30 3 Vol. 30, No. 3
2006 5 ACTA HYDROBIOLOGICA SINICA May, 2006
\ v 17 2 1 = 2 S 1
T E K ZEE RM H 4
(1. s 510300; 2 s 524000)
De , pH 7.4—82
s 30C 8—12h
, Sephadex G- 100 DEAE- Cellulose
, 3 (BIP1 BLP2 BLP3) ,
66. 2KD 31. OKD 20. 1KD, 0. 773¢g/ mL, 11. 66%
, 100°C 30min, , , pH
78 45—65C EDTA :
(PMSF) ;
: (936 tA : 1008 3207( 2006) 03- 0262 07
, ( Bacillus lichengormis) ,
[1.2] 1
1.1
, 1.6 —2. 8m x 0.6 —
0. 8Mm,
(3] (4 , ,
[3]
SOgaITd [6] 1.2 De )
327C 12h,
( 2.8 x 10°CFU/mL)
[7] 20386 « ” , 0 5mL
,2C 12h,
1.3
’ [8]
De (Amres) ,  Bradford
( Extracellular protease, ECPase) ,
: 2005-0+07 : 2005-05-20
(A3050304)
(1979—),

, E-mail: jkyz609@hotmail. com



263

1.4
(0.2%)
(0.4%)

(10%) (3%)

; Frazier
KoHPO4 KH2PO4
121C
, 0- 3mm
, 15HL , 32°C
24h,
1.5 E(Pase
Allan 19101
sein) ECPase ,

Azocasein OD440 0. 01 ,
1h

1.6 ECPase
— , pH8. 0

pH11.0 —
pH 40 50 6.0 7.6 9.0

15min,

(Azoce

pH2.2
Tris-HCI

10.1 11.3
( 0. 5mL ), RTC
24h, pH ECPase
pH
, 30°C 35°C 40°C 45C 50TC
24h
ECPase
12h  De pH 7.4
, 32T 12h 24h 36h 48h
60h ECPase "
ECPase
50% 60% 70% 8% 90% 100%
ECPase, 4C ,
100001/ min 50mmol/ L,

pH7.8  TnsHCI ,

30min, ,

1.7 ECPase De
,RC 12h,
( 2.8x 10°CFU/ mL)
0. Snil.
,32C 12h, ., 3mL

Tris-HCI (pH7. 4, 0mmol/ L)

ECPase . 4°C 10000t/ min
0. 22Hm ,
ECPasel '
1.8 E(Pase

30min

Sephadex G-100 ,
ECPase (1. 0% 40cm)
Tris— HCI (20mmol/L, pH7. 2) ,
0. SmL/ min

280nm s

Sephadex G-100
DEAE- Cellulose (2.0x 30cm)  50mmol/ L
pH7.8  TrisHCI 0—1Imol/ L. NaCl
, 280mm s

ECPase

s R 50mmol/ L. pH7. 8
Tris-HCI 4C 48h,

19 ECPase
4] pH ECPase
pH2.2 —
,pH8. 0 Tris-HCI pH11.0
— pH 2.5 4.0
506.0 7.6 9.0 10.1 11.3 pH

ECPase s

ECPase  55C 100C
Smin 10min 20min 35min 50min,
ECPase 0.5C 3.5C 15.07C
3.8 50.7C 62.0C 71.1TC 82.0C 91.3C
1h, ,

Immol/ L. CoCl, ZnS04 MnCl, BaCl
FeCh CuSOs  MgCly ECPase
,327C 0. 5h,
ECPase ,
ECPase ECPase 50mmol/ L,
( EDTA-Nay)
25mmol/ L.
(PMSF), 32°C 30min,
ECPase,



