AW ¥ |36 (6) : 453 ~459, 1996
Acta Microbielogica Sinica

ST RERG AR EABE Y-
LHEFE  HAE

(ZMAFEWR ZH  730000)

W ® LUSICFRIE (Bacillus licheniformis) 53 5 % FrG Bikk, EREFGEROEAN
BAERMF FERA TR, WRE Rk E S8, XER B FLAE JE AR AT 0 o, B aTE
TER&BE WAKREE IR LW $3-G38-6, “MIE At 114U/ ml ®E7
22080U/ ml. BHMEBRMA ERE (%) RECK 1, BIE 05, 1k 5,Na,HPQ, -
12H;0 0.4, KH,PO, 0.03, Na,CO,; 0.1, B4 pH, 42C eitiss 44~ 48h, BRIKGE R
BEER, s0C 4R 1h #RMGTE 55%. MR BE R 62C, pH10.0, 70 pH9~10.5 #iFE
HEE.
KA BICRFRITE, FUE bk, B4, Bt Ba%

WA RE R AT MR, SRR R S E R R — . o
W Tk g s R e, T, B0 Rt e 5 b 38 E1 8 R — e 25 3L 7 L
A PEAR R B BV 28 1, XL S0 ) 1L 24 BT P M S 2 —RIA Y b AK A
FF BRI/ 35 FOAT 7 72 L A R TR 1 B, 4R R R A = S R ), AT b 2
TR DR AE B b, TR R L B O L 1T A 2, 18] — R B PR
SRAOBEPET R R B

1 #foy sk
1.1 WEFh
HAARTF KT B (Bacillus licheniformis) g A< 328 5 0
i2 Ry
SEREFE(CM) (%) : HEW 0.5, BAK 1.0, B & 0.5, NaCl 0.25, pH9.5 (H f&&
BFREM 0.2%598).
BANE (DM,): £ W SCRRAL%T,
REEFE T (%): 1% 1. B |, WEE 0.5, NaCl 0.5, 5L 2,pH9.5,
FIERFRET : FFHRE [, A%,
BHEBERED (%): 98 2, 3% 3, T k8 4, Na,HPO, - 12H,0 04,
KH,PO, 0.03,CaCl, 0.1, Na,CO, - 10H,0 0.1, pH10.0.

*HAEARB LTI,
4 F 19954 12 H 15 B,
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BEEERIERET (%) : BEAK 1. BEE 0.5, X8 5, Na,HPO, - 12H,0 04,
KH,PO, 0.03,Na,CO, 0.1, B pH.

HHRIEFE (%) BB 0.07, B 0.1, WM 0.1, (NH,),S0, 0.02, MgSO, -
7H,0 0.02, K,HPO, 0.1, 38 2, pH9.5.

B EBULE F K (%) : BE 04, CaCl, 0.0002, MgSO, - TH,0 0.05, Na,HPO, -
7H,0 0.107, KH,PO, 0.036, ZnCl, 0.0014, NaCl 0.016, FeSO, 0.0002, B X /K f# ¥
0.005, 35f8 1.8, pHY.5.

SRR ARIE SRR (%) BES 1, AR 1, 5UER 1.5, pH10.0,

1.3 i

BBE W (DF): 3 BRI TEH,

1% RA S R (pH7.5): BEE Grasldg =R, MRRENMALR). FESE
(Sigma 7= 5, i DF BALH) , BEE GEO %), BERUKH B (E 0 5%) , lIP-NaOH
B (pH 10.0).

1.4 HiE
1.4.1 A FKRHE & R FE: RE% RG],
142 HECREEN I BRI RAR TR IR R B AR T A RAE TR A
R BT, A B4 Olympus X B RIKTE UM A RGTMEE, HAkE
$| -, 7£ Philips EM400T RV 5 T HITIE.
143 JFA RN BTAE, AT 1 $EBM 53 SHEARKEA DM, BEK
10° 4 / ml 480, RS 4 BRI UV A1 UV+NaN, 2 REEFA R, w6 T H4L 7,
0T K EE, BB TR E TR, HOT0M.
A—-B

A
BHTE o S

ACHEA BRI EEN; B YR EAEE B RSN EEEL C AR SEFILL

BN D METAARRAERML ERER
144 BB 250ml =A% 25mi REEIEFRIE, 42C HEFEHESE 44h, 4000r / min B4
. 10min, MERBBRBEEEME L. :
145 0 SR (NS ) W T - M AL T BT L B BR S BRI MR TR B, 40T ISR
36h. REERB YRR EAREN KN REEAME . FHELEXNEKRG LR
20p] TEA SUE B P-4 89 /ML, 40T $55F 20, AR K i 5% B B ) A/ SE TR B RS 1.
1.4.6 5SS REIE A0 30 Tl SR AR AUAR o 7 B ME , 1ml BEHRRE 40T,
pH10.0 £ T, Bk BEER 4 lug REROER YT ERIRA V).

