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FRLTIIUT OB S EFER LT,

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



E1E W

BURIVBRSuT 4 F—E L X —O/FSRIZ. 19364, Kunitzh3,
v R IC IR T BEEM MY SV v kB E & —(bovine pancreas trypsin
inhibitor: BPTD) D& GALICRIIL. ZhiZ VRV BETHDHZ LEH LN
L LIZiZUE5c), DK, & - i - MEWMRE»PLE DE NI H
tEras 4 F—¥AL e E —ElEESh. Zha, EMRICEENIZE
KETHMETHDZ EBRRENTZ2-4).

MWREOY Y > a5 F—EA e ¥ — Owf3Eid. 19384, Read
LHassiSiEEshiz 7 ar 4 F—PHRBREZETIZ O NI ERDPBEE
NTWBOEHR LI LIZIXLE D). FIC. HYOIESNEIZIZ. B
WMOWILBERLWMEMEROEY > SuT s F—EEBRE TSI EEX
—BELLBREN, BIIIRBZOREL SMELEALTZ D). EDHE.
Bowmanix, ¥4 X#@EFrb7usrsF—¥L X —%BHBEL®G). X
7z. KunitziZ. Bowman®f@izAf v EEX—LRXBRB PNV A EE
B—%. RICLEAXBFrOHEEL. ZheRRILT 52 LITRII L2,
Kunitzid iz, £ e EZ—& MY 7V L OBEEEORSLIT DRI L.
IDLVEEE=RRY TV EL - 1 OFEAKTIERRVIZHESL.
REBEEEEER LT, BREBELTNDZ L 2R LTZ®O)

KunitziZ £ 3 2 b—EOH RITHEZRE LT, v 71 F—¥S 2 EE
Z— DL, FBFOFEN S, R BIEZHHE~NLEB>TNL,
Kunitz23372 &4 X MY 7 ¥ 4 > & B & —(soybean trypsin inhibitor: STI)
X, Thil#, F1 e -—OREEERPORERRM LIgoT,
Bowman® 37z A ¥ #—i%. FOHBirkbIZ LV, FEHICHZIEE O,
10). Bowman-Birk inhibitor (BBD) & &L T3,

BNy BHRRY) v TuTF 4 F—EA L EE X —OHERZBITD, B
Ve 2DRELRERIZ. 196648, Ozawa & Laskowski, Jr. IZ k5. £
2 — OB SN ORE. BLIEZOESOEETH o). EHIX,
HARXBY) T4 > & —(STI-Kunitz) KK T THERO MY 7
YVEEREED L., Arg63)-lle(6OHFEATE T BRRINCUMI SN DI L %



RAL., UIKITHOLNIEA Y EEX—2EMA > E ¥ —(modified
inhibitor) L @& L. ZOEHMiA X —ix, MUY UABREZEL
TWBH, Bfif & — 08 L ER L CREDArg63) 2 VKR ¥
YRTFE —EB(CPase BYTRWZ Y (12). #H L £ U 72N Kille(64) D
T EEREHLTT ey 235 L13). ABEENHEETS. Z0OZ
EMD. HHIZ. BRIZLDIBEMKSMETELLHT I/ BRES, 7
25 4 F— ¥ O IEMEERA (active site) iZ ity & & TR ISE AL (reactive site) &
BETR, Arg(63)-lle(64)#5 & % YIWT#S A (scissilebond) &y & Lz, £72. K
IEEMATROT I/ BIT, BROBEEPLORBIZNEE T, UIWEE
2 5 NKHMA~P,. P, Pyo---7 X/ 8. CKEMM~P' P,. Py---- T3/
BLRIND(14),

Laskowski, Jr. 51, HHEEHTTEMifI X —EEALDONY T
VEERSETHROLNIEGHEESAITHRMI Y5 L. Arg(63)-1le(64)%E
BERBRINTETTOSTINALNDZ &, $£2EIZ. BHfif & —0OP,
Arg(63)%. BEFEHIIZLys(63)IZ = #(enzymatic mutations) L TH SN B,
Lys(63)-STIAS, JEMSTIEF UL, MU FY U 2HETHIZEE2RRL S,
16). ¥V > 7us 1 F>—EL v L E X —DRE RGN OB &% Lz
(7).

Ihife, a7 41— e X —ROEAIT. FOBEEER
MO, <z, BAELHBEBOHEE, BRI VX2V JED
FHEZBBEOBHIIBRIND X 5iITkRo Tz,

W, LB BIT 5 BBOMTHESREMIZEREL, 1> E
Z=BNRNIEDOT I ) BREFRLFEHEEIZETIZOMANRELN S
kot ote, ZORR., BEAEDREY VY FuF 4 F—FPL L PR —
M, RIZART, Wb BStandard MechanismiZ ¥ 5 Z & MR hr - 72 (18).

E+]®Le*eCeXeL*<E+I*

TIT, ERER. 1LIME EhEh, /127 A EX— LiBHiA



YebB&—, LELMZ, EEIERBI*BELAREE T A0MIHRE LIE
BH(19) TH D, Xid. BHBPTILE XE M) 7YY ORISIZBWTHERE X
hic, RPEFGODEHE20). CRREREHE AL EX—EHAKTH
%5, AV —3HBLLFAUEBATERLESTIN, ToEAK
IZEDLDTRET. ITLACEBEELZW,

¥, 7 I/ BEV EoMFREERNZ, FUNIERREY 0T o
F=EBA EEZ B LIZEZ A, ZhEHB, WDOPDITNV—T%
BT D eBbhroTEic, B, BIhTWS 7 ursr—ES v
EE X -0 %Table N2 % & Dz (17, 18). FHHDMPIZHEET DA ¥~
B E# —(serpin) QDEHRL. 2THDA k¥ #—n ki DStandard
MechanismiZf 5., A v aBlif e & —iX,. BEFDOEENBBE
N TN —7T, I0BREFBOT I/ BMTHRENIEL/NENS Y
E—THB2223), ¥lc. BEIN—T DAL EEZ—iX. FFANS-SHEESD
MENRT2IREINTEY., HERSHMLOBFROFE—TH .

Tablel. 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
VIII. Ascaris trypsin inhibitor family
IX. Squash trypsin inhibitor family
X. Mammalian serum serine proteinase inhibitor (serpin) family
XI. Other families

INHDAEEE—D5 b, BDE O EFRERL THBHDIT.
HBWZBIZ7 a7 F—¥A L EX—BEEh TS < AR ETHEX
DHDTHD, vABRDA e EH —iF. LRBIZEFR77IV—0D5b
STI(Kunitz) B ¥ 7213BBIBYIZ K 5135 Z L ST & B, STI(Kunitz)BiX, 2



FR#I20000. 7+ FAS-SHEEEZ2MEEL. 12FON) I U 2HETS,
STI(Kunitz)B 4 B EX —iX. &4 XHET (24,250 H 7 < A 26) b7
LN TW5S, BBIEIL, < ABTEEIZEZSAVWEIRh TS, EEX —
T, 2 FE#B000. ZFANS-SHEEZTHEBELTNDU0). ZDOALEEH
— IR FRM 22 IGHEY (double headed)f Y E P &# —T. 4FRIZ 2HEOHEE
RIBERN 28> TWB Q7). E7c. BBIRUIRISERM EL DT X /) BRESH 5
bEIBIYT I FRIZAETHRI LN TEDH28). TAXAFHEFILHIZ, 28
B DOBBIEA X —, API-L. IIBBLNTWVABMN, API-IIZ. 25F0
FYVZFTUEBEL. APLILX,. MY 7Y 13 FEXFERNYI SOV 5
FERFERCEET DR L, HEBEE LoD IR TNS(29, 30).

GH. FURVBERT T 4 F—EAL U LE X —DERIZ. FURIE
b# LOERIEE BT IETF VL LTRERMNEBIZ DS, S-SHEEDHELE
S & U RU BT OfoldingBi##iz. BPTIRZEF N & LTHEE NG,
FZ N BT EOEBNHRIZRNTD, SSIZIZLH, <DL X
—REDOHME LIRS TNDEB2), £, T4 F—¥L e E—iT. &
MR AL, 7 I/ BREF EoMRE%EE2FA Lz, 2F&icBd
LRRDBEIBLENLTNES,

EHMREL, TAFETFHCEETIATFY Uitk a5 1 F
—EBAL Y EEZ—, ASIZZHEER L T REEEET 2172V, hos b
X =% ROBLOT I BEF LOHRLEOEE. BERAESHEDOR
., BEOA X -2 RIBOWAILLEHECLY, XL 08
DFHORBEVER. HICERAREICEDZ NI E- 2 RV EHERH
DR EFTRSTE b DTH B,

BUF, 82, 3ETRENEN. 7 AXHEF(Vigna angularis)h S DT
FIL AL EEE - DBRBITEOHEEZIZOWTRRS, < AR D
ART7FIV oA e -k, #ERDPRNDT, ROBLETIX. o
7u74F—¥L e E - OMRAEERRET B2, ASIOT I BE
FIB X UVBERAERBBALOREIZ ONTRR, DT aF 4 F—F 1
BEEZ—LOHFMRIZONWTERT S, E5ETIE, 2o x—L



L OHEERIZOWTRARS, ¥, KISERAL TYIW S iz 2O
BRI A MR, b L OERBASIZBEEINDIBHEIZ OV TRER
%, BBEOE 6 ETIX. ASIKFEAIRINSDBKIZONTRIEL. WE
EFTRBLNTWEE 7B Y T s —¥SL EEEZ—DH
REHBLENS, Tusys F—EA e ¥ —DORERIEHEHE. ¥R
7B FRIOELFRHEIC LI DSHEERIZONWTRENIZER L.



F28 TXFEFXTFUVI A EES—DRE

7 XX fEF(Vigna angularis) Pizix. AR b 3EHOZ Btk
Vo7ussFr—EL L E—BHEELTWD, /2 EEX—1H5FT
MY FL 2 20 FRMETHAPILQR9. NV TSV 1 BFEFERNI Y
Y 1DFEBETBHAPIIAGE0). XT7F VLU 1 3FDOHEMRETHASIT

- H5(33)

PER. =AM TRWEINTE Y sy F—F¥L X
=&, EFEAER, NITFYUERBRFENI IV UORERATA A Y
Z—Tdh v, STIKunitz) BB O WFh iz EEN TE 2, 225
2, ASHiZ. ZOMFRHENSHET TR, EHb5DRIZHEY LRV,
AETIE, ETASIOERIZONWTARR, F0H—iz >N TRET 5.

F18 HEEAE
EF1IH #H
7 A% # ¥ (Adzuki beans: Vigna angularis ) 13, TR DILEGEERNE 7
¥ 2RV,
FUZ T [EC.34214], ¥EMNY TSV VEC34211), XTFV Y
[E.C.3.4.21.141i%. BDFED. Sigma Chemical #t Dtrypsin type I1.
a -chymotrypsin type II. protease type XXVII (subtilisin BPN') % {8 f L
7co ¥7z. Hammarsten's caseinit. E. Mercktt Db D&z,
Sephadex G-50iX. Pharmacia LKB Biotechnology #t D b 0% . ¥ 7=,
CM-cellulose® & 'DEAE-celluloseid, £b#TEH KOS DEH VL,
Commassie brilliant blue R-250i%. Sigma Chemical $£ D% D% Lz,
D2 T ORIEIX, MAMBETEE 3PP TRBFHBOBR T
RiZ1EObOZERLE.

E21E Wi
BT AXEFH» 5. Yoshikawa b D HEGBIHZEHKB LT, Fig. 1 IR L
E5ICHA e X — 2R8I LTz,



Dry Adzuki seeds

Extraction with 1% NaCl for 1 hour at 7 C

Centrifugation at 6000 x g for 10 min
l

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

Precipitate
(Crude inhibitor)

Fig. 1. Preparation procedure of crude inhibitor.

Thbb, HEEZRVWRRETEZ, 4R D1%NaClL &bk d
Sk ETTYVOEL., 7CT1RME Lz, HiHBEZARL TRONTCER
X, BE. 31ERBD1% NaCITHIH Uiz, b ichl k%3050 8 (6000
xg, 10 min) L CABHEOBREZRWE, BET DI a7 1 F— B0k
BNy BERBRLD, EE2MBME 80°C, 10min) L, £ UREHE
vk B % [RIRR 1258 052 i (10000 x g, 10 min) ThR\ e,

BoNIEL LiFik, HE0%AMTHET L. —KiHE L. Hrmid.
OB (10000 x g, 20 min) TR L. #7k (13° C) iz L T48RFHLZERNT L.
B3 Uz,

WNT, IFaru<w b7 —iitT 5EM T, 20 mMERBRIERE B
W (pH 4.0) izxt LT, 7 CT48REREN LT, BEIL LTz, BPIED
Te RYEY) %380 B (10000 x g, 20 min) ThrE, B ok ERAREHA »
eEZ—¢ L7k,



£33 HhZA/OvbIST74—
RRLICHA Y EE X -5, ASIOMEEIX. Fig.2itRT L 5IC.
DEAE-cellulose® X U'"CM-celluloseZ iV A XM rua<w NS5 74 —
L Sephadex G-50iZ L 55 NV ABIZE VfTotc. I/ u<w NS5 74 —DE
RIZZRMFIX, AEB2M (RREER) TR L.

Crude inhibitor
|

lon-exchange chromatography on CM-cellulose

Gel filtration on Sephadex G-50

lon-exchange chromatography on DEAE-cellulose

ASI-| ASI-ll

Gel filtration on Sephadex G-50

lon-exchange chromatography on CM-cellulose

Gel filtration on Sephadex G-50

Lyophilization

ASI-l, 1l
(Purified inhibitors)

Fig. 2. Purification procedure of ASI's.

FATHE IUNNIOROER
hobhrsae NI T74—ZBITD. FUNRVEOREX. B UV-VIS
DHIEFI30RI A FNT, R KE AR L Ul 8588280 nm DO LR % 5Kk
HTHE LTz,
FHRUBRIZRBIT D2V R BOREIX. Lowryb OFEGOIZHEN, ¥
VIET VT IV (BSA) BREREZ R B E LTHIE Lz,



BSIH BREAEIHOUE

a5 7 —¥iEtkix. Kuniz® €4 CELEEDEETHDLHKIRS O
FEEGBINZHEVS, 0.5% Hammarsten's casein 238 & LT, pH7.6. 30" C,
10RIETHIE Lz, £ b4 —DOHEEEEIX. 20 mM Y > RREE K
(PH7.6) ICHAR LTcA e EX —Ei 05 miiZ, BEREK0.S miznz, 30°
C. 5HHA v Fax— b LItk BROBFERHEZHIZE L TRDT.

