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Abstract In order to increase the expression of fusion protein of thymosin al(Tal) and thymosin al-iRGD (Tal-
iRGD) by the engineered E. coli BL21 strain, containing pET32a-Trx-Tal and pET32a-Trx-Tal-iRGD plasmid,
respectively. The key parameters that influenced the expression of Tal and Tal-iRGD were optimized by
employing an orthogonal experiment [L,s(5)°], including ODgoonm before induction, lactose concentration and
induction time, each with five levels. The intensity of target protein band was scanned as a quantitative measure
method of the protein expression, after electrophoresis separation of total soluble protein on SDS-PAGE. For Tal
fusion protein, the optimal conditions were ODgg,n=0.6 before induction, 2.5 mmol/L lactose concentration, 4 hours
induction time. Target protein expression levels could be achieved 32.8% of the total soluble proteins. For Tal-
iRGD fusion protein, the optimal conditions were ODgg0,,»=0.8 before induction, 7.5mmol/L lactose concentration, 4
hours for induction. Under the condition, the amount of expressed protein could reach 33.8% of the total soluble
proteins. Whereas before optimization, the expression level of Tal and Tal-iRGD fusion proteins were 20.6% and
9.0% of the total soluble proteins, respectively. The orthogonal test was proved to be an effective method to optimize
the expression of target proteins.
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1. Introduction

Thymosin alpha 1 (Tal), a 28-amino acid peptide first
described and characterized by Goldstein et al., is known
to improve the immune response [1,2]. Tal has been used
clinically under the trade name Zadaxin for the treatment
of chronic hepatitis B viral (HBV) and hepatitis C virus
(HCV) infections [3,4]. Additionally, Tal shows
remarkable effects in the treatment of other diseases such
as non-small cell lung cancer (NSCLC), hepatocellular
carcinoma, AIDS, malignant melanoma, drug-resistant
tuberculosis, and DiGeorge’s syndrome [5,6].1t was also
found that Tal and its derivatives have been shown to
reduce tumor cell growth and used in the treatment of a
variety of cancer in vitro and in vivo, such as liver [7],
lung [8], breast [9], colorectal cancer [10], glioblastoma
[11]. The Tal content from isolated thymosins (thymosin
fraction 5) is very low, in the range of 0.56-1.0% [12].
Therefore, chemical synthesis by solid-phase technique
has been used to produce large amounts of Tal for clinical
trials [13]. It possesses the advantages in high efficiency,
no endotoxin and/or DNA contamination. However, this
method showed disadvantages in long chemical synthesis

process with many protection and deprotection steps,
resulting in a relatively low productivity and high cost of
the final product. Recently, genetic engineering expression
of Tal in different hosts including Escherichia
coli(E.coli), Pichia pastries and plants [14,15] has
attracted attention due to its potential for producing
bioactive Tal with relatively high efficiency.

The arginine-glycine-aspartic acid (RGD) is a cell
adhesion motif present in many proteins of the
extracellular matrix (ECM). Peptides containing RGD
fragment can specifically bind integrin avf3, which is
specifically and highly expressed in tumor cells or tumor
neovascular endothelial cells, but not in normal tissue
blood vessels [16,17]. Therefore, RGD-based recognition
has been successfully applied in tumor targeting during
the past decades [18,19,20]. Recently, the more efficient
tumor-penetrating peptide iRGD was reported by
Sugahara et al [21,22], which initially binding to av
integrin and then penetrate into tumor cells by neuropillin-
1-dependent manner.

In our previous work, the engineered bacteria E. coli
BL21-pET32a -Tal and E. coli BL21-pET32a-Tal-iRGD
were constructed, and the activities of purified Tal and
Tal-iRGD were tested on different cancer cell lines. The
results showed that the introduce of IRGD fragment
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enhanced the basal ability of Tol to inhibit the
proliferation of cancer cells in vitro, particularly of mouse
melanoma cell line B16F10 and human lung cancer cell
line H460 [23]. To accumulate enough amount of soluble
form of Tal-iRGD for further research and development,
this report discusses the optimization of the induced
expression condition of the engineered bacteria. Three
factors as the lactose concentration, ODgynm before the
induction and induction time were chosen with five levels,
and these conditions were optimized by orthogonal
experimental design to get the suitable condition for gene
expression.

