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4-O-Methyl-D-Glucuronic Acid Residue Liberating Enzyme
in the Enzymatic Hydrolysis of Hardwood Xylan

E B LEHFYI IS L4-0-2F D7 As 0 rBEEET IR a-(1=D-sLro=¥F
—EEREETIHMEYMEERL, TOMEOLEREERATEILL bic, FOMELIMRYL, *
OBEEE N/, BEOEBEE L TRTMFEL Y o vEEEEBILL 12 2-0-(4-0- 4 F L-@-D-Z 3
S5/ v Ao B D-FY ) - ARV,

QMD Trichoderma RU 6 BOHTHEHFEH T 2HENABERPO a- IV o= ¥ — /L~
KER WThbABELEET LI LAY ON, FNhoQhTAHAI XS5 94 (Tyromyces
palustris) 2 A-F V2 0= Y- BORLTSNAEERTH -1z, BULBEBRYET A4 XS4
rREEED a-F Ny 0= - BEEELLEY, IOMERREREET TLLARETH >0

D&, Tovirde YEMNRT 2 a- 717 o=y —-€x2HEBEETH L 4 17—+ (Meicelase
CEPB-10, Hi/HHE) oML, A2 VR Iu= V57 4 —RUX VIO 757 4
— & 05g OHRMZEDL S 4 2mg OBERI A- VI 0= - EXBET EHNTE, HUBE
BSDS #7207 FYLBRKETH -0y FThHD, FTRIZI0FEHEES L, BY
BMEOHEHER PH 35.0Cdhy, T, FBEERBHBC THoto 2127 —ELLISKFYS
+—¥, B-FrovF—CEFThEFNIEEEL, LEMT Y5  OSRICRIZT IBEOBERS D
HRYRZEEL 12,

1. &

T

FRHOEELER e, AMLIGOBREME L) 7 o — 2B FA & - f8, (LFETERE
TRAF—FEALEL, KM ERETIRT SRS h s kit » 1, #BE - 1BRIIILE
WHOE LD - X, ANtk o=X, YISV OZRPENREICAMTEBHETHY, F, ~3
Ao —RREY 7= v OMBEBOBRBETH L LD - 20BRICHT IRGHAE L {&Ed 20
HFHETHBI EBHoN TV S (SHMIzZU et al, 1983), IEERHMICIZ~ I o — 2 & LT 20~35
% DFVIyHEETNTVWEY, EE - BRUEICLIDFY S Y OKBAREF— e F) Y %220
TESFALL, KABHDA Y THLELE, CO4 ) THEEF Vo — THKIRT B 700iciE, Fv
SF—ER [-FnvF—EORMPIAHE L T—ROF o —2ABED C-2 K afEHLTVES 4-
O-AFND-VVsorBiEEd 2BE (@-Irvr7o=y—+¥) BUETH S, £ TABELE
BoER BREERE, BROSEERE, S5, #v 5 v OBEBLICBI 2ABEL+Y 5+
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Table 1 {2/"7F 9D Trichoderma & 6 OB TEEZMH L 72,
2.2 4-0-AFII-D-TILV o vBASHERBEOEEBORR
HAEHOMBAFEOBERIREA 7 5 2 I TRIEEE L, ERSNEEABZEEANTL L1
&£ V1T - t2o Trichoderma O¥EHIIZ ManpELs U Weeer (1969) 1# L, 4, HFHETRES
SWLFNER Lo LE CHRO b0 RS, 1984) AR L, REFICHILEH 2 57 b
7E@ER Lo Trichoderma i3 28°C T35 AR, HTFHIIEEETI0 HRZ W TnHEHL 1o, BEE,
BODEEL T (B000rpm, 10min) BELFEEZED, THITHEE 0% 83ANCE 3 L D icmi e,
AR Ui % 0.05 M Belt Yy 7 7 — i LCEBITL, (5 nic BTl e RAERIC L v —ERic
ETBMLBRARE L,
2.3 4-0-AF)-D-¥ iV 0 v BASERBEEOERORY
4-0-* FA-D-F Ny v EREMREFROREEICIE 2-0-(4-0-Me-a-D-GlcAp )-D-Xylitol 2{#H
Lo Y7 H Y "F 3 20g%2M b Y7048 TI20°C, 1h MAKDEL, 7=+ 338
I (Dowex 1x 8, OAc™ form) %W\ THRRAERRY % bR & BEIRIC AL 7o Boh-BiE%
T2t vREAhSLsa< 7574~ (DiaionCA08Y, 23-25¢) IKLH TAFEX Y o VEEDE
4y (0.08 M BElET ) v AEINKOIBA T Dy 2 2.74) %7BEFES L 7. (IsHiHARA et al, 1978),
BN ABRBICT 51, BoNkTAFEAD O vBOF v u— RBLARSE 0.2M KELKY
FZFrUULICEDF VY b —AITELL e 2-0-(4-0-Me-a-D-GlcAp)-D-Xylitol D& 1. 24
g ThHot,
2.4 MREFHOME
FVSF -, fEVa VI -EEHRLERS VS Y, 722 0-p-D-F o CEHIE)
ZEBEEL, ThEh0.5%, 0.25% Eik (pHS5.0) 0.5 ml KENLEFEOBERE 50 ¢l AT 40
CT5~60min 1 ¥ F 2~~~ 3 v Lk HERLCECE%S Somogyi-Nelson # (Somoacyr,
1952) TEB LK, a-7 W7 o=¥— €G3 0.2% OBEEK (pHS5. 0) Iml iCBERKZE 200 £l 0
ZTA0C T2~16h 1 ¥ a~N—va L, #EHL40-MeD-GlcA % Somogyi-Nelson #%T
FEFBLTMEL;, 72, #¥ U b —LOBEHIA 427 0<t 757 (HPIC-AS6 # 3 &, Dionex
20001) ok DML oo

