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mo X N/ B R

Yy rusr 7y —FLOoTAR Y EEE

FF R

BEETRATFI Vo 2L VERRER L LTHAT 2 dicBROR
%ﬁ%%béﬁ&ﬂ#%<ﬁ&bnfwéoL#b&ﬁ&%@%gm\%@
B2 G I & Y EERIC D T RS ORRET B bDTh ok, Zhb O
BIXAENR D FRBEOREN. N ETIERORE ZHEDERIZEWT
TV, EHICEHRRBRETHS pDHI2 LW ok®mT A I VEHETOX
VRIBOEBIC OV TORRIBRER Sh TN,
 F I TARRTIET Ah VDR B subtilisin ZAWT, TAL Y
ML RRCEAT A2 2BME LT, ETBEEIIRELAEDTT
WZe 2D, subtilisin D7 NI ) EEEET AV EBE L, TOEHEET
720 T,

%18 subtilisin @7 A & U Wk #E TS L 0 B

— AT subtilisin IZ T A A Y FHEDATEE L PHELS TIRAFT TER
WIF 7 VA Y ¥ Bacillus H3ROD 7 V71 ) subtilisin &, B Bacillus B30
ik subtilisin (2 I NS . APFEZE T Tsuchida, Yamagata HIZ XY
W7 Vvl UMk Bacillus X ¥ subtilisin Sendai (Sendai) & subtilisin ALP I
(ALPI) @ 2 #&® subtilisin ZRWE LT& 7%, LArL—&k#EE L ALP 11X
77 U subtilisin & 5 ¥ subtilisin O 7 /v —7 2% LT 60 % BitkDHH
FE LPREBRNZ &P D, subtilisinid 7 2 BEAPS ST ALY
subtilisin. 1% subtilisin, subtilisin ALPI ® 3 2D SNV —7 iz bhd.
TN H Y subtilisin 137 AH VR BN D A5. H o subtilisin & ALP T i
TARVIZHR L TEZETHD (Fe. 1), APRE TR Sk Sendai 1
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77 U subtilisin {28 E4, pH 12 T 12 BEfAEL TH B2 #ET S
DIZH L. ALP 113 2 4 B IZ RS N ET 5 (Fig. 2)

TNAYEETIZRITS subtilisin OBEEELEZALNCT B DT,
Sendai & ALPI Uz bue—t U TAZRRE Kamata HIZ K> THH
SNz, TAH YRR 2 subtilisin T4 5 subtilisin NAT
(NAT) (Fig. 1) @ 3 #&® subtilisin Z AW T EEZ ED 2. ETEHHROHF K
FRERETRICHRY ., DBEMOEREZMZIDBERD D L1 5,
) 7 us 7T —EORE HAEFITH S diisopropyl fluorophosphate
(DFP) TIE#i L e NG BUEE 55 % %L U7z (DIP-Sendai. DIP-ALP 1.
DIP-NAT), WINDONEBRRIBER DT VI VFHET THRENR P> TZ
ER D, subtilisin TNV A Y ZHETTEECHEILITE »TRIETD Z & %
BT LTz, . ~ .

RIZT AT VIEDEIZT N ) &M TICBE NI ROEEEILDE W
HDEEZ. DTEEOBRBEOEERMLT ZA R _EME (CD) AN
7 NNVDEERT, A TREEEDOEILE WS 5454 T Trp HIED BT 21T
itz CD A2 k% Bl L #&SR DIP-ALP I & DIP-Sendai i3 7 v
TV & TIZEERL Th AT M NVIZEILBHR bN2h -7 (Fig. 3A, 3B).
L% LU DIP-NAT 37 V4 U &ET TRIEFNICAEEE % K- o (Fie.
3C). 4 FW Trp BEDEIZB VT, BHBED WIS FREE BT
57 X/ BRIEDOAF LR, BERELIERORERA~DOBEITIE Trp &
BEORERE~DOBAT 24 0B EE k% &7, DIP-Sendai {2 B\ TILiREF
72 HHBE OB LR OB REXERORBERA~DORBRITIIBEI R 2o
7z (Fig. 4B), DIP-ALP 1} pH 12.0 izl T Z & TH&E PO T H LR E R D
L. Bk BOE R ORI E R~ OB b 8% SNk (Fig. 4A), DIP-NAT
ZBWTIRENBEORMIA LN, BEREEERORERMA~DOBIT
ZEES N2 72 (Fig. 4C), |

Wiz ALP I RO NAT Qs i b7 A7 U S~ OB FTIC 5 ik
BALRF BRI TH DN E S 2R L, ZORER. ALPI1IX CD A7
hV DAL (Fig. 5A) RO W Trp 8k DZE L (Fig. 6A) > b vl ik 23k
BINTc, FRTNT YN I L 72 DIP-ALP I OJEMER ALP I
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Lk BEBDBEINRP o Z P (Fg. TA) T AR VERE ZIT 51
DECHEHAZZTRVEEILR I EBRENTC. —F. NAT DT Vi
UEZ X2 EEEITIZTEERRN T & B RFHBTIC LV ERSH
7z (Fig. 5B, 6B). #iz CD A7 MV &V NAT 1358 &5 $Ei8 T 2 5%
BFRABZRN, REEE T VX AREL LTI Z L BRBRENE. £
eiE B NAT Tk Za@J%ﬁﬁi‘EE%? SNz &6 (Fig. 7B), NAT X7 7%
D EWH pH 2 HHEICR T L NAT LI BRIV X ABERFE DX
VRIBELTHEELTNAZ EARR I,
AETHLNHEREID. BLTO X 5 72 subtilisin OEE LORHEH S
2T L7z (Fig. 8).

