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Introduction  

Recently plant viruses have been exploited 
as an alternative production method for 
pharmaceutically important peptides [1-9]. 
Antigenic peptides that were produced 
through this approach have been shown to be 
immunogenic. Thus, chimeric plant virus 
vector could be used as vaccine production 
system. Immunological studies also showed 
that chimeric virus based vaccine can be 
administered both orally and through 
subcutaneous route [10, 11]. This makes 
chimeric virus vector a new, safe, versatile 
and cost effective method for vaccine 
production. 

The “a” determinant of the hepatitis B 
surface antigen (HBsAg) is present in all 
serotypes of HBV; it has been used as the 
basis for almost all HBsAg diagnostic kit and 
vaccine development.  

The “a” determinant of HBsAg is a 
conformational epitope. Although the 
structure of HBsAg has yet to be determined, 
physical properties of HBsAg have been very 
well characterized. The epitope is heavily 
cross-linked through disulfide bridges [12], 
and glycosylated at several sites [12-15]. In 
vitro production of HBsAg will have to 
maintain the epitope in correct conformation 
and proper post-translational modification is 
necessary to maintain its antigenicity and 
antibody binding capabilities [11, 15-18]. That 
is why the HBsAg cannot be produced in 
prokaryotic system. Plant based production 
system has been developed [17]. The HBsAg 
produced from the system was shown to be 
antigenic, and binds to specific HBsAg 
monoclonal antibody.  

We have successfully constructed a novel 
Cucumber Green Mottle Mosaic Virus 
(CGMMV) vector, and base on this vector a 
chimeric CGMMV vector was built. Both 
constructs were used to produce infectious 
transcript that was later used to inoculate 
muskmelon plants. The coat protein of the  

chimeric virus vector produces chimeric 
CGMMV that randomly displayed HBsAg on 
the surface. It produces two types of coat 
proteins; the native coat protein and 
recombinant coat protein that have HBsAg “a” 
determinant fused to the C-terminal. The 
present of HBsAg on the virus particles was 
successfully detected using commercial 
HBsAg diagnostic kit. 
 
Materials and methods. 
 
The CGMMV vector and the chimeric 
CGMMV vector. 

The map of the CGMMV vector that was 
constructed for use as vaccine production 
system (pCGT7X) is shown in (Figure 1). The 
pCGT7X was used to construct chimeric 
CGMMV vector. The map of the chimeric 
CGMMV vector (pCGHB310803) is shown in 
(Figure 2). The pCGHB310803 was 
constructed by ligating the HBsAg coding 
sequence into the Hind III restriction site of 
the pCGT7X and amber stop codon of the 
CGMMV coat protein gene was modified to 
accommodate amber stop read through 
sequence. 
 
Preparation of in vitro transcription template 
DNA. 

Template for in vitro transcription was 
synthesized in a 50µl PCR reaction. The 
reaction contained 1x Thermopolymerase 
buffer (NEB) with MgSO4 concentration 
adjusted to 3mM, 200µM of PCR nucleotide 
mix (Finzymes), 1µM of each forward and 
reverse primer (sequences are not shown due 
to patenting requirement), 15ng of pure 
pCGHB310803 or pCGT7X, 2U of 
DeepVentR

® DNA polymerase (NEB) and 1U 
of Taq DNA polymerase (Promega). The PCR 
cycles were as follows: 95oC initial 
denaturation for 3 minutes, followed by 32 
cycles of 98oC denaturation for 10 second, and 
65oC annealing and elongation for 7 minutes. 
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The PCR product was purified through two 
rounds of phenol-chloroform extractions 
followed by ethanol-Lithium precipitation. 
The precipitated DNA was then reconstituted 
in 10µl of ultra-pure water for each 50µl of 
starting PCR product. 

 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1 The schematic diagram of the pCGT7X 
The cDNA of the CGMMV and T7 promoter are 
clone into a Hind III deletion variant of pUC19. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 2 The schematic diagram of the 
pCGHB310803. The HBsAg “a” determinant 
coding sequence is cloned down stream of the CP 
gene. The expression of the HBsAg is controlled 
by leaky UAG sequence. 
 

In vitro transcription to produce infectious 
RNA transcript.  

