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RPN N T

B E (WFEREMN] Fxid=mgsr F—BEX eI —BOEEISHOILKITIE, BEROIFMEZEMR T T, &
WD SR D BND EE 2 72, ABFFED B WX, Grimontia hollisae 32177/ )—=+ (Gheol) & Bacillus H13 GH10
F2 7 —EThD XynR ONAREEEREL, ZOHFIZH-IE, Gheol & XynR A (5922 Thd,
[71%] Gheol % Brevibacillus THELSH, 55 HE O ORHLT-, XynR TR H CHRILSE, WAL ORRL, fit
FEBITT YT A 7 Ry TYEIZ LD T 572, SPring-8 (SR R AETT) OB — AT 1 BL26B1 T v rubm g ta
FAWCEITT =22 B LT, 5 FE#E1 T2, COOT TET LEREELT-%, PHENIX @ phenix refine Ci7 {44
xR AL L T2, Gheol OIEMEREICIZEEEL T FITC-27—47 v, BFF v, A7 FK 2 fE (MOCAc-
KPLGL(Dpa)-AR, FALGPA) % i\ /=, XynR OFEMERIE T T TR T2 % iz,

[FE53] Gheol IHIEMEALR ALY, U1 —, RTFH—BRAL DD, RIREL THAIEEZ L o7, MRaY—[X)
B, TEHAER A ATSEARREE DML 2 [HOY TR AL (Actl, Act2 Efiv) 24T HZEMN ST,

AR TIX Gly-Pro-Hyp DMEMEINZ, Actl, Act2 |2 2 53 17T Ofi & L CW e IGMENICAAAET 2 F mo L R E D

IEFARDIRMT OFE R, Tyr564 (XIHMEICEETHY, Tyrd76 & Tyrs55 13T RIEICEE THHEE ZHNTZ, XynR D
FLn—AEARBLIONR  ne A —2E S ERO L EREEIL, GHI0 773V —(CAI 7 8 (HD o ~) w7 AL B —h
5725 TIM ASLUVEEZ IS TERY, IEAPRRAICE END 2 5 FOZ VBT REOREEE o7, ZblE, &
B G F 20 XynR WT O (PDB ID : 7CPK) SRR D HHESE ITE 7=, Thr315 Zftho> 19 D7/
Feds KL\ B AL 7= BEZS UKD MEAT OFE B, T315H, T315N, T315Q, T315S 1% WT LEL#R LT, 7L AV Sfh: T ToiENE
W EUT228, TV R COREMEIFE L,
[#%%2] Gheol ® Actl & Act2 1344 {77 (RMSD) 25 3.3 A OS2 Loz, —J, —8L7=7 3/ ki
1% 3 BRI 2D 0T, ZOZEDD, HALOIRE T, A FEENEIY, SCAEENMR NI EE, —REENEL
7=LE 2 bz, 4%, Gheol IZOWTE, BYIVMAXY =07 TAT TV —&VERIL, 4F3EME, @miEtE, mEWEICEN
TR BARZ AT 5, XynR IZDOUWTE, T315 ZRARORARZARGEL , AFHETE, ST, MHEWE IS T-28 BA A TS
ERAR

1. HIREM T =BT — 7 DENERN D72 HZ e IS

a7 — AT CTROENZNWF N EThD, 27 TD, T 7L 5 IRIEOF L e —AD EAE IR THIAREIZ
Tr—RBIIaT D3 EORAERHRINIOET DR KEIFEET D, ¥V 7T — BT T 50T HIE# T,
Thd, 4 H, LHICTHHT 2T AT —EBThD Grimontia  BAFESE TIIRHOIFEAILL T, BEHEECIXEAAIEL
hollisae 33X X Clostridium hystoliticum FARD=Z /7 F—E )3 THWLIN TS, AEERIT A A A 8 ) — L O ILERET
RN G & U CRERIBIRIRIC STV D, 2355



OB BEIE O 3~ DS D72 3 D T E D HIFFS
TV,

Fex XZNETIS, G hollisae =777 —E (Gheol) DiFM:
O pHARAFIED B HHRMTEA TV, A HEgz L=V,
F72, B BAEAERIL, SRR R LA E LT 2,
ez 1ZEBIZ, Bacillus HRBEE IR iREESE 7 730 —10
(GH10)F> 7 —ETHs XynR DIEVHZEFIR SOIEYE
W7 NV AVRIZSEIR T31ISN Y2 B LT-, £7-, GHIl $37
F—ETHD XynJ OIHEEZ A T82A ZHFHL ¥, XynR
D X B RESEATE, BAR (WT) & S92E 2oV TIEsE
TL72 9, T315N I2OW T EHTh o,

