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Human matrix metalloproteinase-7 (MMP-7=matrilysin) was overproduced in Escheri-
chia coli as a recombinant zymogen (31 kDa), the C-terminus of which bears artificial
hexa-histidines. Most of the enzyme was isolated from the insoluble fraction of the cell
lysate and purified by a single step using Ni-NTA resin after solubilization of the
precipitates with 8 M urea solution. The resin-bound recombinant protein was refolded
into a form that is activatable by p-amino-phenylmercuric acetate in an autocatalytic
manner. The activated enzyme cleaved a synthetic peptide substrate at the reported site for
MMP-7. Digestion of carboxymethylated transferrin (a natural substrate of MMP-7) by the
recombinant proteinase generated fragments with the same peptide map as in the case of
native purified MMP-7. The autocatalytic activation and enzyme reaction were entirely
dependent on the presence of calcium and zinc ions. The enzyme activity to cleave
carboxymethylated transferrin was inhibited by tissue inhibitors of metalloproteinases-1
and -2, MMP-specific inhibitors. The activity of the recombinant MMP-7 was also inhibited
by a synthetic peptide derived from a part of the cysteine switch that maintains the
zymogen in an inactive state. Thus, we report here a simple means of preparing a large
quantity of recombinant proMMP-7 that can be used to study the activation mechanism and
to screen synthetic inhibitors.

Key words: Ni-NTA resin, MMP inhibitors, recombinant matrylisin, recombinant MMP-7,
zymogen activation.

Extracellular matrix is important as a scaffold for tissue ment of inhibitors to control tissue damage. A simple
structure and also as an environment regulating cell func- means of providing a large quantity of MMPs will facilitate
tion in tissues. Matrix metalloproteinases (MMPs) are the biochemical analysis of the enzymes and allow an
zinc-binding endopeptidases that degrade a variety of efficient screening system to be developed for obtaining
extracellular macromolecules including collagens, glyco- better therapeutic inhibitors.
proteins and proteoglycans (1). Through these activities, Although several systems can express recombinant
MMPs play essential roles in the tissue remodeling that proteins, it is unpredictable whether or not the recombi-
occurs during various physiological processes such as nant protein retains the native character (13). Expression
morphogenesis, wound healing, ovulation, implantation, of recombinant proteins in Escherichia coli is convenient
and uterus involution (2, 3). Aberrant function of MMPs due to its low cost and easy handling {14). However,
causes the severe tissue damage found in pathological expressed recombinant proteins in the cells frequently
processes such as tumor invasion (4-6), tissue ulceration, form insoluble inclusion bodies that sometimes resist
and rheumatoid arthritis (7). To remodel tissues in a refolding into the native form. Because of this difficulty,
coordinated manner, the activities of MMPs are regulated only limited success has been reported in the expression of
strictly at multiple steps, such as gene expression (8-10), functional MMPs in E. coli (15, 16).
secretion, activation of zymogens (11), and inhibition by We chose MMP-7 (matrilysin) to express in E. coli,
specific inhibitors, tissue inhibitors of metalloproteinases because it is the smallest molecule in the family (17) and is
(TIMPs) (12). Thus, it is important to clarify the regulation frequently expressed in human malignant tumor cells (18-
of the enzyme activities to achieve a better understanding 20). Here we report expression of the zymogen of MMP-7
of the mechanisms of tissue remodeling and to aid develop- (proMMP-7) in E. coli and its refolding in vitro.
1 This work was supported by a Grant-in-Aid for Cancer Research
from the Ministry of Education, Science and Culture of Japan. MATERIALS AND METHODS
'To whom correspondence should be addressed. Tel/Fax:+81-762-
34-4504, Fax: +81-762-60-7840, e-mail: mseiki@kenroku.ipc. Plasmid Construction—The bacterial expression plasmid
kanazawa-u.ac.jp pTH-72 was constructed with 0.4 kb of BgtQ.-Sali frag-
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ment of pT7-7 (21), and 28 bp of hexahistidines-TAG
(Amber) (22) oligonucleotides inserted into 2.4 kb of the
HiruHII-Bgni fragment of pSP72. Plasmid pTH-72 has a
tandem repeat of T7 promoters that is followed by a
ribosome binding site (rbs), a translational initiation codon
(ATG), multiple cloning sites, hexahistidines coding se-
quence, and an in-frame termination codon. The cDNA for
human proMMP-7 was prepared by polymerase chain
reaction (PCR) using a set of primers (5' primer:
GGCGGATCCATGCTGCCGCTGCCTCAGGAG, 3'
primer: GCCGTCGACTTTCTTTCTTGAATTACTTCT)
based on the reported sequence and the template was
poly (A)+ RNA isolated from a human rectal carcinoma cell
line, CaR-1 (18, 23). The resulting 0.8 kb PCR fragment
was digested with BamiU./ Sail and cloned into the BamHI/
Sail sites of the pTH-72 vector (pTH-MMP7).

