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Abstract

To seek a new delivery system of vaccine for infectious bronchitis virus (IBV), transgenic potato expressing full-length
spike (S) protein of IBV was produced and its immunogenicity in chickens was investigated. One to three copies of S gene
of IBV were randomly and stably inserted into pota&vl@num tuberrosum cv. Dongnong 303) genome tAgrobacterium
tumefaciens-mediated transformation. Transcription and translation of S gene for IBV were confirmed by Northern blot and
Western blot analyses in transgenic plantlets. Chickens immunized orally and intramuscularly with transgenic potato tubers
expressing S protein generated the detectable levels of serum neutralizing antibodies and were protected against the challenge
with the virulent IBV. In vitro secretion of interleukin 2 and T lymphocyte proliferation of spleen cells from the immunized
chickens varied with the dose and the manner of vaccination with S protein derived from transgenic plants. The results indicated
that S protein expressed in transgenic plants might be a new source for the produGasanaiviridae IBV vaccine.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tive tract Cavanagh and Nagi, 1997Typically, the
disease has been controlled with the serotype-specific
Infectious bronchitis virus (IBV) is a single-stranded vaccines, however, outbreaks of IB still occur be-
positive sense RNA virus and a prototype of the cause IBV vaccines offer little or no cross-protection
family Coronaviridae in the new order Nidovirales between serologically distinct virusedvanagh,
(Cavanagh, 1997 IBV is the pathogen of chicken 1997. More than 20 IBV serotypes have been identi-
infectious bronchitis (IB), which is an acute, highly fied worldwide and there are an increasing number of
contagious respiratory disease in young chickens new serotypic variants. Outbreaks of IB are possibly
with potential involvement of kidney and reproduc- attributed to the variation of IBV and widespread use
of live attenuated vaccinesiffstad, 1981
"+ Corresponding author. Tel+86-571-8697-1698: IBV genome includgs three major structural genes,
fax: +86-571-8697-1821. which encode the spike (S), membrane (M) and nu-
E-mail address: jyzhou@zju.edu.cn (J.-Y. Zhou). cleocapsid (N) proteins, respectively. The S protein,
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which forms the peplomers at the surface of the virus, (Arakawa et al., 1998; Hag et al., 1995; Khandelwal
is post-translationally cleaved into the S1 and S2 etal., 2003; Marquet-Blouin et al., 2003; Mason et al.,
proteins Cavanagh et al., 1986The nucleotide se- 1992, 1996; Streatfield and Howard, 2003; Tuboly
guences of S and N genes of IBV isolates have beenet al., 2000; Zhou et al., 200Bdn the present study,
reported previously with the different tissue tropism we described the generation of the transgenic potato
(Binns et al., 1985; Niesters et al., 1986; Sapats et al., expressing full-length S protein of IBV. Furthermore,
1996; Zhang et al., 2002; Zhou et al., 200Zhese the immunogenicity of the potato-derived S protein
variants are thought to arise from a few amino acid in chickens was investigated.
changes in S1 protein and N protein. Recently, new
variants were isolated, which differed from all known
IBV serotypes {Vang et al., 1994; Williams et al., 2. Materials and methods
1992; Zhou et al., 2003aBecause of the existence of
a large number of serotypes, the identification of the 2.1. Construction of the plant expression vector
regional serotypes plays an important role in determin-
ing vaccination regimes. The previous results demon- Based on the cDNA sequence of the S gene of IBV
strated that S protein is responsible for the induction strain H52 Cheng et al., 2002the open reading frame
of virus-neutralizing antibodies and protecting the (ORF) consisting of 3486 nucleotides was obtained by
host from the infection of IBV Cavanagh et al., 1986; PCR using the following primers, the upstream primer
Cavanagh, 1997 Chickens immunized with the rS1 5-GCTCTAGAATGTTGGTAACACCTCTT-3 con-
protein expressed by baculovirus were able to induce taining the Xbal site and the downstream primer
protective immunity $ong et al., 1998Johnsonetal. 5-CGGGATCCTATTAGGAAGGACGTGGGACT-3
(2003) constructed a recombinant fowl adenovirus containing theBamHI site. The PCR was consisted
serotype 8 (FAV 8) expressing IBV S1 protein that of 35 cycles of denaturation at 9€ for 45s, an-
induced protective immunity against the virulent IBV nealing at 56C for 90s and extension at 7€ for
challenge in commercial broilers. Mice vaccinated 2min, finally terminated after extension at @
with the entire S protein expressed by recombinant for 10 min. The amplified cDNA fragment encod-
vaccinia virus were shown to have virus-neutralizing ing for the full-length S protein was subcloned into
antibodies to IBV Tomley et al., 198). Therefore, S the binary vector pBI 121 (Clontech, Franlin Lakes,
protein of IBV can be used as the desirable immune USA) under the control of cauliflower mosaic virus
antigen in the development of the new vaccine. (CaMV) 35S promoter and sequenced to confirm
Recently, transgenic plants have been used asits identity (Fig. 1). The recombinant vector con-
production and delivery systems successfully for tained the neomycin phosphotransferase gepgl},
pathogen antigens. The plant-expressed antigens genwhich permitted selection of the transformed plant on
erated protective antibodies in immunized animals medium containing kanamycin. This resultant plant

