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Bl - ENBEFENETHHE"
#¥% % R RFF F¥HN

(LRTTAMERHRR LH)

DR ZF A B 198 Ak, SARBEFNEESTNOREE, 88 X R
Ado4l. K- EiR «- By EHN100 &, EERERETT, HIEHE 2000/ml, &
—B AT IHEE R, Mee™, Arg™ SRIDAMLA RGBS,

P AL Ad04t a-EMRBERRPHY S—1, BERNRE 90—95C, T 201,60
ML EREE ,RIFRER A4041 B «-ENBASEAELNE, 28 TEE~ R 8.

XK@A R EFRUT R R E - R

SRR R RN EEREEC
ERR -tk B, EEM TR LEh, th
—BRHE - MR LR N B, B, R
BEM G LREA. BbEREHEh.
HAHE. B 70 FRELMEI LR, ]
EREEAHRESHNMA, BRrXMED
FEMEEBDENI, BENEEDET
VYRR ERGHE LY, BEETIE
%‘Jﬁ”z—o

H 1955 4£ Campbell fREMIE &
BEHIRIFE (Bacillus coagulans) #hifb
HSE e-rE B BLRY, DRERDER
HAFMFFES LA 8 B 5,
Tamuri'® FR4H & FhrE B A RLE F fb g
R R 2 R, RAHRFERT
RAEEE U RS, it b, WK 90C
i EEBFEVEHER RBEN
EFROERE, HESTELVLER
RRENEIEEMETRTF AN EE
po-9, 51

BRFRFEE" - ERRES &
RRBRASHEEIR, B--RIAATEH
HERGH I R AR KK o

HERMATHREA AR5 IR IE
RIZEIEBRDY, SLT i o b MR o o i ok
MENEANREERSBESHCEL
—EPRREN", BB REFHEMEL
WA P R E R D,

ARBEREHBETEE, RN
BRB R R TR ERT T HE i
#, HEREATLEFERENBOR
Bkt

I

(=) BeESENyE

L MERFRE(R): HHKL WS
1, BIFEMEE#Y 1, NaCl0.5, 382, pH
7.0,

2REERSR L EXEMLGERE.
BERL RS, EXRE 1%, CaCl0.4%,
Na,HPO,0.3% , ¥ i B & 0.3% pH7.0,

AT 1989 4110 A 26 A A,
AL BESFS: Spo~ R, Rif* KR
H¥E, Mer” PiEaeimB, Arg” BET G
BER, Cyc” MHFEXA, To' [iRER Anp*
REFr5E8%E.

 RIPEE HEEEEMES TE,
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121°Cc KB 30 2> #h& H,

LEFR AR FABER 37°C Bi
24 B S EE—FREE A 250 mi = fH,40°C
I (HERE MK, 300 r/min) 72—96
ANBT LB 90°C 40F 15 S8, Bl
.

(=) a-RBBRETHHEES X

WA R A, AEARNEE
FIERA W 5 o

1 X{E ik #Fuwa™3;, 0 0.2mol /L
pH6.6 HMBEME R Flf12% WA &
Yy ERE Y, 40°C BLRZ 30 4yBh, 0.5
mel/L PKEREE 10ml Dl#g kRN, THEL K
Rijg 1ml, fUA 10ml 0.015% L-0.15%
KIEwd, 7218 5 X0 E it W g
ODutamo I MAKCE Bk R BELLFAE
HEE XM,

g (BV) BELARET, B
MEMEARN (ZAKEE) Tk 10% I
B sk AT IE s i (mg) ¥ R
R0

By =900 = 0Dy o oo N x 100

0D, 10
A §=RuAZHNYERRE (ng)
N = FiiiE B REf Ak

0D, = S % IIEH
0D, = BEEERLHEEY
WAk B NEBRAN I5C 2
gh, Halih e AREANE B % 5 %
GB-85,“ & FBENH o- 5 oril B K ER
8 5.
BRI LLpH 6.0 N, 75°C 1 /NEPNRT
el & (g) XFE xR
() FEHFEZRELRBETHENHEE
BT HERARIME (WV), ERE
i (NTG), BiBt—=Z.%F (DES),Co®r £
¥ NTG, UV E&4 258G %
EA T MR R