1) Sendai IZT7 VBV EETRRBNTHERBERV OFETBENEILL
A AN '

2) ALPIR7T AR VFET TORBRICELS FREOEEEZE LTS A,
TR ERZEREEE CTRRERY. Lo THFREERICB T EE
ALz S B 2L E 20 28040 (BHI8) OB WS ALP L iziB 1) 5 B2 1L
DEEBREL 25,

3) NAT O F#EERT7TVHVEET T FREEE,. =REE. ZREE
DIEIEHEL. BEHILLIZBEERILORWEBETREE T3,

BoE subtilisin ALP I OB B L AL D B E

FIEOERNL S, ALPI WBEFT VAV ¥ Bacillus DEETZ ) V7
BFT—ETHBOILSEbLT. TADY KT CESPICKETS 7R
T A1Z. 1) A FRERHOEBELIL. 2) (1) OELick v BENLE 2T
BIALR Y FREICEHTAZ LI E>TRIDNE D 2AT Y FITHT
TEZBILNTED, ZITHELETRELZENART 7u—F L LT, (2)
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DAFTY TEMEBIEITED ALP I OT AR Y I DELE 2 5T
L7z, \

T ARV EET TOHET LK OREIC B > CTORBESAIX ALPI 0
HEHEERIENEREIZELS . BECHEHIBFOBRRAONBRNI L Th ok
(Fig. 9A), ZZ THRARIKBETHDHELRIL 21772\, 5C T vh Vi
HBTEY FECHEIB R NERET5 Z &nahrof (Fig. 9B). IRIZZDH
AN A o RER AR A4, 26.7 kDa & 25.6 kDa Wi OBAEIZRIh L 2
(Fig. 10). WlF A N KT X ) BESI 2 @ LickER, Y55 b Gin'®
L Gly” O TH ShTiz (Table1). £ F B2 5 25.6 kDa OW
X CEREEZRATHRNEE XN, S HIT267kDa £V b RKREREH
WENZ EP B, ALPI O7 A H V&ET TOHDHEILIX GIn® & Gly” @
BT P HIBEBZE NS ZEARBEN. ALPI LEWHERM2H O M-
protease % iz LIc LR BIEET V> b, YIBTERALAS ALP I D4y FR T
TFET S N KD a-helix iz < loop & LIZH BT 2L L
(Fig. 11)s

WIZOIWT ekt L TEHRMFFENEREZEA L. 1 YAV YV B i itd
LEERRMENS (Fig. 12). P, fiIicH7ed GIn*® 2 Glu, Gly, Ser. Ala
B L7z (Fig. 13). A EMIZT B. subtilis KN2 #Z2B XL L TEHINT -
RIS &7 (Fig. 14). B LB IV 2TOERKER 2 ERKDNICH —
BRAVERRLNDE THERBL (Fe. 15). SBEEICHT B HIEE2HE
L7z (Table 2), '

ETOEEMEKZIT NI WEEZMESNTIXNRD o788 (Fig. 16). &
EERAEOEHCHILNT R 2B& L (Fig. 17). NRXKHT I BREFIZHER Lk
LZAH WTNOEEREOHCHILE A S ALPI O N K7 I / BREZS &
—% ¥ 5E5 2H L TWk(Table3),

DEOHKRLEELIELIY., ALPIOTA I ) ZBETIRRBIT S N RKHERG
CRMEIE AL FEE OBEE LR EEMILOBERTH S Lk,
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BI3E N Rk O C REBEBE TN Y REREDHE

FBo2ETEESNCACHEIEORA =X AN FEECHTIID TR B L,
FREICEET S NEKUE C KD a-helix BIDOHEE VR DOF &3,
subtilisin 4 FORE#EEOFBEZFIBL TVWB L EX bhik,

Z Z T Sendai & ALPI O RmBEHEZANBR I X ASBHREZREL.
K DT NI VEMEEHER L. Ah# x5 HiIT Sendai & ALP I O3k
& T 7 )V (Fig. 19, 20) BEBIC AN, Fig 21 ORICE 2 5 BIE T4 5
Lice T RTOF 25 EEIX B. subtilis KN2 %25 £ & UTEENCE
X (Fig. 22). ##& &P X % Lk (Fig. 23, Table 4),

N Kt 218 & # % /2 % 2 S®B3% (Sendai-NAlp, ALP I-NSen) iz DOWT 7
Ah UM% B Uie (Fig. 24). Sendai-NAlp ¥ wt Sendai & JXRA& Y 7
Vi ViM% Ko T iz(Fig. 24)s ALP I-NSen iZ wt ALP1 (I3 &R V7
NI Y TSNS S T (Fig. 24). L EDORERM® &, BlH Asn'-Arg”
D N REHEHIEDS Sendai OFEOT NI VIEICEBERBR THHZ LBHS
PERY T OEIBOBANRERBEE VT EADT NV Y Witk o 5iz H5)
THDHZ LHBRB SN, | |

Sendai @ C K 2 FRIHAZALP I It BEH X /o X SBEFE (SSA. SAA,
SAS) Iz DWTT A Vit % #ER L7z (Fig. 25). SSA. SAA iZwt Sendai
LRV T AR MESKDILTWZAS, SAS I wt Sendai LIZIEFRIZD
TH Vi EE LTWiz (Fig. 25). Bl Val®2-Arg?® @ C K 4Ei% 23
Sendai DFOT A U M ICEERFEH TH 5 EARR SN T2,
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EE

