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Abstract For mass production of urease B subunit

(UreB) and heat shock protein A subunit (HspA) of

Helicobacter pylori with Bombyx mori nuclear polyhe-

drosis virus (BmNPV) baculovirus expression system

(BES) and to determine whether they could be used as

an oral vaccine against H. pylori, besides, to determine

the time course of expressed recombinant protein and the

optimum acquisition time directly through green fluo-

rescence, HspA and enhanced green fluorescence protein

(EGFP) genes were cloned into vector pFastBacDual to

form donor vector pFastBacDual-(EGFP) (HspA), UreB

gene was cloned into vector pFastBacDual to form donor

vector pFastBacDual-UreB,then they were transformed

into E. coli BmDH10Bac to obtain the recombinant

Bacmid-(EGFP) (HspA) and Bacmid-UreB respectively.

They were used to transfect BmN cells and generated the

recombinant baculovirus BmNPV-(EGFP) (HspA) and

BmNPV-UreB. Using these recombinant baculovirus

BmNPV-(EGFP) (HspA) and BmNPV-UreB inoculated

the silkworm pupae, a recombinant HspA and UreB

protein were expressed in silkworm pupae, which were

around 13 and 62 kDa in sodium dodecyl sulfate–poly-

acrylamide gel electrophoresis (SDS-PAGE) and western

blot analysis. After oral immunization of mice, serum

specific IgG antibodies against HspA and UreB in vac-

cine group were much higher than that in mock and

native silkworm powder control groups. The results

indicated that the expressed recombinant HspA and UreB

in silkworm pupae would possess good immunogenicity.

In addition, when EGFP and HspA proteins were

expressed, a direct correlation between the increase in

intensity of fluorescence and HspA concentration.
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Introduction

H. pylori infection remains a significant global public

health problem. This pathogen is a major cause of chronic

gastritis, gastric and duodenal ulcers, and gastric carcino-

mas, mucosa-associated lymphoid tissue (MALT) lym-

phoma and primary gastric non-Hodgkin’s lymphoma, and

is considered as a class I carcinogen by the World Health

Organization [1–4]. Vaccine development against this

infection appears to be a preferable strategy [5]. Many

studies have demonstrated that H. pylori in infected

mouse stomach can be cleared by oral immunization with

H. pylori urease [6–9]. HspA can be used as a vaccine

candidate because of its strong antigenic properties

[10–12]. Vaccine has been applied successfully as a poten-

tial therapeutic strategy for preventing and treating. In

recently, human H. pylori oral subunit vaccine (UreB ?

LTB) has been approved for use in China, its anti-H. pylori

infection protective time is a year and protective rate is
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72.1%. However, the establishment of long-term oral

immunity to protect of H. pylori infection has not yet been

reported. The ability to induce long-term immunity to H.

pylori is necessary for the repeated administration of anti-

gens. Therefore, the recombinant therapeutic protein pro-

duction becomes a major bottleneck. The potential

therapeutic applications in humans would be limited by the

low levels of production (the available expression technol-

ogies such as prokaryotes, cultivated mammalian cells, and

transgenic animals and plants) and the high cost (the use of

expensive fermentation techniques and stringent purifica-

tion protocols). The development of recombinant protein

production in the silkworm baculovirus expression system

(BES) may overcome these limitations and thus may facil-

itate the use of transgenic edible proteins. It is potential for

not only low-cost but also high capacity production (up to

20% of total cell protein) [13]. These features make the

silkworm as an ideal system of expression and delivery

package for producing oral medical proteins.

In order to determine the time course of expressed

recombinant proteins in silkworm pupae and the optimum

acquisition time. The traditional way is that haemolymph

from 10 silkworm larvae or pupae is harvested every 12 h

beginning at 72 h post-infection and stored at -20�C.

