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Abstract To assess the utility of the tomato fruit-specific
ES8 gene’s promoter for driving vaccine antigen expression
in plant, the 2.2 kb and 1.1 kb E8 promoters were isolated
and sequenced from Lycopersicon esculentum cv. Jinfeng
#1. The 1.1 kb promoter was fused to vaccine antigen
HBsAg M gene for the transfer to Nicotiana tabacum, and
the CaMV 35S promoter was used for comparison. Cholera
toxin B (cth) gene under the control of the 1.1 kb promoter
was transformed into both N. tabacum and L. esculentum.
Southern blot hybridization confirmed the stable integra-
tion of the target genes into the tomato and tobacco
genomes. ELISA assay showed that the expression product
of HBsAg M gene under the control of the 1.1 kb E8 pro-
moter could not be detected in transgenic tobacco tissues
such as leaves, flowers, and seeds. In contrast, the
expression of HBsAg M gene driven by CaMV 35S pro-
moter could be detected in transgenic tobacco. ELISA
assay for CTB proved that the 1.1 kb E§ promoter was able
to direct the expression of exotic gene in ripe fruits of
transgenic tomato, but expression was absent in leaf,
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flower, and unripe fruit of tomato, and CTB protein was not
detected in transgenic tobacco tissues such as leaves,
flowers, and seeds when the gene was under the control of
the 1.1 kb E8 promoter. The results indicated that the E8
promoter acted not only in an organ-specific, but also in a
species-specific fashion in plant transformation.
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Abbreviations

BA 6-Benzylaminopurine

CaMV 35S  Cauliflower mosaic virus 35S

CTB Cholera toxin B

CTAB Cetyltrimethylammonium bromide
EDTA Ethylenediamine tetraacetic acid
ELISA Enzyme-linked immunosorbent assay
HBsAg M Hepatitis B virus middle Antigen
TIAA Indolacetic acid

MS Murashige and Skoog medium

NAA a-Naphthaleneacetic acid
ORF Open reading frame

PCR Polymerase chain reaction
rCTB Recombinant cholera toxin B
TMB Tetramethylbenzidine
Introduction

The developments in the plant transgenic techniques make
the production of transgenic plant-made oral vaccines
possible. Plant-produced proteins are considered to be safe,
as plants do not harbor human pathogens such as human
immunodeficiency virus, hepatitis viruses, and toxins, as
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animal/animal cell culture systems often do (Larrick and
Thomas 2001). Several factors need to be considered in
order to maximize the yield of recombinant proteins in
transgenic plants, such as codon usage, stable and efficient
expression of foreign gene, etc. However, the procedure,
timing, and localization of gene expression are regulated
by a hierarchy of control mechanisms. Promoter, as one of
main transcript regulators, plays a significant role in gene
expression.

The Cauliflower mosaic virus 35S (CaMV 35S) pro-
moter can efficiently drive foreign gene expression in plant
cells (Jani et al. 2002). However, this promoter does not
confer any specificity-neither tissue specificity nor plant
developmental stage specificity on exogenous gene
expression leading to lower expression levels (Smigocki
and Owens 1988). As for transgenic plant vaccines, low
expression level will lead to the decrease of immunoge-
nicity, which will trigger insufficient protection or
immunological tolerance to human body.

A major advantage of targeting protein expression to
fruits is that edible parts can be consumed uncooked or
partially processed, making them convenient sites for the
production of vaccines. Several fruit-specific promoters
such as E4, E8, PG and 2A11 were identified in tomato
(Coupe and Deikman 1997; Deikman et al. 1998). These
promoters have been mostly used to investigate the role
of ethylene in fruit ripening. The E8 promoter is one of
the most extensively characterized ripening-specific
tomato promoters. The deletion studies of flanking DNA
sequences on E8 gene expression in transgenic tomato
fruit showed that the E8 promoter has at least two main
regions contributing to its transcriptional regulation: the
region of —2181 to —1088 containing DNA sequence that
confer ethylene responsiveness in unripe fruit but are
sufficient for E8 gene expression during ripening, and
the ‘downstream’ region of —1088 to the transcriptional
start site is sufficient for ripening-specific transcription in
the absence of ethylene synthesis (Deikman et al. 1992).
Some researches used the E8 promoter to drive the
expression of exogenous genes in transgenic tomato
fruits (Sandhu et al. 2000; Krasnyanski et al. 2001;
Mehta et al. 2002; Yakoby et al. 2006), however, there is
no report on the gene expression driven by the E8
promoter in the non-tomato system as far as we know. In
order to explore the gene expression profile of antigen
protein gene(s) driven by E8 promoter and to compare
the expression with other plant beside tomato, we
expressed the hepatitis B virus middle Antigen (HBsAg
M) gene and the cholera toxin B (ctb) gene driven by the
1.1 kb E8 promoter in tobacco and tomato. This work
should be of interest to those using tissue-specific pro-
moter such as E8 for expression of antigen genes in
heterologous plants.
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Materials and methods
Bio-materials and vectors