. HRLEE

3.1 4-0-XFI-D-FNY 0 VEAHOERBROLEEHRORE
FrsF-BOHICR, TIE/ FYSURTSIE/ NI/ FYIuhbFy I vEHD 8-F
vavs /sy FEAETLEEANCMAT, L-T3E/ 73/ A BT EDTERH0D
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Table 1. 7+ 2757 b w72BEELEBAOI ) a7 LETERICKS
V7 v ERRBERDERE
Xylanolytic enzyme production of Trichoderma and basidiomycete species
on buna Kraft pulp.
| BEEREOpH | BEAERR | a-svse= | p-Fvny [ FUsb—+
Species of fungi | pH of culture | Extracellular F—¥ -+ Xylanase
filtrate protein o -Glucuroni-| f~Xylosidase
dase
B | o opne
{(mg) unit unit 102 unit
M)aFwe -7
YLty 7 3.5 % 3.4 46 11.7
Trichoderma
aureoviride
M) a3FI=z e
VN 3.8 57 3.4 63 20.7
T. hamatum
M IFT e
—JT XL 3.7 79 1.3 4 4.2
T. harzianum
rMi)aFw=e
PRty 5.6 58 1.9 20 4.8
T. koningii
FJaFwe-.n
YETZFVL 4.0 39 3.9 17 3.1
T. longibrachi-
tum
FY)aFue e B
Pl 3.5 71 1.8 26 4.8
T. viride
) aFN=
sp. No. 3 3.5 88 2.8 54 8.8
. sp. No. 3
KY)2Fe
sp. No. 4 3.5 77 2.4 151 6.1
. sp. No. 4
by aFe
sp. No. b 3.0 35 0.7 0 31.2
. sp. No. b
v g 306
Agaricus 6.4 68 0.7 1 0
bisporus 306 ’ ’ -0
v F 4 307 1.3 0.2
A. bisporus 307 6.1 69 3
Ry r
Laetiporus 38 34 1.2 17 8.7
sulphureus ’
var. miniatus
L7585
Pleurotus 5.3 27 0.9 0 0.2
ostreatus
N7 7% 1030
Polyporus 5.1 58 3.2 0 5.0
versicolor 1030
AAIXT I
Tyromyces 0507 2.6 68 7.3 18 3.3
palustris 0507
Note : BEOEERIZIRBIEENR 100ml B0 ORBIBTRENR
Enzyme production was expressed as total units per shaking culture 100ml.
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HEENH >N T3 (TAKENISHI et al ; SINNER et al, 1975 ; DEKKER et al ; SINNER et al, 1976 ;
JouN et al, 1979), UL LEEHs, EEB4-0-2FAFS V0 v 5 vico0Ti}, ChETl—
A E THEENALF Y I F—FILL>T 404 FA-D-7 7 o Y BBAEIER S Nz &V S5
3L, KERA4O-AFLrnrn s 3205  ONMMBICMLIBEROBMIIVEEHShicah
TWHV, 20T, FEFELREEMA4-0-2AFATNVI 0/ %25 205 ORRMRERMT F o0 — 7
& LT 2-0-(4-0-Me-a-GlcAp)-D-Xylitol 2 BE &L L, ~1+ 47 - YEEHOBEEAMKRD
4-0-2 FU-D-7 s v BRI EMER (-7 vro=5—¥) 2HELI,