Subsequently, the haemolymph is analysed by SDS-PAGE

or serial diluted by ELISA to detect the time phase of

maximum expression products, which is a very time-con-

suming and labor-intensive procedure and takes up a lot of

resources. This drawback has become a hard problem for

practical and industrial utilization of silkworm bioreactor

and academic research field.

Enhanced green fluorescence protein (EGFP) should be

the most favorable biotechnological tools used to investi-

gate the function of target gene by visualizing, monitoring,

and quantifying in living cells [14–16]. We considered

these properties of EGFP, in this study, we took advantages

of EGFP to measure target protein HspA optimum expres-

sion time phase by a one-step visualization. However, in

many cases, protein fusion can influence protein folding of

each fusion partner, expression level, and function loses its

antigen-binding activity, which shows a little fluorescence

activity [17]. We tried to use a dual expression baculovirus

to express the EGFP and target HspA gene under P10 and

Pph promoters by a non-fusion way. The Pph and pl0 pro-

moters have been used to drive expression of many foreign

genes originating from prokaryotes or eukaryotes [18–20].

We tried to determine whether high-level expression of

antigen HspA though Pph promoters and UreB though P10

promoters could be obtained in this expression system and

whether its expression production possesses strong

immunogenicity.

Materials and methods

Materials and cell line and silkworm

UreB and HspA genes (cloned from H. pylori ATCC

43504) and EGFP gene templates were preserved in our

laboratory. pFastBacDual was purchased from Invitrogen

(San Diego, CA) and FUGENE 6 transfection reagent was

the product of Roche Applied Science (United States). The

DH10Bac/BmNPV E. coli was supplied by Prof. W.B.

Wang. The insect cell culture medium TC-100 was pur-

chased from Sigma. B. mori cell line, BmN (BmN4),

originating from the ovary of silkworms was preserved in

our laboratory and cultured at 27�C with TC-100 medium

with 10% fetal bovine serum (FBS). Hybrid strain larvae

of silkworm (Qingsong 9 Haoyue) were reared on mul-

berry leaves in this study for recombinant protein

expression.

Cloning of HspA, EGFP genes and UreB gene

A pair of primers termed FP and RP were designed as fol-

lows: according to EGFP gene and HspA of Helicobacter

pylori gene (accession number. GeneBank GQ357182 and

AY295084) EGFP: FP: 50-GCCTCGAGATGGTGAGCAA

GGGCGAGGAC-30 RP: 50-AG GGTACCTTACTTGTA

CAGCTCG TCCATG-30 HspA: FP: 50-GCGAATTCATG

AAGTTTCTACCATTAGG-30; RP: 50-AGTCTAGATTA

GTGTTTTTTGTGATCAT G-30. EGFP: XhoI and KpnI;

HspA: EcoRI and XbaI recognition sites were introduced

into the 50-terminal of FP (underlined) and RP (underlined),

respectively; UreB of Helicobacter pylori gene (accession

number. GeneBank AY714224) FP: 50-GGCTCGAG AT

GATTAGCAGAAAAGAATATG-30; RP: 50-TTGGTACC

CTAGAAAATGCTAAAGAGTTG-30. XhoI and KpnI

recognition sites were introduced into the 50-terminal of FP

(underlined) and RP (underlined), respectively, to facilitate

cloning. The polymerase chain reaction (PCR) was done

under the following conditions: preheating at 94�C for

5 min, followed by 35 cycles of denaturation at 94�C for

1 min, annealing at 55�C for 1 min, and extension at 72�C

for 1 min (EGFP and HspA genes) 1.5 min (UreB gene). The

final extension was performed at 72�C for 10 min. The PCR

products were analyzed by agarose gel electrophoresis and

recovered using a TaKaRa agarose gel DNA purification kit

(Japan). The fragments were then ligated into the TaKaRa

pMD18-T cloning vector and sequenced using the dide-

oxychain termination method with ABI 3730 DNA Ana-

lyzer. We named the obtained plasmids pMD18-T-EGFP,

pMD18-T-HspA and pMD18-T-UreB.
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Construction and proliferation of recombinant

