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Studies on the structures and functions of novel cellulases and
esterase isolated from leaf-branch compost by a metagenomic
approach
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1. FHRBERBUEICRIT B A X5 ) AMENFEOR R

HiER EICAER T 2 2L MA N AFET DR ICIE, SRR B R R
ME2AETLLOOM, EiE, KR, & pH, K pH, EEREREICHISLEZ LD
0, REEAICHBIAL 2 S L TEWLEREA T L0 B %< Kix e
RBITIEH SN TN D, PEEZICHIH SN D2 BRI, @Y, 2 OMELE A
FET DA Z B3 B, WL R EARRANO AT V—=0 7552k
2L vEREND, Ll ik BIcAERT28EMD 5 b, A TAREREE TH
Bt - B2 N ATREZR & DITMED 1% RIS T X9, KBTS EMEM TH D,
ZAZBRFUIIRMOFHA AFEDI R L FELTWDH EEX DRD,

TN ORI R OBE TEWRE BT 2 5L LT, EFEAX S
J MEMTENER SR TW5D [1-6], T DOHIEIL, BREET ) SN O Bk - 1
BT 5 Ll ha RMAEDBRD S 7 5 DNA ZEREEY 7V b EHE
L, B TEREMNTT 5 5ETH D, £T. BEFR NS L7 DNA %
T UL 0R25kb DY A RICWEAL L. 74 A RRZ X —L 5 (47
—Ta UETVD, A7 7 —VICEHAL, RIBEZERSELZEI2X0, 2H0
TO—VINOIRDART ) BNTAT T ) —%ETDH, RIZ, G674+ A
NI4TV —%H\T, BOIEEEZ AT 2BREBERTORA T ) —=2 70
1Thihsd, ZOHEEZHWD &, ZIVE THRIT SN 2 & ORWEERRERIEM S
KIEROWAEM PR OMRBIR T 2T TE DL IR DDT, 1EREY b
BER BT 2RI BE T 5,

2. IEBMEFTHBERIGITLE LTOKREa SRR b

REFR i GRS AE Tlix, BN TRAT WM 2 E N Ta G
M35 MEEMEaI vy a ] EWIHIID AN TOATEY, TO—8L
LCayARA b (HE) (LFEENMTONL TN D, AEETIT, BN THECE
ICR W RE LB EZMEL-bD (7Y RF v ) ICRZERMLT, B
S OHENEAL Y — RIZHEA B, KTV K L E OB 2T\ 6 B
SRICFAET HDIUEMIC L D o fiRo38 s 2 (it S B CHEIE L ST WD, ZoHE
JEfEIEFE T, B4 BT oz » Ry T INERO IR 1T EEN Tl 80°C 123
T 5, ZDIO, Ka U RA MIZHELIRRTEBVEMAYMOEETHDH LEZD



b, oo —ARLT AT V% G IREEZ 33 HIEM N 2 < AFET
HEZZBND,
AWFFEETITZNE TS, 4 A HJERE S TRAEDY 60°C (2 B& L7oBE
AR A L (pHB.0) D AXT ) MEIZLOFH FH—BHHlY A7 L
7—E H(RNase H) [7] ZHEEL TW\W5, ZO7 FF—BITMIBEDIMANZ & 5
IF T EMTNLGERTREBIRWEEZIEKRT D7 FranfL, oR
JxF L7 L7 8 b— MPET)Z DT 270, PEXERSR & L COR MBI
INTWD [8l, £/ Z D7 FF—BIIhed TEMHE OB WITEWED JVEESRE
ThoHZ ENmnole [12], —F T, #HFL RNaseH @ 9 % LC9-RNase H1 (3=
== RIEMEEALOT X JBEEF—T7 %A 3 5 RNaseHL ThHH Z & [9]. LC11-
RNase Hl [T =—7 22 FLE R 2 A9 5 RNase H1 ThH 5 Z L3S
7= [10-11], Z» Xk 91z, ZH 5 d RNase H OF7EiE, RNase H O3 kM0
GRS B L TR e 525, L LZOHEa Y FRA MR
NT—BRT AT T —BITELHBES LT e,

3. BAT—F

A= LT N T —ADB-LA ALV ER S TZEHRKRORY ~—Th
D HEAIIRBE D ERSr T D, ZAUTHEY OIEARIZ LV IES N D FAEFTRE R
WEThHHTID, iR FICEEICHFEL, BT 52 L ORVWERTH D, ITF
(RAF VT 7 ATV —] EOIMERNLE->TEY, TRAX = LD
Bt LT —RAD L) REARR - KEZRNA A~ RZEADPEE > TS,
BRZAAL v F TSR ED Y V) Bra—RARNA d~ AT, BHAEE LB
LW DI ZEMBNATRETH D, Z OB ERERE LR T/ Lo
— ANTHAHAT D EINBRR S TE UL, EME W REIC L v T v a— L
BT I /ol b g LAERICEHD Z LR BG T2 R
AIRE & 72 %0 BRI A IREH SR O = R L — &R I, BREETE Y0 Z OB K &
Lo TEY, B —20FHERITEN GRBEOMRIZ SRR D L
STV 5, Bra—R &7V a— RIS 5075 E LTI, ZhvE TR
FEALIEDIF TR EA TV DD B L WIS Z LB L U, L3RRI CARES
HIIFa A bENAKRERMBEE 725, & 2 CHENIE 72 50 CRIED 2 b
TN a—AETHRT D HEE LT, BRICEDBEAER STV D
[13-17],



AlEED /L m— 2 XFEER S TH Y | KFEME LI LT — X%
ET I — R LD MBRBEICTRE &R AE 52 TV b, EXY
F BB OISR v U — 7 R EIT > T D, 20X ) MR T8
THR[E LS 2 o TV D, bw — 2 bR IE, 3 i e e T Tt
LFRIRTLEE 2 i U /b m — A3 REE R K D HE L 21T O . Bkx el Hy i
BEDSIRIZB D - TWA M, FrlCE L1 — 2 DIIKSRIZE I > TWAEEE A
WL TELT =B LS, ZHUIEEOUIMHERIZ L VRO 3 SIZnESh
% [18,19], FHAmtE L —AEHONEE T X LM T 5= R )—
¥ (EC3.2.14), B/ m—ADEIC » IEREITKRIGN O Z LI WEHAAL CTHfET
LHerbedtk Feo—+t (EC 3.21.91, 3.2.1.176), ORIV ALk R
B =2t u A IEE )V a— A EE CHET HB-Fvar—E (EC
32121) ThHDH, HEHD T ) 2y NS Z MK DREENIAR SRR, 7
BB OFEUEICESETHHE I, £ b L CAZy database
(http://www.cazy.org/) (ZF & BTV 5, BIE F TIZ Glycoside hydrolase family
(GHF)1-133 £ TSN TEBY, = K- —¥, kobdte Fud—
Y. p-FharF—BiiEntngit 12.5.6 BEO 7 7 I U —IZpEEN D,

YT —VBIEER O NS, A ) — VAEPER T TIE e <L UEAL AT,
FRAEAN T, PRIRALAEPE e &2 O RIRITIZIGIC DT %, BERFELICH WO DBEE
& LT, BUEITRIRE Tricoderma reesei HISKEEE A EH STV 5, A XA
BEDDRICEBD DR 22 TH L, hOTOHWMENIEFICE N Enb, KHE
DR E AN DI THRESFBERITZ D E VI FIENSH D, — 5 TUHE
BRI Clostridium thermocellum (2 HEHBNEE > TS, ZHUTENALT —
B AT T —BENHAICESYI L, ERREFEREAERE L ClMatEtE L e
—RZHIEIEAT LM TEL Ve Y — LB AET D, FMMEE
ICENT-BEREAEET DI ENTED D, BRSME T COMRIZ LA A
BETH D, #2020 D 3 2 MEIBIE TERICRT 72 R KORETH 523, &ik
2T 21T ESSEESCIEE DIEMREN EH L, 7 a— 2B D RO
TSR ITHEEOBI A Z LN TE B0, EEOEWHRINEE &
LT —POHEENEENTWDS, £ 0BT —F OREEORERE 2 fifhT
THZLIZEY, BT —EBOREESCIEMEZ WD 5 FIEIC DWW THiz e 4 A
EEHZENLEENLTND,



http://www.cazy.org/

4, TRTFG—B/YX—F

TRAT T =R N—FiX, BB AT AL ) 70k Rielohv
NUBT AT N T 2METHY . WMEMNHOE FETH LW LEMDH
LTWb, =27 7 —8 & U N—BIIREFEEDENIESE FEI LR
fE T AT LA BN B b ONT AT T —F (EC3.1.1.1). Ekighsme=
AT IVEBRENCSET D HON U 28—F (EC3.1.1.3) &SN TW5 [20],
AL, B ORI T, BEKHF OB Z I U, IEFTIEIANA AT 1 —E8
JVIREL DB S e 7T A F w7 DKL W o T3 F~ ZFEEICE
WTh, 22T =BV RX—=COHRITIER L TWD, MO 2T )L
BRREAT OB, KR NY v AORDVICING OEEREZFHATHZ L1
X0, BEAWMSPRBIND LRI TWD [21), 20X 9 xR RIS
Lo AT 7 =BV N—EEZHR I ADTF5701cid, BBFOT AT T —
BIVN—=EBONRNY == g VEESTUREND L, - T, FiflmA7 7 —8/
YR—BDOHBENEFEFN WD, FOHFHT AT T —8/U R—FDOREES
MEEA MBI T2 Z L2k, 22T F5—PIU XA—PORENERIER 2 ED D
BEIZOWTHTERAREGEDL Z EDNEENTWND,

TRATF TP IR L T L a— Ll O 2T LEES DOINK SR % K
R At 5 [22], £9AMEE Y VRO R LR EEICK D 7
Vb E I, TUN-EERFREREIER L. AT SR EINKGRT S, T A
7 7 —1ldo/B hydrolase f5iE% &V, BY V' BERXF VU TARTII UM (b
DI T IVH I UEE) BE N T AT RERL TN D, 201 Y UEREEITRTT
SINT=5 7T X EERIEE T — 7 Gly-X-Ser-X-Gly IZfLE T 5, = AT 77— D
BTV A= L I BPTnD [22-23], LU U =B IIKICREBENVED IS % 4y
RS 2780, MBI ZTE D lid &2/ LT\ 5, o lid #EN< Z LI
X0, REEZRHETDHZENAREIC/ZD [24], —F T AT 7 —EBDOREITK
EHETHLTD, 2O X972 lidEEITA L TWRY, Zhbx= AT 7 —8/U X
— B, 7 I BRI LT R I EE S & 8 2D T 7 I U — (Family |-
VI 20 ED [19], = AT 7 —BId3k & 22 2T UGG OINK 53 i % fil gt
L. BWEEZENEZA L, KRR ZRT, 70, BERET CIEa ks
PARMET D720, BEEERAMAREE L U CIEFITIER STV 5 [20, 25, 26],



5. AHZEEOEH

— RN BIRERBE CEERIER 1T, AEFE 2 A MR D, BRI OLRLFEH
AIRE & 7R DI & D 72D, BN E IR RITPEREFM LA TH D [27-29], %
TESSIREE DN @ < 725 & | SRR SN U, FEESCAPEW) O RIS BN L |
FOSTRBDOREEMME T L, 2 I 35— a vz ENAHRETH b, FFIZ,
FRICHRLICEY, BT —BICLDMBEMTHL 7V a—ADIEE |
FTHEDITF, 202 Ix—2a eI EIEARTH D, € 2 THRUFZET
X, BEIVHRA NNDAXT ) MEICLVIHBYEOH L7 —8 &5
Ho AT 7 —PI)RX—PEZHBTAZEA2EMNE Ls, OO0, 9 HEED
VIRA DO LTe A X7 ) AEAWTCEBRTI7A 77U —%2% 1L, CM &
N —2R N 7FY ARG L —h E T m—ZERTH o m— 5 R
V== Llz, ZTORER, 10 EEOFH L7 —BBIET & 6 BEOHH T
2ATF 53—l N—VPEETE I a—= 0352 LIS L, 2 0En
FRa—RFT58EDI L, 2o5o0F/LTF—F LC-CelA & LC-CelG, BLU1
DDETAT T —E LC-Estl IZDOW T, EDHIER b NTFERFE L T L7z, LC-
CelA I N R 7 V¥ 7V »h— (FL) ZFON, EFITHEWEDE W
Rhodothermus marinus Hi 3t /L7 —+ & @OV HFEIM: %2 7~ 9, LC-CelG 1 N Kl
lg-like KA A U ZFFON, MEPEICEIROMIRBE S IEEEZ G T 52 L0
PESERINZ AT TR ZE 05 A T 2 47 20 UPERE R Clostridium thermocellum i
ko R7NVHF—E8 LA WMIREME 2773, LC-Estl 13 N RimlZ#ie
HMOBEWHEERZ AT D, ZORED 7 HED THEGECHEEDIBITIZE
TV, —RNRT AT T =8 —BRERTH 5 HHME ) & Bk
SN AT T =B =B ERAESNHILTETZAD 7 < LC-Estl D
BERHN R A A O X )IZHBEO @S EEZFF O AT 7 — B ORGII R
BRYE, F72. ZNETICEA T —PRom 2T T —F O fh iR <o 5 38 3 s
IZOWTOMFRITEAL TND D, ZOREHEFEIRSC R A A4 OEFIZONT
XFEZ3 0> TRV EHZEZ, £ 2 TAMZETIE LC-CelA @ FL, LC-CelG @
Ig-like N A > LC-Estl ® N Rumfh REBUIER L. f b et -ors e
Wram@lL <, ZHBNEHERLLEMICED L 5 B % KT OB LT,



% 1% Rhodothermus marinus H 3 Cell2A & &WHHEMEZ R 5 GHF12 &
JL T —¥ LC-CelA D L ZEM: DOMRAT

1-1. X LI

FFamCii 7BV LT —BIZ, S F=Z ) —VEEDOTDOELR
— AWELEESR, VeRIINY), o THEESR ., B3R A RRAEESR ., MHen T EE
L L TEEMIILLAHEN TS, BT —BD TEMICBT DR
OFFREIIEERRIEIZ ) D 2 A MR TH 5, @R T, BESE O SUGHECHLE
DVEFREEDN FF7- U HERE OB E O WD T2 ERBHT 2720, MIRTH L
ERMEME LT — B OHBENLEEN TV D, FREGEEAAROKED VR A K
XL T—VORE LD — A% %< G, FEEAZ X0 NERIEE A 60°C
EDOEIRE 72 D70, FliMEvEE LT —FPoRERE LTRSS NS, £7-
ABG ) BEIL BAEMOREE - 558205 2 L BRe ERER RO S
/ I DNA ZBREEY 7B IEEE T 2 720 iR OG22 B <47
ITENHEETH D, LTI TARETIE, ZORAXTF ) MEEHNT, BiEEa R
A NI LEHRMEME LT — B ERGT 52 L2 AN E L,

SHIZ, AEIEZEa RA SRS 10 BEOFHE LT —EBD 9
. LC-CelA I Zifit & |2 Kz 8 T 41 7= Rhodothermus marinus D&V 7 —F¥ &
VAR Z R L2 Z v, LC-CelA b [RIBRICINEWEICEN - LT —8 T
D EWFFIND, £ T LC-CelA Ot & ERHEZHAND Z L ZROBER &
L7z, FMEEMATICE D N R AHEICRER KB E ST ANV T 4 NiES
NHERSNIZZ Evh, 2O OLEMICE T 5% E 27,



1-2. EBRM BN L O5ik

1-2-1. Wik, 77 AR

KA BL21-CodonPlus(DE3)-RP & Stratagene ££:2>5, 7' A X K pET25b 1%
Novagen 175 Z 1 E 1A L 7=, BL21-CodonPlus(DE3)-RP & finffaiA i LB k%
# (FUZ R 10g LY Yeastextract5gL?, NaCl10gL?) (250mgLt7 &
U R TR LT,

1-2-2. DNATA T TV —DERERLR T ) —=2 7

JRFEZINZ 4 A 3RS B 7 TR AR ORSE = AR A F(IREE 67°C,
pH 7.5) /nH. A%/ 2 DNA Ol 21772, Fosmid Library Production kit
(EPICENTRE Biotechnologies, Madison, WI, USA) % >, A% %77 5 DNA 7 A
7TV — DR EIT 7= [8], 125ugmLt /eI A7 2=a—1 0.01%L-7 7
v/ —A, 05% CMtE/Lue—A  01mgmL! U RUTL—%ETr LB FEKRES
iz AT, ZODNA T4 77 ) —%fEE L, CM &b o — R st 2 A4
LU ma—rERE LT [33], 2. 3 HfE 37°C TH;&E%., 50, 80°C TA v F =X
— kL. CM B —Z2DONKSRIZ L D 0 —DIE 2R L7z, CM /L1
— Aoy R SR R 1 ORF Ed81iZ EZ-Tn5TM<T7/KAN-2> Promoter Insertion kit
(EPICENTRE Biotechnologies) % VT invitro k7 > AR Y 2B BB K 0 g
L7z, DNA O FAELF1% ABI Prism 310 DNA sequencer (Applied Biosystems) %
WTHRE LT,

1-2-3. 7T A RHEE

Pre-LC-CelA (Metl-Arg261) WA I/ 7 4+ A R X —%gFEH L LT,
LC-CelA (Leu20-Arg261), C KimiZ His-tag 2 A L 7= LC-CelA-His, = 52 N K
i 7 VX 7 v—7" (FL) % KHH &4 72 AFL-LC-CelA-His (Thr36-Arg261) @
BEHR 7 #— %S L=, £7= LC-CelA-His 381X~ % —pET-LC-CelA-His %
FEML L. Gludd =2 R GAG %# GCT(Ala) IR B LT T4 ~—%&KetL
T, E34A-LC-CelA-His FHARY X —ZIHE LT, 77 A ~— DG IEAbiE >~
AT DY A = AR LT,



1-2-4. KEFHDL L K

LC-CelA. LC-CelA-His, AFL-LC-CelA-His 35 & U} E34A-LC-CelA-His |%. 1-
2-3 THEFE LTI RBI Y ¥ — %2 H\W, 2 E KR BL21(DE3) Codon Plus @ H
TEAKE LT T OHETHRIA S, M2 KIFE % ODgoo DIEAS 0.5 FLE
2725 % C 37°C CTIREE: & L AKIREED 0.5 mM 1272 % &L 9 1T Isopropyl B-D-thio
galactopyranoside (IPTG) Z i1z CTHIZ 4 BFfiES# L7-, HfA% 6,000 g, 10 43D
EOSEEC W EIR L, TE /N> 77— (10 mM Tris-HCI (pH 8.0), 1 mM EDTA)
BB LT, Y =7 — 3 3 ST X D E A%, 30,0009 T 30 i LB L.
FIGEE LTz, TE Ny 7 7 —IZ&#T L7, 70°C C 30 4 RIZLEE L 30,000
0.30 2y Dim Loy KV Ik & B2 L 7=, LC-Cel A-His, AFL-LC-CelA-His, E34A-
LC-CelA-His D& R BVILER% D EE% N~ 7 7 —A (20 mM Tris-HCI (pH 7.0).,
10mM A X &Y —)L 0.3MNaCl) [Z&EHT L, /Sy 7 7 —A Tk L7z HiTrap
Chelating HP 7 7 2 (GE Healthcare) (Zffi L, A I &> —/LiRE%A 10 mM 225
300 MM E THEBHICET THMZ VR0 BA2 DT L0 LIRHEES Z Ik
NAT->7=, BN L7=% > 787 &1L 10 mM Tris-HCI (pH 7.0) (Z&HT L 7= ER7F L
7z. His-tag #7272\ LC-CelA OfEHRLIZ, B %2 1mMDTT & & ie TE
Ry 7 72 X 0 Sl L 7= HiTrap QHP & & & (GE Healthcare) (Zff: L. NaCl
BEZOMMNDL 1M ECTERMICET THNZ L XIEED T ANLIEHSHE
LD EIEVAToTe, B Z VR B a7 T 7 v a &2 EI L, 50 MM NaCl
ade TE /N 7 7 —CHi{k L 7= Hi-Load 16/60 Superdex 200 pg 7 7 2 (GE
Healthcare) (Zfit L, HHIZ > " BEE2 G777 v ay&RILTE, B L
Z N7 EOMBEEIL SDS-PAGE I LV i@ L7 [34]. N R¥s7 X/ EERLAIIL,
Procise automated sequencer model 491 (Applied Biosystems) (Z X W RE L7=, # v
SR7EOWEEX, 280 nm 2T D Tyr & Trp D4 T A%% 1,576, 5,225 Mt em'?
[35] ZHWTEHBE L7z, 1 mgmLt OF 7 EIEIROWSAREL (Azso®™™?) (25
SEIE LT, ZOfEIT LC-CelA, LC-CelA-His, AFL-LC-CelA-His, E34A-LC-
CelA-His I2%f L. ZH 4 3.37, 296, 3.15, 2.97 Th -7,

