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Onno,! Kana Fupiwara,! HiroFumi Suinovama,? and Takaaki Fujn?* (Department of
Food and Nutrition Administrator Training, Faculty of Literature and Home Science, Wayo
Women’s University, Konodai, Ichikawa-shi, Chiba 272", Department of Bioproduction Science,
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The degradation of xylan by an imperfect fungus, Fusidium sp. BX-1, was remarkably
Under these conditions, the amount of xylan-
degrading enzymes produced extracellularly by strain BX-1 was about 15 times larger than

enhanced in a medium containing glycerol.

that of the medium containing only xylan as a carbon source.
enzymes was purified and proved to be electrophoretically homogeneous.
mass was estimated to be about 36,000. The optimum pH for its activity was 5.5.

A xylanase from these
Its molecular
The

optimum temperature was 60°C. The enzyme was stable within the range of 0-50°C and

at pH 4.0-9.0.

was inert to xylobiose and phenyl-§-xyloside.
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IR 2813109) —fEr X o 5 S — EDEFETF T
CX-THFEIh, /N2 —ARFYa—AR LT
MHAINZBENRHED, Foe—ADFHETTLE
KHEETH O 2T7 I BT X > THERD
AERIVHENTLIAOLELEL, SEERHETS
RAFLEM TR,
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The enzyme could degrade xylotriose to xylose and xylobiose, but it

h, Tiog—¥¥%RLiEFvIF—Eh EOEROE
ErfRACAWT A OBX-1KDT 35— € ichd
LTiE, T TRV ONDEEFBELENTIL>TED
BELIBE—TIFTBERINLTVW-2. D8, T3
S—HIRF v~ ASOBREEOCTHR
FEXThThBEBCACTERLLBELD, 7Y
e — VERBELIIhLOLRBE S ) kv - L
BELTAVAZLRID, TOLERBKLVHLUDL
HWEIMT A ENBLICIRTVB. MEIT, &K
B|TILF ¥ 5 v ~D Fusidium sp. BX-1 DIEFRIC2WT
FERDELLEICHAEINEF VT F—EORBRELY
I F OREFELFEAMEB IO TETFORR Nz 7-.
B, HEI VDML, RELTH-HAELHE
Fusidium sp. BX-1 % fA\ 7o, GEEBERRT, BT
HoTI1X T v (KEEMILE) ¥ RER, 0.5%
ER=Fx (X =2 LER) 2EXFELLTET
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Ba AV TER LcERFEER T 30°C I T5-
7 AR LoD, 4°C TRELK. i, MR
¥1, B efTote. FAEHEORERIL, EXHMT
AR 2% F 5 v (Sigma) £ 2% 7V R —
NWERFFRE L TEUREFSEHMEF UAROERD
30ml, 200 ml % F N FH 100ml, 1 IBD=A7 7R =
wvh, CHICHBRERYEEL, 30°CIkT3-5H
MIEERIRE (180 rpm) LTIT»72. BEFRDOEEDOID
it, EREpER S IIA=A7 5 22T5 AR
EL.

F 7 r—EOEEIT, BB ELT, BRE
E05%F> 7 vEREEELL, 25mM BEfG—FEEE
U ARETR (pH5.0) 2257 A RO KIGHK 4 ml
YEU L-FREBEPF T CTRELL. BRE
Mo 1 BAL (U, 1 9McERTA2BTERY 3,6-
= bR T AABEDICTE e — AEYUE (pmol)
ELTRDTERLAL. HEHEIZ, pmol xylose
released/min/mg protein TE L7z, f-F v r v 8-+
DEEIR, BERBE10mM 7 « =A-f-For o |
HEHE LT, 100mM BF—BFEE > + U ¥ A REER
(pH 5.0) 2 572 5 RO KIGH 1.0 ml T 30°C I T
BlE L. EEOEETISHHEA v+ 2. ~<—F LK
IGHIZ 0.55 M D NayCO,3 % 5.0ml, 7 = / — LVEREY
1.0ml pnx TH30EIHE L, 660 nm X BT 2HZHK
ExRIELTRDL.® 7 5 —EOEMEE, B
CHE U THRRBENVOSKTIBNET v 7 v KB L L,
25 mM EEBE—BEEE - + U U AEW (pH5.0) ¥ &1
RIS H T 30°C K THE L. BRELD 1 Bifir
Ui, 1M ERT 2B TEEY36-C=tr7
ZABED T/ L2 — AHYE (pmol) & LTR®
TE L. HEMX, pmol glucose released/min/mg
protein TER L. 7k, BWEABRPOERELT
DWTIZ EEROFETHRE L TRDBEREY S -
T, FhAEFRF >S5 —EBIVT I 5 —-ELDEHEL
LTERLE.

