cell lines. The clones that gave the best expression were 

used in further studies. Prior to transfect the Huh 7 cells, the NS-3 and NS-5A encoding 

pcDNA3.1 vectors (pcDNA3.1/NS-3 and pcDNA/NS-5A) were linearized using BglII 

restriction enzyme. BglII (restriction site 12 bp) cuts the pcDNA3.1 at a single unique point 

that is upstream of the CMV promotor and it is not present in the gene of interest. 

Linearization of vector may increase the integration in a way that does not interrupt with the 

other elements necessary for expression. The digestion of empty pcDNA3.1 vector with BglII 

was also done to use as a control as shown in figure 4.48.  Figure 4.49 depicted the BglII 

digested pcDNA3.1/NS3 mammalian expression vector. 

 

 

 

 

 

 

 

Figure: 4.48 pcDNA3.1BglII linearized plasmid 

M : 1kb ladder ; lane 1, 2 : linearized pcDNA3.1  
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Figure: 4.49 pcDNA3.1/NS3 BglII linearized plasmids 

M : 1kb ladder ; lane 1,2 : linearized pcDNA3.1/NS3 

 

 In figure 4.50 pcDNA3.1/NS5A linearized vector was shown. The results indicate 

that the single bands NS-3 and NS-5A vectors were observed. The vectors were digested 

with BglII for 6 hours and resolved on 0.8 % agarose gel. The gel was observed on 

transilluminator and the required bands of NS-3 and NS-5A were eluted and used for 

transfection.  

 

 

 

 

 

 

 

Figure: 4.50 pcDNA3.1/NS5A BglII linearized plasmids 

M : 1kb ladder ; lane 1, 2 : linearized pcDNA3.1  

 

4.4.3.2 Transfection of Huh 7 cells 
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The generated linearized pcDNA3.1/NS-3 and pcDNA3.1/NS-5A sub-genomic 

replicons of HCV 3a genotype of local isolate were transfected into Huh 7 cell human 

hepatoma cells. Lipofectamine method was used for transfection because it gives high 

efficiency of transfection in a broad range of mammalian cells. After 96 hours of transfection 

selection of Geneticin (G418 sulfate) at a concentration of 1 mg/ml was given. Geneticin or 

neomycin inhibits the protein synthesis by irreversible binding with 80S ribosomal subunit. 

G418 is an aminoglycoside antibiotic. The resistance to G418 is due to the presence of the 

kan/neo gene which an aminoglycoside - 3’- phospho transferase which inactivates Geneticin 

(G418) by carrying out phosphorylation. The initial selection of 1 mg G418/ml was given for 

about one month. Most of huh-7 cells were incapable of developing resistance against drug, 

G418. Individual isolated colonies that resist G418 were selected and individually amplified 

as respective cell lines for each gene. After growing individually the concentration of G418 

was reduced to 500 µg/ml. The growth rate of individual cells was variable. Some of the 

isolated clones showed slight high growth rate as compared to other ones. The resistance to 

G418 may indicate the integration of the sub genomic replicon into the transfected huh 7 

cells. The huh 7 cells stably expressing NS-3 and NS-5A genes of HCV genotype 3a of local 

isolate were confirmed and used for further studies.    

 

4.4.3.3 Characterization of NS-3 and NS-5A proteins in huh-7 cell line 

harboring HCV sub-genomic replicon 

The confirmation of generated stable cell line for NS-3 and NS-5A expression was done at 

RNA and protein level.    

 

4.4.3.3.1 Detection of HCV sub-genomic replicon through Reverse 

transcriptase PCR (RT-PCR) 

To confirm the G418 resistant stable Huh 7 cells expressing NS-3 and NS-5A genes, 

total RNA from individually grown cell lines of particular genes was extracted. By using 

individual gene specific primers for NS-3 and NS-5A, the respective RNA of both genes was 

reverse transcribed by RT PCR into cDNA by utilizing MML-V. Untransfected Huh 7 cells 

were kept as negative (-ve) control. The transcribed cDNA was treated as a template for PCR 

reaction. Individual RT PCR reaction was accomplished using relevant individual gene 
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specific primers for NS-3 and NS-5A HCV genes of corresponding cDNA. Figure 4.51 

illustrates that the RNA extracted from the transfected huh 7 cells gives the positive RT PCR 

results for NS-3 gene of HCV genotype 3a from Pakistani isolate. The approximate band of 

NS-3 (~ 1953 bp) was observed in comparison of the control huh 7 cells.  

 

 

 

 

 

 

 

 

 

Figure: 4.51 NS-3 producing cell lines characterized by RT PCR  

M showing 1 kb ladder ; Lane 1 and 3 : NS-3 gene ; lane 2 and 4 : negative control (huh 7) ; 

lane 5 : -ve control  

In figure 4.52 the required NS-5A (~ 1356 bp) band as compared to control was seen. 

This indicates that viral sub-genomic transcripts were successfully integrated into the 

genome of the cells. The positive RT PCR results for NS-3 and NS-5A genes were possibly 

obtained only when viral RNA is present which is reverse transcribed into the respective 

HCV nonstructural genes NS-3 and NS-5A by using the respective gene specific primers.   
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Figure: 4.52 NS-5A producing cell lines characterize by RT PCR  

M showing 1kb ladder : Lane 1, 2 : negative control (huh 7) : Lane 3, 4, 5 : NS-5A gene ;  

lane 6 : -ve control  

4.4.3.3.2 Detection of NS-3 and N-S5A proteins by Western blotting 

 

To confirm the NS-3 and NS-5A gene expression of HCV 3a genotype of local isolate 

in stably expressing Huh 7 cell lines, the total protein was extracted from individually 

transfected (NS-3, NS-5A) Huh 7 cells. The protein expression was checked for individual 

sub genomic clones of NS-3 and NS-5A genes of HCV 3a genotype. The protein was 

detected by using the mouse monoclonal antibodies specific for NS-3 and NS-5A HCV 

proteins. Figure 4.53 illustrates the western blot analysis of NS-3 expression showing 

specific bands for NS-3 protein at approximate size of ~ 68-70 kDa. Out of five individually 

selected cell lines for HCV NS-3 expression three will give the positive results of expected 

protein size. The failure of two cell lines to give positive result may be due to selection of 

false colonies. Untransfected Huh 7 cells, were served as negative (-ve) control and no 

protein band was seen on membrane.  
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Figure: 4.53 Analysis of NS-3 protein extracted from stable cell line through western blotting 

Western Blot of NS-3 protein, detected with NS-3 specific antibodies. Lane 1-5 : HCV 3a 

NS-3 protein expressing huh 7 stable cell line ; Lane 6 -7 : huh 7 (negative control) ; M 

showing prestained protein marker  

In figure 4.54 the western blot analysis showed the specific bands for NS-5A at 

expected size of ~ 56-58 kDa was observed. Four selected cell lines of NS-5A gave the 

positive result as compared to untransfected huh 7 cells used as negative control. One of the 

selected cell line of NS5A show more valuable expression as compared to others. The data 

showed that one of the cell lines showed slight variable electrophoretic mobility as compared 

to others. The results were observed against the prestained protein ladder. All the experiment 

was done in triplicates.  

 

 

 

 

 

 

 

Figure: 4.54 Analysis of NS-5A protein extracted from stable cell lines through western 

blotting 
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Western blot of NS-5A protein, detected with NS-5A specific antibodies. Lane 1 : Huh-7 

cells (negative control) ; Lane 2 -5 : HCV NS-5A protein expressing huh 7 stable cell line ; 

M prestained protein marker   

For both the NS-3 and NS-5a genes of HCV 3a genotype of local isolate, stably 

expressing huh 7 cells lines that gives the efficient and valuable expression were selected and 

used in further experimental work.   

4.4.3.3.3 Sub-cellular localization pattern of NS-3 and NS-5A proteins 

The direct visualization of NS-3 and NS-5A HCV genotype 3a proteins of loca isolate 

produced by the huh 7 cells harboring the HCV sub genomic replicons was done by 

immunofluorescence assay. Gene specific antibodies against HCV NS-3 and NS-5A were 

used for immunostaining. Counterstaining with DAP-I was also performed to check the 

viability of the cells. Results shown in figure 4.55 a & b demonstrated that NS-3 stably 

expressing huh 7 cells indicate presence of protein in the cytoplasm of transfected huh 7 

cells. The results revealed that the cells are alive and some leaky expression was also seen 

because some of the protein was also detected on the surface of the cells. In case of NS-5A 

gene similar results were obtained. The figure 4.55 (a & b) depicted the presence of protein 

in the cytoplasm with some leaky expression. As the work was done in triplicates for both the 

genes no variation in morphology of the cells was detected while a slight variation in growth 

rate was observed. Two different stable cell lines valuably expressing HCV NS-3 and NS-5A 

proteins were selected and analyzed by immunostaining. The results confirms the protein 

expression in both cell lines and also confrms the viability of the huh 7 cells.   
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Figure: 4.55 (a) Immunofluorescence assay 
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Figure: 4.55 (b) Immunofluorescence assay 

a) Shows immunostaining of huh 7 cell line 1 expressing NS-3 andNS-5A gene of 

HCV 3a genotype. 

b)  b) Shows immunostaining of huh 7 cell line 2 expressing NS-3 andNS-5A gene of 

HCV 3a genotype. 

