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ARTICLE INFO ABSTRACT

Keywords: Interest in the plant-based transient production of recombinant immunogenic antigens has tremendously pro-
Helicobacter pylori gressed because plants are cost-effective, easily selectable, free of mammalian contamination, and support
CagA complex post-translational modifications. Nicotiana benthamiana is a convenient system for transient expression
KZ;‘: of recombinant antigens. The present study documented a platform for rapid production of Helicobacter pylori
Nicotiana bethamiana CagA, VacA and NapA antigens three days (first harvest, FH) and six days (second harvest, SH) after agro-
GRT-PCR infiltration using a syringe. In this study, CagA, VacA and NapA antigen genes from Helicobacter pylori were

ELISA cloned into the binary vector pBI121 and transformed into Nicotiana benthamiana by the Agrobacterium-mediated
process. Leaves of four to five weeks old Nicotiana benthamiana plants were agroinfiltrated with EHA105 subtype
of Agrobacterium tumefaciens strain containing cloned CagA (pBI121-CagA), VacA (pBI121-VacA) and NapA
(pBI121-NapA) constructs. The transient expression and accumulation of the recombinant genes containing
CagA, VacA and NapA expression cassettes were confirmed using qRT-PCR by comparing the relative expression
at FH and SH post-infiltration with the non-infiltrated (control) samples and using ELISA at 1/5 and 1/10
dilution ratios. The qRT-PCR findings showed that Agrobacterium-mediated syringe infiltration of leaves of four
to five weeks old Nicotiana benthamiana plants produced significantly higher transcript levels of CagA (about 8-
fold and 7-fold), VacA (38-fold and 24-fold) and NapA (7-fold and 5-fold) genes at FH and SH compared to the
control sample. Besides, the maximum amount of CagA, VacA and NapA antigens were detected at the FH stage
compared to the SH stage, when the antibody concentrations of the agro-infiltrated leaf extracts containing these
recombinant antigens were diluted in a 1/5 ratio. This study has developed evidence to support that recombinant
CagA, VacA and NapA can be transiently produced in Nicotiana benthamiana plants.

individuals [3]. Except for gastric cancer, all gastroduodenal infections
of this bacterium can be cured by immunization [4]. An effective vaccine

1. Introduction

Helicobacter pylori bacterium is the most prevalent cause of chronic
gastroduodenal ulcer, infecting nearly 50% of human beings, globally
[1]. The occurrence of the infection in adults varies as per geographical
regions, where more than three-fourth of the populations in Latin
American, Asian, and African regions are infected by this bacterium [2].
This chronic bacterial infection may develop into a gastroduodenal ulcer
in nearly 10% — 15% of the infected individuals and into severe disease
outcomes like gastric cancer in nearly 1% - 3% of the infected

could overcome the challenges of treatment related to Helicobacter pylori
infection and thereby prevent the linked complications.

In-silico identification of membrane proteins for outer membrane
localization in 53 Helicobacter pylori immunogenic strains reported 826
conserved proteins as potential vaccines and therapeutic targets [5].
Highly immunogenic subtypes encode 128-145 KDa the
cytotoxin-associated gene (CagA) antigen, which resides within the
variable region Cag pathogenicity island (PAI). The CagPAI contains
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genes that synthesize the type 4 (T4) secretion system (SS), where the
chromosomal transfer of CagA into the epithelial lining of the host
cells is implicit [6]. CagA triggers the NF-kB transcription factor in
epithelial cells of the gastric gland and induces antiapoptotic gene
expression [7]. Besides, other genes relevant for colonization and
damage to the gastric mucosa include vacuolating cytotoxin A (VacA)
and neutrophil-activating gene A (NapA) antigens. VacA encodes an 88
kDa multimeric secretory protein that reduces immune responses and
induces immune tolerance in host cells [8]. The immunogenic antigens,
namely CagA and VacA resisted the bacterial Helicobacter pylori infection
in mice [9]. NapA encodes a 150 kDa quaternary protein, which has a
structure similar to that of bacterioferritin (Bfr) and represents a major
virulence factor in response against Helicobacter pylori antigens in
humans [10]. Clinical trial testing revealed Helicobacter pylori NapAas a
potential vaccine antigen [11]. There is a link between the severity of
this bacterium-induced infection outcome and the neutrophil activation
by the NapA gene [12]. Immunization with the Lactococcus lactis NapA
strain in mice demonstrated slightly lower levels of Helicobacter pylori
infection in contrast to individual administration of Lactococcus lactis
vector [13].