1-2-5.  BAIoo T

ABT ) NINOHBESNTEHHEL T — 0T 2 BESIORER U—
—F 1% DDBJ blastp search tool (http://blast.ddbj.nig.ac.jp/blastn?lang=en/) {Z & V17
-7z, PROTSCALE tool (http://web.expasy.org/protscale/) 12 &V 7 L 3 7 L aEIE,



http://blast.ddbj.nig.ac.jp/blastn?lang=en/
http://web.expasy.org/protscale/

Bk M #EH B o ¥ WM % 1T o 7= , Compute pl/Mw tool
(http://web.expasy.org/compute_pi/) 12 & W &R (pl) =% H L7=, SMART tool
(http://smart.embl.de/) (2L VD RAA Y —F&1To72,

1-2-6.  BERTEME

FESRTE ML CM Bl e — X &2 FLE & L C dinitrosalicylic acid (DNS) stopped
method (Z X U lE L 72 [36], KULTA#R (100 mM sodium phosphate (pH 7.0). 1%
(Ww/v) CM &L — 2 (low viscosity grade, Sigma-Aldrich) ) 90 uL (Z 0.1 mgmL* %
FVANR 10 pL %N 2 C iz BRth S H, 10 437%12 10% SDS % 10 uL iz, 3%
RANT DL TRIGEE LSS, ZOEIRIC DNS 3 [36] 2 300 uL AN
Z. 5RA L, KL, 17,0009 T5 %30 L, EiE 100 ul %z MilliQ 100
uL EIRE Lz, 2O 7o 500 nm OW YL (Asw) ZRIE LTz, 7V
A= RAEMEHEY T L LT, £ OB D DIV TAFHEERR) & | BERBURIC
FOAECTECHEOEZHETE L, 143 1 pmol DIELHE 2 AT HiFHE &
Z lunit & EFE LT, IREERIAMEMNT CIE pH 7.0, 40 —100°C D& STl
E LT, pH IRFEMEM#HTIZ 90°C, pH 4.0 — 10.5 D45 pH S&AETHRIE Lz, Z O
ENZEBWT, pH 4.0 - 6.0 O#iPH T 100 mM sodium citrate, pH 6.0 — 8.0 D#ilH
Tl 100 mM sodium phosphate, pH 8.0 —10.5 & T3 100 mM glycine-NaOH @
Ny T 7 —Zx MW,

1-2-7.  CD (circular dichroism) A7 K/

Far-UV (200 — 260 nm) CD A -~~7 bk /L% J-725 spectropolarimeter (Japan
Spectroscopic) % M T 25°C CTHIE L7z, HIEH /Yy 7 7 —Ii% 10 mM Tris-HCI
(pH7.0) Z M7=, HIEICIZ 01 mgmLT DY > 7L, 2mm RO L Z
72o FHFRILS 6 M 2R[0] (deg cm?dmol™) (X7 2 / RO ¥4y £ 110 & v
TEE L7,

1-2-8.  EVEMERIE

B PEMRI TR E IS R 22 O CD A2 E =4 —45 2 &L T
Sihtz, V7 ME30M 7T =V kA ETe 10 mM Tris-HCI (pH7.0) 123&
NUTe MIEIZS 787 B 0.1 mg mLL, YEHE 2 mm, FIEEEE 3.0°C mint


http://web.expasy.org/compute_pi/
http://smart.embl.de/

DKM TIT o T2, MR AGRE (To) 3R/ FEEZ R LIEI—T 7 4T 4
VIR VEHE L,

1-2-9.  fEdhik

fEEEIZ VWD LC-CelA X 10 mM Tris-HCI (pH8.0) (2% 4T L. Centricon
(Millipore) T 10mgmL Y (Z##E L 7=, ¥9°. Hampton Research fLD s LF » K
(Crystal Screen |, 11) & Emerald BioStructures L0 #E k%~ b (Wizard | - IV) %
MWTHIG LRI DA 7 V== 7 24T o7z, FRMERIFRIT 4°CL 20°C DRSS
>, 96-well Corning CrystalEX Microplates (Hampton Research) % T, ¥
YT 4T Fay TEREKIRRIEIC K VAT o T, #idE Re 73 1l @ LC-
CelAEIR E Lul OV H— =R Z2RA L TRE L, 100l @ U P — " —¥EiR
(ZRF U AR RCE ML S 72, Bol %, 4°C OIRESE T, Wizard | No.28
(0.1 M 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) (pH 7.5). 0.2 M
NaCl, 20% (w/v) polyethylene glycol (PEG) 3000) % U ¥ — R—¥&ik & L CHW =
SUECRENE LN, RO EXE 572012, VI — —ERO&iE1l
BAToT2, TORER, 11.7 mgmLr 0% R BERiR 1 uL & ok iz U
—/S—¥5iE (0.1 M HEPES (pH 7.5). 0.2 M NaCl, 23% (w/v) PEG 3350) 1 uL % &
ALTHE L Fry 7% U Y — S =¥k 100 pL 123k U THOE R 2T THRSIE
B b S5 Z L2k XBRET T — 2 IR0 L2/ s bz,

1-2-10. X #REHTT — Z IUE & iR E

X BREHrT — 2% v S OULEL, SPring-8 OB — AT A > BLAAXU D
rsna ba U TIT o T, T2 UERCI, 7 I A AT a T 7 Z 2 MK
fif 97, #&dh % CryoLoop (Hampton Research) (2 > kL, -173°C DZEFHE T A
EIRE AT TIREET, 0.9A O ETT — X INE AT - 7=, HKL2000 [37] Z H\»
T, BB T —F 2P LT, FHR SV EF# R 4 ez, RmCell2A
(PDB code: 1HOB) D& 4 #5% L L, CCP4[38] W MOLREP[39] IZXk 5%+
EHEIZ LY | LC-CelA OHIHI S FET VAR LTz, ArpWarp [40] & W T
T )VE HEIWIIER Lz, ET LVOREIL REFMAC [41] % W TITUV,
COOT [42] I XV ET NV ZE S LIZEIE L7, LC-CelA #i XX PyMol
(http://www.pymol.org) Z FVCTIER L 7=,
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http://www.pymol.org/

1-2-11.  Protein Data Bank accession number
i BT L 7= LC-CelA OGRS KOS &R 1% PDB = — K& 5 3WX5 &
L C. Protein Data Bank (Z &k L 7=,
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1-3. FEBRAE B

1-3-1. A7 ADNATZAT7 7V —HkEeLVT—EBIETFOZa—=7

P RA NN ALXT ) ADNA L, AX 7 ) ATF7A4T 7 ) —%
BELZ, KIA4 77V —i%, K 35kb DA X5 7 2 DNA Wi BiEA Sz
21,000 fHD 7 o —2MBE-> T D, DWT, 2095 6,000 D7 a—rink
CMEre—2L hYRUTN—%EL T L— h ET50°CIzRBW T e—%F
WL m—r a2 A7 ) —=7 Ui, ZORIR, 37°C TIX 24 HD 7 o — )3
m~u—FR L. 10 HIZ50°C Th e —%Fk L=, 250y o—rDElE
FESNZRETHZEICL Y, 10 EOFHE LV —YEafF2RELEZ, =
NOOBEBE TR — R 5817 —BIE N KEC S VT AT F R (SP) &4
T L7, TNZ I Pre-LC-CelA~) L4 fT1T 72, 2D 5 5 Pre-LC-CelA, Pre-LC-
CelD. Pre-LC-CelF., Pre-LC-CelG. Pre-LC-Cell /% 80°C TH " —%EK L7=D
T, MWBAZENEEZAT DI EDNRBINT,

1-3-2.  Pre-LC-CelA~) O 7 X / BRFLH]

Pre-LC-CelA~J 1% 261 - 782 FXELD 7 X VBB D, BlastX Z HWTZ i
S5YNLT—BOT R BESOFRER = —F E{To72 LA, WINHEE
FOENLT—E L 42-T6%DMHFEMEEZ R LT (Tablel-1), 2F D, WL HBERF
DENT =B LIZRRDESNEFFoTEBY, AT 7 MERHRELT —ED
BRICAHTHD Z L DHER S 7=, Pre-LC-CelA~) 7 X/ B2 H11Z accession
number KF626648-KF626657 & L C GenBank (2% &k L 7=,

Pre-LC-CelA~J O — kA 2 1912 Figure 1-1 (27”97, R A A UMY —
JV SMART [43] ZHWT, SP, LT —B RAL Y, BLEB—RFEERAL Y
ZTH L7, WIid N REGEIZ 16 - 36 FEAENHRKD SP A AL TEY, 2WH
VRTETHDLZ ENTRBREINT, FWITRbLEALT—E RAL U EFLT
Y. Pre-LC-CelA. Pre-LC-CelD. Pre-LC-CelE |% GHF12 /1< —¥ ., Pre-LC-
CelF, Pre-LC-CelG /% GHF9 £/ 7 —+ . Pre-LC-CelB. Pre-LC-Cell % GHF6 &
)7 —E¥ Pre-LC-Cell iZ GHF3 /1 —-  Pre-LC-CelH % GHF44 & /17—
Pre-LC-CelC (% GHF51 /T —EB DM R A A Z2HF L TW\W5%, AT, Pre-
LC-CelD & Pre-LC-CelF % cellulose binding domain Il (CBDII) . Pre-LC-CelF %
cellulose binding module 3 (CBM3) &4 L CTV»%, PROTSCALE (2 X % & Pre-LC-
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CelG BISME, W dLd SP &l K A A L DI 14 - 29 5% I B A D BLAKMED
flexible loop (FL) #H L CT\5%, T 5O FL XM T, £ pl fiiE 3.28 -5.52
Th b,

1 261
Pre-LC-CelA [N [ GHF2 ]
20-35 107-259
1 596
Pre-LC-CelB [ | GHF6 [
25-51 316-585
1 515
Pre-LC-CelC [___cHFsi | |
22-45 25-245
1 400
Pre-LC-CelD [ W [ ehf2 | [ ceon ]
37-56 106-258 297-397
1 286
Pre-LC-CelE [ H [ eHFi2 [ |
25-47 131-256
1 782
Pre-LC-CelF [1H GHFS [T cama | cBDI_|
20-48 49-464 489-568 679-779
1 577
Pre-LC-CelG LI GHF9 I
1-19 133-572
1 742
Pre-LC-CelH [N GHF44 [
20-33 26-540
1 592
Pre-LC-Cell [ GHF3 I
27-50 143-373 444-591
1 326
Pre-LC-Celd [ GHF6 []
17-39 39-302

Fig. 1-1. Schematic representation of the primary structures of metagenome-derived cellulases
from leaf-branch compost. Putative signal peptides (N-terminal open boxes), putative flexible
linkers (black boxes), glycoside hydrolase family (GHF) domains (grey boxes), and cellulose
binding domains/modules (C-terminal open boxes) are shown. The numbers above the sequence
represent the positions of the N- and C-terminal residues of each protein. The numbers below
the sequence represent the positions of the N- and C-terminal residues of each region or domain.

13



4!

Table 1-1. List of cellulases isolated from leaf-branch compost and proteins with the highest amino acid sequence identities

Protein with the highest sequence identity

Cellulases No. of
residues  Protein Source organism? Accession No. Identity (%)

Pre-LC-CelA 261 Glycoside hydrolase family 12 Rhodothermus marinus (65°C) G2SJ29 76
Pre-LC-CelB 596 Cellulase Plesiocystis pacifica SIR-1 (18°C) A6G3Z7 50
Pre-LC-CelC 515 a-L-Arabinofuranosidase-like protein  Opitutus terrae (30°C) B1ZZ7J5 45
Pre-LC-CelD 400 Glycosyl hydrolase family 12 Thermobispora bispora (50°C) D6Y3Q3 45
Pre-LC-CelE 286 Cellulase 12A Streptomyces sp. 11AG8 (35°C) Q9KIH1 43
Pre-LC-CelF 782 Uncharacterized protein Streptosporangium roseum (26°C) D2B808 62
Pre-LC-CelG 577 Glycosyl hydrolase family 9 Microcoleus sp. PCC 7113 (25°C) KO9WMG66 42
Pre-LC-CelH 742 Cellulase Candidatus Methylomirabilis oxyfera (25°C) ~ D5MF13 64
Pre-LC-Cell 592 Glucosidase-like glycosyl hydrolase ~ Xenococcus sp. PCC 7305 (25°C) L8M232 57
Pre-LC-CelJ 326 Glycoside hydrolase family 6 Frankia sp. EUN1f (30°C) D3D8M1 53

& The optimum growth temperature of each organism is shown in parenthesis.



SP XX U RIS BWEND ERESNDEDOT, 26X LRI EIX
LC-CelA~] & L THERET 2 & B2 bivd, 2D H 6 LC-CelA(Leu20-Arg261) i
6D TR W EWE 273 2 & A 540 CUv % RmCel12A (Cys18-GIn261) & 76%
OT X BRESIFEFEIME A R T 2O, FFICBAEZEROEWNEL T —EThDH L
TRl E 7 (Table 1-1),

1-3-3.  Pre-LC-CelA & Pre-RmCel12A O 7 3/ BEECHI L

Pre-LC-CelA & Pre-RmCel12A @7 X/ FgElS % bk L7- (Fig. 1-2), W94
t, 261 FREE B D, LA L Pre-LC-CelA @ SP (Metl - Val19)., FL (Leu20 - Pro35)
& Pre-RmCel12A @ SP (Metl - Gly17). FL (Cys18 - Pro37) OfEIILMHE AN FHE)S
& 7% [44], AFL-RmCel12A (Thr38 - Lys261) D IE#EH GRS [32] 12X b L.
Trp9, Trp26, Trp69, Trpl59, Trpl61l, Tyrl63. Trp209 (Pre-RmCel12A TiIXZ <
AU Trpd5, Trp62. Trpl04, Trpl95. Trpl97. Tyrl99. Trp245 (ZFH) 2NIEMEEAL
7 L7 MBETIREIZOR Y GHEBE Ry NU—7 2L T, AEMEIC
Bl s B2 Hivsd, Asn24, His67, Argl00, Metl36, Prol37. Gly138 (Pre-
RmCel12A TIXZ €41 Asn60, His103, Argl36, Metl72, Prol73, Glyl74 (Z4H
M) D07 LT FOKIZED > TW5, 2 >Ofllitsk kL Glul24, Glu207 (Pre-
RmCel12A TiXZ L4 Glule0, Glu243 [ZAHY) (X2 D7 L7 MIALE LT
Do ZHUHOFEIEITA T Pre-LC-CelA THRIFEIN TV,

RmCel12A @ FL KEZEFIKD To fEIXEFAER LV $ 8.4°C K<, 90°C 128
T RO 5 FEf 6 2 RFICAR 95 2 &0 5 [44] . FL 2% RmCel12A O
MEALIZF ST 5 Z ERRmBILTn5d, LarL, FL &% A 72 RmCell2A O
RE IS TR L TV RN [31, 32]. 2 OMBMEMEREI L E 7253702 > TR,
% Z T, LC-CelA 75 RmCel12A [FIFRICE WEVE EME A AT 2D E 5, £,
FLANED L S &L TR T 2 D0 E i~ 57012, LC-CelA ¥ X N His-tag %
C KimIZEA L7z LC-CelA-His ZZNEN KM CREAFE L, Bk, 6FF
PERFAT & b A S AT 21T > 72,
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BA1 pB1 pB2

e}
Pre-LC-CelA MKHFYWTLFLIGFLAGCSdLFPE*KNESNPQAEDEPTATVCDRWGSRDVAGGRYRVINN 58

Pre-RmCell2A MNVMRAVLVLSLLLLFGCDW* ** DGD*GKE*EP* P* * W VEL*G* ¥ DAX %k &% kkkkkkk® 60 (24)
BA2 BA3 B3 RC1

o]
Pre-LC-CelA VWGAETAQCIEIGLETGCNFILTRAEHSNGDNVAAYPAIYLGCHWGACTSQSGLPLRVEAT 118
E’remeCellZA ***********V*******TI***D*D**N*********E‘*********N****R**QEL 120(84)
BAS BB5 BB6 RBY

°
Pre-LC-CelA SRLOSNWRLTPISSGRWNAAYDLWFSPSLTSTNGYSGGAELMIWLNWRGNVMPGGNRVAT 178
Pre_anCelIZA *DVRTS*T****TT********I****VTN*G***************N*G*****S**** 180(144)
B8 BB7 BAG a pB4
———1

Pre-LC-CelA VSLAGATWEVWFADWDWNYIAYRRTTPVTEVTQLDLKAFIDDAVARGYISPTWYLHAVET 238
Pre—-RmCell2R *E***x stk kdkYhkkkhkkrkkxx k k k4 THGhGE*kkkkkkkkkkkkkk kRAER Ak k kx4 240 (204)

pA4
[ 4
Pre-LC-Cel”A GFELWEGGRGLKSSDFSVTLTAR 261
Pre—-RmCell2A ***kFxdk POk Rk [ xkok ok ki) 261(225)

Fig. 1-2. Alignment of the amino acid sequences of pre-LC-CelA and pre-Cel12A from
Rhodothermus marinus (pre-RmCel12A). The accession numbers are KF626648 for pre-LC-
CelA and G2SJ29 for pre-RmCel12A. For the pre-RmCel12A sequence, the identical residues
with those in the pre-LC-CelA sequence are indicated by asterisks (*). Gaps are shown by
dashes. A putative signal peptide (SP) is underlined. The region predicted as a flexible linker
(FL) between a putative SP and a catalytic domain is boxed. The amino acid residues
responsible for dimerization and catalytic activity of RmCell2A are denoted above the
sequences by open and closed circles respectively. The aromatic and non-aromatic amino acid
residues that form the active site cleft of RmCel12A and corresponding residues of LC-CelA
are shown in boldface. Numbers represent the positions of the amino acid residues that start
from the initiator methionine residue for each protein. Numbers in parentheses represent the
positions of the amino acid residues that start from the initiator methionine for the RmCel12A
derivative without SP and FL used to determine the crystal structure [Met-(Thr38-GIn261)].
The ranges of the secondary structures of LC-CelA, which are identical to those of RmCel12A,
are shown above the sequences.