L ERFREH,: BEEERUZH
EREEANER L,—A 0, — 0 HE
&, LOEHRRERERT RER
AR EEROBEENEERE TR LHT
R o

2. FAESEDLE pR: AR sk AR
& 5—10r/ml RIEFRHPERE, K
2 B R D Tt 2 Bko

3RS RRER: HHERR
EE&ES—I0% BEHE. 1% wRNHFER
+, LE%E AEA KR E IR,

g & o it #

(=) HEEHNHE

# 150 RRFERTSELERRARE
|\ 37°C #E3% 24 /R, BhaEFe A4 KRR
MEBEBREENES, BRAREERERF
ALK, SRR FRTEELRR
KRS F, RERLFLUIFERE
ke, e R FaraERTER
W& 7") BF7658 ERFBEL T HER
HEEENEOT AR, HBREEDR
L=k B. licheniformis 2709 B B B
B iE B Ko

EHRERT FIOKRATBESD
B, AZEEHES 15000 BV 4, B
ERDHERERT 1—2 B4, REREA
PEE A LARTEBN R, @ #H—F
RE ML, %% B 144, B. 198.C, ff
AALTEENERERK.

(Z) BRNESEEBRE K AdMl
BEE

BEASEEEORARHERNEZE
BRI TR EOER, TEEBEBNEDS
W SFERBRE DR, BEFAR
BREENRIR TV, AZBEABEHE AR,
Outtrup 2R EAY S E B BEE ™ R —
BERTFREKRD, MFHRGERRERE
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Fod A X, MRERGH BB REER
TR RmEHRSD, N RFRTER B
FodEtrp R f-eREERE 7 R
BHET=, FHR AT MR8 L pibk
BuE AT S R0l YE =,

¥ LR B. 144, B. 198 F1 C, = [k 7E
A ch B SR E X BUEH (6—9 /N B
DEANE, REERKERE F A% A
NTG (40—200r/mi} SRR BT HEE I
B, RELEUYRBEERAEESTHETEN
WHSEA b 37°C 3535, LS it A B
EEEARR. 2BKEELHED S a4
B, B REBERBEIBEARRER
£H. Hrh B.i44 55 B.198 FRIGHE
HEEEYBE, i 10X 108V 4R
BE 100X 10°BY [l E, {8 C, WiEHRS
¥D B.198 B =k NTG FEGHT
TRERSHENTR TR £ & A915,
RE_HKERFEEMFREH], HAR

IBREL A915 fENB—HHAAIN R,

TRFREMRAIS AL T /A
EFE: (1) WERBEEHETEREE
ERMAER, (2) BEE 85°C jufk 10
SYERIgREFA AR, 3) EXEHN
A BRI B DI 5 48 /B 48 4
LA,

¥ A9I5 Mgk UV, NTG b
il EE AT RN, =R H %
AWFHIR &, RAGFIHH Spo™, Rif*, Met™
CHIR TR AL 2200, HEEHERBLE
A B.198 #J25 f%5, FHE A.2200 4—iH
BEEET, Hh—HE NTG 4hMEEH
RE 3%, UERERE, B—4HF
NTG, NTG + UV, DES #43,HBEEHx%
B, Hh—=EK A6 WE D
A2200 £E 80%, FE Cor #5EL B
T A.4041, ERIESME N B 450X 10° BV
(£ 1), & B.198 B 40—50 %, A. 4041

%1 ¥k B. 195 A3 A. 4041 BEFHA

Table 1 The mutagenesis pedigree from strain B. 198 1o mutan: A. 4041

| I oy
L e ; . &h
MR | RER) T L
W B B AR | %) | (BV % 105/ ml) w i
Strains Mutagen {final : Survival a-amylase Markers
concentration) rate i
activigies
B.198 NTG 200c/mli, s 0.535 10—20 —, AP 196 u/mi
3-8 NTG 200r/eml, s U.156 40—50 Spo~
NTG 40r/ml
16-14-18 + + s 1.4 80—90 Spo~
rif  S5r/ml,
A915-7 uv 2o, s 3.3 130 Spo~, Rif*
A1372 NTG 4r/ml, s 18 130 Spo—, Rifr
A.1788 NTG 100r/ml, s 0.13 150 Spo~, Rifr
A.2200-11 NTG 100r/ml, s 4.8 250 Spo-. Riff, Met™, Apl840u/mi*
NTG 100r/ml
A.2661-9 + ] 0.45% 102 264 Spo~, Rif*, Met~
Uy g,
A.3052-7 NTG 200r/ml, s 0.18 215 Spo-. Rif?, Mer~
A.3351-6-5 DES 195, s 2.7%10 310—370) Spo~, Rif", Met~
A3617-2-6 | Co®r #£ 10F rad 350380 Spa~, Riff, Met—
AA041 Co*’r .6 75 rad 0.1 450 Spo—.Rif", Met—, Arg~, AP 1616u/m]
A.4808 s 300 Spo~, Riff, Met~, Arg-, Cyc’
A.4808-3 — — 330—360 Spo~, Riff, Met~, Arg~, Cyc*

