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Abstract: Successful expression of target genes, often indicated by high yield and solubility, is
critical for studies involving recombinant proteins. Yet the most common bacterial expression
system utilizing Escherichia coli as host cells is usually reported to produce low amounts of
soluble target proteins. In this study, two Helicobacter pylori (Hp) genes, Hp lipase and Hp
peptide deformylase (Hp-PDF), whose encoded proteins are crucial for bacterial growth and
colonization, thus could be used to screen potential anti-Hp drugs, were designed to be expressed
in such system. Genetic engineering, experimental biology, and computational biology methods
were employed to enhance recombinant protein production. The result showed that Hp-lipase
expression was most improved through construct design that used two restriction enzymes, Ndel
and Xhol, including TEV sequence and 6xHis tag at the 3’ end of the target gene. Hp-PDF
production increased significantly (24%) by optimizing culture condition and IPTG concentration
according to Design Expert prediction together with cobalt supplementation. Either the addition of
chemicals (glycylglycine) or heat shock method enhanced the yield and solubility of the studied
proteins. Conclusively, it is suggested that combination of genetic engineering and computational
optimization was efficient for recombinant protein expression in E. coliin addition to the
conventional experimental biology methods.
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1. Introduction

In recent years, recombinant DNA
technology is increasingly popular due to its use
in a wide range of important applications,
especially in medical research. It allows
controllable and efficient expression of large
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amounts of target proteins without having to
purify  from original However,
recombinant protein expression still
several major issues, including low yield and
solubility, particularly in the expression system
in E. coli, possibly caused by the toxicity of the
targets to the host cells [1, 2]. Despite the fact
that insoluble proteins (localized in the
inclusion bodies) could be used to obtain
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renatured protein, the refolding process might
be incomplete, resulting in misfolded, thus,
inactive proteins [3, 4]. The optimization of
expression process in E. coli to obtain high
yields of soluble recombinant proteins still
remains a matter of research.

There are various strategies to overcome
obstacles in recombinant proteins expression in
E. coli published in previous studies. A number
of fusion partners, e.g. maltose binding protein
(MBP), glutathione S-transferases (GSTs), N-
utilization substance (NusA), and thioredoxin
(TRX) [5, 6], were commonly included in
recombinant construct design to increase
protein solubility. Most notably, His-maltose
binding protein (HisMBP) was reported to
enhance the solubility up to 42% in 632
proteins experimented [7, 8]. Additional
sequences, e.g. FLAG, 6xHis [9, 10, 11], are
considered the most widely used tags for
recombinant protein construction. Besides
genetic engineering, there are chemicals
reported to improve expression levels and
solubility of recombinant proteins such as
glycylglycine [1], glucose, ethanol [12], and
cofactors of the recombinant enzymes to be
expressed (e.g. divalent metallic ions). Physical
methods like heat shock also contributed to the
5-fold increase in solubility of GInRS protein
[13]. Changing culture conditions such as
temperature, induction time, and inducer
concentration is another method frequently used
[14]. Most recently, the incorporation of
computational algorithm to the design of
experiment and the prediction of optimal
condition has brought success to recombinant
protein production. For example, Design Expert
software was reported to increase the yield of
anti-keratin ScFv TS1-218 by 21 folds [15]. In
this study, we examined a number of strategies
to optimize expression of two H. pylori
proteins, lipase and PDF, which are essential
for the growth, colonization, and development

of the bacteria. However, the discovery of anti-
H. pylori compounds is a difficult task due to
lack of mature protein targets. Therefore,
increasing yields of soluble recombinant H.
pylori proteins for screening new drugs against
this bacteria is the obvious objective of our study.

2. Materials and methods

2.1. Construction of lipase and PDF expression
vectors

H. pylori lipase and PDF genes were
introduced into pET22b(+) vector between
restriction sites of either Ncol or Ndel and Xhol,
respectively. In case of Ncol, the recombinant
proteins contained extra 22 amino acids of
pET22b(+) vector at the N terminus (constructs
Lip-1, Lip-2). All four constructs were designed
with 6xHis tag before stop codon for protein
purification purposes. Two of four constructs
carried Tobacco etch virus (TEV) cleavage
sequence in front of the 6xHis tag sequence
(constructs Lip-2, Lip-3).

