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Abstract: Purpose: In the present study, we constructed an efficient expression system for visfatin and identified the 
peptide sequences which binding to visfatin. Methods and results: The fusion protein was identified by SDS-PAGE 
and Western blot. The yield of visfatin was 300 mg/L culture medium with optimal conditions. The recombinant vis-
fatin binds with insulin receptor with a dose-dependent effect. All of the 24 sequence identified by ELISA were able 
to bind to visfatin specifically. Among the 24 DNA sequences, there were 8 clones of AAKTPTE, 4 clones of ATTVPAS 
and 4 clones of MSLQQEH. Conclusion: The sequence of AA(X)TPT(X) was the most frequently existed sequence 
in all of sequences analyzed, which suggests that AA(X)TPT(X) is likely to be the essential motif in peptides which 
visfatin could bind with. 
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Introduction

Visfatin is a peptide hormone identified most 
recently; it can promote the uptake of glucose 
in fat cell and muscle cell, and inhibit the export 
of hepatic glucose [1-3]. More importantly, vis-
fatin binds with insulin receptor, then stimu-
lates phosphorylation of tyrosine in insulin re- 
ceptor, insulin receptor substrate-1 (IRS-1) and 
insulin receptor substrate-2 (IRS-2), subsequ- 
ently, they activate protein kinase B and mito-
gen-activated protein kinase signal pathway, 
which also mediated by insulin [1, 4, 5]. 

Visfatin doesn’t change dramatically as the al- 
tering of energetic metabolism in the human 
body, and short-term variance in blood sugar 
has no impact on it [6]. Up to now, it’s still not 
clear about the specific mechanism behind the 
regulation of visfatin, such as if there any intrin-
sic specific receptor for this peptide hormone? 
However, it’s certain that visfatin plays an im- 
portant role in the pathogenesis of type 2 dia-
betes. On this basis, the study of visfatin has 
intrigued a new interest in the research area of 
diabetes and obesity since its discovery [7, 8].

In the present study, we constructed a prokary-
otic expression system with genetic engineer-
ing techniques, and obtained a large amount of 
recombinant visfatin with high purity, which laid 
the foundation for the further study of visfatin. 
On this basis, we screened polypeptide sequ- 
ence [9] which visfatin specifically binds to by 
protein - protein interactions with the phage dis-
play technology [10]. Our study provide a favor-
able support for studying the potential binding 
sites on insulin receptor for visfatin, and even 
the specific receptor of visfatin according to the 
analysis of obtained polypeptide sequences.

Material and methods

Reagents

Prokaryotic expression vector pQE-30Xa and  
E.coli strains M15 [pREP4] were purchased 
from Qiagen. The enzymes Sal I, Stu I, Pvu II, Ex 
Taq polymerase and dNTP were purchased 
from Takara Bio Inc. M-MLV reverse transcrip-
tase and T4 DNA ligase were purchased from 
Promega. Nickel-nitrilotriacetic acid (Ni-NTA) 
column was purchased from Gene Script. Factor 
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Xa Cleavage Capture kit was purchased from 
Novagen. Ph.D.-7 Phage Display Peptide Library 
Kit was purchased from New England Biolabs. 
M13 DNA extraction kit was purchased from 
Omega. Mouse anti-His antibodie, human insu-
lin receptor and goat anti-human insulin R 
(D-17) antibody were from Santa Cruz.

Plasmid construction

Total RNA was extracted from omental adipose 
tissue using TRIzol according to the standard 
protocol. 4 μL total RNA was reverse transcri- 
bed using 24 Units of MMLV enzyme. Oligo (dT) 
18 was used for priming. The cDNA was then 
amplified by Polymerase Chain Reaction (PCR) 
using the primers (Forward: 5’-CCACCCAACAC- 
AAGCAAAG-3’, reverse: 5’-CCGTCGACTTA ATGA- 
TGTGCTGCTTCCAGTTC-3’) for 40 cycles. The P- 
CR product was then digested with the restric-
tion enzyme Sal I. The vector pQE-30Xa was di- 
gested with restriction enzymes Stu I and Sal I. 
Then PCR product was cloned into the pQE-
30Xa vector. The positive clone was confirmed 
by sequencing. The confirmed constructed se- 
quence was transected into E.coli M15 [pREP4] 
competent cells.

Recombinant visfatin expression

Transformed E.coli M15 [pREP4] cells were cul-
tured at 37°C in Luria-Bertani (LB) medium with 
ampicillin (100 mg/L) and kanamycin (25 mg/ 
L). When the absorbance reached to 0.6 at 600 
nm, 0.5 mmol/L isopropyl-1-thio-β-D- galacto-
pyranoside (IPTG) was added to induce the 
expression of recombinant visfatin at 37°C for 
6 h. These cultures were collected by centrifu-
gation at 4°C. Pellets were dissolved in buffer 
and sonication was carried out on ice using ul- 
tra-sonicator. After the sonication, pellets and 
supernatants were separated by centrifuga-
tion. The contents of recombinant visfatin in 
pellets and supernatants were compared by 
sodium dodecyl sulfate-polyacrylamide gel ele- 
ctrophoresis (SDS-PAGE) analysis.

