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KX TR T OMSE2FEA L.

DABITC
DNS
TCA
TFA
TPCK
CPase

M
DEAE
SDS
PAGE
HPLC

ASI
VSI
BPTI
PSTI
STI
BBI
SSI
serpin

4-N,N-dimethylaminoazobenzene-4'-isothiocyanate
dansyl

trichloroacetic acid

trifluoroacetic acid

N-tosyl-L-phenylalanine chloromethyl ketone
carboxypeptidase

carboxymethyl

diethylaminoethyl

sodium dodecyl sulfate

polyacrylamide gel electrophoresis

high performance liquid chromatography

adzuki bean subtilisin inhibitor

broad bean (Vicia faba) subtilisin inhibitor
bovine pancreatic trypsin inhibitor

pancreatic secretory trypsin inhibitor

soybean trypsin inhibitor

Bowman-Birk inhibitor

Streptomyces subtilisin inhibitor

mammalian serum serine proteinase inhibitor



B1E H#W

EURDPEBERETaF 4 F—F L e EZ —OFRIX. 19364E. Kunitzhi,
Y S IC TR B EME MY /4 > B ¥ & —(bovine pancreas trypsin
inhibitor: BPTD D5 S LIZARTh L. THBEZ ORI B THDHZ L ZH LR
LT LIZBUED). LK. B - - BERRPLEOF LRI H
H7us 4 r—¥L e —BEEEESh, Zhs, EWFRICEBNICE
ETDIMETHDZ EBRRENTZQ2-4).

MyREORY) v 7res 0 F—¥ (4 Y EEX — OBZIX. 19384, Read
CHasshi\iiehiz 7 a5 1 > —VPHEBREZETHZ U NIVEBRFBEE
NTHWDIOERHERLIZZ LIZIILEDOG). FiIZ. MYORBBEIZIX. B
MOBLBESLHEMHEKDOLY Y FuF s F—¥2AETHSEEX
—BNESBREN. BIIREZOR D DHESEATE ). O,
Bowmanid, ¥4 X@+rb7/as54r—EA e EX —2BEBEL®OG). %
7z. KunitziZ. Bowman®3f§izf v eV —LiZBR2B NV P4 EE
Z—%, FILE A XBFrOBBL. ZhERELTDHZ LRI LI,
Kunitzi3&iz, 1 Y EEZ—L N 72 L OEAKRORRBILIT DRI L.
IDAYEEX—=BRNYFY ULl 1 DEALTILERRIVIZES L.
REREEHEER LT, BREEELTHNDZ L E2HER LG

Kunitziz K5 Zh b —#EDF R EZFHE LT, 7uFaF—ESf EE
Z— DO RIX. RBZENHEI DL, 2RI BILZRME~ LB > TN,
Kunitzn3fB 7244 X Y 73 A > & ¥ & —(soybean trypsin inhibitor: STI)
X, T, f Ve —ORIGEBEBHOEEREM LR o,
Bowman®fiz £ B ¥ # — i, FOHBirkbIZ LV . BEMICHR S (9,
10). Bowman-Birk inhibitor (BBD) & &t XT3,

ZUNVBEMHRY V7T 4 AL EE X —DOHRIZBITD. D
DEODRERBERIT. 19664E, Ozawa & Laskowski, Jr. iz k5. £ v E
2 —DIRERISEMDOFRE. BLUOFOBRDORBTH T, 513,
EALRXRPY T4 e & —(STI-Kunitz) i & FCHBERONY 7
VURERESED L. Arg(63)-lle(6HFEATE T BRI S h Bz & %



REL. Il TR LN B EX—%B#if > b E &% —(modified
inhibitor) @& Lz, ZOEMAL L bEZ—iX, F) 7Y UREREEREL
TNBH, Bfif Y& —0OH U ERK LT CRIMDArg(63) % U VR ¥
IR FH —t&B(CPase By TR\ Y (12). T L< £ U 72N K lle(64) D
TI)BEEBHL Ty 235 L 13). AEBEESHERT S, Z0Z
E0b, HHIZ, BRIZLDIBREMASRTEC BT I/ BEEE, 7
25 4 F— ¥ O ELE IR (active site) 12 01t &8 TR IEER I (reactive site) &
BECX, Arg(63)-lle(64)FE A 2 YINTHE B (scissilebond) L & LTz, £, K
INERALRT R DT X/ BRIT. BROBHPLORBIZHIES ® T, IS
2 5 NRIGP~P,, P, Py----7 I/ B, CKREWBI~P' P\ P---- 73/
BRERIND(14)

Laskowski, Jr. 513, LG T TEBMif > X —REELDONY T
VEERASETROLNDIEAHLERRTHREI D L. Arg(63)-lle(6h)iE
ENRBHINETLOSTINBONDZ & £EIZ. BH#if{ & —DP,
Arg(63)%. B¥ & HIZLys(63)IZ ¥ #(enzymatic mutations) L TH LN 5.,
Lys(63)-STIAS, JuMSTIEFUL., MY 7TV #HEBETHZ L2RBRAL S,
16). vV 7uF 4 F—EA v X —OMERINEN OB & %2 ML LTz
(17)

ZhUlfg, o541 r—¥A e ¥ —HEOELIT. FOREEMER
BOM, LIz, BELBREOHE BRIV EEXF XU JHD
HEZEBBEOBFIZBI D L5tk oT.

W, BL2EB RIS REOM T BN RBAIIZBRBL., f>b Y
F=RRNIE DT I BESIRILFHEELERTI S OMRARAE LIS
X5l ote,. ZTORR., LAY DODEYV VST 4 F—F S X —
M. RIZERT. W BStandard MechanismiZ§€ 5 Z & a8 h - 72 (18).

E+tl®LeCeX®L*<E+I*

ZIT. EREER. 1L1ME. EhTh, AV 27 b EX— LiBHiA



veVPZ—, LELYE, BLIEBI*BELRARA T A0NITES LI
LH(19) TH D, Xit. BHBPTIE XFE M) /Y ORIBIZBNTHER S
Nz, RREHEMOBHEE20). CREEREHR- A VEEX—EHEEKTD
B, AvEE X —RBREHLLASFAULBATERLEAGT I, TOEEHE
BEXDLDTRET. FEALEEELRV.

¥, T I/ BES LOHEMERLMZ. FONTEEREY T 0T 4
F—BAL X —RHBLIEEZ A ZU bR, W OPDTN—T%
3D ehbhro T, BE. BEBZILTWS v 54 F—BA
b & —n5 % Table WZE & DTz (17,18), EHLEOMPIZFLET DA >~
BV & —(serpin) CDHDZKHERL . 2TDOAL b ¥ & —» ki DStandard
MechanismiZ# 5. AH v ¥ aBA L &Z—iX. Bl EDOFEMENBERBE
NN —7T, 30BREFHOT I/ BTHRINIRED/NENS Y
2—ThHBb2223). ¥fc. BIN—TDAL e H—iX. BFFAS-SKEED
MERZ2ANIREINTRY. BERREMOBEFROFE—ThH D,

Table L. Classification of protein inhibitors that inhibit serine proteinases.

I. Bovine pancreatic trypsin inhibitor (BPTI-Kunitz) family
II. Pancreatic secretory trypsin inhibitor (PSTI-Kazal) family
III. Streptomyces subtilisin inhibitor (SSI) family
Iv. Soybean trypsin inhibitor (STI-Kunitz) family
V. Bowman-Birk inhibitor (BBI) family
VL Potato I inhibitor (PI-I) family
VIL Potato II inhibitor (PI-II) family
VIIIL. Ascaris trypsin inhibitor family
IX. Squash trypsin inhibitor family
X. Mammalian serum serine proteinase inhibitor (serpin) family
XI. Other families

TNHEDALVEEZ—D5 b, BDE OWEFIBERL TWBDIE,
HBREBIZ7 0T 4 F—EA LV E P —BEEN TWB < AR ETFH¥
DObDTHBD, wARDA X —ik, LRIZEF77IV—-D5b
STI(Kunitz) B ¥ /2 j3BBIBRYIZ K AT B Z &M T & B, STI(Kunitn)®ix, 42



FR#I20000. 2 FANS-SHEAZ2BAEL. 1 BFFOMN) S U 2HET S,
STIKunit)&B A L E# —i3. £ XHETFQ4,250 07 = 22605 bf%
T3, BBIEIZ, < ARTEEIZZ RWEINTNWDS EE R —
T. 2 FER#8000. FFNS-SHEAZTHAELTNWS(10), ZDAEEX
— IXRKH 22X BHAS (double headed) £ > & B % —T, FRIZ 2EOHEEF
RIS 2R > TWB Q7). E7c. BBIEUIRIEEM FAOT I/ BEF| 5
LELRY TV SAKAETDZENTER28). TAFHEF»HIT, 28
HOBBIEIS > E P4 —, API-I. IR/ LN TWASMN, APILIX. 22F 0D
M) 7S ERBHEL. APLIZ,. NV 7PV U 1IBFEFENI TSR
FEFERIZFEAEFT IR Y, HEBELOXED SN TWD(29, 30).

45H, FyvRsBESuTF 4 F—¥AS XD R, 0K
IL# EOMBIEE BHETIEFNE LTEERMNEBIZD D, S-SEEOHAE
BPES # R0 BT Ofolding#i#ix. BPTIZEF )V & LTHZEI A3,
BRIV B THEOEBHITIRIZBN TS, SSIZZL®H, 2Dt H
—REOHEERSTNWDB2), . 7T 4 F—E¥L X -3, &
MRIZAHHEBRIE L, 7 2/ BES EoMFREE2FIAE Lz, 2F&kizEd
ZHRDELI /LTINS,

AMRIX. TAFBFHIRZEETIATFY VUV RERNR S as 1
—EA X —, ASIZBERER L T REEFRTEITRW. fhof b
Ex—&2 R0 BEDT I BES LOMFRAMEORE., BEEEBEOW
B, BERS e EZ - NIEOMAILLBREEIZLY., ¥ 0K
STFEOHEER. FICEEREITL D2 VRV G- 2 U R EHERE
DORAEFTR -T2 D DTH B,

LUF, 882, 3BETRENTNh., 7 XX F(Vigna angularis)»» 5D AT
FIS VAV EEZ—DORBHUBIVEOEBEBIZOVWTIERD, < ARD
RTFV oA e E—iZ,. EBDPBRNDOT, ROPIETIZE, oD
a7 4 F—EL X —LOHR%ERET D). ASIOT I/ BRE
FIB L OERERISHMNOREIZ OVWTRR, oS aF 1 F—B L v
LEZ— L OMREIZOWTERT S, BSETIX. ZofbEHa—¢



B L OHEERIZOWTIHRRS, iz, RIGEA TOWi &z 2EOX
BRHRIST AV MRB, b LOFEERMASIZBREEINIBEIZONTIRA
%, BEOH 6 ETIX. ASHIZEHMIRZNLDBERIZOVWTRIFL. WE
EFTRBLNTNWDIE VAR BEHREE Y TaF s F—¥S v EEF—DH
REHBLERE S, YuoFs F—E¥A e X —OMER L, ¥ N
VB FROELAREIZ L DHEERIZONWTRENIZER L.



$£28 FXFEFXTFUI 4 EES—DRFER

7 X% ¥ ¥ (Vigna angularis)/hizix. A b 3@EOF NI HikE
Vyyrasa4r—H¥L Ve E—BEELTNWS, A1 YEEZ—12FT
NY 7Y 2RFERETBAPIINRY., NI/ 15FEFER) TV
V1 BFEHEETBRAPLIIGE0), X7F VY 13 F0HEBETDHASIT
& 5 (33).

X, < ARHEMTRVWE S T& Vv Furs F—EL U EEX
—i3. BEAEN, PIFIUERBFENI SV URERTSAMEE
2 —Td» v, STIKunitz) B PBBIEIDWFh I I T& e, &2 5
A5, ASLiZ, FOMRBEME»LEMTHMRY., EBOLDORUZHEY LRV
AETIZ. ¥ TASIOEEIZONWTRR, Z0OH—HIZONTHRET S,

F18 HHEAE
£11 #H
7 X% T (Adzuki beans: Vigna angularis ) 13, TR OALUEEEANE 7
RA¥Z W,
FUF T [EC.34214] FERNV TV VIEC34210, RTF VT >
[E.C.3.4.21.141ix. BDOBD. Sigma Chemical £t Dtrypsin type I1,
a -chymotrypsin type II, protease type XXVII (subtilisin BPN") Z & fH L
7. ¥7z. Hammarsten's caseini. E.Mercktt® b D&z,
Sephadex G-50i%. Pharmacia LKB Biotechnology ft D d D% . %7z,
CM-cellulose33 & I'\DEAE-celluloseid. £ b2 TEHABDO S DEH W,
Commassie brilliant blue R-250i%. Sigma Chemical Db D% Liz.
DL TORIEIT., FINMBTEE LT EH BT EEMHB OKFR E
i 1RO OEFEH L.

$21F
BT XX FH» 5, Yoshikawa b D HE(3HEHKB LT, Fig. 1IZRL
XSS e X — S ML,



Dry Adzuki seeds

Extraction with 1% NaCl for 1 hour at 77 C

Centrifugation at 6000 x g for 10 min
|

Supernatant

. |
Heat treatment for 10 min at 80" C

Centrifugation at 1?000 x g for 10 min

Supernatant

I
Fractionation by 60% (NH,),SO, saturation

Centrifugation at 10000 x g for 10 min
J

Precipitate
(Crude inhibitor)

Fig. 1. Preparation procedure of crude inhibitor.

Thbb, BEERWCRBREFE. 4R D1% NaCle & Bz kS d
Sk ETT YV OREL. TCT 1R Uiz, il ZHAB L THRONLEE
X, BE. 380D1% NaCITHIH LTz, %51 7chh i %5058 (6000
xg, 10 min) LTARBRHOBEEZRN 2. BET I/ 71 F— BRI
BN BEER D, L2 mELE 80°C 10min) L. £UEH
th Y % RAE I E O 20 B (10000 x g, 10 min) TRz,

Bo o@D L. TRRO%AMTHIT L, —BiE L. EHFMiX.
53 i (10000 x g, 20 min) TEIYR L, Hi/K (13° C) izxt L T48RERTERT L.
Wi Uz,

BNT, ATsra< N5 74 —IZTHEHNT. 20 mMEERRIGE &
W (pH 4.0) izt LT, 7 CT48RFRIEN LT, BHEIL L /o, BIFPIZEL
Te Ryt %5050 B (10000 x g, 20 min) TH&, B oz EBAKREMEA >
|l Rl B O (8



B3/ ASLA OIS T74—
MELIZEA B Z -5, ASIOHEEIZ, Fig. 2R+ k51,
DEAE-cellulose$ & I"CM-celluloseZ Wiz A Ao R u<w bS5 74 —
L Sephadex G-50iZ X 5/ NV ABIZEViToTe. &7~ 5740 —DF
MREMT., FEBE2M TRREE8) il

Crude inhibitor
I

lon-exchange chromatography on CM-cellulose

Gel filtration on Sephadex G-50

lon-exchange chromatography on DEAE-cellulose

ASI-| ASI-|l

Gel filtration on Sephadex G-50

lon-exchange chromatography on CM-cellulose

Gel filtration on Sephadex G-50

Lyophilization

I |

ASI-l, I
(Purified inhibitors)

Fig. 2. Purification procedure of ASI's.

B4 IUNRIBROER
horra<e TSI 74 —RZBIFDH. FUNIBEOREIX. BIMUV-VIS
SR 139E A WT, EEKEHMB L LA 58280 nm DR Y % K
»HTHIE L7z,
BB BIT D55 v I BEDOREIL. Lowryd DHEGCHITIEN. T
VIET VT IV (BSA) #FERZ A HE L THIE LT



51 MRAEIEONRE

a7 7 —FEMIZ. Kunizd HBA VHILEEDEETHIHKRL D
FiEGBIITHEW. 0.5% Hammarsten's caseinzZ#HE & LT, pH7.6. 30" C,
102 IETHIZ LTz, 4 e EX —DEBEMRIX. 20 mM U > MRS K
(PH7.6) IZEMR LIzA e B2 —@iE 0.5 miz. BERBWO0S mlIzx, 30°
C. 5834 > Fax—F Lk, BROBREEEEZAELTRDI.

BB, HEELT, AVEEX—BHEOPDLYIZ05 mIDY > FREEE K
(pH 7.6) ZRAWTHEROBIEEZIT - T,

Avea—END 1 B, BEE2 mgDiEHE0%HE TS/ e
Y—BL L. ¥z, PUTYY, FEPMVTFVY, XTF YT VBPNOD
BRI, ERESTTERREEZNZE LR, 275 nmORXE BT 5
HERRE ERABROZEN, BOBD0.36, 049, 0.39DM30ugs LTHEH
L7z,

EO6IE ARUTHVUILT I RYIIVEBRKH
FA4RIBRIYVTZ INVT I RFVEX KD (disc-PAGE) 1%, Davisb @
FEGOHIZRW., pH43, 15% 7 vERWTHKE L., ik, 01%
Commassie Brilliant blue R-250% FiV ., BEAIZIXT.S%REBR-5% A % /) — V%
Rz,

o ERBLUZE
BI1IH HW53AOOMIS574—ICLBBH
(1) CM-cellulosehZ AR IS T 4 —

HAYEE X —%. FH20mM E:RRE S K (pH 4.0) TEHILL
CM-cellulose 715 A (3.2x40cm) IZHE L. [FRREK2LTH T A% Bk L,
WHIZ. 20 mMEEERIE S8 K (pH 4.0) 1.5 L £0.15 M NaCl% & ¢ [FI48 % ik
1SLZAVWEERBEANRREIZE Y fTo7. WEX. 80 mh TV, 15 ml
TOSM LT (Fig.3), MBEFEEORD LN, Fig. 3O TR TR LIZHE
SEEbE. HRE0%BMMTHEET L.