Bacmid Baculoviruses

pMD18-T-EGFP was digested by XhoI and KpnI. pMD18-

T-HspA was digested by EcoRI and XbaI. The EGFP and

HspA fragments were inserted into multiple cloning site

(MCS) of the donor plasmid pFastBacDual and trans-

formed into E. coli DH10Bac/BmNPV. Through inside

transposition in bacteria, The EGFP and HspA genes

(target genes) were transferred to a baculovirus shuttle

vector (bacmid) within a mini-att Tn7 target site and

formed a recombinant bacmid baculovirus containing tar-

get genes, i.e., the EGFP gene and HspA gene. The E. coli

DH10Bac containing recombinant bacmid baculoviruses

was propagated on Luria–Bertani (LB) medium which

contained antibiotics (50 lg/ml kanamycin, 7 lg/ml gen-

tamicin, and 10 lg/ml tetracycline), 100 lg/ml X-gal, and

the inducer, 40 lg/ml IPTG. The white (Lac-) colonies

were selected for further amplification. The large recom-

binant bacmid baculoviruses rBacmid/BmNPV/(EGFP)

(HspA) were isolated from the DH10Bac/BmNPV and

analyzed by PCR with the M13 forward and M13 reverse

primers. The isolated recombinant bacmid baculoviruses

rBacmid/BmNPV/(EGFP) (HspA) were transfected into

BmN cells using FuGENE 6 transfection reagent under the

ratio 3:2 (3 ll of FUGENE 6 and 2 lg of bacmid DNA,

according to the instruction of Roche). The P1 viral stock

was gathered from the cell medium containing virus 120 h

post-transfection. We amplified the viral stock through

further infection of BmN cells using the P1 stock until the

P3 stock was obtained. The P3 stock was stored at 4�C and

preserved from light. pMD18-T-UreB was digested by

XhoI and KpnI. The UreB fragment was inserted into

multiple cloning site (MCS) of the donor plasmid pFast-

BacDual and transformed into E. coli DH10Bac/BmNPV.

We obtained P3 rBacmid/BmNPV/UreB high titer viral

stock according to above method.

Expression of EGFP, HspA genes and UreB gene

in silkworm pupae

P3 stock recombinant virus (wild baculoviruses as control)

was introduced into the silkworm pupae by means of

subcutaneous injections delivering 2 ll of P3 stock at

about 2 9 105 particles per pupa. Express of EGFP in

infected silkworm pupae was visualized and photographed

under fluorescence microscope in complete darkness every

12 h starting at 72 h post-infection. The rBacmid/BmNPV/

(EGFP) (HspA) infected silkworm pupae haemolymph was

collected every 12 h starting at 72 h post-infection for

determining the expression course of HspA protein. The

hemolymph was centrifuged for 5 min at 8,000 rpm and

4�C. The supernatant was preserved at -20�C for further

use. The hemolymph of rBacmid/BmNPV/UreB infected

silkworm pupae was collected using the same method for

further use.

Quantification of HspA protein levels at different

time point in silkworm pupae

The HspA protein levels in silkworm pupae was deter-

mined by quantitative ELISA assay. A 96-well microtiter

plate was loaded with serial dilutions of the hemolymph in

bicarbonate buffer, pH 9.6 (15 mM Na2CO3, 35 mM

NaHCO3), and incubated overnight at 4�C. The plate was

washed three times in PBS containing 0.05% Tween-20

(PBST). The plate was blocked by incubation in 1% bovine

serum albumin (BSA) in PBS (100 ll/well) for 2 h at

37�C, followed by three washes with PBST. The plate was

incubated in a 1:8000 dilution of rabbit anti-HspA poly-

clone antibody (100 ll/well) at 37�C for 2 h, followed by

three washes with PBST. The plate was then incubated

with a 1:2000 dilution of anti-rabbit IgG conjugated with

horseradish peroxidase (100 ll/well) for 2 h at 37�C and

washed three times with PBST. Finally, the chromogenic

substrate o-phenylenediamine (100 ll/well) was added to

the wells, and the plate was incubated for 20 min at 37�C

to develop color, followed by the addition of 2 M H2SO4

(50 ll/well) to stop the reaction. The plate was cooled to

room temperature. The optical density of each well was

measured at 492 nm.

