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ABSTRACT 

Hepatitis B is a seriuus infectious disease In the third world countries including Indonesia . Vaccination i the 
mo t effective way to prevent the spread of the disease; therefore the demand for I (BY vaccine is high. In order to 
produce more vaccine at lower cost, transgenic plant can be chosen to express the vaccine wi th the above criteria. 
Several researches were successfully producing lransgenic plants expressing HBsAg lbat formed virus-like particles 
and induced immune response in human. However. HB Ag expression in transgenic plant needs to be improved 
e pecially on gene xpression control system. Here, we describe lbe construction of HBsAg . tructural gene under 
the control of wound inducible promoter, MeEFl promoter from lv/anihol escu/enla Crantz. The HB.I'Ag gene wa 
anlplified using P R[rom IfBV genome isolated from an Indon ian patient. The gene was subsequently fused willi 
V PaS s ignal peptide, which targeted the reticulum endoplasm ofplant cell . The construct was cloned into binary 
expression veclor for Agrobac;lenum plant lransfonnation in near future. 
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INTRODUcnON 

Hepatitis B that is caused by Hepatitis B 
vIm (HBV), i ne ofule world's rno t common 
and serious iufectiou:) diseases. It is estimated 
that more than one thu'd ofthe world's population 
has been infected wIth the hepatitis B virus. About 
5% of the populations are chronic carriers f 
IIBV. and nearly 

25% of aLI carriers de elop seri us liver 
disea e such as chronic hepatitis, cirrhosis. and 
primary hepatocellular carcinoma . H B V 
infection cause more than one million deaths 
eery year (http: //www.who.inl/csr/disease/ 
hepatitis) . Data from Departemen Kesehatan 
RepubJik lodone ia (Ministry of Health the 
Republic of Indone ia) demonstrated that 14-16 
million of Indonesian people were infected and 
20n .000 die each year (Achmadi, 2(02). 

Vaccination is lhe be I way to prevent IIBY 
transmission . Hepatiti B vac c in ~ has an 

outstanding record of safety and effectiveness. 
For example, intramuscular vaccination has 
shown 95% etlective in preventing cbildren and 
adults from developing chronic infection iftbey 
have not yet been Infected. [n many countries 
wher 8% to 15% ofchildren used to chronically 
infected, the rate of infection bas been reduced 
to less than I% . (http: / /www.who.int / 
med iacen tre) . 

So far, effective immunization and 
protection from HBY infection havt: been 
achiewd by intramuscular vaccination ofyeast­
derived recombinant hepatitis B surface antigen 
(HB Ag) (Sojikul e/ al., 2003) . Yeast-derived 
l-msAg can produce vtrus-likc particles (VLP) 
that as emble hlghly immunogenic virion-like 
structures devoid ofviral genetic material (I luang 
& Ma on, 2004). Chimeric HBsAg-S proteins 
carrying foreign epitopes allow particle formation 
and have the ability to induce anti-foreign humoral 

Annates Bogorien~es n. s. Vol. II No. 1,2007 7 

http://www.who.int
http://www.who.inl/csr/disease
http:onyfl)silh.itb.ac.id


and cellular immune responses (Vietheer el al. 
2(07) 

However, despite of yeasl-derived 
HE Ag vaccine' effectiveness. admini lration 
of lhi . vaccine causes pain, which is 
uncomfortable, specially for children. 
FurthemlOre. Ie s expensive accine is still a 
need. especially in most developing countries 
(Thanaval a el al.. 2006) . in lndonesia. injection 
of yea. l derived-HBsAg accination will cost 
approximately fOR 300.000,00, which values 
almost half of minimum payment for a full time 
job. To circumvent these problems, plant-derived 
oral vaccine was developed a a prospective 
alternative. The recombinant antigen is expressed 
in transgenic plams. As in yeast, plant-derived 
HBsAg antigen is also assembled into viru -like 
particles (VLPs) and wa:-. proven to be oraJly 
immunogenic in mice and human (Kong et al., 
200 I ; Richter el al., 2000; Thanavala, 2005). In 
addition, the compact and highly ordered 
tTuctures ofVLP very likely provide resistance 

to digestive enzymes in the gut (Huang et £II., 
2004). The cost of vacdne production using this 
technology will be reduced [0 more than ten limes 
of the cost of the vaccine production u. ing 
microbe. or yeast (Mason et al.. 1992). The cost 
ofdelivery and storage can also be reduced since 
plant based vaccine does not need to be stored 
and transported under cold condition (Sal a et al.. 
2002; Thanavala et al., 2006) . 

