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Abstract: Marek’s disease virus, a gamma herpes virus is the causative agent of Marek’s disease affecting poultry industry. Vaccination strategies 
against the disease have resulted in tremendous evolutionary pressure which forced the virus to emerge into new pathotypes. Herpes virus of Turkey’s, 
a serotype -3 virus of the Marek’s family has been the most commonly used vaccine world-wide. In this research three hypothetically immunogenic 
envelope glycoproteins, viz. gC, gD and gI of HVT (FC126) were identified, amplified, analysed and expressed in pKLAC yeast expression system for 
the first time.The identity  and specificity of the recombinant glycoproteins were tested and confirmed with an aim to analyse the immunological potential 
of these glycoproteins in field animals  
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Marek’s disease virus (MDV) is an oncogenic herpes virus 
[2],[4], which causes a highly contagious neoplastic disease 
in chickens [1], symptomised by the development of T cell 
lymphomas, neurological disorders, immune deficiency 
and death [5],[9],[10]. Vaccination using various MDV 
serotypes protected chickens against infections with MDV-1, 
but failed to protect against newly emerging pathotypes 
such as vvMDV [17]. The mechanisms underlying the 
steady increase in MDV virulence and the appearance of 
more acute neuronal forms of MD remain enigmatic [14]. 
Herpes virus of Turkey’s (HVT/MDV-3)) have been used as 
the most effective vaccine against MDV infection [16]. The 
underlying mechanism of the immunity conferred by HVT 
is unknown [15], but the virion surface glycoproteins 
(antigenically cross reactive with MDV1) are hypothesized 
as potent immunogens that have evolved immune-evasive 
functions [6] such as initital attachment, membrane fusion, 
virion penetration, trafficking of virion components, virion 
assembly, egress and cell-to-cell spread [7]. 

 In our present study we have cloned and expressed the 
glycoprotein genes gC, gD and gI of HVT FC126 in pKLAC 
expression vector. These proteins are highly cell associated 
[11] and until now they have not been expressed invitro [13]. 
Once expressed in a suitable system, these glycoproteins 
may be used to challenge field chicken to analyse their 
immunogenic effect.The first step was the propagation of 
virus done using chorio-allantoic membrane (CAM) 
method in specific pathogen-free eggs (12day old) [3], [18]. 
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The virus was multiplied in primary Chick embryo 
fibroblasts which were infected 4 h after seeding with 0.5 
plaque-forming units of HVT per cell and incubated for 72h. 
When a cytopathic effect was apparent to 80% of the cells, 
the virus was isolated and DNA was separated using 0.5M 
EDTA – Proteinase K method [18]. The HVT DNA was 
observed as a single 23kb intense band on 0.6% agarose gel 
and compared with Hind III λ digest DNA ladder [Fig1.1]. 

The PCR primers were designed in accordance with the 
HVT genome sequence published in NCBI GenBank and 
according to K.lactis Protein Expression kit manual. The 
forward primers gC, gD and gI contained an Xho1 
restriction site and a Kex protease cleavage site 
immediately followed by the first codon of the gene’s ORF 
and the reverse primers included a Not1 site followed by 
the stop codon [Table1.1].  PCR was performed according 
to the conditions [8], [Table 1.2]. The amplification products 
were analyzed on 1.6% agarose gel and were found to be a 
single intense band of ~ I.5 kb,1.1kb and 1.0 kb for gC, gD 
and gI respectively [Fig 1.2].The amplicons were purified 
using Axyprep PCR purification kit.  

A yeast vector pKLAC2 has been used for the secreted 
expression of glycoproteins of HVT in Kluyveromyces lactis 
(Yeast). PCR products and pKLAC2 were digested with 
Notl and Xhol enzymes and the digestion mixtures were 
purified using Genei™ gel extraction kit .The ligation of 
digested PCR product with linearized pKLAC2 was done  
and the ligation mixture was run on 1% agarose gel and 
compared with I kb ladder DNA to confirm ligation. The 
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ligated product was observed as a single band of expected 
size. Ecoli strain JM109 (end AI, recA I, gyrA96, laqlqZΔAM) 
cells were used for transformation of the glycoprotein genes 
as described in pKLAC instruction manual.  