264 30
, ECPase
, 12—18h ( 3
ECPase,
2.1 E(Pase 0D440 50% —
De  pH 5.0 10.0 60%
ECPase , pH 0%
6.0—9.5 ECPase . 50% —60%
pH 6.0—9.0 ECPase ECPase ( 4
, 90 ) 0.10
pH7. 4 —
2.2 (o 0.08
0.7 0.06 |
0.6 | g
2 004
05 3 0.0:
% 04 | 002 |
8 03}
0.2 | 0.00 1 1 1 1
6 18 30 42 54
0.1 | Fit 1] Time (h)
0.0 - - - . )
0 2 4 6 8 10 12 3 ECPase
pH Fig. 3 Effect of culture time on activity of ECPase
1 pH  ECPase 0.08 1
Fig. 1 Effect of medium pH on activity of ECPase
0.06 |
025 r S
<
2 004 |
0.20 [}
g oI5| 0.02 b
g
0.10 0.00 ) . , .
20 40 60 80 100
T = il 4% Fl i The saturation of (NH,),S0,(%)
0.00 1 1 1 1 1 1 1 1 I
25 28 31 34 37 40 43 46 49 52 4 FCPase
L Temperature (C) Fig. 4 Effect of( NHy) 5504 saturation on activity of ECPase
2 ECPase ECPase Sephadex
Fig. 2 Effect of culture tamperature on activity of ECPase G-100 DEAE- Cellulose y
Bradford 83.59%
: €T ECPase 11. 66% :
’ ’ 30— B ’ ( 1
40°C . 40-50TC 5 6)
> ECPase
30C (2 , 7 20.1KD BIPI
ECPase 31. 0KD  43.0KD BLP2 66. 2KD
, 12h ECPase BLP3 )
. 2—36h . 36—60h , ,

25.97%



2

De

3 265
- e T 024 T
20T 020 |
1.6 | 0.16
1.2 |
= % 0.12
& <
< 08 F 0.08 |
04 L 0.04 |
0.0 1 1 1 1 1 0.00 1 1 1 1 1 1
3 9 15 21 27 33 0 4 8 12 16 20 24
PR Elution volume (mL) Pl AAFR Elution volume (mL)
5 Sephadex G-100 6 DEAE Cellulose
Fig. 5 Sephadex G100 chromatography of the ECPase Fig. 6 DEAE-Cellubse chromatography of the ECPase
2.2 ECPase ( 8
2.2.1 E(CPase 0D595
Img/ mL R R De
Bradford ,
, 0D5%, (2
1 ECPase
Tab.1 Protein content of the pure ECPase
Sephadex G-100 DEAE-Cellulose
Purified ECPase by Sephadex Purified ECPase by
Crude ECPase G-100 chromat ography DEAE-Cellulose chromatography
0D595 0. 107 0. 0% 0. 037
Protein content(Hg/ mL) 6- 655 5563 0-713
Protein recovery rate 83 9% 11. 66%
(%)
1 2 3 4 5 0.6
97.4KD
® 0.5 |
BLP3 B | 66.2 KD
43.0KD 0.4 |
o =
s 2 03}
‘ " o
BLP2 © ~ 31.0KD
f “ 02t
8 20.1KD
»=0.0119x+0.0278
BLK 0.1 | R*=0.9637
0.0 s L 1 L '
3 0 10 20 30 40 50
- 2K 13K JE Protein content (Lg/mL)
7 ECPase  PAGE §  Braford
Fig. 7 PAGE eled ophore-togran of the puwrified ECPase Fig. 8 Sandad curve of protein content using Braford method
1234 ECPase purified ECPase sample 5. Marker