Trichoderma 9 ¥k, HFEEHMEIHWVT, 7+ 557 S0 7 2% 2 M—OREEE T 2IRBE
Bioky, a-rnso=F-€580+ 5 v ORCHEET 2MEOEERELTE N, BEABED
Sl A RIE L 72458 % Table 1 io/Rd . BEBHE Trichoderma T5 B, BTET 10 HMEE
ELEY, CNoOEBARBEE SO T TORBEROKEREAREZ L L (GRS, 1984 ;
Ishihara, 1986), BER TROKMBEKD pH &, AVEBENDORCL -~ TEVRD SN, T4
HBH, Trichoderma @ pH iz T. koningii D 1 BKEBRVT3 0,54 00Micd -7, 7,
FHOBAREAEEHET pH 0K THE» o0 L T, BEEMETE pH OETHEET
BAHBHTS - 1o,

a-FNra= Y —EEREET AL B+ v S —ERE S5+ —EOEEMHTLLES &
DT ot EAVF —BHEEEE L THSND Trichoderma DR EAERETHEICHELTX
DEWLNAT -0V d—ERUEFVSF—EREELLD, Ay o=y —EOLiEiEIRIK
pot,

BFRICHVW: WEROT TR, BERWETH S Tyromyces palustris BT <l a-7
70— COEEFTH -/, B, ABWYIETH 5 Agaricus bisporus i, ¥ 3 vixtd
BNESREBRTRAVA, TO4-0-4FV-D-7 V2 o R ESERLE VL NATEET S
TEMBRESNTWES (Puis et al, 1987, # 2T, HHBRATEFRTREL TL 2IBERHED S 2
BHD A. bisporus it oW\WT a-7 vy v =¥ -EOEEREENMN BOLEELETTREZD
HEEFRIIAIFFICR L TED - 72,

Rbd<ni a-r vy o=y - EORERIMEBBRAE T. palustris KD SN0 T, TOH
I 2 ABROEEEMFEF 0 — R, Fvot ) I, Fv 5 v EEUEBOREBRTRITL 7.
Table 2 iZfR %2 R~TH, T. palustris itk b a-7 vy 0=y —-EOEED I HIZIE 4-0- 2 F1-D-
Fura vBUEEET AREBEPLAETHY, 7, B pH bABEOLECEENL 777 ¥
— KB LNl o, RBOABNRREOBS I IERBOERIC X 0O pH SR ICE
T aTtpEvont-0T, TLH)OERMILY pH OE TG 2 2 &L 2HA A7, Table 2
DR, SHET 5 E, T. palustris OBEIEHO pH 252.6 55 3.6 DRicAB LSz v bo—
VT BIEBHLBETHBEEbN,

WY LEBRHEOT TR, T palustris 3V LRAT a-I Ny u=F—EEEET B LBED
Shicd, o asrrvro=y—FREREENFTTEA s, ABCEFACEESh -+ oY



Table 2. AA VX557 D+ 5 v IRJFBEOLEECRITREFROLE

Effect of carbon source on xylanolytic enzyme production of Tyromyces palustris.

R B&RMED pH BiAEOR @a-Fnrn=—gF—¥ | pg-Fvavs—¥| *v54—¥
Carbon source pH of culture filtrate Extracellular protein| «-Glucuronidase A-Xylosidase Xylanase
(%& (%i) (mzam)
(mg) unit unit 102 unit
;;;;X 2.2 99 0.6 6 0.4
N —_ *

}*(y/louse*x 3.0%* 123 0.8 12 1.2
FyaF Iy, niAF
Xylooligosaccharides le . 19 1.8 3 0.6
Frox)ITHy o4 F*
Xylooligosaccharides* 3.0% 59 1.3 19 1.3

(7R =R=ID% 1 ;[ S

Corn cob xylan 6.0 264 0.5 9 0.6
&g:;iiﬁﬂ?#vay* 5.0 33 0.7 10 0.7
%f‘?wijdax;lan 1.9 37 4.0 13 1.1
Hmafﬁ;dﬁw;‘:)z; x?‘l:an* 3.5** 69 1.7 55 3.1
Eef?w#:)sdt}ll;ﬁ);eﬁulose 4.2 33 3.4 7 1.4
—_ *
%ﬁgﬁvs‘/i:f}izlnoceﬁulose* 3.6 77 9.0 32 7.3
ﬁyz:ot};i;l}ijzzll:lzs; * 8.5 0 0.0 0 0.0
rHEz;ﬁ;‘dmwaoZd7 l:rla\qutv Zulp 2.6 68 7.3 18 3.3

Note : BROAERITRBILEE 100ml Lo oMK TRIN I,
Enzyme poroduction was expressed as total units per shaking culture 100 ml.
*mRAK: 128 **oH WM 108 BT An ) 2FM
Cuture period : 12 days pH adjustment : addition of alkali at 10 th day.