Identification of bacterial infection and evaluation of immunization
efficiency plays an important role in controlling severe infections and
eventual outcomes. Immunization with vaccines containing Helicobacter
pylori CagA, VacA and NapA is recognized to be one of the most suitable
ways to resist infection against this bacterium [14]. The presence of
these antigens is known to facilitate the qualitative and quantitative
understanding of the process associated with the immune response
against Helicobacter pylori infection [15]. Previous studies have reported
that immunization with recombinantly expressed CagA, VacA and NapA
confers protection in humans and animal models [16]. With modern
advances in plant genetic engineering technology, transient production
of recombinant proteins in plants is receiving increasing attention in the
medical field, as it serves as a novel alternative to the conventional
cell-based expression systems like mammalian cultures, E. coli, insects,
whole animals, yeast, or filamentous fungi, as each system has its
strength and limitations for expression of foreign genes [17, 18, 19].
Generally, for the transient production of foreign genes in plant-based
systems, agro-infiltration is the most preferred method [20, 21].

Although several studies reported the application of plant-based
expression systems for recombinant protein production, identifying
the most suitable plant model is crucial for therapeutic purposes [22].
The selection of the host plant is equally important because recombinant
protein production is influenced by the distinctive biological attributes
of each species [23]. For instance, the organized head structure of Lac-
tuca sativa (lettuce) allows for more effective transient transformation
than the unorganized leaves of Nicotiana tabacum (tobacco) [24]. Also,
Mucuna bracteata leaves allow for a higher level of transient expression
of recombinant proteins than Nicotiana benthamiana leaves [25]. How-
ever, the advantage of Nicotiana spp. lies in its ability to alleviate
biosafety, environmental and ethical issues since it is an industrial and
feed plant.

Nicotiana benthamiana is a suitable plant host for agro-infiltrated
transient expression of recombinant proteins since it is well studied
and facilitates high levels of heterologous gene expression [26]. Schol-
arly information regarding genetic modification in plants and particu-
larly in tobacco to yield beneficial compounds is in plenty [27,28].
However, the utilization of other plant-based systems to improve the
production of existing or new recombinant proteins for therapeutic
purposes has not been well-reported in the existing literature [29]. Thus,
this concept of plant-based recombinant protein production is gaining
increasing scholarly attention [30]. An increased understanding of this
concept in plants will help boost the acceptance of this approach and
strengthen its therapeutic applications. The present study aimed to
assess the production of recombinant CagA, VacA and NapA immuno-
genic antigens of Helicobacter pylori in Nicotiana benthamiana as an
expression host. The study attempted to develop a transformation
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practice for Nicotiana benthamiana via a syringe-aided agro-infiltration
method to transiently express CagA, VacA and NapA immunogenic genes
on the third day of harvest. This would also be the first-ever information
on the rapid expression of the recombinant Helicobacter pylori CagA,
VacA and NapA antigens in Nicotiana benthamiana.

2. Methodology
2.1. Plant sample and culture environment

Nicotiana benthamiana seeds were surface disinfected with 100%
ethanol for 1 min as mentioned by Clemente (2006), thoroughly cleaned
with water followed by disinfection with 50% (v/v) clorox solution
containing 3% sodium hypochlorite (NaOCl) for 15 min. Seeds were
subsequently washed with sterile water thrice or up to five times. A total
of 15 seeds were germinated in a propagation tray containing peat
pellets and water, which were maintained at 25 + 1 °C with 84% hu-
midity under a 16 h and 8 h light-dark daily illumination. Two weeks
after sowing, seedlings were transferred to potting soil in 10 cm? plastic
pots (one seedling per pot) following a 16/8 h light-dark daily illumi-
nation which was maintained at 24-26 °C during the light period and
20-22 °C during the dark period at 225 ymol/m?/s light intensity with
60% humidity. Following three weeks of transplantation at an optimal
developmental stage where the plants had five completely true leaves
without any noticeable flower buds, the young plant leaves were used
for agro-infiltration (4-5 weeks old).

