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RRAEAMNERERE M FH(ECP)ELALETEARBE LN T £ AT THRN

BM3EHAERIEFFETHEFRAMAL. SREXA . FEHRAEAREAEREFE b £
H,IRABREHEARAREL ECPEASCENEORE . XRAWMBE TN F Rt LR, A
SAS AT B 2 T B HE, B E NaCl RE pHEMBEEHERE KR ELE " BEH N E HH
B, ERIEFRZUEB L A FARR KREIAUARTAREEOBRETLEKFR,
EREV BRALEABRGRAFREKRECPEAZP NN SBEAXABYTHHE &
BN FAETHAAIEAERECPEAFEREZOB S £ AT A ZENRSER R E
FEABREAAPHARES ECPEAS ELXREGE . EFABRKAN 20 BB LR E
ERE U MERE ERE P aAREFHRTHECRECPEAFE A UK TELEY

Pk
X
RESES 5936
88 5L B ( Vibrio anguillarum ) 518 K 7= FE B W
BATHSRR ) — R EZERR, Gt AR NSRS
¥ £ 25 B0 L 47 %5 48 & (Lightner, 1977; Mahnken, 1975) .
¥ ( Paralichthys olivaceus ) 3= — P WE WG K L P2k,
APEIEGEEBXCIERER TS IR RE,
EERAEHRE ASETHCAREZE &%,
1999; % L% ,2002), (B THFAMEWZEEYT K
MFAFERRE, BT ZREOR , H o U B e i
HEE, FEUCERN ST K (B 2%, 2001.2003)
EHS AMCRAT ZFBINEEE T, 0. KK
RYE(Actis et al, 1983) SHMEEH (Mazoy et al ,1996) JE
Z¥E (Austin et ol ,1995) 2 H B (Norgvist et al ,1990) (HF
% (Milton et al ,1996) J& 1. X (Hirono et al ,1996) %, 7E
AR AR T 1L 3% .35, 1 M Bl 5B 1 00 28 0 2 6 o

GIH,E AR, N E MM, K

S - HBI R E R, 2 R M3(Mo e al,
2001) , R BLH M4 =99 (ECP) R BBURYE (Mo et al,
2002) N BAfb B - EEREN SR EAN
(RIM 45 ,2002) . Hyifk—25 T /R0 INEE M3 Bomblm .
prGlEE, U AR S B EOEAESIE M3 Rt
B irERERN, EATERREFEEL LM ECP
PorESREBRE, b EEXTEIE M3 MWEKE
RS =Yk & R B AR = A R AT T3
UETFHENNSKRE-ERELRBEEBREARS
HHEM MBS BT E ECP h B BEIE IR AL R
BOB~ENRERNEF,

1 #REFE
1.1 HEEFRBANI=HHES
B M3 R T 2216E WKL 5 4L, 28 CHE IR
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BASE. BEKRA TFTRERET —EHBAY
2216E F 4R b, 28C 85 3% 24h J5 A 0.02mol/L. pH =
7.4 B9BEBRSE *h VR (PBS) ¥ T & 14 , 4°C . 8000g & .0
BREE A, FHEBRAL 0.22um HMALER I IEE—F
EBRBE AR, BB SN = ECP,

1.2 EAERE I HEESREEGEME NN
E

B A VR BE G R 30 £ /5, LA 600nm TR HEAEF R

EHSBLUSFMTE B EB (BSA) Hir #E, ECP
B 5 5 )5 K A Folin-Bik W € E H & &, LA 500nm
|HEER

EEMBE 10 22 B Shao % (2000) 7 % B
MEBC, LA 440nm BOLEFKR . BRI T ARKMA
0.025ml % 4% & . 10mmol/L pH8.0 Tris-HCl 2% &
0.05ml 5 Smg/ml EHBIKY azocasein (Sigma)
0.1ml, % 28°C LK 0.5h 5,11 0.7ml =R BME 1k
RRi. &.0BEEHK 0.5ml, im A& F 0.5mol/L
NaOH, 7E 440nm 3 K T 3 S % W fH .