. 

The protein expressions of NS-3 and NS-5A genes were checked by immunofluorescence 

assay. Stable cell lines (huh 7 cell line 1 & 2) expressing NS-3 and NS-5A genes of HCV-3a 

were grown on cover slips. After 24 hours cells were fixed with p-formaldehyde and blocked 

with 1% donkey serum. The cells were then incubated in primary antibody against the 

specific protein individually and visualized with Donkey anti mouse (IgG) secondary 

antibody FITC conjugated and observed under microscope. 
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4.4.3.4 Interaction of NS-3 and NS5-A with p53 apoptotic protein  

p53 is known to be the guardian gene of the cell and is a main component of  the 

process of apoptosis. The relationship of NS-3 and NS-5A with the p53 (apoptotic) gene was 

reported for different genotypes of HCV. To check the hypothesis that NS-3 and NS-5A gene 

of HCV genotype 3a from local isolate may influence the p53 activity, in this study the 

relationship of the NS-3 and NS-5A genes of HCV genotype- 3a of local isolate with 

apoptotic p53 gene/protein was checked. Expression of p53 was confirmed through western 

blotting by using p53 specific antibodies. Figure 4.56 depicted the expression of p53 gene in 

huh 7 cell lines. Approximate protein of 56-58 kDa was observed by immunoblotting. Ater 

obtaining expression of p53 gene, the proposed influence or relationship with HCV NS-3 and 

NS-5A genes was checked. The generated stable cell lines harboring the HCV sub genomic 

replicons NS-3 and NS-5A of 3a genotype of local isolate were used to study the possible 

interaction of these genes with p53 gene. The p53 expressing vector pcDNA3.1/myc-his/p53 

was co transfected with stably expressing NS-3 and NS-5A huh 7 cell lines of genotype 3a of 

Pakistani isolate. The results as shown in figure 4.56 described that the expected protein of 

p53 in huh-7 cells was observed with slight high expression in comparison with the co-

transfected HCV NS-3 and NS-5A harboring cells. The p53 expressing cells show a high 

intensity or valuable protein (lane 1 figure 4.57) as compared to HCV NS-3 and NS-5A gene 

co-transfected cell lines because the protein in co-transfected cells is of low intensity in 

comparison of p53 protein. These results suggest that the HCV nonstructural genes NS-3 and 

NS-5A of 3a genotype of local isolate may interact with p53 gene/protein physically, 

functionally or structurally and may sequester function of p53 protein as in case of our results 

low expression of p53 was observed in case of NS-3 and NS-5A cells co-transfected with 

p53 (figure 4.57 lane 2 and 4).  The protein was detected by using the p53 specific 

antibodies. Consistent results were obtained as the work was done in triplicates.  

 

Similar results were obtained when huh 7 cells transfected with high titre HCV 3a 

genotype infected serum were co-transfected with p53 clone a suppression in p53 expression 

was observed as compared to huh 7 un transfected cells (figure 4.58).  A reproducible protein 

expression of p53 was observed (lane 4) while in case of HCV serum sample transfected 

cells a down regulation in p53 gene expression was seen (lane 1, 2, 3). Figure 4.58 shows the 
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blot analysis of interaction of p53 protein with the HCV proteins from which we presumed 

that p53 expression was inhibited by the viral proteins not only when they are expressed as 

individual proteins (NS-3 and NS-5A) or as a whole virus.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 4.56 Analysis of p53 protein in huh 7 cells by western blotting 

 

M show showing prestained marker ; lane 1 and lane 2 shows p53 protein extracted 

from huh 7 cells.  
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Figure: 4.57 Study of interaction of NS-3 and NS-5A proteins with p53 

M showing prestained protein marker ; LANE 1: p53 protein, LANE 2 : p53+NS-5A, LANE 

3 : NS-5A, LANE 4 : p53+NS-3, LANE 5 : NS-3, LANE 6 : Huh-7(-ve control). The blot 

was developed using p53 antibody. 

 

 

 

 

 

 

Figure: 4.58 Study of interaction of p53 protein with HCV proteins  

M showing prestained protein marker ; LANE 1 : huh 7 cells transfected with HCV serum 1 

and p53, LANE 2 : huh 7 cells transfected with HCV serum 2 and p53, LANE 3 : huh 7 cells 

transfected with HCV serum 3 and p53, LANE 4 : p53 transfected huh 7 cells, LANE 5 : 

Huh-7 (-ve control). The blot was developed using p53 antibody. 
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DISCUSSION 

Viral diseases are emerging vigorously as new cases of infected patients are reported 

as the time passes. Along with other infectious diseases caused by microorganism like 

bacteria, fungus etc. viral infections are also posing a serious threat to human life. For the 

safety of mankind the development of new regimens against different infectious diseases is a 

basic need of the day (Nizet and Esko, 2009).  

Hepatitis, a pronounced liver disease, is described as the inflamed liver is mainly 

caused by the pathogenic viral strains. Mainly five viral strains are etiologically known to 

cause hepatitis: Hepatitis A Virus, Hepatitis B Virus, Hepatitis C virus, Hepatitis D virus, 

Hepatitis E Virus. Among all hepatitis conditions Hepatitis C is most prevalent worldwide 

and currently is considered as a main health problem as it affects 3 % of world population 

and it is accounted to be a second foremost cause of viral hepatitis (Sharma, 2010; 

Rajalakshmy et al., 2014). According to Idrees et al (2008) 8-10 % of the Pakistani 

population is known to be affected by this highly pathogenic viral strain.  

Concerning the management of many infectious diseases, a vaccine is considered to 

be an effective means of care for most of infectious diseases like measles, tuberculosis, 

rubella, chicken pox etc.; subsequently there is also a need of the day to develop these 

regimes to control this killing disease all around the world. Vaccines for hepatitis type A and 

hepatitis type B are available but this preventive measurement for hepatitis C viral infection 

remains elusive. The ample research regarding the development of an effective vaccine is 

underway and shows encouraging pre- clinical trials (Foote et al., 2011; Doyle et al., 2013; 

Liang, 2013; Verma et al., 2014). In today’s light the standard care for the handling of this 

silent disease is the use of pegylated interferon in combination with ribavirin (Cooper et al., 

1999; Bigger et al., 2001& 2004; Blight et al., 2002) additionally usage of triple therapy 

(pegylated interferon plus ribavirin plus a protease inhibitor) was also reported in some 

patients. But it is also not very effective because various adverse effects were observed along 

with a 50% serological viral response obtained in patients, so the development of novel 

therapeutic approaches and vaccine development on urgent basis is required (Shindo et al., 

2012; Larousse et al., 2014). 
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With the development of Directly Acting Antivirals (DAAs) the current therapeutic 

strategies are improved as they are mainly designed to inhibit the viral particles. Currently 

several DAAs are well-known that functions to inhibit the protease (NS3), NS5A protein, 

RNA dependent RNA polymerase (NS5B) of HCV (Troke et al., 2012). The clinical data 

regarding the treatment utilizing these DAAs (telaprevir, boceprevir, etc.) gives promising 

results. But there are still some tasks that should be faced in order to decrease the morbidity 

and mortality rate related to HCV (Hezode et al., 2009; Susser et al., 2009; Kwo et al., 

2010). Along with DAAs an effective vaccine for HCV should be there for the safety of 

humans from this silent killer (Doyle et al., 2013; Liang, 2013; Verma et al., 2014).   

HCV encodes two types of proteins: structural and non- structural proteins all of 

which are required for viral replication and pathogenesis (Watashi and Shimotohno, 2007; 

Kanda et al., 2010). Targeting any of these proteins is quite effective in designing new 

therapeutic drugs and vaccines for control of HCV therefore; HCV non- structural genes NS3 

and NS5A are emerging targets for HCV drug designing (Pockros, 2010; Jazwinski and 

Muir, 2011). NS3 is an effective target because it is mainly involved in the processing of 

precursor HCV polyprotein. Moreover it is also known to interact with various host cellular 

pathways (Poordad et al., 2011). NS5A also plays an important role in viral replication and 

might be a striking target for new therapeutic drug designing. Effective molecules that target 

these HCV genes are now available that show a greater SVR and more concomitant decrease 

of HCV infection (Nakamoto et al., 2014).    

