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1. EX VT 4 —DEHAL &2 DR

FH, 7 AR TR VT h—LA, TaT A — L5, KA v 7 AT
DOHEHRIZ LY | ERIZBIT A2 A~ — I —DRIESCERBIRK 5+ OHEENE ST/ D
DD, WEDIF AT = AL ERES B L IBFREOBRR 2 i) S & 57201213, BEi5
TR U CHRERIERT LAY (T I=A M7 ¥ I=2 1) 2l 5 2 &
RO HILTWD (Figure 1-1),

TER 5y 1 2 R R DI T2 Z E S ARER X VORI BMEDEX VT 4 —
LT, FiEARFET NS, TORELEZIENL T, FUKIL invitro 3 X OV in vivo EBRIZIBW)
THEBRRKGFORGEAY —L e LTHAIN TV S, BREEOEFEE TR S - RfE D
KN, ZOBEBOERGEMML L2 HH, ZNETICEL OFURERMN ETian T
WB[1-4], AT, PUROBSHEITE L OSEBEINORRBIZ LY | E0 1 & FERICE
gl 2 819 5 F COHMNER SN TWD, S HIT, JUREYEER[5-8]° HEf
BVEHUR[9,101I2E SN D PR DO EHRELIC L > T, ZNE TERTE 2> O
T 2R OPERER LR SN TWD, 20K 912 < OEEGEMLAIRICHW ST
WHHUERTH 203, RIEICHL OO Z A T\ 5, file LT, mMiFLiEMinz A4
PET R ANEIANTHD Z L AR TOMBRBENMENZ & #RR T v MEEOR
ARISEEL WS b ERBIT LD (Table 1-1),

VR ERBRDZEX VT 4 —& LT, BRARZUNRTEAR ¥ 7 4 —)L RORHE S
NTWB[11-14], AF¥ ¥ 74— /L RO—HOT I ) BESE T 0 X LMIERIEZT74 7
TV =00 KNG T A/ a— B A7 ) —=0 7352 LR, BiikE FERIC
B oy - 2 R D DBR ISR T 2L A E BG T2 Z E N ARETH D, X VX7 EHA
Fr 74—V REEX VT 4 — LT DEEFEMGDO O S, W< ONTBICHEARRRIC B
THERAINTEY ., EfZBHR LEHBEIED LN THD[1L,15], ZNHDAF v 7 4—/b
ROy BIIHIE (B X% 150 kDa) & kbl U CTHd T/ &< (10 kDa A0i5) . A1 &
Z AT AEPEDS ATRE, BV E MRS i MRRR B RS S FORFR 2R T, LI LRI b,
WEINTNDY VNI EAX Yy 74—V ROEL T, Pk & RIS 1 O R 7
v MEEOFEFEPHE LN EWHIREZIIZ T\ 5 (Table 1-1),

PRI 53 DAL FHNEMEIC BB B E DAL, 2 < O%E. X VX7 BED
SERAETS B SOy MEE KT D, EEOHOR v MEEE T 2L A &k
FICEAFTE 2 2 &1, RIS 7 ORGER Y — VOB S L ORI 72 BB IR 5,
FERIAR Sy T EHEGEAR L D% < DR 7 v MEEZRHE L TB Y | KO T LEWITTEE
LI & Bk Db AT 2 ECHAREX VT 4 —CTh b, LU b, iGtH
HULEEB I — AN EAIRAE w2 & | IR R EMITn FEMB B L E 500 LUF T
M5y 1 EABEAER ATRE R BRI/ NS W LD RS R R A E O T O e %



ik ol Em e G T% Z EEEL Y (Table 1-1),

2. SPINK2 @ Bf%

2 ITFEATRIC RN T, R F OISR T v MMEE 2 R RS 2 2 o~
INTE A% ¥ 74—/ K& LT serine protease inhibitor Kazal type 2 (SPINK2) % Bf%& L 72[16],
FARO SPINK2 (X R 7y o7 r7unvrbnolatl) 7 usr7—Ea2lET 517,
FATHIETIL, MY P E OMBEERICEDL V=507 I BESZ 7 X AT
Z5 L7278 %L SPINK2 (engineered SPINK2) %# 7 A v L, TNOHEIRRT LT 7 —TT 4
ATVvATAT T —%AERLT[16], ZDOEFESPINK2 7477V —ITk LT, FEY
73 X2 kallikrein related peptidase 1, 4, 8 (KLKI1, 4, 8) tWwolzk U 7 ur7r—€%
R FERIFELTHWEARAAS A R= T2 FE i L, BT a7 7 —E &2 lET L
HSPINK2 7 v —> % A7 V== 7 L, ZORER, B4R SPINK2 OFERTHDH h U 7
VUATET T EN T 0T T —E R R RO IR L CHET A B SPINK2 7 1
—VEEEBUST 52 LN TE T, &6, BEZ m—1 K41043 & KLK4 & OB AR
D X FHEIEIRATRE B2 S . K41043 75 KLK4 OIEHEF O Z T, % O JE D IR\ % 38
WLTHEST A EBRENT,

SPINK2 /%, U 7' rT 7 —EBOIEMEF.LOREAGERRICHRA L RO Z LItz
T MDZ LRI EAX ¥ 7 4 —)L R ERRRIC, PuiR L g U CTHid To &R/ S0 (B
&% 7kDa) 7@ WHEIR B HIFF T & D WS 2 AT AERERS ilEe, BV E M
N, EORRZEO[16], L72728-> T SPINK2 %, K baMmiT b & L, ik
NETHESNTWDLZ U RIBERAX Y 74—V NEBWEORZR D, FHORBEE XY
T4 =055 EHIRFELD (Table 1-1),

3. AR E L Co e T T —8

7T 7 —RBIIEOEEFLOEESEEOZENNS ) e T T —8 7
ARG XTI T T =8, AguduaTr T —8 VAT a7 7T —BEIIEIND,
~ R Vw7 x2AxZua7 77— (matrix metalloproteinases : MMPs) |, #iflast~ KU » 2
ABNIE W as—Hr T RAFL . T4 TR Fr T I =) OSER.
YA MHABEOTFEDA L (] IL-1p, IL-8 %) o7 uk v 75%cHE L, fMiut
b, WA, TR b= R 2L OBEBEAMEREICES T oA X e T T —E T
& %o MMPs D HF 7 R BL0IE ML, RIEDBIRE FEOREA S| SR Z 32 L nltish
TWA[18,19], ZAETE MIBWTIE 23 FEO MMPs 2VESINTEYD, W< D00
MMPs [%, RIEVERIGRZE, Mifash~ b U v 7 252 X7 EORE RN E T DHEBICE
WIS 5 2 & A BTV 5[20,21], RO FIESLHAEDHERIZIS1T 5 {E % D MMP 0
e 2 X0 VRS BT 572012 = MMP O 7' 1 7 7 — B IE M 2 R R 2 5 FLEA] O
ARIRBR S RO BTN D,



MMPs OIEPEF L (activesite) 1d, 7 V& I U ERFRIL L | WighA AL ZENT 5 3
DD AF VR B D MMPs OIE M H1.0 O BLAE F— 7 HEXGHXXGXXH (3 MMPs
77 2V — TR EICRF S VTV D, MMPs [ 33 E 0 15 2 R 72 720 pro-form (pro-
MMPs) & L CHIRR, W &5, Pro-MMPs (BT, EMEFLE X O O & O S
DAL (active-site cleft & EF) L7 BT F RICK o TREEIZIY AT S, BE EEMEF
D& O EAEINT 5 TWAH[21], Pro-MMPs OIEMEALIL, % B : 77 23>, b
V7w, o MMPs %) 12 X 5 UIEr[22,231 03 EBE R N 2 (ERi[24-26]I1C L > T T e 7T

RMRBRZE X4, active-site cleft NFgHHT 5 Z LIl k> TAEL %,

MMPs [33EE OB EIWTET—7 (P34 b7 v Y LIRS IO PV A b OB
IRPEFR L) Z R 3708 ) 2 AU active-site cleft O @ WO ECHIFHRIPEICE KT 2 6 O TH 5[27,28],
— T, @O TOX T EIHBEITH L TUIENEND MMP 2 —E O FEE R bt 2 R
[20], ZOFRHIE, EEIZRTE S NIIEEFLIET TR <L G B EEIL T B OERAL

(exosite & EFE) b T WEGRFRICEI D> TV D7 EHEI SN D, Bl 21X, MMPs DU <
DD RAA L (MMP-1, -8, -13, -14 IZBITH~NENF T RAAL 2 MMP-2 BL -9 (1T
BIIH7 47 0xsF 2 RAA L (Fn-likedomain)) (X0 FHEE TH D 3T —7 L D4R
\CHZATH H[29-31], BREEOEWEEFR O E R T, ZRHD R AL ZIE—EDELS
SRMEN DD, MMPs IZBWTIEL, B0 KA A URESFIEOFERIZEBIT D exosite
& UCHERE L, SRR EIWRAL & IEPEH 0 & D22 RN E BIFR DS E NS HI i S 4, FrBa07em
DT IENRIZFE L TCWND EEZX BN TND,

MMPs O RE S HEEIT, TEEF LIRS T 2 EFANC L > TRAICHEE NS,
D X O ERBE T 2 R PHEAT “active-site inhibitors” & FEIZIL, B R 0 ARG EK
ZHULIZ ZAVE T 60 FEELL EORSFALEMDHE STV A[32], 2 b DFLFEAIDZ
< X active-site cleft (& DIEVEF L OHEENA A NTHNLT D Z LT K - TN R BLEE M4
Y, L L7 B, IEMEAFLES KON active-site cleft & VYo 72 (R AFME D S OVEEIE D Zx L 23R
T E RN, MMPs 7 7 X U —43 Tk U CRFEL R EFEEEE T~ T, O X 9 K
1 DIEFEE) MMPs LEHID 5 B < ook, FLBAKIBIRZ B0 & L-mikikER
AL IRIER 2R U CHRIRRBRICHEA T S OO, JR#EZR L EEVEICE R 2 55 #RE
RORIEEDEERMAEFRSR 2R L, TROOBRITTIE SN TWD[33], RIS HOBLA
Tt . MMPs (257 A KA 72 active-site inhibitors [X5R < KD LN TV 5,

Eabam L0 S EERERENRE < @o Y & FERICIEMEH L & exosite
DI 5 % ik [RE 78 Z L X7 ML D active-site inhibitors & EHERE STV 5, HL MMP #T
& SDS3 3 LU SDS4 (X, MMPs DEMEHL A AR L 724K Fb &M 2 il & L CHG S
Nz, FHIE MMP-9 OFEMEHLLICHRS S L, 72 B ETEM: 2 7R 3 active-site inhibitors T
bbH, LLeRb, ZibiE MMP-9 & ESIERIMED &b & MMP-2 HIHEL TL % 9
7o O e BB R & 1T 7RUN34], — 7. Jo& IREL 72 MMPs FLEIG M2 HH> % o R 7 B
5. B LR TR B L CRREA 7 active-site inhibitors & AIF 2R b b 5, NIED



Axuaras 7 —EHES /7 B T 5 tissue inhibitors of metalloproteinases (TIMPs) 1%
EE L O g A A EMAEERT 2 Z &Ik, WmOnoIER A7 MMPs Bﬁ%/ﬁrﬁ:
/T“ﬁ“[35] MMPs @ exosite k*ﬁﬁﬁfﬁﬁﬁ‘éﬁfﬁéﬁli VHELEREGANL TR ) —=T

2 X0 HEAS U7 TIMPs X, FE D MMPs (253 B REEMED A E LTV 5[36-38], L
L7223 6 (Bi—0 MMP (25X LT D A p A 22 BRLETEME 22 7R 37202 TIMPs @EU;@%@%@ L<,
RIZDBFNTARE STV, FURBGHEATC & X7 B LA OFRIC H D 57,
MMPs OERAFMHED EECR 7 Mg & Fr ISR T 2 0 T 2 A ;ﬂ‘&ﬁ“é A ET
FATHIRREED & 5 [39],

MMPs DHFTH MMP-9 [Z IV A2 T — 08 TF 0 =T AF %424  ECM
BRI B DRI E S LTV A[26], MMP-9 (2L %5 ECM & 0WE) N U 7 OREEIL, &
HE RSO E SUG DEHE 2 823 5 [18,32,40], & H 1T, MMP-9 O B8 e 1%, 2R LAE |
fMZErmh . TAD A BEIESS, 7 VY A~ 78 EDZ < OMRRZAEMER B BE 57 2 M ik
BAFS DRk % 51 & i 2 97[41,42], MMP-9 [HEHINW S DN DIRIEE 7 /LWIZI W TH H 7R3
FER 2R 2 &S SN TV 5 23[43-46], flid MMPs FLEEA & [FIREIZ, X0 @VRLE
TEVE & RS 2 OFERFD MMP-9 FLERI ORISR D H LTV 5 [32],

AL TIL, MMP-9 ZHER 0 F & L CERIR L, 25 SPINK2 74 77 U —inb A
Zu7u7 T — MMP-9 2T 5 R BABAFEAZ AR Lo/ R 25 2 BICE L iz, IRV
TH 3 ETIX, MMP-9 ©7 2/ BRELSIE L OV = koS A o, BERFTEZ AW
T, IS SN-PEEHD MMP-9 2 FRERA)ZFRET D2 5 M L7z, SPINK2 A3t Y
y7uT 7 =B EIXR e HWECR Ty MEEEZFFOA X T T —BIZH LT H R
PR A= L7- 2 & T, SPINK2 Z W AR FE DR RIS RB SN2 Z b, 45
ICTCAEBDOBEEELR LT,



