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ABSTRACT

Background: The advancement of plant biotechnology improved crop production by
revolutionizing plant science. Humans were commonly infected by Helicobacter pylori,
and it was closely linked to stomach ulcers and cancer. In addition to traditional vaccines
for H. pylori, transgenic plants have also been produced to produce its antigens as well
as edible and non-edible parts that can produce an immune response after consumption.
The protein present in H. pylori associated with virulence (iceA 1) is believed to predispose
to stomach cancer. Objectives: The current study was aimed to evaluate the iceA7 gene
expression within brinjal plant to produce novel transgenic lines LC420461-B7, -B10,
-B15, -B22 and -B27. Materials and Methods: In the present study, amplified iceA7 gene
from H. pylori strain 26695 was transformed into callus of brinjal (from leaf explants)
through Agrobacterium tumefacians (EHA105). pBI121 vector was used in constructing
the plant expression vector, and the transgenics generated were further evaluated by
quantitative Real-Time PCR and western blot analysis. Results: Out of the 46 plants
obtained five of them were found to be positive for the iceA7 expression. Both real
time and western blot confirmed of the presence of expressed gene iceA7 within the
plant sample leaves. By studying transgenic brinjal, the study may result in an H. pylori
vaccine candidate. As well, the data can be used by researchers to get valid scientific
information.
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INTRODUCTION

Agricultural biotechnology has always worked
towards improved crop production and
increased sustainability since its inception.!
A vaccine, in contrast, generates an immune
response through the inactivation of
bacteria or viruses forming a revolutionary
phenomenon in the 19" century. These are
simply proteins found in an inactivated
form that resemble pathogens and stimulate
the immune system to recognize the
foreign antigen later on? A number of

H. pylori biomarkers/traits have been asso-
ciated with the onset of gastric cancer.
Some of these factors, including cytotoxin-
associated gene A (agA), vacuolar cytotoxin
(vacA), and outer inflammatory protein A
(0ipA) are responsible for the development
of gastric cancer. Due to these factors,
H. pylori is considered a potent carcinogen.
Since H. pylori infection is associated with
a reduced risk of gastric cancer, eliminating
H. pylori infection has been beneficial, but
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an antibiotic-resistant strain of H. pylori makes any
eradication of the infection difficult. In light of the
antibiotic resistance in different parts of the world, it is
imperative that there are new and effective treatments
to treat H. pylori.’

Helicobacter pylori virulence factors play a crucial role
in pathogenesis of the infection. During attachment
of the bacterium to the gastric mucosa, the ieA4 gene
of Helicobacter pylori 1s induced by an epithelial contact
which is subdivided into 2 variants iceA7 and iceA2.
Although some data suggest a link between H. pylori
wceA1 and peptic ulcers, this concept still remains
controversial.* In addition to cytotoxin-associated gene
A (cagA) and epithelium antigen-induced virulence
factor (ieA),it has several other virulence factors.’
Urease enzyme, flagella, adhesins, cytotoxin-associated
gene A (cagA), vacuolating cytotoxin A (vacA), and the
induced by contact with epithelium (iceA) gene are all
considered as virulence factors.® ice4 genes were found
in H. pylori isolated from gastritis and Peptic ulcer
disease (PUD) patients.” When human epithelial
cells were in contact with Hpylori, #eA7 expression
increased. An increased expression of mucosal IL-8
and acute antral inflammation were associated with
the iceA7 genotype. Additionally, it was demonstrated
that adhesion to gastric epithelium 7 vitro stimulated
iceA1 transcription.® The ieA7 variant is associated
with PUD according to several studies.” As for ieA2,
its functions remain unknown despite the fact that this
allele is associated with asymptomatic gastritis and
nonulcer dyspepsia.’