7B, WHRELT, AYEEZ—BHEO»HVIZ05 miD Y > BRIEE K
(pH 7.6) ZAWTFEROBIEE T o T2,

ALe & —iEEO 1 BN, BER 2 mgDiEEES50%ME 51 B B
—BE L. ¥7. NV TFY ., NSV XTF VT VBPND
BRRIL, LRFETTEREEZIZE L 2R, 275 nmORNEIZRIT 5
SRR & FREROEN, BOBD0.36. 049, 039DR30ugs LTEH
L7z

E6 RUFIVIT I RYIEBRKE
TARIRIT 7 UNT I RENVERIKE (disc-PAGE) 1%, Davisb ®
HFHEGOIZEV, pH43, 15 Vv ERAWTHKBH L. A, 01%
Commassie Brilliant blue R-250% AV . BREIZIZTS%EFR-S% A 2 ) — NV %
Az,

Eofi ERBLUER
BI1E hASAYAOMIST74—ICLBEES
(1) CM-cellulosehS AR IST 4 —

HAEEZ—%, F20mM ErRRHE &K (pH 4.0) THEHILL =
CM-cellulose 7 Z A (32x40cm) IZHE L., FEEK 2L THZ L& EEH Liz.
BHIZ. 20 mMEEBRIE &M K (pH 4.0) 1.5 L& 0.15 M NaCl#% & e [F#8 ik
1S LEAWEERRENREIZE Y To7. FidEix. 80 m/h TV, 15 ml
FONMUT (Fig.3) ., FEEEOED LNz, Fig. 3O THR TR LicH
SEEbYE. HREO%EM THIT Lz,
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300 400
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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 %38
Dru< b7 74 —THRLNA VL E X —HS OETE2. EHl
53 H (10000 x g, 20 min) TEIX L. 20 m1D20 mM Tris-HCl buffer (pH 8.0)iZ
WL, T, FEERK TERILL /zSephadex G-504 F A (3.2 x 140
cm) 28t Uiz, WHIZFBERK AW T, ##E80 m/h TV, 10 mlF>%
MU/ (Fig. 4). FMEERORBD LN, Fig. 4 FOTRTRLICED Z
b,

-10-
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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-cellulosehS A0 I S5T74—

FNBBTREA LS —HS%. F . 20 mM Tris-HCl buffer (pH
8.0) TY-Mir{k L7zDEAE-cellulose 7 7 A (22x30cm) iZ 8t L7z, YAH X,
20 mM Tris-HCl buffer (pH 8.0) 750 ml & 0.3 M NaCl#% & ¢¢[ajbuffer 750 ml%&
Az, ERBEOEEIZLVTok. #EIX30 mhTTY,. 10ml$o8
WU (Fig.5) . Bbhlef ¥ —HEMI. &4, TREODEIFI THET
L7z,

-11-



Absorbancy at 280 nm

FEEMEIL. EIZ 2 00BEMZED b, 22 b 2EEDOASINFE
ETBZeBRENZ. ZDkd, DI v /57 4 —i. DE-,
DE- 2 ENEN DN TRBROBRIEE TV, BME ISR A28 1Tz, LT
DOFEFRIX. ASIOFXEES FRITH BASI- 1441 DE2E T DWW T DR T
» D5, ASI-IIZE&LDE-1EHMZOWT b RIZITR o Tz,

e}

1.0 =
~ =
= €
I= ' >
= =
>

Y =
© ©
S c
S K]
405 =
e)

S

P

-

c

<

100 150 200
Tube number ( lOml/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-HCI 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-50%*/L%38
DEAE-cellulosey 7 AT b7z, DE-2[4> O % 580408 (10000
x8,20 min) TEYX L. 5mlod0.1 MEEER ICHAMB L 7245, T 0.1 MEERR CF
#1L L /zSephadex G-504 5 4 (20x180 cm) IZHt L. FIRME CTHEH L.
FR#iZ30 m/hTIT, 10 mIF-DBE L 7z (Fig. 6) . FEBFEEOBD Sz
Fig. 6-h O T2 A b, BRER L.

o

E =
9 S
XK 1.0+ -14.0 >~
o £
© 2
) 0
S O
e C
2 KZ]
2 5
2.0 35

?

=

C

<

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 carried out with the same solution at a
flow rate of 30 m/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.

-13-



Absorbancy at 280 nm

(5) CM-cellulosehS AIOR IS T 4 —

A Vb ¥ H —DOERE R %10 mlD20 mMEEBREEEIE (pH 4.0) IZ 75
B LIc#, T, [FHEER T EML LzCM-cellulose ¥ 5 A (2.2 x30 cm) 2
L7, I, 20 mMERRRIEER Bk (DH 4.0) 1L & 0.1 M NaClz & e [@48
T L2 AW ERBENREIZE VTolc. HREIZ30 mhTHN, £4
5mi* OB LTz (Fig. 7) . FREVEME DB b zFig. 7dh O T & bd-.

B 60% HUA THIHT L7z,
0.2 - 0.4
=
S
=
s
0.17 ¢ 0.2
8
e — 0.l
TR
L c>—c>—<.*i"_0'@‘H !
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 m]l 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.
: absorbance at 280 nm; ---<O----: anti-subtilisin activity.

-14-

10 ml fractions were collected and those having

Antl-subtilisin actlvity (unit/mt)



(6) Sephadex G-50 #*JL. 38
FNBBTH LN A Vb E & —ES OEHY %3505 B (10000 x g, 20
min) TEHX L. 5 mlod0.1 MEERRIZ ¥R L Tc 4. T3 0.1 MEERR TEMF 1L L
7zSephadex G-504 F A (2.0x 180 cm) (24t L. FISUE ALz, FoEi.
10 mVh TV, 10 mI$F* O L7z (Fig. 8) . Fig. SHOTHEK 2 &b¥. I
MR Uic. ZOBREZ. ASIOSKRIERIES L LTr,

0.3}~ ~0.6

-

=

£ [=

2 o =

(] — ' g

=] =

-

> )

S 0

) c

= w
<

_0l2 %

=

C

<

|

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 carried 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) ASIREODELYD

7T RXHEF1Lked HASIZHE R T BB OBERE, [UNE 2 Table ILZ X
Loz, ASI-L, I1& HiIZ120M5I0BREI N EIRRIZENEN. 134%.
102%Cd -z, DEAE-cellulose 7 u< r75 74 —iz kv, EIREZ
71.2%%>534.6%(ASI-I). 23.9%(ASI-ID) ERIIRITIET LTWB2, Ziu,
PN BB TR LN ERE S % 2 DORS I8 1) (Fig. 5). K LIZDOWTE
BLicldTHD, Wik E8b¥zDEAECcellulose 7 < v/ 574 —
HOEPRRIZ05%TH Y. ZOHEILBET, iz e & —FEEOR K
BRI o>Tebi} Tidiav,

EELBRE Y DCM-celluloseZ < 7574 —Tid., BHEHEOREMIZE
RCERESETLTWSDR, ZZ Tk, ASIO 2R TLIZ0MTHZ
LIZERERBE, ZOFEEBR 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-] 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 2.33 101.4 321

ASI-IT 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-IT 13.2 35.7 2.71 117.6 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
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E21F H—EORE
BHh I ER Ok —M%. discPAGEIZ & W #&& LTz (Fig. 9) . ASI-L
A EICRIE L CWizDE-1, DE2ESD b, 2 kansish, ent
N, B—BA Y EEE—FZ U R7BENERENZ EBHERTE T

1 A_2 ; 3 ~—4--~

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 columm. Samples were run in 7.5 % acrylamide gel
at pH 4.3.

E3E /ME
BT AXBEFNLS, AT FVI U Are X —kHliL, FE/7a<
NS5 T4 —ltkoT2EDA b X =2 NI HE (ASIL, ID 2R L
e, MHEHHIEED B OEIRE L. FHhEN134%. 102%T. & HITKI120681Z

it X P ghe
—iT. < AREDETICAEND Z A BERY T 4 -
A e ¥ &Z—ix, STI(Kunitz)E13 X OBBIE OV il S VD03,
FOLHLLIZBBEBRWE 3 DA L LEE =N —T DEESRR ST,
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$£IE F7XFEFXTFVUI A EES—D¥RB{LEM.
& L UIL PSR

EyRVBRTaT4F—FEAL e E =X, £V EEX —BEFE
TAFMNE, KT, < ARHKEMHBR O b OIX—%IZ% B (multiplicity) T &
%4

TAXEIrLB LN TFIV A e X —izd, HEREE
UFB2DLY A& —, ASI-L. IBEETD. FETIE. 20
SEASIOWE LR, WAL ERRERBE DOEWZONWTBRRD & LB IT,
O ARNSLBLNTEXTFIY Ay EE—L, ZOX U NIHAL
FROEMEIZ oW TR, BT 5,

E1H #MEEAE
$£11| #H

ASIiZ, BE2ETRANZXL S IEHR L.

SFB~—H— & L THWIbovine serum alubumin, ovalubumin,
chymotrypsinogen A, myoglobinid. Pharrhacia LKB Biotechnologyft @ %
OFEH L. EEAEXKKEIziZ. LKB Produkter®Dcarrier ampholine (pH
35-100)Z AW, plw—h—iZid. AV ¥ VEERT R Dcytochrome ¢ &%
Hik (pI=4.1,4.9,6.4,8.3,9.7, 10.6) 2 A L7z,

NK44 ¥ TRV Fzdansyl chloride, 3 LK UF. dansyl7” X/ B(DNS-7 2
J )X, Sigma Chemical #t0H@A LT, ¥/, BB/ u< /574 —
iZi%, Cheng Chinft ®polyamide sheetsZfEF L7z,

Carboxypeptidase Aix. &V =¥ # VEERFES LA LT, LA D,
BEREIIEEL, BLRCERLICOLARDO D DERAWE.

621 SDS-RUTZ 2 UIINT I R IINVEBRIXE
SDS-RV T2 UNT I RFNVERIKE(SDS-PAGE)iZ. Laemmlis DF
BEODIZHEN, 6 MIREFET, i3, EFETT. BRSVERWTK
Bz, ¥V ORAIX, 0.1% Commassie brilliant blue R-250% v, it
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12137 5%/EBR-25% A % ) — NV ERWE., B, FB~—F—¢LT. vV
TIET NI I 2(66250), FRT N T I 43000), FEMNYV TSV ) —H Y
A (25700), I F 7/t 1720002 W,

E3H EBMIBTUKED
EBEHBREKBIL. FYVTTUETA V(H35-1000%2 AV, 7.5%%
V7 2IUNT I RENTI TR o2, BB, ple—h—¢L LT, Fhou—
A CHFBEEMER LT,

EA4IH EABRRARY RV
ASIDENLBRUX A2 b AIE, BZE TN — L% EH 1248142
WTHIZE LTz,

E5I TI/BHEROW

7 3 ) B AR HiE. Spackman & D HEGOIZHTEV, k4 2 ik SH
(b.p.=108.6° C)IZ ¥ L. WE FTEEK. 110° CT24.48. 2Rk 7%
U, Tk MIL. BT I/ BRESSIES3SEUZH L ToHr L.

MY 77 (Trp)DERIZ. Simpsond DGR, k%
0.2% tryptamine %4 $24M methanesulfonic acidiZ¥Ef# L. WE F TEEH.
110° CT24RFREIN A8 Uiz, DKk EwiX. 2 NNaOHTHfIL 7e#, [A]
BRIZAHT LTz,

EOIE T /KO
TI)ARWT I BBEOAWIL. GrayDX vy 1Y) Kk (DNSHE)
AONTHE~Tze DNS-7T I/ BIX. RV T I RY—b2AWTERE 7 u< b
T 74 —=%TFol#H, UV TFTTRELK.

-19-



ETE HIILKRFIVKESHH
HAREVNEKBT I ) BBEOSIX. INVRFIRTFX —EEIZ
FVfiot. 054 molDASHIZ, 02 MN-=F LN KRR B ik
(pH 8.5) 1 mliZ M LTz, 1A0EN DI NEF P RXTFLX —HEA(CPase A)
BRINL. 30 CCRIES €. RIS ARRNICORL. HERTRIEZF
LU, BT I/ BEBHSTHES3SEICH L THT L.

$E8IH BRMEEE
£V EP X —OREEET. S2ETRROLFARIZ. VEAS U 2E
BrLTHE LE. A e & —EkD 1 Binx, BER 2 mgDiEtk 250%
fRETBSAyeEX—RE L

Eof BHR
118 PECFNENER
(1) ¥k

ASIESLERCHWEAV AR u N 574 —DRERM L. ASI-IO
AFBIIF 1 FL#EES N, EZASHNIASIIL Y &S FTHRIE T O
AIBELOLEEESNL.

WA v b & —%#SDS-PAGEIZ#t L7z & Z 5. Fig. 10IRIIKBIKLSG
b, DFR<—DI—%EHLLT, ThFhOoSTREHELLLZ
2. REIEFEET TiE. ASI-IA#I15000. ASI-IIA#23000& HH ST
(Fig. 10a), % V7 BRHBHNESTFOBE. REEZELINVEZANT
SDS-PAGE#47725 &, HFRIZHHI L KBREBFLNDIZ LR DHHD
T, RIT. 6 MREEA $o4 V% FAV e SDS-PAGE# 17 72 - 2 (Fig. 10b).
ZOEER, ASHIOFHRET. FFRBREZ VA, EH 5 HHI22000LFHE
ahie.

ASLL, I, REGELET TIHEVMBIZKB S hiehs, REOBRWES
1IX. BEOKBMENKEL BRD., ZZTHWEREL., RRIEFET
TSDSIELTWAR, 6MREFEF TREZ2FAB LHATORLKBIKX
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BRONTZ, Thabb, KB ARZ - OFELIX. FARICRESEET S
PEPITEELTND Z L BbhroTc, THix. ASIANSDS-PAGEHIZ
PHICHEEEIELTNAZEE2RRLTRY ., ZOFER DD TFRO%
BIIAFRETHD LEL DN S,

(a)

- (b)
E6K—> - e -
43K—> @ 66K— wm»
43K— G
26K— «—— 26K— ==
) - -
17K=> 17TK— =
— —
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 8). Horizontal arrows indicate the top and the bottom of gels.

(2) ¥8B=
ASI-I, IOEFEBELA(MDIXE 437, BLU40TH-oT. WA EEF—¢

b, BEMICEBEERFOXVURIBTHo T,
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(3) ¥HABRRZNRY B

ASL-I, TID%AEIRIN A2 M L% Fig. 11127 L, 100 mMERR IS B
#(pH 6.0)h Tix. ASI-1DHE KIEURIZ278 nm, #/MIEIIF250 nmiz A &
Jeo ASI-ILIE. 275 nmiZHEA. 249 nmiz B/IMRIN 255 U Tz, i Ol %6 %
B(E;)iE. pH6S, 280 nmiz T, ASIIA7.1, ASLIIASS7LEHES h
Tzo

: (@) (b)
04 [ at!
8 ! o 04 :
c . 3]
m [l C
o : ©
5 | £
) i 8 |
o2kt g 02t
[y < ‘
[ R 0 . L
250 300 250 300
Wavelength (nm) Wavelength (nm)

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

F2I8 {LFAYRMR
(1) 7= /848

ASI-I. IID7 2/ BR#LAk % Table IILIZ R LTz,

REITREZ LR, A VEEZ LB IRV RF U EEATNRN &
Thd., ZDZLIE. ZNHDA L X —FFRHIZS-SEEBELELTY
BNILEBERLTWS, ZhETHhdbhkS s F—¥f X —
X ZEA LR TFHICS-SHEEERLTRY., ASINZ 27 BLZMIZ
FEHIZEEDODHDAN X -THBHI LERRLTNS,

¥l AVEEZ =L/ T ANRSGE V(@) BLXUOINVEZ IV ([#B%2S
<AF, ASIITiZ30%. ASI-IITIE25%IZHYS LTWe, ZDA. IO
gy NI H LT,
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mAEEZ—D7 I/ BEREZEHBE TS L. ASI-IIZASI-ILE D B 198
BEDPRNZ BB, 2B, TI/BEK LAV ABORBRIZESNT
DFREZHEHLEZE Z A, ASIIZ10800, ASI-11/38600Tdh -1z,

Table ITI. Amino acid compositions of ASI's.