The in vitro transcription reaction was 
carried out using Ambion® mMessage 
mMachineTM T7 kit, according to 
manufacturer protocol. 
 
Double antigen sandwiched (DAS) ELISA 
with MONOLISA HBsAg plus Diagnostic kit 
(BioRad). 

All reactions were carried out according to 
manufacturer protocol. 
 
Inoculation of infectious transcript onto 
muskmelon plants. 

Inoculation of infectious transcript onto 
muskmelon plants was carried out by mixing 
the transcription mix with inoculation buffer 
that contains (5% celite and 10% 
Diatomaceous Earth (Sigma), in 25mM Tris-
glycine buffer pH 7.5). The mixture is then 
rubbed onto cotyledons of 7 day-old 
muskmelon seedlings. 
 
RT-PCR to detect chimeric virus infection in 
muskmelon plants. 

Total RNA was isolated and purified from 
muskmelon plant using QIAGEN RNeasy 
Plant mini kit. 5µg of the RNA were then 
mixed with 0.5µM of primer CGMMV3’UTR 
(5’AAA GCA TGC TGG GCC CCT ACC 
CGG GGA A-3’), and 100µM of PCR 
nucleotide mix (Finzymes) in 13µl reaction 
mix. This reaction mix was heated to 65oC to 
denature the RNA followed by quick quench 
on ice. After that, 4µl of 5x First-strand buffer 
(InvitrogenTMTM), 1µl of 0.1M DTT, 1µl 
RNaseOUTTM (InvitrogenTM) and 200u of 
SuperscriptsTM III (InvitrogenTM) reverse 
transcriptase  
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FIGURE 3   Diagram shows the detection of chimeric virus infection. Two steps RT-PCR used for this 
purpose is designed to be highly specific for detection of chimeric CGMMV infection. First strand cDNA 
synthesis was carried out at using primer that is specific for the 3’ terminal of the viral RNA. Then PCR 
amplification of the HBsAg coding sequence was carried out using primers that are specific for the epitope 
coding sequence. 
 
 
were added and the final reaction volume was 
20µl. The reaction was carried out at 55oC for 
1 hour to synthesis the first strand cDNA. 

After the first strand synthesis, PCR was 
carried out with primer pair “PSTSENSE” (5’-
TAG GAA AAA ACC AGA AGA TCT GCA 
GGA ATT TTT CTC-3’and “HindAmberHB” 
(sequence not disclose due to patent 
requirement) this pair of primers flanks a 
region of around 2100 base pairs and the 
HindAmberHB is specific for HBsAg 
sequence (Figure 3). The PCR reaction was 
carried out in a 50µl reaction mix containing, 
1x Taq DNA polymerase buffer (Promega®), 
1.5mM MgCl2, 0.5µM of PCR nucleotide mix 
(Finzymes), 100µM of each primer, 2µl of 
first strand DNA, and 2U of Taq DNA 
polymerase (Promega). The PCR cycle 
condition was initial denaturation at 95oC for 3 
minutes, and 30 cycles of denaturation at 98oC 
for 10 seconds, annealing at 60oC for 30 
seconds and 72oC for 2 minutes. 
 
Virus purification. 

Virus isolation and purification was carried 
out according to the method reported by [19]. 

Virus infected plant materials were frozen 
overnight in –20oC. 1ml per-gram-plant 
material of phosphate buffer (0.1M, pH 7.5) 
containing 0.1% β-mercaptoethanol was added 
to frozen infected plant materials and then the 
plant material was homogenized with food 
processor. The homogenized plant material 
was then sieved through two layers of muslin 
cloth. After that, while stirring, equal volume 
of butanol:chloroform (1:1) was then added to 
the filtrate. The mixture was further stirred for 
another 30 minutes. The coagulated plant 
materials (chloroplast) and organic solvents 
were separated through centrifugation at 
10,000g for 30 minutes. After that, 4g of 
Sodium Chloride and 4g of PEG 6000 were 
then added to each 100ml of supernatant. The 
mixture was stirred until all the NaCl and the 
PEG 6000 dissolved. The mixture was then 
stored overnight at 4oC to further precipitate 
the virus. On the second day, the precipitated 
virus particle was separated from the solution 
through centrifugation at 10,000g for 30 
minutes. The virus pellet was then re-
suspended in 20ml of ultra-pure water for each 
100ml of initial plant extract. The virus 
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suspension was then cleared by centrifugation 
at 10,000g for 15 minutes. After this 
centrifugation step, 5ml of 0.2M EDTA was 
added to each 100ml of supernatant. The 
mixture was then subjected to ultra-
centrifugation at 110,000g for 1 hour 30 
minutes at 4oC. After the ultra-centrifugation 
step, the pellet, which contained the virus, was 
then re-suspended in ultra-pure water again. 
Then, the unresolved materials in the 
suspension were separated by centrifugation at 
10,000g for 15minutes. These cycles of high-
speed and low-speed centrifugations were 
carried out until the pellet is clear. The final 
virus pellet was re-suspended in ultra-pure 
water. 
 