(GREY) FRWREME -0 o/ ¢4 +BHT
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F—EPF VS5 —CICHBELTAKETH B L0500 -7z, Table 3 iR_T & i, T. palustris
DHEELEF Y7 vOBBZZROPT a-y V7 o= —¥OERBNE 120 HoEBT240 1T
WETLADIHLT, -3 v avd—¥0F v 5+ —¥OEHRIIRELALELEL 1, a-
Fhya= - 20RO ELNS D ICEHORFKBIRL 20, BUEKORBARRTIE
MEELTW 0D+ v 5 v RCHES 2BFZONMELRIEL THIZE A, PR g-Fvov
F—ERF 7 —CItHB L THRMIC a-7 vy o= ¥ —¥DEHOEL T LRV ahk,
WEBWE T palustris D a-7 A2 0 =5 —E8ELL 0T VERNCH 5 T & 13IEER 4-0-2 F
VT s e kY5 OBBIKIBES OO 7 =4 VB0 b 57 4 —l2k-TES
RSN, EHS (IsHIHARA et al, 1978) QLIRS T. palustris DEFEAD+ Y 5+ —¥lc &
BILER A4-O-2 F AT AT O F 25 OBENRERYOBETE LT, 4-0-XFAL-D-F L/
YEBERUTLVFEFOD VEEDST A F~F Ao v BETORES ) TERE T3 VM5 T
4 =L NBREIEL 7z, BEERL THSEREL TV, AU T palustris DEAABESRD S
BILHBEEZBRORT LD F I+ -l EAREL, 251, LEM4LO-AFVT VIO
*v 5 vONEERS T, TLTERL B OBYEET 4 W/ 0= 757 4 — kT
N Lt, Fig. 1 DRICE SN BL9, TANEXY o vEBE TORBMEL ) TEFHOER LT
EQFEGETELY, 4-0-AFA-D-7n 7 o vBOERIZED ShiEh -1z,

3.2 4-0-XFI-D- 7 N5 0 UERIRGERIEER O RN R MR &

B-¥roi¥—¥ F5F-ELOREMER

JRER 4-0-AF AT N0 0 ) %25 6 4-0-4 FL-D-7 N7 o v BT 28%, a-7
Ly o= y—¥oERE LLER BOEMETH 2 T. palustris EROBVEBELEESZED OL
tzo L&L, T. palustris ® a-7 vy n=4§ -3, BHEEERETTOALETHD, HEEERL,
HaBRoNE 2T sBRRARE L TAEYTH -~ 1o 22T, T viride BEOTHREL 5 =¥
THBA14+€7—+F (Meicelase CEPB-10, HRIGBIE) #HFEME L LT a- Vo a=5— DK
BleR At

¥4, DEAE-Sepharose CL-6B #H\W/c7 =4 v XA I L7073 74—k 21+
5 —EORHEEIT -1 FEREFig. 2 ISR T. H 7 LDEHICIE pHS5.0 OFEEE v v 7 » —i2 NaCl
DIV vrERVEY A4€5-CYORREARMNOOE -7 iahhis, BRERHEAMTLLE
LIAFVIF-—FR1IBHOBEHOE~/IC, B-+vovy—CR2FHEIEZEHDOY -7, %
Fo, - s n 2 —ERIFBADOE- S IHIBT B LDNh o1, £CT, 2EHOEAOE -
7 kM T B8R R, IRIC S-Sepharose WA F A vRBAS L/ O TS5 T 4 -2 LD,
i a sy n=y—-€onMERA T, I LOEHRICE pH3 0 OBy 7 > —I2 NaCl @
Y v bEROE, ZOHE SSRELOEAOE—sIIsdN, a-T VI n= - EOiEHT
i, 1FB L 3FHOY— s b—#EED ohed, FELARYR4FHOE -7 4B LTVE L
WA - 1z,

HFFVRBWMA I AU 5374 -THBON g/ Voo =5 —EDERE S OESDS b,



Table 3. AA VX975 0F v 7 vOREFBEEOEMIRZRIC L 551
Time-course deterioration of xylanolytic enzymes of Tyromyces palustris.

