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1 Introduction 
Infectious Bursal Disease virus (IBDV) plays an important role in the etiology of         

economically important disease of young chickens called Infectious Bursal Disease. It 

was first reported by Cosgrove (Cosgrove et al., 1962). Since then the outbreaks has been 

reported worldwide. Bursa of Fabricius (BF), a major lymphoid organ of chickens is the 

site of predilection for IBDV. The viral entry into BF is unclear but recent study    

demonstrated that the α4β1 integrin of BF may act as the receptor for entry of virus into 

bursa after binding with P domain of VP2 protein (Delgui et al., 2009). Infectious bursal 

disease virus (IBDV) belongs to the Avibirnavirus genus of the Birnaviridae family, and 

is having  non-enveloped, icosahedral capsid. These are RNA viruses consisting of a  

double stranded RNA segments namely segment A and B (Muller et al., 2012). The larger 

ORF1 of segment A encodes for a 110 kDa polyprotein which auto-catalytically splices 

into viral proteins VP2 (48kDa), VP3 (33-35kDa), VP4 (24kDa). VP2 is the major capsid   

protein and carries the immunogenic determinants and is considered to be the major host 

protective antigen, able to elicit neutralizing antibodies (Fahey et al., 1989). The smaller 

ORF of segment A encodes VP5 (17kDa), a nonstructural protein considered to be        

essential for viral release (Brandt et al., 2001). Genome segment B (2.8kbp) encodes for 

VP1 (90kDa) having multiple enzyme activity. IBDV has two serotypes recognized as 

serotype 1 and serotype 2. Both serotypes of the virus can naturally infect chicken,      

turkey, duck, guinea fowl, ostriches but pathogenicity is reported only in chicken (Saif et 

al.,1998). Serotype 1 of IBDV is pathogenic whereas serotype 2 is apathogenic in chicken 

(Macferran et al., 1980). Very virulent strain of IBDV (vvIBDV) has emerged in the late 

1980(Chettle et al., 1989). IBDV is continuously evolving in the field with the changes in 

antigenicity and virulence. Currently, the disease is controlled by live attenuated or       

inactivated IBDV but they can revert back to virulence and also may not give full         

protection against vvIBDV strain (Rautenschlein et al., 2005). The inactivated or killed 

viruses are usually given to birds in pre-laying stage to induce higher level of antibodies 

for at least 2 weeks. This lead to problem in determining the timing of vaccination. Thus, 
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there is an urgent need to formulate potentially applicable vaccination strategy to get 

complete protection against vvIBDV. 

Recombinant vaccination strategy like DNA vaccines are popular among new generation 

of vaccines for their safety, ease of production and stability. Several studies were         

conducted for the development of a DNA vaccine encoding VP2 gene of IBDV with    

variable protection (Pradhan et al., 2014). However, DNA vaccine encoding VP2 gene 

alone have limited potency and results in partial protection. Several strategies have been 

employed to increase the efficacy of DNA vaccine. DNA prime–protein boost              

vaccination strategy has been reported wherein initial immunization is done with plasmid 

DNA encoding VP2 gene followed by boosting with recombinant VP2 protein or killed 

vaccine that showed promising results (Hsieh et al., 2007; Gao et al., 2013).  

Heat shock proteins (HSP) are one of the most conserved proteins present in all 

prokaryotes as well as eukaryotes. HSPs are expressed both constitutively and under 

stressful condition (inducible form) to protect the cell from damage as during stress     

already properly folded protein tends to unfold (Wang et al., 2002). HSP may be           

intracellular or extracellular in origin. Besides the chaperone activity it can interact with 

cells of immunosystem and shows its adjuvant property. HSP70 is a ligand for TLR2, and 

TLR4 was shown to enhance the potency of plasmid DNA immunogen in mice (Asea et 

al., 2000). A plasmid protein expressing an antigen–HSP70 fusion gene elicit both        

humoral and cell mediated immunity that were more potent than plasmid  containing    

antigen alone (Planelles et al., 2001). Fusing mycobacterial HSP70 to HIV-1 gag p24,   

Influenza M2e and synthetic malarial antigen (NANP) a synthetic peptide consisting of 

40 (Asn-Ala-40, Asn-Pro) repeats, enhanced the immunogenicity of the antigens and   

obviated the need for adjuvant. It was shown that the C-terminal fragment of mHSP70 

acted as a carrier in mice when fused to the malarial antigen EB200 (HSP70-EB200) and 

considerably induced vaccine humoral and cell mediated responses (Qazi et al., 2005). 

The effects of two truncated HSP70 molecules, N-terminal domain HSP701-360, amino 

acids  1-360  and C-terminal domain HSP70 359-610, amino acids 359-610 of mycobacterial 

HSP70 was evaluated on the potency of antigen-specific immunity generated by a        

hepatitis B virus (HBV) DNA vaccination. It was shown that only the HSP70 359-610  fused 

HBV DNA vaccination resulted in a significant increase in hepatitis B surface antigen 

(HBsAg)-specific humoral response, while the HSP70 1-360 fused vaccine did not. 
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  Moreover, HSP70 359-610 fused DNA vaccine did not induce anti-HSP70 antibody (Li et 

al., 2006). 

The previous reports encourage to design the fusion of VP2 gene of IBD with C 

terminal HSP70 gene of Mycobacterium tuberculosis and the genetically linked fusion 

construct can enhance both humoral and cell mediated immunity and could confer better 

protection against vvIBDV challenge than immunizing with VP2 alone. Considering the 

economic importance of IBD my present work was envisaged with the following              

objectives:    

 

1. To develop a DNA vaccine construct encoding VP2 gene of Infectious Bursal  

Disease (IBD) virus and truncated HSP70 gene of Mycobacterium tuberculosis. 

2.  To characterize the DNA vaccine construct by Immnoflurosence assay/Western 

Blot. 

 



 

2 
 

Review of Literature 
2.1 History of infectious bursal disease (IBD) 

Infectious bursal disease (IBD) is an acute infectious, immunosuppressive disease of 

poultry occurring worldwide (Negash et al., 2013). IBD first reported by Cosgrove 

(1962). The disease was first described as “avian nephrosis” due to the damage in kidney. 

The disease is also recognized as ‘Gumboro disease’ as first  outbreak of the disease    

reported in Gumboro, Southern Delaware, USA but the  most affected organ Bursa of 

Fabricius led to designation of the disease as Infectious Bursal Disease by Hitchner 

(1970). Etiological agent of IBD is Infectious bursal disease virus (IBDV) which is       

isolated from embryonated egg by Winterfield (Winterfield et al., 1962). Immunosuppressive    

nature of disease was first reported by Allan et al., 1972. IBDV is a bi-segmented, double 

stranded RNA virus belonging to the family Birnaviridae, genus Avibirnavirus (Dobos et 

al., 1979). IBDV have two serotype designated as serotype 1 and serotype 2. The later 

was identified by Mcferran et al., 1980. The target organ for IBDV is the Bursa of       

Fabricius (BF) which at its maximum development, is a specific source for mature            

B-lymphocytes in avian species. Bursectomy can prevent illness in chicks infected with 

virulent virus (Hiraga et al., 1994). The severity of the disease is directly related to the 

number of susceptible cells present in the BF; therefore, the highest age susceptibility is 

between 3 and 6 weeks, when the BF is at its maximum rate of development. This age 

susceptibility is extended in the case of vvIBDV infection (van den Berg et al., 1991). 

The occurrence of IBD in India was first reported by Mohanty et al., 1971. According to 

OIE annual animal disease status, 177, 93, 127, 169, 381 and 93 outbreaks of IBD were 

recorded during the years 2007, 2008, 2009, 2010, 2011, 2012 and June 2013 respectively 

in India (http://www.oie.int/wahid/ public.php).  

2.2. IBDV structure and classification 

IBDV belongs to family Birnaviridae and genus Avibirnavirus. Genome of IBDV contain 

bi segmented, double stranded RNA (Leong et al., 2000). The virus has non-enveloped, 
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icosahedral capsid. The diameter of capsid protein is 60nm and capsid subunits are    

mainly trimer clustered (Bottcher et al., 1997). The two segments of the viral genome are 

designated as segment A and segment B.  Genome segment A has two ORFs. Larger ORF 

1 encodes for a 110kDa polyprotein which is spliced into viral proteins VP2 (48kDa), 

VP3(33-35kDa),VP4(24kDa). VP2 is the capsid protein and carries the major                

immunogenic determinants (Fahey et al., 1989). VP4 is the virus protease, responsible for 

the cleavage of the polyprotein. VP3 is a ribo nucleoprotein and scaffolding protein. A 

second ORF designated as ORF A2 is partially overlapped with ORF A1 encode a protein 

VP5 (Mundt et al., 1995). VP5 is not essential for viral replication but considered to have 

a role in viral release and apoptosis (Lombardo et al., 2000).  Genome segment B (2.8kb) 

encodes a structural protein VP1 which is linked to both segments of viral genome and 

has multiple enzyme activity. VP1 protein of Birnavirus forms a distinct subgroup of 

RNA dependent RNA polymerases that lacks a GDD motif (Shwed et al., 2002) 

2.3. Serotype 

 IBDV has two serotypes recognized as serotype 1 and serotype 2. Both serotypes of the 

virus can naturally infect chicken, turkey, duck, guinea fowl, ostriches but pathogenicity 

is reported only in chicken. Serotype 1 of IBDV is pathogenic whereas serotype 2 is    

nonpathogenic in chicken (Macferran et al., 1980). A new very virulent strain of IBDV 

serotype 1 had emerged in Holland, Belgium in 1986, and then spreaded throughout the 

world rapidly (Chettle et al.,1989) 

2.4. Pathology 

 Disease severity and clinical signs and symptoms depend on the age and sensitivity of the 

infected birds, the virulence of the strain, and the degree of passive immunity transmitted 

by the parents. Initial infection in a given farm is generally very acute, with very high 

mortality rates if a very virulent strain is involved. If the virus persists on the farm and is 

transmitted to successive flocks, the clinical forms of the disease appear earlier and are 

then gradually replaced by subclinical forms (Ingrao et al., 2013). Moreover, a primary 

infection may also be unapparent if maternal antibodies are present. Acute IBDV         

infections are characterized by severe clinical signs and high mortality. Indeed, vvIBDVs 

produce disease signs similar to classical type 1 infections but the acute phase is            

exacerbated and more generalized in the affected flock. The incubation period is very 

short for 2–3 days. In acute cases, the animals are exhausted, prostrated, dehydrated,    
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suffer from aqueous diarrhea, and their feathers are ruffled. Mortality commences on the 

third day of infection, reaches a peak, then drops rapidly, and the surviving chickens    

recover a state of apparent health after 5–7 days. The age susceptibility is extended,    

covering the entire growing period in broilers and the peaks of mortality show sharp 

death curves followed by rapid recovery (Chettle et al., 1989; Tsukamoto et al., 2002; van 

den Berg et al., 2000). Compared with classical virulent strains, vvIBDVs induce higher 

mortality rates in fully susceptible chickens. But the exact cause of clinical disease and 

death is still unknown, as it is not clearly related to the severity of the lesions and the   

extent of the bursal damage. Indeed, after infection, some birds with few bursal lesions 

can be found dead while others can survive despite extensive bursal damage. Moreover, 

mortality rates are also variable. On post mortem examination of birds that died during 

the acute phase of IBD, the BF is the principal diagnostic organ that is turgid,oedematous 

and sometimes hemorrhagic and turns atrophic within 7–10 days. In addition, dehydration 

and nephrosis with swollen kidneys are common and ecchymotic hemorrhages in the 

muscle and the mucosa of the proventriculus are observed in many affected birds. The 

damage is transient and the structure of the BF is restored and repopulated with          

lymphocytes; the duration of the recovery process depends on the age at infection and the 

virulence of the strain. Depletion of lymphoid cells is observed not only in the BF but 

also in the non   bursal lymphoid tissues. In particular, atrophy of the thymus has been 

associated with the acute phase of the disease and might be indicative of the virulence of 

the isolates. 

2.5. Diagnosis 

Pathological changes observed at the BF are characteristic, and histopathological         

investigations combined with the demonstration of viral antigens by immunohistochemistry     

confirm an IBDV infection. IBDV can be isolated by the inoculation of antibody free     

embryonated chicken eggs. The virus-neutralization assay is the only serological test, 

which can reliably differentiate IBDV isolates into antigenic serotypes and subtypes 

(Jackwood and Saif., 1987). To demonstrate the presence of IBDV-specific antibodies, 

ELISA systems are commercially available. Viral antigens can be demonstrated by the 

agar-gel precipitin assay or by the antigen-capture enzyme-linked immunosorbent assay 

(AC-ELISA).  Commercially four types of indirect ELISAs viz, a commercial IDEXX-

ELISA kit, VP2 and or VP3 antigen based ELISAs and a whole virus ELISA were    
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compared for their diagnostic potential. It was concluded that the sensitivity and         

specificity of four ELISAs viz., IDEXX-ELISA, VP2-ELISA and VP3-ELISA indicated 

similar performance whereas whole virus antigen based ELISA showed poor performance 

in comparison to other ELISAs (Singh et al., 2010). Recently a yeast expressed             

recombinant VP2 subviral particles (SVPVP2) antigen- based single serum dilution      

enzyme linked immunosorbent assay (ELISA) was described to detect IBDV specific    

antibodies in chickens which is sensitive, specific and accurate as compared to the serum 

neutralization test and agar gel immunodiffusion test. The SVPVP2 can be used to       

diagnose IBDV antibody in positive serum within 3-4 minutes (Dey et al., 2010).          