Sodium dodecyl sulfate–polyacrylamide gel

electrophoresis (SDS-PAGE) and western blot analysis

Both the hemolymph and the lysed cells were subjected to

12% SDS-PAGE after boiling with the same volume of

loading buffer (100 mM Tris Cl, pH 6.8, 200 mM DTT,

4% SDS, 0.2% bromophenol blue, and 20% glycerol) for

5 min. The gel was stained with Coomassie Brilliant Blue

R-250. The proteins were electrophoretically transferred to

a PVDF membrane after SDS-PAGE. The membrane was

firstly blocked in PBST (137 mM NaCl, 2.68 mM KCl,

8.06 mM Na2HPO4, 1.47 mM KH2PO4, and 0.1% Tween

20) plus 1% BSA for 2 h at 25�C and washed three times

(each for 10 min) with PBST. The film was then incubated

with PBST containing 1% BSA and diluted rabbit anti-

HspA of H. pylori and rabbit anti-UreB of H. pylori anti-

body (1:300) for 2 h at 25�C and subsequently washed

three times (each for 10 min) with PBST. After incubation

for 1 h at 25�C in the same PBST with peroxidase-labeled

goat anti-rabbit IgG (1:500) and being washed with PBS

(137 mM NaCl, 2.68 mM KCl, 8.06 mM Na2HPO4 and

1.47 mM KH2PO4), the immunoactive protein was detec-

ted by adding DAB chromogenic substrate (2 mg DAB,

20 ll of 30% H2O2, and 10 ml of PBS).
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Animal and breeding conditions

Forty Specific-pathogen (H. pylori)-free (SPF) female

BALB/c mice purchased from animal experiment center of

Medical College, Soochow University,China were used

between the ages of 8 and 12 weeks. The animals were

housed in polycarbonate cages and fed on a commercial

pellet diet with water ad libitum. All procedures were

conducted in accordance with the P. R. China legislation

under No. 8910M047 on the use and care of laboratory

animals and with the guidelines established by the Institute

for Experimental Animals of Soochow University and

were approved by the university committee for animal

experiments.

Immunogen preparation and immunization of mice

and antigen-specific antibody assays

The pupa expressed recombinant HspA (rHspA) and

recombinant UreB (rUreB) 96 h post-inoculation with

recombinant virus rBacmid/BmNPV/(EGFP) (HspA) and

rBacmid/BmNPV/UreB were collected and dried with a

vacuum dryer. The dried pupae were homogenized to

powder and stored at -20�C up to use. Mice were immu-

nized orally via feeding needles with a priming dose on day

0 and booster doses on days 10, 20 and 30, as follows:

Immunogen groups: 200 mg silkworm powder (including

rHspA or rUreB) and 10 lg cholera toxin B subunit (CTB)

which could be used as a mucosal immune adjuvant, sus-

pended in 0.5 ml of 0.2 M sodium bicarbonate, adminis-

tered by gavage, using a ball-end feeding needle. Control

groups: 0.5 ml 0.2 M sodium bicarbonate and 0.5 ml

0.2 M sodium bicarbonate with 200 mg silkworm powder

(without including rHspA and rUreB) and 10 lg CTB.

Serum samples, collected from the tail veins of mice at

10th day post the each time inoculation, were used to titrate

humoral responses against H. pylori HspA or UreB. Serial

dilutions of individual sera were tested in enzyme-linked

immunosorbent assays (ELISAs), The determination was

performed on 96-well ELISA plates coated with 10 lg of

HspA/well or UreB/well. and incubated for 90 min at 37�C

or overnight at 4�C. After incubation the wells were

washed with PBS-0.3% Tween 20. Then blocked with

PBS-1% bovine serum albumin (BSA) for 1 h at 37�C.

