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WE ALRFABCE —mRAETB, W IR RS (ORE Tr-02 AT G, @ B5e 1 e ik,
AR B R AR B R . S SR T R RAL, S5 R M, DL 0.5%Ek B M BRIR, 0.5% A
WA AIE, 0.1%Tween-80 154 =L dEF, Fr723E4)46 pH {64 5.0, i 100mL, #F PR, 28°C, 180 t/min
Bi 9% 48h, AKRBEBGIT Sk 3 281.21U-mL", B2 M A4 H R TR MR SRBH RS )19 31.83%.
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FHE (Xylan) MY 48 R0 T 24 5
R KA S SR 173, SRR R Y R
PR AR PR A SRBE I T R A R b
B A AR SR A FACHE s AR B T 2 5K Al
AHUREAEF=TORs; thnl H TaCRE A, wWbE A
TV FH 2 AR R 10975 G LA R AE AR T P4 vk
S ARDR IR 20 2420 R [ P A S AR SR I 1)
WP AR, B IE AR, AZEREREAE A Tolk
Tt FR 751 B IR AR KA 2B =, DRI R R R T U
KB SERR N« WOEE L E R AL T 20 tHa
60 FAR,  SZERAE S —FiAT 2 AT RN A T B
sk 25 He-Ne WOGTHAR Tk RE,  Hompg op
M7= o L R R AR T B 30%.
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1 MRIERZ
1.1 ##

1.1.1 B Z A 40 KE (Trichoderma viride)
Tr-02, ASZE = {RAF

1.1.2 #oeE  FHBOE N U Nd: B4k
ML AR A T AR T %8 (Neodymium:  Yttrium

aluminum garnet, YAG), ([AIEFR%=AEmBlrbH
KRB, HHEOEH K 266nm, fik%E 3~6ns,
Fk e 40mJ .

113 ERGHATNE  TORORE, B K FrE:
4h, RPEFUEM, 5%NaOH Z[[EW L 11 10 F 70°C
A 24h, JEHH LR pH AE S 4.5~5.0, JTIA
2 AR CRE, T 4°CICE Sh LLE, 5000r/min 2§
Lr 30min, BT K LEEVESS 2 ¥R, 50°CHE
T JE R R BN A R K AN I K R AR SR
1.1.4 254 RHIR IR 5% 2 40
(Potato dextrose agar, PDA) 15 7#3E: B8 200g,
F2 V) kN, nsK 1000mL, &35 30min J5 20 A5
g, #MKZ 1000mL, IntE % 20g, EflE 20g,
H 4Kk pH {8, 121°C )5 K% 20min.

FLIF IR (g LD E KUK AN 20.0,
FAME 100, JR%E 10.0, FAF 20.0, mandels &7
WS, pH AR, 121°C &k K # 20min.

BRI Y 2%, |AMK 1%, JKE 1%,
Tween-80 0.1%, mandels & FEH], 121°CEHEK
20min.

1.2 LWAHE

1.2.1 #otseRie T 4F RN WEROARE Tr-02
ST, 10000r/min B50 1min, JCHIZKPER: 3 1K
JE A TS 10°~107-mL", HC 100pL T6
B A DO PR R, 4 ) S Os. 20s. 40s.

E K BARFEIES (30570376) LlFTTHERIEQIHIE (082221). JEREE SITE (06JC14068) il
FE: XEI, &, 1983 4F 8 AW, 2006 FEN T dbAl KRB dr ket b, AREENL, BN RBE R A b
B2 SRR 2B E 9T A, WFSE 7 I e s . R ST TR

HHRBCRN: i
Wk H 4 W% 2008-06-18, 1&[H] 2008-07-11



336 WEMASEN LZE %M

26 %

60s. 120s. 180s. 240s. 300s, FFANALFE 5 ANEE .,
) A A DN 900pL TG R AR T, &Y
File J5 14 PDA B, 72h JE o808 A HUE vk
o, WHM AR,

1.2.2 s it DNA - HUNMlUTR: 10pL (RJE
A 18.7mg-mL™), LKA 100 3545 1 . AR
100uL # B Jo JTORL i ¥ J0 W A 9 S0 5 FERE
i, 266nm AL/ HHE I 0s. 40s, 1min. 2min.
Smin. 10min. 15min; MG H 1%30 IRk &R
iTHYk (TAE Buffer, 5V/em, 50min), 1.
1.2.3 MGk BE0sER R 1708 Ui R
Ja Y STEAT TR R SR 5T, 72h S5 HREGZE B ]
SR AR DT ) B B T 1 b B — BRI TR R
1.2.4 Zih7 % BRI H O EAREE BN PDA R
BigE, 28°CHiFE 5d, frffl 7 Reaviflis i, B A
TENEIGEE IR IR R, 48h Ja I e A R H g
.

