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ABSTRACT

For the effective ethanol fermentation, the high concentration of sugar as the substrate of microbial
fermentation is required. The most important reason in the inefficient hydrolysis; the easy deactivation
of enzyme by temperature or shear stress and the severe inhibition effects of its products. In our work,
we comprehended the kinetic characteristics of cellulase and f-glucosidase in the progress of
hydrolysis, and observed the potential inhibitory effects of the hydrolyzed products and the deactivation
of enzymes. We also tried to present the kinetic model of enzymatic hydrolysis of e-cellulose, which is
applicable to process at the high concentration of sugar. Cellulase and #-glucosidase exhibit diverse ki-
netic behaviors. At a level of only 5g/¢ of glucose, the S-glucosidase activity was reduced by more
than 70%. This result means that f-glucosidase was the most severely inhibited by glucose. Also at 10g
/¢ of cellobiose, the cellulase lost approximately 70% of its activity. §-glucosidase was more sensitive
to deactivation than cellulase by about 1.6 times. The comprehensive kinetic model in the range of con-
fidence was obtained and the agreement between the model prediction and the experimental data was
reasonably good, testifying to the validity of the model equations used and the associated parameters.
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Denmark)$} F-glucosidaseE 7}3}gk Novozym
188(Novo Co., Denmark)& AM&3stgdch a4 o
7he 29 7HEA @A @3k 77 33.0 FPU/
mg, 62.2 CBU/mg o¢]9led, Celluclast 1.5L&
19 FPU/ml, Novozym 1882 20 CBU/ml 7}9&
Z citrate buffer(pH 4.8) 2 343} Al-&3}9]c}.

so @ g AT ol 4W Hest
=g dF4a acellulose(Sigma Co. Germa-
ny) & AHSslgnh. Af-A4 %= citrate buffered £
shof pH 482 Zusjol dfs w222 VE o

& Aol $542 sle A weol 24 124
R CE L E R AT
24

Afrd 7hres 49 97k DNS wh (6) <
o G FEF T3] Ao, fglu
cosidase®] 97}= 15.0mM M Znlo]e A5 7|HZ
gto] &4 ImlE H7ste] 50CAAM 3027 k&
A7l ohe ANE ZEY 5EE Suse] 2 e}
& AASAR(T7). T=FE Tt AL x]ek(f
A (F))E o}43 GOD-POD 4o 55
2 3245}‘0:1 ou:}, A Znlo] 9 ~= DNS uhalo] o))
odofzl T FEoA L= FE=E W e
2 %E 7”4?*“5}(8)

R4 7142

E4E o83 AfaE vk
£ 250ml ZetAze AFA9 citrate buffer
pH 4.8)5 Agz 7| rﬂra} 100mle] &ejz]& ot
o] zlel wjekr|(B. Braun Co., Germany)ej4|
HS-A Zich olwf I wiekr|o] HALE= 200
rpm olglem w2k, V|AFE, 4 Arte @
st 271 #HAZ Ag(9)9 Ao wet 2t
51C, 8%, 283 ztzke) dAr1rt 34.3 FPU/g cel-
lulose, 40 CBU/100ml reactantql AE-<lo}a|e}
B-glucosidases A7}3lo] 7hpial WSS 33t

oA},

TlA7e FEh

o7l BN

4] (4), (5)& wi7fsES gl TAs ] &4
o S YEe wAUCh 2o Age i
of 38 FHEA A5 ES WY FHAHEAMSA
oSS AASY. 2 Adgelds Marqu-
ardt-Levenberg &1 28|Z& 0|83 best-fitting 4



154

100 — B F-glucosidase

L @ Cellulase

80 - [
® i
E:
Z 60 |
9]
]
° L
2
g 4 |-
@
I

20 +

{ | | | 1 " 1 1

8-gluconolactone concentration(g/¢)

Fig. 1. Effect of d-gluconolactone concentration
on enzyme activities.
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Fig. 2. Enzyme deactivation profile during incu-
bation for cellulase and S-glucosidase.
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Table 1.Kinetic parameter of cellulase and &
glucosidase with regard to their interac-
ttons with products.