Recently reverse transcription (RT) loop mediated isothermal amplification (RT-LAMP) 

assay was reported (Lee et al., 2011). 

2.6. Immune response towards IBDV 

The expression levels of genes related to innate immunity increased during primary      

infection, while those of adaptive immunity were up-regulated during the secondary     

infection, with a simultaneous decrease in the expression levels of innate immunity genes. 

Immune response plays a crucial role in the clearance of the virus and protection from 

vvIBDV infection. The role of bursa of fabricious (BF) was revealed when bursectomized 

birds survived without showing any symptoms even after the lethal dose of IBDV was 

inoculated. In early stage of life BF play major role for differentiation of B cell.            

Following IBDV infection B cell destruction occur rapidly as virus replicate in immature 

B cell. In addition to replicating in B cell IBDV are also replicates in macrophage, bone 

marrow have reported. The protection against IBDV does not solely depends on the        

neutralizing antibodies T cell involvement also critical for the clearance of virus 

(Rautenschlein et al., 2005). Virus particle were detected in BF and other peripherial   

lymphoid organ such as thymus, caecal tonsil, spleen following IBDV infection. Rapid 

infiltration of CD4+T cell and CD8+ T cell immediately after IBDV infection highlighted 

the  importance of T cell in the clearance of virus or might be induction of pathogenesis      

cannot be ignored (Rauf et al., 2011). The role of cell mediated immunity becomes clear 

by the increased level of mRNA transcription of various pro-inflammatory cytokines like 

IFNγ, IL-1β, IL6 following in vivo  infection with vvIBDV (Mahgoub et al,2012). In    

addition, several Th2 based cytokines as IL4, IL6, IL10  are also increased significantly 

after in vivo infection (Shini et al,2010). 
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2.7. Vaccines against infectious bursal disease (IBD) 

2.7.1. Conventional live and inactivated IBDV vaccines 

Live viral vaccines mimic the infection in the target host. They can replicate and induce 

both cellular and humoral immunity. They do not require an adjuvant to be effective and 

are suitable for mass administration to the chicken, but they may also have undesirable 

side-effects. These include horizontal and vertical transmission, reversion to virulence 

and vaccine reactions that may result in disease or production loss. In general, the live 

IBDV vaccines in use by the poultry industry have been attenuated by serial passage in 

tissue culture, eggs or embryo-derived tissues, with the aim of maintaining the immune 

response induced by the parent virus whilst attenuating the ability of the vaccine virus to 

cause clinical disease or significant immunosuppression (Schijns et al., 2008). Most  

commercially available conventional live IBDV vaccines are based on classical virulent 

strains. Those classified as ‘‘mild’’ vaccines exhibit only poor efficacy in the presence of 

certain levels of maternally derived antibodies and against vvIBDV. ‘‘Intermediate’’ and 

‘‘intermediate plus’’ or ‘‘hot’’ vaccines have a much better efficacy and may break 

through higher levels of maternally derived antibodies, but they can induce moderate to 

severe bursal lesions and, thus, cause corresponding levels of immunosuppression 

(Mazariegos et al., 1990; Tsukamoto et al., 2002; Kumar et al., 2000; Rautenschlein et 

al., 2005). They may not fully protect chickens against infection by the vvIBDV strains 

(Rautenschlein et al., 2005) or by antigenic variants. Safety and efficacy of this type of 

vaccine still remains a major concern.  

2.7.2. Inactivated IBD vaccines 

Inactivated vaccines are mostly formulated as water-in-oil emulsions, usually combining 

several antigens. It has been observed that inactivated IBD vaccines were also able to  

induce IBDV specific T-cell and inflammatory responses in chickens (Rautenschlein et 

al., 2002). It has been reported that inactivated IBD vaccines must have either a high or 

an optimized antigenic content in order to induce in breeders an immunity that helps to 

protect the progeny from infection by variant IBDV strains (Rosenberger et al., 1985; 

Muller et al., 1992). Inactivated vaccines are most efficiently used in boost regimen,    

using attenuated live IBDV as priming vaccine. 
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2.7.3. IBDV immune complex vaccines 

IBDV immune complex vaccines (Icx) consist of a mixture of a certain amount of IBDV 

specific antibodies obtained from the sera of hyperimmunized chickens and infectious 

IBD vaccine virus (Whitfill et al., 1995). Their major advantage is that they are suitable 

for in ovo vaccination at day 18 of incubation with commercial egg-injection machines, 

which initially had been used for vaccination against Marek’s disease virus and fowl pox 

virus. Alternatively, the Icx vaccines can be delivered by subcutaneous injection at 1 day 

old in the hatchery (Ivan et al., 2005). In addition it has been shown that these vaccines 

were effective in the presence of maternally derived antibodies (Haddad et al., 1997; 

Giambrone et al., 2001). The conventional live vaccines that are usually given via      

drinking water or by eye-drop method. At challenge, the experimental efficacy of the Icx 

vaccines was identical to or better than that induced by vaccination with live IBDV     

vaccines. The working mechanism was investigated by comparing the infectivity of the 

IBDV-Icx and the virus alone at various time points after in ovo injection . With both  

vaccines, IBDV was associated with B lymphocytes, macrophages and follicular dendritic 

cells in the bursa of Fabricius and spleen, although IBDV complexing with specific       

antibodies caused a delay in virus detection of approximately 5 days (Jeurissen et al., 

1998). In another study the virus was first detected in the bursa of vaccinated specific 

pathogen free chickens at day 14 post vaccination and on days 17 to 21 in broilers with 

maternally derived IBDV-specific antibodies (Ivan et al., 2005). Most remarkable was the 

low level of depletion of bursal and splenic B lymphocytes in chickens vaccinated        

experimentally with IBDV-Icx (Jeurissen et al., 1998). Furthermore, in ovo inoculation 

with the IBDV-Icx vaccine induced more germinal centres in the spleen, and larger 

amounts of IBDV were localized on both splenic and bursal follicular dendritic cells.   

Recently, recombinant neutralizing antibodies have been developed and used in an       

experimental IBDV-Icx vaccine (Sapats et al., 2006; Ignjatovic et al., 2006). 

2.7.4. Subunit vaccines 

VP2, a major structural protein of IBDV, contains antigenic epitopes responsible for    

induction of neutralizing/protective antibody (Becht et al., 1988; Fahey et al., 1989).     

Denatured VP2 does not induce protection in chickens (Fahey et al., 1989), and denatured 

and renatured VP2 also lost the ability to induce neutralizing antibodies in chickens 

(Opplingn et al., 1989). Different expression systems have been used, such as             
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Escherichia coli (Fahey et al., 1991), yeast (Dey et al., 2009), fowl pox virus (Bayliss et 

al., 1991; Heine & Boyle, 1993), baculovirus (Vakharia et al., 1993), Semliki Forest virus 

(Phenix et al., 2001), and even plant expression systems (Wu et al., 2004). Either the VP2         

encoding region alone or the polyprotein gene was used for expression, and polyhistidine 

tags have been used for effective protein purification. It was observed that IBDV empty 

capsids offered better protection than did the tubular structures that formed after           

expression in a baculovirus based system (Martinez-Torrecuadrada et al., 2003). To date, 

three vaccines based on the VP2 subunit have been placed in the market in some        

countries, with VP2 expressed either in the baculovirus system, or in E. coli or in the 

yeast Pichia pastoris (Pitcovski et al., 2003). As with inactivated vaccines, the                

requirements of parenteral administration and booster immunizations are limiting factors 

for the use of such vaccines. 

2.7.5. DNA vaccine 

 DNA inoculation represents a novel approach to vaccination and immune therapeutic  

development in early 1990. The direct injection of gene expression cassettes into a living 

host transforms a number of cells into factories for production of the introduced gene 

products. Expression of these delivered genes has important immunological consequences 

and may result in the specific immune activation of the host against the novel expressed 

antigens (Chattergoon et al., 1997). DNA vaccine consists of naked plasmid DNA which 

contain antigenically important gene regulated under strong mammalian promoter. Direct 

delivery of DNA encoding human growth hormone into the skin of mice through ‘gene 

gun’ resulted in antibody response against the delivered antigen. DNA vaccine is safe, 

non replicating, inexpensive and technically simple method to induce immune response. 

DNA vaccine can induce humoral as well as cellular immunity. 

2.7.5.1. DNA vaccine encoding VP2 full length gene 

 A number of studies were conducted on the development of a DNA vaccine, with        

variable success, to induce an efficient immune response in chickens. DNA vaccine     

expressing VP2 protein has reported in a number of studies as VP2 is the major structural 

protein of IBDV containing an antigenic epitope and capable of inducing neutralizing  

antibody (Fahey et al.,1989). Though it has the ability to elicit both humoral and cell     

mediated immune response, the protective efficacy varied from 40 to 70 %  bursal lesions 



D E V E L O P M E N T  O F  A  D N A  V A C C I N E  C O N S T R U C T  E N C O D I N G  V P 2  G E N E  O F  I N F E C T I O U S  B U R S A L  

D I S E A S E  ( I B D )  V I R U S  A N D  T R U N C A T E D  H S P 7 0  G E N E  O F  M Y C O B A C T E R I U M  T U B E R C U L O S I S   ( 11 )   

R E V I E W  O F  L I T E R A T U R E  

in most of the cases(Kumar et al.,2009; Pradhan et al.,2014; Negash et al., 2013). A     

potential use of DNA vaccine for priming in ovo or at 1 day old chicken followed by 

boosting with inactivated vaccine or vectored vaccine has been described (Haygreen et 

al., 2006; Hsieh et al., 2007) and induced protection against a virulent challenge infec-

tion. The use of DNA vaccination via the in ovo route was also described (Oshop et al., 

2003; Haygreen et al., 2006; Park et al., 2009). The results showed that the in ovo deliv-

ery  without a booster dose was not sufficient to induce protective immunity. Bacteria,        

including Lactococcus lactis, Salmonella typhimurium  and E. coli, have been used to   

deliver IBDV cDNA vaccine orally, but with variable success. Here, difficulties in the 

secretion or translocation of the expressed viral protein across the bacterial cell wall could 

be the limiting factor (Li et al., 2006; Mahmood et al., 2007). Co administration of       

Cytokine IL-18 and VP2 gene could  enhance  the  immune responses  and  protection  

efficacy  of  DNA  vaccine  against  IBDV  infection in  chickens,  highlighting  the      

potential  value  of  chicken  IL-18  as  an  adjuvant  in  the  prevention  of vvIBDV (Li et 

al., 2013). Recently prime boost vaccination strategy has been developed against IBD 

(Gao et al., 2013). 

2.8. Heat Shock Protein (HSPs) 

HSPs are highly conserved molecules, found in prokaryotes, eukaryotes and even in 

plants. These proteins undertake crucial functions in maintaining cell homeostasis and are 

essential for life since they behave as chaperons (Smith et al., 1998). HSPs are expressed 

both constitutively (cognate proteins) and under stressful conditions (inducible forms). 

Constitutively expressed HSPs appear to serve as molecular chaperons, recognizing and 

binding to nascent polypeptide chains and partially folded intermediates of proteins,    

preventing their aggregation and  misfolding. HSPs also participate in protein synthesis, 

suitable protein folding, assembly, trafficking and degradation .Moreover, HSPs as      

molecular adjuvants have been used as attractive immune stimulatory components in the 

development of vaccines. HSP70 and other HSP family members endogenously bind    

antigenic peptides in tumor or virus-infected cells. Such HSP70-peptide complexes, 

formed by fusing antigens to HSP70, are capable of inducing potent antitumor (Suzue et 

al.,1996a) or antiviral immunity (Li et al.,2006 ; Ebrahimi et al.,2012). Genetically fusing 

antigens to HSP70 leads to an enhanced vaccine potency. These investigations have made 

HSP70 an attractive molecular adjuvant in vaccine development. 



 

D E V E L O P M E N T  O F  A  D N A  V A C C I N E  C O N S T R U C T  E N C O D I N G  V P 2  G E N E  O F  I N F E C T I O U S  B U R S A L  

D I S E A S E  ( I B D )  V I R U S  A N D  T R U N C A T E D  H S P 7 0  G E N E  O F  M Y C O B A C T E R I U M  T U B E R C U L O S I S   ( 12 )   

R E V I E W  O F  L I T E R A T U R E  

2.8.1. HSP70 as adjuvant and carrier  

The immunological functions of HSPs began to emerge in the 1980s, when it was        

observed that homogenous preparations of certain HSPs that were isolated from cancer 

cells elicited immunity to cancers (Srivastava et al., 1998). That study was first carried 

out with the HSP gp96 (Blachere et al. 1993), but similar results were later obtained with 

HSP70 (Udono and Srivastava 1993, Ciupitu et al. 2002), HSP90 (Udono and Srivastava 

1994), calreticulin (Basu and Srivastava 1999), HSP170 and HSP110 (Wang et al. 2001). 