Escherichia coli Topl0O, Agrobacterium tumefaciens
LBA4404 and plants tobacco (Nicotiana tobacum cv.
Xanthi) kept by this laboratory and tomato (Lycopersicon
esculentum cv. Suifeng and cv. Jinfeng #1) purchased from
Guangzhou Institute of Vegetable Sciences were used in
this study. Plant materials were cultured under a 16 h light/
8 h dark photoperiod at 25°C on Murashige and Skoog
medium (MS) supplemented with 0.7% agar and 3%
sucrose. Plasmid pMDI18-T (TaKaRa) was used as a
TA-cloning vector to clone the products of polymerase
chain reaction (PCR). Plasmid pBluescript II SK (Strata-
gene) was used as an intermediate vector for cloning and
pBI121 was used to construct plant expression vectors
pBIS2S, pBI-1.1E8-S2S and pJESI1. In pBI-1.1E8-S2S, a
DNA fragment containing the HBsAg M gene (Gan et al.
1987) under the control of the 1.1 kb E8 promoter was
inserted between sites of Hind III and Sac I in pBI121. The
construct pBIS2S, harbouring the CaMV 35S promoter to
control the expression of the HBsAg M gene, was used as a
reference of pBI-1.1E8-S2S. In pJESI, a DNA fragment
containing the ctb gene under the control of the 1.1 kb E8
promoter was inserted between sites of Hind III and Sac 1
in pBI121 (Fig. 1).

Molecular manipulations and PCR primers

Plasmid extraction, enzyme digestion, ligation, and bacte-
rial transformations were performed as described by
Sambrook et al. (1992).

PCR primers used in this experiment were listed in
Table 1. Primer pairs P1 and P2 for amplifying the 852-bp
fragment encoding HBsAg M (preS2 + S) gene were
designed according to Gan et al. (1987). Primer pairs P3
and P4 for amplifying the 375-bp fragment encoding the

pBis2s[wosy{ WPTH [wost| 3ssp | mevsses [wos |
pBI.l 1ER-525 | NOS;4 NPT | NOSt | 11 F_S.p | HBYV 53+§5 | NOSt |
pIEStvoss{ NPTH fwost| wiEsp | o | wos |

Fig. 1 Plant transformation vectors used in the experiments. NOSp:
nopaline synthase promoter; NOSt: nopaline synthhase terminator;
NPT II: neomycin phosphotransferase II gene conferring resistance to
kanamycin and used as a selectable marker for plant transformation.
35S-p: cauliflower mosaic virus 35S promoter. 1.1 E8-p: 1.1-kb
tomato fruit specific E8 promoter. HBV S2 + S: hepatitis B virus
surface antigen middle protein gene (HBsAg M). ctb: cholera toxin B
gene
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Table 1 List of polymerase chain reaction primers used in this
experiment

No. of primer  Sequence (5'-3")

P1 CAT GCA GTG GAA CTC

P2 GGG TTC AAA TGT ATA CCC

P3 TTA AAT TAA AAT TTG

P4 TTA ATT TGC CAT ACT AAT TG

P5 AAG CTT CTA GAA ATT TCA CGA AAT

P6 CTT CTT TTG CAC TGT GAA TGA T

P7 AAG CTT GAA TTC ATT TTT GAC ATC CTT

region of ctb gene were designed according to GenBank
(accession number: U25679).