Fox 1IE RN T —B O M R A LT
0, TS ISR -T2, ZDFINE, G- i
HIMENZETHDHEEX T, LT, 2T —BEXRT T
—EBOREEISHOIERITIY, BEROTEESZZEMTZCL,
TS RO BIDEE 2 T, AWFFED BRI, Gheol &
XynR DNARAEEZEREL, £ DR RIS E, Gheol &
XynR |\ ZMipit AT 59228 Thd,

/

Seco|  Ghool (MlaBs-Ging47) |

o — — e
- —.
ATEAMAAAGAAGEATCATTAMGAOTETATTE  GOTGAATCTEETEETAAT ACCTAMMGETT

WK K R RN VNS VL GES@@aNT
647

CTTCTACTACTOCT ABCTAGTBCACT COCACTT
LL L L L& 8L AL

ACTETTRCTCCCATBECTTT CACT ACGAT TCAG
I ¥ AP M AF AAVD
a8

EATECOGT TAAACAGTETAATCTCAGCCARTTT
b ANYEODGDLSOEF

X 1. BT TAIN

(A) pNY326-Ghcol. FH#Ri Sec ¥ 7 T N_XTFRERT,

(B) pET-22b(+)-XynR. F#EiE Ndel 1 +& Xhol YA harmd,
I IEaR U ERT,

2. HERAE
2.1 Ghcol M&ERE

Gheol ® WT OFHIIIX Brevibacillus TOFRITFTAIN
pNY326-Gheol (B 1A) A Fi\V V7=, Gheol ZEEMADFEEL T A
RT3, pNY326-Gheol Z##%11Z, QuikChange JAIZIDVERLT-,
FEIRNT T AINZE AN LT= Brevibacillus % MTNm ~7'L—HhZ
WAL, 37°CT—WatsE L7, 5 mL @ 2SY RIS IE
FRIAE AR L, 30°CT—MHREDREEL, AiIbFEIRE LTz,
500mL =77 A2, 2SY #RIAEG A 300mL 437EL, T
\CRIEERIRATRINLTZ4%, 30°CT 48 HHIHREE IR LT, &
D, IR HEZEI LT,

B HIEICHIET L B= I S0%EafnE72 501Nz,
4°CT—BERHR LTz, £ D%, WO IVIEEA BN L=, Tk
B 10 mL ¢ 20 mM HEPES-NaOH #E&{&if% (pH 7.5), 2 mM
CaCl, |ZAfi#SH, 20 mM HEPES-NaOH #%&f#iE (pH 7.5),
2mM CaCl (2L Tl 3 [BfTo7=, BN A RN,
20 mM HEPES-NaOH #%f#if% (pH 7.5), 2.0 mM CaCl, C A
{b&SH7= HiTrap™ DEAE FF 5 mL (PN 1.6 cm x & 2.5 ¢m)
T, AR e~ N T T 4 —F AT ol WA LT
Gheol % 0~0.5 M NaCl D77 4= NCHIHSET, 16
[Hj4y% 45, Amicon Ultra-15 Centrifugal Filters-30K (MWCO-
30, JUART) & T, G, FEREERE LT,

B Ori Amp
T7 promoter,
Nl —— » Mhd
|'II \
f
_| N1-D351 ]
——— —_— “,
CATATEAATEATCAGCCTTTTGEATGE0AA CCTGCTTACTGRAGAATTATTEAT
W NDOPFANWID FPAYWNRIID
1 as1
CTCEABCACCACCACCACTACCACTGA

LEHHHHIHEHS



2. 2 Ghcol OfERIBEREN

YT Ray IR IR AT o7, 96 T
— b (Intelli-Plate, Art Robbins Instrument) b(Z, 1 pL 42>
2RI VRIR (5~20 mg/mL Gheol, 5~20 mM HEPES-NaOH
FEMEHR (pH 7.5)) & 1 uL OPLEAIZ AL, 100 uL O
WXL T 4°CE2lE 20°C T L 7=, IEEANZIX Crystal
Screen I, II, PEG/Ion Screen (Hampton Research), Wizard
Screen I, 1T (Emerald BioSystems) Structure Screen I, II
(Molecular Dimensions) % i\ /=, —E#E#%, THISEE CHL
L, FEINVESLNIE AL 100 K DERH A THAFELT-,