* AP ARt ESRE . Alkali protease activity.
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m & B *F

i 3B

5 B.198 HFBIBEME LA L, MhE
HRTFHREER o ERBEEIXXR &
WA, BEECSREIDLET XEES
Bmm, BEERLEAE RS Xk
A

b
L3 42T 3 )

Wi o SR B N
Activity of 2-amylase(BVX103/mb
Activity of alkali protease(u/m1)

80

i6 32 48 64
#H1 Timeth)

1 RIEH A4 L EERTIASIT 2828
1 A4041 R o-TERTE 2 A0 GRIEED A
3.B.198 W\ «-ZkyiE; 4. B9 BMEAOM
Fig. 1! Time <¢urves of a-amylase production
by mutant strain A.404l and ity paraacal strain
B. 198

1. a-amylase of A.4041;
A. 4041; 3. @-amylase of B,
protease of B.198

(Z) BEH®R A0 BIBES £B%
58PN

ZERE A 404 ERMSEEREEEAE
RELHAR B 198 BB, 37 CERBE2 XK

2. Alkali prorezse of
198; 4. Alkali

ERATL, BESALA KRR, AW
BRI &, % SF MR, ERER, X
FRERE -A & B), BRNAEKENE
R A4041 6 HIREEE HER B,

ERNHPR ERRFERAERE, &
B A4041 GFHERIH . KB RIE.K
FRERNE, HB IR0 Mea™, AgT,
Rif*, Tm' Amp* (% 2), ZRALBHRER
HHMOESHEAFRFERERTRE
BreeEiE s, AMENERERDER
HE HY, HM A4041 FEBHY
A.7025 B L 3Cye Hik, HREREH
RRIEHEIF AR A.4041 &,

A 4041 ZRTBHRIEMG 10% HEH
BB H B AR L E K AT B AKRE,
B.198 IE(E R 1-C K D), XEXMAXE
BELE—ERE LR T HEESEA
BIPE R, BT CATTF) A e vk R A A 2
R, RIS K AR R R/ R T AR
BHETEERK. ERRALRTETH
A48 SRR AREEARE, FRE
a1, 4 BRIEHBESENS Re-Z BB
(3 3)

H—hHE,.HEEnEaEUy -8
FWEHE (2-DG) BEHINARAE S
Ewamm R A, FRERERENT
SHHRERSEMH, FLUFHERR

B2 A 04 BRETHHHMEEE

Table 2 The drug resistance markers ot mutant strain A.4041 and the other strains

Bk |
Strain )
P L . . J025 ;
o ﬁ?}ﬂi%‘-f&\“\ B.198 A.2200 A 4041 AT BF7658
ates conmtaining -
drugs \
Rif (10r/ml) - + + + -
Cye (50r/ml) - - - + +
Tom (20r/eal) + + + +
Amp (100z/ml) + + + +
BEiEh (BV % 10Y/ml) _ |
Aoy ot aeamylase 10—13 200 450 ! 450 'L
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B3 WA A4 PR EEt

Table 3 Effect of carbon sources an a-amylase

production by mutant sirain A.4041%

BF(TH) | emiEn)
Carbon sources | Relative activity
fom
FXYy 5.5
Cora flour ; 100
BIPE  y 4.0 50
Seluble starch -
4.0
Malt syrup 95.8
P 4.0
Sucrase 63
A% 4.0
Lactose 27
L E] 4.0
Glucose 59.3

* EAEFE(%)ATH 6, EH3Z 1, CaCl0.3,
K,HPO,0.1 pH7.0,

* The other compoments ot medium
include (%5) Soya meal 6, C. 8. L. (Corn
steep liquor) 1, CaCl, 0.3, K,HPO, 0.1,
pH7.0.

