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Abstract

S. chibaensis J-59 produced an extracellular xylanase in a CSL medium composed of
1.5% corn steep liquor, 0.1% MgS0s - TH20, 0.012% CoClz - 6H20, and 0.15% glucose
containing xylan. but it did not produce in the culture medium containing xylose. The
production of enzyme reached to a maximum level (0.83 uints/m!) when bacteria were
cultured in 2.5 jar fermentor for 48hrs at 30C and pH 7.0. Furthermore. S. chibaensis J-
99 produced an intracellular glucose isomerase in a medium containing xylan and/or
xylose.,

Xylanase was purified 29-fold over the culture supernatants of S. chibaensis J-59 by
ammonium sulfate fractionation, chromatography on DEAE-Sephadex A-50, and gel
filtration on Sephadex G-200. The purified enzyme is a monomeric enzyme with a
native molecular mass of 25 kDa and a subunit molecular mass of 25 kDa. The purified
enzyme requires Mg®" for activity, Ca’, Co® is not an inhibitor but inhibit by Fe®,
Hg’*, and Cu®, sodium dodecyl sulfate, N-bromosuccinide. Pattern of hydrolysis
demonstrated that the xylanase was an endo-splitting enzyme able to break down
birchwood xylan at random giving xylobiose, xylotriose and xylotetrose as the main end
products.
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.M =

Xylane 4& Axee AR F2 3}
1}l hemicellulosed) T84 & o] p-1.4
A @ D-xylose Z7152 FAH 9 gith.
E3] birchwoodolM = BZFT9 35%7}
xylano 2 4= o] glt}(Timell, 1967). o
# 3t xylane p-1.4-xylanase (1,4-p-D-
xylanochydrolase: E.C. 3. 2. 1. 8)%} §-
xylosidase (1,4-f-xylohydrolase: E.C. 3.
2. 1. 37) 59 xylan 7leE8] S0l 93}
o HF xyloseZ FaE. g 4 H
o] AAEQ xylan? xylooigo Fe] Ak
Htol gt alcohol A4He] 717, butanol %
o] #7181, xylitol 59 AUHEZ ALGH
o G4 REEAR o8 Fagt
biomass °|®HSong et al., 1987: Ganju
et al., 1986).

Xylan 7}r¥-a|2AE YAhee UYER
= Aspergillus niger (Fukumoto et al.,
1970), Bacillus sp. (Okazaki et al., 1985),
Clostridium stercorarium (Berenger et al.,
1985), Trichoderma reesei (Dekker, 1985)2}
Streptomyces spp. &° U, °]E FoA
Streptomyces % © Z Streptomyces Sp.
(Kusakabe et al., 1977; Nakajimas et
al., 1984 Marui et al., 1985: Keskar et
al., 1989), S. cyaneus(Wang et al., 1993),
S, halstedii (Ruiz-arribas et al., 1995), §.
roseiscleroticus(Grabski et al., 1991), S
exfoliatus (Sreenath et al., 1982), S.
flavogriseus(Johnson et al., 1984), S.
lividans(Morosoli et al., 1986), S.
thermoviolaceus OPC-520(Tsujibo et al.,
1992), S xylophagus(lizuka et al., 1965) %
o] 21 HAU}.

AukA © 2 xylanaset cellulasett ¥
= oA AA(D-xylose isomerase

E.C. 5.3. 1.5, glucose isomerase) 3}
2@ #d0 Udzn LA dg
(Ishaque and Kluepfel, 1981: Kluepfel
et al., 1986).

Xylanase @ ¥%% o] 4slEAE FAl9
Adste #FEE S albus (Takasaki,
1966), S. bikiniensis(Park et al,, 1977), §.
pheochromogenes (Park et al,, 1974), §.
flavogriseus(Han, 1983) Se] Bu =i,
xylanase 2 cellulase® FA|o) Q4kah=
F2E S lvidans(Kluepfel et al., 1986)
o] Busgor} BAEZY] FEatgo| Tt
A= ok w3 Aot

WA XI5 o]t EAE FEHEA0
B F%=E4(inducer)2 D-xyloseE ¥RE
stz YoM Tsumura et al., 1965). uhehA
¥c olA3lEAE YAk #5571 xylan
TR A4% B4 Ak = dbE &
E=EAZ AIEHE 89 D-xylose® @&
xylanS.& A& 4 21& Ao}, o] g #
HollM B A7 ol A3 (HFCS) Al

