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Abstract: Acute Hepatopancreatic Necrosis Disease (AHPND), previously name Early Mortality Syndrome (EMS),
is a disease in shrimps which is caused by Vibrio spp. This disease has led to serious shrimp mortality (up to 100%)
and caused significant economic losses to shrimp industry. Many studies have shown that AHPND was caused by
Vibrio spp. carrying PirA and PirB toxin genes located on the same large plasmid (63-70 kb); they encoded for a
binary protein PirAB, which was proved to be the virulence factor of this disease. This research was carried out to
evaluate the effect of different environmental conditions during induction on growth of recombinant Escherichia
coli M15 and the expression of recombinant PirA antigens. The recombinant E. coli M15 strain carrying the pirA
gene derived from our previous research. The gene encoding the pirA antigen was expressed as a fusion protein
containing histidine tag at the N-terminal end of the peptide using pQE30 (pQE30-6xHis-PirA) cloned in E. coli
M15 cells. Isopropyl B-D-1-thiogalactopyranoside (IPTG) concentration, induction time, and cell density before
induction, were selected as three important factors to optimize. The expression levels of 6xHis-PirA fusion protein
under the different growth conditions were analyzed. SDS-PAGE analyses was carried out for further confirmation
of interest-gene expression. The highest level of 6xHis-pirA fusion protein in recombinant E. coli 15 was
determined after induction by 1.00 mM IPTG, for 4 hours after induction, when cell density (ODgoonm) reached a
value of 1.0 (at 37°C, 200 rpm). From the present outcomes, we conclude that optimizing the three important factors
of IPTG concentration, induction time, and cell density before induction can improve 6xHis-pirA fusion protein
yield in the E. coli M15 expression system.
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1. Introduction

Acute Hepatopancreatic Necrosis
Disease (AHPND), previously named Early Mortality
Syndrome (EMS), is a disease in shrimps which is
caused by Vibrio spp. The disease usually appears in
tiger shrimp (Penaeus monodon) and Pacific whiteleg
shrimp (Litopenaeus vannamei) within 20-30 days of
stocking pond, with postlarvae. In severely affected
ponds, the disease has led to serious shrimp mortality
(up to 100%) and caused significant economic losses
to shrimp industry (Lightner et al., 2012; De Schryver
et al., 2014; Zorriehzahra et al., 2015; Lua et al., 2016;
Lietal., 2017). By 2011, the disease was confirmed in
Vietnam (Lightner et al., 2012; Tran et al., 2013;
Zorriehzahra et al., 2015; Dang et al., 2018) and then
the disease has spread to many provinces throughout
the country such as Thua Thien Hue (Dao et al., 2014;

Khanh et al., 2019); Bac Lieu (Nghia et al., 2015);
Soc Trang (Dung et al., 2017); Tra Vinh, Ca Mau
(Dang et al., 2018); etc. This is the most severe
disease currently affecting shrimp aquaculture in
Vietnam (Dang et al., 2018).

Numerous studies have shown that AHPND was
caused by Vibrio spp. carrying PirA and PirB toxin
genes located on the same large plasmid (63-70 kb);
they encoded for a binary protein PirAB, which was
proved to be the virulence factor of this disease (Han
et al., 2015; Lee et al., 2015; Sirikharin et al., 2015).
In previous report, we isolated two strains of Vibrio
parahaemolyticus K5 and Vibrio parahaemolyticus
K21 from whiteleg shrimp (L. vannamei) cultured in
Phong Dien District, Thua Thien Hue Province,


mailto:tranquocdung@hueuni.edu.vn
http://www.sciencepub.net/stem
http://www.dx.doi.org/10.7537/marsscj110320.02

Stem Cell 2020;11(3)

http://www.sciencepub.net/stem m

Vietnam. Both the strains carried PirA and PirB toxin
genes, have predicted sizes as 336 bp and 1,317 bp,
respectively (Khanh et al., 2019). Application of
recombinant DNA technology to produce recombinant
PirA and PirB antigens is not only raw materials for
research to development antibody preparations that
can prevent and treat AHPND but also for diagnostic
in shrimps.