2. Materials and Methods

2.1. Materials

All the restriction enzymes used in the construction of
recombinant plasmid were purchased from Takara
Biotechnology (Dalian) Co.,Ltd., and T4 DNA ligase was
purchased from Promega (USA). Lactose was purchased
from Nanjing Chemical Reagent Corporation. Ampicillin
and Dithiothreitol (DTT) were purchased from Shanghai
Sangon Biological Engineering Corporation. Nickel-
chelating column was purchased from GE Healthcare
Company.

2.2. Construction of Engineered Strains for
the Expression of Tal and Tal-iRGD

The synthetic genes coded for Tal and Tal-iRGD were
insert into pET32a plasmid behind Trx-Hisx6-(Asp)sLys
tag, and E.coli BL21 harboring positive recombinant
plasmid were grown at 37°C on Luria-Bertani medium
containing 100ug/ml ampicillin, as our previous work
reported [23]. The expression of fusion proteins were
induced by the addition of lactose, and the conditions were
optimized as below.

2.3. Protein Assay and Mass Spectroscopy

The cells were harvested by centrifugation (10,000g,
10min, and 4°C), suspended in ice-cold 10ml buffer A
(50mM Tris—HCI buffer, pH7.9, including 0.5mM EDTA,
50mM NaCl, and 5% glycerin), and disrupted by
sonication. After centrifugation at 12,0009 for 20
min(4°C), the supernatant of the cell lysate was analyzed
by 15% sodium dodecyl-polyacrylamide gel electro-
phoresis (SDS-PAGE), stained with Coomassie brilliant
blue R-250 (Bio Basic Inc.), then scanned by BandScan
5.0(GLYKO). The target fusion proteins were purify by
nickel-chelating affinity, and confirmed by mass

spectroscopy (Brook ultrafleXIl MALDI-TOF instrument).

2.4. Optimization of the
Conditions

Orthogonal Text Design, also known as Orthogonal
Array Testing, is a systematic, statistical way of testing
pair-wise interactions. It creates an efficient and concise
test suite with fewer test cases without compromising test
coverage by using Orthogonal Array, which is a statistical
method of defining parameters that convert test areas into
factors and levels. Orthogonal Arrays are represented by:

Expression

Lruns(Levels)™™" in which Runs means the number of

rows or number of test cases in the array that will be
generated by the Orthogonal Array technique. Each row
represents a test case. Levels means the maximum number
of values in an Orthogonal Array that can be taken on by
any single factor. Factors means the number of columns or
the number of parameters/variables in an array that need
to be tested in the system. In this report, an orthogonal
experiment [Ls(5) ] test design was used for optimizing
the expression of the exogenous gene. The key parameters
concerned in this report including ODggnm before
induction(A), lactose concentration(B), and induction time
(C). Five levels of each factor were designed as Table 1
shown. The experimental conditions for induced
expression of the target protein were set according to the
orthogonal table. All experiments were repeated three
times, and the results were represented as average values.

Table 1. Orthogonal Experiment Design (three factors and five levels)

Factors
Levels —
A.ODgoonn® B, Lactose” (umol/ml)  C, Induction time( h)
1 0.1 1 2
2 0.2 25 4
3 0.4 5 6
4 0.6 7.5 8
5 0.8 10 10

2 The absorbance at 600nm before add the lactose;
® The final concentration after lactose solution was added.

2.5. Verification of the Optimized Conditions

To verify the orthogonal test design results, the induced
expression of Trx-Tal and Trx-Tal- iRGD were
conducted at the optimal condition and repeated three
times, respectively. The expression of proteins was
measured by SDS-PAGE electrophoresis, followed with
intensity scan, as mentioned above.

