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Identification and Biochemical Characterization of Xylanase-producing Streptomyces glaucescens subsp. WJ-1 Isolated
from Soil in Jeju Island, Korea
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A xylan-degrading bacterium (strain WdJ-1) was isolated from soil collected from Jeju Island, Republic of
Korea. Strain WJ-1 was characterized as a gram-positive, aerobic, and spore-forming bacterium. The pre-
dominant fatty acid in this bacterium was anteiso-Cis, (42.99%). A similarity search based on 16S rRNA
gene sequences suggested that the strain belonged to the genus Streptomyces. Further, strain WJ-1 shared
the highest sequence similarity with the type strains Streptomyces spinoveruucosus NBRC 14228, S.
minutiscleroticus NBRC 13000, and S. glaucescens NBRC 12774. Together, they formed a coherent cluster in
a phylogenetic tree based on the neighbor-joining algorithm. The DNA G+C content of strain WJ-1 was
74.7 mol%. The level of DNA-DNA relatedness between strain WJ-1 and the closest related species S.
glaucescens NBRC 12774 was 85.7%. DNA-DNA hybridization, 16S rRNA gene sequence similarity, and the
phenotypic and chemotaxonomic characteristics suggest that strain WJ-1 constitutes a novel subspecies of
S. glaucescens. Thus, the strain was designated as S. glaucescens subsp. WJ-1 (Korean Agricultural Culture
Collection [KACC] accession number 92086). Additionally, strain WdJ-1 secreted thermostable endo-type
xylanases that converted xylan to xylooligosaccharides such as xylotriose and xylotetraose. The enzymes
exhibited optimal activity at pH 7.0 and 55TC.
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Xylan-& B-1,4-endoxylanases (EC 3.2.1.8)2} PB-xylosidase
(EC 3.2.1.37)°] Q3iA] 7|2 Z70] S&3] Eaf= |5, &
A% 7k EAE YA = thgEt side chain W& A2
[B-arabinofuranosidase (EC 3.2.1.55), P-D-glucuronidase
(EC 3.2.1.1), acetyl xylan esterase (EC 3.2.11.6) 59
3% Z&o] Zastrh4]. Xylanase: BZo] £ Y&
hemicelluloseE A A7) Y& pulp-prebleaching ¥4, 7}
ZA2 e 43 270 A, AF 9 AR A4, T 9 A
2 7VE 3, oehg 0 AUe T AL AX Rok 59 of
gt Eofo] o]- &=L Sl=tl, 7+ #okoll A{Et xylanased

S4 BE 977t 87E T Yk,

2 dFodA =, AgHer F835 u|AE fl xylanase
2 BAE] 9I0) EFORRE B wylanase FHE 2=
nAEs B£8R Y3 A E] Aitste
xylanase®] E4% EAS ZAFETH

Xylanase A4t u] Y E2] 23]

AFE FopitolA A UFxZEo] 4o Sl EGA
& $35e] 5o 101-10°0.2 3| 4514t 34
< 27} 100 ul¥ 0.2% Azurine-crosslinked (AZCL) xylan
(Sigma, USA)©] &-4% Luria-Bertani (LB) ZA x| o =
T3 & 40TolA 48AIZE B ST ERY FH| FE
AL YA F& 34319 0.2% beechwood xylan©] &
8 M2 LB = Ao At & 40T A v FstFch
AZCL-xylan2 f-1,4-endoxylanaseo]| 2|34 Eaj=H F2
M-S YyetdE AZo] ek 0.2% beechwood xylan©] -
H LB iR o]l A £484L congo red £ (Sigma, USA)>
2 gHstel BEstg. AFA 0= xylanase 40| 7H
A #5E Agstel & Aol AHgstth AdgE #5=
W12 Westar.

