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Araf «-L-arabinofuranosyl residue

Araf-X2 22-q-L-arabinofuranosyl-xylobiose

Araf-X3 3%.q-L-arabinofuranosyl-xylotriose

Cat XBD-truncated FXYN

CBD cellulose-binding domain

CBM carbohydrate-binding module

Cex family 10 xylanase from Cellulomonas fimi
FXYN family 10 xylanase from Streptomyces olivaceoviridis E-86
Gal D-galactose

GH glycosyl hydrolase

Glc D-glucose

Lac lactose

MeGIcUA 4-0-methyl-a-D-glucuronosyl residue,
MeGlIcUA-X2 22-4-0-methyl-0-D-glucuronosylxylobiose,
MeGIcUA-X3 3%-4-0-methyl-0-D-glucuronosylxylotriose,
PDB Protein Data Bank

PF Photon Factory

SIR single isomorphous replacement

X1 D-xylose

X2 xylobiose

X3 xylotriose

X7 xyloheptaose

XInA family 10 xylanase from Streptomyces lividans
XYLA family 10 xylanase from Cellvibrio japonicus

XBD xylan-binding domain
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EYICiE. BYMRICIZAVWHIREEZ DL NS RERKEND 5. BEBEYOMIIEET,
) 90%MN) ORI O—R, AIEINO—R, RYFUENSREL8, BOK 10%H
Eaﬁfﬁménrué(a@m&(mwmlwaut»m—xunﬁ%:~xﬁ&mJW:
PREELIERANDIBNWEETHD, ThENO TN a—ANBEELZS )N a—2ZH LT
180° [EHRL TWALDITHEHICE > TARBEARD FHOEIZEVDDTHILI— ZH1 2000
DTEEABDDOHD. BLE 150 FOE)N O— AN KFREB/BICLVEALT, 3y07
4 TVIVEEEIN S KRG TFREETRT 5.

NI N O-ZABEELGHBERRERTH . B LT BELEEREAEL TS (Heredia er
al., 1995), JEFERIITIZ, MIBEICBVWTEILO—ZXEEAL. T HUDPEEICED, R2K
—A AFY—R, UNUBEEBHTAIIBREEOI E 2N D, REITIIRE _LEY M e
ZREDOIL, LD —RERIFLERVWEAFBEEEEZET. NIV O-RAITRFTS
I TINZBEDRY F—ARELHE. XOFUREDAFY—IAFREZHELH DD, %<
BATOZETHD., JINVaA—ZADfh, X2 J)—A. ASH v—R, 72—X, FI0—2A,
TIE)—ABEOEBEERBRRST ET 5.

MRSEE ZHE I T DEM B ELHFFTOIEDICBEVWICHEERAL THERENTED., RE
. FRENE <, LERNRTAEYFHIRRICH T HEFHMELRN., BRRTIE, MECHE
REDWEYPHENEBERZERL. TNNEYMBEDSEA) I8, EB0S) 3 R
BZYM L BB I E U THREBLL TWD (Tomme et al., 1995a). # 21X Streptomyces &

DHBREIL. FITENT—ERAI N T—FOLI AMIMEREZFE>THBD, VIla—2X



PMOBEE £ R T 2%EZ2FF> T3 (Nguyen, 1999),

HEEEEZRIZ. 7 BEFOHMAMICE DX, Glycosidases and Transglycosidases .
Glycosyltransferases. Polysaccharide Lyases. Carbohydrate Esterases. Carbohydrate-Binding Modules
(CBMs) D 5DMDY 5 AIZDNT Henrissat 5D 7)) —TFIZEKOBEHNCT 7 I ) —iZoEIN
TH D, CAZY Web B —/\—(URL:http:/afmb.cnrs-mrs.fr/cazy/CAZY /index.html) TR, % Z E M T
& % (Henrissat et al., 2001; Coutinho et al., 2003), ¥7/=. ZTOHD—DTdh N REEFE (glycosyl
hydrolase, GH) 13BF 90 2#Z 57 7 I U —MNEFEEL TS (Table 0-1, Henrissat & Bairoch,
1993; Henrissat & Davies, 1997). 7 X /BESICEDOWET 7 2 U —8I3. BREENICH, #
BECHBBBICOEVERCERATH S, 7 /BEIICEIVNTNEDT, 77IU—0F
THIBEOUBBERILSREEINTNDS, ZORE., 77 IV —HNTOMBEBERICE DV
BREONAFA L TAIT4 v I ADIGRALAREICR S, BREROKERITE TS LT, XHER
RUELBRAOVUEEBEOMREZRARTIIEIREEETHI, FOEDICHT7IU—D
DPENBEERERERILL TNV,

BOMBERICLDOHN,. H2VESRNSEEBIIEOY /Y —HLTRID, 7/7—
MOBRFFPREE S 5T (Fig. 0-1, Sinnott, 1990; McCarter & Withers, 1994), B¥ 3 Dfibfi ks
i, BROMEEEICED MEROERMMNERVHRITRE SNDA, BEOBE B &I
ZO7 I /BRENILDD, BERGEBEADRED 77U —OHRTIIREHRETH S
(Gebler er al., 1992), BlE, WoZkA D 7 I U—ZET AEBRORGEENEL S INT. 0
RIEEERIEOT7 7RI IBBICIRTHBETIIEICRS, —FH, BOEEZEDOY
72U 72 BRES LISGERS R TWARNS, FFE LU TRRZEEEZMALRZD,

