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B OE. AAEEBERFRY R RERREE OB FEAS N HHAT T E R A K
BRALERAA AR AELAARAE  FR FARL A FRRAEK, XK 0.4~0.7 pm
X1L.0—1.8ym, EREFORFANEERLEANALFE AR FERN AR, RELLE
A% 16S rDNA Bl iR e R ik LB 5 W F % £ 3% % B F Pseudoalteromonas flavipul-
chra, ZHOARBREER S 0~40 C,REALKEAH 20 C;pH EBH 5.5~11.0, R¥EA K
pH 1 % 8.5;NaCl REREEE A 0.5~13 g/dL, k& A K NaCl RERE % 4 g/dL, £ NaCl &t
Fierk, AHARKFHARAREOH . HE2XPROHIROADA . ABOARAKE, ZAHK
EEa%EpH10.04 35 CHARREGEHE,
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Abstract: A strain HH407 which could production cold-active alkaline protease, was isolated from
the sea area of Lianyungang. Then, the identification and physiological characterization of the
strain HH407 were studied. The results showed that the strain HH407 was gram negative, rod

shaped, aerobic, with a single polar flagellum, neither endospore nor capsule formed, about 0. 4
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~0,7 pmX1,0~1.8 pm in size, The colony on screening medium were circular, yellow color,
Based on the 16S rDNA sequence and

phylogenetic analysis, as well as the physiological and biochemical tests, the isolate as classified

smooth, translucent, convex with regular edges.

to Pseudoalteromonas flavipulchra HH407, The strain was facultative psychrotrophs by the
growth condition test with the optimum growth about 20 “C and grow at 0~40 C. The optimal
pH for growth was 8.5 with pH range for growth between pH 5.5 and pH 11, It can grow at a
wide range of NaCl concentration of 0, 5 ~ 13 g/dL with the optimal at 4 g/dL, no growth
without NaCl. The protease produced by HH407 exhibited the high activity at pH10. 0 and 35
°C, respectively.
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HE WEMEMESHETRABEFEYER
FEFAAERI—THA, BB RFHFHMEH
P T IE R R SN AR BR AE  5 RS HLH, BT
MEBRMENALHEFES. S REEAEXRNNK
PHERABTHEA BAAESERS. KB
Bh,EAMEARAKME N, RIEERANT
O P &) EmMA GER L EERFRGTK
L& HE,EETERR AR,

BASMREREEOBITRRERS, K
EEEETENRAWER (Pseudomonas)'™ | ¥
¥ & & (Flavobacterium)® | S, 3 il # B (Aero-
monas)™ . F B K B B (Shewanella)™ | I & &
(Vibrio)™®, fE#H M i# = i i 38 o 43 8 B — Bk 7= 1K
BRMEEAMBNEHHE HH407, B HAEE
L4 ¥ f 16S (DNA i, P K EHEH A
Pseudoalteromonas flavipulchra, Pseudoaltero-
monas WAXBBERER, R— T H I ENBEH
HE BAHMRARRBESE, T P. flavipulchra &
2002 EREH AR AR, B AT H R R ZE~KE
WA E AR SRR IRE .

1 #M#HEFE

1.1 HRRE
HRkaREEE . ERBEDRTHEREN
REABKEH DK IGEKNETR.
1.2 %%
2216E #5# % (g/L) B 5, B8 1,8K
K, pH 8.5, ’
EEERE (/L) . EQK 10,88 5,44
#H 5,% K #l.pH 8.5,
BEAEFEQ/L - THE 10,8KEH,.pH
10. 0,

HAEFRE (/L) . EAN 0.5, &M 0.5,
7k me . pH 8.5,

FHEREERE(/L - BOKS, BEH 3.8
B 5, KEcH ,pH 8.5,

1.3 E#fEk

1) BREZR L g BA 50 mL HEREHKE, B
B MEENARHEERALEEKREIR,
EER1mL FEBRABTEREFHFE,20 C,180 1/
min 53 2~5 d,

) ML EEEFREREENHERRT
MEATHR,20 CHFHE3I~4 d, REEVBEH R
W% K NE)E T 2216E s AR B

DY HREEAREATEREER
3,20 °C.180 r/min ¥ % 2 d,12 000 r/min Z.(» 15
min G EEB 50 pL FTEHEZ 6 mm MEEHEK
K. BEMEAFEMRLE,F 20 C,48 h FHlEKFEE
XA,

O EF-EREEEHBNKBREARHEX
BB EA KBS 35,20 °C.180 r/min, Ik % 15
H 8 hBTHAMBEENE.

