Characterization and Activation Mechanisms of
Matrix Metalloproteinase 9 (92 kDa
Gelatinase/Type IV Collagenase) from Human
Fibrosarcoma (HT 1080) Cells
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SRAFTEEFSHE F100% H52 933947 (1991) 933

EMARAERPE (HT 1080) #52 B 3k matrix
metalloproteinase 9 (92KDa ¥ 5 # 9 — ¥/
VBl 227> —¥) OME &G bkes

SRKFELBEIABEME (E(E | BEBIHE)
i 1 I
(PR 349 AISHE)

Matrix metalloproteinase 9 (MMP-9) DMEE & iE (LB £ BE T 2 /2012, EEEERF o«
{tumor necrosis factor @, TNF « ; 100 units/ml) THE L 7 & MREEPIE (HT 1080) 40155 X
DEDDAT AT INT T 7 4 —iZ &> CTHEES MMP-9 2880 7. R s B ER MMP-9 i@
sodium dodecyl sulfate (SDS)-5¥Y 7 7 U A7 & F ¥ L ERIKE) LBTTRETHTEI2, 0000 8 — 78
YFEeLTEESs N, MMP-9 DM etylendiamine tetraacetic acid (EDTA), 1,10-7 =+ > R o
) RUHEHERA Y 0707 47— ¥4 >k ¥ — (tissue inhibitor of metalloproteinases, TIMP) iz
FOVHEESNLY, ¥ r7uiaFd—¥, YAFATuF4F+—¥, PANSELBIOF 4 F—
CUENT2EEXRTHEE S AL, 57, MMP-S @37°CTI MY S F > o LE L »SBENS
(12,700 g/ 53 /mg BERES) #R L. &7z, 2TPCEBVTIHIS —F oD 2 B\ BRI T ST
BiF0, °CBVTIVE, VB —5> %, 25°CunwTlI#Ma s -5 2 9L 7. BER
MMP-9 i3 1.0mM p-aminophenylmercuric acetate (APMA) T37°C, UBMKIGS 2 Z LIt £ h BA
EEbEsh, ZORBEEIZRLZIETLL. B, BEM MMP9 1347883, 0000 higm
ZRET, 67,0000 EMEIESF(EL . NERE7 2 VBEFIEE ., 20— ke RuiA L7
oy bPEDT -5, EER MMP-9 3BEHRBREONKSR L CRE_TF FOBRIZE D HET 2
ZEeNBEp Lotz TIMP 26 &€ EER MMP-9 £ APMA TiEMET 2 &, chigil MMP-9
(2 F£83,000) » S5¥EHEER (5T 867,000 ~OBITHHEESE. 20O d» s TIMP i3
MMP-9 &2 TELT 204457, EHEECEEOEEIC LY MMP-O SRS I - E0ga s 2/
LTwa Z B oz, A7 7Y >G, PN 7Yy, a-FF MY 7y L BER MMP-9 % E M
fELieds, HFRELIRAS—¥, 2R3>, btuvtby, 75 X272V 714> CHEMEES LA
polz. iz, EHEREEO 1 >THB HOCL 2 & D 4 T#83,0000 hRE MMP-9 23 E (ks iz,
INSOFER, 5, MMP-9 BIFHIREROBE MMRERCEEBREL S L VB Eh, £ERNO
B2 OMBA~ MY v 7 ASBICEBELBE AR T I L NRBE AT,

Key words metalloproteinase, characterization, activation, active oxygen,
tissue inhibitor of metalloproteinases

EREFMES S HER Th 25 matrix metallo- CERBICHESHENA T ) Y 2 AOMEICES T2 2
proteinases (MMPs) i3 £k 0 18 % DML < b EAHIS T A, MMPs (3FTE & TIZ10ME8E 2 4R
Vv 7 AMEEEEE L, REMERRCESEEEORE HENTHEY, WOrOHEBBL-BH L2073/

Abbreviations : APMA, p-aminophenylmercuric acetate ; DIFP, di-isopropyl fluorophos-
phate ; EDTA, etylendiamine tetraacetic acid; MMP, matrix metalloproteinase ; PAGE,
polyacrylamide gel electrophoresis ; PMSF, phenylmethan sulfonyl fluoride; RPMI 1640,
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WA Ic B T 2 RN > —EBOBEF7 73V —L
Lz ohTna" ZhoEEHEE, SHEM D
5?%~ﬁ,%?%+w@Wﬂj%f%-ﬁﬁ;U
APOLTIAYYDIDDFT 77 ATHT LT
2. 2heDIbLsFF—¥/NHa7 7 F+—¥1Z
i MMP-2 (72kDa £ 5 ¥+ —¥/IV8 2 5 ¥ +—¥)
+ MMP-9 (92kDa €3+ +—€/IVB a3 7 5+ —¥)
BEFEN T 5.

