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Abstract

The production conditions of cellulolytic enzymes by Trichoderma sp. FJ1, were
optimized using response surface analysis. The culture factors which largely affected to
the production of enzymes such as cultivation time, carbon source concentration,
nitrogen source concentration, and composition ratio of carbon sources were employed.
Optimized conditions of the factors above to each cellulolytic enzyme production was as
follow: CMCase production was obtained in the conditions of cultivation time of 54
days, 3.5% of carbon source concentration, 0.6% of nitrogen source concentration, and
52:48 (avicel:CMC) of composition ratio of carbon sources, respectively, xylanase
appeared in the conditions of 53 day, 3.5%, 0.8%, and 54:46, respectively, and §&
-glucosidase were 7.0 day, 5.0%, 1.0%, and 83:17, respectively, and avicelase were 6.5
day, 4.0%, 0.9%, and 64:36, respectively. The activities of CMCase, xylanase, f
-glucosidase, and avicelase predicted by the response surface methodology were 33.5,
52.6, 2.88, and 1.84 U/ml, respectively, and p-glucosidase was enhanced up to 74%

compared to that obtained in the experimental conditions.
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ABFAA AF Z& AL o]§ste Widol A MAAY #AAA=7L Hol gten of
o] AFEe B3t L AF7F AFHL JoH(1). EA7A A vbell oEdE H{Ha
EHAELE o8 HAFL EFY st TN glucose A4 Ful8o] 60%7F A
Akl 2850, o2 HFLE EFES o|8F glucosed] FHAA A4l 2 Felirt Hx
At metx BAHeZ LS AAEE o] AFL A o8 T o] Ho
gx & 5 Ao

B AFddMe A4 EdlEL: NS AEITFH FHoR FFAI7] 9 A GA=
A9 AUAES HAASIA7] s 259 7127 fF2A8 2HE wFUeH, T2
T H HFl a2 2 Ao w59 EFREANUY ¥E a3 {FEANY 45 o
&S AES L, ¥H8-®HE A (Response Surface Methodology)S =93] &9 ik =
7e HFH3stuo

— 453 —



As 2 By
ALgAT, WFEH X aLBYE H4

B ¥ AR E Trichoderma sp. FJ1& ¥ YF2ZXE H23tHa, FHold cellulase A
M58e BRAFn Yok #F9 BE@ P o]&2 YMEA X (Yeast extract 4 g, Malt
extract 10 g, Glucose 4 g, Agar 15 g, distilled water 1 L)ol|A] 3zt 30Tl A FAAIZ]
T YAAC) BREste] AP o] &3t A A4S 7|2 ui A= Mandel's mediumS ©]
23593, 8429 x99 G YA avicelt CMCo EF71A S ALE3HAoH,
AA2Y = ¥3le 2 #7124 YQ bacto peptoned] F& WA T EFEAUY
H S H3lE HA 8429 552 YA A 3HEA aviceldd CMCe] F4 vILS ¥sAA
o 54 AL 9% g Table 19} 29 wjF=d wte} ZAE ¥ 50 mlS 500 ml
Zegtx3d we ¥, EARIAGAL 2% HF3H 30C, 100rpmeg myhaigF S
CMCase, Xylanase, B-glucosidase ¥ Avicelase®] HABAHAT FAHL Y-S 10,000xg,
1083 9482 st 45YS Thomas F(2)9] Wiol ot 243t
JeiAE 2 FARH

Z9 WUAAQ MY, B2 2R A2 Fx, 2 EFELA HIE T =
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+ 2 ﬁ: B X: X;

=1 j=T+1
Y : Response variable B, : Intercept
Bi,B; : Regression coefficients X, X, : Independent variables
213 A3}= SAS(Statistical analysis system)E ©]83ld FAHoZ FAste] ZHHF(
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APZAQ WFAZL, S22 5, A4 %, a2 EFELY ¥g b o
& a3l 54 A HgREUES M3 2 HHAE FE stationary point7h &
AEAT, o] MollM AHE HHZAL Table 3] JEhATH B4 dzs p=s7] 98
A9z AR%e) AW 2PN Wil B2PH=E EAe, 2 AAE Figure 29
Gehiit RE Eae] Aie AW APRE SR o wA vemo}, ok
BEZEa Yo 58" to]Qth Table 204 BoFE AT 220 7]& AFZANA
Ztz}2] CMCase, xylanase, B -glucosidase, 7123l avicelase®] k-2 Z+z} 298, 48.7, 1.7, 1.5
U/mle BeiFn Qed, ARz gy A 342, 574, 297, 201 U/mls} @G
71 AQYZART 14-74% 714 FAE S BT Yot

a o

A8t CMCase] ZALoANE B2 % 35% F2Y 5 06% EZExUQ
avicel 2 CMCe] H]& 5248, 1glxm u|FAIZF 54Y¢] 335 U/mlE HEFHI}HAL,
xylanase®] A2+e 35%, 0.8%, 54:469] wjFEZANA 53U 526 U/mlojAx, B
-glucosidase®] A4H2 5.0%, 1.0%, 83:172] ujFz=zdolA] 7ol 2.88 U/mlo] 131, avicelase
o] MALL 4.0%, 0.9%, 64:362] wjFZZANA 65U 1.84 U/mlZ HZH 3= Ut o] F oA
B -glucosidase®] AL 71 AJxARG 74% F=EE 7 & 58 PSS BAF
ot AAZ HFH 2z AFAFLS S} Ay E 2d gHIA0 dFHUG &
AqoA de Hed B 52 A =210 A3} BdEY A2EL APHLeR FLE
Aastna & o) Ao {834 AHEE Aot

Aol 2
B A7 AT 5272 AT (R01-2000-00350) A Yoz FHEUS.
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Figure 1.

were fixed as 0.16 and -0.06 as shown in Table 3.

Figure 2.

predicted(ll) by analysis of response surface
and activities((]) experimentally verified in the

Table 1. Standardization in three levels of each
factor in various culture conditions.

Wi Sym  Culture Standardized
actor bols conditions levels
Time(day) X: 3 5 7 -100 0.00 1.00
Carbon
P— Xs 10 25 50 -1.00 =025 1.00
Nitrogen v ' ) 05 1.0 -100 -011 1.00
conc.(%) o ’ ’ ’
Avicel/CMC 17: 50: 83
iy o g9 B0 Iy Y90 00 100

CMCase activity(U/ml)

3-D

response surface in second
scanning to the production of CMCase according
to the variation of cultivation time and carbon
source concentration. The valves of X3 and Xi

70

Table 2. Experimental results and standardized
values i 1

of each factor in wvarious culture
conditions.
Experimental :
Run De . Experimental results
conditions
No.
X2

Cmc Xyl

H
ol

14 31

|
—

14.3

183

icioioi—io

b=t

oo

Enzyme activity (U/ml)

4
60 -
50 -| r3 X
Pl 39 1 ] )} 1l 03 06 0 0.1
L2 Cmc(CMCase), Xyl(Xylanase), Bgl(B glucosidase),
30 | Avi(Avicelase)
201 1 Table 3. Predicted optimum conditions by
10 - analysis of response surface.
0 0 .
CMCase Xyl p-glucosidase A Factor CMCase Xylanase 5i§;:§OS Avicelase
X1 54 5.3 70 6.5
Comparisons between activities :

X4 52:48 54:46 83:17 64:36
optimal condition of each cellulolytic enzyme. Predicted 35 526 2,88 184
The bars showed standard deviations. values ’ ) ) )
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