RU2%5ZEELLD CELFICHL VEBREZEBR/L TER LB 5N ITRENR



HEZRAMATNS., I, BEEZENASETHD ECFION—EREAD, ALT773Y
—DRICRBZLIBENFFINTWED, ACEENSERCARYMEZLEET 2BENNOT 7
NI REINZDTHIENFEEIIZ N, XIS BEoEBEET 73U — 13 (GHII)IE.
a-7I5—VFIRRRINDIBERFETH Y. MAEBENITIIME R A1 2P0/ NVIVEES,
T R-BRHROMBEBBEA TS I EAEL TR, EBRITIE 20 2EX DBREEIA
5NTNS (Table 0-2), Eiz. I O—RZE53ET 5V 5—Ed, GHS, GH6, GH7, GHS, GHY,
GH12, GH26, GH44, GH45, GH48, GH61 £\\5 10 282 57 7 S U—KHFESNTHD., 20
MAARE S RIGBE b LI E > TS (Davies, 1998),

BERICK MO0 FRBIHERE, MaEERERZLHIEMENREITBNTIERIC
HERRBZRLZLTHY., BERSEOEOEBERAMR EEBBEFNICHS ML TN Z
EHEETHD, WS, BE2HS50IHBTEALDICHEIML TWEY, HICHEBICEET
DEREIHEREICEET, BINO—RTMRETROZUWNIFITATHD. 2HEBRFEDOKE
SR ENO—RXELUTHET D EHES N TS EYHIREE % 385 5 /K fERE R E R .
MR AL > OMMICHEDONDOEHEES 2 —)V (CBM) 2HLTHY., 2KELTEY 2 —
WHEEZE &> TWBEAMNE LY (Tomme ef al., 1995b, Table 0-3), CBM D X7/ #keid, Lk &
BEORBIIBEZLZEESIE, BEHAVOMEBELZEDS LT, BEOMBRIEEZ XD
BT HIETHBEEZALNTNWSD (Black ef al., 1996; Bolam ez al., 1998; Gill er al., 1999).
X, BOND CBM BEBICRALNEEITILTEEMNEZDPTLTELEELILN
TW2% (Din et al, 1994; Southall ef al., 1999). CBM {3—MHICAIERE 2 R/ 72\ H D OEBE OB
KBTS 50200 72 /BTTER/NRAL S THY, 73 /BEINCEDIEHRE 30 28X

Z773IV—IIREINTHBY, £ED CAZY Web H—N—TRBZIEMNTES, CBM O



ZE1d H. J. Gilbert 5ICKVBENWITITONTH D, ZOEERHFEMEICLD, Bi3207)
—7 B MRMESEEEO I O—-ZARFF UHFIRETEH(CBM 77 2 U—1,2,3,5,10
%), BEETIRVWSRESHEREICHET2H CBMT773IU—4,6, 22,29, 15%), kU
HESTHEIMEIDL VT URBREZFEGODETVIHIIA TSN EEZSNTVNS,
CBM [IHER/NENDOT, BT NMR &P BT TE DM DOMABENRESN TN S,
iz, FFF—EPENT—ERE MERAAMEEEES FAS ORLENRNEES TH
MECEEINZRETHEETHIHOIIDNTIE, MERAS D ERAZAERAI 280
WFRASDEETORERITH O DS, BICHESIT2ELEN, HERFTHEE, 13
WEZTORBIZHFEET I /BAHEEDOT > —5 7 a BRSNS (Nagy et al., 1998),

F 57 —Eid. EYHREBICESENDZIAI VI O—ADERDTHEF 7 DOFEH (Fig.
0-2). EIZ B-14-7V 2L REEEEMKIETZIT REIBETH D (Fig. 0-3). mIAY VLA
UDEEICERH E NN, ZHFOHE, MIERECL > THEEIND Z ENHASNITRES
o BAED, ERAZET., NIV TILECBIZEATETHRAINILIICAD, RIETIEF
OFYTEOEEICHAINDLDITB> TW3EH». YIRS R, RBEERICBT
LRENCELAR 2N, HENMTOND LIRS TETNS,

FIF—VRMERAA 2 O—REFICIAFEBEOHRENS BN F—ERELLEBIT,
B-14-7V 2L REEGZMKIET HBEHTHEIN TV, RETRAALEDH4DLE
D77 IV—iZHEEN. £OHPTH GHIO & GHIl BAKERT7IU—TH% (Henrissat &
Bairoch, 1993). GH10 IZ/& 3 5F > FF—Eid, fER AL LU TH 300 7 /BN S5
TIM NUIIVEEZFDODIIMLU. GHII OF > 5F—Fild, £z —O— I EBENSR

D, BRTD7I/BH207 I /EEeBASBETHD (Fig. 04, Biely et al., 1997).



