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 Purification Properties and Treatment Conditions of °
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ABSTRACT

The main protein peak was observed in fraction No.9 and 109 when cellulase
seperation was conducted by use of DEAE-Sephadex. The protein obtained from
fraction No.9 has the characteristics of Cx component and that from fraction No.109
characteristics similiar to C: component. The effective reaction condition of the er~yme
used was 40T in temperature, pH 5.0 and 90 minutes in treatment time. For the case
of Ci, pH 5.5 in temperature range of 30 50%C, 4.0 5.5 in pH, and over 30 minutes of
treatment time, the reaction was in the range of 80% of the maximum.

Affinity of enzyme increased as freeness. increased, and this effect was more visible in

fiber than in fines.
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componentZ F{3t1 AjFFo 2 HYAE endo-
cellulase 9} exo—cellulase® T+Y3te] DEAE-
Sepharose® ©]43t9] component ¥d9] XH
S84 W} 24 FAE AARE F9a8 2e
SRAES FF8l 1A £ 9 £& HES
% Ci 2 Cx component$} fAMdo] &olg g4
€ ¢ ¥ Cx ComponentZ Astd 718 (CMC,
Avicel, Xylan) o W2= 714 W3 E ddsta
HE2A (RE, pH, AN o 12 A4S A

FozA EHYe] AMS-H componente BAE
d&zA §. ol AXNTHZE WAL 46
29| Fyasge 48 A FHskm 45
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2-1. BAM=Z
2-1-1. Cellulase

¥ &7 AH8E E4E Chromatograph ol
o) HA AzH LS AggEon 2 g v
g UukAQl AL Table. 1 ¥ 2t}

2-1-2. 71 ¥
Carboxy Methyl Cellulose (CMC) += Sigma
Al A F9 Medium viscosity (2% £
viscosity 400-800 cps) & AF&-31o™ Avicel &
Fluka A%< pH 101& A48 32 Xylan &
Sigma A} A E9 Birch Wood & 2¥ 2%
Xylose 7} 90% ©1% &2 AZE AT},

2-2. MUY

2-2-1. 229 Activity 28

3l 71&9) C;, Cx component®] 547 81 2-2-1-1. CMC
Table.1 Characteristics of Cellulase Samples
Enayme Glucocellul Cellul
Characteristics tcocetlulase ellulase
Microorganism Almond Trichoderma Viride

Component properties

Activity (substrate)

Exo-f-1, 4-glucanase
20 ~ 40 units (Solid fiber)

Endo-#-1, 4-glucanase
0.3 ~ 1.0 unit (solid fiber)
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1% CMC &9 0.5mL 9 1M acetate buffer
solution 0.4mL & EFTF 50C SFlA] 2
2 HAS FYANNF Y aLAL
0.1mL #7138t 3083t &4 wrg-8 A% A4
g S84 ¥ glucoseE ¥F EF 23 DNS
e whet skt

2-2-1-2. Avicel
1M acetate buffer solution®] &8]Al71 1%
Avicel &9 1mLE 50C 58X 287 ¥
dte] FYAF Ci L Cx componentr} 5:52 &
M 54 ImLE A7bete] 3087 gant
SANFE YPE 82 %L glucoses FZE
2 23h= DNS Wy wat 24381t

=

2-2-1-3. Xylan
1M acetate buffer solutiond] €&A17l 1%
Xylan€9 0.5mLE 50T E3o)A 287w
3t FEAZLF 0.5mLe Mg Z2AS Ay}
dto] 3083t AANHEE AYAE T %L Xylose
€ EFEF 23t DNS W mel 24819t

2-2-2 &4 22| Y HF|

Column Chromatographyd & AMg-dld &4
g BY%4 stlen, AA9L 0.1M acetate
buffer solution (pH 4.5) 9 B HIANE
DEAE-Sepharose CL-6B chromatography
Column (2.5X7cm)e] FYU3td 0.0 - 0.5M
KCIZ linear gradient® £&A]zlem 829 &
295 SDS-PAGE (8%)& @2 818 AA|8t
art.