Parameter Parameter value  Enzyme/Inhibitor

L 0153 (h™" cellulase
K, 52436 (g/ Brglucosidase
h™)

Ky 60446 (g/07")  cellulase/cellobiose strong inhibition
K¢ 123837 (g/0 ™)  celllase/glucose moderate inhibition
Ke 03270 (g/07Y) fghucosidase/glucese very strong inhibition

K, 92856 (g/4_) Beucosidase substrate

A 0.0232 (h™") cellulase

Ay 00144 (b7 Belucosidase

¢ 1.0 cellulose
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28t= ZoZ Jeh}, ZTrord 93k Sglucosi-
daseo] oA dFo| 7iak AZ4d Aoz epbyith
w3k d8nlole~d] 5xr} 10g/¢ dd A A
glo}ale] 77l ok 70% Zaskdch. f-glucosk
dase®] 74 AgelolAe} njwsto] ok 16w A=
v|&Aglel] o] g e 2w w3 A
2ab A= g o g A ¢ e WY
Hg dglow, regart A=t APA
o} ZAloll gk A4k & A8}

S

o4

2 oATE AUARLIE A LAEY A
(1995) ol 2latof olFoj o ni, ofol 7habe} W g
=gy,

A7) 3.
k . specific rate of cellulose hydrolysis
(h™)
k. . specific rate of cellobiose hydrolysis
(h™")
KK, > lumped constants respectively (h™'),
(g/€ /h)

(O),(B),(G) : concentrations of cellulose,
cellobiose, and glucose (g/¢ )

(%) . concentration of adsorbed cellulase
(g/0)

(E), (E)) ' free cellulase and S-glucosidase
concentration (g/¢ )

(E). . total cellulase concentration (g/¢ )

7 . Volumetric rate of cellucose
utilization(g/¢ /h)

Ty . Volumetric rate of cellucose
utilization(g/¢ /h)

kuts Kas - specific rates of cellulase adsorption

on and desorption from the surface
of cellulose

K. ka/kass (8/€)

a, . total surface area of the substrate
(m*/¢)

a . surface area of the substrate
occupied by cellulase (m?/¢ )

a, . surface area occupied per unit mass

of cellulase (m*/g)
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K, . Michaelis constant of f-glucosidase
for cellobiose (g/¢ )
K.y K¢, K, © inhibition constants of cellulase
(8/4)
K.y, Ky, Ky 7 inhibition constants of A-glucosidase
(g/4)
¢ . cellucose reactivity constant
[dimensionless ]
A - specific rate of enzyme
deactivation(h™")
Faed
1. J. D. Wright(1988), Chemical Eng. Prog., 62.
2. G. Caminal, J. L. Santin, and C. Sola(1985),
Biotechnol. Bioeng., 27, 1282.
3. L. T. Fan and Y. H. Lee(1983), Biotechnol.
Bloeng., 25, 2707.
4. M. T. Holtzapple, M. Cognata, Y. Shu, and C.

Hendrickson(1990), Biotechnol. Bioeng., 36,
275.

. J. Hong, M. R. Ladish, C. S. Gong, P. C.

10.

11.

12.

13.

14.

Korean J. Biotechnol. Bioeng.

Wankat, and G. T. Tsao(1981), Biotechnol.
Bioeng., 23, 2779.

. J. M. Lee(1992), Biochemical Engineering, 1st

ed., p. 94, Prentice Hall, New Jersey.

. T. K. Ghose(1987), Pure & Appl. Chem., 59

(2), 257.

. S. Y. Huang and J. C. J. Chen(1988), J. Fer-

ment. Technol., 66(5), 509.

LA, AsE, AL FAMUA(1996), g3

ah3-3k3] 2], 34(2). (AAA)

V. Bernd and S. Walter(1993), Biotechnol.
Bioeng., 42, 469.

D. W. Marquardt(1968), J. Soc. Indust. Appl.
Math. 11, 431.

M. T. Holtzapple, H. S. Caram, and A. E.
Humphery(1984), Biotechnol. Bioeng., 28,
775.

G. P. Philippidis, D. D. Spindler, and C. E.
Wyman(1992), Appl. Biochem. Biotech. 34/35,
543.

G. P. Philippidis, T. K. Smith, and C. E.
Wyman(1993), Biotechnol. Bioeng., 41, 846.



