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Microbial Cellulases and Xylanases in Biotechnology
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Why study cellulases and xylanases?

AN cellulase &} xylanase2] 7]E-H91 7152 A& Al
el 9 FAAEAQ cellulose$} xylan} f-1,4-glycosidic
linkageE Hgtsle] A oz BEagtoan AEA 7} oy
Y gAY R o] 8 4 U= F gk webA] cellulase 9}
xylanasex= 333Alo) 9)3] A E carbon] recyclingo] F£L
o JEE FYPIT: 21QE AAA N SR8} fixed carbon
o) Ad AFTA AE ATHE o} 2L 3749 Fa8
polymerZ FA =l 9l cellulose(E-&4 #-1,4-glucan
fiber), hemicellulose(glucan, mannan, xylang X&3}+=
noncellulosic  polysaccharides), and lignin(a complex
polyphenolic structure). o3t FZZ Qsted A& A XY
£ lignocellulosegt X = F-E+H|, FAAE A cellulose
7o 7bg @el EAE I BelE xylano] FAHEY
hemicellulose 7} Eo] A3l o|& F AlEo| ZA plant
biomass 2] 50%o}AH-S A BECKS, 13, 19).

7183 FQ d HEoM FE A3LE o |AN7IE F3ol
& 2EsPAxsEE A1ZHE cellulase 9} xylanaseo] jgh I7+&=
S HPZFok cellulose$} xylan9] saccharificationS 3+ &4 A
Al @] BE AT B ol cellulase$} xylanase -F-H 2]
cioning} o] HAC] AsISHA Aol gol AFHA frh
J1 A3 cellulase $-AAT S E AR 1507H4] o)lAke] &
ZZ}7} cloningo] EH& 5 %2 cellulase$} xylanase FAX}7}
cloningSle] 71 da72r) 9EA deni2, 8, 13), dAs &
2 2F AHE9] od2] domainol] gt 715524 A7t @3] 19
H dck =3 g2 AsEE A7E 5ok olF 549 F
-2 #ut ohye} 3310 7Z, catalytic sites9} 28727}
e WA ATHG, 8, 15, 16). Cellulase 9} xylanases= ©]$}
-2 712 B FEe 47U Bol EA K ol A
5S¢ EQE FAdE ol &4 EE domain 123
Ao} 4P A olg sl B2 #E v S8AT
7} @] A glon AR ARsE A

FgAdel o €Az oF 4x10° E< celluloser} AAEE
% cellulose®} xylan- | pAtell EA3k= 7Hg E52E /7]
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ey Izl viste A8 dart e 398 A e
& Adolth Althrt olF Aol FA H/E HELE Q13
o FAHLHYeE UFHY Je Aotk id F8EHE 4
ADE oAy W E BAE FoA fAHE FAES F
2 93, 947, nziete] g2 sy, A4 F2
2 AF AFE o BHAY Ee AF o|&-HR] FEahe] &7t
AV ANER AAA ) FAHL Yok THER o)F HF
Fo &3 gty N AFEAG AREA S HE
o & =80l B F AT AR AAKITh 0|28 cellulosee-
xylan A-9] 53t o] § 7bsA Wl e AFZEd &
8 A Trichodermas& B1E§ o2 F3o|9 Clostridium®
L H|E3 8 AlFo] A= cellulase$} xylanaseo)] o &t
AT77F Bol ol FAKT: 23t vIAE Rl 9 cellulase s}
xylanaseE ©|-83 plant biomass®] &23 7R E 38t
el Wl HlsiA o 7kA] FAE I A2 B oh
g} dF pABNME B2 FFOE a4 AR JHEEAT
A 7k ol fE QIsiAM AAY SR A7 Hol EAs
Aol & Xzo] gle Adejolth