2.2. Cloning and sequencing of CagA, VacA and NapA genes

Primer pairs, each for CagA (5'-ATATCAGGATCCATGGATTTACTT-
GATGAAAGGGGT-3' and 5'-TATCGAGAGCTCTTATTTTTGAGCTT
GTTGAGCCAATTGC-3'), VacA (5-ATATCAGGATCCATGAATAAAACC
CCAGATAAACCCGA-3’' and 5'-TATCGAGAGCTC TTAAGCGTTAGCC-
CAAACATTGGTAG-3') and NapA (5- TATCTGGATCCATGAAAA-
CATTTGAAATTCTAAAAC-3' and 5-ATACTGGATCCTTAAGCCAAAT
GGGCTTGCAGCATC-3') were designed based on the Helicobacter pylori
gene sequence. The primer pairs were reported to generate DNA se-
quences of approximately 1700 bp (CagA), 2877 bp (VacA) and 434 bp
(NapA). PCRs were performed in a reaction tube containing total
genomic DNA (50 ng), PCR buffer (1X), dNTPs (0.2 mM), MgCly(3 mM),
primers (0.1 pM each for forward and reverse pairs), Taq DNA poly-
merase (1 U) (Bangalore GeNei, India) and distilled water making up to
a total volume of 25 pL for optimization of annealing conditions. The
PCR amplification protocols were as follows: CagA: 10 min at 94 °C
followed by 35 cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 2 min
with a final extension of 72 °C for 10 min; VacA: 5 min at 94 °C followed
by 35 cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 3 min with a
final extension of 72 °C for 7 min; NapA: 5 min at 94 °C followed by 35
cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 1 min with a final
extension of 72 °C for 7 min. PCR amplicons were detected on 1%
agarose gel in TAE buffer (1X) by staining with ethidium bromide (EtBr;
1 pg/ml) and photographed using a UV transilluminator (UVITEC
Cambridge, UK). Molecular weights of the PCR products were estimated
by comparing them with 500 bp, 1000 bp and 100 bp DNA ladder for
CagA, VacA and NapA, respectively. The PCR products (Fig. 1) were
purified using a Genei clean purification system (Gel Extraction Kit,
Genei), digested with Sacl/BamHI (for CagA and VacA genes) and with
BamHI (for NapA gene), and ligated into the pBI121vector (for CagA and
VacA genes) and pRT100 (for NapA gene) digested with Sacl/BamHI and
BamHI, giving rise to pBI121-CagA, pBI121-VacA and pRT100-NapA
clones. Positive clones were confirmed by insert release and DNA
sequencing. Sequences were made available at NCBI (National Center
for Biotechnology Information). Triplicates of PCR products and
sequencing reactions were conducted to ensure no errors during the
experiments.
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Fig. 1. PCR amplification of CagA (a) VacA (b) and NapA (c) genes . M: DNA ladder; lane 1: Desired PCR amplicons.

2.3. Construction of plant expression vector pBI121-CagA, pBI121-VacA
and pBI121-NapA

The pBI121-CagA and pBI121-VacA clones were digested with re-
striction enzymes Sacl and BamHI to release CagA and VacA genes, and
then the inserts were transferred into the multiple Sacl and BamHI sites of
binary vector pBI121. NapA was inserted into pRT100 with BamHI re-
striction digestion for cloning in the E. coli DH5x and then the pRT100-
NapA clone was cut at specific sites and used for sub-cloning in pBI121
binary vector with HindIII restriction enzyme. The constructed plasmids
(denominated as pBI121-CagA, pBI121-VacA and pBI121-NapA) (Fig. 2)
were then exposed to transformation using DH5a competent E. coli cells.
The expression cassette containing the CagA, VacA and NapA genes
cloned into binary vector pBI121 with added BamHI and SacI restriction
sites were transformed into the competent cells of Agrobacterium tume-
faciens strain EHA105.

pBl121-CagA

pBl121-VacA

2.4. Transformation of Agrobacterium tumefaciens with pBI121-CagA,
pBI121-VacA and pBI121-NapA vectors

The EHA105 subtype of Agrobacterium tumefaciens was used to acti-
vate binary vectors pBI121-CagA, pBI121-VacA and pBI121-NapA for
recombination by electroporation [31]. About, 50 pl of competent
Agrobacterium tumefaciens subtype EHA105 was mixed separately with 1
ul of pBI121-CagA, pBI121-VacA and pBI121-NapA in three pre-chilled
2 mm electroporation cuvettes. The mixtures were pulsed for 5 ms at
2800 V, followed by immediate inoculation in 1 ml Luria-Bertani (LB)
medium and kept under shaking condition at 28 °C for 2 h at 200 rpm.
The cultures were inoculated in an LB plate containing kanamycin
antibiotic and kept undisturbed at 28 °C for 72 h. Transformation of
pBI121-CagA, pBI121-VacA and pBI121-NapA in Agrobacterium tume-
faciens were verified by colony PCR using primers for CagA, VacA and
NapA, respectively.