+3 WI-19] Jei3. 323 EA £4

3% GML Gram stain kit (BD, USA)E AR&3}o] 4]
o whet A S GAT T 3 dAv|F o s BEst
At Aty EAL API 20NE®F API ZYM kit
(Biomérieux, France)E AH&-5to] A|A|E o] wha} 2A;
St ©, HiA= kito] A AlFE AUX HjA|of trace
element [5]9} NaCl (¥ &= 1%)& d7tstod AR5t
4" 9 AFol X pH, NaCl &, 2= 24 5=
AR, $4, Wd-1 F55= pH 4.0-10.0 (pH 1.0¢] 714)<]
IAERR ] HFSte] 40T olA] 5LTE wigste] RS HE
SR Al nAle 229 §F2 HF $ 4, 20, 30, 37,
40, 50, 55C 9] 24 5U7F v gt B3 Th 5
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WJ-12] A& o2& #jA Y NaCl 5=+ 54H 742 0-
20% (1% 7tZ) NaClo] Z3Hg LA Ao HZE5to] 40T
oA 5UZt i Fste] HASIA T

165 rRNA 987 7149 S L A%S AR

5 WJ-1& LB HA i R]of] F3te] 40TollA] 297t vj
oF3t & A ujFY-E 10,000 x go| Al 10E7F YA H a3}
dAE I an. sedH dAZHEEH genomic DNA
Extraction kit (DyneBio, Korea)& A}&3}9] genomic
DNAE #&3l9t. #3F WJ-19 16S rRNA $AAE=
bacterial universal primer (27F¢} 1492R)E A}-£-3}of
genomic DNAZ HLE] SZ35}911[6], TFE FHA ©dHY
H71M L8 £4L Genotech (Daejeon, Korea)o]| 2|Z|5to] 4=
Yatgeh #F WI-12] 16S rRNA A% 971449 A=
GenBankoel JN5784832.2 =23}9th. 24 = 16S rRNA
$7% 9714 @) A5 A4 A= BLAST program (https/
www.ncbi.nlm.nih.gov/blast/)= AF&3te] £t H 1, &
& TF(type strain) S92 GAFA] (similarity) 2AF &
HE EFT9 16S rRNA A G7IAEY FHEE=
EzTaxon server (http://www.eztaxon.org/)o| A 43335} ch
[7]. Multialignment+ ClustalW software [8]& A}-&-3}¢]
5L, 5' 2 3'9] gap2 BioEdit program [9]& AR5}
of HYHT. FF WJ-19] t3t phylogenetic tree:
PHYLIP suit program [10]¥ AF&3F Neighbor-Joining
(N [11]7 Maximum Parsimony (MP)H[12]2.2 2143}
% t}. Bootstrap value= 1,0003] 9] A+A4 © 22 H
AALE A 21, evolutionary distance matricest= Kimura’s
two-parameter model [13]9] algorithmol w=}Al A A5}
%t

+5 WJ-12] A5sky B4 24

w5 WJ-19] Z4E 242 Miller F[14]9] ¥ ol &3}
o] methyl ester3} A] 7] fatty acid methyl esters (FAME)
mixtureE A|Zgt &, Microbial Identification system
MIDI)9] A X o] we} gas chromatography (GC)E AH&-5}
% }H15]. Genomic DNA Y G+C content™= Meshbah %
[16]0] o3& A AAIH By ol W} reverse phase HPLCE
ARgSto] 248 F=2 Komagata 52 W [17]0] w}
2}A] reverse phase HPLCE AM&3}o] EA 3514 )

DNA-DNA hybridization

DNA-DNA hybridization (DDH) £4-& 934, #3
WJ-12} 16S rRNA F-42F G712 A5A 2 A2
AE FABAZL 7HE w2 ®BF FF Streptomyces

spinoveruucosus NBRC14228, S. minutiscleroticus
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NBRC13000, S. glaucescens NBRC12774, S. glaucescens
NBRC127745 LB LA 8 A ol A wffslal 2t oA 25 H
genomic DNAS DNA Extraction KitZ &3} &H|3}
%t} Negative standard:= E. coli KCCM12119 DNA—E—
AFgsl4th 238 DNA £H] 2 hybridization ¥H-8-2
DIG High Prime DNA Labeling and Detection Starter
Kit II (Roche Applied Science, Germany)S AME-35}o] 4~
3}, Hybridization signal< Quantity One Program
(Bio-rad, USA)2.2 A3 H 1, #F WI-19 signal%
100% =2 3} hybridization & E—- gArs g z+
o ™t hybridization £ Al H¢] BHE Ad& %’5‘}01 d
< Hdg o2 FASA

