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Abstract To obtain human tissue inhibitor of metallopro-
teinase-2 (TIMP-2) cDNA and the secretory expression of 
TIMP-2 gene in Pichia pastoris, we designed and synthesized 
a 618 base pairs artificial gene coding for the TIMP-2 with a 
computer-aided design method using a standard chemical 
synthesis technique, which was composed of frequently used 
codons in the highly expressed Pichia pastoris genes. Then 
the synthetic gene encoding TIMP-2 was checked by means 
of dideoxynucleotide sequencing. The verified gene of TIMP-
2 was cloned to the Escherichia coli-yeast shuttle vector of 
pPIC9 to construct a recombinant plasmid pPIC9-T2. The 
plasmid was transformed into GS115 cells of the methylotro-
phic yeast, Pichia pastoris by electroporation, and we got the 
expression cell through phenotype selection and induction 
with methanol. Separation, purification, and bioactivity 
analysis of the expressed products were performed.

Keywords tissue inhibitor of metalloproteinase-2, Pichia 
pastoris, expression, bioactivity

1 Introduction

Matrix metalloproteinases (MMPs) are an important group of 
proteinases known to degrade extracellular matrix (ECM), 
which almost can degrade all the components of ECM. To 
date, 26 different kinds of MMPs have been identified, which 
constitute the MMP family. MMPs can destroy the balance of 
degrading ECM, which can stimulate the tumor cell to break 
through the tissue barrier of basement membrane and ECM. 
The family of tissue inhibitor of metalloproteinase (TIMPs) is 
the natural inhibitor of the MMPs, the members of which are 
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both the multi-function factor, and 4 different kinds of TIMPs 
have been separated in the human body (William, 1989; Visse, 
2003). Because the TIMPs are the natural inhibitor of the 
MMPs, which are the distinct target in tumor invasion and 
metastasis, TIMPs become the focus of study on inhibition of 
tumor metastasis and the possible drag of inhibiting tumour 
growth, among which TIMP-2 can not only bind inactive or 
active 72  kDa IV type collagenase, but also can terminate the 
hydrolytic activity of all kinds of metalloproteinases. The 
TIMP-2 has received much more attention in the research 
concerning invasion and metastasis of tumor. In recent years, 
the methylotrophic yeast expression system has developed as 
a high successful system for the production of heterologous 
proteins. The expression system can be attributed to several 
factors: producing foreign proteins at high level, high stabili-
zation, and high secretion. The methylotrophic yeast Pichia 
pastoris, as the eukaryote, has produced a variety of heterolo-
gous proteins because of its several characteristics: secreting 
self proteins at low level and heterologous proteins at a high 
activity, and easily separating and purifying proteins. In this 
study, the TIMP-2 gene was obtained by artificial synthesis 
and transformed into Pichia pastoris strains, and bioactivity 
of the expressed protein was determined also.

2 Materials and methods

2.1 Materials

Escherichia coli DH5a, Pichia pastoris host strain GS115, 
and plasmid pPIC9 were conserved in our laboratory. 
The pET-MMP-2 plasmid was presented by professor 
WANG Qingming (Academy of Military Medical Sciences). 
Restriction enzyme, TaqDNA polymerase, T4 DNA ligase, 
and GenEluteTM Plasmid Kits were purchased from 
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Sino-American (Shanghai, China), BioEev-Tech (Beijing, 
China) and Sangon (Shanghai, China), respectively. The 
primers were synthesized by Invitrogen (Shanghai, China), 
and Sephadex G-75 was provided by Pharmacia (New York, 
American).

2.2 Design and synthesis of the PCR primer

To synthesize the gene of human tissue inhibitor of 
metalloproteinase-2 and express it in P. pastoris, the sequence 
was designed according to the amino acid sequence of the 
TIMP-2 and high-level expression sequences of P. pastoris. 
We designed 24 primers (Table 1). A total 22 oligodeoxyribo-
nucleotides were used to amplify the interest gene (the 
number of forward primer was 11, named F1-F11, and the 
number of reverse primer was 11, named R1-R11). Each 
primer length was 50  bp (R11 was 57  bp). There were 25  bp 
inverse complementary sequences between Fn(1-11) primer and 
Rn(1-11) primer. Two primers were used to ligate the interest 
gene into pPIC9 plasmid (the upstream primer has the XhoI 
restriction site, and the downstream primer has the EcoRI 
restriction site).

2.3 Obtaining the TIMP-2 gene

We obtained the TIMP-2 gene by single-step assembly of the 
TIMP-2 gene from large number of oligodeoxyribonucleo-
tides via polymerase chain reaction (PCR) (Stemmer et al., 
1995; Bei et al., 2003). The PCR reaction was carried out at 
94°C for 30  s, 60°C for 30  s, 72°C for 40  s successively in 
each cycle, totally for 55 cycles, and extension was performed 
at 72°C for 10  min at last.