Recombinant proteins can be expressed using
eukaryotic and prokaryotic expression systems,
including yeasts, insect cells, mammalian cells,
Bacillus subtilis, and Escherichia coli. The E. coli
expression system is the first-choice host for
recombinant protein expression, because these
bacteria cells can be readily manipulated, are cultured
inexpensively and grow rapidly (Ghosh et al., 2004;
Francis et al., 2010; Vaz et al., 2011; Rosano et al.,
2014; Joseph et al., 2015; Baeshen et al., 2015; Jia et
al., 2016; Gomes et al., 2020), with the expressed
protein comprising up to 50 percent of the total
cellular protein (Francis et al., 2010). On the other
hand, it is well suited for the production of antigens
for antibody generation (Rancour et al., 2010). Many
of studies investigated the optimum expression
conditions to improve the vyield of recombinant
antigents in E. coli (Abath et al., 1997; Hu et al.,
2004; Vaz et al., 2011; Zhao et al., 2011; Loc et al.,
2014; Arévalo-Herrera et al., 2015; Lan et al., 2014,
2016, 2018).

Culture conditions play important roles in
recombinant protein expression (Mohajeri et al., 2016;
Papaneophytou et al., 2012). Therefore, it is important
to balance the induction capacity as well as protein
production based on the environmental conditions
employed during the expression of target protein
(Azaman et al., 2010). In previous research, we
successful expressed the pirA and pirB genes
encoding PirAB toxin protein in recombinant E. coli
M15 in laboratory-scale. The objective of current
study is to evaluate the effect of different
environmental conditions during induction such as
inducer concentration, induction time, and cell density
before induction (at the time of adding inducer) on
growth of recombinant E. coli M15 and the expression
of recombinant PirA antigens.

2. Material and Methods
Bacterial strain

The recombinant E. coli M15 strain carrying the
pirA gene derived from our previous research was
used in the present study. The gene encoding the pirA
antigen was expressed as a fusion protein containing
histidine tag at the N-terminal end of the peptide using
pPQE30 (pQE30-6xHis-PirA) cloned in E. coli M15
cells (Qiagen, Germany).
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Chemicals and reagents

Tryptone, peptone, yeast extract, ampicillin, and
kanamycin were purchased from Biobasic (USA).
NaCl; KCI; KoHPO4; KH2PO4; HCI; glycerol; Triton
X-100; glacial acetic acid; Tris-HCI; tris base were
purchased from Merck (Germany). Imidazole;
acrylamide; bis-acrylamide; methanol were purchased
from Sigma-Aldrich (USA). Isopropyl p-D-1-
thiogalactopyranoside (IPTG); sodium dodecyl sulfate
(SDS); ammonium persulfate (APS); N, N, N’, N’-
tetramethylethylenediamine  (TEMED); Tris; 2-
Mercaptoethanol;  bromophenol  blue;  glycine;
coomassie brilliant blue R-250 were purchased from
Bio-Rad (USA). PageRuler™ prestained protein
ladder (10-170 kDa) was purchased from
Thermoscientific (USA).

Cell cultivation

The recombinant E. coli M15 hosts harboring
pQE30-6His-PirA construct were cultured in test-
tubes containing 5 mL of Luria-Bertani (LB) broth
containing ampicillin (100 pg/mL) and kanamycin (50
png/mL). The culture was shaken at 37°C, 200 rpm.
The test-tubes were seeded with 4% (v/v). Once the
optical density (OD) of cells at 600 nm reached to 0.5-
1.0, the expression of recombinant PirA antigens was
induced by adding IPTG.
Determination  of the
conditions

For optimization of recombinant PirA antigen
expression, cultivations were performed under
different IPTG concentrations; different induction
time; and different cell densities before induction.

In order to optimize IPTG concentration for
recombinant PirA antigen expression in E. coli M15,
different IPTG concentrations (0.1, 0.25, 0.5, 0.75,
1.0, 1.25, and 1.5 mM) were added and cultured after
reaching the desired ODgoonm Of 0.5-1,0 at 37 °C, 200
rpm. Finally, the samples were collected after 4 hours
of the induction. To evaluate maximum yield of
recombinant PirA antigens, incubation time after
induction was studied. The cells were grown at 37 °C,
200 rpm to reach ODgoonm Of 0.5-1,0. Then, IPTG with
optimal concentration was added to induce
expression, and the samples were collected at different
time intervals (2, 4, 6, 8, and 10 hours) after
induction. In order to determine the effect of cell
density before induction on recombinant PirA antigen
expression, the cells were grown at 37 °C, 200 rpm.
When ODeoonm Of the cultures reached 0.4, 0.6, 0.8,
1.0, 1.2, 1.4, and 1.6, induction was made by IPTG
with optimal concentration and the samples were
collected at 2, 4, 6, 8, and 10 hours before induction.
SDS-PAGE