Genes of pathogens (bacteria) are inserted into genetically
modified plants, without altering the immunogenic
capacity, to manufacture mass-produced vaccines.
Vaccines called edible vaccines seem to trigger both
mucosal and systemic immunity against disease-causing
pathogens.? Cheng ¢z al.,, 2007, developed plant expression
vectors carrying Helicobacter proteins like cagA and ureB
that expressed fusion proteins against Helicobacter
strains.' Although traditional vaccine production is
urgently needed, it is stalled due to the high cost of
production and the complicated process of purification.
The robustness and sensitivity of real-time PCR and
blotting have made them dominant in recent years
for studying gene expression.'*"® Furthermore, and
with respect to expression levels, these techniques are
applied over microarray assays.'*" In fact, leafy greens,
fruits, and vegetables can easily produce edible vaccines
using plant expression systems. By using oral delivery
systems, traditional vaccines will be able to be adminis-
tered without the side effects of sterile administration.
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Additionally, the purification procedure and old storage
are not necessary for conventional vaccines.'®

Indians consider brinjal, commonly known as eggplant,
as a common vegetable.”” Due to its popularity in usage
within the country, it has been crowned a common
man’s vegetable.”® The vast range of pharmaceutical
products, medicines, and dietary supplements it produces
makes it the ‘King of Vegetables’.” It is a common dish
in every Indian household, regardless of income level
and food preference. In addition to its nutritional
benefits and water content, it is low calorific. In addition,
it is a good source of fiber and minerals such as calcium,
phosphorus, and folate.” In current Indian culture, the
brinjal is deeply entrenched in the Indian culture with
numerous folk songs being performed and tuned for
the humble vegetable.”!

In order to trace the significant application of plants
in the production of H. pylor, the current was done to
express the clone of the #eA7 gene from H. pylori strain
26695 1n the brinjal plant, Solanun melongena L. Cultivar
Arka Keshav. By expressing 7eA7 in brinjal plants, we
demonstrated that H.pylori can be countered by the
immune system in plants. These results may lead to the
development of possible vaccine candidates against
H. pylori from the brinjal plant.

MATERIALS AND METHODS

Plant material and Experimentation

We collected eggplants (Solanum — melon-
gena L. cultivar Arka Keshav) from the Divi-
sion of Vegetable Crops, IIHR, Bangalore.

Experimental protocols were approved by the JSS College
Institutional Biosafety Committee (IBSC), Mysore at
Postgraduate Department of Biotechnology, JSS College,
Mysuru, Genei India Pvt. Ltd., Bangalore and Depart-
ment of Biotechnology and Crop Improvement, College
of Horticulture, University of Horticulture Sciences,
GKVK Post, Bangalore before work began. The College
of Horticulture, University of Horticulture Sciences,
GKVK Post, Bangalore has granted permission for the
collection of plant or seed specimens. In accordance
with procedures of international guidelines and legislation,
all plants were discarded immediately after growing and
before flowering.

Chemicals

Genomic DNA from Helicobacter pylori 26695 was
procured from (ATCC® 700392DQ™) ATCC and the
chemicals and reagents used in the study were bought
from Sigma Chemical Co and HiMedia and were of
molecular grade and primers were ordered from Sigma

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 4 | Oct-Dec, 2021



Mehran, et al.: Evaluation of Helicobacter pylori iceA1 Gene Expression in Transgenic Brinjal

Ltd, Bangalore. Wile DNA ladders, Sac and BamHI
and enzyme T4 DNA ligase was bought from Genei
Laboratories, Bangalore and He/zcobacter pylori polyclonal
antibody, Biotin (HSN/SAC: 38220090) was procured
from Thermo Fisher Scientific. E. w/ (DH5a)
(P, end A1 hsdR17 (tk-mk”) g/n1"44 thi-1 recA1gyrA (Nalr)
relA1(lacZY, AargF) U169deo RO 80d/ac (lacZ) M15 and
pBI121 with T7 promoter was bought from Genei
Laboratories Pvt Ltd and Invitrogen Life Technologies,
USA respectively. A. tumefaciens strain (EHA105) was
provided by the Department of Biotechnology of the
[THR, Bangalore. During our study, a callus was trans-
formed with _Agrobacterium tumefaciens (EHA105) and
T-DNA carrying the ieA7 gene was inserted into the
pBI121 vector.