#+F WJ-12] A& 9 xylanase A4 &

#+F WJ-1& LB A A 8] A], 0.2% beechwood xylan¢] E
3=l LB A8 A (LBX), 0.2% glucose”} E3tE LB HAul
A(LBG) 5ol AE3 T 40CoA 4L7F A5 w3t
AZFe AR Ao Aol T RS 53
& 600 nmo A S8k, A WiFHL 10,000 x gl A
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o2 7|&sknh
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w5 WJ-10] A ZE 2 BH|3l= xylanase®] & BHE
< 9% FA 20E 2AE| YeiA, A5 WI-19] 24A1%F
vk o] (NH) 8045 HE 5% 70%7F =5 H7tsto
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8.0) 22 FA 35} éié‘ﬁ% SH S SHE 284
He At A ¥hE pH, A ¥ 2%, 2% A
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e WS Y5tk v HF =2 g
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FA)eNA BRSE st ot WJ-10] A4Sl xylanase
ol L& ¢tAA L, 2EANE 60-70C (BT 7)ol A 24]
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SAFE-S thin layer chromatography (TLC)Z HA43}%tt 2
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ZHo) HA7bste] 55COlA 48X 7 MRS A H T EANS 5
Qtol AT HA L2 aankgAS MEYHY Silica gel
60 plate (Merck, Germany)o] A& 3}t A/lE0+= n-F
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Xylan #3852 Hole &3 5 7H &dll5o] &gt
435 Adste] WJ-12 gystil(Fig. 1A), Korean
Agricultural Culture Collection (KACC)o| Streptomyces
glaucescens subsp. WJ-1 (KACC 92086) 2.2 7| €3} % tt.
w7 WI-12 T Ao, LA WA o] Fef a2 &
n7 WA ZAE e A2 AT 45 WI-
12 0-7% AFo] & NaCl 5o A= At2t= HH, NaCl 5
L=7F 8% ool A A=Al & kth BT 20-50ColA &
et Aol WHEEYL, 55T e A, 1 ol 2
Loflx= Qo] BEHA Wkt #+F WI-12 ISP-2, IPS-
4, YMPD, R2YE 59 ZAujz|o|Al= 2lA 9] 7]5tAL 9l 3]
el EA4E BA4ake W, LB 27 2 xylan 4 LB
DA AL 7 FAet ERE BAFA Toh Ao
BREYT. F2 W19 W2 Fejrste] S Table
19 W el3heiet.

=+ WI-19] A3 §4

T3 WJ-19] API ZYM strip o] &3t EAAAE S Z
I+ Table 29 H]@ 3% 3L, API 20NE stripS o]23F &4
A d A Q9] o]-gof W3 B A= Table 30| LEr
Aok #5 WI-19] 8 cellular fatty acid= Cis. anteiso
(42.99%)°]9, 7]€} 243} cellular fatty acid A& Table 4
o Ve ok

o+F WI-19] AL QDDA 3

3 WJ-19] 16S rRNA 347 d7]1A4 gL PCR Ho=z
FEE 3% 91,422 bp)E EA S 2AsH L
GenBanko| JN5784832 2 52319 th. 16S rRNA &-H#}
d718& EY|& EzTaxon databased] SEE o] g &
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A C
»m o & @ 6
B Streptomyces spinoverrucosus NBRC 14228 (AB184578)

Streptomyces purpurascens NBRC 13077 (AB184859)

Streptomyces lusitanus NBRC 13464 (AB184424)
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Streptomyces djakartensis NBRC 15409 (AB184657)
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56
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70
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Streptomyces werraensis NBRC 13404 (AB184381)

Si 1 subsp. WJ-1 (JN578483)

100 ptomyces
1 NBRC 12774 (AB184843)

treptomyce.

0.001

Fig. 1. Isolation of strain WJ-1. (A) Xylanase activity on agar plate. Strain WJ-1 was cultured on LB agar plate supplemented with 0.2%
AZCL-xylan at 40 C for 3 d. (B) Neighbor-Joining phylogenetic tree. The tree was constructed based on 165 rRNA gene sequences. Dis-
tances was determined according to the Kimura's two-parameter model and bootstrap values (>50%) based on 1,000 replicates are
listed as percentages at nodes. Nucleotide sequence accession numbers are given in parentheses. Scale bar, 0.001 substitutions per 100
nucleotides. (C) DNA-DNA hybridization analysis. The values obtained from self hybridization of WJ-1 were taken to be 100%. (1), WJ-1;
(2), S. glaucescens NBRC12774; (3), S. spinoverrucosus NBRC14228; (4), S. minutiscleroticus NBRC13000; (5), E. coli KCCM12119 as the negative
control.

Table 1. Growth and phenotype of strain WJ-1 on different media.