2.4 Recombinant expression plasmid and production of 
recombinant protein

2.4.1 Digestion and transformation

The TIMP-2 gene and pPIC9 plasmid were digested by 
EcoRI+XhoI. The purified gene and plasmid were obtained 
by the callback of interest band after agarose electrophoresis, 
and subsequently cloned into pPIC9 by T4DNA ligase. The 
digested products were cloned into expression plasmid pPIC9, 
and the resulting products was transformed into E. coli DH5a, 
and the positive clones were identified by PCR, and the 
recombinant plasmids were identified by restriction endonu-
clease enzyme analysis and 1% agarose gel electrophoresis, 
and the sequencing was performed by Invitrogen (Shanghai 
China).

2.4.2 Production of recombinant protein

The recombinant expression plasmid pPIC9-T2 was transfor-
mated into P. pastoris strains GS115 by electroporation after 
linearization by Bgl II, and the electroporation step was 
performed according to manufacturer recommendations 
(Invitrogen). The positive clone was selected from minimal 
dextrose (MD) culture medium, and inoculated into 5  mL 
YPD culture medium at 30°C for 16 hours, and then trans-
ferred to buffered minimal glycerol-complex medium 
(BMGY) liquid culture media to culture at 30°C. Methanol 
was added to a final concentration of 0.5% (v/v) every 24  h to 
maintain induction until the glycerin was exhausted com-
pletely. At 60  h after induction, the supernatant was harvested 
by centrifugation and the recombinant protein was analyzed 
by SDS-PAGE.

Table 1 TIMP-2 primers

Name Oligonucleotides 

F 1 TGTTCCTGTTCCCCAGTCCACCCACAACAAGCTTTCTGTAACGCTGACGT
F 2 CGTTATCCGTGCTAAGGCTGTCTCCGAGAAGGAGGTCGACTCCGGTAACG
F 3 ACATCTACGGTAACCCAATCAAGCGTATCCAATACGAGATCAAGCAAATC
F 4 AAGATGTTCAAGGGTCCAGAGAAGGACATCGAGTTCATCTACACCGCTCC
F 5 ATCCTCCGCTGTCTGTGGTGTCTCCTTGGACGTCGGTGGTAAGAAGGAGT
F 6 ACTTGATCGCTGGTAAGGCTGAGGGTGACGGTAAGATGCACATCACCTTG
F 7 TGTGACTTCATCGTCCCATGGGACACCTTGTCCACCACCCAAAAGAAGTC
F 8 CTTGAACCACCGTTACCAAATGGGTTGTGAGTGTAAGATCACCCGTTGTC
F 9 CAATGATCCCATGTTACATCTCCTCCCCAGACGAGTGTTTGTGGATGGAC
F10 TGGGTCACCGAGAAGAACATCAACGGTCACCAAGCTAAGTTCTTCGCTTG
F11 TATCAAGCGTTCCGACGGTTCCTGTGCTTGGTACCGTGGTGCTGCTCCAC
R 1 GGAGACAGCCTTAGCACGGATAACGACGTCAGCGTTACAGAAAGCTTGTT
R 2 CGCTTGATTGGGTTACCGTAGATGTCGTTACCGGAGTCGACCTCCTTCTC
R 3 CCTTCTCTGGACCCTTGAACATCTTGATTTGCTTGATCTCGTATTGGATA
R 4 GGAGACACCACAGACAGCGGAGGATGGAGCGGTGTAGATGAACTCGATGT
R 5 CCCTCAGCCTTACCAGCGATCAAGTACTCCTTCTTACCACCGACGTCCAA
R 6 TGTCCCATGGGACGATGAAGTCACACAAGGTGATGTGCATCTTACCGTCA
R 7 ACCCATTTGGTAACGGTGGTTCAAGGACTTCTTTTGGGTGGTGGACAAGG
R 8 GAGGAGATGTAACATGGGATCATTGGACAACGGGTGATCTTACACTCACA
R 9 CGTTGATGTTCTTCTCGGTGACCCAGTCCATCCACAAACACTCGTCTGGG
R 10 ACAGGAACCGTCGGAACGCTTGATACAAGCGAAGAACTTAGCTTGGTGAC
R 11 TGGGTCCTCGATGTCCAAGAACTCTTGCTTTGGTGGAGCAGCACCACGGTACCAAGC
E 1 CCCTCGAGAAGAGAGAGGCTGAGGCTTGTTCCTGTTCCCCAGTCCACCCAC
E 2 GGGAATTCTCATTATGGGTCCTCGATGTCCAAGAACTCT
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2.5 Purification of the TIMP-2 protein

2.5.1 The primary purification of fermentation supernatant

We added slowly the different quantities of solid ammonium 
sulfate to the supernatants, and the supernatant were mixed 
until the ammonium sulphate was completely dissolved to 
20%, 30%, 40%, 50% saturation respectively, and then the 
turbid liquids were placed at 4°C for 4-6  h and centrifuged at 
8  000−10  000xg at 4°C for 30  min, and the sediments were 
got.