Expression of Human Recombinant proMMP-7 (r-
proMMP-7) Protein in E. coli—Plasmid pTH-MMP7 or
control plasmid (pTH-72) was transfected into E. coli
strain BL21(DE3), which carries an integrated copy of the
T7 RNA polymerase gene under the control of the inducible
lacUV5 promoter (14). Transformed cells were grown in
Luria broth with 200//g/ml ampicillin at 30"C to a cell
density of A590 = 0.4-0.6. The recombinant protein was
induced by adding 0.1 mM isopropyl-l-y9-D-galactopyrano-
side (IPTG) according to Studier et al. (14) and incubation
was continued for 6 h at 30'C.

Purification of Human r-proMMP-7 Protein from E.
coli—Cells were collected by centrifugation and the ex-
pressed protein was extracted as described (23). Briefly,
cells were suspended in 33 mM Tris-HCl (pH 8.0)/2.5 mM
EDTA/10 mM yS-mercaptoethanol and 1 mg/ml lysozyme.
After disruption by freezing and thawing (three times),
DNA was digested with DNase I (0.125 mg) in the presence
of 10 mM MgCl2. Cell debris was removed by centrifuga-
tion and EDTA and Triton X-100 were added to final
concentrations of 15 mM and 1%, respectively. The r-
proMMP-7 was recovered as insoluble inclusion bodies.
The precipitate was collected and solubilized in 8 M urea/
10 mM Tris-HCl (pH 8.0)/100 mM Na-phosphate/100
mM y9-mercaptoethanol after centrifugation at 5,000 x ^
for 10 min. The solubilized protein was mixed with Ni-
NTA resin (QIAGEN, USA) equilibrated with the same
buffer (22). After incubation at 4'C, unbound proteins were
washed out with 8 M urea/10 mM Tris-HCl (pH 6.3)/100
mM Na-phosphate. None of the proteins other than r-
proMMP-7 was detected in the resin-bound fraction by
SDS-polyacrylamide gel electrophoresis (24).

Refolding of the r-proMMP-7 on Ni-NTA Resin—Re-
combinant proMMP-7 bound to Ni-NTA resin was incubat-
ed at 4°C for 12 h in 6 M urea/10 mM Tris-HCl/100 mM
Na-phosphate (pH 6.3) to allow partial refolding. The
beads were then collected by centrifugation, washed and
resuspended in 50 mM Tris-HCl. This resin-bound enzyme
was used as refolded r-proMMP-7. To refold soluble
r-proMMP-7, the protein bound to Ni-NTA resin was
eluted with 6M urea/1% Triton/10 mM Tris-HCl/lOO
mM Na-phosphate (pH 4.5). The pH was adjusted to 7.5,
and the eluate was dialyzed against TNCB buffer [50 mM
Tris-HCl (pH7.5)/150mM NaCl/lOmM CaCl2/0.05%
Brij 35/0.02% NaN3J containing 1% Triton X-100 and 6 M
urea. The urea concentration was reduced to 3,1.5,0.5, and
0 M in a stepwise manner, then the Triton concentration