FEBRZFHRF v 7 SAIZ T, MAC Science M18XHF
[ 5 M58 A2 2R CAE S 72 Cu Ka #itE Bruker HI-
STAR ~/FUAY —UT I TREdm O BT 7 —
KT v LT, D%, SPring-8 (St LR ) OB
—ALTAY BL26Bl Ty rruabml it ez v Calir
T 2L, XDS THEILTZ, WKIZ, BT —#
% CCP4 O MOLREP % Fl\\\ Ty F- B A T T2, 43 18
DY —F T VXX T EREE TR T 0 s T A
AlphaFold2 TP #IL7-MiE% L7z, COOT TET /L
ZAESEL7-1%, PHENIX @ phenix refine C3L IR 2K
AL LT, BoT= o RO O R E O R DO VERIC
I< PyMOL ZfEHL7=,

2. 3 Ghcol MEHSEIE

FITC-collagen 73 &M DOHIE T, 10 mM FEERIZ A
fi# 7= 0.1% FITC-collagen & 0.1 M Tris-HCl #% &%
(pH 7.5), 10 mM CaCly, 0.4 M NaCl Z /K5 LR HIRA
L, WHEIRE LU=, BUSIE 37°CT 30 IS S 7244,
EOLUTEEEEINL, 520 nm (2817 2H0E (i &
485 nm) AR E LT,

BIF O ETIE, BIF P AET T T4
—&ATol, YT NEETTF U AV12.5% RIT VLT
SR IUCT T TAL, 40 mA DOEETRT 40 4y RTkEIL
Too VKENZ, 7 VA VREHRIZIZ L T SDS ZFREL T2, IRIT
TNV ROSRIZIR LT 37°CTRUGSET- 14, Yk TYx
LBtz 1572,

MOCAc-KPLGL(Dpa)-AR 53 fi#E M Cld DMSO (2§
fi# L 7= MOCAc-KPLGL(Dpa)-AR , 100 mM HEPES-
NaOH #EEHK (pH 7.5), FEFRIRIK ZAi9e/LINTIRG
L7ze BOGHE 393 nm O (B R 328 nm) % 25°C
TS HIRIC 2 SRIEIEL,

FALGPA ZfRIEPEDRIE T, Y AF IV ANVKRF R
(DMSO) |2 fi# 7= FALGPA, 100 mM HEPES-NaOH
FEMEE (pH 7.5), 200 mM NaCl, 10 mM CaCly, 10 pM
ZnCly, BEFB KA A E LN TIRA L, RIS D
324 nm OWEEE 25°CT 10 BT &2 5 e Lz,
HIE BAGIRF A& T REDOWOFE DA D 785 T RTEEE LTz,
2.4 XynR DEE

XynR DFEHUNNT KRG E TOHB T T AIKF pET-
22b(+)-XynR (X 1B) & AV =, ZEBARDIEH T T AINIL,
pET-22b(+)-XynR Z#5%(Z, QuikChange JEICLVERIL
7o BT TAIR A AN L= K BL21(DE3)% LB 7
L —MZBARL, 37°CT—BrES#E L7, 50 mL @ LB ik
B IR AR B L, 37°CT— IR EOREFEL, Al
KRR LT, 2 L =M 7522z, LB ikiEE A 1 L 4y
L, ZIUCHIES R AR 721, OD 600 73 0.4~0.8
(272D ETIREIEE#ELTZ, 0.5 M @ IPTG % 1 mL Az,
30°CC 24 BRI R LTZ, £ D%, mOICKVEKRE
EIL 7=,