KIEIRT v VDR B subtilisin ZFFEME & L. 20T 4B Y
THHEEE LA LPIZLES ELEbDTHS, DHFNFHEEZHNT,
subtilisin D7 NV H U THEBEOET NV EBE L. TOFE. FU 78
BFRTNAVHIVMEERZAESE LTS 0L, BEEZEDET VIV ELEE
ZRNAFREBBOEETH D Z L ARRI LT,

iz ALP T OB CIEALERAI A Y5 U, BEIWi s A BN ER 2B A
Lz, LA LBECHEEEMI bR ok, ZORKFELT, HEALLER
A ALPI OREEEORETHL 0+ REOBEOT B 2HIRT 5 OTI
PO ZENREF LN, FREBEHOREK - fHEE2NZ 5T ERXT N
BV DN BiC B TH D LRSS,

WIZ ALP 1 O E CEALOFIE OUliE N Kl & C RS TR Z 5
PS5z L. ERWMEEEER TS a-helix REWZHBELTWAZ ik
HL. a-helix BOMEVER OF M, subtilisin 4> F 0 &K ik O Bk
EHIBLTHND EIRE L, £EZTHAMETIET AL VHEOL ERD
Sendai & ALPI O THEARMEBOF A SBEZAEH LT ALY LD
FAEEZB 5272 L. EF)V £ T Sendai & ALPI @ N K R U C K a -
helix % &te /3 FREHEE DL %E 1772 o7 (Fig. 26). BE#7 % a -helix [
DN EBGE LR T 2 &, Sendal DA EAKY a -helix OBEESHE 2F KT
DEHKETI /BB NBEERTZERTEIT I/ BOEWNWTLY ALPI
ICHARTEE LTS, BAET I/ BIZOWTIEZAE TEIZRVA,
bulky 727 X/ BH5 ALPI Ti3% <H# 75, Bl'H Sendai TIE FRED
VR RNy X TRAREERY. FORRE LU TKBIEYA 42 D4
FREB~DRBZIFT TNDEEZDND. ERBERTEERT ST X/
CERiE. Sendai XV b ALPT DL MEAMET IV BHBEBEEL. BHE LD
B 2FF L TRV, ALP I O FREEELRKIGEICE LeDId, B LOF
BRI LD D THDEWVE D,

AWZEOMEmME LT, FURIESTIREBELOT VI VIEENETS
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Resistance Model of Subtilisin ALP I, a Novel Alkaline Subtilisin. (Submitted
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A (PH)7.0 100110 2 .4 .6 .8 120 A s 4 6 8 10(min)
AT ALP 1 [ st ATALP| | e |
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5 D 20 20 >
o o 2
(] L 0 @
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PH 0 120 240 360 480 600 720
Fig. 1 Effect of pH on Stability of Subtilisins, ‘Time (min)
ALP I, Sendai and NAT at 30°C for 10 min Fig. 2 Stability of Subtilisins, ALP I, Sendai and
Gels were run under reducing conditions and stained with Coomassie brilliant NAT at 30°C pH 12.0
y .

blue R-250. Subtilisins were incubated at pH 7.0, 10.0, 11.0, 11.2, 11.4, 11.6,
11.8, and 12.0 at 30 °C for 10 min and subsequently subjected to SDS-PAGE
(A): Al, subtilisin ALP I; A2, subtilisin Sendai; A3, subtilisin NAT. The pH
dependence of the relative activity and the relative protein quantity is indicated
in B. The values shown are relative, compared with those at pH 7.0. Circles,
squares, and triangles represent data for ALP [, Sendai, and NAT, respectively.
The solid lines and black-filled symbols indicate the relative activity at pH 10.0
with Suc-Ala-Ala-Pro-Phe-MCA, conducted at 30 °C. The dashed lines and open
symbols indicate the relative protein quantity, analyzed with NIH-Image 1.62
soft.

A; DIP-ALP |

B; DIP-Sendai

Gels were run under reducing conditions and stained with Coomassie brilliant
blue R-250. Subtilisins were incubated at pH 12.0 at 30 °C for ALP I; 2,4, 6, 8
and 10 min, Sendai; 2, 4, 6, 8, 10, 20, 30, 60, 90, 120, 180 and 360 min, NAT;
10, 20, 30, 40, 50, 60, 90 and 120 min and subsequently subjected to SDS-PAGE
(A): Al, subtilisin ALP I; A2, subtilisin Sendai; A3, subtilisin NAT. The time
dependence of the relative activity and the relative protein quantity is indicated
in B. The values were relatively shown as compared with them at initial time.
Circles, squares, and triangles represent data for ALP I, Sendai, and NAT,
respectively. The solid lines and black-filled symbols indicate the relative activi-
ty at pH 10.0 with Suc-Ala-Ala-Pro-Phe-MCA, conducted at 30 °C. The dashed
lines and open symbols indicate the relative protein quantity, analyzed with NIH-
Image 1.62 soft.