st o] 2AEN B A7t cellulose 9} xylane] 3}
o 273o] A fA=, Aol °lE B4 2V T
FSHA o] Hol 7 RokelA FHsrt = £
Q2L SEATE EEstA Hgo] H ok Cellulases
ARG, ARG, AAGE, ALEANY SolA Bl o]4-]
B3 o oo AR 2F AZX, S4E 24719
WgF, industrial slime?] AAH 59 thekst £50] & Eo] 5
T tk6, 15). EFE xylanases AR A, AEAY, ALEA
4 Foll ol 380l HIL ATK2, 8, 13). 53] HZoll:= cellulase
9} xylanase &] domain 71584 9+ A#AS EUWZE celluose-
binding domain(CBD)#} thermostabilizing domain 2] 44
e A% A7 ARHT Arh AARZ 199836 1) =iy
o2 Gl A E-g CBDo| HEAZ] fusion proteing | &3t
drug delivery, diagnostic kits, affinity separations<] I
SEEop) U 5371 =8 nirt QThS). ol¢ o] &
A olg 7HsA8 WiEel BE AFEC] cellulase gt
xylanased]] #HE JAFE £t Yo YoE2x ol &
4 © B2 Fopllx &) - 88 ALeR JgiEnt
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Microbial cellulase and xylanase systems

Cellulose= glucose unit7} g1,4 AL 2 A2 homo-
polymer 2] celluloseZ complete digestiond}”] $sjA= 3
7}A) typed] enzymeo] FR3}t} endo-p-1,4-glucanase(EC
3.2.1.4; endoglucanase, CMCase), exo-#-1,4-glucanase(EC
3.2.1.91; exoglucanase, cellobiohydrolase), and B-glucosidase
(EC 3.2.1.21). Endoglucanaset internal f-1,4-glycosidic
bondE FA9|A o2 ARslT exoglucanase non-reducing
sugar endo|A] glucose ©]ZAQ) cellobiose T2 A3}
Ao AESE puHE
synergistic actionS E3J4] glucose = cellobioseZ #-3} 7}
=3, cellobioser= AX WEZE FYH Fo intracellular
enzyme$) Bglucosidased] 2J3JA glucoseZ HF B/t &
thl, 15). I2BZ cellulose?] FE 7I=R3E f&6AM=
endoglucanase’} QA8 7, saccharificationg A=

endoglucanase$} exoglucanase 2]

endoglucanase, exoglucanase$} TE9] f-glucosidase®] &&
ol FaAldh

Xylan 8-1,4-glycosidic linkage2 ¢ % xylose backboned|
acetate T arabinose, glucuronic acid”’} branchE ©|F+
heteropolymer©]t}. Esparto grass®} tobaccooltr ¥z #
xylan& side chain®] glo] xylosyl unit?t2. 2 A H 714 ©
£33 RS 7T YgAT R xylan2 side chain®]
branch® o] At}. Woodo A acetylated xylan 3 Ej]2]
hardwood ¢} arabinoxylan HE|¢] softwood’} F+EL o|F 2
glon], Aukz] S 2 grass?| xylan arabinoxylan ¥efE 7}
23 ¢tk o]H 3 side chain®] £7F ¢} branch AT & xylan
9] solubility, physical conformation, &4 WF&-Ad Fol] Fgk
£ o]RTKS, 13). gubF o 2 xylans A 7ER3E7] 9
HNE 5717 289 FA7 YA Endo-f-14-
xylanase(EC 3.2.1.8; P -xylosidase(EC
3.2.1.37), aarabinofuranosidase(EC 3.2.1.55), e-glucuronidase
(EC 3.2.1.-), and acetylxylan esterase(EC 3.1.1.6). A X2
xylan backbone®] internal glycosidic

endoxylanase),

15+ endoxylanase =
bondE Asle] xylose$} xylo-oligosaccharidesE A3 AI Sl
B-xylosidasesl] 24 xylobiose7} FZ& O 2 xyloseZ F3|
=A Btk I xylose backboneo| branchF o] $J& side
chainEo| xylanase7} 7|20} A-&sh=v] YAH HN=Z 2}
23171 W&ol xylans &3] 7HRAA717] AAE
xylanase $} debranching enzymes9] synergistic actiono] &
=t} &, arabinose side chaing AW@3}= arabinofuranosidase,
glucuronic acidE #|A3l= e-glucuronidase, acetyl group&
A A 3= acetylxylan esterase®] EAjo] o] Q75 Aol
tH2, 8). o]$} 7ro| xylan®] T2 cellulosed] H3] AR =2