Result and discussion 

The CGMMV virus vector (pCGT7x) that 
was constructed has the first nucleotide of the 
viral genome located at the +2 position of the 
T7 promoter, where the +1 position was an 
extra-viral Guanidine nucleotide. Thus, in 
theory, the extra viral Guanidine nucleotide 
will be transcribed into the m7GpppCap 
structure, therefore, the transcript would be 
almost identical to that of the native virus. 
However, after the vector was constructed, the 
shorten T7 promoter was found to be 
inefficient in generating transcript, because of 
that, not enough transcript was generated for 
inoculation purpose. Thus, the clone could not 
be used directly as transcription template. 
Since the +1 and +2 sequence after the T7 
promoter are essential for transcription 
efficiency [20], a pair of primers “T7doubleG” 
and “CGMMV3’UTR” were designed to carry 
out PCR to generate template for in vitro 
transcription. PCR product that is produced 
with this pair of primers will have an extra-
viral guanidine nucleotide at the 5’ end of This 
new PCR generated template performed well 
in transcription reaction (Figure 4). The in 
vitro synthesized transcripts were also used to 
inoculate cotyledons of seven-day old 
muskmelon seedling. Two weeks after 
inoculation, all inoculated muskmelon 
seedlings showed typical mosaic symptom. 
Infectivity of the in vitro synthesized 
transcript was also found to be to the same 
degree to that of purified viral RNA (result not 
show).  

 
 
FIGURE 4 In vitro synthesized RNA analyzed 
using 1% native agarose gel electrophoresis. The 
RNA samples were pre-denatured in 7M urea 
before loaded into the gel. The Dominant ~6k 
bases band is the in vitro synthesized RNA. 
 

The use of shorten T7 promoter to generate 
infectious viral transcript has been reported in 
several papers [21-25], however, there were 
also cases reported that the shorten T7 
promoter failed to produce any transcript at 
all. While some papers reported that extra-
viral nucleotide at the 5’ end will render the 
transcript to become non-infectious. The 
pCGT7X that was constructed in this study 
showed that the shorten T7 RNA polymerase 
promoter failed to effectively initiate 
transcription reaction. This could be due to the 
multiple adenine nucleotide repeat at the 5’ 
UTR region of the CGMMV genome. 
Multiple adenine nucleotides repeat directly 
after bacteriophages promoter have been 
found to cause premature abortion of 
transcription product[20, 26], as well as 
causing RNA polymerase to drop off the 
template. This is because the hydrogen bonds 
that hybridized adenine to Uracil is relatively 
weaker, and the interaction was suggested to 
stabilized ternary complex that formed among 
synthesized RNA, template DNA and the 
polymerase. Addition of an extra guanidine 
nucleotide to the +2 position of T7 RNA 
polymerase could have stabilized the ternary 
complex, thus resulting in transcription that is 
more efficient. The extra-viral guanidine 
nucleotide was also not causing any 
observable reduction in infectivity. Although 
direct comparison between transcript without 
extra-viral Guanidine nucleotide and the 
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transcript with extra-viral nucleotide was not 
able to carry out, preliminary infectivity study 
showed that there is no observable effect 
(result not show).  

Once it was confirmed that the 
transcription CGMMV vector is working, 
construction of chimeric CGMMV 
(pCGHB310803) that expressed HBsAg on its 
surface was carried out. This chimeric virus 
vector was designed in such a way that the 
production of recombinant fusion protein is 
controlled by a leaky UAG signal. 
Introduction of the leaky UAG signal will 
cause occasional translation read-through, 
resulting in a new monopartide virus that 
produces two different coat proteins.  

