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— RN EOHERNETRERBRENTE

W&

(P B REMHA TR LR

MF by BB R 553 FREEMATE R — R BB E SR, SR AR
SRR 1 1 — T B b TE S MR RR > ST 1ETHE 100000/ ml, (LB ERER B 0 M AR TF
T (Bacillns lickeniformis), FER) KM RME: i3REEd 6% EXBOLTRIRAER),
g0 THERY (AR, NaHPO, » 12H,0 0,4%, KH,PO, 0.03%, Na,CO; 0.1% His
pH7.0, 37°C HESEIREEIR 5 k3t 42 —46 /o BRPEMAURE A 60°C, PHO.0—10.5, &

pH6.0—10.5 THER BT . B3 DFP 4,
A B M AR IR SE T AT PR

eSS 3t

1913 & Rohm & 74 B A AR IF 025
HEEEFIERY, BRELTHEN ™ E
HBRMEEE, EORA TR TRE
o BRI AXREHBOMCHADRE,
W TR B AL LA R A BSOS
BERFERT

Wt E AR EEETRHERN, 5
i (kA IR B AR L0 RRER
Esde i HIE = ER Az — Ed F 225
T HEWETZMREY. BRIENE
gt —, BERSAEERAIR
e EkR, DR LA B R, 1983
ERATN RSN L1 5B F 553 BRIF £
AL 2 BB G, R R S 533
H—k, LUBAETERFERESES
e 20 %o

OB Bk

(—) W&

BiBRS33-F13 AR HERREEEN

Bacillus licheniformis,

(=) %BE

1. FlERIFER (%) AR AERK
1, WaCl 0.5, iﬁiﬂ%iZ s pH7.0,

2. LB R (%):
NaCl 9.5, pH7.4,

3. MEREEGPEREFE: EZEZAEK
(8], HIFERar B, AIREREERRE ¥,
F pH 10.5 NaOH FoPOBHEL SR Wik Al Bls &
M (e9em) H 20ml FHEkEH .

4. BEEEFE: BBBE(], HAER
£ 0.5% FMEEH 0.5%. B pH,

5. EFTFRIIFEE, LI [10]

6. rEIEEE: IXEL (1],

7, BB AHRAREFRE(®): LERE
Kl T % B )6, B4 , KH, PO, 0,03, Na,CO,
0.1, Na,HPO,» 12H,0 0.4, B# pH, 250ml
= HIEE 25m137°C, 230r/min FESCARARAR ALY
FELEW R 2% (V/V),

(=) ZaBEHME

B T RIS AR I E . | BIEE
I 40°C, PH1C.5, B Ak B RS E 1 BT
B E e B 0 — VTS 1AL

() MHERECEREINRE

A @Yem [ 20ml TR R HITILE
B i B1 0, Sem (a8 55 4 B >R MA 2001 1
48 /NETRO HERI s 37°C BEFR 20 /R, RIBKRF

B4 ERRY 0.5, LR L,

AR T 1987 421 B 16 HIigHe
ARMAEEHFRAZ AR
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BB KM EAFE . LRI P E 0% =
HZBTML,LIERERF.

{(2) AMANE

WM (NTG), (FRLFRAI ) 25
N il s (Diisopropyl phosphorofluoridate), {5
# DFP (Carl Roth KG); 43JERFHK (O-Phenan-

throline ), f#FF O-P (FLEALTL] ); F R KRR
% (Phenylmcthyanesulfanyl fluoride ), fa 3R PMSF

(MERCRY); g-$2#:lEm (8-Hydroxyquinoine) (4
UL )

PH 5-2 BEETH (LBEZSHTNET Do

b R A0 3ok

(—) FEEEOBEENSE

DL LB#&E# 5—10g LIEEACRA
R TH. Ll e . viNL S LM, S
AL AL RE &%, Ki)30°C
PR s i T /NVE 9, fE Eppend-
orf BLOAL PG 3-—S8, EEEET
70°c K ¥ PRI 10 23X 8h, RAEE FEM,
BHl. R—EERBER G E SR T
it b, 30°C BFRidw, KR A EE KM
BEX il . g . fEEMNE L&
FRH 553 BRE A A, (s £,