Tab.2 Enzymatic activity of extracellular produds of B. lichenformis strain De

Amylase

Gelatinase

Lecithinase Caseinase

318

Dianeter/ mm

2.0

30 8 349




2

266 30
2.22 pH E(CPase ECPase 1h
pH 32°C Ih, , 45—65°C ,
0D440, ECPase ( 10
C 9
2.2.3 ECPase e
=
ECPase pH7.8 ,55C 1007C Smin 8
10min 20min 35min 50min, ECPase 55°C
50min, )
100C 30min ECPase 0 20 40 60 80 100
0.020 - {3 Temperature (C)
0.016 | 10 ECPase
=] Fig. 10  Effect of temperature on activity of ECPase
E 0.012
o
0.008 - 2.2.4 ECPase
ECPase
0004 T ,32°C 0. 5h,
0.000 S S S
0 2 4 6 8 10 12
BH ; ;
9 pH  ECPase ECPase
Fig. 9 Effect of pH on activity of ECPase ( 3)
3 ECPase
Tab. 3  Effects of metal anions on activity of ECPase
Cu2+ C02+ Mn2+ Fe?ﬂ- Zn2+ BaZ+ Ca2+ Mg2+
Contrast
0D440 0. 087 0 055 0. 037 0.102 0.083 Q 063 0. 086 0.086 0. 056
Enzyme 63 22 2. 53 117. 24 95.40 72 41 R. & R. 85 64.37
activity/ %
2.2.5 ECPase EG s ,
Pase ECPase 50mmol/ L. L16.17) s
(EDTA _Nay) 25mmol/ L
(PMSF), 32C L8]
30min, EDTA
ECPase 73.17%,
83. 16% PMSF De ECPase
s 1.05% , s pH 6.0—9.0 ) ECPase
5. 26% ,  pH9.0 . pH
3 0 5 )
30C s ECPase
o 45—65C , 100°C
[13, 14, 15]

30min



267

[1]

[2]

[ 3]

[ 4]

[5]

[7]

[ 8]

; ECPase s
ECPase

ECPase
ECPase

2.8 10°'CFU/ L, 48.%mg/ mL

15 464g/ ml,

Zhang Q,LiZ J, Chen K D. The effects of microbiological compound
on ecological factors in culture water[ J| . J Shangha Fisheries univer—
siyy, 1999, 8: 43 —47] R R
, 1999, 8: 43—47|

Gatesoupe I J. The use of probiotics in aquacdlture [ J] . A quaculture,
1999, 160: 177—203

Pmar calik, Fsra Bilir, G zide calk, et al. Influence of pH conditions
on metabolic regulations in serine akaline protease production by
Bacillus lichenjformis | J| . Enzyme and Microbial Tedinology . 2002,
31:685—697
Maitin V, Kavitha R, Umedr Kumar S. Properties of an extracellular
amylase purnfied from a Bacllus species[J]. Wald Journd o Miao-
biolagy and Biotechnolqzy. 2001, 17: 823 —826

Mulalo B N, HughGeorge P, Andr van T, & al. Over expression and
properties of a purified recanbinant Badllus lichenjformis lipase: a
comparative report on Bacillus lipase[ J]. Enzyme and Micobial
Technol ggy. 2001, 28: 705—712

Sogarrd. H, Demark T S. Microbials for feed beyond lactic acid bad e
ria] J| . Feed International, 1990, 11( 4) :32—38

Guo X H.The basis and application of probiotics| M ] . Beijing: Beijing
Science and Technology Press. 2002, 32—34 [

. 2002, 32—34]
Chen XG. Study on vaccines against Vibrio hareyi inesuary cod
( Epingphdus coides) [ D].Mager papers of Shanghai Fisheries uni-

[10]

[11]

[12]

[13]

[ 14]

[15]

[ 16]

[17]

versity, 2003, 31—33 [
[D]. ,2003,31—33]
LiH R,ChenH Q,Lu CP. Pwification and charactenization of extra-
cellular protease ECPase 54 from Aeromonas hydrophil [ J]. J Nging
Agriculture Unwersity. 1996, 19( 3) : 88—94[ s s
ECPase54
, 19%, 19(3) : 88 —H|
Allan B J, Stevenson R M W. Extracellular virulence factors of @ in
fish infections [ J]. Canadian Journd o Microbiology, 1981, 27:
1114—1122
Li H R. Selection, inhbitory activities and application in alture of
Penaeus japoniaws of marine probiotics| D] . Doctor papers of Ocean

Unwersity of Qingdao, 2001, 48 —66 |

, 2001, 48—66]

Wellingta CA N,Meire L L M. Production and properties of an extra
cellular protease from thermophilic Bacillus sp. [ J]. Brazlian joumal
of miaobiology, 2004, 35 91—96