1.2.5 MBR 4 & KEHEE 4 EDAMit)E, 4°C,
50001/min Z5.Cr 15min, & )25 W R0 AR B, i
RAE o

1.2.6 REAEBEN T 7% pH4A.8 MBS
YR 1% AR ZERER M, U 1.5SmL B3Ry, A
FHRE 0.5mL (JT] 0.05mol/L. pH4.8 [T % 2% i
WOE M), 50°C /K PRI 15min Ji5 il 3mL DNS,
KM 10min Jii 57 RN K AR, Z%00KE &
2 10mL, $85), DUKIGBEREAERTI, 540nm K
FHeth, WilE OD fH. ArbsuEmsk, RS .
g ) e s BB T R AR 50°C 454 N B¢
FARARVEAR ZEBE i 1umol ASKH IR &K 10U,

2 FERE55R

2.1 266nm FLIEBZEAKRE Tr-02 HF|I S
i 2%

RS AR TR IEL CILIE 1), ZENr R il
%o
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Fig.1 The survival rate of spores to 266nm laser irradiation

SEEG AT 266nm WO ARFEA AR K37

1 A5-00% i S IS T P B8 i S o, S
FIFERN R I 208 I, fTFAEECLMK
T 50%, 40s B EILRIAE] 80%LL . VIBALET,
ARSI RO EEOEIN T2k 18s i Blére
) e, AT CASEESRAG BT 5 e s PR ) R A

2.2 266nm EHyiEEB A DNA

OGHR R A3 DU ML A R P UL S IR e 2
DREA, PR RAR, 330 DNA SiMBER, i
KIS E DNA T B FOSUEE 284 53 0 TE 1 T 28
X (0C) R (LD, MM BB b i
e, PR, et =4, WK 2 Rl LIEH, Bl
HIOCHE I TGN, SAIESN DNA HEiE
kb .

0Os 40s Imin 2min Smin 10min 15min

Fig.2 Damage of plasmid DNA to 266nm laser irradiation
23 BFERERHE

WO — PR AR Y E A B P U I EL Y
FATFB, FEESE TR TR, 75T
KREJEHHE R DNA 2 T4, TRl S5 R i
BAG 40 i () B T 26 B0, 25 10 1 A7 05 28 F b
DNA #3455, #fie #2408, BRI
TEE e, H DNA AW B4t .

24 THRIREER

WOGHR IR 40s AT 51840 T 1 AR,
AR B AN SR kL 10 B BH R I 2
AR I I R B TR R AT, JFRMT R T, 45 R
£ 1.

Table 1 Screening result of Trichoderma viride Tr-02
irradiated by laser

. Relative . Relative
Mutant strain Mutant strain
No xylanase No xylanase
' activity / % ' activity / %
1 111.33 6 120.40
2 86.59 7 105.16
3 110.84 8 78.82
4 98.21 9 101.27
5 132.86 10 116.98
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R 1RW], ALK HOE 40s FREZ BT
ATk, W WEEE Y B ORE, W B
ROCRHSE [0 TR BAT L RAR SR IO o o 5 5145
ARG ARARN T H A R RIS B2 e T 30% A L

2.5 S5 SRTEHREREEN

BACE PR AR BAT L R AsE, (HAL ) KR
RAZ, AL RMIRIE R I+ DAk A - s
WK, AMEZSRE ™, B R BA IR e F8 e
Mo JHIEH I S S Eikk PDA #HHifL 10 18, R
MG BE N 100%, EBE—ARHIADG IR, 4551
W2,

Table 2 Xylanase activity of 10 generations of No. 5
mutant strain

. Relative . Relative
Generation Generation
No xylanase No xylanase
) activity / % ) activity / %
1 100.00 6 104.43
2 102.50 7 100.86
3 107.00 8 106.99
4 106.50 9 100.84
5 103.45 10 101.90

FE] Py 477 30 DA A SO i AT LAAR B ] L 2 R e
FEHTEA RN, A AZA SRR BR B vk, AL
DNA. RNA FlI& R REn i m, pik s n
JRE A E TG G 5, AL A6 e i,
R R PRGN AN M (5 25 S AL B M e Ry, I
PE 40 R AU BE D) SR i 5 B ATP [HI56E
j][lo] .