itk w94 JhRREY) SFHE EAERE ¢ Bol

BENA

23

g oAt F2AA 7} cellulose Bt} compact 32| &7] &
o 28 BAvF 4A FLEk TR FHeE 2 E o IA
"l 78 Yz 2 Z cellulase, xylanase#} Y. 4+ 73-¢
o= EAME 0 2 endoglucanase$} endoxylanases 2J7|sl=
A7t i E-7olth

Cellulase & AJAtsh= PR ELS o)
Atgith 2813 g FEe] g EANANE 7]
Zo] & th49 cellulase$} xylanase S YA 5,_“3]' g
B2 NE EZ Ryl 77l ©Z 7134 %\’}3}@] A
F-& dhe o] dutdoly A v ENME oY A4
o] aggregation® multienzyme complex& FAd3dl] E7H <l
Z83171 % Jth B3] Clostridiumss Aol
“cellulosome” o] 2} 2L

HE xylanase 7ro] A
54

T

B

rﬂ‘.

polymer ¥-3 &
X wrsE
Ba=t), o] cellulosome Tthre] cellulase$} xylanase 2
scaffolding protein®} 72 noncatalytic polypeptide 52
ghate] oF 14~26719] polypeptides® T =] JTK13, 15).
Cellulosome& cell surfaced] &5 o] 9137 crystalline
celluloseE& o}F AgFom Bt 18z FFdde
cellulosomes} FAMZF T+ZRE
(“xylanosome” ©|2}1 ¥-F)7} Butyrivibrio fibrisolvensZ5
B 70| H7 = 3Yri10).

Cellulase 2} xylanase:= single subunitZ FAJ¢] =lo] gith
712] 2 fungal enzyme®] 3¢ thEE glycosylationE o] ¢l
W Clostridium?; N@& HE3 A5 AF 2o BleA
T glycosylationo] #&¥t} o]# 3 glycosylatione =3 3
Zoll s XS FAdA} MRS B0 EXd=
proteased] €3 FIE WA AR gAY AA=E
post-modification 7]%5°] fI= E. coliZ & FHARE
cloning3t4 & o, B 2AE. colidAE A2 /4
=} AHE-o] proteolytic cleavage7} Yojvh= RS F= H 3}
A Ao} 18] alkaliphilic thermophilic Bacillus sp. 25
2algo] E coliolA] L@ xylanase7b R ke
xylanaseo] B|siM & <tAH/do] A3tE L xylan 712l i)
A ge AY 58E z2te Blo] FFHIIE FHTHY). E=F
fungal enzymeS 523 2H4 pHolA FHujwhg- 43¢

= Ao] tirkeld] uheled bacterial enzymes] WHS
el F40l 90 BE QA T4E0] B
gtk Jeime Azsl B A4l FReldl ws) W)
SAT 4A =l AUT 4AL AU B2E gl
AA Mgy E4F G Aol gyt ok

multienzyme complexE

7F4 multienzyme complex
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Domain organization of cellulases and
xylanases