LB RB
—| NOS-Pro H NTPII(KanR) H NOS-Ter H CaMV 35S-Pro l—I—| -glucvrinidase H NOS-Ter |—
S gene pBI 121
Xba 1 BamH 1

Fig. 1. Schematic structure of the recombinant plasmid pBl 121-S usefigfobacterium-mediated transformation of potato plants. The
DNA sequence encoding for S protein of IBV was cloned into the downstream of the CaMV 35S promoter of a binary plasmid pBI 121.
This region contains theptll expression cassette providing kanamycin resistance, the left (LB) and right (RB) borders of transferred DNA
for genetic analysis of the transformed plants.
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expression vector was then introduced iAgrobac-
terium tumefaciens strain EHA 105 (Clontech) by
triparental mating as described bjtta et al. (1980)

2.2. Production of transgenic potato plants

Sterile potatoes3planum tuberosum cv. Dongnong
303) were propagated in vitro by subculturing the top
shoots or stem segments including axillary buds in
our laboratory. Sterile calli of stem segments exclud-
ing axillary bud of potatoes was used for transforma-
tion with A. tumefaciens on the method as described
elsewhere Castanon et al., 1999 Transformed
plants were regenerated from the calli on Murashige
and Skoog (MS) medium containing kanamycin
(100pg mi—1), zeatin (2 mgt?t), 2-naphthaleneacetic
acid (20ugmi—1) and gibberellic acid (2f.g mi—1)
at 25°C under light. Some transgenic plantlets were
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Sweden). The nylon membrane was hybridized with
the 32P-labeled IBV-S1 (part of IBV-S gene) specific
cDNA probe as described byambrook and Russell
(2001)

Total RNA was extracted from fresh potato plantlets
with TRIzol regents (GIBCOBRL, Grand island,
USA). RNA (20p.g) was separated by electrophoresis
on 1.2% formaldehyde/agarose gels, and transferred
to a nylon membrane (Amersham-Pharmacia Biotech
AB) for hybridization as described byambrook and
Russell (2001)A 1.7 kb S1 fragment was used as a
probe after’?P-labeling with Prime-a-GenEYDNA
Labeling Kit (Promega, USA).

2.3. Detection of S protein in the transgenic
potato plant

For the presence of IBV S protein, the extract

transferred to the greenhouse under normal light and of the transgenic plants as an antigen in ELISA

humidity conditions.