2 HEFR
21 BEBRGEEANENMBTLE
211 53 Sk R LA R SR M BB SR T IR 1 96 53 SR Rk, A

sy A x 100%

x 100%

© PERFRMEDMRAATESHEL http://journals. im. ac. cn



6 EFFR. AN A IR ok FF e AR 3 S 455

DM; BEE R 107, B Sml FAFEEMA MG, B 15W RAMT 253.70m ¥R 4058
1,23, 4min, R 58 6K % 25min. FIR 0.1ml R EA4 P, 30T 3% 7% 48h, RTFTES
B, FEINTE AR AT B A A B EL KR DM, BURB R 107°, ZE % 4MT T RS 30~65s, 8
JeHE$% 25min, RFI 0.1ml 4TI, 30C B RN 1.

F1 BEEERRKNRERPNECE (%)

Table 1 Cell death frequency in physiological saline and hypertonic solution

KoL B PHE Tune of UV irradition (s)
30 40 50 60 120 180 240
S£EEK 84.5 98.6 9¢.2 9%.5
Physialogical saline
L B o& 69.7 86.9 90.5 93.2
Hypertonic solulion Cell
FERE 1.8 209 50.0 70.1 789

[
i Protoplasts

RIERER ARERERE. SRS -HOESGT, T HBRERAR, fiik
FECRERR, RO SRR RN — ER0RPER. KRS RN EL REME
MR BURPER 2, 4 B 60s W A TRAAFET- %4 20.9%, WA TR Y 93.2%. #
HEREHREP LU, FARKREBERRK, EFE BRI, %R M R4, X
BER A AT RAME I 2 A BAIFEE —, ETHAARE, g8t RmaiaRs
RfERHS. £ Fat—2 5.

2.1.2 AR A0SR RS R A R GRS B B K JBE AR S A2 4 RIS 1.
2.3.4min, RERFA P EARNEE R 100 BEEARIEFHE T P, 42T 135 44h,
MABED AFRAERESR, KRERED, RS dmio ROV ERE, BER
RIEAEE N 32%, 2min FEKZ ., H 28.6%, Imin N BHE, FH 22%. 400 LK
SUFHEHE 12 kM ARRNENK, B TEREBME, B 7% 20000/ ml
LAERYH 4 Bk, Kb 53—C132 B M N BRMET B 4b 3 6k, (BR80T, S &%
R T — BT A%,

22 53-C132 MiRETREE NaN,- 5 SR WEEE

$ S3-C132 BBk 4k B b fb, SR BEY 10° 4 / ml 41, % 0K I Tk BE BY
NaN, 37C 403 2h, B2 AR RS Imin, RBLE TR, SEREH, T SLBEAEY
TNEAMEFREH, EXRERERETHE. BRI —H/TE HX 10856U / ml
MR 53-G38. HRBEEHY, 4 NaN, %J/E¥ Immol /L b3 2h, F4 & W5
Imin BRBIE(E 2).

2.3 53-G38 MitkbYIS FRALIB R W SR L 5%

H# 53-G3I8 WKM7 BEA S0CH 5% MM NGERO i CELREER

A IRFF, SR IGHE AT 0% 2618 B 53-G38—6 Wikk, 8375 1% 165300 / ml.
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F#2 UV-NaN, B EMNRERBRETEMNETE

Table 2 Death frequency and positive mutative rate of Protoplasts after UV—NaN, treatment

NaN, T EE®

¢/ mmol - L' Death frequency positive mutative
(%a) (%)
0.5 46.7 24.1
0.75 50.5 328
1.0 70.9 354
1.25 82 286
1.50 94.4 254

B MR A E R Imin,

Time of UV irradition 1min.

WRAE S, B0 S B R UE KRS ik, TR B BB R S bE A R BE 77
2.4 53-G38—6 MEMISEILR

53 SR E b 80T kb3 10min, BB, FA Fikib)E A RSN BB AT, fik, B8
53—C132 Bidk, EE U L 3 3K, MMk th A0 4R B SRR R A SR AL B UV-NaN, &
SR, PEAE, EE BRI RN 53-G38, R THRLBEHEBBERT#IEH#
EH H 53-G28—6 HEEk.
2.5 EMQERRE
251 BERE AFRBEREPNM 5% FEBRE,42C KB 4h, AR I3ITH, LI

3 BEMNTmMOEM

Table 3 Effect of various carbonydrate on protease production

W = !k pH %7 pH HEHMWIE D
Carbohydrate Initial pH Final pH Protease activity / U - ml™’
W 7.0 7.2 13560
Giucose
i 7.1 7.4 4540
Sucrose
EXH 7.2 7.5 8456
Maize flour
£ W 7.0 6.9 9864
Fructase
W 7.3 7.0 6888
Maltose
] 7 ¥ B 7.5 7.7 5014
Soluble starch
¥ W - 70 74 T 7152
Dextrin
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BHRERFEFERERTE 13560U/ml, Bl 4%~ 6% (W / V) RS BERE, EBAT
HEAK U 8% AR RIERE. BEI TR 15%~20%. HAXE®RAES
REBHMEREREPA BT ERRNEORE T, REESKERITESEZ -,
LR B, S D T RETRER R BLE MR a0 RS Y,