The current study reports the establishment of such a system that harbors the HCV 

sub genomic replicons NS-3 and NS-5A of 3a genotype of local isolate. This is the first study 

reporting HCV based cell culture model system from Pakistan which enables the functional 

analysis of the NS-3 and NS-5A genes of HCV. In this thesis the possible relationship of the 

HCV non- structural genes of 3 a genotype of local isolate with the apoptotic p53 gene was 

analyzed.  

In order to study the relationship of HCV non- structural genes with the p53 gene, 

chronically HCV infected patient was selected that is positive only for hepatitis C and 

negative for hepatitis B surface antigen. The HCV non- structural proteins encoding cDNA 
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was prepared from the serum sample of the HCV genotype 3a infected patients from local 

popoulation. In order to amplify the NS-3 and NS-5A genes of HCV 3a genotype of local 

isolate the primer sets were designed on the basis of the available data. The amplified gene 

products of proposed sizes were obtained for both the NS-3 and NS-5A genes i.e. ~ 1953 bp 

and ~ 1356 bp respectively. The required gene products were gel purified and cloned into the 

TA vector. The sequencing of the successfully amplified genes NS-3 and NS-5A was done in 

order to analyze the percentage nucleotide identities (PNI). The gene sequences were 

accessible on Genebank database with accession numbers JX679463, JX679464 and 

JX679462. The sequences of the local HCV genes were then compared with the 

internationally reported ones to analyze the PNI. HCV is genetically a diverse pathogenic 

strain and this genetic variation is a key parameter in disease virulence furthermore the 

sequence variability among HCV is also significantly related to hepatocellular carcinoma 

development and manifestation of disease progression (Vallet et al., 2007; Wang et al., 2007; 

Donlin et al., 2014). 

The regimens for the HCV infection mainly involved the early diagnosis of HCV 

infection. The quantification of HCV antigens (Ag) has been used for HCV detection which 

serves as a substitute to viral load estimation (Florea et al., 2014). The determination of 

appropriate antigenic site or epitope region is a prerequisite for the development of 

diagnostic approaches, medicines, and therapeutic drugs (Rechkina et al., 2006). To improve 

the routinely used diagnostic procedures for HCV infection and to thwart the spread of this 

prevailing infection in local population, in this study we determine the immunogenic or 

antigenic regions within the HCV non-structural genes (NS-3 and NS-5A). The determined 

antigenic regions are of high significance as these are implemented in ELISA based 

diagnostics tests for HCV infection which gives more reliable and less false positive results. 

The generated recombinant proteins are used to develop screening assays for HCV infection 

and to develop certain vaccines against HCV. The available data also showed that the 

immunogenic region within the HCV genes is valuable to establish new screening techniques 

and development of new therapeutic drugs (Rechkina et al., 2006; Bian et al., 2014; Florea et 

al., 2014). Moreover these results are also beneficial to analyze the genetic variability within 
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the HCV non-structural genes (NS-3 and NS-5A) of local isolate which is significant in HCV 

treatment through modeling of the HCV recombinant antigenic proteins.  

Certain HCV proteins are known to be associated with cellular proteins where they 

control the host mechanisms like apoptosis (Kasprzak and Adamek, 2008). The non- 

structural proteins of HCV NS3 and NS5A are quite important regarding their functional 

aspect. NS3 functions as a viral helicase and protease while NS5A performs its role in viral 

replicase complex and resistance to interferon (Preciado et al., 2014). Different studies 

reported that certain molecular forms, their localization patterns and specific domains of 

HCV proteins are responsible to impart their oncogenic property by influencing host cellular 

mechanisms (Kasprzak and Adamek, 2008; Kasprzak et al., 2009). HCV chronic infection is 

a main risk factor associated with the development of hepatocellular carcinoma (HCC) 

(Koike et al., 2008) which is mainly related with the interaction of viral oncogenic proteins 

and host factors controlling cellular apoptosis consequently these interactions are shown to 

inhibit certain protective mechanisms which brings about the development of hepatocellular 

carcinoma (Kasprzak and Adamek, 2008).    

 The main obstacle in designing new drugs and vaccines is the lack of a robust culture 

system (Bartenschlager and Lohmann, 2001; Bigger et al., 2001; Lohmann et al., 2003) for 

the study of viral replication and host to pathogen interaction that is important regarding 

disease progression and pathogenesis (Kato et al., 2006; Butt et al., 2011).  Now a days this 

hindrance was overwhelmed with advancement in research and development with the 

establishment of efficiently replicating cell culture systems derived from different genotypes 

of HCV (Wakita and Kato, 2006). These cell culture systems are beneficial because they 

capably allow the viral replication specifically based on human hepatoma cell lines harboring 

HCV sub genomic replicons for the reason that they competently exhibit sustained viral 

genes replication in human cell lines cytoplasm (Blight et al., 2000; Hu et al., 2005; 

Gottwein et al., 2013). The study of viral replication and host interactions is a prerequisite in 

designing new approaches for development of advanced regimens and therapeutics 

(Bartenschlager and Pietschmann, 2005).  
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 Many scientists conducted numerous researches on HCV life cycle and its progression all 

around the world (Lindenbach and Rice, 2005; Karmochkine
 
et al., 2006; Chen and Wang, 

2007; Lemon et al., 2007) but due to high HCV genomic variability locally and globally 

these current models are not much reliable to study the contribution of HCV proteins in this 

killing disease progression (Lohmann et al., 1999). The generation of Huh 7 cell lines 

expressing individual genes of HCV is quite helpful in elucidating their role in disease 

pathogenesis and designing new antivirals against HCV (Sainz et al., 2009; Zekri et al., 

2009). Cell culture system expressing different genotypes of HCV i.e. 1a, 1b, 2a, 3a are 

reported (Kato et al., 2006; Paulson, 2010).  

 

 Keeping this in view the stable cell lines using liver human hepatoma cell lines, huh 7, 

valuably expressing non- structural 3 (NS-3) and non - structural 5A (NS-5A) genes of HCV 

3a genotype from local Pakistani isolate were generated. For this purpose primers were 

specifically designed for the cloning of NS-3 and NS-5A genes of HCV into the mammalian 

expression vector pcDNA 3.1. At 5’ end of the proposed signal peptide a start codon was 

artificially introduced in order to express the NS-3 and NS-5A genes into the mammalian cell 

lines. NS-3 and NS-5A genes were amplified by using these restriction primers and then 

cloned into the pcDNA3.1 vector. The constructed recombinant mammalian expression 

vectors (clones) pcDNA3.1/NS-3 and pcDNA3.1/NS-5A expressing full length genes were 

transfected into huh 7 cell lines under the selection of G418. There is no consistent 

morphological change and growth rate change of cells was seen. Prior to the development of 

stable cell lines expressing NS-3 and NS-5A genes of HCV 3a genotype from local isolate 

the functional aspect of each clones was checked in huh 7 cell lines.   

 

The formation of RNAs of exact size is considered as an essential norm for the 

confirmation of the functional clone (Lohmann et al., 1999; Blight et al., 2000; Minakuchi et 

al., 2002). In vitro expression of HCV RNA was checked in huh 7 cell lines. The total RNA 

was extracted from the transfected Huh 7 cell lines expressing HCV non-structural genes. 

mRNA was reverse transcribed into cDNA using gene specific primers. The RNA expression 

was analyzed using Reverse transcriptase PCR. The PCR amplification of ~ 1953 bp and ~ 
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1356 bp of expected sizes for NS-3 and NS-5A genes of HCV 3a genotype of local isolate 

were observed.  

To check the protein expression of stable huh 7 cell lines harboring the HCV NS-3 

and NS-5A genes of genotype 3a of loca isolate western blotting was performed. The western 

blot analysis revealed the reproducible protein expression for both the non- structural HCV 

genes (NS-3 and NS-5A) of genotype 3a of local isolate in the generated huh 7 stable cell 

lines and can be used for in vitro studies. Anti NS-3 and NS-5A antibodies were used to 

check the protein expression. The expressed NS-3 protein showed a molecular mass of ~ 68-

70 KDa while NS-5A showed ~58 kDa. The protein expression results for NS-3 and NS-5A 

are in accordance with the previously published data (Hijikata et al., 1993; Manabe et al., 

1994; Tanji et al., 1995; Ide et al., 1996; Moradpour et al., 1998; Polyak et al., 1999; 

Kasprzak and Adamek, 2008; Morikawa et al., 2011). This data indicate that the HCV non – 

structural proteins (NS-3 and NS-5A) were efficiently and valuably expressed in the 

developed huh 7 cell lines.  

The immunostaining analysis showed that NS-3 and NS-5A proteins were mainly 

detected in the cytoplasm surrounding the nucleus and on the surface of the transfected cells. 