1-3-4.  LC-CelA & LC-CelA-His D K EFH L ksl

Pre-LC-CelA @ SP %, Pre-LC-CelA NZ D EHIIEMN LW SN D & X
frsind, Ll KIGEZ W THRBLSE TS Pre-LC-CelA 33 WS4, %
D SPNFRESND LITIR G 72D T A WL TIL SP %25 & 721 LC-Cel A (Leu20
—Arg261) & LC-CelA-His ZE I Z 1 KI5 CREFRBL S E 7, LC-CelA LN K
Bl Met-Asp 28 A &L TCTHE D | LC-CelA-His I N K2 Met, C Ki#lZ His-tag
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DEAINTNWD, BEFEEL, V= —ra 280 BHIREBREL ., =008
&0 ATEEYEE Gy & ANEYEBEIIZoBEL 72 & 2 A, LC-CelA, LC-CelA-His V9
N RGHEENICER L, €D B 20 - 30%NAEETH D 2 &G -
Too IR X7 B R B L, I ER 1-2-4 OFNAIZHE > T SDS-PAGE THL
— N RBEOLNDETHE AT, WTINLD 1L OEEREHH 3 mg O
R E NSRBI, LC-CelA @ N Kiig7 X/ Wl 1X Met-Asp-Leu-Phe-
ThhHZ b, FLEHROKRBIZR N7,

TAsmr v~ 8777 4 —IZL D E LC-CelA D515 iioioi%29kDa
ThdEHEINT, ZHUXT I BEYIGERE I LE (26.9 kDa) &1
—HT 5720 LC-Cel A 1 TR T W THER THEET H 2 & ﬁiﬁﬂzséirbfco
—J7. AFL-RmCel12A (I " EARTHEET 2 2 & NHREINT WD [32], AFL-
RmCel12A @ B A& X Glud0 & Arg83 DIk S 2 MG L v ZEfk
ENnb, LML, LC-CelA Iz TliE, Arg83 1X Arg8l & L TIRGFEIN TS
DD Glud0 1 Thr38 IZEH SN T 5 (Fig. 1-2), > T, LC-CelA IXIEEHE1E
R TE T, “E®AEEZER LW EE IS,

1-3-5.  LC-CelA-His DiEME

LC-CelA-His DEEHZTFEMEDIREERFMEEZ, CM o — 22 HE L LT 40 -
100°C D #iPH CHIE L7z, Figure 1-3A (2779 X 912, LC-CelA-His % 90°C Tk
j@ﬁ%%/%% FEIEIEE 2 100°C LL D RmCel12A &2 L oRofKVWVERE T
DM AZIEPEEL L TV 5 [44], —J7. 60°C T LC-CelA-His ™ FLiEME 4.2 units
mgtiE.RmCel12A @ 65°C (Z331) 5 i 3. Lunitsmg™ L 0 oIz mvy [44],
DF Y LC-CelA-His (% RmCel12A FRIFRIEHF ICIHEED mWVEERE TH D | )T
RmCel12A XV HIEMERTRVNEF X D,

LC-CelA-His DEEETENED pH &K fFMEA . pH 4.0 — 10.5 & THIE L 7=,
Figure 1-3B (2779 K 912, LC-CelA-His IZ pH 5.0 — 9.0 O AW iR Tl KIETEIC
VEVNEM: 2R L7z, RmCel12A % pH 5.0 — 8.0 O#iPH T KIEMEIZ T EME 20w
L7223, pH 9.0 TId KIEMED B0 OIEMHETH - 72 [30], L - T LC-CelA-
His 7773 RmCel12A X 0 6557 L VREICEWTLZE TH D Z LRI S
Do
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Relative activity
Relative activity

10 60 " 100 4« 5 s 7 8 8 10

Temperature (°C) pH
Fig. 1-3. Optimum temperature and pH for activity of LC-CelA-His. The temperature (A) and
pH (B) dependencies of the enzymatic activity of LC-CelA-His are shown. The activity was
determined at pH 7.0 and the temperatures indicated (A) or at 90°C and the pHs indicated (B)
using 1% (w/v) carboxymethyl-cellulose (CM-cellulose) as a substrate, as described in
Experimental procedures. The buffers used to analyze the pH dependence of the activity were
100 mM sodium citrate (pH 4.0-6.0), 100 mM sodium phosphate (pH 6.0-8.0) and 100 mM
Glycine-NaOH (pH 8.0-10.5). The experiment was carried out at least twice, and errors from
the average values are indicated by vertical lines.

1-3-6.  LC-CelA-His D ETE

LC-CelA-His DIt 2 5~ % 7= %, 100 mM sodium phosphate (pH 7.0) (2%
T L7-F%3% (0.05 mg mL?Y) % 60 - 100°C OFIERE T 30 oA > F =X— kL,
FAFIEYEZ pH 7.0, 60°C D5 TR 7=, Figure1-4 |Z7~9 X 912, LC-CelA-His
1% 90°C, 30 /3 DA > = — & TILIEME 2 IFIFREF L T 228, 95°C, 30
DDA o Fa_X— FMRITIFEAERIEL T e, 2 ORERITEBEREE D 90°C
Th5HIZ & LIFFE T 5 (Fig. 1-3A), —77T 100°C, 30 DA »F 2~ —
N & DOFETAEMEIZIZIE R DIV TV A (Fig. 1-4), 100°C (Z381) B IEME I KiE
PED 80% % f4F L T /= (Fig. 1-3A), Ziuid., Z DHIESRMCTIIBERE N B2
VT DR, BWEENMKDET 2006 ThHEEZXDLND,

1-3-7.  LC-CelA-His MM

£V EEAIZ LC-CelA-His DOIFfEMEZ TR H7-0HI12, 3 M 77 = iR
fFEFpH7.0 T222nm O CD A E =X —7925 Z LI X 0 BEME#REZHIE L
7o BVEMEIZZ O CIEHHCEZ 5, £72<2M 77 =V UHERRFE FC
%, 100°C THERITITZEM L7ed o7, Figure1l-5123M 77 = VHRAFAE
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T CTOLEMMEEZRT, LC-CelA-His OZEMEH SIRE (Tm) 1 86.8°C Th -7,
T =D B IAEAE TIZH T D RmCell2A @ Tn fiE1Z 102.9°C T 5 73[44].
LC-CelA-His 1377 = VHEAIEAFAE T Cl, 100°C TIXH43Ic B4 Lisuniz
». RmCel12A [FI#EMGD THEWED mWEE TH DH Z E RN o T,

100

80 r

60

40 |

Residual activity (%)

20

60 70 80 90 100
Temperature (°C)

Fig. 1-4. Stability of LC-CelA-His and its derivatives against heat inactivation. LC-CelA-His
was incubated at pH 7.0 and the temperatures indicated for 30 min in the absence of DTT
(filled circle) or in the presence of 1mM DTT (open circle). AFL-LC-CelA-His (filled square)
and E34A-LC-CelA-His (filled triangle) were also incubated at the same condition in the
absence of DTT. The residual activities were determined at pH 7.0 and 60°C using CM-
cellulose as a substrate, as described in Experimental procedures. The experiment was carried
out at least twice, and errors from the average values are indicated by vertical lines.

1 F

05

Fraction unfolded

0 L 1 —_r 1 1
30 40 50 60 70 80 90 100

. . Temperature (°C) . . L
Fig. 1-5. Thermal denaturation curves of LC-CelA-His and its derivatives. Thermal

denaturation curves of LC-CelA-His (thin dashed line), AFL-LC-CelA-His (thick solid line)
and E34A-LC-CelA-His (thick dashed line) obtained in the absence of DTT and that of LC-
CelA-His obtained in the presence of 1 mM DTT (thin solid line) are shown. These curves
were obtained at pH 7.0 in the presence of 3M GdnHCI by monitoring the change in CD values
at 222 nm as described in Experimental procedures.
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1-3-8.  LC-CelA OiEM: & 22t

C KUl A L7z His-tag DR Z 57212, LC-CelA DOiEME & 2 e
ERELZ, CM A —2 &2 FE L& L CTHWEZ & & D 60°C TD LC-CelA OfF
PEIZ 4.3 unitsmg? TH Y . il LC-CelA-His (4.2 unitsmg?) S iFIFELV, £
7= LC-CelA @ Tm ftilZ 86.0°C TH Y. Ziht LC-CelA-His (86.8°C) LITIFZ L
VW, TIUHDZ LD, His-tag DfFFEIX LC-CelA DIEMHERZENEICIZE A ER
LW EEZ D,

1-3-9.  LC-CelA Dtk

LC-CelA D FL X ED LS IV BEEN TV DL E TS5 7-0HIZ, LC-CelA
OfE G % 1.85 A O REE CIE L7z, HExtFrz=> Iz 2 531 (A, B)
FAELTZ WO N REERICIEARA RS TR H D (N KD Met-
Asp & FL fHIK DO K> (Leu20 — Glu32) DFEFHRE BT L Z LixTE o
ST, 3 A L B ORESEIImO CHEEIL TRV, ZOVH —FFZE (RMSD) fE
X008 A TH o7, T—XUIUER L OREE(LOKFHEZ Table 1-2 (277,

LC-CelA (431 A) D4 K& % Figure 1-6A (2753, LC-CelA (F 872 B-
vl —u— W EEE R, 2 OB —FE 1 oDa~Y v 7 ABED, FL
BEIR % BRV )72 LC-CelA D& I ZAFL-RmCel12A (PDB code: 1HOB) i & A sd
THEPLTERBY, D RMSD fEIX 0.33A TH 7=, LC-CelA DIFMEERNALEL D
1% 2 AFL-RmCel12A-t 1~ h— 25 (K1 1E (PDB code: 2BWC) [32] & &
REDLEZE A, 2 OOl (Gluls8, Glu24l) Z &, FKEMARTr v
N 5 & TSN DT X/ BRFREORIE X AFL-RmCel12A & IFIE—2 L
7= (Fig.1-6B), LC-CelA OFEEREE R 7~ X, RmCell2A & & 5 1T H F R
(FEIZTrp) B—HDO TNV a—AfEEGH T A VeI L, JVva—RA2=y &
AH X THHAAER ZET 0, ML 1 & FR R KBRS S %
T2 EEZ2 N5 [32], £7-AFL-RmCel12A O o Tl HEPES 43 F 723 5
EREAEALICHES LTz [31], L2>L LC-CelA ifif 558 h Tix, HEPES 4y
FEFHTHERETFEEIRLONR -T2 L5, LC-CelA DIEMEMTIZIE
HEPES 73 FI3H < IR L TV RN Z EXRIBE S e, ZAUXIEMESAL O T 2
J BEELE DD 7LEVIZ L D B O D Ly,
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Table 1-2. Data collection and refinement statistics of LC-CelA

Crystal LC-CelA
Wavelength (A) 0.900
Space group C121
Cell parameters

a, b, c(A) 130.78, 59.58, 74.95

o=, B (°) 90.00, 122.89
Molecules/asymmetric unit 2
Resolution range (A) 50.00-1.85 (1.88-1.85)?
Reflections measured 297,834
Unique reflections 41,281
Redundancy 7.2(7.4)
Completeness (%) 99.4 (99.6)?
Rmerge (%)° 12.0 (37.1)?
Average I/o (1) 21.8 (5.6)*
Refinement statistics
Resolution limits (A) 62.9-1.9
No. of atoms

Protein/water 1798/507
Rwork (%) / Riree (%)° 16.2/20.5
Rms deviations from ideal values
Bond lengths (A) 0.012
Bond angles (°) 1.200
Average B factors (A?)
Protein 15.2
Water 27.2
Ramachandran plot statistics
Preferred regions (%) 96.9
Allowed regions (%) 3.1
Molprobity score® 1.35

2 Values in parentheses are for the highest-resolution shell.

b Rimerge = Y|t — <lna>)/Y. Ina, Where I is an intensity measurement for
reflection with indices hkl and <lng> is the mean intensity for multiply recorded
reflections.

¢ Free R-value was calculated using 5% of the total reflections chosen randomly
and omitted from refinement.

4 MolProbity score combines the clashscore, rotamer, and Ramachandran evaluations

into a single score, normalized to be on the same scale as X-ray resolution [53].
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Fig. 1-6. Crystal structure of LC-CelA. (A and B) The entire structure (A) and the structure
around the active site (B) of LC-CelA are superimposed on those of RmCel12A in complex with
the substrate (p(+)-cellopentose) (PDB: 2BWC). The structures of LC-CelA and RmCel12A are
colored cyan and gray respectively. The region predicted as a flexible linker (FL) of LC-CelA is
colored orange. The central region of LC-CelA that contacts FL is colored green. Two acidic
active site residues (Glul58 and Glu241), two disulfide bonds (Cys40-Cys67 and Cys100-
Cys105), twelve residues forming the substrate binding site of LC-CelA, and C-terminal two
residues of FL (Glu34 and Pro35) are shown as stick models with labels. The corresponding
residues of RmCel12A, except for those corresponding to Glu34 and Pro35, and the substrate
bound to RmCel12A are also shown as stick models. In these stick models, the oxygen, nitrogen
and sulfur atoms are colored red, blue and yellow respectively. The substrate and the residues
forming the substrate binding site are not shown in panel A for simplicity. Six -strands forming
sheet A (BA1-A6), nine B-strands forming sheet B (3BB1-3B9), BC1-strand, and one oa-helix are
shown in panel A. N and C represent the N- and C-termini. (C) Electron density around the
region, where hydrogen bonds are formed between the FL and central regions of LC-CelA. The
2Fo—Fc map contoured at the 1.5p level is shown. The side chain and main chain atoms are shown
as stick models, where the oxygen and nitrogen atoms are colored red and blue respectively, and
the carbon atoms are colored orange and green for the FL and central regions respectively as in
panel A. Three hydrogen bonds formed between Glu34 O3 and Thr74 N, between Glu34 O and
Glu73 N, and between Pro35 O and Leu72 N are shown by broken lines together with their
distances.
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LC-CelA D#EEH T, Cysd40 — Cys67, Cys100 —Cysl05 @D 2 DD YV A)LT 4
RfE & 7 B A7, Cys40 — Cys67 [T N 2 A > D N RimfHir OBAL $4& BBL
HOMONL—T LBA2 $HE# <, F£7-. Cys100-Cys105 (FHHV b—7 (His101 -
Alal04) ZHRkd 5, Cysd0—Cys67 DY AL 7 4 FEEEIE GHF12 BT —F i
Jis < ARTES LTV DM, Cysl00 — Cys105 DY A7 4 REES 1L RmCell2A &
Streptomyces J& 13k GHF12 £/ T —¥ TOREFE SN TV 5D,

FL BEIDO KNI ABANREL TR | ZOEFEEZBNT 52 &1
TEX 7o 7273, C Kl 3 7KL (Asp33-Pro35) DAt~ & V) & LI-EFHEEN
BN, BRENZ L2, 2095 5 2K, 3ARDOKE/BAEZN L CHESRE
AARD Leu72-Thr74 O 8 EFHEAEH L T /= (Fig. 1-6C), BRIV &2, 2
DOFEIIE 3 DDKFERES (Gludd 0% & Thr74 N [H. Glu34 0% & Glu73 N R,
Pro35 O & Leu72 N fHl) #4r L CH.LEIK (BA2 $H & BA3 BHOM D/L—7) LA
HEFHLTWS, 26 DFEIT RmCel12A THRFESNLTWASZD, 2 bH D
KFEREA 1L RmCel12A THRERISIEK SN D EEX BN D,

1-3-10.  AFL-LC-CelA-His & E34A-LC-CelA-His D% &M

IR D N RS DOKFERE G LC-CelA DL EMICTFET 2008 5 a il
NRBH 7=, FL KABZE R AFL-LC-CelA-His & Glu34—Ala ZH{K E34A-LC-
CelA-His #RE8E L, 2UWH, = VT 74 =T 4 7a~ 777 4—2LY
FERLL7=, INEIZWT M LC-CelA-His L [RIRETHo-(EEE 1L H7=v 3
mg), W Far-UV CD A7 b /LiE LC-CelA-His & L1925 = & 75 (Fig. 1-
7). FL SEHIR O KRR BT B MRS T A BB LW Z L VRIR ST,

4000

Fig. 1-7. CD spectra of LC-CelA-His and its
derivatives. The far-UV CD spectrum of
LC-CelA-His was measured at pH 7.0 and
25°C either in the absence of DTT (thin
dashed line) or in the presence of 1 MM DTT
(thin  solid line), as described in
Experimental procedures. The far-UV CD
spectra of AFL-LC-CelA-His (thick solid
line) and E34A-LC-CelA-His (thick dashed
line) were also measured at pH 7.0 and 25°C

-12000 . . . :
200 10 250 230 o 1N the absence of DTT.
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LC-CelA-His & [A#£IZ, AFL-LC-CelA-His & E34A-LC-CelA-His % 60 -100°C
DAL T 30 /filA o F 2~~— kL, FAAEMEZ pH7.0, 60°C DS TRDT-
(Fig. 1-4), LC-CelA-His 1£ 90°C, 30 /3[H DA v % 2 ~— ME b IXTHRATEEE
RFF L T = dITx L, AFL-LC-CelA-His (% 85°C TA v F =X— k L72t&1X
60%., 90°C TA > F =— h L72FITITIE 100%IEPE Kbt Tz, [FRIERIZ
E34A-LC-CelA-His % 85°C TA > & =X— | L72#1% 20%, 90°C TA > F =X
— M L7288 01E 60%FEETEMENME T L T2, o F D iEWEiL LC-CelA-His>
E34A-LC-CelA-His> AFL-LC-CelA-His DIEIZAL T L 7=,

%e T, AFL-LC-CelA-His & E34A-LC-CelA-His |ZoW T, 3M /7 =Y
HFETFAE T pH 7.0 TEVE MR 2 HIE L7z (Fig. 1-5), TINZ4D TmfE % Table
1-31CF & ® 5, AFL-LC-CelA-His & E34A-LC-CelA-His @ Tl L. LC-CelA-
His K W 12+ 14.7°C, 12.0°CIKF L T\W/i=, fit-> T, LC-CelA ® FL X kit
DKRFREEIZ L > T, RmCell2A @ FL [Alfk, LC-CelA OiEVLIZFH G452 &
DRI N, 72 TmEDOZEX D Pro35 XV 4 Gludd NIERK T 5 KEHREES D
J705, FLIZT K % LC-CelA D EALICiR T H-T 25 2 LR S iz, KFE/RHE
XA H T BEOREICRELS FETH 2 ENMEINLTWD [45],
— )7 CABANCEE S5V T FL 58I (Leu20—Glu32) 1% LC-CelA D& EAkIZIE
ENEFH LW EEZ BT,

Table 1-3. Activities and stabilities of LC-CelA-His and its derivatives

Protein [DTT] Specific activity*  Relative activity ~— Tm° ATm®
(mMV) (U/mg) (%) C) S

LC-CelA-His 0 4.2 100 86.8 -
1 4.2 100 58.8 -28.0
AFL-LC-CelA-His 0 3.9 93 72.1 -14.7
E34A-LC-CelA-His 0 4.0 96 74.8 -12.0

8 The specific activity was determined at 60°C either in the presence or absence of DTT using
CM-cellulose as a substrate, as described in Experimental procedures. Each experiment was
carried out at least twice and the average value is shown. Errors are within 10% of the values
reported.

® The melting temperature (Tm), which is the temperature of the midpoint of the transition, was
determined from the thermal denaturation curves shown in Fig. 5.