Table 1-1. Z£EEF U T 1 —DHH

HURTEAX Y T 3 —)L R

A=t EAIREN Affibody®,
Anticaline, SPINK2
DARPin®, etc.
N v B —H Bt \ L )
PN BRTAT T — . o THA AT LA T4 AT A R
71k F 4 AT LA
AEATEE O (FEw) O (Evy) O (&) O (&)
R S X (&) O (@) O (@) O (@)
HPEa A B O (RW A=A X (@uv g O (Rwv: A ) O (UKW : #AEY)
IR 2 O @&\ X (&) O (@) O (@)
B2 ENE O @) X (&) O (W) O (&)
PR 7 v b ‘ O (kY 7us7y
S O (EHEHL) X (LY X (LY -
TG DR — B OIEMEH L)
SARSEN- A <1 kDa 150 kDa <10 kDa 7 kDa
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%523 MMP-9 £ 2 AIBHEH O Bifs

BESPINK2 77—V T 4 AT VA TA 77 U —n5 MMP9 BLERZ 5925 2
LERDT, T, BEAORZ ) —=2 7 L Z ORI L SRR ETh S
MMP-9 36 X OB &2 "7 B % Z R 7 B TR E DWW TN RGN L, R L7z, e
TT7—=VFT 4 AT LA NR= T &> T MMP-9 ([ZHEA 5 28 B SPINK?2 % I L . MMP-
PREIEIEZIEIE L L- A7 U —= 7|2 K > T MMP-9 fL# SPINK2 7 1 — > Z Hf5 L 7=,
BIE L E S o — O Y X7 R L fEx OFHER Z WV TE ORRLEE M &
Ry FME A BEA L 7=

%1 H1 MMP-9 OFfHd

1. EBEMER X005k
1. 1. 33K

4-aminophenylmercuric acetate (APMA) |3 Merck 7°5, TPCK ¥ KU 72 %
Thermo Fisher Scientific 7> HIEA L 72,

1. 2. MMP-9 35 J T MMP-3 3¢ B 7 X — DR

MMP-9 %9 % 7=, pro-hMMP-9 (NCBI Reference Sequence: NP_004985.2) ™
T4 Tax I F o RAL U EELIENE R A A 2 (Ala-20~Pro-449 ; pro-MMP-9 Cat & £
D C RU#Z 6 XHis # 7 % @& L= (pro-MMP-9 Cat-H6 & E#), E A4 F 15k MMP-9 %
FIHLS 25 729, pro-MMP-9 Cat D N K2 6 X His # 7', C KT FLAG # 7 L ©FF o7
7B —_TF K (BAP[47]) Z@E L7 (pro-MMP-9 Cat-BAP & EF), MMP-9 OiE
{LIZHVWD MMP-3 Z #3572 %, pro-hMMP-3 (NCBI Reference Sequence: NP_002413.1)
® C KUz 6 XHis ¥ 7 Z & Liz, Pro-MMP-9 Cat-H6 35 X OY pro-MMP-9_Cat-BAP, pro-
MMP-3 Oi&fn1-1%, GeneArt N TiEf& A HH — B A (Thermo Fisher Scientific) T= K> %
b M EEL L TAR LTz, & L7 DNA 2842, PCR TA ¥ — k DNA Wrh %2 ##
R 72, ML BLH X2 # —pcDNA3.3 (Thermo Fisher Scientific) % #%(2, PCR T
R Z—DNA Wi &2 7% L 7=, In-Fusion HD Cloning Kit (TakaraBio) T-XZ #—DNA & A
> % — K DNA %5 L, KIE DHSa (Takara Bio) % B #s# L 7=, QIAprep Spin Miniprep
Kit (QIAGEN) 7213 NucleoBond Xtra Midi/Maxi (MACHEREY-NAGEL) % H\\C'&Hx
HRD S 7T A X R DNA it U CHEERN A #ER L. MMP 8L 7 — %4572,

1. 3. MMP-9 3 £ O MMP-3 DFsBLRsHI
Pro-MMP-9 Cat-H6 3 & U8 pro-MMP-9 Cat-BAP, pro-MMP-3 Z #4572, PEI
MAX 40000 (Polysciences) z V)T MMP #£Hl-~X~ % —DNA % HEK293F ififil (Thermo Fisher



Scientific) (Z T A7 27 va L, &6 BEOEE EIEA#RIILL7-, 20 mM sodium
phosphate, 0.5 M NaCl, pH7.4 C F-ffi{k. L 7= HisTrap excel (Cytiva) (28558 EiEE T 77 A L.
A IF Y — /L THE % PBSIZ/N Y 7 7 — 21 L pro-MMP-9_Cat-H6 35 2 U pro-MMP-9_Cat-
BAP. pro-MMP-3 #1537=, % L /87 BRI, R 280nm OWOLEZRIEL, 7 X/ #EE
FNOE VWA A BRI HE I LT,

Pro-MMP-9_Cat-BAP D ERALRFFLH) B4 F VA kL 4 F U ' —E BirA (Avidity)
DT\ Rk AVTHENFERE L7z,

1. 4. MMP-3 OIEMEAL

MMP-9 OIEMAGIZ VYD active MMP-3 15572, TNC /X 7 7 — (50 mM Tris-
HCI, 200 mM NaCl, 2 mM CaCl,, pH 7.5) T#i#l L7z 18.7 uM pro-MMP-3 [Z5E & & D 1 mM
APMA Z N, 37°C T 4 FefIEME(L L7z, SEC M5 Sephadex G-25 (Cytiva) % H\ T 4°C
VEMEALSOSNHE 2 PBS (2N 7 7 —4Z# L | active MMP-3 #1572,

1. 5. Active MMP-3 |Z & 5 MMP-9 OiEM:AL

Active MMP-9 15 X OV E 4 F 425 active MMP-9 2455 728, TNC /N v 7 7 — Tl
172 20.4 uM pro-MMP-9_Cat-H6 F 7213 &4 F L #5Ei#% pro-MMP-9 Cat-BAP |2, HEHED
2.2 puM active MMP-3 Z#51, 37°C T 4 FFEiEMEAL L7z, OGS Z PBS 23y 7 7 — &5Hf
L. active MMP-9 15 XTIV A4 F L #Zi% active MMP-9 %157~

1. 6. MU UIZL D MMP-9 OIEMEAL
Active MMP-9 245 % 72  TNC /X 7 7 — Ci# L 7= 8 uM pro-MMP-9_Cat-H6 (Z,
HREO 53 uM TPCK JLEE kU 7° 3 28RN, 37°C C 3 BRiE M L LT,

2. fES

XD, MMP-9 O ED KA A %A NZ T BIZHGND Z & Rtnzin
L7 MMP-9 (X707 F K RKAA Y (Pro) ETEMERAA L, 7470327 F R A
A v (Fn-like) ., ~EXFT 2 RAAL B aLD (Figure 2-1), MMP-9 OFEFRIGME % [HE S
LAEH SPINK2 2155 72, IEME KA A VIMATH -T2, 7aXT7F K KA A T MMP-
9 DIEMHLEMEERIC A7 LTLES 728 (PDBID: 1L6], [21]). XA N X /37 &)
SRS MBENRDH -T2, 7470 R T F U RAALNIIEE R A A VCEEHEZL TN D7D
(PDB ID: 1L6J, [21]) . KB SHZHEITIZRIRD MMP-9 OIENE R A A OFE R & 1%
BRDNA NZUNTBEERDARENR D D, DD, 74T BRI F L RAL TS
NEURTBEIZEEIR RAA BT, — T, ~EXF U RAL IR 7 LVHR T T
)= N UTIEE R AL LV E RS TNDTZD[48], ~ERF UL RAL U ERIAS
HTHIENE RA A CORBHEEITITEL 5200 E 2T, DLEDZ &b ARIFIEDON
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A NZUNTEIZIE, 7470 T T RAAL U BEF0LIEE RAA 2 (active MMP-9_Cat &
) VD Z &Ny &I L,

WIZ, NV TR, NEZ U RI B A N LT BT B Y R RBR B — R [
EALT D7D, XA NE U RTBEOCFTF SR FIEE R LTc, — 2, N-B Re¥ oz
7342 R (NHS) TAT IV ERNTH VR BREOEHRT I (N KB LY ¥
VERFEOMEH) ALFERRT D 2 ERFRETH H, L LR D Z OFIEIIAERRERAL % ]
BITERNWT U BB FIETH DT, ARITSA N Z X7 E ORI N e
F R ST YNLRREER IR LS~ A 7 ENTEA . TTEOMERZE5 2 LN T
X2, I TARBIETIL, XA NZ VX7 EOIRETLO DN C Rl e 4T o7
77 H—_TF R (BAP) %A L (active MMP-9 Cat-BAP & EFE), BAP 2%+ 5t
FF ) A—F BirA) ZHNT, XA MF U RXTED C Kz AR R © A4 F U AE
LT,

BB, TR ERIEE 2 FF oA N2 7 H Z R 5 729 pro-MMP-9 7)»
5 active MMP-9 Z Gi# 4% 7= O DIFMAL HFIEZ ET LT, #1012, MY 7> % W T pro-
MMP-9_Cat-H6 Zi&MAk L7ofE R, C Km0 ifniled bl (Figure 2-2), D51k
T C RECER LA F U BBE LT LE S 20, HHEFHEE LTRETH 5 &f
Wr L7z, IZ APMA & active MMP-3 % FIVN T pro-MMP-9 D& MAL &2 Rt U7k 5. LART
DFAE[49] & FIERIZ, APMA #HAW7=5E K0 b active MMP-3 W55 0N, 55
U5 active MMP-9 DIEMENEWZ & 235502 o 7= (datanotshown), A2 T. active MMP-3 %
W TIEMAL L 72 %12 SDS-PAGE C#HT L 72 /5 58 RIGMEALIR D pro-MMP-9 X° active MMP-
3 DR DIBIEN V72N Z L35y hvo 7= (Figure 2-3), LA EORKEHERNS, 74 7o x
I F v RAAL U EEEIENE R A A D MMP-9 O C RKIglZ B4 F > 2153 L. active MMP-3
TIEMAL L7726 @D (biotinylated active MMP-9_Cat-BAP) %, /N=> 7|2\ B4 F & X
JEE LT,

5

P

(98]

T7 =T A4 AT VA TAT TV —=NEHLEOMERZIGT 272D, &Sn
G (WIEEPVETE) ZARFFT DA M Z R a2 EUNCEREE - AR L, N=r ZIERT
HZEINEETHH[50],

AT TIL, RIRD MMP-9 DIENE R A A > OFEEEZ BT D3 X —%HHL
BT D7D, 747X F U RAAL L EHFDIEE RAL a2 M T 52 LAY &
W L7z, MMP-9 IZBWT, XUV EMOIE TH D a7 =708 7 F 2 ORI
TATORIT T RAAL VBB THDZ END Y, SPINK2 DL 9 ICREFEDOKE Inx v
IR GHEDNA o —DEFITIE, 747 0R T F o RAAL U EGLIEE R A A &2 Hn
HIEMEEFLWEEZLND,

WHEIZ L > TS M B —RIZEELT 2 HFIEIZRA S OZEVEIZERA D ATREMED

11



HY, APV TRTEDRNS, MR ELNT L TE—XICEET D ENLEEL
VN50], AHFZETIE MMP-9 @ C K2 L7- BAP & SRALFF RIS B4 F 45 L 7=,
MMPs % XA MW OMFE TIX, NHS TT > & A4 F 4% L7z MMP-2, -9,
14 ZHWEBIS1]0, BRI B4 T URESGIEE AR L TO R W OFI R HE ST
WD, REFIEIZISUNT T o & DR & SRR AR & O EHELLI T L TV W ad £ D
FEENEZPIRRICHIBTT 5 2 L IXTE RV, & T 5IkIC Lys RENZ S EENLY
AR B &3 D REN A B O N RKIRE 721% C R SEEN AL B H 5581213, BAP
N KD L < C ARSI L TR R B F U335 Z E 0 E iR S h
ol

IEMEAEZ D active MMP-9 23 @ W ILE i E 2~ 2 & 1E, B8 & oFE A/ERIC
B0 2 IEME O ED OREE S EYNARFF SN TND Z L 2RET 5, £, Do
LGS NERWTN= 0 7T, B UANEFRER T D AR E e X — D
HEZEEDN D, AR TIE, BEDOIEMEAL T IEIC L > TH72 active MMP-9 OIEMER L OVWE
M LT L. active MMP-3 Z AW IEMAL FENRE THHZ L 2R LT,

ED X oIz, AL, E‘ﬁ%ymjﬁf EYEL F ik E E A b L Ciy)
A ARNT Y NERFTAHZIEICKY, R TICE LTSV E DA N2 R TE
AT LN TE I,
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Fn-like domain
/pro-peptide
(catalytic domain

/

linker

&«
{hemopexm domain

full-length pro-MMP-2 full-length active MMP-9 AHPX
(defined as “active
MMP-9_Cat” in this
research)

AHPX and AFn
(the catalytic domain)