B {k% 20 mM KH,PO,-NaOH F&1E % (pH 8.0) (LA F
buffer A) TIREL, BB EIINEIT T2, Z D%, 3.0
F0 E3EEBN LT, ZHUSHRT BT LN HTE
T 50%fafnELic, Dk, @ OIZEVIEEA I LT, 2
% buffer A \ZIEfEL, buffer A IZKL THEMTLT-, BHT
WK % [81 L L, buffer A T i {t L 7= DEAE-
TOYOPEARL 650M ([E% 2.8 cm x 10.5 cm) (B —)IZ
MW, A R a~ NI T T 4 —EAT ol WAE LT
XynR % 0.25 M NaCl Z 5 {¢ Buffer A THHSET, i&
PR 5y Z4E5, 0.5 M NaCl 25 ¢¢ Buffer A (LLF Buffer
B) C-fif{kL7= HisTrap HP (5 mL) (Cytiva) [Z0>MF, 77
A=T 4= N T T4 — %A ToT, WA LT XynR % 0
~100mM A% —)L & & T Buffer B T/ 77 AU NA
ST, IR EED, mLEMEL, FREESREL,
2. 5 XynR D#E@EERET

FE2. 2THEFERED S 1ET XynR OfE A E AR 21T
oz, 12120, S FEHO Y —F E 7 /WX Bacillus sp.
TAR-1 £kH3%% 277 —+F XynR (PDB ID:7CPK) % 1{# ]
L7,

2.6 XynR O;EMEIE

FEMENR AR L 7= beechwood Xylan (Megazyme), #%

R, BRI EIRA LT, AR EOY = U F /L



(DNS) 117 (0.5% (w/v) DNS, 1.6% (w/v) NaOH, 30%
(W) TBEATET N 500 1) 2% T 100°CT 15 43 1H
OBMLEETHZ L CRISEIEILSH, 4°CT 15 o
HULFRZAT -7, 7K 80 uL A A 234#K 120 uL %R
AL, 324 nm O EERIELIZ,
3. MIRFBEREER
3. 1 Ghcol D#EEEE

Gheol TG ML R AA 2 (Ala88-Tyr355) , Vo 1 —
( Ala356-Gly365 ) , X7 F ¥ — ¥ K X A
(Phe366—Gly622) /50 (B 2A), ARE LTI AuE

Aoz (K 2B), T FH —BRAL N 1 {HD Zn* %,

EMHACR AL AT L, _XTFZ—FBRAL N3 HD Ca?
ZALIZ(H 2B), &FEEIII AN Y AR T S
— P78 U EaT4 F—F VhaC ? L\ EEIMEE

RUTC, MREY— K05, JEMEALR AL AT AR &) MEL
72 2 DY TRAC (Act], Act2 &4 HATHILN
AHENZ (K 20), BAMKTIX Gly-Pro-Hyp 23EMEHE
Az, Actl, Act21Z2 533 OfE G L TV (B3A) . 7z,
F2T ¥ RTTayNPD, &6 TBET NaT—
VERIUHE AR Lo TNDZEN R HHENT- (K 3B),

Actl & Act2 DIRREEZ BERAGDOELE, ) Fm
7% (RMSD) 28 3.3A OISR EE -7 (K 4A), —
5, Actl & Act2 D7 EBESZ T 5L, —BL=T
BRI L3RR, MRIMEDMRWZ EARE LT
(X 4B), ZDOZEn D, HALOMRFET, BIE T EENEZ
D, SRR DRI N EE, —RIEEN B LB 2
bhi- 10,

X 2. 7AR%D Gheol

(A) RAAAEE. TEPEALR A (Ala88-Tyr355), U — (Ala356-Gly365) (fkfh), X7 F & —ER AL DRI (Cl: Phe366—

Val515), %> (C2: Val516-Gly622) /=7,

(B) SLibMEIE.

(O MRuav—X. a ~IyIRAEHTLET, p ANTURERENT, IEEHRAO Zn? 2 EEDET, C2t B EEL T T /s

REDRTENEIRT,



¥ 3. Gly-Pro-Hyp 73 L 7= Gheol

180 TR

R EFLSHY
e J.r-"'«‘:' (SEfTHRER)

A Gly-Pro—Hyp
(54 - i

(FWH3R)
o J— .
Ba \'\\\. Y
80 - )
120 =
180 | i T T T

=180 =120 -60 L1} 60 120 180

(A) STARKEE. JEMEEALO Zn2t 2B DR T, Ca2 2L 7 HAWNIRADERTRT, A L7 Gly-Pro-Hyp 13, IEMEERL (a) Tl
FEEODAT 47T, Actl (b) TIEAL LT DAT 47T, Act2(c) TIEIT TV DAT 47 TENLINRT,