Among those HSPs, the HSP70 family is well characterized and attracts much attention 

because of its versatile functions in the immune system. Besides the chaperone activity, 

HSP70 molecules can function as endogenous as well as exogenous adjuvants (Vabulas et 

al.2002, Asea et al. 2002). HSP70s prepared from tumor cells or virus-infected cells are 

capable of eliciting CD8+ CTL responses in vivo and in vitro against a variety of antigens 

expressed in the cells from which these immunogenic proteins have been purified 

(reviewed in Srivastava 2002). Extracellular HSP70 can complex with antigenic peptides 

and simultaneously activate professional APCs. This interaction triggers a cascade of 

events, including re-presentation of chaperoned peptides to MHC I restricted CD8+ and 

MHC II restricted CD4+ T cells, secretion of pro-inflammatory cytokines and phenotypic 

and functional maturation of DCs (Asea et al., 2000, Tobian et al. 2004 (a, b)). These 

properties combine to make HSP70 a potent adjuvant that integrates innate and adaptive 

immune responses. HSP70 contains strong T-cell epitopes and serves as a carrier of     

antigens, effectively inducing antigen specific B cells as well as  CD4+ and CD8+T -cell 

responses without requiring an adjuvant (Udono et al. 2001).  

Fusing mycobacterial HSP70 to HIV-1 gag p24 (Suzue et al.,1996a), Influenza 

M2e (Ebrahimi et al.,2012) and synthetic malarial antigen (NANP) a synthetic peptides 

consisting of 40 (Asn-Ala-40, Asn-Pro) repeats (Barrios et al.,1992), enhanced the       

immunogenicity of the antigens and obviated the need for adjuvant. Mice immunized with 

a kineto plamid membrane protein-11 (KMP11) covalently fused to HSP70 from        

Trypanosoma cruzi elicited a CTL response against the Jurkat-A2/Kb cells expressing the 

KMP11 protein (Maranon et al.,2001). Moreover, HSP70 has been used as a carrier for 

group C meningococcal oligosaccharide, inducing antibodies against oligosaccharide in 

mice (Perraut .,1993). Furthermore, chimeric proteins formed by antigens coupled to the 

C-terminal fragment of HSP70 from M. tuberculosis and N-terminal fragment from 
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Leishmania infantum (Rico .,1998), induced humoral and cell mediated immune    re-

sponses to the coupled antigens. 

2.8.2. HSP70 receptors and mechanism of adjuvanticity 

The existence of receptors on APCs, specifically mediating the cellular internalization of 

HSPs was postulated in 1994 by Srivastava (Srivastava . 1994). The first HSP70    recep-

tor was identified in 2000, eliciting considerable interest in this area (Binder . 2000). It 

has been suggested that the signaling and cross-presentation of chaperoned    peptides, 

might be mediated by different sets of receptors. CD9 is a putative receptor for HSP70, 

which is specifically endocytic, whereas TLR-2 and TLR-4 are implied as the signaling 

receptors (reviewed in Binder . 2004). The adjuvanticity of HSP70 is based on the specif-

ic interaction of HSPs with the receptors present on professional APCs (DCs and macro-

phages) having two distinct consequences: 1. stimulation of an innate response 

(regardless of chaperoned peptides) and 2) activation of adaptive immune events through 

representation of HSP-chaperoned peptides to MHC molecules, therefore integrating   

innate and adaptive immune events. HSP70 activates DCs through binding to its cognate 

receptor CD14/TLR-4 or TLR-2 complexes, expressed on those cells. This is a             

non-antigen specific event and important for efficient priming of T cells. TLR4/2 receptor 

mediated binding initiates signaling cascades in immature DCs (Asea ,2002) causing 

them to differentiate and migrate from the periphery to the draining lymph nodes. This 

leads to several activities, including up-regulation of MHC and costimulatory (CD86/83) 

molecules, induction of chemokine secretion, production of NO and secretion of          

inflammatory cytokines such as IL-1b, IL-12, IL-6 and TNF-a (Asea et al. 2000, Moroi et 

al. 2000, Kuppner et al. 2001). HSP70 can also interact specifically with the CD91       

receptor (Basu et al. 2001), that mediates endocytosis and results in cross-presentation of 

HSP70 associated peptides to both CD8+and   CD4+T lymphocytes (Udono et al. 2001). 

This alternate MHC I antigen processing and cross-presentation is mediated via cytosolic 

mechanisms in dendritic cells and vacuolar mechanisms in macrophages (Tobian et al. 

2004 (b)).Therefore, the remarkable immunogenicity and adjuvanticity of HSP70 may be 

ascribed to two crucial features: HSP70 as cross-priming adjuvant and as direct activators 

of professional APCs. TLR2/4 are the major receptors involved in transducing HSP70 

mediated signaling through activation of the MyD88/NF-kB (Asea et al. 2002, Vabulas et 

al. 2002). In addition to TLR2 and TLR4, other cell surface receptors, such as CD40 have 
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been found to be potentially involved in transducing activation signals of HSP70 to APCs, 

(Wang et al. 2001, Becker et al. 2002). The idea of the involvement of CD40 in the inter-

action of HSP70 with APCs draws indirect support from different studies. 

2.8.3. Mycobacterium tuberculosis HSP70 adjuvant property 

Microbial HSP70 derived from Mycobacterium tuberculosis (mHSP70) is a 70 kD        

molecular chaperone having three functionally distinct domains: an N-terminal 44 kDa 

ATPase portion (amino acids 1-358), followed by an 18 kDa peptide-binding domain 

(amino acids 359-494) and a 10 kDa fragment (amino acids 495-610).The amino-terminus 

of HSP70, with mixed alpha-helices and beta pleated sheets, binds and hydrolyzes ATP 

molecules which were driven from folding action of HSP70.The carboxy-terminal domain 

of mHSP70 (28 kD) is a loose beta barrel which binds 6-amino acid hydrophobic protein 

motifs, the object of folding activity (Flahety et al.,1990; Zhu et al.,1996). Besides the 

chaperone activity, HSP70 molecules can function as adjuvants (Asea et al., 2000). 

HSP70 is a ligand for TLR2 and TLR4 was shown to enhance the potecncy of plasmid 

DNA immunogen in mice by inducing expression of Th1 based cytokines (Asea et al., 

2002). A plasmid protein expressing an antigen-HSP70 fusion gene elicit both humoral 

and cell mediated immunity that were more potent than plasmid  containing antigen alone 

(Planelles et al., 2001). HSP70 prepared from tumor cells or virus-infected cells are        

capable of eliciting CD8+ CTL responses in vivo and in vitro against a variety of antigen 

expressed in the cells from which these immunogenic proteins have been purified 

(Srivastava et al., 2002). Extracellular mHSP70 can complex with antigenic peptides and 

simultaneously activate professional APCs. This interaction triggers a cascade of events, 

including representation of chaperoned peptides to MHC I restricted CD8+ and MHC II 

restricted CD4+T cells, secretion of pro inflammatory cytokines and phenotypic and   

functional maturation of DCs (Tobian et al., 2004). These properties combine to make 

mHSP70 a potent adjuvant that integrates innate and adaptive immune responses.  

2.9. C-terminal fragment of mycobacterium HSP70 amino acids 359-610 

It was studied that the C-terminal fragment of mHSP70 acted as a carrier in mice when 

fused to the malarial antigen EB200 (HSP70-EB200) and considerably induced vaccine 

MHC responses (Qazi et al. 2005). The effects of two truncated HSP70 molecules,          

N-terminal domain HSP701-360, amino acids 1-360  and C-terminal domain HSP70359-610 , 
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amino acids  359-610, of  mycobacterial HSP70 was evaluated on the  basis of antigen 

specific immunity generated by a hepatitis B virus (HBV) DNA vaccination. It was 

shown that only the HSP70 359-610 fused HBV DNA vaccination resulted in a significant 

increase in hepatitis B surface antigen (HBsAg)-specific humoral response, while the 

HSP701-360 fused vaccine did not. Moreover, HSP70 359-610 fused DNA vaccine did not 

induce anti-HSP70 antibody (Li et al., 2006). Many studies have been reported using C-

terminal of Mycobacterium tuberculosis heat shock protein HSP70 provide better    pro-

tection when fused to antigen compared to complete HSP70 molecule (Wang et al., 2002; 

Zhang et al., 2008). 

 In other studies, the effects of HSP70 on foot and mouth virus (FMDV) and     

Japanese encephalitis virus in mice were evaluated separately and the HSP70 markedly 

enhanced both the humoral and cell-mediated immune responses (Fei-fei et al., 2006). 

Therefore C-terminal domain of HSP70 (HSP70359-610) seems to be safe enough             

immunogenic and function with linkage with small low immunogenic and consider them 

as attractive vaccine adjuvant (Ebrahimi et al., 2010). In a recent reports have shown the 

induction of specific humoral and cellular immune responses against Hantaan virus in a 

mouse model following gene fusion of c-terminal HSP70 and Hantaan virus Gn and S0.7 

in an adenoviral vector (Cheng et al, 2014). 

  

 

 

 

 

 

 

  

 

 

 



3 Materials & Methods 
3.1. Virus and cell line 

 The very virulent IBD virus was available in Recombinant DNA lab and was given in 11 

day old specific pathogen free (SPF) embryonated chicken eggs through CAM route and 

titer was evaluated by Reed and Muench method. Animal experiments were approved by 

the animal ethics committee of the institute. Vero cell line was grown and maintained in 

medium 199 (M199, Life Technology) supplemented with 10% (V/V) heat inactivated 

foetal bovine serum (FBS, Life Technology).  

3.2. Chemicals and reagents  

All the chemicals, buffers, media, reagents and various kits related to molecular biology 

and genetic engineering, were obtained from various manufacturers viz., Amresco (USA), 

Bangalore Genei (India), Bethyl (USA), Biochem (India), Bio-Rad Laboratories (USA), 

Eurofins India, Life Technologiy ,USA), Kappa Biosystems (USA), Merck (India/

Germany),Qiagen (Germany),Sigma (USA), Thermo Scientific (USA) and SiscoResearch 

Laboratories/ SRL(India).Detailed composition of various buffers and reagents, their   

storage conditions have been provided in the  appendix attached and also at various      

occasions. 

3.3. Equipment 

Liquid handling systems (micropipettes) were from Eppendorf (Germany), microplate 

reader (Biorad. USA), Gel electrophoresis apparatus (ATTO), Gel documentation system 

(Biorad, USA),Blotting  apparatus (Bio-Rad, wet tank mini trans blot protein transfer   

system, USA), table top refrigerated centrifuge  (Eppendorf, Germany), Refrigerator ( LG 

India Ltd.), -20˚C to -80˚C freezer (Haier, China ), Spinix vortexer (Tarsons, India),   

Spinwin microfuge (Bangalore Genei, India), BioSpectrometer, Thermal cycler             

Eppendorf (Germany), water bath (Grant, UK), double distillation apparatus (Borosil),           

deionisation plant (Borosil), weighing balance (Sartorius, Germany), Laminar Flow 
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(ESCO), Fluorescence microscopes (Leica), real time thermal cycler (Biorad CFX 96, 

USA) were used. 

3.4. Enzymes 

Restriction and modifying enzymes were from Promega (USA), Stratagene (Germany), 

Invitrogen (USA), New England BioLabs (USA), MBI Fermentas (USA),Superscript III 

MMLV reverse  transcriptase was obtained from Invitrogen (USA). 

3.5. Media and buffers 

Compositions of media, buffers and solutions used in this study are given in the appendix 

and in     respective sections. 