Figure 2-1. Schematic overview of the structure of MMP-9.
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Figure 2-2. C-terminal degradation of MMP-9 during activation reaction using trypsin. For
MMP-9 activation using trypsin, the final 4 uM pro-MMP-9 Cat-H6 was incubated with 2.7 uM
TPCK trypsin (Thermo Fisher Scientific, 20233) in TNC buffer at 37°C. Western blot analysis of
the activation reaction solution (0.6 pg of MMP-9 per gel lane) was performed under reducing
conditions. After electrophoresis, the proteins were transferred to a PVDF membrane followed by
blocking with 5% skim milk in PBS-T. After washing with PBS-T, Penta His HRP Conjugate
(QIAGEN, 34460) was added (1:10,000 dilution in PBS-T with 0.5% skim milk) and incubated for 1
h at room temperature. After washing with PBS-T, the reaction was developed with ECL Prime
Western Blotting Detection Reagent (Cytiva) at room temperature. The pre-stained visible protein
markers and the chemiluminescent signals were captured using a ChemiDoc XRS+ CCD camera-
based imager system (Bio-Rad). Black arrowhead and red arrowhead indicate the band of the
product obtained by the activation reaction using trypsin and the band of C-terminal fragment of

pro-MMP-9_Cat-H6, respectively.
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Figure 2-3. SDS-PAGE analysis of purified MMP-9. Pro-MMP-9 Cat-H6 was purified and
activated by active MMP-3, as described in “Materials and methods.” SDS-PAGE analysis of the
purified pro-MMP-9 (1 pg per gel lane) and active MMP-9 Cat-H6 (0.5 pg per gel lane) was

performed under reducing conditions followed by Coomassie Brilliant Blue G-250 staining.
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528 MMP-9 FpERILEARIDO R 7 U —=2 7 LUWHI

1. EBRMEB X O5E
1. 1. 5%

HIEPEE e~ 7 F RHEE MOCAc-Arg-Pro-Lys-Pro-Val-Glu-Nva-Trp-Arg-Lys(Dnp)-
NH, (3168-v) 3 2 OY MOCAc-Lys-Pro-Leu-Gly-Leu-Aopr(Dnp)-Ala-Arg-NHy  (3226-v) (&~
TF NIRRT OIEA LT,

Active hMMP-2 (PF023) & active A(MMP-15 71 R A 1 >~ (475938) |% EMD Millipore
MBREAN LTz, Active hMMP-7 {5 K A o >~ (BML-SE181) & active h(MMP-10 {&#E K A A
> (BML-SE329) . active hMMP-12 i K 2 > (BML-SE138) (I Enzo Life Sciences 7> & fif§
A L7z, Active h(MMP-14 JEM: K A A > (RP-77531) % Thermo Fisher Scientific 2> 5 A L
72 Pro-hMMP-16 J& N A A1 > (1785-MP) & pro-hMMP-17 {&ME R A A 2 (7796-MP) 1%
R&D Systems 2> HEEA L7z, A —T—O 7 1 s 2)/UIZHEV, pro-hMMP-16 X Furin T, pro-
MMP-17 £ APMA T L L7z,

1. 2. FREMEEHEIC AV D MMPs O Y

Active MMP-1 % #f#9~ % 7= % pro-hMMP-1 (NCBI Reference Sequence: NP_002412.1)
DIEYE R A A > (Phe-20~Gly-261) @ N K¥ulZ 6 X His # 7 Z & L=, Active MMP-8 %
T 5729, pro-hMMP-8 (NCBI Reference Sequence: NP_002415.1) ®OiEME K A 4 > (Phe-
21~Gly-262) @ N KiHlZ 6 XHis % 7 Zfhé& L7z, Active MMP-13 Z 33578, pro-
hMMP-13 (NCBI Reference Sequence: NP_002418.1) O{EM: N A1 > (Leu-20~Gly-267) ® N
K2 6 XHis #Z 7 & @& Lz, Pro-MMP-1, pro-MMP-8, pro-MMP-13 Di&{s11% GeneArt
ANLBEFAERYT—EATa Fra b MUCR#EE L TER L7, Ak L7z DNA Z #7112
PCR TA % — | DNA Wi 2308 U7z, WFL MBI~ 2 % —pcDNA3.3 Z#41C,
PCR T~ % —DNA Wi i ZF8% L 7=, In-Fusion HD Cloning Kit T-X27 # —DNA & A > H—
~ DNA %84 U KI5 E DHSa % & s L 7=, QIAprep Spin Miniprep Kit & 7213 NucleoBond
Xtra Midi/Maxi % H\\ CIEEERHAN S 77 A I K DNA Z4li U CHERRLS 2 fesd L.
MMPs FEHL~ 7 # — %1572, PEIMAX 40000 % FV T MMPs 781X 27 % —DNA % HEK293F
MRIZ h T A7 27 va v LG 6 HikDOE:FE EiE % Bl L 72, 20 mM sodium phosphate,
0.5 M NaCl, pH7.4 T¥-#i{k L 7= HisTrap excel |23 FiEEZ T 774 L, A I XY — /LT
H#%., PBS TNy 7 7 —7ZZHi L, pro-MMP-1 3 X O pro-MMP-8, pro-MMP-13 ##37=, # >
SR7EREIX, W 280nm OWNEEZRE L, TR BEEHIDOE VR CARE A SRR L
72o Active MMP-1 #5572, TNC /N> 7 7 — Tl L 72 31.6 uM pro-MMP-1 |25 45 f 0D
1 mMAPMA Z¥SHN, 37°C T 1 FERIEMAL L7z, Active MMP-8 #4525 728, TNC /Ny 7 7
— % L 72 31.8 uM pro-MMP-8 |25 5D 1| mM APMA %R0, 37°C T 1 BRiIEME L L
7o Active MMP-13 21525728, TNC /Xy 7 7 — T L 72 31.0 uM pro-MMP-13 |Z 75 &
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@ 100 uM APMA Z A0, 37°C T 1 FefEVEME(L L7z, SEC IS Sephadex G-25 % HIW T
4°C TENFNDOIEMAL S 2 PBS I3y 7 7 —A8HL L. active MMP-1, active MMP-8,
active MMP-13 #4587~

1. 3. ZBESPINK2 77—V T A AT VA TAT TV —

BEME16] DR SPINK2 7 7 — VT A AT VLA TA T TV —%fni=, KI7147
V=, MI3 NI T VA7 7 —TOFKE LIRSz glll % )7 B0 N Kl
TEV 7' a7 7 —EiRi#kEl 5% - LT SPINK2 ZEAENFAE INT-bDOTHD, HAAE b
SPINK2 &# /" I7'ED7T X JEEHD 5 B 15FHD Ser 76 21 FH D Gly, BELU23 %
HDPro 5 27 HHD Asn 127 VX LEBNEASINTEY (Figure 2-4) . Z ORENIZ
BRMEIX 12X 100 TH D,

1.4 77 —=UT 4 AT VLA N=0T
BEgSE[16]D 7 1 b alitoTe, XA NFURIBEL T 7 =T34 T 7 —LD
fae. IS 7 77—V O%E. fE 7 7 — YOI, BT 77— OfE, O—#HOEREL
17U REEHR L, 17U FTIE 500M DA 2 NI BHLEZA RNV AT EY
> B'— X Dynabeads M-280 Streptavidin (Thermo Fisher Scientific) % 4°C T 2 Fffi]1 > % =~
— hL TS MU EEE—XIZEB L, B %O B —X1%, 3% BSA 25T
TNC-T /3 7 7— (50 mM Tris-HCI, 200 mM NaCl, 2 mM CaCly, 0.05% Tween 20, pH 7.5) %
HAWT 4°C T1EFEI 7 1 v F 7 Lz, FHWVWT, BXLZE 1.8X 108 cfu D2 H SPINK2 7 7 —
VTARTVUATAT T =T uyd VT EHLROE =%, 3% BSA Z5¢r TNC-T /3y
77 —HT4C T T 2= L, A UF 2= MROE—XZ INC-T Ny 7 7
— W L CIERG 77—V RRE L%, TEV 707 7 —+E€ (AcTEV Protease, Thermo
Fisher Scientific) Z/NZ T glll # > /327 & & SPINK2 ZHEAR L O Z K25 Z & T, XA
MU ARTEICRE L7 7=V & B L, B L7277 — 2 % KIBE XL1-Blue £
(Agilent Technologies) |ZEGSHTHETHZ LT, BINLE 7y —V ARSI, 6
2BLOEI TV RTIE, A N UV EREZHD L2 D EGHEHEHES L2 §2
LR, TUVREB) TEITEBEMICH LR T = TR FE i LT,

1. 5. A7 V== 7 BIONT v 77 A VM AW D288 SPINK2 # /37 B OFR
BERE[16]D 7 1 b a /Uo7, 3 TV RONR= U ZRICERENT T 77—
2 K DNA ZHi L, #IPREESE EcoRT & Not1 TUJHr L CZ % SPINK2 % =t — K9~ 2 Hi JEfid
G ZGieA % — bk DNA 248 L 7o, KIBEFBIH~ 2 % —pET32a (EMD Millipore) % &
LT X —% Eco Rl & Not 1 THIWr L7=~_27 % —DNA &, EilkdA > ¥ — T DNA %
TAT—vardv5Z28I2k0, NRslZ, FAF L RF¥y v (Trx) #7, His# 7, b=
VRS, S X U e LT 28 B SPINK2 BRI X — AR LTz, R L T=_T X
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— % AW T ARG Origami B (DE3) (EMD Millipore) % EE#in#a L, 255 SPINK2 ¢ Hi# &
B L7z, B % 2-YT 5541 (Thermo Fisher Scientific) (ZHEE L C 37°C ThiaE L 7= 14,
FIREE 1 mM O IPTG ZIRM LT 16°C THrkEE L, ¥ > RV BRBZFHE Lz, =m0
Bt ko TR L 72 iR &2 RmiE Al ) Y F— b, RNy =B EETe X Lo B
F% BugBuster Master Mix (EMD Millipore) TH#fif L 724, Co-IMAC #t/l§ (TALON Metal Affinity
Resin, Clontech) |27 774 LT Trx # V&2 5 SPINK2 % > /"7 &2 HFfF L1z, BfFL
72 Trx Z A28 5 SPINK2 # R BV, BAEAIOA Y ) —=v T FE L, &
5z, hr ey (EMDMillipore) Z¥WsIML CT7 rtE > 7 L72t&IZ Co-IMAC IZT7 7 F A
LCHl Y ESsyZ[EUL L, SEC (Superdex 75, Cytiva) THT L2 L2k, Tix # 7L
His % 7 ZBRUNTZZ8 5 SPINK2 & > /87 B (285 SPINK2 @ N RImfillic S # 7 3é ST
W5) ZEUG LT, BUiS L72Z8 8 SPINK2 % v /87 B2 AW T, BLEAIOF MR 707 7 A
Iz G L7,

1. 6. MMP-9[HEAIDO A7 J—=27
TNC Ny 7 7 —THR LIz Trx # Z G285 SPINK2 # /37 B2 B0 96 7 =
/L7 L— K (96-well PROTEOSAVE black plate, Sumitomo Bakelite) (Z#&/1 L. active MMP-
9 Cat-H6 #{RA (FKIEFE0.6nM) LT37°C TI0 M7 LA v Fa_X—hLTm, XTF R
FEE 3226-v ZUSHN (RSIREE 10 uM)  L7=%%, bt R 328 nm,“#EE & 393 nm Ot
7 FIVIREE DR 2 w07 L — N U — & —EnSpire (PerkinElmer) THIE L7-, AE
WOt ORI 288, Oty 7T A RE A {7 e v F LTe T — 2 OREIE RO
R U BRSO WIS & LT, &P A 1Cso ffi1E, GraphPad Prism version 5.0
(GraphPad Software) & T, BHEFIREIZHT 2 0HRISEED 4 RXT XA —L2a TR
T4 v 7 AYREER N S B U7z, ICso ElE 2 [A1 2L EOIhAT U 7= FEBREE R S5 Lz,

1. 7. HlMMP-9 Hi{ED i

HT MMP-9 Hifk GS-5745 % 21— K95 DNA Fcsl (W02013/130078A1) %, GeneArt
ANLEETFARY—EATa Rz MUREL L TElR L, HEHE L #Hrxrznhth
LTS B A X 7 # —pcDNA3.3 |27 m—=1> 7 L7-, PEI MAX 40000 % I\ T H #4
FEAR7 X —B L L 4B 7 4 —DNA % HEK293F fildic k7> A7 =27 a L,
g 6 B OB iE &AM L7z, 553 LI 5 MabSelect SuRe #{lF (Cytiva) % VN THL
RERR L, PBSIC/Ny 7 7 —2Ha L C GS-5745 & 4537=, XZ /37 BIBREIX, #FE 280 nm
OWIEEZRIE L, 7 2/ BB DTSR S s KICHEH L,

1. 8. MMP-9 f&& ELISA
MMP-9 % [t 584, PBS T 50 nM (275 HK L 7= biotinylated pro-MMP-9 Cat-

BAP 721 biotinylated active MMP-9_Cat-BAP %, A ML N7 BV U0 EFEEE 7z 96
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7 = L7 L — |k (96-well Nunc Immobilizer streptavidin clear plate, Thermo Fisher Scientific) (Z
WL, 4°C T2 FfEA % =2_X— M LCEMIL L7z, 7L — F% PBS-T (0.05% Tween 20
Z&Te PBS) TUEH L7214, 3% BSA Z5&Te PBS-T Z/MA CHIET 1 Hfl7nvF /L
72o 7L — h% PBS-T T L7=#. PBS-T TiHl L7z 2 {57 BRFIOBLEA] (0~1,000
nM) ZIRILCERT0 A v Fa~x— K L7z, 7L — F% PBS-T THeif L7-#%. HRP
WAk S # 7 Hiik (Bethyl Laboratories) (PBS-T T 10,000 {57 R L= D) ¥R L T=HIR
TI1HEA v F 2 _X— L7, 7L — h% PBS-T C¥i® L7-t%. ELISA POD #E AB.T.S.
X~ (FHTATRAY) ZHAVTREANKESE, K 405 nm OWOLE % EnSpire THIE
L7z, &FHEH D ECsofEii%. GraphPad Prism version 5.0 %z VT, BREANRE I3 506
JED 4 NRT A= P RAT 4 v 7 AUFHERN S EH Uz, ECsfliX 2 [al ST U 7= F2BrkE
FOFHENSFEH LTz,