Absorbancy at 280 nm
Conc. of NaCl (M)

1.0

S
(]
Anti-subtilisin activity (unit/ml)

10.1

300 400
Tube number ( 15ml/tube )

Fig. 3. CM-<cellulose chromatography of crude inhibitor
from Adzuki beans. The crude inhibitor was applied to a CM-cellulose
column (3.2 x 40 cm) previously equilibrated with 20 mM acetate buffer, pH
4.0. After washing the column with 1 liter of the equilibrating buffer, elution
was performed with a linear gradient from 0 M to 0.15 M NaCl in 3 liter of the
same buffer at a flow rate of 80 ml/h. 15 ml fractions were collected and the
fractions having anti-subtilisin activity (indicated by solid bar) were combined

: absorbance at 280 nm; ---<O----: anti-subtilisin activity.

(2) Sephadex G-50%°)L%i8
SDr/a<w NS5 T74 —THRbNicA e & —HEHD OETY %2, &b
43 B (10000 x g, 20 min) TEIUX L. 20 m1eD20 mM Tris-HCl buffer (pH 8.0)iZ
BRE LI, T, FREEK TEMIL L /zSephadex G-507 5 A (3.2 x140
cm) {2 U7c. B HIXFERER 2 AV T, HES mh TV, 10 mI$™24
L7 (Fig. 4). HEEEOBD LN, Fig. 4 FOTRTRLUIZESLS %2
Eb¥,

-10-



2.0 2.0
-

= =
C

& 3
o >
ot +—
© >
%) 0
S O
2 1.0F 1.0 ¢
(@] (7]
a =
< Q
3

@

2

C

<

50 100
Tube number ( 10ml/tube )

Fig. 4. Sephadex G-50 chromatography of crude ASI. The crude
ASI obtained by CM-cellulose chromatography was subjected to a Sephadex
G-50 column (3.2 x 140 cm) previously equilibrated with 20 mM Tris-HCI
buffer, pH 8.0. Elution was carried out with the same buffer at a flow rate of 80
ml/h. 10 ml fractions were collected and those having anti-subtilisin activity
(indicated by solid bar) were combined.

: absorbance at 280 nm,; ---{O--- : anti-subtilisin activity.

(3) DEAE-celluloseh> A0 IS5 T74—

FNBHBTHREAVEEY —EHS%. F¥H. 20 mM Tris-HCl buffer (pH
8.0) T¥#r{k L7z DEAE-cellulose s 7 A (22x30cm) iIZHt LTz, BHIZ.
20 mM Tris-HCl buffer (pH 8.0) 750 ml & 0.3 M NaCl# 4 ¢ [Fbuffer 750 ml%
Rz, ERRENEERIC X VT o7, FoEiE30 mh Ty, 10 mif >4
RL% (Fig. 5. Bbhief e EZ —ERIX. &4, HERONEFITHEIT
L7z

-11-



Absorbancy at 280 nm

FREEMEIZ. EIZ2Oo0BMZED biv, 2 &b 2 BB DASINE
ETBHZEHRENE, ZOd, UkRDsv< N/ 57 4 —ix. DE-,
DE2BEI3 ENENIZONWTFRROBIEER TV, FUE IR AR 2. ST
DFERIZ. ASIOXEESD FEITH DASI- 1% AL DE2E SHZ DWW T Dtk T
H B, ASI-IIEE&LDE-1EMZOWT S RRIZITR - Tz,

1.0 —

W 1.0

Conc, of NaCl (M)

<1 0.5

Antl-subtllisin activity (unit/ml)

100 150 200
Tube number ( 10ml/tube )

Fig. 5. DEAE-cellulose chromatography of crude ASI. The crude ASI obtained
by gel filtration was applied to a DEAE-cellulose column (2.2 x 30 cm) previously equilibrated
with 20 mM Tris-HC! buffer, pH 8.0. The column was washed with 1 liter of the equilibrating
buffer and developed with a linear gradient from 0 M to 0.3 M NaCl in 1.5 liter of the same
buffer at a flow rate of 30 ml/h. 10 ml fractions were collected and two fractions having
anti-subtilisin activity (DE-1 and DE-2, respectively) were pooled.

: absorbance at 280 nm; ----O----: anti-subtilisin activity.

-12-



(4) Sephadex G-504°)L%:8
DEAE-cellulose7 7 AT bz, DE-2EIS OB ¥ %% .05 8 (10000
xg,20 min) TEYX L. 5mlD0.1 MEFRR IZVS#E L 7214, T 0.1 MK TF
51k L 7zSephadex G-500 5 A (20x180 cm) it L. FBEE TIRH Lz,
PEE 1330 mh T, 10 mI*> 4@ L 7z (Fig. 6) . FABIEHORE DN
Fig. 6th ORI 2 S, HREEHR LT,

Absorbancy at 280 nm

Anti-subtilisin activity (unit/mi)

50 100
Tube number ( 10ml/tube )

Fig. 6. Sephadex G-50 chromatography of DE-2 (crude
ASI-I). The crude ASI-I obtained by DEAE-cellulose chromatography was
subjected to a Sephadex G-50 column (2.0 x 180 cm) previously equilibrated
with 0.1 M acetate. Elution was carmried out with the same solution at a
flow rate of 30 ml/h. 10 ml fractions were collected and those having
anti-subtilisin activity (indicated by solid bar) were combined.

: absorbance at 280 nm; -------: anti-subtilisin activity.




Absorbancy at 280 nm

(5) CM-cellulose hS AZORNIST7 4 —

A VB ¥ & —DOHFEEREM %10 mlD20 mMERRIEEE W (pH 4.0) IZ1A

BLIcH. T, FEERTYH1E LzCM-cellulosey 5 A (22x30 cm) IZ

BtL7z. WHIX. 20 mMERRRIEER Bk (pH 4.0) 1 L& 0.1 M NaCl2 & e [F%2

Tl LERWERBRERDREIZL V7o, BEIZ30 mhTHW, £4

SmIF 23 Uiz (Fig. 7) « FHEEME 03D S izFig. 7Hh O T4 &4,

WRE60%E3FN THT LTz,
0.2 - 0.4
=
o
=2
s
0.1 g7 0.2
S
- — Pl
¢
\ O_O_é'—'o"oh |
200 400 600

Tube number ( Sml/tube )

Fig. 7. CM-cellulose chromatography of crude ASI-I. The crude ASI-I obtained
by gel filtration was applied to a CM-cellulose column (2.2 x 30 cm) previously equilibrated with
20 mM acetate buffer, pH 4.0. After washing the column with 500 ml of the equilibrating
buffer, elution was carried out with a linear gradient from 0 M to 0.1 M NaCl in 2 liter of the

same buffer at a flow rate of 30 ml/h.
anti-subtilisin activity (indicated by solid bar) were combined.

-14-

: absorbance at 280 nm; ---{O----: anti-subtilisin activity.

10 ml fractions were collected and those having

Antl-subtilisin actlvity (unit/ml)



(6) Sephadex G-50 /L3388
FhHBTRONICA e Y ¥ —EH5S O % 3045 B (10000 x g, 20
min) TEIY L, 5 miD0.1 MEFBRIZ 7588 L 7286, F0.1 MEERE TEH1E L
7-Sephadex G-507 5 A (2.0x 180 cm) iZft L. FEHE THEH Lz, FoEIX.
10 m/h TV, 10 mIF 22 Uiz (Fig. 8) . Fig. ST O T2 Ab#.
FEIR Llc, Z O %, ASIORMERER L L.

0.4

e
)
I

|

0.2

e
—
!

Absorbancy at 280 nm
Anti-subtilisin activity (unit/ml)

ﬂ‘“’\/
. N |

50 100
Tube number ( 10ml/tube )

Fig. 8. Sephadex G50 chromatography of crude ASI-I. The
crude ASI-I obtained by CM-cellulose chromatography was subjected to a
Sephadex G-50 column (2.0 x 180 cm) previously equilibrated with 0.1 M
acetate. Elution was camried out with the same solution at a flow rate of 10
ml/h. 5 ml fractions were collected and those having anti-subtilisin activity
(indicated by solid bar) were combined.

: absorbance at 280 nm; ---<----: anti-subtilisin activity.
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(7) ASHEBIDE &2

T AFHEF1 ke HASIZHERT 5 BB OKBE, BIURE ZTable I1IC X
Lz, ASI-L, 11& bIZHR20fFITERE N, BRI ZEN TN, 134%.
102% T3 - 7~, DEAE-cellulose 7 < h 27574 —iz X v, EIIE T
71.2%%>534.6%(ASI-1), 239%(ASI-II) ERIIRIZIET LTWARS, T,
FNABTHRLNIERE D% 2 DORD 21T (Fig. 5). HLIZONWTEF
BLIleDTHD., likD A ETzDEAE-cellulose 7 @< M 574 —
HBOEREIZ0.5%2TH Y. TOHEEBET, fitf VX —EHEORE
BRI >Tebil TiERRv,

FERLBRE Y DCM-cellulose” B< 757 4 —TiX. BREOHIMIZH
RTEIRERET L TWER, ZZ Tk, ASID2 A ET2CMET D Z

LIZEAZRBE, ZOHFEZER L.

Table II. Purification of subtilisin inhibitors from Adzuki Beans.

Purification step Total protein Total inhibitory Specific activity  Purification Yield

(mg) activity (units)  (units/mg) (fold) (%)

Crude inhibitor 11500 260 0.023 1 100
CM-cellulose column 960 200 0.21 9.1 76.9
Sephadex G-50 column 420 185 0.44 19.2 71.2
DEAE cellulose column

ASI-I 54.2 90.0 1.66 72.2 34.6

ASI-II 34.3 62.1 1.81 78.7 23.9
Sephadex G-50 column

ASI-I 35.8 83.5 2.33 101.4 32.1

ASI-II 22.9 54.0 2.36 102.5 20.8
CM-cellulose column

ASI-I 16.9 42.3 2.50 108.8 16.3

ASI-I 13.2 35.7 2.7 117.6 13.7
Sephadex G-50 column

ASI-I 13.1 34.8 2.66 115.5 13.4

ASI-II 9.4 26.4 2.81 122.1 10.2




$£215 H—HO®KR
BON TR OB — W% disc-PAGEIZ X V #&&aT LTz (Fig. 9) . ASI-I,
IIAHEIZIRE L TWEDE-1, DE2MES2 5. 2RANoBES. ZnE
N, H—RAeEE—F U N\IVENBRINTCZ EBHERATE T,

Fig. 9. Polyacrylamide gel electrophoresis of purified
subtilisin inhibitors. Gels 2 and 3, purified ASI-I and II; gels 1
and 4, subtilisin inhibitor fraction (DE-2 and DE-1, respectively) eluted
from DEAE-cellulose column. Samples were run in 7.5 % acrylamide gel
at pH 4.3.

E3E /ME
WERT AFEFL L, XTFIUT A2 —2HHL, £fin<
NG T74—ILE>T2HDA L BERZ -4 RIE (ASI-L, 1D 2R L
Too FHHVHWED O DEIREKIT, ZNEN134%, 102%T. & HIZHI1206512

BRI,
— I, < AREYETICREND X VB Y v ur o F—F
A e Z—iX, STI(Kunitz) B I U'BBIE OWF Iz I D5,
FOELLIZOBERWEI DA LV EE X =N =T DEENRRE N,
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HBIE FTXFEBFXTFUI AV EES—DYEILFEN.
B LML NEEER

EURVBEMETaT 4 F—EA e EE—iZ, £V A R EX —DBEE
TAFNEN, FiIZ. < AFHEWHEE O b OIZ—RIZE B (multiplicity) T &
(4.

TAFEBFLOLBONEXTFVI VA e X —izdh, IREFTEZF
ULLTB28DSY A4 >eEx—, ASI-L, IINFETSD, EETIE. Th
LI ASIOME LR, WAL ZRREEBE DBENZONWTIERD & LB,
MO ARPLH/OINTEATFIVI A EEE—L, FOE U IEAL
FRUEE I OWTHER,. BRE#TT 3,

F1E HElIEAE
F1IH #HH

ASIiX, B2ETRRIL X 5 ITHEB LTz,

FFB~<—A— & L THWIkbovine serum alubumin. ovalubumin,
chymotrypsinogen A. myoglobinix. Pharmacia LKB Biotechnologytt ® %
DOEFERA LIz, BAELKKEIZIX. LKBProdukterdcarrier ampholine (pH
35-1000 v, pl=—HF—iZix. FV =2 % VERR#E B Dceytochrome ¢ 7%
Wik (p1=4.1,4.9,6.4,83,9.7,10.6) 2 L 2.

NR#i5 #r THV > 7zdansyl chloride, 3 XX, dansyl” X / BR(DNS-7 3
/J #)i¥. Sigma Chemical ftSBA L. ¥, B/~ o574 —
iZiX. Cheng Chinfl®polyamide sheetsZ{#f L7z

Carboxypeptidase Aix, V) = Z VEERHEN LA Lz, TN D,
FEREIIEER. BLHIRERLLOLFEARDOLDERAWE,

$F2IH SDS-RUTFZLUNT I RYIIVBSTIKE
SDS-RVT7 7 YT I R NVEXIKENSDS-PAGE)iX. Laemmlis Dk
BOITHEN, 6 MIREFET. (72id. EFEET T, B/ VERAWTHK
BLi, LM oORmIX. 0.1% Commassie brilliant blue R-250% F v, Bifa

-18-



IRTSHEERR 25D A B ) — ARV, BB, HFRe—F—L LT, ¥
TMBEBTNT IV (66250), FRTNT I @43000), FERV SV —HF
A (25700), IF 7 vt (1720002,

FEI3F FEIEIKE
EBHEBEEKINX. ¥V TT7YEHTAL U (PHIS-1000EFW. 7.5%8
V727 IUNT R RFENVTIR ST, BB, ple— AW —¢ LT, Fh7u—
ACEHEEFERALE.

FA4IA EABWBRIRY BV
ASIDENFRINARZ bvid, BAF TN E— LK ER 1248 %2 H

WTHIE LTz,

E5IR T I/BRMERSR
7 I ) BMUR HriX. Spackman b DF HEGHIZTEV. R A £ AU
(b.p.=108.6" O)IZIFEME L. WE T THER. 110" CT24,48, 12[¢ iK%
L7c. Dk ML, BALT X/ BREBSHHESISEUIH L THHr L.
FUZF7 7 (Trp)DERIX. Simpsond D HFEGCHIZHEW. AB%
0.2% tryptamine % & ¢p4M methanesulfonic acidIZ¥AfE L. W/F K TEHMEHE,
110° CT24EF MK 2B Ui, /K2 BiX. 2 NNaOHTHH L 728, [
BRIZa P LTz,

BO6IR 7/ KWEHH
TI/)KRET I/ BBEDOSIIX. GrayDX 7 vy KEE(DNSE)
A>T, DNS-7 I /Bix. RV 7 I F¥—b2AVWCEEZ n< b
T 74 —%fFoltk, UVS U P TFTRIZE L.
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ETIE NKEDILKREH
HNEFCAVEKBT I BRBEOS WL, INRES RTIFHE —BHIZ
V{7l otz. 0.5u molDASHIZ, 02 MN-ZF AENKY > B &R H ik
(PH 8.5 1 miiZEM Lz, 1M0ENHDOINRF I RTFF X —FA(CPase A)
ZEML., 30 CCRINE ¥z, KINEZ2ERIZOIM L. HERT RIS 2 &
IEU7e%. BT I/ BBESSIHEESISEITH LTt L.

E8IE BRMAERM
A X —DOREEEIT. F2ETRREOLFRIZ. AEA 2 HE
BLLTHRE L, A e & —iEHo 1 Bk, BER 2 mgDiEt 250%
BETAHAMS e —RBE L.

FEof HR
FE1IH YEENEER
(1) 978

ASIERLABR TR WS AV A/ u< v 574 —DRERM B ASIHIOD
SFRIIF 1 FLitEES Rz, E£7ZASHILZASII L Y D FTHRIS T 0
SFRELOEIHEEINE,

WA > b ¥ & —%SDS-PAGEIZ#t L7z & Z A. Fig. 10IZR- T ik BIX 345
bivlc. BTFR~—I—2FERLLT, ThEhoRFEZHELIZEZ
A, RFEFEEET TIX. ASI-IA#I15000. ASI-TIA#723000¢ HEH S iz
(Fig. 10a). # N7 BRHBHNESFOBRE. REEALSANVEHAWT
SDS-PAGE%4T%25 &, B TRICHHILIZEKBIRA/GLNDZ LB3H DD
T, RIZ. 6 MIRFEEE e V& Wiz SDS-PAGE% 1772 - Jz(Fig. 10b).
ZDORR. ASIIOFBE T, FFEBRKE VA, ¥ 5H#22000¢ FHE
ahiz.

ASI-I, Iix, REFETF THEWMEBEIZ kB Sl ds, RFEOLRWIES
&, MEORBMENLKESERD, ZZTHWRBIX., REFEEET
TSDSIELTWAA, 6MREFET TR 2R LZBATHRCRIKX
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BELNTe. Thbb, KEAAZ - OEILIX. FARICRENELET D
PEPIKEL TWD ZEBbhr oz, T, ASIASSDS-PAGEHIZ 7]
HWHCHEEELTWBZ L E2RRLTEY., ZOFKIZLS50 FROHE
EIITRETH D LEZDBNS,

()

- (b)
6E6K— - e -
43K—> 66K— -
43K— G
26K— — 26K— =
Susg - -
17K— 17K~ ==
- -
1 2 3 4 5 6

Fig. 10. SDS-polyacrylamide gel electrophoresis of ASI's.
Samples were run in 13 % acrylamide gel containing no urea (a) and 6 M urea (b) at
pH 8.3. Gels 1 and 4, bovine serum albumin, ovalubumin, chymotrypsinogen A,
myoglobin (from top), gels 2 and 5, ASI-I (5.0 u« g); gels 3 and 6, ASI-II (4.25

u g). Horizontal arrows indicate the top and the bottom of gels.