Amino acid ASI-I ASI-II
Asp 9.9 (10 69 (1)
Thr 9.6 (10 89 (9
Ser* 5.8 ) 5.1 ®)
Glu 173 (17) 10.7  (11)
Pro 7.9 3) 4.5 o)
Gly 32 (3 24 (2
Ala 45 @ 43 @)

1/2Cys 0.0 (0 0.0 (0)
Val’ 10.3  (10) 87 (9
Met 1.0 ) .1 Q)

Ile 30 (3 30 (3)

Leu 39 @ 30 (3

Tyr 3 20

Phe .1 Q) 1.0 ()

Lys 6.1 (6) 6.0 (6)

His 1.2 Q) 1.3 (1)

Arg 4.0 @ 33 (3

Trp® 1.0 Q) 1.0 (D

Total ©2) 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) 7E/XKG7 S/ BRE

Frivnrnal RETHF LR, ASIIOT I/ K87 I /83, 7
NEIVBERIEESNT, ¥ v sul) RETIX, BIKSREGFR S
e, INEIVETNE IVBRORBIZTERNDT, ASI-IONKE T
I/BZ. IAEIVBLBFIINVEIVBRERE SN, 7. ASI-II
OHERV OV EREE NI,



(3) AIVKRFUINKET =/ BRE

CPase AZ\W T, ASI-I, IIOCKMRT 2/ MORELZRAA TS, W
NOBED. HEHT I/ BRIZBRHTE B2 o, RIGIX24RME TR -
e, HEEET X ) BIIMBIZRHE NIcOA T, BRIEZNRUINIIHER
TE b oTc. CPase BE WS DFROERTH ol TDTEN D,
ASI-I, IOCKWT I /8. 7V, Uy, TARSEUVER, 7

NEIVERIRY, CPaseiZ X AR Z2ZITIZAWT 2/ BTIRABRWNLEE X
bhiz,

E318 BRMAEIN

ASLIL. IIn& 7 a5 4 F—¥icktd SR %Fig 121Z7R Uiz, ASI-L,
Dbz, XTFV T UEBEEBEL. M7 iZe<ERLE1o T
¥, FEMN) RN LTIE. BOHEEZRLZ.

AWERXTFI Y v 2R IHETIOILERSIEEX -8, B
EEER» HEMT LT, ASI-IDEE9.9ug, ASI-IITi383ugTh oz, X
TFV U OHFREZ2T00E L. A VYEEEX—1RFTRTFIS U 154
FEREETHLEL L. AEHENLLBLNIFFRIT. ASIHOBEAL

000. ASI-IITIX9100 L3t &, 7TI /BOWLLELNEE IZE—K
Lz,

(b)

g €
5 3
° -
k> %
T i
Amount of inhibitor (pg) Amount of inhibitor (pg)

Fig. 12. Titration curves of proteinases with the ASI's. Residual caseinolytic activity
of subtilisin (25 u g) (O), trypsin (16 x g) (A) and chymotrypsin (24 x g) (0J) 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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$E417 ASIOBMROELED
U EDHERMNSE LN, ASIL, IIOWBL2R). W P RIEE Y
#Table IVIiZ ¥ & Bz,

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

Properties ASI-I ASI-IT
Molecular weight* 10,800 8,600
Isoelectric point (pI) 3.7 4.0
Extinction coefficient (E. & )® 7.1 5.7
Inhibitory specificity Subtilisin Subtilisin
N-terminal amino acid Glx 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.

E3f R

ASI-L, IID7 3/ BRMLREA &, ASI-IIMBASI-IIZ & N5 A gk oS HEZR
SNz, ¥iz. AV EEZ —ONKRBBRRRDZZ Lhd, TNHIEINK
WA TERLEA VA Y EEX—TRBEVWP EEZLRD, 73/ BEK
Po/RONTCHEOS TRE2REIL. MEOHKEEMREMBITTS L.
ASL-L, & 127X, LDRATFIV V21 2FRETS, TRbOLE
RELIOEEEERR L TWAZ tibholc, ZDZ &b, ASI, 11
IERAEMEL RO P2 —ThBLELLNS,

—RiZ, ZFURIEHRY e A EEZ—Z, FOT 3
/ BREEH ORI SEOLD TN —F I EENDB(18). TNEHDAL Y
EEZ—77 IV —Zid, TRTZLEDH >R BILZHEEEA LR
%. ELT, 4 X —OHERISEAILEE. $EDS-SV—TRIZHE
L., EOMELS-SHEEDMER,. —KRi#E L F/NV -7 TRAEICRE
ANTWB(18),

< ARHEMOBHE . STI(Kunit)BIA > B V2 — i, 2 FWIZ 2 i DS-S
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HEEEL., FO—FIZRINEMARIELTWS, BBIEA X —iT.
SSKEAEZTHEALTRY. £0O5HLED/NIR2DDS-SV—TRIZEN
EFNOR I 2> TWD, OV —T DA e E —LFERRIZ. &
NEDOWT77 IV —DA X —bitEETHH0, FhIISFHNS-SK
BIZEoTA VY EEZ =2 U RIBOBERRBEIN TN DI HIE LBH
INTERE). |

ASIDZ VN7 BALFHEED 5 bR DML L1, 2 TFAS-SKEE
BEELBWI LTHD. A Ve EF—DOR TFHREIEERVELHEX D
S-SEELIZ DWW T, ASI-L. I1& HIiZSTI(Kunitz)BILBBIRIS B E X — L
ELLIBRRSTWBLEWIEEIZ, ASIH, R ARLLBALINTER 2
DDA VR —=T7 IV —DWTFNLDY T 77 IV—LLTHEET S
DOTIERL. WONrZEIDOT77IV—2BKRTDHDA e EFXF—THDHH
BEtEE R LTV,

Table ViZ. Y 5 < A(broad bean: Vicia fabay D X7 F1) >4 B EX
— (VSD) (41). B X UXcowpea (Vigna unguiculata) (42, 43). black bean
(Phaseolus vulgaris) (44, 45) bR OLNTEXTF VA EEZ—DT 3
B RET . ThEh, T2RT I/ BEIBEEZINTH2ND
T, D FEPKI000HKIBERE) LRI LHSIZEHBELTHD. TD5H,
Vo2 ABEFXTF VA2 —(VSDIZ, ASIEHEUKIRY AF
BIEELBNA YEEZ—T, o7 I/ BERDIEFHIZ LTS,
DT Ehb, ASHE, VSIEFRUL 77 IV —DA X =TIV e
Zxbhb,

RTFV Y UIBERANRA Ve E X —id, #0090 AR » 5 b
REINTRY, AR BPBOXTFIL A EEE—T77 I —NE
ETHZLEBHEIND46), LEL. ZNLOFELWEE. FIZS-SER
Z2OWTiX, ASI. BXUTable VIZEF e A > & B —LAZIZ@MEN R
<. STI(Kunitz)Z-°BBIE) 7 7 I U — & OBEWIXEH 55 TR,

VSIiZ, MA—REESREEINTE Y., K7 MBS EEZ—-LFW
HREZRT ZEBEREINRTVWEUED, ZDZ s, ASIDRT A
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79IV —ZBT B EZ—TiIRWH LERINT.

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 53 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 34
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 53 5.7
His 1.1 1.1 0.6
Arg 4.3 3.0 31
Trp 1.0 1.4 0.7

a. Recalculated for molecular weight of 9000.

57 MEWBTB A e P2 -k, RFMEESFEN) A AEE
#—(PL-1) 47-51). b= hEFER) IV UL EEZ—(TID) (52). K%
FEMN)SY UL LY Z—(CI-2,CI-10) (53, 54). BN T AEZ—EAL
b ¥ % —Eglin C(LIE) (S)REPAMBLNTRY ., B - MMRICELR - T,
RSN RIS NI —DA Y EEX—T77 IV —TbhHD, ¥lc. RED
A v P #—LEglin CiZix. S-SHEABHFELTE LT, ASIL, IIRVSIE
EBRZZDIN =T DA e EX —TH I EENRRREIN D,

k., < ARHEMOE VRV BRI T4 B Y EEX IR,
STI(Kunitz)®B L UBBIED 2 2D7 7 IV —IZ RSN TE A, <A
FHZIZ, ATF VUV ERIZ, DOVEDDTA—TBHFEELTND
ZeBbhot, £l. ASIRVSITHE LN MRE. FHZS-SE RN bk
TB5E, ZOIN—TFiX RF MBSV EEE—T77IY —THDHT LR
AR Ehiz.
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b, DOEHNFDOA L ELEE —THAHIEMNHEEN, B EEX —
IR ORI BT, BRE OMAFBIIRRTH O EE
HREX DD,

ASIL, IIiZid. — 27 e 4 F—¥A Y b ¥ — OB EHRICEER
BE BB EBRPIN TS, FFRAS-SHEEBEFEELRWV. ASLL 11D
BNy BEIENESESEE. RFME 77 IV —Df 2 EEF—LHAILT
Wi, < ABHEWHRE QX VAV BEHREY Y SuT s F—EAf U BESX —
T, STI(Kunitz)EdH 5VBBIEIUA DA v E EZ —iL, T AFDEN. YV
SILADATF VIV AV EEE—MLbHEERBINTEY ., < ARHIRT
FETY IV —DA Y EEE =2, BIDTN—TELTHEELTVWDZ
LERRLTND,
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48 7XFEFATFUI A EES—DT I/ BET!
& BAE R ILERAL

BURIEHEY YT 4 F—EL e F - TI/RESED
MRz ESNT, o000 77 I ) —iaBsh b0, HEREHHL L
BIHS-SA—7OREIX. £77 IV —TRLX—BELTEY. Thbdd
BN LA 2 —DOREMRTETH D (18).

ASLiZ. ZORFRICS-SEEBFEELRNZ L5, K7 AT 7 I
— L OMBENTRAN D, AETIZ. ASLL D27 I/ BEF LEER
FEREIZOWT R, $F MBI Ve Z— L oHRAEEZZEETDILLE D
2. 2077 IV —IZBTBA L EZ—DF U R BLZRREIZ OV
TEETD,

FH HHEEAE
F1IH #H

ASI-L, IS 2 BETRRIZL S L TER LT

TPCK-trypsiniZ Sigma Chemical #t4» 5. lysyl-endopeptidaseid 1 5t 4 3
T¥Mm 8, ¥7-. Staphylococcus aures V8-Proteaseld. Miles Laboratories
LA LT,

WHHPLCIZ 1%, » A2tk dChemcosorb 70DS H I A (4.6 x 250 mm,
C18). ¥7ziX. Bio-Rad#t®Hi-Pore# Z A (4.6 x250 mm, C4) 2RV, 73
JBFAEDLDHEE 2 n< b2 5 74 —iZik. Cheng Chinft dpolyamide
sheetsZ# £ Al L 7z. ¥ 7z. Sephadex G-25. G-50i% . Pharmacia LKB
Biotechnology$t ™ b D2/ Liz.

4-N,N-dimethylaminoazobenzene-4'-isothiocyanate (DABITC)iZ R {= /L%
FZePi ® b D% . phenylisothiocyanate (PITC) . trifluoroacetic acid (TFA)
X, FEMERTEOT I BEFISRZER Lic.

FOMORIEIT. PLHEIZRRLELDDOLFEEDD DEAWE,
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$E21F BRHELCKIHAIL
(1) ASHIQY S UBREDS FS5aZ)UE

TPCK- bV 7 ¥ v iiticseri s, ASIHIDY UV gER, v hFa=it
L72(56), NaOHTpH 8.2iZ % L 7250 mIDZAE /Kiz. ASI-1(30mg, 284
mol) &Y L. 100u DAY b T avBE. 30MEIZEH 4 BRI LTz, &
SRS, pHES2AZR LA S, B 2 BIRIEZHIT . RIS T,
BREORE SR T D, THET VE=TK(PH 8.6) TEHHIL L TR
Sephadex G-25% 5 A(2.2x 170 c) IZ bk 2 48k U, FIVEW TR LTc 4R,
HREE IR LTz,

(2) ¥ FS5a=IEASHIDTPCK- MY T IC K BTR(E
2 b 5 a=4tASI-I (33 mg, 2.8 4 mo) DTPCK- b U 7 #lAkiX. BEFH
LEBOE/NHA120 (ES)ERDESIZTPCK- MY 7Y 2HML. 02M
B 7 L= ABEW(PH 80)+ T, 37 C. 6 KillifTieo7c. I, B
HREALDE HIZ. RIBEFIZ10 mMOEIL A Y T AERILTZ. RIE
KT, Wt FHSs mMEERRT v & =7 LB Eik(OH 8.0) THHEILL /c
Sephadex G-50% 5 A (1.8 x 180 cm)iZ 4 L 7z.

(3) ASHIDUY SII Y RRTFH—-CICLBHR1E
ASI-I 27 mg, 2.5 u mohiz. B & HEBEDENLMBIR50ESITED LS
Y TNy RR7ZFE —E2EM L. 10 mM Tris-HCl &% #(pH 8.5
T, 37C. 6RAIMNILE ¥, WL, KIS THR, TH5 mMERT >~
F=1 MG E W (pH 8.0) T FEHFL L 7zSephadex G-50 5 A (1.8 x 180 cm)iZ
LTz,

(4) ASI-IDS. aureus V8-Proteasell &k HHiFr{L
ASI-I (11 mg, 1.0 mol)iz., FER LEBDOENENRIRS (BSHIZRD K5
1ZS. aureus V8-ProteaseZ¥RiNL. 50 mMEERRT &= AEE K (pH 4.0)
BT, 37 C. 12RRIMIbE 8. RIBKRTH, Witw%E. FH5 mMERRT
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VE=Y AEE W(DH 4.0) TEH L L TR W zSephadex G-507 Z A (1.8x
180 c)/IZHE LTz,

(5) ASI-IIDS. aureus V8-Protease(- &k M {t
ASI-II(18 mg, 2u moD iz, BEFREEEDEN 25 (ESITRD L HIT
S. aureus V8-ProteaseZ I L. 50 mMEERRT > =7 LAEEW(PH 4.0)F
T. 37 C. 10KfI L& BT, RIBK TH, HiLwE. TS5 mMERT >~
E=7 AREE (pH 4.0) THH L L TR e Sephadex G-504 Z A (1.8 x 180
cm)IZ 4t Uiz, '

$31H EEREGEIOTESS574—(HPLC)

ASI-T¥ 72 iZASI-IID WL % . VA BTHREIL2DH, HPLCZH
WTRZ7F R, BMRLUE.