3.0kb

2.0 kb
1.5kb

1.0 kb

0. Skb

pBI121-NapA

Fig. 2. Plasmid construction by restriction digestion of the gene constructs. M: DNA ladder; lane 1: undigested gene construct; lane 2: digested gene construct.
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2.5. Agro-infiltration of Nicotiana benthamiana leaves

Recombinant pBI121-CagA, pBI121-VacA and pBI121-NapA were
prepared for agro-infiltration-mediated transfer into Nicotiana ben-
thamiana using syringe agro-infiltration [32]. Four representative leaves
each three plants of Nicotiana benthamiana (biological replicates), twelve
leaves each for FH and SH were agro-infiltrated using four injections
with a syringe for each leaf as below:

1 Briefly, a colony of Agrobacterium tumefaciens EHA105 containing
pBI121-CagA, pBI121-VacA and pBI121-NapA recombinant antigens
was inoculated into 5 ml of sterile LB medium (tryptone, yeast
extract and NaCl (10 g/L, 5 g/L and 10 g/L), pH 7.0) containing
kanamycin (20 ug/mL).

2 Cultures were kept under shaking until the next day at 28 °C.
Following this, 1 ml of the culture was inoculated again in 25 ml LB
sterile broth and left undisturbed at 28 °C until the next day.

3 The mixture was centrifuged at 5000 rpm for 15 min and the bacteria
pellet was dissolved in resuspension solution (10 mM MES pH 5.8,
150 pM acetosyringone and 10 mM MgSOy; optical density (OD) at
A600 = 04)

4 Cultures were then kept for two to four hours at room temperature
(RT) with gentle shaking. Pots of Nicotiana benthamiana plantlets
(approximately four to five weeks old; Fig. 3a) were placed on the
bench at RT for two to three hours (or until the next day) before
infiltration.

5 The leaf samples were infiltrated with each vector using a 5 ml blunt-
tipped needleless plastic syringe by pressing the syringe on the un-
derside of the leaves and exerting pressure in the reverse direction
with a finger on the other side (Fig. 3b).

6 Four to five weeks old agro-injected leaf samples with Agrobacterium
tumefaciens subtype EHA105 containing pBI121-CagA, pBI121-VacA
and pBI121-NapA expression cassettes indicated intake of the Agro-
bacterium tumefaciens as noticed as a ‘wetting’ area on the leaves.

7 Following this, the plants were kept at 25 °C conditions with a 16 h
and 8 h light-dark daily illumination and 55% — 65% humidity until
harvest (duration of 3 — 6 days).
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8 The successful infiltration of pBI121-CagA, pBI121-VacA and
pBI121-NapA containing Agrobacterium tumefaciens strain EHA105
and expression of CagA, VacA and NapA genes were further
confirmed by studying the expression of these genes.

Post-infiltration of Nicotiana benthamiana plantlets, leaves were
harvested at 3 days (first harvest; FH) and 6 days (second harvest; SH),
for in vivo gene expression, frozen in liquid nitrogen at —80 °C for
extraction of RNA using the RNeasy Plant Mini Kit (Genei) and treated
with DNase (Genei), as per the manufacturer’s instruction. The yield and
purity of RNA were assessed based on the Aygo,280 and Aggp, 230 ratios in
a NanoDrop (ND)—1000 spectrophotometer (Thermo Fisher Scientific,
USA). First-strand synthesis of complementary DNA (cDNA) was done
from RNA (1 pg) using M-MuLV RT-PCR Kit (Genei) and oligo (dT);2-18
primers (Genei) in a 20 pL total volume as per the manufacturer’s
instruction.

2.6. Quantitative real-time PCR (qRT-PCR) amplification procedures and
data analysis

Expression for each of the genes was assessed by quantitative real-
time PCR (qRT-PCR) using SYBR Green master mix (Biorad, USA). The
experiment was done in a reaction tube containing 1pL of cDNA and
making the volume up to 20 pL. The reactions were conducted in an RT
PCR cycler (Eppendorf, Germany) with the following conditions: 94 °C
(pre-incubation) for 10 min, 35 cycles at 94 °C (denaturation) for 30 s,
55 °C (annealing) for 30 s, and 72 °C (elongation) for 30 s (signal
acquiring stage). The primers used for QRT-PCR were designed based on
mRNA sequences deposited in GenBank using the Primer3plus software
(version 4.13). The sequences of the primer pairs and the length of
amplicons obtained are provided in Table 1. In the present study, 5-Actin
(ACT) was used as a reference gene to normalize the variation in the
concentration of template that may have occurred in each replicate. The
forward and reverse sequences for the primer used for the -Actin gene
are also listed (Table 1). The expression of genes was measured using the
AACT method [33]. For each gene, the Ct (threshold cycle for target
amplification, that is, the corresponding FH and SH) value for the target