3. Results

3.1. Cloning, Expression, and Purification of
Trx-Tal and Trx-Tal- iRGD Fusion Proteins

Tal and Tal-iRGD genes cloned in the frame between
Kpnl and Hindlll restriction sites of pET32a plasmid
(Figure 1), which produced fusion proteins of Trx-Tal
and Trx-Tal-iRGD, respectively. The correction of the
genes was confirmed by gene sequencing (Figure S1).
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Figure 1. Construction of the recombinant plasmid, A. pET32a-Trx-Tal;
B. pET32a-Trx-Tal-iRGD
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Figure S1. Verification of gene sequences on recombinant plasmids. (A) and (B) were blast results of gene sequence on plasmid pET32a-Trx —Tal and
pET32a-Trx-Tal-iRGD, respectively. Query refers to gene sequence on plasmid (for clarity, only Tal and Tal-iRGD sequence were shown). Shjct was
the synthetic DNA sequence coding for Tal (A) and designed Tal-iRGD (B); (C) and (D) were sequencing chromatograms of recombinant plasmid

pET32a-Trx - Taland pET32a-Trx -Tal-iRGD, respectively

3.2. MALDI-TOF Mass Mpectroscopy

The molecular weight of Trx-Tal fusion protein was
detected as 20,023.463 by using MALDI mass
spectrometry, which is in agreement with the theoretical

value (Figure 2A). Meanwhile, the molecular weight of
Trx-Tal-iRGD fusion protein was 21,183.711, which is
consistent with the expected value as well (Figure 2B).
These results confirm the successful expression of target
proteins.
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Figure 2. Mass spectroscopy result of recombinant Trx- Tal or Trx- Tal-iRGD. A. Trx-Tal; B. Trx-Tal-iRGD

3.3. Optimization of the Expression of Tal
FusionProtein

Three main factors directly influence the expression of
target protein were chosen, including ODgynm before
induction(A), lactose concentration(B), and induction
time(C). The results of orthogonal test of Trx-Tal
expression were presented in Table 2.

Table 2. Orthogonal test result of the expression of Tal fusion
protein

The best conditions could be selected according k values.
The optimal condition for the expression of Tal fusion
protein was: ODgyonm=0.6 before adding lactose, using
2.5umol/ml lactose as inducer, and harvesting cells after 4
hours induction.

3.4. Optimization of the Expression of Tal-
IRGD Fusion Protein

Table 3. Orthogonal test result of the expression of Tal-iRGD fusion
protein

No Factors® Expression  of No Factors® Expression of Tal-
' A B C Tal (%) ' A B C iRGD (%)
1 1 1 1 7.3 1 1 1 1 7.1
2 1 2 2 17.6 2 1 2 2 18.2
3 1 3 3 18.4 3 1 3 3 16.3
4 1 4 4 19.1 4 1 4 4 16.4
5 1 5 5 19.6 5 1 5 5 13.2
6 2 1 2 17.2 6 2 1 2 17.6
7 2 2 3 16.8 7 2 2 3 17.4
8 2 3 4 17.3 8 2 3 4 16.8
9 2 4 5 14.3 9 2 4 5 13.0
10 2 5 1 3.2 10 2 5 1 10.2
11 3 1 3 15.2 11 3 1 3 13.7
12 3 2 4 18.9 12 3 2 4 11.6
13 3 3 5 14.9 13 3 3 5 10.3
14 3 4 1 10.7 14 3 4 1 14.6
15 3 5 2 20.2 15 3 5 2 16.7
16 4 1 4 17.6 16 4 1 4 12.1
17 4 2 5 17.6 17 4 2 5 10.1
18 4 3 1 16.2 18 4 3 1 15.9
19 4 4 2 18.2 19 4 4 2 19.8
20 4 5 3 18.0 20 4 5 3 14.3
21 5 1 5 17.4 21 5 1 5 10.3
22 5 2 1 18.2 22 5 2 1 17.8
23 5 3 2 18.01 23 5 3 2 20.1
24 5 4 3 17.07 24 5 4 3 18.3
25 5 5 4 12.23 25 5 5 4 11.7
k1 16.40 14.94 11.10 k1 14.24 12.16 13.12
k2 13.78 17.81 18.25 k2 15.00 15.02 18.48
k3 16.01 16.98 17.11 K3 13.38 15.88 16.00
k4 17.49 16.47 17.03 k4 14.44 16.42 13.72
k5 16.57 14.68 16.76 K5 15.64 13.22 11.38
R 3.71 3.13 6.01 R 2.26 4.26 7.10

& The level of each factor, as show in Table 1.

