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W OB aMEBEBERYSE 21 RIKEBSEZTB7EH. XFHK CNY0L AKERE
(Trichoderma viride), B 3& 7 4 67.30 U/mL. v E#hAh b X #i4k, % UV. DES Fi5%, & F &
5 R EH A CNY086, BaiE /A 9217 UmL. #Z R K HAIKIRLF g R B A 5 BA BT H.,
Wit PR EAE R LA LR T H bk CNY086 KR 4F 4 £ MR B R 1B 3 it 54T 4 1.20%. #£
K 0.70%. #iEi4% 0.50%. BB — S.47 0.55%, X &4 F CNY086 i #hBa7%E /) i4 2] 108.55 U/mL.
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Breeding and Fermentation Medium Optimization of
Cold-active Cellulase Strain CNY086 ( I)

CHEN Liang CHI Nai-Yu ZHANG Qing-Fang”

(College of Bioengineering, Dalian University, Dalian, Liaoning 116622, China)

Abstract: 21 cold-active strains which produced cold-active cellulase were isolated from Bohai Bay. One of
the strains CNY01 was a kind of Trichoderma viride and its cellulase activity was 67.30 U/mL. Through UV
and DES mutation, the strain CNY086 was bred and its cellulase activity was 92.17 U/mL. The strain
CNYO086 had stable ability to produce cellulase. Through orthogonal experiment, the optimal condition of
the fermentation medium had been tested. The suitable medium was that straw power 1.20%, bran 0.70%,
(NH,4),S0, 0.50%, KH,PO,4 0.55%, in this condition the cellulase activity came to 108.55 U/mL.

Keywords: Cold-active cellulase, Breeding, Optimization
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, 1.0x10" /mL, 2% DES,
, 100 r/min , ;
[4-6] 135 AEEFREREZRIN:
' : 500 mL
200 mL, 5%, 20°C, 145 r/min
48 h; 4°C 8000 r/min 15 min,
1 MR8
1.1 E#k 136 HEFEMUERILH: ,
CNYO01(Trichoderma viride): Los(5%) ,
) 1
1.2 EHFE
: CMC-Na C1x 2 HRE5ESH
5 -
10° Pa 30 min 21 BETELE
2009 209 CMC-Na , 15°C
5 -
1000 mL, 1x10° Pa 30 min 3 d, 21
2.00% 5 1.50% , 67.30 U/mL:
0.60% 0.60%, 1x10° Pa (Trichoderma viride)™, CNYO01
30 mn . 22 BETESE
13 KW7E 22.1 UV BEEE: ,
e \ B . _
131 E#HIHE: CMC-Na e Na , ,
, 20°C 3 d~5 d, 0.2% 1h,
7 7 , D/d
1 mol/L NaCl 2 ht
1.3.2 HBgEHI&: 4°C, 8000 r/min ’
. , 2 2
15 min, )
133 EEEHME: Horikoshi [ : 9 min
1ug '
(U/mL) 76.95 U/mL, 14.34%,
1.34 FETH®EE: 1) UV CNYO08
1.0x10" /mL, 30W 2.2.2 DESiFZ: DES :
15 cm , , CMC-Na , \
2) DES uv 7 , DM
Table 1 L,s(5* factors and levels on fermentation medium
A B C D
Factor
(%) (%) (%) (%)
Level Straw powder (%) Bran (%) (NH,),SO4 (%) KH,PO, (%)
1 0.60 0.50 0.50 0.50
2 0.80 0.60 0.55 0.55
3 1.00 0.70 0.60 0.60
4 1.20 0.80 0.65 0.65
5 1.40 0.90 0.70 0.70
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*2 UViETHESEENXR

Table 2 The relationship between UV mutagenesis time and activity

Mutation time (min) 1 3 5 7 9 11 0
Ratio 1.16 1.18 1.15 1.26 1.43 1.05 1.16
Activity (U/mL) 67.30 68.43 66.26 69.87 76.95 60.77 67.30

%< 3 DESFZTHEISERNXR

Table 3 The relationship between DES mutagenesis time and activity

Mutation time (min) 10 20 30 45 60 120 0
Ratio 141 1.09 1.65 152 1.37 119 1.42
Activity (U/mL) 75.42 63.74 92.17 83.35 72.18 68.76 76.87
, 100
) 3 =)
£ o5}
3 , 2% DES CNYO08 =)
30 min ?
£ 90t
, 92.17 U/mL, 5
36.95%, CNY086 Z s
o —_ kY U
2.3 TIEHk CNY086 HfEfa EMMR
80 : ; . : |
CNY086 L5, 0.5 0.7 0.9 1.1 1.3 1.5
5 ) ) Straw powder (%)
, 1