HPLCEEIZ, Waters SI0BIR Y 7L A5 A, 8B L UWaters 6605 /L~
vihrurse—%#ALE. R7F FORUB L CRskIL. HREH
B OS-310BUV- . BLUHI0568ELHFKGH 2RV,

FNABTRLONIASEIX. 005% Y 713 o BER(TFAIZERE L Tz
%, M &S A(Chemcosorb 70DS H. ¥ 7zixBio-Rad Hi-Porer 7 A )iZ
BL. 7¥ b= MU NVOERBERAREIZL VEH LTc. FHPLCOZEM /2
SEIX. FREB2M R T L.

$F41 7 I /BERSR
BONTERTIF ROT I/ BEMRIIZ. E3BETRRZOLFRIZ,
Spackman & D H (38 THH L.

E5IR T7I/BERENAH
R7ZF RO7 3/ BEF| 2Hrix. Chang b DDABITCH: (57, S8)IZHE- T
filaode, DABITCE Xy 7V v FRIE. NARWRT 2/ BRBEEORIL -
g B iz & 9 8 5 1 72 4-N,N-dimethylaminoazobenzene-4'-thiohydantoin
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(DABTH)7 3/ BOREIX. RYVT7 IR —PMETO 2R THEE/ v b
7574 =itk 0iFeotl. BB, v yufdix. TZTH
WrEFETIREMITE RV, BR7ZFROT7 I BERPOLXHT5HZ
EBRTE

EE6IH XTFVUIUICKBREKER
ASIDRT FV ¥ iz T2 RIEHMERETDENT, X7FY P~
X DREMKDIBRETRoTC.
ASI-II(1.2mg, 140 nmol) iz, EEFHE & HEOENHA1/88(ES)ITRD K5
iz, A7 FY TUBPN ZFEML. S0mME Y ¥ Biig Sk (pH 3.8)F T,
30° C. 30RFlIRIE S BTz, RIGKRTH. HithE. FH0.05%TFATFHL
L THW/zChemcosorb 7 ODS H#i# 4 5 A (4.0 x 250 mm) iZ 4t L7z,

E2fp R
1] A% Y FASIONKEHERTIDRE
BT B ORI IICFEILD. £ %2 PASIL, IO NRSREL Y] %
DABITCHE TaH7 LTz,
ASI-IONRKHEFiX. GIn-Glu-Gln- L RE &N, FI3IBIZELEL Y
YNEIZEBNERT I ) BOSH & —B LTz, ASI-IIX. Lys-Gln-Ala-
Leu-Glu- L RE &SI, ThbHOFR L —B Lz, DABITCE T 28]
BRI DEX . R7F FOMBIZL>TRESRRY., KT, 17
I RREVARIVETRATERNZLE LD D,
RB#RT D X512, ASLIIOLT I ) BEFIHBASIIOENIZEEND
T LM RIEERITOMBRY SHRE SN, BEONKMRT I/ BROM
Ehs, NABMRUTHELLAVEEZ—THHEHBEND, UTF.
DHWRIZESE, £7. FEL/TRLEZ bhDHASIIOL—REEDDHT
2oz,
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215 ASIHID7 = /BT
(1) ASIFIDTPCK- b U 7> VH{EMD I RE. BHR

¥ F5 a= N {LASI-IOTPCK- b V) 73 VM. Fig. 1BRAT X5
FLABTHZE L, HPLCTER Lz, #Hit®DSephadex G-500 Z 4 L
TOWHANAZ — 2 %Fig. 14178 Liz. Bbhkadis, RiZRT X524
DOET-LIL L IVIZA ), FREFRRBEE L THERBITT €
=7 ERELk.

ST B 5 BT L <. EAT-IX. RiGILDOA > %2 FASI-IZ ST H
HLEZ LNIEOT, UEOBREIZIZIAWR» o, BERIVIZEBWT, #
$42230 nmiZ BIFBRPB RSN B0, REHKOE -7/ THDHEEX
LIS, FREDPRL LD 2O0DORTF RE2RSIZERTHIZDIT. T
DEBETIZ. 1 e EX—HtHhD 1 2L LTHRY ol

EAT-II, T-IIIX. BEEERLz0b, 2ROS mMERT VE=7 LR
Bk (pH 8.0) IZIEfE L. T ¥ [FI%E Bk T Fir 1k L 7z Sephadex G-504 T A
(1.8x180 cm) iz it L. BB 24 L7z (Figs. 15, 16), EIZT-IIi&. 280 nmD
IS & HWF LT, Fig. 1SIZR Lz & 512 2 D DEIS(T-11a, [b)IZ53 i) 7. B
ST-I1S FRRIZ 3 D DES(T-111a, IIIb, IIe) iz 53} Tz,

HAT-IVIX. BREEZHELzOL, PBO0.1 MERRIZER L. FORBK
TIEHIL L TRV zSephadex G-254 5 L(2.0x160 cm)iZHt L. MBI TE
H{ U7z (Fig. 17). Fig. 175 OEK}(T-IVa, IVb, IVc) D 5 Btk OT-IVCEISHT.
Fiz, BT LY NI avBESDES LHESNIZIZD
B DBEIZIZAWR o T2,

PEDSFNAHBT, &7 2OMED%BICA, Fig. 14TOWHNF — 2
LYWT U<, T-IIbe T-Illa, ¥ 2T-Illck T-IVaz &b €. Zh £,
T-IIblIla, T-IllcIVa& L. ZOEET. YA 58BI2kY. 5 DOBEZH
BoNiz,
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| Tryptic digest |

( Sephadex 6-50 )

[ I ]
1 1 m v
| I
( Sephadex G-50 ) ( Sephadex 6-50 ) ( Sephadex 6-25 )
o b Ma mb 1119 Iva M Ve
( Separation by HP L C )

ol a2 Iiblia-1 Obllg-2 mb-1 mb-2 mMb-3  Mclva-l W-1 W2 W3

Fig. 13. Separation of the tryptic peptides of citraconylated ASI-1.
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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 m1

were collected.
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Absorbance at 230 nm (—) and 280 nm ()

50

100

Tube number (4.0 mi / tube)

Fig. 156. Re-chromatography of fraction
T-II. The fraction T-II in Fig. 14 wasfurther separated
on a Sephadex G-50 column (1.8 x 180 cm) in 5 mM
ammonium acetate buffer (pH 8.0) at a flow rate of 30
ml/h. Effluent fractions of 4.0 m1were collected.

)

10

05+

Absorbance at 230 nm (—) and 280 nm {

Tube number (4.0 mi / tube)

Fig. 16. Re-chromatography of fraction
T.111 on Sephadex G-50 column The fraction
T-III in Fig. 14 was further separated as described in
the legend to Fig. 15. Effluent fractions of 4.0 ml were
collected.
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Absorbance at 230 nm (—) and 280 nm (—)

Tube number (3.0 mi / tube)

Fig. 17. Re-chromatography of fraction T-IV
onSephadex G-25 column. The fraction T-IV in
Fig. 1 was further separated on a Sephadex G-25
column (2.0 x 160 cm) in 0.1 M acetic acid at a flow
rate of 30 mbh. Effluent fractions of 3.0 ml were
collected.



/o iz 50 0F N ABE 2 (T-11a, T-IIbllla, T-11Ib, T-11IcIVa, T-IVb)
X, BREERLEOL, PROOOSHTFAIZEE L. T ORIBE TEHEIL L
TRWzHi-Porei#i #lh 5 Az ik Uiz, #BHIX. 005%TFALT70%D T & |
= MU NV EED00SBTFAZ AV, ARHOERBENREIZL VTR
Tz. FEiX. 0.5 mUmin TITRW. 230 nmTAR7F RERH Lz, &4 D,
A& — > #Figs. 18-221Z/R L7z,

HEOTRCTRLIEAM VY E—J 2 BREER L. B RAOERE L
Teo BHNREZ—V EIZRABNHE— 713, £iT. BEBEROANY I T7F5 Y
VERE—ZLEIXBN DN, BRIEILOBIZERNE LB RTLS TOYIRT
BRIV, FROXRTSFEBECRIEDRRALEEX LTz,

)
S

)

Absorbance at 230 nm (
5
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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Ibllla-2

)
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Absorbance at 230 nm (
5
Acetonitorile (%) (-----)

Retention time (min)

Fig. 19. Reversed-phase HPLC of fraction T-IIbIlla.
The fraction T-IIbllla which contains the fractions T-IIb in Fig. 15
and T-IIa in Fig. 16 was separated on a reversed-phase colummn as
described in the legend to Fig. 18.

m-3

T 20— mb-1 ﬁ
g T
o <
m -
o %P g
“ e
e 10 ~ 2
T
= e, —35 g
£ JIRS s g
3 LE” 3
) N \) )

0 —’—‘7\ — | _L | 0

Retention time (min)

Fig. 20. Reversed-phase HPLC of fraction T-IlIb. 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-IIIcIVa.
The fraction T-IlIcIVa which contains the fractions T-Ilc in Fig. 16
and T-IVa in Fig. 17 was separated on a reversed-phase columm as

described in the legend to Fig. 18.

)

Absorbance at 230 nm (

Retention time (min)

Acetonitorile (%) (-----)

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) ¥ F3AZIVEASIHIDTPCK- MU T ViEERTF RD 7 = / BsReH

Bz, TPCK-MY LU HAER7F ROT I/ B4R % Table VIIZ
Alic. ZOMER, T-lla-1&£T-Ma-2, BLK, T-IIbllla-2 & T-11Ib-31%. [F
—DRTF RTHDHZ BRI N, ASI-1Z, THY bSa=ikL.
VOVRBRER Ty s LIEDit. TPCK-h Y 7Y it k> TArg-X#EE D
HEUWTDHNTH ofet, /BOENERTZF RORPIZIX, TAX=V
BEZBEATOHRNL DD V., FFRRUREMEBI o TNWDIILNF
BIniz, 7z, Table VIREF TR 7F ROMAESHEIZ T TiZ. ASI-I
DET I/ BBREBEZHETERPoR, TDH, TPCK-FY 7T U
EX7F Rid, ASI-IOEF| Z2#E3 5 BIZAWz.

Table VIIZEIF /e X7 F RDOT I/ BEFI A OFE R ETable VILIZE &
»ic.
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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, a-2 Ibllla-2,[[Ib-3  [Ib-1 MicIVa-1 IVb-1
Asp 1.4 21@ 10 20
Asn 1) () ey
Thr 4.9 (6) 2.7 (3) 1.2(1) 0.9 (1)

Ser 0.9 (1) 1.0 (1) 0.8 (1) 1.1 (1) 0.8 (1)
Glu 590 430 50@ 130 11 @
Gin @ 0] @

Pro 1.7 (2) 1.0 (1) 3.6 (3)

Gly 1.0 (1) 1.0 (1) 1.0(1)

Ala 2.6 (3) 1.9 (2)

1/2Cys

Val 2.0 (2) 2.22) 1.0(1) 1.8 (2 1.0 (1)
Met

Ile

Leu 1.7 (2) 1.1 (1) 1.0 (1) 0.9 (1) 1.0 (1)
Tyr 1.0 (1) 0.9 (1)
Phe

Lys 2.0 2) 1.1Q1) 1.1 (1) 1.0 (1)
His

Arg 0.9 (1) 0.9 (1)

Trp ND. (1) ND. (1) ND. ND. ND.
Total @7 a7 17) 1) ®

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

a. Not determined. b. Sum of ITa-1 and IIa-2. c¢. Sum of IIbIlla-2 and IIIb-3.

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

Peptide Sequence

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

I1Ib-1 QEQGTNPSQE QNVPLPR

IIb-3 TSWPELVGVT AEQAETK

MIcIVa-1 LYVDESNKVT R

IVb-1 LYVDESNK




(3) ASHIQU DI Y RRTF&—H{LhD st S

TPCK- bV 73 AL TIRAF R EIFTOE Uiz Z E R PRI S iz iz,
FUVBREORNY VN y RRTFFX -2 X Db TR o7z
WAL, SephadexG-50iZ & ¥ M L. K1—K8D&HEKY %1% /=(Fig. 23).
ZD5b, K2EFiX. REIEDS 42 b2 EERZ —THolk. iz,
K2 OFitk OEF(KL K3) &, =4 F —RKABEFZIX. RT7F FBE %
NTWRIro Tz, ZDHd., ZHELDES 2Bz, K5, K6, K7, K8H
53 % LI DHPLCIZHE LTz,

100 150 200
TUBE NUMBER (2.5ml / tube)

ABSORBANCE AT 230nm(—),280nm(---)

Fig. 23. Gel filtration of lysyl-endopeptidase digest of ASI-I.
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 ml were collected.
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EER 4. HREEE LIcDb, PROVOSHTFAILERE L. FHRE
T L L TRV zChemcosorb 7 ODS Hi¥fH A 5 Azt LTz, BHIZ.
TPCK- b ) 7 AL OBE L FRRIZ 7 b = b Y )V OERIRE & EE
X075z, HEIZ. 0.7 mlmin T2V, 230 nmTR7F RERH L
Teo B4 D, EHH — 2 %Figs. 2427128 Lz,

TPCK- bV 7Y VHIEDOBE L VD, HBNEREOB VIR EBZ o
TWBZ LR ENTZ, TDX351IZLT. BoNTERTF RE2EF S
FoOEME L.

K58 —

-
O
I

|
w
o

ABSORBANCE AT 230nm({(—)
o
o)
I
ACETONITRILE(%)(----)

} l
o 10 20 30
RETENTION TIME (min)

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 x I)
was applied to a Chemocosorb 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) ASIFIDU PNy RRTFH—-EHERTFROT7 =/ B&LT!

Bohic) Oz RRIFZ—BHEIRTF ROT I/ Bk 2 Table
VIIIIZR Liz. ¥, FOT I/ BEFISH OFER % Table IXIZ X & iz,
R7F FK58i%. NAMREL VWV BRESMTTDHZLNTE . BRVD, XTF
Fi3&EFEZmHmTE .

ZD5bH, K65EKBIZ. M—DORFF KTH o7z, K58k, ASI-IDON
FB20RE DA YN ENTHMEIRTF R TH D Z LR E NI,
~7F KK63. K65(K73). K71. K81. K83, BL UKD T I/ BEREK
DE&FIZ. ASIHID2T I ) BRERLE —H L.