¢ ATm = Tm determined - 86.8°C.
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1-3-11.  DTT 17 FIZHBT D LC-CelA-His D22 M

VANT 4 RFEGINZ X E DB 5T 20135 < #HiE ST
W5 [12, 46-49], & Z T LC-CelA IZFFAET 5 2 DDV A)VT ¢ RiEE MitEVL
IZHGTEMNEIDERRIDIZD, 3M 7T = UHERRAF(E T pH 7.0 TEAZEM:
MR 2 HE Uiz, Z OBEMih#R % Figure 1-5 12773, 1 mMDTT 1£4E FICB 1T
% LC-CelA-His ® T fEIL DTT IEFE T D & & L X 28.0°C X L 7= (Table 1-
3), EoTYANLT 4 FiEA D LC-CelA DIHEYLIC K& K FEHET 5 Z LR
E7-, 723, 10 MM DTT /27 F CTO T fE1E 59.8°C T, 1 mM DTT ##E F C
D Tmfl (58.8°C) LIFIFF L TH 5728, LC-CelA-His DT A/L7 ¢ RiEAIT 1
MM DTT CTHELENTWD LB X LD,

WD AL T 4 REEE A LC-CelA DIHEYLICTR < 5325 DT h
ST, 272 L, —RICTV ANV T 4 REEE ORI N 2 NE ELEMEICTH
{EFHTDHZENME SN TS [46], Cys40 — Cys67 fif] & Cys100 — Cys105 i
DT X7 BEFEREEITZN T 26 R, 4 BETHDH -0, BOLFAIHEDO VAL
7 4 REANEICWMEYLIZHFS L TnD EE 2 bz,

VAT 4 FEEATE LC-CelA & 5\ iE RmCell2A & Streptomyces F& F 3k
GHF12 £V 7 —EDOMEMEDE O ERER TN EEBEXDND, b,
LC-CelA @ 2 DDV AT 4 REEEIF, ZNHDX VR IBIBRFEINTWD
72 Toh D, RmCell2A & Streptomyces sp. 11AG8 H 3K GHF12 &t/ 7 —+F
(StCel12A) DEVERIFETAE F COEMEF FIRE Tn EIZZZ41 102.9°C [44].
65.7°C[50] T3 ¥ . RmCel12A D J57° StCel12A X 0 & &> CHlifEAWMED @V, LC-
CelA DOIEWE H RmCel12A (ZICH T % 72, StCel12A LV & MHEWEIZME D T
WEBZBND, XTI, A A UREAOKFRES, VALVT 4 R
BV N—THEEF O T ) VERIEOBINZNEE, FX T ENE OB
FERENE EMHEER BV E ST D [45], £ Z T, LC-CelA, RmCel12A,
StCel12A (PDB: 10A4) 22O\ T I Vb Dl A# T >7-, LC-CelA DR IEEE
(I3 2 NEROD FEMMEFR L OB A 1X 66.7% TH Y . ZiiE RmCel12A (65.2%)
EIRIFEEECTH H—F, StCell2A (60.8%) L v & KigIZE, F7= LC-CelA DA
A U HEE O#E 10 T, RmCell2A(8) & [RIFEEETH 503, StCell2A(B) LV %
W, — . KFBREENL—T RO T a ) UEREOIZIZZ O L O REEIT R 5
7einote, Lo TEICEESENETOBKMERE & A F 23t OFns, LC-CelA & 5\
RmCel12A & StCell2A D EMDFHEE LA TWD EEZ BN D,
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1-3-12  AFL-LC-CelA-His & E34A-LC-CelA-His D& ME

AFL-LC-CelA-His & E34A-LC-CelA-His |% LC-CelA MOE#EIEE TH 5 90°C
TIHKIET 28NN H H7-0 (Fig. 1-4). 25 OEZEOFENEIZCM BLro—2
B L LT60°C THIE Lz, ZDREER., WTHOIEME S IXIE LC-CelA-His &
[F U Cdh o7 (Table1-3), LT, FL DXRELE B LC-CelA DREFRIEMEIC I
IFIFEELE MIT S 72 N D EDVRBR STz, [AEEIC DTT 7746, FEFESMT LC-
CelA-His DIEPEIZ AT O N o T Tod VALV T 4 RiEE ORI S LC-CelA
DOIEPEIZITIZ EAERE LW B b,
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1.4 #%

FREED VAR A RS A X7 ) MBI K 10 EEOMBYEO S WHiH L2
—EBEHEEL 7=, ZOH T, WHEMEIZEIL7. R marinus H12kD GHF12 /v 7 —
¥ (RmCel12A) DARE w1 7 Th D LC-CelA D& 27 E Lz, ZAUI N K
WO 7 VX7 o A— (FL) 25T GHF12 BT —8 & LTI TOrE
EThHD, LrL, FLEERO KR EIIWEREFEEL 52T, 7vx el T
A DENZ ENRaoTe, TORERIT, TR &Mz 38 SEUKMEEOE W 7
FTNRTF REMROMBE T 23T 27202 FL Z0ETH D &0 9 G
IZ—%d 5 [44], LA L FL ® C K 2 7% (Glu34, Pro35) XA/ E 1B
ZhH z . OEER (Leu72—Thr74) & 3 SDOKFHAEZ N L CTHEMEH L TWD
TR LM o7z, F 72 Cysd0—-Cys67, Cysl00-Cysl105 [HiZ 2 DD AL
74 A DRI T,

LC-CelA |FH R L A 90°C DD THEMED =\ W EER T 5, LC-CelA D
ZPEREE X FL ORBIZ LY 14.9°CHE T L7, ZAUE FL & L aEIskH o K SE#E
BEIH ZENERFKNTH S, RmCell2A IZB W T HFEFRIC FL 2 KB SE 5
EEMEIREIX 8.4°C KT L7z [44], Ziud LC-CelA @ Glu34 & Pro35 (ZFHY 9
LHEEFEER D ZEICERT A EEBE LA OND, T—FX—AY—FIZLBH LI
5 DI LC-CelA & RmCel12A O AIZLRAF S v, FL & FuDLaEIk 2 IR S 4
HIKFBREGIZ L DMBLIZZ N OBERICRA TH L BRI nd, —F
DTTIZ LA AT 4 REEASDEITTICLEY . LC-CelA OZEPEE 1T 28 °C K F
L 72 N RS IZALE 9% Cysd40—Cys67 D2 A7 ¢ KiEA D J7H3, Cys100
— Cysl05 MDY AT 4 REEG L0 HL—TRIOT I ) BRFEEEN L\ 2,
MHEMIZ iR < T 575 L HERl S u7e,

GHF11l ¥+ 7 7 —¥i% GHF12 ©/ 7 —¥ &7 2/ BRESI OF EIVEIFER
N, EOREBHEE D THEEIL TV D, NRKIRIZH D 11 R D=2 =— 7 7o fif
Rl & FOFEIR DI S D KFRHEERV AN T 4 FREEIZ L0 iEWE
ZA EEETWD GHF1L 37 F—E RN filiifs Sz [61], £7- GHF11 %
VI —EBOmMEMEEL . N R ~OZEEEA [52] ° N KD A/V7 ¢ Nk
HOEA [53-56] ([CL VA ESEDEVIFRENMEERES N TS, £72. %
(37208 GHF12 BT — B DOIEMECIEWEZ ] L2 % 2 /37 H 1%
e LS ST 5[57,58], AFFFEDRKE L. GHF12 £/ 7 —E < GHF11 &
VI T =P OMBNEZ A E ST D72 00F - FiEE LTOISHNERETE 5,

28



F2E NRUWIC Ig-like FAA %2 FT 5 GHFI /LT —8 LC-CelG DHEE.
TR X VR EM OfFHT

2-1. T ®IC

1 ETHRRZEBY, AFT ) MEICIVEEEa VR ML
T—EBZ 0B L-, 2095, FiHlGHFI L7 —EThH % LC-CelG I
577 7 2 JBRFEEENHRRY . N KUz 7 F X7 F K (Metl — Alal9) % £,
T FNRTTF REFRUWZ LC-CelG (X N K Ig-like A > (Leu20 — Pro132)
& C Rumfiift © A A > (Val133 — Leu577) 225k 5, LC-CelG i Microcoleus sp.
PCC 7113 Hi3k GHF9 %% (accession No. KOWM66) & 42% D7 X/ BEECHIAR[F
WRdH D, FL-EBEENREINLTWVWDH O TIL, Alcyclobacillus
acidocaldarius Hi 3 Cel9A (AaCel9A) (3EZ8) [63]. C. thermocellum 3k CelD
(CtCelD) (1CLC) [64]. C.thermocellum Hi3& = £ & R a7 —€ CbhA (CtCbhA)
(1UT9) [65] & ZFALZH 31%., 31%. 29%0D LL#HIER T 2 BB AIFE R % 7=
T ZNHDT E LY, LC-CelG b mWIMEMEZ R T D, 72245 D GHFI
BT —BEHEUOEEE AT HONETRD 2 L ITREBREN,

GHF9 /L7 —BiZ LW ENEALTHDELT—ET77IVU—D 1 DT
HY ., KPEI U RINVHF—ETHDHN, Eubdte KaJ—BoMolE i
BER DB ENTND, THETIT 100 FEFALL FD GHF9 BE3RE O REReIE AT 73 1k
ATWD, Z0 956 12 FEITRESFED NN TR . RAAL ORI
FESE, 3OO N—TITFDHI LN TE D, 1 2HIE C. cellulolyticum ik
Cel9M (PDB ID 11A6) [59]. C.thermocellum Hi 3 CelT (2YIK) [60]. X X X (Eisenia
fetida) Hi3k EF-EG2 (3WC3) [61]. > = 7 U (Nasutitermes takasagoensis) FH &
NtEgl (IKSC) [62] 723& 4L, WT N A K XA A DA N B> Tnb, 2 0H
IZ AaCel9A, CtCelD, CtCbhA 23 & F 41, W3 41 H N K dm Immunoglobulin-like (1g-
like) RAA L EfillE R A A Bk SD, 3-DHIZIE C. cellulolyticum Fo3& Cel9G
(1G87) [66]. Thermomonospora fusca F 3k endo/exocellulase E4 (1TF4) [67] 7N & &
M. C K~ 7 2 U —3carbohydrate-binding module (CBM3) & filtff N 2 A /i
A%, GHF9 B#5E D N A A NI (wa)e- N L ViIEA A L, I3 2 >0
TANT T NRE L ODITNVEIVBETHL, ZHH 2 DDT AT F Rk
X W7 R ABIC LSRRI E LT Ko FaIEE LS, Zvx I v
MelI—fxig (e b R —) & LTEIK [68], 2 0D7 AT F U RFkEEITZ
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DK F EFEE L TWD, 7238, CICbhA I Ig-like R A A1 > fillft K X 14 > D
(2. N RISfEEIZ CBM4, X11, X12 E¥ 2 —/L &>, L2 L. CICbhA i Ig-
like RAA > Efflt KA A L OB TEMNEZA L, N KEEIKOT Y 2 — V&2 & F
IRNVEBARORE B E RN T D [65], F 72 CtCbhA 1X Ig-like KA A > D
KRIBIZE Y, RIEM LT D Z @GSN TS [69], LoL GHF BERiZE
7% lg-like KA A > OBENTE ZIAREIZIZ > TOZRU,

% Z CARFETIE, LC-CelG % KRG CREAME L, Wik, FEREMAT & i
S TSR 24T o 72, Z DFEE. LC-CelG NEVZERT Y IV F—BTh D
T, RGN DM Ig-like KA A U EHFT D GHF9 B & FEBLOMEE
EHETDHZLEEZBAOLMNI L, £72 Iglike RAA VOXRBEERKLL | Ig-like R
AA 2 EfE R A A I OMEAEFICBE D LD ERIRZHE L, THMECm
BWEEZHIE LTz, TLCINODORRI Y Ig-like KA A L O&EIZiER LT,
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2-2.  FEERAMELR L OGE

2-2-1. 7T A FEE

Pre-LC-CelG (Metl — Leu577) WA SN/ T 4+ AI R X —Z§iHl & L
T. N RU#C Met 2 A L7= LC-CelG (Leu20 — Leu577). N Ki#lZ His-tag % &
A L7= His-LC-CelG DH BN & — (ZhFHh pET-LC-CelG, pET-His-LC-
CelG) &M L1z, & 51T Ig-like KA A > RIAZEHEIK His-Alg-CelG DIEHL -~
4 —pET-His-Alg-CelG 45 7=, %7z pET-His-LC-CelG % #5 & L. GInd0 ®
2 R CAG, Asp99 ® = K GAC % GCC (Ala) 22D L )7 T4 ~v— %%
7+ LT, His-Q40A-CelG, His-D99A-CelG, His-Q40A/D99A-CelG DFEHL~ 7 X —
ZZENEIAEE L7, PCR X KODDNA R U £ Z—F (Toyobo) % FH\ T, Gene
Amp PCR system 2400 (Applied Biosystems) (Z Xk W 47-7=, 77 A ~—DO&RkIEAL
MEEY AT DY A = R LT, MEE L7277 A3 RO DNA RS
Prism 310 DNA sequencer % FWCTHRE L7z,

2-2-2.  KEFUL L FEH

LC-CelG °% DA RIKIT, 2-2-1 T LIZRBLY 2 —2 W\, £hEh
KIGH BL21(DE3) O CTE AR E L CUL FOHIETHRIL S, Mz KIGE
% ODgoo DA 0.5 FREE|Z 72 5 £ T NZCYM B4l 2 FV € 37°C THRZREE L,
IR D 0.5mM (272 % X 9 1T Isopropyl B-D-thio galactopyranoside (IPTG) % /il 2.
CTHIC 4 e L7=, 8,000 g, 10 Zyf i LBl LV IR Z I L, 1mM
DTT % &% 10 mM Tris-HCI (pH 8.0) IZF&HE L=, Y =F—v a3 2 K DHK
%, 30,000 g T 30 srffliE DoBE L. RIEZ B L7-, 50%MileT =1
LERAWNTH X7 G RE S, 1mMDTT, 1mMCaCl,, 1mM ZnCl, & & e
10 mM Tris-HCI (pH 8.5) (iR S H7c, Z L TCL1OMM2- AV 7 hx= & ) —)b,
1 mM CaCl, %% e 10 mM Tris-HCI (pH 8.5) & —a#E#T L7-, % L T 60°C T 60
Sy VLR % 1T 30,000 g, 30 43 Dz Lo orBEIC K 0 b A B2 L7, fiev T LC-
CelG DREFRUZ I TIX, =00 HE% O Bl % 10 mM Tris-HCI (pH 8.5) (2 X 0 3
#7{k. L 7= HiTrap QHP % 7 2 (GE Healthcare) (Zff: L. NaCl &4 OM 225 1M
FCHEHBUICERSEDLZLICK VBN Z VI EE DT AL SET,
HEZ X0 BaEte7 77 v a &R L, 50 mM NaCl #& ¢ 10 mM Tris-
HCI (pH 8.0) T F-ffi{l L 7= Hi-Load 16/60 Superdex 200 pg 7 7 2 (GE Healthcare)
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WL, B X0 B Eie T T 7 v a &R LT, RIZ His-LC-CelG, His-
Alg-CelG. His-Q40A-CelG, His-D9A-CelG. His-Q40A/DI9A-CelG D5z I\
Tix, EBOEE# O EiEZ 1 mM DTT, 10 mM o 2 %>~ —/1, 0.3 M NaCl =&
T2 10 mM Tris-HCI (pH8.0) (/X v 7 7 —A) ([ZBEAT L. v 7 7 —A T L=
HiTrap Chelating HP 7 & 2 (GE Healthcare) (ZHtL. 4 I ¥V —/LEE % 10 mM
735 300 MM CEBAIC EF S Z LISk W AMZ VX0 EE T T D05
WHEE, B L7727 3 a3 1% 10 mM Tris-HCI (pH 8.0) (24T L 7=,

2-2-3. BERIEME
1-2-6 L [ABEDTFIETITo 70, 7277 LEEREE X 0.01mgmLt & L7,

2-2-4.  CD (circular dichroism) A7 kL
1-2-7 L AR DO FIETITo T2,

2-2-5.  BAEMERIE

BRI TIREE RIS RE O R 222 nm O CD 2 E=4% —45% Z & Ti5
billc, Y7 E 5.0 mM CaCly Z 5 Te 10 mM Tris-HCI (pH7.0) (Z¥&2> L7,
HETZ 37 I 0.1 mgmLt, SR 2mm, FRIEEE 1.0°C/min D&ET
1ToTc, BMFAIRE (Tw) IE/NRELERILIEI—TT7 40T 471
KVEHE L,

2-2-6.  fdmik

1-2-9 L [RRRICHE bR 2 AT LTe, 7272 Lisdb BIZ - 72 LC-CelG D
FEIZ103mgmLt & L7, ¥/ H . 20°C DIRESMED T, Crystal Screen | No.6
(0.1 M Tris-HCI (pH 8.5). 0.2 M magnesium chloride hexahydrate , 30% (w/v)
polyethylene glycol (PEG) 4000) % U HF— —¥iRE L CHW -G TRERE
WIRENLN YA Y

2-2-7.  XREPTT — X IEE & &R E

1-2-10 & [REREDFVETIT o 7=, 7272 L CtCelD (PDB code: 1CLC) Dl % &5
B L=,
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2-2-8.  Protein Data Bank accession number
fi# BT L 7= LC-CelG DI EE R KL OMEER 11X PDB =1 — K& 5 3X17 & L
C. Protein Data Bank (Z&&k L 7=,
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2-3. FEBRRE R

2-3-1.  LC-CelG ©»7 I / lBEH

VT FNARTF REERW T LC-CelG (Leu20 — Leu577) @7 2 J BRES &
CtCelD. AaCel9A, CtCbhA & Lt L. Figure 2-1 12797, CtCelD, AaCel9A. CtCbhA
DT X R BITENE I 649, 537, 813 THDH, GHFI BT —ED 3 DD
TEVERL 7R HL X, LC-CelG (238 T Aspl94, Aspl97. Glu558 & L THRIE ST
W5, T DFREEIT CtCelD Tl Aspl98, Asp201, Glus55, AaCel9A Tl Aspl43,
Aspl146, Glu515, CtCbhA Tid Asp383, Asp386, Glu795 & L THRIF STV 5,
AaCel9A Lt 7 74— L OIFEEMIEIZ L D & [70]. Aspld3, Aspld6,
Tyrl50. Phe221, Gly298. Tyr300, Trp343. 11e400. Trp401, His461, Arg463. His485,
GIn487. Tyr511, Glu515, Tyr519 2N EERE AR T > & B L T 5, LC-CelG
IZFBWN T, Phe221, 11400, Tyr519 iXZ4LE 4L Trp270, His450, Asp562 (Z{EH#L S
ITWDH, EOMOEEITETRFESNTWND, Ko T LC-CelG DEERES
A J) = R DRI A 7 = X 2 E AaCel9A S L T\ D Z & AVURIR &z,

BIEA T AEREAL ORI NS 4 5D GHF9 LT —F D TR - T
W5, CtCelD 1Z 1 S Zn? f & ¥ L (Znsite) & 3 S0 Ca¥* kA HkAz (Cal—Ca3
site) ZFFo, T HDH H Ca2 site DA AaCel9A & CtCbhA THIRTFE ST
VW5, Znsite & Ca3site (% AaCel9A O ALr{F 41 CE Y, Cal site i% CtCbhA @
HPEFEEN TS, DF 0, AaCel9A |X Zn, Ca2, Ca3 site Z#iH ., CtCbhA IX
Cal, Ca2site Z#£F>, Znsite (& CtCelD TiX Cys155, Cysl73, Hisl74, His197 (Z
X VIR S 4, AaCel9A Tid Cys104, Cysl2l, His122, Hisl42 (2 X v Bk S
%, LC-CelG 2B\ T, *hiid 2 7EHI% Cys150, Aspl66, Hisl67, His193 T
5Z 0B, Znsite [T LC-CelG THIRFSNTWND LB X Hivlz, Cal site 1
CtCelD TlI/k%r+. Glu236, Asn239. lle241, Asp243. Asp246 |2 X v Rk S,
CtCbhA Tid Asp421l, Glu428, Asn43l, Tyrd33, Asp435. Asp438 (I L VB S
N5, LC-CelG I2BW\ T, Ikt D7HEIE Asp225, Glu232, Asn235, Val237,
Asp239. Asp242 T V. Cal site & LC-CelG THRESNTWH L EX BT,
Ca2site /% CtCelD Ti& Thr356, Ser358. Asp361, Asp362, Asp40l (Z &V Bk
AL, AaCel9A Ti% Asp302. Glu304, Asp307. Glu308. Ala344 (= LV Bk S,
CtCbhA Tl Asp557, Tyr559, Asp562, Asp563. Gly617 ([ kW kS5, LC-
CelG IZHBW T, xfItnd HFFHIE Asp351, Asp353. Asp356, Asp357, Val39s TH
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D, Ca2site 3 LC-CelG THRIFSI TS B % b7, Ca3site |% CtCelD Tl
Ser465, Asp468. Val470 |2 X U JERk S 41, AaCel9A Tl Ser520, Asp523. 1le525
XV IBK S D, LC-CelG IZHW\ T, *iid 55k A% Valb14, Ser517, Val519
Th D7, Calsite L LC-CelG TIIRFIN TV W EEX Lz,

2-3-2.  LC-CelG & His-LC-CelG D K EFE 8l & k5

HEIERNT & RERFVERRIT D 72012, ¥ 7T T F REFRE N K Met &
N\ L7z LC-CelG (Leu20 - Leu577), N AK¥ilZ His-tag &3 A L 7= His-LC-CelG %
M LT, KIBEWN TRERBLAZATV, BRI, 200 20 rEil e L
THELNT, TN 2-2-2 DFNEIZHE - T SDS-PAGE THL— > RRE LD
F R AIT 72, 1L OEEEEERN S LC-CelG 135 3mg. His-LC-CelG 3£ 4 mg
ORI R BN H7-, LC-CelG @ N K7 X/ BEECAIE Met-Leu-Ala-
Gly-TH V., 7T NR_TF REBLSN O RBIZ A STz, VA7 1
~ 7T 7 4 —I2k D& LC-CelG Dy T EIT 60kDa & RS bz, Zid7r
2 ERECHI DN S EHR LT (62.6 kDa) E1FEIE—E L7=D T, LC-CelG IFiRE T
IZBWTE /) v —THET D 2 LR ENT,

2-3-3. His-LC-CelG DiE
LC-CelG 7% CtCelD x> AaCel9A D X S22 KT AV F—EBTH 50,

CtCbhhA D Lk Hictue bt Fa T —BTHINEMHNDDHT-DIZ, CM /LR
— A& p=htuZz=tubF T REHEE L LT, 100 mM sodium phosphate
(pH 7.0). 50°C M2 T C His-LC-CelG DMKy R % FH 7=, B, CMC,
p-=hu 7= bEr Ay ROBEEFZNZ0.01mgmLL, 1% (W), 1mM
& L72, His-LC-CelG I CM /v r — R IZIZIEMEE R LTED, p-= e 7 ==L
e Ay FIZIERNEETH 72729, LC-CelG (= RV F—EBThH D
Z NI,
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Figure 2-1. Alignment of amino acid sequences of LC-CelG, CtCelD, AaCel9A and
CtCbhA. The accession numbers are KF626654 for LC-CelG, CAA28255 for CtCelD,
ACV59481 for AaCel9A, and ABN51651 for CtCbhA. The amino acid sequence of
LC-CelG without a putative signal peptide (residues 20-577) and the corresponding
regions of other three proteins are shown. The amino acid residues, which are
conserved in all four proteins, are denoted with white letters and highlighted in black.
The amino acid residues, which are conserved in two or three different proteins, are
highlighted in gray. The ranges of the secondary structures of LC-CelG (Ba-ph strands
for the Ig-like domain, and f1-B6 strands and al-a13 helices for the cellulase domain)
are shown above its sequence based on its crystal structure. The residues that form the
catalytic site (Asp194, Asp197 and Glu558), substrate binding site, Zn site (Cys150,
Aspl66, His167 and His193), Cal site (Asp225, Glu232, Asn235, Val237, Asp239
and Asp242) and Ca2 site (Asp351, Asp353, Asp356, Asp357 and Val395) are
indicated by “*”, “+”, “z”, “1” and “2” respectively, above the LC-CelG sequence.
The residues that form the Ca3 site of CtCelD and AaCel9A are indicated by “3”
below the sequences. The position, at which N-terminal Ig-like domain of LC-CelG
is truncated to construct His-Alg-CelG, is shown by solid arrow head above the LC-
CelG sequence. Likewise, GIn40 and Asp99 of LC-CelG, which are mutated in this
study, are indicated by open arrow heads.