(2) &8
ASL-I, IIOHEEA@DIZEZ43.7. BLT40THoTz, WiIf X —¢

b, BEMICEESEROZVNRIETH T
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(3) %EHAERRZIANRY BIL
ASI-I. TTOSANERRINAR S MV %Fig 11127 Lz, 100 mMEERRHE RS %
W (pH 6.0)h Tix, ASI-IOHE AMINIZ278 nm. &/MRUNI250 nmiz A b
72o ASI-ILIZ. 275 nmiZi& K. 249 nmiZ /MR 2R LTz, mE Ok
B(E )ik, pH65, 280 nmizBWN T, ASLIA7.1. ASLIINS.7E3EE R
Tz

0.4 [

Absorbance
Absorbance

0.2}t

250 300 250 B0
Wavelength (nm) Wavelength (nm)

Fig. 11. UV-spectrums of ASI's. UV-spectrums of ASI-I (a) and ASI (b) were
measured at a concentrations of 0.05% (ww) in 0.1 M NaOH (— ), or in 0.1 M acetate buffer,
pH 6.5 (---).

F21F (LPMENER
(1) 7= /B4R

ASI-I, 117 X/ filpk 2 Table ITTIZR L7z,

BEITREZ LIZ. AV EEZ—LBINTRFUEEGATN RN &
THbD. TDZLiF, ZThbHbDA VB EX—FFRIZS-SESMBEEL T
RWZEEZERLTWS, ZhETHbhkrarsF—ESf & —
X, IZEAEBGTAHRSSESEZAELTEY. ASINZ 7 BiLFEHNIZ
EEIBMDOH DAL X —THHILETRRLTND,

¥, AYEBEZ =L/ T ANGE V@), BEUEIAVFIV([@B)%:S
&%, ASI-ITIX30%. ASI-IITIX25%IZHL LTWe, ZOKR. fEMIO
g v N E LTV,
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WA e 2 —D7 Il d 5 &, ASI-ILZASI-IE D 198
E Lz Bbhd, 2B, 7TIJBHERKEFNVABORRIZESNT
HrBEREHLIZE Z A, ASIIX10800, ASI-IIiX8600TdH - iz,

Table ITII. Amino acid compositions of ASI's.

Amino acid ASI-I ASI-II
Asp 9.9 (10) 69 ()
Thr* 9.6 (10 89 (9
Ser* 58  (6) 5.1 )
Glu 173 (17 10.7 (11)
Pro 7.9 ®) 4.5 o)
Gly 32 (3) 24 (2
Ala 45 @ 43 (4)
1/2Cys 0.0 ©) 0.0 ©
val’ 10.3 (10 87 (9
Met 1.0 Q) 1.1 1)
lle 3.0 (3 3.0 (3
Leu 39 (4 3.0 (3
Tyr 3.1 A3) 2.0 5]
Phe .1 Q) 1.0 (1)
Lys 61  (6) 6.0 (6
His 12 @) 1.3 ()
Arg 4.0 (4 3.3 (3)
Trp° 1.0 ) 1.0 ()
Total @2y 73)
Molecular weight 10,800 8,600

a. Extrapolated to zero hour. b. For 72 h-hydrolyzate. c. Obtained by hydrolysis for 24 h in 4 M
methanesulfonic acid containing tryptamine (39). d. Numbers in parentheses are those obtained from
sequence analysis (chapter 4).

(2) 7X/XK%7 I/ BHRE

Foinrsal RETHTLEER., ASIIOT I/ K7 I/ BIZ. 7
NEIVBEREESNT, By 7nl) RETIX., BINKIREZiTR5
e, INEILEITINE IVBORINITERNDOT, ASI-IONKN T
I/BIF. TAEIVBLIBIVEIVERERIE &SN, £2. ASI-II
DJFERY v LRE &I,



(3) WIVKRFLIIIKERT =/ BRE

CPase AZRAWT, ASI-I. IIOCKWRT 2/ BROREEZBA S, W
NOBFED. WHET I BIIRHTE Rh o, RINIR4FME TR -
e, HEEET I ) BIEMBIZRHE N cOARA T, BRERNROINIIER
TE2hofc. CPase BEHIVWVEBADFROBR TH ole. TDZ Lh b,
ASI-I, IOCKHT I /B ix. 7nly, Vv y, TARSE VR 7

WEIVERRE. CPaselZ XA ERZZITIZAWT I/ BTiRARWNLEE X
bz,

$3IE BRMAEEE

Residual activity (%)

ASI, NID&7FuT « F—¥izetd SHEREFig 12127 Lz, ASI-L,
nEbiz, X7FY U EBRSHEL. MV 7T UZiRe<{ERLR»Po T,
¥, FEPMY SR LTI, BOEEERLE,.

RAWEXT7F) O 2R METIOILERSM EEX—RBIX.
BEGE HEM LT, ASIIDEA99ug, ASI-IITII83ugThofze X
TFIV U ORFRZ2T00E L. A VEEX—1BFTAXTFIT U145
FEAFETHILEEXD L. HEHRIPLBAON DS FRIX. ASLHIOHEALL

000, ASI-IITIX9I00 ¢ #HBEN, TI /) BOWHLLHLNEE IFIE—K
L7z

(@) (b)

100

50 |

Residual activity (%)

Amount of inhibitor (pg) Amount of inhibitor (ug)

Fig. 12. Titration curves of proteinases with the ASI's. Residual caseinolytic activity
of subtilisin (25 u g) (O), trypsin (16 u g) (A) and chymotrypsin (24 x« g) ([J) were measured in
0.1 M Na-phosphate buffer (pH 7.6) at 30°C after preincubation for 5 min with ASI-I (a) or ASI-II (b).
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FBAFE ASIOHMHEROEFLED
U EDERMSE SNz, ASIL, IIOWHEALZR. WONIZ/LPrENE S
#Table IVIZE & Tz,

Table IV. Summary of the properties of ASI's.

Properties ASI-I ASI-I
Molecular weight* 10,800 8,600
Isoelectric point (pl) 3.7 4.0
Extinction coefficient (E, )" 7.1 5.7
Inhibitory specificity Subtilisin Subtilisin
N-terminal amino acid Gix Lys
C-terminal amino acid N.D? N.D.*

a. Calculated from the results of amino acid analysis and gel filtration. b. Determined at pH 6.5 and
280 nm. c. Not detected.

E38 =R ,

ASI-I, 117 X/ B AR 5. ASI-IIASASI-IIZ & % N5 AT B M AS HE2Z
ENTe, ¥, AV EEX —ONKEBSERRDIZ Eodb. ZHHIINEK
WMAITERLEA YAV EEX =T\ tEL b5, 7 I/ BRER
PO/ ONTEHEOSFREZRR. MEOCERZBSMRLRITT 5 L.
ASI-L, II& 143Fid. EDRZATFV S U2 12FRETS. TROLE
RLLIOHEAEEZRER L TWAZ tbholc, ZDZ &b, ASI-, I
ISIEERAEREE, RO eEE—ThHoLEX NS,

—RRIZ. FUNRIEREY VT oL E -1k FOT 3
J BRI EOHREN L EonD N —TIZAEEND18). ZhboA Y
EEZ—77 IV - TRTIZCHBOZ U R BILERHEEBAL N
. LT, AL X —DHEFEREIBMITEYE, FFEDS-SV—7RIZEF
L., TOFELS-SHEDMEN, —RHEE. &NV —FTRERRE
ENTWB18),

< ARHEM OB S, STI(Kunitz)BA > B & — %, 2F Wiz 2 H DS-S
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HEEAL. TO—FHIZRKEHASB/EL TS, BBIEIA & —id,
SSHEZTHELTBY, FO5BbBD/NER2OOS-SAH—THIZEN
ENOR I 2F> TnD, D ITN—F DA X —EFBRIZ. T
NHEOHT77 IV —DA Ve EX—DRMEMETH I8, FNITDTHS-SKE
BRZEoTA LY EEE =2 RO OBERBRBEENTWEINLIE LB
ENTE27),

ASIDH U R BALSEEND 5 bR VMR LiX. 2TFARS-SHEA
BELELRBNWI ETH D, A YEEX—DR FEEICEEREES2E5X D
S-SHEEIZ DWW T, ASI-I, I1¢ b IZSTI(Kunitz)R°BBIE A > E V& —¢
ELLBRS>TWD NS HEEZ, ASIN, AR ARMLBLNTER 2
DDAV EEE—T7 IV —DWTHUIrDOY T 77 IV—ELTEHEETS
DT, HLPRZBIDT7IV—2EBRTDIAVEEZF—THdH
REEEXRFLTN S,

Table ViZ. Y =< A(broad bean: Vicia fabay O X7 FV >4 VB E#X
— (VSI) (41). B X ‘"cowpea (Vigna unguiculata) (42, 43). black bean
(Phaseolus vulgaris) (44, 45) P bR GNTEXTF VS A Y EEEZ —DT 3
B ERE T . ThEh, BERT I/ BEFILBREIRLTHWRNO
T, S TFEBKI000HIB0RIE) LD LS5ICHHBELTH S, ZD5b,
VITABFATF VAL e EE—(VSDIZ. ASIERULIRY AF v
BEELENA Y EE X —T, 07 3 BERS £ L BTWS,
DT EhbH, ASIIZ, VSILFRILZ77 IV —DA Y BEEZ —Tidavh &
Zxbh5,

RTFV VIR A e EZ =%, #£000< AREM» L DK
BINTRBY., v ARR—BOXTFIT VALY EZ—T77 I ) —0FF
BETHZENHBINDE6), LIEL. TENHLOELWEE. #i1ZS-SA& R
ZDOWTiX, ASL. B KL UTable VIZZEIF iz > & B & — AT 8GN 2
<. STI(Kunitz)BSBBIEI 7 7 I Y — & OBWIEH SN TRV,

VSIiZ, MO —REEPREZINTE Y., RF MRS Z—LEWN
MR ZRT I EEXHBINRTNVWDAED, ZOZ b, ASIHRF b IHY
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Table V. Amino acid compositions of subtilisin inhibitors from
other leguminous seeds®.

Amino acid Broad bean (41) Cowpea (42, 43) Black bean (44, 45)
Asp 5.2 8.3 7.0
Thr 4.6 7.0 6.6
Ser 4.1 5.3 5.0
Glu 11.9 13.0 10.7
Pro 6.2 4.5 5.9
Gly 5.3 5.0 4.3
Ala 7.5 7.6 6.1

1/2Cys 0.0 0.6 3.4
Val 11.2 7.1 8.1
Met 0.2 2.6 1.3
Ile 3.1 2.5 4.2
Leu 2.6 3.1 3.2
Tyr 2.0 1.6 1.7
Phe 2.0 1.2 2.7
Lys 7.5 5.3 5.7
His 1.1 1.1 0.6
Arg 4.3 3.0 3.1
Trp 1.0 1.4 0.7

a. Recalculated for molecular weight of 9000.

RT7 MERBTSIA L EEX - RFMREFEFV /A 2EE
#—(PI-I) (47-51). b= FEXFENV TSV UAL L EEZ—(TI-D 52). KZE
XEPN) SO UA L EEZ—(CI-2,CI-1C) (53, 54). N5 RAE—F¥ AL
b & —Eglin C(LIE) (S5)REBMBNTE Y., & - WMFRICE MR- T,
HFEES RSN —DSf VeV X2 —T77 IV —ThD, £, KED
A e & —LEglin CiZiX, S-SEABHFELTRLY. ASII, IIMNVSIE
EDRZZDIN—T DA EEX—THEHAREUNRREN S,

Pk, < AREMIOZ VR BV T ueF s F—EBSf B E X —.
STI(Kunitz) B S U'BBIBD 2 DD 7 7 I Y —ZKBIEN T E MR, < £
BHZiZ, XTF VOV ITRENR. 3OV NV—TBEELTWS
ZEhRbhrote, £z, ASIOVSITH bz AR, #IZS-S&EM & H W
THE ZOIN—T1 RFPMEASA LV EEZ—T7 I —THBZ LM
mRI iz,
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TAFEFLOLBRONEATF I vA e & —, ASIL. [IOWEAL
20, BLULRNERBIZOVW TR, TOER. ASI-ILIASIIL D
b, RRXESFDOA L EEE—THII MRS N, A EEX —
IR E R EoARIBD ST, R L OBSHEBIIFETH DA EE
HEREX BB,

ASIL, IIIZix. —RiZ7 a5 F—EA Ve EE —DOESEHFHICEER
BREZEL D LHPINTWD, FTAS-SEESBELELLRN., ASLL 11D
ZURYBALEREENER. RFMBT77IV—Df X —LHBLT
Wi, = AR OZ o RI7BHEREY ST F—Ef B EF —
T, STI(Kunitz)®dH 5 WBBIEUAD A Y E P X —i%, 7T XX DIFH, VY
FRADRARTF IV VAL X PO bHERINTRBY ., < ARKRT
MEZ7IV—DAEEZ =8, BIDIAV—TLELTHFELTWDZ
EETRBRLTND,



BA4E TXAFBEBFXTFVI A4 EESY—DT X /EES
& RE R ISR

EURVBEHRERY VST 4 F—EBAEEF =X T I/ RESN LD
HEEIZZE SN T, #0007 7 IV —IZHBEN 55, HERERAL L
AFAS-SHV—7DEREIZ. 77 IV —TREZ—HLTBY., Thbd
NS DA B2 —DORERAEETH H(18)s

ASLiZ. ZORTFRIZS-SHEABEELRNILLS, FF FE77 Y
— L OHBENTRREN S, AETIX. ASIL, 1027 I/ BEF LEERX
BBOLIZONWTBR, ®F FESA e X— L oHRENE2BEETDIEED
IZ. 20773V —IZBTHA L EX2—D4 R BILZENEHRIZON
TEET D,

FE1H HMEERER
11

ASLL IIIXB2EBETRRE LS5 LTHR L.

TPCK-trypsini3 Sigma Chemical #£ 2> &, lysyl-endopeptidasei3 1 ¢ #fi 3%
T¥EM S, E7z. Staphylococcus aures V8-Proteaseld. Miles Laboratories
LA Uiz,

WHHPLCIZ iX. 4 A 2 #tdChemcosorb 70DS H 7 5 A (4.6 x 250 mm,
C18). ¥7zi%. Bio-Rad#tDHi-Pores 7 A (4.6 x250 mm, CHZ V., 7 3
JBRFEEDOXHDOEE 7 v~ S F 74 —izid. Cheng Chinft Dpolyamide
sheetsZ i fl L 7z. % 7. Sephadex G-25. G-50i{%. Pharmacia LKB
Biotechnologytt @ b D&/ LTz,

4-N,N-dimethylaminoazobenzene-4'-isothiocyanate (DABITC)iX R]{=1t %
BFZ2FT @ b D% . phenylisothiocyanate (PITC) . trifluoroacetic acid (TFA)
X, MM TROT I/ BES A ZHER L.

EOMOIEIL, B2 HICER LD DLFERDOD DEAWE,
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$215 BREEKICLIHAL
(1) ASIFIDY P BEDS 5=kt

TPCK- b U 7 U #H4bIZeNi Db, ASI-LIDY) VU BH A, Y M Ta=iL
L72(56)s NaOHTpH 8.2iZ ¥ L 7250 mlDZHE /Kiz. ASI-I(30 mg, 2.8 1
moDZEM L. 100u |0%AS T arvBE, 300EIZE 4 ERMMLTZ. B
RN, pHEZS2IZR LR S, B 2 RIS 28I fe. BUSK TH.
BROREEBRLTED, THETVE=TK(PH 8.6) TEHIL L TRV
Sephadex G-254 5 5 (22 x 170 cm) iIZ R )G & Bt L. [FIVA R TR L T 8.
WRERER LTz,

(2) ¥ ;S aAZIALASI-IDTPCK- MU T Ik B8Rt
¥ b5 3= ALASI-I (33 mg, 2.8 4 mol) DTPCK- kU 7 iibix. BE#
EEBDOENEDIR20 (ES)ERD L S5IZTPCK- MY 7SV &2F/ML., 02M
EiRT e ABEHK@EH 80 H T, 37 C. 6 KilifTiRoTz. 2B, B
RREADZDIZ, RIEHEPIZ10 mMOBEIAL ALY T AZHBMLT. Rk
RTH, HitHE FHS mMEERRT V& =7 AR Bl (pH 8.0) TEML L 72
Sephadex G-50 5 A (1.8 x 180 cm)IZ4E L Tz,

(3) ASFIDY DI Y RRFFH - L BHR/1{E
ASI-I 27 mg,25u moDiZ, BER L EEHDENHI1250 ESIZRD LS
LY PNxy RR7FH —¥&FEM L. 10 mM Tris-HCl &% #(pH 8.5)
T, 37C. 6RFIMILE ¥z, HIEWid. RIEKRTH. FH5 mMEFRRT
=0 AMRE B (pH 8.0) T ¥ H#i/k L 7zSephadex G-50:7 5 A (1.8 x 180 cm)iZ
it L7,

(4) ASI-IDS. aureus V8-ProteaselZ & BBt
ASI-I (11 mg, 10u mo)iz, R LEBEDENHABIRS ESHIZRD L5
{ZS. aureus V8-Protease ¥ L. 50 mMEFRRT > &= AEE K (pH 4.0)
BT, 37 C. 12K LS ¥, RIBKRTH#. Hitw%E. FH5 mME#R 7



vE =Y ARG HE K (DH 4.0) TEMIL L TRV /zSephadex G-507 5 A (1.8
180 c) Iz B U 7z,

(5) ASIFIDS. aureus V8-ProteaselZ&k 2HiH{t
ASI-II(18 mg, 2 mol)iZ. BEREEEDENHMRIRS (ESIZRD LI
S. aureus V8-ProteaseZ iR L. 50 mMEFRRT & =77 LABE K (PH 4.0)F
T. 37 C. 10RfNEIba BTz, RIEKR TH. HItWE. TH5 mMEERRT >~
F= ABEW(pH 4.0) TEH& L L TV /zSephadex G-504 7 A (1.8 x 180
cm)iZ 4t LTz, |

315 BEEKEIOT TS T 4 —(HPLC)

ASI-TE 72 iZASI-IID W ke, FAABATHABE LD L, HPLCEH
WTRZ7F R0 BRLT.

