W4 D S 23 (1) 7584, 1983

Acta Microbiologica Sinica

EiEN f-EHBENNEETNABRGNHR
HRE BEE X1 KHK

(PEBERBEYTRER, L5

P B-EEB R R B (Bacillus cerens) AS1.447, fBiT 44048, W RS HITFIFE
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(—) BH: JERSERITE (Bacillus cereus)
AST. 447181

(2) w3k

VAT A mE S 1%,
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A EE R 1%, FIESEERER 0.5%, BFELE
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e (4% HIFEREREERR 1% BRI
BHGDESRBURAE A 10% I 85% B“]
WRE) BRERIFEE 80°C PfErh Nt 10 &
L AR AEERER .

# 2 f it #

(—) ®BEH B-EHBHERHNEE
1 EAMRIBTS: WA ASL.447 3F
LR HAIE L, 30°C B3R 24 /NELR)E
RS 10ml AFRHB KT EIRR
L EE 30°C HERRIBIR LIRS 8
ANET B T B A TR KRR 10—
10~7, 5 0.1ml H(7E I g 35 e 8 4b
4T FTAEER (2 30cm EENE)RBH
FEBMEL 10 53 EHAE) ABEE
YPSEMsE, F 30°c BEHREFR 16—24 /b
W, MEEEAXNREERBNE. M
R S 7K S B B K RO B O R B Y
&4 E, 30°C B 24 /hifo
25 BRI E R R E RS R T
BHREH= AR, KR Q20 &/
ﬁ‘ ] ’EE 2cm) TEEE.]:: ﬂ: 30°C ﬁ%i%%
24N, MEERIE T, B R E SRS
BE—F M-1 ZFK, E#H&H:E%FE&
EHRB 7 fE, A% 500u/mi°
2. RN E B M-1: %
HHRFH M-1 BRETHERGETEAR
A E R HERERER (EHER
MR BBEERT, B85, &
30°C, EEREFHLE—ERE (20—60 4
S, W RS AT EY F B 78 BI#E 0.05—3.5mg/
ml ZHLELGEBEENEEEATEEER
AR 107 —107%,EX 0.1m] fnZI I E
iR b IRSFTE 30°CHE ST 16—24 /)N
WL, Rk EEEB R AN ME L BER
24 NG RBAEEBELERBE NS
o LT RZNN % (R 5B b TR B AE k6
BE M-2 EFEK, H B iE LR B

AS1.447 & 50 %, 73X 3600u/ml, -

3. HREP AR A B B SR I A
M-2 BERATMENLRE, BEE—
TERE, B 0.1ml ETFEEMNEE (1—
2pg/ml) HRIEFHE b (FIEPRRED
B RE RS SN E R R RS
HOEAFEIH) . RS EERM TR
24 B, BEE S FIET AR E EERNY
EEHZ ARE TSR, € ERRIEY
W, B R EIE 99.99% , —RkEE®
HARME, BRI, REB—HHTFET
Btk M-3, PoESTE SJEL R iRk AS1447 B
70—90 ﬁ%, m'ﬁjjﬁﬁz 5000—6000u/ml,
M-3 BRES-ESOERRNE”,
Btk B L B AR .

(D) TREE M-3R

LA R FRE M-3 B
HRR, k3 SA S1.447 LB, PR
It (E)3EE , ASL.447 524 /BT, T M-3
35 48 B, Bkl M-3 Bk AS1.447 -
S—7 fi5; M-3 BB 23R , B 2 (RIS S
ERER T RS ASL447 Btk
H@ﬁiﬁ,Lﬁ%ﬁi%?ﬁ% 40 e (4 R SEL

A1 ASL.447
Fig.l AS1,447(2400%)
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(2) EREM-3 B’Jﬁﬁ%#ﬁt%

1. RjA pH M= ERIENM: FRITE
thiEFE R HCl f1 N2OH BHRER R B
pH, KEGERERT . EMEN 2 2(Kk
B, 44 30°C BGIETF 8 /N, BER
JE7E 30°CIR W RS I 48 /i, MU R BRI Y
BIE R R(E 1 )R ERE M-3
£ pH6 PE§TE H1 58 W38 5200u/ml, °
EskiE pH EER 6 — 7 ZH,