This immunostaining study confirms the former studies in which the in vivo and cell cultured  

protein expression of NS-3 and NS-5A was also observed in the cytoplasm of the HCV 

infected hepatycytes (Hijikata et al., 1993; Pawlotsky and Germanidis, 1999; Lan et al., 

2002; Kasprzak and Adamek, 2008). The immunofluorescence results are also significant 

because they also give an understanding of the localization pattern and detection of these 

proteins in infected cells and tissues in diagnosis and clinical management of this silent 

disease furthermore in elucidating the viral pathological mechanisms (Liao et al., 2011). 

The current study is novel in sense as no such data on NS-3 and NS-5A genes of 

HCV local 3a genotype is present till now although Butt et al (2011) reported generation of 

stable huh 7 cell lines expressing HCV structural (C, E1, E2) and non- structural (NS2) genes 

of genotype 3a from local isolate. Additionally Shahid et al (2013) also established stable 

cell lines effectively expressing non- structural genes of HCV genotype 1a. Similarly Asad et 

al (2012) also demonstrated the infection of huh 7 cell lines with the HCV 3a genotype. 
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Moreover some other studies also revealed the development of HCV replicon based cell 

culture system which serves as a tool to have a more comprehensive aspect regarding HCV 

replication and host cell interaction studies (Pietschmann et al., 2001; Feigelstock et al., 

2010; Robinson et al., 2010).  

The developed huh 7 cell culture system based on NS-3 and NS-5A genes of HCV 3a 

genotype of local isolate enables the screening of anti HCV antibodies against HCV proteins 

in patients infected with this silent killer likewise to characterize and analyze the potential 

binding of the antivirals molecules against 3a genotype of HCV with the HCV non - 

structural proteins (Bassett et al., 2001; Robinson et al., 2010). Taken together, these stable 

cell lines expressing the HCV non – structural genes of 3a genotype from paksitani isolate 

presented to be a competent model for HCV therapeutic studies that open an insight in 

exposing new factors involve in HCV life cycle and host cellular factors that might be used 

in designing new regimens for HCV therapy.  

Apoptosis is the foremost mechanism of protection against a pathogen infection 

which is carried out by several cellular mechanisms. Many of the viruses are known to inhibit 

the process of programmed cell death (PCD) e.g. HCV encoded proteins are well-known to 

thwart the apoptotic pathways (Wyzewski et al., 2014). A relationship of the apoptotic and 

other cell cycle proteins with the various viral proteins is profoundly known (Kasprzak et al., 

2009).  

Apoptosis is the well described process in which p53, a guardian gene, plays the 

central role (Lan et al., 2002; Amaral et al., 2010). The key function of p53 strongly depends 

on the microenvironment of the cell moreover the cell death and survival is dependent on the 

stress stimuli (Amaral et al., 2010). Any mutation in p53 gene as well as alteration in p53 

function may account for the development of the cancers as 90 % of the primary liver cancers 

may advance towards the development of hepatocellular carcinoma due to the inactivation of 

the p53 gene (Lan et al., 2002) furthermore 30-60 % of hepatocellular carcinoma developed 

patients experience alterations in p53 gene (Anzola and Burgos, 2003). p53 may serve as an 

ideal target for designing new regimes against the HCV infection.  The newly designed 

molecules or peptides which are able to modulate the function of wild or mutated p53 protein 

http://aac.asm.org/search?author1=Margaret+Robinson&sortspec=date&submit=Submit
file:///D:/AppData/OneClickSearch.do
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are now being introduced in HCV infected patients. It is a thoughtful approach for the cure of 

this silent disease by using these molecules along with the standard HCV therapies (Amaral 

et al., 2010). 

The inactivation of p53 protein is crucial for the development of cancer and many 

reported viral proteins are known to interact with p53 and suppress its functioning (Scheffner 

et al., 1992; Wang et al., 1994, 1995; Dobner et al., 1996; Muralidhar et al., 1996; Elmore et 

al., 1997; Mulloy et al., 1998; Pise-Masison et al., 1998; Prost et al., 1998; Sheppard et al., 

1999). NS3 serine protease and NS5A HCV proteins both are reported to interact with this 

guardian gene, p53 and the cellular proteins that enable the modulation of the host cellular 

environment (Qadri et al., 1992; Kwun et al., 2001; Tellinghuisen et al., 2008 (A); 

Liefhebber et al., 2010; Ashfaq et al., 2011; Yang et al., 2011; Cheng et al., 2013). 

Keeping this hypothesis in view that HCV proteins (NS3 and NS5A) are able to 

interact with the apoptotic p53 protein, in the current study we investigate the possible 

relationship of NS-3 and NS-5A genes of HCV of local 3a genotype from Pakistani isolate 

with the p53 protein. The established stable cell lines harboring NS-3 and NS-5A genes of 

HCV 3a of local isolate genotype were co transfected with p53. The protein expression was 

analyzed through western blotting by using p53 specific antibodies. Huh 7 un-transfected 

cells were used as control. The results of western blotting indicate that the p53 expression 

was down regulated in the huh 7 cell lines harboring the HCV NS-3 and NS-5A genes of 3a 

genotype as compared to the control p53 huh 7 cells. The protein expression was compared 

in experimental and control cells which showed that the protein concentration/expression was 

high in control huh 7 cells in comparison to the HCV genes NS-3 and NS-5A expressing huh 

7 cells from local isolate.  

Similar results were obtained when the huh 7 cell lines were co-transfected with p53 

and high titer HCV infected serum sample as related to control p53 huh 7 cells. The protein 

expression of p53 was low in HCV transfected cells while a strong reproducible protein 

expression was observed in case of p53 transfected huh 7 cells. This suppression of p53 

protein in presence of the HCV genes might be due to the sequestration of the p53 protein. 

As clearly seen in immunofluorescence results, which indicate that the NS-3 and NS-5A 
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proteins are mainly localized into the cytoplasm, so it might be speculate that HCV proteins 

may inhibit the p53 activity by interacting with it in the cytoplasm and rendering its apoptotic 

function. The reduction in p53 gene expression might also be co-related with that the viral 

proteins might abrogate the p53 gene because of HCV NS-3 and NS-5A physical gene 

interaction with p53 gene which eventually results in decrease p53 expression. The exact 

mechanism lining behind the p53 inactivation by the NS-3 and NS-5A HCV 3a proteins is 

clearly unknown but in this study we demonstrate the interaction or binding of full length 

NS-3 and NS-5A of HCV genotype 3a of local isolate with p53 proteins. Our results are 

consistent to the previously published ones as the interaction of NS3 and NS5A genes of 

genotype 1 with p53 was also examined, (Majumder et al., 2001), and the complex formation 

between the apoptotic p53 protein with the HCV NS3 and NS5A proteins has been validated 

(Majumder et al., 2001; Lan et al., 2002; Kasprzak and Adamek, 2008 ). According to Lan et 

al (2002) the HCV genes might thwart the p53 mediated apoptosis, consequently it might be 

confirmed that the NS-3 and NS-5A of HCV 3a genotype of local Pakistani isolate may 

cooperate with the apoptotic p53 protein and ultimately results is inhibition of p53 mediated 

apoptosis in HCV infected patients (Lan et al., 2002). The suppression in p53 expression by 

the HCV infected serum sample also counter proofs the relationship of NS-3 and NS-5A 

genes of HCV 3a genotype of local isolate with the apoptotic p53 gene. Likewise Jahan et al 

(2013) reported that core protein of HCV 3a genotype also involved in inhibition p53 gene 

expression.  

By considering all these results it is suggested that this inhibition of p53 mediated 

apoptosis by the HCV NS-3 and NS-5A genes of genotype 3a from local isolate might cause 

the genomic instability in hepatocytes. As a consequence this physical or functional 

inactivation of the p53 gene by the HCV NS-3 and NS-5A genes might play a crucial role in 

the development of hepatocellular carcinoma. Former reports also indicated that the normal 

function of this apoptotic protein, p53, is altered by the viral proteins (Deng et al., 2006; 

Amaral et al., 2010) which might play a substantial role in hepatocarcinogenesis (Bressac et 

al., 1990). The present results might highlight the interaction of HCV NS-3 and NS-5A genes 

with p53 gene but further studies are necessary to elucidate the detailed mechanism 

underlying these interactions. 
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It is endorsed that p53 is valuable in HCV diagnosis and treatment strategies, and serves 

as an ideal target in designing new anti-cancer compounds for genotype 3a. It is noteworthy 

that the HCV non -structural proteins are pivotal for viral replication and pathogenesis. The 

established cell culture model system harboring HCV non – structural genes of 3a genotype 

from local isolate is of high interest because it is used for understanding viral life cycle and 

its interaction with host cellular factors. Furthermore this in vitro model can be used for 

designing new peptides, molecules and vaccines against the viral proteins additionally also 

against the apoptotic p53 protein either wild type or mutated one. It is also favorable as it 

allows the direct anti-HCV activity analysis for 3a genotype thus making it a valuable tool in 

new drug discovery and their effective antiviral dose optimization. This enhances the current 

clinical regimens for genotype specific HCV infected patients by utilizing newly synthesized 

molecules along with the regularly used therapeutic strategies.   
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CONCLUSION 