PCR amplification of iceAl gene: An amplification
of the gene,' was performed with primers designed
from H. pylori iceA1, which are specific for forward
and reverse amplification of the gene (Table 1)
corresponding to 519bp. The PCR mixture contained
of 50ng of total gDNA as template, Hotstart Tag DNA
polymerase (1U), dNTPs (0.2mM each), 1x PCR buffer,
MgCl, (3mM) and primers (10pmol each) in a total
reaction volume of 25ul. Initial denaturation at 94°C
for 2 min was followed by 35 cycles (94°C, 40 sec, 56°C,
45 sec, 72°C, 1 min), followed by a final extension at
72°C for 15 min. In the next step, the PCR products
were resolved on 1.0% agarose gels and visualized with
a UV transilluminator. The PCR products were purified
from the gel using the Genei clean purification system
(Gel Extraction Kit, Genei). Using Miniprep Kits
(Genei), we isolated high-yielding plasmid DNA (30ul)
according to the manual.

Cloning of iceAl gene into pBI121: We cloned e 17
fragment of 519bp into bacterial strains which was
then purified after amplification with BawHI and Sacl
(37°C for 2hr). we intend to create transgenics in this
manner so as to induce an immune response among
the patients of H. pylori. In brief, the purified PCR
product was ligated into the pBI121 vector (Fermentas,
USA) and transformed into the competent E. c/i
(DH50) (F, end A7 hsdR17 (tk'mk*) ginl/44 thi-1 rec-
AlgyrA (Nalr) relA1(lacZY, AargF) U169deo R® 80dlac
(lacZ) M15. About 30ul of ligation reaction was used
with 3:1 ratio of insert and vector DNA. 5ul of PCR
product (0.55pmol) was then ligated with T4 DNA
ligase (5 weiss units). Final vector concentration of
50ng/ul was used in the study. The mixture was then
incubated at room temperature (25°C) for about one
hour and then used for further transformation experi-
ments. The clones were then screened for digests to
confirm the positive transformation of the gene.
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Preparation of competent cells and Transformation:
The competent DH5a0 E. co/i cells prepared prior were
transformed with pBI121 vector containing zeA7
gene and incubated on ice for 30 min and heat shock
was given at 37°C for 5 min and the cells were then
plated onto LB agar plates and screened further for
the ieA1 inserts. Single isolated colonies were inoculated
into 5ml of LB broth (with Kanamycin 20ug/ml) and
incubated at 37°C for 12 hr on a shaker incubator
(120rpm). Plasmids were purified using alkaline lysis
method, and checked for purity on 0.8% agarose gel
electrophoresis and the clones which are positive for
the insert were confirmed by restriction digestion and
then DNA sequencing.

Callus induction

Seeds of the variety Arka Keshav (pre-treated with
250ppm of GA3; gibberellic acid) were surface sterilized
with sodium hypochlorite (6%) and water in a 1:1 ratio
and rinsed with sterile distilled water four times. 20-25
seeds are inoculated onto Petri plates containing N6
callus induction medium (with 10,000mg/l Myoinositol,
200mg/1 glycine, 50mg/l Thiamine HCI, 50mg/1
Pyridoxine HCI, and 50mg/1 of Nicotinic acid) of pH
5.75. 10uM of BAP and 1uM NAA were added to the
autoclaved medium. Following inoculation, the plates
were then incubated at 25+2°C in dark and the callus
obtained from the germinating seeds was then sub-
cultured on a fresh callus induction medium. The
current study used transversely cut hypocotyl segments
and median portions of cotyledonary leaves as explants.”