Media Growth Spore mass Substrate mycelium Aerial mycelium  Soluble pigments
LB Good None Beige None None
LBX Good None Beige None None
ISP-2 Good Abundant, gray Beige White None
ISP-4 Good Abundant, gray Beige White None
YMPD Good Abundant, gray Beige White None
R2YE Good Abundant, gray Beige White None

Strain WJ-1 was cultured on different medium at 40 C for 5 d. LBX is LB medium supplemented with 0.2% (w/v) xylan.

http://dx.doi.org/10.4014/mbl.1611.11002
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Table 2. Determination of enzymatic activity of strain WJ-1 by
API ZYM kit.

Enzyme Result

Alkaline phosphatase +
Esterase (C4) -
Esterase (C8) +
Lipase (C14) -
Leucine arylamidase +
Valine arylamidase v
Cystine arylamidase -
Trypsin -
a-chymotrypsin -
Acid phosphatase
Naphtol-AS-Bl-phosphohydrolase
a-galactosidase

[-galactosidase

B-glucuronidase -
a-glucosidase
B-glucosidase
N-acetyl-B-glucosaminase
o-mannosidase
a-fucosidase -

+ + + +

+ + 4+ +

Symbols: +, positive; -, negative; v, very weak positive.

Table 3. Determination of chemotaxonomic characteristics of
strain WJ-1 by API 20NE kit.

Reaction Result

Enzymes
Reduction of nitrates to nitrites -
Indole production -
Glucose fermentation -
Arginine dihydrolase -
Urease -
Esculin hydrolysis (3-glucosidase)
Gelatin hydrolysis (protease)
[-galactosidase

Assimilation
Glucose
Arabionose
Mannose
Mannitol
N-acetyl-glucosamine
Maltose
Potassium gluconate
Capric acid
Adlpic acid -
Malate
Trisodium citrate
Phenylacetic acid -

+ + +

G+ o+ 4

+ +

Symbols: +, positive; -, negative.

Table 4. The cellular fatty acid composition (%) of strain WJ-1.

Fatty acid WJ-1
Cizgiso 2.10
Cy30anteiso 0.71
Ciso 1.25
Cis9 iSO 8.06
Cy50anteiso 42.99
Ciso 2.09
Cigriso H 0.99
Cie0iso 843
CieoCis 9 5.71
Ciso 9.32
Ci6:0 9-methyl 0.92
Cy7. anteiso C 2.28
Ci70is0 1.77
Cq7.0 anteiso 13.38

FAFEY 16S rRNA 32 G71 BT 454 2A
A3}, WJ-12 S. spinoveruucosus NBRC14228 (99.225%),
S. minutiscleroticus NBRC13000 (99.156%), S. glaucescens
NBRC12774 (99.015%), S. purpurascens NBRC13077
(99.015%), S. lusitanus NBRC13464 (99.015%), S. gancidicus
NBRC15412 (99.015%) 52| WA #49 BE2FFET} 99%
o]Ato] o A=A Wt PHYLIP suit 2130 NJ

& A28} phylogenetic trees A|2HgH A3}, o F WJ-
1& S. glaucescens NBRC 127742} =3 & branch (100%
bootstrap value)E FAISIthH(Fig. 1B). o]= MP =213
= o8 treed A FLSATHEL BIAA)).

#+F WJ-1 §$4A9 G+C =& 74.7 mol% =245
Lo QUH o2 Streptomyces 0] 431 BB 7
70-90%0] O|2E £ G+C HFEE 2= A0 By
s,

o5 WJ-12 3 % #"J'&J ofUzt 43 E4S 5
A AL &oh= o2 HHEen, I FoA S.
glaucescens NBRC 12774 S spinoverrucosus NBRC14228,
S. minutiscleroticus NBRC13000 53} 16S rRNA &A
A 7MY dEAdel 7HE w8kt wEkA s Aol
7MY =2 3F9 EEHFF S. glaucescens NBRC 12774,
S. spinoverrucosus NBRC14228, S. minutiscleroticus
NBRC13000& 252 Agste] #5F WJ-12+2] DNA-
DNA hybridization (DDH)& 4333} t}.