HPLC¥iE1X. Waters S108IR > 72 A5 A, 8B X UWaters 6608 Y L~
viTrerse—#ER L. R7F FOREB L OREFIT. HBEXRH
R DS-310BU V-, B XU HL0S6IRA 2 AV,

FNAHBTHRLNEZEIZ. 005% Y 713 o BEBR(TFA)ICTE#E L o
#. WA H S A(Chemcosorb 70DS H. ¥ JzixBio-Rad Hi-Pore 1 < A)IZ
BHL. 7E b= NI NVOERBEAREIZL VB L, #HPLCOFM /2
SHIE. FEB2H TFHR] ki Lk,

41 T /RS
BohER7FRFO7 I BEKIZ. BI3ETRRZOEFERIZ,
Spackman b D5 HE B THAHT Lz,

$B5I F7I/EERINH
R7F KO7 2 ) BES| 271X, Chang 5 DDABITCH: (57, S)IZHE-> T
filzo7z. DABITCE DXy 7V ZRIE. NRWT I/ BEREORIL -
GIMT B 12 & 9 & & 1 72 4-N,N-dimethylaminoazobenzene-4'-thiohydantoin
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(DABTH)7 %/ BBORER. £V 7T I Ko— b ETO 2 RTHE L v~ b

7574 =2k 0fiFleotr. BB, vy iAyvuLiiz. ZZTH
W HE TIZHIBITE RV, EBRTFFROT I/ BEENSX TS Z
LRTEE,

$61H XTFVUIUICLBREKR
ASIODXTF VL izt 5 RIBRMERET S HWT, X7FV ¥
& DREINAZEEITR ST,
ASI-II(12mg, 140 nmoDiZ, BER L HEFDENEA1B8 (ENS)ITIRD LS
iZ. X7 FY T VBPN ZIEML. S0mME ) O KR E il (pH 3.8)F T,
30°C. 30RFRARIE S Hic. R TH. ik, FH005%TFATEHL
L THBWzChemcosorb 7 ODS Hi#i# 7 5 A (4.0 x 250 mm)IZfE L7z,

FoE HR
B11H A9 2 FASIONKEEFIORE

BT OBFIRTIZ KDL, £ > #27 PASIL 11O NKGES] %2
DABITCHE: Ta#r LTz,

ASI-IONKHECFIE. GIn-Glu-Gln- ¢ [RE &, HEI3IBIZREBLEL Y
VKRR X DNRKET I/ BOSH & —8, Lz, ASI-IIE. Lys-Gln-Ala-
Leu-Glu- 2[RIEEN., ThEDORER L —B L. DABITCHE T ASH
RREF ORI X R7F FOWHBIZL>TAEBRY., &Iz, 14
I NRENIETRAHTERNIL DD S,

RBH%BTDE 512, ASI-IID2T 3/ BEFIBAS-IOFNIZEENS
B REEFRITOFRR? GHRE SN, HEDONKET I/ BOMH
BhD, NAHUTHELZA LV EEZ—THBLHBINS., LT, Z
DHRBIZESE, £T. FBESFRLEX DI BASI- D2 —KRIEGEDOD T
2ol
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$215 ASIHID7 =/ BT
(1) ASHIDTPCK- kY 7o Vil{tmn 58k, 185

¥ 5 a=pA{LASI-IOTPCK- bV 73 »ilibix. Fig. 13IZRT L5 12
FVABTHAE L., HPLCTHRM Lz, ML DSephadex G-5047 F A Lk
TOBEMNZ — 2 %Fig. 141TR L. bz, KITRT L5124
DOESF(T-I I, UL IVIZF3 . ERENBRMEZE L THRBLUTT £
=7 ERELE,

AL ED & HMT L T, EAT-IX. REIEDOA > %7 FASI- IS EeHE
FEEZLNTEDOT, UEOBEIZIIAVWR o, ERFIVIZBWT, #
$42230 nmiIZ BIF DR MBRSNDD1%. BEBRKOY -/ THDHLEE %
b ds, BREDOPRL ED 2O0DORTF K EEMIZERTHizdiz, =
DEBETIE, A2 —HItHmO1 2L LTIV HF Tz

BEIAT-II, T-IIIX. BHEEERELOL, PBOS mMERRT V=77 LB
HE(pPH 8.0) IZ¥EfE L. T [FIE Bk T FHr{k L 7z Sephadex G-504 5 A
(1.8x 180 cm)iZ#t L. 3B iz 4 8 L7z (Figs. 15, 16)s HEAT-I1i%, 280 nmDIk
A & ¥l LT, Fig. 1SIZ/R LTc X 512 2 DDES(T-11a, IIb)IZ 53 1) 7z, [
AT-II1S [[FRIZ 3 D DEZ(T-111a, IIb, ITlc) iz 53 i 7.

EAT-IVIX, BREERLLOL, PBO0.1 MEHRIZEAE L. FOREBK
TYHIL L TRV /zSephadex G257 T AR2.0x160 cm)iZHt L. FEK T
i L7z (Fig. 17). Fig. 17tF D@} (T-IVa, IVb, IVe) D 5 bigkis DT-IVCEisHT.
EiIZ, BEBHETTERLEY VT avBESDES EHEESN 2T H L
BOBREIZIZAWRP ST,

BEDFNABT, 3t 7T OOMED /IS, Fig. 14TOEH N Y —2 2
H¥|WF LT, T-IIbk T-Illa. ¥ 7zT-lllc: T-IVax &b ¥. Fh Eh,
T-IIblIla, T-IIIcIVad& L7z, ZOBET. YA ABIZEY. 5 DOESH
Bohil,
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[ Tryotic digest |

( Sephadex 6-50 )
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Fig. 13. Separation of the tryptic peptides of citraconylated ASI-I.
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Fig. 14. Gel filtration of TPCK-trypsin digest of
citraconylated ASI-I. The digest (3.0 ml) was separated on a
Sephadex G-50 column (1.8 x 180 cm) in 0.2 M ammonium acetate
buffer (pH 8.0) at a flow rate of 30 ml/h. Effluent fractions of 4.5 ml

were collected.
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Fig. 15. Re-chromatography of fraction
T-IL. The fraction T-II in Fig. 14 was further separated
on a Sephadex G-50 column (1.8 x 180 ¢m) in S mM
ammonjum acetate buffer (pH 8.0) at a flow rate of 30
mi/h. Effluent fractions of 4.0 m1 were collected.
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Fig. 16. Re-chromatography of fraction Fig. 17. Re-chromatography of fraction T-IV

T-111 on Sephadex G-50 column. The fraction on Sephadex G-25 column. The fraction T-I(;’ 2'1151
T-1Il in Fig. 14 was further separated as described in Fig. 1 v(vzas furtggr s;p'an(n)teidMon achepll'fid:txa ﬂ-ow
. 15. Effluent fractions of 4.0 ml were column (2.0 x 160 cm) in 0. acetic aci
:)enl::t:l;dtoﬁg ' * rate of 30 mlh. Effluent fractions of 3.0 ml were
. collected.
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B ohiz 5505 N5 HH(T-11a, T-11bll1a, T-I1Ib, T-11IcIVa, T-IVb)
X, AR LD, PBRODOOSHTFAIZERE L. T HRBEHE TEEIL L
TBWcHi-Porei fih F Azt LTz, BHIE. 005%TFAL70%D T & b
= MUV EET005%TFAZ AVWe., ABRHOERBREANREIZE VTR -
Tz, Wi, 0.5 m/min TRV, 230 nmTR7F K2R Lz, &4 D,
#H & — > %Figs. 18-22iZR Lz,

RPDOTRTRUIEAS V=7 2 HEER L. BEAISWAOERE L
oo BHAZ -V EIZRbN A —213, iz, BREEXOARAY 275D
VRE— 2 LEXLN BN, BRIEILOBRIZBNE L@ RN TOYIk
BRIV, ZBOXRTFRNRECREIEDREEEXL b,

)

)

Absorbance at 230 nm (
Acetonitorile (%) (----

0 10 20 30

Retention time (min)

Fig. 18. Reversed-phase HPLC of fraction T-Ila. The
fraction T-Ila in Fig. 15 was applied to a Hi-Pore column (4.6 x 250
mm, C4) and peptides were eluted at a flow rate of 0.5 ml/min in
0.05% TFA with a linear gradient of acetonitrile (0-35%/30 min).
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Fig. 19. Reversed-phase HPLC of fraction T-IIbIlla.

The fraction T-Ibllla which contains the fractions T-IIb in Fig. 15
and T-Illa in Fig. 16 was separated on a reversed-phase column as
described in the legend to Fig. 18.
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Fig. 20. Reversed-phase HPLC of fraction T-ITIb. The
fraction T-IIIb in Fig. 16 was separated on a reversed-phase column as
described in the legend to Fig. 18.
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Fig. 21. Reversed-phase HPLC of fraction T-IllcIVa.
The fraction T-IlIcIVa which contains the fractions T-IIc in Fig. 16
and T-Iva in Fig. 17 was separated on a reversed-phase column as

described in the legend to Fig. 18.
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Fig. 22. Reversed-phase HPLC of fraction T-IVb. The
fraction T-IVb in Fig. 17 was separated on a reversed-phase column as

described in the legend to Fig. 18.
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(2) ¥ F3aZIHEASIHIDTPCK- U T VEERTF RO 7 = / BERLTI

Boniz, TPCK-MY 7L U LR T F ROT 2 ) B8 AR 2 Table VIiZ
RlTc. ZOER. T-Ila-1LT-Ma-2, BLY. T-Ibllla-2 & T-Ib-3i%. [7
—DORT7F RTHDIZ LRI N, ASI-I%2, FHT MFa=ikL.
VOVRBREE Ty LeDid, TPCK-F ) 7 Ui Lo TArg- X fEE& D
KB THHAITH >Tel, BOENERTF RORMZIIZ. TAF=Y
BEEZEATHRNLDOLD Y, ERERNRTMRBI > TNWDZ ENRT
Bk, Fiz. Table VIRBTF R 7F KOMAESLEIEITTiX. ASI
DT I/ BBREBEPHETER2rolc, ZO7H, TPCK-M) 7T ¥
IER7F Rid. ASI-1OEF|Z2#ES 5 BRICH W,

Table VIIZZEF iz R7F ROT I ) BEF| 3 OFEE %2 Table VILIZ % &
»iz.
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‘Table VI. Amino acid compositions of tryptic peptides from
citraconylated ASI-I. Numbers in parentheses are those
determined after sequence analysis.

Amino acid Ma-1,[a2 [blla2, b3 M1  MeVal  IVb-1
Asp 1.4 21@ 19 20D
Asn ) 1) ¢y
Thr 496 27() 121  09()

Ser 091  1.0() 081  L1(Q)  08(1)
Glu 500 430 50@ 3@ 1@
Gln @ ey Q)

Pro 172) 1.0Q)  3.60)

Gly L0() L0  1.0Q)

Ala 26(3) 190

1/2Cys

Val 202 22 1.0 18  1.0Q)
Met

lle

Leu 170 L1 L0 091  L0Q)
Tyr 1.0(1)  09(Q)
Phe

Lys 2020 1L1Q) L1() 1L0@
His

Arg 0.9(1)  0.9()

Trp ND.(1) ND.(1) ND. ND. ND.
Total @7 an an (11) @®)

N-terminal Gln Thr Gln Leu Leu
Yield (%) 33.2 20.6° 48.4 23.1 36.6

a. Not determined. b. Sum of I[Ia-1 and IIa-2. ¢. Sum of IIbIIfa-2 and IIIb-3.

Table VII. Amino acid sequences of tryptic peptides from
citraconylated ASI-I.

Peptide Sequence

Ila-1 QALETNTPTK TSWPELVGVT AEQAETK
Ma-2 QALETNTPTK TSWPELVGVT AEQAETK
IIblIIla-2 TSWPELVGVT AEQAETK

ITIb-1 QEQGTNPSQE QNVPLPR

IIIb-3 TSWPELVGVT AEQAETK

IMIcIVa-1 LYVDESNKVT R

IVb-1 LYVDESNK




(3) ASIFIDY IV Y RRIFS—EHEYDS 8, B

TPCK- MY 73 VAL IR RO BE U Te Z ENRFHlI S e 2.
SVEREOEWY Uy RR7ZFE -V X B EL b8 Tt o 72,
#H1bmi%. SephadexG-50i2 & VM5 HEIL. K1—K8D4& M5} %43 /o (Fig. 23).
ZD5b, K2EME. KREEDA L EZ2 ML EE X —Thole. ¥z,
K2[Ei5r DRtk OEISF (KL, K3) & =4 F—RKIBEHIZIX. RT7F KB4 E
Wik ole, ZDked, ThbDES Bz, K5. K6, K7. K8
5% LI DHPLCIZ 4t L Tz,

100 150 200
TUBE NUMBER (2.5ml / tube)

ABSORBANCE AT 230nm{—),280nm(---)

Fig. 23. Gel filtration of lysyl-endopeptidase digest of ASI-L
The digest (3.0 ml) was separated on a Sephadex G-50 column (1.8 x 180 cm)
in 5 mM ammonium acetate buffer (pH 8.5) at a flow rate of 21 mlh. Effluent
Fractions of 2.5 m] were collected.
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LR 4B BREERLEZOL, PBO00SHTFAIZER L. FHRE
TS 1E L TRV zChemcosorb 7 ODS HiffHl 5 Azt LTz, BHIZ.
TPCK- bV 7 ¥ I EMDOBE L FRIZT & b= b VY )V OERIRE A RE
E0iFRotz, Fdix. 0.7 m/min TiT2RVY, 230 nmTR7F FE2BRH L
Teo A D, IBHAH — 2 %Figs. 2427127 LTz,

TPCK- b Y 7L VHIEDOHBE L 0 b, HBGEREOE WIINA B Z -
TWAZ BRI NTe. ZDEHIZLT. BoNkEXRTF K2R
HoOBRE L,

K58 —

-
(@)
I

ABSORBANCE AT 230nm(—)
o
Cl
ACETONITRILE(%)(----)

. |~
0 10 20
RETENTION TIME (min)

30

Fig. 24. Reversed-phase HPLC of fraction K5. The fraction
KS in Fig. 23 was dissolved in 1.5 ml of 0.05% TFA. A portion (100 « 1)
was applied to a Chemcosorb 7 ODS H column (4.6 x 250 mm, C18) and
peptides were eluted at a flow rate of 0.7 ml/min in 0.05% TFA with a linear
gradient of acetonitrile (0-35%/30 min).
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Fig. 25. Reversed-phase HPLC of fraction K6. Handling of
the fraction K6 in Fig. 23 and the conditions for elution were the same as
described in the legend to Fig. 24.
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Fig. 26. Reversed-phase HPLC of fraction K7. Handling of
the fraction K7 in Fig. 23 and the conditions for elution were the same as
described in the legend to Fig. 24.
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Fig. 27. Reversed-phase HPLC of fraction K8. Handling of the
fraction K8 in Fig. 23 and the conditions for elution were the same as
described in the legend to Fig. 24.

(4) ASIHFIDY PV Iy RRIFY—EHIERTFRO7 = / #EET

Bohi) Oy RRZFE—BHEILRTF KOT I/ BRI %2 Table
VIIIZR L. ¥z, 207 I/ BEFI T O#s R % Table IXIZE & BTz,
R7F KK5812. NRRL YV IBBREMNT DI ENTE ., BV D, X7 F
FiZ2ERF 22 T,

ZD5 b, K65EKT3IZ., R—DRSF KTholk., K58ik, ASI-ION
AHB20BRE DA B SN MBI 7 F FTHDHZ LBTREIN T,
R7F RK63. K65(K73). K71. K81, K83. BLUK84DT I /) REBHEE
DNEFHE. ASIHIDAL2T I ) BEBEEE - Uk,



Table VIII. Amino acid compositions of lysyl-endopeptidase

peptides from ASI-I. Numbers in parentheses are those
determined after sequence analysis.

Aminoacid  K-58  K-63  K6573 K71 K-81 K-83 K-84

Asp 704 400@) 28 1.0 2.4 (1)

Asn 3 ® G) ) 1)

Thr 870 1L1() 253 10N 2603 17Q)

Ser 47¢) 162 1.0Q) 10Q) 101 1.2Q1)
Glu 1.0 43@ 3700 60® 200 o8 1.3M
Gln @ @ @) “4) ®

Pro 46(5) 22 08(1) 32(3) 081 L1

Gly 2.2 (2) 111 L0Q) 12() 07
Ala 43(@4) 13 200 1.0(1) 06

1/2Cys

Val 820) 42@ 19 1.0Q) 151 202
Met 1.01)  1.0Q)

e 293) 200 1.0 (1)

Leu 3.0 (3) L0) 1.0 10Q) 1.0(1)
Tyr 212)  09() 0.9 (1) 0.8 (1)

Phe 13(1) 1.0Q)

Lys 52() 19@ 09(1) 1L1@) 09(Q) 0.8 (1)
His L1 L1Q)

Arg 3.1(3) 1.0 1) 0.8(1) 170

Trp ND.(1f  ND. ND.(1) ND. ND. ND. ND.
Total (72) (26) a7 (20) (10) ®) 1)

N-terminal Gln e Thr Gln Gln Val Arg
Yield (%) 403 20.2 31.2 67.2 26.8 20.7 14.3

a. Not determined. b. Sum of K64 and K73.

Table IX. Amino acid sequences of lysyl-endopeptidase peptides

from ASI-I.
Peptide Sequence
K58 QALETNTPTK TSW==-
K63 IKEEMVDVQI QVSPHDSFVT ADYNPK
K65 TSWPELVGVT AEQAETK
K71 QEQGTNPSQE QNVPLPRNYK
K73 TSWPELVGVT AEQAETK
K81 QALETNTPTK
K83 VTRTPSIG
K84 RVRLYVDESN K
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R7F FKTION KB 3 BEOBRIIZ, 41> %7 FASI-IDL D L[FE—
Thol. EbIZ. R7F FKT1LKS8DOHERT X/ BEEBOE&FIX. 4
Vi MASIHIDERE B LTz, &oT. X7F KK7THIASI- IO N KR IZ
MBTIRTF RTHDLHEERE L. . X7 F FKSIDEFIiZ. KS58D
NERBRBDOEF| L T2~ L. XTF KK81DdH LIZK65(73) ke Z &
b#RINT, BONERTFRFDOS5H, K83, M—., VU VBREEZRN
TBD., ASHIOCKRBFRTF FEEX BN D,

UEDHERMNS, o) Vi y RRFFHE—EBHIRTF FDIH
iz,

K71—K58
¥,
K71—K81—K65(K73)—(K-63, K-84)—K83
LRI,

—%. ASI-II &, ASI-IORZ WL TH DT F KKS8 OF I/ B ik
BLUET I/ BEFZEEBELIZEZ A, ASIHINASNEKRY U 2BRWiE
b DA, XR7F KKS8TH B LRI h,



(5) ASI-IDS. aureus V8-Protease;H{LMIDH 8. HBHl

TPCK- MU 7 Uik, E£ix. Vo RRFFX —BHAETHD
NIeRTF RO —"—=F v ¥ 7 %2725 HWT, BiZ, HEEORR
% S. aureus V8-Protease TASI-IZH 1L L fz.