1.3 EFFESHBHARE

FEEF 2216E i S B A T F B AL T, # 1T
AR LIS 3

1) I NaClWE . pHH . BRE A AT &, F kA
KEREABE MM E, RE=FHELKF
W 7 TG SE 86, FEE 20 MAR S I EAR=AREF
MEEERKEEABET LT,

2) FESEFRE PR IR R EIE R 57 : 1% W0 '’
B1%ELK 3%EAK 1%EKRTEEE(TSB).
1%E BB + 50mmol/L NH,Cl.1% BB % + 1% B
EHKBY 1% EAK +4% FEPNSRKZE, L
1%2EABHEFENEESE ECPEEMEOBEIE
F14 100 % AT HoBE 43 BT 3 e 75 I 40 %o B 4 AR I
REB B ENE 0,

3) RMEFEPARBELHKE(0.5%.1% .
2% 4% 6% )W B kA K REEBE IR,

4) K MIEFEE PEN 1% A R B BIE Y % (F
A BN H M) R AR AERK REEEE TR

WL, 1% EEAKEFENEA SR ECPER.K
H &G /14 100% #E47 W €

2 #R
2.1 MERIGEEFEAEKNNABTMIEHR
B=HhEBEOMThNAN

X 7E 2216E Bk IE & LB FREPEK
AR A A8 I M3 TR E, 28 T 0—
36h MEEERK ML, R Q0T M3 47 88K E
HERBEEREFRLEAEPHEEABME (A,
WRKEFRAL) . G5R KW, M3 BRI IE IR P IE %
1—Sh &b FrHE KB ,5—18h - K E B & T K,
18h e ABIEBICEEH) . BEEMEHERNEK
AREHAGHE MEEST S, FEBEL KB
TR R KT WE, 4 28h FEETHE, M3 ERE
REEF D 12h BT B4 KB, 12h B AR IE
B, NEF2h BFETRIE ECPEBEM ™4, 8
FE4h ZATEEBRE IILFE R 0, ME & KM E
KECPEESBIFEN N, EABE T th & &
moEFFEHM R E S (24h) ECPEEHSEER
B ,26h J5 2 TR &S TR B BE S WAE 22h 5
2EE RS EEE S8 36h, B TR BE A%
FETENRI T BEB/N ECPREREHE
EHE RO TBREEFREPREANER, FHT
FUHEOBMNE St B, EUEHNITRRY
KBRS REEITHER.

2.2 NaClRE.pHERBEXN M34EKE*"BE

4 7 Win 9 i KL T 4 4T
2.2.1 ZEEIF RN 5 BT 7 (Response
Surface Methodology) , 2 #& Box-Wilson 1.0 & # it R
BT LA NaCl ¥ FE .pH B JREE N A&, LI K
AREEREBEAME I AR EMN=EERLK
K, HEHT 20 HEE, K 14 40 HFE
BeHIFR(E), TRLMILKF#HIT, ER 3
K RBMERERKENEABE TN FEHER
SAS 45 i1 43 #7 # 14+ RSREG ( Response Surface Regres-
sion) B FF 1T 4007 AR BT £ 4T &
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X1 MEEBSHLIRER
Tab.1 The results of Response Surface experiment

e X, X, X, B A A K PR BE (0D i) EEMIE S (0D4y)
1 -1 -1 -1 0.192 0.126
2 -1 -1 1 0.175 0.125
3 -1 1 -1 0.186 0.150
4 1 -1 -1 0.070 0.031
5 1 1 -1 0.048 0.048
6 1 -1 1 0.134 0.089
7 -1 1 1 0.177 0.131
8 1 1 1 0.106 0.038
9 -1.682 0 0 0.202 0.126
10 1.682 0 0 0.052 0.034
11 0 -1.682 0 0.186 0.127
12 0 1.682 0 0.175 0.110
13 0 0 - 1.682 0.115 0.078
14 0 0 1.682 0.156 0.088
15 0 0 0 0.197 0.135
16 0 0 0 0.162 0.126
17 0 0 0 0.186 0.169
18 0 0 0 0.196 0.150
19 0 0 0 0.166 0.124
20 0 0 0 0.187 0.130

2.2.2 ERSH RELBRRITHETT204%
B, BAKEERLE 1, MAKRRALRE.
Y=apg+a X, +aX,+ a3 X5+ an X1+ anXs
+anXi+apX, Xo+ apX X;+ an Xy Xs
W45 S B Al SAS RSREG BFit & i 7 &2
FERL(R 2), It — B3 mIIR R #4705 &
S ERAR 3 BEMTRA, WEHEAKRENE
MXRRBFF R 5155 0.9674 & 0.9227, 3 H.
SPITHABE(P>0.05), FH5ELALIAIE N
BRI R SRR RIET A I . R af, AT LUE
HEEERKKE R BEOBE RN K,