(B) IF~FxrRIvTavh. EHO2MAE, KATE CHHET VAT —7 L T (Pro-Pro-Gly)io (PDB ID 1K6F) IZ-DW TR
BT, AWFFED Gly-Pro-Hyp (ZOWTEH AT ryhiz, Wb, Gly I =4, Pro [ZMH£, Hyp I&~/L CHERLTZ, H
FREFNFIL COOT TRESNIEZTuI L BEDHELWAELHFRSNIAEEENEIURT,

X 415MEALR AL 1 & 2(Act] & Act2) D ELES

Actl: SENHMYNVAOYTRILADOYAGGGSDELEALYLYLRAGYYAEFYNSHI--
Act2: YLDVVIOWLIR---WH-AQ-YAEHWYMBNAVRGVFILLFGGOWNOYTS

231 241 251 261 271
181 151 201 211 221
Actl: TFL-S5-WVIPAVEGAVDAFVONAHFYDNGDAHGEVLNEVIITMDSAGLOHA
ActZ: LIGEQTALVTALQAFALD-- RT--EVH-----SPIEFMAANAARELGRLAR
281 291 301 311

(A) #E5HEE. Gly-Pro-Hyp 23FEA L7- Actl (Thr125-Asn223)E Act2 (Gly224-Asp315) ZEHW ALY, ThENETAMFL VL
FART =TT, 84 73 Gly-Pro-Hyp &KFFEAHDWVEC-CHEAEZLTWDTI/BEIETHD Argl67, Tyrl75, Glu2l5s
IZOWTIEA LU P DRT 47T, Glud08 & Arg311 IZOWTEEBDAT 47 TRY, BRI (A) 2R,

(B) COOT (Z&B—KIEEDTITAA. 152 D Co JFFD~27 0 RMSD i 3.3 A LEFREN, REIZFRCTIBEEREL

R, JREIT o ~U 7 AR E TR T,

3. 2 Ghcol MiEM

27—/ 1% Gly-Pro-Hyp D EEAME THDH3, Pro D
MBI T 7= R0 VAL — EOEIG TEHEND
a7 —%7"1Z Gheol HHWNII/RANTY KBTS —
B TH% Liberase-C ZAEHIE, FGHKARRRFAIZER I
L, 7 /VIEiE HPLC 127772 () 5A) o EHITKAIONL &

o

(NIRRT FROE—I038LiL, ROGDOET MRS,
20 BRI O SO &2 =R~ 3 iR Z T 5 &, Gheol T,
YA7 2 TTNAIBENEINTZDIZKIL, Liberase-C
T NAIBITB N2 D57 (R 5B) .
AFHRTFRIZ Gheol DV T Liberase-C Z1EFHS
W, SOSEZERREICERIL, £ k#% LC-MS/MS CiE



FL72 (X 6), Gheol & Liberase-C (3&H 12 P2 F72id P2’
23 Pro THAI~TH T FREZGIWIL- (K 6A), — 77,
Gheol iZ P2 F721% P2°/3 Glu THANF Y T FRE2Y)
WrL7-73, Liberase-C (ZZNABIHTL72702>72 (B 6B), =
NHDZ LD, Gheol 13 Liberase-C L5720, 7 V2R
Z P2 |2 el AN A Ul CEH LD RSN,

Gheol L7v AN VY LJE=aT 7 —E T2 ColG DIF
PEFRALIZRI T TR TS Gly-Pro-Hyp & 53 T AiLiz
TT S ER LTz, Gheol TIXN AT FREDILIE
FEEDZ2VDIZHL, ColG Ti, P2 & POV VAT
DRHNZNZ NN T T 7o LT == T T = ORI
ENRREEAF ISR I Lz, ZOX5IT, HE R RMEDE
WAEED DL S 72 10