WAt ¥ D Sephadex G-50i2 & B¥EH "% —> % Fig. 28IL 7Y . /bl
SV1. SV2 @2 E&iE. FEERLEOL, PROVOSHTFAIZEMEL. F
DRVER TEMIL LTIV IzChemcosorb 7 ODS Hi¥ i A T Azt LTc. ¥
Hix, TPCK-b) 7Y UM OBEL FRIZT M=t ) VOEREE
REEIZE Y 2o lz, &I, 0.7mlmin/2V> L1.0 m/min TFT72Vy, 230
nm TR 7F KERH Lz, 4D, BEHAZ — 2 %Figs. 29, 301ZR L7,

IZTHRLNERTFED S, EiZY Py RRFFEX—EHIET
BONERTF ROL—N"—F v IRARRD O, T4bb, VPV
BEAZSDERTTF N2 OFRM L Lic.

£
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Fig. 28. Gel filtration of S. aureus V8-Protease digest of
ASI-L The digest (1.0 ml) was separated as described in the legend to Fig.
23. Fractions of 2.5 ml were collected.
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Fig. 29. Reversed-phase HPLC of fraction SV1. The fraction
SVl in Fig. 28 was dissolved in 2 ml of 0.05% TFA. A portion (200 x 1)
was applied to a Chemcosorb 7 ODS H columm (4.6 x 250 mm, C18) and
peptides were eluted at a flow rate of 0.7 ml/min in 0.05% TFA with a linear
gradient of acetonitrile (0-42%/h).
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Fig. 30. Reversed-phase HPLC of fraction SV2. Handling of
the fraction SV2 in Fig. 28 was the same as described in the legend to Fig.
29. Peptides were eluted at a flow rate of 1.0 ml/min in 0.05% TFA with a
linear gradient of acetonitrile (0-21%/h).



(6) ASI-IDS. aureus V8-ProteaseH{L¥MID T = / EABCY

%51 72S. aureus V8-Proteasei§ bR 7F RDT I/ AL % Table XiZ
mLllz. £, TOT I BEFISW O RZTable XIIZE L e, NTF
FSV19iZ, NARSEVBREMITHZ ENTE, BVDO, R7F KX
2RF 2T TE T,

R7F KSV17, SV28, SV21b, SV25, SV26ik. &4, UPA v KR
TFE—FR7F K THDHKT1 K81, K81+K65(K73). K65(K73) & K63,
K632 K84, K84LKBIZ#F—N—F v S THIENTER, £, RT7F
RSVI8LSV2TDEFBFFIZE V. VPN Ty RRTIFH —BRT7F KK63,
K65(73) DEEFIBELNWZ ENHERTE 2. BB, XT7F RSV251IE. 73
JBRMAR & T X ) BB OFER M, BEF R TWeh, BIISHIZ
BWTiX, ORTF KRS OEBEIRHE W1 o7z, R7F RSV25iE.
HORT F RIZHRTRBEENT L2 5, RMTEROENI., 73/
RRALRR > FrREIZC B D RHRE EORIEREZIZED bOTIZRWALE X
T3,

ARN7F FSVI9Z, VIV NIy RRT7F X —EBHILDRIZE LN T F
RFK58& Rk, ASI- IO EALHTH D, WEMHEILRTF K OUITER AL
2 HHT LT, ASI-IO20BREEFNIX. do & bEERNELEZZIIRLTNE
MNThHD LRI,
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‘Table X. Amino acid compositions of S. aureus V8-Protease
peptides from ASI-I. Numbers in parentheses are those
determined after sequence analysis.

Aminoacid  SV-17  SV-18  SV-19 SV21b SV-25  SV-26  SV-27  SV-28
Asp 3.0 20 67® 200 10 1.0
Asn €) ) ) ® 1)
Thr 1L1(1) 13Q) 87(9 08() 212) 1.0Q1) 3.8
Ser 1.0() 17Q2) 4.60) 1.6 (2) 0.8(1)
Glu 56@ 20 88 ® 120 230 11 W 100
Gln @ @ ©)

Pro 36(3) 12(1) 47(5) 0.7(1) 1.2Q) 2.002)
Gly 1.2 (1) 2.2 2) 12()) 10Q)
Ala 11() 1.0Q1) 3.10) 0.6 1.0 (1)

1/2Cys

Val 12(1) 33@3) 83(9) 282 13(1) 21(@)

Met 0.9 (1)

Te 1.0Q) 29(3) 1.0Q) 1.2 (1)

Leu 1.9 (2) 2.0 2) 0.8(1) 1.1 1)

Tyr 0.8 (1) 1.9 2) 1.7(@2)

Phe 0.8(1) 1.0Q)

Lys 1.1() 48() 19@Q) 07(1) 1.0Q) 1.0(1)
His 0.8(1) 1.0(1)

Arg 1.0 (1) 2.9 (3) 182) 1.2Q)

Trp ND' ND. ND(@) ND ND ND ND  ND(Q)

Total @) 15 (8 G @@ @ qan @

N-terminal. Gin Val Thr Thr Tyr Ser Leu Thr
Yied (%) 268 314 493 223 144 396 288  37.8

a. Not determined.

Table XI. Amino acid sequences of S. aureus V8-Protease peptides

from ASI-I.
Peptide Sequence
Sv17 QGTNPSQEQN VPLPRNYKQA LE
Svig VQIQVSPHDS FVTAD
Sv19 TNTPTKTSWP ELV-~-
Sv21b TKIKE
Sv2s YNPKRVRLYV DE
SV26 SNKVTRTPSI G
Sv27 LVGVTAE
Svag TNTPTKTSWP E
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(7) ASI-ID27 =/ BRI
U EDERNHASI-ID2T I ) BEF| 2 RET D Z LN TE /- (Fig. 31).

ASI-Tix, RBEOT I/ BIrLHEREIN. FO2FRIZI10800LHE SN
Tzo

10 20 30 40 50
QEQGTNPSQE ONVPLPRNYK QALETNTPTK TSWPELVGVT AEQAETKIKE
« (T-Ma-1, l2-2) —
(-l 1) ———— (T-Ibiia-2, [b-3) ————
XK-71) « K81 —> < (K- 65, 73) — <
— (K-58y
« (SV-17) > (SV-28) - V21— - — @V —
« (SV-19)
60 o 80 S0

EMVDVQIQVS PHDSFVTADY NPKRVRLYVD ESNKVTRTPS IG

— (T-[Vb-1)—>

—— (T-McVa-1) ——

(K-63) —>¢ (K-34) > K-83) B
(K-58) —

— (SV-18) > (SV-25) »e (SV-26)
(SV-19) -

Fig. 31. Summary of the sequencing of ASI-I. The overlapping of peptides
which were obtained from digests with TPCK-trypsin (T-), lysyl-endopeptidase (K-), and
S. aureus V8-Protease (SV-) are shown by solid lines with horizontal arrows. Dotted line
regions were not sequenced.
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$£3\ ASHIDT =/ EERY
(1) ASI-IIDS. aureus V8-Protease LD 8. 1S

ASI-NID2—RIBEEZTER T D), ASILIEDZF—"—F o 7FHEHNE

L TASI-II®DS. aureus V8-ProteaseiZ & AWML 2772 -7z
{H1E® D Sephadex G-50iz & A & —> *Fig. 32i1zR7%, Ho5hic

II-SV1., II-SV2 @2 Eifid. WHEEHR LicDb, 2 BD005%TFAIZ AR

L. TOHRERTERIL LTIV zChemcosorb 7 ODS Hi¥iE A 5 AT HEL

feo VBHIX. TPCK-MY 7 VMM OBELRABIZTE = I AV DE

RIBEAREIZE VT Rof. HEIX. 0.7 mVmin T2V, 230 nmTR 7

FRERH L. 4D, ¥BH/Z — 2 %Figs. 33, 34IZ/R LTz,

I-Sv1

-Sv2

100 150 200
TUBE NUMBER (3.0ml / tube)

ABSORBANCE AT 230nm({(—),280nm(--.})

Fig. 32. Gel filtration of S. aureus V8-Protease digest of
ASIII. The digest (2.0 ml) was separated as described in the legend to Fig.
23. Fractions of 3.0 m] were collected.
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Fig. 33. Reversed-phase HPLC of fraction II-SV1. Handling
of the fraction II-SV1 in Fig. 32 and the conditions for elution were the same
as described in the legend to Fig. 24.

p—,

l — I-5V28 -
o —
n —
2 2
< =
1] I-SV26 o
g 0.5~ ISV21b —___-—*i20§
= o
o =
o [11]
e (2]
o <
< e

(0] 20 40 60

RETENTION TIME (min)

Fig. 34. Reversed-phase HPLC of fraction II-SV2. Handling
of the fraction II-SV2 in Fig. 32 and the conditions for elution were the same
as described in the legend to Fig. 30.
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(2) ASI-IDS. aureus V8-Protease;H{t¥D7 = / BAL%

#5728, aureus V8-Proteaseiiib~N7F K D7 I / Mk R% % Table XII
ICRLTz. ¥, D7 I/ BEFNDHFOFKER%ZTable XIINZE LTz, N
7F FII-SV17i3. NRSWE D ISREMTTHZLENTE L, BV DORTF
Fid, 2E5 22 TE

R7F RII-SV21aD7 3/ BEFIX. A > % 27 MASI-IIO NK4 K5 12
—HLTBY., ZOXRTF KBASLHIION KBIZMNET BRT7F KTH B
Zidbhrotz, RFF RII-SV21a L II-SVITOMR T I/ BBEEOE
iX. ASI-IID2T I/ BEREIZ—B L. S HiIZ. ASIID20BEBOV Vv
UEDOT I ) BRERE B L.

~R7F RII-SV17iX, ASI-IOMHILTHE S NI BAHILEX7F KSVI9L 7
I/ BMEA—BELTWe, BHEDONKRROT I /) BEF S Lic#
BIZBWTRAEI—B L. BRB2ZUARVErLHB LN ZNS OFRYS
F KRE—DOR7F RTHDZ Rah,

¥z, ASIIIHD 5B b lzX7F FII-SV28, 1I-SV21b, II-SV26D 7 3
/ BREEFix. ASI-1D25-35B%. 46-50%:. 82-R2RHEDRIY L ELIC—EK
T5Z LHBHER I (Fig. 35).
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Table XII. Amino acid compositions of S. aureus V8-Protease
peptides from ASI-II. Numbers in parentheses are those
determined after sequence analysis.

Amino acid 11-SV17 [I-SV21a [I-SV21b II-SV26 II-SV28
Asp 7.04) 1.0 1.0
Asn 3 1) 1
Thr 8.6 (9) 1.0 (1) 1.9 (1) 3.5 (4)
Ser 4.5 (5) 1.8 (2) 0.8 (1)
Glu 9.0 © 2.1 @) 1M 1.0 @
Gln ) 1)

Pro 5.8 (5) 1.0 (1) 2.1 (3)
Gly 2.1(2) 1.0 (1)
Ala 3.0 3) 1.0 (1)
1/2Cys
Val 8.4 (9) 1.0 (1)
Met 0.8 (1)
Tle 2.9 (3) 1.0 (1) 1.0 (1)
Leu 2.1 (2) 1.0 (1)
Tyr 2.0 (2)
Phe 1.0 (1)
Lys 5.0 (5) 1.3 Q) 2.0 (2) 1.0 (1) 1.0 1)
His 1.0 (1)
Arg 3.0 3) 1.0 (1)
Trp ND.(1)  ND. ND. ND. ND. (1)
Total (68) &) &) 11) (11)
N-terminal Lys Lys Thr Ser Thr
Yield (%) 40.9 31.0 24.4 42.2 30.0

a. Not determined.

Table XIII. Amino acid sequences of S. aureus V8-Protease
peptides from ASI-II.

Peptide Sequence
II-Sv17 TNTPTKTSWP ELV---
II-SV2la  KQALE

1I-Sv21b TKIKE

II-SV26 SNKVTRTPSI G

II-SV28 TNTPTKTSWP E
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o1 YK QALETNTPTK TSWPELVGVT AEQAETKIKE
= (I5V2ls) ¢ (M-SV-17T)
— @-sV28)— « (SV21h)—
€ ASI-II
60 70 80 S0
EMVDVQIQVS PHDSFVTADY NPKRVRLYVD ESNKVTRTPS IG
@-SV-17 —

{-SV-26) —

3
>

Fig. 35. Amino acid sequence of ASI-II. The peptides which were obtained
from digests with S. aureus V8-Protease (II-SV-) are arranged on the sequence of ASI-L.
The numbering refers to the sequence of ASI-I. The amino-terminal 19 residues of ASI-I
indicated with shadow are lost in the sequence of ASI-II. Dotted line region was not
sequenced.

U ED#HR? S, ASIFIOT I/ BEFIZ. ASIID20BEFHDOY D h
LCRIHTY Y ETORIEF—THD L®E L. T2bb. ASI-I
IXASI-IONRKBRIIBRE DR TF KB RELEBBODREDT I /BT
BRENdLEEX—T,. EOSTRIXS00LHEI N,

ASI-IDOBERHELERIZBNTHSMEILRTF FBE/ LN, EnbHO
UIMTERALIXAST-1D20-21R %, 24-25BETH T, TDZ LD, ASIHID
0BREARBIZT 0T 4 F—BIZEDERE2ZIIRT WM EEX DN,
ASI-IIAS, 2083 H U DASI-IIZHY THZ L2 ExAbED L, ASI
DI90BREDHEEBHNET I uF 4 F—ERERIVIEMHEZIT.
ASLIIBAE L Z LRSS,
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$F4IE ASIDRERIGEI
ASLNIDXT7F Y ¥ iz K ZMREKBEWIZ. HHHPLCIZ X Y 28k, kE5Y
Llc. X, Efd L FRRIZ. 0.05%TFAL 710%DT 2 b= bV L &4 ¢
005%TFAZRI W, ARHAOERREANREIZE VITR- . WEIX.
1.0 mi/min 772V, 230 nm TR 7F K& #H Uz (Fig. 36).

-9
sk I-4
£
o
(-
(ap)
AN -~
Iz 80 =
W 1.0 *
Z oo 60 =
m /// ] . E
I ',4 ——
O 5
a —40 &
< 0.5 O
<
—20
0t LJJ L 0

0 20 40 60
RETENTION TIME(min)

Fig. 36. Reversed-phase HPLC of limited hydrolyzate of ASI-II. After
limited hydrolysis of ASI-II (140 nmol) with catalytic amount of subtilisin (1.6 nmol),
the digest was separated on a Chemcosorb 7 ODS H column (4.6 x 250 mm) using a linear
gradient of 2-70% AcCN in 0.05% TFA for 60 min at a flow rate of 1.0 ml/min.
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BONTZ3OOXRTF ROT I/ MK BLOT I/ BEFI 240 L
e T A, R7F FII-%X, RMEAEDASI-IITH 5 Z &304 - fz(Table
XIV)., ¥¥z. R7F K4, 1111007 I/ BEBEROGHIZ. 1> &7 b
ASI-IIDRER T X/ BBRERE —BL TRV . L2 L &8 TRIEERA
OISR EITRRBR I 5 Z LR TE 2,

Table XIV. Amino acid compositions of the peptides derived from
modified ASI-II by subtilisin. Numbers in parentheses are those
calculated for the corresponding sequence of ASI-II.

Fraction
Amino acid -4 I1-9 Ii-10
Asp 3.8 @) 74 @ 32 @
Asn @ €)) 0]
Thr 1.9 (2) 9.1 (9 68 (1)
Ser 2.0 (2 4.6 (5) 2.6 (3)
Gl 20 ) 112 O 9.7 (6
Gln @) “@)
Pro 1.9 (2 50 (5 29 (3)
Gly 1.7 (1) 21 (2) 09 (O
Ala 0.5 4.0 (@) 3.9 (4)

1/2Cys

Val 29 (3 8.6 (9) 5.6 (6)
Met 0.6 (1) 04 (1)
He 1.0 (1) 3.0 (3) 1.9 (2
Leu 0.9 (1) 3.0 (3) 2.0 (2

Tyr 1.6 (2) 1.8 (2)
Phe 1.1 () 1.0 ()
Lys 2.3 (2) 6.0 (6) 3.9 (@)
His 1.1 1) 1.0 )

Arg 2.6 (3) 3.1 (3)
Trp ND! ND. (1) ND. (1)
Total (24) 49) (73)
N-terminal sequence DYN- KQA- KQA-
Yield (%) 30.3 35.5 12.9

a. Not determined.

R7F FII-10i%. £ > % 27 PASIIIONKS ERU 7 I /) MRS 2 &b,
BISEHNMPONKRB D75 AL MZHE THZ EBbholz, RSF
RII-4D7 X/ BRRECFIX. ASI-IIDSOBEE DT AR T Bh b CAM S
VYV ETORIETZLIZ—B L, UEOER» L, XTFY vzt
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T BRIGEALIX. ASI-IID49-50 Iz Y3 DAla-AspTH D LPFE LTe.
r OFSEALIZ. ASID XESFRITH HASI-ID T X/ BRELH L Tix69-70
Bz 69 % (Figs. 31, 35).