In conclusion, the current study is novel as it is based on the HCV 3a genotype from 

local isolate. Previously no such study in Pakistan on analysis of relationship between the 

HCV genes (NS-3 and NS-5A) genotype 3a from local isolate and apoptotic p53 gene in 

a culture model system has been implemented. In the current study we first time propose 

the probable interaction of NS-3 and NS-5A genes of 3a genotype of HCV from Pakistani 

isolate for regulating the certain genes involved in HCV pathogenesis which describes the 

mechanism involved in HCV progression by regulating cellular genes like p53 which 

may result in an abnormal cell growth leading to hepatocellular carcinoma. In 

comparison to previous studies our findings enhances the already prevailing facts. The 

gene expression and interaction studies of HCV 3a genotype of local isolate gives an 

insight of some processes involved in HCV pathology along with the host gene 

expression altered by the viral genes at protein level provides a better understanding of 

HCV pathogenesis. Furthermore the generated model is suitable for screening of 

antibodies against non - structural genes of HCV 3a genotype to study immune response 

in HCV patients. Taking all these outcomes together, it is recommended that to improve 

the therapeutic approaches against HCV the current findings are valuable in screening of 

new antivirals not only against HCV local 3a genotype but also for other existing 

genotypes worldwide.  
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S U M M A R Y

Background: Hepatitis C virus (HCV) is the causative agent of chronic liver diseases, which usually lead to

liver fibrosis, liver cirrhosis, and hepatocellular carcinoma (HCC). Among the non-structural genes of

HCV, NS3 and NS5A play important roles in apoptosis. The NS3 and NS5A genes of HCV interact with the

p53 tumor suppressor gene differentially. The objective of this study was to analyze the interaction of

NS3 and NS5A genes of HCV genotype 3a with the p53 gene, subgenomic HCV replicons harboring NS3

and NS5A genes.

Methods: Huh-7 cell lines stably expressing NS3 and NS5A genes were generated. The stable cell lines

were confirmed by Western blot, reverse transcriptase PCR, and immunofluorescence assay. HCV NS3-

and NS5A-expressing cell lines were transfected with p53-expressing clone.

Results: NS3 and NS5A both interact with p53 by down-regulating the expression of the p53 gene. In

HCV subgenomic harboring cells, the interaction of NS3 and NS5A with p53 was observed consistently.

The suppression of p53 gene expression by NS3 and NS5A was observed significantly as compared with

NS3- and NS5A-negative control Huh-7 cells.

Conclusion: It is concluded that both of the non-structural genes, NS3 and NS5A, of HCV play important

roles in the hepatocarcinogenesis of HCV by interacting directly or indirectly in different manners with

the p53 gene.

� 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-SA license (http://creativecommons.org/licenses/by-

nc-sa/3.0/).
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1. Introduction

Hepatitis C virus (HCV) is the principal cause of post-
transfusion and public-acquired non-A, non-B hepatitis,1 and
belongs to the family Flaviviridae.2 It is a positive single-stranded
(SS) RNA virus with a genome 9600 nucleotides in length, which
encodes a polyprotein of nearly 3000 amino acids.3,4 The precursor
polyprotein is further processed into various structural proteins (C,
E1, and E2 p7) and non-structural proteins (NS2, NS3, NS4A, NS4B,
NS5A, and NS5B).5

The HCV serine viral protease is encoded by the NS3 gene,5

which consists of two important domains: the first is a catalytic
domain (amino acids 1–180) present at the N-terminus, while the
* Corresponding author. Tel.: +92 42 5293141; fax: +92 42 5293149.

E-mail address: Idrees.khan96@yahoo.com (M. Idrees).
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second is an ATP-dependent RNA helicase (amino acids 181–631)
present at the C-terminus.6,7 The HCV NS3 protein is a
multifunctional protein and inhibits the host protein kinase A
(PKA)8 and protein kinase C (PKC).6,9 A main focus of research has
been the NS3 proteinase activity because it is necessary for HCV
replication, so it is considered the principal candidate for the
development of an antiviral drug.10

HCV NS5A is a viral regulatory protein that modulates viral RNA
replication and host processes by interacting directly and
indirectly with a variety of host regulatory factors.11 The exact
function of NS5A is still ambiguous, but it is considered that NS5A
plays an important role in regulating HCV replication.12

Apoptosis is possibly the most primordial response of a virally
infected cell, designed to thwart the spread of infection and protect
the organism as a whole. Whereas an acutely infecting virus needs
to prevent apoptosis of infected cells only long enough to produce
progeny virions, a persisting virus must have a means to suppress
ciety for Infectious Diseases. This is an open access article under the CC BY-NC-SA
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apoptosis for a much longer time in order to maintain a
compartment of infected cells. The tumor suppressor protein
p53 is an attractive target for many viruses.13

Viral gene products target residues of the N terminus of p53
that are employed to interact with the transcriptional machinery of
cells.14 Most of the p53-interacting viral proteins are reported to
suppress p53 function.12 It has been reported that p53 forms a
complex with NS3 protein. A portion near the C-terminus of p53,
which has been reported to contain the oligomerization domain, is
important for complex formation with NS3. It has also been
reported that NS3 represses the transcription of p21 by modulating
the activity of p53.15 The HCV anti-apoptotic mechanism of the
viral protein NS5A involves the inhibition of the Kv2.1 K+ channel,
preventing hepatoma cell apoptosis in response to oxidative
stress.13 The interaction of some of these viral oncoproteins may
cause a sequestration in the p53 apoptotic pathway.12

The establishment of an HCV cell culture system based on a
particular molecular clone offers the opportunity of directly
evaluating the inactivation methods for HCV.16 The main aim of the
present study was to develop such a system; this would be a
valuable tool for the study of viral gene expression. We
successfully developed stable cell lines of NS3 and NS5A
subgenomic replicons of local HCV genotype 3a and studied their
relationships with apoptotic protein p53.

2. Methods

2.1. Complementary DNA synthesis and amplification of NS3 and

NS5A genes

Chronically infected HCV-positive patients with genotype 3a
were identified from the Division of Molecular Virology and
Molecular Diagnostics, National Center of Excellence in Molecular
Biology (CEMB), Lahore, Pakistan. RNA was isolated from the HCV-
positive patients using an RNA isolation kit (Gentra, Life
Technologies, USA) in accordance with the kit protocol. The RNA
was reverse-transcribed using Moloney murine leukemia virus
reverse transcriptase (M-MLV RT; Invitrogen Life Technologies, CA,
USA). cDNA was further used for the amplification of the NS3 and
NS5A genes using gene-specific primers. Primers were designed
using Primer3 software using GU294484.1 as a reference
sequence; restriction sites and Kozak sequences were added after
analysis on web and neb cutter. Primer sequences are shown in
Table 1.

2.2. Cloning of NS3 and NS5A genes in mammalian expression vector

The amplified gene with specific restriction sites was then
cloned into pcDNA3.1 (Invitrogen Life Technologies, CA, USA).
Plasmid pcDNA3.1/NS3 (full) encodes the NS3 protein. Construct
pcDNA3.1/NS5A (full) encodes the NS5A protein. BamHI and NotI
recognition sites were introduced by PCR into the individual genes
at the 50 and 30 ends, respectively. Genes were digested with
respective enzymes and subcloned into pcDNA3.1 (Invitrogen Life
Technologies, CA, USA). Each constructed plasmid expressing
Table 1
List of primers for the individual genes of HCV genotype 3a, restriction sites, and

number of nucleotides each region amplifies

Genes Primer sequence 50–30 Restriction

sites

No. of

nucleotides

amplified

NS3-IS GGCCGTGAGGTGTTGTTGG BamHI 1953

NS3-IAS TGGTTACTTCCAGATCGGCTG NotI

NS5A-IS AGCGACGATTGGCTACGTAC BamHI 1356

NS5A-IAS AGCAGACCACGCTCTGCTC NotI
individual HCV 3a genes was confirmed through PCR, restriction
digestion, and by sequencing. Sequences of the NS3 (accession
number JX679463) and NS5A (accession number JX679462) genes
have been submitted to GenBank.

2.3. Cell culture and transfection

Huh-7 cell lines were grown and maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 100 mg/ml
streptomycin, penicillin, and 10% fetal bovine serum (FBS; Sigma
Aldrich, USA) at 37 8C with 5% CO2 for the experimental work. Cells
were seeded in 6-well plates (5 � 105/well) and were further
cultured until the cells became 70–80% confluent. When the cells
were confluent up to 75% they were then transfected with 10 mg of
linearized pcDNA3.1/NS3 and pcDNA3.1/NS5A using lipofectamine
reagent (Invitrogen Life Technologies, CA, USA). After 6–8 h of
incubation, the transfection medium was changed with medium
containing 100 mg/ml of penicillin, streptomycin, and 10% FBS.