Zd BoFe EEG o|4sEAe] A

xylang o|-&3l1a X5 oA as 2
xylanase® $AJo] AAsl= Streptomyces
chibaensis J-b9E #el FAIANL(F 5.
1997a), ¥ =% |45 E 4 YA 2D(F
&. 1997b) & HES v} Qi)

el B AR xylan 7HrEAE
A Z WA ME9 xylanased &2 HA
o] BEAE ZAVElm, £§ xylano| ¥ o]
AdH e A 7158 AEQ xylooligo 29

B IS 2A A St

. Xz 2 4

1. ABEF 2 WX
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HdegRraEgen Ry & FFI S
chibaensis J-59 #F& AM-E 1, T
< $18kq CSL WA (1% corn steep liquor,
0.156% glacose, 0.1% MgSOa - TH20, pH
7.0)0l A2 FEEAE 1% birchwood
xylang F7telo] AME-slgiTt,

2. Hljobdbe

S. chibaensis J-59% xyloseE €4¢ 9 o
YA PO R o] 8% £ Q1 xylose negative
mutant(F 5, 1997)o|2g giglog:
0.5% glucoseE A7lslgn EAYIEEE
HAZ¥E 1% birchwood xylang 37} CSL
iRl Hrlsto & AFsn ¥ 2
120rpm £x8 JAgaAA 30CoNA 40 A
2t o) Fujksiat. Bajake Alv] FUu)
AL 2 jar fermentor(2.51, F=LE
717 Ahel FMFA S 10% (w/w)HA AFE
sl F7 FUYEHL 1 vwm, 2k £5
400rpme.& 30T, 48413t viaFalsivt, i<k
T YA E AEE 3% (100ppm) e &%
A(E7H A& (F); DB-110A
antifoam emulsion)E 3 7}shdx] A A7)
I 371FY% ¥ avtEs e Jdoe 438
of v st ot

3. Xylanase M Z%
Xylanase(#-1.4-D-xylan-xylanohy-
drolase(E.C. 3. 2. 1. 21)) &4 &3¢&
50mM potassium phosphate buffer(pH
6.5) 0.5miol] Eao (ulek A Lel) 0.1mi 2}
71E2 1% birchwood xylan #Ere] 0.5mS
2 el 50TeA 3081 vk Al &
3.000rpmof| Al 283 4% 5] 4 1
mio] DNS(dinitrosalicylic acid, Miller et
al., 1959: Wilson, 1988)&9] 1mE 7}5}]
1583} v 5= (boiling water bath)ollA] &k
SA F F8 TR A S Ao

S546nmellY F3=8 S3sHY. Ax 84
9 12700 L] xylose® s &
4:9] gom el

4. CHEHEl o] Xat

dhilale Ao ¥3 49 (bovine serum
albumin, BSA)S EF WAz 3o
Bradford ¥H(1976) 9 wte} 595nmell A )4
A@ag.

A & Schmidelle] ¥H(1976)d) whe}
A5t ¢l ofo 2 FAIBIYY.
NaOH 49& AF55r0F IMEA T4 8¢
el H7lsle] 100TA 3082 71 8fed
WA T F AN m F A () &
ZAet dAlgez Jehlich

B. gto] Aat

Xylosed] A2 DNS( Miller et al.,
1959: Wilson, 1988) o2 Sl s
art.

Xylanaseo] 23+ xylane] &3] A2
TLCZ E4359c}. TLC plate= Sigma A}
(polyester silica gel) &= Merck AHplastic
sheets silica gel 60 F254) 2] A £S5 ALg
sle] A7) 8v]E chroloform : acetic acid :
water (6 1 7 )& A5Hog ANsge
¥ methanol : HaS0a (9 : 1)28 w3l
FE 92 A& 2EET L &9
Suntory AlE P8 BEure xyloolige 7
(Lot No. 91012551)-% o] &3%it}.

6. Xylanase2| |

Xylanase Al 8l JARE q5LY
o2 3jo] Fghnnjola EEHA(40~
70%)%tx2 DEAE-Sephadex A-50 column
chromatography® ¥, YM10 membrane
(AmiconAh) @2 ultrafiltrationdle] z2%t
¥ Sephadex G-200 gel filtratione] <]a}
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Ao A, A7 RE FAHF
= 4CAA P

7. Polyacrylamide gel 27|9%

SDS-polyacrylamide gel electec-
trophoresist Laemmlig] *'§(1970)9] u}
2} 10% acrylamideclq A7|4E3tyct. A
719 % &vl+= SDS-tris-glycine buffer
(0.025M tris (hydroxymethyl) aminomethane,
0.192M glycine, 0.1% SDS, pH 8.3)% A}
4381529 bromophenol blueE tracking
dye® 3l lem 2 15mA2] AHE 243t
A7 g Estgen A7]d% T coomassie
brilliant blue R-25022 12A]7t o|4 |4
Aot g4& 50% methanold 10%
acetic acidg FHshe 13 g ggoz 2
~4 At B F 7% acetic acid$t 10%
methanol& /3F 23 ©ad o2 10 A
3t ol eyt