2.5.2 Molecular sieve filtration

We used phosphate buffer (0.1  mol/L, pH  8.0) to dissolve 
concentration of the ammonium sulphate 40%, used phos-
phate buffer (0.1  mol/L, pH  8.0) to balance the column of 
Gel-filtration chromatography on Sephdex G75, and analyzed 
the selected protein by SDS-PAGE.

2.6 Measurement of the biological activities of the 
TIMP-2

2.6.1 Obtaining the MMP-2 protein

We obtained the MMP-2 protein according to Gao et al 
(2001).

2.6.2 Reverse zymogram assay revealed the biological 
activity of interest protein (Li et al., 2001)

We measured the TIMP-2 biological activity by 12% SDS-
PAGE with 2  g/L gelatin and 1  g/L MMP-2 protein, and dif-
ferently took 30  μL positive expression, negative control and 
added 10  μL non- hydrogenise loading buffer. After tricine 
electrophoresis, the gel was washed with 2.5% Triton-100 
to elute the SDS, twice each 0.5  h, and then transferred to 
gelatinase buffer (50  mmol/L Tris-HCl, 200  mmol/L NaCl, 
5  mmol/L CaCl2, pH  7.6), incubated at 37°C for 10  h and 
stained with 0.5% Coomassie brilliant blue G-250, and then 
destained for 20  min.

2.6.3 The agarose plate revealed the TIMP-2 biological 
activity

We measured the TIMP-2 biology activity by gelatin agarose 
plate with 1% agarose and 1% gelatin, used gelatinase buffer 
to dissolve agarose and gelatin. When the agarose solution 
was at 60°C, we mixed the agarose solution and the gelatin 
solution, and then poured the resulting solution into the plate. 
The MMP-2 protein and TIMP-2 protein were added together, 
incubated in 37°C for 10  h, stained with 0.5% Coomassie 
brilliant blue G-250, and then destained for 20  min.

3 Results

3.1 Expression plasmid

We gained the TIMP-2 gene by single-step method from 
22 oligodeoxyribonucleotides, and there was a band about 
618  bp following agarose gel electrophoresis (Fig. 1). 
Enzyme digestion indicated that the TIMP-2 gene had been 
successfully cloned into pPIC9 plasmid (Fig. 2).

1: DNA marker DL2000; 2, 3: PCR products
Fig. 1 Characterization of recombiant transformants by PCR

1: DNA marker DL2000; 2, 3: pPIC9-T2 by Xho I and EcoR I
Fig.  2 Characterization of pPIC9-T2 using XhoI and EcoRI 
digestion

3.2 Expression of TIMP-2 protein in Pichia pastoris

Six colonies were selected from MD plate and cultured 
respectively in 30  mL BMGY, and then inducted by buffered 
minimal methanol-complex medium. The Lane 2 was posi-
tive clone and there was an obvious band in SDS-PAGE gel. 
The engineered strains were gained by screening, and then 
cultivated in shake-flask and at the same time inducted by 
methanol. And the supernatant at different induction time 
were subject to SDS-PAGE (Fig.  3). The TIMP-2 protein 
expression level has a marked change in different induction 
time, but this change was little between 60−72  h (Fig. 4).
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1: Protein marker; 2: 24  h supernatant of GS115 TIMP-2 
conditioned medium 30  μL; 3–7: Negative control
Fig. 3 SDS-PAGE analysis of the expressed products of TIMP-2 
in P. pastoris

1: Protein marker; 2, 3: TIMP-2 expressed in P. pastoris (48  h) 
10  μL; 4, 5: TIMP-2 expressed in P. pastoris (60  h) 10  μL; 6, 7: 
TIMP-2 expressed in P. pastoris (72  h) 10  μL
Fig. 4 SDS-PAGE analysis of the expressed products of TIMP-2 
in different time in P. pastoris

Lane 1: Protein marker; Lane 2–3: Supernatant of the expressed 
pro ducts of TIMP-2; Lane 4: TCA precipitation; Lane 5: 40% 
Sulfate precipitation; Lane 6: SuperdexTM 75 molecular sieve chro-
matography

Fig. 5 SDS-PAGE analysis for purification sample of TIMP-2

3.3 Purification of the TIMP-2 protein

The supernatant was obtained after grow in 2-L shake flask 
cultures and inducted for 60  h, and then solid ammonium 
sulfate was added to 40% saturation, and the TIMP-2 protein 
was almost called back, and the elapsed impurity protein was 
fully purified further by Sephdex G75. We analyzed the elute 
solution by 15% SDS-PAGE, and there was an obvious 
purified band in 22.1  kD (Fig. 5) (Lane 6).