To confirm successful transformation PCR was done for the 
inserts with the following conditions - initial cell breakage 
and DNA denaturation for 5 minutes at 94°C followed by 
35 cycles consisting of denaturation at 94°C for I minute, 
annealing at 55°C for 2 minutes, and extension at 72°C for 
3minutes. As a final extension the reactions were held at 
72°C for 10 minutes. The specificity of the PCR products 
were analysed by running on 1.6% agarose. Plasmid DNA 
was prepared by alkaline lysis method [8].The existence of 
insert DNA in the recombinant plasmid was also approved 
by restriction digestion analysis of the isolated plasmids 
from transformants. The purified plasmids were subjected 
to restriction digestion by Notl and Xhol, the digested 
products along with I kb ladder DNA were run on 
1 % agarose gel containing ethidium bromide. Finally the 
inserts were sequenced bidirectionally using sequence 
specific primers, compiled and aligned using NCBI 
nBLAST. The exact sequence similarity of the query with 
the reference confirmed successful cloning.  

 Later pKLAC2 containing gene of interest (gC, gD and gI) 
were linearized with SacII to generate an expression 
cassettes The digestion mixture was run on 1.1% agarose 
gel to give bands of 7.8kb, 7.4kb and 7.3kb respectively for 
gC, gD and gI respectively [Figure 1.3]. Transformation was 
done by introducing the linearized expression cassette into 
K.lactis  cells using the Klactis  GG799 competent cells and 
Yeast Transformation Reagent. Transformants were 
selected by growing cells on yeast carbon base (YCB) agar 
medium plates containing 5 mM acetamide. On incubation 
at 37oC, the transformed cells appeared on plates. The 
correct integration of expression cassette into the K.lactis 
genome was investigated by colony PCR of the positive 
clones and negative clones  using integration primers to 
amplify a 2.4 kb product [Figure 1.4]. A single colony of 
cells which  positive for integration of expression cassette 
were harvested by scraping with a sterile pipette tip and 
resuspended in 2 ml of YPGal media in a sterile culture 
tube. The culture was incubated with shaking (I80 rpm) at 
30°C for 3-4 days toob obtain a saturated culture (culture 
density of > 30 OD 600 units/ml).1 ml of each culture was 
taken and centrifuged to pellet the cells and SDS-PAGE was 
as per Laemelli et al., 1970 with both to check induction of 
recombinant protein. 

 Polyclonal antibodies against MDV-I were raised in rabbits 
by hyper-immunizing two male New Zealand white 
rabbits. The presence of anti-MDV-l antibody in rabbit 
immune sera was analyzed by an enzyme linked 
immunosorbent assay. The hyper-irnrnune serum collected 
on 45thday post immunization showed maximum antibody 
titer against MDV-1. This serum was used for western blot 
to detect the recombinant glycoproteins C, D, I and Western 
blotting of the recombinant glycoproteins was done [12]. 
On Western blot, the recombinant glycoproteins C, D and I 
got bound with the primary antibody and prominent 
signals were visible showing bands of 42kd, 41kD and 
40.5kD respectively for glycoproteins gD, gC and gI[Figure 
1.5], indicating the authenticity of expressed recombinant 
proteins.  