GHIO IZB T 2F 5+ —HETid. £, Streptomyces lividans (XInA; Derewenda et al., 1994),
Pseudomonas fluorescens (BR1E Cellvibrio japonicus) (XYLA; Harris et al., 1994, 1996), Cellulomonas
fimi (Cex; White et al, 1994) HIRF I T —F Ol R A1 > ORERBENRE I N, fillllE K X
12D TIM NUI)VEE, ROTERRA, M7 L7 bSBESMCEI Nk, 5IEHEE. FHMEN
Y% B £ TIT Clostridium thermocellum (Dominguez et al., 1995), Penicillium simplicissimum (Schmidt
et al., 1998, 1999), Thermoascus aurantiacus (Lo Leggio et al., 1999; Natesh ef al., 1999) B1KDF 3
T —COMBER A D OBENS FEBIZEICLDEERITINTWS (Fig. 0-5)., KFET
d% Streptomyces olivaceoviridis E-86 HARDHDZEHE T, 10 BEE< D GHI0 F 55—+
DORERBEN N E TITHEFT N TS (Fujimoto et al., 2000, 2002),

BEECEET7 0/ 0B EAROKEMIEDFT SN, MEEES, ZEEEHRRICONT
HHSMNEIES TS (White ef al.,, 1996; Schmidt e al., 1999; Lo Leggio et al., 2000), Withers 5
DITIN—TE, REBEEZITOTVWIKREZIT o/ 2-fluoro-xylobiose ZHEIZFVY, Cex Dfl
N REE EE X SN SEEDOREIZHRIIL = (Notenboom et al., 1998a, 1998b), T D#EE,
GHI0 O F ¥ 5+ —E DOl KJNld double-replacement mechanism (2 & D ¥ Z LRSI,
Glul27 AS—MREEHE IS HE (general acid/base catalyst) &L THEIE., 5 —D0 Glu233 AUREL
# (nucleophile) &L T &S, 2 DOMMEEREOKREZHSNMILE (Fig. 0-6). F
oo F20F) IBEEOESEROKEMTC, BEES /L 7 NORERELD, JL T MO
BTHA by TREHETHESI N, TOKR, GHI0 F2 77 —HFodhTid, REDIER
ARG, —ROI LT M7 I B BELLICIERRREINTVSN, +Hl0os L
7 N TREZEOBRICE>TES ZEMNBESME/ 57 (Charnock e al., 1998),

FIILEANI VN O-ADOVEDT, MIEBORF RS2 E, BREHIIEDFIEERTA



EEERD, ¥V, VTV ELRAKIC. FHEEEEICH L THROICHRIEE
ATD720IC, MERAAS 2 OMIC, BEKERASMC2ZRALT I JBEICEDZEMNEN
(Tomme et al., 1995b). F T UG RAA 3N O—AKERAAS > HELEHIT. CBMIZH
FahTnd, I, F2 57—t Cex lIZDCRMITI7IV—2IC/BTSCBM 2 b 5,
NI OB R A1 > & ORI 20 BEIZED Pro. Thr U v F U > 1 —TORAN T B (Creagh
et al., 1996), ¥ T F—FiB I F—EBlchR2 &, EEEERAS 2 EOMDY > h—27
LFITNTHD., M RAS CENBENWKEEINS ZERARICEITSLSICR>TY
HDT. INET2DDRRAA > &RFHIHEEMRT L ZFI3/2 0,

JRHRE (Streptomyces olivaceoviridis E-86) MAEFET 3 GHIO (FXYN). KU GH11 OF 57
—EIZDWTI, LRI S FEKEZEFLITHFE SN TE L (Kusakabe et al., 1969, 1975a, 1975b,
1976a, 1976b, 1977a, 1977b, 1983; Yoshida et al, 1994). 7 T E /=X 7 F IV ENRIEHICT DN
TWERRRDF I 2HEFELLEBEOEEYORENEEIN. TOKEENS 2BEOF
PIF—EITRAMEHBA S TWHEBEIIHT HHEOBES. UIMENOHEENEET S &
WEASMNETR>TWD (Fig. 0-7, Yoshida et al., 1990).

FXYN O#EIZDONWTIE DNA BHIKD LREBENRE I N, HTES 45000 THOH . XE
ROKBETORBERHEE, HEFENEILINTNS (Kuno et al, 1998). FXYN {3 CBMI13
o7z GHI0 ¥ 5 F—ETHD. TOEERHBE. BAEEREEEBICERIF-NT
Wz, £IT, HEAAES KO EBROHESANN, BRiLICR> THAIMIITONTET
VW% (Kuno ef al., 1998, 1999, 2000; Kaneko et al., 1998, 1999), H#ITib~7/=&k >, DNA ¥ —2
IAMNSEEERIT GHI0 OBSBERTH D ZENHSMER S, CRIFITIE. 11 BE