Callus transformation with Agrobacterium

As per the Patel e al, 2013 protocol, the calli were
transformed with Agrobacterinn (EHA105),” but with
slight modifications. Electroporation was used to
introduce vectors into _Agrobacterium. About 5ul of
plasmid DNA was added to 50ul of cells, and mixed
thouroughly. The contents were then transferred into
a prechilled cuvette for electroporation. The Agrobacterinm
tumefaciens mobilized with vector inserts, were then
inoculated into 5ml of YEP (yeast-extract-mannitol
medium; pH 7.0) medium (with 20mg/1 Rifampicin
and 50mg/l Kanamycin) and incubated at 28°C in a
shaking incubator (200rpm) overnight. Overnight
culture was then transferred into 45ml of infection
media (MS basal media with Thiamine HCI [1mg/1],
Myoinositol [250mg/1], Casein hydrolysate [1.0g/1 ],
Proline [690mg/1], Glucose [30g/1], 2,4-D [5.0mg/1 ]
and Acetosyringone [200uM]) of pH 5.2 and incubated
at 28°C in a shaker incubator (200rpm). The incubation
was done for 48hr until the OD, reaches 0.5-0.6.
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To confirm the ieA7 insert, we performed a colony
PCR of Agrobacterium.

After being heat shocked at 42°C for 3 min, the
embryogenic calli obtained were then incubated at
room temperature for 12 min before being infected
with Agrobacterinm. After blotting the calli on to Whatman
papers to remove excess bacterial suspension, it was
co-cultivated on co-cultivation media (media (MS basal
media with Myoinositol [690mg/1], Casein hydrolysate
[1.0g/1], Proline [1gm/l], maltose [0.5mg/l], 2,4-D
[0.1mg/1], BAP [0.1mg/1] and Acetosyringone [200uM],
Phytagel [3gm/1) of pH 5.8 for 2 days in dark at 25°C.
Explants were maintained on the cocultivating medium
for two days before using the selection medium (media
with 100mg/1 of kanamycin). The selection medium
was subcultured every six days for about 20 days, then
transferred to fresh cocultivation medium.

Three to four weeks after selection, the calli growing
on kanamycin alone were transferred to regeneration
media (MS media with 2.0mg/1 BAP, 30g/l Maltose,
3.0g/1 Phytagel, 200mg/l Timentin and 50mg/I
hygromycin) and then incubated in light at 25°C for
about 3 weeks. Incubation media with kanamycin
(25mg/1) and cefotaxime (250mg/1) were used for the
newly regenerated shoots. The shoots obtained were
then transferred onto rooting medium (halfstrength
MS medium with 250mg/] cefotaxim along with IBA
5uM) and selection medium without kanamycin. The
rooting was then performed in new bottles with rooting
medium, and the plantlets were left to grow for an
additional 15 days. A number of primary transgenics
about 8-10cm in size were carefully removed from the
soil and replanted into 6inch pots containing peat-lite
and sand 50:50 in the greenhouse (26/22°C, 16hr light/
8hr dark and high humidity). Upon acclimatization,
the plants were placed in growth chambers (28/24°C,
16hr light, 8hr dark) and given care and nutrients
according to standard management practices.

Primer design: Using mRNA sequences deposited
with GenBank, all primers (Table 1) were designed

using Primer 3 software (version 4.13).>* A standard
nucleotide-nucleotide BLAST (blastn; provided by
INCBI online) was used to check the specificities of the
primers against the original GenBank sequences.”® The
amplification of the cDNA was verified by gel electro-
phoresis, followed by Real-time PCR.

RNA extraction

The Brinjal plant leaves were flash frozen with liquid
nitrogen and ground into powder using liquid nitrogen
using a mortar and pestle after the expression of the
Brinjal plant had been stabilized. The manufacturer’s
instructions were followed to extract RNA from 100mg
of ground tissue using the RNeasy Plant Mini Kit
(Genei Laboratories Pvt. Ltd). The purified RNA (2ul)
was then quantified using a Nanodrop® system and
2ul of RNase free water. Genei’s M-MuLV RT-PCR Kit
(Genei) with Oligo(dT) was used to revert 1g of total
RNA into 20l of cDNA, as described in the manual
(Genet).

cDNA synthesis: cDNA was synthesized as described
by Palikia ¢# 4/, with M-MuLV RT-PCR Kit (Genei).2
About 2g of the RNA obtained in the previous section
was used as a starting material. The RNA concentration
obtained was 40ug/ml, so we used approximately 1.02ul
of total RNA was used, along with random primers and
1uL of RT enzyme. The contents were then incubated
at 25°C for 10min and then at 70°C for 45 min following
the first incubation. The ¢cDNA (20ul) obtained was
then used to amplify the whole ieA7 gene and for the
qRT-PCR expression studies.