Serum samples were added at an initial dilution of 1:200 in

duplicate, with 1:3 serial dilutions performed in PBS-1%

BSA Plates were incubated for 1 h at 37�C and then

washed in PBS-0.3% Tween 20. A 1:5,000 dilution of

rabbit anti-mouse IgG -horseradish peroxidase conjugates

were added to the plates for 1 h at 37�C. Plates were

washed again, developed with o-phenylenediamine as the

substrate for 10 min, and stopped with 2 M H2SO4. The

optical density of each well was measured at 492 nm.

Statistical analysis

The primary analysis was a comparison between immu-

nized groups and mock controls. All data were presented as

mean ± SEM. With all statistical analyses by t test, dif-

ferences between groups were considered statistically sig-

nificant for P \ 0.05.

Results

Construction and proliferation of recombinant

baculovirus rBacmid/BmNPV/(EGFP) (HspA)

and rBacmid/BmNPV/UreB

The target EGFP and HspA genes were inserted into the

MCS of the donor plasmid pFastBacDual under P10 pro-

moter within XhoI and KpnI sites and polyhedron promoters

within EcoRI and XbaI sites by T4 DNA ligation and

transformed to E. coli DH10Bac/BmNPV. Through inside

transposition in bacteria, the EGFP and HspA genes (target

genes) were transferred to a baculovirus shuttle vector

(bacmid) within a mini-att Tn7 target site and formed a

recombinant bacmid baculovirus containing target gene.

This transposition reaction occurred in the presence of

transposase supplied by the helper plasmid. The white

colonies (Lac-) were selected from the plate containing

50 lg/ml kanamycin, 10 lg/ml tetracycline, 7 lg/ml gen-

tamicin, 100 lg/ml X-gal, and 40 lg/ml IPTG. The large

recombinant plasmids Bacmid/BmNPV (EGFP) (HspA)

were isolated from the white colonies for analysis. PCR was

done by using the M13 forward and M13 reverse as primers

and recombinant Bacmid DNA as template, which was too

large to perform a restriction analysis. The result indicated

the successful generation of recombinant Bacmid/BmNPV/

(EGFP) (HspA). Then the purified recombinant baculovi-

ruses were used to transfect the BmN cells of B. mori by

liposomes. The transfected cells typically increased their

cell diameter and nuclei, stopped growing, and exhibited

lysis and mass (Fig. 1) 120 h post-transfection. After three

transfection cycles, a high viral titer of P3 viral stock was

collected and protected from light at 4�C. The target UreB

gene was inserted into the MCS of the donor plasmid

pFastBac Dual under P10 promoter within XhoI and KpnI

sites by T4 DNA ligation and transformed to E. coli

DH10Bac/BmNPV. We obtained high titer rBacmid/

BmNPV/UreB as above methods.

Expression of EGFP, HspA genes

and UreB gene in pupae

The P3 stock (wild virus as control). Virus were injected to

silkworm pupae by a syringe. After being infected with this
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recombinant virus, the silkworm pupae presented typical

symptoms of BmNPV infection (Fig. 2). The silkworm

pupae was inoculated with rBacmid/BmNPV/(EGFP)

(HspA),which typical kinetic intensity of green fluores-

cence was shown in (Fig. 3a) for an infection performed.