C; DIP-NAT

—h

o

1
-

[9] x 108 (deg cm2 dmol-1)

2
1 1 1 L 1 i 1 L 1 1 [ L
200 220 240 260 280 300/200 220 240 260 280 300/200 220 240 260 280 300
Wavelength (nm)

Fig. 3 CD Spectra of DIP-subtilisins: DIP-ALP I, DIP-Sendai,
and DIP-NAT at pH 7.0 and 12.0

The protein concentrations were kept at 7.5 uM for all experiments. The cell path length was 1 mm.
The DIP-subtilisins were incubated at pH 7.0 and 12.0 at 30 °C for 10 min (DIP-NAT was incubated
for 60 min) and subsequently subjected to CD measurements. Panel A, DIP-ALP I; panel B, DIP-
Segdag;opanel C, DIP-NAT at both pHs, respectively. Dashed and solid lines represent data at pH 7.0
and 12.0.

— 409 —



Fluorescence intensity

A; DIP-ALP |

B; DIP-Sendai

C; DIP-NAT

1;pH7.0

. 2; pH 12.0 0 min

“ {3
3-7; 2-10.min

1;pH7.0

; pH 12.0, 0 min

3; 10

-

2\
"
D

4-7; 20-120 min'

min

Eig.. LTI
5-7; 6-10 min

1 . 1. L ] ]

320 340 360 380 400/300 320 340 360 380 400/300 320 340 360 380 400

Emission wavelength (nm)

Fig. 4 Fluorescence Emission Spectra of Tryptophans in DIP-subtilisins:
: DIP-ALP I, DIP-Sendai, and DIP-NAT at pH 7.0 and 12.0

All experiments were performed with a protein concentration of 0.05 mg/ml. Excitation wavelength was 283 nm. Fluorescence emission wave-
length was scanned between 300 and 400 nm,; cell path length was 10 mm. DIP-subtilisin was incubated at pH 12.0 at 30 °C and subsequently
subjected to fluorescence measurements: panel A, DIP-ALP [; panel B, DIP-Sendai; panel C, DIP-NAT at the pHs indicated. Curves 2—7 in.
panel A represent the fluorescence emission spectra of the protein incubated for 0, 2, 4, 6, 8, and 10 min, curves 2-7 in panel B show the emis-
sion spectra of the protein incubated for 0, 10, 20, 30, 60, and 120 min, and curves 2—7 in panel C are the emission spectra of the protein incu-

bated for 0, 2, 4, 6, 8, and 10 min. Curve 1 represents the fluorescence spectra of proteins incubated at pH 7.0.

DIP-ALP I and DIP-NAT concentrations were kept at 7.5 uM for all experiments. The cell path length was 1 mm. Curves 1, 2,
and 3 represent the spectra of native (pH 7.0), alkaline-denatured (pH 12.0), and alkaline-neutralized DIP-ALP I and DIP-NAT

Fluorescence intensity

A; DIP-ALP 1

B; DIP-NAT

[61x 106 (deg cm2 dmol-1)

280 300/200 220

240 260 280 300

Wavelength (nm)

Fig. 5 leferences in the CD Spectra of Native, Alkaline-denatured,
and Alkaline-neutralized DIP-ALP I and DIP-NAT

A; DIP-ALP B; DIP-NAT
10 40
3; pH 12.0-7.0
/ 1;pH7.0

8 2
» 30 |
=
[3]
)

6 =
8
2 20 /3, pH 12.0-7.0

4 3 RN
] / v“---‘~ S
e P < N

i S0} / " 2pH120 .
-, r'd \\
2 »/ S E: B ~ l"' ~~‘~~.
"’, b ”, )
et |~
0 i A1 1 1 0 | 1 L —l
300 320 340 360 380 400 300 320 340 360 380 400

Emission wavelength (nm)

Emission wavelength (nm)

Fig. 6 Differences in the Fluorescence Emission Spectra of Tryptophans in

Native, Alkaline-denatured, and Alkaline-neutralized DIP-ALP I and DIP-NAT

All experiments were performed with a protein concentration of 0.05 mg/ml. Excitation wavelength was 283 nm; emission
wavelength was 300400 nm. The cell path length was 10 mm. Curves 1, 2, and 3 represent the spectra of native (pH 7.0),

alkaline-denatured (pH 12.0), and alkaline-neutralized DIP-ALP [ and DIP-NAT.
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degradation time (min) dﬁg‘f?:‘tii‘“’)"

01 2 3 4 5 6 7 8 9 10 0 10 20 30 60

St

- -
A;DIP-ALP1 ' B;DIP-NAT

Fig. 7 Degradation of Alkaline-neutralized DIP-ALP I and DIP-NAT

with active subtilisin
Gels were run under reducing conditions and stained with Coomassie brilliant blue R-250. Both alkaline-
neutralized DIP-subtilisins, DIP-ALP I and DIP-NAT, were incubated at pH 7.0 and 30 °C several times with
active subtilisin ALP I and active subtilisin NAT, respectively, and subsequently analyzed by SDS~PAGE.
Enzyme/substrate ratio (alkaline-neutralized DIP-subtilisin) was 1/ 1000. :

subtilisin Sendai subtilisin ALP | subtilisin NAT

| secondary structure

v

A

Fig.8 Model of the Alkaline-stability Mechanism of Subtilisins

Black and white shell forms depict the more hydrophobic and hydrophilic surface regions, respectively. Pillars depict the
formation of secondary structure. Subtilisin Sendai has molecular structural stability in the pH region 7.0-12.0, shown by
two vertical bars in this model. This stability is due to the presence of the more hydrophobic surface region. Subtilisin
ALP I has an alkaline-stable molecular core, similar to subtilisin Sendai, and a flexible surface region. Its surface region
shows a reversible reaction between neutral pH and alkaline pH, shown by paired arrows in this model. The direct cause
of inactivation is exposure of the fragile region in the presence of active subtilisin ALP I due to partial unfolding, which
is limited to the molecular surface. Subtilisin NAT does not have enzymatic stability and structural stability in an alkaline
environment. Its conformational change with alkaline treatment is an irreversible reaction, shown by the one-way down-
stream arrow in this model. In an alkaline environment, the unfolding process of subtilisin NAT is due to the disintegra-
tion at successive surface regions, involving both tertiary and secondary structures, which occurs parallel to the autolysis.
In addition, the unfolded subtilisin NAT does not regain the native subtilisin NAT conformation. -
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A; 30°C B; 5°C