YR TS A v Jor (L B B e 3 5K AR B FEOK O, LB &
A EL AR 56 B %o w0 £ 5 e A (XSRS 1) B I 2%
KFHEEERKESFBEHZEN P <0.01,3%
AR BFEKE RHSRTFIRMEEWHARTZU.
MNERERSTEXNTEXEERTNESRK
ZRUTUEN EHERAKEREOBTENTRH
X (NaCl ¥R EE ) X (RN WBE B F(P<
0.01), 1 X,(pH fH)ZE LK N (5.9—9.3) X mg
DA AME RS, R BA SN, ERT EE
BRI RIEE R R &AH (R4,


http://www.cqvip.com

162 i:i3 ¥

D000 http://www.cqvip.com|

i # 5%

F2 OHARMINE
Tab.2 The values of regression coefficient

£ WA TR E EOEE N TERE £/ ¢ HAKETERE  ROMEHNTERE
ap -0.2303 - 1.0016 an -0.0077 -0.0106

a 0.0106 0.0976 as -0.0027 -0.0070

a, 0.0467 0.1640 an 0.0041 0.0018

a; 0.0214 0.0385 an 2.9E-5 -0.0018

an -0.0384 - 0.03667 axn -5.2E-4 -5.4E-4

£3 DRAEEFESHREERREASTEMAATIBRARRER

Tab.3 Error analysis of regression models and Co-analysis of factors and their interactions

Bk EAMEN
LR 3 H BB

HWHE R FHE P By FR F{HE PA
— &M 3 0.0103 68.526 0.0000 0.005695 22.803 0.0001
KM 3 0.003563 23.775 0.0001 0.003585 14.356 0.0006
TEHIR 3 0.0010 6.694 0.0093 6.59E - 4 2.640 0.1069
KM 5 7.6E-5 0.341 0.8685 1.97E-4 0.652 0.6750
B IPERES 9 0.00494 32.998 0.0000 0.00331 13.266 0.0002

wRE 5 2.23E-4 3.02E-4

EHARE R 0.9674 0.9227

X, 4 0.009556 63.762 0.0000 0.006013 24.078 0.0000
X, 4 0.000188 1.253 0.3503 0.000549 2.200 0.1423
X, 4 0.002420 16.151 0.0002 0.001783 7.138 0.0055

4 DAKBNABSIH
Tab.4 Typical analysis of regression models

) R {H 7 B NaCl( % ) pH BECC) HHE R E J-¢3:]
HEEKEEFR 0.58 7.94 23.3 0.208 Bl
EAMEOTE 0.71 8.29 23.04 0.156 B

23 EFEFFAAAENEXAERKREOBR"R
B % )
x5 BRTARRENEEERKKEAB™EH
EwW, HESTLUER, BN 12K 0ERS 1%EE
BRAR L, SR AR S ECP A MR, TREE
WA ; Bk G2 F R (TSB) 5 & A iR A LU BBE T E R
JL, Wi Ek RS ECP BEARHA TEARK, X—

SEBREEAGCRMEREPEMAR, LBF
B R, 1% A BRIEFREMA NHC &, &R S ECP
EARTUAK, BEAMENHTRT 49.3%;1%%
HEEREMAREQKBEYE BEERS ECPEA
BRI MEAMENANENE TR;E 1%9E
HEESRE AT SR ARG, k'] ECP &G /M
BEAMENE T ARBRERNER,
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RS TRAREXNBEEK . ECPREARSTENER

Tab.5 Effect of different nitrogen sources on growth, ECP and protease production

AR WRER(%) ECPEA4 (%) EOMEN(%)
1% 3 H BR (6 B8 ) 100 100 100
3% & BB 146.7 152.0 126.4
1% J3i 0> B B 108.9 103.2 77.4
1% TSB 126.5 126.7 9.7
3% TSB 257.0 242.2 125.6
1% E AR + NH,Cl 95.4 90.5 49.3
1% EAK + BEAKBRY 208.3 177.4 66.2
1% E A B + FEHESK 132.0 118.6 116.5

24 FREABRENECERKREOHR~RN
®wm
BREPMARRAKREROKFETHERGE SR

RBWIREER S ECP BEA B MLBE LKL ¥H

BEE S FRE T E AR ERES, B &%E M ECP

EOSEYAR BAKKERN 4% 0 X k& HE; #

— S REEOBRKE BRBER TR TR £3RE

FEABEKENZE 20N EOBTRCEEEEAQ

B ERET E 4%, BB BEAF K #—

PREEOHFRE NEOB-EHHTRE.
25 TRAKEVMRNBEGEKREARTRN
® I
R6W/ARTH206EWKEFRERMT 1%
BYREFRNER., R e LU AR, EHRERFM
THEE FEERTHYREERABEER ECPE
HEEEES, Kb UEEIRS, 5 TR
Z. HE=MEFRESERNEOEE NHHEET
FE, FREKERB—H.