2.2. Expression of Hp-PDF and Hp-lipase
recombinant proteins in BL21(DE3)RIL strain

Hp-PDF and Hp-lipase were transformed
into competent BL21(DE3)RIL cells and the
transformants were grown overnight on TSA
plates containing 100 pg/ml ampicillin and 34
pg/ml chloramphenicol. Colonies from the
plates were first inoculated in 3 ml LB medium
containing appropriate antibiotics and grown
overnight at 37°C with shaking. An aliquot of
the start cultures was grown in 50 ml LB
medium  with  antibiotics at  different
temperatures, ranging from 25°C to 42°C. IPTG
was added when the cell density reached an
ODgpy between 0.6-0.8, then the cells were
grown for additional 3 hours and harvested by
centrifuging at 7000 rpm at 4°C for 20 minutes.
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The cell pellet was resuspended in lysis buffer
and sonicated on ice to obtain the crude lysate.
The lysate was then centrifuged at 13000 rpm at
4°C for 20 minutes to separate cellular proteins

into soluble and insoluble fractions. Collected
fractions were analyzed by SDS-PAGE to
confirm the expression level and the presence
of target proteins.

Lip-1 Ncol Xhol
30.8 kDa — -
I Met H. pylori Lipase 6x His Stop ‘
Lip-2 Ncol Xhol
31.7 kDa — -
I Met H. pylori Lipase TEV 6x His Stop J
Lip-3 Ndel Xhol
29.4 kDa
Met H. pylori Lipase TEV 6x His Stop
PDF-1 Ndel Xhol
24.5 kDa
Met H. pylori PDF 6x His Stop

Figure 1. Schematic diagram of Hp-PDF and Hp-lipase vector components
and the predicted molecular weights of the recombinant proteins.

2.3. Data analysis

Imagel] software (https://imagej.nih.gov/ij/)
was used to analyze the expression level of
recombinant proteins through quantification of
protein band intensities on SDS-PAGE gels.
The exported data was used to calculate the
yield and solubility of the proteins obtained.
From these input values, Design Expert
software  (http://www.statease.com/dx10.html)
established the matrix of factors affecting
recombinant protein expression. The predicted
optimal conditions were verified by experiment.

3. Results and discussion

3.1. Genetic engineering improved expression
level of H. pylori lipase

The construct design step significantly
increased lipase expression. Three lipase
constructs had different expression levels of the
recombinant enzyme when induced, however,

the majority of the target protein remained in
the insoluble fraction (Fig. 2A, lanes NI, T, and
I). This solubility problem was described in a
number of studies with the possible explanation
of non-native proteins’ toxicity to host cells,
resulting in immediate transport to the inclusion
body after synthesis [16, 17]. As shown as Fig.
2A, there was a band of approximately 30 kDa
in each of the three total extracts (i.e crude
lysates, labeled T.C1-T.C3).

Compared to the other constructs, Lip-3 had
highest expression, about 3-fold higher than
Lip-1 and 10-fold higher than Lip-2 (Fig. 2B).
It is important to note that both Lip-3 and PDF-
1 constructs had similar N termini which did
not have 22 extra amino acids as a result of
Ncol restriction digest, thus, started with wild-
type methionine. This result provided the
evidence for genetic engineering, in others
words, constructs design, could be a useful
strategy to improve recombinant protein
expression level.
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Figure 2. The result of Hp-lipase expression with 3 constructs
M: molecular weight standards (kDa), Ctl: pET22b(+) empty, NI: Total protein noninduced,
T: Total protein, S: soluble fractions, I: Insoluble protein fractions, C1, 2, 3: Constructs 1, 2, 3.

3.2. Culture condition optimization increased
Hp-PDF production in the soluble fraction

For optimizing growth condition, we
examined different chemicals, physical and
biological methods. General chemicals like
glycylglycine did not improve expression and
seemed to be toxic to the cells at high
concentrations (0.5 and 1 M). However, the
addition of cofactor (cobalt ion for PDF) and
different concentrations of the inducer (IPTG)
produced more soluble recombinant proteins,
from approximately 8% to 20%, equal to a 2.5-
fold increase (Fig. 3B, lane S).
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phases) and culture temperature after induction
(ranging from 16-42°C) are considered
biological factors that affect the cells’ ability to
grow and produce recombinant proteins [18,
19]. Previous studies pointed out that IPTG
addition at mid-exponential phase (ODg=0.4-
0.6) and lower growth temperature (25-30°C)
could improve solubility. The culture
conddition variation worked well for Hp-PDF,
which was induced at ODgy= 0.6 using 0.8 mM
IPTG and cultured at 37°C [20]. As indicated in
Fig. 4, the final optimized culture conditions for
Hp-PDF included 1 mM IPTG induction at
ODgpo= 0.6-0.8 and growing at 25°C, resulting
in a 14% increase of the target protein in the
soluble fraction.

\

B

Figure 3. Hp-PDF expression in the absence (A) or presence (B) of Co**, M: molecular weight standards (kDa),
NI: Total protein noninduced, T: Total protein, S: soluble fractions, I: Insoluble fractions.
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The yield of the Hp-PDF in the complex
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Figure 4. The yield of the Hp-PDF in the complex conditions of expression.

