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Abstract

A thermotolerant bacterium, Streptomyces thermocvaneoviolaceus which produced
xylan-degrading enzymes, utilized excellently xylan of wheat bran by producing the
enzymes in comparison with that of birchwood or oat spelts. Optimal enzyme production
was achieved in WB medium containing 0.8 % wheat bran, 0.06 % vyeast extract, 0.06 %
bactopeptone, 0.05% MgSQs - TH0, 0.006% FeS0, - 7HO, 005% KH:PQy4 and, 0.2%
KHPOs(pH 7.0) at 50 C for 24 hrs. The optimal pH and temperature for the hydrolysis of
xylan were pH 55 and 65 C, respectively. The enzyme activity was retained more than 80
% at the range from pH 45 to pH 95 at 4 T for 12 hrs and 94 % on the heat-treatment
at 60C for 1 hr. Xylobiose, xylotriose, xylose, and octher xylooligosaccharides were
produced as end products from hydrolysis of birchwood xylan by the xylanase of S

thermocyaneovivlaceus.
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AZMER 9] FHEE o]F+ hemicellulose
= A7 biomass®] 15~30 %7138 245}
), celluloseoll vlsjA] Ako|t} A7le]o) 23]
MofA wel 2 5" 2 gtk o2l
hemicellulose®] FR&F4AEL xylanoid,
o] xyland #%14 hemicellulose®) 80~00 %
£, F95 hemicellulose?] 20~45 %5 2=
skl AvH(el 5, 1981).

ZAAAAMA xylane &) 744 Fo FFo|
o} AlF-Eo] Maksl: extracellular enzymeS
9] Agd & AFHoz AFHE SR
& @ vh(Dekker®t Richards, 1976, Dekker,
1985; Wong &, 1988). Xylang 7l R8st
A4 2 endoxylanase?] £-1,4-xvlanase (1,4-
B-D-xylan xylanchydrolase; EC 3.2.1.8)¢}
exoxylanase?l £ -xylosidase(1,4- 8 -D—xylan
xylohydrolase; EC 3.2.1.37)7} 2ltHDekkers}
Richards, 1976, Reilly, 1981), A-14-xylanase
+ B-1,4-D-xylopyrancside2] 32 ) acetyl,
arabinosyl 2 glucuronosyl 7+7]7} side chain
o ddso] gl xylan® A-1,4-D-xylo-
pyranosyl linkagegs A9ste] xylooligod-2
A¥alm (Dekker, 1985; Irwin &, 1994), o]
Xylooligo@-2 B -xylosidased] o]3]4] JE8
SI4HEQ0 xyloseZ 7H B s Bk Biely, 1980;
Frederick 5, 1985).

WA T Streptomyces$: ) | AE.& b
73U xylang v £ Bgdsise B
qE ¢ e GFE St RAAaLE A
o}, olFolAl xylan 7tpEl A4S Bo| A
e #2255 Streptomyces sp.(Nakajima
%, 1984, Yasui &, 1988), S. halstedii(Ruiz-
Arribas &, 1995), S lividans{Morosoli 5,

1986; Shareck &, 1991), S. thermoviola-
ceus(Tsujibo %, 1992, Garg 5, 1996) 9]
B I 50o] Qle}.

Xylan®] Z}FE84EL]  xylooligod &
xyloseZ7b B(1—4) AFe.2 2~7/M7 A4
& ageirt. o21# xylooligod & Wi
A gon Felms et 50 %R xoln
A 5E Ao o 23lEA gu Hae)
7b g e AHE AT LS B ol
2, g3 g A9 Qe 5A g=
EARAN 53 v9 ¥ Fuz g 43
7t A= Al Al Foh(ew, 1993). £
g xylooligo@-& HAF AeA] asR
2 @7 wgEe] ) F8479
Bifidobacterium®] S22 257 o
Lol FHTE Mg FHAGRE FAl¢
Ao +FE FXAA wive AdEAst Q)
= ez geld glon, slgA A4S
o2 8F2E A W, Ay 9 Zgulx
AF 8 FAAARAM 1 Alge] Zidgr
(%, 1993).