Gheol 1XIEMEFRALIZ 3 DD T m o FE ki (Tyrd76,
Tyr555, Tyr564) D, Fox OFATHIZE TIZF ri v
RSP ERRBEIL CHD LHERIS I VT, 20 3 5%
HIZEB LUz, 20 3 {HT vy AR LR RIS M i
HKEEZOND Glud93 ZENEINT T EHR LT H
BRAREAER LT, 2T —F U 3 RIGPETIE, WT LI
LT, Y555A X RIFEDIEVERLTZDY, Y4T6A £ YS564A 1%
IRUNEMZ7RL, B493A 1HIEHEEZ KN (K TA), EFF
o5 fRIE M (B 7B) , MOCAc-KPLGL(Dpa)-AR 45 ffis 4
(B 7C), FALGPA Z3figis 1 (B 7D) Tk, WT &bzl
T, Y476A & Y555A 13KV EMEZRL, Y564A & E493A
IHIEMEE RN, ZRHDOZEND, Tyr564 1 XiEMEICEE
THY, Tyrd76 & Tyr555 [FRERFRMEICEE ThHES
Z BTz, E5IZ, Tyr564 AHLIEVERMIGYEMEERL CHD
AMREPEAVRIBS T 10,

A B
Gheol )
__Gheol ¥ Liberase-C ¥ - Gly| Cycle 1
w1 h [ 72% . 1h 37%
i 2h | 78% M2h | 42% : —
* o I ) Pl a2 P Cycle 2
_w4h 83y 1 4h a7y
i : 20 h 90% w20 h 62% Liberase—-C B
4 :>: o . Gly Cycle 1
28 h | 90% =/ 28 h | 63%
ol | = ug i
I = A
48 h | 93% = 48 h | 69% S >
2 |:r:| 2 4o / GYG'E 2
l.: —._JI lL\‘ | - I\‘-v\— Ala
0 9 18 _ 27 36 45 0 : 18 _ 27 36 43 ¢

] 5. Gheol & Liberase-C (2 X557 —47 43 fif

(A) aT—H U RIS DFRREFZE (Y. Gheol 35V M Liberase-C DR IGIE D7 VIEB 0~ 57 4 — DY /2 —2 %, RH]
IEN AT FROFHNLEE R T, E (%) 1T, EFOE#EE 100%E L&D, NIATFROEEOMHERHEZ R~T,

(B)
B =2 TR,

NIRRT FROMFEHT. Gheol &5 M Liberase-C @ 20 KD SR E =R~ fRICHE L= DV A0 1 EF AL 2 OFEH



>
m

——
- 300 . TP R ~ 16
E ;4323;-3;?&:“5;:0 ng/mL Libarass-C _EI sl ® 40 ng}_.rml_ Ghool ]
% 250 1 640 ng/m. Liberase~C i > O 640 ng/mL Liberase—C
£ g 1
200 L
£ E _
E 150 - @ i
:'g 100 _ -ﬁt )
el = ]
o so - t'l.."f |
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é 0t o -
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Reaction time (min) Reaction time (min)

X 6. Gheol & Liberase-C (282 ~F T FR D4y fif
SOGEA81E, 50 mM Tris-HCl &R (pH 7.5), 1 mM CaClz, 500 nmol/mL Gly-Pro-Hyp-Gly-Pro-Hyp (A) ¥721Z Gly-Glu-Arg-Gly-
Phe-Hyp (B), 37°CCd5, Gly-Pro-Hyp & Gly-Glu-Arg O¥EEIL LC-MS/MS TE®RLT,

A B

WT  Y476A  Y555A Y564A E493A
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X 7. Gheol 28 FRDIEME

(A) FITC-a27— U K Sy fEE M. SOGSE, 50 mM Tris-HCl $2#[% (pH 7.5), 5 mM CaClz, 200 mM NaCl, 1.25 mM EFEZ,
35°CChHD, BERIRIEIL WT & Y476A 73 0.50 ug/mL, YS555A & Y564A 7% 1.0 pg/mL, E493A 73 100 ug/mL TH 5, FITC-27—
T ORENT 0.025% THD,

(B) EFZFUIKGRIEME. 10 pg/mL @ WT, Y476A, Y555A $21% 100 pg/mL @ Y564A, E493A % 0.063%DETF a5 Te
12.5% RITZIUNT IR AT 774172,

(C) MOCAc-KPLGL(Dpa)-AR MK EIEYE. ROGZeE1E, 50 mM HEPES-NaOH A& (pH 7.0), 25°CTHD, BERIEEIT WT
7% 1.0 pg/mL, Y476A 73 3.0 pg/mL, Y555A 75 1.0 pg/mL, Y564A & E493A 73 100 pg/mL TS, MOCAc-KPLGL(Dpa)-AR @
BT 1.0 M Thd,