FURERAL ONFKEM T 2 /7 BP,7 2/ Bk, BEENEROEHRFRIE
Hihd B Z b oTVWB, ASIDPED. P77 I/ BT 5=T.
AXTFV v OEERREC B LTV

E3f1 BR

ASIDT X ) BENEROT aF 4 F—¥AL X —DRF L EHBL
ez A BFMNBIZBTAIA L X —-LOBWHRAESERI L
(Fig. 37), ASI-1: oI, R U< A& (Leguminosae)® broad bean X
TFIVY AL EEZ—(VS) DR D oL bE68%TH ol 1 X F
(Gramineae) DREDA & EX —CI-2, CI-1C (53, 54) LiX. #NnEh41%.
39%DHFEESE. Fiz. F AB(Solanaceae) DRF FHEIA > & ¥ 4 —(PI-D)
(49). b= MEIA Ve EX —(TI-D (52) &%, 33%. 29%DEREE%R Uiz,
BB ¥(Annelida) D8 H(Hirudinea) DA > & ¥ # —Eglin C (55 & $31%
DM ZR LTz,

ASI-IiZ. ZD77 IV —DHT, BRDBEVWEFEZALTNWSN, fUE
v 4 —ioHREIL. ASIIO0BREE DV UV BEN S CRHRAIZA SN
5. ASI-IONREGR29BEIZHL TIHH L. BEHORIDVEHLEL T,
A e & —HTOoMEREIIZ R, ASI-1E ASI-ILZiE. FREH
BEEDERBRONRNWILRAHEZ TS, TONRWRIEEIIX. F1 b
VZ —ORBEEIZFE L TWRWI ERHERTE S,

ASI-ID30BH HU M Tix, ASIEVSIDXiLX, bFhiZ20BRET, KIS
BADTRRZ—HL TS, (k. BEOAT—ELTHIEHIX. o
WFNRDA e X — LOBEERHEREIR V. —f&iIZ. FOIHEHSF
OEFIHFEHEX. HEOREREZEFILLOFKICZE D DD L, Hik EoIX
BUZ L DD DIZKHNENDM, ASIE VSIDREIX. IBORIEFNLDH
BTIEAVALFHShB,
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AS1-1
Vsl
Ti-1
PI-1
Ci-2
CI-1C
LLIE

ASI-1
Vsl
T1-1
Pl-1
Cl-2
Cl-1C
LIE

10 20

[#%)
o

40

tQEQGTNPSOQE QNVPLPRNYK QALETNTPTK] TSWPELVEVT aEofale Tk

# |3 % 3 % R )% * # 3 #

---R|TSWPELVEVS AEE[AR]-K

LMcegklamMwPELIGVP TKL|AK|E I

EFECOGK|LOWPELIGNVP TKL|AKIE I

(Z, V.S,SKKPEGVN TGAGDRHNLK| TE[WPELVEKS VEE[AK|KV

YPEPT EGSIGASGAK|TSWPEVVEMS AEK[aKET

TEFGSELK|-sFPEVVEkT vDajarlEY
60 _ 70 80 _ S0 _
reEmvovfailovspHo[se[vT]ap Y|P k[RVRLY]V DESNK[V]TR-T Psfis
* # LIRS #* LRI R LA ¥ o8 3 4 |3 3 % % % |3 3* 3t |3
:EEKPEAE|IQV v[pas|s|F[v T|alD Y[xFo[RVRLYV DESNKV|VR -a aP]i[c
tENPSTTINIP|L Ltse|s|pi TfLio YfLco[RVRLFD NTLGF|vva-m pyfr
:ONSLISINVHIT L|LnG|s|p[v T[M[p FIRCNRVRLFD DILGs|vlva-1 PRlvfa
:QDKPEAQIIVLPVGT]VTMEYRIDRVRLFVDKLDﬂlAQ-VPRVG
:ROKPNAIElV 1|pvDAMV[P L N[FINPNRV[F|V LV (HKATTIVIAZ-V, SRV|G
:LHYPQYEXYFLPEGEPVTLDLRYNRVRVFYNPGTNhVNHVPHVG

Fig. 37. Comparison of the amino acid sequence of adzuki subtilisin inhibitor I
(ASI-I) with those of broad bean subtilisin inhibitor (VSI) (41), tomato leaf
Inhibitor I (TI-I) (52), potato tuber Inhibitor I (PI-I) (49), barley chymotrypsin
inhibitors (CI-2, CI-1C) (53, 54), and the leech inhibitor eglin C(LIE) (55).
Identical and conservative sequences in seven inhibitors are boxed. Asterisks (%) indicate identical and
conservative sequences between ASIKI and VSI. Solid bars (—) indicate gaps introduced to obtain
maximal homology among the sequences. The dotted line (—-) indicates the amino-terminal sequence of
VSI not yet determined. The numbering refers to the sequence of ASI containing 2 gaps (positions 50
and 89). The residues at positions 69 and 70 are the P,-P,' sequences at the reactive sites of the
inhibitors.

ThiTiBohiz, FEMNI SO UAL VY EEX—DRIEEHNP,T X/
B, Fady, Z=z=AT7 5=, PIFLNT7r v, vy, AFF
=V TH B8 BT MBI LYEEZ—D 5L, < ARMUAD DX, P,
prizaef v, ERFAFA=VEALTRY, X7FV P EEbizF
FER) Y UHEEEEZTRT. < ABROASL VSLZE BT, T =2P,
NELHD, FE RISV URHRELRY. RF MEA VB X —DHE,
ZOREREEDZEIT. PT I/ BROBRIZL-TEL TS Z EBbM1D,
ZDO77IYV—D5b, RF b, BIE b= M2 bfEbhlef v EEF —,
PI-I, TI-IiZ&EDIZ bV 7Y U 2FHBETD G, 100, M) 7T iTHIEL

Im



FeREEALE. FE b 7Y HBRIEE LI AICELE L. PLIOBA.
Lys(50)-GIn(51). TI-ITiZLys(50)-GluSD) EREE N TWAFig. 37 T D
SR, MY UV EBEELRWMBOA VEEX —ICREERT. PV T
YUK T B REDOEN, LsGODRBIZADDDTH DI AT
2 ) RS B HRERTE B,

7 MNBILREEOA Y X —iX. LiRofiiz, SUBERGY). VY E
D Momordica charantia (60), 7 7 (foxtail millet: Setaria italica) (61)2>5
LI TNWD, ZORR, 8%, . MEMRICERB DRI,
oA EEE—T77 IV —RZIEABNT, RF MBS EEZ—DEH
FHEBESERTRR IS,

RFFET77 IV —iX, O e EF—FA—FiLRAHR LRV, FE
WIZPRL o T2 & R BIL2REBER L TS, 77V —DA »
EEP X —i2. DFRICS-SKEELZEOPELTRY. MEREHMIZ. WT
NHDS-SV—7 LI FELTWD, — Rz, IERISIA TN 2520} 72
BMfif X —i3. dEDoA e P¥—LIREFR UCERAEEEZA L
TWBR, ZOB&LI3. BEKRIC L > THEELTCRISHMAP M. BXUP,
NMOWT I B2, FFARS-SHEEIZE o TREINTWS, HDH WM. &
HRBIZDEOBENS-SHEEIZL > THRIRLTWDIR L EHBEN T
&72(18),

R MBS VB EZ—1X. ASIORIZ. 3 FHNS-SEERELELBRNDOD
BEL, AV X -2 R BEOREER. EHEEEIT X > TOLHMER
IhTnd, Z0D5h, FARMLELNA Y EEZ—, PI-I, TI-LIZ%
DA FHIZS-SEEA %L 1AL TWAH, Ryanb ik, PLIOSFNS-SES
ERITANVEX Y AF ML THRICILZBHA X -2, $EOPI-1E
2LFACFEMNI 7L VHEFEEEZHFLTHWDHZ L2EEEL. 2
FEMRBICERRTHDZ L 2AMLIG2). ZOK 5T, EERRIZH
HOWELRRBET 201, 2 FAS-SEABLETRIRNVWI EXEESHh
A4 EEZ -3, RFPEZ77 ) —EITTH B,

LR, BUNRIBITROEBIIEST, By AV BOBELEEIZET
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 BEESERATH BN, ASIOL 5%, #F NET7 I V—Df L EE X
X, B LAY EOBE L BBEOBG. B IZES. #1
YESFROHERRETET 5 LT, TWHETHS L2 b5,

EAEN IME

TAXBFATFIV A e —, ASIL lI0Z27 I/ BEs %
FBDABITCHEIZ L > THRE LTz, FORER. Thods, K7 MBS B
EX—THARZ LBHEEEINTZ, ASI-Z. 2077 3IY —DHFTELEN
BFIOBE)ZE L THBY. ASI-INiE. ASI-IONFKSFR19BEDORTF R
BRE& LIS FRASI(T3BRE)TH D Z LRI

RBF MBS Z -3, DFASSHEESH, 1 P ¥ —DHEEBEM
RELIIEBRTHD Z LRI NEME— DA EEX —T77 IV —T
»B. ASIZ A, TRNHRF MBSV EEZ—DREDHDIX. 2F
WO ENHEERIZE > TOR, ZOBEEZRFELTRY. 227
B oW LR OBREZMETIND, BERMBETHS ZLATMEN
5.
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FBoE T7TXFEFXTIFUI AV EES—DER{LE
BER

—{RIZ. HIRERNL 2 EENEE R TREKBLTHEOND, EBifif X
—ix. b/ e -t iZERCASE®REZALTVD, ZhiZ. K
INERBIAR T F REEADBEMT L TWT ., 2 FAS-SES. RWLIX. 2FA
WO ARRERICE V. EERBBICHEOHESHER STV BN 5L
LRI TN,

EETIX. DPFAS-SHEEZRFETZRW. BF MBI VB E X —, ASIZ#
BHZ LT, RIGEMLCTHIMi 2 ST 2 2DRTFF R 757 A b, EH
RIASIIZHREEINIBBIZONWTRRB L EDBIZ, ZNEDTFT AV B
MO TSN RHERBBBIC ONWTERT D,

F1HE HHEEAE
$E1IH #H

ASTiZ, B2HETRRIZLIXLTHERELE, Z05H, XETII,
ASI-ITZ#8 & UTRHWE,

Pharmacia Fast Protein Liquid Chromatography system (FPLC system){Z
AV~ 7z Superose 12 HR 10/30% 5 A (10 x 300 mm) {X. Pharmacia LKB
Biotechnology ft & W i A U7z, ##HHPLCIZiX. 8 4 EELRRRIZY Lttt
?Chemcosorb 7 ODS H 4 5 A (4.6 x 250 mm, C18) % i\ /2.

FEEEIE. BLOT I/ BEFISTICHNEREIZ, EhENE 2
B, PAEZRARLZOLFAROLDEER LTz,

$2l BRREIOARIIST 14—
(1) Fast Protein Liquid Chromatography (FPLC)

E- I &0 53 BEi%. Superose 12 7 5 A(10 %300 mm) % Wiz FPLCT
f1/2 o 7z, FPLC¥&EIX. Pharmacia model P-500 > 7, # X UfPharmacia
model GP-250+ 75V b e/ S<w—%EH L.

N7F FOBHPB XU HEIE. BILL-40008UV-#H SR, 3 X UPantos
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| model U-228 Unicorder% v 7z, FPLCH )\ A8 D7 &MiX, =828
2 TREER) i Lz,

(2) HPLC

RISEAL OYINT, BXWK, £LTT7 57 AV b O EEX. WHHPLCE
AWTHR o7z, HPLCEREIZ., BA4BRZR LD LRBEOLDEHAWE,
WHHPLCOF MRS 13. ABEE2H KER] cidLic.

EB3E TI/EHERSH
R7F ROT I ) BRI, BIETRRHFEEZRR L. 3 k%,
0.01% phenol, 3 X 1*0.2% 2-mercaptoethanol% & #¢5.7 NHCUZ B #E L .
BWET THER, 115 CTARMIKS 8 LT, A EMIZ. ALT 2/
B2 EH B 2 HrBEL-85008 12 46 U THr#r L Tz

F4IH T/ BRSO

RN7F ROT7 I BEF 2L, B4ETRR 20 EFBEIZ. Changd
ODABITCHEGIZE-> TR 2Tz,

K518 BRPAEIEEONE
A7F VRN TD. ASTERBRIEEMYINT 75 7 A > b OBERE
#ix. #KIR & @ Casein-Folink (35)% 1/10iZ M8/ L. 0.5% Hammarsten's
caseinZ#H & LT, pH7.6. 30 CTHIE Lz. TDOMODIMBEHIZ. &
HEE2H THERI TR L.

E2f HFE
E11H RISBAUVERZSI A FOBEE
ASIORIEERMIMT 75 7 AV Mid. B4 BETRR2 L 5%, BEEE
PRI DMEABETORAMBWETHD. Lir L, ZETIE, #ER
FIHEL . ¥ XV RREOB WM RER, U TIRTHEZHNT



77 MERRLE.

(1) BR-4 > EEY—HEKE-HESHE)DHEY
Figure 38iZ/-x Lz X 9. 9. ASI-II (0.5 mg, 58 nmohiz. X7 FV
¥ (0.75 mg, 27 nmo) ZF L. 2004 1000.1 MV > E24EHE (pH 7.6)h T
30C. 1RfA v Fax—1bL, Bl AV X—2HASET

ASI-I1 |Subtilisin BPN'

Incubation at 30 °C for 1 h
in 0.1 M Na-phosphate buffer (pH 7.6)

|
FPLC gel filtration (pH 7.6)
( Superose 12 )

E-I complex

Reversed-phase HPLC (pH 3.0)
{ Chemcosorb 7 ODS H )

N-fragment C-fragment

Fig. 38. Preparation of the N- and C-fragments of the
reactive site-modified ASI-II.

RIGETH, RISBEZ. $H50 mMY > & Eik(H 7.6) TEHIL L
TR zSuperose 127 5 Azt LTz, BHIX. FEEEEZAWT, JEEE03
ml/min TR o7z, 230 nmTR 7 F FEBRH LR, EIEAEICHEL T
5 HEDG-103%% & h 7z (Fig. 39).
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Fig. 39. Gel filtration of an E-I reaction mixture with FPLC system.
A reaction mixture (200 « 1) of ASI-II (58 nmol) and subtilisin (27 nmol) was applied to
a Superose 12 columm equilibrated with 50 mM Na-phosphate buffer (pH 7.6). Elution
was carried out with the same buffer at a flow rate of 03 ml/min. Fraction G-1 was
collected for further analysis on a reversed-phase HPLC column.

(2) RIGEAIMMRZ ST A2 DS EE. BHR
BONTEZG-1%. FH0.05%TFAT L L T 7z Chemcosorb 7
ODS Hifiti A S Azt L, 7T b=h U VOERRENETHEH L. &
®130.7 m/min TRV, 230 nm TR 7 F R&2#H L 7= (Fig. 40),
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Fig. 40. A reversed-phase HPLC profile of fraction G-1 obtained
from the FPLC Superose 12 column with TFA-acetonitrile system.

Fraction G-1 (in Fig. 39) was separated on a Chemcosorb 7 ODS H column using a linear
gradient of 2-70% acetonitrile in 0.05% TFA for 60 min at a flow rate of 0.5 ml/min. C,

C-fragment; I, intact inhibitor; N, N-fragment; E, subtilisin.

ZOMR., 400 —IBBLNE. TI BERL BT I ) BRES
EAWLEER. Zhbo—2ixEhEFh, BHIEIZ. RISERAMDOCR
SANZHY T EIRTSF KCTFZ T AV M), A28 MNASI-IL, RISERAL D
NARBANZHLYTEIRTF RN-7 57 A M), BRXTF VU T ¥

LTz. ¥z, ZOHFEIZX BAS-IOBHLERIT65%TdH >z,
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UEDHFETHON., RIEHMOME 7S A NEA 27 b
ASI-IIDT X /) B p % Table XVIZiRT . L FOERITIE. ZDXSiZL
TRz, NL CH7I7AV b, BECEIEEEPL LRI LA 527 b
ASI-II2RWe., %7z, Fig.4liz, 7 527 A2 b EASIHIOT X/ MRS
LoOMERRE X LD,

Table XV. Amino acid compositions of the peptides derived from
modified ASI-II by subtilisin. Numbers in parentheses are those
calculated for the corresponding sequence of ASI-II.

Fraction
Amino acid c r N°

Asp 3.4 @ 6.4 & 29 @
Asn @) 3 )
Thr 1.8 (2) 9.0 (9) 69 (7
Ser 1.7 (2 4.2 (5 2.6 (3)
Glu 11 @ 10.7 () 9.8 ©
Gln © “ @)
Pro 2.2 (2) 5.8 (5) 3.4 (3)
Gly 0.9 (1) 2.1 (2) 1.5 (1)
Ala 0.0 (0) 3.5 @) 3.5 (@)
1/2Cys 0.0 (0) 0.0 (0) 0.0 (0)
Val 29 (3) 8.6 (9) 5.6 (6)
Met 0.0 (0 0.9 (1) 0.6 (1)
Tle 1.1 () 3.4 (3) 23 (2
Leu 1.1 (1) 3.3 (3 23 (2)
Tyr 1.7 (2) 1.7 (2) 0.0 (0)
Phe 0.0 (0) 1.2 (1) 1.2 (1)
Lys 22 (2 6.1 (6) 3.7 (@)
His 0.0 (0) 1.1 (1) 1.1 Q)
Arg 3.3 (3) 3.6 (3) 0.0 (0)
Trp ND! ND. (1) ND. (1)
Total (24) (73) 49)
N-terminal sequence DYN- KQA- KQA-

a. C-fragment. b. intact ASI-II. c. N-fragment. d. not determined.



10 20 30 40

KQALETNTPT KTSWPELVGV TAEQAETKIK EEMVDVQIQV

| N-fragment

50 60 70

SPHDSFVTAD YNPKRVRLYV DESNKVTRTP SIG

| C-fragment ——‘

Fig. 41. Amino acid sequences of N- and C-fragments.
The numbering refers to the sequence of ASI-I. The residues indicated
by arrow is the reactive site peptide bond of ASI-II.