His-LC-CelG DF#sEIEMED pH K77 % . 60°C |, pH 4.0 - 10.0 D #ifH T CM
trn—2A%FE L LCHIE L7z, Figure 2-2A (2”9 XK 912, His-LC-CelG I
pH 5.0 — 9.0 D#PH TR KRIEMED 80%LL EDOTEMEZ 7~ LTz, [RIFRIZ His-LC-CelG
DEEFIEVE DR E RN EE, CM B — 22 FE & LT pH 7.0, 40-90°C D#i
PHCHIE L7, Figure 2-2B (273 K 912, His-LC-CelG 1% 70°C T Kid %~
L7-, 70°C. pH7.0 (21} % His-LC-CelG ® ttifEiE 50.1 +0.3 unitsmg™ TH -
7. 70°C. pH 5.5 (28T % AaCeldA D LLiEMEIE 80 units mg™ TH 5 Z & R
ENTHY [71]. His-LC-CelG iL AaCeldA LY HiRMENE TH S, [RIFEE D
MR 2 7R3 2 & SRR S 4172, — 5 C. AaCel9A (3 RIGEMED 50%LL % 7R~
JHEIPAN pH 4.5 — 7.0 T D72, His-LC-CelG d J7 A% AaCel9A L v & pH (2%t
T HWEAFAN LN EAURIBRE Tz, 728, LC-CelG @ pH iR ERFM: I
His-LC-CelG L FE{ELL TV /=D T, N Kfim~0D His-tag DfI 1L LC-CelG D%
IZITE e A EEE RIT 720,
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Figure 2-2. Optimum pH and temperature for activity of His-LC-CelG. The pH (A)
and temperature (B) dependencies of the enzymatic activity of His-LC-CelG are
shown. The activity was determined at 60°C at the pH indicated (A) or at pH 7.0 and
the temperatures indicated (B) using 1% (w/v) CM-cellulose as a substrate, as
described in Materials and Methods. The buffers used to analyze the pH dependence
of the activity were 100 mM sodium citrate (pH 4.0-6.5), 100 mM sodium phosphate
(pH 6.0-8.0) and 100 mM Glycine-NaOH (pH 8.0-10.0). The experiment was carried
out at least twice, and errors from the average values are indicated by vertical lines.

2-3-4.  His-LC-CelG DM

His-LC-CelG DI EWEZ -5 72, 5mM CaCl. f77E . pH7.0 D5 TEL
BMERIRRZE LT, 728 2 O TOREMIIA A CTH - 7=, Figure 2-3 |2
His-LC-CelG DENVEM: iR 2 ~d, 22 SIRE (Twe) 1% 814°C Th o7,
AaCel9A @ Tip fliX 77.9°C TH 572 [69]. His-LC-CelG DM ASME DN &
W, E 72 His-LC-CelG @ Tip fEIZIEMEDOERIRE (70°C) LV &<, ZhidiE
PEEAL AT DR E IR TN BB A R 2T 720 Th b B2 b
Do 2%, LC-CelG @ Tup fifiZ His-LC-CelG LI L TWzdD T, N Kifg~D
His-tag DfIA0IE LC-CelG DL EMEITITIE & A EFELE RIT I 720,
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Figure 2-3. Thermal denaturation curves of His-LC-CelG and its derivatives. The
thermal denaturation curves of His-LC-CelG (thin solid line), His-Alg-CelG (thick
solid line), His-Q40A-CelG (thin dashed line), His-D99A-CelG (thick dotted line) and
His-Q40A/D99A-CelG (thick dashed line) are shown. These curves were obtained in
the presence of 5 mM CaCl; at pH 7.0 by monitoring the change in CD values at 222
nm as described in Materials and Methods.

2-3-5.  LC-CelG D it it

LC-CelG &fthd GHF9 &/ 7 —BOREEN L L TWH N E I NEFH5D
7=0IZ, LC-CelG Dtttk % 2.15 A Oy fREETIE L1z, FEFR2 = ~if
22431 (A, B) #+7E L7z, LC-CelG [ ZIEIE T TITE / ~—TIFET D720,
mPIZAON DS FRMEERIIERO Ry 72 i b0t E2 LT,
WD N KGO Met 553k & 1g-like B XA > DO—%( (Leu20 — Asp29) X AHHI
RIBEOEDRD, TOBFTEEZBNT L LIXTERPST, 5 FALBD
IS (IO CHBIL TR0 . 20 “FfFf72E (RMSD) fHIX 030 A Th-o7-,
T —ZIUER L OB L OREHEA Table 2-1 127”77,
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Table 2-1. Data collection and refinement statistics of LC-CelG

Crystal LC-CelG
Wavelength (A) 0.900
Space group P21212:
Cell parameters
a, b, c(A) 84.631, 89.913, 151.157
o= B=y (°) 90.00
Molecules/asymmetric unit 2

Resolution range (A)

50.00-2.15 (2.19-2.15)2

Reflections measured 941,321
Unique reflections 63,355
Redundancy 14.9 (15.0)
Completeness (%) 99.9 (100.0)?
Rmerge (%0)° 13.3 (68.7)?
Average l/o (1) 28.0 (2.6)*
Refinement statistics
Resolution limits (A) 77.28-2.15
No. of atoms

Protein/water 4239/410
Rwork (%) I Réree (%)C 18.7/24.6
Rms deviations from ideal values
Bond lengths (A) 0.011
Bond angles (°) 1.190
Average B factors (A?)
MonomerA/ B 47.61/39.6
Zn?*/Ca2*1/Ca%*2 in monomer A 40.6/79.3/46.0
Zn?*/Ca?*1/Ca%*2 in monomer B 34.3/56.8/33.6
Water 44.3
Ramachandran plot statistics
Preferred regions (%) 95.3
Allowed regions (%) 4.5

2 Values in parentheses are for the highest-resolution shell.
® Rimerge = Y|l — <In>/>. Inai, Where Ina is an intensity measurement for

reflection with indices hkl and <In> is the mean intensity for multiply recorded
reflections.

¢ Free R-value was calculated using 5% of the total reflections chosen randomly and
omitted from refinement.
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LC-CelG & CtCelD (PDB code: 1CLC) DifiidbfEiE D EEHHEX % Fig. 2-
AAVTRT, ZIUD OREEITIE L < HEBIL TH Y, RMSD i 158 A TH -
7=, [AIARIZ LC-CelG DX AaCelA X° CtCbhA & HEEIL TFH Y . RMSD i
FhEhn 149 A, 1.92 A TH o7, LC-CelG Dfift K A A o DR L Rl 72
(a)s- L NUIEETH D . FLD(/a)e- NIV EEKT 5 12 KOEWa—~T v
J AL 2ARDOE o~V v 7 AL KN6 KT OOWFATRATELEILD 2 2D
B->— Bk S, Ig-like K AA T 4 RFTOOWPATRIHTIEEL I NS 2 DD
B-2— F MBS, 3 DOfEEFRIL (Aspl94, Aspl97. Glu558) o 7 {ARLE 1T
CtCelD (Fig. 2-4A). AaCel9A (Fig. 2-4B). CtCbhA & I1ZIF—E L CTU 7=, Aspl94
& Aspl97 JIREGRIE L L TEIK B2 BN D KD ERERESZER L TV
72o Aspl94, Aspl97 & F DK FDIHEEHIZTN TN 26A, 27TATH D,

2-3-6. HHEMERT v b

AaCel9A Ot r 7 74— A A& (PDB code: 3H3K) # %L, LC-
CelG OIEE#EG R 7~ MEEZ bk L7z (Fig. 2-4B), LC-CelG DIEEREA R 7
v NIRRT DT I BOSAELEIT AaCel9A L IEFICEEILTEBY ., b
DFEHDS AaCel9A & [FIRRICHE AR T2 2 & 3R S 7z, Tyr201 OH,
Gly347 N, Tyr349 OH, Glu558 O', Asp562 O% (I 74 A -1 DF U a3/l
= § (Gle(-1)) & KFERAZIRT D LB 2 Bz, Trp394 Net 1L Gle(-2) & 7k
FAREAEERR L, Trpdsl 1 IA X v U Z7HEERICE Y Z0fEEE2EESE 5
LB Z BT, Hisd50 & Hish32 (ZA ¥ » % FHAAEHIZ LV Gle(-4)Disa %
S5 & & 2 Hiiz, His510 & Arg512 1% Glo(+1) & KERES Z AL L. Trp270
& Tyrs54 [ I A Y v X U JHEERICE Y ZofEE2RET I EE 2 bR, —
77. AaCel9A (28 T GInd87 Ne7s Gle(-3) & K FEHE B Z R+ 52, LC-CeG T
I 27 TH 5 GINS34NeDNLE N FA D720, FREICKFERA 2T
HINEIIDFAATH D, £l 70 A -1 E+1 O THEENRKE U HRN
SRV EFTH A ML ICITFEA TE RV, AaCeldA-E s kT4 — 2 A
FHEEDY 7 A b+l DEERESICHEHD LN E I NIELEATH D, EuT
N7 A — A% AaCel9A (Z L D KR S5 7=, AaCeldA-FLE #H & AMEE D
PEICHIH &7 [70], LArL, AaCeldA Dfbih~D Y —F 7 #1T - T2 BE,
uT h T ARV T A F-ADS-LITERDO X D B THEA LT [70)],

AaCel9A DIVEME A AMEEIZ L D & Aspld3 & Aspld6 (LC-CelG IT3u T

41



Aspl94 L Aspl97) iE Gle(-1)® O1 Jii - L AKFERE A Z KT 5, LorLtrT b
TA—APEE L T RWEEIC LD &, REREE L THET 252060
LRG0 Ol JRF-ONEIZHES T 5 2 &R Sz [70], 2@ Ol JR1-i%
Glc(-1) & Gle(+1)A 7Y 2y REEREZEMR L TV D & ZITFELRNVD, 2O
AN SN L ZIIFE LT, ZORERE Y| Gle(-1) & Gle(+1)D o C1-04
FEEMNBRLIZZO OL D X 512, K4311% LC-CelG D Aspl94 & Aspl97
IZREAT 5 Z ENRB ST,

2-3-7.  @JEREENL
CtCelD <X°> AaCel9A, CtCbhA & LC-CelG »7 X / B % k9 5 & LC-

CelG X 1 D Zn* FE &AL (Znsite) & 2 S D Ca?* A B (Calsite. Ca2 site)
RO Z EM RISz (Fig. 2-1), CtCelD @ Znsite, Cal site, Ca2 site (Z%})i
9% LC-CelG OEFNLD 2Fo-Fc v 7% Z L4 Figure 2-4C, D, E (I 7,
fEe LR IRIC &R A A NIFERE T, Zn? A A4 2 OFENAEE 1T Ca¥* oA A L3R
BT, TENETNOBETEEY —7 % ZIn* A 4, Ca®*'1( 4 (Cal, Ca2) &
[FE L7z, CtCelD @ Ca3 site (ZxfIid 5 MHIBICIZIfE /R B 5L v — 7 1381
S7einotzizb, LC-CelG IX Ca3site # FF-2 W EE X bz, Zn?' A 4 0%
Cys150 SH. Aspl66 0%, His167 N, His193 N2 & 4 Fiifir LT\ % (Fig. 2-4C),
Cal site ® Ca?*1 4 1% Asp225 0%, Glu232 O, Asn235 03, Val237 O, Asp239
0%, Asp242 0% & 6 Bidfiz L TV 5 (Fig. 2-4D), Ca2 site ® Ca?* A A4 1% Asp351
0%, Asp351 0%, Asp353 0, Asp356 0%, Asp357 0%2, Val3950, K43+ & 7
AL L T2 (Fig. 2-4E), 7-72 L Calsite ® Ca?' A 4> DB FHEE L — 7 (Mthd 2
OOD/\)EJ FrED BT, ZHIERS K ZOHNA~D Ca?t A A v DFEE DT

. Fam LORFEMEAT 21T 0 BRIZ Ca2' A A v &8 £ \WEEEIRICENT T 5 2 &
IZ&D . ZOEMLID Ca?t A AV IR HINCIRBE L7272 ThHDH EE X BILD,
L72L 10 mM CaCly 775 F CORERIEMIL, IFET L IZIEFABE ThH 722
EMD, ZOEMLA~D CaZtA A2 OFEGITIEMEICITRCEE L 2B X b
oo —H MDD 2ODBBA AL, BREEZERNNNYy 7 7 —IZBITLTEHED
LC-CelG (25 < fif & L TWiz,
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Figure 2-4. Crystal structure of LC-CelG. (A) A stereo view of the overall structure
of LC-CelG. The structure of LC-CelG is superimposed on that of CtCelD (PDB code
1CLC). For the LC-CelG structure, the Ig-like and catalytic domains are colored cyan
and green respectively. One zinc and two calcium ions (Cal and Ca2) are shown as
orange and yellow spheres, with the numbers of the calcium ions indicated. Three
active site residues (Asp194, Asp197 and Glu558) are indicated by green stick models,
in which the oxygen and nitrogen atoms are colored red and blue respectively. The
entire CtCelD structure, including one zinc and three calcium ions (Cal-Ca3), is
colored gray. Three active site residues (Asp198, Asp201 and Glu555) are indicated
by gray stick models. They are labeled in parentheses. (B) The structure around the
substrate binding pocket. The structure around the substrate binding pocket of LC-
CelG is superimposed on that of AaCel9A in complex with cellotetraose (PDB code
3H3K). The residues forming the substrate binding pocket of LC-CelG are indicated
by green stick models, and the corresponding residues and cellotetraose in the
AaCel9A structure are indicated by gray stick models. In these stick models, the
oxygen and nitrogen atoms are colored red and blue respectively. The labels for the
AaCel9A structure are shown in parentheses. The five subsites are labeled from —4 to
+1. The water molecule is shown as red sphere. Dashed lines represent hydrogen
bonds. (C-E) Electron density around the binding sites of zinc ion (C), and calcium
ions Cal (D) and Ca2 (E). The zinc and calcium ions are shown as orange and yellow
spheres respectively. The water molecule is shown as red sphere. The residues
coordinated with these metal ions are indicated as shown in (B). In (C) and (E), the
2Fo—F¢ maps contoured at the 2.0c and 4.0c levels are shown in magenta and blue
respectively. In (D), the 2F,—F¢ map contoured at the 1.5¢ level is shown in orange.
(F) The structure around GIn40 and Asp99. GIn40 and Asp99 located in the Ig-like
domain are shown as cyan stick models. The residues that are located in the catalytic
domain and form hydrogen bonds with GIn40 (Ala494, Ser503 and Asn504) or salt
bridge with Asp99 (Arg545) are shown by green stick models. In these stick models,
the oxygen and nitrogen atoms are colored red and blue respectively
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2-3-8.  Ig-like R A A > &filll KA A DHAAEH

CtCelD X°> AaCel9A, CtCbhA L [AEEIZ, LC-CelG @ Ig-like KA > L filijt
R AL OREITIXZEOBKME, BUKERAEERBPEKR SIS, Ll LC-
CelG O Ig-like KA A ANAFET D GInd0 &, fillt K A A4 > D all-al2 ~V v 7
A DN—T DRIZIER S HKFERE G, 4 DD GHF9 &L T —E O] TR AT
SNTVWHME—D RAA VHFHAAER TH D, GInd0 (X AaCel9A Tix GInl3,
CtCbhA TIE GIn218 & L TIRIES T %, CtCelD Tl Ser58 & 72 - TV 578,
fith & [FAEIZ 0ll-012 ~V v 7 AW DOIL—TF L IKEFRESEZTER L TW5, GIndd @
RIS R 3 D K FEAEA & Figure 2-4F (2779, GInd0 Ne& Ala494 O fii], GIn40
Ne& Ser503 N [#], GInd0 O & Asn504 N F D FEHEIX =24 2.9, 3.0, 29A TH
%, F7-. LC-CelG ® Asp99 & Arg545 DI & 2 EfEIE, Ig-like R A A
VERBE R A AL ORI I OME— DB TH Y (Fig. 2-4F), CtCelD
(Glu103 & Lys542) & CtCbhA (Asp267 & Lys782) TH{R7E STV 5, AaCel9A
IZBWTIX, ZOWEEERT 2BHERENET DL —72RNTNHZ L
26 (Fig. 2-1), Z OHEBITEE ST,

2-3-9. LC-CelG DOIEMRCIEEIZ I 1T 5 Ig-like N A A > OF&E

CtCbhA (X Ig-like KA A /@Mﬁ KO REHALT 5 Z & ST
%78 [69]. GHF9 BT —FIZEI1T 5 Ig-like KAA L ORENTEZZNIEER
3o TZewy, CtChhA @ Ig-like N A A il K 2 A U RIZTERE NS 1
> (Asp264—Tyr676). & 5\ E 2> (Thr230—Gly661. Asp262—Gly661) Dk
xR ERS Z&I2L b, MEWEIXZENZ 8.7°C, 6.0°C (K T3 525, 1&MH
IZREFL TV D [69], LU Ig-like KA A DRIEIZE D, oo GHF9 BEE
[FARRICHIET DM E I DT T > TR, 72 GHF9 BT —VIRF
ENTWD Ig-like R AA > &l KA A LR OF EAVER 22 EMECIE TR 2
THMEIDIF RO TR, 728, CtCbhA (Z331F 5 Asp264 — Tyr676.
Thr230 - Gly661, Asp262— Gly661 [l D HHAAEH X LC-CelG TIFRAFE S L TR
[

% Z T LC-CelG 2% Ig-like KA A U ORIBIZE D IIET DD E 9 0 E i~
BT, Ig-like N A A U RIBZFEK His-Alg-CelG Z#§5E L7z, F7=. GInd0 23
ﬁéﬁiﬁ“ém%ﬁé}& . Asp99-Arg545 M DHEAE DY His-LC-CelG D M=oz I
WS AMNE )N EFRD DI, GInd0, Asp99 DWW Fh, B D WL T &
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Ala [ZZ5 5 L 7= His-Q40A-CelG, His-D99A-CelG, His-Q40A/DI9A-CelG % T %
PR LT, WThd 2-2-2 OFIEICENER AT o 72, WTILOZERK S KRG
HIZBIT DB L ~ULE His-LC-CelG & [RIFRETH 7=, Lo>L His-Alg-CelG
FIFEAERRBEEL T LEY, ALY X7 E L THEHERNICER LR
X< ENTH -T2 72 0, KRG O ED M & TS T2 7o o Tz, o

ERKIIWNT S KE NSt 2 78 & U TCHIENICER L7z (Fig. 2-5),
FERLE LT, 1L OBEER»OHERIN-EIL, His-Alg-CelG D54 1% 0.3 mg,

D2 BAR DA 13 His-LC-CelG L [FIFRE D) 4 mg ThH - 7=,
wild-type Alg Q40A D99A Q40AD99A
kDa M I S | S | S | S | S

97

66
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Figure 2-5. SDS-PAGE analysis of His-LC-CelG and its derivatives. “I” and “S” indicate
insoluble form and soluble form after sonication, respectively.