@ Gly/Pro-rich U > H—8ArZMTL 123 BREDOF T B R A1 > (xylan-binding domain,



XBD) DFEY %, XBD 3. CLD R EXKREADIERINE ST 40 BREIFEDT I ) BEFIN
SEHEDRINIZBDTH D, XBD WERICRBUEF I I I, BEEEEZEDLHEN
HOMEFENRDZDIT, MERA A 205 XBD Z2BR\NI-ERK (Cat) ZERL. nlEt. &
URBHF S5 U THRESZRIE Lz (Fig 0-8, Kuno er al, 1998), DR, wlEH
FIUIMUTIE, wild-type, Cat EHIZRABEDEEZRLEN, RAKFI I THLT
DEERIEMEIL Cat ZWFDHDA XBD 2#-> TS wild-type DHDICHRTESEETHH -
ZENS.XBD BABEHF ST ML THREREEDBENH D ZENESMERHS -,
ZIT. XBD ZHT RFAf > a. BRUETYIZHITHTRAL S v (XBDY), YT RA1L>8
—7(XBDB-y). HDVEHT RAAS > a B rZ2HIBRLEEREEZEML. FBEEFI S
NI DFEEHELZRE L (Fig 0-9). TOKRE. wild-type BEFE & L8 L T XBDy Z2HIBRLED
DL, HWEEENETHD. £/ XBDB-y) ZHIBRL7=bHD. XBD 2L THIBRUMIE R X1 >
R LUIEbDIE. wild-type DFESFOREETEETH 5% (Kuno er al, 2000), FXYN 2% XBD
EEV, EOXSITEBEZRHUUBREEZEDTNION., £z, RAFISUICHLED
KOIERTHDN, FEEITHEBEKEN,

72 /BEEFILD. FXYN OF T2 XBD id CBMI3 IXET B Z ENBASMNER> TVDA,
CBMI3 IZDNWTRINEXTREYHRDOERTHDU 07TV Vo507 b—A#
BLUFELT, BERWHINDZDHTHS (Fig. 0-10, Rutenber er al., 1987; Tahirov et al.,
1995; Pascal et al., 2001)e U >DB#IIN TV b—2X2RBFETHL I F L ELTHRETINS &<
MFEINTBY., CBMI3 KB IZEHEDIZEALIL. CBM WS KDBHU T2 A—/X—7
FIV—DLIFLELTRHBINTNS, TOHIZIE. H57 b—ALUANOEITHESTSH

DELT, “TIVEE. BTNAY., F2I50F2RBIT2000EENA SN TNV, CBMI3



D77 IV—OFT, A5 b—ADANOHEZRBET 2EBEOMNERBEFRITZ OBFFELART
KHRESNEFIRELS, HS27 =R, F20-2E0WS RAZEICHT 285 EMEOREHE
MEDK DT> TNDNRBREEN,

AR TIZ. FXYN DR A1 2R XBD OIINF RAS CEEF O TVWB I LICH
BU. ZEEOMIBE R A1 > OFMEE. XBD ORBEICHTRES. XU BEELHET
DABRF IR TIRICEEBEBEONEBEDORMMNSHLSNMNI TR &, £k &
BMEOAFETUY L VOEREEL TSI LEANE LT, “EEERITICEFTHILICL

7‘—
—o



Table 0-1 List of the glycoside hydrolase families (1~91 families available).

1: Mainly B-glucosidases (EC 3.2.1.21); 6-phospho-p-galactosidases
(EC 3.2.1.85); 6-phospho-B-glucosidases (EC 3.2.1.86); lactase-phiorizin
hydrolases (EC 3.2.1.108); and myrosinases (EC 3.2.3.1).

2: Mainly B-galactosidases (EC 3.2.1.23), B-glucuronidases (EC 3.2.1.31)
and p-mannosidases (EC 3.2.1.25).

3: Mainly B-glucosidases (EC 3.2.1.21).

4: Bacternial a-galactosidases (EC 3.2.1.22), 6-phospho-f- glucosidases
(EC 3.2.1.86) and 6-phospho-a-D-glucosidases (EC 3.2.1.122).

5:Mainly endoglucanases (EC 3.2.1.4). Contains also B-mannanases
(EC 3.2.1.78) and exo-1,3-glycanases (EC 3.2.1.58).

6: Endoglucanases (EC 3.2.1.4) and cellobiohydrolases (EC 3.2.1.91).

7: Endoglucanases (EC 3.2.1.4) and cellobiohydrolases (EC 3.2.1.91).

8: Mostly endoglucanases (EC 3.2.1.4).

9: Mostly endoglucanases (EC 3.2.1.4).

10: Mostly xylanases (EC 3.2.1.8).

11: Mostly xylanases (EC 3.2.1.8).

12: Endoglucanases (EC 3.2.1.4).

13: Mostly a-amylases (EC 3.2.1.1); pullulanases (EC 3.2.1.41),
cyclomaltodextrin glucanotransferase (EC 2.4.1.19), cyclomaltodextrinase
(EC 3.2.1.54) and trehalose-6-phosphate hydrolase (EC 3.2.1.93).

14: B-Amylases (EC 3.2.1.2)

15: Glucoamylases (EC 3.2.1.3).

16: Mainly bacterial B-glucanases (EC 3.2.1.73) (lichenases).

17: Glucan endo-1,3-B-glucosidases (EC 3.2.1.39) and lichenases
(EC 3.2.1.73).