MMP-9 Z e e<wr7a7 7 -V 8 YORE
MBS Kk CEERE Iz L > TR D
Dzl , MMP-2 big#3FIEe, BFMRYY KT
E%mmmﬁiﬁfﬁﬁ,ﬁméﬂéltﬁﬁéﬂT
w3, Lal, EEEECsO T REBIEmEnRo
#4z MMP-9 #s8H a5 2 Lo s, MMP-9 »3E#
MOBE - ERCBCEBELEZ SN TR, &
#- . MMP-9 |3 12-o-tetradecanoylphorbol 13-acetate,
epidermal growth factor, interleukin-14 , BE#53#5ER
F & (tumor necrosis factor &, TNF a) 7 ¥ OIES
Fut—F—, BEEFBEIUYA IH A THRRS
na0EFLY? MMP-2 O4WEIR Zh s ODRFT
U BERZFRVIERHIATLE™. ZDZ
PRTAENY R LV EDORBFIIBLTEIEDDHTE
RBEZEEFLTED, EFEREECEELREC
SLTHIEBRELFEET AAEENELSND . &
ﬁJRMaémdMMRZ%ﬁﬁb%®ﬁgtﬁﬁm
BELEEMICEE L. LrL, MMPO Bl T
FFRERM R S v FEEMAEY X D ERLRERAS
nast, b EEAKEEOREE:EERICERL
REREREVL. 20, BER MMP9 DHELIEEL
%ﬁﬂowfut%$%&ﬁﬁ%<,MMP2&®K
BRI EITbhATVuRY,

ARFRIC B TIIE RPN (HT 1080) ffEHR &
DiBFER MMP-9 # H—ER L tORELE
SO R E RS 7

HEE S URE

1. REH*

FEYLT IR, YFARLA =L, ZFL Y
7 3L EEEE I > b Y v 4 (ethylendiamine tetra-
acetic acid, EDTA), 2— N7 b7 & F, KREEHR
B N U 7 A (sodium hypochlorite solution, NaOCI)
EUFFy VE®EF MY ¥ 4 (sodium dodecyl
sulfate, SDS) IZFIEAMIZEL DAL, P-7 3/

#

7 x = N EFE 8 /K4 (p-aminophenylmercuric
acetate, APMA), 1, 0—7xzF+>2RAal)>r, v4
vFueLTIAFTa) Y, VAFLALT 3 Fy
F, N—xzFr=L 43N, B—ANA T LY )
N, RTFAYFLA, 722NV AT ANEKRINT
FYVF, FIRI =y, FREIIAI—¥ »
F73 G, M) Fyy (TPCKAE), a —FE )
vy, torEy, FIXIAVIVALL, T—=
s —71y Y 7> k70— R 250 & Sigma # (St
Lous, U. S. A) X D# AL 7. Roswell Park
Memorial Institute Media 1640 (RPMI 1640) %3113 B
KEIZE (Tokyo), 3 7 b 7 L7 % > (K@M i
Gibco # (New York, U. S. A) K DAL .
YM10 x> 77>, BARBEE & Green A
Dyematrex %137 3 3 v % (Danvers, U. S A)
% F\ /2. %7, Sephadex G-10, ¥7F %7 7
o—2A, 7 b2 4% AcA 44 i3 Pharamacia #
(Uppsala, Sweden), DEAE-# /L 0 — A {3 Whatman
# (Maidstone, England), Affi-gel 10 i3 Bio-Rad #
(Richmond, U. S. A), & 512 "C-HKErEE, "I 52
74— # 4 13 Amersham Japan # (Tokyo) & D&
ALz,

% 3 = & Engelbreth-Horm-Swarm (EHS) A&
EIVE 0 5 — % > 3R EEL GG,
SEEFIZERT) & b, VIE 2 5 —% > 1% Rupert Timpl #
+ (MaxPlanck-Institut fur Biochemie, Germany) &
D, 7t FESBECEIE, VEI -5 2 I3RHR
B+ (EESAPEA, S4B JVRHEERUL. £
7o, BMBAET ) 2 — < F BB AR OERERS Y
orFa5 4+ —+4 >k EF— (tissue inhibitor of
metalloproteinases, TIMP) & TIMP T A€/ 7
O — LR 3 B A IR KPR &
D, b MOEEETY ¢ T Ok 7 F L BAEE-RET
g EREE LV ESah. TNF o # KK
skt (Suita) X DS X7z, BER MMPS
DN FBER L C kg E 2 FIFRMIFRT S
J 7 a—3 VHk 57-13D8 & 56-2A4 I3 ERAFER
AT A S T R BT & D R ERT . £
2, IRsOE /7 O—FATEERGY KA
FEEETAEDIZ & 5 BER MMP-9 DHIELELE
BTEEENTELOBIEBTIT 2.