BEL i RBH B RS R, HRIITR
BERYT, BN ERTHNERS
FERYARE 2-DG giNg], "R L
Efek KB, FRLETAT -DG KE
b oy W R 5 o T R A R B

RARR A 4041 A EE B B
MBARE, BANESABESEREA
BERHFEED, SRTFRAREAR
ERG, PEEH (REFAE75C fE)
KT ERFE (180—200 u/ml), 3% #
B.198 j§ 100 f= ) ko

() #RFMITHSeEE A 404l a-
RERN—MHER

HREERE WINPT 40% A
B, B0k LER, MicHH75 &2
mmol /L CaAc, 5 10 mmel/L Tris-HAc
R BAE RS TR — BRI BT — 1, Y
BT R R RS B — At IR E T W
o

LBEEHEREEREE: 7E6CT
TEBB R N & o I H 2% 5.0—7.0, &
pH 6.0 Hif B5ER 8 35 I 7 15 B 25 90—95°C,

L & EETHEEHNEN: MM
ARYHIM A KB 2 0.5X107 mol/L &Y
Mgt \Zo*t, Cu?t, Mn?t, Ni*t, Colt, Fett,
APY ZEXRMESBEET, WELREH, B
Fe'* 70 AV* RyEIUEISN, RS EEF
HESX10T LUTHEBELERNEN, =
REFEDS A — R ER Co*, Zo™,
Ni**, Co™ HWEHHRANE, BTk
R RIHFCA o

3. ERRUR TN ¥ A 4041 BEEw
RSy sibEET 90°C ik 60 %0, B4
FENEESE, AR R 2R
BF7658 MR MR SAL BIEL B, &R E
HZR 90°C 60 Sy ohim#k, A.4041 B & i
o~ TEXYISJLOF A, Takib e P
RE, W] LEBE D &H AR ER
B -F, ifn BF7658 By o3 ¥ §8 K it &
KBRS ER 90C INthHIE R &
R, 30 A.4041 5 BF7658 a-i2iyla s
RIEME R XM, XSy
SRR (BB ER G B) MAS
H&kEA/E, 0c dBARNE, FHi
HIRAERIES 6 R(E 4, | 2) BHEIE

R4 ANNERERFETORDTE
(M°c gkm)
Table 4 Thermostability of two Linds of
e-amylase in the presence of stablizers* (907)

i B

Heating (min)

) . 0 i1s |
- _IE_)‘J i r i 30 [60
Strains Activity (%) | ;
A 4041 109 '100 | 98 ¢ 93
BF7658 Qoui 0 ol 0
*REM
* Stablizers: A.4041: Smmol/L Cadec,, 10%

NaCl, 394 Soluble starch. BF 7658:100
mmel/L CaAc,, 29 NaCl, 29 Soluble
starch.