18: Chitinases (EC 3.2.1.14), endo-B-N -acetylglucosaminidases (EC 3.2.1.96)
and di-N -acetylchitobiases.

19: Chitinases (EC 3.2.1.14).

20: B-Hexosaminidases (EC 3.2.1.52) and chitobiases (EC 3.2.1.52).

21: DELETED.



22: Lysozymes type C (EC 3.2.1.17) and a-lactalbumins.

23: Lysozymes type G (EC 3.2.1.17).

24: Phage lysozymes (EC 3.2.1.17).

25: Lysozymes (EC 3.2.1.17).

26: Mainly mannan endo-1,4-B-mannosidases (EC 3.2.1.78).

27: o-Galactosidases (EC 3.2.1.22), a-N-acetylgalactosaminidases
(EC 3.2.1.49) and isomalto-dextranases (EC 3.2.1.94).

28: Polygalacturonases (EC 3.2.1.15).

29: a-L-Fucosidases (EC 3.2.1.51).

30: Mammalian glucosylceramidases (EC 3.2.1.45).

31: Very diverse, contains a-glucosidases (EC 3.2.1.20), glucoamylase
(EC 3.2.1.3) and sucrase-isomaltases (EC 3.2.1.48 / EC 3.2.1.10).

32: Invertases (EC 3.2.1.26), inulinases (EC 3.2.1.7), and levanases
(EC 3.2.1.65).

33: Sialidases (EC 3.2.1.18).

34: Influenza neuraminidases (sialidases) (EC 3.2.1.18).

35: B-Galactosidases (EC 3.2.1.23).

36: o-Galactosidases (EC 3.2.1.22).

37: Trehalases (EC 3.2.1.28).

38: a-Mannosidases (EC 3.2.1.24 / EC 3.2.1.114).

39: Mammalian a-L-iduronidases (EC 3.2.1.76) and some bacterial
B-xylosidases (EC 3.2.1.37).

40, 41: DELETED.

42: B-Galactosidases (EC 3.2.1.23).

43: Mainly bifunctional B-xylosidases (EC 3.2.1.37) and
o-L-arabinofuranosidases (EC 3.2.1.55).

44: Endoglucanases (EC 3.2.1.4).

45: Endoglucanases (EC 3.2.1.4).

46: Chitosanases (EC 3.2.1.132).

47: o-Mannosidases (EC 3.2.1.113).

48: Endoglucanases (EC 3.2.1.4) and cellobiohydrolases (EC 3.2.1.91).

49: Dextranases (EC 3.2.1.11).
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50:
51:
52:
53:
54:
55:
56:
57:
58:
50:
60:
61:
62:
63:
64:
65:
66:

67:
68:
69:
70:
71:
72:
73:

74:
75:
76:
77:
78:
79:

Agarases (EC 3.2.1.81).

o-L-Arabinofuranosidases (EC 3.2.1.55).

B-Xylosidases (EC 3.2.1.37).

Endo-1,4-B-galactanases (EC 3.2.1.89).
o-L-Arabinofuranosidases (EC 3.2.1.55).

Exo- and endo-1,3-glucanases (EC 3.2.1.58 and EC 3.2.1.39).
Hyaluronidases (EC 3.2.1.35).

o-Amylases (EC 3.2.1.1).

Endo-N-acetylneuraminidase (EC 3.2.1.129).
Galactocerebrosidases (EC 3.2.1.46).

DELETED.

Endoglucanases (EC 3.2.1.4).
o-L-Arabinofuranosidases (EC 3.2.1.55).
Mannosyl-oligosaccharide glucosidases (EC 3.2.1.106).
Endo-1,3-glucanases (EC 3.2.1.39).

Trehalases (EC 3.2.1.28).

Dextranases (EC 3.2.1.11) and cycloisomaltooligosaccharide
glucanotransferase (EC 2.4.1.-).

o-Glucuronidases (EC 3.2.1.139).

Levansucrases (EC 2.4.1.10) and invertases (EC 3.2.1.26).
Hyaluronidases (EC 3.2.1.35).

Dextransucrases (EC 2.4.1.5).

o-1,3-Glucanase (EC 3.2.1.-).
B-1,3-Glucanosyitransglycosylase (EC 2.4.1.-).
Endo-B-N-acetylglucosaminidase (EC 3.2.1.96) and
B-1,4-N-acetylmuramoylhydrolase (EC 3.2.1.17).
Endoglucanase (EC 3.2.1.4).

Chitosanase (EC 3.2.1.132).

o-1,6-Mannanase (EC 3.2.1.-).

Amylomaltase or 4-o-glucanotransferase (EC 2.4.1.25).
o-L-Rhamnosidase (EC 3.2.1.40).

Endo-B-glucuronidase (heparanase, EC 3.2.1.-).
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80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:

Chitosanases (EC 3.2.1.132).

B -1,3-Glucanase (EC 3.2.1.39)

1-Carrageenase (EC 3.2.1.-)

Hemagglutinin-neuraminidase (EC 3.2.1.18)

N-Acetyl B-glucosaminidase (EC 3.2.1.52) and hyaluronidase (EC 3.2.1.35).
Endo-B-N-acetylglucosaminidase (EC 3.2.1.96).