1980xdth =ule]] cellulase §-AA7F XS B3E ol g &
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2} 7FA) 150714 ©]24+e] cellulase -F-ARFe} 707Fx] o] Ake]
xvlanase -§-42}7} w84 Qdrh13, 15). I1#d d40] 712
FZRE GE I EAY 71%S oEisked oM wWl¢ &
EAA AR Ba) INYH PEo] DY AHE S
@A ol gk JEIRE o9 B F e
o o) AYHOT T2H . 75H SN o5 §7
8§ grouping® FQ7t AT TWA olF /A
¢ amino acid sequence homology$} hydrophobic cluster
analysis ¥Pgol o8] AF7Hx) g8lA de &4 FAAES
2708 F(Family A~L)2 & BF3IHK13, 15). o9 2
= 7 ALY &aA AL oldised Yt ol
AR E£ organism®] X3HH BAE FHEE HAE
g 2A7F HA At
B2 o} cellulase$} xylanase= Fig. 104 Hi= ujgl 7o)
#}-& linker sequence® U2 ¥ catalytic domain3} cellulose-
binding domain(CBD)& 7}* T 9le™, CBD °¢|¢]9] &
noncatalytic domaing AU = &7 Bt shube] a4
ol 88 catalytic domain®) EAsl= Ro] Ywtde|th
Y A3 0% Caldocellum saccharolyticum cellulaseS’J
219238 3hrte] polypeptide Yol endoglucanase E4-&
o} catalytic domain¥} exoglucanase &S Hole catalytlc

zmméoro
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(A)
TreEGHI

(B)

HINSEY 2 —

- Cellulose-binding d in(CBD) % S-layer like domain
Eﬂ Catalytic domain @ Unknown domain

{IIT) Thermostabilizingdomain '
EE8 NodB-like domain

Fig. 1. (A) Schematic representation of single and multi-
domain cellulases and xylanases showing the diversity of
structural and functional organization. (B) Schematic
representation of the domain arrangements found in BsCel.
Symbols: TreEGII, Trichoderma reesei endoglucanase III;
BsCel, Bacillus subtilis BSE616 endoglucanase; CsCelB,
Caldocellum saccharolyticum bifunctional cellulase(12);
CtiCenD, Cellulomonas fimi endoglucanase D; CfiXynD,
Cellulomonas fimi xylanase D; XynX, Clostridium ther-
macellum xylanase X(7).

Linker region

domaing 7}A 3. ¢)& bifunctional enzymeo] LWAEH7|E T-
th12). dutA 0 & catalytic domaine compactdlA] folding
o] o] 9lo] A protease-resistant 3t}

ol#3} catalytic domaine hydroxy amino acids(serine,
threonine )t} proline 522 A ¥ F2 linker sequence

o} ols) CBD¢} A4 oA Uth Linker sequences= flexible
3 LZE 71A S 92 linker Yol glycosylationo] = ]
= 797 2t I8 BE post-modification 7)%°] 1= E
coliv} B. subtiliso|x] AAH ANZF 845
Yol A proteolytic cleavage7} Yoy} catalytic domain3}
CBD7} ¥ =& A8 A5 A3 dch

3 CBDE 244 7| taiA vis & 2¥88E 71
A3 ¢J=H|, o] CBDE 13}o] plant cell wall EHel| 2]
VR EA7F 4 0] Ho] synergistic actiong 3HE ACE
AR =3 CBD7} rigidd F2E 73 e B84 7
Ao flexibilityE F-oj8ld 7tz 44 dolgd + Uk
£ ZoFs o] oidrt Al FEST UTKIL. AA=Z
catalytic domain®} CBDE& A|JI 9= intact enzyme}
CBD7} A= truncated enzyme-2 A A|3le] WS EA]L 1]
w3 BEgioy ¥h2%1} pH, soluble substrateo]] o
kinetics SolAl= olx-d W37} g ot intact enzymeH
= 92 truncated enzyme> insoluble substrated] thdl Ag
Ho| FAFA EoiAHA] S A JehA] 3UTKS,
11). 234 cellulose matrix7} 7}4 o] A FspAM = <A 51T+
X A3 CBD7F 7HR T = cellulosedl] tfgh 7at 2% o
£l CBDE 2# 51t B2 AFNEY FES Wolfky A2
o] & foreign proteine CBDol] H3AIZ! fusion proteing ©|
£3la] drug delivery, diagnostic kits, affinity purification,
immobilizationS-2] «j3] $-&F-ok) st |37} A
=7 Ak