Table VIII. Amino acid compositions of lysyl-endopeptidase

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

Aminoacid K58 K63 K6573 KTl K-81 K-83 K-84
Asp 70® 400 2.8 1.0 241
Asn €) M C) 0 (D
Thr 879 LI() 253 10N 2603 170Q
Ser 476 16@ 10D 10® 101 12
Glu 110N 43® 370 60@ 200 03 130
Gln @ @ M @ )

Pro 46(G) 22@ 08() 32(Q) 08(M LI
Gly 22 () LI 1) 120 07
Ala 3@ 13D 200 101 06
1/2Cys
Val 8209 42( 19@ 10QD) 151 200
Met 0@®m  10@
Tle 293 200 1.0 (1)
Leu 3.0 (3) oM 100 10 1.0 (1)
Tyr 21Q 09( 0.9 (1) 0.8 (1)
Phe 3@ 10@©
Lys 52(9 19@ 09 LI® 09D 0.8 (1)
His LI L)
Arg 3.10) 1.0 (1) 08 () L7
Tip ND.(1) ND. ND.()  ND. N.D. N.D. N.D.
Total (72) 26) an (20) (10) ®) a1
N-terminal Gin Ile Thr Gln Gln Val Arg
Yield (%) 40.3 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 QONVPLPRNYK
K73 TSWPELVGVT AEQAETK
K81 QALETNTPTK
K83 VIRTPSIG
K84 RVRLYVDESN K
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N7 F RKTION K 3 BEORFIZ. £ %2 PASIHIDS D L[ —
Thotr, EbIT, RFF RKT1LKSSDHERT I/ BBREROEGIIE. A
V&7 MASIHIDZEN E—B LIz, ko T R7F KKTLIZASI-IDONKIHIZ
MEBETAIRIF RTHBREHELT. £k, X7 F FK81DEFiX., K58D
NFKHBDOEF & TBLI—B, L. R7F FK81DH LIZK65(73)HHEL T &
LRI, BONIERTF FD5H, K8id, M—. UV UVBREZRW
TBY., ASIFIOCKRIERTF REEXL BN D,

U EDERMNS, BoNiz Y Inxy KRTFFX —EBHEIERTF KDIH
FFiZ.

K71—K58
p: o
K71—K81—K65(K73)—(K-63, K-84)—K83
LHREINT.

—J5. ASI-I1 &, ASI-1D#RF G TH DT F FK58 D7 I/ BRAL K
BEUOT I/ BENZHBE LI EZ A, ASIIIALNRERY VU 2RWie
HOB, X7F KKS8TH D L #HBRIN.



(5) ASI-IDS. aureus V8-Protease/H{LMID 5 &, HBHE

TPCK- h Y 7 v ilik. £k, VoA =y RRFFE —BHILTRD
NERTF ROF—R_—F v ¥ 7 %1725 BT, BiZ. REEORRZ
3S. aureus V8-Protease TASI-I1Z2HIL LTz,

WAL D Sephadex G-5012 k& AYAHI /8% — 2 % Fig. 28Iz "¢ . b’
SV1. SV2 @2 ERI%. BREHRLIOL, PBROVOSHTFAIZEHEL. T
D FIRWE T EH L LTV zChemcosorb 7 ODS Hit i h 5 At LTz, ¥
HiX. TPCK-h Y 7S Uil toBE L FRIZT &£ =) VOEBRRE
REREIZ LY Fileote. WX, 0.7 mVminZ2 v L1.0 mYmin TIT722VN, 230
NMMTAR7F FERH Lz, &4 D, BH ¥ — 2 %Figs. 29, 30IZR LT,

TITERLNERTFED L, ERZY TNy RRTFFEX—EHILT
BONERTF RO —R"—F 9PV IBAERL O, Thbb, VYV
BEEZELERTTF FERFIMORME L.

1.0

SV1

100 150 200
TUBE NUMBER (2.5mli/tube)

ABSORBANCE AT 230nm(—),280nm(---)

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
SV1 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 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 (0-42%/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-Protease;#{t¥ID7 = / B4R

% 5172S. aureus V8-Proteasel§ LR 7F RD7 I/ B AL 2 Table XiZ

RLl. £l TOT I BEFISHOERZTable XUZ X & iz, XTF
KSV19i%. NARSE YV BRESTTHZ ENTER, BVOD, X7F R
EREF ST I,

AN7F KFSV17, SV28, SV21b, SV25, SV26i. Kk, VO PR
TFHE —BRXTF K THDHK71 K81, K81&K65(K73). K65(K73) & K63,
K632 K84, K84LK83%F—N—F v 7/ FTHILNTER, £/, XT7F
RSV18LSV2TDEFISHFIZE V. VP NT Y RRFFH —EXTF FK63,
K65(73) DEEFIMNIELNWZ ERHERTEX 7z, BB, X7 F FSV251X, 73
J B & T X ) BEEFI S ORER B, BT R TV, EIISHTIZ
BTk, fiORTF Rk OREIBRH I Wieh o7z, X7 F RSV25id,
fDORTF RIZ R TIREMMENWZ LD, FAFEROENE., T3/
BRALAR T TRFIZ B D R E LORIBBRZEIZHS bOTIZRWIEE X
w3,

R7F KSVIiX, VPN y RR7FX —BHILORIZB[ LN T F
RK58& [Algg. ASI-IOWAWILHTH B, BIMPWEILRTF K OUIMTER AL
2 HYET LT, ASI-IO20BEHALIX. - L bBERHILZZITRTVE
MTHDLRBINT,
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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 SV-2lb SV-25  SV-26  SV-27  SV-28
Asp 3.0 209 67 200 10 1.0
Asn )] 3 @ ey M)
Thr L1(1) 131 8709 08() 21(2) 10@Q1)  3.8@)
Ser 1.0(1) 172 4.6(5) 1.6 (2) 0.8(1)
Glu 56@ 20  88® 120 230 1M 100
Gln @ @ €)

Pro 36(3) 12Q1) 470 0.7(1) 1.2(1) 2.0(2)
Gly 1.2 (1) 2.2 (2) 12(1) 1.0(1)
Ala 11(1) 1.0 310) 0.6 1.0 (1)

1/2Cys
Val 1.2(1) 33@) 830) 28Q2) 13(1) 210
Met 0.9 (1)

Ile 1.0()) 293 1L0Q) 1.2 (1)

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

Tyr 0.8 (1) 1.9 ) 1.7Q2)

Phe 0.8(1) 1.0(1)

Lys 1.1 (1) 48() 19@Q) 071 1L.0Q) 1.0 (1)
His 0.8(1) 1.0 (1)

Arg 1.0 (1) 2.9 (3) 18(2) 1.2Q)

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

Total @) @5  (68) ¢ @@  Qay M ay

N-terminal. Gln Val Thr Thr = Tyr Ser Leu Thr
Yield (%) 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-1.
Peptide Sequence
Sv17 QGTNPSQEQN VPLPRNYKQA LE
SV18 VQIQVSPHDS FVTAD
Sv19 TNTPTKTSWP ELV--—-
SV21b TKIKE
SV25 YNPKRVRLYV DE
Sv26 SNKVTRTPSI G
Sv27 LVGVTAE
Sv2g TNTPTKTSWP E




(7) ASI-IDL7 =/ &RY)

LLEDHRN LASI-IDLT X ) BREFIZHRE TS Z LB TE f=(Fig. 31),

ASI-Iix. REBEDT I/ BILEREN. FO0FRIZ10800LHE Sh
Tz.

10 2 30 40 S0

QEQGTNPSQE QNVPLPRNYK QALETNTPTK TSWPELVGVT AEQAETKIKE

(T-Ta-1, [a-2) »

— (T ]) —————————

—————— (T-[bliz-2, [M3) ——

XK-71) - < (X-81) — < (K- 65, 73) > e
« (K-58)
« (Sv-17) >e (SV-28) >e—— (SV-27) ~—> SV —
« (SV-19)
60 Y. 8 0

EMVDVQIQVS PHDSFVTADY NPKRVRLYVD ESNKVTRTPS IG
——(T-IVb-1)—>
& (T-MclVa-1) —>
(K-63) — X-34) > K-83)
(K-58) —
—> (SV-25) > (SV-26) ————>
(SV-19)

€ (5V-18)

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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$31 ASHIDT = /BT
(1) ASI-NDS. aureus V8-Protease;§{tMD 5 5. HH

ASI-IID2—RIBEEZ R T DD, ASIIEDF—"—F vy FEHNE

L TASI-II®DS. aureus V8-ProteaselZ X Ak Z2 722 o Tc.
W1t D Sephadex G-50i2 &k YA H & — % Fig. 32I 7. bl

II-SV1, II-SV2 © 2 5. BRER LIeDb, DBD00S%TFAIZ

L. FHERETEELL TIBVzChemcosorb 70DS Hi# 4l T AZHE L

Te. HIZ. TPCK-MY 7V VMO BELFRIZTE M= ) VDE

MBRENREIZ VT RoTc, Hidix. 0.7 m/min TRV, 230 nm TR

FRKE2RH Lz, B4 D, BHAZ —2 %Figs. 33, 34IZ/R LTz

I-SV1

I-Sv2

1.0

0.5+

100 150 200
TUBE NUMBER (3.0ml / tube)

ABSORBANCE AT 230nm(—),280nm(---)

Fig. 32. Gel filtration of S. aureus V8-Protease digest of
ASI-II. The digest (2.0 ml) was separated as described in the legend to Fig.
23. Fractions of 3.0 m1 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.
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Fig. 34. Reversed-phase HPLC of fraction II-SV2. Handling
of the fraction [[-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-II?DS. aureus V8-Protease;#{L¥D7 = / Bl

% 5N 7zS. aureus V8-Proteasel§ L R7F K D7 I 7 Bk % Table XII
WiRLTe. (7. 207 I/ BEFISHOFR%ZTable XIINZ % & iz, X
7F FII-SV17ix, NRRE VISREMTTHZI LB TE . BYDOXRTF
Fix, 2B %224 T& i,

R7F FII-SV21adD7 I/ BEHIX. £ > & 27 FASI- 11O NKHEEF i
—BLTEY., ZOXRFF KBASIIION KBIZMBT BR7FKTh 5
TeBbhrole, R7F RII-SV21at II-SVITORRKRT I 7 BREKOE &
X, ASI-IID27 X /) BBREIZ—B L. X 5iZ. ASHIO20&REHDOY Vv
LIMDT X BBRERE - L.

NT7F RII-SV1Tid, ASI-IOWHALTHR & Nic b R 7F KSV19E 7
/BB —B LT W, MEDONKRROT I ) BEF DO L&
BIZBNWTRLI—B L. BRB2Z UAVENLB LIRS ORRT
F FBFE—DOR7F RTHBHZ EBRENTE.

¥z, ASIHIID 688 b iz 7F KII-SV28, I1-SV21b, II-SV26D 7 3
/ BRECHNI, ASI-1D25-35BR3k. 46-50B#:. 82-NBREDET| L RL2I—K
5T LRSIz (Fig. 35).

-54-



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 I.SV17  I-SV2la  [-SV21b  [-SV26  [-SV28
Asp 70 @ 1.0 1.0
Asn €) M M
Thr 8.6 (9) 00 19 350
Ser 4.5 (5 18  08()
Glu 90©® 210 11D oM
Gln €] )

Pro 5.8 (5 0@W 210
Gly 2.1 Q) 1.0 (1)
Ala 303 10
1/2Cys
Val 8.4 (9) 1.0 (1)
Met 0.8 (1)
Tie 29 (3) 10 10
Leu 210 10
Tyr 20 2)
Phe 1.0 (1)
Lys 506 13@) 20 10 10
His 1.0 (1)
Arg 3.0 (3) 1.0 (1)
Tip ND.(1) - ND. N.D. N.D. N.D. (1)
Total (©68) ® ©®) an an
N-terminal Thr Lys Thr Ser Thr
Yield (%) 409 31.0 24.4 422 30.0

a. Not determined.

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

Peptide Sequence
I1-SV17 TNTPTKTSWP ELV-=-
II-SV21a KQALE

[I-SV21b TKIKE

II-SV26 SNKVTRTPSI G

II-SVv28 TNTPTKTSWP E
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30 40 50
'K QALETNTPTK TSWPELVGVT AEQAETKIKE
— (TFSV21a) —> ¢ @-SV-17)

—— (@-5V-28) —— < (sv21b)—>
« ASI-II
& 70 80 S0
EMVDVQIQVS PHDSFVTADY NPKRVRLYVD ESNKVTRTPS IG
@-SV-17) —

—— (@-SV-26) —

S

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 ASIIl. Dotted line region was not
sequenced.

Ll ED#ERN G, ASI-IIOT 2/ BEFIIX. ASI-ID20BEHDOY ¥ h»
HBCRETY VOV ETORNEF—THDHERE L. T2bH, ASI-I
IXAST-IONKER19REDRTF KB RELEBBOVBREDT I /BT
HREhDM 2 EEE—T. ZO2FRIIS600LHEI LI,

ASI-IOBERMHILERIZBONTEHAHEILRTF KB/ LNTZE, ENHD
OIS ERALIZASI-1 0202188, 24-25BEThHolc, TDT &b, ASI-ID
0BEBAIIR 7T 4 F—VBIL X8 EZFRLTWEML L ZE X bILD,
ASI-IIA3, 20 H LR DASI-IIZHHY THZ L2 ELXBDEDH L. ASL
DI190BREDFEBANET I uT +F—E¥REIZIVEHEZT.
ASI-IIBAE U e Z BRSNS, |
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$E 4T ASIOERSEAL
ASLIIDRTF VY ¥ oic X BREKEYIZ. $HEHPLCIZ XV 7k, HER
Liz. BHIZ. kit iz, 005%TFAL 10%DT ¥ b= Y NV E&T
005%TFAZH Wie, AEHEOHEBBENERIZE VITRo e, FEIL,
1.0 mYmin T2V, 230 nm TR 7 F K28 LTz (Fig. 36).

-9
L5k I-4
=
[
o
™
AN T
iz {80 =
8 1.0 2
2 I-10 y 0
o0 1 E
o - —
@) 5
2 I oo §
< 0.5 O
<
—20
U L |

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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BoNE 3ODRTFROT I/ BMHKR. BLUT I BEFZ2HL
Tl Z A RIF RI-9E, RGILDASI-IITH B Z & 23 h - Jz(Table
XIV), (7. R7F KRll-4, 1111007 I ) BBEB O, 1227 F
ASI-IIOHERL 7 X/ BBRERLE B L TBY ., £IZid L&l TRISEM
DRI RZ D Z L BHERTE 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 I1-4 I1-9 II-10
Asp 3.8 (2 74 @ 32 @
Asn @ 3) (1)
Thr 1.9 2 9.1 (9) 6.8 ()
Ser 2.0 (2 4.6 (5 2.6 (3)
Glu 20 M 11.2 9.7 ©
Gln €)) @
Pro 1.9 (2 5.0 (5 29 3
Gly 1.7 (1) 2.1 (@ 0.9 (O
Ala 0.5 4.0 @) 3.9 4
1/2Cys
Val 2.9 (3) 8.6 (9 5.6 (6)
Met 0.6 (1 0.4 (1)
Ile 1.0 (@) 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 1.0 )
Lys 2.3 (2) 6.0 (6) 39 @4
His 1.1 (1) 1.0 (1)
Arg 2.6 (3) 3.1 3
Trp ND® ND. (1) ND. (1)
Total 24) 73) 49)
N-terminal sequence DYN- KQA- KQA-
Yield (%) 30.3 35.5 12.9

a. Not determined.