PCR amplification of iceAl from cDNA of trans-
genic plants. lce47 gene was amplified to estimate
the expression level of ie47 mRNA within the tissues.
Amplification was done as mentioned in the previous
chapter and cDNA was used as the template. The products
were then run on 1.2% agarose gel to confirm the A7
gene insert.

Real-time PCR: RT-PCR was conducted with cDNA
templates,” using Realplex 4 (Eppendorf) and SYBR

Table 1: The list of primers used in the study is shown in the following table. RT: Real time primers;

FP: Forward primer, RP: Reverse primer. Tm: melting temperature. Actin was used as housekeeping gene.

Gene Sequence Length Tm GC% Product length
"y FP TATCTGGATCCATGGAGTTTGATAAAGGGCAAACTC 36 76 41.7 519bp
RP ATATCGAGCTCCTATAAAGTAGTTTTTTGATGGT 40 67.4 324
iceA1 FP AAAGGGCAAACTCTAGGGAA 20 61.5 45
(5 RP CGGCCGTCTTTATGATCCAC 20 66.4 55 7eee
Actin (RT) FP TCAGGTGTCCAGAGGTGTTGTA 22 64.5 50 150bp
RP ATGGTTGTGCCTCCTGAAAGTA 22 64.5 454
1200 Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 4 | Oct-Dec, 2021
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Green PCR master mix (BioRad) according to the
manual instructions (BioRad) with the designed primers
listed in Table 1. In order to minimize the suppression
of PCR by RT solutions, the cDNA samples were
then diluted tenfold with sterile DEPC water. Genei’s
iQTM SYBR Green Supermix (2.5ul of 10x PCR buffer
with SyBr green, 2.5ul of 10mM dNTPs, 10pmoles/ul
of each primer, 10.4ul of PCR water, 0.1ul of 5U Taq
polymerase (Genei), and 2ul of cDNA),”® was used to
amplify the ieA7 gene along with the housekeeping
gene (Actin).

cDNA was initially denaturated at 94°C for 10 min,
followed by 35 cycles of amplification at 94°C for
30 sec, 55°C for 30 sec, and 72°C for 30 sec. We
finished the run with a 10 min extension at 72°C.
A negative control was run on samples that did not
contain cDNA. In our study, all samples were run in
duplicate. We calculated the relative expression of the
target genes in the samples using the following formula:
ACt = Ct (target gene) - Ct (housekeeping gene) where
Ct (target gene) indicates the value of the threshold cycle
for the gene of interest, and Ct (housekeeping gene)
indicates the value of the threshold cycle for the house-
keeping gene used as normalizer. The relative expres-
sions of all samples (both transgenic and control) were
calculated as follows: RE = 222t [where AACt = ACt
(sample) - ACt (control)] where RE indicates the relative
expression, ACt (sample) indicates the difference
between Ct values of the target gene and the house-
keeping gene(s) calculated for the test sample, ACt
(control) indicates the difference between the Ct values
of the target gene and the Ct values of the housekeeping
gene(s) obtained from the corresponding with control.?**