1. HT 1080 #fEsE&BENRE

HT 1080 #§8 # 15%4B4 2 1§ (Gibco Lab) Z &L

Roswell Park Memorial Institute Media 1640 ; SDS, sodium dodecyl sulfate ; TIMP, tissue
inhibitor of metalloproteinases; TNF «, tumor necrosis factor «




HT 1080 #if@sk 92kDa ¥ 5 ++ — ¢ 935

RPMI 1640 SR CHIE L 72 BBl > 7 0
Ly MCETAEMCEEREE T Y7 AETIAE
WL 7. T Okada > DF T, 0.2% 7
g FFAT I EEEME RPMI 1640 B1¥8IC #2
% 100 units/ml @ TNF a Z2#A0L 7. TNF a &0
7TABROERELERL, —20CTHREE LIBER
MMP-9 OFE®ME & L.

M. BEEHEORME

BRI BOLTEEI T AU ST7 4 =5
BHOY T F v MREEEETF LT T ALY
VETHELE. 8512, TIMP OBE:24 > K1 v
FREFAED THELR. &7z, BEL 2 MMP9
cowTiaF - YiEE, ¥+ —YiEE, b
SYRA7 =) U ABEERT T 0T X 7Y b o NS
HEREL. 3775 F—¥EELEE 7 F - —EiES
kZzhEH Cawston »* & Harris 52D HEIZHK -
T7veA Lz, TRS5D7 v A TiZELEY VE
FaEko I Mas—5% > %, Gisslow 52D HEIZ X
D MCHEKEEBR ML -5 -5 > L FOBEN
(60°C, 304+4038) LizEFF v 2EEE L THW.
g, I YA 7 2 UAEEM L Okada 20 Fik
KRWE NS A7 2V & H-3— FEERE TS
Li: HANVEFY AFMMEN T > A7 20 Vv 2 8E
ELTT7 w4 L. 82 7ad4 700 o DB
ik Nagase 6P DHBRER->TT v ALz, Zh
5 OAEIEME AR MMP-9 % 1.0mM APMA T
3rC, 4R RIEME L BICHIE L 72

IV. ##&% MMP-9 ¢ TIMP o3 %1t

FEIL 2R MMP-9 & TIMP % Fraker 5%
FHREE->T ™l LR SE. FRNLVEBRBED
] % Okada 5* D HHEH L “A¥ > HTL" 2
WTlREL.

V.SDS- KR ) P2 U7 I FXFILEBER X
(sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE) % &+ 5 F
YT L—bHFLE

BRE1%B—ANAS NIy ) — NIz 2BRED

SLIRFERTTIRET Laemmli &7 0 HiEICfi - TE
THEIL . WEBS L E 7 -~y =T VY P b7
M=—HLLIIRAEEHELBEE L. £/, ¥7F >
¥7A Vb7 Nk Hibbs 520 FHIZHE LT
. He, ¥oF7y (0.2mg/ml) 2&LRKY 727U
TIFFAL(8, 9%7 27 VAT 3 F) 0L 2 IEET
RECT4CTEBRWB L, SDS # EHW (50mM
Tris-HCI, pH 7.5/10mM CaCly2.5% Triton X/
0.02% NaNy T¥e#, BEHRITCTRIEL 2. KL

T, “LE7 = =T N—FBLTYTF
F—r RS F, EHERCHESBERY MMP-9
FFOEAEHNBENT, 7—<s —T N —FAEL
RIAVNBHDEEFDA - TS T T T 4 —BDT 4
MLETYy P AMY—IZEDREIL 7.

VI. NRK®R7 3 /BEJORE

AR L EMR MMP9 ONKK7 3/ BESIZ
6600 ProSequencer (MilliGen/Biosearch, Burlington,
U S A) 2ROTHREL 72, &M MMP-9 (5F&
67,000) IR EREERL 1.0mM APMA (37°C, 18KF
) THEMLEL, YV NSFL AcAdd A5 L7aw
NPT 4T DB RBBIL . R L EER
%% 20mM EDTA THEL, 10mM triethylamine
acetate FBE¥E, pH 7.0 CERBICELEMHEL 2R R
EOTLI.