RFERIEBEER B IR E=kY a-Fnru=§—¥ | g-Fvavy—+ Fvit—t

Carbon source/Culture Time course Protein amount a —Glucuronidase f-Xylosidase Xylanase
(‘ﬁ& ) (ﬁi) (%&) (mzmm)
month (mg) unit unit 102 unit

IR 7 57 b X7

AR 0 68 7.3 18 3.3
Hardwood kraft pulp/

Shaking
LR 57 b7y

TRBIE & 5 68 6.4 17 3.3
Hardwood kraft pulp/

Shaking
LR 77 b7y

wBEE 12 68 3.3 15 3.1
Hardwood kraft pulp

Shaking
BN IER/

R % 117 5.1 49 6.6

Steamed hardwood/
Solid-state

Note : MEEHEZREARN - Yol YoM TRENT:.

Enzyme activity was expressed as units per total protein.

(¢RI ERBTBME 0 o0/ &4 F|HET
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Fig. 1. 40-xFV s vs 0/ %y 5 y ORGBRERMOBERO T = v R 7o~
DA
Anion exchange chromatogram of acidic sugars from the hydrolyzate of 4-O-
methylglucuronoxylan.
ILEERF > 5 08, BRI EES L EBR (L) RUBBREROHBER (TH) »oBlLAxy S
F-¥TEh TR NI,
Hardwood xylan was hydrolyzed with xylanases purified from 8 year-old crude enzyme (upper) and
from the same crude enzyme immediately after cultivation (lower).
A& H#K Eluent : 0.08 M ¥EEE+ + U 2 & 0.08 M sodium acetate
#1% 4 Column : 15 X 930 mm ; ¥4 74 4 ¥ Diaion (23-25y, 7+ 7 — b acetate form)
W Flow rate: 2 ml/min
E—7 1: TAFAESA, TOFRVIF, RUTAVETF o400 B
Peak 1: Aldohexao-, aldopentao-, and aldotetraouronic acid
E—2 3: 7 KM AT /8]
Peak 3 : Aldotriouronic acid
E—2 5: 7 FEL Yo 8
Peak 5 : Aldobiouronic acid
=2 6:4-0-AFN-D-¥ s o VEE
Peak 6 : 4-O-Methyl-D-glucuronic acid

FENRABHOEAOE — 72V TE 5T SephadexG-75 WAL FE /o<t 7/57 4 —ick
IRBERBS I, AT/ o= b 57 4 —TELRIDOERAD Y — 7 kohn s (Fig. 3), a-



OD 280 nm # #-(3 OD 660 nm

LER+ v 7 vo v o BREABERER (AREM — 149 —

OD 280 nmor OD 660 nm

4o.5 mf,
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7303 FnN—
Fraction number

Fig. 2. FYaFrve ) FEROHFRELVS —E(4 15—+ CEPB-10)® DEAE-
Sepharose CL6B #5342 u=t 7354
DEAE-Sepharose CL-6 B column chromatogram of Trichoderma viride commer-
cial cellulase preparation (Meicelase CEPB-10).
# 5 4 Column : 15 X 300 mm 757 ¥ a v#E Fraction volume : 5 ml

——B——: #v5F>—¥iEH Xylanase activity
——Q@—— -7y o=¥—~¥iEE a-Glucuronidase activity
——A——:B-Fvovy—¥iEH B-Xylosidase activity

: H Protein

2.0
a-Ihoa=sg—+t
a-Glucuronidase

]

0D 280 nm 7= (3 OD 660 nm
0D 280 nmor OD 660 nm

i

5 10 15 20
TIvav s F N~
Fraction number

Fig.3. a-s N2 o0=%—+ (7523 v11-4) O Sephadex G-75 HFEwr o<+
T Is
Sephadex G-75 gel chromatogram of a-glucuronidase fraction II-4.
# 5 & Column : 25 x 400 mm
7 57 ¥ a Y& Fraction volume : 5 ml
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FShra=F-BOERRFERSSTHOr—2 Lk —RLTWA I EMNED NI, HTE/ o
2 574 —THELOW L G-I I D=2 —FOEMINC>WVWT SDS £V 72 ) A7 3 KAALEBRK
BT, B—0y FTH O BRKBIICHEH—RSCETRUTE TV Egb -k, £,
Fig. 4 KRoN3&HiK, RTFB~— 1 —Z2HL TRt ¥fla-r Vs n=y-—CoNFR%E
WELILEIAWATH -1,

