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Abstract—Enzymatic hydrolysis of lignocellulosic biomass by various commercial enzymes has been studied.
The commercial cellulases used in this study showed different CMCase and f-glucosidase activities but have
similar FPase activities. CMCase was found to play a key role for the enzymatic hydrolysis of lignocellulosic
biomass which contains inert material such as hemicellulose and lignin. The B-glucosidase inhibition by lignin
was the most remarkable for Celluclast which has the lowest B-glucosidase activity. FPase activity could
not represent the capability to hydrolyze the lignocellulosic biomass.
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Table 1. Specific activities of commercial cellulase preparations
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Source Celluclast Safizym Cytolase Novozym 188
Components
Protein(mg/ml) 331 39.3 40.7 535
FPase(IU/ml) 77 77 76 -
CMCase(IU/ml) 655.3 666.2 740.1 23.1
B-glucosidase(IU/ml) 54 16.5 95 805.0

Table 2. Specific activities of commercial cellulases loaded for the enzymatic hydrolysis of pulp and steam exploded

wood
~
Source
4 * < * *
Components Celluclast Safizym Cytolase Celluclast Safizym Cytolase
FPase 30 30 30 30 30 30
CMCase 262 266 296 264 268 298
B-glucosidase 2 7 4 66 71 68
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Fig. 1. Effects of commercial cellulases on the hydrolysis
of 50 g/l pulp: (—) glucose, (---) reducing sugar;
(O) Celluclast; (») Safizym; (0) Cytolase.
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Fig. 2. Effects of f-glucosidase content of cellulase mix-
tures on the hydrolysis of 50 g// pulp: (—) glucose,
(—-), reducing sugar; (O) Celluclast; (») Safizym;
(O0) cytolase.
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Fig. 3. Effects of commercial cellulases on the hydrolysis
of 83 g/l steam exploded oak wood: (—) glucose,
(--), reducing sugar; (O) Celluclast; (») Safizym,
(O) Cytolase.
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Fig. 4. Effects of B-glucosidase content of cellulase mix-
tures on the hydrolysis of 83 g/l steam exploded
oak wood: (—), glucose, (---), reducing sugar; (O)
Celluclast, (2) Safizym, (), Cytolase.

Xrqt Ut 49.7g/9) 328/l AEZA 71T X
= AF $82 0.82¢ch CMCase &40 714 =2
Cytolaseol] 2J%+ &A}3lol| A4 B-glucosidase2] 7}l
2 A5 anr) 7 Eokvhe 3-8 CMCases) B-glu-
cosidase7} AtE E=(synergism) 7}FeAdS BojFrl
=3 Cytolasenh-g A7lste] B3idt 7492 4 w57}
Novozym-< %7}?{} Celluclast®} Safizymel] 2]% 33}
% FERTHIS% Frhe S F5 Heolrh ofe} 22
AP Ase faxYEZ LA vlel o] HAF3]
o4 CMCase?] Hito] Foslche HE RoFEr

3-3. Bixiel B4 3

Abe] 8 Al g-ehAle] Z 4ol o]t F3e-& AL
e 28 90mlel] EHAH 83gx EX 22mle
A7lste] 23t A3-E Fig 3¢ velfich Cytolaseol]
gt ZH A F3tol| A 72417 HAAF BUGI) x 2
FTEE 383g/0%) 247 /12 4R Foich Wxo g3t
oA Aot AAAQ] AL vty o}t Lo hst Al
P4} vty FE5 g Hel sk Cytolases}
Celluclastoll 213 € }ajolx] HE TTF YA ¥
T+ Safizymel] 2% 23 Lo} F%9 120%2} 93
%l ot Z A9 G AE TG F-&0) 104%2}
86%%2 TEHo o5t} o] A= B-glucosi-
dase@AJo] ®r} & Celluclast®} Cytolaseol] 2J¥F &
A 3ol A 2lzdel] ©3 B-glucosidase@i] A
A7) FEaAA Gebgr] Ee2 Felxich



g axAE8 A4 vlo]l oA A} 609

Esja) F3}oll A B-glucosidased] B3 AF}E A}
8l7] 918 Novozym& 04 ml 3 7}sbed gk s
Fig 4o vebyc}. B-GlucosidaseE 714l @& 4}
% # 3= Cytolase®} Celluclastol] 213 @3lollA F=
2] Zc}. NovozymS 3713 7$ Cytolases} Celluclast
33lo A HF A TE = 295919 252¢g/l8
Novozym< H7}stAl @2 75l wlsl ztz} 20%<}
23% Z7}slgich. 22y} Safizym @3lo e e}
¥%71 267 g/l2 Novozyme H7W8HA e Aol
vl3) 12% Eobrt 22|BE B-glucosidase ¥Alo)
71 22 Celluclastel] 2]3+ Za) 3} A Novo-
zym®] A7l 2 AR}t N & AL U
eyt