FHLEHZ BT 554, PBS T 10 pg/ml ([Z7R L7-LERZ . @mkErEo 96 &
/L7 L— |k (96-well Nunc MaxiSorp plate, ThermoFisherScientific) (Z#sNL ., 4°C T—Ht
A Fa_X—hFLCHEIME L7, 7L — k% PBS-T Tt LIzth, 5% AFXFLINT 25
e PBS-T ZMMA CHIR T2 7w v¥ > 7 L7, 7L — % PBS-T THf L7-1%. PBS-
T CTHRE L7 5 EHRA5]D pro-MMP-9_Cat-BAP & 7213 active MMP-9_Cat-BAP (0~100
nM) ZEWILCEIR T2 Rl A > F2~— L7, 7L — % PBS-T T¥f L7-1%. HRP
FEFRPT FLAG & ZHUR (Merck) (PBS-T T 2,500 {575 L7726 ) 2L C=RIE T 1 K
AvFaX—FL, 7b— % PBS-T T L7-#%. ELISA POD AH AB.TS.¥ v &
FAWTROARIGSE, & 405 nm OWSEE % EnSpire THIE L7=,

1. 9. MMP-9 PHETEMERHM (PRLEEE K H )

TNC Ny 7 7 —THN LA FEAZBAD 96 7o /L 7 L— MIEIIL, active
MMP-9 Cat-H6 Z#{EE (FKIRFE 0.4nM) L T37°C T1HT LA v Fa—F LT, X7
F REVE 3226-v Z U0 (GAIREE 10 M) L7=%%., BhE ¥R 328 nm,#6IER 393 nm 4t
Yo 7 F VIR ORI L 2 7 L— kU — & —EnSpire THIE L7z, BERMN% ORF
] 2 A, AOE S 7 VR A e 7 b L7e T — 2 ORIBIEUADOHEE 2 HH L, B
TS OMISOSHE & Uz, FLEEE K13 Morrison R [S2)ICHEWVVEH L7-, FLEAIRE
Ze R FRSREBOGOREE (W PO EE 2 FEAIGERINF O WM BOSEE TR Lz b D) %
e~ 2 > b U727 —# %, GraphPad Prism version 5.0 % V7= IEREIENR o4TI2 L 0 =
747107 Lz,
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app _ [S] \
KPP —Ki<1+a> (X 2)

4

K1 BROK 2B\ T VTSR EE | Vo |3 PR E AIFERINES 4] ] SS9 |
[E) X RRERIREE, [P EARE, [SUFRERE, Ky XX W= U R« A7 VB, KPP
EENTOEEE TH D, K.fHIE. active MMP-9 Cat-H6 (T & HFKIEE 2.5-10 uM D2
F RHEE 3226-v SR BS OIS EE 4 I E L. GraphPad Prism version 5.0 & FHVWT I
TY R 27 AN R VR L7z, K I 3 [BIOMST U 72 EERERSE R & L5l £ SD
L LTHEILE,

1. 10. MMP-9 FLETEPER M (=50 25E)

TNC Ny 7 7 —THM LI EAZ BABD 96 7 /L7 L— MIIRIL, active
MMP-9 Cat-H6 Z#IRA (FKIRJE 0.6nM) L T37°C T1HHZ LA v ¥ a_X— kL7, &5
+FE Dye-quenched (DQ) gelatin (Thermo Fisher Scientific) Z ¥ (&I 10 ug/mL) L7z
. BhEH R 495 nm, SO 515 nm OHOE Y 7T VIR ORI Z L2 S0t T L — R )
— 4 —EnSpire CHIE L7z, EIRNNE ORFE A AR, Wty 7 F Vs 2 fthic 7' v > k
L7e7 =2 OGP OME 25 M U, BRSO OISR & Uz, BFEFHD ICso
fElE. GraphPad Prism version 5.0 Z F\NC, FHEAREIZ KT 2 WIHIROSHED 4 /3T A —
AT 4y 7 R BRI U7z, ICs fEIE 3 [RIOMNL U 72 SEBRAH R & 4 +
SD & LCHRI LT,

1. 11. MMPs FHEIEMERHMm

12ffDE N MMPs (2519 % PREEMERHI ST Table 2-1 I2F &7z, TC Ny 7
7 — (50 mM Tris-HCI, 10 mM CaCl,,pH 7.5) (MMP-17 57 > & A H) F72I1L TNC Ny 7
7 — (ZOMod MMPs [RET v A H) THRUZEES GERE 1 M) 2260 96 ¥
V7 L— ML, 4 active MMP Z{E& LT 37°C T LA o FaX— L7z, _7
F FEEZRIN LT, R 328 nm,/#0OIKR 393 nm OGS 7)) VR EE DR RFAYZ
bz ~7 L— kU — 4 —EnSpire CHIE L7-, FERINEOREMZ R0, #8567 L il
JE A7 1 R LT — 2 OIEELP RO & 2R/ U, BEE RS O SO E &
L7z, BRERIFERMEA: OFIMBEEHE 2 100% & LT, BESITMKE OIS HE (7%
FRERIENE) 2B UTn, FRAFEESRIEMEAIT 3 LA BB U 7= S8R0 s & E 4 E + SD
ELTHEI L,

2. fER
BHESPINK2 77—V T A ATV ATAT TV —%HNT H1ETHE LA
k% > /37 'E (biotinylated active MMP-9 Cat-BAP) (ZXf 9 %/ "=> 7 % Eli L=, 73 TV
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Y ROR= U T ORER, XA MBREKRFN R 7 7 — P RIEOBIN RO Sl (data not
shown), [EINED T 77— I RRXT7 X —)b 8]0 H L72A R SPINK2 % 22— N9 5 A
F%& FAWT Trx # VG255 SPINK2 FEUHR 7 X —HHE LT, R LT~V ¥ — TR
Origami B (DE3)Z TP E#A#L L, Trx & 7 filA 28 8 SPINK2 78 E A4 i L7=, #9 2,000 7
0— ORBAEZZNT 1 mL DA —/)L TR L CIPTG 2L, —BhikEssss L7
BICHEIRZEIYL U7z, FRZ A L7212 Co-IMAC TR L € Trx & ZRlAZ 5 SPINK2
IS L7z, MMP-9 BERPREIGMEZIEIEIC A7 U —= 7 LR R, FEEE T 0
23380 7 m— Ll ERRD BTz, EAL S O FLELS & fEAT LR, o =—27 727 X
ot D130 70— Tholz, TOZEND, EELI-AZ V—=2T D v FR

(== BB O E S a— B A7 V—=7%) X 6.5% Tholz, KF1r=—
7 v — 2 ORREEVE ICs Z2 B H L7-fE 8. 1C50<10nM ¢ MMP-9 [L# 7 11— A% 14 f#fH
BHNTo, S BICEHEMRENT 23 2 72  FRETEMEO R S 2 FRIEIZ 4 DD 7 = — 2 (M91002,
M91005, M91011, M91012) %R L7z, 4 7 0 —> D Trx ¥ JEEZE S SPINK2 & 2 /37
Bhhnorer ety 7 LT T # 7 %REL, SHICSEC THET 5 Z LT, &
HOMRAT F D25 B SPINK2 7 /87 B %457,

BEH & O MMP-9 JEES[27,54)1 68 L OV m 7 7 —E T — &% ~X—2Z (MEROPS) (Z
BERFE D MMP-9 ELEELS & bl L2’ 4 FORE 7 o —r o —7E 5 ol

(Figure 2-4D) 1213 MMP-9 B DEF — 7 ESITE ENR Do T,

FPAEF 27 m— D MMP-9 IZx7 2 i ETEMER L OPHEIEM: 27l L 72, ELISA IZ
BWT, £2TOHEZ 00— active MMP-9 (25 L CIREERIFAI A 2 ~r L (Figure 2-
5A). OREATENE ECso ffilX 16~47nM T - 7= (Table2-2), BE#H1E DOH MMP-9 Hi{k GS-
5745[55]7% active MMP-9 & pro-MMP-9 Ol 5IZfEA L7z (Figure 2-6) Z & & I3t HAIIC,
ETOREZ 72— 1 upM IZEBWTH pro-MMP-9 IZHEE L7y~ 7= (Figure 2-5B), X7
F RIE % FV 7z MMP-9 B 7 v A 128\ T, £ TOMEZ 1 — 78 MMP-9 DOEEHEE
PEAEBLE L, £ OEEH KAEIX 1.4~230M Toh -7 (Figure2-5C, Table2-2), % /37
BHOKEEL L TEITTF U E2HWET v EAIZBNWTHRTOME Y v — BIREENZ
s~ L (Figure 2-5D) . % DOFHFTEME ICs fEI% 5.0~8.6 nM T -7 (Table 2-2),

KPE 7 72— D MMP-9 |[Z%1 3 R RN Z T35 72, o> MMPs 7 7 X U —
ORI DR EIRE & Rl L7, 223 O MMPs 7 7 2 U —5 1D 5 B BEED
ANTFHEFAM ARG EE I R RE AN M 7> o 72 12 TR 2 BRI AV 7o BRE AR E 1 uM I3 T
5 T-BHEA sc-311438 (X MMP-7 % [R< 22T MMPs # 52 2ICfHE L7zDizxt LT, 4 ff
DILE 7 v — 130T o MMPs [HE L7272 > 7= (Figure 2-7, Table 2-3),

BHSPINK2 77—V T A AT VLA TAT T —mb, IC<10 nM @ MMP-9 [H.
Ero— N 14 BEEONT-, TOO B 4FEO 7 v— 2 OLEIEMIL, R AL EE M
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ZoRT B Ko AREFER O T HLEA] sc-311438 &[4 (Table 2-2) THY ., Wi
D7 v—r i) MMP-9 BHERITH 5 2 ERE T, £72. MMPs (239 5 HEREE
FEm ORGSR (Figure 2-7, Table 2-3) 726, Ja#iZe MMPs FETG M4~ TR FBREA & 12
F720 . MMP-9 |23 3 2 @V R Z FFO 2 & R STz,

AW CEASF L7z MMP-9 FLEHI OB ETGRME & Rt 2 BERE D& "7 BED
MMP-9 FHEAI & tlz L=, §1 MMP Hifk SDS4 1%, MMP-9 (Zx%f L CFHLEESL Kl 54 nM,
MMP-2 [Z%F LT ICso fili 56 nM D FRWAETEME AR L, 4 uM 2BV TH MMP-1, -7, -12 %
B U727 72[34], T MMP-9 HK GS-5745 1% MMP-9 (25 L T ICso i 0.218 nM D FEH (1Z
BROLEIGMEZ R Lz, 7277 L2 OERRIIIEFRAMETH Y | RARMEMREIL 56%T
Ho72, GS-5745 1% 10 FEFHDO MMPs (MMP-1, -2, -3, -7, -8, -10, -12, -13, -14, -16)
(A BE T . MMP-9 (2% 9" % @ W R 2 7R L 72[55,56], T MMP-9 Hit/& CALY-001 (% MMP-
9 1Z%f LT ICso fif 0.97 nM DRV EIEMEZ /R Lz, & 512 CALY-001 1E 100 nM {28\ T
t, 8§ FlFHD MMPs (MMP-1, -2, -3, -8, -12, -13, -14, -19) ZBAEHET. MMP-9 (Zxf9
LD WRFERMEZ R LT2[57), — 75 AWFSE CTHUS L7z MMP-9 [HE AL, MMP-9 (Zxf L T K;
il 1.4~2.3n0M OFRWVAEFEMEZ R L, 1uM IZBWTH 12 fliFHO MMPs (MMP-1, -2, -3,
-7, -8, -10, -12, -13, -14, -15, -16, -17) ZPHEFEHET. MMP-9 (ZxI3 2 @ FREME AR
L7 Bl bED Z &g ARBFE TEE SPINK2 74 77 U —/n b s L7 MMP-9 BREAIL,
BERE 0 & o EE O FLEANC ICECT 2 5RO BREIR M & O B 2 O S MMP-9 L
ERITHDLZ EDBRINT, BRSPINK2 77—V T A AT Vv A TAT TV —InG, T h
370 FROR= IR, 20X 57 MMP9 BLEAINEES SN2 Enn, R
SPINK2 7 A 7' F U —I% MMP-9 |Zx 3 258 ) DR R e BERI ORIRICERThH 2 &
DRENT,
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Table 2-1. MMP enzymatic assay conditions.