Agarases (EC 3.2.1.81)

Mycodextranase (EC 3.2.1.61)

84,5 Unsaturated glucuronyl hydrolases (EC 3.2.1.-)
a-N-Acetylglucosaminidase (EC 3.2.1.50)

Endorhamnosidases (EC 3.2.1.-)

Inulin fructotransferase (depolymerizing,
difructofuranose-1,2":2’,1-dianhydride-forming) (EC 2.4.1.200) and
Inulin fructotransferase (depolymerizing,

difructofuranose-1,2":2,3"-dianhydride-forming) (EC 2.4.1.93)

12



Table 0-2 List of the enzyme activities among glycoside hydrolase family 13.

Enzyme activities

o-Amylase

Pullulanase

Cyclomaltodextrin glucanotransferase
Cyclomaltodextinase
Trehalose-6-phosphate hydrolase
Oligo-a-glucosidase

Maltogenic amylase
Neopullulanase

a-Glucosidase
Maltotetraose-forming o-amylase
Isoamylase

Glucodextranase
Maltohexaose-forming a-amylase
Branching enzyme
4-o-Glucanotransferase
Maltopentaose-forming o-amylase
Amylosucrase

Sucrose phosohorylase

13



Table 0-3 Carbohydrate-binding module (CBM) classification.

CBM number of function
proteins
1 121 Cellulose-binding
2 124 Cellulose-binding and xylan-binding
3 65 Cellulose-binding
4 18 Xylan, B-1,3-glucan, B-1,3-1,4-glucan, B-1,6-glucan and amorphous

cellulose-binding

5 114 Cellulose-binding

6 41 Cellulose-binding

8 2 Cellulose-binding

9 19 Cellulose-binding

10 15 Cellulose-binding

11 3 Cellulose-binding

12 40 Cellulose-binding and chitin-binding

13 188 Cellulose-binding and galactose-binding lectin

14 153 Chitin-binding

15 2 Xylan and xylooligosaccharide-binding

16 17

17 10 Amorphous cellulose, cellooligosaccharide and derivatized cellulose-
binding

18 201 Chitin-binding

19 6 Chitin-binding

20 80 Starch-binding and cyclodextrin-binding

21 27 Starch-binding

22 58 Xylan binding ans -1,3/B-1,4-glucan-binding

23 1 Mannan-binding

24 3 a-1,3-Glucan (mutan)-binding

25 10 Starch-binding

26 13 Starch-binding

14



27
28

29
30
31
32
33

10

60
78

Mannan-binding

Non-crystalline cellulose, cellooligosaccharides and B-(1,3)(1,4)-glucan-

binding

Mannan/glucomannan-binding

Cellulose-binding
B-1,3-Xylan-binding

Galactose-binding and lactose-binding

Chitin-binding
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(a)

Inverting enzyme

(b)

Retaining enzyme

0
..... 0" To oR
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|
0
_____ oo oH
OH

Fig. 0-1 Synthetic or hydrolytic, enzymatic glycosyl transfer with inversion or retention of
anomeric configuration. Glycosidases are classified into two types according to reaction
mechanism. (a) inverting enzyme and (b) retaining enzyme.
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Fig. 0-2 The structure of xylan backbone.
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Fig. 0-3 The enzymatic scheme of xylanase.
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Fig. 0-4 Crystal structure of the catalytic domains of the two types of xylanase;
Family 10 from Cellulomonas fimi (left) and Family 11 from Bacillus circulans (right).
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B-1,4-glucanase from Cellulomonas fimi
Xylanase A from Pseudomonas fluorescens Xylanase from Thermoascus aurantiacus

Xylanase A from Streptomyces lividans

Xylanase Z from Clostridium thermocellum Xylanase from Penicillium simplicissimum

Fig. 0-5 Ribbon models of the catalytic domains of several family 10 xylanases determined by
X-ray crystallography.
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Fig. 0-6 Reaction mechanism of retaining $-1,4-xylanases.




Family 10 xylanase

bl fod
XD KPP X XP e Kpo Ky

e

Family 11 xylanase

Fig. 0-7 Substrate specificities of family 10 and family 11 xylanases toward side-chain
substituted xylan. The scissile cite of xylanases are shown as arrows. Xp; D-xylopyranose, R;
various kinds of side chains including acetate and arabinofuranoside.
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Absorbance at 500 nm
Hydrolysis activity of substrate

0.5
FXYN

04  Soluble xylan Cat
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0.2 [ FXYN
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0 | |
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Time (h)

Fig. 0-8 Hydrolysis rate of FXYN and XBD-truncated FXYN (Cat) toward
soluble / insoluble xylan.