The chimeric virus vector was successfully 
constructed, and the in vitro transcription 
template was generated through the same PCR 
method that was developed for pCGT7x. The 
in vitro synthesized transcript was inoculated 
onto the cotyledons of seven-day old 
muskmelon seedling, and typical mosaic 
symptom was observed after two weeks post 
inoculation. Infected plants were further 
screened with RT-PCR to confirm that the 
symptom was indeed caused by the chimeric 
virus (Figure 5). 

 
         L        1        2        3       4       5 

 
 
FIGURE 5 RT-PCR product analyzed on 0.8% 
native agarose gel. Lane L was NEB 1kbp DNA 
ladder, lane 1 to lane 3 were sample results lane 4 
was negative control (native CGMMV infected 
leaves) while lane 5 was in vitro synthesized RNA.  
 
 

The mosaic symptom appeared on new 
leaves two weeks after the inoculation. This 
signified that the virus had moved from the 
inoculated leave to young leaves, and caused 
systemic infection. Since the movement of 
virus requires the virus to be assembled into 
virus particle [27, 28]. Systemic infection 
caused by the virus also showed that the 
present of the recombinant fusion protein does 
not hamper the assembly of virus particles. 
Furthermore, virus isolation procedure was 
also able to purify the virus particles. Even 
though the virus was able to assemble into 
particles, it does not mean that the 
recombinant fusion protein has taken part in 
the formation of virus particles. To test this 

ELISA was carried out to find out if the virus 
particles were indeed displaying the HBsAg 
peptide. Double antigen sandwich ELISA with 
commercial clinical diagnostic kit 
(MONOLISA® HBsAg Plus BioRadTM) 
showed the present of HBsAg in both infected 
plant materials and purified chimeric virus 
particles (Figure 6). The ability of the 
chimaric virus to bind monoclonal antibody 
specific to HBsAg shows that the presented 
peptide was in correct conformation.  

The ability to produce the chimeric virus 
displaying HBsAg in the correct conformation 
shows that this system is suitable for use as a 
production system for commercially important 
peptide and even small proteins.  
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FIGURE 6   ELISA detection of the present of HBs 
antigen. PBS and native CGMMV were used as 
negative control while purified HBsAg was used as 
positive control. The CGHB stands for chimeric 
CGMMV. 
 
 
While the mechanism of how the present the 
native coat protein help the production of 
viable virus is yet to be determined, a simple 
experiment where a mutant virus vector with 
the UAG at the leaky stop site replaced by 
CAA failed to produce viable virus (result not 
shown). This has further confirmed the 
important of the present of the native virus 
coat protein. 

Our group has rediscovered the use of 
translation read-through signal in CGMMV 
chimeric virus system to be advantageous and 
it is suitable to be used as a versatile, high 
yielding epitope production system.   
 
 
 
 
 
 
 

2kbp 

The 4th Annual Seminar of National Science Fellowship 2004

204



References 
1. Bendahmane, M., Koo, Moses., Karrer, 
Erik., and Beachy, N. Roger., Display of 
Epitopes on the Surface of Tobacco Mosaic 
Virus: Impact of Charge and Isoelectric Point 
of the Epitope on Virus-Host Interactions. 
Journal of Molecular Biology, 1999. 290(9). 
 
2. Berzofsky, A.J., Ahlers, D. Jeffrey., Janik, 
John., Morris, John., Oh, SangKon., Terabe, 
Masaki., and Belyakov, M. Igor., Progress on 
new vaccine strategies against chronic viral 
infections. The Journal of Clinical 
Investigation, 2004. 114(4): p. 450. 
 
3. Brennan, R.F., Gilleland, B. Linda., 
Staczek, John., Bendig, M. Mary., Hamilton, 
D. O. William, and Gilleland (Jr) E. Harry., A 
chimaeric plant virus vaccine protects mice 
against a bacterial infection. Microbiology, 
1999. 145: p. 2061. 
 
4. Bustamante, P., Hull, Roger., Plants Virus 
Gene Expression Strategies. Electronic 
Journal of Biochemistry, 1998. 1(3): p. 65. 
 