Vil ERESRMEORE

BRisn-@ER MMP9 % 1.0mM APMA (37
°C, 24FFM) THEMAL2TCTIM, 8o -5,
°CTNBa 7 -7 Y ZERESRTZ O REN %
SDS-PAGE 12Tl 7z, IVBlas—4 >, VEa
=7 WDV TEILCT, VIBaI—-5r, 3=
CRUT 4T ORI FLOVTHITCTERE ¢
BOFETHITLR.

Vi, #EE MMP-9 Rl

BRI T NT4°CTiTot. BERN MMP-9 B8 o
RO 3EMEIE Okada 5 2k o THE LI H 1
MMP-3 B8IEICHE LU TITo 7.

B 1ERRS: HT 1080 fEATEEEM (500m)) % YM-10
ATV U REELLT o RAFEERE T 50ml
(10f%) WCEMEL:. ZOBBELEEE»> Vo —
AT/ 7)Ao #BETH2EHNT, BEHE (G0mM
Tris-HC1, pH 8.0/0.15M NaCl/VS mM CaCl,/0.02%
NaNy) TH#fb L7z DEAE v Aro—2 45 A (2.5%
Scm) T, TOHFLTUR NG T 4 — ik
D ¥EEER MMP-9 (3% D SEIzEINE L, F oK
Ay FEBERTARIC X2 BEY MMP-9 0 EILEIZ
8% THH:.

B2KM: DEAE YL 0— 24 5 A8 E %8
B (50mM Tris-HCl, pH 7.5/0.15M NaCl/10mM
CaCl/0.02% NaN,) T¥#fk L 7z Green A Dyematrex
FNATZh7avbTT 74— (2.5X 8cm) IZhiF
T EEAYDEBERRBION I LIEE LRV, &
#RD MMP-9, MMP-2, MMP-1 (2 5%+ —¥) &
LU TIMP 3REL 72 (K1), 7T 4% FREHR T
##%, 0.3M NaCl & 2M NaCl #& t4EE % (50mM
Tris-HCI, pH 7.5/10mM CaCly/0.05% Brij35/0.02%
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NaNy i X VEREREBHL -, BER MMP-9 &
TIMP OKE41: 0.3M NaCl T ez (®1).
(BER MMP-9 @ EIUNETS%)

& 3 EkP: Green A Dyematrex ¥ LA S A7 0= b
777 4—0 0.3M NaCl i E 4 % EHK (50mM
Tris-HCl, pH 8.0/0.6M NaCl/ 5 mM CaCl/0.05%
Brij35/0.02% NaNy) C¥#E Lz ¥7F &7 7

A
1.0 ( 2200
P 5, 0.3M Naci 2M NaCt
08r; i _
5 | 150§
b =
106! E
! i
o |i {100 I
K] 04 -5; 5
! Isp +~
02} 0
i
! ; H
R 4N L) SNl ! X
00 20 40 gO 8I0 100 0
(9mt/tube) | (5mi/tubel Fraction No.
B

Fr 10 18 2124262932 3538 41 4244 47 5054 58 6368 727476 78 80

Fig.1. Green A Dyematrex gel chromatography
and SDS-gelatin substrate gel electrophoresis of
the column fractions. (A) The unbound fractions
obtained from DEAE-cellulose column
(157ml) were applied to a column of Green A
Dyematrex gel chromatography (2.5X8cm). As
the majority of proMMP-9 together with TIMP
was eluted with 0.3M NaCl, the fractions
indicated were combined for further purification.
The distribution of Ax (--) and TIMP (®)
is shown. (B) The samples from Green A
Dyematrex gel column fractions (40x 1 each)
were run on a SDS-gelatin substrate gel (8%
total acrylamide) under the unreducing con-
ditions. The gel was incubated in 50mM Tris-
HC}, pH 7.5/10mM CaCl,/1.0% Triton X/0.02%
NaN; for 6hr at 37°C after removal of SDS and
stained with Coomassie Brilliant Blue R250.