DNA-DNA hybridization £4]
DDH &4 A3}, #3F WJ-12 S. glaucescens NBRC
127749} 85.7%, S. spinoverrucosus NBRC142282} 55.3%,

S.  minutiscleroticus NBRC130002} 39.3%2] DNA
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hybridization gt H ¢ cth(Fig. 1C). 45H4 22 DDH $to]
70-90%Y ] 2L o} (subspecies) 22 7HEEHW, 1 7
o] 90% oY & 22 FOo2 7FFEHI, 70% |5+
€ UE S8 HFEHN9]. BEHA, & ATl 3 E
16S rRNA 32} g7] 4 @ &4, phylogenetic tree A2},
DDH &4 ¥ Jefjeha-g|ots] 54 24 59 242
e 75 WJ-12 S. glaucescens®] oFE20.2 AEs}11, o5
WJ-1& S. glaucescens subsp. WJ-12 TH3I¥Th S
glaucescens= 19584 Pridham 5[20]° 2l3|A A 54
g 3 @A7IA) ofFo] By HiZ} ¢k

F5 WI-19] AAufR| o)A 2] 473 L xylanase AJAt
WJ-1 459 442 LB Al 2] | A 9] A7} 8] ste]
B0 2 glucose”t -8 WA (LBG)o A= X ff 1.34)
A 8 25
7

20
6

Cell density (Ag)

0 0.5 1 2 3
Cultivation time (day)

C o

80
60

40

Relative activity (%)

20

Temperature (°C)

Xylanase activity (U/ml)

(Agoo=6.7) F7Hel §HH, xylano] -5 HiA (LBX)o) Al &=
S B ER] dgtth(Fig. 2A). BHH, B4 xylanase &
39 4 LBG Hj Ao Al = LB i A &} v] =38} A%k LBX
KAl 2] ol A = 1.8¥(21.2 U/ml) 57}t A Th(Fig. 24). ©]
A2 HE, WI-1 75+ glucose?} Al F =W A Z 42
EZ1= AT xylanase AR @88 ZHAshs AL &+ 9
ot E3F WJ-19] xylanasex= ©4QU 22 xylano] &5
A 1 A4EFe] F7HE = AS & 5 A o= ©ad
93| A A= carbon catabolite repression (CCR)]| 2
3t FAro 7 getEths, 21]. YA 02 CCRE glucose 5
I 22 Ty EXA Tl o] JAHE At
U=, Streptomyces 49| FFEANA = &L, FYA, A
LA EL 59 AAto] CCRY ajA FF = Aoz
&dHA At S. coelicolor?}t S. griseuso] A= glucose

120

100

Relative activity (%)

pH

O

140

120

100

80

60

40

Relative activity (%)

20

0 10 20 60

Incubation time (min)

30

Fig. 2. Enzymatic properties of xylanases secreted by strain WJ-1. (A) Cell growth and xylanase production. Strain WJ-1 was cultured
in different liquid medium such as LB, LB supplemented with glucose, and LB supplemented with xylan at 40 C for 3 d. Cell density
and xylanase activity were measured at 600 nm and 540 nm, respectively. ®, cell density in LB; B, cell density in LB supplemented with
glucose; A, cell density in LB supplemented with xylan; O, xylanase activity in LB; [J, xylanase activity in LB supplemented with glucose;
A, xylanase activity in LB supplemented with xylan. (B) Optimum pH. The reaction was carried out at 40 C at different pH conditions.
The values obtained at pH 7.0 were taken to be 100%. ®, 20 mM MOPS buffer; B, 20 mM Tris-Cl buffer. All data shown are mean values
from at least three replicate experiments. (C) Optimum temperature. The reaction was carried out at pH 7.0 at different temperatures.
The values obtained at 55 C were taken to be 100%. The relative activities are the averages from three independent experiments. (D)
Thermostability. The reactions were carried out at different temperatures, 60 C (@), 65C (m), and 70 C (#), respectively. The values
obtained at zero-incubation time were taken to be 100%. The relative activities are the averages from three independent experiments.
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kinaseol| 934 W7 E= A2 HiuEof glrh[22]. £3
S. coelicolor®] A|Z2] agarase?]l DagA:= glucoseo] 2J3fA]
Aol AAEE AL g HaEo] gith23]. wehA WI-1
739 AHYA Has At WAE Hdstr] HAsA=
glucose 59 CCRO|| #&AHsH= T AHo] AdPx|ojof
g Aoz Add