Transgenic plantlets were analyzed for the pres-
ence of the foreign cDNA sequence by PCR using
the above-mentioned primers. One hundred mil-
ligrams fresh plantlets were frozen in liquid nitro-
gen and grinded to a powder with a mortar and
pestle. The powder was suspended in @gD@xtrac-
tion buffer containing 50mM Tris—HCI, 500 mM
NaCl, pH 8.0, 50mM EDTA, 2% SDS (w/v), 1%
B-mercaptoethanol (v/v), and 6% polyvinylpyrroli-
done (PVP) (v/v), and incubated at 85 for 10 min.
After a phenol-chloroform—isoamylalcohol (25:24:1)
extraction, the supernatant containing DNA was
collected and mixed with an equal volume of iso-
propanol. The pellet was dissolved in TE buffer
(10mM Tris—HCI, 1 mM EDTA, pH 8.0) followed by

was determined using IBV specific antibody as de-
scribed byZhou et al. (1997)Briefly, 200 mg fresh
plantlets from each transgenic and non-transgenic
plant were powdered in liquid nitrogen and lysed
in 0.05M bicarbonate buffer (pH 9.6). The 96-well
plate (Nunc, Denmark) was coated with the plant-
let extracts containing S protein at’@ overnight.
Purified IBV and the extracts from non-transformed
plants were used as positive and negative con-
trols, respectively. The plate was blocked with 5%
skimmed milk in PBST (0.01M PBS containing
0.05% Tween-20, pH 7.4) at 3C for 2h. Then the
coated plate was incubated with IBV chicken anti-
serum (1:500) and alkaline phosphatase-conjugated
goat anti-chicken 1gG (1:4000, Sigma, MO, USA). Fi-
nally, p-nitrophenylphosphate (Sigma) substrate was

RNase treatment, and the genomic DNA was stored used for color development, and the optical density

at —20°C until being used. Using the genomic DNA
from non-transgenic plants as negative control, the
determination of the foreign DNA was accomplished
by PCR as described above.

Genomic DNA was isolated from both transformed
and non-transgenic potato plantlets using CTAB
method Ausubel et al., 1995 Thirty micrograms of
the extracted genomic DNA from each sample was
digested withBamHI overnight at 37C. The di-

(OD) values were measured in ELX800 Automated
Microplate Reader (BIO-TEK, Vermont, USA) at
405 nm.

The expression of S protein in the transgenic
plants was analyzed by Western bl&@oprad and
Fiedler, 1998. Plant extracts were prepared by grind-
ing 100 mg of fresh plantlets in liquid nitrogen. The
resulting powder was resuspended in SDS—-PAGE
sample buffer (200 mM Tris—Cl, 4% SDS, 0.2% bro-

gested products were separated by electrophoresis ormophenol blue, 200 mM DTT, and 20% glycerol, pH
a 0.8% agarose gel and transferred to a nylon mem-6.8) and boiled for 10 min. The mixture was cen-
brane (Amersham-Pharmacia Biotech AB, Uppsala, trifuged at 10,000« g for 10 min at 4£C to remove
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the insoluble debris. The proteins were separated challenged chicks at 18-168 h post-inoculated the vir-

by 8% SDS—PAGE and blotted to a nitrocellulose
membrane (Amersham-Pharmacia Biotech AB). The
membrane was blocked with 5% skimmed milk in
PBST overnight, and sequentially incubated with the
chicken IBV specific antiserum (1:500) for 2h at
37°C and goat anti-chicken IgG conjugated alkaline
phosphatase (1:4000) for 1 h at37. The NBT/BCIP
(Sigma) were used to develop the color reaction after
the membrane was washed five times with PBST.