2. EEBEOR LS R P H AR
EFERR, SMERART 1ml, T 30C
15 155 A R ], B U e v ), B R

M2 M-3 (B 4 )Re3% 48 /pI PEBE DR T 48
Fig.2 M-3 (2400%) N EHE B E T,

Big, BaBBAOTE L R0E 2,
2 EERA: WERESNEREY
MepHHE G REIRE E, 7 30°C HiF 24
AN BEETEAIE 3, AS1.447 HEBER
BiE% 10—12mm, REEYE, BHKRE
ILFBERH. M-3 B%EKE HBIY
4—Smm, A KRER(ARNRTE)IE
%% 14—17mm; B RE LB R

%71 Enzyme activity(u/ml)

0 12 24 3% 18 0 72
EFRIE Cultural time (h)
4 EENAER

Fig.4 The time course of §-amylase production

3. RABESEN =R ARGk
T PO B TR 253 1SS A 250ml =
FR, BA 2% KRB KR T, T
30°C HRIGHESE 24 /N, TSR REIE I (HEAR
BRI B RCR BT RE U HORETE
R RBEER (Bs5) WLEE, M-3
BTG 17 250mi = AN Som! 5

B3 HRE M-3 5FE ASLAT WELE.
Fig.3 Colony of AS1.447 and M-3. EH%EO
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#1 pH HrRHEN

Tabie I Effect of initial pH on @-amylage production
rﬁﬁfﬁ; 4 5 6 7 8 9 10
BEh
Enzyme activity 320 36D 5200 4600 3200 232D 520
{u/ml)
ﬁjfl FI’;‘I 4.0 5.0 9.0 9.0 9.0 9.0 5.8
sl 4 HEFR R PR R AR
GENEREEALR 24 NN ED T
—ERNER, ZERERER (L) MERE (200
B #/5%, WEE LSem) FERNRE THRS
£ B3R 48N, MSEERIE N #R(E 6 )
%20 LIEH, £ 30°C TS BE RS, 7
‘" ' 5 5520u/ml, I 32°C FeEEEE N EEF
o
sl S RRIERIRE: F IR R L )
5 RN TR . S B0IN L AR
ﬁ’iﬂ ij@ﬁ_G :I%( 8 I«% 15 %W)E s%
& WARFHTF 2 % (V/V), 30°C MR 48
TR T w s & m N, MERED, RBREELE 2, B
EREMER TREERAREEEHEHES, T
Volume of culture wedivm (ml) 568011/1111, mﬁszz, iﬁﬁﬁﬁﬂﬁ%ﬁ\
S 1) faadahad U, EIU AR R RS R .

Pig.5 Effect of deration rate vn cnzyme production

x 107
6

.
T

MI‘FEJ']MEnzyme activity {u/ml}

t % 0 35 0

HM I Cultural temperatuze (C)

Ko HEREN-BIERF
Fig.6 Effect of LTemperature on S-amylaye
praduction

bd
Be

y{u/ml}

™
=4

1/ \

15

BH& 5 Enzyme activit

LT I ) Y ST
ERBLE Starch content (9%)
7 weHéRM g

Fig. 7 Eifect of starch content on g-amylase
production
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Table 2 Effect of vorious carbohydrates on 8-amylase production