1.4 EHHHOT MEEELRN

#% M Bergey’s Manual of Systematic Bacteri-
ology(second edition) , # 17 & Fh A B R N,
1.5 BE#% HHAOT I FEYFLEE
1.5.1 16SDNA PCR ¥ % A&F5 24 XRH
Takara KA SRR EAEFMEHWEEYZ DNA, ¢
TS W 3 B LR R e BRIC %, DNA iR F
—20CR . EM3 4% Pl: 5-GAGAGTTT-
GATCCTGGCTCAG-3', K 11 3| 4 P2:5"-CGGC-
TACCTTGTTACGAC-3', R B # & 50 pL, Taq
B2 U. RE&MHR 94 CTHAM 5 min,94 CEH
1 min,50 ‘CiBk 30 5,72 CIH A 90 s, {E3F 35 K,
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72 CEEM 10 min. PCR =414k 750 . 3 FF
A TAWTEREARE H RA TR 5
513232 GenBank # 17 [R) Rt Ho B .

1.5.2 B# HH40T $ A% KX FHHE HERE

FEER 95% ~99 N R M X F 5, R Al MEGAS3. 1 %
RS EENELEAW FAAE S ERTE
fR RN, 52 HIEHE 1000 K,
1.6 Wtk HH40T 9K BHMR
1.6.1 #HF&eI4& KREE2216EFFEN
HMEOEKERNDREEEFRED, & 180 r/min, 3
W 20%,4% 16 h,
1.6.2 ZAMNEKWYH HBTFREEBRIEK
2NnEMTREEEFE, pH AR, H & 180 r/min,
B 20%,4 7R RB K (0~40 C) F 1% 3,
ER2hillEHpEKE.
" 1.6.3 pHxA KW ¥4w TEREBEHREDM
CATHIARRME PR (AWK E N 10 mmol/L), B
FAVTEREEFEN PHME pH 5.0~6.0
(MES),pH 7. 0(PIPES), pH 7. 5~8. 5(HEPES),
pH 9.0~11.0, /b &R 1.6.2,20CH5 %, B
2hfERMEE.
1.6.4 NaClxtE k&) ¥h HEEXBEREPMA
NaClGB KB AR B YEBBRAE, SHERE
A 10 mD, 2 F &4 % % 0~13 g/dL # NaCl,
.20 C.pH 8.5 5% , Hib % 1.6. 2, B 2 h |l
ERMEE.
C1.6.5 HNBEARGHA HELAEFEFMAR
FMETEKEN 0.5 ¢/dL HHEYHEEL.F
NERE BEAREERIOARSHEHESTHREL
ByEEAEREPMARFANKRBEREN 0.2
gdLMREY (BEERS) REEAKRITRES
B, RAEAEFHELE,20 'C.180 r/min R FH i
FERLhHEARKE EZHEARKET
3551
1.7 EATEMANRENE
HABEEABAAERRLAEHELR
FEWME 0K E W R 4 & i SR (HB Bacte-
ria Kinecon, LLC,USA) 4 £ & 4 8 i % (Olym-
pus BX51,Japan), RAEKEEEH R 28 ,R=
3.322(lgx, —lgz:) /(t; — ;) (x: vty R X B AE K3
KBEHD .
1.8 HEANEENHENE
FEXA 100 mL =B A B3 5 2 89 500 mL =
AP EMETF 20 CHRH (180 r/min) 3% 36 h,
10 000 r/min.4 ‘C.10 min .0 W& F ¥ &k /E5E

MATREEES .

E O ¥R A Folin 3% 8 0 .50 pL B
REYHARN 40 L EERBH BT 2HBEAN
100 mmol/L, Glycine-NaOH £ ¥ % (pH10. 0) il
10 L B REHLEE M, F 35 CHEEB/KHERM 10 min
JEm100 yL =RZMALBRR M. BRMUYE
10 000 r/min 3.0 10 min 4B LiEK. B EKRH
BEVNARR B EHM® 50 xL,0.4 mol/L Bk
BRGNP M 250 pL, 1 mol/L Folin-Ciocalteu’s phe-
nol i3] 50 uL,B5EF 35 CHHEE M 2 min, &
J& FARE IR (BioTek, USA) fll & Aqso » X 8 B8 B B
HENREEFEHBREMRMOE.

