
Lab Note

Efficient production of CYTL1 protein using

mouse IgGκ signal peptide in the CHO cell

expression system

Xiaolin Wang1,2, Huihui Liu1,2, Wanqiong Yuan1,2, Yingying Cheng1,2,

and Wenling Han1,2,*

1Department of Immunology, Key Laboratory of Medical Immunology, Ministry of Health, School of Basic Medical
Sciences, Peking University Center for Human Disease Genomics, Beijing 100191, China, and 2Peking University
Center for Human Disease Genomics, Peking University Health Science Center, Beijing 100191, China

*Correspondence address. Tel/Fax: +86-10-82805479; E-mail: hanwl@bjmu.edu.cn

Cytokines are small secreted proteins that bind to specific receptors
and act in a primary autocrine or paracrine manner. Cytokines play
important roles in the immune response, inflammation, and carcino-
genesis. More importantly, many cytokines and their related products
have been developed into biomedical drugs [1]. Therefore, the identi-
fication and characterization of novel potential cytokines is of great
value for both basic research and clinical applications. To isolate
novel potential cytokines, a platform based on immunogenomics
has been established [2], and several secreted proteins with important
functions, including CYTL1, have been found.

CYTL1 was first identified in CD34+ cells derived from bone mar-
row and cord blood [3]. It is a classical secreted protein of small mo-
lecular size. Previous studies have identified the close relationships
between CYTL1 and inflammation as well as tumors [4]. At present,
the functions of CYTL1 as a novel potential cytokine in the immune
response, inflammation, and carcinogenesis remain largely unknown.

To analyze the expression of CYTL1, polyclonal antibodies
against CYTL1 were generated by immunizing rabbits with three
CYTL1 peptides (P1, P2, and P3, as shown in Supplementary
Fig. S1A). To confirm the specificity of the three antibodies, the expres-
sion level of CYTL1 protein produced by human embryonic kidney
293T cells (HEK293T cells) was detected. Results showed that the
antibodies against P1 and P3 could detect CYTL1 at a concentration
of 10 μg/ml, and the affinity of the antibody against P1 was higher
than that against P3 (Supplementary Fig. S1B). Furthermore, Supple-
mentary Fig. S1C showed that the antibody against P1 was able to
detect CYTL1 at a lower concentration of ∼5 μg/ml. We also com-
pared this antibody with anti-His antibody to confirm the specificity
of anti-CYTL1 antibodies and obtained the same specific band.
CYTL1 protein has also been expressed and purified in a eukaryotic
expression system for functional studies. Our results showed that
CYTL1 with its native signal peptide was secreted at low levels in
HEK293T cells (data not shown). Therefore, the expression and secre-
tion levels of CYTL1 need to be increased for its function study.

Three main elements that can affect the expression and secretion of
secreted proteins are the signal peptide, the expression vectors, and the
host cells. First, a suitable signal peptide is one of themost important ele-
ments for the efficient expression and secretion of secreted proteins. Cur-
rently, many types of signal peptides are used to express recombinant
protein, such as the mouse IgGκ signal peptide (IgGκSP), α-factor signal
peptide, and erythropoietin signal peptide. Specifically, IgGκSP has been
used in several eukaryotic expression vectors and adenoviral vectors [5].