Recombinant visfatin purification

Inclusion bodies were obtained from pellets. 
The denatured recombinant visfatin protein 
was purified with Ni-NTA column. Then ultrafil-
tration was carried out to concentrate the puri-
fied proteins. The His-tag was removed with Fa- 
ctor Xa Cleavage Capture kit according to the 
instruction.

Activity assay

The activity of recombinant visfatin protein was 
measured by enzyme-linked immunosorbent 
assays (ELISA). The 96-well plate was added 
recombinant visfatin protein with different con-
centrations of at 4°C. After washed with TBS 
and blocked with blocking solution, insulin re- 
ceptor (100 μg/ml) was added into the 96-well 
plate at room temperature and cultured for 1 h. 
Then the anti-human insulin receptor antibody 
and (HRP)-conjugated donkey-anti-goat IgG we- 
re added to the culture. Following extensive 
washes, ABTS (HRP substrate) was added in to 
detect the absorbance values at 410 nm.

Peptide library screening

Visfatin-binding peptides were identified using 
a commercially available Ph.D.-7 Phage Display 
Peptide Library Kit. The target binding, elution, 
and phage amplification were conducted acc- 
ording to the manufacturer’s instructions. Bri- 
efly, the culture-dishes were coated with visfa-
tin solution. After blocked and washed exten-
sively, culture dishes were incubated with 2× 
1011 phage particles for 45 min. After non-sp- 
ecifically or weakly bound phage particles were 
removed, the remaining bound phage particles 
were eluted. Then the eluted phage was ampli-
fied in E.coli ER2738. The entire procedure was 
repeated three rounds to allow enrichment of 
tight-binding protein. Randomly selected blued 
phage plaques was analyzed by DNA sequenc-
ing after blue-white screening was performed 
in LB agar plates containing 5-bromo-4-chloro-
3-indolyl-β-D-galactopyranoside (Xgal) and iso- 
propyl-β-D-thiogalactopyranosid (IPTG).

Binding affinity assays

The binding affinity of identified phage clone 
with visfatin was determined by ELISA. After co- 
ated with visfatin solution, the 96-well plate 
was incubated with the phage. The unbound 
phage was removed through washing, and the 
bound phage was measured with (HRP)-conju- 
gated anti-M13 and ABTS reaction as described 
above. 

Results

DNA sequence analysis

pQE-30Xa visfatin plasmid was digested with 
Pvu II, which could be seen in two fragments 
around 4544 bp and 317 bp (Figure 1). The 



Visfatin production technology

4830 Int J Clin Exp Med 2014;7(12):4828-4834

results of DNA sequence analysis (data not 
shown) demonstrated the whole coding seq- 
uence of visfatin has been inserted into Stu I 
and Sal I restriction sites of pQE-30Xa with the 
frame could be read correctly. 

Induced expression of visfatin

Taking host strains E.coli M15 [pREP4] with 
empty plasmid pQE-30 Xa and Xa-visfatin with 
non-induced pQE-30 as controls, transformed 
bacteria containing recombinant plasmid pQE-
30 Xa-visfatin was induced at 37°C for 6 hours, 
the bands at 54 kD were observed in both su- 
pernatant and precipitation. As a contrast, th- 
ere’s no obvious band in both empty and non-
induced recombinant bacteria (Figure 2). Iden- 
tified with western blot, a specific band was sh- 
own at 54 kD for the expression product of tr- 
ansformed bacteria which contains recombi-
nant plasmid pQE-30 Xa-visfatin M15 [pREP4] 
(Figure 3). A rough analysis of stained protein 
electrophoresis with GeneSnap gel analysis sy- 
stems, and evaluation of expression efficiency 
of pQE-30Xa/visfatin recombinant plasmid in 
M15 [pREP4] strains showed the percentage of 
target protein expressed as high as 42.634%.

Figure 1. Examining of pQE-30Xa-visfatin plasmid 
with restriction endonuclease. Lane 1, pQE-30Xa-vis-
fatin plasmid was digested with Pvu II, which could 
be seen in two fragments around 4544 bp and 317 
bp; Lane 2, pQE-30Xa Pvu II enzyme digested prod-
ucts.