FVSATRILFMET VT v BREE LT,
Lowry HLDFEM L - CTEE L.

Fr7r—-¥3, HEEKY LEOF T v —2Y
e - BBV AR L THLORICERAR
LORDL S BRI > TER L.

(1) EEEEROREY  EE- KL 75, v a
NHRVY — & — (RREILMF-5) %A1 30°CILT
PUIBCBHBLICOL, 10mMEEBET bV v A8
R (pHS5.0) it L T—REWN L. TOEHNE

[

R OAE L TAEEYEYR VR E, ELILEBEE
DEBRE (v= rR¥RC-11) YBVTERBL, A
EXERY B,

(2) DEAE-cellulose 2032 : FAEERE MY LCERR >
YUY ABRERIC TFEI S iz DEAE-cellulose
DE52 (Whatman) ¥ iz TERHICHEB LD B AT
L. BlExVBEOR EOBER THE L TELRL:
B L DA E *Hi>+, DEAE-cellulose LB &
L.

(3) CM-cellulose 7 5 & : % bh LR LEER T
F#{t & L ic CM-cellulose CM32 (Whatman) # 5 A
(61.4 30 cm) & DEAE-cellulose ABE % L1z, =
Nk, HLF LV Y AD0-500mM ERRE IR D
FEE®K 500ml ¥ BUCHEELL. BHEBE
25ml/h TITV, K7 5 7~ 5 Vi3 5.0 ml/tube 0%
Dl F v 7 - EEERFOBES Y SR TERL,
ChERBEROEREYRACTRB LD,
10mM FEBE 7 1 V) 7 AREEI (pH 5.0) T—RE L
1o

(4) Sephadex G-150 # 5 & : HIf %, LEEH
W CF451L LT % % Sephadex G-150 (Pharmacia) #
A ($1.6x90cm) WA L, FEEEY F T HE
8.0ml/h THH L. €75 7~ 3 Vit 2.0 ml/tube
TofEni:. Bohicd v T —CERESYED
FREEODEBRBELAVCTRML, ThiBREERL L
T —20°C TRE L.

KEMOEROERKENL, Davis D0 0¥ U
TISHEEV T Z2IANT I FXAYBTTo%. &
HEROERNKENL, BRE 1% V7o LbiBr Y
U ASDS)E 1% 2-2AHT =& )~ AT 60°CIT
TS5 HEME LD, Weber & Osborn DFE &
LTI AV 72 IAT 3 FELe BV 0.2% SDS
% & UREER+ TfT - 7 (SDS-PAGE).

& v 7B i%, 0.25% Coomassie brilliant blue R-
250 ZRITHE L.

SFEBI3, LD SDS-PAGE ¥ T - TkKdDt. 4
FE8B~ — % — 3 LMW Kit E (Pharmacia) % i\ 7.
¥, DFBEINCESERGE IR~ 257 4 —
(HPLC, BE®HE A~ 7 LC9A, 5 4 57 7 & — SPD-
6AV) &5 5 4 (H Y — TSK G2000SW) % I\ TR
Btz 4FE=<— H —Ii3 Mann Research Laboratories
? cytochrome ¢ (12,000), myoglobin (17,800), chymo-
trypsinogen (25,000), ovalbumin (45,000), albumin
(67,000) & AL 7c.
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BERISARIE, == B2 NSFT 4 —%
AVEAZBLE. == m= 757 4 —3EES
# No.50 B\, -7 %2/ —r—v¢VJ) ov—K
(6:4:3, v/viv) DORMBEFCERER X - TTT»
. BMORBCET =) AR 2 ABEYER L.

T z=h-p-Fve v FREFCERRLIIBAL
7. FUBEF—ABIVFve b VF -3, BF
WoOFEEM L h BB LA DR AV

2% F VI URREERE LI hicEbim 2
K7V —AREM LI CD BX-1 BkD4EH
ExXF VI VOBRRORBEYBER LI (Fig. 1). ¥v7
v—7Y) ke — AT, ERIATEFYS
YRTFRRBAMNMEEAL, ThEHALTBX- 14D
ERRoOMEAVL LS LML TEL. —F,
v I VRO T, BRRoOMBIMNILTE
feboD, E¥ES HER STk bDFv5v0D
NFRBREFELL. COXOSEBX1EKRRCIBFYTV
ORIE, 7V e —ALOFETTREVT LARE

hic.