Final concentration Pre-incubation Flnal'
Enzyme ) ] Substrate concentration of
of enzyme (nM) time (min)
substrate (uM)

MMP-1 5 60 3226-v 10
MMP-2 1.4 60 3226-v 50
MMP-3 25 60 3168-v 10
MMP-7 1 60 3226-v 10
MMP-8 0.6 60 3226-v 10
MMP-10 4 60 3226-v 10
MMP-12 4 60 3226-v 10
MMP-13 2 10 3226-v 10
MMP-14 1 60 3226-v 10
MMP-15 1 60 3226-v 10
MMP-16 3 60 3226-v 10
MMP-17 3 10 3226-v 10
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Table 2-2. Binding affinity and inhibitory activity of inhibitors against active MMP-9

ELISA Peptide Gelatin
Clone .
ECso (nM) K; (nM)” ICso (nM)*

M91002 47 23406 85+2.1
M91005 46 1.4+0.2 82+12
M91011 16 1.6 +0.1 50+0.5
M91012 46 2.1+0.1 86+1.7
sc-311438 N/A? 1.5+02 23+0.1

“ECso was determined by ELISA as the mean (n = 2).

bK; was determined by the MMP-9 inhibitory assay with 10 uM peptide substrate 3226-v. The K; values
are shown as the mean =+ standard deviation (S.D.) (n = 3).

‘ICso was determined by the MMP-9 inhibitory assay with 10 ug/ml DQ-gelatin substrate. The 1Cso
values are shown as the mean = S.D. (n = 3).

IN/A denotes “not applicable”.
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Table 2-3. MMP inhibitory activities of inhibitors against eight MMPs. The cross-reactivities
against MMP-3, -7, -10, -12, -14, -15, -16, and -17 were measured by enzymatic assay using peptide
substrate. Each active MMP was incubated with inhibitors (1 pM), and then the peptide substrate (10
UM 3168-v for MMP-3, 10 pM 3226-v for the other MMPs) was added as described under “Materials
and methods.” Enzymatic activity was determined by monitoring the hydrolysis of the peptide
substrate and each remaining enzymatic activity was normalized to the activity in the absence of

inhibitors. Data are shown as the mean + S.D. (n = 3).

Remaining enzymatic activity with inhibitor

Enzyme

M91002 M91005 MO91011 M91012 sc-311438
MMP-3 116 £ 6% 114 £ 4% 115+3% 118 +£2% 1.6 +1.5%
MMP-7 121 £ 1% 123 £ 2% 124 + 1% 120 + 4% 45+ 2%
MMP-10 144+ 13% 141£9%  159+£26% 144+£11% 0%
MMP-12 125+ 18% 122+ 18% 124+£21% 123 +£20% 0%
MMP-14 115+ 4% 112 £ 6% 114 + 8% 112 £ 7% 0%
MMP-15 121 £11%  117+£9%  115+13% 115+ 11% 0%
MMP-16 110 £ 7% 110 + 8% 117 £ 7% 107+6%  3.0+£0.1%
MMP-17 124 + 7% 127+2%  132+16% 132+ 18% 0%

25



A

1 14 22 30 41 44 62
PQFGLFSKYRTPNCSQYRLPG?PRHFNPVCGSDMSTYANE?TLCMKIREGGHNIKIIRNGPC

B

14 22 30
CSQYRLPGCPRHEFNPVC

90°
ID Target |14 | [22] [ [30]
WT Trypsin |C S|Q|Y|R|L|P|G|c|P|R|H|F|N|[P|[V]C
Library - clx|x[x|xx[x[x[c|x[x|[x[x][x]|p|[v]C]
M91002 MMP-9 c rlT|c|r|e|P|alc|o[M|c|F|o]P|V]|C]
M91005 MMP-9 c/rR|k|rR|G|[G|P[s|clolmM|[s|[y|[n]|P|V]C]
M91011 MMP-9 cMM|Y|r|Y|al|ol|lc|s|H|K]|S|g|P|V]C]|
M91012 MMP-9 c/rR|v|rR|G|G|P|[s|c|o|M|[s|F|[N|P|V]|C]

Figure 2-4. Scheme of a randomized region of the engineered SPINK2. (A) Amino acid sequence
of wild-type SPINK?2. Lines indicate disulfide bonds (Cys-14-Cys-44, Cys-22—Cys-41, Cys-30—Cys-
62). (B) Region randomized to create the engineered SPINK2 library. (C) Three-dimensional structure
of wild-type SPINK2 (PDB code, 2JXD). SPINK2 is shown as a gray and red semi-transparent surface
model; red indicates the randomized region. The right figure represents the left image turned 90°
counterclockwise about the y-axis. (D) Aligned sequences of the engineered SPINK2-derived

inhibitors against MMP-9.
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Figure 2-5. Binding and inhibitory activity of engineered SPINK2-derived inhibitors. (A) The
binding activity to active MMP-9 was measured by ELISA. Various concentrations of engineered
SPINK2-derived inhibitors or wild-type SPINK2 (1-1,000 nM) were added to the biotinylated active
MMP-9 Cat-BAP (50 nM)-coated plate, and then inhibitors bound to active MMP-9 were detected by
HRP-conjugated anti-S tag antibody. (B) The binding activities to pro- and active MMP-9 were
measured by ELISA. Biotinylated pro-MMP-9 Cat-BAP or biotinylated active MMP-9 Cat-BAP (50
nM each) was coated on the plate, to which inhibitors (1 pM) were then added. The inhibitors bound
to MMP-9 were detected by HRP-conjugated anti-S tag antibody. (C) MMP-9 inhibitory activity of
M91005 was measured by enzymatic assay using peptide substrate. Active MMP-9_Cat-H6 (0.4 nM)
was incubated with various concentrations of M91005 (0-25 nM) for 1 h at 37°C, and then peptide
substrate 3226-v (10 uM) was added. MMP-9 activity was determined by monitoring the hydrolysis
of the peptide substrate, and the activity in the absence of M91005 was taken as 100%. (D) MMP-9
inhibitory activity of engineered SPINK2-derived inhibitors was measured by enzymatic assay using
the macromolecular substrate. Active MMP-9 Cat-H6 (0.6 nM) was incubated with various

concentrations of inhibitors (0—100 nM) for 1 h at 37°C, and then DQ-gelatin (10 pg/ml) was added.
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MMP-9 activity was determined by monitoring the hydrolysis of DQ-gelatin and the activity in the
absence of inhibitor was taken as 100%. Data are shown as the mean of duplicate experiments in (A)
and the mean + S.D. (n=3) in (B-D). All curves were obtained by non-linear curve fitting as described

in “Materials and methods.”
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Figure 2-6. The binding properties of inhibitors were evaluated by ELISA. Various concentrations
of pro-MMP-9 Cat-BAP or active MMP-9 Cat-BAP (0.8-100 nM) were added to M91005 or GS-
5745 (10 pg/ml each)-coated plates, and then C-terminal FLAG tag of captured MMP-9 was detected
by HRP-conjugated anti-FLAG tag antibody. All curves were obtained by non-linear curve fitting.
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Figure 2-7. Cross-reactivity of engineered SPINK2-derived inhibitors against MMP-9. The cross-
reactivities against MMP-1, -2, -8, and -13 were measured by enzymatic assay using the peptide
substrate. Each active MMP (MMP-1, 5 nM; MMP-2, 1.4 nM; MMP-§, 0.6 nM; MMP-13, 2 nM) was
incubated with inhibitors (1 uM) for 10 min (for MMP-13) or 60 min (for MMP-1, -2, and -8) at 37°C,
and then peptide substrate 3226-v (10 uM for MMP-1, -8, and -13, or 50 pM for MMP-2) was added.
Enzymatic activity was determined by monitoring the hydrolysis of the peptide substrate, and each
remaining enzymatic activity was normalized to the activity in the absence of inhibitors. Each bar

represents the mean = S.D. (n = 3).
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/NG

ZEHLSPINK2 7 A 77 U —725 MMP-9 [H5E SPINK2 7 = — > ZHfG T 572, 7
TV TAARAT VAR TICHNESNA, MR EERM LT, BBla> A NF 7 b
DT WA | B F ARG EHEEREFEEZRG L, A= ZIC@ Le_A b2 Ry
' (biotinylated active MMP-9_Cat-BAP) ZHufG L7z, B L7 ~_A M & T EHZ N TE
FSPINK2 74 77V —MNbDNRN= T RBEIORAT Y —=0 7 5 Eh LiofE R, #5o
MMP-9 fiE 7 v — B Gbhic, 20 9 6 4 FEEOEE 7 7 —2 (M91002,M91005,M91011,
M91012) Z 2B RENT L7 f5 5. W o 7 m—2 b MMP-9 [Z %3 2 30 /1 72 BRETE M (FE.
FER K 0 1.4~230M) EEWERRME (1uM I2B W T Hitho MMPs Z L5 L7eV) 2R L
Too BLEDZ Db 255 SPINK2 7 4 75 U —IE MMP-9 (2% 3% 58 /) 2> D Rp S 722 B 5
HOABRIZERTH D Z LRSI,
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%33 MMP-9 752 BHEH O ZR i AEARE O fif bt

MMPs 7 7 X U =5 FIXEWIZEWESIHEREIMEZ T TICHBEL 67, 6 2 =ik
WCHAS L7z MMP-9 FREANIZ, Z2EEWRRIEEZEB TE 200, ZOA =X Lx2H5
M 57280, MMP-9 [ SPINK2 7 11— M91005 78 X D X 9 12 MMP-9 %385k L T\ %
DNEIRNT U2, 18Tl iV s MMP-9 O FEZABIKZ 35 L TRl L7z, 56
2 #iTIE, M91005 & A FEZE BAR & OFEAAE Zfi#tr L. M91005 (Z X 5 MMP-9 % FAYRH
ERAN = AL R LT,

H1ET MMP-9 OFFE R A A U REAER X OVEERAEOF R

1. FEEMER XL OJ5E
1. 1. MMP-9 O&FE N A A » KBEROFRG & H BT 7 —H§EE
MMP-9 & EAK% #4272 %, pro-hMMP-9 (NCBI Reference Sequence: NP_004985.2)

DOEFD C KUl 6 XHis ¥ 7 %A Liz (full-length pro-MMP-9 & 7EFE), MMP-9 D~F
NRETURAAL T 4T aR T F 2 RAAL & KIS T MMP-9IENE B A A % fffl4
%728, pro-hMMP-9 (NCBI Reference Sequence: NP_004985.2) O{E M K A 1 > (Ala-20~Gly-
215 3 L OV GIn-391~Asp-707) D C K¥ilZ 6 X His & 7 % FA L 7= (pro-MMP-9 catalytic domain
L TEF%), Full-length pro-MMP-9 35 L TF pro-MMP-9 catalytic domain DI85 1-1%. GeneArt A
THEEFERY—EATa Rzt MUTRE L TER LTz, AR L72 DNA Z#RIZ,
PCR TA % — | DNA Wi 2308 U7z, WFL MBI~ 2 % —pcDNA3.3 Z#41C,
PCR T-X7 % —DNA Wi i ZF8% L 7=, In-Fusion HD Cloning Kit T-X27 # —DNA & A > ¥ —
N DNA Z##fE L, KB DHS o & E§A#: L 72, QIAprep Spin Miniprep Kit ¥ 721
NucleoBond Xtra Midi/Maxi & FIVN CIEEREHUAN S 7T 2 I N DNA Zfifith U CHAER Y 2
MR L, &FE N A A RBEIERY X — 5157,

1. 2. MMP-9 OEFIERARDFGH & FEBI 7 2 —HEE

JEMEDICE R ZE AN L7 MMP-9 284 272 full-length pro-MMP-9 %7
7 L— k& LT, KOD -Plus- Mutagenesis Kit (TOYOBO) % T 1 FRELEHZEAT S Z
LTk D, 3 D pro-MMP-9 {EMEFULZA K (full-length pro-MMP-9 H401A, H405A.
H411A) #HEEEL7-, £72. pro-MMP-9 Cat-H6 %7 > 7L — & LT, QuikChange Site-
Directed Mutagenesis Kit (Agilent) % HWT 1 FRILEREZEATHZ LIZL D, pro-MMP-9
EMEF LSRR (pro-MMP-9_Cat E402Q-H6) #HE4E L7=,

Tr7FrFxf—8 (EK) &MV TEMLATREZR pro-MMP-9 284 272 pro-
MMP-9 Cat ® N Kl 6 X His # 7 Z @i L. Arg-106 & Phe-107 O EK kG5 A
k(7 2/ E&#fc%) : DDDDK) % 4fi A L7z (pro-EK-MMP-9 Cat & i£%%), Pro-EK-MMP-9 Cat
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%7 7 L— k& LT, KOD -Plus- Mutagenesis Kit 2 i\ C 1 ZRILEHREZEATH Z LT L
V. 13 fE¥HD pro-MMP-9_Cat cleft mutants (pro-EK-MMP-9 Cat F110A, Y179A. DI185A,
G186A, L187A. LI88A, FI192A, Y393A, L397A, V398A, L418A., P421A., Y423A) & 10
FEFH D pro-MMP-9/MMP-2 chimeric mutants (pro-EK-MMP-9 Cat Q108N ,T109F,E111P,P193A,
1198V, Q199G, D410E, S413Q. Y420A, M4221) #HEEE L 7=,

W FLIEA IR B X 7 % —pcDNA3.3 Z #8112, PCR T-X7 % —DNA Wi h % i
L7z, In-Fusion HD Cloning Kit T~XZ7 #—DNA & A > #— h DNA %Zi#fE L, KE DHS
a Z I EHAH L7=, QIAprep Spin Miniprep Kit ¥ 7213 NucleoBond Xtra Midi/Maxi % F\TJ¥
BRI G 77 A X R DNA 2l U TSRS A R L S FEERRREBIAN Y 2 — 515
7o