(D) FALGPA KA f#iEE. ROGSef1E, 100 mM HEPES-NaOH #E#E (pH 7.5), 200 mM NaCl, 10 mM CaClz, 10 uM ZnCl,
25°CCThH5, BERIREEIL WT, Y476A, YS555A 73 1.0 pg/mL, YS564A 73 57 pg/mL, E493A 73 10 pg/mL CTo, FALGPA IR
80 uM TH 2,



3. 3 XynR D#EREE

Fox I ZTHETIC XynR OREEELERELT- (K 8)9,
AlalF v —AEAERBIOF a4 — 2 E A RO ZE
MBI ENETL P21 THY, flidh P OIERFREALIZITZE
NWEI 2 3 FDFT IVIMEEL T, o FE#O Y —
FE7 /LiE XynR WT (PDB ID:7CPK) % VN TITWVY, &
NZI1.97-1.95A, 1.82-1.80 A OfiffE THEE D KEH
b&AT oIz, ZORER, FEILDIEIELZ2D Ruok & Riee 13
FLr—AEART, 168%E 202%, ¥ uEF—2EE
KT 16.6%E 19.8%DECET L INEELE NI,

XynR WT OF > m—2EHAK (K 9A) B LU me
F— 2GR (B 9B) DA IEL, GH107 73U —(24lL
TR 8 HD a NV T AL B L —Rb75 TIM /3L L

X 8. XynR DILAREE
#3813 PDB ID 7CPK © 12 355¢<.

HEEZ > THRY, IERREALICE END 2 3 FDF N
JEIFEREOREE R LT, Fo, BEAE E20 XynR
WT O#%i& (PDB ID: 7CPK) S GADEEL E G
WLl A, Zo B O EHFHEEITIFIE KL TEY,
BT ED Co FFALEIZET 5 RMSD i
0221 A(Fva—2EAR) L 0210 A(FL e 4 —Al
BIR) Thot-, Fo— 2B A KD T & TIx,
XynR WT DEWIL 7 NPBERDIEEAICAFET D 2
OOfRIERE L Glul50 & Glu256 #5312 C, ¥ r—R%y
TN 3 T EANALL T, e — A A RO
s CIRIEPES AL IS o e A — 25 708 2 4 T-RehrL
Tu=,

(A) EAHELIEMENL O, 20 B ORFREELR)R BT LT, Ca2 e A L YOIRT, Trp90, Glul50, Glu256, Trp308,

Thr315, Trp316 2R —/V T LV RAT 4 7ET IV TARY,

(B) Ca¥DfEAHMLOMEE. Tyr273, Asp312, Thr315, Asp318, Asp331 ZR—/LT UV RAT (v I7ET IV TRT,



X 9. XynR # & {RDOHEE

X — AR RN T AR A ERNL. Fim— A AR, 1.0 0 TO 2Fo-Fc B HRE~y 740N B KE, it chsd

Glul50 & Glu256 Z/RCTEJ,
(A) ¥ o—2EAE.
(B) Fiubt—2EAHIK.

3. 4 XynR D&M

Thr315 ZAthed 19 FEOT /BRI B 7 AR A%
KIGHECYERIL 72, K28 BARDIEMA, beechwood 372 %
FEELUTpH3.5~11.0, 25°CTHIEL7= (K 10), Fii pH 1%
WT Tl36.5 ThHo7=, T315N, T315Q, T315H, T315S TlEE
i pH 73 8.0 ~ 7KL, pH 9.0 LA ETOMRHEMA WT L0
HRio72, pH 10.0 TOFEXHEMEATREEL T, T315X O
N—T 53T 54T, 80%LL Fi T315N & T315Q, 70%L4 F
80%AMiIE WT, T315A, T315H, T315S, 60%L4 L 70%Ai;
1% T315C, T315G, T315V, 60% A EENLISNThH T,