(Z) VBFECEERE

B14x14em 85, NE 2.5m REE
B, A LRSEREE, 37C iR
A SF 48 /NI, 180 L, 20u] EE D
A KEE TR R B P AR /NFLR, 37°C Ry s
20 /0, KB RIEEOKRBRENR A RE
EnE R, AffiE, BHUKRBRBEZERXK
T lem YRR 34 SR R LB G IE , &
o1 14 ¥RPEREAE 190—500 u/ml 2B, A
R R A, H R B AR R L X R
R,k FH Pe B AR MR E 19 533 S iF
HITIET. FRUE Lo

(=) mFHLE

R 533 EMEARTERE L,
30°CERI—TRABLEXEKETET

¥ MRERHTEaRES
Table I FProtease activity ot preliminary

selected strains

Strain Neo. Enzyme activity (u/ml)
52 334
70 222
49 186
68 393
148 2276

50 483
270 925
284 406
252 297
392 297
411 322
446 372
411 322
446 372
460 407
533 301
468 i%4

70°C AEHER 10 2L R BRNGE
LB R AT AR AN R 533 5
F— R 533-A54 #HITIRAE,

(W) EHENOENEESLE

W37°chrF 15 JNETRT533~A54 BHIE,
BHiELER.B pH6, 0.1mol/L BEEE
MO ELRE R 2 LSRR 10
W /ml RERE,.NMA NTG EfHk
WX 1000 pg/ml, 37°C KB 30 4>
b MBI O REEES NTIG N EFE
LR BB E— R ERERFER
R b LB A ER29 Sem (u/h il
TERWEHRRAEMAT (15W, B 30cm) #E
5 30 B 1 o, SEMUREER K E
W, 37°C BE3F 16 /NI, Rk S BB v R
R AE L. EENEETEEL 99.99%,
HELSRERET, REHB -TEHE
10000u/ml [Zsds®k 533-F13, 533 H#k
AEELREN:
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70°¢10° NTG
533 533-A54 —— 533-B79
LY g uv

G NTG
533-C32
uv Lok

533-E55 ____,533-F13
BT

(&) 533-F13 @HusE

533-F 13 BRRFAEF AR 1) & % 20 |
T, BN, 4O EEE O,
TS Z IR LR R #E AR LR . 2F
B A , TESE

SR AT A 533-F13 & ,4h ki
JiE, TRIE , 2R NNR B BH L BRS , 24 /8
NEMEAXE. LB, ARMEESL
BR/NREL, 533-F13 AIMEF R (B 1),

NTG
533-D3 ———
uv

BEl1  533-F 13 Fianiapys B A (X 10000)
Fig. 1 Electron morphology of B.
ln:lwm]'ormn 533(x10000)

533~ F13 %‘ﬁﬂ#?ﬁﬂﬁ*&ﬁﬁ:é?‘iﬁ
FAEY 2709 BHIE, %%5}% MNEEE
Fio

(= ﬁﬂﬁ#ﬂ%

1. BRI thﬁ?i%ﬁ‘%ﬁtlﬂfm}\ 6%
ARBIR, MWFE 2 o] DI &R Es IR
Ei g%, FA 9400u/ml, 6% M1 8%(W/
V) RSB R B IR A P B R 8
BEXF] 10500u/ml, AWK IKEL0%,

EEE T A, XFTEER—F oAU
R

—RRORIE, HuSNEBAE & BRAOTRT B
B YTHE. EHEHERE ERIE
RIMBRENEET ,, HRENE SR
BHZBETXMIUR, HFIIEETE 168
A5 LA TR RuBR IR A2 R R P e AT E
B.UEEEEPEREDE, B o RGE
FrERE, XEIR M RFERFES™
EEROBANLEPBELEY, Laishley™
RERRFRAEFEERBNRE5S
EEEDAEEBEOR. BRFHRTE
SRR BRI EIE R E R, BSAHT
RRBRBFER DR EE B ILEH A
J9Hs 20T BTl o IR, RAN
INER IR AT 68 R PT B A DLAK S B VR TR R
AFE, AR ARERE, XETH
Blo