5. FernaEndez-FernaEndeza, M.R., Martinez-
Torrecuadradab, L. Jorge., Casal, Ignacio., and 
Garcia, Antonio, Juan., Development of an 
antigen presentation system based on plum 
pox potyvirus. FEBS Letters, 1998. 427: p. 
229. 
 
6. Hansson, M., Nygren, Per-Ake., and Stahl, 
Stefan., Design and Production of 
Recombinant Subunit Vaccines. Biotechnol. 
Appl. Biochem., 2000. 32: p. 95. 
 
7. Khor, I., Linm Tianwei., Langedijk, 
Johannes P. M., Johnson, E. John., and 
Manchester, Marianne., Novel Stratergy for 
Inhibiting Viral Entry by Use of a Cellular 
Receptor-Plant Virus Chimera. Journal of 
Virology, 2002. 76(9): p. 4412. 
 
8. Lin, T., Porta, Claudine., Lomonossoff, 
George., Johnson, John E., Structure-based 
design of peptide presentation on a viral 
surface: the crystal structure of a plant/animal 
virus chimera at 2.8A resolution. Folding & 
Design, 1996. 1(3): p. 179. 
 
9. Lomonossoff, G., and Johnson, E. John., 
Use of Macromolecular Assemblies as 
Expression Systems for Peptides and Synthetic 

Vaccines. Current Opinion in Structural 
Biology, 1996. 6: p. 176. 
 
10. Yusibov, V., Modelska, Anna., Steplewski, 
Klaudia., Agadjanyan, Michail., Wiener, 
David., Hooper, D. Craig., and Koprowski, 
Hilary., Antigens produced in plants by 
infection with chimeric plant viruses immunize 
against rabies virus and HIV-1. Proc. Natl. 
Acad. Sci. USA, 1997. 94: p. 5784. 
 
11. Koo, M., Bendahmane, Mohammed., 
Lettieri, A. Gerald., Paoletti, D. Alyssa., Lane, 
E. Thomas., Fitchen, H. John., Buchmeier, J. 
Michael., and Beachy, N. Roger., Protective 
immunity against murine hepatitis virus 
(MHV) induced by intranasal or subcutaneous 
administration of hybrids of tobacco mosaic 
virus that carries an MHV epitope. Proc. Natl. 
Acad. Sci. USA, 1999. 96: p. 7774. 
 
12. Qiu, X., Schroeder, Pamella., and Bridon, 
Dominique., Identification and 
Characterization of a C(K/R)TC Motif as a 
Common Epitope Present in All Subtypes of 
Hepatitis B Surface Antigen. The Journal of 
Immunology, 1996. 156: p. 3350. 
 
13. Lu, X., Mehta, Anand., Dwek, Raymond., 
Butters, Terry., and Block, Timothy., Evidence 
That N-Linked Glycosylation Is Necessary for 
Hepatitis B Virus Secretion. Virology, 1995. 
213: p. 660. 
 
14. Shih, J.W.-K., Tan, L. Peter., and Gerin, L. 
John., Antigenicity of The Major Polypeptides 
of Hepatitis B Surface Antigen (HBsAg). The 
Journal of Immunology, 1977. 120(2): p. 520. 
 
15. Valenzuela, P., Medina, Angelica., and 
Rutter, J. William, Synthesis and assembly of 
hepatitis B virus sruface antigen particles in 
yeast. Nature, 1982. 298: p. 347. 
 
16. Geoffrey, L.S., Mackett, Michael., and 
Moss, Bernard, Infectious Vaccinia Virus 
Recombinants That Express Hepatitis B Virus 
Surface Antigen. Nature, 1983. 302(7): p. 409. 
 
17. Kong, Q., Richter, LIz., Yang, Yu Fang., 
Arntzen, J. Charles., Masson, S. Hugh., 
Thanavala, Yasmin., Oral immunization with 
hepatitis B surface antigen expressed in 
transgenic plants. Proc. Natl. Acad. Sci., 
2001. 98(20): p. 11539. 