was reduced to 0.1% by dialysis.
Gel Electrophoresis and Zymography—SDS-polyacryl-

amide gel electrophoresis (PAGE) was done in a Tris-gly-
cine buffer system as described using a 3% stacking gel and
12.5% separation gel. Zymography was performed as
described (18, 25). Briefly, samples were mixed with SDS
sample buffer in the absence of a reducing agent, incubated
for 20 min at 37'C and separated on a 12.5% polyacryl-
amide gel containing 1 mg/ml of casein or gelatin. After
electrophoresis, gels were soaked in 2.5% Triton-XlOO for
1 h then digested by incubating the gel in 50 mM Tris-HCl
(pH7.6) containing 150 mM NaCl, 10 mM CaCl2, and
0.02% NaN3 at 3TC for 24 h. The gels were stained with
0.1% Coomassie Brilliant Blue R250, and the location of
proteolytic activity was detected as clear bands in a
background of uniform staining.

Digestion of Carboxymethylated Transferrin (Cm-Tf)
with Native and Recombinant MMP7—Purified proMMP-7
from CaR-1 culture media (23) or soluble r-proMMP-7 was
activated with 1 mM p-aminophenylmercuric acetate (p-
APMA) and incubated with 20 //g of Cm-Tf. After incuba-
tion of the mixture for 1 h at 37'C, the reaction was
terminated with 20 mM EDTA and the products were
analyzed by SDS-PAGE (26).

RESULTS

Expression of r-proMMP-7 in E. co/i—MMP-7 cDNA
was subcloned into a bacterial expression vector to produce
the recombinant protein in E. coli. The vector has a T7
promoter to express the cDNA. For translation of the
cDNA in E. coli, the original initiation codon and the
following signal peptide were substituted with a bacterial
translation signal and the following 9 amino acids derived

pTH pTH-MMP7

_ w -* r-proMMP-7

kDa

97.4-
66.3 -

42 .2 -

30 .0 -

20.1 -

14.4 -

0 1 2 6 0 1 2 6

Time after induction (h)

Fig. 1. Polyacrylamide gel electrophoretic analysis of the
induction of r-proMMP-7 protein. E. coli BL21(DE3) was trans-
formed by the expression plasmid pTH or pTH-MMP7. After
extraction as described in "MATERIALS AND METHODS,' aliquots
of the extracts were denatured and reduced. The samples were
resolved on 12.5% polyacrylamide gels containing 0.1% sodium
dodecyl sulfate, then stained with Coomassie Brilliant Blue R-250.
The location of the r-MMP-7 protein is indicated by an arrowhead.
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from the vector plasmid. A histidine hexamer (H6-tag) was
added to the C-terminus of the protein to facilitate
purification of the recombinant protein using Ni-NTA resin
(27). The plasmid was transfected into E. coli BL21(DE3)
cells that have a lysogenic T7 RNA polymerase gene under
the control of lac promoter. Without IPTG, no T7 RNA
polymerase was expressed in the cells, and therefore, no
MMP-7 proteins were detected in the cell lysates (Fig. 1).

The addition of IPTG to the culture media induced a
major protein of 31 kDa in the cell lysate within 2 h as
shown in Fig. 1. The induced protein was thought to be
proMMP-7 from its molecular weight. Expression of the

A) CBB Staining

1 2 3 4 5
kDa

42.2 -

30.0 -

B) Silver Staining

kDa

97.4
66.3

recombinant proMMP-7 reached 20-30% of the total
proteins in the cell lysate.

To examine whether exposing the cells to IPTG induces
proteinase activities, cells exposed to IPTG for different
periods were used and analyzed by casein and gelatin
zymography. Caseinolytic activity appeared after EPTG-in-
duction, but not without the treatment (Fig. 2A). The
activity corresponded to the protein band of 31 kDa in Fig.
1. Gelatinolytic activity was also detected by zymography
(Fig. 2B), but was weaker than the activity against casein,
as reported with native MMP-7 (28).