Thermoanaerobacterium saccharolyticum(9)3%} Clostridium

linker sequence

thermocellum(7y52] <% bacterial xylanasedl|A] catalytic
domain®l] €143} thermostabilizing domain®] 2ZAE o] x|
o), ©]Z thermostabilizing domaine] Z<J¥ truncated
enzyme< catalytic activityell = ¥ 30| §lo1} intact
enzymeof B|3lod ¥hE- HAH2E7} 5~10C FE7F WA X
g MYAE 728y k. o2 8t thermostabilizing domain W]
ol &= cysteine residue7} @1 wHAlo] AbF49] aliphatic
residues 7} £A)3}e protein folding& ©& compact3}A| F
S 2ZH AN E Fodls Aoz F5E TS, 9). H
ZEe @ HAA o] ¥e i) o] thermostabilizing
domaing- fusionX]Z] chimeric proteing- A Zste] & P4
< F7MAIAAL e AT E AR ED Stk

TEE} cellulose-binding domain#} thermostabilizing domain

olgleol = o} 1 7)ol WHAA &2 o A9
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noncatalytic domain(cell-associated S-layer-like domain,
NodB-homologue domain $)E°] SZAHAA T =0, ©l&
domainEel th3t 7158 AFE GdstA o] FA L Uk

Cellulase ¢} xylanasey= 72 715 dolA FA13 FHol 1)
< g Bk opg} AP AR ME FREE A
gfo] Wt} 3l xylanase?| catalytic domain®] cellulase]
catalytic domains} ¥ homologyE X xylanase ZojA]
cellulase 84 Hole A7l RO 5 47k catalytic
mechanismE A Ao 2 A Atk 1822 cellulase
9} xylanasetx= domain shufflingel]l &js} v}k
domain=} substrate-binding domain £o] A AUYHA ME A
3lEjo] & Ao AR gtk

3 catalytic

Regulation of cellulase and xylanase synthesis

A9d 8o FQd T2 FFE NEEr] A
microbial cellulase$} xylanase 2] A3HA] o #A3F A7}
Wo| o]FolA gt} ExFFME o} I =E 7|3F o]
BaA GHRR = et T Yo R o]F Bh9
AAAL celluloset} xylanBth A tiAtd & Qe EXF
o] Z2 ehhe] Exo o3 A|(repression) =AY Fa
B E e O FEAd 98] fE(induction)HE 274
ZA71F o 23] o] FolA = Ao E FHA UTKS). Cellulase
9} xylanase®] AFA ZA7|Z2 MZ FASIEE xylanase
o] A A7 ANE 7keFs] MEdhA v ZvhFig. 2).
Xylang o} & EAZS 71 SHACIEE A¥E HE %?J
H2] 2ok DHEZ M E QJFd o|n o}F HE ¢o=
A3 Y= constitutive endoxylanaseol] 2]a) A xylanO] 75]'
L Bx1Eke 7}R xylobiose$t xylo-oligosaccharides 2 -3
7} H1 olEo] AE WE FYHo] xylanase $HJ-E induction

Cell membrane

Glucose/Xylose

Extracellular

xylan
Constitutive
xylanase

Primary
xylanase
induction

~Xylooligosaccharides
Second step

™ LXylobiose
xplosidase _ viose Homor/hetero xylanase
disaccharides induction
glucose

Fig. 2. Hypothetical model for regulation of xylanase
biosynthesis(Based on(8)).

AENY

953

3HA ek I Bxylosidasel= xylobiose & xylose = 3]
317]% &A%} transglycosylation ¥k2-o| olsA A=A E T
Soju=g olSo] ME WZE $9s5]o] £718 ¢ inducerEA]
o dg& A "ok I A3 AX oA oiF =
xylanase= AX 9H 2 BH)7} Hof xylang E&8FS = 7t
FE A "ok 23y AF BAHEQ] xyloseZt WobAH
end-product inhibitiong& Wolr xylanase AEAo] FX 7t
Hr}. 283 glucoseol] )3} catabolite repression xylanase
YA ASINE FLEle QiHQ) Haolch