2.4. Chicken immunization, antibody detection
and challenge

SPF fertile eggs of white Leghorn chickens (Bei-
jing Merial Vital Laboratory Animal Technology
Co. Ltd, Beijing, China) were hatched at our labo-
ratory, and maintained in strict isolation throughout
the study. Fourteen-day-old chicks were divided into
seven groups, with six chicks per group. Before oral
immunization, chicks were fasted overnight while
water was provided ad libitum. Group 1 and 2 chicks
were each orally immunized with 2.5g (6.28 of S
protein, plant 4#) and 5 g (12.4&) of S protein, plant
4#) of peeled and sliced transgenic potato tubers,
respectively. Chicks in the third group were orally
immunized with 5g of wild potato tubers, Group 4
and 5 chicks were each intramuscularly immunized
with 2.5 and 5g potato tuber extracts, respectively.
Chicks in the sixth group was intranasally vaccinated
with the commercial modified live IBV vaccine ac-
cording to the manufacture’s instruction (H52 strain,
Hangzhou Jianliang Veterinary Bioproducts Co. Ltd.,
Hangzhou, China), while the seventh group chicks
were each orally immunized with 5 g extraction buffer
as control. Under the same feeding condition, all
immunizations were administrated at days 0, 7, and
14. Blood samples were collected through wing vein
puncture at day 0 and 1 week after each immuniza-
tion. The VN antibody titer against IBV was mea-
sured by the TOC assay with 200 doses of the IBV
H52 vaccine strain [1%2° CDsg (ciliostatic dose)]
as described by ook et al. (1976)All chicks were
intranasally challenged with 2QQ of the virulent
IBV M41 strain (1¢+8° ELD5o/0.1 ml) at the seventh
day after third immunization and observed daily for 7

ulent IBV M41 strain, and the virus was re-isolated
from the trachea and feces of the challenge chicks as
described previouslyJavanagh and Nagqi, 1987

2.5. In vitro lymphoproliferation

The suspensions of the spleen lymphocytes were
prepared as described previously Ehou et al.
(2003c) T lymphocytes proliferation activity in the
immunized chickens was screened by MTT test
(Hansen et al., 1989 Briefly, spleen lymphocytes
from all vaccinated chickens were respectively re-
suspended at & 10’ cellsmi?! in RPMI 1640
medium (GIBCOBRL) containing 10% fetal calf
serum (GIBCOBRL) (v/v), penicillin/streptomycin
(200 1U/50pg mi—1), 12.5ugmi~1 Concanavalin A
(con A, Sigma), and the cells in 96-well plates (Nunc,
Denmark) were incubated at 4G in 5% CQ for
48h. Then, 2l MTT (5mgml~1) was added and
the reaction was stopped 3 h later by adding LD6f
lysis extraction buffer composed of 10% SDS-0.01 M
HCI. The cells continued to be incubated at°@in
5% CQ, for 2 h. The OD values were read in ELX800
Automated Microplate Reader at 490 nm.

2.6. Assay of the immunized chicken IL-2 (chlL-2)

To detect the chlL-2 secreted by lymphocyte from
immunized chickens, the suspensions of the spleen
lymphocytes were prepared and incubated as the
above-mentioned method, and ELISA was accom-
plished asMiyamoto et al. (2001)described. The
96-well plates were coated with 100 of the spleen
lymphocyte supernatants (& 10’ cells mi?1) in
0.05M carbonate buffer, pH 9.6 for 18h at@.
After washed three times with PBST, each well was
blocked with 20Qul of PBS containing 5% (w/v)
skim milk for 1 h at room temperature. Monoclonal
antibody to chlL-2 (kindly provided by Prof. Jimmy
Kwang, Temasek Life Sciences laboratory, Singapore
University and Nanyang Technological University,
Singapore; 10Q.well~1) was added, and the plates
were incubated for 2 h at 3. Goat anti-mouse IgG
conjugated with horseradish peroxidase (Kirkegaard
& Perry Laboratories Inc., USA) diluted in PBS-5%
(w/v) skimmed milk (1:5000) was added to each well

days. The protection was determined by the absenceand the plate was incubated for 1 h at’& The wells

of the characteristic respiratory signs of IB in the

were washed three times, and developed color with
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Fig. 2. Genomic DNA from transgenic and non-transgenic potato plants hybridized wWiR-mbeled specific S1 probe. GK purified
PCR products of IBV S gene (positive control); EKgenomic DNA from non-transgenic potato was used as a negative control; Lanes
1-6, each lane represents an IBV S gene products expressed in an individual transgenic line.