® R ' pH F#t oH BHkER® EiEN
Carhohydrates (19%) {nitial pH Final pH (A660nm) Fnzyme activicy
(ufml}
# B B Glucose 6.0 5.0 §.75 160
I 3 $ Fructose 6.0 8.5 8.9 4400
¥ Galactosc 6.0 8.2 8.0 4480
#* 8 Xylose 6.0 5.2 4.5 2200
i % 8 Sorbose 6.0 8.5-8.8 3.2 1080
hrid # Sucroge 6.0 5.4 2.2 640
£ 2 Malose 6.0 8.2 8.0 1880
£ & = % Cellobiose 6.0 8.5 6.3 2400
# T~ i Melibiose 6.0 8.0 8.1 4500
#  F B Rafiinose 6.0 8.0 8.3 4560
bt ¥ Dextrin 6.0 8.0 8.0 5440
TG 1EE Soluble Starch 6.0 8.3 8.6 5680
B i ¥ Amylose 6.0 8.8—-9.0 6.9 2080
s+ § 2 ¥ Amylopectin 6.0 5.5—6.0 0.23 200
g # #F Cellulose 6.0 8.8—9.0 4.9 2200
£ % ¥ Cornmeal(290) 6.0 7.5 7.5 2360
*OERAER AEERER 0SS T2 AN RREIE 660nm LR E.
Cell growth measured at 660nm oo spectrophotometer Type 72 after 10-fold dilution
%3 RARHEWGOER
Table 3 Effect of various nitrogen compounds on #-amylase production
R 2 B % 2R R FirEH Enzyme
Nitrogen sources [aitial pH Final pH (A660nm} activity (u/ml)
(NH,),50. 6.5 6.0 3.85 320
{NH,),HPO, 6.5 6.0 2.5 40
NH,CI 6.5 6.0 4.9 20
NaNoO, 6.5 8.5 3.55 1008
NH,HCO. 6.5 9.0 3.90 440
(NH,),CO 6.5 9.0 5.35 560
N, NO, 6.5 6.0 0.93 120
E¥ 51 BF veast extract 6.5 9.0 5.68 2360
£ @l peptone (Blasd) 6.5 9.0 5.3 1680
BREEBOSE) 6.5 9.0 4.9 2120
Peptone (rggnhite)
EOESE(DA) 6.5 9.0 5.4 2680
Polypeptonc ( Japan)
G Pi# beet extract. 6.5 9.0 5.35 2760
B#5% Casein 6.5 9.0 5.73 1400
S & Peptone (fish) 6.5 9.0 5.1 2880
F0i%r Soy bean cake meal 6.5 8.0 2.0 3560
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6. A EB R MR ER: EFH
HEFREDINARRNEY, SEFHE
EE D, SRRHMEE 7 MEFREDSER
V% P BB D BT 1 B ERE DR
P o

7. BERRE, FRTEERRFERA
MBS ImA SR D 025 HR
AR, pH 6.5, HERAHRE, BFRTFE
TEdsE . M-3 EiRblem k2% EF
i, P ERE D RR, KA, &L
BLBUE T Baid I BIRAECE 3 )0

8. AREA S RMERIE M.
AHRAEFERDGEQR(ELK)E
BTN, HBRDRE, HRER (B
8)ER, BRAHSEXN 1% NKEHR
t» AR 5200u/ml, HRE 0.5% . HEG
SRMME] 1.5 BLL LR O 2 T,
HHEEAEL .

x 102
6|

|

17

un

#1771 Enayme activity (u/ml)
Fa W N
= //

¥

L

15 20 25

¢ 05 1.0

FEEHBEES R Peptone content (%)
e EaaRdr-soER

Fig.8 Effect of peptone coatent on enzyme
production

(0) BREER

1. &8 N RS BB £E 20°Cc—70°C
ZEARERE THEEE DS R R,
£ 40°C BIEEIE N\ & A 6600 u/ml, %
3c—55°C EENEBE TSRS,

2. BSMOIRIE oH: ERMERASY, &2

w10

o
T

MG A Enzyme activity(u/ml}
w
)

—
T

0 2 30 % 4 & 0 85 680 7
BEF Temperatare (0)
B REE S AT
Fig. 8 Effect of temperature en enzyme activity
MRE pH B8 M, pHS —8 1B MR
H 0.2M NaHPO,-0.1M FHEle ik ok :
pHY—10 BUE MR H 0.2M Na,CO,-0.2
MNaHCO, B, 40°C LR 30 4y BhEuse
MSERSRE S, M-3 PAEMBEERTE pH 20
7.0, BEEEF20 6040u/ml, 7E pH6 8
ZEEE DSBS,

x 103
7"

S

H

———

Kith 21 Enzyrie activiiy(u/ml)
L

pH
10 pH ST HIRM ,
Fig.l0 Effect of pH oa enzyme actlivity
3.8M oH Bt TEE 2ml DA
A6 2ml BIRKE pH @WEARERE

© PERFRMEMMRITATES%EL http://journals. im. ac. cn



15 A FEESE: @iEh AR ERDREFNERRS TR 81
% 4 WMo pH R
Table 4 Stability of enzyme at different pH wvalues
oH 4.0 | s.0 | 60 | 65 | 7.0 [ 7.5 1 8.0 | s.0 10
[Ty
Enzyme actavity 2253 3222 5168 6506 7235 | 6688 5200 5472 4500
(u/ml) |
F2EEEN ‘
Residual aciivity 35.3 44.5 71.4 I §9.9 100 92.4 85.7 75.0 62.2
(%) {

., 7F 30°C {ER KB RERER 3 /0. BE
I EENEFaEED. £RLE4,. &
pH6—0 2 Al EL R e . R B 11
e 70% DL b, Ll pH7 BRAE &G A
3 7235u/mi, #F pHS B pHIOF BBEE I R
BT 60% EA.