P

TO—A% 74 (1X8cm) ihFiz. BEH MMPpy
LD EOEER MMP-1, 2 BIRE SN, 5% 25,
ANT %Y FCHEHE L. BER MMP-S omEly
FIXSI% Tholz. ¥I3FYHTA ML — oty
TFET72,0000#7ER MMP-2 i& MMP-9 X 0 Bhcp
Hah, MELXDHT 2 LIZAETH -T2,
BARM : ¥5F 2770 —-AH 7L TEBN:
B EEE®K (G0mM Tris-HCl, pH 7.5/0.15M
NaCl/10mM CaCl/0.05% Brij35/0.02% NaN,) 7%
g, 5l MMP-1)1gG 7 7 0 —R 4 F Az,
BER MMP-1 BZDh 7 A CBEEN, BEY
MMP-9 2 %@ 0 SEFICEX S hrz . (EIRER58%)
FESERE M (MMP-)IgG ¥ 7 7 u—A4 35 LDE
D AEICER S N EER MMP-9 12 TIMP & &
ELIRETHEEL T (®2). ZoRN28EHR
(30mM Tris-HCl, pH 7.5/0.2M NaCl/ 5 mM CaCl)
TEF L 728 (TIMP) IgG €7 70— A4 5 Allh
F2r, BEM MMP9 BFE D HERICEINEA
TIMP iZ5e£IcbRESI N (EUNE36%). BElany
BER MMP-9 i3 SDS-PAGE #hiR%v 572 &, B—
DEANY P ond I LhBEHRsN: (®2). 20

123456

Fig.2. SDS-PAGE of the samples from each
purification step. The samples were subjected
to SDS-PAGE (9% total acrylamide) under the
reducing conditions and the gel was stained
with silver nitrate. Lanes: 1, concentrated
culture medium from HT 1080 cells (10 1)
2-6, DEAE-cellulose (18« 1), concentrated Green
A Dyematrex gel (104 1), Gelatin-Sepharose (20
1), Anti (MMP-1) IgG-Sepharose (204 1), and
Anti (TIMP) IgG-Sepharose column chromato-
graphy (304 1), respectively.




HT 1080 #huzk 92kDa ¥ o 7 — 937

st p B (50mM Tris-HCI, pH 7.5/0.2M NaCl/
10mM CaCl/0.05% Brij35/0.02% NaNj) (Zi&f#EL 72
KRETREL, ABROMHE L EHLERBOERCH
wiz.

B #

1. B#EE MMP-9 %R

b MG AEMR SRR MMP-9 125 204 5
A7ORETI 74—k DR EaN. HEER
Fy BRI RFEOHBER2IIRT. ¥75 >
¥770— A% 7 LEHSEHRICOEREL T/
E MMP-1 iE#i3H (MMP-1) 1gG £ 7 v u— R %
SAREOVBEREESNTL. SLURERAT Yy 7OH
(TIMP) IgG £ 7 7 0 — A % 5 AIWAER MMP-9 &
BTV 35 FE28,0000 TIMP OB EIZHET
hotlz.

Balan - BER MMP-9 13 SDS-PAGE b8 —7%
Ny RELTHERBISR, EETRUVBRRETZNE
NSFEI1389,000£92,000TH » 72, B (MMP-1)
IgG £ 7 ra—RAAFLIZEDESNT TIMP &
HoOBER MMP-9 3 ERKE L, IERBTRETIZ
F#250,000, 125,000, 89,0003 & 126,500 /5> F

Table 1. Inhibitors of MMP-9

LLTAasRzy, BLRETIESFEI2, 000k
28,0000 2 KD Ny FOAMRBE SN . BFARE
IR ERT O MMP-9 BEE%100% &5 £36%
Thoitz.

II. MMP-9 n&xE

BIER MMP-9 % kEH 2 013 1.0mM APMA
TITC, 24BEMA > ¥ a— ML DEMHEL, BF
#% (50mM Tris-HCl, pH 7.5/0.2M NaCl/10mM
CaCl/0.05% Brij35/0.02% NaN,) IZ#5fE L /- IRET
4°CTI4BMETCHRELL. 208, BERY
MMP-9 DB RIEMERIZIGETY 5 BURTH D,
EME MMP-9 148280 CHEEROETIRED S
nh»roiz. £, SDS-PAGE LEER Kk OEHER
MMP-9 O FRIZEEIASNZL . —F, &
EHRIZ Brii3s M g T WA LIBSITIE, 4B TE
£ MMP-9 (57 892,000) D 1E 512 53 F#83, 0000
N FOHBEBASN, HABEEEERIZ S ETL2~
15%%m U7z, 7z, HEH MMP9 OFM% b 128T
61%IZET L 7.