The intensity of green fluorescence increased after infec-

tion until 72 h post-infection, when the maximum was

reached at 96 h post-infection, the intensity of green fluo-

rescence remained at its almost constant for up to 24 h and

thereafter it declined (consistent with the result of quanti-

fication of EGFP protein ELISA, date not shown). The time

of maximum intensity of green fluorescence coincided with

the onset of rHspA protein production, which occurred at

72 h post-infection and continued to increase until about

108 h post-infection. During 96–120 h, the concentration

of rHspA remained almost constant by ELISA and SDS-

PAGE analysis (Fig. 3b, c). A direct correlation with the

time phase of maximum intensity of green fluorescence and

the time phase of maximum recombinant protein concen-

tration can be seen. Therefore, EGFP can be used as a tool

to estimate the optimum harvest time by a non-fusion

protein way in a dual promoter BES. Meanwhile, the

hemolymph was harvested 96 h post-inoculation and cen-

trifuged for 5 min at 12,000 rpm and 4�C The supernatant

were examined using 12% SDS-PAGE and Western blot-

ting. A band around 13 kD was visualized and positively

identified using Western blot analysis (Fig. 4). This band

indicated the successful expression of rHspA in the silk-

worm pupa and rHspA possessed immunogenicity. The

same method was used to assess the expression of UreB in

the infected pupae. We found a band around 62 kDa

(Fig. 5). This band indicated the successful expression of

rUreB in the silkworm pupa and rUreB possessed

immunogenicity.

H. pylori HspA or UreB-specific serum IgG response

Serum IgG anti-H. pylori HspA or UreB-specific antibodies

were detected at 10 days post the each time inoculation.

There were significantly higher levels of specific HspA or

UreB antibodies IgG in the group treated with silkworm

powder including rHspA or rUreB than in the control mice

vaccinated with only sodium bicarbonate group and silk-

worm powder (without including rHspA or rUreB) group

(P \ 0.01, n = 10) (Fig. 6). The result suggested that

vaccination with silkworm powder including rHspA or

rUreB enhanced the immune response.

Discussion

With the development of biotechnology, B. mori has been

used as an important bioreactor for the production of

recombinant proteins through baculovirus expression sys-

tem (BES) [21, 22]. The BES is an inherently safe platform

for the production of vaccines and other biologics. Bac-

uloviruses have a narrow host range, restricted primarily to

Lepidopteran species, which are non-infectious to vertebral

animals [23, 24]. An oral vaccine expressed in silkworm

pupae using BES offers several advantages over other

existing oral vaccine technologies: (i) Expression of

recombinant proteins in silkworm pupae using BES is a

highly efficient protein production platform, which can

large-scale production of foreign proteins; (ii) As an edible

medicine, the purification of expression of heterologous

proteins in the silkworm pupae is not necessary. The

reports have indicated that the protein of silkworm pupae

has multiple physiologic and pharmacologic activities, and

can be used as a pharmaceutical intermediate, a dietary

supplement, or a food additive [25, 26]; (iii)The cost of

producing recombinant protein in silkworm is much lower

than the cost of producing the same amount by E. coli or

S. cerevisiae fermentation, because silkworms can be

conveniently reared with mulberry leaves at much lower

cost; (iv)The proteinase inhibitors and biocapsule-like fat

in silkworm bodies may increase the stability of the

recombinant proteins so that gastrointestinal degradation

would not be a problem. The heterologous proteins would

be protected from gastric enzymes, acid and other harmful

aspects of the environment.

Fig. 1 Phenotype of BmN cells infected with recombinant virus

Bacmid-UreB a normal cells b infected cells

Fig. 2 Symptom of silkworm pupa infected with recombinant virus

BmNPV-UreB a normal pupa b infected pupa
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In this study, we utilized a non-fusion co-expression

system technology for expressing EGFP and HspA for-

eign proteins in silkworm pupae simultaneously. This

method was initially developed utilizing EGFP expres-

sion under the control of the P10 promoter and target

protein HspA expression under the control of the Pph

promoter. The pl0 gene was activated a few hours earlier

than the polyhedrin gene [27]. Therefore, the expression

level of EGFP was higher and fluorescence appears

brighter due to its earlier expression in silkworm. Thus,

Fig. 3 a The time courses of EGFP expressed in Silkworm pupae by

the intensity of green fluorescence visualization. The photograph of

the pupae was taken every 12 h from 72 h post-infection using

fluorescent illuminator in complete darkness respectively. b The time

courses of HspA expressed in Silkworm pupae by the SDS-PAGE

analysis. M. Protein marker, the pupae haemolymph was collected on

ice every 12 h. From 72 h post-infection. c The time courses of HspA

expressed in Silkworm pupae by the sandwich-ELISA. The pupae

haemolymph was collected on ice every 12 h from 72 h post-

infection. The hemolymph was diluted with 1,000 folds dilution

Fig. 4 Analysis of recombinant HspA expression in silkworm pupae

with SDS-PAGE and Western blotting. (1) Protein marker; (2)