Two pairs of primers were designed to clone the 1.1 kb
and 2.2 kb E8 promoters from genomic DNA extracted
from L. esculentum cv. Jinfeng #1. Primer pair of P5 and
P6 for 1.1 kb E8 promoter was based on the sequence
described by Deikman and Fischer (1988) and primer pair
of P7 and P6 for 2.2 kb E8 promoter was based on the
sequence described by Deikman et al. (1992) and by
Deikman and Fisher (1988).

PCR conditions are as follows: an initail denaturation at
94°C for 5 min; 35 cycles at 94°C for 1 min, 55°C for
1 min, and 72°C for 1.5 min; followed by a 5 min incu-
bation at 72°C. PCR products were subcloned into pMD18-
T vector and sequenced by the Bioasia Biotechnology
Company, Shanghai.

Plant transformation

Plant expression vectors were transformed into Agrobac-
terium tumefaciens LBA4404 by freeze-thaw method and
confirmed by PCR. Agrobacterium clone containing plant
expression construct was propagated under selection of
kanamycin in YEB medium (5 g/l of each of tryptone,
yeast extract, and sucrose, 2 mM MgSO,, pH 7.2) at 28°C
and 250 rpm to OD 0.4-0.6 and was used to infect explants
of tobacco or tomato.

For tobacco transformation, leaves of in-vitro-grown
tobacco were cut into 0.5-1 cm® sections and then
immersed in the suspension of 10° Agrobacterium cells
per ml for 30 s. The explants were then blotted dry on a
sterilized filter paper and cultured on co-cultivation med-
ium  (MS + 6-benzylaminopurine (BA) 1 mg/l + o-
naphthaleneacetic acid (NAA) 0.1 mg/l) for 48 h. After
co-cultivation, the explants were transferred onto a selec-
tion medium (MS + BA 1 mg/l + NAA 0.1 mg/l +
kanamycin 100 mg/l + cefotaxime 300 mg/l). All explants
were transferred to fresh medium every 3 weeks. The
developed shoots were transferred onto rooting medium
(MS + kanamycin 100 mg/l + cefotaxime 100 mg/l), on

which roots grew out in succession after culturing for one
week. The plantlets with healthy roots were planted in a
greenhouse.

For tomato transformation, cotyledons of in-vitro-
germinated tomato seedlings of 10-14 days old were cut off
from the third base position and inoculated on MS for 2 days.
Thereafter, the induced cotyledon explants were dipped in
the solution of 10° Agrobacterium cells per ml for 30 s,
blotted dry on sterilized filter paper, and placed on co-cul-
tivation medium (MS + BA 3 mg/l + indolacetic acid (IAA)
0.1 mg/l) for 48 h. After co-cultivation, the explants were
transferred to selection medium (MS + BA 3 mg/l + IAA
0.1 mg/l + kanamycin 100 mg/l + cefotaxime 300 mg/l).
The developed shoots on selection medium for 4-6 weeks
were transferred onto elongation medium (MS + BA 2 mg/
1 + kanamycin 100 mg/l + cefotaxime 100 mg/l). When the
shoots reached about 3 cm in height, they were then trans-
ferred into rooting medium (MS +IAA 0.2 mg/l +
kanamycin 100 mg/l + cefotaxime 100 mg/1) for cultivation
for 10 days, on which the roots were induced. The plantlets
were transferred to MS plus kanamycin and cefotaxime for
further growth. The plantlets of about 5-10 cm height and
with healthy roots were planted in a greenhouse.

All plant cultures were kept at 25-28°C and under a 16/
8 h (light/dark) photoperiod.

Detection of transgene in transformed plants

Total nucleic acids were extracted from 0.3-0.5 g of leaf
tissue of transgenic and wild-type plants according to the
cetyltrimethylammonium bromide (CTAB) protocol
described by Doyle and Doyle (1990). PCR amplification
was initially carried out to detect the presence of the target
gene in transgenic tobacco and tomato. The reaction con-
dition for amplification was as described above and the PCR
results were then confirmed by Southern blot analysis. 10 g
of total plant genomic DNA digested with selected restric-
tion enzymes was transferred to nylon membranes. Probes
used were the PCR products amplified from either the
plasmid pBI-1.1E8-S2S with primer pair P1 and P2 or from
the plasmid pJES1 with primer pair P3 and P4. Preparation
of probes and hybridization were performed by the use of the
DIG-High Prime Labeling and Detection Kit (Roche).