X 11 | WT, T315N, T315A, T315H, T315S DZZEMED
pH {&1FA 7R, &% pH 3.5~11.0 C 24 FHELERL 7=
%, pH8.0, 25°C Ci& 4%, beechwood 37> % FE L L CH
TELT=, pH 9.5~10.5 TUPRL 7= L& OFATEHE, WT TiE
90%LA_ETiho7=DIZHfL, T315S Tl 80%, T315H, T315N,
T315Q Tl 25%Kiili Cdh o7z, LA LD 1%, T315H,
T315N, T315Q X WT LLELC, 7V FCofgitix
[ EU7Z28, TAAVEME T COREMRIME T L2857,
315 (DT FEFRFEOMBEN TR HAH DA (Asn, Gln)
1% XynR Z4F7 VAL, ER e H it S84 (Thr, Ser)
T AAIIEIZ T 2EE 2 DT,
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FAZABETIR I pH 3.5~5.5 25 100 mM FEERFZETE, pH 6.0~8.5 25 100 mM UL eI~ hU7 L& i, pH 9.0~11.0 75 100 mM &
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X 11. 315 (O T /EEFEFE DI FAS XynR DL ENEIZ -2 D5
%3 (0.15 uM) %45 pH, 37°CC 24 REIERIEL 72,

FAZARERRIT pH 3.5~5.5 2 100 mM FHESFEERR, pH 6.0~8.5 23 100 mM VB2~ AEEER, pH 9.0~11.0 23 100 mM fREZFRJ
¥ IR Cdhb, D, beechwood F3 7 OMIKSMRER ETESEIRE 0.015 uM, FEEIRE 9 mg/mL, pH 8.0, 37°C T To72, FHXHE
P, BbEOEMEE 100%E LIZEE D4 pH TOIEMOMEXHMEE T,

4. SHOFE TUW5, XynR 2V DWTIE, T315 2 FBARO FEAT & ke
Gheol IZDOWTCIIRTIV/BAX Y= T T4 T TV —% L, 4360, @I, eI EN - RN IS 35,

VERIL, fFHEVE, EiEtE, TEWEICEN - ZRAZ TS 5. Bt

T D, AR AGEEIT, RSO IO, AHFZEIL AR FAE N V- A o ARFZE A 0D 32

Ala352-D368, Asnd54-Leud90, Val550-LeuS69 #& %  EEZTUTONEL, ZTITHREHOBA R LET,
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Summary

It is thought that in order to expand the industrial use of collagenase and xylanase, not only high activity and
stability but also high salt resistance is necessary. In this study, we aim to determine the X-ray crystal structures
of Grimontia hollisae collagenase (Ghcol) and Bacillus GH10 xylanase XynR and increase their salt resistance.

Ghcol was expressed in Brevibacillus and purified from the supernatant. The crystal structures of ligand-
free and Gly-Pro-hydroxyproline (Hyp)-complexed Ghcol were obtained. The structures revealed that the
activator and peptidase domains exhibit a saddle-shaped structure with one zinc ion and four calcium ions. The
activator domain comprises two homologous subdomains. In the ligand-complexed Ghcol, two Gly-Pro-Hyp
molecules each bind at the active site and at two surfaces on the duplicate subdomains of the activator domain
facing the active site. Analysis of variants with one of three active-site Tyr residues revealed that mutation of
Tyr564 affected catalysis, while mutation of Tyr476 or Tyr555 affected substrate recognition.  This was explained
by the fact that Tyr564 is closer to the zinc ion than Tyr476 and Tyr555, and that Tyr476 and Tyr555 are closer to
Gly-Pro-Hyp than Tyr564.

XynR was expressed in Escherichia coli and purified from the cells.  The crystal structures of ligand-free and
xylose or xylobiose-complexed XynR were obtained. The structures revealed a TIM-barrel structure consisting
of eight a-helices and eight B sheets, which was the same as the ligand-free XynR. We previously selected T315N
as an alkaliphilic variant of XynR from the site saturation mutagenesis library. In this study, we examined the
effects of amino acid residue at 315 position of XynR on its alkaliphily and alkaline resistance. In the hydrolysis
of beechwood xylan at pH 8.0, four variants (T315H, T315N, T315Q, and T315S) exhibited higher activity (90—
110% of that of WT), while other 15 variants exhibited lower activity (less than 60% of that of WT). T315H,
T315N, and T315Q exhibited a narrower bell-shaped pH dependence of stability at alkaline side than WT and
T315S. These results suggested that at position 315, the amino acid residue whose side chain has an amido group
(Asn, Gln) makes XynR alkaliphilic, while that whose side chain has a hydroxyl group (Thr, Ser) makes it alkaline-
resistant.

Screening of Ghcol and XynR with higher activity, thermostability, and/or salt resistance is currently

underway.
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