0.04% (w/v)o-phenylenediamine (OPD, AMRESCO, CK- 1 2 3 4 5
USA) in 0.05 M phosphate—citrate buffer (pH 5.0). Fi-

nally, the reaction was stopped with 2 N sulfuric acid. _— . - . -
Color changes were monitored using an automated :
microtiter plate reader at 490 nm absorbance.

3. Results

3.1. Production and genetic analysis of
transformed plants

Fig. 3. Northern blot analysis of total RNA isolated from the

; ; _ : transgenic and non-transgenic plants. RNA was probed with an
The recombinant plasmid pBI121-5 carrying the IBV S1 gene labeled with2P demonstrating specific mMRNAs of

cDNA cong for the fu”'le_ngth S PrOtem (pBllZl-S) IBV S protein. CK—, non-transgenic potato plant was used as
was obtained by subcloning the interested gene into 4 negative control. Each lane represents an individual transgenic

a binary plasmid pBI121. The pBI121-S makes the plantlet, plant 1# shows a slight hybridization signal.
transformants selected on the medium containing

kanamycin for the stable integration int<_) the genom_ic genic plantlets, four of five lines showed the strong
DNA of the potat_o plants_. The transgenic plants resis- gpecific bands corresponding to mRNA of S gene and
tant to the selective medium showed no morphological gngther appeared a weak band, while the control plant

changes in comparison with the non-transgenic potato giq not show any detectable hybridization signal with
plants in greenhouse. Approximately 94% (48/51) ihe specific IBV probeFig. 3.

transgenic lines were shown to possessing the IBV S

gene when assayed by PCR. Six lines of PCR positive 3.2, Expression of S protein in transgenic

plants were subjected to Southern blot analysis for potato plants

the copy numbers and the integration pattern of IBV

S gene in plants. As shown Ifig. 2, the hybridized The S protein polypeptides expressed in the trans-
characteristics of the genomic DNA for the trans- genic plants was investigated using ELISA and West-
formed potatoes indicated that one to three copies of Sern blot. The results indicated that the amount of
gene inserted randomly into the plant genome, while S protein detected in the individual line was from
no hybridized signal appeared when the genomic 2.39ugg™! (plant 2#) to 2.53.,gg ! (plants 1# and
DNA of non-transgenic potato was used as template. 9#) transgenic potato tubers. Nevertheless, no sig-
Transcription of S gene introduced into the potato nificant differences were appeared in the detected
plant was monitored by Northern blot analysis using lines. As shown inFig. 4A, the molecular weight of
total RNA of five independent PCR-positive trans- the plant-synthesized S protein of IBV was found to
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Fig. 4. SDS-PAGE (A) and Western blot (B) analyses of IBV S protein expressed in transgenic plants. (A) Lanes 2—4 indicate the individual
transgenic line. Lane M refers to standard molecular marker (14.4-116 kDa). Lane @iQ-transgenic potato. (B) Lane 4 shows the

band (approximately120kDa) hybridized with IBV antiserum from the transgenic plant no. 4#. No hybridization signal was obtained with
IBV antiserum from the transgenic plant no. 3# and non-transgenic plant (lar€.CK

be approximately 120 kDa. Meanwhile, Data shown respectively. Titers of groups 4 and 5 were 1:3654 and

in Fig. 4B indicated that the plant-derived S protein 1:5754 in intramuscular injection chickens, respec-

retained the reactivity to IBV antisera in Western blot. tively. As controls, chickens immunized with the live
attenuated IBV vaccine had a titer of 1:3108 (group

3.3. Induction of chicken’s antibody against 1BV 6). No anti-IBV antibodies were detected in chickens

and protection vaccinated with non-transgenic potato (group 3) or
buffer (group 7).