2-2-~3. HH 2257 MEAH
€%, pH, YA 2-2-19) A activity &
AzAT A% 24 (50T, pH4.5, 308) & 7]
Fo32 3ld o]F HHZAMAYL U YRS
WA 2B BAY activity SH2AL
AN A 22 BeS ANFE YHE glucosed]

G AUk E Sdte PR AAEAT
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2-2-4. 2loolol M2 3%

L EE WA AEE 1g AHed 1M
acetate buffer solution 999mlLell £&3HE 50¢C
UM BIANE 0.05% (A& 2P EGH)
EadE APt 3080 weAE nPRe
A7 e] 2k7 442 o]4 Somogi - Nelson ¥
dutz} FAFHE 2339

2-2-5. Fiber ¥ Fines & ut2& 3}
15,000 PFI mill revolution A28 3338
A|8E 100mesh shive® E3sh= A 89 283}
€ AEE 22lete] AR ARE fiber 2 BF
8t B33t A8+ 150mesh sieved] RE3e=
A8RHe finesE ¥R 2-2-49 2L W
o8] A& Agsigot.

3. ot oE
3-1 54| FH| U S £4 £4

Nisizawa $% (1973)2 Trichoderma Viride
E 5 WYdE E29E CG-50 Column
Chromatography®} DEAE-Sephadex A-50
Column Chromatographyd& ©]-4 #A|g+ A=
AT A BA2E dglen ol ol& 73
of & G718 A 23 fraction 20 oA
Fed D] 29 Avicel 97k A #EH
7] ¥1 CMC 97Hrg 318 4 9ict. wao)
fraction 80-120 ¥-olA £7Fd d¥del A%
CMC, Avicel activityd 53 velllz ¢&
< Ustx o] BYAE A DEAE-Sephadex
A-502 o] & AFAZ A fraction 10 ool A
g gide 4% CMC 9719+ Yehilz ¢
=5 A8 2 Fraction 50-80 H-2oAl Bel€
ool A Avicel 9718 o a3 wa
CMC 97 n# Q84 giion o] gud g
o] 83l FHY i 5T ¢Hes Ay Fo
2A Ci component® 47514 £ &4 Uit
o|9tzh2 AAo 9% component £ WY
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AR 3% A& AT Cellulase?] B4 54 & He] =2 AF a4 47

Halliwell” (1970), Berghem *(1973) Wood? &
(1975), Wood (1979)¥%q <3iA A1&€
colum®] W3} 9 o] Y B9 (microorganism)el ¥
3l 52 Anou daes A fAES Rojfd
&, g o] ¥l o £l Sephadex
g ol &3 1& AHAY A AEAZFY Cx
component® R EAFY C, Cx EF
component® # ¥ F YJen, £F
componentE& DEAE-Sephadex % Ion-
Chromatography ¥ ©]4% 7% @¥9d ¥4
Aste] zlodl| 2l 719 Cx component® 2
33 o]%F C, component ¥ "l F Cx
component®] &3 #e]7} 71 8ttt

Wood (1979)?+ °]¢t Z& &A1 A W
o &3] cellulase® FE 1059 Cx component
9} 2%9] Ci component, 2%2] fglucosidase®
a4 B2 &5 dsien oA &5 298
componentE &% 2 &3 X @ A7} Gol & 4
248 GATSF UNer o2 1A MR
&) 23 549 Aolg=E 1 g4 UTh

BHgdAe 78 MRS AR 3
A A& g3tz o}&¥ component?] 54
< EQlalr] g8 T EAe] AEH o2 AAAY
13} HA] (Sephadex)& AX E4E AZ38ta, &4
zte] &4E Jon-ChromatographyH<! DEAE-
Sephadex CL-6BE |4 @43 ¥HAs} 84S
o] &3 FAE AA] Ut

Fig.2-A € endo—cellulase & AA|3 A2 3
A27] (fraction 9) o @9l F vlag ¥
F Ao olme A7t &3 A#RE & CMC
activity T2 &< 813121 Avicel activity € #
o] gl=lA] st ojwie] B3 SDS-PAGE
W o] &3 A EAES g AH (Fig.l)
ok A £¥o] 4% duld OE A
ek, didel o £X 2 9 F9] endo-
cellulase™ Wood ¥ (1978)0] B13 A -3¢
Cx component 9 fAFE 2122 Atg o Zo}.