2.4. Extraction of RNA from cell lines (NS3, NS5A, and Huh-7) and

reverse transcriptase (RT)-PCR

For the confirmation of successful transfection and expression
of NS3 and NS5A in Huh-7 cell lines, the total RNA was extracted
from Huh-7 cells using an RNA isolation kit (Gentra, Life
Technologies, USA) and reverse-transcribed to cDNA with the
corresponding antisense primers for each individual gene. For the
confirmation of mRNA, the reverse-transcribed RNA for each gene
was further amplified using gene-specific primers (Table 1) with
Taq polymerase. All PCR products were run on a 1.2% agarose gel
and stained with ethidium bromide (0.5 mg/ml) and photographed
on a UV illuminator.

2.5. Protein extraction from Huh-7 and stably transfected cell lines,

and Western blotting

For protein expression analysis, Huh-7 cells were lysed after
72 h and protein was extracted from the total cell lysate. Cells were
pelleted down and washed with 1� phosphate buffered saline
(PBS) and centrifuged at 8000 rpm for 3 min. Next, 60 ml of protein
lysis buffer was added and vortexed for 5 s, and this was kept on ice
for 15 min. After 10 min, this was centrifuged at 13 000 rpm at 4 8C
for 15 min. Sixty micrograms of the extracted protein were loaded
onto a 10% sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) gel and then shifted to a Hybond-C extra
nitrocellulose membrane and placed in a semi-dry blotting
apparatus (Bio-Rad) for 90 min at 16 V. The proteins on the
membrane were blocked with 5% skimmed milk solution for 1 h
after washing two times with (PBS–Tween), then incubated with
NS3 and NS5A gene-specific monoclonal antibodies (NS3-sc-69938
and NS5A-sc-57776) overnight. The primary antibodies were
detected using specific anti-mouse secondary antibody conjugated
to alkaline phosphatase (Sigma) at a dilution of 1:1000 by
incubating the blot for 1 h at room temperature. The blot was
washed three times with PBST and the membrane was then treated
with Nitro-blue tetrazolium and 5-bromo-4-chloro-30-indolypho-
sphate (NBT/BCIP) substrate for 15–30 min at 37 8C.

2.6. Immunofluorescence assay

Huh-7 cell lines carrying the cloned NS3 and NS5A genes were
grown overnight on glass coverslips and were fixed with 4% p-
formaldehyde at �20 8C. Fixed cells were blocked using 1% donkey
serum in 1� PBS. For the detection of NS3 and NS5A proteins, cells
were incubated with the respective gene-specific antibodies
(1:100). After 2 h, the cells were washed with PBS and incubated



Figure 1. The amplified genes of HCV genotype 3a: (a) NS3 (1956 bp), and (b) NS5A (1356 bp).
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with secondary donkey anti-mouse IgG antibody conjugated with
fluorescein isothiocyanate (FITC, 1:100; Chemicon). After washing,
the coverslips were mounted onto the glass slide and examined
under a fluorescence microscope.

2.7. Generation/establishment of Huh-7 stable cell lines of NS3 and

NS5A of genotype 3a local isolate

Huh-7 cells were transfected with 10 mg of linearized plasmid
DNA construct (pcDNA3.1/NS3, pcDNA3.1/NS5A) as described in
detail above. At 72 h post-transfection, growing cells were split
into 60-mm culture dishes and cells underwent selection using
G418 sulfate (Gibco), initially at a concentration of 1 mg/ml for
approximately 5 weeks. The medium was changed after 72 h.
Colonies resisting G418 were selected and grown/amplified to
obtain stable cell lines. Cells expressing HCV genotype 3a NS3 and
NS5A proteins were confirmed with RT-PCR, Western blot, and
immunofluorescence assay.

2.8. Analysis of the potential interaction of NS3 and NS5A proteins

with p53 protein

To investigate the possible interaction of NS3 and NS5A
proteins of HCV genotype 3a with p53 protein, Huh-7 cells and
HCV replicon (NS3 and NS5A) harboring cells were transfected
with pcDNA3.1/myc-his/p53 plasmid, as described above. After
48 h of transfection, the cells were lysed and proteins were
extracted from the total cell lysate. Untransfected Huh-7 cells
served as control. Sixty micrograms of protein was run on a 10%
SDS-PAGE gel and transferred to a nitrocellulose membrane. The
Figure 2. (a) pcDNA3.1/NS3 protein coding construct, 
expressed proteins were examined using p53-specific monoclonal
antibody (sc-55476), followed by detection with specific second-
ary antibody. The level of protein expression was analyzed. Each
experiment was performed at least twice; although there was
slight variation, consistent results were seen.

3. Results

3.1. PCR amplification of viral NS3 and NS5A genes

Non-structural genes NS3 and NS5A of HCV genotype 3a were
amplified using the individual gene-specific primers (Table 1). The
amplified gene products of NS3 and NS5A are shown in Figure 1.
NS3 and NS5A were confirmed by sequencing and submitted to
GenBank.

3.2. Construction of plasmids

To check the expression of the HCV genotype 3a non-structural
genes (NS3 and NS5A) and to examine their association with the
p53 gene, mammalian expression vectors were constructed
(Figure 2). In this study, the pcDNA3.1 mammalian expression
vector was used. The amplified genes were digested with specific
restriction enzymes and then cloned into the mammalian
expression vector pcDNA3.1 within respective restriction sites.
Successful pcDNA3.1/NS3 and pcDNA3.1/NS5A clones were
confirmed by restriction digestion (Figure 3). The cytomegalovirus
(CMV) promoter is present in the pcDNA3.1 vector, which provides
an effective means to transduce the eukaryotic cells for transient
and stable expression studies.
and (b) pcDNA3.1/NS5A protein coding construct.



Figure 3. Digestion of non-structural genes. Lane M: 1-kb marker; lanes 1–9: positively digested NS3-encoding clones; lanes 10–17: positively digested NS5A-encoding

clones.

Figure 5. RT-PCR to characterize NS5A-producing cell lines. Lane M: 1-kb marker;

lanes 1 and 2: Huh-7 (negative control); lanes 3–5: NS5A; lane 6: negative control.
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3.3. Establishment of mammalian cell lines expressing NS3 and NS5a

genes of 3a genotype

For the establishment of stable cells harboring NS3 and NS5A
genes, the Huh-7 cells were transfected with linearized expression
vectors using lipofectamine reagent. At 24 h post-transfection,
selection was applied to the transfected cells by growing them in
the presence of 1 mg/ml of G418. The cells were grown at this
concentration for about 4 weeks; most of the cells were unable to
develop resistance against G418. The G418-resistant colonies
isolated were selected and grown as individual cell lines at a
concentration of 500 mg/ml. The individually grown cell lines
showed some variation in growth rate.

3.4. Detection of NS3 and NS5A RNA in Huh-7 harboring 3a

subgenomic replicons through RT-PCR

To detect the presence of NS3 and NS5A RNA in transfected
G418-resistant cells, total RNA was extracted from the individually
grown cell lines of the respective HCV gene and untransfected
Huh-7 cells (control cells). Extracted RNA was reverse-transcribed
into cDNA using reverse transcriptase enzyme (MMLV) and
Figure 4. RT-PCR to characterize NS3-producing cell lines. Lane M: 1-kb marker;

lanes 1 and 3: NS3; lanes 2 and 4: Huh-7 (negative control); lane 5: positive control.
gene-specific primers. cDNA was further processed for amplifica-
tion of NS3 and NS5A utilizing the corresponding gene-specific
primers. The approximate size of the HCV NS3 gene was 1953 bp
(Figure 4) and of the NS5A gene was 1356 bp (Figure 5).
Figure 6. Analysis of protein (NS3) through Western blot: Western blot of NS3

protein detected using NS3-specific antibodies. Lanes 1–5: HCV NS3 protein

expressing stable cell line; lanes 6 and 7: Huh-7 (negative control).



Figure 7. Analysis of protein (NS5A) through Western blot: Western blot of NS5A

protein detected with NS5A-specific antibodies. Lane 1: Huh-7 cells (negative

control); lanes 2–5: HCV NS5A protein expressing stable cell lines.
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3.5. Western blotting of NS3 and NS5A

For the confirmation of NS3 and NS5A protein expression in
Huh-7 cell lines, we isolated total proteins from Huh-7 comprising
HCV clones (NS3 and NS5A) and performed Western blot. After
Western blotting, specific bands were seen for NS3 of about 68–70
kDa and for NS5A of about 58 kDa, as shown in Figures 6 and 7,
respectively. Untransfected Huh-7 cells were used as a control.