K6 BMAARENRNBEERKEEARTRAKN
Tab.6 Effect of different carbohydrate sources on growth, ECP and protease production

R HEEK(%) ECPEATER(%) BEABE (%)

BR  EEER(%) ECPEATE(%) EHMEN (%)

x 100 100 100 il 314 185 67
WA 275 171 70 H il 206 156 71
3 Wit E4Eie EHHEARERNAEOSE, KNMNEOMES

BNE M NEBEOMAECPEAPEER
= (BRI 45 ,2002) B fE R IR BE SR P R A, 2
MBEEKPERARENDELBE L, XBEF
EHEEFRHNERRLE, W Yersinia rucker
(Secades et al, 1999). V. alginolytics (Long et al,
1981). V. cholerae (Young et al, 1982) %, Croxatto
ZQO2)WPIRENH BINEHSBEOBMN U Z
FEREERNES, RAYEKKREXD — &R
EE, BN A F R WEA. ALRERIEE
TR—R. FEEEEFRE L, B T & & Xt
WEER AREMNBERKBEENPCAHESEN
M. MHMEERE 24h A4 H#HITUIR, AT B

W

MBI A E KSR HEIRE, 7 NaCl 3R E N
0.15%—10% ,pH X 4.5—10, 1@ R 1—42C [@ i
FEEAGTHEEK. EESESHEET NaCl &
B HEMpMHBE=ITHEMEREKN-BENE
W , SR FH Wi N T 23 B 7 5, MR 3§ Box-Wilson .04 &
Wit BT T ZHERKFEER, A SAS &it &
P b R BIE, BRI THERE KRR,
UBRBASERERENSEHERNKFE, XTBRERR
WA KRB OB AR B NaCl 3K E MR
Btk B, M pH EMNEWES, Bkt
KERMZETABHREEKF, KHSEEZE
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i3 A 35 %

ZXHAERWHE . Veronlque % (1995) TEMF T 283N B &
MBI MR AE KA, BRI T B3R Bt
NaCl REMERBEZ ML EZWMGRAR, SEH
B 2 T 4 R AR

BREPARRFEN BEARKEREOBETRE
W TR, OB B L E B R, TSB S
EO AR I ZE L, mE &’ ECP &
HEWARHES, X—REREKEQGR)EOHKFE
hEAR., i, AEFAEEE, URREREA
B R aR BB, R AE B BRIE S 5 , w DLER R ik
HEKBTATRA TSB i ff &, TR AH, HFRAE
GRESECPECRBHMERAETEORKENRES
AR, EORKEL 4% A REHE, BEOB W
BUEEFENEAKREN 29 ELBE, EAK
BFtE 4%  ECP P EAMERIFFER, #—F
REEOkERMME TEORS £, Bib, £l
REAH BRAEEARERM 2% ;& LT
HARWE ECPEANEERN BRERARE
KM 4% o

EEAKEFEFEH M SOmmol/L NH,Cl H &
W3 49% K E KSR TE 7, UL NH,* B9 7 15 BE
HEBLBY ™AL, BFEARRKBLIE A. hydrophila
(O’ Reilly et al, 1983) | Vibrio strain SAl{ Wiersma et
al 1I978)PRH., EEBKRERBEPHFMBELDK
Y EERS ECPEATEYARRES, MEAE
FEHHE TR, Secades F(1999) KB, Y. ruckeri
EREFEPRABEOKBEERAREHENR
T ORARKRMBIEQBEE, AL A. samoncida
(Dalhe, 1971) . Vibrio sp. ( Dreisbach et al, 1978) P i1,
MER THEUAR, BRABSFEOMEHETE
SERM KRG, HREDHRMKILE Y E—HI5t
AR B T AR A R S P o H AR TR
BRI, U E OB R A 2 0 R Y RLE A
¥, BXUMBLE T V. alginolyticus (Long et al,
1981) . Pseudononas maltophilia ( Boethling, 1975 ) K&
Staphylococcus aureus ( Yoshikawa et al, 1974) 8 3¢
SHR, BMEOKSBY SR EOE™ LM
#ORHEAERA R ENEEY RN 2RO ED
BRIP4, TERZHABMBEEAL T, EOBENF
FREPMK BERFENRR RESEEYEF
FHEERKEMR, Bk EEFEINEEOKEFRE
R 4% BTN SRK, KB BH AR EG S
SWERTARBENRE.