The 4th Annual Seminar of National Science Fellowship 2004

205



 
18. Koyanagi, T., Nakamuta, Makoto., Sakai, 
Hironori., Sugimoto, Rie., Enjoji, Munechika., 
Koto, Kazuhiro., Iwamoto, Hiroaki., 
Kumazawa, Toshiaki., Mukaide, Motokazu., 
and Nawata, Hajime., Analysis of HBs antigen 
negative variant of hepatitis B virus: Unique 
Substitutions, Glu129 to Asp and Gly145 to Ala 
in the surface antigen gene. Med. Sci. Monit., 
2000. 6(6): p. 1165. 
 
19. Herbert, T.T., and Gooding, G. V., A 
Simple Technique for Purification of Tobacco 
Mosaic Virus in Large Quantities. 
Phytopathology, 1967: p. 1285. 
 
20. Milligan, J.F., Groebe, D. R., Witherell, G. 
W., and Uhlenbeck, O. C., 
Oligoribonucleotide synthesis using T7 RNA 
polymerase and synthetic DNA templates. 
Nucleic Acids Research, 1987. 15: p. 8783. 
 
21. Domier, L.L., Franklin, M. Katheen., Hunt, 
G, Arthur., Rhoads, E. Robert., and Shaw, G. 
John., Infectious In Vitro Transcripts from 
cloned cDNA of a Potyvirus, Tobacco Vein 
Mottling Virus. Proc. Natl. Acad. Sci. USA, 
1989. 86: p. 3509. 
 
22. Gal-on, A., Antignus, Yeheskel., Rosner, 
Arie., and Raccah, Benjamin., Infectious In 
Vitro RNA Transcripts Derived from Cloned 
cDNA of the Cucurbit Potyvirus, Zucchini 
Yellow Mosaic Virus. Journal of General 
Virology, 1991. 72: p. 2639. 
 
23. Macfarlane, A.S., Wallis, V. Corrin., 
Taylor, C. Sally., Goulden, G. Matthew., 
Wood, K. Roger., and Davies, W. Jeffrey., 
Construction and Analysis of Infectious 
Transcripts Synthesized from Full-Length 
cDNA Clones of Both Genomic RNAs of Pea 
Early Browning Virus. Virology, 1991. 182: p. 
124. 
 
24. Meshi, T., Ishikawa, Masayuki., 
Motoyoshi, Fusao., Semba, Kentaro., and 
Okada, Yoshimi., In Vitro Transcription of 
Infectious RNAs from Full-length cDNA of 
Tobacco Mosaic Virus. Proc. Natl. Acad. Sci. 
USA, 1986. 83: p. 5043. 
 
25. Yu, H.H., and Wong, S. M.,, A DNA clone 
encoding the full-length infectious genome of 
odontoglossum ringspot tobamovirus and 

mutagenesis of its coat protein gene. Archive 
of Virology, 1998. 143: p. 163. 
 
26. Ujvari, A., and Martin, T. Craig, Evidence 
for DNA Bending at the T7 RNA Polymerase 
Promoter. Journal of Molecular Biology, 
2000. 295: p. 1173. 
 
27. Oparka, K.J., Roberts, A. G., Roberts, I. 
M., Prior, D. A. M., and Santa Cruz, S., Virol 
coat protein is targeted to, but does not gate, 
plasmodesmata during cell-to-cell movement 
of potato virus X. Plant Journal, 1996. 10: p. 
805. 
 
28. Hilf, M.E., and Dawson, W. O., The 
tobamovirus capsid protein function as a host-
specific determination of long-distance 
movement. Virology, 1993. 193: p. 106. 
 
29. Sugiyama, Y., Hamamoto, Hiroshi., 
Takemoto, Shizume., Watanabe, Yuichiro., 
and Okada, Yoshimi., Systemic Production of 
Foreign Peptides on The Particle Surface of 
Tobacco Mosaic Virus. FEBS Letters, 1995. 
359: p. 247. 
 
30. Johnson, J., Lin, T., and Lomonossoff, G., 
Presentation of heterologous peptides on plant 
viruses: Genetics, Structure, and Function. 
Annual Review of Phytopathology, 1997. 35: 
p. 67. 
 
31. Beier, H., and Grimm, Michael., 
Misreading of termination codons in 
eukaryotes by natural nonsense suppressor 
tRNAs. Nucleic Acids Research, 2001. 29(23): 
p. 4767. 
 
 
 

The 4th Annual Seminar of National Science Fellowship 2004

206