2y o APEe] AL cellulase?} xylanase] A Aol =
Yoz PPtk Bivt Ve AR iR e
o ASAIE 5 nael AT gl T2 Atk S
1nducer°ﬂ ot F & EF7F UiF Aol HYE st
EAR ool mutation©] cellulase - =}¢} xylanase §-Z2}2]
g BF FAAIAY F &4 fAAe] dHo] FAl)
=7}=]= pleiotropy effectZ Ho)7|% 3tk o= F &4
AEA FAHo] ojrl 202 E AZAF k= AL Hv|Fit

ol mEJ

Industrial uses of microbial cellulases

MR (Textile industry)of|A{e] S8

Aeargel s Hukx] Ao AHEE indigoE BAAIF)7)
S48 stone washing T4} W2 TEAHE 4] 9
3} polishing ZA o] cellulaseE ©}-&3 G437 FAHOZ Ui
H2 gtk ey AAE o83 Hukx] AFRY FHEG
cellulaseE o] &3l Bio-stone washing 32 APIES ¥
4% P9 ohizt indigo) FUL T FalA AA2H &
ko] Aol shssfRIth B A E e BF7IE A
3= Ant ZAE cellulaseE ©]-&3) Bio-polishing FHL2
HAgoEN A HaE, Yo A, 89 7, 74
AT, HAE So| F4 WL AL £ Atk 53 A%

AZAE cellulaseS A28t HAF FHES} F7F F
S AL F7b Atk oy H/IEE HAEA

cellulase AA) cellulase A]&Fe] L HEO 2317 91O

o, A47hee Zart AA A AGL E4AF = o 15%
g A3 5 AA7IES 54 #F33% AR 18 By
gy Fo 2L A&HQ AAS & AoF FHI gk

M|®[AtR](Detergent industry)oj|A2] S&

718 M| A ¢l protease £} lipase7} AFEo] oA $d=d
Z 29l alkaline cellulase’} AL FAE o] o 714
2 A H77E H2 Ak Cellulase:s dustE A A= =,
AARHEAA a4F Ao T dHA Utk TBF HHEY B
zg712 AAFLEZA BH 242 7 st A4e A%st
Al sFck MAE cellulases] 7|BE LR 9] AA] BAA
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ol A F7HE vk} o] AL cellulaseS] A SFS.
Sk @ol A Z0E GAHY Stk I cellulaseE HA
stol) A2]sl7] =8 HF 9 back-staining®} WA E 7T A 3}e)
tHgo] B <= Q7] WiRel] 71§ cellulase s} w7 EA| 2
«| A& cellulase= &0 Ajlsl a4 g = 4 A
A el #gh A3t ol o]l FoA FsigtE L ok

H x| At (Paper-recycling industry)oljA{2] S

Fo] AHE-EFo] G5l ot wiEEE HA Y AL A
oA JAE AES ol EAY AAHE 9 deinking HA el 3}
-2 Aele] APHCOZ cellulase”} o] &5 ok Fefe
deinkingS =2 AHBAA 9 NaOHE AHE3 lon B
okE o g ubRA), qAbAc chelating agents, solvents £-©)
A-EHT e, g FEH FUIGEFY AHEe=
deinking #}2> pH 10 o]/de] ZFbzha] oA A="gE
B AAdRY FA4ET lignin®] WSS fieste] FulorE
ARG Z7MA7E o] Bk 82 AREAgA e 2
H71FFE0] g AdeldA pulpE AYAFNY 2 Y
v AA}7) W7o 353 Aol g deinkingS 423
=2y TAE otk Al ARRFE S7HIIIE £
¢ 9] A&7} A3lEe @] TS vl mEka o] A%
TARES 3143171 A cellulaseE ©]-&3F deinking ¥
g NdEe BHLHE oA IEZ ARAE AL