Protein extraction

Liquid N2 was used to grind leaf samples (transgenic
and control) in a mortar and pestle. In 2ml cold acetone,
0.2gm of tissue powder is resuspended for 30 sec and
vortexed thoroughly.®® A pellet was obtained and
centrifuged at 10000g for 3 min at 4°C after washing
with acetone. The powder was transferred into a mortar
and ground further with quartz sand, and then trans-
ferred into 2ml microfuge tubes, washed with ice-cold
10% TCA 3 to 4 times, followed by addition of cold
80% acetone. After centrifugation, the pellet was used
for extraction at room temperature. A slightly modified
phenol extraction method was used in the study.™
0.1 g of powder was resuspended in 0.8 ml of phenol
(Tris buffered, pH 8.0) and 0.8 ml of SDS buffer (sucrose
30%, SDS 2%, 0.1M Tris-HCI, pH 8.0, 5% 2-mercapto-
ethanol) containing 0.8% distilled water. Immediately
after mixing thoroughly for 30 sec, the contents are
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centrifuged at 10,000g for 3 min. Proteins were precipi-
tated out of the upper phenol phase using 5 volumes
of cold methanol and ammonium acetate (0.1M). After
precipitation, the proteins were centrifuged for 5 min
at 10000 g before being washed twice with ice cold 80%
acetone and cold methanolic ammonium acetate.
Pellets thus obtained were dried, rehydrated in 2-DE
rehydration solution (8M urea, 4% CHAPS, 2% IPG
buffer, 20mM dithiothreitol) and quantified (Genei,
Bangalore) using bovine serum albumin as standard.

Western blotting

Transgenic plants expressing 747 were evaluated using
western blotting following the protocol described by
C. Yang e al, 2011,* with slight modifications. Sepa-
ration of soluble proteins was accomplished with
SDS-polyacrylamide gel electrophoresis (4.75 stacking
density and 12% resolving density with 12% glycerol)
and electrotransfer to nylon membrane (Genei,
Bangalore). Resolving buffer concentration (Tris-HCI,
pH 8.8) was modified to 0.75M rather than 0.375M.
Bio-Rad mini-SDS PAGE gels were used for denatured
protein samples (not shown in this manuscript) under
constant 200V and resolution. TBST buffer (20 mM
Tris-HCI, pH 7.6, 0.8% NaCl, 0.1% Tween 20) was used
as a blocking buffer and antibodies against Helicobacter
pylori polyclonal antibody was used for hybridization.
(Thermo Fisher, Biotin dilution 1:500) at room temper-
ature for about lhr. A western blot detection kit (Genei,
Bangalore) was used to detect the secondary antibody
streptavidin (dilution 1:1000, Thermo Fisher). Beta-actin
of ~42KDa was used as a housekeeping gene.

RESULTS

A total of 46 independent brinjal plants were regenerated
by Agrobacterium transformation [Figure 1]. Colony
PCR of Agrobacterinm confirmed the positive expression
of ieA1. Bands at the size of 519bp (GenBank® accession
no. LC420461.1) could be seen in the agarose gel and
also from the cDNA of the transgenic plants which
suggests the positive expression of the 7ieA7 gene
[Figure 2] were further screened for the 7eA7 gene
expression by Real-Time PCR and western blot assay.

Expression of the iceAl gene by Real-time PCR:
The PCR products from the real-time PCR were run
on 2% agarose gel to trace the quality of the expression
among the samples [Figure 3]. HKG was seen to be
expressed in all the samples at about 150bp. The eA7
was seen to be expressed in all five samples of interest.
Though the expression was positive across the samples
and seen at about 178bp, the samples B15, B22, B27
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Figure 1: Transgenic brinjals expressing iceA1 protein.

C B7 B10 B15 B22 B27 NT M

519DP

Figure 2: RT-PCR products amplified from the total RNA of
transgenic plant. Primers designed for PCR amplification of
the iceA1 gene which specifically amplified DNA fragments of
519bp. Lane description: molecular-weight ladder (M), RT-PCR
product of cDNA from a non-transformed plant (NT),
RT-PCR products of cDNA from transformed plant lane No.
LC420461-B7, LC420461-B10, LC420461-B15, LC420461-B22
and LC420461- B27. pBl121-iceA1 plasmid was used as
positive control (C).