Heat shock method, presumably generating
heat shock proteins that act as chaperones for
proper protein folding, only slightly increased
expression (data not shown). Similarly, effects
of the culture condition optimization on Hp-
lipase expression were insignificant.

3.3. Optimization through design expert
software

In the previous culture condition
optimization, only three different values for
each factor (IPTG concentration and growth
temperature) were experimented. The major
disadvantage of experimental method is that it
is almost impossible to conduct full factorial set
of design that covers wide ranges of the
variables. To solve this problem, we used the
obtained data as inputs for further analysis by
the Design Expert software. The algorithms
were allowed to calculate and predict optimal
IPTG concentration and temperature towards
maximal yield (Fig. 5A), maximal solubility
(Fig. 5B), and both (Fig. 5C). The dark red

Solubility

color indicated optimal ranges, clearly showing
temperature of approximately 31°C and 1 mM
IPTG were most productive regarding yield and
solubility, respectively. When optimizing
towards both factors, the software predicted
maximal yield and solubility for expression at
28°C using 1 mM IPTG with 91% desirability.

The experiment carried at these conditions
produced more soluble Hp-PDF, approximately
a 15% increase compared to Do et al., (2015),
proving the validity of this strategy. The
combination of experimental methods and
analysis software was also applied successfully
to some other recombinant proteins as reported
in Jafari et al, (2011) [15] regarding the
optimization of culture conditions for anti-
keratin ScFv TS1-218 production in the yeast
expression system of  Pichia pastoris.
Furthermore, preliminary assay of Hp-PDF
activity was conducted, showing that the
recombinant enzyme was active, thus, could be
used for future experiments.

Figure 5. Analyzing results by Design Expert software, A: Yield, B: Solubility, C:

Both.
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4. Conclusion

Recombinant protein expression faces
common obstacles of low yield, insolubility,
and weak activity, especially when E. coli
system is used. In this study, we examined
solutions to these problems using three
strategies  including genetic  engineering,
experimental and computational biology with
two targets, Hp-PDF and Hp-lipase. The results
indicated that there was a 3- to 10-fold increase
in Hp-lipase yield using genetic engineering,
while Hp-PDF was obtained with more than
65% in the soluble fraction by culture condition
and software optimization. Experiments showed
that the efficiency of these strategies was
different, depending on the target protein;
therefore, we recommend the combination of
methods for effective expression of soluble
recombinant proteins in E. coli.
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Péanh gid mot s6 phuong phdp ting mirc do biéu hién cia
protein tai to hop tir Helicobacter pylori trong hé thong
bi€u hién Escherichia coli

Nguyén Thi Huyén', Trinh Lé Phuong', B3 Thi Thanh Trung',
Lé Hong Piép?, Pham Bao Yén'

IPh[mg Thi nghiém trong diém Cong nghé Enzyme va Protein, Truong Pai hoc Khoa hoc Tu Nhién,
PHQGHN, 334 Nguyé~n Trai, Thanh Xudn, Ha Noi, Viét Nam
2B_6 mon Sinh Iy Thyc vdt va Hoéa sinh, Khoa Sinh hoc, Truong Pai hoc Khoa hoc Ty Nhién,
PHQGHN, 334 Nguyén Trai, Thanh Xudn, Ha Noi, Viét Nam

Tém tit: Cdc nghién ctru da chi ra hai yéu t§ quan trong danh gid sy thanh cong trong viéc biéu
hi¢n gen dich 1a ham lugng va dd tan cua protein tdi t6 hop. Trong cac hé thong biéu hién & vi khudn
ma pho bién nhét 1a E. coli, ham lugng va do tan ciia protein tai to hop thu dugc con thap. Bé giai
quyét vin dé ndy, bang cdc phuong phép lién quan dén ki thuat di truyén, thuc nghiém va phan mém
tin sinh hoc, nghién ctru cua ching tdi da biéu hién hai gen ma héa cho hai protein quan trong dbi voi
sy sinh truéng va xAm nhap ctia vi khuan Helicobacter pylori trong hé thong E. coli. Két qua thu dugc
cho thiy, su biéu hién cta Hp-lipase dugc cai thién rd rét thong qua viée thiét ké cau tric sir dung hai
enzyme gioi han Xhol va Ndel kem theo cdc trinh ty TEV va 6xHis ¢ d4u 3’ cua gen dich. Trong khi
d6, viée bd sungion Co**, chat cam ung IPTG va nhiét do bleu hién thich hop da lam tang thém 24%
do tan cua Hp-PDF. Ngoa1 ra, cdc phuong phdp vat 1y nhu sdc nhiét hodc phwong phép héa hoc nhu
b6 sung glycylglycine ciing da dugc nghién ciru anh huong dén ham lugng va do tan cia protein tai td hop.

Tir khéa: Helicobacter pylori, lipase, peptide deformylase, hé thong biéu hién & vi khuin
Escherichia coli.