ARSI v G R RS N ANE R I 4
1, PTREAE AR 2 55— ARIE S PR R B A SR B I 1)
Re I KR mr, e L m LA RS
F A= IR TS AR A P M RE A AT A, X
il T BOEAE T DNA, F2Ak A S, BRI
BERR AT RER AR AR, Hn] LUB AR AT 41
R B S20H Sk B R B 8 AR TR IR AT ) il . A S
KR RIE I 5 SRR BUARR SR AP AE 2
{EALAR 10 UG HAR TR AT AR i TR, R B BHL AR
TEPEARUF

2.6 AR FEERIF N

PLEE A 1%, JR2 1%, Tween-80 0.1%, JHi2:
= 50mL, 4K pH {E A FEAE, 43I R R SEm
VBRI SIRIEY R 2%, 28°C, 180r/min 5% 48h
Je e G, 4RI 3,

Table 3 Impact of different types of carbon source on xylanase production

Carbon source Corncob

Corncob and bran

Corncob and glucose Wheat straw Bran

Relative xylanase activity / % 88.72 95.03

92.63 94.37 100.00

SRR, 5 5 SRR FL— kB R R S e
Xt INZEREAT IR 3 de 22

WMEMA RN R 115 S, IR T IRY)
FE A S e 8 R DR o AR 2 et ) LA 34
TE AN AR, e SRR R A R
NS BB AR IR T, A& R
AR AR A, T S IR R . A
I T EOKEIKIE IS, R AR AR b
NSRBI 73198 DAy T 2 7T LR P ) B U SR M ) ok
BERAG, ANBEWAL T 2R BTy, DAL 22 1A

P74 T HE 2 IR SRR Sy i 240 b, LIS 2
S22 [ n] DL I OB B SRR, XA T 22 AR A
“OUR” B0 S 2 R B
2.7 BRBERMME X FEESR SR

LR A 1%, JRZ 1%, Tween-80 0.1%, Jfih
18 50mL, H4R pH 1B N FERY, 2350 I AAS R B &k

2, 28°C, 180r/min E:5% 48h J5 i@ lgiE, 4550
i%40

Table 4 Impact of carbon concentration on xylanase production

Carbon concentration / % 0.2 04 0.5

1.0 2.0 5.0 10.0 15.0

Relative xylanase activity / % 42.19 46.67

100.00

37.39 25.39 17.68 17.30 7.5
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SE G R U2 TR A P I 75 B A i JRIR BN 0.5%, gL s,

L DBRIREASBET AL AR, 1 2 R (e A A BRI ERK LR ZE, WA

ZAEK, MR T . B RBEZS pH fH. A HLRIESE 20 A FH ] 5 i

2.8  AEFRIFRXFEERIFIN

DLEK Y 0.5%, Tween-80 0.1%, JfiEH 50mL,
HAR pH {45, IINARFEFEREIR, R
FEYIl 2%, 28°C, 180r/min £53% 48h 5 I & B »

W pH T s JOHUEL BR AR S3 fR P UM A I pHL
B. SEEn R, R EHLE (NH,) 2SO, HIAI A
e, MWANEEARMAFR Rm, ATRedE A+
AW R A TN IERR, w] DALER R I ] A
e AL

Table 5 Impact of different types of nitrogen source on xylanase production

Nitrogen source Peptone

(NH4)2S04

Peptone and (NH,4),SO4 Peptone and urea

Relative xylanase activity / % 100.00 21.94

75.83 91.97

29  FUBRARMMEN RS

DLER Y 0.5%, Tween80 0.1%, J3EHE 50mL,
HAR pH 4356, 3 A INAAS [RIR & 1 28 (R
28°C, 180r/min 5577 48h Ji5 il € Bvh, 45K W% 6.

GRS N A A R SRBH I A B A B Y
W, FIRA BT L R EK, B s s s
FEONE R AL, AR ARREAR, I AERETR,
PR BB R D o S I P R IR T e R
PPN 0.5%.

Table 6 Impact of nitrogen concentration on xylanase production

Nitrogen concentration / % 0.2 0.4

1.0 1.5 2 5

Relative xylanase activity / % 10.63 20.21

100.00 83.15 70.18 54.35 23.13

2.10 AkEE#EIA pH EX BRI SN0
PLEK % 0.5%, SHEHE 0.5%, Tween-80 0.1%,

2 SomL AyFEAl, MR ERFR A 10%NaOH i fig
F pH 54 34 4. 5. 64 7. 8.9, 28°C, 180r/min

T A8h Rl E MG, SRR 7.