Purification—To purify the expressed r-proMMP-7, cell
lysates were fractionated and proteins were analyzed by
SDS-PAGE. As shown in Fig. 3, most of the r-proMMP-7
was detected in the precipitate as insoluble inclusion
bodies. The precipitate was solubilized with 8 M urea
containing 1% Triton and incubated with Ni-NTA resin.
Almost all the r-proMMP-7 bound to the resin, as no
r-proMMP-7 was detectable in the unbound fraction. The

42.2

30.0

20.1

* • • • • * r-proMMP-7 A)SDS-PAGE

p-APMA
Activstion{h)

0 0.5 1 2

B) Casein Zymography

p-APMA
Activation (h)

0 0.5 1 2

20.1 — * .

14.4 - ^

Fig. 3. Polyacrylamide gel electrophoretic separation of r-
proMMP-7 at each purification step with Ni-NTA resin. Denatur-
ed and reduced samples from each purification step were resolved on
a 12.5% polyacrylamide gel containing 0.1% sodium dodecyl sulfate,
and stained with Coomassie Brilliant Blue R-250 Lane 1, E coli
extract after 6 h IPTG induction, lane 2, insoluble proteins (precipi-
tates of centnfugation at 5,000Xg for 10 nun); lane 3, unbound
fraction after incubation with Ni-NTA resin in 8 M urea/10 mM
Tns-HCl (pH 8.0)/100 mM Na-phosphate/100 mM £-mercaptoeth-
anol; lane 4, washed fraction with 8 M urea/10 mM Tns-HCl (pH
6.3)/100mM Na-phosphate/100 mM yS-mercaptoethanol, lane 5,
Ni-NTA resin retaining r-proMMP-7 protein.

»7 » - •

• 8 . 3 - •

- « r-proMMP 7 »~

Activated
MMP-7 •*"

fig. 4. p-Aminophenylmercuric acetate (p-APMA) activation
of r-proMMP-7 on Ni-NTA resin. The r-proMMP-7 bound resin
was incubated with refolding buffer and resuspended in 50 mM Tns-
HCl (pH 8.0). The samples were incubated with 1 mM p-APMA at
37*C for the penods indicated. Thereafter, they were analyzed by
means of SDS-PAGE (A) and casein zymography (B)

kOa

B) Gelatin zymography

pTH pTH-MMP7

A) Casein zymography

pTH pTH-MMP7

-^r-proMMP 7

20.1-

0 1 2 6 0 1 ? S

Tim* after induction (h)

0 1 2 6 0 1 2 6

Time after induction (h)

Fig 2. Detection of caseinolytic
and gelatinolytic activities of the
r-proMMP-7 after SDS polyacryl-
amide gel electrophoresis. The
extracts (1/100 volume of that used
in Fig. 1) were mixed with non-re-
ducing SDS/gel sample buffer and
applied without boiling to a 2 5%
polyacrylamide gel containing 0.1%
sodium dodecyl sulfate and 1 mg/ml
casein (A) or gelatin (B). After
electrophoresis, the gel was washed,
incubated in the zymography buffer
for 24 h at 37"C and stained with
Coomassie Bnlliant Blue R-250 The
location of the r-MMP-7 protein is
indicated by an arrow head
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protein bound to the resin was solubilized with SDS-sample
buffer and resolved by SDS-PAGE. The r-proMMP-7
bound to the resin was detected as a single band in the gel,
as shown in Figs. 3 and 4. Thus, the binding of the
recombinant protein to the resin through the H6-tag at the
C-terminus was specific enough to allow single-step puri-
fication of the product, affording 8 mg of protein per liter of
bacterial culture.