INEDOERLE L RIED Far-UV CD A7 kL% pHT.0, 25°C DEAET
HE L. His-LC-CelG DA~ kL & IL|Z Figure 2-6 (ZF & 7=, His-Alg-CelG
PSND AT R VIFFEEL L TE Y | GInd0 <° Asp99 DZE 578 His-LC-CelG D —k
MEEIZIZ E A B LW 2 &R S U7z, His-Alg-CelG D 27 LD
His-LC-CelG (ZFEEL L TV A A3, 210 — 220 nm DOFFHDO SR T2, His-Alg-
CelG D~V v 7 A& 1T His-LC-CelG LV H 2\ LAaVRIE STz, Fbimisd
L V| His-LC-CelG, His-Alg-CelG D~V v 7 A5 &EIXZ 1 E 4 36.6%, 45.8% T
HY . ZiL Far-UV CD A7 ML OFERLE L TWD, ZHZ kY Ig-like
RAA U DORBIZE DL R X A 0 DR E REEEALITA T TWRNWT &R
e X7,
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pH 7.0, 50°C D&M T CM B n— 22 HE L L CHEREEZHIE Lz,
His-LC-CelG DE£EIEMEIT Ig-like KA A DRIEIC LY 1/100 12 F TR F L7=ZD
12k LT, GInd0 <> Asp99 DAEFIZ L D IZE A KT L7z (Table 2-2),
His-Alg-CelG 1% 37°C THIE & A ETEMEZ RS 2o Te, ZORERI D Ig-like
R A A DKL His-LC-CelG DEEFRTE M 2 KIFIZIK T ¥ 525, GInd0 X°
Asp99 DB IFREFIEMEITIIR E R EL RITSRNEB 2 b,

IS DOERKOBEM % 5mM CaCl /77E F. pH 7.0 DT, 222 nm
? CD EZE=F—F2Z LICK VRN LT, 728 Z DS TORIEMEIIAH]
Wi Td o 72, Figure 2-3, Table 2-2 |[ZEVEMEEhAR & Tip B2 TN ELE & D,
His-Alg-CelG & His-Q40A/D99A-CelG @ Tip fEIL His-LC-CelG LY H I ZE i
6.3°C, 5.0°CIKF L7z, ZOFEEL Y., Ig-like N A4 > iF His-LC-CelG DL,
IZHFGT 508, F D 80%FLE L GInd0 & Asp99 N Id 5 KA A U REIAHAAERIZ
X260 THDZ LRI, Lo L His-Q40A-CelG & His-D99A-CelG ™
T fEIE, ZHZ 4 His-LC-CelG & [AIFREE D> 1.9°C DA & 7vs | GInd0 &
Asp99 I T D N A A UM E/ERIZHFHICIHEVRIC T 552 2 L VR S
niz,

5000 Figure 2-6. CD spectra of His-LC-CelG

\ and its derivatives. The far-UV CD spectra

of His-LC-CelG (thin solid line), His-Alg-

CelG (thick solid line), His-Q40A-CelG

(thin dashed line), His-D99A-CelG (thick

dotted line) and His-Q40A/D99A-CelG

(thick dashed line) were measured at pH

7.0 and 25°C, as described in Materials
-20000 . : . : . and Methods.

200 210 220 230 240 250 26.

-5000 |

-10000 r

[6] (deg cm? dmol-1)

-15000 r

Wavelength (nm)
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Table 2-2. Activities and stabilities of His-LC-CelG and its mutants

Protein Specific activity?  Relative activity® T2" AT
(Units mg) (%) (°C) (°C)
His-LC-CelG 34.4+0.4 100 81.4+0.2 —
His-Q40A-CelG 32.2+0.9 94 81.4+0.2 0
His-D99A-CelG 36.3+1.2 106 79.5+£0.1 -1.9
His-Q40A/D99A-CelG 33.2+0.1 97 76.4+0.2 -5.0
His-Alg-CelG 0.4+0.2 1.1 75.1+0.1 -6.3

aThe specific activity was determined at pH 7.0 and 50°C using CM-cellulose as a substrate, as

described in Materials and Methods. Each experiment was carried out at least twice and the average

value is shown together with the error.

® The relative activity was calculated by dividing the specific activity of the protein by that of His-

LC-CelG.

¢ The temperature of the midpoint of the thermal denaturation transition, T1», was determined

from the thermal denaturation curves shown in Figure 2-3.

4 ATy, = T, determined — 81.4°C .
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2-4. E45%

LC-CelG I N KilZ Ig-like FAA > &2HFT 5 GHFY L7 —EThHD, &
[A] LC-CelG & 29-31%D 7 X/ EEAIFEFIME A2 7R3 3 DD GHF9 /LT —E D
fh e iIE & JRT . 1g-like R A A OFEENZ OV TEESCTEWEDH 2 HELE L
2. His-LC-CelG O Ig-like R A A > RIFZEEAK His-Alg-CelG (X & A EHRIE L,
M EWE X 6.3°C { F L 7= (Table 2-1), CtCbhA (23T Ig-like KA A D K4E
RIS U, BVEMEIRE T 10.3°C K F L7z [69], CtCbhA (28I 5 E%%
HIZF 5 & [69]. His-LC-CelG @ Ig-like KA A & KT HZ L2V, Ig-like
R A A 2 il B A A OB O BEER N Kb, EEEMLO 227 4 A
=3 UIMENCEAET D E VORI E 2 BT, Al Glub58 oA G
BRTy NEERT 2EENEEME L TWDall tald ~U v 7 ZOBIZH
HEVL—T7REIRIT, Ig-like R A A EEEOMBAERZIZRL TS, Wi
lg-like RAA VDORBICEYD ZDON—FDarTxr—a N Ebt+5E%
2D, DFEV Iglike RAA NXKIEEHM O T+ A —2 3 O E
EREART y FOBEREEAZE-E57-OICKLETH LD E L, AaCel9A &
DTENFEY I 2ab—va il d bl Iglike RAAL NTEEREER T v bR
Il EERAL D PR IE & B 1 FRN AN & 5 LR S iz [72], F7- CtCbhA 13X p-
= htr7xz=/bbu Y ROIKGIEEEZHST 553, Ig-like RAA DX
BERMKIIZDOEMEE LD 720, Ig-like R A A P IERFRICEBERE S35 0]
BEMEITRWEB 2 bl [69], ZOREOEr EA Y R, 1g-like A A
YOI T YA R E2 ITHER T D, DFE D Ig-like R A A EEEERIIC
JEHEICHRS S LTWD B2 65, SREIOMETIX, His-LC-CelG @ GIn40
& Asp99 D EZE FBARIIEVEMEIREE S 5.0°C AT LAY, IEMEITREE L T
(Table 2-1), > £ Y GIn40, Asp99 DER DA TIX, ZDOEVIL—THHEE D= 7
F A= arEEESELDOICHSTIERWEEZ LD,

Ig-like K £ A >1% His-LC-CelG <° CtCbhA D2 EILIZA G- LT\ 5 Z & 23y
Molz, ZTOZEIZEY, ZNHO GHFY /L7 —ENEIREEICHILT 20
ICZDRAAL U HRLELT DI LRI, L LIEPED &V GHF9 [
BTHRIDRAAL L EHLTWDDITTIER, Hix2EMH) L HBEI T Ig-
like N AA »Zf 72V GHFIBESR & AR~ 2RI BREE SIS LT\ 5 [73-75],
ZDZENG Iglike K AA 0% GHFY BT —E DEVRIZ VT L H LB T
RN ERE IS LT,
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Ig-like RAA U ZRESEDL L, KIBENTO AaCeldA DFEHL L ~/L AR
EIAE T2 ERHEIN TS [72], 2L, Ig-like KA A > DKRIBIZ K
D, MBER AL UNELLS A —NAVT A V7 SNBRNZEILLDbDOTHD L
HEHI ST %, LC-CelG I\ T b [AARDRE R 3G S A7z, His-Alg-CelG 1K
JGEN TIRED AN & U CERE LTz, 24U Ig-like KA A > @RI A His-LC-
CelG D7 4+ —NT 4 TICEBET LD EEZ LN, LrL, KIBENTH
AR L U CEFE L 72 His-Alg-CelG 1%, CD AX7 hLZ L % & His-LC-CelG o fik:
ﬁP%4V&ﬁ@bk:ﬁ%ﬁ%ﬁbfﬁé:kﬁ%wéhko*ﬁ?%@%

PMEIIAT D TH5 < | His-LC-CelG @ 1%fEETh -7z, ZNHDOFER LD | Ig-like N
AA T GHF9 BEZE D R A A DT 5 —)VTF 4 T Z BT 504N v 2
BDXIRBREEAETDLEBZZADND, 2D RAAL U Z2HF L TWRWEGG, fil
BERAANIFEALEELL 74— VT 4 T TEROD, HDHNT T +—b
F 4 TRIEFITEL Y, T —NAT 4 7T at ARET T AENCE ALK
L TLE D Od L,
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BIE NERKRIRWVBEEBEREZETHIHR-AT 77— LC-Estl DS LF#
REIERRAT

31 FUeic

TAT T7—BIVNN—BIEHODLEMNPRAE L TWIERTHY . ZOfil
PR I R R LI oW TR N E TELSIIES LTV b, TRAT T
— B/ N=BIEIENB=AT A ) 7 U 'Y ROANVR T AT V% K
DIRT DI, INVR VBB AT VA AT 2LEWITLIEIC ) ZDRE
R > T AT 7 — B N—BIIZ I N TV D, FEE, RER
FAEDOENCHESE | ERMS, BMOMAEN T, BERP OB Z XU, i
FTIEAA FT 4 —BNVBBIO B RS RNET 7 A F » 7 OMKGfFEE NS
oS T~ RFER Y, 2 AT T —P =PI ISR EEE R B TR SN T
W5, ZOLIREARRABICE LD AT T =P A= &2 R I Aol
DL, BEFEO= AT 7 =BV R—=BD N m— 3 VEESTLER S
Do o T, FMT AT T —FI) R—BOHMITIHALETHLEENL TN D,

A REEZE ORI E LTHER LTV AREEa VR A M, 5 1 #OR
LT —BHETH DB u— AT Tl < . MrEiiE e KRS R
J~—bBETHLEEZOND, PITINHITHRNICEL 22T T —8]
U N—BZEPET DI BEMEDRE DB = AR A MZIFEB L TV & T8
SNb, T, TEMENOHBESNTZ= AT 7 —B/) RX—BT, "M A< R
PEEDOSB TEAMLENTOBHITERLDV 20D, HEMEN S BEET D
EEBEZONAETI L FRA NMIFHZ AT T —B/V R —EBOHERE L THE
Thb, ZZTRETIE, AZT ) DEEZHOCTEEI R ML BHHOT A
T —EBIVNN—BEZIET L EEEME L,

AfEEa AR A MO HBES N 6 FHEOBIH= AT 7 —8/U X—FED
9 b, LC-Estl I N KIGlZRVHRHZ AT 5 L WA A TDOx T T —8
Thbd, ZOMEFREMEEDOEBOESRIL 1L D LOFEET, T ORMEHK
BEIZBH S0 > TWRY, # 2 T Z OMMEEE N EMECL EMIC LB 22 D
EIMEFRD T EBROAME L, b SR CR R AT 217 > 7o,
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3-2.  FEBMEIBIOHE

3-2-1. @ik, 77 AIF
KIGE., 77 A K, E#ixznsh 1-2-1 CREO L O EEH LT,

1-2-2. A7 V—=27

25ugmLtr7ue s A7 c=a— 02%Tween80, 2% LU TF U &5
o LBERIE#MAEZHWNT, XX 2 ADNATA 77V —%fEL, R TFVY
VORI AR T A 7 u— R LT [33], 2. 3 HIM 37°C THi#EM%, 50°C
TArFaX—hrL, NI TFVUOIKGIRIZE D Na—DERKZ R LT,
Y 7F U iR E s D ORF BlAIIE 1-2-2 & RIS E LT,

3-2-3. T A3 RS

LC-Estl B DN EASINTZ T AAI R X —%FHE LT, WTIILH N
R His-tag %35 A L 7= LC-Estl (GIn26 — Lys510). LC-Est1C (Glu284 — Lys510).
LC-Est1C* (Pro304 — Lys510) DOFELH NI Z — %8 L=, 774 ~—DERKIX
ALHE S AT YA = ZTKFA L 7=, DNA OHEHESX ABI Prism 310 DNA
sequencer % FHWNTIRE L7z,

3-2-4. KREFHL LR

LC-Estl, LC-EstlC, LC-EstlC*|%, 3-2-3 THEEE L 2B & — & MV,
NN KI5 E BL21-CodonPlus(DE3)-RP O H1 CEf AR E L CTLL F D G LTI
7o, M x KB % ODeoo DEAS 0.5 FREEIZ 72 5 & C 37°C THREH:ZE L,
FIREED 0.5mM (272 % X 9 1T Isopropyl B-D-thio galactopyranoside (IPTG) % /il 2.
THIZ 4 RefEIRE#E L7z, B1A% 8,000 g, 10 77 Dim.LArHEC KV ENX L, 1 mM
EDTA % & 20 mM phosphate buffer (pH 7.0) (ZF & L7z, Y=/ — 3 |Z
X D B IR E% . 30,0009 T 30 i LorEE L. BB A B L7z, 20 mM phosphate
buffer (pH 6.0) (2L V&M L7, RNy 7 7 —IZ L 0 Fi{k L7z HiTrap SP HP
717 2 (GE Healthcare) (2t L. NaCl2EA 0O M 225 1 M F THEMAIIZ EH S
HDZEICLYVENZ I B e T A bENSE e, BNZ VX0 BEE
777 varEREIL, 10 mM A XY —/ 0.3 M NaCl %% %r 20 mM
phosphate buffer (pH 7.0) (ZZ& AT L 72, [N v 7 7 — Tk L 72 HiTrap Chelating
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HP 17 AZfli L, A I &Y —/LRE% 10 mM 225 300 mM & CTEARMIC
SHALAZEICEVEBERNE YNNI EE T LD EIESE T, B LTz X7
'Z 1% 10 mM Tris-HCI (pH 7.5) 1Zi&#HT L7,

LC-EstiIC*Dt L/ A F 4 = EHRIT A T4 = FR KA E B834(DE3)
pLysS Z FHW\ T, BV AF A= 2GR/ NS CREAE LT [76], R
Rt & RIERICIT - 72,

RKBE BT HRB L)L KRR OfEFRIL SDS-PAGE (T X V1T- 7z
[34], &# /X7 EOPEIX, 280 nm [ZHI1F D Tyr & Trp D4 W et%%k 1,576,
5225 Mtem® [35] Z W CEHE L7z, 1 mg mLt O % R 7 BEIRIEOW AR5
(Azgo®™™) 1T X PiE L=, Z OfEil% LC-Estl, LC-EstlC, LC-EstlC*lZx%f L.
ZhEH 075, 098, 1.01 TH -7,

3-2-5.  FESRTEME

H'E & LTI p-nitrophenyl (NP) acetate (C2)., p-NP butyrate (C4), p-NP caproate
(C6). p-NP caprylate (C8). p-NP decanoate (C10). p-NP laurate (C12), p-NP myristate
(CLa) &M Lz, I&MRIEIL 10% 7' h=FrU L, 1 mM EE%ET 20 mM
Tris-HCI (pH7.5) Z HWTITEDIRE TIT o 7o, HWENGHEM L/ p-= o7 =
J =V DT U-2810 243 YR (HITACHI) A RV, 412 nm OWRIN A Il E 3
HZEWCEVIRELE, ZOBE, p-= a7/ =D 412 nm IZBIT 550+
JEARH 14,200 M em™ & e, BESRIEYED 1 Unit 13 1 5312 1 umol @ p-= |
07z /) —VEAETHEREETER LT, IEEEX %78 1 umol H729
DEERTEEE R LT,

Vi AF PR Tl 20 mM Tris-HCI (pH 7.5) % fvy, 20— 80°C D41 4
T CHIE Lz, pH RAFHEMRAT I 30°C DIREE T, pH 4.0 — 9.0 D4 pH S TH
E L=, ZOWREIZBWT, pH4A.0-6.0 D#iPHIX 20 mM sodium citrate, pH 6.0 —
8.0 D#i[H Tl 20 mM sodium phosphate, pH 7.0 — 9.0 O &g Tl 20 mM Tris-HCI
Z T,

HART 4 v 73T A —F—DPREIZIL, p-NP butyrate (C4) #IE & LT
Mz, EEREILX0.25-6.0mM OFIPHE Lz, ZONMKSEII A=Y X -
AT RUTHESTE Y | Lineweaver-Burk plot (2K 0 A X7 4 v 7 /3T A —
Z—ZRiE LTz,

55



3-2-6.  CD (circular dichroism) A7 kL
1-2-7 L[ARED FETIT o 12,

3-2-7.  BVEMRE

BRI ATIRE IR D R 222nm O CD A2 E=4 —35 Z & Ti%
Sz, Y7L 10 mM Tris-HCI (pH7.0) 1282 L7z, IEIXZ v /87 B
0.1 mgmL?, JEEE 2mm, FIHEE 1.0°C DKM TIT- 72, AWl EE £ 720
ST, BVEMII R AT Ch o 7o, BT RIRE (Tw) TR/ REERKICL
=77 49T 4 7L 0HE L,

3-2-8. ik

FEE LIV D LC-EStI* O RIRR &£ L/ A T4 = BRI 10 mM Tris-
HCI (pH8.0) (2% #T L. Centricon T 19 mgmL™ (2724 L 72, Hampton Research %t
DOiEE4{E3 » b (Crystal Screen |, 11) & Emerald BioStructures #ED#% S L3~ k
(Wizard | - IV) Z HWTRERBIESRMEDO R ) —=0 T 52 iTo T2, FMBRERICIE
4°C. 20°C DR JFESE: o T, 96-well Corning CrystalEX Microplates (Hampton
Research) Z T, v 7 4 7 Ry 7RKILBIEIZ L VITo 7, #hidib R
0y EH R BIRIR Ll &V SRR 1 pl ZIRA L CHERLL, 100 pl
DY PR =R U CARKIEBCOE L S Bz, RIMEDREIE 20°C T,
Index No.71 (0.1 M Bis-Tris (pH 6.5), 0.2 M sodium chloride, 25% (w/v) polyethylene
glycol 3,350) % U — "—F L L CHW S 1EM%IEON-, BV
AFF = U EBRIIFER OB EZ N ESH D7D & 52 Y W — N —IRR D i
batTo7=, FORER, Kb Shi- ) ¥ — 3= (0.1 M Bis-Tris (pH 6.5).
0.18 M sodium chloride, 21% (w/v) polyethylene glycol 3,350) % FH\ T, 4°C T2
BRSO LS5 2 itk v, BERBEEA SN,

3-2-9. XHREWTT — F I L EERE

KRB L B L ) AFF = EHIRD LC-EStIC*D X #EEHirT—4 & v Fd
INEEIX, SPring-8 M —A T A 2 BLAAXU D7 m b itz v, -
173°C ODEFEH AW EFHFTRET, 09 A DR TT —ZINEETTo T,
HKL2000 #HW T, fBFoncmldrry —& 208 L7z [37], LC-EstlC*DiiE|x
HKL2MAP [77] H1 o> SHELX [78] # AW T, ZEERESE (MAD) B2 XY

56



WE LT, % LT ArpWarp [40] ZHWTET LA HBIICIRE LTZ, BT /LD
L7, LC-CelA #3& D [Xi PyMol (http://www.pymol.org) % FIWCTHERR L7z,

3-2-10.  Protein Data Bank accession number
fiEHT U 7= LC-EStlC* DRE S S 5 L O K +-1% PDB == — K& 5 3WYD &
L C. Protein Data Bank (Z&&k L 7=,
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3-3.  ERRRIR