FIRAAIIR pH ERZW T W22 10K, 22
BERCRE N EH LM E VM. AR pH {H
(pH=5) Jedm A, WIRVESAE N R LAE /)
AT AR, BRAE A T A A A g o

Table 7 Impact of initial medium pH on xylanase production

Initial medium pH 3 4

6 7 8 9

Relative xylanase activity / %  14.69 67.68

100.00 66.99 41.74 40.79 33.93

2.11 REEXFERAENE

PLERIY 0.5%, AN 0.5%, Tween-80 0.1%,
HAR pH N 5Eal, 0l e AN FEDEEE, 28°C,
180r/min 1557 48h J5 il e lFvG, 455 W4 8.

R R B A U R R IR I e
e 100mL, FiFRIEARBULMER B AR E KA
A RSB AT A, REEA RS
MG, AR E A

Table 8 Impact of medium volume on xylanase production

Medium volume /mL 25

100 150

Relative xylanase activity / % 69.79

79.80 100.00 53.47
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212 EMARIEEEHIEIN

PLERIY 0.5%, AN 0.5%, Tween-80 0.1%,
TEEE SomL, HR pH {8 K34l 430 e A Rl
Fh7: ImL. 2ml W 1057 /mL ) B A T

R H (A 0.5em®) . PIHRflL T, 28°C,
180r/min 1557 48h JG e Mg, 45K M%K 9.

AR A BRI B P A 0 A RO A K
(PR vk, AH R BRI 7 S N fafe, R 2 A,
NG5 gy, PRI ik g EeR 5 5

Table 9 Impact of vaccination method on xylanase production

Vaccination method Spores block

ImL spores

2mL spores Two ring spores

Relative xylanase activity / % 100.00

67.53 78.46 98.47

213 FRELEMEFIX - EERY S0

PLEK R 0.5%, =AM 0.5%, fi%sE 50mL, H
SR pH (H My 3L, BRI AN InAT ] R 1H1S PE A1,
A A 4 BIMNARFLE g 0.1% AN [R) A8 2R v
PEF, 28°C, 180r/min ¥53% 48h JE I E S, 455
W= 10.

JEE TR MIEHEF Tween-80 J&1% 14 I -1 7~
(k7 , 7] e Tween-80 H028 1 40 o i 1 38 525
TAEEE T AR S 230 » Nemec 25U 2I7ERF 57 22 it
B RIS I, RN 0.1% Tween-80 2 78 i
B R ) B IR i, RS R T

70%; B FRILP AR Tween-80 IR, 2 il A7 40 fifw Jise
TP S R R S Hv S G 0 . Tween-80 (1)1
AR F 2 55 BT WEIEFIRENG, il 2
A0 MO T B4y, AR Tween-80 5200 T 41 A JIk 1)
AN, e s T 8 i R ) i . K
SN AN SR e IR) J8 T3 KAk B W /K il 2, mr LA
HEM, 75010 Tween-80 i BEA SR BE I - (AL EE S 2
AHTE, {H A&, Tween-80 WK ¥ TFiE &, MM
Tween-80, — J7 ISR MR, S— 7 &1
TR AR N AR

Table 10 Impact of surfactant on xylanase production

Surfactant CK Marj-59

TritonX-100 Tween-20 Tween-80

Relative xylanase activity / % 100.00 96.86

96.85 91.66 112.53

214 EXREM S SIFTEGRELEEZY

IEARR W 11, W45 Rk 12, sy
N Hr L 13, 52501 Wk 14.

WRyEZE 00T, SHREZMEXT A D> A>
C> B, SZIGSAEEEL AB,Ci Dy N EAL, LA SAH:
CEANE 0.5%, %k 0.5%, Tween-80 0.1%, JHi:

T 100mL) AP 48h, 75AR BRI 1) 55t ey AR SRS
PR LA F] 280.9U/mL.