So far. the HBsAg gene ha been 
'ucce sfully trcUlsformed into tobacco and potato 
(Mason et af., 1992; Kong et al.. 2(01). 
Unfortunately. lhe HB. Ag expression level in 
these plants is still low. Attempt to increase the 
HBsAg expression level in the plant . y. tem have 
been matle by u ing various regulatory elements 
and subcellular targeting signals (Richter ('I al., 
2000; Sojikul ef al.• ~003) . They found that the 
new ~ystem gave expression of 20-100 times 
higber than previous conslrucl. However, the 
promoter they used is a constitutive promoter 
which drives expression at anytime and on every 
single ti sue in the planl. 

The aim of our research was to develop a 
construct which uses strong and wound-inducible 
promoter deri ved from cassava elongation factor 
I alpha gene (MeEFl) to drive HBsAg gene. 
HBsAg gene is constructed in plant expres ion 
vector pCAMBIA1390 witb VSP<iS signal 
peptide under the cOnLrol of MeEFI promoter. 
The promoter is more efficient than CaMV35S 

promoter and will be active as soon as the tissue 
wounded or broken mechanically (SuhanJono et 
al.. 200 I) . Using this promoter, antigen producti n 
can be controlled whenever and wherever we 
need the most. Since the recombinant HBsAg 
will be express d the most in wounded tissue, 
the HBsAg protein will not be produced in n rnmI 
tissue (Suhandono el al., 200 I) . This would 
exclude the po sibility that the protein may 
interfere with the physiological proce "s of the 
plant. This report will only include the con lruction 
of the gene into the expression vectors. 

MATERiA AND METHODS 

/solation Clnd cloning of HBsAg 

HB V genome was i.olated from 200 f.lL 
patient blood serum u jng High Pure Viml 
Nucleic Acid Kit (ROCHETM). The S gene of 
HBsAg was amplified using Taq Polymerase 
(Fennentas) and cloned into pGEM- easy 
(PROMEGA). Primer pair of HBsAg (HE. F: 
5'-GGAT CATGGAGAACATCGCATCAG- '3 
and HBsR: 5' -GAAITCGGTAACCATGAAGT 
TGAGAGGGAGTAG-3') were used LO amplify 
a full length of S gene. The result was sequenced 
at Macrogen , Korea and Agency for the 
Assessmenl and Application Technology 
(BPPT), Indonesia. 

Determinatioll of HBV Xello1ype 

Oetemlination ofHBV genotype was ba "ed 
on the sequencing data analysis using viral 
genotyping tool [rom NCB!. HBY subtype was 
detemlined using amino acid analysis. which was 
made ba<;ed on Purdy method (2007). 

ConstructiOIl of HBsAg- VSPd.S .\'igl/(11 peptide 
gene jitssion. 

PCR amplification of the S gene orf (open 
reading frame) from pGHB u ing primers 
contained V. pas sequence (vegelative storage 
protein from soybean , targeted to reticulum 
endoplasma) (Sojikul, 2003) and end-on NeoT and 
BstEII restriction sites (Forward :S'· 
CCATGGATG AAAAT GAAGGTCCTTG 
TTTTCTfCGTTGCTA CAATI'TTGG TAGC 
AT GGCA ATGCCATGCGATGGAGAACAT 
CGCATC GGACTCC-'3; Reverse: GGT 
AACCTTAAATGT ATACC CAAA GACA 

An ,ales Bogorienses n. s. Vol. II No. 1.2007 8 



AAAGAAAA TTGGTA ACA GCGGCA 
TAAAGGGACT CAAGATG) and sub equent 
cloning into pGEM-T easy vector would result in 
pGHB . Subsequently, digestion ofpGHBS with 
Ncol and BsIEIl endonuclease, would allow for 
ligation of VspaS -IlBsAg into pCAMBIA­
MeEF cut with the same endonuclease, resulting 
pAFHBS. 