were found to be overexpressed than B7 and B10. zeA7
gene was reported to be overexpressed in samples B15
and B27 with 17.329 + 0.42466 and 13.646 £ 0.416804
respectively followed by B22 (9.954 + 0.284). B7 and
B10 although showed response, but the expressions
were very little when compared to B15, B27 and B22
[Figure 4]. These values are in accordance to the band
expression on the gel. The result shows that F- value
(0.002%) is significant. Therefore, equal variance is not
assumed. As the p-value (0.064) is significant at 10%
level, we rejected the null hypothesis and concluded
that the relative expression levels of brinjal transgenic

1202

B7 B10 B15 B22

B27 NT

iceAl

Actin

Figure 3: Image showing the real-time PCR amplification
of iceA1 gene from cDNA extracted from both control and
transgenic plants. PCR products were run on 2% agarose gel.
100bp ladder was used as a molecular marker (not shown).
Bottom: HKG of B7, B10, B15, B22 and B27 and NT
respectively. Top: iceA1 amplification of B7, B10, B15, B22
and B27 and NT respectively.

Relative Expression Level
s N
*

Figure 4: Graph showing the relative expression levels of
iceA1 gene of the transgenic and control plants. Control
expression was considered to be 1 and 100%. All the values
are average of Duplicates. Values are expressed as value =
SD. ** Significant at 5% (0.05) and * Significant at 10% (0.10)
level.

Ice A1 plants were significantly greater than the relative
expression levels of the control plant. There was a
marginal difference in the average relative expression of
Brinjal transgenic iceA47 plants and the relative expres-
sion level of the control plant and the difference was
statistically significant. The result showed that the
t- value was significant for four pairs, B10 A7 - control
(0.013**) and B15 4eeAT - control (0.007**) at 5% level
and B22 4eeAT7 - control (0.101%) and B27 iceA7 - control
(0.059%) at 10% level whereas B7 zeA7 - control (0.232)
was found to be insignificant [Figure 5]. As the p-value
is significant at 5% and 10% level we rejected the null
hypotheses and conclude that there is a statistically
significant difference between B10, B15, B22, B27 ice A7
plants and the control plant.

Expression of iceA1 protein in transgenic brinjal
plants

The main objective of our study was to produce eA7
proteins within the brinjal plant, Solanum melongena
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Figure 5: Images showing the Ct and melt curves obtained
from quantitative real-time PCR. A, B: Ct curves of Actin and
iceA1 gene respectively; C, D: Melt curves of Actin and iceA1

gene respectively. All the values are average of duplicates.

B7 B10  B15 B22 B27 NT
iceA1 ~20KDa

Beta Actin ~42KDa

Figure 6: Image showing the western-blot analysis of iceA1
from independent transgenic plants and control.
NT: Non-transgenic plant; B7, B10, B15, B22 and B27 are the
transgenic plants. Bands seen at ~20KDa corresponds to
iceA1. Beta Actin bands (HKG) were seen at ~42KDa.

L. Cultivar Arka Keshav. The western-blotting study
revealed significant amounts of #eA7 protein produced
in transgenic brinjal. The blot of protein obtained
from the non-transgenic or control showed no protein
band at the respective molecular size confirming
negative expression. On the other hand, transgenic
lines B7, B10, B15, B22 and B27 suggested that is a
strong positive correlation between the transcripts and
protein level of #eA7 among the transgenic brinjal.
The B15 and B27 samples showed higher expression of
the #eA1 gene compared to the other samples [Figure 6].
The expression of ieA7 protein obtained from the

western-blot analysis was found to be in concordance
with the qRT-PCR data.

DISCUSSION

A wide variety of expression systems have been used
previously to produce therapeutic proteins in plants,
with mostly partial success.*® Recombinant therapeutics
like vaccines, which are cheaper than conventional
vaccines, are created from leaves, vegetables, and fruits
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of plants.** In humans, Helicobacter pylori 1s one of the
most prevalent bacterial strains causing peptic ulcers
and gastric cancer in more than 40 to 50% of cases.®
H. pylori, 1s known to colonize the stomach lining with
gram-negative strains and cause chronic gastritis and
ulcers, both of which may lead to adenocarcinoma and
lymphoma.**¥ To elicit an immune response against
deadly diseases, vaccines are inactivated protein suspen-
sions from bacteria or viruses.”? Through the immune
system, they help the body detect foreign antigens.
Recent decades have seen an increase in the production
of plant-based vaccines, not only to reduce harmful
effects of traditional vaccines, but also to minimize the
costs.®® Plants have been genetically altered to produce
biotechnology vaccines that can be injected into tissues
without affecting immune function.” /ce47 protein was
manufactured by the brinjal plants in this study.