3.6. Construction of recombinant vector 

3.6.1. Designing of DNA vaccine construct and recombinant VP2 protein 

The eukaryotic expression vector pCI mammalian expression vector with CMV promoter 

(Promega, USA) was used for the in vitro expression studies. The full length VP2 coding 

gene (1338 bp) of IBDV was amplified from the cloned IBDV VP2 gene (Dey et al., 2009) as the 

template using the upstream (5’-GCGGAATTCGCCACCATGACAAACCTGCAAGAT-3’) and 

downstream (5’GCGGGATCCTGCTCCTGCAATCTTCA-3’) primers that harbored the 

EcoRI and BamHI restriction sites respectively (Table.1). PCR was performed in 50µl    

reaction  mixture containing Taq polymerase, Taq buffer (10X) 5µl, 10pmol dNTP and 

1µmol of each of the primers. Reaction conditions were 95˚C for 5 min followed by 30  

cycles at 95˚C for 1 min, 58˚C for 30s, 72 ˚C for 1 min and final extension at 72˚C for 10 

min. The c-terminal domain of HSP70 (HSP70 359-610) was amplified (773 bp) 

from the genomic DNA of Mycobacterium tuberculosis using the specific      

upstream (5’-GCGGGATCCGAGGTGAAAGACGTTC-3’) and downstream (5’-

GCGGCGGCCGCTCAATCAGCCGAGCCGGG-3') primers harboring  EcoRI 

and BamHI restriction sites respectively (Table. 1). The PCR conditions were    

similar to the condition carried out for VP2 amplification. The PCR amplicons VP2 and 

cHSP70 were gel purified then  separately digested with BamHI followed by ligated     

using T4 DNA  ligase (NEB, UK) to form a  fusion construct namely VP2-cHSP70 

(2111bp). Then using VP2-cHSP70 as a template and VP2   upstream and cHSP70   

downstream primers, a PCR reaction was carried out at an annealing temperature of 60˚C 

for 1 minute. The PCR    amplicon obtained from the VP2-cHSP70 fusion construct was 
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then purified from the gel and subjected to double digestion with EcoRI/NotI restriction 

enzymes and cloned into the EcoRI/NotI multiple cloning site of digested pCI expession 

vector to form pCIVP2-cHSP70 construct. Thus pCIVP2-cHSP70 plasmid has a single 

open reading frame (ORF) with ATG start codon at the 5' end of the VP2 and UGA stop 

codon in the 3' end of cHSP70. Restriction site for BamHI GGATCC is flanked in       

between the VP2 and cHSP70 construct(Fig.6). The ORF and the fusion construct was 

confirmed by sequencing. 

Table 1. Primers designed for PCR analysis 

The full length VP2 gene was cloned in pCI vector namely pCIVP2. The recombinant 

VP2 protein expressed in Sacchharomyces cerevisiae formed subviral particle (SVPVP2) 

(Dey et al., 2009) available in the laboratory was used as a vaccine candidate in the DNA 

prime- protein boost approach.  

3.6.2. Preparation of competent cells (Calcium chloride method) 

E.coli (DH5α) cells were made competent for transformation by the calcium chloride 

method described by Sambrook (2001) and as followed in the laboratory. Frozen bacterial 

stock was thawed at 370C and streaked on LB agar plates using sterile platinum loop and 

incubated at 370C for 16-18 h. Single colony from the plate was inoculated into a 25 ml 

LB broth and incubated in a shaking incubator at 370C for 16-18 h. At the end of          

incubation, 2.5 ml of this culture was transferred to a 250 ml LB broth and incubated at 

370C in the shaking incubator until the culture attained an O.D. of 0.3-0.4 at A600 nm   

(3-4 h incubation). The culture was chilled on ice and the cells were harvested by        

centrifugation at 6000 x g for 5 min at 40C in a refrigerated centrifuge. The cell pellet 

was resuspended in 25 ml ice-cold 100mM CaCl2 and incubated on ice for 30 min. The 

cells were  recovered by centrifugation as above. The pellet was resuspended in 2.1 ml of 

Gene Forward Reverse Size 
Restriction 

enzyme site 

cHSP70 

TGCGCGG-

GATCCGAGGTGAAAGACGTT

C 

GCGGCGGCCGCTCAATCAG

CCGAGCCGGG 
773 bp BamHI / NotI 

VP2 
GCGGAATTCGCCAC-

CATGACAAACCTGCAAGAT 

GCGGGATCC TGCTCCTG-

CAATCTTCA 
1338 bp EcoRI/BamHI 

VP2-

cHSP70 

GCGGAATTCGCCAC-

CATGACAAACCTGCAAGAT 

GCGGCGGCCGCTCAATCAG

CCGAGCCGGG 
2111 bp EcoRI/NotI 



D E V E L O P M E N T  O F  A  D N A  V A C C I N E  C O N S T R U C T  E N C O D I N G  V P 2  G E N E  O F  I N F E C T I O U S  B U R S A L  

D I S E A S E  ( I B D )  V I R U S  A N D  T R U N C A T E D  H S P 7 0  G E N E  O F  M Y C O B A C T E R I U M  T U B E R C U L O S I S   
( 19 )   

M A T E R I A L S  &  M E T H O D S  

100mM CaCl2 and 1.5% of sterile glycerol. The cell suspension was thoroughly but    

gently mixed and aliquoted (80μl) in 1.5 ml microcentrifuge tubes and stored at –70˚C 

until use. 

3.6.3. Transformation by heat shock method 

The frozen aliquots of competent cells were thawed on ice and mixed with ligated pCI 

VP2-cHSP70 plasmid an pCIVP2 plasmid and left on ice for 20 min. The cells were    

given heat shock at 42˚C for 45 sec followed by snap cooling on ice for 2 min              

immediately. There after one ml of pre-warmed SOC was added to the cells and the     

suspension was incubated at 37˚C for 1 h in a shaking incubator. Subsequently, the cells 

were pelleted by centrifugation at 8,000 x g for 5 min at room temperature and the pellet 

was resuspended in 100 μl of fresh LB broth. The cells were then plated on LB agar 

plates containing ampicillin (50μg/ml) and incubated at 37˚C for 16 to 18 h. Colonies that 

appeared were screened for the presence of recombinant clones or plasmids. 

3.6.4. Plasmid isolation by alkaline lysis (mini prep) method  

Plasmid DNA from E.coli DH5α cells was isolated with miniprep plasmid isolation kit 

(QIAGEN, Miniprep kit) as described by manufacturer. Briefly, bacterial colonies     

transformed with plasmid DNA were inoculated into 10 ml of LB broth containing       

ampicillin (50 μg/ml) and allowed to grow overnight at 37˚C with shaking. About 1.5 to 3 

ml of the culture was centrifuged at 6,000 x g at room temperature to pellet the cells. The 

cell pellet was suspended in 100 μl of cell suspension buffer (P1) containing RNase-A (20 

μg/ml). To this suspension, 200 μl of lysis buffer (P2) was added and the contents mixed 

by gentle inversion several times until a clear lysate was evident and the mixture turns 

blue. Then, 150 μl of neutralizing solution (P3) was added to the lysate and the   contents 

were mixed once again by gentle inversion several times until the mixture will became 

colorless and incubated on ice for 10 min. Chromosomal DNA along with other cell de-

bris was pelleted out by centrifuging the above mix at 12,000 x g for 10 min at 40C. The 

supernatant was collected in Qiagen tip and treated  with QC followed  by QF buffer at 

12,000 xg for 2 min at room temperature. Finally eluted with 50 μl of nuclease free water 

and stored at –20˚C. 
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3.6.5. Screening of recombinant plasmids 

DNA vaccine construct was confirmed by the release of insert of expected molecular size 

upon RE digestion of the recombinant plasmid DNA. Suspected recombinant plasmid 

DNA was extracted by miniprep plasmid isolation method as described earlier. These 

were subjected to RE digestion and the products were analyzed in an analytical agarose 

gel alongside a DNA molecular weight marker. Release of the expected size DNA       

fragment confirmed the presence of recombinants. Single colony picked from the plate 

was inoculated in LB broth and grown over night. 700 μl of culture was mixed with 300 

μl of 50 % sterile glycerol in eppendorf tube for cryopreservation and stored at -80˚C. 

DNA isolated was quantified in BioSpectrometer at 260 nm and 280nm. The purity was 

assessed  as A260/280 ratio. 

3.6.6. Sequencing of recombinant plasmids 

The recombinant plasmids were sequenced using the ABI 377 Perkin Elmer Automated 

DNA sequencer at the Sequencing Facility, Eurofins, Bangalore, India. The data obtained 

was analyzed using NCBI BLAST and DNASTAR package analysis software. 

3.7. In vitro characterization of the fusion construct 

3.7.1. Cell Culture 

Vero cells that were propagated and maintained with M199 media supplemented with 

10% FBS (Foetal Bovine Serum) and penicillin and streptomycin at 37˚C in Recombinant 

DNA laboratory, IVRI were used in the study. 

3.7.2 Transfection of Vero cells 

Vero cells were grown to 80 % confluence in 6 well tissue culture plates. 5 µl of    

Lipofectamine (Invitrogen) was mixed in 300 µl of optiMEMmedia and was kept aside, 5 

µg of endotoxin free recombinant/control plasmids were mixed in 300 µl of optiMEM 

media separately and incubated at room temperature for 5 min. The above mixtures were 

mixed gently and incubated for 20 min at room temperature. Vero cell monolayer was 

washed with optiMEM media and layered with DNA lipofectamine mix, incubated at 

37˚C for 4 h in 5 % CO2. At the end of incubation period, medium was replaced with 2 

ml of fresh growth medium. 
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3.7.3 In vitro expression of recombinant protein 

 The vero cell lines were transiently transfected with 4µg of pCIVP2, pCIVP2-cHSP70 or 

empty   vector along with IBDV infected positive and mock infected negative control   

using Lipofectamine 2000 (Invitrogen, USA) reagent according to manufacturer's        

protocol. Forty eight hours post transfection the transfected cells were washed with    

Dulbecco modified phosphate buffer (DPBS, LifeTechnology), fixed with 4%              

paraformaldehyde in PBS (Affymetrics, USA) for 20 min at room temperature followed 

by washing with PBS and blocked by 3% bovine serum albumin. The expression of the   

recombinant plasmids was analyzed by Western blot and immunofluorescence (IFAT) 

using rabbit anti IBDV-VP2 antibody (1:100) dilution. Briefly ,Cells were lysed with cell 

lysis buffer (Biosource, USA) and freeze thawed for 3-4 times and centrifuged for 5 min. 

The pellets were boiled for 10 minutes in a water bath in order to lyse and denature the 

bacterial proteins. Samples were then spin at 12,000 rpm to pellet the cellular debris     

following which 40μl of the supernatant was analyzed on 12% SDS-PAGE under         

denaturing conditions at 100V for 6 h. The gel was stained using Coomasie Brilliant Blue 

(CBB) dye. The compositions of different buffers used for SDS-PAGE are given in the 

annexure. The specific reactivity of the expressed VP2-cHSP70 fusion protein and VP2 

protein alone was checked by Western blotting using rabbit anti IBDV-VP2 antibody. 

The resolved proteins from SDS PAGE was subsequently transferred to a nitrocellulose 

membrane using a semi dry blotting   apparatus (Bio-Rad, USA) in 50 nm Tris base, 380 

mM glycine, 0.1% SDS, 20% methanol at 100 mA constant current for 3 h. Successful 

transfer of the protein to the membrane was confirmed by staining the membrane with 

CBB stain and subsequent destaining. The unbound surface of the membrane was 

blocked overnight with 2% BSA in PBS, at 40 C. Following washing withPBS-Tween-20 

(0.05%) 3 times for ten minutes, primary antibodies (1:200) was added to the membrane 

and incubated at 37˚C for 5 h. It was washed again with PBS-Tween-20 (0.05%) 3 times 

for ten minutes. Now, the membrane was treated with 1:2000 diluted HRPO conjugated 

goat anti-rabbit IgG and incubated at 37˚C for 1 h.  The membrane was washed 3 times 

with PBS-Tween20. Then, prepared a solution containing DAB (Diaminobenzidine)    

substrate (1 mg/ml) mixed with 30µl H2O2. Further the membrane was than soaked in 

the solution prepared and keep for sometimes till the colour developed. Once the colour 
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develop remove the solution and semi dry the blot paper, photographed or preserved for 

future use. 

3.8. Immunization of experimental chicken with DNA vaccine  

3.8.1. Endotoxin-free plasmid purification  

Purification of the constructed pCIVP2 and pCIVP2-cHSP70 plasmid was performed 

with EndoFree Plasmid Mega Kit (Qiagen). Single colony of E. coli cells carrying         

recombinant plasmid, was inoculated into a starter culture of 20 ml LB containing         

ampicillin (50 μg/ml). The inoculum was incubated at 370C in an orbital shaker (250 

rpm) overnight. This starter culture was diluted to 1: 500 into 1500 ml fresh selective LB 

medium and incubated at 370C for 12- 16 h with vigorous shaking (~250 rpm). The     

bacterial cells were harvested by centrifugation at 6000 x g for 10 min at 40C. Pellet was 

resuspended in 10 ml of solution P1 until no clumps were visible. Buffer P2 (10 ml) was 

added and mixed thoroughly by inverting the sealed tube and kept for 5 minutes at room 

temperature the mixture turn intense blue colour. Chilled buffer P3 (10 ml) was added, 

mixed thoroughly until solution turn colorless then incubated on ice for 20 minutes. Cells 

lysate were centrifuged at 20,000 X g for 30 min. In the meantime, Qiagen Tip 500 was       

equilibrated with 10 ml of QBT solution. The supernatant was passed through column by 

gravity flow and washed two times with 30 ml of QC solution. After washing, plasmid 

DNA was eluted with 15 ml of QF solution in 50 ml tube. Isopropanol (10.5 ml) at room 

temperature was added and centrifuged at 15,000 g for 30 minutes. The DNA pellet was 

washed with 70% ethanol after centrifugation at 15000 g for 10 min. The pellet was air 

dried and dissolved in 100 μl of nuclease free water. Concentration of the recombinant     

plasmids was checked at A260/280 nm.  