RESULT AND DI CUSSIO 

Clone of S gel7e that 'an express HBsAg VLP 

Genomic DNA was isolated from blood 
serum ofa patient from Ha an Sadikin Hospital, 
Bandung a described in material and methods. 
In an attempt to obtain the orf ofS gene, primer 
HBsF (5 '-GGATCCATGGA GAACAT G 
CATCAG-'3 and HB R (5' -GAATTC GGTA 
ACCATGA AGTTGAGAGGGAGTAG-r) 
were used to amplify a full length ofS gene. The 
PCR product was purified from agaro e gels and 
ligated into pGEM-T easy vector to generate 
pGHB. Restriction fragment analysis ofplasmid 
pGHB using EcoRl r veated two rragments. 
representing the 3 kb linearized plasmid and the 
0.7 kb S gene insert (Fig. 1). Sequencing of the 
plasmid were aligned Llsing BLA T (Basic Local 

Alignment Search Tool) search in the NCBl 
database and identified as the S gene with 99% 
identity. 

Characterization of the "a" determinant. 
inununodominanl region of f-IBsAg 

The I-ill Ag amino acid equence contains 
a highly conformational, hydrophilic domain from 
po itions 100 to 160 namely "a" determinant 
(Coleman, 2006), which represents the 
immunodominant region of HBsAg. The "a" 
determinant con ists of two peptide loops. The 
first loop is a large laminar loop stabilized b 
disulfide bonds between cy teine residues (Cys) 
108-138 and 121- 124. The second loop projects 
from the viral membrane and is stabilized by 
di 'ulfide bond between Cys 136- 149 and 'ys 
139-147. The human immune response to 
HB Ag i. primarily directed against these 
di ulfide-bonded confonnation. Alteration of 
the e confomlational epitopes may result in failure 
to neutraliLe viral infection (Coleman, 2006). A 
can b seen in Figure 2, th deduced amino acid 
equence analysis confirmed that the "a" 

determinant wa al 0 present in cloned HBsAo­
(pGHB). This region was completely identkal to 
amino acid sequence of HB Ag (M54923). All 

pGII.B 
J~~9 bp 

.~m[ III 

pG£M 
e sy 

HBsAg 
743 pb 

Figure 1. Cloning of the open reading Frame (on) o t' lhe S gene encoding lIBsAg VLPs. Lane 1 : pGIIB uncut: lane 
2: restriction enzyme digested ofpGHB by EcoRI. Lane 3: molecular we ight marker ( I kb DNA ladder­
FERMENTASI). 

MS'l92J 

this 3tudv 
!:U151751 

AfD13629 

AF052576 

Figure 2. Amino acid l>cqut:nce alignment of the "a" delemlinant 
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of the cystein re idues (Cy 108-138, Cys 121­
124,Cys 136- 149,Cys 139-147)werealsofound. 
Therefore. they provide a structural architecture 
facilitating disulfide-bonded conformational 
epitope that are imp rlant for neutraJizing viral 
infection. 

Another concern related to the 
immunogenecily of Lhe "a" derermjnant is HSV 
mutants (Coleman, 2006: Purdy. 2007). In the 
past 10 year , a wide range of HB V mutant'i 
have been found inl.:luding many amino acid 
substitution. in ertions and deletion. One of the 
mutation, Gly/Arg145 sub tituti n, alters the 
projecting loop (aa 139- 147) of the "a' 
determinant. hence it was termed as vaccine­
e cape mutant (Coleman , 2006; Purdy, 2007) . 
Other substitution mutant such as Met/VaJ 133 & 
Thrl er143:A-p/Alal44(Fangetal., 1998:Ni 
ef al.• L995) have also been identified . Jf these 
mutant. are u ed as a tempLate fo r producing 
antigen in vaccine generation, the resultant 
antibody will not neutraJize wild type HBV. which 
is still dominant a the causative agent. As can 
al 'o be seen in Figure 2. since the allignment of 
the DNA sequences of the "a" detemlinant from 
pGHSB and corresponding region in the NCBI 
datab.Le was shown to be identical, aIL of tho e 
mutants in the "a" determinant were not present. 
Therefore, Ulis HBsAg is a good candidate for 
generating wild type HBV vaccine. 

Deduced amino a.:id alignment of "a" 
determimmt from cloned HB Ag pGHSS and 
corre ponding region of other HB Ag sequence 
from in the NCBI database wa shown to be 
identical . All of rhe cyslein ( "hown by black 
arrow . ., residues were found to be present while 
mutant Lhat can influence epitope confim1ation 
e.q Gly/Arg 145. MetIVaJ 133 & ThrlSerl43. A. pi 
Ala 144 were abo enl. 