Detection of targeting proteins in transgenic plants

Fresh leaf tissue (0.5 g) of transgenic tobacco and the wild-
type plant were ground in liquid nitrogen with a mortar and
pestle. The samples were collected and mixed with 0.5 ml
of PBS (0.8% NaCl, 0.02% KCl, 10 mM sodium phos-
phate, pH 7.4), and placed at 4°C overnight (Thanavala
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etal. 1995). The mixture was then -centrifuged at
5,000 rpm at 4°C for 5 min. 50 pl of the supernatant was
used for the detection of the expression of HBsAg S by
enzyme-linked immunosorbent assay (ELISA). The ELISA
kit was purchased from Shanghai Rongsheng Biotech Co.,
Ltd. China. Absorbance at 450 nm was measured and
human serum-derived S Ag was used as a standard. Since
preS2 gene and S gene compose HBsAg M gene and the
two fragments are in the same open reading frame (ORF),
detection of HBsAg S protein can represent the expression
of HBsAg M protein in an ELISA assay.

To estimate the amount of CTB expressed in transgenic
plants, proteins were extracted from 0.5 g of fresh leaf,
stem, flower, and fruit tissue of the confirmed transgenic
tomato plants or 0.5 g of fresh tissues of transgenic tobacco
plants. Tissues were homogenized in liquid nitrogen and
resuspended in 1 ml of extraction buffer (200 mM Tris—
HCI (pH 8.0), 100 mM NacCl, 400 mM sucrose, 10 mM
EDTA, 14 mM p-mercaptoethanol, 1 mM phenylmethyl-
sulfonyl fluoride, 0.05% Tween-20) and placed at 4°C
overnight. The mixture was then centrifuged at 17,000 X g
at 4°C for 15 min and the insoluble cell debris was
removed. Standard rCTB (gift from Military Medical Sci-
entific Institute, Beijing) was diluted into the concentration
gradients of 1, 0.5, 0.25, 0.125, 0.063, and 0.032 pg/ml
protein and the soluble protein samples were coated by
coating buffer. 100 pl was used to coat each well of 96-
well microtiter plate, and the plate was incubated over-
night. The plate was then washed three times with PBS-T
(PBS plus 0.05% Tween-20). The background was blocked
with 1% (w/v) BSA solution in PBS at 37°C for 2 h, and
the plate was washed three times with PBS-T. The plates
were then incubated with monoclonal antibody of rabbit
anti-CTB IgG that was diluted 1:1000 in 0.01 M PBS
containing 0.5% BSA for 2 h at 37°C, followed by three
washes with PBS-T buffer. Secondary labeling was done
using horseradish peroxidase-conjugated goat anti-rabbit
IgG (Takara) with 1:3000 dilution in 0.01 M PBS con-
taining 0.5% BSA for 2 h at 37°C, followed by three
washes with PBS-T buffer. The plates were developed by
addition of 100 pl per well of tetramethylbenzidine (TMB)
substrate (TakaRa) for 30 min at room temperature in dark.
The plate was read at 492 nm using an ELISA reader
(BioRad), and the amount of plant-expressed CTB was
estimated based on the known amount of purified rCTB.

Results
Cloning and sequence analysis of E8 promoter

Tomato fruit-specific 1.1 kb- and 2.2 kb- E8 promoters
were amplified by PCR from the genomic DNA isolated
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from L. esculentum cv. Jinfeng #1 (Fig. 2) and sequenced
after subcloning into a TA-cloning vector pMD18-T. The
whole promoter sequence has been deposited into GenBank
with accession number DQ317599.

Nucleotide BLAST searches of the whole promoter
sequence with published sequences were performed on
NCBI (www. ncbi.nlm.nih.gov) (data not shown) revealed
that the resultant tomato fruit-specific E8 promoter was
highly conservative. The region —2159 to —1 which repre-
sents the 2.2 kb promoter is 99.9% and 99.4% identical to
L. esculentum cv. VENT Cherry (Deikman and Fischer
1988) and L. esculentum cv. Zhongshu No. 5 (GenBank
submission number: AF515784. 2002), respectively. The
region —1086 to —1 which represents the 1.1 kb promoter is
100% and 99.5% identical to VENT Cherry and Zhongshu
No. 5, respectively. The sequence differences of the pro-
moter among Zhongshu No. 5, VENT Cherry, and Jinfeng
#1 were shown in Table 2.