Tabled i a-7 V7 a=F—EDONS L7025 7 4 —iCXDREUBRHTORARUERT
HONELEINRERT, a7V 0= —FOERIEA Y+ a2~ a3 v 1h YBT3 4-
O-AFN-D-F 27 o & pmol HYBTHEL 2, $0.5g OTRERED S 4. 2mg D a-F V7 o=
F—CEHEBT 5 LATE, HERROHFMEITE T 2 BRI 11.5 f5TH - 1o, WHRIRE
FZOEMNNRRIMBT LOEETEIRHFE T b ie®, £IT, 722 v RBRUEHIF A Xy o=
bS5 T4 ~THBEERIC S Y2 v THOWE NaCl © a-7' vy o= 5 - PR RIZTEEOR
BAFANI, FERE Fig. 5 2%, NaCl OFHFIc L 2BAEHOETE, 0.1M T10% B, 0.2
MT30%PLEIRBBIENBDOON, 41X VvRKBI7 077574 —TOBEROENRE LIF5/09
i NaCl itk 375 V= v FiEH %8S, pH AR EDOBEHEGERITT 2 LB H 5,
KT 220 TEL T viride i8FD a-7 V7 o =5 — YOEHER pH RUEHBEEFART
Hto ¥ER% Fig. 6 KU Fig. 7 1Rt fEHZEM pH 135012560, 5.0 & 0 BEMTIREHET

200
—~ |50 A a-Inra=g—+4
e a-Glucuronidase
= 100f
wd %F
1]
&R % N
2 a0
b3
30k
20}
1 1 1 1 1 1 1 i 1 1
0.1 0.2 0.3 0.4 0.5
Rffl
Rf value

Fig. 4. ¥8la-srvr7o0=4§—¥ (752vav0[-41) OSDSHYT7I7YNLT IV
Y ILVBRKENC & 2 FRONEE
Estimation of molecular weight of purified a-glucuronidase fraction II-4-1 by
SDS polyacrylamide gel electrophoresis.
5y F&~ — # — Molecular markers :
A;B-#37 b v ¥ —+H B-galactosidase (116 KD)
B; v ¥MiF7 V7 I ~ bovine serum albumin (67 KD)
C; & 77n7 3% ovalbumin (45 KD)
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Table 4. WBUBFEBI 2EQEBEROENE
Recovery of protein and enzyme in purification steps.
RSB BEd ERE | a-rrsn=s—v | [EINE
purification step Protein Recovery a -Glucuronidase Recovery
(o)
(mg) (%) unit* (%)
HHRER 508, 7 100 9.0 100
Crude enzyme
DEAE +7»2—XCL-6B (II) 39.7 7.8 30.6 52.0
DEAE Sepharose CL-6B (II)
S-€77a-2 (I-4) 5.6 1.1 6.25 10.6
S-Sepharose (I-4)
€77 Fy 7 AG-T5 (I-4-1) 4.2 0.8 5.42 9.2
Sephadex G-75 (H-4-1)
* ] RN QBB L 4-0-Me-D-GlcA p VYR
umol 4-0-Me-D-GlcA equivalents liberated per h.
100 FO——q,
(o]
ol \
EN] o
70~
X
S 60
£3 °
%% sof
®s
Z A0k
=
&
30 o
20
10
4 L 1 1 1 1 L | ! !
0 50 100 150 200 250 300 350 400 450
HBEF U S ADRE
Concentration of NaCl{mM)
Fig. 5. a-7 V7 o= —¥EHRICKIZT NaCl oREORE

Effect of concentration of NaCl on a-glucuronidase activity.

HE LA TORT REBHEP» TH - 12, FAEEEREIR AT IS, A0CRUBTT
DEHIZHBCOEZDH25D 1 TH -1,
EEMF Y 7 Y0 4-0-4 FA-D-7 u o o VRRBEEEET 2BROSREB L TOUEIL SV T
i3, ThETDLET A, Pus SOHE (1987 »ME—» 5713 TH 3, Pus 513 2-0-(4-O-Me-a-
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Fig. 6. ¥8la-srvro=5—¥ (737 va v 1-41) © pH &kHFH
pH dependence of purified a-glucuronidase fraction I1-4-1.

0.5

0.4

0.3

0.2F

B EEM
Relative enzyme activity

BE
Temperature(T)

Fig. 7. ¥¥a-snso=§—-¥ (7352 va v 1-4-1) OREKREYE
Temperature dependence of purified a-glucuronidase fraction II-4-1.