Refolding of r-proMMP-7—The r-proMMP-7 bound to
the resin was not eluted with buffer containing 0.5 M
imidazole, that competes for binding to the Ni ion on the
resin. Therefore, we examined the direct refolding of the
proteinase on the Ni-NTA resin. The resin was resuspend-
ed in refolding buffer (6 M urea/10 mM Tris-HCl/100 mM
Na-phosphate at pH 6.3) and incubated for 12 h at 4'C to
allow gradual refolding, then the r-proMMP-7-bound resin
was collected and resuspended in 50 mM Tris-HCl (pH 8.0)
buffer. The recovered r-proMMP-7 contained a low ratio of
activated species and most of it was in the pro-enzyme form
when analyzed by zymography (Fig. 4). The pro-enzyme
was activated by p-APMA with a decrease in molecular
weight, leading to the activated 21 kDa form during the
incubation (Fig. 4A). The p-APMA-induced processing was
entirely dependent on Ca2+ and Zn2+ ions (data not shown)
indicating that the activation was mediated by the en-

dogenous metalloproteinase activity. The two major
species retained the caseinolytic activities, as shown in Fig.
4B.

The resin-bound r-proMMP-7 was eluted at pH 4.5 (6 M
urea/1% Triton/10 mM Tris-HCl/100 mM Na-phos-
phate). The pH was adjusted to 7.5, then the solution was
dialyzed against TNCB buffer containing urea and Triton.
Refolding proceeded during dialysis against TNCB buffer
with gradient concentrations of urea (3 to 0 M) and Triton
(1 to 0.1%). The refolded proteinase contained a substantial
amount of the activated 21 kDa form (~20%), which was
thought to be activated during elution and refolding.
Addition of p-APMA to the eluate converted the r-pro-
MMP-7 into the activated 21 kDa form (data not shown).

From the results described above, we concluded that the
r-proMMP-7 was refolded efficiently as judged in terms of
the functions of the cysteine switch maintaining the latency
of the zymogen and the catalytic domain required for
autocatalytic processing. Plasmin and neutrophil elastase
reportedly activate proMMP-7 by cleaving serine protein-
ase-sensitive sites in the propeptide domain (20). Indeed,
exposing r-proMMP-7 to these enzymes also activated the
proenzyme (data not shown).

Cleavage Specificity—To study the cleavage specificity
by rMMP-7, an oligopeptide (DNP-Pro-Leu-Gly-Ile-Ala-

A) Substrate Peptide Alone B) r-proMUP-7 C) r-proMMP-7/1 mM p-APMA

0.019

0.010

0.009

P-1

T

/

p-1

f 0 010

0005

0 10 20 SO 40 min

Retention Tim*

0 10 20 SO 40 min

Retention Tim*

0 10 10 SO 40 min

Ratantton Tim*

0) BS-10 (MQKPRCGVPD)
PaptMa Alon*

0.0O5

10 20 SO

Retention Tim*

40 min

Fig. 5. Digestion of DNP-peptide with r-MMP7. The substrate
DNP-peptide (DNP-Pro-Leu-Gly-Ile-Ala-Gly-Arg) was incubated in
40 //I of 50 mM Tris-HCl (pH 8.0)/200 mM NaCl/5 mM CaCl,/5 //M
ZnCl, at 37*C for 5 h. A half of the reaction volume was applied to the
HPLC column [CAPCELLPAK C18 (4.61.D. x 250 mm] and separat-
ed for 30 min with a linear gradient (0 to 50%) of acetonitrile in 0.1%
TFA at 40'C. The peptides were detected by measuring UV absorption

E) C) • BS-10 Peptide

0.019

0.010

0,005

P-1

f

P-2

10 20 SO

Rmntton Tim*

40 min

at 254 run. Incubation was performed with (A), the buffer alone; (B),
r-proMMP-7; (C), 1 mM p-APMA activated r-proMMP-7; (D), BS-10
peptide (Met-Gln-Lys-Pro-Arg-Cys-Gly-Val-Pro-Asp) alone without
substrate; and (E), 1 mM p-APMA activated r-proMMP-7 and 10 mM
BS-10 peptide. P-1 and P-2 indicate the substrate DNP-peptide and
the cleaved peptide (DNP-Pro-Leu-Gly), respectively, that were
confirmed by amino acid analysis of each peptide.
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kDa