Expression of HBsAg M protein in tobacco under the
control of E8 promoter

The HBsAg M gene fragment was amplified by PCR from
plasmid pADR-1 containing hepatitis B virus subtype adr.
Plant expression vector pBI-1.1E8-S2S (Fig. 1), in which
the 1.1 kb promoter-HBsAg M gene replaced the 35S
promoter-gusA fragment of pBI121 at Hind III/Sac 1 sites
and the HBsAg M gene was flanked downstream by the
NOS-terminator, was constructed. The vector was then
mobilized into A. fumefaciens LBA4404 by freeze-thaw

1 2 3 4

2000

1000
750

500
250

Fig. 2 PCR amplification of tomato fruit-specific 1.1 kb- and 2.2 kb-
E8 promoters Lane 1, Negative control of PCR; Lane 2, PCR products
of tomato fruit-specific 2.2 kb E8 promoter fragment; lane 3, PCR
products of tomato fruit-specific 1.1 kb E8 promoter fragment; and
lane 4, DNA Marker DL2000
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Table 2 The sequence differences of the E8 promoter among L. esculentum cv. Zhongshu No. 5, VENT Cherry, and Jinfeng #1
Tomato varieties  Region of —2159 to —1087 Region of —1086 to —1

-2140  -1983  -1938 -1915 -1904 -1630 -1311  -1293 -1053 -817 456 -335 -317
Jinfeng C - - - A C G A A G A T
VENT C - C A A C - A A G A T
Zhongshu T T C A G - G - A T A

method. Kanamycin-resistant Agrobacterium cells were
confirmed by PCR and prepared for the transformation of
N. tobacum cv. Xanthi.

Tobacco leaf-sections transfected by A. tumefaciens
LBA4404 were placed on selection medium of MS agar
with hormones (1 mg/l BA and 0.1 mg/l NAA) and anti-
biotics (100 mg/l kanamycin and 500 mg/l cefotaxime).
Shoots began to develop on callus at the edge of the leaf-
sections two weeks later. The shoots 1-2 cm in height were
cut off from the callus and transferred to MS agar medium
supplemented with 0.1 mg/l of NAA and 100 mg/l of
kanamycin for rooting.

Twenty independent transgenic lines transformed with
pBI-1.1E8-S2S were successfully obtained. The presence
of the 1.1 kb E8 promoter-HBsAg M gene in the genomic
DNA of the putative transgenic plants was initially exam-
ined by PCR. Sixteen out of twenty showed the expected
1.1 kb E8 promoter-HBsAg M gene band of ca. 1.9 kb in
size. No band was amplified from wild-type plant.

To further confirm the integration of the HBsAg M in the
transgenic tobacco genome, chromosomal DNA prepared
from the 16 PCR-positive plants transformed with pBI-
1.1E8-S2S were digested with Hind I1I/Sac 1 followed by
Southern blot analysis. Plasmid pBI-1.1E8-S2S DNA and
genomic DNA of untransformed plant were also digested
by Hind IlI/Sac 1 and used as positive and negative control
respectively. Southern hybridization showed the band with
expected size in 14 out of 16 HBsAg M-transgenic lines,
which confirmed the stable integration of the HBsAg M
fragment into the tobacco genome. No hybridization band
was detected in untransformed plant (Fig. 3).