Incubation time (min) Incubation time (min)

MO 2 4 6 8 10

M0 2 4 6 8 10
42,7 - g%:7 NtALP |
365 = 26 .
e L Prueaggseoanen
20.1— = :
14.3— s
o

Fig. 9 Autodigestion of Purified ALP I under Alkaline Condition
Gels were run under reducing conditions and stained with Coomassie brilliant blue R-250. Purified ALP [
(0.1 mg/ml) were incubated in 100 mM borate-phosphate broad range buffer, pH 12.0 at 30 °C (Fig. 9A)
and 5°C (Fig. 9B) for 0, 2, 4, 6, 8, and 10 min and subsequently subjected to SDS-PAGE. The positions
of the molecular-mass markers (M) (New England Biolabs, Inc.) ranged from 14,313 to 42,710 Da.

undigested protein
(nt ALP | ; 28.8 kDa)

i peptide 1 (26.7 kDa)

peptide 2 (25.6 kDa)

Fig. 10 SDS-PAGE Analyses of the Autodlgestlon Products
from Alkaline-treated ALP I

Gel were run under reducing condition and detected by silver-staining. The fragment mixture was applied to preparative SDS-PAGE
column (15 % polyacrylamide gel, ¢ 9 mm), eluted with constant current (5§ mA) and been fractionated for each 3 min. The character-
ization of each fraction was carried by SDS-PAGE in a 15.0 % polyacrylamide slab gel, detected with silver staining. Peptide 1 and

peptide 2 in the lower gel represent 26.7 kDa peptide and 25.6 kDa peptide, respectively.

Table1 ~N-terminal amino acid sequences of the autodigestion
products of purified ALP I formed upon incubation at 5°C,

pH 12.0 for 10 min
The fragment mixture was applied to preparative SDS-PAGE column (15 % polyacrylamide gel, ¢ 9 mm), eluted with con-
stant current (5 mA) and been fractionated for each 3 min. The characterization of each fraction was carried by SDS-PAGE
in a 15.0 % polyacrylamide slab gel, detected with silver staining. Peptide samples were subjected to SDS-PAGE and trans-
ferred to polyvinylidine difluoride (PVDF) membrane. Coomassie Brilliant Blue R-250 stained band was cut from the mem-
brane and sujected to N-terminal sequence determination on an Applied Biosystems 473A protein sequencer with a 610A

data analysis system.

Peptide N-terminus

10 20

nt ALP| :
(Mature sequence) QTVPWGIPYIYSDVVH RQGYFGNGVKVA---

Peptide 1 (26.7 kDa) GYFGNGVKVA---
Peptide 2 (25.6 kDa) GYFGNGVKVA---
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Initial fission site|

r__ (GIn18-Gly19)

C-terminal - .
. ;rmgmn"s -GIn272) ' ) \
) (fO( 7
At

loop (Gln1 8-Val25)

catalytic triad -§
(Aspd, HisB1, ser?18

Fig. 11  Putative 3D Structure Model of ALP 1

A three-dimentional ribbon model of ALP I was built exploiting the sequence homology with M-protease, 62.9 % identity
with ALP I as described previousl 6y Model building were done using the rogram Swiss-Pdb Viewer.Wide ribbons indicate
a-helix at N-terminal (green; Gly©-Argl7) and C-terminal (yellow; Glu268-GIn272), respectively. The side chains shown
in bold line indicate GIn!8 and Gly19, the initial autodigestion target site, at loo F structure (Gln!18-Val25) as shown in red
ribbon. Space filled residues indicate the catalytic triad (Asp31 His6} and Ser218) of ALP L.

1 10 20 30
FVNQHLC*GSHLVEALYLVC*GERGFFYTPKA

4 + 4 }

Fig. 12  Specificities of Subtilisin ALP I toward Oxidized Insulin B-chain

Amino acids are indicated by single letters . C* indicates cysteine sulfonic acid .

P Ps P2 P1 P'1 P'z
Val His Arg GIn18 gGiy Tyr

A

initial §cissile bond
GIn ; Polar, 143.9 A3

Glu ; Acidic, 138.4 A3 Ala ; Hydrophobic, 88.6 A3
Gly ; Polar, 60.1 A3

Ser ; polar, 89.0 A3
Fig. 13 Selection of Replacing Amino Acid Residues toward P1-position of ALP I, Gln18

Approach to stabilize ALP I towards autolutic degradation is changing the amino acid sequence near the initial cleavage site of Ginl8.