D-GlcAp)-D-Xylobiose #EHE & L CZONMRERYEZHE I o2 b IS 7 TRART A LILED,
A. bisporus DEETZ a- s vru=F—€ix ML, HTRII>SFHRVLIZ 4 FEYT T.
viride DBRE L LB T2 2 0R D ELTHEBICH 5, (FHEE pH 33.3 TpH2.2 RU pHS5 Tt
EHD 60% Kb, ERAEEEEIRS52°C T, BREEHTIZIH0TC T20%, 60°C Tid 50% OiEH:
b, £, EECRTIIEICE>TH 40% OFHEMNEDLN BN Y A, bisporus © a-7 v
70z F—CHEALEETHI T LBMESTh T3,
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LB F v 5 v OBEMBICBY S a-F V70 =§—¥, $v5+—¥, B-Fvov¥—¥oiE
KX AHBHRICDVLTRET 220, A4+ 5 —EHh 5 DEAE Sepharose CL-6 BO7 =% 32
BhSaru2 7574 —THIEYHTELF VS —H, B-F Vv y-HOZHNFhOES
(Fig. 2 8l) 122\ T, S-Sepharose DHF 2 v A S A< 757 4 —TXSITHERL 72,
Table 5 CHIRKBRTH L2 1 7 -0 oMBEHNTICL0TEL+ 5 vORRIHAST R
BERESY DR & WIEH AR T, & OBRBS b2 OBRRIUA OBRTEHE b isvC E RS
nit,

T, FUIF-—FiL f-Frovi—¥FhR e o=y-CofETIBUEELBE
IZd > TRER+ v 5 v OBRSEOEE CIEARRIC L 0K > BHEBN S EhEFH . THbB,
A4 —¥2Tug PREBFINTVWEFY S+ -+, B-Frovy—¥R¥F eI Vro=F—+F
OREBEZNEFNIMEL, Fvo5—F 1Mz g-Fvovy—¥Erda-rrro=y—+¥%1
~40EMATBEDF ¥ 5 v O OBILEOHINBEBIFL 2, #R% Fig. 8 Iimd, ¥ v 3+ —+¥
18 g+ vmvy—¥1MELRB a-rAro=y—-¥ 1 REMALBEICERT 2 ETEREZ
NENL100 & L THIMETR LW, B-3vuvy—COoAMN a-rAyn=y—ELy bHEEHRD
MBRHBKEL, SHMRLIBETERT 2BITHERII 2001 TELL, BULEBOMIND -+ ¥
oy ¥ ¥l a-rvio=F-2OF5ROZEG, EBEENH200T -1, 4$EALLFY T v EH
I0EOF v o —2BEYLD 1HD4-0-2 Fu-D-F Ly o vy BERELEEEE LT BEBOREE
(GLAUDEMANS et al, 1958) & X T4 % LEKEL,

Fig. 9lcid+ v 54 —¥, g-F+vovy—+¥, aArso=F—t0 3BOMERSTORERMR:

Table 5. HBRE/VF—¥ + 2 45—+ CEPB-10 b 4388 Lo+ & 5 VIR RBERS O
HRERTEY:

Specific enzyme activities of purified xylanolytic enzyme fractions from a commercial
cellulase preparation Meicelase CEPB-10.

WyLIT57vav ZAHE ENES R
Purified fraction Protein | Recovery Specific enzyme activity
A AN B A o e
F—¥* §'—&** Xylanase**
a—-Glucuroni- | #-Xylosi-
(mg) (%) dase* dase**

HBESR
Crude enzyme 508.7 100 0.116 0.080 2.24
a- 7wy u=4—x(I-4-1)
2-Glucuronidase (Il -4-1) 4.2 0.8 1.29 0.000 0.00
p-Fvovy—+ (-3
A-Xylosidase (I-3) 12.4 2.4 0.00 0.133 0.00
34+ —+(1-6)
Xylanase (I-6) 16.5 3.2 0.00 0.000 15.18

* 1 RN D 1meg OBFRTHERLZ 4-0-Me-D-GlcA p ENVYE
pmol 4-O-Me-D-GlicA equivalents liberated per mg enzyme per h.
** 1AM D 1mg OMRETERE L+ vo—2 4 TV LR

pmol xylose equivalents liberated per mg enzyme per min.
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Fig. 8. #v 5+ —¥REB4L0-2FATNVI0/ 55 v OBESBIRITT -+
oy S—¥Ehid a-s vy o=y - EORMEGOHE

Effect of addition of various portions of S-xylosidase or a-glucuronidase to one

volume of xylanase on the hydrolysis of 4-O-methylglucuronoxylan.

