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#E SATLURMEANHEEE RASE BT E. A REE S E . EBT 4
A ETEE. AR AR RE. 2 CANER4 R . GEREMNREEIE. CMCEIE

(C 29 2839 me FEGHE /g « h IBAKEEIE(CL) N 299 mg W% M /s - h B- M HMHFBHIEH 1091 mg F

WH/g-h, FEMEEH, No. B SHHMBEZEES £REATRANANSTRER SUAEHE

FHRNBEERSTEHEAT TEANR XA R AR ERZH B RTHERFTFEE

AHRH R E—HFNMEDREEFROEE T %2 —.
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SFUERBBRIDT R M R A , A% e 2 BRAE 5 A ML . £ &0 4 el F U B o BSR B 5 e By —
RETHREGEERHRZAMNGHFERD, HR, BT ERBOT R KEHEPTASE,
10 R & /9 222 YE T 22 [P i), B T 28 8 AR ) _E Y R A ok 32 B PR ]

RHBRAIRMNGEZLER MHERFAERGEHNRROMEDZ — Bt 81
EHRMENEEE R, B T EERC X RI AFFETR FHEER G407, 5k % H T
AR R EHIEEFT AR, R AFHFEETE — B BERER B L LT EEBY
AEER MCFETHEARERL LCTZRMA, FEBE T IFSBEMRRY ER, X
BAEMROEE Fa9CMIRE R AT, RNERREFANRERFELFHOEREM O,
HHASHOCHARRN AT RETH R FLE R HRFERBHT=MH S, K8 T LEg
IER.

2 M¥EIE

2.1 HABHEXE
AU IE RCF TR H AR SHOLE . KB EHR ¢ = 2em, Jkrp HEHIE N
7 kHz,

2.2 WEREHH®
R (Aspergillus niger) , RA LI FE R,

W ER s 19944F 12 A 28 B WRIMBECM AR : 19954 11 A 8 H
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2.3 HENR

2.3.1 FEEFE. STHEWHEERIREFE.

2.3.2 PR E™: EREEZERENY 0. 2% HEH).

2.3.3 WBEFHEAEHRED, B4 60 g, F $ 40 g, (NH,),S0, 2 g,KH,P0, 0.1 g,
MgSO, + 7H,0 0. 05 g, 7K 200 ml, [ 4% pH {&.
2.4 HiE

2.4.1 WTFBRBRHE: BHBEHTFRESASEL EXRBRENSIERTF AL
WAELKHRAFE TREPMEHENIE=ZARA EHRFER. SEBRLIHLER
BRF . RERIATRFEER 10%m WHRTFERE. -

2.4.2 BOLHER. ALREM 4 = 510.6 nm JOE, AR IEKNHEREETIER
B IE], X R F AT AR AL

2.4.3 TR RABREHNR TR . SE4XFBE.RF TEREKEFRE L, 28 C#%
I REVLBKEUCR % .

2.4.4 HIMIIER. BEARFEFTHRESLIEHE, 28 CHEH 4K,
2.5 EEERE

EREEH 5 ¢, INZKIR/K 50 ml, F 40 'CIR¥E 3 h, o Y8 [RESWE , AR oH {849 8 rh WU
B IS5, SLHiREE.

2.5.1 WHEFE(FPA)(C): 0.5 mi FEBM, M0 1.5 mIipH 5. 089 0. 2M ESER B M K R
—%& 1X6 cm B4 & (50+1 mg),45 C,B5f% 1 h,

2.5.2 BREAREAHEE(CMCOEEE(C)0.5m! BB, 1.5 m! [ pH 3.5 BARRE b
WRCHIA 1% CMC #,60 'CESR 20 min,

2.5.3 B-MIHMEEHAE. 0.5 m! WA, 1.5ml F pH 4.5 B W RCHI49 0. 5%
KGR ,60 CEEME 30 min,

FRREIE W E S, ¥ A DNS B0 @ R (ISR, B i B E B0l mg W
HHE/e - h TR,

3 R

3.1 FABRERARVFHHEE

R A = 510. 6 nm #9386, 8 RBOE bk v fE B @ B A IR 0.225 mI/em?
0. 450 mJ/em®, R B A M-FHBIERSROCERN EHX R WA 1, B 2 Fix.