FEOEFIL, 7V r — A0t ) —FF 1 0,
VA VB EDEENELDTRIFTHL. WA
VA YBRROWTIIABOFIA T E 2 REROF T
BAOCEELYRTZ EDRALATVWAS. FVv1 vBRE
7Y e - VRO RBER S ¥EGR TIHEER
HELMEECLHD. £ T, ERORRESEF
SR sYVen—L, A4 VBENBX-1¥ILX 3
FV5F—EOEECLRETHRCOWTT IT—¥
LHE L TH~I (Table1). 7 3 5 —€R2W\WTIT,
7Y er - AN TEROBRVEESh, ¥, T
TRBEINRTVWAIASRIDI Y € r — AEEITT
v7 ok (05%) DEMIERASEHOMRDOLE
ERviy2ffetimaeios, IbeimEyH#mL
eBs QRCIMECLERYT v 7 VERORE
WOVRALEZETTHFTCLES C EAbATY
.M henLT, ¥Y5F—¥R, SVEr—n
B, o5 vEBEROMEEERL DD

& : ; % A
S “ e et AR NG

Fig. 1. Degradation of xylan by Fusidium sp. BX-1.

PP St AN 5 5

A: 2% xylan medium (not inoculated). B: The organism

was incubated in 2% xylan medium without glycerol for 5d. C: The organism was incubated in 2%
xylan medium with 2% glycerol for 4d. Bars indicate a length of 20 #m.
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Table 1. Effects of glycerol and oleic acid on production of amylase and xylanase by Fusidium sp.
BX-1.
Growth Enzyme activity (U/ml)
Carbon source (%
(%) (OD 610 nm) Amylase Xylanase

Xylan (2.0) 12.3 0.03 0.620
Glycerol (2.0) 25.1 7.67 0.902
Glycerol (2.0)+Xylan (0.5) 30.6 7.79 10.1
Glycerol (2.0)+ Oleic acid (0.5) 45.1 0.09 0.354
Glycerol (2.0)+ Xylan (0.5)+ Oleic acid (0.5) 48.0 0.08 10.6

The organism was incubated for 4 d.

HbDD, TIT—KXOEELIHELTHE HEE
IhY, BIEO Fig 1 OBRELBETS IO, *
5 v (0.5%) L REIRLBETDTEBORR
(7)) em — VEMHOMISHE) AEEIRTEL. &
DEE, TIT—E¥DEERBTIBEALRANRED
Hishots., i, ZDX577Y v - LML
PR 7Y we—L—F v VEHAOA VL VEBEDOTR
ML7 35 —EDOEEX B UB LIETIRTH,
FUSF—COEERTIZREALEEYE L) -
o ¥, FY e —AEEHADF S VORMER
FTOBRE? 4 HITHEMIRLFBET, 0.5%KDHBEFD
BBIT 2B ECEEOAERYHEMI V. h
LB, AEOEBEARFITIE, FvT7 vDhbh
IZ CM-t/L v — A (M), R r e — 2 (H
HME) #EEE L TERETCEY S 2 5B RV
IR hote. TOE37 Y wr —AEHRTDT
IS5 —HEFR VT F-ELOEERRTILEVAA LR
1oy, THIIREEBRTHLT v VAIKCERL, 7
IS5 —ENLTOBESIBBREYD S - AT L 5
TEEOERV I IR0 LT, *Fv 35 Vit
KERBET, KECL->THENELT LI ZTOOHEIL
BETHL, Et, V5 - EWOBEYDOF > —
AR L > TEDOEREIHI AT, +vrd ) THB
Lo TCHFHEINB L (RRER) WIdbneELT
W5, KERIHBFVS VOLRIL, Ve —AD
FIBIC X > TAERINIERICI > THED, Z08B
B, FUIVORENBVHL, XUDRAERINT
BEXROERYZTOTVREC/h, FEEEOA4 Y
SELIDVELSERLT, Tho—HoEBWILRIE
DEROLEECHENCBSIOLRS. 1, v
A VEENBX-1 KD 7)) £ r —~ LB TDT § 5—+
DEEZICHUS LSHFoFE/ERT 20w
LT, ¥v5r—EOEBTIIIREAEEE Lith -