According to the R values, the importance of three
factors decreases in the order: C>A>B, indicating that the
induction time is the most critical factor in Ta.l expression.

& The level of each factor, as show in Table 1.

The results of orthogonal test of Trx-Tal- iRGD
expression were presented in Table 3. According to the R
values, the importance of three factors decreases in the
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order: C>B>A. The best conditions could be selected
according k values. The optimal condition for the
expression of Tal fusion protein was: ODggonn=0.8 before
adding lactose, using 7.5mmol/L lactose as inducer, and
harvesting cells after 4 hours induction.

3.5. Verification of the Optimized Conditions

Target protein expression levels could be achieved at
32.8% for Trx-Tal fusion protein (Figure 3A) and 33.8%
for Trx-Tal -iRGD fusion protein (Figure 3C) at the
optimized condition, versus 20.6% for Trx-Tal(Figure 3B)
and 9.0% for Trx-Tal-iRGD (Figure 3D) obtained at the
initial conditions, which were OD gym=0.4 before
induction, using 5pmol/ml lactose and harvesting cells
after 6 hours induction. As shown in Figure 3, under
optimized condition, most of the target protein was found
in the supernatant of the cell lysate, which can simplified
the follow purification steeps.
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Figure 3. SDS-PAGE of cell lysate of Trx-Tal and Trx-Tal-iRGD
expression strains under optimized conditions (A,C) and initial
conditions (B,D). Lane 1, molecular weight markers; lane 2, the total cell
lysate of control strain harboring pET32a; lane 3, the total cell lysate of
engineered strain; lane 4, supernatant of the cell lysate; lane 5,
precipitation of the cell lysate

4. Discussion

In our previous work, a better anti- proliferation activity
of Tal-iRGD than Tal was observed by in vitro studies,
which shows the potential application of Tal-iRGD in
treating solid tumors [23]. The further in vivo studies need
large quantity of purified Tal-iRGD, calls for effective
expression of the target protein. In this study, we try to
optimize the expression condition of Trx-Tal and Trx-
Tal-iRGD by orthogonal test design. The Trx and His-tag
of the fusion proteins can be moved by enterokinase
cleavage and  nickel-chelating  affinity  column
chromatograph as our previous reported [23].

There are many factors that influence the expression of
exogenous gene, involved in the process of cell growth,
gene translation and protein synthesis. For example,
Romano D et al. optimized the expression of human D-
amino acid oxidase in E. coli. by single factor experiment,
considering the influence of medium ingredients, the time

and the amount of inducer’s addition, pH control and
mechanical shear stress, respectively [24]. Volonte E et al.
optimized the expression of  glutaryl-7-amino-
cephalosporanic acid acylase by single factor experiment,
considering medium ingredients, the time and the amount
of inducer’s addition and temperature [25]. In this study,
we used ODggonm @s a direct indicator to assess the growth
status of the cells before add the inducer. We also
considered the influence of the inducer (lactose)
concentration and the time of induced expression. The
result showed that the time of induced expression was the
most important factor in both Trx-Tal and Trx-Tal-iRGD
expression. But the importance of lactose concentration
and ODgyonm before induction differenced in different
system.

Compare to single factor test, orthogonal test method
can significantly reduce the number of trials, and has been
widely used in the optimization of culture conditions [26],
extraction processes [27], and drug formulations, etc. In
this study, orthogonal test was proved to be an effective
method to optimize the expression of Trx-Tal and Trx-
Tal-iRGD fusion proteins.

5. Conclusion

The orthogonal test design method was used to
optimize the expression of Trx-Tal and Trx-Tal-iRGD
fusion proteins. It was shown that after optimization, the
soluble form of expressed Trx-Tal and Trx-Tal-iRGD
fusion proteins were increased 59.2% and 275.6% than
original condition. The in vitro experiments showed that
purified Tal-iRGD has higher anti- proliferative activity
than Tal on several cancer cells [23], made it important to
accumulate enough quantity of purified Tal-iRGD, for
further investigation of its potential application in solid
tumors therapy. The genetic method of expression
polypeptide through fusion protein could be an alternative
method in producing bioactive peptide.
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