2. BRI (DARARNRE: &
B h o RMAS&EE 132%, BIR
BRRR IRSNH LB B RO BRIR, SR EE
E pHT7.2, ZRUIE BEK f# ik (B 10g 25
¥ 100ml sKhn 0.5g X 1g SELL A,
121CKBE308, ERATHME pB
7.2) ARE, Ha BB EE IR
& 9440u/ml, HIHTHHN . KERE™
BEEMPEEEN(E ). Q) ARERER
Pk BRI FEN- B R4 B,
10 % S 9F7K i B R B 00 VR B IR P Rig S
183K 10400u/ml, F 15% S PFKEK
YRR B YE SN A . M 10% S5
K ELE 6% RRWILES 6% HER
BEIR45% (&3)e CI)FRREKER
PEMAARIRER NaOH KRE/E R R
Hr-EEbth 8 - ME 5 FH L 0.5%NaOH
KE 10% SHBVE, FEBTE 9590 uf
ml, l:t%“aﬂﬁ 14%0

3. xR E PRS- AENRE, Ak
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%2 FRANMEROER pH
Table 2 Effect of various carbohydrate
on protease production o .
o T 8 =3
HOEE
BE iﬂ][pl'% %pl‘{ Protease 7 =E?
Carbohydrate ol ll'; i_‘;a activity - 5
G (u/ml) = 6t ~
= V] 78000 B
Ek 7.0 |7.5 7900 8.7 =
Majze tlour = %r T g
¥ 7.0 7.5 6900 2 L 2 6000 ©
Dextrin S §
T 7.0 | 7.2 9400 % I e
Glucose g 20F 1 4000 o
T 7.2 7.3 5850 = 3 E=Y
Soluble starch ' r e
" om 7.5 | 7.5 5250 L ) &
Sucrose 2000 E
B s 6.5 |6.8 8750 0k
Fructose PR S S S
EE 6.7 | 6.6 6850 20 0 60 80
Maltose ]
Ly oy 7.0 7.5 8640 BB Cultivation time(h)
Sweet potato-meal A2 EERPEEpErsnNEdR.maREER

pH dsft

QE'&RPH E{J§4 U31: E 42—46 /J\BT}ZIET] Fig. 2 Time course of protease production, cell
. growth and pH variation during cultivation

; ko F , o 48 1 s

BOE A B H T 48 Al ERRE (T T T

jj—F]S%Q yjﬁiﬁlﬁﬂ (10 /J\HTJ‘ZEE) pH ﬂi‘rj I. pH; 2. Protease activity; 3. Cell growth

%3 FAXIFH~ROHES

Table 3 Effect of various nitrogen compounds on protease production

. wen | Ao PR

cource Initial pH|Final pH ‘gli/‘;il‘lf)
KNoO, 6.7 6.0 56
NH,Cl 6.5 6.0 36
(NH,),S0, 6.7 6.0 38
NH,NO, 6.7 6.0 36
& ¥ Polypeptone 6.5 8.0 268
¥ Peptone 6.5 6.2 288
P Beef extrace 7.0 6.5 176
B Ycast extract 6.7 7.5 2780
TPk Soy bean cake meal 7.0 7.5 8240
S KW EM) Scy bean cake meal hydrolysate {(+Glucose)] 7.5 6.5 6720
EE Cacein 6.5 6.0 400
SO KEREC+TK¥) Soy bean cake meal hydrolysate (4-maize flour)] 7.5 7.5 9440