Wt 2 M AT gn, 7 D RIHCE R AR A
BT 1 R AR S 0 R PR = B I S e o P B, TR B
RIER B B P g g 3%, P C B Tween-80
OIS R ES AR

Table 11 The orthogonal design of four factors and four levels

A B C D
Level
Nitrogen concentration / %  Carbon concentration / % Tween-80 concentration / %  Medium volume / mL
1 0.2 0.2 0.1 25
2 0.5 0.5 0.5 50
3 1.0 1.0 1.0 75
4 2 2 1.5 100
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Table 12 Result of orthogonal experiment of No.S mutant strain

Experiment No. A B C D Average xylanase activity / UsmL™
1 0.2 0.2 0.1 25 91.56

2 0.2 0.5 0.5 50 66.65

3 0.2 1.0 1.0 75 39.86

4 0.2 2.0 1.5 100 39.54

5 0.5 0.2 0.5 75 168.00

6 0.5 0.5 0.1 100 280.92

7 0.5 1.0 1.5 25 59.89

8 0.5 2.0 1.0 50 112.02

9 1.0 0.2 1.0 100 196.91

10 1.0 0.5 1.5 75 61.81

11 1.0 1.0 0.1 50 237.25

12 1.0 2.0 0.5 25 118.40

13 2.0 0.2 1.5 50 102.02

14 2.0 0.5 1.0 25 65.02

15 2.0 1.0 0.5 100 222.17

16 2.0 2.0 0.1 75 193.40

Table 13 Range analysis of orthogonal experiment of No.5 mutant strain
A B C D

I 237.61 558.48 649.27 334.85

I 620.82 575.74 676.56 619.28
il 614.37 716.21 699.24 620.12
vV 582.60 525.83 325.73 802.02
1/4 59.40 139.62 162.32 83.71
11/4 155.21 143.93 169.14 154.82
[1/4 153.59 179.05 174.81 155.03
V/4 145.65 131.46 81.43 200.50
R 95.80 47.60 93.38 116.79

Table 14 Variance analysis of orthogonal experiment of No.5 mutant strain

Variance source SS MS F F0.05(3,3) Fa0.01(3,3) Significance
A 547102.34 182367.45 90.74 ok
B 112951.39 37650.46 18.73 *
C 494691.86 16489.95 8.20 9.28 29.46 —
D 595995.08 198665.03 98.86 *k
Se 6029.56 2009.85 — —
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2.15 HABRKRINZTEREI B T2
PLEE R 0.5%, #kHZ 0.5%, Tween-80 0.1%,
i 100mL, HAK pH {E LAY, &F 24h W&
W, sEHRILER 1S,
Table 15

REW, HAEME 48h BEIE AR, A
281210 -mL", AR R B4 AE T R T MRS A
213310 -mL", MG 31.83%.

Xylanase activity of original and mutant strains

Time / d Xylanase activity of original strain / U+ mL"! Xylanase activity of mutant strain / U - mL™"
1 68.41 78.47

2 213.31 281.21

3 196.42 228.82

4 124.27 130.59

5 91.82 113.46

6 74.37 80.99

7 71.52 79.75

3 g ZHANG Zhiwei, WANG Xu, LIU Jinping. Laser Tech-

FH 266nmNd: YAG O FE B A2 4% (5K 55 Tr-02
BT 40s, F3E] 7 PR eRRBERE R AR, XS
S SR AT RN, AR IR
AR 281210 -mL™", M RIS AE T B 2L Ak
WoN 213310 -mL", B 31.83%. SEIEH:
266nm WO IE— M) AR B R TR, 4G En
ik ik, AT LA R BT MR AR, O R IE
B REOGFH AL T 57 B4 e SE At
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Selection of Trichoderma viride strains irritated by laser and

optimization of the xylanase fermentation

LIU Zhenzhen' MAO Wenjun' ZHU Hong' ZHU Rongrong '
SUN Xiaoyu' YAO Side’ WANG Shilong'
! (School of Life Science and Technology, Tongji University, Shanghai 200092, China)
2 (Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

ABSTRACT A mutation of wild strain Trichoderma Viride Tr-02 irradiated by laser was studied in this paper. A
high xylanase-producing strain was obtained by two steps oriental screening finally. The results show that an optimi-
zation condition of the xylanase fermentation is as following: 0.5% corncob as the carbon source, 0.5% peptone as the
nitrogen source, 0.1% Tween-80 as a enzyme-promoting agent, initial medium pH to 5.0, medium volume to 100mL,
vaccinated two rings of spores, 28°C, 180 r/min, fermented 48h. The xylanase activity of the mutant reaches
281.21U/mL and is 31.83% higher than that of the original strain under the same conditions.

KEYWORDS Laser, Trichoderma viride, Xylanase, Fermentation

CLC Q631, Q345+1,Q343.1+3, Q815