Mandel $'*(1976) < exo—cellulase= B1&Y
A FaE BE glucose U2 =
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glucocellulase ¢+ cellobiose ©$1Z ¥-&ldt=
cellobichydrolase (CBH) ¢ C: component &
B ulof A FLA HFHR2H Reese
(1972)% C: component ¢ CBH %
glucocellulase® #7319 C: component & Cx
component®t 2838t} 2 cellulosed &3}
71 9% component® A 933 CBH &
glucocellulases &433td 234 cellulose®
cellobiose ¢+ glucose® 7148313k component
2 3o 3t

Fig.2-B € exo-cellulase® FA| 3 Ao g Ad
A (KD o 9% A ¥l o8] 48 93
2A fraction 109 oA FHIAE AL UL
B 121 % 130 F2elAM= 2 5327} 8y
3oy 71de i gt E3 A% 4 2 9
Ao = 5& AE o 109404 E2)€E I
] C: component$} fFAMHE ¥ 4 Ut
a2z o] A% CMC activity= vl &l gl
202 0]F9 Wood (1979)° 7} AL C, Z v]

(5 (D (3} {4 (5
R 1 R YR S v v
e BENUE RN |

R A

Fig. 1.SDS - PAGE (8%) of the purified Cellulase
© Standard Maker
@ Crude enzyme (protein Con. 13us)
@ Fraction No. 9 (protein Con. 9.95u¢)
@ Fraction No. 129 (protein Con. 11:g)
® Fraction No. 109 {protein Con. 7.18.¢)
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Fig. 2. purification of components with DEAE -
Sepharose CL - 6B chromatography
-0-: A 280mn, -O-:CMCase, -0-: Avicelase

o] Cx component’t H#E componentd& o
Z84 Jon &£43% Ci componentZ ¥-2l3}7]
Al e AP REYT ‘3‘2?}?4]94 BAE HEY sfof
st 3lgd DA oF 5§ 7t of iy
< BHAE C, componentE A s APz}
ol 2219 componentd ©eld FoFs}
(Fig.1) = @9 w7} AR 2 2 &)
3 T2 ST AL v HUASS F3
sl ibi=3

3-2. 7|20 ME 549 Activity st
Cellulased 971 %3 W& 7]12E< CMC
(Carboxy Methyl Cellulose)& °] &= Wi}

Avicel. Filterpaperg& o] &3l= W2 1hd
& 3ok, CMCE 7132 o|&3te A%e

(22)

ks

ARG 84 cellulose, &

H (HPO: B) celluloseToll F43l= ActivityE
28l WHo 2 F& Cx componentd] g7t &
2 W o g o] &dtH. (Wood etal, 1975) wHA
o Avicel ¥ Filter paper®t #o] ZA Y
cellulose® 7122 o] &3t ZSolle 23
cellulose & Z3fshe T & 43 WPz G,
2 Cx o As2EE BP9 e o) %
"o} (Mandels, etal, 1976)

cellulose?