HFR, WEBE AT oH8.0, BKE  JABE 4—18 NN 2R, BB EARNKE
24 A P AEKIRIE, DUBHIRE 4, SRAEM XRBARFER(E 2,

BTREW, ERFHRR, 48 [WE, 4 BSEXPBOEM: 250 ml
it ) T M GEHE R, —MEEE  S00ml = fMA SIS R BRI 25,75 R

LR TR S 6830 hetp://journals. im. ac. on
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¥4 FTAREEXRXMEELAN R
Table 4 Comparison of various concentration of soy bean cake hydrolysate on

proiease production

10% T AR 070 B0 KRB E| L ST AR 3| 5% E ik g 6% Sitn 6% S
BRE gy, SBCMH*109% SBCMHi5% SBCMH®I15% SECMH*| 655 SBCM** | 655 SECM*
Media EEB R EXE HE T WEEE
Maize flour Glucose Maize flour Glucose Maize flour Glucose
ERREN
Frotease 10400 5760 11200 2160 8480 8640
activaty
(u/ml)

* SBCMH: Soy bean cake meal hydroiysaie
** SECM: Soy bean cake meal

#5 TH NaOH Rt G ARANR~REER
Table 5 Effect of SBCM hydrolysate of various NaOH concentrations

on protease preduction

10751 10% 109% 109 15% 1565 1% TiEr
g AW | SRz | GDOKEE | BURKORR | ODLKRETR | SODKER 1%
0% 109 1095 1055 1595 15% SBCM**

SBCMH* SBECMH* | SBCMH* SECMH* SECMH* SBCMH*
Media 0,565 NaOH0.5% NaOH|1.096 NaOH|[2.09% NaOH|2.09% NaOH2.09 NaOH| %
EX 3 wEE X Wi EXE HEB  [Maize flour

Maize flour] Glucese |Maize flour] Glucose |Maize flour] Glucose

Parg[tievai:; 9590 4329 >890 2076 1358 1265 R293
(u/m)
PR HI A RS E U R0 oHT BU R EE
EREGIEHA o) MEBEAM(AE3),
8000

6. B EBEARLERR: HTHR
B S33-F13 EMERNTHROSE KK
I e T 26 ILFER S G IEARE
4000 BALRR, SR 6% LFERE54%2 5
] DHRERNRBEFREET 8. MEk

&
=
(=
L] ¥

HAEh
Protease activity(u/ml)

- B EBEN L 4% THBES 5% R 6%
— AP R
SR S (&) EEENER
LBERERREEE: MM+ T
M3 ARES pH OEESREDS ~REER B, 75 60°C BeiE D Ak 235000/ ml,

Fig. 3 Etfectp:fo‘ii:i:tii:lnpﬂ on protease T 65°CREH BE T X5 4 =t
W) 2709 B M HABHEE R E

100ml, £ERFMH . 5ml HRETES,  (G0C) HEARHI(E 4),
MR ES R, BKE R N, WEHEESBELRRE (40, 45,
5. pH MEBMEL: AEXHR, B 50 M O0C)HERKEPRE, L REH,
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28 &

S0CHRIE 1 /N L FEIE I H4 16.6% ,60°C
PRI 50 4 8l IS IR 10% (B 5)e (B
FEH R R, B #ET 90 ehedr
AKiFo

24000}

16000 ¢

8000

8 11#% 3y Protease activity {u/ml)