After the induction time, the cell pellets were
harvested by centrifugation at 12,000 rpm for 2
minutes. Next, the total cell pellets were lysed (lysis
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buffer=50 mM potassium phosphate (pH=7.8), 400
mM NaCl, 100 mM KCI, 10% glycerol, 0.5% Triton
X-100, 10 mM imidazole), followed by sonication 5
times with a burst duration of 60 seconds each. The
sonicated lysates were centrifuged at 12,000 rpm for
10 minutes to separate soluble and insoluble proteins,
and the supernatants containing the soluble proteins
were collected into fresh tubes. The proteins were
then electrophoresed in a 15% sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE). In the parallel
experiment, uninduced culture was grown, harvested
and sample analyzed on 15% SDS-PAGE. In the
negative control experiment, untransformed E. coli
M15 pQE30/PirA strain was cultivated in the identical
conditions. Equal number of cells of transformed and
untransformed culture with and without IPTG
induction were loaded on 15% SDS-PAGE. The gel
was stained with coomassie brilliant blue for 30
minutes. Then, the gel was washed with a washing
solution (30% (v/v) methanol, 10% (v/v) acetic acid)
until the gel became clear and protein bands appeared.
The PageRuler™ prestained protein ladder was used
for assessment of protein size.
Analytical Procedure

Optical density of each sample was measured at
the final expression time using a spectrophotometer
(Hitachi, Japan). Data were statistically analysed
using Minitab software version 16.2.0 and Microsoft
Excel 2013 to calculate the mean and standard

deviation. One-way ANOVA was used to identify
statistically significantly different means compared
between treatments with Tukey’s test at a probability
level of p<0.05.

3. Results

To optimize the expression of recombinant
proteins, many expression systems have been
developed. One of the most important characteristics
of promoters in these systems is the simple and highly
economical induction method. Therefore, many
different inducers can be used depending on the vector
system carrying the target gene. IPTG is a strong
inducer of lac, tac and trc promoters so it is
commonly used to induce recombinant protein
expression in E. coli (Menzella et al., 2003).
Depending on the type of protein being synthesized,
the concentration of the optimal IPTG inducer is
different.

The recombinant E. coli M15 cell growth rates at
different IPTG concentrations was shown in Table 1.
Results presented in Table 1 indicated differences
between the cell densities (ODsoonm) at different IPTG
concentrations (from 0-1.5 mM) after 4 hours
induction were no statistically significant. Study on
SefA protein expression of Salmonella enterica
Serovar Enteritidis in E. coli BL21 showed that IPTG
concentration did not affect the cell growth (Huyen et
al., 2008).

Table 1. Effect of IPTG concentration on the growth of recombinant E. coli M15 cell expressing 6xHis-pirA fusion

protein (ODgoonm)

EE]IAG) concentration -~ 0.00 0.25 0.50 0.75 1.00 1.25 1.50
Before mduction 0022 003 089 °095% 0968 087 20977 084 @
+008 008 004 006  +006  +0.03 021  +0.06
After 4 hours of 2828 2098 2772 2.74° 288 2.77% 280  2.72°
induction +032 030 019 015 030 4019 031  +0.06

ad: Values with different letters on the same row showed significant differences (p<0.05).

The effect of IPTG concentrations on the soluble
fractions of 6xHis-PirA was compared on 15% SDS-
PAGE gel (Figure 1). Results showed that all IPTG
concentrations produced the soluble 6xHis-PirA
extracts (prominent bands at roughly 15 kDa). It was
found that a low 0.25 mM IPTG concentration was
enough to induce the 6xHis-PirA fusion protein
expression. In the absence of IPTG induction,
prominent band migrating at approximate 15 kDa
were not observed. The level of recombinant 6xHis-
PirA expression in soluble fraction of E. coli reached
the highest value at IPTG concentration from 1.00-
1.50 mM. These values were similar at IPTG
concentrations between 1.00 and 1.50 mM. The result
indicated that a higher IPTG concentration had no
significant effect on the yield of 6xHis-PirA protein.
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On the other hand, 1 mM IPTG was widely used
(Donovan et al., 1996). Therefore, for further
optimization  experiments 1.00 mM IPTG
concentration was used.