. #EREROXE

BER MMP-9 % 1.0mM APMA T37°C, 2484
EHERE, EEESROEETCITC, 1RMYZF

Inhibitor Concentration Inhibition (96)

EDTA 5.0mM 55
10.0mM a7

1,10—Phenanthroline 0.5mM 98
1.0mM 100

1,4—Dithiothreitol 0.5mM 76
1.0mM 87

DIFP 2.0mM 3
PMSF 1.0mM ]
2.0mM 10

N—Etylmaleimide 10.0mM 9
Pepstatin A 0.5mM 0
1.0mM 0

Cysteine 1.0mM 90
2.0mM 98

Todoacetamide 20.0mM 0
B —Mercaptoethanol 0.125% 81
0.25% 95

SDS 0.01% 50
0.05% 100

TIMP 12.5ng 57
37.5ng 100

MMP-9 (60ng) was assayed at 37C for lhr against “C-gelatin in
the presence of inhibitors indicated and 10mM Ca®*
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F—¥T7 vt BTok. £10DW< EDTA %1,
W—7xzF>Auo)rR¥OFr—1Hl, yF4 AL
4 M= EDFA—LEEYT £ > T MMP-9 &
MiZIZIRELICHEES NS, & 512 MMP-9 OEMEIE
TIMP kW {EEEHRIC 1 ¢ 1 THEEANL. &
7:,8DS R 2 —ANA T LY /— iz ¥ HEERE
EL. Lal, ¥V rFuFsr—¥, YATFA ¥
FuF 4 F—¥, TANSEUBE7OT 47—
THHEERTIEEEE -7z, ThoDERE,
AReFD MMP-1, 2, 3 L [AffiIc @B KTFHE D 2R
RIBTHILERLTVS.

IV. MMP-9 o EREM

F2WWHERT LI 1mg OEMEE MMP-9 i3 TEY
S+ 140 12,700 g R L 7. SDS-PAGE
T, ¥9FrDa 18t o 2#BZACESTHES
Nz (F3A). "C-I1HMas—y U REBEL LT vx
4fTiIEEEIRD s Mo, L L, SDS-
PAGE TR IBas—4 D 1, 2 #HIFRNICS
Ban, o 28ERESTHELL. BHHEE MMP-9 21V
HMas—s>D7ovaHbAHBL, FliooFE
125,000 /8> FASHERL 72 (K 3B). &7, VB
S—F oy RSN, «$H1392,0002 529,500 D

Table 2. Substrate
MMP-9

specificity  of

Substrate

Type I collagen
Typell collagen
Typell collagen
TypelN collagen
TypeV collagen
TypeVl collagen
Fibronection
Laminin -

Type I gelatin 12,700 ¢ g/min/mg

I+ ++ 1+

Proteoglycan 44 g/min/mg
Carboxymethylated
transferrin 26 ¢t g/min/mg

Various extracellular matrix com-
ponents including collagen types I —
I, fibronectin and laminin were incu-
bated with MMP-9 and the degradation
products were analyzed on SDS-poly-
acrylamide gel electrophoresis. Enzymic
activity of MMP-9 against type I
gelatin, proteoglycan and carboxymeth-
ylated transferrin was assayed at
37C and the specific activity was
determined. +, definite degradation of
the substrate; —, no digestion.

BAERD Y FicESFLE (B3C). &5iT, MHEa
Z—F b FRENSFETL000, 52,000, 28,5000
77 AY BB SN (’3D). i, 1mg 0
R MMP-9 i3 1 pfElY7chdug D7 0i47 )y
Ve 6ug DANVRFYRAFLAEII AT 2y
EHNELE. Lo, I#E, VIBas—4%y, 53z
vRU T4 TaR s FrRAMMEISNE Lo,

V. BER MMP-9 o iEH4{bHs

1. APMA & X 2 #BER MMP-9 OEMEL

1) EHbORENEL

¥ 7ER MMP-9 % 1.0mM APMA & 37°CT15084H
EFTA Y Far—bL, BT MMP-9 k%
“C-¥oFrREBELLTCITC, 1HM7vyve4L
7z. MMP-9 OEMALIZE 4A WWRT & 510 4 BT
H175%, 10BRIT90%, % L C24RFH T100% D iEH
ERHI. 20%, 1008 TIX60%, 1508 TR
38% I HFEL L 7z .