3.8.2. Specific pathogen free chickens 

Specific pathogen free eggs were obtained from SPF unit Venky’s India Limited, Pune 

and hatched at CARI, Izatnagar. All chickens were housed in separate poultry isolation 

chambers with ad libitum access to feed and water. The animal experiment was carried 

out under the approved DBT project and the approval of the institute animal ethics      

committee. 
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3.8.3. Immunization trial  

A total of 60 birds at 14 days of age were distributed into six groups with 10 birds in each 

group. The birds were randomly divided into the groups namely Vector control, Control 

(challenged with vvIBDV), Control (unchallenged), pCIVP2 DNA, pCIVP2-cHSP70 and 

pCIVP2-SVPVP2 (DNA prime-protein boost). The chickens in pCIVP2 DNA and 

pCIVP2-cHSP70 were immunized twice at 14 days interval with 100µg of VP2 encoding 

DNA vaccine and c-terminal of HSP70 linked with IBDV-VP2 (pCIVP2-cHSP70) re-

spectively. The birds in the  prime- protein boost group were first immunized with 

pCIVP2 (100µg/bird) followed by boosting with 50µg of SVPVP2 protein. Vector con-

trol birds were immunized with pCI empty vector (100 µg) while control challenged 

group bird received phosphate buffer saline (PBS). All the groups received the injections 

intramuscularly. 

 Table 2 : Immunization schedule for SPF birds 

3.8.4. Evaluation of humoral and cellular immune response 

3.8.4.1. Enzyme linked immunesorbent assay (ELISA) 

Antibody levels in pre-and post-immunization serum samples were quantified by Enzyme 

Linked Immunosorbent Assay (ELISA). The serum samples from immunized and control 

group birds (5 birds/group) were collected at 0, 7, 14, 21 and 28 days post immunization 

(d.p.i) and tested for IBDV VP2 specific antibody. The assay was performed as described 

by Dey et al., 2009. Briefly, the 96 well ELISA plate (flat bottom) were coated with    

recombinant VP2 antigen diluted in the coating buffer (100mM bicarbonate buffer, pH 

9.0) at 4º C overnight and blocked with 2% bovine serum albumin (BSA). The sera    

samples were diluted at 1:100 were added on a plate and incubated at 37º C for 1 hour. 

The relative antibody titer was calculated by sample to positive (S/P) ratio and end point 

Groups 1st Immunization (14th day) Booster (28th day) 

pCIVP2-cHSP70(10) 100 µg plasmid/bird 100 µg plasmid/bird 

pCIVP2-SVPVP2(10) 100 µg plasmid/bird 50 µg SVPVP2 VLP/bird 

pCIVP2(10) 100 µg plasmid/bird 100 µg plasmid/bird 

pCI vector control (10) 100 µg plasmid/bird 100 µg plasmid/bird 

Control challenged (10) 100 µl PBS /bird 100 µl PBS /bird 

Control unchallenged (10) 100 µl PBS /bird 100 µl PBS /bird 
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titer were determined as described previously (Dey et al, 2009). Serum samples with end 

point titer more than 500 were considered positive. 

3.8.4.2. Real Time PCR based assay for detection of cytokine gene expression 

3.8.4.2.1. RNA isolation from peripheral blood mononuclear cells(PBMC)  

Total RNA was isolated from PBMC using Trizol reagent (Invitrogen, USA), according 

to the manufacturer's instructions at 28 day post immunization. Briefly the steps are      

follows: 

1. Washed PBMC samples which were collected from 3ml of blood were mixed with 1 

ml Trizol reagent and mixed properly, incubated in room temperature for 10-15 

minutes. 

2. 200µl chloroform was added with and mixed vigorously for 10-15 seconds and then 

kept on ice for 15 minutes. 

3. Phase separation: Centrifuge the mixed samples at 12000g for 15minute in 4˚C for 

phase separation.  

4. RNA precipitation: The aqueous colourless phase of the solution was collected into a 

new DEPC treated eppendorf tube and to that 0.5 ml of isopropanol was added to  

precipitate the RNA from the aqueous phase by centrifugation at12000g for10 

minutes. 

5. RNA washing: After precipitation, the RNA was washed with 1 ml of 70% ethanol by 

centrifugation at 12000g for 10 minutes. 

6. Drying: After washing precipitated RNA was air dried and then dissolved in 20µl 

DEPC treated water and incubated at 37˚C for 15 minutes. 

7. The quality and quantity of the samples are checked using spectrophotometer 

(Eppendorf) by taking the reading at OD260 and OD280 against DEPC treated water 

as blank. The RNA samples that showed the OD260/OD 280 =2 were free of protein 

contamination. 

3.8.4.2.3. cDNA preparation  

First strand of DNA was synthesized from RNA using random hexamer primer and      

reverse transcriptase in a 20µl reaction mixture as follows: 
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The above mixture was incubated at 65 ˚C for 5 minutes and then snap cooled on ice and 

then following rea- gents were added.  

 

 

 

 

Then the tube was incubated at 25˚C for 10 minute followed by 50˚C for 50 minute and 

subsequently 85˚C for 5 minute. After the reaction was over RNaseH need to add with the 

mixture and incubated at 37˚C for 20 minute. 

3.8.4.2.4. Cytokine response by real time PCR 

Peripheral blood mononuclear cells (PBMCs) was isolated for the extraction of total RNA 

using Trizol method. After estimation of RNA quantity and quality, 1µg of RNA was 

used for cDNA synthesis using superscript first strand synthesis kit (Invitrogen).           

Subsequently cDNA was amplified by PCR with chicken specific primers for IL10, IFNγ, 

IL12 (Table. 3) in CFX 96 Real Time System (Bio-Rad, CA, USA). The amplification 

reaction was performed in 20 µl mixture consisting of 1µl cDNA, 10 µl of SYBR Green 

Master Mix (Qiagen, CA, USA), primers 0.5 µl each (10 pm/µl). All the reaction were 

performed in triplicate and Ct value were normalized to GAPDH. Fold change (∆∆Ct) of 

vaccinated group was measured with respect to control group. 

3.8.4.3. Lymphocyte transformation assay 

Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient            

centrifugation of  heparinized peripheral blood samples obtained from chickens at 28 

d.p.i. as previously reported (Kaiser et al.,2006). PBMC were stimulated with either 

concanavalin A (5µg/ml) as positive control, or purified SVPVP2 as the specific antigen 

  Component                                   Volume 

Total RNA (1µg)                                5µl 

Random hexamer primer                   1µl 

10mM dNTP mix                               1µl 

DEPC treated water                           3µl 

  Component                                   Volume 

  10X RT Buffer                                 2µl 

  RNAse OUT                                   1µl 

   MgCl2                                            4µl 

    DTT                                               2µl 

Super scriptIII (SSIII)                       1µl 
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and only media as negative control and incubated at 37˚C in CO2 incubator for 72 hours. 

Proliferative response was measured by adding 10µl of MTT dye (Invitrogen) to each 

wells and incubated for 4 hours at 37˚C followed by 100µl of DMSO to dissolve the 

formazon crystal. The optical density (OD) of each well was measured at 590 nm.      

Stimulation index (SI) was calculated as the mean OD value of stimulated cells divided 

by the mean OD value of unstimulated control. 

Table 3.  Primers designed for real time PCR analysis 

3.9. Determination of protection from challenge  

Two weeks after the booster dose, birds from all the groups except control 

(unchallenged) group were intra occularly challenged with very virulent IBDV strain. 

Chickens were monitored carefully for the next 10 days for clinical signs and mortality 

was recorded. Ten days post challenge, the birds were sacrificed and collected bursa from 

respective birds were weighed. Bursa to body weight, bursal lesion score were  calculated 

and presented in Table. 4. Protection against challenge was assessed by studying the    

occurrence of mortality in susceptible chickens, presence of viral antigen in bursa four 

days post challenge (determined by AGPT), bursal gross lesion and bursa to body weight 

ratio (bursa/body weight B/B%) ten days post challenge. Histopathological examination 

was done to confirm the status of protection. Clinical signs and mortality were observed 

daily for 10 days post-challenge. The dead and surviving chickens were sacrificed and 

Bursa of Fabricious was collected for gross and histological examination. After haematoxylin          

and eosin (H&E) staining, the tissue were examined at Division of Pathology,  IVRI. The 

bursa form all the groups were examined histiologically to determine the severity of    

bursal infection. The bursal lesion were graded according to a scale of 0 to 4: 0, no      

lesions ; 1, mild scattered cell depletion in a few follicles; 2,moderate with 1/3 -1/2 of the 

Gene             Forward Reverse Size Ac. No. 

GAPDH TGCCATCACAGCCACACAGAAG ACTTTCCCCACAGCCTTAGCAG 123 AF047874.1 

IL-12P40 CGAAGTGAAGGAGTTCCCAGAT GACCGTATCATTTGCCCATTG 123 AY262752.1 

IFN-γ AAGTCAAAGCCGCACATCAAAC CTGGATTCTCAAGTCGTTCATCG 132 X99774.1 

IL-10 GCTGAGGGTGAAGTTTGAGGAA GAAGCGCAGCATCTCTGACA 142 AF000631.1 
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follicle atrophied or with depleted cells; 3, diffuse with atrophy in all follicle; and acute 

inflammation and acute necrosis, typical of IBDV infection.  

3.10. Statistical analysis 

All data was presented as the mean± standard error (S.E). Tukey test  was employed to 

evaluate the statistical differences among groups with SAS software. A value of P < 0.05 

was considered as significant. Relations between the groups were determined by Tukey 

test. 

 

 

 

 



4 Results 
4.1. Development of VP2-cHSP70 and VP2 DNA vaccine construct and its           

characterization 

4.1.1.1. PCR amplification of VP2 and c- terminal HSP70 genes 

VP2 gene (1338 bp) of very virulent IBDV strain was amplified from cDNA using the 

primers VP2 F (EcoRI) and VP2 R (BamHI) as mentioned in Table 1 and depicted in  

Fig. 1. C-terminal heat shock protein HSP70 was amplified from genomic DNA of       

Mycobacterium tuberculosis using primer HSP70 F (BamHI) and HSP70 R (NotI) primer 

as shown in Table 1.The amplified product was analysed by agarose gel electrophoresis 

and a single intense band of 778bp was observed (Fig. 2). 

4.1.1.2. Development of VP2 and cHSP70 DNA construct 

The amplified fragments, VP2 and HSP70 359–610, were gel purified and digested with 

BamHI restriction enzyme separately. Digested products were again gel-purified and    

ligated by T4 DNA    ligase (NEB, UK) to form VP2–HSP70 359–610 fusion construct. The 

resulting construct was designated as VP2-cHSP70 which encoded the VP2–cHSP70 359–610     

protein in a single ORF. In this approach BamHI restriction site (GAATTC), encoding two 

extra amino acids of Gly and Ser separated two parts of the fusion construct. The            

VP2–cHSP70 359–610 fusion construct was amplified using VP2  upstream and cHSP70 359–

610 downstream primers a PCR reaction. The amplified product was analyzed by agarose 

gel electrophoresis and 2111bp band was observed (Fig. 3). 

4.1.1.3. Cloning of VP2 and VP2-cHSP70 gene in a pCI expression vector 

Amplified VP2-cHSP70 and VP2 were purified from agarose gel and ligated to pCI  

cloning vector individually and transformed into DH5α cells. Following digestion with 

restriction enzyme using EcoRI and NotI of pCIVP2-cHSP70 released 2111 bp fragment 

(Fig. 4) and with EcoRI and BamHI digestion for pCIVP2 clones released 1338 bp      

fragment (Fig. 5).  
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4.1.1.4. Sequencing of DNA constructs 

The positive recombinant clones from each group was further confirmed by DNA        

sequencing. Both strands of the clones were sequenced by primer walking and analysed 

using NCBI-BLASTN version 2.2.27+ programme. The DNA sequence of VP2 was 

found to be 100% identical to the designed sequence of VP2 as well as c-terminal HSP70 

without any base substitution (Fig. 7b). Dendrogram showed the presence of BamHI     

restriction site (GAATTC)  in between VP2 and cHSP70 fragment (Fig. 7a). 

4.1.2. In vitro expression analysis 

4.1.2.1. Indirect immunofluorescence assay 

Plasmids pCIVP2 and pCIVP2-cHSP70 were constructed and in vitro expression of VP2 

and VP2-cHSP70 fusion protein was confirmed by indirect fluorescence test (IFAT)    

using anti IBDV-VP2 antibody raised in rabbit. The intensive fluorescence seen in the 

cells transfected with pCIVP2 and pCIVP2-cHSP70 plasmid indicated the successful  

expression of VP2 and VP2-cHSP70 protein. No fluorescence was found in pCI empty 

vector transfected cells (Fig. 8).  