3-2-1. 7|&0f g ZL9 activity EH
ZA€ 2} component®] FIHEAE )
s 71d& 223 971 3% ZoE Table. 2 9}
Eigs )

Table 2. Enzyme activity with different substrates

Substrates Activity Component,
(uw/mL) C1 CX
CMCase 5 120
Xylanase 2 -
Avicelase 18 0.2

Ci component®} 4% CMC & 7142 & 7
o= W& (5u/mL)e 47H8 Yehia e R
o2 v29] v|FAE Cx component”} 51 &

& 4 Itk =% xylan (hemicellulose) ¥

3 TYE vF 2u/mL)EIE FeHde A
+ UAT AAHE cellulose?! Avicel ¥4l &
(18u/mL)e] 7F4EA Jehizn 8-S 44 9
t 0|2 g E Ag] A48 C; component
t 3E3 1E2 ojgl Y 23 Y celluloseE &
Fate TS 7= Ao 029 FEHAD 9
ujo] C; component?] E4-& UEste Aoz

Het®th Cx component?] A% Uiy CMC
Hed (120u/mL) & JYehi ™ xylan E8l%
< Ay FHAHA o Avicel £3 o)
o] (0.2u/mL) ¥F He o= n|F9 v

A4 JE e
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AR 34 H4& AT Cellulased A 54 ¢ Azl 22 A4 43 &+

17 &48A AAE Cx componentt 92 &l
& 4 9ot

3-2-2. &4 Xl mE Activity 3t

AA 2 componentel "F TFH wFA
component’} Ee] g7l oJ@A ZGI=AE
##33 O 2 Cx component® EFAE 3%
o 7180 W& E2FEEEo] oA ¥kt
2 gslr] $18l Ci, Cx component®] A& F%
& ¥siA7Ia 713 S Ws A% 97 e
& st

Mandels ' (1976)& &3 A AAH
componentd ¥EE& ¥EgAA 714 (CMC,
Filter paper)ol wet Xz & 2% 9719 wsl=
AP Ax oz vigdge A AR
=3

3-2-2-1. CMC Activity it
CMCE 7142 39 Cx component®] ZF%
& (0.005~0.01%) & ¥3 Al7lz C
componentd 25T E (0.02~0.1%) =2 W3}
A4 #%- ¢ componentd] X% Wslel 7H
sld Cx component®] sl HlHsiA g7}
7b B71tn &S 44 Ao, aY Cx
component®] F7F&el A F7} F7Eol

Activity(uslt

Fig. 3 CMC activity at different contents of cellulase
components

Journal of Korea Tappi Vol. 30, No.1, 1998

#AHA g A} aed) 8 AR
glucose?} o] B4 WE-& JA ot JAAR =
43 2942 UgEy ol e Ade & A7
A ZEHor RAHE Afeltd. BF C,
component®] Z¥EE7t F7leld T Q7o Z7}
v A9 #FHA g ALE vFEY G
component o ¥ vige] Cx component®]
ol A Y2 AT & Uk '

3-2-2-2. Avicel activity #i&}

Avicel & 714 Z 3l Cx componentd] %%
%9} C1 component®] Z¥EEE W3 AZE 73
2ol g7} ¥zl Fig. 4 & 2t o] Bfel® G
component®] Z¥¥x=o vl#NA G717} Fotet
2 gled CMC & 7132 R 7359 HiasA
Z7h & AAFH oA XA, o&F C
component?] Z¥Exo vEsN 97t F718t
I USE HAEF ged, ol Y cellulose
g Faldhe G 2 Cx component®] 534
og Aoz EAYHo| ALEE component’t €5
A& 7t A¥e #lddt (Fig. 4)

Activity(unit

c.005 0.01 0.08 0.1
C.conteats(%)

r—o—cr 0.02% —=—C1 0.04% —a—C1 0.06% |
~m—C1 0.03% ——~C10.1% i

Fig. 4 Avicel activity at different contents of
cellulase components

3-2-2-3. Xylan activity t1&}
ZAE component 9 ¥ hemicellulase 9
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717} Cy, Cx component Z3to) 2J3F Az & B33}
71908 A9 2] F9A R xylan & 712 8}
od C; 2 Cx componentd} ZFEES gl s
32 A3 A3E Fig. 5 9 2} Cx component]
2355 A3l o3k 97t wishke A BF HA &
24} ¢, component?] Z§s% H3ld deire g
7+l ¥ispy} @& =v] 53] C, component 0.02%~
0.04% AZTFNA Zo] ZA THPE WAY &
olch, o|AL C, componentZt T3 v1E9] xylan
g7} E¥o 3 Rez #Agdd ¢, P Cx
component®] “452H-8-¢l| QJejile G B e A