Xylanase §4-9] A35}53 4

WJ-1 #39 28RS o]&5to] xylang 7|2 =
S EN S At FA 47) o]4FE] xylanase 4] band
£ SASHATHE T v AA]. o] 23 2R ANE 0] &5}
xylanase 2/ 913 2|4 pH 9 2% 27& S50t o
OF3t pHO A &4E3S 535192 1 20 mM Tris-Cl &
Zd(pH 7.0 4 713 =L xylanase &40 A= gt
(Fig. 2B). 20 mM Citrate &% (pH 6.0)3} 20 mM Tris-
Cl &4ZH(pH 8.0)% =M= ) 49 oF 50%] &
Aol TaE T, 20 mM Tris-Cl &5 (pH 9.0)2] A9
A= oF 40%9] &/do] TEE T Tt WI-1 #5271 ¢
H&2 FH|8k= xylanase 52 $4 pH 274 40| 7}
2 Ao AaE. oli EAL v YAH R
FE 9 xylanase E°l ¥ 2¥ pH 24 (pH 5.0-7.0)3 &
Ayat T3, 24-26]. 20 mM Tris-Cl €2 (pH 7.0)0| 4] Al
At H AW 2= A A, WJ-1 2849 xylanase &
4L 55TCoAA HHEHE Uetlen, 65ColA &= Hdg
Aol 70% L B Yrh(Fig. 20). T8t 55T A 6027t
AetHE o 27] 108 ¢ oF 50% F=9 S4S ATt
60+ 5k oF 30% BE S FAIS= ALZRE WI-
1 F37F BAFshe xylanases A2o|A YPAEE AE 4
e AR AAEITH(Fig. 2D). o]9F o] 50T o4 i
ZolA WS 2= WAt xylanaseS2 AF7HA] &0

A7} BaE T3, 24-26].

YRS AHE 9] Thin layer chromatography £4
Beechwood xylan 7| A2 AME3le] Qo)A Z2A=H A
HH8-27 (20 mM Tris-Cl &34 (pH 7.0) 2 55C)olA 43
H 540EEE TLC ¥ o|83te] £48t¢rh(Fig. 3). Ht
< 27)1HE F2 ¥-EEZ A xylotriose ¥ xylotetraose %
o] &It} o]gs TLC A= dREAQ endo-type
xylanaseo] A g3l &= R O] AT, oA AFstHT &
Mo A 47 0]At9] xylanase A4S Hol= Yl band
b 2BLE 0|47 BANE HE WIS 25
2y Z+7+9] xylanase?| <A AE 3 54 50l o|F
Ao & Ao BerEn, LM uolous o8- 93
A& xylanaseE ©]-&35}9] xylang &d Eajste A= 5
LA, TR A TAS e AO2 HIE xylotriose

<« X3
<« X4

X4 X2

X105 1 3 6 12 24 48
Reaction time (h)

Fig. 3. Thin layer chromatography analysis. The reaction was
performed in 20 mM Tris-Cl buffer (pH 7.0) at 55 C for 48 h. X1,
xylose; X2, xylobiose; X4, xylotetraose.

9 xylotetraose 5 2] xylooligosacchades (XOSs)2] A Akof|
xylanaseE ©]-§dt= 3= AYH oz FE8T Aoz 4
AET27). TEhA, & A5 A SEE Az YEA
Hel WI-1 #5251 ¥ A4H = xylanase?] 7|5 A 9
g ALEE 15T FF vpo] Ao S-& 7
satelet Bk,

o OF
L =

2 AFERE WI-1 3= AFEA =1d EFHE
2HY AN, P23 9 16S rRNA f-3 2}
A7) A 28241 DNA-DNA hybridization £4-& 35} S.
glaucescens®] Aot o2 BEE It #3F WJ-19 8
cellular fatty acid®} Al G+C HEE 22t Cis anteiso
(42.99%)%} 74.73 mol%FTh. o] #-2 vHjFH o ZHE FH|
H 28499 xylanase AL F4 pH 24 9 55T o)A
Aol 71 =Uth. S. glaucescens®] Za AW o] L3}
o] xylan® 2 B §| xylotriose & xylotetraoseE E3d}=
xylooligosaccharide® A& 4 9t & 43L& S
glaucescens®] oFEof #3t Hzo Biojd, T Fo A
xylanase E/J o] B3t 229 Huojty 2 A AAZHE,
WJ-1 #3F = lignocellulosic biomass®] o] & % 7|54
xylooligosacchade Aol &34 €88 4= Y& Ao &

7lH .
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