. aAg 55

A A5 EAFE Laemmli WY
(1970)¢ 2§ SDS-PAGE® Andrews %
H(1964)9)] 2]% Sephadex G-2002.8 gel
filtration3dle] &3 3199c}. SDS-PAGES]
#¥F @4 ZA = phosphorylase b
(94,000Da), bovine serum albumin
(67.000Da), ovalbumin (43,000Da),
carbonic anhydrase (30,000Da) trypsin
inhibitor (20,100Da), e-lactalbumin
(14,400Da)e] &= 1= Pharmaciar}
2] low molecular calibration kit(catalog
no. 3040446011)& AL &3 9 l.
Sephadex G-200 gel filtrationo] AM-%l
BE vaA2 = p-amylase (200,000Da),
alcohol dehydrogenase (150,000Da),
bovine serum albumin (67,000Da),
carbonic anhydrase (30,000Da),

cytochrome ¢ (12,400Da)o] &£%4o] ¢l
© Sigma Al¢] gel filtrationS %3
molecular weight marker (MW-GF-200
kit)§ A8t

I, Z=zt 3 nak

1. Xylanase2| {FTAIAr

o] &2 9| Strepromycesﬁ‘— of Mit3dle
xylanase= xylose ¥ xyland] ¢z §5d
tHlizuka et al., 1965)z <=]# tt. ot
2HA Streptomyces chibaensis J-59 xylanase®]
F=EdS 97] Y8k CSL vjA¢) xylan
9 xylose 5 &4 % #%=24 (inducer)S 7
Zt A7beted ek F ulg AR A Y
xylanase ¥4-& &339c}. 21 A5 s
chibaensis J-592] xylanaset= xylosed)] 2]&
FEAEA] S xylang H715E vz o]
At xylanase?} F-=A4H0.83units/ml) =)
AH(Table 1). T3 =7 oA ELE
xylose 2 xylan 254 Aisle EAL
e A ofel mA)A]). Park $(1977)
o) Aol 8. bikiniensis7} xylan -l A of]
A xylanase$} ¥5F o|HEEAE FA9
st o, xylose dHulAlo A=
xylanasez} AAHE)A] @ Azl AR)FHY
. 28 v Han (1983)% & S.
flavogriseusol|*] xylanase® X593 o] 3}
A4} hemicellulose®] 231591 xylosed)
o fr= Atevin Bad Ages 2oz}
ATt

Xylang 7}t CSL wjA|olA] W] A1}
W xylanase®] A4t FAE ZAMG 49,
Fig. 1elx 8} o] 49| A8 3642t W<k
Al BA 71 =@etslan, AlEs] xylanse &
48 481 WA} 71 = A Aatskel

—114-



Table 1. Effect carbons and organic acids as an inducer on the xylanase production from
Streptomyces chibaensis J-59

Inducer(%) Xylanase(units/ml)
None ' 0.02
D-xylose((.4) 0.03
Xylan(1) 0.83
D-ribose(0.5) 0.01
L-arabinose(0.5) 0.01
D-glucose(0.5) 0.01
D-mannose(0.5) 0.00
Citrate(0.5) 0.00
Succinate(0.5) 0.00
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Fig. 1. The profile of the xylanase production during cultivation of Streptomyces chibaensis J-
991in 2.5 ¢ jar fermentor culture. 0-0, cell growth: m-mw xXylanase activity: +-
+,pH

2. Xylanase2| X x| potassium phosphate buffer(pH 6.5)¢] @&

Xylanase®] ZHEANL F7]2d0A WF Halo] EXtto) Y 59 gdor s1aw
T AAYT zALT AN WP T8 F umEe) 4 9 52 BHL A
of FUARYoLE 10%904 90% 7R zkzt Aut, xylanase: 40-70% E3}A] u]gAjo] 7}
XA 4ToA 1247 A olw) pH 3 Eskch, meld 2 A¥dae 27 zE
 #RYoleR pH 6.52 243Yct. 948 292 40%-70% QIR o} B | oy
LALAL QALY F JAES 10mM @ F o] B4 200mE 10mM potassium
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phosphate buffer(pH 6.5)& ¥ 353
DEAE-sephadex A-50 column(2.0 x 16
cm)ell loadingdte] 47 vl FATd R E&
Mol T F3ewd HEZ NaCl 0-
0.5M AHEx7|87]12 M T 16me] §5
2 82437 A7, xylanaset 0.1M NaCl
ExoA] £2HU0. B4 @4 B¢ BE
(110m)& 2o} 4ToA 12 ATt 431 o
£ A AR ARSI A7) oA o
oA 110m-E Utrafiltration kit(YM10
membrane, Amicon ANE #HF 3mE 55