2 9 -

2 1 -

Fig 6. Digestion profiles of Cm-Tf with native and r-MMP7
enzymea. Cm-Tf (20 fig) was incubated with p-APMA-activated
r-MMP-7 (lane 1) or native MMP-7 (lane 2) enzyme at 37"C for 1 h
The reaction was terminated with EDTA at a final concentration of 20
mM The samples were reduced, boiled and resolved in 12.5%
polyacrylamide gel containing 0 1% sodium dodecyl sulfate. After gel
electrophoresis, the gel was stained with Coomassie Brilliant Blue
R-250. Lane C is the same amount of Cm-Tf incubated without
enzyme for 1 h Arrowheads indicate the MMP-7-speafic cleaved
fragments.

Gly-Arg-COOH) that was designed based on the cleavage
site of the type I collagen a-chain by MMPs was used as a
substrate (29). The peptide was incubated with purified
rMMP-7 and the product was analyzed by high-perform-
ance liquid chromatography (HPLC). The peptide alone
was eluted at 26.7 min (P-l) after elution through a
reverse-phase column (Fig. 5A). Incubation of the peptide
with the r-proMMP-7 generated an additional small peak
(P-2) at 27.3 min (Fig. 5B). On the other hand, the
p-APMA-treated enzyme had less P-l and more P-2 (Fig.
5C). The latter was thought to be a cleavage product
because of the characteristic absorbance of the cleaved
dinitrophenyl(DNP)-peptide OD3I!6. An amino acid analysis
of P-2 identified it as the N-terminal fragment cleaved
between Gly-Ile of the peptide. The specific activity of the
activated enzyme was calculated as 560.7 nmol cleavage/
min/mg pro-enzyme.

Activation of the enzymes by p-APMA is caused by the
elimination of the amino acid sequences responsible for the
cysteine switch in the propeptide domain. To confirm this,
a synthetic decapeptide (MQKPRCGVPD) corresponding
to the cysteine switch region was added to the reaction
mixture. As shown in Fig. 5 (D and E), cleavage of the
substrate peptide was inhibited by the decapeptide, and the
inhibition was dose-dependent (data not shown).

To confirm the substrate specificity of the rMMP-7, we
further examined the digestion profiles of carboxymeth-
ylated transferrin (Cm-Tf) (26) as a representative natural
substrate and compared the products with those in the case
of authentic native MMP-7 isolated from the culture
medium of CaR-1 cells (23). Cm-Tf was incubated with
p-APMA-activated recombinant or native MMP-7 at 37"C
and the products were compared by SDS-PAGE (Fig. 6).
The profiles of the digests produced by recombinant and
native MMP-7 were identical, indicating that both enzymes
have the same substrate specificity. TIMP-1 and TIMP-2
specifically inhibit MMPs by forming a 1:1 complex. Both

TIMP-1 and -2 inhibited the above enzyme reaction (data
not shown).

DISCUSSION

Recombinant proMMP-7 was expressed in E. coli as insol-
uble inclusion bodies, solubilized with 8 M urea solution
and purified by a simple one-step method using Ni-NTA-
resin. Although imidazole is commonly used to elute
recombinant proteins tagged with histidine residues from
Ni-NTA-resin (27), it was ineffective for r-proMMP-7
elution. However, the resin-bound r-proMMP-7 was eluted
at low pH (4.5) m the presence of 6 M urea and 1% Triton.
The eluted protein was refolded by successively decreasing
the urea and Triton concentrations by dialysis. Partial
activation of proMMP-7 occurred during the elution and the
refolding processes, and the final preparation contained
~20% of the activated 21 kDa species. The C-terminal
His6-tag conferred an advantage not only for purification
but also for refolding of the protein. The resin-bound
r-proMMP-7 was refolded efficiently during a 12-h incuba-
tion at 4'C in the solution containing 6 M urea. The urea was
eliminated easily by precipitation and by resuspending the
resin in a different buffer. Most of the refolded recombinant
proteinase was in the 31 kDa zymogen form and only a
small amount of the activated species of 21 kDa was
present. Gradual refolding in the urea solution in the
absence of Ca2+ and Zn2+ is thought to be effective in
preventing autoactivation. Refolding of the recombinant
protein with its C-terminus immobilized to the resin may
enhance effective refolding by preventing undesirable
folding from the C-terminus. Thus, the present purification
and refolding procedures are especially useful for preparing
r-proMMP-7.

