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dodecylsulfate ; TIMP, tissue inhibitor of metalloproteinases.
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Fig.1. GreenA Dyematrex gel chromatography
(step2). The unbound fractions obtained from
DEAE-cellulose column (133ml) were pooled
and applied to a column of GreenA Dymatrex
gel chromatography (2.5X 8cm) equilibrated
with 50mM Tris-HCl, pH 7.5/0.15M Nacl/
10mM CaCl,/0.02% NaN, The enzymes were
eluted with 0.3M NaCl and 2M NaCl in the
column buffer containing 0.05% Brij35. The
distribution of Ao (-++), gelatinolytic (@)
collagenolytic (O) and Cm-Tf-degrading
activity (A) are shown. The fraction indicat-
ed were combined for further purification.
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Fig.2. Affi-Gel-gelatin chromatography (step3).
The pool from GreenA Dymatrex column
(86ml) was chromatographed on a column of
Affi-Gel-gelatin (1X 8cm) equilibrated with
50mM Tris-HCl, pH 8.0/ 0.6M NaCl/5mM
CaCl/0.05% Brij35/0.02% NaN,. The absor-
bed gelatinolytic activity (@) was eluted with
the column buffer containing 5% dimethylsul-
foxide (DMSO) (v/v). The distribution of A
(+++), collagenolytic (O) and Cm-Tf-degrading
activity (&) are shown. The fractions indic-
ated were combined for further purification.

Table 1. PURIFICATION OF PROMMP-2

Step Totgl T(.)tz.il Spe_ci'fic Purification Recovery
proten activity activity fold
(A2s0) (units)  (units/mg) (%)
Concentrated medium — 6081 — — 100
DEAE-cellulose 100 5534 55 1 91
Green A Dyematrex 4.4 5230 1189 22 86
Affi-Gel-gelatin 0.2 4561 22805 415 75
DEAE-cellulose 0.1 2554 25540 464 42

Concetration of protein was taken from the absorbance at 280 nm assuming that
1A280=1mg/ml.
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R MMP-2 MR E—DE -2 % b DR E LT Table 2. INHIBITORS
Ao, 7327 ar26—400HE (0l % Tnhibitio
o . n
SDS-PAGE @ita L, 75 75 3227 — 200 85— Inhibitors Concentration %)
AN N L (B .
03/\/]\@%!319;6 &:?{rﬁ LT ‘([ZIS B) EDTA 5.0 mM 9
INSOAEEESbE TAKBROME L EELRE 10.0 mM 100
DEERIZH Wz 1,10-Phenanthroline 1.0 mM 100
1,4-Dithiothreitol 0.5 mM 100
54 & PMSF 2.0 mM 18
. . DIFP 20 mM 5
1. BEY MMP-2 0% N-ethylmaleimide 10.0 mM 0
RA JEIEMK SR ER MMP-2 DRFRER & & Pepstatin A 0.5 mM 19
LiZRd. A7 70D DEAE- tvo—2AHh 7 Jodoacetamide 10.0 mM 0
syuwbZ774—i, @3 BERT LI Conte zﬁ-gmﬁ 0
SDS-PAGE F4 765,000, 30,0005 1518 00007 ysteine 20 ;g
HOBRECLECH 7. &, TORT v 7T 2-Mercaptoethanol 0.5% 100
Lo T I PREEL TOEER MMP-1 EH R SDS 0.1% 100
Zo ki sl TIMP 0.321U 100
RS 1L ER MMP-2 ETOHFEC» 2D ProMMP-2 (2.1 units) was incubated with
%4 SDS-PAGE t4F&74,0000 (L & 12 B — 7z /Y 1.0mM NH2-Ph-Hg-Ac for 5min at 37C and
e . . e ar S the enzymic activity was assayed at 37T
YReLTHREIERL. &, ¥TF 2RI I for 1h against "“C-gelatin in the presence of
M 1.0mM NH Ph-Hg-Ac i X 2 EMHLET inhibitors indicated and 10mM Ca®*.

25,5408 /mg BE Th o k. BRI EIER

B Fraction No.