3led Sephadex G-200 column(1.3 x
80cm)e] Al B 5me &2 =2 gel
filtrationgt A3}, Fig. 20A s} o} EAz
o] & 3/M9 peak ¥ FIt peak’} £4 &
AL Az 9t 84 peak(l5m)E F3
sto] A xylanased EAEZE A ZAl
AHg-stgl

AA #AAE 295H Table 29 ZoH
xylanasex % +£& 29%°|9om vl&y
£ 75.2 uints/rg 2.2 VFERSTH

Table 2. Summary of the purification procedure of extracellular xylanase from Streptomyces

Purification ste Total vol, Protein  Activity j:éf:gc Purification Vield
" P (md) (ng)  (unit) VY (fold) ¢
{unit/mg)

Crude enzyme 1000 218.1 830 3.8 1.00 100
(NHa)2 S04 40~7 200 38.4 680 17.7 4.65 82
DEAE-sephadex A-50 110 146 399 27.3 7.18 48
Sephadex G-200 15 3.2 241 75.2 19.79 29
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Fig. 2. Gel Filtration of Sephadex G200 with xylanase. 0-0, protein: #-®, xylanase
activity. Sephadex G-200 was equilibrated with 0.01M potassium phosphate
buffer(pH6.5) as a flow rate of 5mi/h, 5mi/tube of fraction volum.
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3. Xylanase?] &4

ZAAE xylanase® SDS-PAGE &4 4
Z}, Fig. 3A9) Zo| o8 g4 wi=g o
A & A 2, Sephadex G-200 gel
filtration(Fig. 3B)3 SDS-PAGE wjo g

& G A o3 B AN A, B
Lol A oF 25kDac 2 A E 9 e subunit

3

Molecutar Weight x 1C

A

7} SR T EolE dEA gl A
o vepsith

AutA 0 2 Bacillus spp. o)X E 7)1 2S04
o] T}& 27}A) typed xylanase?} Ea|d=
H dhte Fe ¥A3(16-22kDa)2] basic
xylanase®} Th& shle w2 BAH8H(43-
50kDa)9] acidic xylanaseZ TFEHcH

L. a |
b
100 n -
i . :
- d =
A
i e
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Vﬂjr VO
B

Fig. 3. Electrophoresis profile of purfied xylanase by SDS-PAGE(A) and the estimation
of molecular weight of purified xylanase by gel filtration on Sephadex G-200(B).
A @ Lane 1, low molecular weight marker protein [phosphorylase b (94,000Da):
bovine serum albumin (67,000Da): ovalbumin (43,000Da); carbonic anhydrase
(30.000Da): trypsin inhibitor (20,100Da): e-lactallbumin (14,400Da)): lane 2,
The pooled xylanase recoverd after Sephadex G-200 gel filtration: lane 3, Thije
pocled xylanase recovered after DEAE-sephadex A-50; lane 4, § chibaensis J-59
crude enzyme after centrifugation: Proteins were resolved on a 10%
polyacrylamide gel. These lane were stained with Coomassie Brilliant Blue R-
250. B:Standard proteins used were the molecular weight markers from Sigma
Co. (MW GT-200 kit). a, f-amylase (200,000DA): b, alcohol dehydrogenase
(150,000Da); c. bovine serum albumin (67,000Da): d, carbenic anhydrase

(30,000Da): e, cytochrome
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(Wong et al., 1988). z23\} fj&yo
Streptomyces xylanasew 7| Eo|Ao] Y
& 3h}e] xylanase system(lizuka et al.,
1965: Kusakabe et al., 1977:
Nakajima et al., 1984)o.2 FA=E o
Y. S. ostreogriseus= 370¢] xylanase
systeme & Ho] glou(Park et al.,
1982), S. exfoliatus, S. flavogriseus SoNA&
F-2tao] 24-26kDaw} 40-50kDao? 78
& 2-3719 xylanase system (Marui et
al., 1985, Morosoli et al., 1986)2.2 F
EHo Udd. B #3711 AReE
xylanaset ¥ 25kDao 2 A EA}e]
basic xylanase® 91 3l1}e
xylanase systemo & FAE AT Alg
q@o.