The present results were appropriate to the
previous reports. The findings of Ribeiro et al. (2019)
showed that the optimal IPTG concentration for 503
antigen expression of Leishmania i. chagasi in E. coli
M15 was 1.00 mM with the maximum antigen
concentration obtained being 0.19 g/L. According to
Lan et al. (2016), the 3-1E recombinant antigen of
Eimeria began to be synthesized in E. coli BL21
(DE3) cells when induced by 0.2 mM IPTG and
reached the highest value at IPTG concentration from
0.8 to 1.0. Results of research on Interleukin-2 (IL-2)
gene expression of human in E. coli cells showed that


http://www.sciencepub.net/stem

Stem Cell 2020;11(3)

http://www.sciencepub.net/stem m

IL-2 recombinant product were synthesized at 37°C,
1.0 mM IPTG and cell density at the time of induction
ODsg0onm=0.9-1.2 (Tan et al., 2009).

kba -

70— -
55
40
35—
25

6xHis-PirA

10—

. M NC  0.00 .0.25 0.50 0.?5 1:00 1.25_ 1.50 mM.
Figure 1. Expression of 6xHis-PirA fusion protein at

different IPTG concentrations. M: PageRuler ™
prestained protein ladder (10-170 kDa,
Thermoscientific). NC: induced E. coli M15 cells
without the pQE30-6xHis-PirA construct; 0.00
(uninduced culture), 0.25, 0.50, 0.75, 1.00, 1.25, and
1.50: IPTG concentrations (mM).

Effect of induction time

Another induction factor that influence the
expresstion of recombinant protein in E. coli is the
induction time. The induction time has a great
influence on the expression performance of 6xHis-
PirA fusion protein. If the cell biomass is collected
early, the protein has not been synthesized to the
maximum, while the cell biomass is collected late, a
number of recombinant protein inhibitors and
degraders will be formed. When the culture medium
lacks nutrients, the cells will secrete protease to
hydrolyze, convert dead cells and by-products into a
source of nutrients for the cells, so foreign protein
products are often hydrolyzed by protease
(Shojaosadati et al., 2008).

The growth of recombinant E. coli M15 cells at
different intervals of after induction incubation
(ODgoonm) Was presented in Table 2. Results presented
in Table 2 showed after 4 hours of induction, the
highest cell density reached ODgoonm=5.19.

Table 2. Effect of induction time on the growth of recombinant E. coli M15 cell expressing 6xHis-pirA fusion

protein (ODegoonm)

Before induction Induction time (hour)

2 4 6

8 10

0.62%+0.05 1.13°¢0.02

5.192+0.10

4.81°+0.56

3.24°+0.59 3.43°+0.26

ad: values with different letters on the same row showed significant differences (p<0.05).

The level of soluble 6xHis-PirA was determined
by 15% SDS-PAGE. As shown in Figure 2, the level
of 6xHis-PirA fusion protein expression reached at its
maximal value after 4 hours of induction and
incubation at 37°C. Thus, after 4 hours of induction,
1.00 mM IPTG inducer was suitable for 6xHis-PirA
fusion protein expression in recombinant E. coli M15
cells.

6xHis-PirA

M NC 0 2 ) 6 8 10 h

Figure 2. Expression of 6xHis-PirA fusion protein at
different induction time. M: PageRuler ™ prestained
protein ladder (10-170 kDa, Thermoscientific). NC: E.
coli M15 cells without the pQE30-6xHis-PirA
construct; 0: Recombinant E. coli M15 cell density
before induction of IPTG; 2 h, 4 h, 6 h, 8 h, and 10 h:
induction time.
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Duong et al. (2017) expressed successfully
Cry2A gene from Bacillus thuringiensis in E. coli
BL21 host cell. E. coli BL21 cells carrying
recombinant plasmid pET22b (+)/Cry2A  were
cultured in LB medium, induced by 1.00 mM IPTG,
induction time of 4 hours, at 30°C, Cry2A
recombinant protein was expressed in the fusion form
with size of about 70 kD. Vaz et al. (2011) also found
that elF antigen production was associated to growth,
with maximum expression 4 hours after culture
induction in 2xTY medium. Loc et al. (2014)
researched on enhancing expression of recombinant
fimbrial adhesion K88-1INT isolated of
enterotoxigenic E. coli from piglet. The results
indicated highest level of K88-1NT in recombinant E.
coli BL21 (DE3) was determined after induction by
0.1% lactose for 6 hours at 35°C when cell density
(OD600nm) reached 0.5. In other research, it showed
that highest anti-HER2 scFv expression in
recombinant Origami strain was achieved 24 hours
after IPTG induction (1.00 mM), at 37 °C (Farshdari
et al., 2020).