Yoo TIEER MMP-9 2 7ER MMP-9 £iE4{kT
2o ERE L. BER MMP9 % 1.0mM APMA
TI7TC, 1.5KMME I & D 2EED25% T\ ML,
“AErhIL” T APMA ZBRERERE37CT0
BEEGEE. 2oBEM%E 1.0mM APMA 0F
BIVEBEETTE 5 I36BMA v Fax—1L
7z, ZDRER, APMA BRERICIIEEDO LR
shigwys, APMA OFFINC & D EHEHBUE
gZan (B4A). ZOF—» o, BEH MMPY
DEB Iz ER APMA 248X L, HHR
MMP-9 |Z#ER MMP-9 2iEMA LRV EELSN
72, %7z, #WER MMP-9 % 10mM & 20mM @3-
K7 b7 3 RT22°C, 200FMEL, kT 1.0
mM APMA {LE (37°C, 5 K)o & b EMLET-
frIAERIEEEEI N E» . IOZE
X, APMA 12 L 2 IEMHLICBEREROF + — VEY
S L ZOHREEETREL TV,

2) EHALICEE S EER MMP-9 04 TFEOKT

MR MMP-9 2 4A =4 RAU £ TERL
L, Eb S A FROEL%E SDS-PAGE R
BB CTEELL. TORR, BER MMPI (4FR
92,000) X5 F#1383,000% 8T, HFE67,00012E
SF L (@ 4B). 20XV EAWTT vy b AL
Y —B{TS E, SFTFE6ET,0000EE /> F ORI
bid APMA i X 2 it LR (B 4A) 0 1BiE—H
L, $rF&67,0000EE EMER MMP9 £ E 51
yo. EB, ¥SFUHFT ANV — AL ERTE
67, 000DFEENY FIcE LY T F o HMEEELIRY
shiz.




HT 1080 #ifEI% 92kDa ¥ 5 F+ — ¥ 939

APMA = & 2 LD MMP-9 EH%£50% 8
FU00%HET 24K ED TIMP £104 3 &, #BE
1 MMP-9 (437 &92,000) i 537883, 0000 R Iz
RIESTFALT 308, EME MMP-9 (5-F867,000) ~
OBFRESIBILER (5).

2. ) »7FuF 4 F—¥IiZkBEER MMP9
L

wEH MMP9 2 b U F¥ > (0.1, 1, 10pg/
ml) £37°CT60RH £ CRIS& ¥, MMP-9 % "C-¥ 5
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Fig. 3. Digestion of type I gelatin and collagen types IV, V, Il with MMP-9. (A)
Type 1 gelatin (18 g) was incubated with MMP-9 (1.3ng) at 37°C. The reaction
was terminated with 30mM EDTA and the degradation products were analyzed on
SDS-PAGE (7.5% total acrylamide) under the reducing conditions. Lanes 1 and 9,
the substrate incubated with buffer alone for 0 and 24hr, respectively. Lanes 2-8,
the substrate incubated with MMP-9 for 10, 30min, 1, 2, 4, 8 and 24hr,
respectively. (B) Type IV collagen (18u g) was reacted with MMP-9 (600ng) at
32°C and the products were run on SDS-PAGE (6% total acrylamide) as described
in Fig. 3A. Lanes 1 and 5, the substrate incubated with buffer alone for 0 and
24hr, respectively. Lanes 2-4, the substrate incubated with MMP-9 for 4, 8 and
24hr, respectively. (C) Type V collagen (154 g) was incubated with buffer alone
(lane 1) and MMP-9 (600ng) (lane 2) for 24hr at 32°C and the products were
analyzed on SDS-PAGE (7% total acrylamide). (D) Type III collagen (154 g) was
reacted with buffer alone (lane 1) and MMP-9 (lane 2) for 24hr at 25°C and the
products were subjected to SDS-PAGE (7.5% total acrylamide).
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Fig.4. Time course of proMMP-9 activation with
APMA (A) and conversion of proMMP-9 during
its activation (B). ProMMP-9 (33u g) was
incubated at 37°C with 1.0mM APMA for up to
150hr. At the incubation time indicated, the
samples were sugested to the assay using
“C.gelatin for lhr at 37°C (@) and also analyzed
on SDS-PAGE (9% total acrylamide). In order
to examine whether APMA is continuously
required for proMMP-9 activation, APMA was
removed from the reaction mixtures by spin
column of Sephadex G-10 at the point of 25%
of the full activity (% 1) and the sample was
incubated at 37°C for an additional 20hr (&). A
half of this sample was again treated with
1.0mM APMA (* 2) and the further activation
of proMMP-9 was monitored (A).
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Fig.5. Effects of TIMP on proMMP-9 con-
version during APMA activation. ProMMP-9
(154 g)which contains an intermediate species
of Mr 83,000 emerged during atorage at 4C
(lane 1) was activated with 1.0mM APMA at
37°C for 24hr (lane 2). ProMMP-9 (154 g)
reacted with TIMP (0.2 g, lane 3; 1.0 g, lane
4) at 4°C for 16hr was also incubated with
1.0mM APMA at 37°C for 24hr. The samples
were subjected to SDS-PAGE (9% totdl
acrylamide) under the reducing conditions and
the gel was stained with silver nitrate.
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Fig.6. Activation of proMMP-9 by trypsin, «-
chymotrypsin and neutrophil cathepsin  G.
ProMMP-9 (86ng) was incubated with trypsin
(A),  a -chymotrypsin (B) and neutrophil
cathepsin G (C) at 37°C at 10x g/ml (A), 1u g/
ml (&) and 0.1x g/ml (@). The MMP-9
activity was measured against “C-gelatin for
lhr at 37°C after termination of the activation
reaction with 2mM di-isopropyl fluorophosphate.
Activity achieved by the incubation of pro-
MMP-9 with 1.0mM APMA for 24hr at 37°C
was taken as 100% activity.
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Fig.7. Activation of proMMP-9 by NaOCL
ProMMP-9 (86ng) which contains an intermedi-
ate species of Mr 83,000 was incubated at 37°C
with different concentrations of NaOCl: (A ),
50mM; (A), 1.0mM; (@), 0.2mM (Z), buffer
alone. Activity achieved by the incubation of
proMMP-9 with 1.0mM APMA for 24hr at 37°C
was taken as 100% activity.
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Fig.8. Complex formation of proMMP-9 with