4.1.2.2. Western Blot analysis 

 The expression of VP2 protein and VP2-cHSP70 fusion protein was also confirmed by 

western blot analysis. The expected bands of 44kDa (Fig. 9a) and 72kDa (Fig. 9b) were 

observed in the lysates of cells transfected with pCIVP2 and pCIVP2-cHSP70 plasmid 

respectively.  

4.2. Immunization studies 

4.2.1 Isolation of vaccine grade endotoxin free plasmid DNA and quantification                                              

Plasmid DNA was isolated in bulk using QIAGEN endofree maxi kit. The integrity of 

plasmid was checked by agarose gel electrophoresis. Further, the plasmid DNA was also 

checked for its purity and concentration, spectrophotometrically by taking OD at 260/280 

and the total yield of plasmid DNA was calculated to be 350 to 400 µg from 250 ml    

bacterial cultures. The ratio of OD 260/OD 280 was 1.8, indicating the DNA preparation 

was pure and free from RNA and protein contamination. The endotoxin free DNA was 

used to immunize SPF chickens as per the protocol shown in Table 2. 
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4.2.1. Titration of the challenge virus 

Very virulent IBDV strain was maintained in Recombinant DNA Laboratory, Indian  

Veterinary Research Institute, India. The virus was grown in 11 days old specific        

pathogen free (SPF) embryonated chicken eggs through CAM route and titre was          

calculated by Reed and Muench method. For challenge studies, 105 ELD50 virus was 

used. 

4.2.2. Evaluation of humoral immune response 

Antibody titre to IBDV was determined in serum samples collected from birds from each 

group at 0, 7, 14, 21 and 28 day d.p.i (Fig. 10). After 14 d.p.i. birds immunized with 

pCIVP2-cHSP70 construct showed detectable antibody titre. However, antibody titre of 

pCIVP2-cHSP70 group birds was highest in 28 d.p.i. The antibody titre of pCIVP2-

cHSP70, pCIVP2- SVPVP2 groups showed significantly higher titre as compared to 

pCIVP2 vaccinated group (p<0.01). It also observed that there was no significant          

antibody titre difference between pCIVP2-cHSP70 and pCIVP2-SVPVP2 groups. The 

antibody titre of vector control and control groups were undetectable throughout the 

study period. 

4.2.3. Evaluation of cell mediated immune responses 

4.2.3.1. Cytokine expression analysis 

Relative expression patterns of IL-10, IL-12p40, IFNγ genes in chicken lymphocytes at 

14th days post booster for different plasmid constructs are illustrated in (Fig.11) The      

expression of IL12 and IFNγ was significantly higher in pCIVP2-cHSP70 immunized 

group compared to pCIVP2- SVPVP2 and pCIVP2 groups. In contrast the expression 

level of IL10 in pCIVP2- SVPVP2 group was significantly higher than pCIVP2-cHSP70 

vaccinated group (p<0.01). 

4.2.3.2. Lymphocyte proliferation response 

Lymphocyte proliferation responses for the determination of cell mediated immune      

response of the immunized and control birds was analyzed at 28 days d.p.i. and          

schematically represented at  Fig.12a & 12b. Proliferative response are measured by  

stimulation index (SI). pCIVP2-cHSP70 and pCIVP2- SVPVP2 groups SI was  significantly 

higher than the pCIVP2 and control group (P<0.05) as well as there is no significant     
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differences between pCIVP2-cHSP70 , pCIVP2- SVPVP2 group while the stimulation 

index of  pCIVP2  was significantly different when compared to vector control and     

control groups. 

4.3. Challenge and protection study  

After challenge, chickens in the unvaccinated and unchallenged control group remained 

healthy and exhibited normal sized bursae, whereas the control challenged group showed 

typical clinical signs with 90% mortality and severe hemorrhagic bursa. Histopathological 

lesions were examined (Fig.13). Out of 10 chickens challenged with vvIBDV,                 

10 chickens died in vector control and control  challenged groups. In contrast, chickens in 

pCIVP2-cHSP70, pCIVP2– SVPVP2 vaccinated and control unchallenged groups were 

completely protected from mortality against vvIBDV challenge. However, 3 birds  died in 

pCIVP2 vaccinated group. The chickens in the pCIVP2-cHSP70 or pCIVP2-SVPVP2 

group had higher B/B ratios and lower bursal lesion scores compared to pCIVP2          

vaccinated group (Table 4). 
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Fig. 2     : PCR amplification of c-terminal HSP70 (cHSP70)  

        gene  of  Mycobacterium tuberculosis 

Lane  1  : PCR amplicon of cHSP70 (773 bp) 

Lane M  : MassRuler Express Forward DNA marker  

  (MBI Fermentas) 

Fig. 1     : PCR amplification of full length VP2 gene of IBDV 

Lane 1   : PCR amplicon of VP2 (1338 bp) 

Lane M  : MassRuler Express Forward DNA marker  

  (MBI Fermentas) 
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Plate- 

Fig. 4   :  Confirmation of VP2-cHSP70 DNA construct 

Lane 1 :  Uncut pCIVP2-cHSP70 construct 

Lane 2 :  pCIVP2-cHSP70 construct following digestion  

      with EcoRI and NotI released an insert size   

       2111 bp and pCI vector back bone  (4006 bp) 

Lane M : Mass Ruler Express Forward DNA marker  

  (MBI Fermentas) 

Fig. 3     : PCR amplified fusion VP2-cHSP70 construct 

Lane 1    : Fusion construct of VP2-cHSP70 (2111 bp) 

Lane M  : MassRuler Express Forward DNA marker 

                (MBI Fermentas) 
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Plate- 

Fig. 5    :  Confirmation of pCIVP2 DNA construct by  

                 restriction enzyme digestion 

Lane 1  :  pCIVP2 construct following digestion with EcoRI 

  and BamHI release an insert size 1338 bp and pCI 

  vector backbone (4006 bp) 

Lane M : Mass Ruler Express Forward DNA marker  

  (MBI Fermentas) 
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                Fig. 9 a & b :  Western blot  analysis of the expressed (a)full length VP2 protein and 

                                        (b) VP2-cHSP70 fusion protein from vero cells 

                     Lane  1    :  Expressed VP2 protein (44 kDa) 

                     Lane  2    :  Expression of fused VP2-cHSP70 protein (72 kDa) 

                     Lane M    :  Colourplus prestained protein ladder (10-230 kDa,NEB) 
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Plate- 

Fig 6: Strategy to construct the genetically linked VP2 and cHSP70 gene in pCI vector 

IV 

   Fig 7a) Confirmation of pCIVP2-cHSP70 fusion gene by sequencing: BamHI (GGATCC) 

site linking  the VP2 and cHSP70 construct.  



Plate- 

GCGGAATTCGCCACCATGACAAACCTGCAAGATCAAACCCAACAGATTGTTCCGTTCAC-

GGGAGCCTTCTGATGCCAACAACCGGACCGGCGTCCATTCCGGACGACACCCTAGAGAAGCACA

CTCTCAGGTCAGAGACCTCGACCTACAATTTGACTGTGGGGGACACAGGGTCAGGGCTAATTGT

CTTTTTCCCTGGCTTCCCTGGCTCAATTGTGGGTGCTCACTACACACTGCAGAGCAATGGGAACT

ACAAGTTCGATCAGATGCTCCTGACTGCCCAGAACCTACCGGCCAGCTACAACTACTGCAGGCT

AGTGAGTCGGAGTCTCACAGTGAGGTCAAGCACACTCCCTGGTGGCGTTTATGCACTAAATGGC

ACCATAAACGCCGTGACCTTCCAAGGAAGCCTGAGTGAACTGACAGATGTTAGCTACAATGGGT

TGATGTCTGCAACAGCCAACATCAACGACAAAATCGGGAACGTCCTAGTAGGGGAAGGGGTAA

CCGTCCTCAGCTTACCCACATCATATGATCTTGGGTATGTGAGACTCGGTGACCCCATTCCCGCT

ATAGGGCTCGACCCAAAAATGGTAGCAACATGTGACAGCAGTGACAGGCCCAGAGTCTACACC

ATAACTGCAGCCGACGATTACCAATTCTCATCACAGTACCAAGCAGGTGGGGTAACAATCACAC

TGTTCTCAGCTAATATCGATGCCATCACAAGCCTCAGCATCGGGGGAGAACTCGTGTTTCAAACA

AGCGTCCAAGGCCTTATACTGGGTGCTACCATCTACCTTATAGGCTTTGATGGGACTGCGGTAAT

CACCAGAGCTGTGGCCGCAGACAATGGGCTGACGGCCGGCACTGACAACCTTATGCCATTCAAT

ATTGTGATTCCAACCAGCGAGATAACCCAGCCAATCACATCCATCAAACTGGAGATAGTAACCT

CCAAAAGTGGTGGTCAGGCGGGGGATCAGATGTCATGGTCAGCAAGTGGGAGCCTAGCAGTGA

CGATCCACGGTGGCAACTATCCAGGGGCCCTCCGTCCCGTCACACTAGTAGCCTACGAAAGAGT

GGCAACAGGATCTGTCGTTACGGTCGCCGGGGTGAGCAACTTCGAGCTGATCCCAAATCCTGAA

CTAGCAAAGAACCTGGTCACAGAATACGGCCGATTTGACCCAGGAGCCATGAACTACACAAAAT

TGATACTGAGTGAGAGGGACCGTCTTGGCATCAAGACCGTATGGCCAACAAGGGAGTACACTGA

CTTTCGCGAGTACTTCATGGAGGTGGCCGACCTCAACTCTCCCCTGAAGATTGCAGGAGCAGGA

TCCGAGGTGAAAGACGTTCTGCTGCTTGATGTTACCCCGCTGAGCCTGGGTATCGAGACCAAGGG

CGGGGTGATGACCAGGCTCATCGAGCGCAACACCACGATCCCCACCAAGCGGTCGGAGTCTTTC

ACCACCGCCGACGACAACCAACCGTCGGTGCAGATCCAGGTCTATCAGGGGGAGCGTGAGATCG

CCGCGCACAACAAGTTGCTCGGGTCCTTCGAGCTGACCGGCATCCCGCCGGCGCCGCGGGGGAT

TCCGCAGATCGAGGTCACTTTCGACATCGACGCCAACGGCATTGTGCACGTCACCGCCAAGGAC

AAGGGCACCGGCAAGGAGAACACGATCCGAATCCAGGAAGGCTCGGGCCTGTCCAAGGAAGAC

ATTGACCGCATGATCAAGGACGCCGAAGCGCACGCCGAGGAGGATCGCAAGCGTCGCGAGGAG

GCCGATGTTCGTAATCAAGCCGAGACATTGGTCTACCAGACGGAGAAGTTCGTCAAAGAACAGC

GTGAGGCCGAGGGTGGTTCGAAGGTACCTGAAGACACGCTGAACAAGGTTGATGCCGCGGTGG

CGGAAGCGAAGGCGGCACTTGGCGGATCGGATATTTCGGCCATCAAGTCGGCGATGGAGAAGCT

GGGCCAGGAGTCGCAGGCTCTGGGGCAAGCGATCTACGAAGCAGCTCAGGCTGCGTCACAGGC

CACTGGCGCTGCCCACCCCGGCGGCGAGCCGGGCGGTGCCCACCCCGGCTCGGCTGATTGAGCG

GCCGC 

Fig 7b) Sequence of full length VP2 genetically linked with c-terminal of HSP70 gene with 

BamHI restriction enzyme is linking the two genes 
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Plate- 

Fig:11. Production of different cytokines by PBMCs from immunized birds groups on 28 days post          

immunization. Transcription level of each gene was assessed by quantitative real time PCR (RT-PCR) and 

normalized to that of GAPDH. Relative quantities of mRNA  evaluated by using the 2 -∆∆Ct  method  and     

relative fold change of each cytokine expression between immunized and control challenge group. Data are 

represented as mean  value from three independent experiment in triplicate and error bar represent the   

standard errors. Levels not connected by same letter are significantly different ( p< 0.01). 

Fig:10. Antibody responses of chickens in different groups measured by ELISA. Chickens were immunized 

twice at 2-week intervals with pCIVP2-cHSP70, pCIVP2–SVPVP2 and pCIVP2 and pCI empty vector. The 

serum samples from immunized and control group birds (5 birds/group) were      collected at 0, 7, 14, 21 and 

28 days post immunization (d.p.i) and tested for IBDV VP2 specific    antibody. The  antibody titers higher 

than 500 were considered positive for IBDV antibody. Data   represent the means ± standard error. pCIVP2-

cHSP70, pCIVP2–SVPVP2 group showed significantly higher ELISA titers than pCIVP2 (P  <  0.01) after 

the booster immunization. Level not connected by same letter are significantly different (p<0.01). 
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Plate- 

Fig. 12a : Lymphocyte proliferation assay in chicken PBMCs . Plate 1 : ConA stimulated 

PBMCs , plate 2 : SVPVP2 stimulated PBMCs plate 3 : Unstimulated PBMCs (Control). 

Arrow indicates the proliferation of lymphocytes. 