BEE X H7E 35 C.pH 10.0 MEHT . B
DHELBREAKBRER 1 e MERFTTHME
J1ABA,

2 £ X

2.1 FEBRERDEE

233 #1518 2 106 HRA B IR H K % B 0 B bR
KEBERLE 25~30 mm ZBIHH 10 #,20~25
mm 2 (8 {5 26 #k,15~20 mm Z [ #H 54 #k (5
SERRE D, B MENE, Bk HH407 B &
EMERR, AR XEMAE S HHR. K
HH407 EMEAVPRAMEEERE ML LR
Ki#EWERAE 1<) .(b),

®1 FEAREABSMELR

Tab.1 Screening of protease produced strain from Marine

microorganism

Wk EEEVEER/mm BAKEE/(U/ml)

HH407 28.5 27.2
HH213 18.4 9.5
HH419 . 16.3 14.7
HH503 26.0 20. 6
HH114 19.7 14.0
HH359 14.2 10.9
HH137 16.6 14.4
HH251 14.1 16.1
HH508 16.8 11.8
HH41 21.5 9.9
HH274 25.3 - 13.2
HH328 19.4 9.5
HH710 20.9 19.7
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(a) (b)
H1 4% HH4T BERTHEWE

Fig.1 Proteolytic zone on casein-containing plate
2.2 BEEk HH407 BT 7S 4H4E

Btk HH407 A E= KA E LA 2(2), &
BH, TR G R, K/ K 0.4~0.7 pmX
1L0~18 um, BEEARLE 2(b) . EMELFHRH
HERE-ER3~4mm, HEALEE.BE. . LK
bt M U N S] SR 3 LN F 3 88 Yk 3
B EHEVE.

(a) (b)

2 EHHHAOTESERE
Fig._2 Photograph of Strain HH407

2.3 Wk HH407 9B AL 51

HRZEBEUBENNEERTURA, &
H HH407 S4bHE BB S AL BES
B ARRREPRETHME  PEL . VP.EERK
AR BERUEAN.CARBABY AL, R
Ak, gesh, HH40T7 BERI AW XL X 5
WEERLE AR SR, TIAEAAE .
i1t Bergey’s Manual of Systematic Bacteriology
(second edition) ! ¥ b, ML B E X HE KN
Pseudoalteromonas &, M FHREETEREGER, N
K.HETEZEESRAKE=HaaEmmE s EER
(3% 3,4 R B R H %k HH407 [§ Pseudoaltero-
monas flavipulchra B EREAR—F,

22 Wik HH407 MR ALY
Tab.2 Biochemical and physiological characteristics of strain

HH407

FHAE g2 L HR
Ontre 4 | ool e T
Catalase + require Na+ for growth +
VP - Lysine decarboxylase -
Indole - Tryptophan deaminase -
Methyl red - Ornithine dlecarboxylase -
Gram staining — fermentation of _

D— glucose
i : + ;positive; -:negative.

3 EAH4OTEXEARMERAEIRCLRARERNSELR
Tab.3 Phenotypic features of HH407 and other yellow-pigmented species of the genus Pseudoalteromonas®

HIE HH407 P. flavipulchra P. piscicida

Requirement for organic growth factors - —

Pigmentation + +
Growth at:

4°C + -

37 + +
NaCl

12 g/dL + +

15 g/dL - -

Production of ;

+
+

Chitinase
Caseinase -+ +
Alginase . ' ND ND
Utilization of ;
Maltose + +

P.citrea P.aurantia P. peptidolytica.
ND + + -
+ + ' + +
—_— J— + —_—
+ - - +
- - - +
ND + - -
ND ND - +
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g%3
RIE HH407 P. flavipulchra P. piscicida P.citrea P.aurantia P. peptidolytica.
D-Galactose + + + — — -
Sucrose + + — —_ — _
Melibiose ~ - - - - ND
Citrate + + + — — —
Pyruvate + + + — ND ND
L-— Arginine - - ND — + ND
L— Tyrosine + + ND + — ND

.+ :positive; — :negative; ND: Not determined.

2.4 H# HH407 £ 16S rDNA R E L RO 47

# H Bk HH407 # 16 S rDNA 51 (GenBank
B E M5 % EF136462) [f NCBI 348 FE o i ¥ 51 i
TRFEELE. Bast T E R ZEE TXEBRE
| RER, RS 9% L b, HM TS Pseud-
oalteromonas flavipulchra B 99. 9% f) [E) H 4 A
RER—ZZ EWE 3.