¢ 20 40 60 80
8 ¥ Temperature(°C}

H+ BEMRABEINER
Fig. 4 Effect of temperature on protease
activity

100

Eg
- 40°C
2 w0
=
5
= 6f
=3
b
a 45°C
g 40}
E~4
S
(11 3
£ 2 50°C
3 L - *50°C

- 10 30 S0 70 90

£ [ocubation{min)
BS TESFENRHORRETE

Fig. 5 Thermal stability of enzyme at
the absence of substrate

2.5E pH R pH HRRTFEE: &K
FLARDINARE oH BB , AH pH

WEANER oH WBEBERE HC R

BRI 10 5350 E B8 7S . EBRYRIE oH 24
10.5,78 pH 9.0—10.5 27 [A)ERIE I EEE & »
AT oH 11 REENEETH

Keay™W BZFERITHEAENBEFE R
B AE pH B & B E{FH T EERMREE
B4R, R B A EIE D AUtb L R Sy
WHEEREX M, DREOHEERA
BRAFFINER  FRHRoARMER, A
Ry Carlsberg BE OEE, B H2Y Nove
WEROH. it xFRFENENFRHF
EEEBEESRE AT, XBERM
EREEOE,MAREFHEAR. B
HY pEFE$E 2k B AUBE . EE MRS S EDO
ESrEMELLEER B AU, EABERIEN 274
—f2IAA A BIERORABE AFIRT R
I, RO BEAERRERPRARKNR
E, MR AT 533-FI3 it E
A HE M sk 5 A BUESAR L, dHubiE
W B P AR I BRYE B  B AT A g Carlsberg
B(HE 6)o

BRI pHE P BB IER &£ 10°C
fEEABEER 25 NG, WEFH &N
EH. HREW, £ pH6.0—10.5 Z[HE
B RE, MARRIEE 0% LLLE,KT
pH 11 N EE T HES0%,

3. &RE TS NN R
BHhMARMESES T, FALAKEN
1X107°mol/1, 37°C K¥RRE 15 535,
Hg'™ #1 co?* XEHBENNGIER,S
B A A EIEER.

Feder™% A\18H! . FR 1% B0
BREfPER, TENHABNARE
#HREBENRPIEH. ERE.BEO08, L
HEMEZROBHERSESE THFE. &
FHeETEN=REH, NERFT B,

4. F RGN BRIE D RVRETD: Rk
EOEN R4 ER H H B, & DFP 4,
PMSF, BE#EFAM (Sarin) I B
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WELH LU ERASERE., KENKE
MEABNENYIIEMEZEABER
%, M4eEEe&7 i EDTA, O-P #5]
it e Sk iR ARl i R AR
pO, 2 EERE QR TSR
ALELEMERE, DFP 54288k K
SRLEE PR BAEREEDY B B R
ERERER R A KRS
1x10~°mol/L By DFP, PMSF, O-P M

EMIL 11(0Dgs0)
Protease activity
e e
o (4.1

e
=
y

1 8 1‘0 1.2
pH
Bl6 pH XEEHER
Fig. 6 Effect of pH on enzyme activity

x6 OUNHNESHRIHDER

Table 6 Effect of various inhibitors on

praotease activity

| BEEAH
& Inhibitor Remaining activity(9%)
pH 10.5 pH 7.5
Nil 100 100
DFP 0 2
EDTA 84 100
O-p 100 100
PMSF 12,5 0
B-FR Uk 103 112

8P RMEWRE , 37°C &b 15 L AR E
B, W T O R SR HE DR DFP 524

il 533-FL3 AV E HEE . EDTA
M O-P AHpHIRE . 82 EIEWAN
Ao gg s , SE —SEER R
B e 9Te 533-F13 W/~ s E
HESZ2EREABORE—H (E 6
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SCREENING OF A HIGH YIELD ALKALINE PROTEASE
PRODUCING STRAIN AND STUDIES ON ITS
FERMENTATION CONDITIONS

Na Shumin Yu Maoxiao

(Instizute of Microbiology, Academia Sinmica, Beijing)

553 strains of Baciflus from soil samples kaline protease activity after growth at 37°C
were isolated. After combination treatment for 42—46h on a rotary shaker. The opti-
with ultraviclet light and NTG, a mutant 533- murme pH and temperature for the protease ac-
F13 producing 10000u/m! of alkaline protease tivity production are pH 9—10.5, 60°C, and
in culture broth was obtained from 553 strains. inhibited by DFP. Some other properties of

The medium for fermentation consisted the enzyme were discussed in detail,

of 6% sweet potato meal (maize meal or glu-
cose), 4% soy bean cake meal, 0.4%%
Na;:HPO, 12H,0, 0.03% KH:PO,, 0.1% Alkaline protease; Bacillus licheniformis
Nai,CO;.  The strain produced maximam al-
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