Xylan® 2 2E F-&4Q xylooligod2] A
AHE EAM = xylanase?t A5Ho]n) oA
°olF A&Hoz Adsie ulAge Zgs)
e oo & Folr}, o]e} e P selA
B} 5873 0.F xylooligod A4 4 g
xylanase HAHd& sk, dulfo] Aitst
© xylanase®] A& HESA xylooligode
Azl g8 2l E2A B AEe AR
stth 2EM 2 Aol Uddol o
WA BA8A0] war a4t Be g
thermocyaneoviolaceus MO9E Avrsle] &
AANENE FABL Fdol oF# xylooligo
Fo] gt AR nE Baustua &

.
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1. AR 2F 3 Wiy

7k AR 25

B A A3 7R g d
U AEFEATLE AL A
(KCTC) ® #xFdds 24 vfAEnEA
E(KCCM)ol Al 482 UdA Al 2
AT H 347 FAENA A5 2l AT
R TR 50 F FellA xylanase A4k
o] 7k $3 S thermocyaneoviolaceus
MO49E Hutsie] ALgatsdnt

v o] v

A& XMWIR[(1.0 % birchwood xylan,
0.1 % yeast extract(Difco A}), (.1 % bacto-
peptone(Difcorh), 0.06 9% MgSQy - THO, 0.005
% FeS0s - TH:O, 0.06 % KHPOs ¥ 0.2%
KoHPOy)oll XMz e o] £} 1 @ ol
E HFshe] 50 TollAl 24 A2k Z s %200
rpm, rotary shaker)dle] Fajgkd o=z Alg
s et, 2l e XMulA| o Fujakelg 2%
HEFdte] FdxP e g agsisich 999 XM
HAE V2o dlY 08% 2718, 006%
yeast extract, 0.06 % bactopeptone, 0.05 %
MgS0, - TH0, 0.005 % FeSO4 - THO, 0.05
% KHoPOs 3 02 % KHPOsE A9 wA]
g ELAME Ag A (WBHMA)Z s
o FHRUZ wFsieh
2. TEAMO| =H| U xylanase2| ®A £F

S. thermocyaneoviolaceus®] WBHA] v
HE FAHoR BT 12,000 rpmolA 10
=3 AEGs e A S AT FAYE
ZHELHOZ sto] AL ZAbol A}&3}
Row, BAH g4 L xylan E3|2H9

ZARE W LA Aol A el e] gabet
Zuolg 7hale] 50 9% T 3FAA E-Fy )
¥, 12,000 rpmol A 10 3+ 945 3
AEE A9 50 mM Tris-HCl buffer(pH
86)oll Hof FUgkFAog 2 AZhupr} wg
GHHAT R A 7lo] A EA G
Ab-g-8Hs Tt
Xylanases®] &4-& A7 Hsld 100
mM sodium phosphate buffer(pH 7.0) 0.2 mé
o gAd(Ee wdddd) 02met 1.0%
birchwood xylan d¢t 04 mE E§eo
S0TC oA 30 #1F w8217 - DNS (dinitro-
salicylic actd, Miller, 1959) &9 08 m¢& 7}
sho] AARGE AAAI7]5L WS- A& boiling
water batholl A 10 23k 9h-3-A121 5 Fyst
I AFHT 24 mE F7EsHe] 546 nmoll A &
FEE FHY gAY E Y =4
oA 1 7l 1 pmol?] xylosedll Agsle= 3
S Abshs 240 Yoz Yehygitk

7}-&0 ZEAO“OF’

3. H9 &4

7}. TLC(Thin layer chromatography)

of 23 4

Xylang 42 F8% &, W44 xylooligo
23S TLC(Silica gel 60 Fan, E. MerckAhDZ &
Aatgick. #@7049)= 1-buthanol : 2-propanol :
water © acetic acid © acetonitrile(7 : 5: 4 : 10
D2, VVAN/NN)E AREEtls, SaA] oo
E orcinol : sulfuric acid : methanol (0.2 : 10
D90, W/V/V)oll 535 95 Toll A 5 B2+ w4y
AlA Flakg]h

u}. HPLC(High performance liquid
chromatography) ¢l 2]%} £4

Xylang 242 238 &, A4 xylooligo
32 Sugar-Pak I colunmi @ 6.5%300 nm, Water
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Co)eol 3¢ HPLC(Water Model 600E;
Refractive Index Detector) & Al-§3le 24
&t ol $ L2 Ca-EDTA £4(50 mg
Ca-EDTA/ ¢ 2&£7)& AHE3g 3, column
9] 2 &H TR, & B2 05w 3
I, FUFS 02 st

m. 2= ¥ o1&

1. EAYIS 2IBE BiUTA

7} ek>] pHe 9%

HaA] v)AE w7 pHel 9%S
2A4817] f18)A) XMA] o Al wjx] 2 7] plT&
0.1 N HCI# 0.1 N NaOH® pH 40~10022
2R F g Ao, 29 13 Aol pH 70
ol M 7H¢ =& A4S YT, pH 60]
39} pH 8ol ol A= BaAldbo] 68 %032