Fig. 3. Syringe-assisted agro-infiltration of Nicotiana benthamiana. (a) Four to five weeks old Nicotiana benthamiana plant. (b) Agro-infiltrated Nicotiana ben-

thamiana leaflet.
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Table 1
Primer pairs with amplicon lengths used for expression analysis.
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Gene name Forward DNA sequence (5'—3") Reverse DNA sequence (5'—3') Amplicon length (bp)
CagA ATTGTATGCGGGCAATGGTG CCCTTTCTCACCACCTGCTA 151
VacA GCGGGTTATGCCAGACAAAT GGTGTGCCTTCTGGAGAGAT 190
NapA GCGGATGCGATCGTGTTATT TCCTTTCAGCGAGATCGTCA 138
Actin TCAGGTGTCCAGAGGTGTTGTA ATGGTTGTGCCTCCTGAAAGTA 150

gene was deducted from the Ct value of ACT (ACT1). In control repli-
cates (non-infiltrated plants), the Ct value for the target gene was
deducted from the Ct value of ACT (ACT2). AACT was determined by
deducting the ACT of control replicates from the ACT of all individual
replications for each gene (ACT1-ACT2). Relative expression was
determined using the 272D equation. Relative quantification was
carried out by constructing standard curves for each target gene and the
endogenous control by making a 10-fold dilution series of an RNA
sample to check whether the target genes and ACT had similar efficiency
of amplification. The melt curve generated after the amplification
showed that a single amplicon was produced in each reaction. For each
gene, the AACT value for the control sample was 0 and the expression
level was assigned an induction value of 1-fold after calculation
(2722CT= 20 _ 1), Final expression values denote the fold change in
relation to the control. The reactions were conducted in duplicate for
each biological replicate.

2.7. Protein extraction

Initially, the agro-infiltrated Nicotiana benthamiana leaves were
lyophilized and 500 mg of these leaves were crushed to a fine powder
using liquid nitrogen. This was followed by suspension of 50 mg of the
powder in extraction buffer (pH 7.2) containing 0.1 mM sodium phos-
phate, 2 mM dithiothreitol (DTT) and 3% polyvinylpyrrolidone (PVP).
The solution was centrifuged at 15,000 rpm for 20 min at 4 °C and the
supernatant was collected which was frozen in liquid nitrogen then kept
at —80 °C for experimental analysis. Total protein samples were pre-
pared from inoculated leaves with the use of 1:5 (w/v) coating buffer
(0.1 M carbonate/bicarbonate buffer, pH 9.6). After standing for 20 min,
the supernatant was recovered and quantified for total soluble protein
using Bradford colorimetric assay. The concentration in every sample
was adjusted to approximately 4.5-5 mg/mL.

2.8. ELISA

The leaves extracts of the FH containing antigens,i.e., CagA, VacA,
and NapA were diluted at 1:5 and 1:10 in sodium bicarbonate (pH 9.8)
and coated to the wells of two separate microtiter plates, by adding 100
ul of antigen solution. The plates were maintained at 37 °C for 2 hrs and
the wells were washed thrice with washing buffer (phosphate-buffered
saline-Tween 20 (PBS-T; 1 X) for 5 min. The non-specific antigen binding
was prevented by adding 0.05% Tween 20 (200 pl) in 3% bovine serum
albumin (BSA) in each well and maintained at 4 °C overnight. This was
followed by washing and 100 ul of polyclonal antibody-biotin of Heli-
cobacter pylori (1:500) (Thermo Fisher Scientific Inc., USA) was added to
each well and the plates were maintained for 1 hr at RT. Post-incubation,
wells were washed again with the washing solution and 100 pl per well
of streptavidin-HRP conjugate (1:10,000) was added and incubation was
continued at RT for 30 min. After washing the wells with the washing
buffer, each well was treated with 100 pl of substrate O-phenylenedi-
amine (OPD)/H50, and left undisturbed at RT for 30 min. The reaction
was terminated using 1 N sulfuric acid (H2SO4) and the absorbance was
read at 490 nm in an ELISA reader (Bio-Rad). Further, the experiment
was also repeated for the leaves of SH done after 6 days. All experiments
were performed in duplicates.