4.4 £

£ 97§ 58 oS e A& d9ck

(1) 8 A4 AE=A 545 23 A7) FPase
Y32 v]stg oy} CMCases}d B-glucosidase] A
L AFEE T2 2o} itk AE A4 F Cyto-
lase7} 33} o)} wpojow gl HZ ol ZaA BTl
s 1 =2 AREE Bt

(2) 59Y% FPase ¥4 =74 =9 A&
33lslde u) AlokF AES~e] FleAee g
AE a4dE 77 o8 A4 25§ veldith 713
=& 33158 H4ql Cytolasex B-glucosidase FAjo]
u]® & 4Ql Safizym] 60% ¢34 1= of 3 o)
AEgZ 20 glad Fo] £3g vt ]2 AEZ LA
Bale) 33lof A3 54 U8 2L AEYA F
CMCase &4do] 53] ¥olof Prfe Aot & A+
ANZRE G| £ AgeAE BA37] 9
sl 4= CMCase @A o] Sol3l=| =8 AEetA] Y4 o
Fo] wfzAE 24 2 CMCase@ Ao ¥
Hol FF¢ o] WR3 AR vjehych

(3) ZHe B3t jdel 93 B-glucosi-
dase 84 AA&FA7} Freld B-glucosidased] B3
A7 983 o2 e

(4) A AgehA o] B3& BA37) A3 AHg-3he

FPase ¥4& AEeA atd o8] 357 o 4
vldgzsgd gad §& TR 54A ol
2o R AL FeE A BAY 5 e A
oz gz

#& A

£ de B dAldyz] dPAReE
Bsigion Aded ZAEPUS. =3 & A7 A
£5 F48 FF34%F IFP Inc.9) Dr. Ballerini, Envi-
ronmental Biotechnology Inc.2] Dr. Munnecke 22} 31
Auburn ©i&te] Dr. Y.Y. Leeo)Ad] ZHAL=gch

ADEH

1. Wyman, C.E.: Biores.Technol, 50, 3(1994).

2. Ballerini, D., Desmarquest, J. P. and Pourquie, J.:
Biores. Technol, 50, 17(1994).

3. 9A, oA, AuA, FFF, 2AF, o|EX:
G AN T TR 24 (1994).

4. Ado, Y., Murata, Y., Michiki, H.,, Miyakawa, H.,
Ishibashi, H., Ogoshi, T. and Furuichi, M.: <4
#o) 471457, 5787|144, Feb. 5th-7th(19
90).

5. Clark, T. A. and Mackie, K. L.: J Wood Chem. Te-
chnol., 7(3), 373(1987).

6. Brownell, H.H,, Yu, E.K.C. and Saddler, J.N.:
Biotech. Bioeng., 28, 792(1986).

7. Goyal, A, Ghosh, B. and Eveleigh, D.: Biores. Te-
chnol, 36, 37(1991).

8. Persson, I, Tjerneld, F. and Hagerdal, H.: Biores.
Technol., 36, 65(1991).

9. Breuil, C., Chan, C. M., Gibbert, M. and Saddler,
J.N.: Biores. Technol, 39, 139(1992).

10. Stockton, B. C., Mitchell, D. J., Groghmann, K. and
Himmel, M. E.: Enz. Microb. Technol, 13(1), 57
(1991).

11. Sutcliffe, R. and Saddler, J. N.: Biotech. Bioeng.
Symp., 17, 749(1986).

12. Ghose, T.K.: Pure & Appl. Chem. 59(2), 257
(1987).

13. Miller, G.L.: Anal. Chem., 31, 426(1959).

14. AEAY: £2F ZH 8 Alof A A

15. Lowry, O.H., Rosebrough, N.]. and Farr, A. L.
J. Biol. Chem., 193, 265(1951).

16. Duff, S.]J.B., Moritz, J. W. and Casavant, T.E.:
Biotech. Bioeng, 45, 239(1995).

HWAHAK KONGHAK Vol. 33, No. 5, October, 1995