REBMAEARAEONS SBERBILENE

HIEHE, BRE - SEEZHNARXKIEE W: A,
salmoncida (Gunnlaugsdottir et al, 1997).V. wvulnificus
(Kothary et al,1985) 1 A. hydrophila {Leung et al,
1988) SR A SBUE E AR 84 B W
FRRETHEERERN, RLBEMN M3 Ftk
ECP P B BIH ¢ R E A MEEWRIR(BRIME %,
2002) KX & MmE L BHBMILE DA P 1.2pg &
F/ghE, AMAERRAEBEREONESINE
M3 AERDPREEFRTEED—EFEH, MXFER
BEOMESIE M3 REE E5| R RELBHHE
FIPLEE WA fe it — BB o

$ ¥ X W

OB ERH HEBEES,199. WRESRIENENLS
B . %5 WR ,30(1): 127—133

PRUTES  SEHE 2 SRiRA % ,2002. BIWE KPP BOREAE
FHoBEAbEYERAE. BEARAER,12(8): 96—
101

BER R PRITE S, 2001, — Bk T 67 i L5 0 DR B 69
SFEYFEE. RERER,11(12): 12—17

TWHRE R, BRI B %, 2003, 5 BT OF fa 1 I K SE AR IR
WREERRERTENHN . BHETHE 342): 131—
141

B, FA Rk E,2002. BMEABARRTEEEN
EHRLHTHERNRIE. BHFESHE,33(6): 62—67

Actis L A, Tolmasky M E, Farrell D H et al, 1988. Genetic and
molecular characterization of essential components of the Vibrio
anguilluram plasmid-mediated iron-transport system. J Biol
Chem,263: 2853—2860
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739—746
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Hirono 1, Masuda T, Aoki T, 1996. Cloning and detection of the
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THE IMPACT OF CULTURE CONDITIONS ON VIBRIO ANGUILLARUM STRAIN
M3 GROWTH AND PROTEASE PRODUCTION

CHEN Shi-Yong, ZHANG Pei-Jun', MO Zhao-Lan’,Z0OU Yu-Xia',ZHANG Zhen-DOngJr , XU Yong-LiJr -
( Experimental Marine Biology Laboratory , Institute of Oceanology , Chinese Academy of Sciences , Qingdao ,266071 ;

Graduate School , Chinese Academy of Sciences , Beijing ,100039)
*( Experimental Marine Biology Laboratory , Institute of Oceanology , Chinese Academy of Sciences , Qingdao ,266071)

Abstract Bacteria Vibrio anguillarum strain M3, its concentration, extracellular products (ECP) and protease activity were
analyzed on solid and liquid 2216E media. Our study showed that during a 24-hour period, higher values are found for the con-
centration of bacteria, extracellular product and protease activity on the solid media than on the liquid media.

An experiment was designed with Response Surface Methodology to assess the effects of NaCl concentration, pH value and
temperature on the growth of bacteria and its protease production. Two regression models were established with SAS statistical
software to evaluate the data. Typical analysis of the regression models predicted that the maximal bacteria growth was achieved
in the conditions of 0.58% NaCl, pH 7.94 and 23.3°C . Maximum protease production was achieved in the conditions of 0.71 %
NaCl, pH 8.29 and 23.04°C . In addition, bacteria growth was studied by adding different concentrations of nitrogen, carbon and

o nn e M o e e e e

peptone into 2216E media. It was found that protease activity was lower in the brain heart infusion media than in the peptone

i

media. Compared with the peptone media,bacteria growth and ECP production were stimulated on the trypticase soy agar media,
but protease production on both media showed the same level . The presence of Casamino Acids can stimulated bacterial growth
and ECP production jointly with NH,Cl. However,both NH,Cl and Casamino Acids in the media could significantly decrease the
production of bacteria proteases. Muscle homogenate of flounder Paralichthys olivaceus was able to enhance the bacteria growth, .
ECP and protease production on different levels. Concentration of bacteria and ECP reached a maximal value at 4% peptone level
in the 2216E medium, but all dropped when the peptone concentration in the medium was higher. Protease production was at a
maximum value at 2% peptone level in medium, remaining stable when the concentration of peptone rose to 4% ,then dropping
with further rises of peptone concentration. Bacteria growth and ECP production increased in the presence of 1% glucose, sucrose
or glycerin in the medium, with sucrose giving the highest stimulation effect. However, bacteria protease production decreased
dramatically when 1% glucose, sucrose or glycerin was present in the medium. The effect of all three repressors on protease

production was on a similar level .

Key words  Vibrio anguillarum , Protease , Response Surface Methodology, Extracellular products (ECP), Growth ,
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