2.9. Statistical analysis

Experimental results represent the means values + standard devia-
tion (SD) of experiments, each replicated twice. SD of the means was
calculated using Microsoft Excel and is represented as vertical bars in the
figures. Paired sample t-test and analysis of variance (ANOVA) were
conducted to analyze the statistical significance of differences in the
level of expression between the target samples and the control. The
statistical part was conducted using Statistical Package for the Social
Sciences (SPSS) statistics software v24. Here, P-values < 0.05, < 0.01
and 0.001 were considered statistically significant, more statistically
significant and extremely statistically significant.

3. Results
3.1. Analysis of cloned inserts

The CagA gene (1.7 kb) of Helicobacter pylori subtype 26,695 was
amplified through PCR and cloned into pBI121vector. The clones con-
taining the recombinant plasmid DNA were sequenced and compared
with other Helicobacter pylori subtypes reported in NCBI (Helicobacter
pylori straindRdM2addM2, Helicobacter pylori strain 26,695-dR, Heli-
cobacter pylori strain 26,695-dRdM2, Helicobacter pylori strain dRdM1,
Helicobacter pylori strain 26,695-1MET) by Basic Local Alignment
Search Tool (BLAST; Supplementary file 1). The sequence analysis
revealed that the CagA gene from the 26,695 subtypes had similarities
with those of other subtypes, ranging from 92.6% for CP051292-ASHA-
003 (USA) to 96.6% for CP026515-dRdM2addM2 (USA) at the DNA
level (Supplementary Figures S1 and S2). Similarly, the VacA gene (2.87
kb) of Helicobacter pylori subtype 26,695 was amplified through PCR and
cloned into pBI121vector. BLAST analysis of the sequences revealed a
similarity ranging from 96% for CP002980-Puno120 (USA) to 99% for
CP026515-dRdM2addM2 (USA) at the DNA level (Supplementary
Figures S3 and S4). Further, the NapA gene (0.4 kb) of Helicobacter pylori
subtype 26,695 was amplified through PCR and cloned into a pRT100
vector. The sequence analysis of the clones containing the recombinant
plasmid DNA revealed similarities with other Helicobacter pylori sub-
types ranging from 97.2% for AB045143-NAP gene for neutrophil-
activating protein (Japan) to 100% for HQ831507-NapA gene (Iran)
(Supplementary Figures S5 and S6).

3.2. Recombinant vector construction and transformation

To express CagA, VacA and NapA in Nicotiana benthamiana plants,
recombinant binary vectors were constructed as pBI121-CagA, pBI121-
VacA and pBI121-NapA (Fig. 4a). The transformants of Agrobacterium
tumefaciens subtype EHA105 verified by colony PCR technique revealed
a successful amplification of the CagA, VacA and NapA genes with CagA,
VacA and NapA gene-specific primers. Electrophoresis of amplified
product indicated an efficient intake of engineered pBI121-CagA,
pBI121-VacA and pBI121-NapA constructs (Fig. 4b), which was
further confirmed by agro-infiltration in Nicotiana benthamiana leaflets
and screening for the gene product.

3.3. Transient CagA, VacA and NapA expression post-infiltration

First, the expression of the recombinant genes, CagA (pBI121-CagA),
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M 1

100 bp
pBI121-NapA

500 bp
pBI121-CagA

1000 bp
pBl121-VacA

Fig. 4. Presence of engineered pBI121-CagA, pBI121-VacA and pBI121-NapA constructs. (a) t-DNA sections of the pBI121-CagA, pBI121-VacA and pBI121-NapA
vectors; LB: left border and RB: right border of t-DNA; nos: nopaline synthase terminator from Agrobacterium; 35S: promoter of the cauliflower mosaic virus
RNA. (b) Colony PCR of Agrobacterium tumefaciens containing pBI121-CagA, pBI121-VacA and pBI121-NapA plasmids; M: DNA ladder and lane 1: Desired

PCR amplicons.

VacA (pBI121-VacA) and NapA (pBI121-NapA) after agro-infiltration
was compared with the control (non-infiltrated) sample. These three
recombinant genes followed a similar pattern of expression, where the
transcript levels of the pBI121-CagA gene at FH and SH were signifi-
cantly higher by 8-fold and 7-fold to that of the non-infiltrated plants (P-
values < 0.05 and < 0.001; Fig. 5). Similarly, the transcript levels of the
VacA gene at FH and SH were upregulated by about 38-fold and 24-fold
post-infiltration compared to the control sample. These changes were
significant at P-values < 0.05 and < 0.001. Furthermore, the transcript
levels of the NapA gene at FH and SH (upregulated by about 7-fold and
5-fold) post-infiltration were significantly higher compared to the con-
trol sample (P < 0.01; Fig. 5). For CagA, VacA and NapA genes, there is a
significant difference of 1 fold, more than 10 fold and 2 fold between FH
and SH, respectively. For all three genes, the average relative expression
at the FH was significantly higher compared to the SH. The transcript
level of the VacA gene was observed to be significantly highest at FH
followed by CagA and NapA.