Characterization of HSV genotype and 
SUbtype HB V can be clas i fied into nine 
immunological subtypes or eight genotypes 
Purdy. 2007). Based on the sequencing data 

analy is using iraL genal ping tool from NCST. 
it was revealed that HEV that was u ed in this 
re "earch was belong to genotype B. Subseqent 
amino acid analy is based on Purdy method 
(2007) was shown that the isolate was subtype 
adw2. Thi was due to the presence of amino 
acid res idues Lys, L. s and Pro at posiLion 122. 
160 and 117. respecti elly. which were 
respon sibh: to determine the HB 'Ag to be 
SUbtype adw2. 

Some publi hed data related to Indonesian 
genotype and ubtype have been reported. 
Norder el ai .• (2004) found that the subgenotypes 
of Sand C differed in their geograph ical 
distribution. SubgenOlype B L is dominating in 
Japan, while B2 is dominating in China and 
Vietnanl. B3 is confined only to Tndone ia. All 
strain specify lIbtype ayw I . Anorber study by 
Lus ida et a/. (2003) revealed that all HBV 
isolates obtained from HB ' Ag-positive HBV 
carriers. including healthy blood donors; patients 
with acute hepatitis, chronic hepatitis, liver 
cirrhosis, and hepatocellular carcinoma- and 
patients on hem dialysis all located in Surabaya 
belonged to genotype S, with more than 90% of 
them being classified into SUbtype adw (Lu ida, 
2003). Another urvey in Yogyakarta, found that 
ubtype adw was found in 34 (74%) of 46 

HBsAg sanlples and adr in five ( II ~ ); compound 
SUbtypes, such as adyw and adyr were detected 
in the remaining seven (15%) (Hadiwandowo, 
1994). 

Thererore, cloned HBsAg indicate that 
isolated HEV belongs to genotype B and SUbtype 
adw in Indonesia were dominant, HBsAg which 
were identified with the same genotype and 
subtype in this research, were very likely t be 
u ed for vaccine generation that can n utraJize 
dominant HSY infection in Tndonesia. 

Construction of fusioll gene for expression 
fusion HBsAg VLP Qnd VspnS under the 
control oj MeEFI promoter 

Previously. Sojikul (200 ) ha'> created a gene 
encoding a recombinant HB~Ag that wa~ fused 
with a plant signal peptide in ilS amino temlinus 
under the (';ontrol of aMV35S promoter with 
dual enhancers. The signal peptide which derived 
from soybean vegetative storage prolein vspA 
(VSPciS) could direct the HBAg into 
endoplasmic reticulum in plant cells and could 

nhance HBsAg ac umulalion. The fu ion 
protein (VSPaS-HSsAg) expressed in plant cells 
and contained more disulfide bonds. FurLhennore, 
Lhis fusion protein was able to form viru like 
particles (V LP) . Unlike convenrional signal 
peptide such as KDEL, tJle V Pri signal peptide 
gives the HB Ag protein more stablility, thus did 
not degrade in the vacuole. The VSPci:S-HBsAg 
also stimulated higher levels of serum IgG Umn 
native HBsAg when injected into mice (Richter, 
2000). 
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The same strategy was subsequently used 
in our can truction . In order LO increase the 
expression ofHB Ag, we tried to con truct fusion 
protein of V PaS-HBsAg under the control of 
MeEFI promoter, a wound inducible promoter. 
The promoter is more efficient than CaMV35 
pr mater and will be active as soon as ti ssue is 
wounded or broken mechanically (Suhandono, 
2002). Using this promoter, antigen production 
can be controlled whenever and wherever we 
need the most. Using the MeEFl promoter, the 
recombinant HB Ag protein will be expressed 
the m t in wounded tis ue and should not be 

produced in unwounded tissue. This will give the 
plants a chance to grow and develop normally 
without additional metabolic load such as 
expre sing the rec mbinant protein. 

As can be seen in Figure 3, the tirst step in 
construction strategy is making gene fu ion 
between vSPnS and HBsAg. This was generated 
by peR amplification from the S gene orf(open 
reading frame) from pGHB using forward 
primers tailed with NcoI- VspaS sequence and 
rever e primer tailed with BstEll sequence 
(Supraba, 2007). This ampJicon was subsequently 
ligated into pGEM-T easy vector to gain pGI-IBS. 