3-3-1. AXT ) ADLHEESNTEHHEAT 7 —8) —EDRE

FEED U ARA RMNBAZ T ) NEIZX VR AT 7 —81) X—1 % i
TEDOMEIDERARDTOIT, B L ETHELLAZXYT ) LIF7A4T77 ) —%
FHWT, NI T7F IV aETe7L—F ETB0ClIZBWW T e—%2ERT 570
— VBRI Y= T L, ZORREGELNIZIr—r D 5B 6 D1 50°C Tlh
WHIRE e —%2EKT 5, ThoDr7a—rhbEGEbilbdc AT 7 —E/V
SNR=BIL, EMERENE, DMLV RRIEWEEZBND, 2T, Zh
D7 a— RO AT 7 —B) N—BBa T EFFONE I nERDL T
WIZ, 7HAI NI X —% 2607 a—rnbl L, DNA AR S
B LTz, FEARCH D) A XX 35kh TH 5, BlastX & W=kt P —
P —FICEVA =T ) =T T T L — LB 52 XY S FEEOH
Hrozxso—teL 1 EOHFHRY =@ fri2RELZ, ZN5DBGEFN
a— R§ 5% N7 8% LC-Estl -6 & 4T 7=,

3-3-2. LC-Estl -6 ® 7 X / FEfc5

LC-Estl — 6 7 I/ BRFRIHEE L, TN X U RTEIZH L TRbEWT
R BREYIFHRM A RS X X R TN E N Table3-1 1 &9 5, LC-Estl -
6 DT 2RIV Y 265 - 587 ORI TH D, T —HF _N— A _LITHEET
% LC-Estl — 6 &k bMHEIMEDEWZ VX7 B 1L, TN LC-Estl — 6 & 44 —
73%DFAIAEM: % 7~ 7, LC-Estl -6 ®7 X ./ FRALFIE accession number KM40609 —
KM406411, KM406413 — KM406415 & L T GenBank (Z%&k L 7=,
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Table 3-1. List of esterases/lipases isolated from leaf-branch compost and proteins with the highest amino acid sequence identities

Protein with the highest sequence identity

Cellulases No. of
residues Protein Source organism Accession No. Identity (%)

LC-Estl 510 Esterase Candidatus Solibacter usitatus ABJ82142 46
LC-Est2 383 Carboxylesterase typeB Planctomyces brasiliensis ADY57734 51

o LC-Est3 265 Lipase (bacterium enrichment culture) ADR10200 73
LC-Est4 534 Putative carboxylesterase Bradyrhizobium sp. STM 3843 WP_008970463 52
LC-Est5 303 Esterase/lipase (uncultured bacterium) AGF91880 53
LC-Est6 587 Putative esterase Geobacillus thermoglucosidasius  GAJ43165 44




LC-Estl — 6 ®— ki 2 #0012 Figure 3-1 (2753, SignallP 3.0 Server
(http://www.cbs.dtu.dk/services/SignalP-3.0/) % A 7= N KimElF04T & SMART
(http://smart.embl.de) ZHW7= KA A Y —FIZk, 7T FLXTFF KL
esterase/lipase/peptidase (Pfam domain) Dfififit K 2 oA > % F#] L7z, LC-Estl, LC-
Est2, LC-Est4 | N K¥lZv 7F AT F REFGTH20, Dy X7 ETH
HZENRBINT-, FTOMILY T FNRTF R0 =D fiineg & o)
JBETHDHN, Sec ZI/ SRVRRIKIC I D 3 S35 Z & DR S vz, LC-Estl
I3 “esterase” domain, LC-Est2 & LC-Est4 |3 “COesterase” (carboxylesterase) domain,
LC-Est5 & LC-Est6 i “Abhydrolase” (o/p hydrolase) domain Z£f->728®, Zil b
TRHL AT T —ETH D, LC-Est6 | “PepX C” (X-Pro dipeptidyl-peptidase C-
terminal domain) domain 4 H T 5 Z &0 H, T AT T —BIEEZIT Tide <, R
TF X —BIEELFFO Z EOVURIE S FU72, LC-Est3 | “Lipase 2” domain % £FD
72, U= LEZBN5, Arpigny & Jaeger (2 X B 0%EEE [79] I2HES&,
il R A A D7 X BEELAIOEVNZ LY LC-Estl - 6 #4379 5 &, LC-Estl
X Family V. LC-Est2 [X Family I-6, LC-Est3 (% Family Ill, LC-Est4 i Family VII,
LC-Est5 (% Family IV, LC-Est6 (& Family VI esterases/lipases (ZJ& 3 %,

1 510
LC-Est1 H | Esterase | |
1-25 300-429
LNTE (26-283) LC-Est1C (284-510)
1 383
LC-Est?2 H | COesterase | |
1-25 117-248
1 2685
LC-Est3 | | Lipase2 | |
80-201
1 534
LC-Est4 COesterase ||
1-31 32-530
1 303
LC-Ests | | Abhydrolase 3 [|
141-201
1 587
LC-Est6 [ [ Abhydrolase5 | | PepX C I
53-284 327-581

Figure 3-1. Schematic representation of the primary structures of metagenome-
derived esterolytic/lipolytic enzymes from leaf-branch compost. A putative signal
peptide and a putative esterase/lipase/peptidase domain are shown by black and grey
boxes respectively. “COesterase”, “Abhydrolase”, and “PepX C” represent
“carboxylesterase”, “o/B-hydrolase”, and “X-Pro dipeptidyl-peptidase C-terminal
domain” respectively. The numbers above the sequence represent the positions of the
N- and C-terminal residues of each protein. The numbers below the sequence
represent the positions of the N- and C-terminal residues of each domain. The regions
that are defined as long N-terminal extension (LNTE) and C-terminal esterase domain
(LC-Est1C) of LC-Estl in this study are also shown.
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http://www.cbs.dtu.dk/services/SignalP-3.0/
http://smart.embl.de/

LC-Estl £ 510 7 X /@6 kY . 47 55,620 kDa, <57 (pl) 8.67 T,
VI FNRTF RERWTEE (GIn26—Lys510) TR S5 EE 2 b5, LC-
Estl [ZHERERFN DR N Kt K A A > (Long N-terminal extension, LNTE) &4
9% (Fig. 3-1), Z Z TliX. GIn26 — Phe283 % LNTE, Glu284 — Lys510 % C K
TATT—E RAAL L EEF LT, SMART |2 X 5 & LNTE I ZBEfFE O RE RS
DGy TWND WD RAAL & B MEIEEZ RS o Tc, RERY—H—
F1Z & % & Candidatus Solibacter usitatus EIlin6076 H i putative esterase (CSu-Est,
ABJ82142) D FA75 LC-Estl &RDT I/ Wghls & AE72EU%Z R~ L7z, C.S.
usitatus Ellin6076 (% Acidobacteria FIOHFI 3 IZJ/@ L, 9.9 Mbp DE K727/ L%
Ffo>T\% [80], Acidobacteria FIIIEREEHFICEEITFET HMO—2>TH D |
THESCHEREM I R o> TRV, 26 DRI/ SN S, CSu-Est DA LC-
Estl A&k LNTE Z8iH, WEZF O 7 I/ BESIOMEFEMET 46% TH D, Lol
CSu-Est O ECHEREIC DWW T ORFZEIZT SN TE 5T, LNTE & EI L 575> T
W2, — 5 LC-Estl ® CKiist A7 7 —+8 KA A > (LC-EstlC, Glu284-Lys510)
IO T AT Z =B U N—B LK 0%REDT I/ BESIMHREMEEZ R,
ZDHH, FEEREE S PLE STV D Thermotoga maritima MSB8 Hi Sl 24 —
AT Z—1 EStA(Tm-EstA, NP_227849)[81] I%. LC-Estl ® C K= A7 7 —+F
RAA & 29%DT X/ BRELHIFE R 2 7T,

3-3-3.  LC-Estl & CSu-Est, Tm-EStA @7 X BREC S bk

LC-Estl, CSu-Est, Tm-EStA O7 X /[l DT Z A4 A k% Figure 3-2 |C
"9, CSu-Est & Tm-EstA 1% N K¥giZ 15 FREED T 7 I NI F ReF457=
W, LC-Estl [RIERe & VRV EThH I ENRBENT, = A7 7 —8[Y /~"—
BORBE N Z7 A7 REMRT 27 I 7 #E5%E (LC-Estl 128\ TiE Ser399,
Aspd4T, Hisd79) T2 THRFIN TS, ZAT T —B/U RX—ETLIRIFESN
TWA il U R 2 & T GXSXG EF—7 %, LC-Estl I2HBV T GHSMG
(Gly397 — Gly401) & L THRESINTWD, Tm-EstA Ofi L% (PDB code:
3DOH) (2L 5 &, Tm-EstA % N K Ig-like K A A > (GIn16-Aspl57) & C K
T AT T —E RA A (TM-EStAC. Asp158-Arg395) 7> k5, N K Ig-like N
AA AL TmM-EStA O A Y I~ —(kiZHH L TEY . F72 Tm-EstA OIEVELE
PEICHEETHD EMEIN TS [81], LA L, LC-Estl @ LNTE /X Tm-EstA
D lIg-like KA A > EFARPERNEV = LC-Estl <° CSu-Est @ LNTE (% Tm-EstA
D g-like FA A EITRROMEELTERT HZ EBRRBEIND,
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LE-Est1 1 } Vi ESTWMHMUEMWLMSWKH?WITLW FRRAL SWATWREDRAVIERS HMRYE | G
Ciu-Est 1 TALT TLGL TER ! 8L VR VBT FAREF ASSLEGELDHA | VERGAQWNINL T
Tm-Esth 1M 5 oA

BPDIFSVEVRTGOTYESRT I TRVY 3 58 | FRNRGE YW S—— ————————————————
_

l‘|1 n2 L'-‘ HU I3E BF
LC-Est1 121 OQUFSLDEKPGEDNLVANF TLNSSNGAVLEYLKTVEGAP POF SRKPEY TEWVEPENEDBKERL TVAFKEDPODOEAATHY AR Ir—IEBI[MhLWIJI’L.ﬁHILI'JKLHI’J.HL'ILHLLMLHSA
CSu-Est 111 ALYAAPEELN-————- AL VLNPGERDL GRAEVDSSANPEHH RVDCAGYPPEONT | ELRLPGTGVEK 3L PVHVO TLEEPVIRL RARL AKAPKEDG-——————————VATA

E! E i) ah

< ]  E—
LC-Est1 241 ANRIREVILASS Elﬂl hFhJEIlEMa LI}ELI'.I RF! K R B0 TYDETEA | FW\-RE-'L NI EAENR
Cou-Est 206 ENALALYDRA RAYREA | SETYDBSKF LKREAERL
Tm-Esth 102 TEDLHSNT [ VFGPNFLN D'l | l.'::-‘]l I.IF'IFI}". .(‘hFl.l ‘il{ﬂ HL | | DDFLAF TFKIPETEVE | [VNFORKY RETINY] n'l.ﬂhFFJ WTWALP

B | — — L s I e R —
e m Bz B3 ™ s ah
P4 PS5 aC
[ _'k
LE-Est1 32 '---ﬁ"l'-ﬁEPHEiEFMJG ------------- |;|pE y i .'.'.
Giu-Est 35 -———GE WV CPHBR S ASMY R ——-———-——— o Ml.'il'a
TmEsth 222 RYOVVHPGE u'LnPﬂI]“PﬂS:.IISTLFTD1E".FFHF“E-:PLL KIIE!KL ; i | | '.fam'E
p— | 3 Ay e —
i BS aC

LC-Est] 455 MRTRHDFONOSHAEHERAA-KAATIG 510
Cou-Est 419 HETWIEAKKABAE IVVEVPE————- A AFPU DFFAKORMDAA
gtz EBOLAEN EHE‘FH mum SHFTYENOEA EWLPESR

Figure 3-2. Alignment of amino acid sequences of LC-Estl, CSu-Est and Tm-EstA.
The amino acid residues, which are conserved in all three proteins, are denoted with
white letters and highlighted in black. The amino acid residues, which are conserved
in two different proteins, are highlighted in gray. The amino acid residues that form a
catalytic triad (Ser399, Asp447 and His479 for LC-Estl) are denoted by asterisks. A
signal peptide of each protein predicted by the SignalP 3.0 Server
(http://www.cbs.dtu.dk/services/SignalP-3.0/) is underlined. Solid and open triangles
above the sequences represent the positions, at which N-terminal regions of LC-Estl
are truncated to construct LC-Est1C and LC-Est1C* respectively. The ranges of the
secondary structures of LC-Est1C* and Tm-EstA are shown above and below the
sequences respectively. “a”, “B” and “n” represent o helix, B strand, and 310 helix
respectively. Gaps are denoted by dashes. The numbers represent the positions of the
amino acid residues starting from the N terminus of the protein. The accession
numbers of these sequences are KM406409 for LC-Est1, ABJ82142 for CSu-Est, and
NP_227849 for Tm-EstA.

3-3-4. LC-Estl, LC-EstlC, LC-EstlC*® KEFIH L KM

LNTE N ED X 5 &2 Bk 92 D2, F72 LNTE (% LC-Estl DiEMES
LEMEC MBI DN {5 7212, LC-Estl (GIn26 — Lys510), LC-Est1C (Glu284
— Lys510), LC-EstlC* (Pro304 — Lys510) ##E4EL. KIGE CRERB L7z, LC-
Estl @ Glu284 (25t % Tm-EStA @ Thrl145 (%, N Kiig Ig-like KA1 > DOBH 4
WAL L, Z3Udn3 310 ~Y v 7 AN LT C KT AT T —E RAA K
2o TW5 (Fig.3-2), [AEEIZ, LC-Estl @ Pro304 (Zx%fii~d9"% Tm-EStA @ Pro173
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X, =277 =B F AL OB2FITHET D, PAIT, LC-EStIC [T AT T —
Y RAA R EET DIk L, LC-EStIC*IPL 52 RN T WD Z ENTHIEH
Do

KRIBEANTREZITO & WT b I THNZ VN ER 6N, £
NEI 3-2-3 DFNEICHE - T SDS-PAGE TH— v RRELN D £ TR AT
>77, 1L O LC-Estl 1% 6 mg, LC-EstlC /X 2 mg, LC-Est1C*I% 3 mg
DI R TENENENGE N, TVvAR e~ NI T 40—tk b L,
LC-Estl, LC-Est1C, LC-EstlC*®/yf-&iXZ <41 58 kDa, 28 kDa, 26 kDa &
HEE S AL, ZHUTT X BBELYI D B EHR L7l (Z 44 55,620 Da, 27,382 Da,
25,094 Da) LIFF—HTHZ b, WTNRHIEERPICBWTE /) ~—TIFE
T5HZ EMmRBEINT,

LC-Estl & LC-Est1C @ Far-UV CD A< bk L% Figure 3-3 {2777, W
t 220 nm £ CO1EA i &/ S Ze it 245 < . LC-EstlC @ Far-UV CD A7
K JUIE LC-Estl X 0 & 220 nm fHE DB DR XN EH > 720D T, LC-EstlC O~V
v 7 AG Yt LC-Estl LV LRV 2 EBRIB STz, 723 LC-EStIC*D A7 |
JUIE LC-Est1C &AL L Tz,

10000

5000 f\
\

Figure 3-3. Far-UV CD spectra. The far-
UV CD spectra of LC-Est1 (solid line) and
LC-Est1C (broken line) were measured at
25°C in 10 mM Tris-HCI (pH 7.0) as
described in Materials and Methods.

-5000 r

[6](deg-cm2dmol)

-10000

-15000 L L
200 220 240 260

Wavelength (nm)
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3-3-5.  LC-Est1C*DifE sttt

LNTE ®KHHA LC-Estl @ C K= A7 7 —8 RAA VOEICEET S
E D INEFHNDITIE, LC-Estl & LC-Est1C O iEE 2 I ET 2L E N H -
7=, A LSRR O R . X BREIPT BRI 3 5 f5 51X LC-EstIC* D A5 b Tz,
LC-Estl & LC-EstlC Db b akdniz 2y, #EEMNTICHE L7 RE OS2 55
ZEIETERN o T, ZHUFAYS < LNTE X° LC-Est1C @ N RigfEI N 7 L & &
TNT, REREGBOBREG T TN bEEZEX LD,

LC-Est1C* D it 2 MAD k12 L v 153 A O fREECIRE L=, T—X
IR L OKEELOREHE % Table 3-2 (2R d, IExFrr=> hdiC 245+ (A,
B) F7EL7=, %7 A ® Arg361—Met366 & Ala503 - Lys510, 571 B @ Arg361 —
Met366 & Arg501—Lys510 (ZAHHIREE O T D7D, ZDOEHEEZ BT 5
ZEIETE ot o AL BOMEITMmO THEELLTEBY . £ RMSD i
X024 A CThH o7, RHFIETIT T A OEEEMH LT,

LC-Est1C*D itz X 5 & . LC-Est1C*|Z#HiAAY 72 o/f hydrolase fold %
A LTz (Fig. 3-4), LC-EstlC*D##i# 1T Tm-EStAC (PDB code: 3DOH) D1k
ERSHEPILTEBY, RMSD X 1.25A ThH 7=, ZDOFEHE, LC-Estl D= 27
T —F KA A > OfEEIE LNTE OXKIBIZE D ZIUTEZL LN D L VRIE S
7, LC-EStIC*DfiliE ~ Z A 7 N&2 T HIEHEALFRE L (Ser399, Aspdd7,
His479) O LIARREE L Tm-EStA Oz kL (Ser286, Asp334, His374) & 1%iE—
# L7z, LC-EstIC*DffiEI%, p4dHi L aB ~V v 7 ZAD/MD/L—7 B8 1 & oF ~
U7 ZADBON—T%ERNT, TM-EStA DT AT T —F KA A P LT
W7, LC-EStIC*DP4 & oB ~V v 7 2D D/—7 (Lys359 — Gly369) (45
<. BIEOEFBEEIZIZ-E D & LTWaY, —JF Tm-EStA O% g 51—
(Pro234 —Pro255) 13 < | BERNALOD b 2 RO Z TR L, BERTE I
9% Phe246 =& A TV 5 [81], LC-EStIC*?DB8 $H & oF ~U v 7 ADME D /L—
7 (Prod75 — His479) (X WD IZxf LT Tm-EStA Oxfiind 5 /0—7 (Glu362 —
His374) (IR <. N7~ v 7 A& E ATV 5D,
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Table 3-2. Data collection and refinement statistics of LC-Est1C*

Native SeMet-peak SeMet-inflection SeMet-remote
Data collection statistics
Wavelength (A) 0.900 0.978769 0.979101 0.994813
Space group P212121 P212121 P212:121 P212121
Cell parameters
a, b, c(A) 45.86, 55.45, 156.27 46.13, 55.73, 156.24 46.13, 55.78, 156.32 46.13, 55.79, 156.35
a=p=y (°) 90 90 90 90
Molecules/asymmetric unit 2 2 2 2
Resolution range (A) 50.00-1.53 (1.56-1.53)*  50.00-2.30 (2.34-2.30)* 50.00-2.30 (2.34-2.30)* 50.00-2.30 (2.34-2.30)2
Reflections measured 392,694 123,978 122,975 121,933
Unique reflections 60,179 17,756 17,643 17,581
Redundancy 6.5 (7.2)2 7.0 (7.3)2 7.0 (7.3)? 6.9 (7.3)?
Completeness (%) 98.5 (100.0)2 94.6 (99.7)2 93.9 (99.5)? 93.6 (99.5)2
Rmerge (%6)° 18.1 (28.3)* 11.5 (33.4)% 9.5 (36.5)? 10.3 (42.2)?
Average /o (1) 14.5 (3.6)* 23.3 (5.0 23.5 (4.5 22.2 (3.8)*
Refinement statistics
Resolution range (A) 78.14-1.53
No. of atoms
Protein/Water 2992/451
Rwork (%) 191
Rfree (%)C 225
Rms deviations from ideal values
Bond lengths (A) 0.014
Bond angles (°) 1.439
Average B factors (A?)
Protein/Water 18.3/31.6
Ramachandran plot statistics
Favored region (%) 97.1
Allowed region (%) 2.9

2 Values in parentheses are for the highest-resolution shell.

b Rmerge = X [Ihki — <lni>|/3 Ini, Where Ini is an intensity measurement for reflection with indices hkl and <Inq> is the mean intensity

for multiply recorded reflections.

°Free R-value was calculated using 5% of the total reflections chosen randomly and omitted from refinement.