Following the oral or intramuscular inoculations Chickens immunized intramuscularly with the ex-
with the transgenic potato tubers, blood samples tracts of 2.5 or 59 transgenic potato tubers shared
were collected at specified times, and the serum 83.3% (5/6) protection from the challenge of the viru-
IBV-neutralizing activity was measured by virus neu- lent IBV M41 strain, while those vaccinated with the
tralization test in TOC. As shown iffable ] the commercial live IBV vaccine received the full protec-
results clearly showed that high levels of neutraliz- tion (6/6) (Table 1. 66.7% (4/6) of chickens delivered
ing antibody were present in the sera of chickens orally by 2.5 or 5 g transgenic potato tubers were also
immunized with transgenic potato tuber after three protected against the challenge. No protection was ob-
immunizations. In the chickens immunized orally tained in chickens that received non-transgenic potato
with the transgenic potato, the average titers of neu- or buffer. Furthermore, no virus was isolated in tra-
tralizing antibodies from third immunization in the chea and feces samples collected from these protected
TOC reached 1:2455 (group 1) and 1:3447 (group 2), chickens at 7 days post-challenge.

Table 1

Chicken anti-IBV VN antibody response and protection from challenge with virulent IBV

Group Immunizatiof Dose (9) Route Serum VN titer No. protected/no.

. - . challenged

Second vaccination Third vaccination

1 Transgenic potato tubers 25 Oral 1:84.4 1:2455 4/6

2 Transgenic potato tubers 5 Oral 1:129.9 1:3447 4/6

3 Wild type tubers 5 Oral 0 0 0/6

4 Transgenic potato tuber extracts 25 fm. 1:12.6 1:3654 5/6

5 Transgenic potato tuber extracts 5 Fm. 1:1334 1:5754 5/6

6 Live attenuated vaccine One dose  G.n. 1:13.0 1:3108 6/6

7 Buffer 5 Oral 0 0 0/6

@ Each group consisted of six chickens which were immunized three times with transgenic potato tubers.
b VN titer was geometry mean fiter.
¢ i.m., intramuscular; i.n., intranasal.
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Fig. 5. Lymphoproliferation of in vitro culture of spleen cells by MTT. Absorbency {gPrepresents the mean absorbasdcthe standard

error obtained from three independent assays. Oral2.5 and Oral5 represent chicks immunized orally with 2.5 and 5g transgenic potato
tubers, respectively. In2.5 and In5 indicate chicks vaccinated intramuscularly with the extracts of 2.5 and 59 transgenic potato tubers,
respectively. Vaccine indicates commercial modified live IBV vaccine. Control shows non-transgenic potato plant.

3.4. Lymphoproliferative responses and in vitro chiL-2 secretion of spleen lymphocytes from the
secretion of chl L-2 vaccinated animals varied with the dose and the man-
ner of vaccination with the recombinant S proteins
At the 14th day post-third immunization, spleen derived from transgenic plants. Nevertheless, lym-
lymphocytes were isolated and used for in vitro pro- phocytes from animals intramuscularly immunized
liferation and chlL-2 secretion assays. As shown in with the extracts of 5g transgenic potato tubers had
Figs. 5 and 6the proliferation responses and in vitro the best in vitro proliferation responses and chiL-2
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Fig. 6. Concentration of IL-2 secreted by in vitro culture of spleen cells from the vaccinated chicks at the 14th day after third immunization.
Absorbency (ORps) represents the mean absorbanreehe standard error obtained from three independent assays. Oral2.5 and Oral5
represent chicks immunized orally with 2.5 and 5g transgenic potato tubers, respectively. In2.5 and In5 indicate chicks vaccinated
intramuscularly with the extracts of 2.5 and 5g transgenic potato tubers, respectively. Vaccine, commercial modified live IBV vaccine.
Control, non-transgenic potato plant.
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secretions in comparison with that from other an-
imals immunized with transgenic potato tubers or
live IBV vaccine. Neither proliferative reactivity
nor chiL-2 secretion of lymphocytes was detected
from the animals fed with non-transgenic potato
tubers.