Restricted byNcol & BstEIl 
Ligated with pAfl 

pGHBS 
3"'6 bp 

• 	 PCR 
Cloned jnto pGEM®'J:Easy 

I
.LlDJID::nA: 

N tJ"I 
T-Barder (d&bt) 

."0." 

.:......_ .....:,::.'".. 
pAFHBS 
103~3 bp 

hjpumlJu. (R 


T- B.rd~r (Iell) 


(R) 

Figure 3. Construction strategy 
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pGEM "T­
easy 

Figure 4. Cloning ofVspuS-HBsAg. LlIle I : re lriction enzyme dige t ofpGHB by Nco I and BstEll; lanc2: pGHB 
uncut; lane 3: molecular weight marker (I kb DNA ladder-FERMENTAS) 

pAF 10000 pb 
----to 

3000 pb 
pAF 

VspaS + 
750 pbHBsAg 

756 pb 

It was proven that restriction with the same 
enzyme would result approximateLy 0.7 Kb (Fig. 
4). Dige tion of pGHB and pAFl wilh both 
Ncol and BstElI would allow the ligation of 
V pn -HBsAg into pAF I (a binary vector 
derived from pCAMBIA 1390 containing MeEF! 
promoter) (Fig. 5). 

As can be seen in Figure 5, pAFHBS that 
contain. VsptiS-HBsAg fusion under the control 
MeEF I promoter ha been generated. ince pAF 
was originated from pCAMBIA 1390, all 
components from this plasmid were also included 
(Suhandono, 2005). Therefore, pAFlIBS also 
consist of poly-A nopaline yntba e (NOS 
polyadenilation signal for stabilizing expressed 
mRNA). right and left T borders, which are 
important for pLasmid recombination into plant 

genome (Fig. 5) . By xpressing this construct, 
we can specifically choose the plant ti lie to 
produce the HBsAg protein and control the time 
ofantigell production. 

CON LV 10 S 

Plasmid pAFHBS, iliat contains promoter 
MeEF1, fusion gene of HBsAg - VSPUS, and 
poly-A Nos has been generated. The cloned 
HBsAg gene sequence is originated from a 
common strain in lndone ia, genotype B and 
ubtype adw2. We suggested that the HB Ag 

gene can be expressed in wounded plant tis ue, 
accumulated in the ER of the plant ceIL and can 
be detected u ing commercial detection system. 

~juuupb 

750pb 

Figure 5. Cloning of VspaS-HBsAg under the control of MeEF I Lane): re ' lriction enzyme digesl of pAFHBS 
by Ncol and BstEII Lane 2: (I kh DNA laddcr- FERMENTAS) 
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Further experiments need to be performed in 
order to conclude our work. 

ACKI WLEDG [ENT 

We thank Research Centre for 
Biotechnology - Indonesian Institute of ciences 
for financial support. We also thank CAMBIA 
(Centre for the application or molecular biology 
to the international agriculture, www.cambia.org) 
for the permission to lise the vector. Finally, we 
thank Dr. Ida Parwati from Ha an Sadikin 
Hospital Bandllng Indonesia for kindly providing 
HBV i olates and Maelita R. Moeis Ph .D. for 
helpful discussion. 

REFERE CFS 

Achmadi U. F. 2002 . The epidemiology of 
communicable disease in Indonesia and its 
retation to the importance of vaccine 
development. One Day emmar n the 
oceassion or 112th Bio Farma Anniversary. 
Trend of Vacc ines in Developing ountriy 
and its implication on regulation, Gran Melia 
Hote l Jakarta, Bi Fanna. 

Coleman P. F., 2006. Detecting hepatitis B surface 
antigen mutants . Emerg Infect Dis 
(www.cdc.gov/eid) 12(2): 199-203 . 

Fang. D .. Lin_H. and LI,F. 1998. Nucleotidt: scquencmg 
of the S gene of a new hepatitis B viru 
immune escape mutant Huadong Research 
Inst itute for Medical Biotechnics, 29] East 
Zhongshan Road , Nanj ing. Jiangsu2 10002. 
People 's Republic of hina . 

. uhandono S.. Fibriani A., Abbas Y K .. Pancoro . 
:W05 . Engineering of Perithrophll1-Cb42 
eDNA from Old World crewworm Fly 
( hry omya beaiana) for Efficient 

xpression in Plant. A.whigarasli Zailil./11 
Jy ose l K enkYIi eika Hokokll . e- journal 
http :// cienccl inksj p/j -east/journal/ AI 
U0002 2005.php. 