© PERFERMEDMRAPTIHKERIBEE http://journals

im. ac

cn



271 m oE BT i %
£ £ X W
- 100 Iy s a1 [1] Camphell, L. L. et al.: Arch. Biochem. Biophyi.
» e oy B4: 154, 1955,
'_:‘ 8o} [2] Campbell, L, L. et al.: J. Biol, Chem. 1236:
£ i 2952, 2962, 2966, 1961,
a 80 ‘P\\ . [3] Morgan, F. J. er al,: J. Appl. Baer, 50: 107,
2 WY 1981,
:"? ot ‘." [4] Medda, S. et al.: J. Appl. Bact, 48: 47, 1980
o 1\ [51 Emanuilova, E. L et al.: Appl. Microb Bio-
= N tech., 18 301, 1984.
' [6] Tamuri, M. ct al.: US Paem. 4284722, 1082
= 5“\4 ‘M*_\a [7) Outrup, H., et al.: Proceeding of the Fimm
#® 0 _;;L 3‘0 25 &0 Intersectional Congress of 1AMS, 5; 204209,
(ed. Hasegawa, T.) Science Council of Japan,
4 41 3 i (6] Heating time{min) 1975.
(8] ARXHE: XREREFREUNERADE
B2 MEE -2l BFI558 - ik Ar R3ARBALRORARTHRERR
st bl breali:e: HEB(HAEHE) p. 343,1985.
Fig. 2 Residue ecozpme acriviries curve of [91 Marro, B. et al.: J. Gen. Appl, Microb., 31:
thermostable @-amylase and heat unstable 323, 1985,
a-amylase produced by BF7638 after heat [10] Meers, J. L.: Amonic van Lecuwenhoek, 38:
{reatm~nt 585‘ 1972'
t. A, 4041 EEEGE A. 4041 fermnented brothy [11}  Chandra, A. Ko J. Fer. Tech., SE(1): 1, 1940,
2. A 4041 BB AALRS T BE L A 4041 partial %g; ?,:g N'_“ ;$%;“g';f;%”;%:§f 119:)
purified enzyme + stabilizer: f3. A 4041 H A4y qj,]:ﬁﬁ. ks AR o 1%
dAifhE A 4041 partial purified epzyme; - o
4. BF7658 H45 v %+ a5 BF7658 partial (18] $4F: BUEH TR, 20(4): 314,198,
. . {15 Ward, O, P. et al.: Bictech Adv, 6: 39, 1984
purified enzyme 4 stabilizer; 5. BF7658 % [16] M ﬁf@ﬁéi‘ﬁ_ 14(5). 323,1987
BEi% BEF7653 fermenied nroth - p ’ b * 2
[17] EXEAF. £ TEFHR,IGN 197,1987,
[18] Levisohn, S, et al.: J. Bacreriol, 93: 1013,
1967,
f£ 200mmol /L Ca" IR T, BF7658 RY  [(i9] @RED: ALWFE,2(1); 75,1983,
B57E 90°C M %75, 0 A. 4041 #R4) 4ik [20] BBEF: £YITEFHRHL) 119,198,
s & [21] Fuwa, H.: J. Biochens. (Japan), 41: 5, 1954
PERIEE Cor DEZAE LT, 90°C 1221 afes. BETR,904): 25,1982,
DU#\\\‘ i ;J\ﬁj’%%ﬂiﬁ;&_ﬂ‘ﬁ’ ﬁﬁnqﬁ% [23] Shinke, R. et al.: J. Fer. Technol, 5T: 53,
. N g 1979
BEK,HA A 404 - FEHREEW AN o [24] Owurup, H.: B P 1236830, 1972,
N AT [25) Robert, Q.: US Patent, 4473645, 1984,

© PER RN SRR 5582

;B http journals. im. ac. cn




+ 1 WEEE MR o R R BN 173

STUDIES ON THE SCREENING OF THERMOSTABLE «-AMY.-
LASE-PRODUCING STRAINS

Hu Xuezhi Ling Chen

Hou Qinfang

Le1 Zhaozu

(Skanghai Institure of Industrial Microbiclogy, Shanghai)

In screening high producer of thermosta-
ble a-amylase, Bacillus licheniformis B198
was chosen as an original strain, which was
treated repeatedly with various mutagens. The

mutant A. 4041 was selected after repeated
natural selection. The thermostable g-amy-
lase activity of this mutant was in 100 fold of
the original ome, reaching 200u/ml in the

shake flask. The mutant was resistant ro cata-
bolite repression by glucose and have marked
with Spo~, Met~, Arg~ and Rif".

The general properties of the partly pu-

rified enzyme was investigated. The optimum
pH was 5—7, and the optimum reaction te-
mperature was 90—95°C. It was stable by
heating at 90°C for 60 min. The result indica-
ted that the thermostable g-amylase from mu-
tant A. 404" had a commercial production

value.

Key words

Bacillus lickeniformis; Thermostable q-
amylase

BB # @

Explanation of plate

A HEEKE B9 HagieREE.

Bk A 4041 HITHRE B &,

C. My —#nd~RE «-REEENEN,  HE
B8 1% TIREER. :

D. BB ERETHE «-EHEEIY W, Bt
EEE 19 gt s 1 0% WA,

A. Photomicrograph of cell {ormis ot parantal
strain B.198 grown on broth agar slant,

B. Photomicrograph of cell formis of mutant

A.4041 grown on broth agar siant.

C. Influence of glucese on thermostable a-amy-.
lase production by mutant strain A. 4041 and
its parental strain B. 198. Broth plate containing
19 soluble starch.

D. Influence of glucose on thermostable @-am-
ylase production by mutant strain A. 4041 and
its parental strain B. 198. Broth plate contain-
ing 1% soluble starch and 109 glucose.
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