F2IH RISEBUVIEID ST A2 FOEBRIE RN

IS TN 2 %1} 7ZN, CET7F 7 AV N, &A% €N (50 pmol)
TRAEL, 2CTR2HHA > FaX—-bLEDOb, XTFV L Vizd 5
EEEEASA L F Y PASIIIE B L. FAEBEEIX. RBEOL U EE X
=, BTS2 MEEWMESOPMOIDXTFY ¥ LRBAL. 30°CT
5. FvArFaX—FLkDb, BEEREEZMELTKRDE. %
heh O Fi#R 2 Fig. 42121 Lz,

N-%272i3C-75 7 A P BiTIX, BROEFRIBI LRNE, Thb
DEENEEWI. AV F 2 FASIHIIE2LFALRETATFI V%20
# Lk,

ZOMERIZ. NBIURCT7F57 A MR, LEROZFETEWIZRENIZ
BEL. EHEAVEE X —2EBETHIZLEERKLTWS, N-BXT
C-75 7 A2 Mk, KBz X 5 ICHHHPLCTHE. BB L. STk
LIebDTHD, ZNEDTFTAY Mnh, WEEEIA L EE X —HEHHE
EENBLEWH Z LiZ, 757 AV POBEEN, EREENIZBW
T HFRTHDZ LERER LTV,
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Fig. 42. Titration curve of subtilisin with the inhibitor. Residual
caseinolytic activity of subtilisin (0.5 x4 M) was measured in 0.1 M Na-phosphate buffer
(pH 7.6) at 30°C after preincubation for 5 min with intact ASI-I (O) or an equimolar
mixture of N- and C-fragments (@). The inhibitory effect of N-fragment (A ) or
C-fragment (A) alone was also measured under the same conditions.

$31H MAEEMEEEEDREKTY

AEERBTZ T A M, BB Ve X —~FRBEIN SHE,
BIUVBRIEOBREIZLRIET. 7577 ALV MEAYDA v F arR—vavik
DBz ONTRE LTz,

BRBETZ75 A MNEEMEA LV FarR—PLIcL &0, FAEEEMR
#HORRHIE L2 Fig. 43127 F. BB, WTFhoOBRED, 757 A MEE
MeERBETAUFa— g, XTFY I L3O CTRHH7VAF 2
NR—p Liztk. EEEZAIZE LT,
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Fig. 43. Incubation of the equimolar mixture of the inactive N- and
C-fragments at different temperature and increase in the
anti-subtilisin activity of the mixture with time. An eqimolar mixture of
both fragments (1 ¢ M each) was incubated in 0.1 M Na-phosphate buffer (pH 7.6) at:
(@), 2°C (O) and 15°C (@); (b), 15°C (@), 20°C (A), 25°C (A), and 30°C (). After
the incubation times indicated, 50 x 1 of the fragment mixture was added to 50 x4 1 of
subtilisin solution (0.5 nmol of the enzyme) and preincubated at 30°C for 5 min. The
remaining subtilisin activity was measured using 0.5% Hammarsten's casein as a
substrate. The inhibitory activity of the intact ASI-II determined under the same condition
was referred to as 100%-inhibition.
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TS5 AV MEEWME2 CTA o F axX— M LEEE. HSKRIT, 1~
27 b e x—LEUBAEEE (100%E%) 1E L, £k, ZOE
iz, £ vFaX—bURBETOETRT L2277, 1I5CTSL v Fax—
LA, RBEEEEIIELS 2V, HWIRMTI00%E % & 22 > 7z (Fig.
43a).

NEMERB 77 AV P LEBRA X — S HEREEI N D R,
—KRRIETHDERETS L. BRIGEEEOXD OERITET HDOICE
THRL t,id. 22CTS3354. 15 CTI3LHBESh. M&E OBITHRTS
EOMEEEEEREDERR LN S,

EZBM, 757 AY NREMEISCEVBERMTS O Fa—ML1
A (Fig. 43b). FHEVEE ORIBIZ X D ELPIZB Z D0, HEMICEET
HEHIE. A oF 2aRX—MEREOLEREIZIHIZET LE, 30CTA U F 2
R—PFLEBE. 41 F2RX— NS5O THEFEIX8%EETHMR, 0D
#Eh EoBEBEIRR LN 5Tz,

2 CT 7RIS v F 2 _R— P LTIO%ERIZ ECHRE SR TR WET 5
TAV NREWE. 300 Chr 550 CORBETHUIS Y Fax—FLkL &
O EBEEDE T 2 MR IZFig. 441278 Uiz, 300 CHB50CTD, > F a
R—¥ avik, 10250 5300 % TR -, BEOETIIWTFhoa v
Fark—varvRlcbAL ThHote, AXK, A1V F 7 A EHE—L
FUTH o ziEMix, 30 CT2%. 50 CTII3SBITIET Lic, £z, EH
DETR. 1 FaxX—Ya VREZEELTWz, L»L. ZDEk5K
B&ix. 127 MM e E—TRAROhR1o T,

7-



.

100 } o -0 O~

)
Q
o

60 4
40 | 4

20 i

Relative inhibitory activity (%)
°

0 1 | 1 il 1
30 35 40 45 50

Incubation temperature (°C)

Fig. 44. Temperature-dependence of the anti-subtilisin
activity of the reconstituted modified ASI-II. After an equimolar
mixture of the N- and C-fragments with full inhibitory activity, which had been
prepared by incubation of both fragments for 7 h at 2°C, was further incubated at
different temperatures up to 50°C for 30 min, and anti-subtilisin activity was
measured as described in the legend to Fig. 43 (@). The inhibitory activity of
the intact ASI-II incubated under the same conditions was also measured (O).

ZORRBIX. RISHMUIE 7S 7 A b LEBES RIBHASIE.
A& PASIN, BEELIEH L TERDIEHLLDIZLERLTND,

300 CCRERR 757 A MEAMIE A v F2axX—MLIEHEED. FiR
B T100%iE 1 DHHEEH A X —2 4 v FaxX— M LEEED.
B LUTCHEBERIZINTOGTH o7ce ZDZ b, 757 AV NEAWE
AoF2R— " TEREBEIZEKELT, BELZREBON-, C75 72 b
L. LA LIZIRBON-, CT7F7 Ay k& OO FHRA HRNZBE L T
WAHZ LR EINT, BB, FEBBOMIZ. N-. CT7 5722 MARRE
BELERIZEVARERREEEEERTITELEDZEL DN D08, BASE.
AFVHEEOEREBEDCEBRERLTNWS LHETOIANLD ZYLE
2 T3, '

E41E BEEBEMERICRIZT. BREDOT VA FaX— MERIORK
RERRTFZTA Y MVREEWILHEREA L L —PHRBEINIR
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A%, BERUEESR L O EMERORRZ Ob, EBERRISHRN-BLUC-7
7 Ay NEIOHEERIZES b ORO»28E L.

NERERT ST AV VRAEWMZ. 2CTIAHA v Fax— LK X
TFIV I L CTSHMT VA v F 2 R— b5 L10%DOMEFEEERT .
ZDX S RIOBIEEREME. XTFV L300 CTHA DKM IL A >
FaxX—bL., BFEEEOEILE AT (Fig. 45). TORR, BR LT E
TV A Fax~— L TH, AFEEHIZI0%E —E T, HEEEOEHSE
BALNRMN -T2, Figure 43IZR LTz L SiC, BERIEEE T TAREMRN,
CRZI7 AV Ay FaxX—b 5L, 30 CTIRRISAHRIZT0% DRAE
IEESEISL. IR TOREEREE/E L. X7FY Y UEET T,
[FIBRIZ30° CTA F axX— b LA, BAEEENI0%0EET, F1LLL
EzEE LBRNWENWS Z &R, XTF VLT N, C7FT7A Y
b OEHBLEEERBHIEINTHNDZ LEERL TN,

;\a ’ I M ! d i
> 100700000——0 ©
=
S 80r
© i
-
S 60 [
;§ b
£ 40r
o [
E 20r
o F o—0—9o— 0 o e @ 9
T , ! . ! .
0 10 20 30

Preincubation time (min)

Fig. 45. The effect of preincubation time with
subtilisin on the inhibitory activity of the equimolar
mixture of the N- and C-fragments. Both fragments (50
pmol each) were mixed in 0.1 M Na-phosphate buffer (pH 7.6). After
incubation at 2°C for either 7h (O) or 1 min (@), the mixture was
added to subtilisin at the molar ratio of 1.0 (enzyme/inhibitor). After
preincubation with the enzyme at 30° C for indicated times, the
remaining enzyme activity was determined. The inhibitory activity of
intact ASI-II determined under the same condition was referred to as
100%-inhibition.
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BEEET TR NELBCT7IFAY PO—FE, HDWE W75
TAY bR E SIZEBERIRERL L IZRR DT, XTFYV T EREEL.
FEHRLSEERERENBNDOTIRERNWNEEZXITVEIN, WTFHIZLT
LIENBEREOELEN, FERH 7S AV b OERELEGERE2IIET S
LN E RS

—h. RERRT ST AL MEEWEY CTTRM ¥ 2 X— b Lz,
BRLSHTS LA v FaR— b T2 LIHEBEZI00%IZEE Lz, LA
L. Z0k5RI0%EEREDX. X7FV U E12MA4 v F a2~}
5 I TEEIZ100% DM FVEHE 2 REL L T\ 5 T & 3 - T (Fig. 45).
Zhix, [REESEZEHLEZE7S 7 A MEEWN, 127 ML EE
Z—LRRIZ. BERLESHIZHEELTWVWDIZ LERLTVS,

ESIE YIMREEAIOBE

INETIR. AEERN, CEZ7Z 7 A2 MEAY» LD, EEEOR
FIZDONWTRARTERN, KIEHEMRTF FEEOBEEZ LR oA >
% 7 FASI-IIOBEEEIZONWT O RE 2L T,

BREIN A2 7 e B8 —0RiX. FEpH TOMEHPLCY
SLETHEHEZRE LTI Rk, ZOBERIX, TRNETHWTE ZTFA
Rt OFHHPLC T M L7 Be, BlEINA V%7 MM EEX —
B, BN CRZS7AY MNBHid B ENBREANTZEDTH S,

KEHIZBITD. EIHARFORRAOBEHMBE2HR T DD,
FPLCTHRH# L72G-1H2 (Fig. 39)%. F»H10mMV » BEE K (pH 7.0) TH
51k L 7zChemcosorb 7 ODS Hi¥i#ih 5 Azt Lz, BHIZ., 7 h=hY
N OERBERRZHAV. ¥#0.5 ml/min Tf772 - /2 (Fig. 46).

BONTBEY—7 OT I/ BMRB LOT I 7 BREF 2245 L IER.
EFNENBEHIEIE. BEXTFVTY, 4827 RASIIL, N-75 7 A
b C7SFAVMERIRERTE.
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Fig. 46. A reversed-phase HPLC profile of fraction G-1 obtained
from the FPLC Superose 12 column with Na-phosphate
buffer-acetonitrile system. Fraction G-1 (in Fig. 39) was separated using a linear
gradient of 2-55% acetonitrile in 10 m M Na-phosphate buffer (pH 7.0) at a flow rate of 0.5
ml/min. The column used and the letters on the peaks are the same as those described in
the legend to Fig. 40.

A% 7 NASI-IIOFBHEE L. P2 CTIRHER > TBWEN-BX T
CI75 7 A bDZHEENBEWEE0.66 nmo) & X7 F U & >(0.2 nmol) %
400 100.1 MY VRBE K (PH 7.6)IZBME L. 30CTA o FaX—ph LT
filizote, BRHBRIEE BTk, 80ulDKIBRKZ., 10 mMY > BREHE K
(pH 7.0) TEMIL Lic. EREGOFHHPLCIZH LTHHF Lic. BHES
Nief > %2 MASLIIL. N-, BEUC-75 7 2 bR, 230 nmDIkI %
BRC-R3ARI Chromatopac THIE L TR 7z, BERMAEBEEIZ. FREK
BEREDL, 20 |ORIEREERAWTHIE L.
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BELO7LVA VHaX— ML BEESNZA 2 7 MASIIIR O
Btk 2 Fig. 47TIZ R LTz, BHEINIA V27 FASIHIIIX, 7L A 0 Fax
— ¥ a VIS THEEIZRHEN., Z0%,. RAITERIND Z LB
ofc. LAL. BABEESESZRELTHTD, LM rFax—T a3
VSR T, BHIEA VR MM X=X, BLALHERTERD> -
Voo —FH. N-BIUCT7S57 AV RIZ. AV %27 PASHIOER LIXK
iz, LA Fak—ra VRHEIEEL TRP Lic. TORRIZ.
N-. C7FZ 7 AV MBESNCA > 27 PASI-FIIICHBEINL TN 2 ¢
ERLTNWS,

T o---tt--a {100
% 1
E
£
(n —
gﬂm g
-
= 150 &
= =
80.05— Q
‘é —0 'E
£ —~ -
< —

u_l | | | .70

] 1 2 3 6

Incubation time (h)

Fig. 47. Reconstitution of the intact ASI-II from the N- and
C-fragments. The N- and C-fragments (0.66 nmol each) were mixed and stored at 2°C
for 7 h in 0.1 M Na-phosphate buffer (pH 7.6), and then incubated with subtilisin (0.2
nmol) in the same buffer at 30°C. After the indicated incubation times, 80 u 1 of the
reaction mixture was applied to a reversed-phase column (4.6 x 250 mm) of Chemcosorb 7
ODS H using a linear gradient of 2-55% acetonitrile in 10 mM Na-phosphate buffer (pH
7.0) at a flow rate of 0.5 ml/min. The amounts of intact ASI-II (O), the N-fragment (A),
and the C-fragment (A ) were determined by measuring the absorbance at 230 nm.

Inhibitory activity against subtilisin (OO ) of the mixture of both fragments was also
determined after each incubation time indicated.
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W75 A2 NDOEARIZ. A% 7 PASIHIOEINE XV b VA3,
T v FarR— hRETSTA Y VOBEALEDBREB IRV &5
LB L, HHEHPLCY 5 A0 5 DRIREDEIZESDOTIIRNA L
£z 605,

DEDRR LY., Bffif EEX—ORIGHMMOERSIX. BEREET
THRARZRBZIDIENRENTE, . TRNETOMRBEEEEERRTH
Wie X5 REBHETIZ. AV EZ—RIGLA ERBHif EEZ -2 1L T
BEELTWAZ LRI NT,

E3H EBR

B, TursF—F¥L X —ORBRINELMOTINNIL. BIESRE
TCOENERIZEIBEMKMEILEL>TRI2bhS, HDHNE. 1
VEEX —LHREOREREEEE. EHRSTCAILL ~ THREZE S
HETHBEHMiA e —nB85h3 18, ASIIIDBPE, FHpHTHE
LieXTFY v 0BG E, BERFTOMBEHPLCIZHEL. TR =
FUINDOBEANRTHEHTAZ LiIZk-T. Bfif > EEX—N, CH7 S
TAV MERE. —&IT. ~ ABOXTFY oA & —DRINERN
X, BESFHET TORBKBIZLD FETROHE RN TS
(54), VSIOREEMIZ. =5 A& —FiZ k> TREMNTKBRZ 2T 315
FIOHRT, 7/ BENENLSL—BITIDDOEHERE LIEITT, X7FY
VUK DBEAKBIIRII Lz ol LHEESRTWA AL, AR THW
Te BRI G0N HEkIX. SR TEMNiA Ve EX -8R o5Nh5Z L, YN
ET7TFT AV NOREER—EIZTEHILH b, WEETREKBIERRL
HTHolee ARDAXTF VYL VEEE—ZRH LT, AARFET
HDLERIND,

NEERTITAV PR LEREA VX —BERESIR D B,
ASIOH IZSTI(Kunitz) 2 4 8HZ LTz, 2O ELRBE IR TV,
Kato & Tominagalx. STI(Kunit)% 7 0 AL 7 VB TEAE NS, —»o
DAEMRT7 T A Mo, PEpHTA V FaR— 55 LHHBREER
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S0%LL LB Lief v EEXZ =B ENDT L 2FBA L 72(63). lkenakab
X, ABEORFERRT AT 7537 Ay VAW, AEEESEHE L
7275 7 A2 MREWMDCDARY Mvds, b L DOSTI(Kunitz) & & LT
WBZ L EZRLERT, TN HDOHZE TIX. STI(Kunitz)D b Y 7 Tt
FTARIBELIZ. PEERTSITA LV POREDS-SAV—T EIZ, A&7
FMeEERESRLTNS.

b5 —DODOWEIX. STIKunit)) D KIEEH M GTIM 2045 DT,
Laskowski, Jr. 51z &k W72 b T3 (64), STI(Kunitz)ik. X7FY >
FAEEEZA L TORWSE, X7F VI L 0ERAICUNZ 21T DR
TF KEERSFRIZ 1L ERFREET 5. ik, M) 7Y U EERREN
LIRRRZSTWD, tibiX. PY 7Y TEHM L 2STI(Kunitz) %, EiZ X
7F Y ¥ TIE M L(double midification)., ARG 2Dk 2Bz, =
DAEER 2Rk %2, RRIZPHEPHTS, F 2 R— T D LEERD
STI(Kunitz) {55, ZDPE. AEERRS ORF FHix. 2FAWS-Sv
— 7R 2BHTII0REDEZ >V RI BT, b5HHIR. 21BEORTF R
Td 5, ‘

MEER2HEOT7 57 AV MrbEHEA b X —REBETDI LW
58X, BEDEZ S, ASIHIESTI(Kunitz) TLAB LN TWRN, L
2 L. STI(Kunitz) %241 & Lic, —EDOFRTIE. WL OFEHEEERIZ
BNTH, PEETZFT AL POBEBRRFAS-SEAIZL>TRESENR T
BY. ASLIIIORIZ. BESHEEEIN 2 2 BOREERRT7F Kb, 1§
HEA U —REEBETIEVIHEIT. EHEBILDHTTH S,