Mi Z Q, Xie J,Pan BD, et al. R elationship among the phytoplankton,
physicochamical fadors and shrimp disease in intensive shrimp fam+
ing pond[ J]. J Shanghai Fisheries university, 1999, 8( 4) : 304 —308
[ , , )

, 1999, §(4) : 304 —308]

Ding X, LiZ J, Chen Y Q, et dl. Effeds of probiotics on growth and
activities of digestive erzymes of Pennaus vannamei[J]. J Fishery

Sdences  China, 2004, 11( 6) : 581—585[ ) )

, 2004, 11( 6) : 581 —585]
Huang X H, Li C L, Zheng L, et al. Effects of the immobilized mi
croalgae on the Quantity dynamicsof Vibrio In the Shrimp ponds[ J].
Acta Hydrobiologica Siniar, 2005, 29( 5) : 684 —688[ s
, 2005, 29(5) : 684 —688]
Huang Xianghu, Li Changling, Liu Chuwu, et al. Studies on two mi
croalgae improving environment of shrimp pond and strengthening ant+
disease ability of Penaeus vannamei [ J]. Ada Hydrobiologiau Sinica,
2002,26(4):382—347/ , , s
2002,26(4): 342—347]
Qi Z, Yang J P. Application of microbiobgical preparation and mi-
croalgae in aquaalture [ J]. Acta Hydrobiologica Sinica, 2004, 28
(1): 8—8[ .
,2004, 28( 1) :85—89]



268 30

PURIFICATION AND CHARACTERIZATION OF EXTRACELLULAR
PROTEASE OF BAJLLUS LICHENIFORMIS

CAO Yw Cheng"?, 11 Zhue-Jia', WU Zae-He* and FENG Juan'
(1. South China Sea Fisheries Insiiute, Guangzhou 510300 2 Fisheries College, Zharjiang Ocean Unwersity , Zhargiang 524000)

Abstract: The research of Baallus as a kind of probiotic for aquatic animals is increasing with the demand for environment
friendly aquaculture, like biocontrol when the treatment is antagonistic to pathogens or bioremediation when waer quality is i
proved. The Bacllus lichenformis srain De isolated from white shrimp( Lizgpanaeus vannamie) cultural ponds can produce many
kinds of extracelluar enzyme, moreover, the adivity of extracelluar protease is very high. Therefor, the study was carried out to cot
lect it's extracellular protease and the physicochemical dharacters of the enzyme were investigated. The extracellular protease of
the strain De was colleded followed the semiperable membrane method and was purified followed a fourstep purification proce-
dure, including ammounium sulfate precipitation, Sephadex G- 100 gel filration chromatography, anion- exchange chramatography
on DEAE- cellulose and polyacrylamide gel electrophoresis. The activities of extracelluar protease was tested by the Azocasein di-
gestion method. As results showed that extracellular protease secreted by strain De obtained a higher enzymatic activity when it
was cultivated 12—18h at 30 C and pH 7. 4—=8. 2. Three predominant protein of the exiracellular products BLP1 BLP2 BLP3
were obtained, whose molecular mass measured by polyacrylamide gel electrophoresis respectively were 66. 2KD 31. OKD and
rough 20. 1IKD. The protein content of purified extracellular protease was 0. 7734g/ mL, comparatively, its purified protein recow-
ery rate was 11.66% . Moreover, the optimum pH and temperature of the extracellular protease was found to be 7. 8 and 45 —
65 C. The extracellular protease is themophilic, since full biological activity is retained after heating at 100 ‘C for 30min. Enzyme
testing for inhibition of the extracellular protease indicated that only EDT'A Cui* o™ and Mg2+ can inhibite enzymatic activity,
but PMSF Fe’* Mn?* Ba** Ca* cn not, and Zn** can inhibite enzymatic activity to some extent.

Key words: Bacillus lichenjormis; Fxtracellular proteases; Purificat ion; Characterization