CYTL1 contains a signal peptide with a cleavage site between
amino acids 22 and 23, as shown in Supplementary Fig. S1A. So,
the signal peptide of CYTL1 was replaced to increase the level of se-
creted CYTL1. IgGκSP (METDTLLLWVLLLWVPGSTG) was ligated
to the N terminus of the cDNA fragment encoding mature CYTL1
using three-step polymerase chain reaction (PCR). In Step 1, the tem-
plate vector pcDNA3.1/CYTL1-Myc-His(−)B was constructed in our
laboratory. Forward primer FP1 and reverse primer RP1were used for
PCR with the following cycling conditions: 95°C for 2 min, followed
by 30 cycles of denaturing at 95°C for 30 s, primer annealing at 55°C
for 30 s, extension at 72°C for 1 min, and a final extension at 72°C for
10 min. DNA fragment F1 was obtained. Step 2 was similar to Step 1
but used the amplified DNA fragment F1 as a template, FP2 as the for-
ward primer, and RP1 as the reverse primer. DNA fragment F2 was
obtained. Step 3 was also similar to Step 1, but used the amplified
DNA fragment F2 as a template, FP3 as the forward primer, and
RP1 as the reverse primer. This fused fragment was subcloned into
the pcDNA3.1-Myc-His(−)B vector (named pcDB-IgGκSP-CYTL1-6
×His). The expression vector pcDB-IgGκSP-CYTL1-6 ×His was suc-
cessfully constructed, as verified by DNA sequencing. The expression
vector pcDNA3.1/CYTL1-His(−)B (named pcDB-CYTL1-6 × His)
was also constructed using the vector pcDNA3.1/CYTL1-Myc-His
(−)B as a template, forward primer FP4, reverse primer RP1, and
the above-described methods. It differed from pcDB-IgGκ-CYTL1-6
×His only in the signal peptide (primers used in PCR were shown in
Supplementary Table S1).

Acta Biochim Biophys Sin, 2016, 48(4), 391–394
doi: 10.1093/abbs/gmw007

Advance Access Publication Date: 27 February 2016
Lab Note

© The Author 2016. Published by ABBS Editorial Office in association with Oxford University Press on behalf of the Institute of Biochemistry and Cell Biology, Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences. 391

D
ow

nloaded from
 https://academ

ic.oup.com
/abbs/article/48/4/391/1754721 by guest on 24 April 2024

http://abbs.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw007/-/DC1
http://abbs.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw007/-/DC1
http://abbs.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw007/-/DC1
http://abbs.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw007/-/DC1
http://abbs.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw007/-/DC1
http://abbs.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw007/-/DC1
http://abbs.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw007/-/DC1
http://www.oxfordjournals.org


The expression vectors pcDB-CYTL1-6 × His and pcDB-
IgGκSP-CYTL1-6 ×His were individually transfected into HEK293T
cells to evaluate the expression of CYTL1. As shown in Fig. 1A,B,
CYTL1 containing its native signal peptide was secreted at low levels,
whereas the expression of CYTL1 was increased by 6 folds in the
pcDB-IgGκSP-CYTL1-6 ×His group comparedwith the pcDB-CYTL1-6
×His group, as detected by western blot analysis using the antibody
against CYTL1 P1. Approximately 0.25 mg of recombinant human
CYTL1 protein with a His tag at the C-terminus was obtained from 1 l
of supernatant from HEK293T cells transiently transfected with
pcDB-IgGκSP-CYTL1-6 ×His (Fig. 1C). Subsequently, the amino acid se-
quence of the N terminus was determined to confirm that IgGκSP was

cleaved at the expected site. The N-terminus sequence of the purified
CYTL1 protein was Thr-Pro-Pro-Thr-Cys-Tyr-Ser, which matched the
mature CYTL1 amino acid sequence (Fig. 1D). The replacement of the
signal peptide did not influence the cleavage site of the signal peptide in
CYTL1.

Although CYTL1 was successfully expressed in HEK293T cells,
the transient expression system has many disadvantages and the ex-
pression level of CYTL1 was low. To obtain a large quantity of
CYTL1 protein for functional studies, the pMH3 vector, an efficient
and stable expression vector, was used to stably express CYTL1 in
CHO cells. CHO cells are a widely used mammalian cell expression
system that is suitable for large-scale and high-density cultures.

Figure 1. Replacement of the signal peptide increased the expression level of CYTL1 (A) HEK293T cells were transfected with pcDB-CYTL1-6 × His or

pcDB-IgGκSP-CYTL1-6 × His using VigoFect. The supernatant was harvested 48 h later. The concentration of antibody against CYTL1 P1 used in the western blot

analysis was 5 μg/ml. (B) The fold change in expression between pcDB-CYTL1-6 × His group and pcDB-IgGκSP-CYTL1-6 × His group in HEK293T cells. (C)

Identification of the purified CYTL1 protein in the transient HEK293T expression system by SDS-PAGE. (D) The first seven amino acids of mature CYTL1 protein

according to the amino acid sequencing.
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In fact, many pharmaceuticals have been produced in CHO cells [6].
Furthermore, the expression vector pMH3 is suitable to stably express
proteins in CHO cells. Specifically, it contains a GC-rich noncoding
DNA fragment, which is crucial for chromatin openness. This GC-rich
fragment enables the exogenous gene of interest to be in a transcrip-
tionally active state without affecting the integration of location,
which sustains high-expression levels [7].