3.4. ELISA analysis

The spectrophotometric analysis of the antibody concentrations of
the diluted samples was plotted on a graph (Fig. 6). It was observed that
the maximum amount of CagA, VacA and NapA antigens were detected
in 1/5 sample dilution after the FH, being significant at P < 0.001. No

45
40
35
30

Relative Expression level

Control CagA

antigens were detected in the control sample. The mean OD of the
samples expressing the recombinant CagA antigens in 1/5 dilution after
first and SH was approximately more than 4--5-folds greater than that of
the negative control; more than 2- — 6-folds compared to negative con-
trol for VacA and more than 3- — 4-folds greater than that of the negative
control for NapA. These changes were statistically significant (P-values
< 0.05 and < 0.001).

4. Discussion

The use of transient plant expression platforms offers some discrete
advantages over other platforms and has been considered a promising
alternative for addressing various infectious diseases, by producing re-
combinant antigens within a few weeks [34, 35]. The exploitation of
plants over mammalian cell lines and other transgenic systems like yeast
or bacteria for the rapid expression of therapeutic proteins against
several diseases has gained importance owing to economical, practical
and safe factors [36]. Syringe-assisted agro-infiltration is a vital trans-
formation technique widely used in plant genetic engineering for the
rapid expression of recombinant antigens for immunization and thera-
peutic purposes [37, 38]. To increase transient levels of expression, re-
searchers have looked for improving the process, such as utilizing
expression hosts that are vulnerable to pathogenesis and support the
accumulation of a large quantity of recombinant antigens. Besides, this
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Fig. 5. Relative gene expression of the pBI121-CagA, pBI121-VacA and pBI121-NapA constructs in agro-infiltrated and non-infiltrated (control) Nicotiana bethamiana
leaves at first and second harvest post-infiltration; FH: first harvest; SH: second harvest; y-axis: fold change analyzed by qRT-PCR; x-axis: harvest stages; the bars
indicate the mean + SD of the experiments, statistical significance was represented by single, double and triple asterisks (P < 0.05, < 0.01 and < 0.001).
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Fig. 6. ELISA assay with respect to 1/5 and 1/10 dilution ratios of recombinant CagA, VacA and NapA in agro-infiltrated and control Nicotiana bethamiana leaves
after first and second harvests. FH: first harvest; SH: second harvest; OD: optical density; y-axis: antibody density; x-axis: serial dilution ratios; the bars indicate the
mean + SD of the experiments, statistical significance was represented by single, double and triple asterisks (P < 0.05, < 0.01 and < 0.001). Expression of highly
immunogenic CagA, VacA and NapA antigens of Helicobacter pylori recombinantly in Nicotiana benthamiana.

method is experimentally versatile since it requires a minimal quantity
of samples to penetrate Agrobacterium suspensions that may harbor
diverse constructs on diverse sections of a leaf, allowing several exper-
iments to be performed on one leaf. This was concurrent with the suc-
cessful attempt to syringe infiltrate leaf samples of Nicotiana
benthamiana in this study, where during the application of pressure with
extreme caution, the infiltrated area expanded beyond the syringe
nozzle part, indicating no barriers to the infiltration method through the
mesophyll cells [39]. This could be attributed to the structure of the leaf
epidermis [40]. Similar results for Nicotiana benthamiana leaves were
reported [41, 42]. The present experiment on Agrobacterium-mediated
needleless syringe infiltration of Nicotiana benthamiana leaves is prom-
ising as denoted by the presence of wetting areas. Thus, the present
study used syringe agro-infiltration in Nicotiana benthamiana leaves with
the pBI121 vector system [43, 44] for rapid expression of recombinant
Helicobacter pylori CagA, VacA and NapA genes.