3.4 Identification of the TIMP-2 physico-chemical 
property

3.4.1 The sequence analysis of the amino acid of the 
N-terminal of the recombinant TIMP-2

The purified TIMP-2 protein was subject to 15% SDS-PAGE, 
and then transferred onto a polyvinylidene difluoride (PVDF) 
membrane. The desired band were got after staining and 
sent to the National Center of Biomedical Analysis, Academy 
of Military Medical Sciences for sequencing the amino 
acid of the N-terminal sequence of the recombinant TIMP-2. 

The sequencing results revealed five amino acid sequences 
(glutamic acid, alanine, glutamic acid, alanine, and cysteine). 
The analysis by the software suggested that these were identi-
cal to the N-terminal sequence of native TIMP-2 as the 
sequence reported, which showed that the TIMP-2 was 
purified completely (Fig. 6).

3.5 Bioactivity assays of the TIMP-2

3.5.1 The agarose plate revealed the TIMP-2 bioactivity

We made the plate and perforated it uniformly by pinhole 
plotter, and added the MMP-2 and TIMP-2 protein samples 
into it. As the plate had the gelatin, the plate would show blue 
background after stained by the Coomassie brilliant blue, and 
MMP-2 could degrade the gelatin, and TIMP-2 could inhibit 
MMP-2 (Fig. 7).

3.5.2 Reverse zymogram assay revealed the biological 
activity of the recombinant TIMP-2

The TIMP-2 biological activity was determined by reverse 
zymogram assay under nondenaturing conditions. As the film 
had gelatin and MMP-2, there was a blue band in which the 
TIMP-2 existed, because TIMP-2 could interact with MMP-
2, and there was white background in which the TIMP-2 did 
not exist. Figure 8 showed that the blue bland appeared in the 
third and the fourth.

4 Discussion

P. pastoris expression system is an eukaryotic expression 
system constructed in recent years. It has the characteristics 
of breeding quickly, cheapness and convenient operation as 
same as Escherichia coli and has some traits like the other 
eukaryotic expression system, such as protein processing, 
folding, moderate glycosylation, benefiting to separate and 
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Fig. 6 N terminal sequence analysis of TIMP-2 protein

purify proteins. And it can live on methanol as the energy 
source and carbon source, and its strong promoter AOX1 is 
strictly induced by methanol and can control the expression 
of the exogenous gene. Recently, the methylotrophic yeast 
P. pastoris has become a dominant tool in molecular biology 
for the production of recombinant proteins fits better to 
the enlarged culture procedure from the shake-flask to the 
large-volume fermentor, and is extensively used to express 
heterologous proteins (Li et al., 2001). 

In the present studies, the whole TIMP-2 gene was suc-
cessfully cloned by artificial synthesis in vitro and expressed 
in P. pastoris. Agarose plate and reverse zymogram assay 
revealed the protein of interest had high biological activity. 
The TIMP-2 gene was synthesized by single-step method 
from 22 oligodeoxyribonucleotides. Only one mutation was 

found in the interest gene and it appeared in the place where 
the two oligodeoxyribonucleotides fragment connected. The 
mutation could be rectified by the primer including the cor-
rect basic group. Compared with chemical splicing method, 
single-step method has a lot of advantages. Firstly, the 
phosphorylation of synthetic primer is unwanted. Secondly, 
the aimed gene sequence is not demanded to synthesize com-
pletely. Thirdly, the cost of synthesis could be saved com-
pared to complete synthesis of gene. Fourthly, it is easy to 
verify the results and find the reason because each step of the 
gene synthesis can verify the incorrectness by PCR. Finally, 
the operation is simple and convenient to rectify the mistaken 
gene by overlap extension PCR (Stemmer et al., 1995; Neves 
et al., 2004). Moreover, general DNA Polymerase was 
replaced by PfuUltra DNA Polymerase because the error rate 
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1: 10  μL MMP-2 only; 2: 10  μL MMP-2 and 10  μL TIMP-2; 3: 
10  μL MMP-2 and 5  μL TIMP-2; 4: 10  μL MMP-2 and 20  μL 
TIMP-2
Fig. 7 Inhibitory effect of TIMP-2 on MMP-2 activity detected 
by agarose plate assay

Lane 1-2: TIMP-2 expressed negative clone; Lane 3-4: TIMP-2 
expressed positive clone
Fig. 8 Inhibitory activity of TIMP-2 to MMP-2 determined by 
reverse zymogram assay

of the latter is 1/12 of the former and it will greatly reduce 
gene synthesis error rate. The work established the foundation 
for the further research of structure and function of TIMP-2. 
Moreover, the expression system of TIMP-2 is expected to 
be a powerful tool in industrial production of this foreign 
protein.
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