Therefore, the IgGκSP-CYTL1-6 × His fragment was subcloned
into the pMH3vector frompcDB-IgGκSP-CYTL1-6×His to obtain the ex-
pression vector pMH3-IgGκSP-CYTL1-6 ×His (pcDB-IgGκSP-CYTL1-6
×His as the template vector, FP5 and RP2 as the primers; Supplemen-
tary Table S1), which was verified by DNA sequencing.

The expression vector pMH3-IgGκ-CYTL1-6 × His was trans-
fected into CHO cells using electroporation, and the successfully
transfected cells were selected using G418 for 7 days. The cell clones
were then transferred to a 96-well plate and cultured for another 7
days. After the second 7-day culture, the CYTL1 expression of each
cell clone was detected using dot blot and western blot analysis. As
shown in Supplementary Fig. S2A, the expression of CYTL1was high-
er in the selected cell clones. The expression of CYTL1 was also de-
tected in the supernatants of the eight cell clones using western blot
analysis (Supplementary Fig. S2B). Based on these analyses, two cell
clones (clone 3D and clone 5D) were selected for subsequent screen-
ing. Approximately 2.5 mg/l CYTL1 was produced from each of the
two cell clones compared with the standard CYTL1 protein. These
two cell clones were subject to 14-day culture just in the same manner
as the first 14-day culture (7-day culture in medium with G418 and
7-day culture in a 96-well plate). After the fourth 7-day culture, the
expression of CYTL1 was detected again in the same manner (Supple-
mentary Fig. S2C,D). Here, the cell clones 2A, 3D, and 5B were se-
lected to be individually seeded in 100 mm dishes at the same
density to ensure that the expression level was not affected by other

factors. A specific band in the culture supernatant of the three cell
clones was detected by western blot analysis (Supplementary
Fig. S2E). Finally, three cell clones (clone 2A, clone 3D, and clone
5B) that stably expressed high levels of CYTL1 were obtained after
two rounds of selection.

The three high-expression clones were adapted for suspension
cultures in CD fortiCHO medium to estimate the expression level
to select the clone that expressed the highest levels of CYTL1 for
large-scale protein expression. Results showed that cell clone 2A ex-
pressed the highest level of CYTL1, reaching 2 mg/l. Therefore, cell
clone 2A was selected for large-scale cultures to purify and analyze
CYTL1.

The culture of clone 2Awas scaled up to a high-density culture in a
5-l flask and collect the resultant culture supernatant. The culture
supernatant was dialyzed against the binding buffer and concentrated,
and the protein was enriched using a Ni2+ affinity column (Fig. 2A).
Fractions A3–A12 have a homogenous band at ∼19 kDa (Fig. 2B).
Subsequently, the concentrated elution was desalted, and the resultant
protein was further purified by gel filtration chromatography to yield
∼5 mg of CYTL1 from 5 l of culture supernatant, as indicated by bi-
cinchoninic acid protein quantification. The expression of CYTL1was
stably increased by 4 folds in CHO cells compared with the transiently
transfected HEK293T cells. The quantity and purity of protein were de-
tected by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) with bovine serum albumin as a standard (Fig. 2C). The
polyclonal antibody against CYTL1 could recognize the band at
19 kDa; therefore, the protein was identified as CYTL1 (Fig. 2D). Fur-
thermore, the purity exceeded 95%, as assessed by SEC-HPLC, and the
endotoxin was ∼0.6 EU/mg in the purified CYTL1 protein, which met
the requirements for further studies.