To evaluate the functional refolding, we examined
autocatalytic activation (20) of the proenzyme as shown in
Fig. 4. The latency of MMP zymogens is maintained by a
mechanism called "the cysteine switch" (11). The switch is
composed of two conserved regions of MMP: the PRCGX-
PD sequence in the propeptide domain and the catalytic
zinc-binding domain. In the latent enzymes, the cysteine
residue in the PRCGXPD masks the zinc atom at the
catalytic site. Processing of the propeptide domain by other
proteases or chemical modification of the cysteine residue
unveils the endogenous proteolytic activity and induces
autocatalytic processing that excises the entire propeptide
domain to generate the fully active form (activation) (20).
Thus, functional proMMPs should maintain their latency
by this mechanism and undergo autocatalytic activation
upon modification of the cysteine residue with p-APMA.
This is, therefore, a good indication of functional recovery
of the recombinant enzyme. The processing of r - proMMP- 7
caused by p-APMA did indeed result in the enzymatic
activation, as demonstrated in Fig. 5.

The cleavage site of the synthetic substrate by rMMP-7
was exactly the same as that reported for native MMP-7.
Thus, the refolded rMMP-7 and native MMP-7 have the
same substrate specificity. Specific activity of the recom-
binant enzyme (560.7 nmol cleavage/min/mg pro-enzyme)
was about 50% of the reported value for the native enzyme
(1,160 nmol cleavage/min/mg pro-enzyme) (30). A pos-
sible explanation for the difference is incomplete refolding
of the recombinant enzyme. However, we think that the
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difference arises from the instability of the activated
enzyme. The MMP-7 activated by APMA tends to be
degraded by its autoproteolytic activity. For this reason,
the ratio of the activated form in the APMA-treated
proenzyme is difficult to control, depending on the experi-
mental conditions.

The cleavage specificity against the small synthetic
peptide may reflect the intactness of only a part of the
catalytic domain of the enzyme. MMPs have multiple
interaction modes with substrate extracellular matrix
macromolecules, such as the fibronectin-like domains of
MMP-2 and -9 that bind gelatin (31, 32), and this kind of
interaction is also an important determinant of the sub-
strate specificity of the enzymes. Thus, it is important to
confirm that the r-MMP-7 can digest natural macromole-
cular substrates with the same specificity as that of the
native enzyme. Cm-Tf was used as a representative natural
substrate and rMMP-7 digested it with the same specificity
as native MMP-7. Based on these results, we concluded that
the purified r-proMMP-7 was functionally refolded. Negro
et al. have recently reported expression and refolding of
recombinant TIMP-2 in E. coli by a very similar method to
ours (33).

In this study, we established a simple method of prepar-
ing pure and functional r-proMMP-7 using an expression
system in E. coli. The key feature of this method is that the
latent form of r-proMMP-7 can be prepared with a simple
one-step procedure and the amount of activated species in
the preparation was minimal. The latent form of proMMP-
7 immobilized onto the resin has several benefits for
biochemical studies. For example, it is easy to add the
enzyme to and withdraw it from a reaction mixture. Thus,
the recombinant enzyme will facilitate studies to identify
other tissue activators of proMMP-7, or to examine the
intermolecular activation of other MMP zymogens by
MMP-7. Preparation of a large quantity of pure rMMP-7
may also aid screening of inhibitors to find better therapeu-
tics, as well as biochemical studies.
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