As far as to our knowledge this is the first report of
expressing iceA1 proteins in brinjal plants. Although
we still must investigate the immune response capacity
of brinjal plants by immunization experiments with
mice, the results suggest that the #eA7 protein can
be expressed in brinjal plants. Agrobacterinm has been
shown to transform rice plants with the #r¢B gene, and
this has been confirmed by gene amplification and
blotting.* As described above, we used brinjal plants to
express the ieA1 gene and further evaluated this using
RT-PCR and western blotting. #eA7 gene amplification
and SDS-PAGE both established the role of the eA7
gene in the plant leaves confirming the transgenic
lines. Additionally, the immune blot assay revealed
the presence of ieA7 protein within the leaf tissues.
Despite the availability of many antibiotics to treat
Helicobacter infections, many of these strains have
become resistant and have forced scientists to develop
a new vaccine candidate.’? Gastric cancers are predomi-
nantly caused by H. py/ori in both developing and devel-
oped nations.” Transgenic plants produce therapeutic
proteins cheaply, which reduces contamination from
animal viruses as well as production costs.”® Genes
encoding iceA7 antigen was cloned into binary vector
pBI121 and transformed into brinjal callus using a
kanamycin resistance marker gene.

From the 46 plants, 5 had been identified as transgenic,
and this was further confirmed in the expression studies.
RT-PCR and Immunoblot analysis confirmed the pres-
ence of the ZeA7 gene in the five plants. According to
the results of our experiments, the #e47 transgenic brinjal
can be further studied as a vaccine candidate against
H. pylori. iceA1 gene was found to strongly expressed in
B15 and B27 samples with 17.329 + 0.42466 and
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13.646 + 0.416804 respectively, which was significantly
higher than similar studies.

Numerous studies are being conducted currently to
generate edible vaccines from ready-to-eat fruits and
vegetables to follow the oral route of administration.?
Transgenes are generally used to make edible vaccines
by introducing them into plants. Furthermore, these
vaccines are more affordable and safer than conven-
tional vaccines on the market.* Our work conclusively
shows that the transgene is fully integrated into the
brinjal plant’s nuclear genome without any limitations.
Based on our studies, it appears that this methodology
could be used to express a number of valuable proteins.

CONCLUSION

In the current investigation, we transformed brinjal
plants with the #eA7 gene of Helicobcater pylori and
evaluated it level of expression among the leaves of the
plants. Out of the 46 plants, B7, B10, B15, B22 and B27
were found to be transgenic with iceA47 gene expressed
successfully, and further we evaluated the expression
levels using real time PCR and western blotting. RNA
extracted and cDNA synthesized were qualitatively
screened and used for the evaluation studies. Analyses
by real time PCR clearly indicated that the ieA47 gene
had been successfully transformed in transgenic brinjal
plants among the five transgenic lines. B15 and B27
samples. Analyses by western blot indicated that the
integrated A7 gene was expressed in all the five lines
of transgenics but more expressive were B15 and B27
samples.

The present study only demonstrated that the ieA7
gene was transformed and expressed within the transgenic
brinjal plants.Further studies need to be done on their
stable expression for generations so as to be applied as
edible vaccines.
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This study highlights the role of #eA7 gene of Helico-
bacter pylori in causing gastric cancer along with patho-
genesis among the global population. /A7 gene could
be cloned and expressed into brinjal plants as to create
transgenic lines and potentially use them later as edi-
ble vaccines. It was found that ieA7 gene was strongly
expressed within the 5 transgenic lines out of 46 plants
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