Fig:12 b. Lymphocyte proliferative response in chickens on 28 days post infection.  

Chicken lymphocytes from immunized and control groups were isolated and stimulated 

with recombinant VP2 antigen, concanvalin A (conA) as positive control and M199      

media as negative control. Lymphocyte proliferative response was measured and          

expressed as stimulation index. All the data presented as mean value ± standard error. 

Level not connected by same letter are significantly different (p<0.05). 
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Plate- 

Fig: 13. Histopathology of bursa of fabricius follicle collected from different groups;                                    

A– Normal follicular structure (Control unchallenged) 

B– Intact follicles with mild depletion of lymphoid cells in the follicles (pCIVP2-cHSP70) 

C– Showing bursal atrophy with moderate depletion of lymphoid cells in the follicles (pCIVP2) 

D– Showing necrosis and severe depletion of lymphoid cells in the follicles (pCI empty vector) 
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5 Discussion 
Infectious bursal disease (IBD) retards the growth of the poultry industry through its    

repeated occurrence of outbreaks around the world. The economic impact of IBD is      

influenced by the virulence of the infecting strain, susceptibility of the flock, interference 

of primary and secondary pathogens as well as management factors. In classical field   

outbreaks, the mortality rate may range from 1 to 50% (Muller et al., 2003). Higher    

mortality rates were observed in layer-type breeds than in broiler breeds following        

infection with virulent IBDV (van den Berg et al., 1991). It is well known that the IBD 

virus replicates in immature B lymphocytes, particularly in the cells of the BF . However, 

the studies of Rautenschlein et al.,(2002) revealed that functional T cells are needed to       

control IBDV-antigen load in the acute phase of infection.  

5.1. Structure of IBDV 

 IBDV is a bi-segmented, double stranded, non-enveloped RNA virus. The genome of 

IBDV consist of two segments designated as segment A and segment B (Mundt et 

al.,1995). Genome segment A has two ORFs. Larger ORF 1 encodes for a 110kDa       

polyprotein which is later spliced into viral proteins VP2 (48kDa),VP3(33-35kDa),VP4

(24kDa). VP2 and VP3 protein form the outer and inner capsid of the virus respectively 

(Mahgoub et al., 2012). The capsid protein, VP2 is the major host   protective antigen of 

IBDV carrying the major immunogenic determinants (Fahey et al., 1989). Various studies 

have been reported using full length VP2 gene for vaccine candidate development 

(Pradhan et al., 2014; Taghavian et al., 2013). Based on the studies we have chosen the 

full length VP2 gene for construction of a DNA vaccine candidate. 

5.2. Conventional vaccines 

IBDV is a highly infectious virus and very resistant to inactivation. Vaccination is the 

major tool for the prevention and control of IBD. In spite of intensive vaccination        

programs there are reports of   outbreaks in the poultry industries around the world      

resulting in heavy economic losses. With the emergence of antigenic variant and very   
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virulent IBDV (vvIBDV) strains (Jackwood and Saif, 1987; Chettle et al., 1989),      

chickens are not fully protected by traditional inactivated or attenuated vaccines even 

with high levels of maternal antibodies. In general, live vaccines possess unstable        

antigenic and pathogenic characters, and induce moderate bursal atrophy, leading to mild 

disease and immunosuppression. Moreover, intermediate vaccines are insufficient in 

providing adequate protection against vvIBDV, especially under conditions of high      

infection pressure. Hence vaccine protocols incorporating the use of intermediate plus 

vaccines may reduce mortality rates in the field from vvIBDV. Notably, while              

intermediate plus vaccines are capable of breaking through maternal antibody titers as 

high as 1:500, they can potentially induce bursal atrophy and immunosuppression (Wu et 

al., 2012). In addition, conventional live vaccines can be inhibited by maternal antibody     

making the timing of vaccination difficult (Hsieh et al., 2010). Therefore, it is necessary 

to develop safer and more efficacious vaccines to prevent IBDV infection.   

5.3. DNA vaccines against infectious bursal disease (IBD) 

DNA vaccines offer a number of distinctive advantages over conventional vaccines,     

including chemical and biological stability, simplicity of production, and ease of          

manipulation (Lewis and Babiuk et al., 1999). DNA vaccines encoding IBDV antigenic 

protein VP2 has been reported (Negash et al.,2013). In this study we have also constructed       

a DNA vaccine encoding VP2 gene of IBDV to enhance the antigen specific humoral and 

cell mediated immunity. First we developed a construct encoding full length VP2 gene of 

IBDV in a mammalian expression vector (pCI) under CMV promoter designated as 

pCIVP2. Expression of pCIVP2 construct was confirmed by western blotting showing a 

band of 44 kDa and in vitro immunofluorescence assay after transiently transfected in 

vero cell line. The results confirmed with the other reports (Zhang et al., 2010 and  Li et 

al, 2013). 

           In our study the immunity induced by the DNA vaccines encoding VP2 gene alone 

has been insufficient to completely protect the chickens from challenge with vvIBDV.  

Seventy percent of the immunized chickens were protected against challenge with 

vvIBDV. The results supported the previous experiments which described that DNA     

vaccine encoding VP2 alone gives protection 50% to 80% against vvIBDV challenge 

(Fodor et al., 1999; Li et al., 2013). These reports suggest that DNA vaccine encoding 

VP2 gene alone is not sufficient to provide complete protection against vvIBDV         
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challenge and new strategies need to be formulated to improve the efficacy of DNA     

vaccines. 

5.4. New strategies for improving DNA vaccine efficacy 

A number of strategies have been developed for enhancing the immune response against 

DNA vaccine encoding VP2 gene of IBDV. DNA vaccine carrying VP234 gene of IBDV 

and interleukin18 (IL18) enhanced the immune response and protection efficacy (93%) 

against vvIBDV (Li et al., 2013). In a previous study the IL18 enhanced the protection 

efficacy, highlighting the  potential value of chicken IL18 as an adjuvant in the            

prevention of vvIBDV infection. Zhang et al.,(2010) reported complete protection with 

DNA vaccine encoding IBDV VP2 gene when fused with defensin (AvBD1) gene and 

80% protection was obtained by immunizing with DNA vaccine encoding VP2 gene 

alone. Thus, several reports have confirmed that partial protection is obtained when 

chickens are immunized with DNA vaccine encoding IBDV-VP2 gene alone but        

complete protection could be obtained when immunized together with cytokines or       

cytosine-phoshphate-guanine(CpG) motif (Hulse & Romero., 2004). This proves the     

importance of using an adjuvant to enhance the immunogenicity of VP2-DNA vaccine. 

These reports encouraged us to choose a potent adjuvant which can enhance the antigen 

specific humoral and cell mediated immunity as well as  giving complete protection 

against vvIBDV challenge. 

       Previous study also showed that a prime-boost approach, where chickens first primed 

with DNA vaccine and boosting with killed vaccine or recombinant protein can            

adequately protect chickens against challenge with IBDV (Hsieh et al., 2007; Gao et al., 

2013). Based on the above  study, the immune responses and protection efficacy of three 

different vaccination strategies, namely pCIVP2 DNA vaccine , DNA vaccine containing 

fusion construct of VP2 gene of IBDV and c-terminal HSP70 gene of Mycobacterium 

tuberculosis (pCIVP2-cHSP70) and 'DNA prime-protein boost' were evaluated for       

immune response and percentage of protection against vvIBDV. 

 5.5. HSP70 as potent adjuvant 

HSP70 has been described to possess a number of immunomodulatory properties and are 

being investigated as adjuvant components in vaccine development. HSP70 can be    

translocated across cell membrane to gain cytoplasmic and nuclear entry. This property 
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may enable HSP70 to deliver  peptide into endoplasmic reticulum and MHC class I    

pathway. In addition, a CD91 receptor-mediated endocytic pathway was found to allow 

HSP70-bound peptides or proteins to enter MHC class I and class II processing pathway 

(Basu et al., 2001; Jiang et al., 2013). However, the ubiquitous presence of HSP70 in   

eukaryotic and prokaryotic cells, combined with its high degree of sequence homology 

and intrinsic immunogenicity, have raised concerns about possibility of HSP70s to induce 

autoimmune responses. Although the previous studies revealed that C-terminal HSP70359–610     

enhanced HBsAg-specific immunity without producing antibody against the complete 

HSP70 molecule, while the complete HSP70 or N-terminal HSP70 1–360 resulted strong 

anti-HSP70 humoral responses. These results indicated that HSP70 359–610 might be a   

superior adjuvant without the potential risk of autoimmunity (Li et al., 2006). Based on 

these studies we designed a genetically linked VP2 gene with cHSP70 namely pCIVP2-

cHSP70 and studied its efficacy as a DNA vaccine candidate against vvIBDV.  

5.6. In vitro expression of DNA vaccine constructs  

In this study, we constructed a fusion of c-terminal HSP70 359–610 gene of Mycobacterium tuberculosis               

to VP2 gene of IBDV to enhance the antigen specific humoral and cell mediated           

immunity. The pCIVP2-cHSP70 construct was expressed under CMV promoter of pCI 

vector and the expression was confirmed by Western blotting and immunofluorescence 

assay. The intensive fluorescence seen in the vero cells transfected with pCIVP2-cHSP70 

construct indicated that the VP2 DNA vaccine was correctly constructed and expressed. 

The lysates of cells transfected with pCIVP2-cHSP70 showed the band of 72kDa using in 

western blotting.  

5.7. Evaluation of DNA vaccine constructs in (Specific pathogen free) SPF chickens 

We have compared  three types of vaccines namely, pCIVP2 DNA vaccine, DNA       

vaccine containing fusion construct of VP2 gene of IBDV and c-terminal HSP70 gene of 

Mycobacterium tuberculosis (pCIVP2-cHSP70) and 'DNA prime-protein boost' vaccine 

and the immune responses from these vaccines and their protection efficacy against 

vvIBDV was studied. Humoral response was measured by ELISA and cell mediated     

immune response was measured by lymphocyte proliferation assay and cytokine           

expression assay. 
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 5.7.1. Antibody responses in immunized chickens by ELISA  

Neutralizing antibody plays a predominant role in inactivation of virus particles (Fahey et 

al., 1989). In this study, we measured the antibody titer before challenge continuously 

from 0 days to 28 days of post vaccination and chickens immunized with pCIVP2-

cHSP70 and prime-boost vaccine showed significantly higher levels of antibody titer as 

compared to pCIVP2 group. The adjuvant like activity of c-terminal HSP70 as reported by 

Li et al., (2006) might be responsible for enhancing the humoral immune response against 

IBDV in pCIVP2-cHSP70 vaccinated group.  The ‘DNA prime-protein boost’ vaccination 

approach in our study has also showed significant humoral immune response compared to 

pCIVP2 DNA vaccine alone and supports the previous study reported by Gao et al., 2013. 

5.7.2. Lymphocyte proliferation response 

   In IBDV infection, T cells were critically involved in protection and antibody alone is 

not sufficient in inducing protection in chicken (Sharma et al., 2000). An ideal vaccine 

should induce both cellular and humoral immune responses to achieve complete            

protection. In our study, we evaluated the cellular immune response by lymphocyte       

proliferation response and cytokine assay. The pCIVP2-cHSP70 group induced              

significantly higher levels of specific lymphocyte proliferative response compared to 

prime-boost and pCIVP2 groups, when stimulated with SVPVP2 protein. The results    

confirmed cHSP70 assisted in the augmentation of antigen specific lymphocyte             

proliferation response and corroborated the results of (Ebrahimi et al., 2012; Fu et al., 

2013) 

 5.7.4. Real time quantification of cytokines mRNA 

Since the cytokines also play an important role in the development of cellular immune  

response and protection of viral infections, the cytokine induction was also detected in the                         

‘DNA prime-protein boost’ and pCIVP2-cHSP70 groups. The upregulation of IFNγ and 

IL12 are indicators for Th1 type response and IL10 indicates Th2 response as reported in 

(Wang et al., 2002; Rauf et al., 2011; Cheng et al., 2014) and IL10 is also an indicator of 

Th2 response. The pCIVP2-cHSP70 and DNA prime-protein boost strategy elicited a 

mixed Th1 and Th2 response against IBDV challenge in chicken with upregulation of 

IL12, IFNγ and IL10. The chickens in both these groups not only stimulated both the arms 

of the immune response but also achieved complete protection against vvIBDV challenge 
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when compared with chicken immunized with DNA vaccine alone. 

5.8. Summary     

In summary pCIVP2-cHSP70, could be a promising vaccine candidate in eliciting a      

humoral and cellular immune response against IBDV infection. The c-terminal HSP70 

genetically linked to IBDV VP2 gene assisted in augmentation of both the arms of         

immune response and complete protection in chicken was achieved in chickens when 

challenged with vvIBDV. This novel strategy of development of a DNA vaccine construct 

not only improves the efficacy of the vaccine but also provides better immune response 

when compared to DNA prime-boost vaccination strategy or DNA vaccine alone. 