TELEEDOLAND EATHDA, FOEAIL,
BEEFTOLIAPLNEIR TR

BX- 1P LD LI RFvFv—27 ) v wm — LB
HIZ RS\ TEE LcF o5 —H3, BEARIT0XK
BRI D X OCHEET vE =Y AR EMLTARTS
EUR X I B IEEEMTI0R ol » . £ 2T,
BEEARIIH 7T vy va = AHv—8—-THEMHL
oD, BEWKY DEAE-t /L r — A THUE L1, &
BRFOF v 75— LEEDOHISK L DEAE-+
r—ARBREI RN, KAEBRTIIEREEOFEEED
¥CM-t A e —AEXRWIAF VB IR IS
7 4 —, XBIT, Sephadex G-150 # FH\ fe ¥ L 58
1T\, HiEM 235 U/mg protein D 3.57mg D 7 » <
P77 s R E-ORREEEM YR, Itk
LEDTS Ve AE L -2 —BERPIT, F
S —E¥OEREHLTIIBED B-Fvr v & —
EOFEENBE IR, XiEMSD DEAE-+ L r — A
EREINDZERBOES, L VBORRE DBETITHDH
. BohicRRF v S5+ — OEERL, £YV7
ZIYNT IFNFA, SDS-FYV T Z2IAT IFV¥LE
Kbk By (SDS-PAGE) I3\ THB—D & v S 7 Rl A
v ¥R L (Fig. 2). KO ERFE L Table 2 I B
L.
BHBEROBRILFAMECOV-TIUTO X 57k
ETFORF T > . FEROEREORME pH 135.5
Thote. FTOEMILpH4-9 & HEBERAVFEETE
ETHot. HEORBEREIX60°C THo7. £D
EML, 10 mM EEEIEEE (pH 5.0) T304 H D A
BIZH L TIREALEBETT B &idled o ien,
55°C LA L DB E CEBUTET Lidd, 70°CIZE\VT
BIF5ELIKbiic. SDS-PAGE # BV THE LT
ABEFE DS TEIZF36,000 - BE X hic (Fig. 2). -
?® SDS-PAGE Dfs58 & JlicfT - 7« HPLC D VA58
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A B Table 3. Effects of various reagents on activity of
xylanase from Fusidium sp. BX-1.
Native SDS MW x 10°
Origin— Compound (1 mM) Relative exz;sy;nc activity
97.4
None 100
6.2 FeSO, 101
45.0 FeCl, 93
31.0 CoCl, 62
- NiCl, 79
21.5
"4 MnCl, 82
Front— a ) ZnCl, 77
' CuSO, 68
1 2 3 AgNO, 73
Fig. 2. Polyacrylamide gel electrophoresis of xylan- HgCl, 63
ase. A: Electrophoresis of native xylanase (Lane MgCl 100
1) on polyacrylamide gel (7.5%). B: Electro- ?
phoresis of denatured xylanase and molecular CaCl, 113
markers on SDS polyacrylamide gel (12%). Lane SrCl, 93
2, xylanase. Lane 3, M, standards: rabbit muscle BaCl, 108
phosphorylase (97,400), bovine serum albumin $-Chloromercuribenzoate 84
(66,200), ovalbumin (45,000), bovine carbonic . -
anhydrase (31,000), soybean trypsin inhibitor N Ethylmztlcumdc 94
(21,500), and hen egg white lysozyme (14,400). Idoacetamide 89
Dithiothreitol 100
e , 2 (5 &) - Sodium dodecyl sulfate 0
ORRbBE—HLL (7—s4W). Shih, & Triton X100 (0.05%) 102
BRI, STEM36,0000E ) = —hbish LHES Tween 80 (0.05%) 95
hic. @REYPOLCEEOILEYOERHROEMRIT EDTA 83

RiETHE Y M-I (Table 3). AMRISLOEB
TR L - THENEEI N, 742 ) THER A
VIR X o THEEVNEFRELIDERER L. K
BAG VBB TH - ST NI EH T
To. AMEIISDS L > TRECERY L.
HNEERITOWT, £ o5 v ERE LTRIGXH,
RICEEYPH X ——7r=<t 757 4 —TRXK
(Fig. 3A). XBRORICEFIIF Y e + )4 —X,
ForEF—R, Fve—RTHYTHAH, FHK
HEhi chiixdlc, FxBEEF e b+ -2

After the enzyme was pi‘cincubated at 30°C for 15 min
with 1 mM of each compound, the assay was carried out
in a mixture containing about 2.0 U of xylanase and
these compounds.