R7F FII-10i. 4 > % 27 BASI-IIONFES EFU T 2/ BEF 2 Fb.
RIEEMN P ONKRR DT 5 7 Ay MEHYTEHZ LBlbhofc, R7F
RII-407 3 ) BEEFIIZ. ASI-IIOSOREE DT ANT X5 CKRilG
VY VETORNEZEL2I—B LIz, LEORERIP S, XT7FY Pt
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TBRINERALIE. ASI-I10D49-508 %12 f1 45 D Ala-AspTH B L E LTz,
ZORIBEALIX. ASIOXEERFERTHBHASI- 1D T I/ BRELH] L TiX69-70
BeZ i ntit§ % (Figs. 31, 35).

RIGERALONKSE T 2 /8P, 7 2/ Bix. MEENEROLERFRES
IR B 2 b oTWAN, ASIDHEED. P,7 I/ BIIT =T,
RTFV O DEEFRECI-HL TV '

E3E ER

ASIDT X /) BEFZ2OS T4 F—E A EEX —DEEF LB L
el A FFMERZBTA Ay EEZ2— OB WHRESHERIN T
(Fig. 37), ASI-1¢ o fHR#EIX. R U= A#}(Leguminosae)® broad bean X
TFVSUAL L EEE—=(VS) DB D - & bEL68BTH T, 1 1H
(Gramineae) DREDA ¥ ¥4 —CI-2, CI-1C(53 54) &ix. FhEh41%.
39%DFFEH%. £z, F AR} Solanaceae) DR FAEIA > & E & —(PI-D)
(49). b= FIELA B EE —(TI-D) (52) &1L, 33%. 29% DR %2R Liz.
BREIS) ¥ (Annelida) D #(Hirudinea) DA > & ¥ #Z —Eglin C (55)& $31%
DOHFEZR L.

ASI-IIZ, ZD77 3V —DHFT, BEDEVEFNEZELTNSHM, fE
v & —MoHFEE L. ASIFID30BREHD Y VU BE? S CRIERICA LN
%, ASI-IONRGARIBREIZHY THHMAE. BEFOEIDEHLEHL T,
A v e P —lTcoEAtizL B, ASIIE ASI-ILiziE. FREE
BEEOERBRLNBNWILHAHLEX TS, ZONKRUSFEERIZ, 1k
Y2 —DREFERIZES LTWRWZ LRHRTE 3,

ASI-I D302 HULKE Tid, ASIEVSIOE X, b TFhZ20BET. Rk
BADRL2—BL TS, k. BEDOAT—HELTWAHEIZ. o
WFNROA e X — L OBEERMEFERZR V. —RIT, FORIERTF
ORFIHFEMIX. HBBOHERBELNLSLORHEIZEL DD L. HWRELOI
BUZ L DD DIZARBEND A, ASIE VSIOREIX, HBEOREFPHOR
TRV L FRISHS,

59.



ASi-1
Vsl
Ti-1
PI-1
Cl-2
Cl-1C
LIE

ASI-1
Vsl
Ti-1
PI-1
CI-2
CI-1C
LIE

10

20

:QEQGTNPSQE ONVPLPRNYK QALETNTPT

tEEMVDYVY
L. #*
tEEKPEA
TENPSIT

:QNSLI SNV

:QDKPEA
:RDKPNA
:LHYPQY

el

X TV Ox 0

NI

Q1
Q1

o

LMCEG
EFECDG

(Z, V.S,SKKPEGVN TGAGDRHNL
YPEPT EGSIGASGA

60
VISPHD
# #*
V VIPQG
I LILSG
I LILNG
L
1

—

PVG
PVD

m
m < <

L

n_ . _wnxunl

F
#
F
P
P

11
e
AM

PEGE]P

70

TEFGSEU

40

O%* O
MxmMm

W
#*
W
WPE
WPE
WPE

WPE
FPE

[ = = = = =0 =|8

VT
VS§
VP
VP
KS
MS
KT

AE
#* %
AE
TK
TK
VE
AE
VD

VG
'
VG

— %~

LIG
LIG
LVG
VVG
VVG

—_ %<
el

VT

VT
P
VT

A
#*
A
L
M
M

LN
L|D

m O O Ox0O

< M < <% =<

F
L

NPK
KFQ
LCDIRVRLF
RCNRVRLF
RIDIRVRLF

NPNRVVL

RYNRVRVF

Y
%
Y

X x 20
<<
O x 0
—=xr

Z O%x 0O
_ Mmxm
-~ un=xWwv

N
%
N
G

O O <%x<
. Xx X

DILGS
v
V (HKATT
Y NPGTN

DKLODN[I

90
TR-T PS

*
VR -(A, AP
VQ-M PV
Va-1 PR
AQ-V PR
AZ,-V, S,R
VNHV PH

V]
#*
v
v
v

v
v

Q
E
L
L
E
K

FETK
#* #
AR|- K
AK
AK
A K

AK

—= —]

EI]I
K V]I
E I}I

QARJE Y

|

—% —]

G @O O r A Oxe

[ ====<

Fig. 37. Comparison of the amino acid sequence of adzuki subtilisin inhibitor I
(ASII) 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 ASI-I and VSI. Solid bars (—) indicate gaps introduced to obtain
maximal homology among the sequences. The dotted line (—-) indicates the amino-terminal sequence of
VSInot 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.

TRETRELNE, FENISS UL X —DORIEEMNP,T 2/

BiX. Fusy., ZJz=m AT 5=V,

MVZRT77 0 vV, AFE

=V THH(A8. RTF MBS EEE—D 5L, < ARUAD D DX, P,
prizaf vy, ERBFAFA=VERALTEY, XTFV e EbicH
ERN) S UHEEEERT, < ABOASL VSIZEDIZ, T 7= 0P,
MNEED, FER) IV UEBEELRY. RF MEA VEEX—DBE,
ZOMBEREDEIX, P,7 I/ BOERIZEI>TELTNDIZ LBDMNS.
IDNT773IV—0D5b, RF b, BIUE = bbbz e HF—,

PI-I. TI-IiZ &bz bV AU 2H{KBEET 5 (9, 10).
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R, 3T N 7Y UBREREEHM L IXBNCEEL. PLIOEKS,
Lys(50)-GIn(51). TI-ICiZLys(50)-Glu(51) & FE XN TWS(Fig. 37). TD
SEBIE. P ZYVEHRELRWMBOAS VB EX —IZIZFEERT. YT
SV DB REDEN. Lys(SODRBIZADIDTH DI LAY
3/ RS L LR TE B,

RF FBILFREOS LY #—iX. EROMIZ, NUERG). VIR
?DMomordica charantia (60). 7 7 (foxtail millet: Setaria italica) (61> b L)
BWEShTWS, ZOBR, B9, . MEMRITERLE DRI,
BoL e 2 —77 IV —iZ3ALNT, RF MBS EEF—DEH
ZHEEERTIRINS,

#F FET7 IV =% HOL Y EEE—F N —TRIZHRLNZN, FE
BT o le & VA7 BALENEEZBELTWS, 077 I —Df
EPZ—i3. DFHIZS-SHELSEZEOPELTRY., AFEREILIT. WT
NBDS-SV—7 LIZEELTWS, — &2, BRI TYIR 2321} 72
B L X —ik. bLDOA e E—LIZER UCEBRAEEEEZR L
TWAM, ZOB&KT. BEKRIC K > THEELIBUSRMP AL, 88X TP/
RO®T I B, DFAS-SHEEIZE >TREESRLTVS, HDEWX. &
PRI IZ DA DOREENS-SHEAIL L o THBENTHEL LR EHHSIN T
X 72(18).

RF MBS VX —i3. ASIOKIZ. B FAS-SHEEBELELRNDD
WEL, AYEEE—F U RIBOBEIX. FIAEREIT L > TORMER
ThTwa, Z05b, FARRLELNEA yEEX —, PIL TILIZE
DOAFHIZS-SESE 1AL TWSH, Ryand ik, PIIOSTFHS-SEE
EBITAINVKEY AFALTHIALZBMHA e X =5, bLOPIIE
ALFAULFENY Y VEEEREZMELTWSZ L2HERAL. Zhofl
EEMRBICEBRTHHZ LRI LE62). ZOL ST, FEERHIZH
FOWBYERRET B DIZ,. DFAS-SHABLETIRARWVWI LEERIN
TeAveEZ—i3. RFPMEBT77 IV —KIFTHD,

VAR, Z VNI BITROEBIES T, FU NV EOBE L BRICET
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BDHENEA TH BN, ASIOLS5%, RFMNBTZ7IY—Df 2 EEX
—i%, BUNRNIBEORELBREOBERK. BIZELAENESIZLS. FUN
VEDFHOMBEEREWRT D LT, TWHETHIEELLND,

EAED ME

TRAFEFRATFV A e & —, ASI-L LIOZLT X/ BRES %
FHDABITCEIZ X > THRE LT, EOMR., T bH, K7 MEA B
PX—THAZ EBERENE, ASILIZ, 20773V —DFTHERDODEN
RA(NREBHE)ZHLTH Y, ASIINIZX. ASI-IONFKFU19BREDO T F K
BRE LT B FRIASI(T3ERHE) TH D Z LRI L.

RF MBS EEE =3, 2FHSSHEEN, 1 e X2 —DHFEN
RELIZEBERTHD LN ERI N —Df 2 EEEZ —T77 Y —T
»B. ASIZED. ZTHHRTF MBS EEX—DREDLDIX. 77F
WO TR EERIZE > TOR, TOEEERFLTRY., Fo N7
BOWE LBEOBR 2T IO, BERMETHDIZ LR®REN
%o
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HBEE TXFEFXTFYUI A EES—DBiR{EE
BEx

—{RIT. RIGERN ZAEREE R TREKBLTHLND, BMfifLEX
—iX, YDA —-LBERUHAEEEEZA LTS, 23, K
IREBLAR T F REE ARG L TWT . FAS-SEA. BRWLik, 2FA
NOFELFIHERIZL V. ERRRIZAAOHENHEIN TV EIRSE
LHBAEINTWS,

HFETIX. DFRS-SEESERLRN. 7 MBS L EE X —, ASIZH
BHZ LT, RISEM TOIN 22 2 0DORFF K755 A b, &M
BIASHIZFREE SN ABBIZ OV TR B L L bz, TRHEDT7ST AV b
MDA SR EERBBBICONTERT S,

F1HE HHEEAER
F£117 #H

ASIIZ, BL2ETRARLZISGSRXLTHELEZ. Z05b. XETII.
ASI-ITZ#KHE L TRV,

Pharmacia Fast Protein Liquid Chromatography system (FPLC system){Z
Fv~ 7z Superose 12 HR 10/30% < A (10 x 300 mm) /X, Pharmacia LKB
Biotechnology #t X Vi A Uiz, ##HPLCIZIX. B 4 ELMBRIZY L att
MChemcosorb 7ODS H #7 5 A (4.6 x250 mm, C18)% A\ iz,

FAEERERE. BLOT I/ BEFWICAWEREIX. ThEhiE 2
B FIBEIZHBRLEZDOLFBEODDEZFEH LTz,

F2lF EERAGIORMNIST74—
(1) Fast Protein Liquid Chromatography (FPLC)
E-I#& D2 8Eix. Superose 12 & 5 L(10 % 300 mm) % Wz FPLCT
172 - 7z, FPLC¥:{EIX. Pharmacia model P-5004 > 7. 3 X U'Pharmacia
model GP-250+ /' 5V hFu/F<—%2FMA Lk,
R7F FOBRHB L URe&iZ. HILL-40008UV- 2. B X XPantos
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model U-228 Unicorder# fiV\/z. FPLCH N\ A8 DFM & H1T. XES
2f TRER) i L.

(2) HPLC
RISERALOEINE, BIXO, £ CkT7F7 AV b O #Ex. ¥HHPLC%R
AWTTiiRolz. HPLCEEIX. BA4ERZRLEDLFEBEOD DEA W,
WHHPLCOFM R S&MFIL. AEH 28 FER) itid L.

31/ TI/BERSH
R7ZF FO7T 2 ) BRI, BIBTRRN e HEEZRERL. %2,
0.01% phenol. B X 1*0.2% 2-mercaptoethanol% & 5.7 NHCUZ A& L .
WET THEEH. 115 CT2URFEIIAKD LT, IAMEWILZ. BT X/
B2 B B BT L-85008Y iz U Ta LTz

F41g T7I/BERVISH |
R7F RO7 I ) BEASTIX. B4 ETRR20 EFEBEIZ, Changb
ODABITCE(SDIZHE > Tk o Tz,

SF51F BEMEEIRHEONE
AT7F VT D, ASTEIXRISTRAYING T 5 77 A > b OEHE
#ix. FHIE B @ Casein-Folin#: (35)% 1/10iZ #/M L. 0.5% Hammarsten's
casein¥#%E & LT, pH76. 30 CTHIE L. ZOMOFEMBREMIZ. &
B2 TRER) TR L

F2f HR
1 RSEBUDET IS A Y OB
ASIDRIEEGINT 7 5 7 AV Mid, B4 BETRRRZ X 572, Btk
HFIZRIT DREKBE TORABBAMETHD, L L. ZETIE. BIER
MAREL< . ¥ L VRFREOBWIINSTRER, U TIRTHEZANWT



T3TAV MR L.

(1) BR-1 ey —-EERE-HEE)DIAR
Figure 38iz;R Lz & 51z, £ 3. ASI-II (0.5mg, S8 nmoDiz. X7 FV
¥ (0.75 mg, 27 nmo) Z ¥R L. 2004 100.1 MY > EREE #(pH 7.6)F T
30C. 1A v FaR— b L, BRESVEEZ —ERES BT

ASI-1I ISubtiliSin BPN’I

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-1 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.

R TH., REREKZ., $H50mMY > BEE#(H 7.6) TEME L
TRWzSuperose 127 T Aizfit Uiz, EHIX. FREHREZHWNT, §RE0.3
mlmin T2 o7z, 230 nmTR7F K2%H LR, EEAEIZHEL Y
% E45rG-1034% b vz (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 column 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) RIGBBUINIERZ ST AV bOSBE. 1RE

BO5NTEDG-1%, T D0.0SHTFATEHIL L TV 7z Chemcosorb 7
ODSH#MA Z LIz, TE =DM VOERBENIETHEH Lz, 5
#130.7 ml/minTf772\ . 230 nm TR 7F K2 8H L7z (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 mlI/min. C,
C-fragment; I, intact inhibitor; N, N-fragment; E, subtilisin.

ZORR., 4203 ffbhic, 73/ BEREEDT I ) BRES
EAMLICER. Zhbov—sixgheh. sHIEZ, RIESHAMDOCKEK
WBIZHYL T DRTF RC-T7F T A2 M. £ 2% 2 MASI-IL, RISERAL D
NARIGPIZAHYTDIRTF RWN-7Z 722 M), BEREXTF Y o LB
Liz. iz, ZOHFEIZ X DASI-IIOBHIILRIZ65%TH - Tz,
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UEorETHLNE., RIERMOWE 7S S A ML 27 b
ASI-IIDT X 7 BpfE pk & Table XVIZRT . LT OERITIE. Tok5iICL
THRiz. N, ClH75 7 AV b, BEUCEIEEENLBEIRLEZA > Z2 b
ASI-IIZ Wiz, %7z, Fig.41iz, @7 57 A2 b LASIIIOT 3/ BBEF
LM ERREE 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-IL.