o2 A

70

60

50

40 |-

3

Activity{unit

0.005 0.0% 008 0.1

Cicontents(% }
% —=Cl1 0.04% ~=C1 0.06%
%, —~—-C10.1%

Fig. 5 Xylan activity at different contents of cellulase
components

FAr Bu)g uAEY (microorganism) ¥ 1
< EX4o w2} Huie S e EEA (&
¥, pH, #H&AIZN & 2. 53 a4 diF
Bol u|Eo] BH|Fe cellulase= 239 pH &
AoA HAY RS 7e 54 Az U
{Wood, 1969)

Wood® (1969)% Fusarium Solani & 5€ %
AE cellulose 23 &40 ¥4 pHE AT 2
7} Cx component?} 7% pH4.5 - pH5.5 B4l
A AR g veben aute] HAdMe #

(24)

g 47te] Asks AR}, W] Cicomponent
o] A% pH5.0 -~ pH6.0 BHolA XL 2=
Aoz B3 syt

Halliwell” (1970)2 Trichoderma koningii 2
Be] £ 3A¥ C; component® 7-¢ pH4.0 -
pH6.0 M4olA aat Hojgte &< e 2
% 30T - 40C ¢ A A FH%E e
He= B3 syt .

Wooed? (1975)€ Trichederma koningii & -8
ARE componentd] #H-SAITFE 38 F3) Xz
T A7 o] %o A9 Wi} IR ggtvhe
AL B9 d5in). 53] AT FHT R
A7t ool BAH 3 98-S B KA

Chanzy*? (1984)% Trichoderma reesei & &
H FA¥ CBHI € F(Au)¥ 54AE dex 2
A cellulosed) M2 sti Azl Au|Z oz At
23 HeF 308 olule] CBHIY dtlf&e]
cellulose £ FF811 A& 8 s

olg} 2re A B uf cellulase &f #HA g vl
AEY 2 componentol]l @et Aol UE AHolu,
gutzio s £& 30C~50C WY % pH4.0 -
pH6.0 © 1% d Aoz ot 5y AR 24
7k o) 4 Aoz PR BAE componentsh
7) B & ¥ component E72] FAMYE #Qlskm o}
28 #& A 24< 4] A8 &%, pH, ¥
AR e HA 2 A AEE AT

3-3-1.2 %

e A B 2] A& (10Te|d}) oA

o] SR8 1 80T oldeliAe ¥l
doly} 2&4o] addte A Rett o
2o 253 4oz 3 AR FHA &
g o$% A AWe) FAY 22O AS Az
A (100TC o4 & AAe B¢ 18] &
Ao g padr)
FaAYY JHALE 1S AR 4
component3t AeolA & FASIAE A&
CMC 2% 971e] W32 24749 componentd 2
HAzANM g 10022 & Ao Auly o

fr

o]
=
=
=

=)

g
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AA 33 HE& AF Cellulased] A 54 2 A 27 440 B 47
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30 fo---o-
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[ —~+—Cxcompowent ——C1l compouent
—w~Cl+Cxcomponent

Fig. 6 Optimum reaction temperature of cellulase
components

Ttk g A AdE Fig. 6 & 2ok 2o st
Zo] 2% 40T F2olA HdEe 4T F UM
Lou} 30T-50T FooA gwe HEH%E &
Eri=g

3-3-2. pH

7} componentd 4t pH # 2 C, component
9} Cx component® 5:5 & %3t component
o pH & Fig. 7 3 2. 9744 Cx
component?] 7% pH4.5 - pH5.0 "X FH
-2 UER 2 pH4.0 - pH5.5 9o 4l
7} 80% o4& vz Utk W ¢,
component?} 2% pH5.0 - pH6.0 oA