BEREEMEO MR TOMEMROBICHY L

One volume of each purified enzyme corresponded to the following amount of the crude enzyme :
*¥ 54—+ xylanase: 2.7ug
B-*¥rovy—+ B-xylosidase: 2.6 ug
a-7nyo=45—¥¥ qg-glucuronidase: 2.7 yg

S v ONRICRIFTARYRERN LAERERT, COBAb 41125 —¥ 2 Tug PETHTV
PERBEITNTHIMWEL, IFORELEZ 1 HoLEHEOERL B LHERE 100 & L TB#
ERAICHAGDE L ZONBBENMETE L, SEOBERSDSIE, B-Fvovy—€H
RIMULIEE T, a7 V7 a=F—E€BRMLEBETH THote, f-Fvnvy—¥, a7
7o0=F—EERBMELEEETE Y S VRS EAR, ThOoOMRERTRESE, HHTHY
S+ —CAERIERIES ABRBOEMHIRY v 57— ERIc L 3BAL -+ v vy —¥, a-
Furo=y—-EBEMFLIREFCLIBEAOEMIANCEEE o7, LT, f-F Yo yy—ERY
a-rNru=F-—ERENTEELDS, Fv53F-€itk->ThHHBEEEITLL LA RERYIC
HLTERT2b0LEZAOND, v 5 v 2nRBT IBEANSIOEERRYEARF 5+ - € TH B,
B-FrovF—¥ a-sArsa=F—E0RELF VT OBLEZELD LTRAARTHE LV
EMTE B,
nE, ARRIEMKEED 1 4 < 2EBAEO—E L TITONL D TH 5,
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BRoOMEK Ak SRR
Composition of enzyme Relative hydrolysis rate{%)
*oTF—+t FFAVE—Y a-Tsp=F—+
Xyianase B-Xylosidase a-Glucuronidase
! | | & Jioo
[ | L J74
| | |- J95
| L. 163
I } s
| 2
| as
(n | | L 176
(n | L 168
(n | | 169

Fig. 9. 4-0-AFNTn20Fv 5 v ONRICRETFYS+—¥, B-Frovy—+¥,
a-7 vy o=y —¥OEBEERRT OHEDR

Synergistic effect of xylanase, S-xylosidase, and a-glucuronidase on the hydro-
lysis of 4-O-methylglucuronoxylan.
fEilE-S3* vy 3+ —¥iF, B-ryvovy—¥RUa-IAro=y-YOoREFEE A EHMTEE S 8%
KhomLHg vdaN—1L, £0%I100C, 10 AMOMBMCHERERES L LGRAYICNZ S0
hod
Parenthesized xylanase was added to the reaction mixture in which 8-xylosidase and/or @-glucuroni-
dase had been incubated with the substrate and denatured by heating at 100°C for 10 min.
BREBRO--BRUTOMBEEORICHY L :
One volume of each purified enzyme corresponded to the following amount of the crude enzyme :

¥ 3F5—+ xylanase:2.7ug

B-*rwvry—+ B-xylosidase: 2.6 ug

a-7nvso=5—+ q-glucuronidase: 2.7 g
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4-0-Methyl-p-Glucuronic Acid Residue Liberating Enzyme
in the Enzymatic Hydrolysis of Hardwood Xylan

m (2)

, Havasni, Noriko®
)

IsHiHARA, Mitsuro™”, INAGAKI, Shoko

and SHIMIZU, Kazumasa™

Summary

A screening of fungi producing a-(1—2)-glucuronidase, which liberates 4-O-methyl-
p-glucuronic acid from the main chain of hardwood xylan, was performed using a
reduced aldobiouronic acid, 2-0-(4-O-a-p-GlcAp)-D-xylitol, as a substrate of the
enzyme. Among nine Trichoderma and six basidiomycete species, Tyromyces palustris
was the highest active producer of a-glucuronidase. The fungus produced a-glucur-
onidase at high levels under the appropriate cultural conditions, but the a-glucuronidase
was labile even in frozen storage.

An a-glucuronidase was isolated from a commercial enzyme preparation (0.5g,
Meicelase CEPB-10, Meiji Seika Kaisha Ltd.), derived from T. viride and purified by
column chromatography in ion exchangers and molecular sieving. The purified enzyme
(4.2 mg) showed a single protein band on SDS polyacrylamide gel electrophoresis and
was estimated to have a molecular weight of 100000. The optimum pH and temperature
were 5.0 and 45°C, respectively. The xylanase and B-xylosidase components from the
enzyme preparation were also separated by column chromatography to test for the
cooperative action of the three enzymes. The functional significance of a-glucuronidase

as well as f-xylosidase in the hydrolysis of hardwood xylan was demonstrated.
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