Gly19, Taking into account the affinity of substrate of ALP I, the mutageniged residues were choiced. About specificities of ALP I
toward oxidized Insulin B-chain, ALP I preferentially cleave at the C-terminal side of large or hydrophobic residues (P{ residue), such

as leucine, tyrosine and glutamine. In view of the size and hydrophobicity of amino acid residue, we chmced Glu (negative charged),
Gly and Ser (smaller size) and Ala (hydrophobic and smaller size) as mutageniged residues for Glnl38 (P residue).
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control wt ALP | Q18E Q118G Q18s Q18A

Fig. 14  Assay of Mutant Subtilisin ALP Is by the Halo Formation
Inoculated extract Ehlnch plate, containing 1 % skimmilk and grew at 37°C for 48 hr.

control ;B subttlzs carrying pUBC 119-BEX

wt ALP I ; B. subtilis* carrying pNALP3-BacR

QI8E"  ;B. subtilis* carrymg pNALP3-BacR-Q18E

QI8G * ;B. subsilis* carrymg pNALP3-BacR-Q18G

Q18S B, subtzlzs carrying pNALP3-BacR-Q18S

Q18A : B. subtilis* carrying pNALP3-BacR-Q18A
; strain lacks extracellular protease activities
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Fig.15 SDS-PAGE Analysis of Purified Mutant ALP Is

Gel was run under reducing condition and stained with Coomassie brilliant blue R-250. Stack-
ing gels were 3 % polyacrylamide and separating gels were 15 %. Purified enzyme proteins
were precipitated by adding equal amounts of 100 % TCA, then the mixture was left on ice
for 2 hr. The mixture was centrifuged 18,500 g at 4°C for 20 min, and the precipitates were
dissolved with SDS-sampling buffer (0.12 M Tris-HCI buffer, pH 8.8 containing 5 % SDS, 5
% 2-mercaptoethanol, 10.% glycerol and 0.05 % BPB) and boiled for 5 min. Samples were
subjected to SDS-PAGE. The positions of the molecular-mass markers (M) ranged from 20. 1
* to 66.4 kDa.

Table 2 Specific Activities of Purified Mutant Subtilisin ALP Is

Substrate

Milk casein Suc-AAPF-MCA Suc-LLVY-MCA
(x10-3 katal/kg) (x10-3 katal/kg) (x10-3 katal/kg)

ntALP1 250 10.1 5.8

wt ALP | 227 1214 5.3
Q18E 188 12.0 | 6.7
Q18G 213 10.6 4.2
Q18S 225 10.7 4.7
Q18A 239 14.1 6.6

Suc-AAPF-MCA, Suc-Ala-Ala-Pro-Phe-MCA
Suc-LLVY-MCA, Suc-Leu-Leu-Val-Tyr-MCA
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Fig. 16  Autodigestion and Stability of mutant ALP Is, Q18E, G, S and A,
under alkaline condition

Gels were run under reducing conditions and stained with Coomassie brilliant blue R-250: Subtilisins were incubated at pH 12.0 at

30 °C for 2, 4, 6, 8 and 10 min and subsequently subjected to SDS-PAGE (A). The time dependence of the relative activity and the

relative protein quantity is indicated in B. The values were relatively shown as compared with them at initial time. The solid lines

indicate the relative activity at pH 10.0 with Suc-Ala-Ala-Pro-Phe-MCA, conducted at 30 ?C. The dashed lines indicate the relative
protein quantity, analyzed with NIH-Image 1.62 soft. -

Table3 N-terminal Amino Acid Sequences
of the Autodigestion Products from alkaline-
treated Mutant ALP Is, Q18E, G, S and A

Peptide sample was subjected to SDS-PAGE and transferred to polyvi-
nylidine difluoride (PVDF) membrane. Coomassie Brilliant Blue R-
250 stained band was cut from the membrane and sujected to N-

L L USRS terminal sequence determination on an Applied Biosystems 473A pro-
Q18E [ e S A P S o a0 N% s i (<QU ) tein sequencer with a 610A data analysis system.

nt ALP1!

wtALP " e 0

s untreated
Q18G Ii 1 10 20
. ntALPI QTVPWGIPYIYSDVVHRQGYF---
Qiss| ~ alkaline-treated
ntALPI GYF---
e e s U ‘ wt ALP GYF---
Q1A | = Mg op IS ’ QI18E QTVPW---
U; undigested protein Q18G QTVPW---
Q18 QTVPW---
Fig. 17 SDS-PAGE Analyses of the Autodigestion Q18A QTVPW--- GYF---

Products from alkaline-treated
Mutant ALP Is, Q18E, G, S and A

Gel were run under reducing condition and detected by silver-staining. The frag-
ment mixture was applied to preparative SDS-PAGE column (15 % polyacryla-
mide gel, ¢ 9 mm), eluted with constant current (5 mA) and been fractionated for
each 3 min. The characterization of each fraction was carried by SDS-PAGE in a
15.0 % polyacrylamide slab gel, detected with silver staining. Bands, which were
subjected to N-terminal sequence analysis are indicated as triangles shown in gel,
respectively.
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Fig. 18  Model of the Autodigestion Mechanism of ALP I

Pillars depict the formation of a-helix strucrure at N-terminal (Glgé-Arg”) and C-terminal (Glu268-GIn272),
Balls indicate fission site at N-terminal (between Ginl8 and Gly!9) and C-terminal (predicted), respectively. Stripe
region indicate the expected prerequisite fission positions for autolysis. Wild type ALP I has a flexible surface
region and initial fission sites near the N-terminal and C-terminal. In ALP I, the early autoproteolysis at N-terminal
and C-terminal before unfolding processes are not complete, followed by the exposure of a prerequisite fission
positions toward active enzyme that leads to autolysis. Mutant ALP Is (QI8E, G, S and A) have a flexible surface
region but lack the N-terminal fission site. In these mutants, a prerequisite fission positions for autolysis are
exposed by the conformational change of surface region containing N-terminal and the lack of C-terminal region.