Effect of cell density before induction

Numerous studies showed that the growth stage
of the cell at which protein is induced to express has a
large effect on protein synthesis and activity.
Therefore, it is necessary to optimize cell density
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before adding inducers to improve the efficiency of

recombinant protein expression (Byun et al., 2007).
Effect of recombinant E. coli M15 cell density

was investigated at different growth phases (ODsoonm

from 0.4 to 1.6) with 1.00 mM IPTG, at 37°C, after 4
hours of induction. The results were presented in
Table 3 and Figure 3.

Table 3. Effect of recombinant E. coli M15 cell density at the time of adding the IPTG (ODggonm)

At the time of induction 0.4 0.6 0.8 1.0 1.2 1.4 1.6
After 4 hours of 1.84° 2.290¢ 2.70° 3.372 2.520 2.445 2.35P
induction +0.08 +0.31 +0.53 +0.15 +0.41 +0.34 +0.28

&d: Values with different letters on the same row showed significant differences (p<0.05).

The results presented in Table 3 showed the time
of adding the IPTG at the cell density ODgoonm=1.0
produced the highest cell density of ODgoonm=3.37
after 4 hours of induction.

kDa

70—
55— e
40—
35—

251

-~
15— '-Wexms-m

10-

M NC 04 06 08 1.0 12 14 16 ODsoonm

Figure 3. Expression of 6xHis-PirA fusion protein
with different cell densities at the time of adding the
IPTG. M: PageRuler ™ prestained protein ladder (10-
170 kDa, Thermoscientific). NC: E. coli M15 cells
without the pQE30-6xHis-PirA construct; 0.4, 0.6,
0.8, 1.0, 1.2, 1.4, and 1.6: Recombinant E. coli M15
cell density at the time of adding the IPTG.

The results in Figure 3 indicated that the cell
density at before induction clearly affected the ability
of 6xHis-PirA fusion protein synthesis. 6xHis-PirA
fusion protein has begun to be synthesized when IPTG
inducer was added to the cultures at cell density
(ODeggonm) reached from 0.4-1.6. The highest amount
of 6xHis-PirA fusion protein was produced at
ODgoonm=1.0. However, when IPTG induction at
higher cell densities, this fusion protein almost was
not synthesized. Thus, the recombinant E. coli M15
cell density (ODeoonm) at before induction (the time of
adding IPTG inducer) for the best 6xHis-PirA fusion
protein expression was 1.0.

For the expression of different recombinant
proteins in E. coli, the appropriate cell density at the
induction time was different (Loc et al., 2014). The
outcomes of Juhasz et al. (2003) showed that the cell
density (OD6gonm) from 0.8-1.0 was the most
appropriate time to induce recombinant thermostable
endoglucanase  expression  from  Clostridium
thermocellum in E. coli. Huong et al. (2016)
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optimized the conditions for the expression of
interleukin-3 (IL-3), which included E. coli host strain
JM109, LB cultivation medium, induction
temperature was 25°C; induction with 0.05 mM IPTG
at ODesoonm=1.0. The cell density of ODgoonm=0.5 was
the most suitable time to supplement IPTG to induce
the expression of amino peptidase N of pigs in E. coli
BL21 (DE3) (Liu et al., 2009). Xu et al. (2006)
studied the expression of bioactive human beta-
defensin-4 in E. coli and found that the recombinant
protein was produced strongly if induced at a cell
density of ODsoonm=15. Besides, producing the same
recombinant protein at different production scales and
different culture methods, the optimal cell density at
the before induction was not similar. The outcomes of
study on streptokinase production in E. coli BL21
(DE3) revealed the induction was performed at the
culture scale in a flask at the cell density (ODegoonm)
reached from 1.0-1.2, while at the scale of
fermentation  system,  ODegoonm from  3.8-4.2
(intermittent culture) or ODgoonm=30 (intermittent
culture with nutritional supplement) produced the best
results (Goyal et al., 2009).

Our results showed that the highest level of
6xHis-pirA fusion protein in recombinant E. coli 15
was determined after induction by 1.00 mM IPTG, for
4 hours after induction, when cell density (ODegoonm)
reached a value of 1.0 (at 37°C, 200 rpm). The
information gathered may be used for optimization of
the fermentation process, which aims at improving the
production of 6xHis-pirA fusion protein in E. coli
M15 from Vibrio. From these outcomes, we
concluded that optimizing the three important factors
of IPTG concentration, induction time, and cell
density before induction can improve 6xHis-pirA
fusion protein yield in the E. coli M15 expression
system.
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