ELISA assay was performed on crude protein extracts
prepared from leaves, flowers, and seeds of 14 transgenic
tobacco lines whose DNA samples were positive in

— - o

Fig. 3 Result of Southern hybridization of transgenic tobacco plants
transformed with pBI-1.1E8-S2S containing E§-HBsAg M fragment.
Lanes 1-7, genomic DNA of transgenic tobacco plants el, €3, e5, €6,
el4, el7, and el8 digested with Hind 111 + Sac 1; Lane 8, genomic
DNA of untransformed tobacco plant digested with Hind III + Sac I;
and lane 9, plasmid pBI-1.1E8-S2S digested with Hind III + Sac 1

Southern blot to examine for the expression of HBsAg S
protein. Cutoff values were calculated for leaves, flowers,
and seeds of untransformed plant respectively, where cut-
off = ODys9 (negative average) X 2.1. A sample was
positive when the ODy4so was higher than the cutoff value
and was negative when less than the cutoff value. Results
showed that no sample was positive for HBsAg S protein
(Fig. 4), which indicated that there was no HBsAg S pro-
tein expression in tobacco even in tobacco seeds when the
gene was controlled by the tomato fruit-specific E8 pro-
moter. This suggests that the tomato fruit-specific E8
promoter has no biological function in tobacco.

Expression of HBsAg M protein in tobacco under the
control of CaMV 35S promoter

A. tumefaciens LBA4404 carrying vector pBIS2S (Fig. 1),
in which the HBsAg M gene replaced the gusA gene of
pBI121 and was controlled by the cauliflower mosaic virus
(CaMV) 35S promoter, was used to transform N. tobacum
cv. Xanthi cells. Shoots began to develop on callus at the
edge of the leaf-sections two weeks after transfection. 25
lines of transgenic seedlings with well-developed root
system under selection of 100 mg/l of kanamycin were
successfully obtained and transferred to soil.

Presence of the target gene in the genomic DNA of the
25 putative transgenic lines was initially identified by PCR

08 O untransformed

0.7 cutoff

0.6 % c6

i M el4

% 0.5 7? ; Oel7
5 0.4 75; / el8
21 y

03 ﬁ ?

02 r;; -

; %ﬂ]ﬂﬂ

0 > E| =
leaf flower seed

Fig. 4 HBsAg-ELISA results of transgenic tobaccos transformed
with pBI-1.1E8-S2S and untransgenic plant (OD value). HBsAg M
protein extracted from leaf, flower, and seed of untransformed plant
and transgenic tobacco plant lines €6, el4, el7 and el8
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analysis. As expected, A fragment of about 850-bp in size
was amplified from 19 lines. No band was amplified from
wild-type plant (data not shown). To further confirm the
integration of HBsAg M gene into the tobacco genome,
chromosomal DNA prepared from the PCR-positive plants
was double digested with BamH 1/Sac 1 followed by
Southern blot analysis. Plasmid (pBIS2S) DNA and
genomic DNA from non-transgenic plant were used as
positive and negative control, respectively. Southern
hybridization showed the band with expected size in all
19 transgenic lines (Fig. 5), which confirmed the sta-
ble integration of the HBsAg M gene into the tobacco
genome.

Crude protein extracts prepared from leaves, flowers,
and seeds of 10 random transgenic tobacco plants whose
DNA samples were positive in Southern blots were used to
examine the expression of HBsAg protein in transgenic
tobacco plants by ELISA assay. A cutoff value was cal-
culated according to the negative control (non-transgenic
plant), where cutoff = ODys, (negative average) X 2.1, or
cutoff = 0.05 when ODys( (negative average) was less than
0.05. A sample was regarded as positive when the ODysq
was higher than the cutoff value. Results showed that 9 out
of the 10 samples were positive for HBsAg S protein while
the other one (line s15) was negative (Fig. 6).

Expression of CTB protein in tobacco under the control
of E8 promoter

The plasmid pRTL-CTB (gift from Military Medical Sci-
entific Institute, Beijing) was used to amplify the czb gene.
And plant expression vector pJES1 (Fig. 1), in which the
1.1 kb promoter-ctb gene replaced the 35S promoter-gusA
fragment of pBI121 at Hind IIl/Sac 1 sites and the ctb gene
was flanked downstream by the NOS-terminator, was
constructed. Fifteen independent transgenic lines trans-
formed with pJES1 were successfully obtained. The
presence of the 1.1 kb E8 promoter-ctb gene fragment in
the genomic DNA of the putative transgenic plants was
initially checked by PCR. Twelve out of fifteen plants
showed the expected E8 promoter-ctb gene band of ca.