8

Relative activity (%
B s 8 8

L 1 | 1 1

5 6 7 8 9 10
Initial pH of medium

o
'S

Fig. 1. Effect of the initial pH on the
xyianase prodution. The medium was
composed of 1.0% birchwood xylan, 0.1%
yveast extract, (.19 bactopeptone, 0.05%
MgS0, - TH20, 0.005% FeSO, - 7TH:0, 0.06%
KHPOs and 02% K:HPOs The pH was
adjusted by 0.1 N HCI or 0.1 N NaOH.

wobg & & & AUt

o7 R 9%

XMHIZ] €] xylan t4lel A& e sh
o B7]L, AHA(rice bran), LA(rice hull),
glucose ¥ sucrose ¥ ZHE 7189 £{71 &
Aol N GRS A A3, ¥ 13
#2o} xylanase A4HFE W71EE HILE )
Al A 71 = A Vebatth 3 2] 249
AEE FA7skA & 1.0% A7 SR
ol 7}ate] A% v Aol A = XM B} =
2GS JeEhiiew, A 9A
7Het A M E glucoselt sucrose
7h w) Aol HEfA] AR AR B A
AdE R ulEkd B Fel o F
xylanase AXbll A& ghul& xylan 4l g
AA FHE & e LIES AR A
EA2AMA7HE 2E 5 s 5.

k<3
3

oz e

Table 1. Effect of substrates on the
xylanase production

{unit/mé) %)
Birchwood xylan 143 00
Oat spelts xylan 079 5
Glucose 0.21 15
Sucrose 0.21 15
Rice hull 043 30
Rice bran 059 41
Wheat bran 247 173
Only wheat bran” 228 159

Basal medium was composed of (0.1% yeast
extract, 0.1%6 bactopeptone, 0.05% MgS0O, - THz0,
0.005% FeSQs - THO, 0.05% KHzPQs, and 0.2%

.
a, The activity in the birchwood xylan was taken
as 1009,

b, The medium contained only 1% wheat bran
without basal medium.
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Fig. 2. Effect of wheat bran concentration
on the xylanase production. Basal medium
was composed of 0.1%6 veast extract, 0.1%
bactopeptone, 0.06% MgSO; - THXO, 0.005%6
FeSQ4 - THO, 0.05% KIEPO, and 0.2%
K2HPOs.

o} W7l SEe) 3%

97]& F%7F xylanase A4l P& 9
g =4 A XMHElA o xylan HA
o WS =rdF Hrlsle] xylanase Al
S AR 23, 1Y 29 2ol IR F
T 08 %A 71 w2 A4S vehd
PR

2}. Yeast extract ¥ peptone 5] 4%

Xylanase g4kl 718 & 35 UEh
A 08% H7&E H7HE WAANA yeast
extract 57} xylanase A4bel m X 8
& A7) Y814 birchwood xvlan ol-4le
0.8 % U7 & 713 XMuAlol| yeast extract
2 5y Arlsld xylanase Y4HAL =
Abgk A3 19 33} 2ol yeast extract?] F
Eo| g Al 4L AL e
L}, 00602 %5 = A ot =& 44840
& B3, 03%elddNME Lajel A8
Atk

Xylanase 44tel 743 £& 848 JEhi
A 0.8 % W71, 0.06 % yeast extractE 3
7kt BllRoll A peptone § =71 xylanase A4l
ol e 93E 2AE] 91314 bactopeptone
FEEZ W71eo] xylanase A4 & ZAHE
A3, 29 33 o] bactopeptoned] FEo
g AAAMAe] FF2 A gilen,
0.06 %A =2 AFTolA of7 =& a244
< RYE 02 %)M T 238 A
}.

2 HEHoZ 08% LI, 006%
yeast exiract, 0.06 % bactopeptone, (.05 %
MgS0y - TH0, 0.0050 % FeS04 - THz0, 0.05
% KHPOs 2 0.2 % KHPOs(pH 7.0)E 74
A AAAAMA(WBHADE Systect

h
4
b
8

5 5 8 3

Relative activity (%

1 1 1 1

Q0 01 Q2 03 Q04 Qb
Yeast extract, Bactopeptone (%)

j]

Fig. 3. Effect of yeast extract and peptone
concentration on the xytanase production.