Figure 2. Examining of visfatin expression products 
with SDS-PAGE. Lane 1, the supernatant expression 
of M15 induced bacteria; Lane 2, the precipitation ex- 
pression of M15 induced bacteria; Lane 3, the su-
pernatant expression of induced bacteria after M15 
was transformed by empty pQE-30Xa plasmids; La- 
ne 4, the precipitation expression of induced bacte- 
ria after M15 was transformed by empty pQE-30Xa 
plasmids; Lane 5, the supernatant expression of un- 
induced bacteria after M15 was transformed by re-
combinant plasmid pQE-30Xa-visfatin; Lane 6, the pr- 
ecipitation expression of un-induced bacteria after 
M15 was transformed by recombinant plasmid pQE-
30Xa-visfatin; Lane 7, the supernatant expressi- 
on of 6 hours-induced bacteria after M15 was trans- 
formed by recombinant plasmid pQE-30Xa-visfatin; 
Lane 8, the precipitation expression of 6 hours- 
induced bacteria after M15 was transformed by reco- 
mbinant plasmid pQE-30Xa-visfatin; Lane 9, marker.

Figure 3. Examining of visfatin with Western Blot, a 
specific band was shown at about 54 kD in trans-
formed bacteria which contains recombinant plas-
mid pQE-30 Xa-visfatin M15 [pREP4].
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Purification and activity assay of recombinant 
protein

Under denaturing conditions, the bacterial were 
dissolved and added to the column of metal 
chelating chromatography, followed by washing 
with a gradient of urea-containing solution. At 
last, the recombinant protein was obtained 
with the elution buffer, and identified by SDS-

PAGE with the target protein at approximately 
54 kD (Figure 4). The fusion tags were removed 
by factor Xa (Figure 5), and the purity of target 
protein was more than 95% (Figure 6). The con-
centration of the purified fusion protein was 
220 μg/ml with BCA method. The concentra-
tion of target protein was 142 μg/ml. After cal-
culation, the expression of visfatin was 300 
mg/L in medium. Table 1 presented the biologi-
cal activity of recombinant visfatin by its bind-
ing to the receptor of insulin in a dose-depen-
dent manner.

Determining the sequence that visfatin binds

A total of 24 phages were randomly sequenced 
against DNA, according to the report of seq- 
uencing (data not shown), we derived the 
sequence of interested peptide (Table 2).

Semi-quantitative measurement of the binding 
of peptide and visfatin

Visfatin could bind with its nature ligand- HRP, 
the semi-quantitative measuring was perfor- 
med to test the binding of visfatin and HRP 
(existed in second antibody), the absorbance of 
chromogenic substances of HRP at the 410 nm 
was proportional to the concentration of pro-
tein. 24 clones showed positive with ABTS 
staining, and the intensity of staining declined 
with concentration. With benchmarking with 
BSA-negative as control, the OD410 values for all 
the wells were more than 0.1, and the data pre-
sented a significant concentration gradient, 
which suggests the efficient binding of the posi-
tive clones with visfatin.

Discussion

Since the study of visfatin has just begun, its 
price is so expensive that seems hard for most 
of researchers, which has become a bottleneck 
in the current study. Obtaining large amounts of 
visfatin with high purity is the prerequisite for 
further work. Due to the limitation of as low 
concentration of 10% (fasting) and 3% (post-
prandial) of insulin level for visfatin in serum, 
it’s difficult to obtain visfatin through directly 
purifying. For recombinant proteins, the genetic 
engineering methods has obvious advantages, 
such as high yield, lower costs and free of frag-
ment length limitations [11], thus, genetic engi-
neering could be widely used [12, 13]. Co- 
mpared with non-fusion expression, fusion pro-
tein expression has its advantages, such as 

Figure 4. Examining of separation and purification 
products of visfatin with SDS-PAGE. Lanes 1 and 2, 
eluted recombinant visfatin protein (initial concentra-
tion of imidazole: 20 mM; terminated concentration: 
250 mM); Lanes 3: protein marker; Lanes 4 and 5: 
refolded protein after rinse (initial concentration of 
urea: 6 M, terminated concentration: 0 M); Lanes 6 
and 7, corresponding protein solutions of the peak 
sample.

Figure 5. Examining of hydrolyzed products of Xa Fac-
tor with SDS-PAGE. Lane 1, purified protein; Lane 2, 
hydrolyzed protein.
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reduced degrading of heterologous proteins in 
prokaryotes by proteases, enhanced yielding 

ber of random heptapeptide sequence is 207, 
which means 1.28×109), and were amplified 
with 10 μl of phage. Each sequence can be gen-
erated ~70 copies. The phage display random 
peptide library can be used in many ways [16], 
such as the study of protein-protein interac-
tions [17], drawing epitope mapping , immuno-
logical diagnostics, vaccine development and 
drug screening. Phage display technology esta- 
blishes a direct link between large amounts of 
random peptide sequences and their DNA cod-
ing, which made the quick identification of a 
variety of targeted polypeptide. Incubation of 
the phage display peptide library with the tar-
geted molecule in coated plates made phage 
adsorbed on the target molecule. After washed 
unbound phage firstly, we eluted specific bind-
ing phage. Eluted phage was amplified by infec-
tion of E.coli, and then went into the next round 
of binding/amplification cycles to enrich those 
bound sequences. After three rounds of selec-
tions, the phages with high affinity and specific 
peptide presenting on the surface were scr- 
eened from phage expression libraries, and 
identified with analysis of DNA sequence. Be- 
cause each target binds to phage peptide at 
specific structural motif (motif), we could iden-