Figure 3-4. Crystal structure of LC-Est1C*. The stereo view of the structure of LC-
Est1C* (cyan) is superimposed on that of the C-terminal esterase domain of Tm-EstA
(PDB entry 3DOH). Three active-site residues of LC-Est1C* (Ser399, Asp447 and
His479) and the corresponding residues of Tm-EstA (Ser286, Asp334 and His374) are
shown by stick models. N and C represent N- and C-termini.

3-3-6. LC-Estl & LC-Est1C DE#FEIEME

LC-EStIC*IIpl $H%& & £ 72\ 7o d A [a] LC-Est1C % # Rt ITlE I L7z,
F 9", pNP-acetate (C2) #>5 pNP-myristate (C14) £ CHE DR/ 5 HE % HW\ T,
pH 7.5, 30°C DA F T LC-Estl & LC-EstlC OEERIEMEZ T Lz, £ DOftR
% Figure 3-5 [Z/” 97, LC-Estl (3 C4 A E Z b B fif L. C6 HE To R
DOFEME R LTz, LML C2 HDHWIE C8 FE AW & &1, KRGEMED 15—
25%FEE DIEM: LAV &9, C10 BL EOFEEITIZ & A 43R L7e 7o 7=, LC-Estl
kR, LC-EStIC & C6 EAZHZR bR WL, C4 HE THIAREDEMEZ R L
oo £, WTFNH AV =T F A TSR LR o T2, @ 21T LNTE O KIRIE,
LC-Estl DEERFRIEITITIT L A ERE L 720, L)L C4 HE 2 v T 30°C,
pH 7.5 CHIE L 7= LC-Estl & LC-Est1C O tbimMEIZZ 124 255 units/umol, 101
units/umol T > 72D T, LC-Estl OiEMEIL LNTE DRIRIZ L DK 60%IK T L7
(Table 3-3), fit->C. LNTE % LC-Estl D% D 5 DIZMETH D,
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Figure 3-5. Substrate selectivity of LC-
Estl and LC-Est1C. Specific activities
of LC-Estl (solid bar) and LC-Est1C
(grey bar) toward triglyceride substrates
are shown. C2~C14 represent the acyl
l chain lengths of the substrates. The
| experiment was carried out in duplicate.
jI il o ‘ 1 Each value represents the average value
> o4 s cs cwo ci2 o anderrors from the average values are
Acyl chain length of pNP-substrate ShOWI’],

L]
o
o

N
o
o
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Table 3-3. Specific activities, kinetic parameters, and T1/2 values of LC-Estl and LC-Est1C @

Protein Specific Relative
activity activity Km Keat Tie ATyP
(unit/umol) (%) (mM) (sh (°C) (°C)
LC-Estl 255 + 31 100 0.30+0.01 5.8+0.3 67.2+04 -
LC-EstlC 101 £19 40 0.48+0.04 24+0.1 63.9+0.1 -3.3

2 The enzymatic activity was determined at 30°C for 10 min, in 100 ul of 20 mM Tris-HCI (pH 7.5)
containing 10% acetonitrile, by using p-nitrophenyl butyrate (C4) as a substrate. The substrate
concentration was 1 mM. For determination of the kinetic parameters, the substrate concentration was
varied from 0.25 to 6.0 mM. The relative activity was calculated by dividing the specific activity of
LC-Est1C by that of LC-Est1. Experiments were carried out at least twice and the average values are
shown together with the errors. The temperature of the midpoint of the thermal denaturation transition,
Tis2, was determined by monitoring the change in the CD value at 222 nm.

b AT1/2 = T12(LC-Est1C) — T12(LC-Estl).

LC-Estl & LC-EstlC OEEEIEMEDIREMKRIFIEE . C4 FE % H\WT pH 7.5,
20 - 80°C D#i[H THIE L7= (Fig. 3-6), WL h 40°C THRATEM AR LT, [
K2 pH IFEMEE . C4 FE 2 Vv T 30°C.  pH4.0—-9.0 D#iPH ClllE L7= (Fig.
3-7) WTHh pH 7.5 THRAIEMHEEZ R LT-, 7272 L Tris-HCI Z HT pH 7.0 -
9.0 D#iPH T LC-EStIC DfERiEM A HIE L7235 1EL, pH 8.0 5743 pH 7.5 (2t
NTED :1%@75)%75)07‘:0 INHDOFER XY LNTE M /KIEIT LC-Estl O X
RESCERM pH IIXITEAEREB LW L2VRKB ST, 728, LC-EstlC*D
ttiﬁ'ri@ﬁlfﬁﬁzﬁ' I% LC-EstlC L IFIFFRFRETH Y . LC-EstlC @ N AK¥mfl 20
FRILDKIED, LC-EStIC DL EMEITIENTEE L TV 2 AIREME T HERR T X e
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LoD, EERZEMEICITITE AL
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Figure 3-6. Optimum temperatures for

Activity (unit/umol)

activities of LC-Estl and LC-Est1C.
The temperature dependencies of the
enzymatic activities of LC-Est1 (solid
circle, solid line) and LC-Est1C (open
circle, broken line) are shown. The
activity was determined at pH 7.5 and
the temperatures indicated using pNP-
butyrate (C4) as a substrate, as
described in Materials and Methods.
The experiment was carried out at least

. 1 1 g
20 30 40 50 70

Temperature (°C)

300

so twice, and errors from the average
values are indicated by vertical lines.

250 r

200 r

150 r

100 r

Activity (Unit/pmol)

10

pH

Figure 3-7. Optimum pH for activities of LC-Estl and LC-EstlC. The pH
dependencies of the enzymatic activities of LC-Estl (solid line) and LC-EstlC
(broken line) are shown. The activity was determined at 30°C and the pH values
indicated using pNP-butyrate (C4) as a substrate, as described in Materials and
Methods. The buffers used to analyze the pH dependence of activity were 20 mM
sodium citrate (pH 4.0-6.0) (open circle), 20 mM sodium phosphate (pH 6.0-8.0)
(cross) and 20 mM Tris-HCI (pH 7.0-9.0) (solid square). The experiment was carried
out at least twice, and errors from the average values are indicated by vertical lines.

68



LC-Est1C DEEETEMEDY LC-Estl LV HARWER A, FEE S H MO
WZEDb DN, =0 F—"—FOWPITL Db DONEHMRDHT20IZ, C4RE
ZH\WT, 30°C, pH7.5 D5 T, LC-Estl & LC-EStIC DX X7 1 v 7 /3T
A —H—ZE LIz, \WLh Michaelis-Menten kinetics (26N, %7 4 v 7
/T A —4—7% Lineweaver-Burk plot (Z & 0 #&7E L 7= (Table 3-3), LC-Est1C ® K
fElE LC-Estl XV HETE < | Keat fE 1 LC-Estl £V & 60% LMK > 72, =
NHDOFRER I Y . LNTE OXRBITEERSBFMEL Y &, LC-Estl ¥ — 2 F—
N a2 W ST ePRBRENT, BELH LNTE DXBIZ XD | [HHE
MDA TF A= a U PMENCEIT S EEZ6ND,

3-3-7.  LC-Estl & LC-Est1C Difif#it:

LNTE OKIEIZ LD LC-Estl DOIHEWE~DREZT D722, pH75 T
LC-Estl & LC-EstlC OEVEMEAFRZAIE LTz, Z DR TIZZ D OEZEMEIX
ARAHICHEE Z 5D, 10 mM Tris-HCI (pH 7.5) D4 TllE L7- LC-Estl & LC-
Est1C O MR % Figure 3-8 (277 L, EVEMEHER O H AR E (T1z) % Table
3-312F & H 5D, LC-EStIC @ Tip fililE LC-Estl & ¥ & 3.3°C (&2~ 72D T, LNTE
1% LC-Estl DZEAIZRORNATH-T 25 Z L AR ENT,

Figure 8. Thermal denaturation
LC-Estl and LC-EstlC. The
thermal denaturation curves of
LC-Estl (solid line) and LC-
Est1C (broken line) measured in
10 mM Tris-HCI (pH 7.0) are
shown. The curves were recorded
by monitoring the change in CD
, . , values at 222 nm as described in
40 50 60 70 g Materials and Methods.

Temperature (°C)

05 r

Fraction unfolded
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3-3-8.  LC-EstlC* & Tm-EStAC DO#EIER R D Lk

Tm-EstA 1% 95°C LA E THRRIEMEZ R DI LT, Tm-EStAC 1% 60°C T
KIEMEZR L, Ig-like R A A > OKRIBIC X0 IHBWER KB T L T2 [81],
TN T, 40°C TR RIEMEZ /RS LC-EstIC*|Z tb v £ 72 KRG BV 135
VN, RIS A F okt o [82], KFEREG D [83]. N—THET O R
FFEOH [84]. Y ANT 4 REEE D% [85] MBWNEE . FIoNE O BRKPERE 2
B [86] 1ZE, £ 1 FITR LT N KO EE(LS° C Ko EEl [87] &
L0 F R BEOLREMEITE L RHMPNICH S, £ T T LC-EstlC* & Tm-EstAC
RS DL A A0, KFEFHEOE., V—THoTw ) CEEOHIL
Tm-EStAC ® )57 LC-Est1C* X v %\ (Table 3-4), LC-Est1C* & Tm-EStAC @A
F U RtOBITENEI 1L, 14, KFERHBEOEITENE 169, 206, L—TH D
7 ) EREOBIZENEN 10, 12 ThHoTm, L LWTHOEEREL VALY
4 RREGIIFIE L TV e, RKRHT . WO BUKPEE X LC-EStIC*28 71.3% T dh
HDIZK L, TM-EStAC 12 65.4% TH o772, ZIHDFER LD, A AU kokE
WA, V=o' ) VEREOBOENA, LC-EstIC* & Tm-EStAC D%
EMDOENE LT EE LT,

Table 3-4. Structural features of LC-Est1C* and Tm-EstAC

LC-EstlC* Tm-EstAC

No. of amino acids 199 222
Opt. Temp. for activity (°C)? 40 60
Content of the residues (%)

Buried polar 15.6 20.2

Buried apolar 38.7 38.3

Buried apolar/buried total 71.3 65.4
No. of ion pairs (<4.0 A) 11 14
No. of hydrogen bonds 169 206
No. of disulfide bond 0 0
No. of Pro in loop 10 12

2 Data from Ref. 81 for Tm-EstAC.
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3-4. B

FEEa VR A MDA X7 ) MEICE 0 S iz, N RIS RER A O
KA A (LNTE) ZFOo#le=A7 7 —¥ LC-Estl IZ DO\ TEHT 217> 7=, LC-
Estl & LC-EstlC @ Far-UV CD A7 kL= LC-EstIC*DifhfiE L v . LNTE
T R A A D T3 A—2 g AT B E RIES WD LRI,
LC-Estl (Z kb~ T LC-Est1C DOIEMEIFH) 60%1K < | Keat fiE H 59 60% KN Z L5 |
LNTE 25K RO EICHE L TWD Z LR SN, £72 Te fHIX
LC-Estl £ ¥ & LC-Est1C @ J53 3.3°C fK\ 7= b LNTE 2MENTIHELIZ b 5
LTWh EEZX bR,

LC-Estl ® LNTE EAHRIMMENE < . T OBEREN I HILTWD X X7 E1T D
AVE TIZRDD > TR, SRIOMIE T, IEHESLCEEMIC T 2 EENIMRE S
N2 b DD, LC-Estl O RRHEE I LR L T2\, LC-Estl IZ351F 5 LNTE

DEBNIRIN 72 S D3% 0, Tm-EstA (X Ig-like KA A > ORBEIZE DAY F~—
TEREEZ R, ZEOTEERZEME S KRE MK TT % [81], Tm-EstA 1TEHKFIC
BT 6 R THIE L, Tm-EStA O R 2% 95°C LL | 100°C T =i ix
15 TH D Z D, D TELERER ThHhDH, —J7T Tm-EStAC [TH &
e UTIEE L, Tm-EStA @ 5%DIEME LoV ¥, £ OREIRE X 60°C Th
V. 90°C TOH¥EHIN 1573 ThH b, ZNALDORERLY | Tm-EtA @ Ig-like K A
A NIZ BRI EFE L HEESCLRERZEDOOHEEEZRTZLTNDEEEZDL
NTwWb, L L, LC-Estl @ LNTE |X Tm-EStA @ Ig-like KA A > L3875
wEEFEOLEZBND, 28725 LC-Estl & LC-Est1C i3\ biwiiH CH
Bif L U TIFEIEL, LC-Estl |28 5 LNTE /KX, Tm-EStA (2817 5 Ig-like
RAAL L DORBIZ EIEERL L EMICEE L H X W2 Th D, LC-Estl
INTE (ZRLS SN LIZ AL E LTIEIEL, T AT T —E RA A b i%%b\
FHEER LA LTWReWnWEEZX D, ZAVHLOHAEEHEZIRY RS Z
V. LC-Estl Z NI A ZE(L L, [FIRHICIEMEE IO 2 7 A —3 3 /%1%73»
ICEZDZEIZED  IEHEKR T SE5 k%*ﬁ XD, REERNEN 24 5
DI, F T2 EUTHSD RSB, ZEMIZEIT S LNTE O&E| 25
RAHTZDITIE, iﬁi@n’iaaﬁk@ﬁ#ﬁﬁﬁ)ﬁtﬂé
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(#6451

MEEDEWHHEL T — B LB X T 7 =8B/ R—BDEG%2 B L
T, HEIVARA NS AZT ) MEIZKY 10 BEOFHEL T —BEE T &
6 FEOHH AT 7 —BI) X—BBEFZEEF LZ, O THMEWEICE
. FEFXEFHAA~OISHPEIFTE 5 2 FEOFHE LT —E L N KR
HEEREZETLHIHHAT 7 —EB 2o GRE Lz, L7 —Bx= AT
7 — B OSBRIl SRR (L H 2R N A A OB ENCBE L TIX I ET
DTV ENIIN TS, — [T 5 RAAL 00 v —fEEO
FIZIXEDORENETEHLNIEIN T 2N OB E, 2 TARIFE TIE A
27 DETHBELTZEERD AT DR OEE 2 O T 52 L4 BRY
& U CHEIERERERAR AT 23 T

%1 E TR, BN 95°C LLETH S RmCell2A & &7 2/ FRELSI D
FEFEMEZ RV T —E8 LC-CelA Z R0 XI5 & L7z, RmCell2A ™ N H¥i FL
NLEEMEICFEET D EEZLNT-Z L5, FL 28 AT LC-CelA Ok i &
WO THNT LTz, ZOREF, FL @ C Kim 2 55K (Glu34, Pro35) 73 HLMEL
(Leu72 — Thr74) & 3 SOKFEMAZ I L THAEEH L TWD Z LB N
ofz, TOKBRANREVEICHFEGTD0E ) NERDT2HIC, FL RKIEER
I, ES4A ZRUKAAEE L | ZOIEESCZEWMEZMT LT, 7568, ZNOHAER
KOTEMEITE AR S ZIZRREAR LTV, IHEWER KIBIIK T LTEY . &
WZEMICVETHDH Z EEH LM Lz, £, BAEARBREOLZEMED DTT
FAEFTIEDTT IEFE T LR TREKTTHZ LD, N R FED ST
NTZNLT 4 RiEABMNEYLICKRELS HET L2 2o L, SFEFER
L7= N RKufk o KFEEAIT LC-CelA & RmCel12A LIS CTIIRIEES N T 72
W, fE- T, N RIsiEEIKFE RS 2 HEAT 2 I7EIE, o GHF12 BT —F8
DEFEMEE L THDTH L Z RSN D, FEE, GHFL2 L7 —EB L1
WERFEEL L TWD GHFLL v 7 F—FIlzBW\ T, N KD =—7 Il REELS]
RN Kl P 207 4 REEE DL ERICTF ST 26030V < ool ST
Do

%2 ETIE, NOKU#IZ Ig-like KAA &2 HT 51T —F LC-CelG Dk
g2 E L, BREZ T L7z, T ClighiEnitEsn T\ 3 MO
R Z R EE T 52 1280 | 2GRS X OB LSRR &R
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oy MR DR OBIEIZII R E RENR W EEALNT LT, —,
A OFREEEMTITENR R SN, 2D OFRALI, ARSI 130 2H
TIE 72 WA, EOLZENITIZTF G T 5 2 ENRB Iz, Iglike KA A D%
F 2T 572D, His-Alg-CelG &, NAA O AEFEHIZEDL S GIndo,
Asp99 & Z I Ala ICEH L7 RAIK B X O 7% Ala ICE# L7 B RIK%E
RESL L, RERAMEZ AR L7, His-Alg-CelG O —7kA#iE 13 His-LC-CelG LI L T
WHZEMNCD AT MAMBREBINTE, UL, His-Alg-CelG (i & A &7
NTAREWZ 7B e LCHEIRNICER L, wiatE2 o7 B E LTHERL
7= His-Alg-CelG DiEMEIL His-LC-CelG @ 1/100 (2 L1z, £72. F D Tyl
His-LC-CelG LY 6.3°C {& T L7z, —J7. His-Q40A/D99A-CelG O Ty fEIL His-
LC-CelG LV 5.0°CIE FL7=b DD, KENFEMESX "I EHELTHL, &
P4 His-LC-CelG & [RIFEE ToH > 7=, LC-CelG DfEfmt& &Iz L b & Ig-like K 2
A NTIEWBAORE AR Ty BT 25REE2 6T RV — 7k L
FHHFEHLTWD, 1> T, ZNHDOFRER LV | Ig-like R A A NI FHNT v
nUHEREEZ A LTEY EROEWIL—TMEIR DO 7 5+ — VT 4 T ICHETH D
T EWRBE Tz, 7272 L GInd0, Asp99 DEE DA T, T OFEVL— T HEK
DAy T A—arZBEEDLDIC 5 TIERVWEEZ Bbd, GHFI F4E
DL LC-CelG D X 912 N K Ig-like KA A 2 FT 5L ODMIZ, CR
52 Family 3 carbohydrate-binding module 2692 & 0, filtfit K X 1 > D Jx TH
BET D LDONFMET D, DRIZINDHD R AL L OFEIC L DHIHEESCEERA.
LEACHERE DIE N E 3 1 LUV CREE B9 2 & IR BRI,

% 3 T TIE, N Rl EWHREMEK (LNTE) 2R oHH— A7 7 —+¥ LC-
Estl O & BERE DM 21T > 7=, LC-Estl & LC-EstlC @ Far-UV CD A7 |
JLR0 LC-EStIC* D dAfii L 0 . LNTEIIEE R A A > D7 +— T 4 71
WD IR Z & PIRIR X L7z, LC-Estl (2T LC-Est1C DOIEMEITHKI 60%1K < |
Keat I & 59 60%1K\NZ & 226 LNTE DK EN=R O M EIZFH 595 Z L3R
e X7, F£72. LC-EstlC @ TipfEIE LC-Estl L ¥ 3.3°C X\ T, LNTE [1f&
WIZEEICHTHE LTS EE X B/, LC-EstlC & 29%D 7 X/ BARLSIHH
A2~ L, fE S 2SR E STV 5 Tm-EstA 13 N KimlZ Ig-like KA A > %
BT DR, T Iglike RAA T A Y T~ —{LIZHEET, Ig-like FAA 2 %&FR
FET D LEERTEER L EMIIREKTT L2 006, LNTE (X2 @ Ig-like R
AA L EFBRRDTEN RO LIRS T, LNTE OEEI L 6T 57
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WIZ, LNTE Z & T LC-Estl Ol fbii&E DA N - 5,

AR AB LT, AZT ) MEICE D H R Ea AR A b Fillot
NT =B L2 2T T —BE L, MRS SRR MR 21T © 2 & ISR
L7z, D55, LC-CelA & LC-CelG 1T ERBRZENERT D DR
FHEHTHD LW ESND, —J7, LC-Estl ITHERERIND N KR fE 2 A3
HZEDD, TITHECHREEFIT 2 ED D 2 & T, Fill=xT7 7 —8/) X—F
& L TOREERM MG TX 5, AT T, fBERAL IR AL B B
RGOV U —0 KA A L OFENEREZ YT, 200 OIFESE EMEIZE
T DEENTDOWTIIARTz, £ ORGSR, BERtkne RO ITRE BT
BWININLET 2 26D U 1 —0 KA A U PNIEESCZEMIC R X 2 8% &
FTZEEBHLMNI LT, —J7, LC-CelG @ Ig-like K A1 > <> LC-Estl @ LNTE
REDOEEE T LUV THATERIE, INHD RAL U EFIHL CEERED
BReA 1 LIS DT HEEZROTHT I N TED SN,
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