2 TEIFMMREFEK CNY086 X EEF M
100 Fig. 2 The effect of straw powder on fermentation of

strain CNY086

S 2 0.6%~1.0%

E 80 , CNYO086 :
s 1.0% 95.31
= 0 u/mL; : :
3

60 - . ; : : . ; ’
3 5 7 9 11 13 15 17 , CNY086
Generation 1.0%
1 REEIE CNY0SE RICESE IR 25 BREMREEH CNY086 KEERI
Fig. 1 Genetic stability of strain CNY086
1.0% ,
1 . CNYO0S86 15 0.4% 0.5% 0.6%
89.87 U/mL~93.65 U/mL 0.7% 0.8%, CNY086
(92.17 U/mL) , 3
0~2.30 U/mL, CNY086 3 , 0.4%~0.5%
, CNYO086
24 BOEMRIE K CNY086 KBS ; 0.5%
, 0.6% 97.40 U/mL; ,
0.8% 1.0% 1.2% 1.4%, CNYO086 , CNYO086
2 0.5%
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981
97T
96|
95t
94
93

92 . . . )
0.3 0.4 0.5 0.6 0.7 0.8 0.9

Bran (%)

B3 FHERLEEM CNY086 LB T
Fig. 3 The effect of bran on fermentation of strain
CNY086

Cellulase activity (U/mL)

26 RIEXNRITEHK CNY086 & EEF M
1.0%
0.5% ,
0.3% 0.4% 05% 0.6% 0.7%,
CNYO086 4

102
99 |
96

93 r

Cellulase activity (U/mL)

90 1 1 1 1
0.2 0.3 0.4 0.5 0.6 0.7 0.8

(NH,),S0, (%)

B4 (NH,),SO, xR T E# CNY086 % BN
Fig. 4 The effect of (NH4).SO, on fermentation of strain
CNY086

4 , 0.3%~0.5%
, CNYO086

; 05% |,

99.87 U/mL; ,
CNY086

0.5%

2.7 B _SERXTRITE AL CNY086 A& E2E 0
1.0%
0.5% 0.5% ,
0.3% 0.4%
0.5% 0.6% 0.7%, pH 5.37
5.13 5.06 4.98 4.77, CNY086
5
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KH,PO, (%)

B 5 KH,PO,*RIHEH CNY086 % E2 52N

Fig. 5 The effect of KH,POs0on fermentation of strain
CNYO086
5 , 0.3%~0.5% ,
, CNYO086 ;
0.5%
104.37 U/mL; ,
, CNYO086
0.5%
28 IEFEMA LsG)ERZER
1.0% 0.5%
0.5% 0.5% ,
L2s(5°) 4
4 ,
CNYO086 )
, A3BsCoDs
53.96 U/mL,
CNYO086 ;
A4B3C1Dy, 108.55 U/mL,
CNYO086
A 4 , A
1.20%; B 3 , B
0.70%; C 1 , C
0.50%; D 2 , D
0.55% CNYO086
A,B;C.D,
6
6 : CNYO086
A4B;3C,D,
, 5
S :
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Table 4 Results of the experiment Lys(5*) on fermentation medium

Group A B C D Result (U/mL)
1 1 1 1 1 87.99
2 1 2 2 2 85.55
3 1 & & 3 79.40
4 1 4 4 4 67.90
5 1 5 5 5 66.04
6 2 1 2 3 75.80
7 2 2 & 4 86.13
8 2 & 4 5 80.44
9 2 4 5 1 71.53
10 2 5] 1 2 88.92
11 3 1 & 5 69.87
12 3 2 4 1 63.37
13 3 & 5] 2 71.27
14 3 4 1 3 59.00
15 3 5] 2 4 53.96
16 4 1 4 2 92.52
17 4 2 5) 3 94.15
18 4 3 1 4 108.55
19 4 4 2 5 99.37
20 4 5) 3 1 63.83
21 5 1 5 4 91.59
22 5 2 1 5 83.23
23 5 3 2 1 88.57
24 5 4 3 2 80.56
25 5 5 4 3 67.32
1 77.38 83.55 85.54 75.06
o 80.56 82.47 80.65 83.76
13 63.49 85.65 75.96 75.13
Ha 91.68 75.67 74.31 81.63
s 82.25 68.01 78.92 79.79
R 28.19 17.64 11.23 8.70
00, —e—A F5 RBIEREBENN
Table 5 Fermentation analysis of variance
g 0T Factor SS df F Foos  Significance
?g 30| A 2084.821 4 6.872 6.390 *
;:E B 1044.003 4 3.441 6.390
70 C 383.486 4 1.264 6.390
D 303.370 4 1.000 6.390
600 l 2 3 -;L S 6 Error 303.370 4
Level
, CNYO086
6 ZEEREH
Fig. 6 Curve of facter trend : A4B3CiD;
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3 Wi
CNYO01
, UV DES ,
2 h
1.0x10° /mL
CNY086 ,
Los(5%)
: 1.0% 0.5%
0.5%
:1.20% 0.70% 0.55%
CNY086
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