67— P.peptidolytica(F007286)
100|'Pseudoalteromonas sp.X153(AJ581533)
HH407(EF136462)
72LP flavipulchra(AF297958)

-P.aurantia(X82135)
EEP. citrea(AM180744)
1001 P.haloplanktis(DQ537518)

Colwellia sp(AB189338)

© *gor

B3 HH407 R F it 4 bt
Fig.3 Phylogenetic tree of HH407

GETE S IFAE EF L4514 . 16S 1DNA FF 51
URFGHUWHER, TLUA R E B HH407 5§
Pseudoalteromonas flavipulchra 5] #, B I ¥
% 8 % 8 & N Pseudoalteromonas flavipulchra
HHA407,

2.5 ¥k HH407 K &4

BHEAEKEEEEN 0~40 C,EE 0 CTE
BEK,15~25 CHENMREEAK . BEEKRE
X20°C,RPUER—HMAE. £KpHHEENS.S5
~11,BiE%EK pH # 8.5, KM NaCl I EX 0.5
~13%, BB KM NaCl RESHH 4% (B 0, X
NaCl AEK, B TREGEEEEEBEY.

Btk HH407 Wik . R EW R A AR £ 4,
HH407 BRI MM AEREARNEEO K. B
B®, BEAK HRKEAE .8 K . EFHAE
MREX(ZBRA FTERH R ERI MEEA
B.ZED BXMEMEERNOAHEIREZ. X5H
bR AE ISR X, WA R TEE.
2.6 E# HH407 Fi-EAEKSY

MES@~ QMG RATLLER, # sk HH407
M EAMEO~70 CHEEANRAEE, b
BEMERER 35 C,E0 CHMAFREIE 22%
BTG BEE TOCRIN A S 100 iEHE. FHE, &
PHE-RZERNAENGEREH, BEBEN
pH10, HML™T R, ##k HH407 Fr=@E LB AR
BEEEAN.

120 120 120
=« 100 100 < 100
B g0 R g0} W 80
M » o]

#H 60 ¥ 60} w 60
g 40 g 40 g 40
20 Z 2f 20

0l o—— 0 L

510152 35 40 5 6 7 8 9 10 11 12 0 2 4 6 8 1012 14
"BETT pH NaClfi B 2 %%
(a) (b) ©

B4 BAE(a).pH(b) NaCl(c)#l HH407 54 KW
Fig. 4 Effects of temperature(a), pH(b) and NaCl{c) on the growth of strain HH407
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£4 EHB ABWEXEK HH407 HE KL W
Tab.4 Effects of various carbon sources on growth of strain HH407
/AR 4RHE T HE (X 107) W/ ER M E(X107) B/ AR o0 it %5 (X 107)
Control 1.20 tryptone 140 yeast extract 120
peptone 99.5 cellobiose 75.0 starch 72.0
gelatin 53.5 sucrose 15.0 glucose 12.8
casein 5.00 fructose 11.25 maltose 1.20
glycogen 10.0 melibiose 1.30 arabinose 6.75
lactose 1.20 cellulose 5.20 rhamnose 1.20
mannose 4,15 Mannitol 1.10 galactose 3.20
xylose 1.30 methanol 24,0 sodium acetate 22.0
ethanol 6. 80 sodium citrate 11. 20 . glycerol 1. 40
sodium lactate 9.50 sorbitol 1.35 sodium pyruvate 6.75
inositol 1.25 L—Glycine 8.50 L— Alanine 7.80
L—Lysine 1.10 L— Arginine 5.20 L—tryptophan 1.15
Initial concentration( 5 A B ) =1. 0X 10’
100 ¢
80
x
i 60
He
& 401
T
20
0 L L A L L L J 0 1 1 i f i 1 1 J
0 10 20 30 40 50 60 70 4 5 6 7 8 9 10 11 12
#BE/C pH
@ (b)
M5 RBE(a)fn pH(b) X Eik HHIOT EABBEBHEM
Fig. § Effects of temperature(a) and pH(b) on the enzyme activity of HH407
BAEK BEEKEEHN 20 C,HF 41 CREK,
3 4 & K pHEBE N 5.5~11.0, FEEK pHEN

NEZHBERPLIEDN -—HEFEHA
HH407, ZTE SR E B E LR % €, 16S 1D-
NA FFIH 3 A R R 40 0 43 01, o7 LA Oy B bR
HH407 5 Pseudoalteromonas flavipulchra Yy [d]
B, i%E Bk A R Pseudoalteromonas flavipul-
chra HH407,

BHAERKBESEEN0~40 C,BEEO0CTZE

8.5, KM NaCl SR B E X 0. 5~13 g/dL, &
HEKH NaCl REKREN 4 g/dL, B ZE R —HK
WREEE.

ZHEFEHEABEO~T CRERBER
Y. HPREMEREN 35 C;E pH~12 8
ROTEEHEAEE. BEME pHER 10, Bl
A,k HH407 i EAB Y KB TSR
HEE,
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