Basal medium was composed of 0.8% wheat
bran, 0.06% MgSQs - THz0, 0.005% FeSO; -
TH0, 0.06% KHLPOs; and 0.2% KeHPOu
Effect of veast extract (©-0) and bacto-
peptone( ®-) concentration were investigated
in the basal medium containing 0.1%
bactopeptone and 0.06% vyeast extract,
respectively.
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2. A ME

7}. 33 pHe} pH ¢34

"84 A4 pHE =Abehs] 1314 pH
3.0~-6.0~to]o| A= 100 mM citratephosphate
buffer2 pH 6.0~80AlelelAE 100 mM
sodium phosphate buffer % pH 80~10.04}
oldl & 100mM Tris-HCl buffer® pH
3.0~100 Alelel M) gA%AES ST 4
7, 19 49 o] HF pHE 55905, pH
50~9.0 Aloldl A= 93 %ol 4te] EASES
Vel T pH 450]8tel M E49 Aol
w48 wolg & £ AUJgrtk ELef pH
e AE 2AMEE7] HElA] fleh SdE 9%
A Algste] 2 pHEE E24E 4TCoA
12712 ¥h2)% & pHE 7022 A5 2
&84 49 A3, 19 49 o] pH 45
~954 ol el Al 80 %601kl #ALE FX5H4
=3

Relative activity (%,

OI}I!)]_
3 4 565 6 7 8 9 0

pH

Fig. 4. Optimal pH{o—o0) and pH stability
{(e—e) of xylanase of & thermocyaneovi-
ofaceus. The buffers used: pH 3.0~6.0,
100 mM citrate-phosphate buffer; pH 6.0~
80, 100 mM sodium phosphate buffer; pH
80--10.0, 100 mM Tris-HCl buffer.

S. thermoviolaceus OPC-5200] A4l
xylananse$! Stx I ¥ StxHO+= A= =4 pH
7} 7.00] 32 pH 50~9.0014 F45+sd 1 Tsujibo
5, 1992), S. halstedii9} xylanasers &2
pH7F 632132 pH 4.0~100014 <tAsteict
(Ruiz-Arribas &, 1995). 2 &4 o] A48
B e pHellA 484 3 pHE e
uigla, pH P2 MZ vzl

. #HA 20t o oy

g4o AAGHYLZE AR f8A
pH 70e14 30 #3t 2} Lx¥z Fa8de
4G A3 27 59 2ol HHLEE BT
gou, 40~60 CTAFoldl M= 6093 %, 70 T
oAl 89 %0 de] m484E Jehd D,
BT YT B4 o] F4s] of
Ag & o ULk G40 d AL A
71 $l8A EAE 100mM sodium phosphate
buffer(pH 7.0)ell A4} 2t =2 60 3+ 8=
F 50TelA A28 S dx 0¥ 5
9} o] MW ¥ 259 60 T/AAE ¢4
%ol e EAEHE HAEh

Relative activity (%

O 1 L A
40 g0 & 0 0

Temperature °C)
Fig. 5. Optima! temperature(o—o) and

thermal stability{ e—e) of xylanase of S.
thermocvaneoviolaceus.
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S. thermoviolaceus OPC-5200] A }sle
xylananse$! Stx I # StxM¢] #HH2=7} 7}
2 70T 680 Tolat, 60 Tl A 30 2+
ool FA3] el 2Tsujibo ¥,
1992), dd w79 Streptomyces T79)
xylanaset FHHZE2%7} 60 CTelxm 60T
oA A ZAEAR vh7]7E 30 ol A tHKeskar
5, 1989). B A 3484 FHALEE ¥
YdA wtFe xylanasest v Aq o
SHY AL 60 Tl 60 2 A Fol 5 M %o)
49 4848 FASE WdAde & &

295 & 7 Utk

A

- X1
- X2
= X3
= X4
4= X5
= X6

4= Xn

5 6 78 9 M
pH

3. XylooligoEe| M4EEA

7} vk pHY Hal ok

¥3- pHE xylan ZaFdS Q8] 9
&4 pH 5001 A4+ 50 mM citrate-phosphate
buffer2 pH 6.0~80Atojol A= 50 mM so-
dium phosphate buffer2 pH 9.0dA4 & 50
mM Tris-HCl buffer® 7}2} 314% xylanase
£l 2 mldunit/mh)$} 2% hirchwood xylan
€9 2mlE EFst 8 pHE 23ES
g1zt A, a7 6A%t 27 TASE o] pll
7b 2295 xylotetravse(X4) 21499 xylooligo?
2] %ol H]3hAt xylobiose, xylotriose 2 xylose®]

B \

E e X1
f = X2
| - x3
4-x4
B e« X5
| & X6

& Xn

0 2 4 6 24 M
Time(hrs)