Glycolink immobilization kit was used to purify the 
recombinant glycoproteins by affinity chromatography. The 
Glycolink hydrazide activated resin coupled to oxidized 
sugar groups on the glycoproteins. Once purified the purity 
and specificity of the proteins were analysed by Western 
blot [Figure 1.6]. Although prokaryotic expression system 
such as E. coli is simple, it lacks the modification 
mechanism of eukaryotic expression. Post-translational 
modifications of eukaryotic systems, such as glycosylation, 
disulfide bond formation, and proteolytic processing, can 
be performed in yeast. Previous studies demonstrated 
that Kluyveromyces lactis is capable of expressing 
glycoproteins processed in a manner similar 
to virus infected insect cells. Both baculovirus and mamma- 
lian expression systems have generated recombinant 
proteins in eukarytoic cells, but they were not suitable for 
large-scale protein expression 

.                                                                                                 
Here protein secretion using pKLAC2 is achieved by 
generating a fusion between the HVT glycoprotein of 
interest and the α-MF secretion domain present in the 
vector. A gene or open reading frame of interest must be 
inserted into pKLAC2 so that it is in the same translational 
reading frame as the α-MF domain. It is also required to 
have a Kex protease processing site at the junction between 
the α-MF domain and the N-terminus of the protein of 
interest. Secretion resulted in production of glycoproteins 
that were significantly pure, that do not require difficult 
lysis of yeast cells to isolate, and that may have desired 
post-translational modifications that cytosolic proteins do 
not. Due to the presence of amdS gene in pKLAC2 only 
transformed cells can grow on YCB medium. Since YCB is 
nitrogen free medium, the product of the amdS gene 
acetamidase can utilize acetamide as a source of nitrogen 

                                                                                                     
The HVT glycoproteins gC, gD and gI were expressed in a 
non-viral host for the first time. HVT is a highly cell 
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associated virus and hence the studies on the envelope 
glycoproteins is unwieldy until date. Here the highly cell 
associated glycoproteins have been mass produced in yeast 
cells and this finding has paved the way for further 

research on the structural and functional aspects of these 
glycoproteins that are of prime importance in conferring 
immunity against MDV1 in chicken immunized with HVT.

Tables 

Table 1.1-Primers for PCR 

       

 

 

  

 

 

 

 

 

 

 

 

     

Table1.2 -Conditions for PCR 

   

Cycle 1 Step 1 Initial denaturation: 94ºC for 3minutes 

gC  Forward 5' CTC GAG AAA AGA ATG ATT ATT GTC ACC ACT TCG 3' 

gC   Reverse 3' GCG GCC GCT CAT AGC CTG GTA TAC ACA TAC CGG C 5' 

gD  Forward 5 CTC GAG AAA AGA ATG CTT ATG ACT CCT ACA ATG 3' 

gD  Reverse 3' GCG GCC GCC TAT ACA ATT TCA TCA TCC GTC TC 5' 

gI   Forward 5' CTC GAG AAA AGA ATG GTT TCC AAC ATG CGC G 3' 

gI   Reverse 3' GCG GCC GCT TAA TTC CGC CCC GGT AGG TAA AAG 5’ 
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Cycle2 

 

 

 

 Step1 Denaturation 94ºC for 1 minutes 

Step 2 Annealing 55ºC for 2 minutes 

Step 3 Extension 72ºC for 3 minutes 

Step 4 Go to Cycle 2 for 34 times 

Cycle 3 Final Extension: 72ºC for 10 minutes 

 

 

Figures   

Figure 1.1-Viral DNA Isolation                                                                             Figure 1.2-PCR of Glycoprotein Genes 

                                                       

                  HVT DNA             HindIII λ                           gC                 gD                gI              DNA   
                              DNA digest                                                                                                                                  ladder 

 

  

Figure 1.3- SacII Digestion of plasmids                                    Figure 1.4- Colony PCR for r-plasmids    
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gC              gD           DNA ladder           gI                                                        Clone1  Negative  Clone2  Clone3  Clone4   DNA    
                                                                                                                              Control                                             ladder     

  

 

Figure 1.5- Western Blot for GC,GD and GI                                                         Figure 1.6- SDS PAGE for GC,GD and GI 

                                                  
 

    GD                GC                GI            Marker                  GD                   GC              GI 
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