252 AERAR: ABEFREPSIMAHRRENARER, ABREEEALKRES
BEERY R EFE-RERR, 75 138200 / ml, AXBBEEAK(F4).

4 FREEBEHHHER

Table 4 Effect of various nitrogen compounds on protease preduction

" F ¥ pH T pH HOAMEN
Nitrogen source Initial pH Final pH Protease activity /U - ml™

SR 1.7 1.5 10520

Soy bean cake meal hydrolysate

Hem 7.2 7.4 3852

Soy bean cake meal

L2 g 6.8 7.4 11380

Yeast extract

FH® 1.0 73 10115

Beef extract

BEAK 6.7 7.2 12750

Trptone

BRE O R(ELE) 7.3 7.6 13820

Tryptone(+yeast extract)
253 HEOMSARBESHRE
A RAXER: B RRG, EF -
44~ 48h, BETE A B B R ¥, LU wowg
48h B85 1 B, 35 22840U / ml. 12} cf’%\ 20000
WRLE 20 P9 KR, SO / :
KATREN 30~50n o, ERP 4O / \ oo §
B BT, SOh /5 S T T RE, 0.6F ° R
FRFEZERE ). b / N mg
254 ik pH M FEE X d ™

53-G38—6 B MHEM: AR

iERA, #18 pH  E# pH M~ 8§

BEF, BHFEREL 42~44C 5%

48h B§E /1734 20258U / ml.

2.6 S3-G33-ocHMHr-mMRER
BR--A¥E - Kem

6 MAKARREELET KRR,

t/h
1 EBEOR 0w R4 A B
Fig.1 Time course of protease production and cell growth
duration cultivation

1. E MG 71 Protease activity: 2. ODygy

#wREM, 53-G38—6 HHEABEKRTEEE. |1
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A EEIE 1R 22080U / ml, 3 ™K Bf B J108 22006U / ml, 6 D A 8y BIE 108
21986U / ml,
2.7 53-G38-6 Mtk BTt e

MHE 2 FE, £ 2CRBIE Nk 24500U / ml, T VCHIENBEETH. RSHR
W, MR R A R R A, 4 60C I 65C 4L 60min, BIE S TIRERH
55%7H1 36%, 70C 4L H 60min, B§TE S 0EFE 1%, HZMAAREN BB 54
R, B RN #T 100min TEAKTE,

%5 ZAERDFENNNNRED

Table 5 Therinal stability of enzyme at the absence of substrate

1/ R (8] BRWEND
¢/ min Residual activity{%)

50 60 55
65 60 36
70 I 19
70 60 . 11
80 11 0.8

bo g — 100

Control

2.8 53-G38—6 EH AR TR

KEEEH REE S BRE pH 88 B A, 40C KN 10min MEBIE S, R
(M 3) =W, M RE pH % 10.0, pHO~ 10.5 3 X HE, % pH ERY 11 B, BEH
SR TRE. SAARpH EMBRENMR. £ QCHRRA LG, NEME L. &R
B, pH7.5~ 10.5 BIAREE 7E 85%~90%, pH (KX TF 11 5, BAREHE N 60%.

T_E 25 0001
) P
"-;‘ E
£ 200001 5 20000 / \
‘5 et
& )
-
¥ 150001 £ ISe00f d
=3 o
& T % O’C’/ o
R 10 000 . 5 10 600 o
5 / &
5 5000 ¢ g 5000 o
™ \ 2 \o
1 N ! 2 1 1 o ] 1 i I I 1
30 40 50 60 ) 80 90 w 7 8 9 10 1 12
JC pll
A2 BENEAMEINER 3 pH XN W
Fig. 2 Effect of temperaiure on protease a;livity Fig. 3 Effect of pH on enzyme activity
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THE STUDY OF SELECTION FOR HIGH-YIELD THERMOSTABLE

ALKALINE PROTEASE PRODUCING STRAIN AFTER COMPLEX

MUTAGEMISIS OF PROTOPLASTS

Feng Qingping Xue Lingui
{Department of Biclogy. Lanzhou University, Lanzhou T30000)

Abstract Under the optimum condition of formation and regeneration, protoplasts of prim-

itive strain Bacillus licheniformis 53—As were prepared. After many mutagenetic treatment of

protoplasts of strain 53 and selection from a lot of mutants, a mutants 53—G 386 producing

high—output, stable and thermo—stable alkaline protease was obtained. The enzyme activity
was increased to 22080 U / mi from 1104 U / ml. The medium for fermentation consisted of
1% tryptone, 0.5% yeast extract, 5% sweet potato meal, 0.4% Na,HPO, - 12H,0., 0.03%
KH,PO,, 0.1% Na,CO;. The strain produced maximux alkaline protease activity after
growth at 42T for 44~ 48 h on a rotary shaker. The alkaline protease produced by this
strain was thermostable, it even retained 55% activity after incubation at 60T for 1 k. The
optimum temperature and pH for the protease actmty production are 61C , pH 10.0 and sta-
ble at pH 9~ 10.5.

Key words  Bacillus licheniformis, Protoplasts, Mutagenesis, Alkaline, Protease
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