WOCHI EWF R, — I HOR T ROCHF I, R RE R IR BB KR K.
Bkop BEHRF 55— mE KB T R RO SR B R RE DS EHERNEY
R AR, AR ERGREE, RS FHB0CR, HE OB ERRN
[B1#938 In 38 4, 55 40, FAER B4 5 BRG] 40 28, R RE R B BE A 22 — 1%, BB RN R
BRBEXR JEGEREFERFACWERR BN, BR ERMNGERF, M 0.225
mJ #6, MR A 120 s AL, BFEREER 1002, 0. 450 mJ b, HERS 80 s, BIEEMR
Bl 10006, XRGR  BRESHOANERERBIENARE, ILFRBETERAY
WEBRNARMERH B EEBRS FERFTFARFELTHIRBORFARE. Hipft—
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3.2 MAETHNR

BRSNS E RO G IR T AR E AN £, TEXR Y
YR B 5 B RH RN, KA TR E WA FRECARR B K30, RERCHEREER T,
FHEAEBRRKT, AP —ENRIBAEEAHE IREDSTFAL R BRI, &
TG T RNRBGE, EEA LR RWIEN T LR, mA 532 nm ¥
Y4k DNA ¥, £ TS MR E e — R i £ R0, B4 .DNA S FREFFEARN
C—N 42, % 3EIR B X 534. 2 nm, I B] W6 K A M6 AT , th o] BEIR DNA 2 F YRR
F SRS FROER EARREREFAY, 2WERFTRAHERSHOL. 2
Bk AT o RIGTEE (510. 6 nm) , B, B BOLAL IS 2 , B IR T AT B 2K

RFBSEAN AR FRTHER S
AR TOTR. AREREY. BRRA
F— &S HEREEMAEYRENRRE,
FAE M IERERFLMKS. MHEREEAR
R LU M H T 0 AR AR (ELRT SR B 3K
BEAFIRR AR, yTHESEHRELES
B AR R AR R A0 RE, RTPFE T 0.225 mJ o
B 4 B o T, 3 R R B R A A R A 0 120 140
i%ﬁﬁgﬁﬁﬁ C, ﬁf‘tﬁﬁ ﬁﬁoﬂﬁ@]ﬁﬁj‘ﬁ Fig. 3 The relation between positive mutation and
Eﬂﬁ 20 s N.EE?E‘IE?EE’E$&%§-J 43. 1%;ﬁﬂ§ time of (. 225 mJ laser irradiation
80 s I}, BEIEIE AR B A Y 61. 5%, MisEHE 120 s it B ERBRR T FMEY 50.5%. &
EHERBERY 53%., ZRER,0.225 mJ, 4T 80 s i, ERTHRT, & AX—LBEH,
0 HE B P bk (LR A7 80U EAD MR L K. ERERBIERILE 3.
3.3 HREHSFERNES

FHERMBOEE, Rt S FHER R E X RAR 4 5 b = FEE TR0 Hit,
A BOEEE, SRR OB RSB BT E MR, 4 A RN AR R
Btk ESHRBE R ILER, FEX CBMERRRIL 58. 1%, BEMIEY 42.5% S M BT
MEN 52. 1%, BRWE 1,
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Table 1 Comparison of cellulase activities between orignal strain and mutants

nzyme activity Average percentage
CMC enzyme . | Filter paper enzyme B-Glucosidase
Strain of increase
Original strain 1855 226 754
No. 32 2574 299 891 45.7%
No. 15 2432 290 1069 40. 0%
No. 23 2831 282 995 42.5%
No. 78 2839 253 1091 42.1%

3.4 EFEIEE No. 78 B85

FTEREEMIEHEESBOCETER, RITEHET No. 78 S H Bk A MK, X HOEE
BE HEES ARKATFRE . ABSFERERERNBEESTRHATTREALR S
4H7 |
3.4.1 No.78 S HKMBZEMEEAKER

FAESBOCLTE X REMBHENERET . TAETEENTL, HEREEFHRIEFE,
28CHEFE, SRR M LA, No. 78 Stk A FREMW . HLEKBEIME . AE T T
W KR, iE B8, P ERTRD A, B THahBaFhREE, X —
TRER AR TR TERBHIAO~SRE, ALRELZ,

W No. 78 B R T 32CHEFET, KT No. 78 SHHARKBR HEA LMK FREA K. /U
FHELSMEEE,(HRE,No. 78 SET AR FRIEHBRAT, Y 2 h RSB ~ESER
F.MRGEHEN—BEE B hE, A FWHERFIERF. No. T8 SRBREREFEEM MR, BEH
FFRaE>RMSERE™ .