Kim i, Bk, STI(Kunitz) DEEHIEER & OEMEIRZBRE S 5 BT,
FREEME DR R HSTI(Kunitz) DA Y £ > & E % — % double midificationiZ X
DMABZLDMEETROTWVSH(65). HELIL. 25 C. pHISOZRHTTH
BEZTRoTWVDINE, FEER2RSOZEVEETL. A Fax—
¥ a VSRR THT0% LB RRIE LRV DT, ZE0RAREERT7F
KIRAZEIZHRML T, 90%LL_EIZiEHEAS 4 L /e BHESESTI(Kunitz) % 13
TW5, KimdbOBMIL. FRECHFIZETSb0TERS, AWELH
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BEHBETHZ LIITERY. (2. STIKunit)DPE. 755 A hD—
FHIIS-SKEA L P, T I /BB, FIZCRMEREZ AL AER TSI AL b
THY. AR PRBREZESLED TNIWRTF RETRTH Y. ASIOH
EBLhRVERSoTWS, —F. ASIIIDIBE. UBFEATZ. EIIEEEIC
W BRIEME FROT, EEORLRBENEL L LEZ NS,

—RRIZ. RISERNIEMI A > & & —DiEENEWRE, hikpH TENE
RV A Fax—bFBHE beEof ey —LiZIERLEERET
bhaZ LB TW3(18), ASI-IIDBRE, HEEMTELIIZ B Uiz s
AVEEE—iZ,. A VF 7 P EEE—LFRL & ST, ERNITER &
HELIEETIZOLPDL LT, ERRBHA L L EZ —~OBFHEEIZIT.
ERII2<EBERET. ©LARNBERTFYV OV OFEN, PEERN,
CHZZ7 AV PP LOBBEERHEL TWAIZEMRINZ. ZORRHE
13, ASI-IIZRAWEARRTHD TR ONEHF LWVAIRTH S,

DA > B X —iZBIF B0 FARS-SIES ORENITHY T35, K7 ME
A e EZ— DR FANCRIT DHEERIZ. KEDL % —CI-2,
B X VEglin COMFEEDFEFTL LHEEINT VWS, CI2EXTFI v
DEEE(66). % T CI-2BUR DX BT (67) DREFR 1X. Eelin COR%RE K
FHIRART DG O)DFERE L BTRY, KBTI D CRMWANZFELE
TABTNX=UEIE, Arg(75) & Arg(77) (Fig. 3125, RSSO L. i
P-PASEBOT I/ MEMEER L. UM N—7 L4V BE X —&ik
EROMTDIBREZRIZLTWBIZ L EZRLTWDS, £k, CI2TiX. Z
DET NF = ORIEEMBP'T ) BAUSEORDBHR #REEILLTWHZ &,
Eglin CTIRER., ZOTAX=VHIEL CRET VL UR, BV DkDF
LIEHILE DABERERRL, BEEZREEILITTVWDILNWREN
TS, TZORMTNF=VEREOFEETIHEIX. RF MBS P X —
BITESBREEINTWD, ZOZLhb, ASIIIORE®RT7 S/ A M
DOHERBO—FIZ. N-TS5T7 A MO CKREREL. CT75 7 AL b
DONKSGRH? 56, SBREBDOT V¥= UG & ORI DI AR BEVERIT
LDDTRBRNPLHREN D, RT MBS D EEE—Tik, ZhbHOH



Boizd, 7 I BREFIREEIZGEEINTZEEBEDY, 75772 b
RO B ERBIZERIZBEE L TWS EEX b S,

EAE E

S FRHS-SHEEDRWASIILE XTF VU ¥ OV HEKETFARE T
OFFHPLCIZ Bt L. RISER I (Ala-Asp) THIMF X dLiz, NKMHI 7 5 7 A
¥ MAIBE)E CRWA 757 AV MUABRE) ZRE L . FEpHT, A
BRI 7 ST A POFENVBEEMAuMEAL X axX—bFDHL, 1
R (15° O, E72i3 5 Rl Okt R2 iR EEE2RE L,

¥, W77 A2 M. EBRNERBEELRVWEYE TORTZLIZERE
B X —~FHEEIN., ZhETHREORP > EB & R I N,
TDZENL, RNEERBE7 ST A2 M, BEWICHEBNIZHEZZESR L
T, EHRBHiA VLY —2BHREL. TO0L, BRLEAKER K
L. —#IZEISELP,. PREOEESIZEVA L ZI M Y EEZ —~F
WEIhZZ iRz ahk, ASIHIITR LN, ZhbT757 A0 MM
DIEH-BFHFEAIC L D HEEROWRIZ. Z > 7 B0 A SRHE %
BATH5%2 T, BERFREZFXDbDLEELILBND,
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B6E KAEER

BRIV EMTaTF 4 F—FAL e E X, FURTEILZNRED
RELT, ZLOWEHFICL->-TMYIF o TER, /2. BATIE
BURIBTHORBOER L LT OX VN7 ES FHHEEVER O
BELTHESAHWLRTWS, #iZ., EWREOCZ N N/EBEEY V7
254 F—¥AL e F - ONWTRELOHRNEREINTEY., ¥
NI B FOBELBROBREFEATIETOVHATHD.

BHETIX. <= AROT XXHEF(Vigna angularis) i FHET 5. X7 FVY
VIR VNI BN B EZ — ASL. O—RBEBITEER L
ORI DL EZITIR>Tc. EDRER, ZDA X —DF NI E
ALZRR R T X ) RS LML Ntk ofc, DNT, FA ¥
EE X —BFRIZS-SHEENLL BV LIZEALT. £ yeE&—F 1
VB R REAL TN LTI A AEL . ZBOREE 7S 7 A M ERRL
oo ELTRNERT S TAY PPLESEA Y EE X —BNEREESRS
EERR L. OB, RIEEERAILDIF U "I/ESFHIOHER
BOREEITIR T,

9. FLETR., TXFEI»L, X7FVI UL e —2HH
L. AF VB I/a< N5 74 —-RBECFLVABIZEY. 2BV E
V& —%2 78, ASI-L. IZHR20FITER L. <~ ARTIX, k. b
VIV RFE NIV VBEREEZRATSHSAM L EX —OHERIZL A
ET. AT7FV VI OAGEERNBRAEBEEZ2RE T/ L E X — 3K
THIN, TAXFEFZIZ, ZOXOSBRXTFIS A EEHZ —, b
V7V BLEFEMN) VAV BEX—LRILEEREENRTVWS Z
EXxbhrotz,

FIETIX. ASII, IIOWMBILZRNE CIL2REEE 2R/, HA >
EEF—DE U NIELAIREREHALNITT D L & BIT, ASIA, fEK.
T ARTHRES N TV SSTIKunitz) WLBBIR L i3 E L Bigofef vk
EZ—ThdT LERLE, ASIOEEEOFTHRDFEHNRZ LiX. F0
FTRIZSSEENREELRNI LTHD, YI5< ATH, ASIE Lk
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BRI BILRENEREZE ST FIL AV EEZF—DREDDHD D
T, ASIEDA Y EERZ—FN—70, FIDOT AR X —T77 3
— L LTHEELTWAZ LR ENT.,

HA4ETIX. ASIL HORLE—R#EEB LORIEEHMNTTF FiE& 2R
FE L. ASI-IiZ. NBREOT I/ BrLbH#REIhDIL L EEX—T,
ASI-IIiZ. ASI-ION KSR I9BREDORTFF FRERFLE LV ERFO
ASI(T3RHE) TH D Z L RSz, £z, ASIOREHM iZAla-Asp T,
A X —DCEHF VIZMEBL T Wz, ASIILZ., FAE#EL. ASI-I
ERNDA EEZ—TH ol

ASIDT X ) BEF 2O DX -2V RIBEODDOLHBE LI L
ZA, ASIRRF B TZ77 IV —DA L EEX—THDLHZEBHLNL R
ot FF M7 7 IV —i%, ASIOMIZ, RF M. b= b, KELLH
bRIXFEPN) IV VAV EEE—, VIR ADXTFI T UL YR
—. BN DEglin CR EBHERINTRY., EMRIZELSA/H LTS,

RFMET77 IV —iZ, FUNRTEENIC. O/ EEZ—T7 3
D—2ix,. BLLER B EEZAE LTS, 1O77IV—DAEE
Z—i3. BTFARS-SHEAILL-> T, TOBBAERFLTBY., i) —
Bzt SR ERIGHMIZ. WTFNhDS-SA—7 EIZBEL TV, #iZ.
AV E = FHNOS-SHEADERBL . RIEHMAEETIMNEL O#E
FRBRRIZ. 77 IV —IZBNWT—H LTV,

—RRIT. BULERMLBHIA LV EEZ—iX, b EE—LIZERL
BRI ML R T0%, ZOBRIE. RISTLOUM THiciZE Uk, PAL,
BIUP N OHRGE BB LBRNE 51T, FFAHS-SHEESHEEZREL T
W3, HB3NX. RIBHMT I/ BEENRZMBIZD>TH, EHREHIZ
HHEDOEEILS-SHEEIZ L > THRENTWIRLE LHBINTE L,

RT MBS Y EEX—iX, ASIDK 5 IZ3FAS-SESERTLRND DM
%<, S-SHENRFELTWAHEATH., BERILFITIZEBLTHARN &
PHEBINTMME—DS X =77 IV —ThHb, RF MBS L X
—i%. PFAOFELEARHEERIZE > T, 2OHEE2RELTNS,



¥ 5 ETIX, ASI-IIORIEEAI(Ala-Asp) 2 T L T, 2 ORTF K,
N-TSTAVMAIRE)EC TS TAY PRABREZHRB L. T 5DOFRTE
URFTZSTAL v b, EREA VbV —PEBESNDZ 2 E2RL
Tzo

FpHT, M757 A2 hOEELBEMAuM%EAL > F a2~ (T3
&, 1RRIAS O /2ik 5 Bk Q Oz, 2 IBRAREELEHE L
oo ETAMR 0CTI7ST AV MNEEAMEA VF 22X~ LEBEIZ.
BRI FEE X, N0%IZETLrEE L Bof. —F. 757 A2 b
BEME2 CTTRMA > FaxX— b LT, BEEESZEL2ICEHELEE
FASIZ, HIZI0C CTA rFax—hLikLZb, BEEEIZ £oBE
EFBRIZRITOBITAE S Uiz, L EDOFERM S, N-. C-7 55 A2 b OfE#E.
KRERBIT, £ o FaX—va Vv BERKELT TFHIREILLTNS
BRI,

Rk, MDD TFAHS-SKEEEZFEOAL L EE X —IZDWTIX, RIGERLI 5 i
(I > b B4 —DORBIEENEVEA TY., ENRERE & bizhHpH
TAYFax— 1 TdL, RACHBFEESEBETIZ LBALNL TN,
ASIDRE, YW & NS EMR 7 F KA (Ala-Asp) DB #IZ, EIIEE
HRLBEBEHE LIRBT, BREAIZBIBN. N, CT7FTAL ML
EHERL e V2 —(BfiA L E Y2 ) ~OBHEIX. ENBERNEELR
WRBETOARABZBHZ BRIz, Zhiz,. AWETHHTH LN
HRTH D,

B EDRRP»L, RIEHMMTYMIESHEN-, CT7F 7 AV M, 7.
BEWZRENIZHETFZERL T BB/ eEX—2BHEL. 200
H, BELEEABEEERT D LBHL L R T2 (Fig. 48).



Fig. 48. Reconstitution of active ASI from inactive N- and C-fragments.

Y r7aF st —¥id. RELEES LTIHY R A& &Michaelis
complex) Z4E Rk L. DU #&%) b A& (tetrahedral intermediate) Z#& T, 7 ¥
NEEFRL 2D, ZORE, Y ENTERTF FEADO CEREHARTF K3 4E
BE L ClElET 5, DWT, 7Y VEERIZKBRM MU T, DU AR
W, BER-ERWI ) ABESEERT, BRLERBNARURT F
izkd, 7uasqsr—¥A e x—-OREHMIZ. B L2 R
ATHR LHEETDIN, BT UMELETOREBETRIGAEIEL TS L #
z2 b TW3(18),

FE#-1 e €7 —BEW O BRI ORR. Kazalll O R A3 A
R. PSTI. BPTI. BBIiZ\Whd. Ihx VY REEE L uEakE b RE
FORE TRIEMFIE LTI D, KRR 7F FESZRIE I Tk
W, STI(Kunitz)B i3, AR bRk E E Y. serpinix 7 S NVEER DR IR
T, BREORIEBEIELTWS (69, ASLIE. N-7F 7 A bAEEFEZR



LLRNZ ENSserpinD L ST INMEBIDA LV EEZ —TidRv. N7
ME 7 7 I ) — DARFECI-2REglin COI EHEERITTD . RISIRALIZA >~
27 NTHHRZEBRENTEY., RFFAEA UL 1:“?7—-&1‘ D% O
AeEE—LFERRIZ, IHY RAEEE» HUEAERF EFIZ WD R
R, BERLOREXEBILELEREZL>TWIOTRRWALEI LN
B

BE. 15EEOBE-(1 VL EY —HEROXREREERTEB{LNT
BY., £ e X —ICHBT SMENFES R OPERBIN TS (70).
BhD. BER LAV X —OHERBRMOMBIIZHRTH 228, #
ARSI, 2 TR D30-40BREDOT I /BRTHRINLTNWS, ¥k, HE
RBEITIZ, M0EO S FRIKRRE EXEboTWD, ZHid, iR &
PEOHBEEBEMIZBNTOHER IR TS, ZDOF Y RIESFRIA
RIEE D25%i. BEMEBIZNET 2BEOT V=V BREMS. X
Y UVBRENFSEES LTS, ¥ VAV E S FRIOBEENRKERE D
fizd, FFHIIZEETIKRGTFLEET I/ BOMIZE < OKFEREEN
Rons, ,

RF MBIV EEZ—D 5B, KEDCI-2H L UEglin CO Ak it
DORERN» DS, RINEM O CKRBUIZHEET DT NX=VBE. Arg(75) L
Arg(77) (Fig. 313, RIGEMELOT I /BEMBEEAL. RISEML —
TEAL eSS —FEEROMNITIREERZLTNWAZ LABRERTH
2(66,68)y TDWMT NFX=VBREOHEETHHEII, K7 MBI U X
—HTEIREENTBY, ASIIION-7S5 7 A "NECTIZSTALRD
FRERNZHERBO—HIX, CTFT AL NZEETD. TAXF=VERE
MBS LTWD I ENRBRENS,

AR TR LU, PEEN-. CT7 T 5 A b HiEHERIASIA~O FHiE %
B, ZFURIBOBELBREOBREMIETS ET. LWEFALTH
BrExbLD. 5%, TRBHN-, C75 5 Ay MNEOK RV ERBRIC
RO DHIBIZ OWTEIZFE LV NEDIE, VI B-Z2 VI BHE
BB ORIIZL o T, FERHROERBPBLND DO LHFEIN S,
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7 AXBEFLL2EOXTFYV A e EF—, ASIL IIEER
L. ZOMBEILZER B LML 2RRE 2R~ 7. WASHE. 2 FHS-SEE
BRTICRWET, o Y EEX —IZHRTHEBIITH o7z,

RiZ, HA Y eEE—DRLT I/ BEFAB I UCHERINEMNEZFH
DABITCHIZ & > THE LTz, ASI-LIZNBEOT I/ BTHERINS AV
EESY —T. RIGEMIZAla-AspTHo Tz, Eizo. ASI-INIZ. ASI-IDONEK
WB19BRIED R T F RBRE L & FRIASI(T3EH) THh o7z, ASLiZ.
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WEEDABZ DB LN, EMETR LD THESN. 7557 A2 b
DI TR BV OMZEIX. & 7 E 2 O E a4
THET, ERERMREZEZDSbOLERINS,



SUMMARY

Two molecular forms of protein subtilisin inhibitor were
isolated from Adzuki beans (Vigna angularis) by successive
column chromatography on CM-cellulose, Sephadex G-50,
and DEAE-cellulose. The final preparations were confirmed to
be homogeneous on polyacrylamide gel electrophoresis.

The complete amino acid sequence of a major molecular
form of adzuki beans subtilisin inhibitor ASI-I was established
by manual analysis using 4—-N,N-dimethylaminoazobenzene—-4'-
isothiocyanate (DABITC). Sequencing was performed on the
peptides which were derived by digesting the inhibitor with
TPCK-trypsin, lysyl-endopeptidase and Staphylococcus aureus
V8-protease. ASI-I consisted of a single polypeptide of 92
amino acid residues and the molecular weight was calculated to
be 10,800. A minor form of subtilisin inhibitor ASI-Il was also
sequenced. The amino acid sequences of the two forms of ASI
were identical except that ASI-I had an extra amino-terminal
sequence of 19 amino acid residues. The reactive site peptide
bond of ASI was determined to be Ala-Asp. Comparison of
amino acid sequences revealed that ASI's were 29-68%
homologous in sequence to the inhibitors of so called "potato
Inhibitor | family’. The members of this family have been
confirmed to require no intramolecular disulfide linkage to
retain the suitable conformation for enzyme inhibition.

The reactive site peptide bond of ASI-Il was readily
cleaved with subtilisin during a reversed-phase HPLC of the
enzyme-inhibitor complex using a trifluoroacetic acid-
acetonitrile elution system. Since ASI-Il had no intramolecular



disulfide linkage, the inhibitor was converted into two
fragments after the limited cleavage at its reactive site. One of
them corresponded to the region from the amino-terminal Lys
to the reactive site P, Ala and the other to the region from the
reactive site P, Asp to the carboxyl-terminal Gly of the
inhibitor (N- and C-fragments, respectively). Although each
fragment showed no effect on subtilisin activity, an equimolar
mixture of both inactive fragments inhibited the target enzyme
as did the intact ASI-II.

In general, the reactive site-modified serine—proteinase
inhibitors can be reconstituted almost completely by incubation
with their target enzymes for long time even if a modified
inhibitor has reduced inhibitory activity. As for ASI-Il, however,
the present study indicated that the N- and C-fragments of
the inhibitor could be reconstituted into an active form of the
inhibitor by incubation only in the absence of the target
enzyme. Both fragments associate each other to form a fully-
active inhibitor under suitable incubation condition, and then
inhibit subtilisin as strong as does the intact ASI-II.

Further investigation on the properties of the recognition
sites and the non-covalent forces responsible for the
association of the N- and C-fragments may provide some
useful information on the protein—protein interaction.
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