23



sl wild-“ie

100 g:85 : A AXBD1

0.5 V_AXBD2

(0]
o

~
o

oo
00
N

Bi-

Binding (%)

S
o

W
o

N
o

=k
o

Y
02 4 8 B 10 12 14 48 38 20

Insoluble xylan (mg/mil)

0

Fig. 0-9 Binding activity of wild-type and XBD-truncated FXYN toward
insoluble xylan.
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Fig. 0-10 Structure of the heterodimeric plant toxin ricin. Ricin A-chain is an N-glycosidase
that attacks ribosomal RNA. Ricin B-chain is a lectin with a binding preference for
galactosides.
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B1E BHRE (Streptomyces olivaceoviridis E-86) HRF T T —Y Di#E&L

X BRESHEERITIT. BRICXRERE LB N2 XROBREDHD S ERENOFETES
ERETOFHETH 2. XRRBERED 2 VIIHHAREHROMEOME, > a—F—
DFEEEORM. MY 7 h YT OEFZICLD. BIHRIBELEREQEEEN TH
5. BEAEAGCYANNAREDOBY FETEN> TEL. BABEARE, £6EBITOXE
AT, KEMCKRL. EFRENE. MERTOMMEADHE, ETHEDOHE. 2T
FIVOER, FFETINVOREL. LWH FHENHZ. 2055, BREEMHEAOREITH
ETORORNHEBERBENEL<. XEMTCEToHEEZAESEATIBRICRS. B
HEEREAETILHENHZEMIR. XERITOFEICH2, Bb. #ALIETHTFERA
ELLEASES L, HaOHTFH5OMEXBHNEVICTFH L THREREDHRTNICHES 2
EMETHO. COEHEOBRET—FNSBEAROETEEEEL. BERKZETO L
NuJgeL 725,

EREMNERLT2EDICBBLARERNELSNIH,. BHEHSOREICLD LIS
KEV, BEPTEHENRELTYAY—. HHVIRAUIT—NRET DL IBPAD.
BEOETH VEOBENRY— 2B IRELLIT< VW, £, BNBABENTIVF RALS
CHENSRBBER. I THEEZEVPTVRABHRELLIIK WESNH S, FETRH
RELIKERROMRTHEF I IF—HOBPED. M KA > OMICEEREE R AL
EHDOBONEL ., TOEKDORACHABENRKKEDNI LS I M EESRNEDREGLH
MO TERBETHO, M KA HE TOREMERTOBFILINE THEELRN D,

FXYN Hfft R A1 > & XBD 2fb&b¥. BELWRTLF I TIRY 2 H—TDEM>
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THBORRBLORBETHDEBEASNLL, ARAAL DR TORBRERTEHHE L TR

mfLIZEF Lz,

1-1 H&
FXYN D%

FXYN O#E@bid, BREA 7Y =22 F 27> ZBBICB W TR, BESEOMELE % L
KOBULIEEARZHBE L THL ., BRI, REREATHRRRESICLTbN, B
TR BE KA TR I N A EICHE U T e bz (Kusakabe er al, 1977a), Hl5,
BB EEERESEE. WRERFKITENL., HFAKITHL 2CTER L, BEE. 20mM
BEBRIR MR (pH 5.6) TY¥#i{t & N7z DEAE-cellulose DE-52 (Whatman) R&- 7 > 33# 5 A it
Lz BB SIN/2WHEBD B 28N, 10 mM ethanolamine-HCl 2&#K (pH 9.4) TE&1L X
7z QAE-Sephadex A-25 (Pharmacia, 20 x 300 mm) 71 5 AIZHE U7z, FAEGHE TR, 0-05M
D NaCl 52T hERAWTHEM 2ok, ¥ 5F—YEMZ, p-nitrophenyl-xylobiose &
ARG EIEERE U THEL., {EHES % 0.1 MNaCl 288 50mM V) O BESHK pH64) T
F#{L X N7z Ulrogel ACA44 (LBK, 25 x 900 mm) 124t L 7=, EHIIEEEIC T, EEES
ZRBFXYN & L7, #iEd SDS-PAGE TH—N\> RTHBZ LEHALE,

0%, ABSICED, AEBFED DNA > — VI X, DNA ZO—ZFhinadh, K
HICED2RBEROBEICHRYILE (Kuno et al, 1998), & Z THEHETIE. ABEOKERIL

WHFTZICABESICX DL SN FEIC K DB X N/ recombinant BERE 2 AW TT- 7=,
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Kl

FXYN Of&id. N>F 7oy 7RGBHEZR W T T > 2. #RIEDOAZ)—=>
T BIET BT LA EBHICA W, Mcllvaine S (0.1 M citric acid, 0.2 M Na,HPO, @
BEEH) FET. IBAREEL pH OFXHZEX D I ETRAZTo L. 20 mgml OREDE
HEBK & 25%BRE 2 S OEBRABEREZEN TN 5 ul $DOEAL. 1.5 ml DY HF—/)N—
BHRICH L 4CTHELL. BEREEBEELKE, 03 ~1 mm OLBHKEZEEEL. Mcllvaine
PRE KT pH 5.2~6.0 OHIFATHRIN/K, 20 CTHRKOKENE LN D Z LRI N,
BEFERERHFEEL T, 1| mm BOKERBENEEL THOSNIEHEZRR L 2. KBEIC
K DRBENIZ recombinant ERAFEZHALZHETH, KEEAR LRKRDOREZERNEDS

nrz.