TIMP. “*Llabeled TIMP (530ng) was incubated

with buffer alone (A) or proMMP-9 (86 g) (B)
at 4°C for 16hr. The samples were then mixed
with 5mg ovalbumin and chromatographed on
the Ultrogel AcA 44 column (1.5X115cm)
equilibrated with 50mM Tris-HCl, pH 7.5/0.4M
NaCl/ 10mM CaCly 0.05% Brij35/ 0.02% NaN.
A (-+) and radioactivity (@) are indicated.
Vo, blue dextran; BSA, bovine serum atbumin
(68kDa) ; Ova, ovalbumin (43kDa) ; STI, soybean
trypsin inhibitor (21kDa).
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Fig.9. Immunoblotting analysis of MMPJ
species during activation with APMA. Pro-
MMP-9 (lane 1) and that activated with 1.0mM
APMA at 37°C for 2, 4 and 24hr (lanes 24,
respectively) were electrophoresed on 8% SDS
(reducing) gel and transferred to nitrocellulose
membranes. The membanes were then stained
with AuroDye (A), or reacted with monoclonal
antibodies, 57-13D8 (B) and 56-2A4 (C), and
biotinylated anti-mouse IgG antibody followed
by ABC method for immunoblotting.
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Abstract

In order to study the properties and activation mechanisms of the zymogen of matrix metallopro-
teinase 9 (proMMP-9), proMMP-9 was purified by the five chromatographic steps from the culture
medium of HT 1080 cells treated with tumor necrosis factor « (100 units/ml). Purified proMMP-9
showed a single band of Mr 92,000 on SDS-polyacrylamide gel electrophoresis under the reducing
conditions. The enzymatic activity was inhibited by etylendiamine teraacetic acid, 1-10-
phenanthroline and tissue inhibitor of metalloproteinases (TIMP), but not by inhibitors for serine,
cysteine or a spartic proteinases. The proteinase showed remarkable enzymic activity against
type I gelatin (12,700 x g/min/mg enzyme protein at 37°C) and cleaved specifically @2 chain of -
type I collagen at 27°C. Collagen types IV and V, and Il were also degraded at 32°C and 25°C,
respectively. The enzymatic activity of proMMP-9 was brought to the maximum by incubating with
1.0 mM p-aminophenylmercuric acetate (APMA) for 24 hr at 37°C and, thereafter, declined gradually
with incubation time. During activation with APMA, proMMP-9 was converted to the active form of
Mr 67,000 through the intermediate form of Mr 83,000. The data of NHz-terminal sequence and
immunoblotting analyses demonstrated that the conversion of proMMP-9 to the active species was
achieved by the removal of both amino- and carboxy-terminal peptides. When proMMP-9 com-
plexed with TIMP was activated with APMA, the conversion of the intermediate to the active species
was blocked. It is, therefore, obvious that TIMP plays a dual role in the regulation of the activity by
inhibiting activation processes as well as the activity itself. Pro MMP-9 was also activated with neu-
trophil cathepsin G, trypsin and « -chymotrypsin, but not with neutrophil elastase, plasmin, thrombin
or plasma kallikrein. In addition, HOCI, an active oxygen, activated the intermediate species of Mr
83,000. These results suggest that MMP-9, which is yielded by activation of the precursor with neu-
trophil-derived proteinases, active oxygens and others, play an important role in the degradation of
extracellular matrix components in vivo.