ERIERRBE, ThEFvye—ALFyrEF—RA
BL, —F, FreEA-ARNLUTEALE
Dot (Fig. 3B). ¥o, ThexBleABRI7 ==
N-p-F ey FRERCp-Fvn v ¥ —EEEYH
FELIH, MHTEE,Io7. BEXD, BX-1HKiT
Ih&EEIhcr v 5 VARCBETIEROS L, &

Table 2. Summary of purification of xylanase produced by Fusidium sp. BX-1 in glycerol-xylan medium.
Total . Total enzyme  Specific . P
Purification procedure volume Prrc;tc;n activity activity Y(vlg?;i Pu?}iﬁ;’on
(mh 8 ) (U/mg)
Culture supernatant 920 552 8,830 16.0 100 1.00
Concentration by evaporator 160 102 9,360 91.8 106 5.74
DEAE-cellulose (batchwise) 54.0 12.0 2,680 219 30.0 13.7
CM-cellulose CM52 10.0 4.00 905 226 10.2 14.1
Sephadex G-150 21.0 3.57 840 235 9.51 14.7
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Fig. 3. Paper chromatograms of hydrolyzates pro-
duced from xylan and oligosaccharides by xylanase.
A: Xylan (20 mg) was incubated with about 5U
of the enzyme in 1.0 ml of 100 mM sodium acetate
buffer (pH 5.0) at 30°C for 10h. Lane 1, standard
saccharides: X, xylose; X,, xylobiose; X;, xylo-
triose. Lane 2, incubation mixture. B: Ten mg of
each oligosaccharide (xylobiose, xylotriose) was
incubated with about 5 U of the enzyme in 1.0 ml
of 100 mM sodium acetate buffer (pH 5.0) at 30°C
for 5 h, respectively. Lane 3, standard saccharides;
Lane 4, incubation mixture with xylobiose; Lane
5, incubation mixture with xylotriose.

EMEhcBRI=Y FROF v 5+ —EThD L
HEIh.

Fusidiumsp. BX-11¥F% ¥ 7 v/—7 ) & 0 — L EEHIZ
BT, V5 vEBORBIZKSTS L hER0F
S vaRCBT AR MBS TR L. BX-1 B
DISKZY er -1 LESEBYREFIRLHER,
SHERBORE L VL, ULLESRCEEDHR
Chhb BRI WTE L5 RO LE
RALRTERL chiTte®EIhTuikuwdo
ERB5. 40, BX- 1L hBONBROT~-E
HOKER, —HoFo5+r—E¥THLATVE LS
W SDS DHFET CEOFEENMIBEEhich, ¥
7, REEAHTH L ThHE HEELZ T v dD
HELROhHIDD, chETOELDFv T —
EDH > TWHER-O OB AL LD THD LR
bhs. FEXROBRILFEHEROEMIZOVTIL,
BEBX-1 X EET L5 VAR H MDD
2HEBEOMRCBELTIRBEYRA TV B0T, Th
COMUERERLBONIESAT, ThLOMED
HEEEE DO THEREHNYE L TV 5.

B #

TSEL B Fusidium sp. BX-1 I X B¥g#ho* > 5 v
DAL, 7V e —LOFEETTWHUS LL{BE
Antk. BXAAKiLZY) e —A—F v T VEMTH
Boxys v IRMERYEEL, ¥V 57 —EEK
3F v 7 VERTOEMTONISEECELL. oh
LOMROPHLL—EEYHEYV T 27IAT7 I FYLEE
BB TRE—LETIRELL. NESROS TR
36,000 W hiz. AERIF S vEkFor—2
EUF Vet ) TECHE L. Fk, Foe by
F—A%kFvr—AlF et -—ARHBLIDH,
FrREA—RET7 2= A-f-Fr v FZIZEAL
e ot KEEDOEM pH (355, pH4-9 B\ T
RETH 1. EHFEE L 60°C, 50°C I 342 T304
FloinMizst L TREEBTH - 7.

EREOETEBICH, BREORUPHRICEPET X128
FERERLH PRI BE, AERESCB - LET.
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