4. Discussion

Although other virus polypeptides play a role in
protection and recovery from infection in the chick-
ens, the spike protein is an excellent candidate for
the development of the novel IBV vaccines. In our
present work, the transgenic potato containing the
full-length S gene of IBV was obtained using.
tumefaciens-mediated method. Meanwhile, the im-
munogenicity in chickens was monitored with oral or
intramuscular delivery of S protein for IBV expressed

J.-Y. Zhou et al. / Journal of Biotechnology 111 (2004) 121-130

with virulent nephropathogenic IBV. Similarigong
et al. (1998)showed that chickens immunized three
times with S1 protein expressed by baculovirus were
able to induce protective immunity. Furthermore,
the entire S protein of IBV expressed with vaccinia
virus was able to induce virus-neutralizing antibodies
to IBV in mice (Tomley et al., 198y Additionally,
the recent report also demonstrated that S1 protein
of IBV expressed with fowl adenovirus serotype 8
was able to induce protective immunity against vir-
ulent challenge in chickenslg¢hnson et al., 2003
In our present studies, chickens immunized with S
protein expressed in transgenic potato plants could
be protected well from the virulent IBV challenge,
which indicated that transgenic potato expressing S
protein of IBV could be the potential of an alter-
native vaccination strategy against wild-type 1BV
infection.

Collisson et al. (2000demonstrated that the in-

in transgenic potato plants. Our results showed that duced cell mediated immunity to IBV was believed

one to three copies of IBV S gene were integrated
into potato genomeHig. 2), and the full-length S

to be a protective mechanism in IBV infection. In
live IBV vaccination, cell mediated immunity is

gene of IBV was transcribed and expressed in most slow to develop and the production of immunity

transgenic potato plant&igs. 3 and % Moreover, we

also found the phenomena of transcriptional (plant
1#) and post-transcriptional (plant 3#) gene silenc-
ing (TGS and PTGS) in the individual transgenic
plant containing S gene of IBV. The previous reports
demonstrated that the TGS and PTGS of foreign

neutralizing 1BV infectivity only forms a small pro-
portion of the responselJg¢hnson et al., 2003 1In
our present work, the remarkable proliferations of
T cells and high levels of chIL-2 secretion was
detected in immunized chickens vaccinated only
thrice with plant-derived antigen at weekly intervals

genes in transgenic plant are related to the direct- (Figs. 5 and § which indicated that the of systemic

ing methylation of homologous nuclear DNA and
triggering degradation of homologous RNA in the
cytoplasm Baulcombe, 2000; Matzke et al., 2001
To the best of our knowledge, this is the first report of
transgenic plant expressing the full-length S protein
of IBV.

By virus neutralization test and re-isolation of IBV

from the trachea and feces, we were able to demon-

strate that high titer of anti-IBV antibodies was in-

and cell-mediated immune responses were induced.
Therefore, we consider that cell mediated immunity
probably plays an important role in protection against
the virulent IBV challenge as well as wild type 1BV
infection.

Transgenic plants for antigen production is a very
promising alternative to other methods, though there
were some disadvantages needed to overcome. It is
the most economic, convenient and safe vaccine pro-

duced in the vaccinated chickens, which can protect duction system in the animal industry, which com-

the chickens from the infection of the virulent IBV in
challenge. The protective effects were influenced by

pensates its shortcoming. A reduction or elimination
of live IBV vaccines in layers and broilers would be

the dose and the manner of vaccination with S proteins desirable and should reduce the emergence of vari-

derived from transgenic plant§gble J). Ignjatovic
and Galli (1994)yeported that four immunizations of

ants. Furthermore, the combined strategies of induc-
tion of a high level of protection afforded by transgenic

chickens with purified S1 protein induced an antibody plant expressing S protein for IBV and good quaran-
response that was able to protect at the level of the tine practices could be a selection of IB disease under
kidney (80%) and trachea (71%) following challenge control.
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