Figure 6. Examining of purity for hydrolyzed products of factor Xa by HPLC. Pro-
tein 1: Purified target protein (with fusion tag), the purity reached to 95.629%; 
Protein 2: Hydrolyzed protein by Xa factor (without fusion tag).

Table 1. Semi-quantitative measurement of 
binding affinity of visfatin and insulin receptor 
examined with ELISA
Sample OD410

Visfatin (10 μg/ml) 0.042 0.037 0.045
Visfatin (50 μg/ml) 0.188 0.178 0.205
Visfatin (100 μg/ml) 0.311 0.301 0.408
TBS 0.013 0.019 0.011
6× His/PTHrP 0.017 0.021 0.015

Table 2. Sequence analysis of the positive 
phage clones
Peptide sequence Clone Identifiers
AAKTPTE 1, 3, 4, 5, 9, 15, 17, 19
ATTVPAS 11, 14, 16, 24
MSLQQEH 2, 10, 18, 23
SAPSSKN 12, 13
LPRTPTD 6, 22
MHAPPFY 20
DEQPYDL 21
TSLSMPS 7

and simplified expression of 
target protein due to the fu- 
sion tag [14]. pQE expression 
system is widely used with the 
advantages of step purifying 
the target protein with high yi- 
elding, and less interference 
[15]. After obtaining the target 
protein visfatin, the 6× His tag 
can be completely removed 
using factor Xa, so that the 
protein contains only visfatin 
mature peptide sequence.

The peptide library of phage 
contains more than a hundred 
millions of short sequence en- 
coding exogenous peptide. 
Ph.D.-7 phage peptide library 
kit fused random heptapep-
tide with the M13 (pIII) phage 
capsid protein to a combinato-
rial library. The library has a 
wide diversity in sequence wi- 
th no obvious bias to any posi-
tion. The library contained ~ 
2.8×109 electrical conversion 
sequence (the possible num-
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tify which site does the natural receptor binds 
just as the peptide does by analyzing the char-
acteristics of the structural motif of the poly-
peptide and comparing with the natural recep-
tor of targeted molecule.

In this study, we covered the dishes with puri-
fied visfatin free of fusion-label, after three 
rounds of screening and continuous cycling of 
adsorption-elution-amplification-readsorption; 
we enriched the phages with polypeptides wh- 
ich capable of binding with the targeted pro-
tein. At last, we randomly selected 24 blue pla- 
ques from less than 100 cultured plates, and 
extracted phage DNA. The results of phage DN- 
A sequence analysis suggested peptide se- 
quence existed in the phage coat protein. The 
most frequently appeared sequences are AA- 
KTPTE, ATTVPAS and MSLQQEH, which have 8, 
4 and 4 clones respectively. Analyzed of sequ- 
encing results demonstrated the appearing of 
high frequency-sequence of AA(X) TPT(X), wh- 
ich suggests this sequence is probably the 
basic polypeptide motif that visfatin binds to. 
The proline residue all appears in multiple se- 
quences, which exists in the secondary struc-
ture of β-angle protein. The appearance of pro-
line likely suggests the existence of β-turn in 
structure, which further indicates the possible 
biological function. The high frequency of the 
same sequence occurring suggests the exis-
tence of highly conserved sequences, and high 
binding affinity of visfatin on insulin receptors. 
The clarification of binding domain is very im- 
portant for understanding the physiology func-
tion and mechanism of visfatin [18]. Thus, the 
fundamental researches in these areas could 
provide guidance for understanding the poten-
tial treatment of visfatin for patients with resis-
tance and deficiency of insulin. Obtaining pep-
tide sequence could further explore the poten-
tial binding sites on insulin receptor even spe-
cific receptor for visfatin. For the future work, 
we shall focus on bioinformatics and identify 
such binding sites with simulating the protein 
conformations on computer, as well as finding 
out any specific receptor for visfatin.

Conclusion

In this study, we successfully constructed the 
efficient prokaryotic expression system for hu- 
man visfatin. The expressed recombinant pro-
tein has considerable biological activity. The 
sequence of AA(X)TPT(X) was the most fre-
quently existed sequence in all, which suggests 

that AA(X)TPT(X) is likely to be the essential 
motif in peptides which visfatin could bind with.
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