Sendai ALP |

C-terminai { ";'\;

Ginl-Lys26 &c-terminal

T

N-terminal

Asn (Ala)1-Arg27 §&

N-terminal"\

catalytic triad %{: \ 6 catalytic triad

(Asp32, Hisb2, ser2 15y A=  (Asp31, Hisb1, Ser218)

Fig.19  Putative 3D Structure Model of Sendai and ALP I
These models of Sendai and ALP I were based on Savinase™ and M-protease, respectively. Red rib-
bons indicate the exchanged region between Sendai (Asn! displaced by Ala—Arg2 yand ALP I (Ginl-
Lys<Y) containing o-helix structure. Green ribbons indicate the C-terminal region containing a-helix
structure. Space filled residues indicate the catalytic triad.

Sendai ALP 1

C-terminal

X C-tegypinal

¢ 3

Vai265.Gin272

L9 03

AT
Gly255.1_ gy264
Wy
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Fig.20  Putative 3D Structure Model of Sendai and ALP I
These models of Sendai and ALP | were based on Savinase™ and M-protease, respectively.
Wide ribbons indicate the exchanged region between Sendai (yellow, Gly252.Ley261 red;
Va1262-Arg269containing o-helix structure) and ALP I (yellow; Gly255—Leu264, red;
Va1265—Gln272containing o-helix structure). Green ribbons indicate the N-terminal region
containing a-helix structure. Space filled residues indicate the catalytic triad.

iz
catalytic triad N b

.
catalytic triad
(Asp32, Hisb2, Ser215)

(Asp31, His61, Ser218)
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Fig.21  Structure of Chimeric Subtilisins

Striped boxes indicate the sequence derived from Sendai, black boxes indicate the sequence derived from ALP L Dotted
lines denote the location of the corresponding site, Asnl-Gin2, Leu3L-Asp32, Len251-Gly252 and LeuZ61-Vai262 in
Sendai, Ala~1-GIn!, Leu30-Asp31, Leu254-Gly255 and Leu264-Val265in ALPL Fsp I, Xba I, Bln I and Spe I are indi-
cated the restriction sites used in construction of chimeric genes between Sendai cDNA (aprS) and ALP 1 cDNA (aprQ).

wt Sendai

control

wtALPI

Sendai-NAlp

ALP I-NSen

SSA SAA SAS

Assay of Chimeric Subtilisins by the Halo Formation

Fig. 22

AAS ASA

ASS

Inoculated extract Ehlrich plate, containing | % skimmilk and grew at 37°C for 48 hr.

controt ; B. subrilis” carrying pUBC 119-BEX

wt Sendai  B. subtilis* carrying pSEN-BacR

wt ALP [ 3 B. subtilis™ currying pNALP3-BacR )

Sendai-NAlp ; B. .rubtiIi:: carrying pSEN-SX-BacR-NAlp ALPI-NSen ;B. subtilis™ carrying pNALP3-BacR-NSen

SSA 3 B. .mbrilis* carrying pSEN-SXR-BacR-SSA  AAS } B. subtilis™ carrying pNALP3-BacR-AAS

SAA ;B subtilix* carrying pSEN-SXR-BacR-SAA  ASS ; B. subrilis™ carrying pPNALP3-BacR-ASS

SAS 3 B. subtilis™ carrying pSEN-SXR-BacR-SAS ASA 2 sulzlili.r* carrying pNALP3-BacR-ASA

*; strain lacks extracellular protease activities .

85’\ 8’,\ - ~Table4 Specific Activities of Purified Chimeric Subtilisins
& geo % for Milk Casein and MCA-substrates
Sl :
y Substrate
(kDa) :; Milk casein Suc-Leu-Leu-Val-Tyr-MCA Suc-Ala-Ala-Pro-Phe-MCA
(x10°3 katal/kg) {x10"3 katal/kg) {x10"3 katalkg)
66.4 —
55.6 — = wt Sendai 365 160 243
427 — e WtALP | 227 53 12.1
65— W ALP I-NSen 224 56 16
266 SSA 367 220 31.1
SAA 376 165 - 26.0

201 B 8AS 579 276 493
14.3 —f

-

SDS-PAGE Analysis of Purified

Chimeric Subtilisin Sendais

Gel was run under reducing condition and stained with Coomassie brilliant
blue R-250. Stacking gels were 3 % polyacrylamide and separating gels
were 15 %. Purified enzyme proteins were precipitated by adding equal
amounts of 100 % TCA, then the mixture was left on ice for 2 hr. The mix-
ture was centrifuged 18,500 g at 4°C for 20 min, and the precipitates were
dissolved with SDS-sampling buffer (0.12 M Tris-HCI buffer, pH 8.8 con-

Fig. 23

taining 5 % SDS, 5 % 2-mercaptoethanol, 10 % glycerol and 0.05 % BPB)

and boiled for 5 min. Samples were subjected to SDS-PAGE. The positions
of the molecular-mass markers (M) ranged from 14.3 to 66.4 kDa.
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Fig.24  Stability of Chimeric Subtilisins,