X\T—5 e

XBREH T — & OREEE T XNF —PEREHEFR G F—mERmAEs) B
J¢#iz% (Photon Factory, PF) Y'—A 51 > BL6A Tfro/z. FXYN O#E&IZEE 1 mm O quartz
FrEFU—IZHAL, T4y RECKETEELE, BEHT—F1E. 0.1 mm O3 A—
F—2RW. 1.0 A OFEE. 20CTHIEZITo 2. 1 DOREERN, 1HUED 120 DOBEX
T. BEBA2EDD. 178 E. 89 HOEBEIHDT—F vy FERELL, REBITIEAA—D
> 7L —b (400 x 200 mm, Fuyji film) Ztv b U7, 4273 mm #&FED Weissenberg T A T
(Sakabe, 1991) ZF ), Fuji BA100 1 A— Y —4% — (Fuji film) IC&DT—F DT ) {L%E
ol T—%t v Mid 100-1.9 A D4MREEN T/ 104 5 L\ WEIS (Higashi, 1989), % 7z3 DENZO

(Otwinowski & Minor, 1997) THEE T T R USRERNT 21T\, 70055 A SCALEPACK TAY —
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=757,

1-2 #R

NZFET ROy TRGEHBIET FXYN O#ELE2TV, BE 1.0 mm 28X 58RK. $5
W7oy 7RO BERESNE SN (Fig. 1-1) . BKEIZ. 2% Mcllvaine $EE#& pH 5.7, 1.05
M BB Y > B ABREREAI S L. 20 mg/ml @ FXYN B E 1:1 TRALEDDEER
HBET20C T TRRBEL. ZheiitsHE L (Fujimoto et al., 1997).

PF BL6A TOREZITV, LU native T—4 OBE# Table 1-1 IR, 100-1.9 A 0%
FREET. EEPTRHFTE 441,579 i, M KHEK 80,196 M. 522t 942%. ¥—Y RETF 0.055
DT —=F WG 5NT (Table 1-1). FERIIRSEROZEMBE P2,2,2, I CBL. BTFEKITZa=796,
b=952,c=1403 A, =B =y=90°TdH> /. Matthews D Vm =2.95 A¥Da LEET 3L,
FEXRRBAPIZ2 P FOFXYN B FESATEY., KDERIZ 8% LRED SN/ (Matthews,

1968).

1-3 E®R

FXYN O# LTI Uz Skid, GHIO ICBT 2+ 7 — YOG 3 BERES
NTWz, N5 Streptomyces lividans (XInA; Derewenda et al., 1994), Pseudomonas fluorescens
(BRFE Cellvibrio japonicus) (XYLA; Harris et al., 1994), Cellulomonas fimi (Cex; White et al., 1994)
HERFIITF—EOMBERASOREBETHS., ZNS5O/BEIR. GHI0O OF 2 FF—F
DOfER AL 2 TIM NUIIVZEKDBRD - TNEZEEZHSMNIL., M7 L7 NMIh DR

FENE2DOD0T NI I VENMEY I JBBRETHHZIEEZRLE. INSOBERIT, ER
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R R A1 2O, NERBHDWIZCKRBICF LI OMERAI L EEDLNS M RROR
AACHWEELT—DDORFERLTNBEBDTHo =M, MR AL EORERNT NS
UA—EMATUTEENSH D, FAM CHTREREELZESRVNEZEISNTED, £2ES
TERAWZEE., BRAECRD Lok, #>oT. ThoDBETRMER A DLOR
BREfTo-TREBEZHTBY. F2 73—V TeE L THALINAESED FXYN 137
RAS > OBEZRFICRETEDE NI A TREREBENHDEEZ 5N/,

Ko, BRI BERENEBEHELS, BLBEEICREND Z &, a BiHRICIIEICE
ﬁtmﬁb‘%#éﬁmnﬁﬁ?ézttib\9v?4>7FDv7%imﬁ&T4mmE
KHETHIRERBEENESNDI I ENHOMER S (Fig. 1-1). 10 GHIO F3 55—+
LRk, FERDAUHE) B 2O TNEDHOD, MERAI S EFI TS RA
ACWIELALI I P2EVRRILITFE L TNEBDEEZI NS,

MAAKERITIE. YRS TFERECAS S CEEERENAERTETHY. BEETFLER
BEREZQF AN CERTFREEEAOR Y -2 F2Fo7, TIIIRE WA K Hgl,
DEFTHEENESNE, LML, BEFRTFRMELE (single isomorphous replacement, SIR)

TORTIZIZA T2 TH o 7,
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Table 1-1 Crystal parameters and data collection statistics.

Cell parameter (P2,2,2,)

a =798 b =950 ¢ =141.1(A)

Resolution range (A) 8.0-1.9 (1.97-1.90)
Total reflections 441, 125

Unique reflections 76, 761 3,708
Completeness (%) 90.1 (70.0)
R-merge (%) 54 21.4)
Average I/o(I) 222 53

Vm (A%Da) 2.95

Solvent content (%) 58

z 8
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(a)

(b)

Fig. 1-1 (a) A typical crystal of FXYN grown by the hanging drop vapor diffusion
method (1.0 x 0.3 x 0.3 mm in size). (b) The longest crystals of FXYN grown by the

sitting drop vapor diffusion method (4.0 x 1.0 x 0.5 mm in size)
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