6 Summary & Conclusions 
Infectious Bursal Disease virus (IBDV) is a double stranded RNA virus affecting the 

young chickens. The virus has a selective tropism for bursal B cells causing massive       

destruction of B cells in lymphoid organs, resulting in lymphopenia (immunosuppression) 

and secondary infection of the infected bird. There are two distinct types of IBDV,       

designated as serotypes 1 and 2. While serotype 1 viruses are pathogenic to chickens,        

serotype 2 viruses are isolated from turkeys and are avirulent for chickens. IBDV        

serotype I isolate has different levels of virulence and different replicatio  efficiency in 

bursal cells. Beginning in 1990, variant strains of serotype I virus emerged in the       

Western Europe and subsequently in different parts of Southeast Asia that were more    

virulent than classical strains and caused mortality rates of over 80 % .The viral genome 

consists of two segments of linear double-stranded RNA, A and B, 6 kb in length in total. 

Segment A is 3.2 kb in length and contains two partly overlapping open reading frames 

(ORF). The largest ORF encodes a polyprotein that is autocatalytically cleaved into two 

structural proteins, VP2 and VP3, and a serine protease, VP4 . VP2 is considered to be the 

major host-protective antigen and contains the major antigenic site responsible for       

eliciting neutralizing antibodies (Abs) (Fahey et al.,1989). IBDV is continuously evolving 

in the field with the changes in antigenicity and virulence. Vaccination is the best method 

to control the disease. IBDV vaccines include live attenuated and inactivated vaccines. 

However, there is a growing concern that intensive use of live attenuated vaccines against 

IBDV could drive this pathogen to revert back virulence. Therefore, these problems have 

raised increasing interest in the development of subunit vaccines; DNA vaccines offer 

several advantages for delivering protective antigens. DNA vaccines mimic a natural viral 

infection in that the antigens they encode are produced in their native structure and are 

presented in the context of MHC class I and II, evoking a balanced immune response. 

DNA vaccines encoding IBDV antigenic protein VP2 has been reported in a  number of 

studies (Negash et al., 2013).  In this study we have also constructed a DNA vaccine    

encoding VP2 gene of IBDV to enhance the antigen specific humoral and cell mediated 
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immunity. But it was able to protect seventy percent of the immunized chicken against 

challenge with vvIBDV. To increase the efficacy of the DNA vaccine combination of 

various molecular adjuvant have been studied. A number of strategies have been           

developed for enhancing the immune response against DNA vaccine encoding VP2 gene 

of IBDV. DNA vaccine carrying VP234 gene of IBDV and interleukin18 (IL18)          

enhanced the immune response and protection efficacy (93%) against vvIBD (Li et al., 

2013). In a previous study the IL18 enhanced the protection efficacy, highlighting the   

potential value of chicken IL18 as an adjuvant in the prevention of vvIBDV infection. 

Zheng et al.,(2010) reported complete protection with DNA vaccine encoding IBDV VP2 

gene when fused with defensin (AvBD1) gene and 80% protection was obtained by     

immunizing with DNA vaccine encoding VP2 gene alone. Thus, several reports have 

confirmed that partial protection is obtained when chickens are immunized with DNA 

vaccine encoding IBDV-VP2 gene alone but complete protection could be obtained when 

immunized together with cytokines or cytosine-phoshphate-guanine(CpG) motif (Hulse 

& Romero et al., 2004). This proves the importance of using an adjuvant to enhance the                    

immunogenicity of VP2-DNA vaccine. These reports encouraged us to choose a potent 

adjuvant which can enhance the antigen specific humoral and cell mediated immunity as 

well as  giving    complete protection against vvIBDV challenge. 

 Previously truncated c-terminal HSP70 has been described to possess a number of       

immunomodulatory properties and are being investigated as adjuvant components in vaccine 

development (Ebrahimi et al., 2012). In the present study we have constructed a fusion of 

c-terminal HSP70359–610 gene of Mycobacterium tuberculosis to VP2 gene of IBDV to 

enhance the antigen  specific humoral and cell mediated immunity. The pCIVP2-cHSP70 

construct was expressed under CMV promoter of pCI vector and the expression was    

confirmed by western blotting and immunofluorescence assay. To evaluate the adjuvant 

property of cHSP70 of M.tuberculosis we have compared three types of vaccines namely 

pCIVP2 DNA vaccine , DNA vaccine containing fusion construct of VP2 gene of IBDV 

and c-terminal HSP70 gene of Mycobacterium tuberculosis (pCIVP2-cHSP70) and          

'DNA prime-protein boost' vaccine and the immune responses elucidated by vaccines and 

their  protection efficacy against vvIBDV was studied. Humoral response was determined 

by ELISA and cell mediated immune response was determined by lymphocyte             

proliferation assay and cytokine expression assay. Protection level in the vaccinated 
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groups was assessed by challenging with a very virulent IBDV. The truncated c- terminal 

HSP70 mediated DNA vaccine genetically fused with VP2 gene construct stimulated 

both humoral and cell mediated immune responses and conferred complete protection 

against IBDV.  This novel strategy is perhaps a seminal concept in  utilizing HSP70 as an 

adjuvant molecule to elicit an immune response against IBD affecting chicken. 



 7 Mini Abstract 
Infectious bursal disease (IBD) is an acute, infectious, immunosuppressive disease        

affecting young chicken worldwide. Etiological agent IBD virus (IBDV), is a double 

stranded RNA virus. The outer capsid protein VP2 of IBDV is the major antigenic        

determinant capable of inducing neutralizing antibody. New vaccination strategies are in 

demand to avert the risk with the conventional vaccination approach. DNA vaccines     

encoding VP2 has been extensively studied achieving partial protection. However, the     

efficacy of DNA vaccines against IBDV can be augmented by choosing a potential molecular         

adjuvant. Truncated c-terminal heat shock protein 70 (cHSP70) of Mycobacterium tuberculosis                     

is one of the extensively studied molecular adjuvant. In this study, DNA vaccine construct 

containing fusion of cHSP70 of Mycobacterium tuberculosis and full length VP2 gene of 

IBDV was designed for expression under the CMV promoter of a mammalian expression 

vector (pCI). The new construct was designated as pCIVP2-cHSP70 and the newly      

constructed pCIVP2-cHSP70 DNA vaccine has been compared with DNA vaccine       

encoding only the VP2 gene. Transient expression of the constructs were confirmed by 

western blot and indirect immunofluorescence assay in Vero cells. The constructs were 

injected intramascularly into 14 days-old specific pathogen free (SPF) chickens followed 

by booster in 28th days. Immune responses among three vaccination approaches were 

studied with ELISA, LTT and cytokine assays. Protection level in the vaccinated groups 

was assessed by challenging with a very virulent IBDV.  The truncated c- terminal HSP70 

mediated DNA vaccine genetically fused with VP2 gene construct stimulated both        

humoral and cell mediated immune responses and conferred complete protection against 

IBDV.  This novel strategy is perhaps a seminal concept in  utilizing HSP70 as an        

adjuvant molecule to elicit an immune response against IBD affecting chicken. 
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 10 Appendix 
I.  Solutions for Plasmid extraction 

1. Solution -I 

Glucose                 50 mM 

Tris-HCl, (pH8.0) 25 mM 

EDTA (pH 8.0)     10 mM 

Autoclaved  at 15 lb/sq.inch. for 15 min. Stored at 4°C 

 

2. Solution -II (to be made fresh) 

NaOH (from a stock of 10 N) 0.2 N 

SDS 1.0 % 

 

3. Solution -III 

5M Potassium acetate 60.0 ml 

Glacial acetic acid 11.5 ml 

Distilled water 28.5 ml 

The resulting solution is 3M with respect to potassium and 5M with respect to acetate 

 

II. Luria Bertani (LB) Medium (pH 7.0 ) 

Tryptone 1.0% 

Yeast extract 0.5% 

NaCl 1.0% 

For LB plates, add 1.5% agar to the LB broth and autoclave 

 

III. Reagent for Agarose gel electrophoresis 
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A P P E N D I X  

1. TBE (10X) 

Tris base 108 g 

Boric acid 55 g 

EDTA (0.5 M, pH 8.0) 40 ml 

Distilled water to make 1L 

 

2. Ethidium Bromide 

Ethidium bromide 10 mg 

Distilled water 1.0ml 

 

3. Gel loading dye (6X) 

Bromophenol Blue 1.0% 

Sucrose in water 40% 

 

IV. PCR buffer (10X) 

Tris- HCl 100 mM 

KCl 500 mM 

MgCl2 25 mM 

Triton X100 0.1% 

 

V. Miscellaneous Buffers / solutions 

Phosphate Buffered Saline, pH 7.4 

NaCl 8.0g 

Na2HPO4.2H2O 1.44 g 

KH2PO4 0.2 g 

KCl 0.2g 

Distilled water to make 1000 ml 

 

Colony lysis Buffer 
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A P P E N D I X  

1M Tris-Cl, pH 8.0 (100mM) 1ml 

0.5M EDTA, pH 8.0 (10mM) 0.2ml 

Lysozyme (10mM) 10mg 

RNAse (30g/ml) 0.3mg 

Distilled water to make 10ml 

 

Phosphate Buffer (10X) 

KH2PO4 (0.17M) 23.1g 

K2HPO4 (0.72M) 125.4g 

Distilled water to make 1000ml 

Sterilize by autoclaving 

 

VI. Buffers for cell culture 

Maintenance media 

 DMEM 950ml 

 TPB(10X) 50ml 

 Fetal Calf Serum 20ml 

Growth media 

DMEM 900ml 

TPB (10X) 100ml 

Fetal Calf Serum 100ml 

 

Phenol red (1% w/v) solution 

Phenol red powder 10 g 

N/10 NaOH 300 ml 

Distilled water 750 ml 

The powder was first dissolved in N/10 NaOH solution with the help of a pestle and mor-

tar and  then distilled water was added to make the required volume. The solution was 

stored at 40C 
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Tryptose Phosphate Broth (TPB) (pH 7.3) 

Tryptose 20 g 

Dextrose 2.0 g 

Sodium Chloride 5.0 g 

Disodium Phosphate 2.5 g 

Suspend 29.5 g in 1000 ml distilled water. Boil to dissolve the medium completely. Steri-

lized by autoclaving at 15 lb. pressure for 15 minutes 

 

Trypsin Versene Glucose (TVG) 

i) Trypsin Stock Solution 

Trypsin (Difco; 1:250) 2 g 

Distilled water 100 ml 

The trypsin was dissolved by agitating the solution at 40C for 15 minutes and then filtered 

through Seitz-KES pads and stored at 40C 

ii) Versene Stock Solution 

Versene (AR) 0.2 g 

Distilled water 100 ml 

The solution was sterilized by autoclaving at 10 lb pressure for 10 minutes and stored at 

40C 

 

iii) Glucose Stock Solution 

Glucose (AR) 10 g 

Distilled water 100 ml 

The solution was sterilized by autoclaving at 10 lb pressure for 10 minutes and stored at 

40C 

 

TVG working solution 

1 X PBS 840 ml 

2% Trypsin Stock 50 ml 

2% Versene Stock 100 ml 
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R E F E R E N C E S  

10% Glucose Stock 50 ml 

1% Phenol red 1 ml 

Mix above aseptically in laminar flow, confirm for sterility and store at 40C till further 

use 

 

6. DMEM 

 4 mM Glutamine 

4500 mg glucose/l 

1500 mg /l NaHCO3 

 

VII. Reagents for ELISA 

Coating Buffer (pH 9.0) -100 ml 

Sodium carbonates (Na2CO3) – 0.159 g 

Sodium bicarbonate (NaHCO3)-0.293 g 

 

Substrate buffer (pH 5.0)- 50 ml 

Citric acid -0.26 g 

Di-Sodium hydrogen phosphate-0.69 g 

 

VIII. Reagents for SDS PAGE and Western blot 

1. Separating gel (12%) 

Water-2 ml 

Acylamide/bisacrylamide (30%)-2.5 ml 

Tris (pH 8.8)-1.4 ml 

SDS (10%)-50 µl 

APS (10%)-50 µl 

TEMED-4 µl 

 

2. Stacking gel (5%) 
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Water-1.5 ml 

Acylamide/bisacrylamide (30%)-310 µl 

Tris (pH 6.8)-622 µl 

SDS (10%)-25 µl 

APS (10%)-25 µl 

TEMED-4 µl 

 

3. Lamelli buffer -10 ml 

1 M Tris (pH 6.8)-1.87 ml 

Glycerol-3 ml 

10% SDS-6 ml 

 

4 . Transfer buffer (pH 8.3) 

Glycine-2.9 gm 

Tris-5.8 gm 

SDS-0.37 gm 

200 ml Methanol and make upto 1 lit with water 

 

5. Tris Boric acid buffer (TBE) (pH 7.5) -50 ml 

10 mM Triscl-0.06 gm 

150 mM Nacl-0.435 gm 

 

6. TBST -50 ml 

20 mM Triscl -0.12 gm 

500 mM  Nacl-1.45 gm 

0.05%  Tween 20- 25 µl 
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