L EARRTE: BRF 0 E0E8
F& S ml, B AFENAE S, 53K
ARFEREE(35.40,45,50 § 60°C)RUtE R
KB EAR R e MagEh (B
Fop R R B ERT D ARG (A
11) #8H, M-3 AR p-iEhlmi it
%, 500 RhE 1/, BBEANHT

16.6%

100§

oo
=

a
=]

#2015} Residual enzyme activity (%)
[ a
o

(2]
L=1
—_——
/(,__.

05 1 2 3 4 5
{2{AFE lacubatioa time (h)

B 1l DERBFEHTERORREE

Fig. 11 Thermal stability of eozyme in the
absence of substrate

5. BERKIERE: TIEEEHE 49ml

(FEm1E AFEENRRE D, RANC
ERAKB RIS 580 I s-enEEE
ml, &R e BRE A R B Es =
ERET B RE, DR—REN
B ERER . 25% BHCIES KE
ik 25 . BRIBEREEN TR
B2 (LIAERITRD 24 100% , BBk

AR R I (L — 7k R RS ) K
BERAKRE, SRILE 12, ANERH
WAL S E T EN . SFRIE 13,
M 12 TTLIE . B AR 54y 5 /mHRE S,
KREETL 85% LA T AT KT
HeiEE —REIRE Y 50—60%, AR ME
13 815E 4 B R R 30 3 BT R ER
B S8 T TR AT R AR 2 RN (Al s B

iOO‘-

|

o
<

EWAERT Hydroeytic rate of stareh(2g)
Ly~ Fy
(=) =

0E 1 3 3 2 5
¥iE) e (h)
B 12 g-iesRert ik |y AR S
Fig. 12 Perecnt of starch hydrolyzed by
B-amylase
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Table 5 Activity of various enzymes

AN WM Enzymes | B-EE | oM | BERE | PHEON | RERSE
‘ 7 &7 &7 ﬁjﬂl f}ﬂ
. . neutral - alkaline
ﬁﬁﬂﬂnzyme B-amylase | a-amylase | isoamylase proteinase proteinase
#E  parch - activity | (u/mi) (u/mD) | Q/mD | (uo/mbD (u/ml)
1 5793 6 4.5 37 49
2 ‘ 6070 6 9 37 64
3 5013 4.4 — 5 38

wE (h)
B 13 EmkRRnmEig
Fig. 13 Paper chromatogram‘of starch hydrolyzate

BREAREEFENDRIOE F = B,
A, I 5 52 BT L 3 00327 B e e A Ol o
RIEH f-5E W, THEhE o ek B
T S R b R 4R P 0T 32 LA B0 i 9,
RIS MEAGH TR SROIE, &
RILES . W5 IFHERBIAEOR
Y o-TEMYER . SROEMVEE. P E SRS
HEAR, XRRSH MR T R
Rz FRA RN, B AT DL B2 5 M-3 B—
BRiE =B R LB SR,
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SELECTION OF HIGH g-AMYLASE PRODUCING STRAIN
AND ITS FERMENTATION CONDITIONS

He Bingwang Guo Junjun Jiang Zhaoyuan Zhang Shuzheng

(Institute of Microbiology, Aeademia Sinica, Beijing)

After repeated treatment with ultro-
violet light, N-methyl-N-nitro-N-nitrosoguan-
idine (MNNG)} and rifampicin a mutant
M-3 producing 5000 units of P-amylase per
mililiter of culture broth was obtained from
Bacillus cerens AS 1.447, The medium con-
sisted of beef infusion 100 ml., peptone 1g,
soluble starch 1g, yeast extract 0.5g and NaCl
0.5g (pH 6.0). The culture exhibited ma-

ximum enzyme activity after growth at 30°C
for 48h. The optimal temperature and opti-
mal pIl for crude enzyme action was 40°C
and 7.0 respectively. The crude enzyme was
stable in the range of pH 6-—9 but less the-
rmostable. The conversion on rate of soluble
starch to maltose was over 85%under the
catalysis of crude enzyme,
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