In the present study, CagA, VacA and NapA genes were successfully
cloned from Helicobacter pylori subtype 26,695 and these have been
expressed as immunogenic antigens in Nicotiana benthamiana plants. A
similar agro-infiltration-assisted method was established to transiently
express GUS (f-glucuronidase) in Nicotiana benthamiana using the
PEAQ-HT vector system to improve agro-infiltration efficiency for the
accumulation of higher levels of protein [42]. Vaccination has been
established to be a promising way to alleviate severe disease outcomes
due to Helicobacter pylori infection. With the advances of genetic modi-
fication techniques, the recombinant CagA, VacA and NapA antigens
production for resisting Helicobacter pylori infection have been produced
in animal systems [45, 46] and E. coli [47, 14].

Based on RT-PCR analysis, it seems that CagA, VacA and NapA genes
at FH and SH post-agro-infiltration were rapidly expressed and a suffi-
cient number of antigens were produced for detection (Fig. 5a). Suc-
cessful recombinant expression of virulent genes of Helicobacter pylori
was reported in humans [48, 49] and E. coli BL21 [14, 50]. The present
study observed a considerable difference in the transcript levels of CagA,
VacA and NapA genes between infiltrated plants at FH and SH and
control plants. This could be due to the effect of syringe injection on the
absorption of leaves since the pressure could not be controlled as a
vacuum device. When using vacuum, for all samples the same pressure is

used with determined time but when using syringe, the same pressure
cannot be controlled with determined time.

Also, this accumulation might result from the activation of proteins
that participate in the plant cell response to incubation time after
infiltration [40]. However, transcript levels of the CagA, VacA and NapA
genes at the FH were significantly higher than the SH. This might be
associated with the silencing of an active endogenous RNA and
protease-mediated hydrolysis of peptide bonds in plant cells. This
finding is consistent with previous findings where transient expression
of proteins decreased significantly after 2 — 3 days post-infiltration in
rose petals [51], tobacco leaves [52] and onion epidermis [53]. How-
ever, it is different from a previous finding [39] where transient protein
expression in grapevine significantly increased after 6 days
post-infiltration, which could be due to the simultaneous expression of
RNA silencing suppressor gene.

The plant extract transiently expressing CagA, VacA and NapA were
quantitated using ELISA. The production of recombinant CagA, VacA
and NapA antigens in agro-infiltrated Nicotiana benthamiana leaves was
detected in the FH and SH stages. The majority of the infiltrated regions
expressed the recombinant antigens and the highest level of expression
was detected at FH, that is, three days after infiltration. The highest
quantity of recombinant antigens in 1/5 dilution ratio reached approx-
imately 2.5, 4.5 and 1.5 folds higher than that of the SH for CagA, VacA
and NapA genes, respectively. This higher peak in 1/5 dilution ratio
could be due to fast protein synthesis in plant cells. High protein con-
centration in the diluted samples could lead to non-specific binding of
the antibodies to antigens other than CagA, VacA and NapA; specifically,
the dissolved peptides compete with the peptides bound to receptors for
antibodies. Thus, a diluted concentration of antigens should be used to
obtain an accurate result [54, 55]. However, the high transcript levels of
CagA, VacA and NapA did not completely correspond to the protein
yields, which could be because that the quantity of mRNA levels does
not restrict translation and that post-translation modification can lead to
the lysis of proteins [56]. A similar result was reported in a recent study
[57], where the higher transcript levels of green fluorescent protein
(GFP) and Discosoma sp. red fluorescent protein (DsRed) transiently
expressed in tobacco BY-2 plant cell packs did not necessarily corre-
spond to the protein yield. Thus, the present findings demonstrated that
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significantly high-level of Helicobacter pylori CagA, VacA and NapA re-
combinant antigens were expressed in Nicotiana benthamiana, suggest-
ing the suitability of the host as a significant platform for recombinant
antigens production and that an expression platform from plants may be
a promising method to develop Helicobacter pylori vaccines. Whether the
CagA, VacA and NapA recombinant antigens are safe and immunogenic
when tested and evaluated in animal models needs to be examined.

5. Conclusion

A platform for rapid expression of genes through agro-infiltration is a
suitable alternative to the laborious process of generating stable trans-
genic lines for producing recombinant immunogenic antigens in plants.
This study has successfully developed and demonstrated a reproducible
transformation protocol for rapid expression of Helicobacter pylori re-
combinant CagA, VacA and NapA antigens in Nicotiana benthamiana.
This is the first study of recombinant expression CagA, VacA and NapA
gene of Helicobacter pylori in Nicotiana benthamiana via syringe-assisted
Agrobacterium infiltration. A syringe infiltration of a four to five weeks
old Nicotiana benthamiana plant with Agrobacterium tumefaciens subtype
EHA105 was optimal to produce the highest expression of CagA, VacA
and NapA on third day post- infiltration in leaf.
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