Fraction
Amino acid c r N°

Asp 3.4 @ 64 & 2.9 @
Asn () (€) @
Thr 1.8 (2) 9.0 (9) 6.9 (7)
Ser 1.7 (2) 4.2 (5 2.6 (3)
Glu 11 @ 107 O 9.8 ©
Gln 0) @) @
Pro 2.2 (2) 5.8 (5) 3.4 (3)
Gly 0.9 (1) 2.1 (2) L5 1)
Ala 0.0 (0) 3.5 (4) 3.5 (4)
1/2Cys 0.0 (0) 0.0 (0) 0.0 (0)
Val 2.9 (3) 8.6 (9) 5.6 (6)
Met 0.0 (0) 0.9 (1) 0.6 (1)
Ile 1.1 (1) 3.4 (3) 2.3 (2
Leu 1.1 (1) 3.3 (3) 2.3 (2)
Tyr 1.7 ) 1.7 (2) 0.0 (0)
Phe 0.0 (0) 1.2 (1) 1.2 (1)
Lys 2.2 (2 6.1 (6) 3.7 (4)
His 0.0 (0) 1.1 (1) 1.1 )
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.
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KQALETNTPT KTSWPELVGV TAEQAETKIK EEMVDVQIQV

I N-fragment

50 60 70

SPHDSFVTAD YNPKRVRLYV DESNKVTRTP SIG

1 C-fragment ———l

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

£21 RISHMUVERT ST A FOBRBESYE

ISR TOIWf 2 201} 7=N., CE 75 7 AV b &, 4% E/1 (50 pmol)
TREL. 2CTLREHA v FaxX—b LEDb, XTFV T izktd 5
EIER LA 22 PASIILE B LTz, PHEEM I, SBEOSI L EEX
— BIUET75 57 AL MEEWESOpmOIDRTF VY T EREL. 300 CT
520, 7L A FaR—-b DL, BEEREEZAIZE L TRDZ. £
NEN O Fi#R % Fig. 42IZR LTe.

N-£72i13C-7 5 7 A P BT, BROMBEFIIBZ HR20WA, b
DEENEEWI. A2 F27 MASIHIIELFAUBRETATFI %2
Flk.

ZORERIZ, N-BXUCT7F7 AV M3, EROZHETENIZHERNIZ
MEL, BHEAVEE X —2FEBETIZLE2E®RL TS, N-BLUT
CT75 7 A ME, £IRR & 5 ICHEHAHPLCTHE. BR L. HEER
LebDTHD, TUbDT7S5T7A b, EHEBA L EEX —2H#E
EENRBENWH Z LR BT T AV POBERILY, EREFEANIZBW
TR THBZ LEZRR L TN,
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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-Il (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.

310 PAEEMEEEREDEEEFYE
RERRT 77 A M, BERA B —~FHEEINDHE.
BIUOMEOREIZRIET, 757 AV MEEHOAVF ax—Ya i
B DEBIZOWTHE Liz.
BEETTISTIAY VMEEMEA VFaR—- Lkl &, HEEEH
B OERIE (L & Fig. 43127 F. 2B, WTFhoBEED. 777 AV MES
MEBBETS VFaX— M, XT7FV T E30 CTSRMTLAFa
NR—h L7k, AEEEZNE Lk,
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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 equimolar mixture of
both fragments (1 x M each) was incubated in 0.1 M Na-phosphate buffer (pH 7.6) at:
(@), 2°C (O) and 15°C (@); (), 15°C (@), 20°C (A), 25°C (A), and30°C (O0). After
the incubation times indicated, 50 u 1 of the fragment mixture was added to 50 x 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 A MNREWE2 CTA U F ax— b LESE. KSKRIT, 1~
27 v & —LRUBEEE (100%E%) 2E Lk, £k, 208
ik, £ F 2"~ PURFHHETHET LR oMk, 15CTS U Fa—
FL2HE. EEEREIIELS 2. HNIRKFRMTI00%7E % & 72 - Jz(Fig.
43a),

NEERB T T AV M BIEHRIA U b X — R EREEIN D RIS,
—REBTHD LIRETHE. BREFEFEOED OERIZET 5DICHE
THRM. t,13. 2°CT5335. 15 CTI3 L EEh, WE ORITHIT3
SO EERREHEEOENRR OIS,

LTAB, 777 A MEAWEIS CLYREBMTSA > FaxX— L1
%5 (Fig. 43b), FAEFBEEOEE XL V FEHOMIZR Z B0, BRWIZELRES
DiEEIX, 1 F 2RX—MREOLRLIIFIZET LEZ, 30CTA F 2
R—=bFLEHE. 41 F2R— o5 THEEEIX8%EBE TN, 0
gz LoEBEIRR NP5 T,

2CTTRA v Fa_—FLTIRERIZCETEESETBWETZ S
TAV MNEEWE. 300 ChH50 CORIBRETHEAS Y FaxX—bLicL &
DO EIEEDIE T 2[R IZFig. 44IZ27R Lz, 300CHH50CTD, fvF a
R=y avid, 1099 5302 E TR okets. EROETRWFhoL v
FaxX—YarvFHTHORILU THoTe. £k, 127 b EH—&
FLUTdH oleifthix, 30°CT2%. 50 CTIIISBIZETF Lz, £, EH
DETIX. A >FaxX—vaVBEIEKELTW:Z, L. Z0L5k
Bz, 127 MM reEZ2—TiRAbhR, oz,
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Fig. 44. Temperature-dependence of the anti-subtilisin
activity of the reconstituted modified ASI-II. After an eqimolar
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).

ZORBRIZ. RIESMEIE 7S 722 b bEEEINTBHASIE,
A&7 NASIR, BEFIICH L TRRDIBHZLDHZLERLTVD,

300 CCRIEM R 77 AV VREME AV FaX— b LEEBHED. iR
ETI0%EEDEHEBHiI X —%( o FaxX—F LIZEED. T
ELIHEEERINIDTH oce TDOZENDL, 757 AV NEEME
A vFaX—MNTHREZKELT,. BEELIRBON-, CT7F 7 A2 b
&, RELIRBON-, C75 7 A2 e OREIOFERHBA HrNZBE LT
WAHZ LRI, BB, FHBHOMIZ, N-. CT7 57 A FRERE
ELRIZXVABEHELEEE2ERTDITREEDZE X SN D5, BUKEE.
AF VRO REBEDOBRERLTVD EHETISFNL Y FXLE
2 TW5,

HAIE FAEIMEEICRIZFT. BREDOTVA FaX—MERODOR
AERRTZSTAY VEEYMLLIEHAA LV EEX —PEBEEINDIK
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A5, FEREER & O EERORRER O, JEBERRISHRN-BLTC-7
G AV FEOHBEERIZEAS S OROPEREN L.

RiEHl2a7 S 7 A NREWE. T CTIAMA v FaX— Ltk X
TFY I ECCTSHT VA v F 2axX— T 5L10%0MEEEE T
ZDX 5 R10%ERREMZ. XTFVY &30 CTHA ORETLA Vv
Fax— L. HEBREOEILE RAT2(Fig. 45), TORR, BR300 %
TV A Fax—FLTH, BEEKIZIONE —E T, BEEEOEHE
IR LN oTe, Figure d3IZR LTe &k 51T, BERIEFTET TAWEERN,
Cli7ITAY ey Fax—hT3E, 300 CTIIRISFHIZT0% DRAE
TEESEIHE L. 1R THOREEEREIL L 2. XT7FV S FETT,
FIRRIZ30° CTA »F 2 X— b LB A, HEEESI02DEET, £hll
EizEELRZNWEWS Z LR, XTFVURREST. N, C7FT7RA Y
F OEHBLRXABERBGEINTNIZ L 2EEL TS,

100 [FooCoo _c 0

80

Relative inhibitory activity (%)
3

40
20
L .___._‘_. ® L B L
0 L 1 . 1 . 1
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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BEEGEETTIX. N(¥72RCT7I AV MO—FHRB, DX W7 7
FAY ML SIZHBRIGERE L IZRRIWALT, XTFY VU EHEEL.
EMALS SERERENBRNOTIIRVNEEZEXTNEIN, WFIZLT
LIENEEROEEN,. NEE 757 AL VOBERBASEEREHET S
TEBBHLNERST,

—F. RNERRT 55 Ay MEAWE2 CTTREM ¥ 2 _— b LT,
BRLSHHT VA v F 2 R— b T2 LIREEEIZI00%ICEE L. L
L. 20k 5 RIBERREWDX. XTFIV T E18HM rFa S~}
57 1 CTBEIZ100% D BiEM 2R L TW B Z & o3hbd» o T (Fig. 45),
i, BEEEEZEKE L 7SS AV MNREWN, A2 b4 BE
& —LRERRIZ, BREBEOPIEFEELTNWDIILERLTND,

BSIE VMRSBUOBE

INETIE, AEHEZN, CE7 7 AV VEAW» L0, HEFEEOE
BIZONWTRBRRTELR, RIBBNRTF KEEOFEE LD RoTL »
% 7 FASI-NIOFBRHEEIZOWTHRF ZMMA 1.

BRgEIhikA v 227 v B2 —0RiZ. wEpHTOFHEHHPLCY
SALTREB 2D LTHE- k. ZOHEBIZ., ZThETHWTELZTFA
Btk T OWMHPLC T LiciRe. BRESN I 27 b ESX —
. BN, CR7S7AY bBHiENBZ LBBREINT D TH D,

FEMBIZBIT S, BIEESRTOERSOBHNBEHER T 5D,
FPLCGIRE L 7cG-1E4(Fig. 39 %. FH10mMV > BiEE s (pH 7.0) TF
#51k LU7zChemcosorb 7 ODS Hi#ifl b ATt LTz, WX, 7 b=V
N OERBENRE AV, ##0.5 ml/min Tf7 4 - 7z (Fig. 46).

BOENBEE—2 OT I BEKB 0T X/ BES 20 L TciER.
FNENBEHIEKZ., BEXTF VY, A2 7 MASIIL, N-Z75 7 AV
M C7SF7 AV MEFREENIZ.
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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 mM 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 MASI-IIOBEHEIX. T2 CTTREHR > TBWEN-BL U
C7F A bDEENREAW#0.66 nmoh) & X7 F Y ¥ (0.2 nmol) %
4001 100.1 MY > BB E K (PH 7.6)IZ¥ER L. 30 CTA > FaX—F LT
filgole, BRI E%. 80ul0RIGEKZ, 10mMY > BREE K
(PH7.0) TERIL LTe, LRREHOHMHEHPLCIZHE L T Lz, BREEX
N4 %227 FASLIIL N-, BXUC-75 72 MRIZ. 230 nmDIEIR %
ERC-R3AEIChromatopac THIZE L TR Tz, BREEEHEIT. FRHEK
BRI RIEDD, 20 u IORIGREEZRWTHIZE Lz,
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BHRLO7VA ¥ 2R~ L BEEINA % 7 FASIITR O
Mk %Fig. 4712 R LTz, BHISESIzA > # 2 PASIHILIZ, LAV Fax
-y a VIS TEE RSN, 20%, RAZERINDZ EHBDH
ot LB L, BEEERESIZBRLTHNTDH, LM rFax—Ta
VSR TR, BHEAVEI MUY EEX—X. BLALHRBETERP-
2o —H. NBIXURC757 AV BIZ. A% FASIHIORRK & iX X
iz, VA v FaX—ya VREHIKEL TR Lic. T ORI,
N-. G757 Ay NBERBRIZ A > & 7 FASIINZEEFEEIL TN Z L
ERLTWS,

015 | g o--—---0 =100
]
£
£
m —
% 0.10 3
E S’
= =450 §
. =
O 005 Q
% —o f:_
= ~a
<< —-
01 1 ! P 0
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Fig. 47. Reconstitution of the intact ASIII 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 x 1 of the
reaction mixture was applied to a reversed-phase column (4.6 x 250 mm) of Chemoosorb 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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757 A hORVPRIZ. A% 7 FASIHIIOENR KD S Z008,
FLAYFaR— b hRETZ ST AV FOBILEMSBRH IR NI &
LYW 35 L. WHHPLCY 5 555 QEINEDEIZEL DD DO TR &
£xb6h5,

IEDRKERL Y, BMif X —DRIEMMOBHE L. BEFET
TRACBZIBZENRENTZ, £, ZhETOREREREERTH
Wik 5 REBETIX. AVEEXF—IZLA EBBHiI L EEXZ—LLT
FELTWA Z BRI,

E3f ER

B, 754 F—¥A L P2 —ORERINERMOINNIL. BERHE
TTOENBRIZEDIBEMAMRICL>-TRBIRbIS, HDWX. A
VEPE —LBRLOREREAEEY. BHEFIRPTCAILL > THREESE D
FHETHEMHA e =B/ 5h3 (18). ASI-IOHE. FHpHTHE
LizRTF VU Vv DAl E2. BESETOMMHPLCZHL. T b=
MY NDOBERNRTERHTRZ itk T, BHfif o eEX—N, ClH7 5
TAY MEB. —RIZ.  ARDOXTFY VA4 e X —DRIEERM
i3, BEEET TORBARIZE D HFETROHS ARV Ebh TV
(54). VSIDOFISEAIZ, =5 A2 —Fiz k> TREMIZKBEEZIT 3 E
HORT, 7I)BEF ELS—HTEIDOEHE LLEFTT, X7FY
UL EBREABIIRI Lo LBESNTWD @D, EPFETHW
T SERAL TN Sk, ERECEMi L e X —RRoNDH T L. Y
LTSS AV NORMER—HEILTE DI LS, WEE TREKBIAS K
WTCHoTARDRTFI A Y EEE —IZ LTS, AYRAEET
HBLERINS,

AEHR TS T AV MO LERRA e X —BEEEIN D B,
ASIDHIZ STI(Kunitz)Z #16HZ Uiz, 2HEEOMERBEI LTV D,
Kato X Tominagaix. STI(Kunitz)%27 v A7 VB TH NS, D
DOAREERTZ ST A M, PHEPHTA U Fa R— b5 LIAFEEHEDS
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80%LL LRI LA Y b EX —BHRLND T L #FER L 72 (63). Ikenakad
X, FBORERERT LS Ty 757 Ay bRV, EEEESREE L
7275 7 AV NEABMDCDARY b, b & DSTI(Kunitz) & & < T
WBZEEkRLERD). TR HOHMETIE, STIKunitz) D bV 72 2%t
TARIBEOLIL. RPEER TS TA Y NOREDS-SV—T LIZ, A5 7
MeEEREINTVS,

b5 —2 DR IX. STKunit)D KIETWALGIWT 245 DT,
Laskowski, Jr. HIZ X W f7le b TW A (64). STI(Kunitz)ix, X7F Y >
AFEEEZA L TWRWE, XT7F Y I KW EERICOINZ T DR
7F FEEBDFRIZ 1EIEET 5. Zhid. bV 7Y VERIBRERA
LIXRRH-TWB, #HIZ. N 7Y TEMiL7STI(Kunitz) 2. BIZX
7'F VY ¥ > TE i L(double midification), A& R oD 2 /. =
DAREW.R 2 R %2, BMRICHFHEPHTA o FaX— b T 5 LEHRBO
STI(Kunit) BB bhd. TOFAE. AEERRZ OF FHix. 2FAS-SH
— 7% 2HETHI0REDZ VRV ET. bIFFIX. 21BREDOXTF K
TH B,