3.6. Subcellular localization pattern of NS3 and NS5A protein

For direct visualization of HCV NS3 and NS5A expressed
proteins in HCV replicating Huh-7 cells, we performed
Figure 8. Immunofluorescence assay. 1: staining with FITC; 2: counterstaining with DA

assay of NS5A.
immunostaining of stably expressing cell lines using the gene-
specific antibodies of relevant individual genes. The results
showed that the subcellular localization pattern of NS3 protein
was localized to the cytoplasm (Figure 8), while NS5A was also
localized to the cytoplasm. Findings also indicated that proteins
might have a leaky expression, because proteins were visualized
on the surface of the cells as well. Counterstaining confirmed that
the cells were alive and successfully expressing the required genes
NS3 and NS5A of HCV genotype 3a.

3.7. The interaction of NS3 and NS5A with p53 in HCV subgenomic

replicon harboring cells

To determine whether the NS3 and NS5A expressed in
perspective of HCV replication interacted with p53, we used the
Huh-7 cells stably expressing NS3 and NS5A subgenomic replicons
and studied their interaction with p53. p53 was co-transfected in
stably expressing NS3 and NS5A cells lines with pcDNA3.1/myc-
his/p53. Protein expression was detected using anti-p53 anti-
bodies, and untransfected Huh-7 cells were used as control.
Western blot analysis revealed that the NS3 and NS5A interacted
efficiently with p53, because expression of p53 was higher in
control Huh-7 cells as compared to the HCV harboring cells (NS3
and NS5A), as shown in Figure 9. The results suggested that NS3
and NS5A full-length may interact physically or functionally and
sequester the p53 protein, thus inhibiting its expression.

4. Discussion

Several HCV proteins are linked to the restraining of important
host cell cycle proteins responsible for controlling the apoptotic
mechanism.17 The viral proteins are able to translocate to the cell
nucleus and to control these cell cycle proteins. Many studies have
reported the specific molecular types, the subcellular localization,
and particular domains of proteins influencing the oncogenic
P-I; 3: merged. (a) Immunofluorescence assay of NS3, and (b) immunofluorescence



Figure 9. Analysis of the interaction of NS3 and NS5A proteins with p53. Lane 1:

p53; lane 2: p53 + NS5A; lane 3: NS5A; lane 4: p53 + NS3; lane 5: NS3; lane 6: Huh-7

(negative control).
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mechanisms.18 The major risk factor for hepatocellular carcinoma
(HCC) is a chronic HCV infection.19 Studies have shown that one
mechanism of hepatic oncogenesis is the interaction between the
HCV oncogenic proteins and factors that either control cell
proliferation or inhibit their apoptosis, while other studies have
also confirmed that some viral proteins physically or functionally
interact with the products of suppressor genes leading to the
development of primary HCC.17

No reliable and efficient model or system is currently available
for the amplification of viral particles, which limits the design and
development of drugs and vaccines against HCV.20 The only
currently available treatment for HCV is interferon therapy, either
alone or in combination with ribavirin.20–23 Novel therapeutic
strategies and the development of a vaccine are urgently required.

The lack of a robust cell culture system for the replication of the
virus has been found to be a hindrance in the study of the role of
many important viral proteins in viral disease progression.24 This
problem has been overcome, in part, by the development of
subgenomic replicas derived from different HCV genotypes.25

These replicas have been established in the human hepatoma cell
line and display sustained replication of the required viral genes in
the cytoplasm of human cell lines.26,27 These cell culture systems
are very simple and useful in the study of the mechanisms of HCV
pathogenicity in general.28 Such studies have been conducted in
various parts of the world to study the role of viral proteins in
disease progression,29–32 but as the HCV genome exhibits high
variation in the genes at both the local and global level, the already
existing systems cannot be used to study the role of viral proteins
in disease progression.33 The availability of a cell culture system is
a critical prerequisite to the study of the replication cycle of a virus
and to devise strategies for prophylactic and therapeutic inter-
ventions.34

In the current study, we successfully established stable cell
lines using the liver hepatoma cell line Huh-7, which effectively
expressed the non-structural protein NS3 and NS5A genes from
local Pakistani genotype 3a isolates, and also studied the role of
these expressed proteins in apoptosis. In this study, Western blot
confirmed the protein expression of NS3 and NS5A in Huh-7 cells
lines in accordance with previously published reports.17,35 Our
immunofluorescence analysis revealed that the protein is mainly
present in the cytoplasm of the cells. This study confirms the
earlier studies in which cultured cells or in vivo protein has also
been observed in the cytoplasm of the infected hepatocytes.12,17

The study of immunofluorescence is also significant for the
detection and localization of HCV proteins in cells and in tissues for
diagnostic purposes and for the clinical management of HCV. It is
also helpful for the elucidation of viro-pathological mechanisms.36

Apoptosis is the main mechanism of defense against viral
infections.37 Among the many mechanisms, apoptosis is the best
characterized process in which p53 plays many diverse func-
tions.38 Genome stability/integrity is maintained by p53.12 More
than 10 million people with tumors have either abnormal p53 or
inactivated p53.38 It is also reported that the p53 function is
sequestered by other signaling components or the pathway of p53
is altered.39

In the present study we reported the relationship of HCV
genotype 3a NS3 and NS5A proteins of local Pakistani isolates with
the p53 protein, for the first time. Western blot confirmed that the
expression of the p53 gene was down-regulated in Huh-7 stable
cell lines expressing the HCV NS3 and NS5A subgenomic replicons.
There are several reasons for the down-regulation of p53 protein.
The NS3 and NS5A proteins might bind with the p53 protein in the
cytoplasm, because the proteins are expressed in cytoplasm, as
seen clearly in the immunofluorescence analysis. The p53 protein
was also seen in cytoplasm because it was transiently expressed in
cells from an exogenous source. The association of p53 with NS3
and NS5A proteins of HCV genotype 1 has also been examined,40

and the formation of complexes of p53 with NS3 and NS5A proteins
in the cytoplasm has been validated.12,17 According to Lan et al.,
p53-mediated apoptosis is inhibited by the viral proteins, so it
might be confirmed that the NS3 and NS5A proteins of HCV
genotype 3a may cooperate with p53 resulting in the sequestration
of p53 into the cytoplasm and the inhibition of p53-induced
apoptosis in HCV infections.12 This inhibition of p53 via viral genes
might be significant in carcinogenesis. Previously published
reports have also confirmed that the normal function of p53
protein is inhibited by the viral proteins.38,41

It is recommended that in the design of anti-cancer drugs, p53 is
an ideal target for the diagnosis and treatment of HCV. The
available cell culture system for HCV genotype 3a can be used to
study and design novel molecules, peptides, and vaccines against
not only the viral proteins but also against wild-type or mutant
p53. The management of clinical HCV patients can be improved by
the use of newly developed therapeutic strategies, along with the
routinely used therapeutic drugs.

In conclusion, this study is novel in that we focused on local
HCV genotype 3a, as no such study has been performed previously
in Pakistan on the relationship between the NS3 and NS5A proteins
of HCV genotype 3a of local isolates and p53 in a model system. For
the development of new therapeutic strategies and to improve
existing therapies, the developed model system is required for the
screening of antiviral drugs, not only for local genotypes, but also
for other existing genotypes.
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CTGG CTAGCCGT TTTAACTTAA G CTTTG GTACCG AG CTCG G ATCCGCCACCA TG AGCG ACG ATTG GCTACG TACATC TGGG ACTGGGTTTGCTCGGTGTTGTCCG ACTTCAAGACGTGGCTCTCTGCTAAG

130 140 150 160 170 180 190 200 210 220 230 240 250 260
GATTATGCCAGCACTCCCTGGGCTGCCCTTCATCTCCTGTCAAAAGGGATACAAGGGCGTGTGGCGGGGGG ATGGTGTGATGTCGACACGCTGTCCTTGCGGGGCATCAATCACTGGCCACGTG AAGAATGGGTCC

270 280 290 300 310 320 330 340 350 360 370 380 390 400
CATGCGGCTTGCGGGGCCGCGTATGTGTGCTAACATGTGGCACGGTACTTTCCCCATCAATGAGTACACCACCGGACCCAGCACACCTTGCCCATCACCCAACTACACTCGCGCACTATGGCGCGTGGCTGCCAGC

400 410 420 430 440 450 460 470 480 490 500 510 520 530
CAGCTACGTTGAGGTGCGCCGGGTGGGGGACTTCCATTATATT ACGGGGGCTACAGAAT ATGAGCTCAAGTGTCCGTGCCAAGTGCCGGCTGCTGAGTTCTTTAC TGA AG TGGATGGG GTG AGACTCCAC