Fig. 6. TLC analysis of xylooligosaccharides in birchwood xylan hydrolysis by xylanase of
S. thermocyaneoviofaceus at various pH(A) and reaction time(B). The reaction mixture
consisted of 2 ml of 2% birchwood xylan solution and 2 ml of xylanase solution(5 unit/mi).
X1, xylose; X2, xylobiose; X3, xylotriose; X4, xylotetraose; X5, xylopentaose; X6, xylchexaocse;
Xn, xvlooligosaccharides longer than xylchexaose; X, xylan. M, Marker.
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Fig. 7. HPLC analysis of xylooligosaccharides in birchwood xylan hydrolysis by xylanase
of S. thermocyaneoviolaceus at various pH{A) and reaction time(B). Symbols are the same

as Pig, 6.

%ol F7Eta, pH7F 2858 Xeoldd]
xyloolgo@o] Be] 4= ]k xylan®] 2]
22 pH 9.0 = 54 %2 Z4xg 7ol vl
Al pH 5004 = 49 %= 2490k

L R B L Bl R e

-2 A 7D xylan Ea9Aae #9137 9]
&M pH 7.0°14 50 mM sodium phosphate
buffer2 #4 ¢ xylanase €9 2mi(5 unit/mb)
2} 2% birchwood xXylan £¢ 2 mlE E g3}

o yhgAIZHE FEAhE S AU A7, 19
6B<} 19 TB% 3ol ¥hg27|o & xylan
oko] 7FAstHA] xylobiose, xylotricse, X4©]
A2l xylooligod 2 A% xylose?t AA4EES]
o 98- 24 AFelE xylan®] g3
%2 74k Xy0|de] xylooligo®e] %e) 4
gHog FFaspis FEHUER xylobiose?}
A= 2.0 xylotriose®t xylose= 4@ A
A g gastgrh

_52_



z}e Streptomyces spdYasu &, 1988)9}
S. thermoviolaceus OPC-520°] A4lshe
xylanase{Tsujibo =, 1992)2] xylan &4 &
< xylose®} xylobioseol™, S. halstedii7} A3%t
3= xylanase?] xylan #314He-2 xylobioseZ}
F A Ho] i xylotriose, X4 2 A %2 xylose|
™ (Ruiz-Arribas %, 1995), Streptomyces T7
o] AR xylanase®] ¥-3l4HEE xylobicse
9} xylooligoF(Xs~Xelol L 16 AJF B3
239 xylose® AT 2 #¢ S
thermocyaneoviolaceus?t AJ2H8le xylanase=
AEE xylan FEAES F2 xylobioseE
AALEEAL xylose, xylotriose 2 Xq0]4+9) 21F
xvlooligo@S A4Hals] gl ME2E 7%
A 2 E4] xylooligo%e] Aol o84 & 3l
& A Zrh

v, = 2

FAaAAg o2 e 7524 xylooligo
FE& AEl7] YA A 52U S the-
rmocyanecviclaceus?y A48k xylanase?]
HMARAZASE AES AF, 08% U7E,
0.06 % yeast extract, 0.06 % bactopeptone,
0.05% MgSQ, - TH:O, 0.006% FeSO; -
TH:O, 0.05 % KIPO, % 0.2 %6 K:HPOsS 3
F& Wiz (pH 7.0)¢lA 50 C, 24 A|ZF vl 9kA]
3 E 4B (247 unit/mD ] Wb A
= T AN B4 FAAHWEEAE pH b5,
66 CHoh E3 pH A& =AM 23 pH
45~95A 0ol A 4 CellA 12A)7FFE 80
% ol4te] AagAdE Ak, 8 484
2 60 CollA] 1r17F A 23 94 %0]de AL
4L FA s Wddo] & 48 A

# xylanase? birchwood xylan 4844
TLC ¥ HPLCE #21s] £ 23, pl7l
Z(pH 5.0~6.0) xylobiose%} xylotriose
9] xylosed %l Z71&lx, pH7}
Z(pH 80~9.0) Xyo]-¢9] Z+F xylooligo
o] ool iAo R Frebsieh e 24 A
Foll & xylane] Al #Fol 25 % o] &2 34
A FEaAEEE xylobiose7l A4HE S
w xylotriose$} xylose 2 Xy o|49 zZF
xylooligo@o] A4r=Isich, |

Ul: ui:
C'E'

o
7.

o M wO WL Mu o>
!

¢

M
—

V. Z&Ae =

B EES 17T $UAEITAA A7
ul A o] sjahe] SalE APATe] Y¥oln
ool A= U,

2= H
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