Fischer R. and S. Schi llberg. 2004. "Molecular Fanning 
Plant-made Pharmaceuticals and Technical 
Proteins". Wiley-VCH Verlag GmbH & Co. 
KGaA, Weinheim. 

Gao Y, Y Ma. M. Li , T. heng. . W. Li , J . Zhang and 
. . Xia. 2003. Orallmmunisali n ofanimals 

wilh transgenic cherry tomali 110 expressing 
HBsAg. World J Gastroenlero!. 9: 996. 

Hadiwandowo S.• T uda F.. Okamoto H .• ToJ...ita II.. 
WangY , Tanaka T.. Mikayama Y. Mayumi 
M 1994. Hepatitis B viru ubtypes and 
hepatiti C virus genotypes in patient· with 
chronic: liver disease m on maintcnanc 

hemodiayly is in Indonesia J. Med . Viro!. 
43(2): 182-186. 

http://wwwwho .int/csr/di ease/hepaliti 

http://www.who.intlmediacentre 

HuangL & Mason H.S. 2004. Conronnational analysis 
of hepatitis B surface antigen russion in an 
Agrobacterium mediated tranSient 
expression system. Plant Biotech J. 2 : 24 1­
249. 

Huang. Z. Elkin. G., Maloney. B. J.. Beuhncr, N ., 
Amtzen, C. J. , Tbanavala, Y. and Ma on. H. 
S. 2004. Virus-liJ...e particle expression and 
assembly III plants: hepali tis B and Norwalk 
viruse . Vaccine 23 : 1851-1858. 

Kong Q.• Richter L., Yang YF., Amtzen. .1., Ma on 
B.S .. and Thanavala Y . 200 I . "Ora l 
immunization with hepalitis B surface antigen 
expres ed in transgenic plants . ' PNA.S 
98(20): 11 539-1 1544. 

Kapusta. J .. Modelska A., Figlerowlcz. M .. Pn iew ki , 
T.. Lete ll ier, M .. Lisowa, 0 .• Yusibov, V , 
Koprow ki, H .. P lucienniczak, A., and 
Legocki, A. B. 1999 A plant-derived edible 
vaccine aga inst hepatiti B virus, The FASEB 
journal I]: 1796- 1799. 

Lusida , M.l.. Surayah, 	 akugawa, H., Nagano-Fujii, 
M .. Soetjipto. Mulyanro, Handajan i, R .. 
Boediwarsono. etiawan. P.B., Nidom. ..A .. 
Ohgimoto, S. and Hotta,H. 2003. Genotype 
and subtype analyses of llepatitis B Virus 
(I mV) and po ible o-inreclion ofHBV and 
Hepatitis C Virus (HCY) or Hepatiti D Virus 
(lIDV) in blood donors, patienL'> wilh chronic 
I iver disease and patients on hemodia lysi 
in Surabaya, Indonesia. Microhiol. ImmunoJ. 
47(12). 	 969-975. 

la on. H. S .• Lam. D. M-K ., and Amtzen, C. J. 1992 . 
Exprc sion ofhepatiti B surface antigen in 
transgenic plants. Proc. atl. Acad . ci. USA . 
89: 11745- 11749. 

Ni,F., Fang.D" Gan.R. . LI .L., Duan,S. and Xu2. 1995 . 
f new immune escape mutant ofhepatitis B 
Virus with an p toAla substitution in aal44 
of the envelope major protein. Res . Virol 
146(6): 397-407. 

Norder H. Courose AM. Coursaget P. Echevarria 1M. 
Lee SD. Mushawar IK, Robertson BH. 
Locharin i S. Magnius LO. 2004. Genctic 
Diversity of Hepatitis B Virus Strains Derived 
Worldwide: Genotypes, Subgenotype , and 
HB Ag SUbtypes. Intervirology. 47(6): 289­
30:> 

Purdy. M. A . 2007 . Hepatitis B irus gene escape 
mutams. Asian J TransfSci I: 62-69. 

Richter. L. .I .. Thanava la. Y..Amtzell C. 1.. and Mason. 
II. S. 2000. Production ofhe pal it is B surface 
antigen in tran genic plants for oral 

Annales Bogorien cs n. s . Vol. 11 o. I, 2007 13 

http://www.who.intlmediacentre
http://wwwwho.int/csr/di
www.cdc.gov/eid
http:www.cambia.org