337 8 A7} olFeiH T Uk

Cellulose ethanol AHAL

Ethanol2 gasolinedl} i8] 28717} Hot A4x7t o &g
ek ol greenhouse-effecto] A9 J&FE FA ¥ F
THEEEA B2 AHE VAL it olAjt SFASEA
¢l ethanol-& 7F¢ ZX3 2 =9 dltel cellulose 23H
Afarol 7izsinh ey, A celluosic biomassEFE A4k
¥ ethanol& gasoline¥= 7FA7ZAc] HA Feth A
cellulose ethanol®] T2 A= B2y Ao Aol
0] o] Fo] A A 943 Uth Cellulose ethanol2] A4kel] 1o
A AEFTR WA M A B2 FES AR e
v cellulase 42}, AFrae] e, 7HeEe AHEE o8
3 AAEe Ay dEddaEe 39A FAel & 1719
bioreactorol] A o] Fo] XA == direct microbial conversion
(DMC) HPH-E& AM8-31A] =H cellulose ethanol®] 7HH S &
o BE = 9l e 7|iEka itk DMC WRCE 3 F
% 9] ethanol€&- Y487 YsiA= cellulase YA 4F
WE 5 2L S5 nAEY] R deARIY, olF
A Ad B3l 8ol Hold Clostridiums A2
ethanol selectivity®] BA1A-& s)adsks H2w2] 7 ethanol
Ak =Eo] Holy &F = ZymomonasE Aol cellulase

FAAE Yot AR 2ot BARE sidses HIW
o] Al=HT JUTK3).

Industrial uses of microbial xylanases

H|x|At](Paper and pulp industry)d|AM e S8

Xylanase?t AGZH O Z o] &5 = 74 E EokEA] Al
A A7 A AHLEE F=A4 chlorineg xylanase 2
A3t BH Y EFY HAE FaATEL Utk HE AXE
ol 4] xylan< lignin#} cellulose ] interfaced)] &3tk =,
xylang w7l & lignino] cellulose®} AE=Ho] U=, ©
lignino] @S UERIRE wl4e] Fol BEoluy] s
Ae ligning AA3}7] $8 BHFHo| Fasith I
chlorine g AFE-3= AXYEe) BFHITAHAN EAo] =&
chlorinated compounds7} & W& =6 HZE9] <83
2 &AM EHF A xylanaseE AHEE bio-
bleaching©] ©]-4-5 3 9}l Xylanase= 84 xyland} 7
cellulosed] ZAZE ELA xylank Eagd 4+ gon=z
xylanase7} pulpel] #&E3= xylan o9} AEH ligning A
Adted o8I Utk o SEE ALEHX| =
xylanaset= cellulase @Xdo] §l& cellulase-free xylanase”}
L3I It Aokt ARYEe] 2YFAo] 13 &z
ZANA o]Fo|A X U7] wWjE bio-bleaching ZA ol
cellulase-free xylanaseE 437 A= WG YLz
/o] RFHARL Uk

A2 AR (Feed industry)ofjA|e] 22

7ZHe HiEEEo Aol v cellulase ) xylanase
o] EAE BVsHE MAEC] EAEY) dEol EA7F HA
A & 22 ZYFEL o83 AE AEHE Fa)
BEAE MR SIA) gotal A XY Ujo] E0ile =
olu} Ty o]& &g&o] vy oA Atk 53] ¥
o A xue)] o} FaH de 784 xylan Ssht
& Wolso] FAEAG AE7t TR AEA 48t
UAZ Hoske AL WHalsky, Ak AskEe)
A 3l ALEAHFHI SAEA HIL HEC] AstE
off Fasle] ol as dogiA Ack i 71Fe] AF EE
RAIAES] B S SRESEo] Eobd At Awy el 9
Rle] H7lk gt} ol2gt o] {E ALEH 7EA7} wl g Tl
B3l vk Ao ofEiy e d UFo) xylanaseE H7}HS
2 A3l ARE GRolFy ZEF ookh ol4AS

TAA AlE S BEE SN 5 A Fk

L b

u

X
s
8

A
3]

rir

o M

Lo e

S~

S oM a2 g2 ol
P2y

j)

:

b=
)

AT of

fok
o
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A ZAMA(Food industry)oj A2 2
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