A - SB2627 282930313336 40
7 kDa
' 94—
Joo B 77—
. 400 5 68_
ND.:I i <300 I 55_
- [ 1} 43~
i 002 ;;-; T ’
P gradiont 4T} EE
! L7 [ 29—

[} 0 20 ke 40 50 60
Fraction No. {2.5m/tube)
Fig.3. DEAE-cellulose chromatography (step4) and SDS-polyacrylamide gel
electrophoresis of the column fractions. (A) The combined fractions (9.5ml) from
Affi-Gel-gelatin column were dialysed against 20mM Tris-HCl, pH 7.5/20mM NaCl/
5mM CaCl/0.05% Brij35/0.02% NaN, and applied to a column of DEAE-cellulose
(0.7% 10cm) equilibrated with the same buffer. The gelatinolytic activity (@) was
eluted with a liner gradient of NaCl (0.02M-0.6M) and the column eluate was
monitored for A (<), collagenolytic (O) and Cm-Tf-degrading activity (&). The
peak fractions indicated were pooled as pure proMMP-2. (B) The samples from
DEAE-cellulose column fractions (40z 1) were analyzed on SDS-polycrylamide gel
electrophoresis (10%total acrylamide) under the reduced conditions. The gel was
stained with silver nitrate after the fixation with 50% methanol. SB, SDS-gel
electrophoresis sample buffer without the sample from a column fraction.
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Fig.4. Digestion of typeV and IV collagens with MMP-2. (A) TypeV collagen
(20 g) from human placenta was incubated with MMP-2 (2.0units) at 32°C for
20h. The reaction was terminated with 30mM EDTA and reaction products
were run on SDS-polyacrylamide gel electrophoresis (10% total acrylamide)
under the reduced conditions. (B) TypelV collagen (154 g) from mouse EHS
sarcoma was incubated with MMP-2 (2.0units) at 32°C for 20h. The reaction
products were analyzed by the same way as described in Fig. 4A. (C) [*H]
proline-labeled typelV collagen prepared by the culture of rat yolk sac was
incubated with MMP-2 (3.1units) at 32°C for 24h. The reaction was terminated
with 30mM EDTA and the products were analyzed by fluorography after

SDS-polyacrylamide gel electrophoresis

(6% total acrylamide) under the

reduced conditions. @, and . chains of each collagen are shown on the gels.
+, in the presence of MMP-2; —, in the absence of MMP-2.



756 %

BIEERLTVS.

IV. MMP-2 OB ESEM
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M5l oMic 255ug SELR. &1
SDS-PAGE Tt EF7F > D a #Hik a8 & bR
CEaTABasNT:. £, BRI lug OFEMER
MMP-2 13 14470 2ng 7 a 74 s ) h vk
226ng DHNKFY AFNMELL T VAT =) X ESD
L7, LALIIAFYORfEIELOTHT»
THD, lug OFEMEE MMP-2 3 145HERD
Sng DI AF VRSB AT ES L. &7z, TH
a5 T AERERD oL 0.

EHE MMP2 VB IS -5 2580,
SDS-PAGE Tit#Da ¥ (53 FE«,=170,000,

Cr—MMP —Ic
Time(h) 0° 5 12 2929

kDa |
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Fig.5. Degradation of laminin with MMP-2.
Laminin (154 g) was incubated with MMP-2
(3.1units) for 0-29h at 37°C. The reaction
products were analyzed on SDS-polyacrylam-
ide gel electrophoresis (5% total acrylamide)
under the reduced conditions after the termi-
nation of the reaction with 50mM EDTA. A,
A ‘chain; B, B chain.
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¥ S+ EEEELTITC, 9057 v 4L
7. IR & S, BER MMP-2 OEMHE
1.0mM % it NH,Ph-Hg-Ac O¥EEICHEENET,
1.0mM, 5 ARMLETI0%DE LTRSSt
UL, 1.5mM Tit80% % TLAEML S ah-
fz. % 7z NH Ph-Hg-Ac i2 & 5 EH#ALH: MMP-2
BIEDDTREETH>7. T2bb, L0mM
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_. 80
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>
3.;_ 60 o——o00 mM
= ——001
s 40 10
2 B 1.5
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@
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Timel{h)

Fig.6. Time course of proMMP-2 activation
with NH,Ph-Hg-Ac. proMMP-2 (2.1units)
was incubated at 37°C with different concent-
rations of NHzPh-Hg-Ac: 0mM (O); 0.1mM
(@): 0.5mM (A); 1.0mM (4); 1.5mM (&
The enzymic activity of activated proMMP-2
was assayed against “C-gelatin (750u g/ ml)
for 1.5h at 37°C.
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Fig.7. Effects of radioiodination on proMMP-2. Type I gelatin (20 g)
was incubated for 1-3h at 37°C with 0.007 units of proMMP-2 (ProE)
or *I.labeled proMMP-2 (*I-ProE) with (+) or without (—)

activation by 1.0mM NH,Ph-Hg-Ac.