Fig. 5 Result of Southern hybridization of transgenic tobacco plants
transformed with pBIS2S containing 35S-HBsAg M fragment.. Lanes
1-7, genomic DNA of transgenic tobacco plants s1, s2, s3, sl1, s16,
s17 and s19/BamH I + Sac I; lane 8, genomic DNA of non-transgenic
tobacco plant/BamH 1 + Sac I; and lane 9, plasmid pBIS2S/BamH
I+ Sacl
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Fig. 6 Expression of HBsAg in transgenic tobacco lines via ELISA
assay (OD value). s1, s2, ..., and s19 represent independent transgenic
lines. Cutoff value equals to multiplying the average ODys, value of
nontransgenic plants by 2.1

1.5 kb in size. No band was amplified from wild-type
plant.

To further confirm the integration of the ctb gene in the
transgenic tobacco genome, chromosomal DNAs prepared
from 12 Southern positive plants were digested with Hind
Ill/Sac 1 followed by Southern blot analysis. Plasmid
pJES1 DNA and genomic DNA of untransformed plant
were digested by Hind III/Sac 1 and used as positive and
negative control respectively. Southern hybridization
showed the band with expected size in 9 out of 12 ctb-
transgenic lines (data not shown). No hybridization band
was detected in untransformed plant.

ELISA assay was performed on crude protein extracts
prepared from fruit, leaf, stem and flower tissues of the 9
transgenic tobacco plants to examine the expression of
CTB protein. No CTB expression in any transgenic plant
was observed.

Expression of CTB protein in tomato under the control
of E8 promoter

A. tumefaciens strain LBA4404 with plant expression
vector pJES1, harbouring the ctb gene under the control of
the 1.1 kb E8 promoter, was used to transform L. escu-
lentum cv. Suifeng. Twenty-six kanamycin-resistant
shootlets were obtained from the cotyledon callus and
rooted after a series of treatment on elongating medium,
rooting medium, and MS basic medium (kanamycin was
added in all of above media to select the transformants).
The rooted plantlets 5-10 cm in height were transferred to
a greenhouse for fruiting.

14 independent transgenic tomato plants out of the 26
kanamycin-resistant plants were confirmed to have the
exogenous ctb gene by using PCR (data not shown) and
Southern blot analysis (Fig. 7).
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Fig. 7 Identification of ctb gene in transgenic tomato by Southern
blotting (DNA was digested by Hind III and Sac I). Lane 1: plasmid
pECT1; Lane 2: untransformed plant; Lane 3: negative transformed
plant identified by PCR; Lanes 4-5: plant lines 9th and 16th

ELISA analysis of the protein extracted from fruit, leaf,
stem and flower tissues of the 14 transgenic tomato plants
for CTB expression demonstrated that only the ripe tomato
fruits of 2 plant lines 9th and 16th had much higher OD
value than the untransformed plant control, and no CTB
expression was detected in leaf, stem, and unripe fruit even
in lines 9th and 16th (Fig. 8). The level of CTB protein
varied among the different developmental period of fruits
of the same plant and presented an ascending tendency
with the fruit ripening days. The highest level reached
0.455 and 0.385 pg/g fruit fresh weight in 31-40 d fruit
tissues of transgenic tomato lines 9th and 16th respectively.

Discussions

In recent years, plant has emerged as a convenient, safe and
economical alternative to the mainstream expression sys-
tem for pharmaceutical protein production including
antibodies, vaccines, industrial enzymes, biopolymers and
so on (Schillberg et al. 2005). Two species of plant,
tobacco and tomato, hold their own advantages on this
research area. Tobacco, with high biomass yields, robust
transformation technology and strong biosafety profile, is
at the forefront as an expression model for plant-based
commercial protein production. Tomato is widely used for

0.9

0.8 B untransformed

0.7 D 9th

o 1 16th g
e %
Q 04f 7 7
o 7

1-10d 11-20d 21-30d 31-40d
fruit fruit fruit fruit

flower

stem leaf

Fig. 8 CTB-ELISA results of transgenic tomato plant lines 9th and
16th and untransgenic plant (OD value). X axis: samples of stem, leaf,
flower, 0-10 d fruit, 11-20 d fruit, 21-30 d fruit, or 31-40 d fruit of
tomato plant

plant vaccines due to the feature of its fruit being palatable,
nutritionally attractive, and could be eaten fresh.