The production of recombinant protein via genetic engineering
required several steps, including the selection of signal peptides,

Figure 2. Expression and purification of CYTL1 (A) Elution profile of CYTL1 on a Ni2+ affinity column [Milli absorbance unit (mAU) = A280, CV = column volume, %

B = gradient elution]. (B) The protein was eluted by a linear gradient of 30–500 mM imidazole. Fractions (4 ml each) eluted from affinity purification were subject to

12.5% SDS-PAGE. (C) The purified CYTL1 protein exceeded 95% in purity and contained 0.6 EU/mg endotoxin. (D) The CYTL1 protein (100 ng) was separated on a

12.5% SDS-PAGE gel. The concentration of the anti-CYTL1 P1 antibody used in western blotting was 5 μg/ml.
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expression vectors, and host cells, as well as the optimization of ex-
pression and purification conditions.

Most secretory proteins are initially synthesized in the cytoplasm
as precursors containing 15–30 residues of additional peptides at
their N terminals. These so-called signal peptides play an important
role in the translocation of newly synthesized proteins across the mem-
brane of the endoplasmic reticulum in eukaryotic cells. Specifically,
signal peptides consist of three structurally and functionally distinct
regions: a positively chargedN-terminal region, a central hydrophobic
core region, and a C-terminal region [8]. Because CYTL1 is a secretory
protein, its protein expression was detected in the supernatant of
HEK293T cells transiently transfected with pcDB-CYTL1-6 × His,
but this level of secretion was low. Importantly, signal peptide se-
quences have some similarity in structure, function, and cleavage
sites. However, because of a lack of common sequence information
for different signal peptides, they are thought to mediate transport
based on structural and physical properties, such as charge balance,
hydrophobicity, and conformation, rather than strict sequence speci-
ficity. According to the signal peptide hypothesis, the transmembrane
transportation of proteins mainly depends on the central hydrophobic
core regions of signal peptides, which primarily consist of neutral
amino acids [8,9]. Thus, the central hydrophobic core regions share
common structures in spite of the differences between different secre-
tory proteins. As such, replacing the signal peptide may increase the
secretion of proteins secreted at low levels without changing the cleav-
age site. In this study, the signal peptide of CYTL1 was replaced with
IgGκSP using three-step PCR, a process that increased the expression
of CYTL1 in the supernatant of HEK293T cells by 6 folds. However,
only 0.25 mg of CYTL1 protein was obtained from 1 l of supernatant
from the transient HEK293T expression system, which indicated that
the expression level of CYTL1 remained low in this expression system.

In the present study, IgGκSP could not increase the secretion of any
protein. Specifically, we replaced the signal peptide of other proteins,
but this replacement actually decreased the expression and secretion of
various proteins, such as LYG1 (lysozyme G-like 1) (data not shown).

The expression system also significantly influences the expression
and biological activity of recombinant proteins. To increase the ex-
pression level of CYTL1, CYTL1 was stably expressed in CHO cells
using the pMH3 vector.

Mammalian cell lines are important host cells for the industrial
production of pharmaceutical proteins due to their capacity to correct-
ly fold, assemble, and posttranslationally modify proteins, which is
not possible in prokaryotic, yeast, and insect cells. In particular,
CHO cells are the most dependable host cells for industrial production
of therapeutic proteins [6]. Thus, we used pMH3, a eukaryotic expres-
sion vector containing GC-rich elements that is suitable for the CHO
expression system [7], to express CYTL1 in CHO cells. Using this sys-
tem, we obtained 5 mg of CYTL1 protein from 5 l of supernatant,

which suggested that the expression level of CYTL1 was increased
by 4 folds compared with the expression level in the transient
HEK293T expression system.

In summary, when the native signal peptide of CYTL1 was re-
placed by IgGκSP, the expression and secretion was increased by 6
folds. And CYTL1 was stably expressed in CHO cells, its expression
was increased by 4 folds. Finally, 5 mg of CYTL1 protein was ob-
tained from 5 l of supernatant from this stable CHO cell expression
system with a purity exceeding 95% and a low endotoxin level of
0.6 EU/mg. We think that this system will be useful for future func-
tional studies and the development of clinical applications of CYTL1.

Supplementary Data

Supplementary data is available at ABBS online.
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