After terminating the reaction

with 30mM EDTA, the samples were applied to SDS-polyacrylamide

gel electrophoresis (7.5% total

conditions.

acrylamide) under the reduced
Lanes C-0 and C-3 are the same amount of gelatin

incubated without enzyme for 0 and 3h, respectively.
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Fig.8. Conversion of proMMP-2 during its activation with NH-Ph-Hg--
Ac. A mixture of 1-labeled proMMP-2 (0.4units) and unlabeled
proMMP-2 (1.7units) was first incubated with 1.0mM NH-Ph-Hg-Ac at
37°C for 5min-24dh. The samples were then incubated with type I
gelatin (7504 g/ml) for 1.5h at 37°C and analyzed on SDS-polyacrylam-
ide gel electrophoresis (10% total acrylamide) under the reduced
conditions after the termination of the reaction with 40mM EDTA.
The gel was dried and autoradiographed.
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Fig.9. Conversion of proMMP-2 during incubation with
NH.Ph-Hg-Ac at 0 and 25°C. A mixture of *1-proMMP-2
(0.4unit) and unlabeled proMMP-2 (1.7units) was incubated with
1.0mM NH»Ph-Hg-Ac at 0°C (A) and 25°C (B) for 10min-24h.
The reaction was stopped with 40mM EDTA and products
were analyzed on SDS-polyacrylamide gel electrophoresis (10%
total acrylamide) under the reduced conditions. The gels
were dried and autoradiographed.
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Abstract

In order to study properties and activation mechanisms of the zymogen of matrix
metalloproteinase 2 (proMMP-2), proMMP-2 was purified by four chromatographic steps
from the culture medium of rheumatoid synovial cells treated with macrophage conditioned
medium. Purified proMMP-2 was homogeneous on SDS-polyacrylamide gel electrophores-
is with Mr=74,000 under reduced or nonreduced conditions. The enzymic activity was
inhibited by EDTA, 1,10- phenanthroline and tissue inhibitor of metalloproteinases, but
not by inhibitors for cysteine, serine, or aspartic proteinases. The proteinase degraded
type 1 gelatin (27.6 4 g/ min/ # g enzyme protein at 37C) and had a limited ability to
digest proteoglycan (20ng/min/ 4 g enzyme protein at 37C) and amorphous elastin (8ng/
min/ ¢ g enzyme protein at 37°C). Both type V and V collagens were degraded by
MMP-2 at 32°C, and laminin was also cleaved at 37°C, but type I collagen or fibronectin
was not. These results suggest the possibility that MMP-2 plays important roles not only
in the degradation of interstitial collagens synergistically with collagenase, but also in the
breakdown of basement membrane components. proMMP-2 was activated maximally by
incubation with 1.0mM aminophenylmercuric acetate (NH.-Ph-Hg-Ac) for 5min at 37C
followed by the assay against “C-gelatin for 1.5h at 37°C. The activity was unstable after
the activation with NH,-Ph-Hg-Ac and the instability was not influenced by the presence
or absence of NH,-Ph-Hg-Ac. During activation with 1.0mM NH.,-Ph-Hg-Ac, proMMP-2
was converted to an active species of Mr=67,000 (under reduced conditions) and then into
smaller fragments that have no enzymic activity. The conversion of the proMMP-2
molecule to a lower molecular weight species by the action with NH,-Ph-Hg-Ac was
temperature-dependent and prevented in the presence of EDTA. Endopeptidases including
trypsin, plasmin, thrombin, neutrophil elastase and neutrophil cathepsin G did not activate
proMMP-2. This suggests that proMMP-2 should be activated by factor (s) capable of
perturbing the conformation of the molecule, but not by limited proteolysis by
endopeptidases.