Relatlve activity(%)

[ -O—Cxcompo-t-;i - —-—Cl:nm’pu-e-l
L= ClsCxcomponment N

Fig. 7 Optimum reaction pH of cellulase components

k2 78 pH4.5 - pH6.0 WY ollA At
80% °|4<& Jepla glet. olebzo] C; component
7} Cx componentel] W8} vizk W7t 34 #2
o2 olFde AL Wood 5] FAHE
component & ©]-8% 7 pH &9l ZdFet: {A
T BT o AL VIAE CMC 2 & 3% G
component?t §71l| n|R& Gl A FAFA
AL Aol N R Ao dFAn.

3-3-3. AL
AR FEF ELE M2A & A9 '
HREAIZES: Bo] X8 AFAE F} AT} E
Aoltt, ARrAEQl AA FANA refinings o2
3= A% 739 machine chest®] &3] Wt 3}
ole hout Bl s FHAA 1z FA7A ©]

 2xd] e 24RE o] AlZto] 428 E Reg

9. A e o] oY) WistE B
A3} A2 F 308 oltioll Hhe] H71E ekl 90
¥ o]Fole ¥ ol2e A& FAGF At 9
o 22 A%z viRe] Pl sz} FAN EAE
FUE 2Y refining 38& AXE ¢ Bl
$2 79 8 8 4 3l& oz g,
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Fig. 8 Optimum reaction pH of cellulase components

3-4, W= MFSE] Ml UE SAUS
Lee 59 (1983)2 cellulase] 7|33 3H3-&
B XA Aol ZEEE FAd 93 Rt 5
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A8 -

7FE cellulosed] ¥)AH G9g0] SI1E-2 Z7)
doha sk} C

Mandels” (1976)% HZZ4H v ZHH L
717171 S8 AR E o] 8% milling ¥y
£ 22 (Hammer, Ball)3 7% Ball Millel &)
EHHRL AL o1FY o o2 AF FA
prEd] A F7HE gelsisith

Fengel™ (1971)2 449 microfibril 49
%) lignin®] Ao} glom o] 2Qls) i) 93k
cellulose®] 7R3 & Walldte 42 25y,
A2 A 93] Ligning AAE 29 8o
g 7RSI/ X5 = 42 #9 ot

King" (1966)& #Ad) 93 sjsEae A%
29 257t B&FE 230 ]2 A
(HsPOs)50l 28l A2 2UEE AsAZ A
£ Ex 7tRE E3e Sridte 298 89
571

Ogiwara'® (1968)= nsf=r}t o2 AR(11°
SR, 21°SR, 3T'SR) | cellulase® 2§ A3}
Ta o vlaEA A4 R ARt 718}
T 88 EAE 5 AU

£ AFNME refiningd o] E4E A7)
ol refiningol wat &4 e Azt
(fibrillation, fines A4J) <]&=8 ol22% g
o] AL AE Fo 8 refining | 2 &
F4& VMR B S &3] Y8 na=o)
w2 Al 8.9 fiber 9} fined] AR E B Agso
AYEAAE Y &t

3-4-1. 2lzjojol| o2 A

a7t APl met die A7d2 AA
9% fibrillation®] F7} HWA dH9 4949
Z7te} o] 2R3 FAH ] Fyt ek £33
Afel Fd=e 479 2D 4 fibrillationd] &
7tz A3 =9 oA AR o) Sl
A2 Ao o7Ag. 0|9 22 MR ¥y W
e Zaol A A S T/ 892
Z2E o] 2918 A4 JRrEde] SIHIAE o
284 9ok

(26)

AF

TYE n3) 27802 A28 A8 (15 SR, 25
SR. 35° SR, 45° SR, 55°SR)} o €& g
components (0.05%) € A3 A T3]
ke Fig. 9 o &t} o] A% ¢, & Cxcomponent &
a2 B B} 7P $shAl B o)e
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Fig. 9 Affinity of cellulase components to cellulose
fiber at different degree of beating
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