HA E4d¢) 0@ A4 pHe| 43S 24}
&7 913 pH 3.0~6.0, 100mM sodium
acetate buffer: pH 5.0~8.0, 100mM
potassium phosphate buffer: pH 6.0~
10.0, 100mM glycine-NaCl-NaOH
buffer2 49 @49& F3% A7,
xylanase®] & pHe 5.50|91, 4 &
Aol MAe &9 IFL AT A,
xylanase®] #Z w3 2%+ 50TE Jg
wrh(dlole}l A, thEE9] Srepromyces
xylanase®| 33 pH @ &x7} 5-7.5, 50-
65C®2 Jeh}(Marui et al., 1985,
Morosoli et al., 1986) & #59} H|&E
.

Xylanase 8¢ p|x& & 0|29 o
& ZARF 3, Table 304 g o)
Fe?*, Hg®', Cu*, sodium dodecyl
sulfate, N-bromosuccinide SolAx= o}
2% Mg Bk, Mn?, Zn* ol o
Zte] Aeh g @guch whdo) Mg'e 548
A& F7MHT

Table 3. Effect of various compounds on
the activity of purfied xylanase

Reagents(5 x 10°M)  Xylanase(%)
None 100
FeCls 24
HgCl 50
CuCle 79
BaClz 92
CaCl: 102
MgCls 112
MnClz 92
ZnCle 94
CoClz 100
KCl 100
NaCl 100
EDTA 78
SDS : 40
NBS 5
PCMB(1 x 10*M) 80

SDS, sodium dodecyl sulfate; NBS,
N-bromosuccinimde: PCMB, p-
chloromrreuribenzoate.a

4. Xylanaseo]| 2|3 M4+ xylooligo gt

°| &F

A xylanased)] 2|3 xylooligode] Al
b FFE 2AEE Y. AAE xylanase
(4units)E xylan(10ng) 2 E§ st 55T
A APE w2Azl F TLCE AAE
xylooligo®-S glsiicl. 2 43 Fig. 49
o] 58 wh& & xylobiose, xylotriose @
xylotetrose7} AAH AL, F2el xylose:
1A]ZE 98 F 23 Jepge}. Xylandf & 7}
23 Y4 EL xylobiosedt xylotriosesl
AoR FAgonA, HE FATAE HFA
¢l endo-type xylanase® %% 427} gl
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Xylose

Xylobiose
Xylotriose

Xyiotetrose >

Fig. 4. Thin layer chromatography of the
xylan hydrolyzate by purfied
Xylanase. The developing sovent
was composed of chroloform :
acetic acid : water (6:7:1).
Sugars spots on the plate was
detected by methanol : H2804
(9:1). 1, xylooligo saccharide
marker(xylose, xylobiose,
xylotriose, xylotetrose): 2,
hydrolysates of birchwood xylan
obtained after Bbmin incubation:
3. 10min: 4, 20min: 5, 30min; 6,
60min;

v. 5 2

Streptomyces chibaensis J-b9 xylanase:
CSL || (1% corn steep liquor, 0.15%
glucose, 0.1% MgSQOa - TH20, pH 7.0)¢)
A 1% xyland &AM 542 A7)s8)
A 2ol Y4H0.83 unit/mt) Hgor},
xyloseE H|&£3 7} F @4 9E E3tehe o)
A M Za7 AAHA gk, s
chibaensis= FE AJ4Hd M E9 xylanased

(NH4)2S04 #8334, DEAE-Sephadex
A-50 column chromatography,
Sephadex G-200 gel filtration B4 ez
ok 29%¢] T&= 208 FA At ARG
xylanasex= SDS-PAGE 2 Sephadex G-
200 gel filtraione)A] EAlFo] m%
25,000 Dae.2 ey} monomeric
enzyme 2.2 s} 20| Lo
92 Fe'*, Hg™, Cu®, sodium dodecyl
sulfate, N-bromosuccinide S|4 & o}
A5t A E BtaL, Mn?', Zn** oM €7t
o] A E sl v Mg*'e 2484
& 7M. Xylanased] 2@ xylooligo
Fe] AAFEE TLCE =AY A
xylobiose, xylotriose @ xylotetrose7} z
g en, WS 147t o] ERE] &g
o] xylose7t AAHAT. waby B g2
Y49l endotype xylanasez Q=P o
o A2 7144 EY AYR &ag
(xylooligo-saccharides)e] #)Z=e)| o]&&
T %-& Aojrl,

V. A 2

2 =F2 19969 g4 54 A9
B ATHAL slad SAY dFAH
9] Aol oo FHAF=Y M,

vl. EEs
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