1. 3. MMP-9 OFFE N A A > KA L O FE DO FEH IR

PEI MAX 40000 Z T MMP-9 R A REBRE L OERKFETA 7 Z —DNA
% HEK293F #ifdic F 7 A7 =27 v a L, H55& 6 HEOR®E LiFZ B L7z, 20 mM
sodium phosphate, 0.5 M NaCl, pH7.4 C>{-ffir{k. L 7= HisTrap excel IZ55#% FiEZ 7 7714 L, A
IE =V, PBS 123y 7 7 =AM L, pro-MMP-9 R A A 2 KABIRE L OVENEF
DA FRARZ1GT2, Pro-MMP-9_Cat cleft mutants 33 2 UY pro-MMP-9/MMP-2 chimeric mutants |3
HisTrap excel TOF5#1% | gelatin-Sepharose #ffiF (Cytiva) Z AWV TS HITHEER L, PBS (23
Y 77— MU THG Lin, 2 /N BRI, R 280 nm OUOLEAREL, 7 R
BB DE VRO RE A FRIZ R Lz,

1. 4. MMP-9 D&l K A A REEB I OEREDO T vty 0 7k L ONEME(L

Active MMP-9 #1525 728  TNC /3 7 7 — T L 72 20.4 uM full-length pro-MMP-
9 ¥ 7213 pro-MMP-9 Cat-H6, pro-MMP-9 catalytic domain {2, ZE&RE D 2.2 uM active MMP-3
ZUIN, 37°C T 4 FEETEME(E L, & pro-MMP-9 H13E D active MMP-9 (full-length active MMP-
9. active MMP-9 Cat, the catalytic domain) %1572,

Pro-peptide % B\ 7=iH MEH L B AR MMP-9 E402Q (MMP-9 Cat E402Q-H6) %15
5128, TNC /Xy 7 7 — Tl L7= 20.4 uM pro-MMP-9 Cat E402Q-H6 (25 A D 6.8 uM
active MMP-3 Z 51 L, 37°C T 4 FFRIG SH 72, RKIGHK%E PBS 123y 77— LT
MMP-9_Cat_E402Q-H6 # Huf5 L. #fifE % SDS-PAGE THiEFR L7z,

EK TiEME(L L7z active MMP-9 %45 % 7= &, EK GJlT /X > 7 7 — (20 mM Tris-HCI,
50 mM NaCl, 2 mM CaClp, pH 7.4) Tl L 7= 4 uM ® pro-MMP-9 (pro-EK-MMP-9 Cat, pro-
MMP-9_Cat cleft mutants, pro-MMP-9/MMP-2 chimeric mutants) (2, #&J2E 32 U/mL ¢ EKMax
Enterokinase (Thermo Fisher Scientific) Z ¥/ L, 4°C T 2 FefiliEM: b L 72, EKapture Agarose

(Merck) % HWTRSIED S EK ZFrE L7-th, PBS |23y 7 7 —%3#2 LT EK TiEMEAL

L7z active MMP-9 ZHf% L. #{i£ % SDS-PAGE THER L7,
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1. 5. MMP-9 R TEMERIE

EK CiEPE L L7z active MMP-9 Z#&JRFE 1 nM & 725 X 912 TNC Ny 7 7 — Ty
RUTHRED 96 7= /L 7 L— MIWML, &RE 10 uM & 725 X 5127 F REE 3226-
v 2RI L=, IR 328 nm, /#0393 nm DG T 7 VBB ORREFHOA b %t
Jt7 L— U —& —EnSpire THIE L7z, BRI OB 2 Ml H0ts 7 Vi 2 it
o7 m Y b LT — & OGO & 25 U, BRSO YIRS EE (BER1EME)
& L7e, BERIEVEMEIT 3 [RIOMRST L 72 FEBRAE Rh B H)E+£SD & L TR L7z,

2. fER
2. 1. MMP-9 R A A VU RIBIEDFHFT L 5L

M91005 & DHHAAERICBEI DD RA A LV Z T T D720, BEND RAAL U ER
% 3 A D pro-MMP-9 % BUiERL L T active MMP-3 CIEMEAL L, 3 FE$H D active MMP-9,
T2 bbEaEER O MMP-9 (full-length active MMP-9) , ~EXF L0 KA A V& KESH
72 MMP-9 (active MMP-9 Cat), ~EXF U RAAL NIMATTI 4 T u R T F U RAL
4R 72 MMP-9 JE1E K A A > (the catalytic domain) % Buif5 L7z,

2. 2. MMP-9 {E MR BAR O G & R

M91005 & MMP-9 OIEMLL & DR AAEM Z RT3 2 72 1HMETOZE RIK A2 7%
FFL72, MMP-9 OJEMEF L, HifaA A2, Z 2 I VBRI (Glu-402 : Figure 3-1 &) .
ignA 4 aFL— b5 350t AF Y FR A (His-401, His-405, His-411 : Figure 3-1 #%)
DO SIS, LART O [S8NTHE Y, 4 FEFADIENE O ZE E(R (H401A, H405A, H411A,
E402Q) DFH7 X —%HEE5 L, HEK293F Hifldz AW CHRBLZR AT, ZOR5HE. E402Q
ZHAR (pro-MMP-9_Cat E402Q-H6) [T RAFRFEELNGRD b/c—F, EOMOEEMAKITEE
BT EHE~OGWHELBO BN o 7= (Figure 3-2) . fEH L THEUS L 72 pro-MMP-
9 Cat B402Q-H6 1. ZDFEE TIE7 a X7 F NI Lo THEHEH LR A7 INTNHTZ8H,
active MMP-3 TO 7't 7 il Aic, B4R MMP-9 (pro-MMP-9 Cat-H6) DIEME(L &
[FEEIZ, pro-MMP-9 Cat E402Q-H6 (I EAFIC 7 vk > 7 &3 MMP-9 Cat E402Q-H6 »3f%
Hiviz (Figure 3-3), MMP-9 Cat E402Q-H6 (FEEH 55910 ) B TG M % 78 S 72 o
7= (datanot shown) 729, BET vt A TiI7e<EAT v &A1 (SEC) IZHW=,

2. 3. MMP-9 7 7 = {EHZE B (cleft mutants) DF%FF & 7

M91005 & MMP-9 DIEEHLJEL OIAEE (active-site cleft & EFE) & OAHAIEH
ERRNTT D728, active-site cleft (Zd DA T T = N ZTEH LA 2K (cleft mutants & E
) XA LT, MHAMERT 2R EZEENICIRET 570, UTFIORT 3207 747
T 7o 9 13 5% H (Phe-110 35 X TX Tyr-179, Asp-185, Gly-186, Leu-187, Leu-188, Phe-192,

34



Tyr-393. Leu-397, Val-398, Leu-418, Pro-421, Tyr-423 : Figure3-1 ~ Y %) % 28 B A5k
KL T&ELI, 325027747 ) 71F (1) BEREDOTF FEE L MMP-9 & O AR
i (PDBID: 4J1)) (2R W THE EMHAEMA L TV A5, (2) MMP-2 ©7 2/ BEElS &
[Al—Toh 2L, 3) MENEHMEN L TWDERE, L LT,
% pro-MMP-9 %8 BL{Kk % HEK293F fifid THHL L CTHEML L, SDS-PAGE T/H#T L 7= &
B WTNOERKRY BRI TS (Figure 3-4A), EK TIEMHIL L TR L%
active MMP-9 28 ¥.{K % SDS-PAGE T/H#T L7fE R, W oL RIK S BAF2fE 2R LT
(Figure 3-4B), ~7'F NEE 3 MRIGNE 2 FEREIC &2 SR ORERTEVE 2 314 L 72/ R, A5
WA L o THEETEMERE LS 2L L7 b DD L188A Z i< 12 DL RIKIZ DV T,
BT v ANTHWD ETRIBEEN L~V OFEEEMEZREFL TV D Z RN ER S
(Figure 3-4C),

2. 4. MMP-9/-2 ¥ A 754K (exosite mutants) DF%F & FRH

M91005 73 MMP-9 O & DFk 78325 Z & T, MMP-2 & OfEERE W E Ly
TWDMNEMNTT 572, active-site cleft JEJIZ & 5 5% MMP-2 OF%FEIZE#L L /-4 R
& (exosite mutants & EF%) ZaXal L7, MHAMERT DK EZMENICIERT 5720, T
WZRT 2007 747 V7 Zylitcd 10 7855 (GIn-108 35 L Tf Thr-109, Glu-111, Pro-193,
Ile-198, GIn-199, Asp-410, Ser-413, Tyr-420, Met-422 : Figure 3-1 7 ) %78 B A\ téifT
ELTEK LT, 22007747 U7X (1) active-site cleft iTf5(Z & 578K, (2) MMP-2 D
T2 BRI L B B RS & LTz, 4% pro-MMP-9 Z8 B A A HEK293F M THREL L TR
L. SDS-PAGE T/ L7cfER, WD ZE RS BAF MR TR S 7z (Figure 3-4A),
EK TIHEMAL L TH B AL724 active MMP-9 Z8 ¥ {K% SDS-PAGE T/#r L7ZfER, WTho
EHRARS BAF72MEEZ R U7z (Figure 3-4B), ~7'F NEE S RIENE 2 FRARIC A 2 AR DO B%
FAEVEZ RN L 72/ R, BEB AN K > THREEDRE LB LSOO, WTiL b EH
7oA D ETRBEEN LV OBEFEME AR L TV D Z LR Sz (Figure
3-4C),

3. &

P

HEK293F #ifid T 4 FifHD & b MMP-9 {H LA BARO R 2 5 7223, E402Q
ZER< 3FEMH (H401A, H405A, H411A) &< BEHENEBO N> 7=, LIATOHE[58]
T, b PR BRI HepG2 T~ 7 A MMP-9 @ H401A, H405A. H411A Z8BAKRDNFE
BLA[RE Cd o 7z, MH DO FEBRSAFITITFBIE FHNE (HEK293F %7213 HepG2) & MMP-9 &
BFOmK (B FERIIYTR) ITEVWDR DD, EOFRMENERKROFBUCEHRE L)
[ZBH 53T 8, HEK293F Ml TO B b MMP-9 ORIBUZBW L, iEEHRLO e AT
VUL Ko THA AU NEUNCF L — FSNDZENEETHD ERBRINT,

%2 FITE VT pro-MMP-9 OJEMHALIZ active MMP-3 % V223, Z D LT
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MMP-9 ZER DG 22 IEMA SR 2 AT Z L3 L v, 2ol & LT mE T 6N,
— B3 active MMP-3 |Z & » TA U % active MMP-9 H & OEEETENED . pro-MMP-9 D~ &
B TNIFET AR TH D, EBRIC, BERIGTEO Y MMP-9 E402Q £ Bk % Fmt& T v
7B, AR MMP-9 27ty v 7T AAICHART 3 [EED active MMP-3 23 4%
HCThole, T77bb, ZBREAFIC K > TH active MMP-9 ZBARDEER TG M 2 %
2T 556, 4 pro-MMP-9 2 EARDIEMAL S (active MMP-3 R, FUGKREH) %28 #4K
T 5 MEN D D, L BIE. pro-MMP-9 OIEMAL S HEI T3 B IRE S (R~
37°C) TIL, active MMP-9 H & OEEETEMIC L > TH MR EITT 5 8 ThH 5 (Figure 3-
5)o TEMEALSRIF 2 Rat3 5 BRICIE A O O A B2 FERFRFAN 3~ 2 LB 5 Y | 0> MMP-
9 B HURDOTEMAL S 2 & Tk 375 Z LIXIER I CH 5, b OB ZfiFRT 2
728, active MMP-3 DX VD 12 EK & W TIEMEAL FTRE 72 pro-MMP-9 =22 A N5 7 R & §%
L7z, 7rtr %o N KD, active MMP-3 T/ a7 Lica LA U< Phe-
107 12725 k5, Fm_X7F FL& Phe-107 ORI EK BBy 2 A L7z, EK (LD 7=
B U U RUOSHREEITA active MMP-9 28 BAK DOBEFRTEM: L IR CThH 272D 1HMHILSEM %
BHRIR T LRl D MENEED, & 512 EK IHMEIE T ChIEMEE2 A9 5729 4°C T pro-
MMP-9 % 7't/ C&, FEA LT active MMP-9 O H C 0 fiE 2 I rTRETH D, T &0
% & active MMP-9 |2 L % H 0@z il L7235, AT O active MMP-9 28 B {A % f# { 7>
OHYNCTHR CE D a L A NT T NEBETHZENTET,
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Figure 3-1. Design of MMP-9 mutants for analysis of interaction between MMP-9 and M91005.
(Top) The sequence alignment between MMP-9 and MMP-2 in the active-site cleft and exosite of
MMP-9. The residues are numbered according to the generic MMP-9 nomenclature. Catalytic Glu-
402 is indicated by an asterisk and shown in blue. Three histidine residues (His-401, His-405, and His-
411) that chelate catalytic zinc ion are indicated by a “Z” and shown with a green background. Alanine
substitution sites in the active-site cleft (for cleft mutants) and MMP-9/-2 chimeric mutation sites in
the exosite (for exosite mutants) are highlighted in magenta and cyan, respectively. Three residues
(Ala-189, His-190, and Ala-191) in the active-site cleft, the side chain of which is not exposed to
solvent, are shown with an orange background. (Bottom) The structure of the catalytic domain of
active MMP-9, colored in gray (Protein Data Bank code 4H3X). Each residue is shown with coloring