The activity and specificity of a promoter, the main
transcriptional regulator, can affect the level of transgene
expression in plant. The E8 promoter has the fruit-specific
expression feature, so it would be propitious to the growth
of transgenic plant, harvest of the fruits, and the use of
transgenic plant-made vaccine.

ES8 promoter exists specially in tomato plants, and shows
strong conservation in different tomato varieties. There
were at least two components in the promoter contributing
to its transcriptional regulation (Deikman and Fischer
1988; Deikman et al. 1992). The first is a downstream
region of —1088 to the transcriptional start site of the
promoter, which is sufficient for ripening-specific tran-
scription in the absence of ethylene synthesis, and an
element in the region from —1088 to —863 is required for
high levels of expression during fruit ripening. The
upstream region of —2181 to —1088 is known to contain
ethylene-responsive transcriptional element (Deikman
et al. 1992; Deikman et al. 1998). The 1.1 kb promoter
used in this paper to control antigen expression in tobacco
and tomato is 100% and 99.5% identical to its counterpart
in L. esculentum cv. VENT Cherry (Deikman and Fischer
1988) and cv. Zhongshu No. 5 (GenBank submission
number: AF515784, 2002) respectively and was enough for
gene expression. This implies that the E8 promoter can be
widely used for gene expression in different varieties of
transgenic tomato.

In order to explore the gene expression driven by ES8
promoter in other plants beside tomato, we fused the 1.1 kb
promoter to vaccine antigen HBsAg M gene to transform N.
tabacum, whereas the CaMV 35S promoter was used for
comparison. ELISA assay showed that the product of
HBsAg M gene under the control of 1.1 kb promoter could
not be detected in transgenic tobacco tissues such as leaves,
flowers, and seeds. In contrast, the expression of HBsAg M
gene driven by CaMV 35S promoter could be detected in
transgenic tobacco. This result suggests that E8 promoter
might act in a species-specific fashion.

To assess the utility of the tomato fruit-specific E8
gene’s promoter for driving vaccine antigen expression in
tomato, we also fused the 1.1 kb promoter to cholera toxin
B (ctb) gene to transform N. tabacum and L. esculentum
respectively. ELISA assay for CTB proved that the 1.1 kb
E8 promoter was able to direct the expression of exotic
gene in ripe fruits of transgenic tomato, but absent in leaf,
flower, and unripe fruit of tomato, which were consistent
with that reported by Deikman and Fischer (1988), Good
et al. (1994), Yakoby et al. (2006), and Mehta et al.
(2002). However, no CTB protein was detected in trans-
genic tobacco tissues such as leaves, flowers, and seeds
under the control of the 1.1 kb E8 promoter.
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The DNA-binding activity of the E4/E8 binding protein
(E4/E8BP) increased during fruit ripening of tomato, which
suggested that this protein could play a role in regulation of
gene expression (Deikman et al. 1998; Coupe and Deik-
man 1997). E4/E8BP is closely related to a DNA binding
protein from tobacco, 3AF1 that interacts with the pro-
moter of the pea rbcS-3A gene. A repeated domain within
the 3AF1 amino acid sequence is conserved in E4/E8BP-1
(Coupe and Deikman 1997). Our result showed that no
gene expression driven by the E8 promoter was observed in
transgenic tobacco, whether this means certain protein(s)
such as E4/E8-binding protein interacting specifically with
certain element in the 1.1 kb promoter was specifically
involved in tomato, but is absent in tobacco or other plants?
Although tobacco DNA binding protein 3AF1 is homolo-
gous to tomato E4/E8 DNA binding protein E4/E§BP-1,
and both are with similar affinity to recognition sequence
(Coupe and Deikman 1997).

ES8 gene expression is temporarily regulated by ethylene
during fruit ripening. At the onset of fruit ripening, ES8
mRNA showed an increase over the level of ethylene
(Deikman and Fischer 1988). In our study, the expression
of ctb gene in transgenic tomato fruits in the same plant
presented an ascending tendency with the fruit ripening
days, does this suggest that the 1.1 kb fragment of the E8
promoter is also responsive to the level of ethylene? Fur-
ther researches are needed.
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