3.4.2 BABALZEEAM |

EF No. 78 S MR FELRREFH, ERHUEATEFLHLR, RIT®ET 28 C.32
C.36 CEFIEFBRE P ZEARN T BEABEANAET T RRAR . ERAL 2HR(ETE
A~ CMC BB AND , KR XMW, RERBAEKAT. . FBOREERER 28 C,—B™8E®
WLTE 72h A, RERERFRE, " BaEEE R . ERFBENEHMZAERTRE. ™
No. 78 SHitkAY LK K FAYIRBE N A 32 Co4E, =Ry S og L BLZE 60 h 24, 1o HE§ &K F
mF 28 CH36 C,HRRRE,. SRS WA KEEE, —BEME>ERTFAER, =EK
A EE KEE, RLE S RBIUEE T X —HEW.

Table 2 Cycle of enzyme production of No. 78 Strain at different incubation temperatures

CMC enzyme Time of incubation (h)
Temperature ('C) 24 36 48 60 72 84 96
28 583 1207 1865 2569 2580 2587 2580
32 749 1635 2175 2816 2820 2819 2815
36 706 1526 2069 2607 2598 2590 2583

3.4.3 No.78 TR # /7B Ry IMH
FEFFHHER R AR, BRSE g M BRE S, REBFEENER L 0E R
Z—. RITAERS ISR EEERIET, BIUERECY 5.10,15.20 RE A, KBEF
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RUEGEBEROBRE, SRAE3. SR ERBRIMBEHKMRBELR T No. 78 &
RO EEURBS AR SAA6AA O A I2A AR, KBS RN E R BEL.,
ZRAE 4, NARLEFRKE No. 8 SHHRTHFERBUERBHYBEMN BEHERD.

Table 3 Comparison of producing enzyme abilities of No. 78 strains from different generations

Enzyme activity (mg/g « h) Ceneration

5 10 15 20
CMC enzyme 2840 2837 2825 2830
Filter paper enzyme 250 245 249 251
B-Glucosidase 1090 1084 1081 1086

Table 4 Comparison of producing enzyme abilities of No. 78 strain from different preservations

Enzyme activity (mg/g » h)

Preservation (month)

3 6 9 12
CMC enzyme 2834 2823 2795 2819
Filter paper enzyme 251 247 250 251
B-Glucosidase 1089 1074 1085 1087

HEESEEMFRES R RAEETENFRES Ha90T M, HREFEFEZMEER
AR e RS AR E N EFEEKY. MRATHNZETFR, MER 8
bk U5 R H Al 2 E AR TFE.

BT AR ST EEL BTN, K HENBR R CEBEREEA ST, SEEE R
RILFHAEFREER, RS AR BEMEEHHERS T AU AR,
WOLEE B AR RRE, HARLE, ERBABEE . BELREE, BEEHERIERE
RERE MR- ULTTNHYEE TR, MR RES ERE A,
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Mutagenesis and Selection of Cellulase-producing Strains
of Aspergillus Niger by Laser Irradiation

Zhao Xiaoli He Xiaorong Zhou Hongjun Li Yongquan
(College of Life Science, Hangzhou Universily, Hangzhou 310028)

Qian Yujun
(Optics Institute, Physics Department, Zhejiang University, Hongzhou 310027)

Abstract A cellulase producing fungus aspergillus niger was mutagenized by copper vapor
laser irradiation. Four mutant strains of high cellulase production were selectet_i. When they
were cultivated in straw-wheat bran solid medium at 28 ~ 30 ‘C for 96 h, the highest
enzyme activities were as follows. CMC enzyme activity (C,): 2839 mg Glucose/g * h,
Filter paper enzyme activity (C.): 299mg Glucose/g * h, and B-glucosidase: 1091 mg
Glucose/g * h. In addition,some characteristics of No. 78 strain, such as morphological
character, development, fermentﬁtion cycle, and stability of enzyme production, were
test&d.. These results were ideal and showed that laser matagenesis was one of the useful
mutagenetic techniques newly applied to microbial breeding.

Key words laser mutagenesis, cellulases, aspergillus niger