as in the top panel.
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Figure 3-2. Expression of active-site mutants of MMP-9 (H401A, H405A, and H411A). Western
blot analysis of the culture supernatants (6.5 pl per gel lane) of HEK293F cells transfected with each
MMP-9 expression vector was performed under reducing conditions. After electrophoresis, the
proteins were transferred to a PVDF membrane followed by blocking with 5% skim milk in PBS-T.
After washing with PBS-T, Penta His HRP Conjugate (QIAGEN, 34460) was added (1:10,000 dilution
in PBS-T with 0.5% skim milk) and incubated for 1 h at room temperature. After washing with PBS-
T, the reaction was developed with ECL Prime Western Blotting Detection Reagent (Cytiva) at room
temperature. The pre-stained visible protein markers and the chemiluminescent signals were captured
using a ChemiDoc XRS+ CCD camera-based imager system (Bio-Rad). Black arrowhead indicates
the band of full-length MMP-9 fused to a C-terminal Hiss tag.
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Figure 3-3. SDS-PAGE analysis of purified MMP-9. Pro-MMP-9 Cat E402Q-H6 was purified and
processed by active MMP-3, as described in “Materials and methods.” SDS-PAGE analysis of the
purified pro-MMP-9 (1 pg per gel lane) and MMP-9 Cat E402Q-H6 (0.5 pg per gel lane) was

performed under reducing conditions followed by Coomassie Brilliant Blue G-250 staining.
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Figure 3-4. Purification and activation of MMP-9 mutants. (A) and (B) Pro-EK-MMP-9 Cat (WT),
pro-forms of the cleft mutants, and exosite mutants were purified using HisTrap excel gel and gelatin-
Sepharose resin. Each pro-MMP-9 (4 pM) was incubated with EKMax Enterokinase (32 U/ml) for 2
h at 4°C. After the activation of MMP-9, EK was removed by EKapture Agarose and buffer was
exchanged for PBS at 4°C. SDS-PAGE analysis of the purified pro-MMP-9 (A, 1 pg per gel lane) and
activated MMP-9 (B, 0.5 pg per gel lane, asterisk indicates 1 pg per gel lane) was performed under
reducing conditions followed by Coomassie Brilliant Blue G-250 staining. All of the pro- and active
MMP-9 mutants were highly purified. (C) MMP-9 activities of each mutant were determined by
enzymatic assay using peptide substrate. Active MMP-9 Cat (WT) or activated mutants (1 nM each)
were incubated with peptide substrate 3226-v (10 uM), and then MMP-9 activities were determined
by monitoring the increase of fluorescence signal of the substrate. The activities of each mutant were
normalized to that of WT. Most of the activated mutants, except for the L188A mutant, showed
sufficient proteolytic activity to use for enzymatic assays. Each bar represents the mean + S.D. (n =

3).
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Figure 3-5. Autolysis of active MMP-9 upon long-term incubation at 25°C. To evaluate the
stability of the bait protein, 2.4 uM of biotinylated active MMP-9_Cat-BAP was incubated in PBS at
25°C for 16 h. SDS-PAGE analysis of the biotinylated active MMP-9 Cat-BAP after incubation (0.5
pg per gel lane) was performed under reducing conditions followed by Coomassie Brilliant Blue G-
250 staining. Black arrowhead and red arrowhead indicate the band of the biotinylated active MMP-
9 Cat-BAP and the band of degradation product, respectively.
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28 FHEANC L D MMP-9 Sk OHEE

1. EBRMEB X Ok
1. 1. TIMP-1 ®FifL
TIMP-1 %% 3 % 7=, hTIMP-1 (NCBI Reference Sequence: NP_003245.1) @ C K
Uil FLAG % 7 &G LTz, TIMP-1 O&{aF1E, GeneArt A TEIF &Y —EATa K
Vb MU E#E{L L TER LTz, AR L7z DNA #8582, PCR T4 ¥ — k DNA Wik
R U 7, "ERLEMIORE LA ¥ —pcDNA3.3 Z#§2, PCR T~Z7 % —DNA Wik %
FHL L 72, In-Fusion HD Cloning Kit T2 # —DNA & A > % — | DNA Z#ifE L, KGH
DH50 % JE/E#5#t L7, QIAprep Spin Miniprep Kit & 7= 1% NucleoBond Xtra Midi/Maxi % f 1>
TIEIRHUARN D7 F A X K DNA Zfli U CHR ARSI A 8 L, TIMP-1 BHA~T ¥ —%
%72, PEIMAX 40000 % T TIMP-1 %817 % —DNA % HEK293F ffifdic k7 A7 =
73y L KR 6 AR ORGEE BIE & I L 72, ANTI-FLAG M2 Affinity Gel (Sigma-Aldrich)
ERWTHER L, PBSIZ/Ny 77 —%H#i L T TIMP-1 24572,

1. 2. MMP-9 PHEVE M

TNC Ny 7 7 — TR LT ERZREaD 96 7oL L— MIIRIM L, active
MMP-9 (full-length MMP-9, MMP-9 Cat, the catalytic domain) Z{EH (IR 0.4nM) LT
37°C TIET LA v FaX— |k Lz, 7T REE 3226-v 2800 (R 10uM) L7z
% bR 328 nm,HOGER 393 nm DHOG S 7 T VIRE ORI L 2 #0E 7 L — R Y
— & —EnSpire THIE L7z, FEEWINE QR 2 8, a6 7 FOVIRE 2 e 7 e v b
L7eT —Z OO E 2R U, BRSO YIRS HEE & L7z, GraphPad Prism
version 5.0 % VT, BEFREICHT HHUSSEED 4 NTFGA—2a P RAT ¢ v 7 [
IR & 3 [l ORST U 7= RS J s B VER L 7=,

TNC Ny 7 7 —THR LIZPLFER A2 B 96 U= /L7 L— MIWFM L, EK T
PE{L L7z active MMP-9 ZJRA (F&IRE 1nM) LT 37°C T 1 HEE 7 L A o F a~_— kLT,
RTF FHE 3226-v ZHRIN GEIREE 10uM) L7=%%. BhEIRE 328 nm, 40568 K 393 nm
YO > 7 VTR ORRFE 2 L A HE 7 L— b U — Z —EnSpire THIE L7z, FEERM%E D
i) 2 B, 9Ot 7 P AVREE At 7 e v b LTeT — 2 ORI OEE 2R L,
Pt 32 SO DRSS E & U T2, £-BREAI D 1Cs 13, GraphPad Prism version 5.0 % > C,
PHAEANR BT 2 HIMIBOSEE D 4 RT A —2a P27 4 v 7 BElRih# bR Lz,
ICso fEIE 3 [RIDASE U 72 SEBRAE R O 4 =SD & L TR L7z,

1. 3. HEgHENT
HEFHAEHT IX GraphPad Prism version 5.0 & VTS HE L7=, > 744 X3RS

EEIIHFEO LN ERH Lz, EBrT — 2 (3 E+SD Tie# L7z, MMP-9 [HEH|D
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ICso fill 2 MMP-9 28 LK & 85470 MMP-9 [H] CLbik L., #eatia B2 4 5 7=, 1 ohd
&0 HT  (one-way analysis of variance : one-way ANOVA) (ZHEVTH % v N DRIE
(Dunnett’s test) % i L7=, P AN 0.05 R OHE. et AE & W L=,

1. 4. SEC

FREAI & MMP-9 2Lk 3:1 TIRA L, 4°C T 1 KA % = ~_— | L7214,
ACQUITY UPLC BEH200 column (Waters) % F\C SEC 7341 L7z, BEIFHIZIZ PBS %,
oy +-H~— 7 —I21% Gel filtration standard (Bio-Rad) % V> 7=,

2. fEHR
1 IR L 72 MMP-9 ZEAE W T, BfS L7ZFREAID 9 Hixh MMP-9 [H
EVEPEASE VY MO1005 73, MMP-9 O K DOFE LA 385k A A2 @b LT,

2. 1. & RAA v & OMAEAERRT

SEEEMO MMP-9 (full-length active MMP-9) , ~EXF 0 R A A L RIEAID
MMP-9 (active MMP-9 Cat), ~EXF T RAAL NIMATT7 470 R 7 F L RAL U
KAE S 72 MMP-9 #EME B A 1 > (the catalytic domain) DWW FUIZx L TH, M9I1005 (XA
LOMREFEMEZ R L7z (Figure3-6), Z 0 Z & 13X M9I1005 3 HEME KA A EFAIERA L, ~
ERFURAALRT 4T a R I F U RAL L EIFHEEAL TN EZRIBLT
W5, LLEDOZ &G, DO CIKIENE R A A CRE LT, 7 LT L7,

2. 2. IEVEHLL & O B AR fENT

M91005 I pro-MMP-9 (ZfEA 3 active MMP-9 (ZDAfEA L7- (Figure 2-5B, 2-
6) Z &N, MIL1005 [ELME OREERIEWV A B3 TnDd &B 2 Hitlz, Pro-MMP-9 (23
TR, TEMEHLIS O O JEE OIS ORI (active-site cleft) 287 B X7 F NIZL->T
VAT ZNTWD, L72h - T MI1005 XMLy F 7213 active-site cleft Z585% L TV 5 A]
RN D EEZ LT,

M91005 2% MMP-9 OIEVEH.LZFRFRT 20289 A LT 572, WA
K ONEMHULE AR D MMP-9 % FV T SEC 2081 %47 - 72, *HHRIZIZKIRD MMP-9 [R5 #
VX ETHD TIMP-1 & V7=, TIMP-1 (848 D MMP-9 (2 IZREA T D 28, 1ETEF
DERRD MMP-9 IZHRERICHEST 2 Z E0NME SN TWVWD[59], £3. B4R MMP-9
(active MMP-9_Cat-H6) % HNTHENT L7, Active MMP-9 Cat-H6 @ SEC ¥ H B — 7 134%
FRIERE] 7.0 2312 & 7=, TIMP-1 £7213 M91005 & 7' LA > % =X— k L7z active MMP-
9 Cat-H6 O — 7%, T LIURFRE 6.4 43 & 6.7 /i &7z (Figure 3-7A), ZiL
D OFERD G, TIMP-1 & M91005 |XZ4LZ 4L active MMP-9_Cat-H6 |ZF55 T 5 Z L B3R &
Tz, Foe T TEMETLOZERAR O MMP-9 (MMP-9 Cat E402Q-H6) % i\ THigHT L 7=, MMP-
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9 Cat_E402Q-H6 @ SEC & & — 7 IZAFFREH 7.1 ickaiti &7z, TIMP-1 & 7L A %
2X— | L72 MMP-9 Cat E402Q-H6 @ &' — 7 [3RFFIRERE] 6.5 /712t S 4v7=—75, M91005
L7 LA ¥ a_X— | L7z MMP-9 Cat E402Q-H6 O &' — 7 [ ZAREFIFR 7.1 920253 7 b L
72772 (Figure 3-7B), ZHU 5 OFERN D TIMP-1 i MMP-9_Cat E402Q-H6 |[ZfEA T 5
HLOD, MI005 IFFEE L2 LAVRES T, BFAER O MMP-9 & fEHE LA BARIT A
(RGN — BT D 2 L A ST D [60]. MiH OREER /2 EVITERNEA S
FILDOMBHRE OMEICIRESND EE 2 DD, LLEOZ E025 M9I1005 1% MMP-9 D
PEFFLTh D Glu-402 FREEZ RS 2 Z L AR Sz,

2. 3. Cleft mutants 3 J OF exosite mutants % V7= F0 AAE 7R FLHEE O 224 PEMGE

MMP-9 DA FEZE FAR A FHVN 7o BEFR BRLFVEMERFAm RS RIS CTRRE A0+ A4
FRIEZHEET D 2 & DOZUMEEMAE L 72, Cleft mutants & exosite mutants % F U T4 FFH.
FHH sc-311438 12 L D MMP-9 PHETEMEZ 3N L 72, Z OfEFR. BFARLD MMP-9 (Z%F7 5 FH
EILME L IRl LT, V398A, L418A, P421A DAL FARITHIT 5 sc-311438 DPLETHMEILH
A BICZ b LT (Figure 3-8) . ABHEHSIIX MMP-9 @ SU'ARY v N EFHASERTHZ &
DG SNTEBY[61], SURT v FEMET 57 I/ BRFRAEITIT Val-398, Leu-418, Pro-421
NEENTND, LLEDZ &35, MMP-9 OFEFEZ FAK % I 72 135 B 5 M A s SR %
FENZHEA OB EREEAHET D2 1%, Y ThHHEE I LN,

2. 4. Active-site cleft & OFH A AE R fEdT
M91005 75 MMP-9 @ active-site cleft Z7dikd 27 E I MEWHLNNTT H720,

active-site cleft (2 & D% 7 7 = L E#i L 72 MMP-9 28 % (K (cleft mutants) % F V> C M91005
(2 & 2D MMP-9 [LETEMEZ R L7z, £ ORR, BT O MMP-9 (Zx19 2 HEEM: & ik
LT, F110A, Y179A, LI87A. F192A, Y393A., Y423A OFALERIKRIZx3 25 M91005 DR
EVEMEI IR EIIS T L7z (Figure 3-9A. Table3-1), Z ™ Z & 225, M91005 (% MMP-
9 @ active-site cleft {Zd % Phe-110, Tyr-179, Leu-187, Phe-192, Tyr-393, Tyr-423 O&5%%
EENEIHAEENT 5 Z L3RSz,