530 540 550 560 570 580 590 600 610 620 630 640 650 660
CCGTTA CGCCCCTC CA TGTA AGCTCCCTGTTTG AGAAGAAA AAGATCACTTTTCTTCGGTAGGGGTT GCATTTCCCTAC GCCG ATAGGATTCTCA ACTCCC CTGTT GAGGCCAAGAACCCAGGA TGTT T CTTG TGGT

670 680 690 700 710 720 730 740 750 760 770 780 790
TT G ACCTTCG A TG TTTGAAGAG ACCCCTTTCTTCA TA TCCACCC C C A AG ACC GGCAAGTCG CGCCC GCCT TTGG CG CCG CGGGGGTCC C CC TC CATTAAAGAAGGGGCAAAGCCTTCATCTCCGC CCA GT
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AT GGT TTT GGCCTTTT A G C G GC C GCCAG T G T GGT G G AT AT CT GCAG AAT T CG GCTTC TTTT TGCTG GTG GTTAC TTCCAG ATCAG CT G ACATGCATGCCATG ATG TATTTTGT

120 130 140 150 160 170 180 190 200 210 220 230
T G ACGGGGTGTG TCAAGCAGATGTCATT TTGG ACAGGCCCTAACCG ATATAGAAGGGGCGTAGGTCCATG TAG TGTTGGCTTAAGCCGCACG AGGCACTTCCACGTCTCGTCCCAACTT

230 240 250 260 270 280 290 300 310 320 330 340 350
TGGTGGAGAAGCCTGTGCGCGGGCACACACAG TG GCTTG TTAGGCAGTTAG GAAC GAG AAGTTAAGTCCCTGTTGCTTA GTCTGTGACAGAAAGTGGGCGTCTATGTGAGT CAATCCAG T

350 360 370 380 390 400 410 420 430 440 450 460
TGAAGAC GCTCTCCCAAAA GTCTAAATGGTCCTGGCAG ACAG GTAACCCCG G CGTGTTCAAGTAAGCTCTCAGTCT GACTGTGGTC TCAG CTGGCT GCAGATCGTACC ACG AGCAGC CC

470 480 490 500 510 520 530 540 550 560 570 580
CGCGT CATAGCACTCACAG AGAACA ACCGAGTCAAAC ATT CCA GACG GTC TTTCAC CCG GGG CAACATAT C G GT ACAT AC C GA GT C TACCT CG GCCC GTACG GC CACG AC GTTGG

590 600 610 620 630 640 650 660 670 680 690
GGC TGCG GGA A ACCG C ATC TTGT G G AGCG GT GC GGG TCT CAA TGG AAAAA GGT GG GG T CCAG GC TGA A GTCA ACGTAAC TG TT CA AC AG CC ACG T TG CAA TC TA TGACA GAAT

700 710 720 730 740 750 760 770 780 790 800
AT TC GAA G T C T CC GG TGGAATC CTAG T CATTG A TGGGCGTTCAGTTA GC GC A A C TA C G A CGT CCT TCCTTG TTG TTGGG TTATGAACG G ACCA CAT TCGA G GACCCCCCTT T TAG T
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G GGGTTG TC G C TTGATTC C GAAT T C GA GCCT C CT C GAAAA GCTT GCCACCAT GGGCAT GG GGCTCAACGCTGTAGCGTACTATAGGGGTCTCGATGTGT CCGTCATACCAACAACAGGAGACGTCGT

130 140 150 160 170 180 190 200 210 220 230 240 250 260
GTAGTTTGCGCTACTGACGCCCTCATGACTGGATTCACCGGAGACTTCGATTCTGTCATAGATTGCAACGTGGCTGTTGAACAGTACGTTGACTTCAGCCTGGACCCCACCTTTTCCATTGAGACCCGCACCGC

260 270 280 290 300 310 320 330 340 350 360 370 380
CTCCCCAAGATGCGGTTTCCCGCAGCCAACGTCGTGGCCGTACGGGCCGAGGTAG ACTCGGTACGTACCG ATATGTTG CCCCGGGTGAAAGACCGT CTGG AATGTTTGACT CGTTTCGTCCTCCT CGAGC

390 400 410 420 430 440 450 460 470 480 490 500 510
CACCAC CAC CACCACCA CTGAAG ATCCGG CTGCT AACAA A G CCCG AAAAGG AAG CTTG AGTTTG GCTGC TG CCACCCG C TG AA CAAA TAAAC TAG CA TAACCCCCCT TGGGGGG C CTC T AAACGGGGGTC

520 530 540 550 560 570 580 590 600 610 620 630
CT T GAAGGGGGT TTTTTT GCCTGAAAAGGGAA GGAAACTTATA T CCCGGTATTTG GC GAAATGGGGAACGTCGTCCC TTGTAAA CCGGGCT CATTTTA ATCC G CTGGCCGG G TTGT
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T CTGAAATGG GAAGAT AT A CAT AT G GCT AG CAT G ACTTTGT G GACAGCAAAT GGGTCGCGGATCCGAATTCGCCACCATGAGAGACCCTTCCCATATCACCGCCGAGACGGCAGCGCGCCGCCTTGCGCG

130 140 150 160 170 180 190 200 210 220 230 240 250 260
CGCGGGTCCCCTCCATCAGAGGCAAGCTCATCCGCCAGCCAACTATCGGCTCCGTCGTTGAAGGCCACTTGCCAGACGCATAGGCCTCATCCAGACGCTG AGCTGGTGGACGCCAACTTGTTATGGCGGCAAGAGAT

270 280 290 300 310 320 330 340 350 360 370 380 390
TGGGCAGCAACATTACACGGGTGGAGTCTGAAACGAAGGTTGTGATTCTTGATTCATTCGAACCTCTGAGAGCCGAAGCTGACGACGCCGAG CTCTCGGTGGCTGCAG AGTGTTTCAAGAAGCCTCCCAAG

400 410 420 430 440 450 460 470 480 490 500 510
G TATCCTCCAG CCCTTCCTATCTGGGCCAGGC CG G ACTACAA CCCTCCACTG TT G GAC CGC TG G AAAGCAC CG G A TTATGTAC CACCAA CTG TC CA TG G ATG TGC CT TA CCAC CA CG

510 520 530 540 550 560 570 580 590 600 610 620
G G G G C G CTTCC A C CG GTTG CCCTCCC T CC TCGGG A GG AAAA G AAA C AA T CCCAGGC TGGG A C GG C T CC A T G TG TCCCG C GG C GCC TA G CC TGG C G C T A G C G ATA A T TC A

620 630 640 650 660 670 680 690 700
AA TTT CCC G A C CC C T AAAA TTC GG CAA G AA G AG AAAAT A G C TC AA TT CCC T C T G G G TCCG AAAC AC A CA G T CC A G C A C T A C CT C C A G

710 720 730
A TG C C C C T T C A A G A GG G AA TC CC G AA T
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TG A T C A T AA AGA A G CA G C A GA C C A C G CT CT TTCT C CT C GT T GT CA CT AA C G GT G G AC CA A G A GT C GC A ACT CA A GT C C G G AT C GC CA G GCT CT C C CT C G

100 110 120 130 140 150 160 170 180 190 200
G AG AG G AG GCAT G G AC G AG CAT G ACT C T G AGT C GG ACT CC C C T C CT G G AG A G G G G GGC AT C C T G G AG GT A GT GC T G G AC T G T G T G T C G AC C C CA G A G G AT G A GC TA

210 220 230 240 250 260 270 280 290 300 310
AT T CT C T T C C T G C G AT TTT G G G GT CGG G AAT G AT TT TT CC GC TAG C GCAGC TA GC GCC GC G G ACACAT T G GAGC C GT CCAG CT G G AT T GT T CTT T TC CT C CG AG G AG G AG

320 330 340 350 360 370 380 390 400 410
G GC AC CG G TG G AG C GCC C C G TG G TG GTAA G G CA CAT C CA T G G A CA GT TG GT G G TA CAT AA TC C G G T G C T TTC CA G C G G T C CA A CA G TG G AG G G T T G T A G T C C G G C C

420 430 440 450 460 470 480 490 500 510 520
C T G GC C CA G AT A G G A AG G GC T G G AG G AT AC T T G G G AG GC T TCT T GA A AC AC T C T G C AG C CA C C G A G AG CT C G G C G T C G TC A G C T TCG G CT C T CA G A G G TT C G A

520 530 540 550 560 570 580 590 600 610 620
A AT G A AT CA A G AAT C AC AA CC T T C G T T T C A GA CT C C A C CC G TG T AA T G TT GC T G C C C A TC T C T T G CC GC C A T AA C AA G TT GG C G T CC A C CAG C T C AG C G T C

620 630 640 650 660 670 680 690 700 710
C T G G AT G A GG CC T A T G C G T C T GG C AA G T GG CCT T C AA C G A C GG A G CC G A T AG AT GGG C T GG C GG A T G A G C T T G C C T C TG AT GG AA G G G AA C C G
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