Sendai-NAlp and ALP I-NSen
at 30°C, pH 12.0

Gels were run under reducing conditions and stained with Coomassie brilliant
blue R-250. Subtilisins were incubated at pH 12.0 at 30 °C for 2, 4, 6, 8 and 10
min and subsequently subjected to SDS-PAGE (A): A1, wt Sendai; A2, wt ALP I;
A3, ALP I-NSen. The time dependence of the relative activity and the relative
protein quantity is indicated in B. The values were relatively shown as compared
with them at initial time. Circles, squares, triangles and reverse triangles represent
data for wt Sendai, wt ALP I, Sendai-NAlp and ALP I-NSen, respectively. The
solid lines and black-filled symbols indicate the relative activity at pH 10.0 with
Suc-Ala-Ala-Pro-Phe-MCA, conducted at 30 °C. The dashed lines and open sym-
bols indicate the relative protein quantity, analyzed with NIH-Image 1.62 soft.
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Fig.25  Stability of Chimeric Subtilisin Sendais,

SSA, SAA and SAS at 30°C, pH 12.0
Gels were run under reducing conditions and stained with Coomassie brilliant
biue R-250. Subtilisins were incubated at pH 12.0 at 30 °C for 10, 20, 30, 60, 90,
120, 180, 240 and 360 min and subsequently subjected to SDS-PAGE (A): Al,
SSS (wt Sendai); A2, SSA; A3, SAA; A4, SAS. The time dependence of the rela-
tive activity and the relative protein quantity is indicated in B. The values were
relatively shown as compared with them at initial time. Circles, squares, triangles
and reverse triangles represent data for SSS, SSA, SAA and SAS, respectively.
The solid lines and black-filled symbols indicate the relative activity at pH 10.0
with Suc-Ala-Ala-Pro-Phe-MCA, conducted at 30 °C. The dashed lines and open
symbols indicate the relative protein quantity, analyzed with NIH-Image 1.62 soft.

5 Gly255-Leu?64 ) front view

under view

Partial 3D Structure Model of Sendai and ALP I
in the Vicinity of N-terminal and C-terminal
These partial structure models of Sendai and ALP I were built exploiting the sequence homology with Savinase™

and M-protease, respectively. Model building were done using the program Swiss-Pdb Viewer. Upper models
and lower models indicate the front view and under view of the exchanged regions in this study.
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i L HEEMAEE

WHEE (Bacillus subtilis) HRO2Y 7057 —¥ (A7FY v v) &, kFgRe LTHRS
TOAKFELN TV L EHRBERONFEE L VR L, RAIBERATT ) VRS T2 5/ 2t
Hix, 700 BLOREEERNIOHT2WETH L. BEETIL, ATTF) ¥ Y ORELICET HHf
Feld, FL LTYHBZEBICLY, BERY N 7EOGTFHEETBEENICHEBETAINTH 7, &
D) RHGEIE, U OGTFHREDKERE L DO BEREZEAZ L2 ERETADTIILRL, &
ETHEBRNBIGAME TH o0 612, BTN EHTOBESY ¥ 37 BOEBIOWT O
FRIIMETTIILAEBI Z2bhTwin,

AEFzEE, TUATEE LD AT F ) ¥ (subtilisin Sendai) & 7 VA I LTI RS 2
WATFY > (subtilisin ALPT) ZAf#E LCEIRL, MBEBOT VA KT L EBEH0ECE, 55
KENLFETHES V3V BEOVFEEORILE LTE b2 52, FEETFLENFET, 5
NI BO—REEOES S, TNH)HEORELHL,ICTAEILREHE L,

T, SRFHFELRH LY U7 OLEEED K EE, ZREEORTLS, BRSTDOT
V) THEOR G, BEEEEOLT VA ERZZT WS FREEROFEICERT L %
B 5z Lz,

K502, ¥ YNy THEMHFERRGT, TVh YL RELVATF Y ¥ VALP I 0 A C Kb
ZHLNIILTO BT, BRHILDFI24&L 28RS » /37 O@HOWRTIE, NERIRER L CKiE
FERTEILZ L, TLMERERET S o« v 7 ABOHEERAOERED, A T7F) Y v 5F0Fk
EHEEDTHEZEHIELTVE I E2HL I L,

Kic, 2751 Sendail A7F 1) ¥ YALPT 0% A SBELIEY), BMERBEDT LA Ik
TAHBEOMAT S, Bk L7z, NERSEIRE CRWEBICHEET 5 o) v 7 AHONBRHEIE
BT, TR b 27010E, Ma-~NY vy ZAPFERELTWEZE, Lid, a2 27 AD
SO AT BHAIET 3 BMOMBAVNE , DYy N RTENTRTH S 2 EFBITE NS,
—%, TVHVIEERER, A7F) Y VALPL I, BEREZERT L7 3 /85, BkEDD
DHFEBINS O EROBEE BT PTVE EARENL

KIFRDFER, ¥y NI DFIEELOT VAV EEZFETH2ERE LT, 1) 80/ & LBk
W7 X/ BEILOMEERIZE o TEMPKE I N5 FRAVEETHZ L, (2) FAEMEL, &
B THHELRET 2BRRELFEETL L, OZo8HIFoN b,

MLwﬁ%u,E%mﬁixf%v>7@7Wﬁvmﬁwﬁ%ﬁﬁ%ﬁ%ﬁ%%ﬁfw6@ﬂbt$
DTHY, SHEERBRLDTRET 5 LT, ERWLERLHELELLAT, FEE-FIFEHEL
Lt (B%) 0FUrBEINLTTORENEL DD ERE LI
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