2. 5. IEME R A A U HoD exosite & OFHAANEFfENT

2. 2. BLO2. 4. OFERD G, M9I1005 1L MMP-9 OEMEHL & active-site cleft D
W7 &2 38k 35 Z & T, pro-MMP-9 [ZIE#E &7, active MMP-9 D ZAZHES LT MMP-9 O
BRI A BT 5 2 & D3RR Sz, TEME LIS KO active-site cleft XV 9°41H MMPs 7
7 XU = T OEFFHFEMERIEFITE N D, 2SO & OFFEAER 721 T M91005
DOEWEF RPN FEI I TS 135 212 < W, MI1005 1, IEME 038 K TN active-site cleft
WA T, JEVE R A A N2 DRIOERNL (exosite & EFR) & I AEIEH L TMMP-9 £ 2D
fthd> MMPs & OFEERNEWZ JLA3 1T TS EB X vz, &0 BARMIZ, M91005 1% MMP-
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9 L HEHIFHFEIMED EV MMP-2 Th o> THIEE LRI L2025, MMP-9 & MMP-2 & D
MEIEREV O —N exosite (272> TWARREMEREWE B X Bz, T ORHREMEZFRAES
% 728 \MMP-9 DF% 3 2 MMP-2 OELFINIZ [EHL L 72 MMP-9/-2 % A 7 28 #L{K (exosite mutants)
Z T, M91005 12 KL D MMP-9 FHETE M2 58l L7z, Z OfER., BRI D MMP-9 (247
B PLEREM: & el L C, Q199G. Y420A. M4221 D528 BAKIZ %92 M91005 D FHETEM: 1%
MBI A B IR T L7z (Figure 3-9B, Table3-2), Z D Z & 725, M91005 | X MMP-9 O Gln-
199, Tyr-420, Met-422 D& FEH% exosite & LTl 5 Z & DR S 7,

3. &

B

E2HIOMEREE LD L MI1005 i MMP-9 OFEMEH LD Glu-402 (Figure 3-10
) 12h1Z T, Phe-110, Try-179, Leu-187, Phe-192, GIn-199, Tyr-393, Tyr-420, Met-422,
Tyr-423 O#-5%% (Figure3-10 v B %) EMAEH L TWAD Z L3RR S 472, M91005 23
FEEIC NS OEELHEERL TH D aMREHEIC OV TUL FIZBE R LTz,

2. 5. IZBWTCHHEIEEO LTS bl Gln-199 FREL X, 2. 4. (2B W THHE
TENE DRI TAZE 722505588 BTz Phe-192 FREE DT FEICNIE LTV 5, £z, 2k
W CBLETETEDZEAL A58 BT Met-422 FREL 1T, 2. 4. [ICBWCRLETR MO KR Eﬁ%iﬁﬂ“
{E23FRD BTz Tyr-423 FREEDUITFFIINLE L T 5 (Figure 3-10) , 5872 2 5Hli R 2> B HEE S
AVIZABEAEEBAL AN, ERROREE ETHIEEHIALE L TV D Z &b, MI1005 23 KERIC Gln-
199 & Met-422 DOl 7 OFEIEZFRI L TV D A[REMEITm W &R S iz, BLBREWZ & 1T
GIn-199 & Met-422 (332 MMP-9 & OBELFIFAFEMERFHIZEmW 4 2D 7 7 T U —43+F (MMP-
1, -2, -8, -13) EDHIIZEBNTEH, MMP-I IZDOAHRDOLNDL=—2 727 I ) EFEIT
&% (Figure 3-11), LI EDOZ E235, M91005 1Z MMP-9 ([ZFH#H) 72 GIn-199 & Met-422 @
i 7 DL (Figure 3-10 HASHRHL) % exosite & L Calikd 5 2 £12 &k » T, MMP-9 % f5 5
FNCIHET 2 Z EPRIE S N7z,

GIn-199 7% (X MMP-9 OJEM: K A A > @ non-prime side (2, Met-422 7% (3 prime
side IZAZE L CTERY . AWVICHENT-ALEIZH D, GIn-199 FEIEDOMIEHIT MMP-9 O S4 subsite
DB > TV D & & 2 H[62,63]. Met-422 P LT HE D P26 PATEIR A 385k 4 %
RS 2T L T 5[64], L7225 T M91005 (X, MMP-9 OJEMEFFLMNININZ T S4 & sS4/
subsite Z EF TR EFHAMEA LTV D ERIBEN D, MMP-9 OEEFHRICES< &, Gln-
199 & Met-422 755D o (RFEFUT 20ALL EEERL TV D, ZORWEEHEL, Je1TiF%E[16] TR
ST EH SPINK2 74 77 U —H KD KLK4 [LEAI K41043 & KLK4 & OO LW FEAAE
M EIZPEEC LTI Y | SPINK2 2340 IZ 58k FTRE 72 BRAE & & 2 541 5, K41043 1%, SPINK2
DHERT H—TERIT L D KLK4 D S1 AR b EREALEIER O )7 & & e i 3%
AIFE DRI K 0 . KLK4 (2359 % mWVRr M 2 25 L7z, M91005 & K41043 D356 L [H
FRIZ. SPINK2 D F v ¥ MEIN T —T P ELHT KE 2R A EHEREA. MMP-9 OfF
PEHL & exosite D 7 A58 2 Z & ZHRRIC L7220y b L7l
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FU CDR Z ROl BTk A AW =iF5E & LT, MMP-14 OIEHEFLA~DFEA & &
VR BME A N Fab3A2 23S & TU D, Fab3A2 (3 MMP-14 @ S1’subsite & K3
% Phe-260 F&I A 7RI H[51], BBV Z L 12, MMP-14 @ Phe-260 F%3IEZEIS T Z A A
> MZEWT MMP-9 O Met-422 FRHEATKHIG T 5585 TH D . MMP-14 @ exosite ([ZALET 5
R 7% 5 Th 5, PLEHR MMPs OFFE) 72 exosite Zidik 35 Z &2, mWEREMD
FHUCHETH D Z & 03, SPINK2 &I A < HIED R 5 WA E AW TH e S
LTS Z &%, MI1005 12 X DFFHEEYZR exosite FlamkAS AV VRFERME IZBE DS o 72 & 9 AR
ROWREXFFTHLDEEZLND, KAD=XLO L FEMRBEEOT-DI21E, MMP-
9 L FHEA & OB ARG A H T2 X SIS AR EC X D ERE MOBS A EH TH 5,

UbZaE &2 & MI1005 O MMP-9 KrEAJFEGRL A 1 = X L%, MMP-9 DOFHHHY
72 exosite TH 5 GIn-199 & Met-422 FRIEDRIHIZ L D D TH Y | 4L SPINK2 D&
PRI RV AR SN DR E ORZ R AERERIC K > CGERS N b O L
i,
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Table 3-1. Inhibitory activity of M91005 against cleft mutants

MMP-9 ICso (NM)* P value®
WT 17+7 -

F110A 69 + 12 <0.001
Y179A 55+ 13 <0.001
DI185A 29+5 0.69
G186A 15+0 0.9997
L187A 120+ 10 <0.001
F192A > 1,000 <0.001
Y393A 48 + 14 0.0085
L397A 37+ 10 0.15
V398A 39+3 0.10
L418A 93+2.9 0.96
P421A 23+9 0.99
Y423A 230 +20 <0.001

“ICso was determined by the MMP-9 inhibitory assay with 10 uM peptide substrate 3226-v. The
ICso values are shown as the mean = S.D. (n = 3).
"Statistical analysis of cleft mutants versus WT was performed by one-way ANOVA with

Dunnett’s post tests for multiple comparisons.
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Table 3-2. Inhibitory activity of M91005 against exosite mutants

MMP-9 ICs0 (nM)* P value”
WT 17+7 -
Q108N 20+ 6 0.9995
T109F 15+4 0.9995
E111P 31+9 0.50
P193A 13+3 0.999
1198V 16+4 0.9998
Q199G 40+ 16 0.043
D410E 2249 0.999
S413Q 30 + 14 0.50
Y420A 54+8 <0.001
M4221 45+ 18 <0.001

“ICso was determined by the MMP-9 inhibitory assay with 10 uM peptide substrate 3226-v. The

ICso values are shown as the mean = S.D. (n = 3).
"Statistical analysis of exosite mutants versus WT was performed by one-way ANOVA with

Dunnett’s post tests for multiple comparisons.
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Figure 3-6. MMP-9 inhibitory activities of M91005 towards three different MMP-9 constructs.
For enzymatic assay with three different MMP-9 constructs, namely, full-length MMP-9, the form
with HPX domain deleted (MMP-9 Cat), and the form with both Fn-like domain and HPX domain
deleted (the catalytic domain), 0.4 nM active MMP-9 was incubated with threefold serially diluted
inhibitors (0—100 nM) for 1 h. Following incubation, substrate 3226-v was added to achieve a final

concentration of 10 pM.
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Figure 3-7. M91005 binds to the active site of MMP-9. The binding activity to the catalytic Glu-
402 residue of MMP-9 was evaluated by SEC. Active MMP-9_ Cat-H6 or MMP-9 Cat-E402Q-H6 (25
UM each) was incubated with TIMP-1 or M91005 (75 uM each) in PBS for 1 h at 4°C, and then 10 pl
of the reaction mixture was analyzed by monitoring the absorbance at 280 nm in SEC. Chromatograms
are shown in panels as follows: active MMP-9 Cat-H6 (A), MMP-9_Cat E402Q-H6 (B), and no
MMP-9 (C). Dotted lines indicate the retention time (RT) of active MMP-9_Cat-H6 (7.0 min, A) and
MMP-9 Cat E402Q-H6 (7.1 min, B). Molecular weights (158, 44, and 17 kDa) of the gel filtration
standard are indicated at the top of each panel. The RT of active MMP-9_Cat-H6 but not MMP-9_Cat-
E402Q-H6 was shifted to a high molecular weight by incubation with M91005. mA U, milliabsorbance

units.
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Figure 3-8. Validation of the interaction residue estimation using mutant MMP-9 was performed
using sc-311438. MMP-9 inhibitory activities of sc-311438 towards the cleft mutants (A) and the
exosite mutants (B) were measured by enzymatic assay using peptide substrate. Active MMP-9_Cat
(WT) or the MMP-9 mutants activated by EK (1 nM each) were incubated with various concentrations
of sc-311438 (0-330 nM) for 1 h at 37°C. Enzymatic activities were determined by monitoring the
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MMP-9 ICs0 (NM) Pvalue
WT 287 -
F110A 20 =4 0.29
Y179A 20 =4 0.21
D185A 22*+3 0.63
G186A 19 =1 0.16
L187A 27 £ 4 0.9996
F192A 25+6 0.96
Y393A 28 =2 >0.9999
L397A 32*+6 0.87
V398A 44 =5 0.0015
L418A 92 *34 <0.001
P421A 14 *£5 0.0061
Y423A 24 =0 0.95
MMP-9 ICs0 (NM) Pvalue
WT 287 -

Q108N 29+ 1 0.9996
T109F 20+ 3 0.64
E111P 29+4 0.9997
P193A 27+0 0.9996
1198V 30+4 0.9994
Q199G 37+10 0.54
D410E 34+9 0.90
S413Q 36 +12 0.66
Y420A 13&1 0.050
M422| 40+7 0.17




degradation of peptide substrate 3226-v (10 pM). Each enzymatic activity was normalized to the
activity of the MMP-9 mutant without sc-311438. Data are shown as the mean + S.D. (n = 3). All
curves were obtained by non-linear curve fitting. Statistical analysis of mutants versus WT was

performed by one-way ANOVA with Dunnett’s post tests for multiple comparisons.
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Figure 3-9. M91005 recognizes residues in the active-site cleft and the exosite of MMP-9. MMP-
9 inhibitory activities of M91005 towards the cleft mutants (A) and the exosite mutants (B) were
measured by enzymatic assay using peptide substrate. Active MMP-9 Cat (WT) or the MMP-9
mutants activated by EK (1 nM each) were incubated with various concentrations of M91005 (0-330
nM or 0-1,000 nM) for 1 h at 37°C. Enzymatic activities were determined by monitoring the
degradation of peptide substrate 3226-v (10 uM). Each enzymatic activity was normalized to the
activity of the MMP-9 mutant without M91005. Data are shown as the mean = S.D. (n = 3). All curves

were obtained by non-linear curve fitting.
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Figure 3-10. Mapping of the possible interaction sites with M91005 onto the structure of active
MMP-9. In accordance with the results of binding and enzymatic assay using MMP-9 mutants, the
residues identified as being involved in the interaction with M91005 were mapped onto the structure
of the catalytic domain of active MMP-9 (gray, Protein Data Bank code 4H3X). The results of the
binding assays (Figure 3-7) suggested that catalytic Glu-402 (blue) contributed to the interaction
between M91005 and MMP-9. The results of enzyme inhibitory assays (Figure 3-9, Tables 3-1, 3-2)
suggested that M91005 recognized Phe-110, Tyr-179, Leu-187, Phe-192, GIn-199, Tyr-393, Tyr-420,
Met-422, and Tyr-423 (magenta). The interaction with characteristic residues, Gln-199 and Met-422
(black dotted circle), is likely to contribute to the specific inhibition of M91005 toward MMP-9.
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Figure 3-11. Sequence alignment of pre-pro-form lacking the hemopexin domain of MMP-1, -2,
-8, -9, and -13. The residues are numbered according to the generic MMP-9 nomenclature. Fn-like

domain of MMP-2 and -9 is represented as XXX. Symbols denote catalytic glutamate residue
(asterisk), and residues interacting with catalytic zinc ion (Z1), structural zinc ion (Z2), and calcium

ions (Ca). Conserved residues among the five MMPs are shown with a gray background.
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