silkworm pupa at 96 h post-infection with wild virus; (3) silkworm

pupa at 96 h post-infection with recombinant virus; (4) western

blotting of control; (5) western blotting band of HspA

Fig. 5 Analysis of recombinant UreB expression in silkworm pupae

with SDS-PAGE and Western blotting. (1) Protein marker; (2)

silkworm pupa at 96 h post-infection with wild virus; (3) silkworm

pupa at 96 h post-infection with recombinant virus; (4) western

blotting of control; (5) western blotting band of UreB

Fig. 6 Titers of serum IgG specific anti-H. pylori HspA or UreB in

mice. a Vaccinated with sodium bicarbonate b Vaccinated with

silkworm powder (without including rHspA or rUreB) c Vaccinated

with silkworm powder (including rHspA) d Vaccinated with

silkworm powder (including UreB) (P \ 0.01, n = 10)
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EGFP fluorescence could be used as an estimate of

target gene expression without harvesting haemolymph

and SDS-PAGE or ELISA analysis. In our experiment,

we found that strong EGFP fluorescence of the silkworm

pupae correlated significantly with the highest expression

levels of target protein HspA, as determined by SDS-

PAGE and ELISA analysis (Fig. 3a, b, c). This co-

expression system allowed for an easier determination of

the time course of expression, leading to a simplification

of the optimum acquisition time determination step.

Expression of EGFP under P10 promoter had no

detectable effect on the expression yield of HspA gene

under Pph promoter, comparison of the expression levels

of HspA expressed alone or together with EGFP, as

determined by ELISA analysis (date not shown).

To our knowledge, this is the first report on the pro-

duction of HspA and UreB using silkworm. In the infected

silkworm pupae, the recombinant HspA and UreB proteins

were efficiently released into the pupae hemolymph. On

average, 0.4 ml of hemolymph was obtained per pupa. The

ELISA results showed that the maximum amount of HspA

protein in the hemolymph reached 0.52 mg/ml at the 108 h

or so post-infection (Fig. 3b, c) and the maximum amount

of UreB protein in the hemolymph reached 0.49 mg/ml by

ELISA. These results demonstrated that HspA protein

expressed under Pph promoter and UreB protein expressed

under P10 promoter are all high level. Our results also

revealed that expression products of baculovirus expressing

system were well immunogenic. In our experiment for

HspA and UreB expression, Western blotting study indi-

cated that BES expressing rHspA and rUreB of H. pylori

were strongly immunogenic and were specifically recog-

nized by rabbit anti-HspA polyclonal antibody sera (Fig. 4)

and rabbit anti-UreB polyclonal antibody sera (Fig. 5). In

animal model experiment, detecting the results of specific

serum IgG against HspA and UreB of H. pylori revealed

that rHspA and rUreB induced a marked immune response

(Fig. 6). In conclusion, our results have demonstrated that a

high-level expression of the HspA and UreB genes can be

obtained in the silkworm pupae though dual promoter sys-

tem, and the expressed recombinant HspA and UreB in

silkworm pupae possess good immunogenicity. The avail-

ability of large quantities of HspA and UreB that the silk-

worm provides should greatly facilitate the future research

and testing of these proteins for potential application in

medicine. It is hoped that silkworm will provide a conve-

nient, feasible and effective means of treating clinical dis-

eases, such as an oral vaccine against H. pylori infection.
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