AEUER2EBOT7ST7AY M LIEERA X —BHEBEETDI LWV
58T, BIEDE -5, ASIIESTI(Kuniz) T LA B LR TWARY, L
L. STI(Kunitz)Z41kt & Lz, —#HOFETIX. WO BEEFERIZ
BNWTH, MNEMT ST AL POBEBZTAS-SHEEIZ L TREZN T
BY. ASI-IIORRIZ, BELPHEIN 2 BORERRRTFEr b, @&
BRI X —EEETDIEVOIRER. AHERZICHTTH S,

Kim 5%, i, STI(Kunitz) DFEREEF & OIS 2 %45 BT,
FEEVEHE DR 72 BSTI(Kunitz) DA ¥ £ > & B # — % double midificationiZ &
DA EEX DHRETROTWS(65). H i, 25 C. pHISOFKHETTH
BEEZTRoTVWDIRE, FNEER2 RDPOFENVEEWI, 1 Fa2x—
¥ a VSRR THT70% UAEEBEHE L2WDT, ZORAERRRT F
R ZBEIZHRML T 90%LL EiziEfES 4 U iz BEEESTI(Kunitz) % £
TWB, KimbOHIE. BHECHFIETbOTIRL, AMELH
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BEHETDHZ LIITERW., (2, STIKuniz) DFE. 757 A bD—
FIIS-SKESLP T I/ BEE. BEXCRHEEAREASLRERTISSAL b
TV, FHIE PBRERSLERDTMNEWRTF KB TH Y. ASIDH
BLHRVERSTWS, —F. ASIIIDBE., UINERTIZ. SR
¥t3 B RIGEME 1T 2 DT, BEOELBREENECEEZOND,

— Iz, RGO > B U X —DEERENEE,. PHEpH TEVEE
FLILAVFarR— b THE, DDA EEX —LIZEFRUEESR
LB Z ERMN TS (18)., ASI-NIDPE, EHENTLIZESE UG
Ll E—iF,. AVEI M VEEZ—LRAL LS. EONITER L
HAELAET b2 rb b, BHEBHi(A e X —~DOBFHEEICI.
BRIZ2LBEERET. DLAENERAT T OV OFES, FEERZN,
ClR7ZS57 AL PP bDOEEELHBEL TWHZ LRENT, TORGHE
&%, ASI-IZAVWEERRRETHND THRLNIEH LVARTH D,

oA e — 2B 1B FAS-SiEE OREIzHYE 35, R7 MR
A e BE—ORFRNCBIT SHEERIX. KEDSL B X —Cl-2,
B L UEglin COMGH#EDOEITI BHEEINT VD, CI2EXTFY >
DE LR 66). F TeCl-2BRM DX SfEHT (67 DFER 13, Eglin CORZHE X
HIB AR MABHTO8)DFER E X BTRY . RISEHA D CAREERIZFFE
TRET7AX =V B, Arg(75) & Arg(77) (Fig. 375, RIS AL, #iT
P-PASAEDT I/ BEMEEA L, RISV -7 A EE X —FiE
EROMTHBRE 2RI LTVWRIZLEZRLTWS, i, CI2Ti. Z
DET NVE=V ORISEHP,T I/ BUSHOADERERELLTNDZ &,
Eglin CCREIIZ. ZOTAX=VERE CRET VU, BYDOKRRF
EHEBIZEL DKREEEERRL. BEERRENLIETNDI LAREN
TWb, ZOHTNVX=VBREOCHETHHEEIX., K7 MBI/ EES —
BMTEBREENRTWS, ZOZ b, ASIHIIOAREY.T 57 A2 Ml
OHEBBZBO—HiX. N-7F5 7 A bOCRERBREL, G757 A b
DONKSE R 56, SEREHDOT V¥= LRI L oM DI BRI BEERIZ
B0 TRARVWILHEEIND, K7 MBS EEX—TiX. ZhHDH



Boizh., 7 I BEFIXRBEIZREFEINZBBELDY, 7574 b
OHBREBICFEIZES LTS EEx b0 5,

EAET ME

FFNS-SEADRWASIILE XTFY ¥ > DHENHEEETFARKE T
OFFHPLCIZHE L, RIGERI(Ala-Asp) THIMf &7z, NERRM 75 5 A
v MNAIREY L CREM 75 7 AV M Q4BRE) ZRM Lz, #HPHT. &
BEREZ ST7AY POFEENMBEWAuMEA > Fax—-FTDL, 1
REfI2(15° ©). F 721X 5 Rl Oz B2 BRI BB A2 RIE LT,

¥, W77 A2 M. BNBERBEELRWEE TOARATLR2AIZEYE
B e —~FRESR. ZhETHREORL S EHANRERINLE,
ZDZENDL, MEERWT FT7A Y M. EWZEFERNIZHFZER L
T, BERABHA L EEX—2BEEL. TO0L, BRLEGHEEK
L. —#IXRIEEAP, PREOHERIZEVA VX7 M X —~F
BEINDZ R ENE., ASLHIITR N, Zh 6757 A Ml
OB E I I DHEEROWRIZ. ¥ > 7 BEOHERBE# L
RHTD5X T, BEERAREEZ2DbDLEZXBNS,
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2RI EMTOF 4 F—¥ AP E . Z AT EILENHIE D
War LT, 2OMEZICL-TRY DT b T&E . ¥, BETI
BRI BETZORBOER L LTOX VA7 HS T EER O ZEH
BHELThES VWS TWS, i, MYRREROZ VA I7EEE) VT
sy F—¥f e X —IZOoNTREL DARBREEREINTR Y., #
RIBDFOEELBREOBREBHTILTHOHATH D,

EHE T, < AROT XXM T(Vigna angularis)iZFEET D, XTFY
VIR E VAT BHEA VY EE X —, ASL. O—REEERITEEER L
DEIGEMOREERFTRoTc. FORR. ZOL L EEFZ—DF NI E
ILZRER AR T 3 ) S OB BB L 2R 2T, DNT, FA
¥ —RFRICS-SIHEEBLL RN LZERLT, A yEEF—FZ R
28 R RN TOI LT A EL . HORNEE TS 7 A P ERRL
oo ZELTRIEM.T S VAL MLIEREIS L EE X —BHREEINDZ
LERRL. TOBE. HICERAKAIELDF VA VESFRIOMER
BOBRAETTIRo T,

¥ H2ETIR. TAXEFPL, XTFV VA e —2 il
L. A3V Iue b/ I774—BLXOFAHBIZEY, 2EOSE
Ea—22 28, ASIL, IZEFI20FIEE Lz, <~ ARTIX, K. b
VIV RFENI IV UBERZATHIA LB —OBERNIZLA
YT, XTFY LI ORERNBIMEHELZRET I L EEZ -3
THHIN, TAFEFIIZ. ZOLIBRATFIT A eEF =M, b
V7LV BECFERNI VUM EEX—LRUEBEIZEENLTND Z
ERbhrotz,

%3 ETiX. ASI-I. IOHEILZMN I LR B 2R, fmiA >
P Z—D2 Y ROBALREREREPSPIZT D E L BT, ASIA, 6K,
2 AR THREES N TWASTI(Kunitz) BSLBBIRI L 13T E LS BRoTef 2 E
VX —ThHBI LR L. ASIO#EMEOP TROLFHMINLRI LT, £D
DFRIS-SHESHEELRNZ LTHDH, Y I ATDH, ASIE XU
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BN BILENREE AR AT F VA e EX—DOREDHD D
T, ASIEDA Y EEZ = N—T0, E3ID2 AR eEE—T77 3
— L LTHEELTWA Z BRI E i,

#48ETIE, ASLL HDOFEL2—REEB LORIEHM 7T FRAZ R
ELT. ASI-IIZ, REBXOT I/ BILrLERENDIA L EES—T,
ASI-IIiZ, ASI-IONKREBI9BREDONRTF FRERELEL L VIESFO
ASI(T3BE)TH D Z LR SNz, iz, ASIORIEEIITAla-AspT,
AP E—DCKREHFVIZMELTWE, ASI-INL. FEERE L. ASI-1
ERLDA v EEE —THoTz.

ASIDT X JBEFN RO VX —2 R BEOD DL L E
ZA, ASINRF MBI 77 IV =D X —THHZLBHLNELE R
ofre BT FEIZ 7 IV —iX. ASIOMIZ. RF b, b= b, KENLH
bNIEXFERNY IV VAV RERE— VIR ADAXTFYV 4 EEH
—, BN DEglin CREBHBEINTRY., EHFRITIE /L TN D, '

RFMET77 IV =%, FONTEENIZ, O EEX—T7 I
Y=tz BLLRREFEHEEZALTWS, 1077 IV —DAEE
Z—ix, BFARS-SKEEILE>T. FOBEEZREBELTEY, 7uiq)—
Bioatd DR E RS, WERBADS-SA—7 EIZBIEL TN, L,
A X —RFAHOS-SHEADEBL . RIGMMASEFET DHAE L ORE
RRBERIX. 77 IV —RBNT—ELTWS,

— Iz, RIS Biif X —i%, b EF—LZERL
EERMEERAEE RN, ZOBRRIL. KRN OUMT THIZE L. PAL.
BLUOPNLOBKH AL L RNK 512, B FAS-SHEAEVHEEEZRFEL T
W3, HB3NNE. RIEEAT I/ BN MBIZD->TH., ERERBIZ
BEOEEIIS-SHEBIL L > THFENTWEINLE LBHAIN TE .

R7 MEA VY EEZ —id ASIO K 5 253 FANS-SHEEZRTCRNH DB
%<, SSEANREFEE L TWABRETYH., BERIAFICIBEEBL T RN &
BHERINTEH—DL L EEE—T77 IV —ThH5D, K7 MBS EEX
—1X. PFROELANHEERIZE > T, ZOBEEZRFELTWS,



& 5 2 G, ASIHIDORIGERAI(Ala-Asp) 28I LT, 2 ORTF K,
N-75 722 NAIBE)LC-T75 7 A MNAUBRE)ZREL., ThbOANE
MRFTSTAY IS, EHHS Y EEX —SHEEINDIZ L2RL
Tzo

HpHT, M7 57 AL POBSEALRBEMAuMEPA > Fa2X—F TS
L. 1A OF it S B#Q O, ZRERREEEZEE L
Joo EZAM, 30 CT755 AV MEAWEA VX aX— b LIEEARE.
BB BIEM Y. RWT0%ICE TLMEHEL B ok, —H. 777 A b
BEWE2 CTTRMA V¥ ax— b LT, AFEESTLICEE LCHE
$ASIZ, EiZ30 CTA v ¥FaxX—h L L s, HEEEIZ 0BG
LRBBIZRITO%IZIET Uiz, Bl EOER2 S, N-. G757 A2 b+ OfERE.
SH5RMBIT. 4 VFa -y aVBEIKE LT, I#ERNICELELTNS
TR Ehz.

Bk, HODFNS-SEAEFOA L EEX —IZoWTid, RIS B
(BB > & EX —DHEEENBENES TH., EHNEERL & bichpH
TA v Far— T3, RAZHBEENEESTDZ EHAALNTND,
ASIDHE. YIS RIS EAR 7F KA (Ala-Asp) DIE K. FREVEE
RLEOBEBRLIZRET, BAZBIBN. N, CT7SF/AV IR D
EHERLS B P X —(BHiM L E L X )~NOBFBEIL. ROBRNSEE LR
WEBTOABZBZ LEERENT. Tt AFETHDTRLNT
MRTH 5.

LR S, RGN TOR SN, G757 A2 M, £,
BEWZERWICHEFEZREBL T, EEE/ e —2HMEEL. £0D
b, BELEAKREZERT DT LEWP L LR oT(Fig. 48).



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

Y r7ur o F—Lix. BEEHEES LTIV ) AEEEMichaelis
complex) 2% L. PUH 4% sh il tetrahedral intermediate) ##& T, 7 &
NERL 2D, ZOR, Y ERERTF FEAD CREMART F RHE4E
B UCHEBET D, DWW, TYNAMBERIZASMIUT, ME&ER R
. BR-ESWI Iz RBEEEER T, BREERM(NARRURT F
BizRb, 7uas4F—ES e EZ—OREEMIZ. BEL2<FACR
RTHRLEETEN, BT VML ETORBTRIESRELL TS LEE
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LLRNZ EhSserpinD & HIZT UNMERIDA Y EEZ —TiRRW. T
BT 7 I Y — OAFECI-2REelin CO SR TS RISEROLIZA >~
B NTHBEZEBRENTRY., RFMEAEEZ—F, HDE D
AP Z—REBIZ. IHTY REEE S FE b EEIZ W5 R
FC, BREORBBREBIELIERBEZL>TWBEDOTRRVWNLEEZLN
2.

BE. 1SEEORE- 1 Ve EX —EHABOXRRERBERITAFLONT
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M. 2 TREDI04BREDOT I /) BTHREIhTWD., £k, HE
BB IZIZ. WO FRIAFEREEBEDbo TV, Zhid, filKL
FAEOHERBRMIZBNTHIHEB SR TNDS, Z0F 2 _IEHFHK
RAEE D25%1X. EMEBIZMNEBET 2HEOT N X=VREMH, i
U OUVRBREMSEAEE LTWS, & RV BEAFRIOBEENRAREE D
fizh. FFMICHEETIAGFLEBET I ) BROMIZE < OKREREEHS
Rehd,

RF MBS B EX—D5 b, KEODOCI-28 X UEglin CO LRGSR T
DRERD B b, FUSEAI O CRMBICFET BT M E=VRE, Arg(T5) L
Arg(77) (Fig. 3N, RIEWMAEADOT I/ BEMEERAL. KB —
TEA VX —EAEEBECMTIRFERIZLTNWDIZ EARIATY
%(66,68), ZOWMT NX=VBEOHFETHHEWIL, K7 MEA L EEX
—BITE BREENTRY, ASHIIDN-7S5 7 A NECTFTAV RO
BERNRZHEZBO—BIX. CTIFT/ AV MNEETSD. TAX=VERE
BREELTWAZ ENRBEND,

AL TR LU, REEN-. CT7F5 7 A2 M HIEHERIASI~ D B %
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BbAEBIC OWTEIZELWFESEDIE, # Vo RIH-2 RV EHE
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SUMMARY

Two molecular forms of protein subtilisin inhibitor were
isolated from Adzuki beans (Vigna angularis) by successive
column chromatography on CM-cellulose, Sephadex G-30,
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-| 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-| 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 wusing 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-Il.

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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