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HES

BHAEEN, 2 TENF. LRTRUEFTEALT RETEER R P T aBRE

T S-3685, FEATH A 250 ml 42 P R A HHAT T M. SERE TR, RE AP E N FAAT
W E(Bacillus), KEEFERIHEHR . DRI N FEME 10 g/LIEHE 10 g/L, FHFS gL, B
F 5g/L, LAL#EH MgS04 7H,0. Na,CO;. KH,PO, S K E 274 7 0.2 g/L, 2.0g/L. 1.0 g/L; HHk
AR F IR pH=7.0. 4% E . 15 ml/250 ml (VV)E R EM 30CH AU T, KB 2h K EKE
BB, EREFFLAGETFBEN 4250 Uml, ZHMAHATH S &,

Kigia

FESES Q9399 THEEFRIZEE A

VA DU AR AR . e SR IR R T
AR ZAEME SRR (F 655, 2011) o IR IR
Wy Hh R BT T 1 A 3 P ) U S B AR S I
17 VA Bl 2 0 T P T 9% L 28 WA e 3k T R s Y
it ) 790 ) T LR AR (M A, 2000)

o K R 2R I 5 B 5 K 7 RS T I 7
YR 5 il TR A ST A e IV K R A 2 T
PEE (1 00 2 f0FT 1 Bacillus sp. S-3685. ZffUfT i
AR KERE, RERZENTAHEDEM, JLF
35% I H it AR A 1h 2 AT 7 AR 7 1Y (Kalisz, 1988).
B A B — 2R % 2 T R, & e PR Rk
TR . A 22 . AHLA A TR . B M
AR A A IR RN I 23R T S ) R g
(Rao et al, 1998), 2% il it 55 11 5119 60%(Nascimento
etal, 2004). & FEE HET Tk fbiz A, = a
BRI —2KH, MR . R, B2,
B B0 B A Wy R it v AS T Bl ) — e L A B

WA PHEAE; FRFEE; LI BRAHMRL
XEHS  2095-9869(2015)05-0131-07

TEOCAGIZ B B 2% PF LA v G B il ™ o, S Tl
ARG 2R, I 2 MBS S T T R
B HER

1 MR57EE

1.1 BEHREERE

PR FR P LK R B 22 0 T B v T K R A 5T T
FEGEIR S5 TR % o B R

WAL IRIE . HERE 1%, EAK 1%, FRFE
0.3%, NaCl 0.5%, pH & 7.0;

FER R BERGFRAL  Bl SIGA R IR IR A o [ {4
KR BN 2% 05 45 -

12 HHRHERE

K 16S rtDNA FE[H B0 e b 1750 F A W) 2
Y0 o 5L DNA HRBCR I CTAB (5K &K, 2008),
PCR P 3R H514%) 27F(5'-AGAGTTTGATCCTGGT-

* [E PR A VE 538 (2014DFG30890) . [E % A AR B FH 4 (41376175 A1 B i AHE R T H (14-2-4-11-jch) 3 [F] %
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CAG-3")Fl 1492R(5'-TACGGCTACCTTGTTACGAC-
TT-3"), PCR % 4% 95°CHiZAE 5 min, 95°C7F
PE40s, 55°CiBk 1 min, 72°CZEf 1.5 min, 30 M
R, f%J5 72°CHEMF 10 min, PCR P=¥)6 44 TR (L
V) A BRA R S8 Bl AL S 00 TAE . F Bl 2 i AR 19
16S rtDNA JF31#252 & EzBioCloud i@ BLAST #%
CAFIEATARRIE LB AT, T 305 S R R R 2
KRBGENFS), F BioEdit #AFHEIT 255 LT,
K 1 MEGAG6.05 %K 4 () 4K £z I (Neighbor-joining
method)Z il RGE LB .

1.3 FHix

1.3.1 RAAEAF* AR R b B— 3R T
1A% 25 ml WAAFD T 55 35 25250 ml =FA%), 30C.

200 r/min B53% 20 h, $AFEREER SR, RIS T RS
7% 72 ho KEESS RS, K EER 10000 r/min #.0> 5 min,
B VS, R R Y AU I .

1.3.2 BE SN E Tk i B2 Tk AR E(QBT
1803-1993)ik47, BI& J1 807 U & o0 . B2l ik
fififE 40°C . pH & 7.0 %M FKMEREE T, B8R
1 g P2 R P R A

1.3.3 EREZX%&iH(EHF, 2006)" PRAr HoAth
RWESAEAAS , or BIR R A RV . AR . TCHLER
PeRhRr | 2R . RIG pH. A BEIR RN K EERT Ak
W 2 R I KF . A E R WK, Bk
3ANTAT, AR A I A, 3 e S 2 A
BHERPEA 45 R 2% 7 i 1) 5211 (Genckal et al, 2006).

2 HRE5HH

21 BrPHMEABERNERE

211 HEHk S-3685 A I AALHFIE X S-3685
HEAT T A BRAE AR S S0, MRS (AR AN 40 TR 4
GE/\RR) ) (1984)rik, Kk S-3685 Tif &b Mk hr, 76
7% NaCl 57 A K RAF, 10% NaCl il H 28
SR, K pH YERTR 5.0-11.0, A KR EEREIR
FE, FE 4-40°CIREE NI RIFA K . Hoph A 24
YEGEIR IR 1,

212 F3H5H PCR Y HI 45 5 1422 bp YA
F£%1, GenBank % fii 5 & KJ023685, 7E EzBioCloud |-
LA AR R 2, 15 BIAHUBE 95% LA L35 4 2R fF
W, @it MEGAG6.05 # {4 Neighbor-joining 112 &

F 1 THE¥k S-3685 Y4 TE 4 4k 454

Tab.1 Physiological and biochemical properties of
strain S-3685
FEIE RIS FHIFTES T E S-3685
Characteristics Bacillus subtilis Bacillus sp. S-3685
Gram stain + +

Flagellum Lateral Lateral
Width (um) 0.7-0.8 0.36-0.55
Length (um) 2-3 24-3.2

Anaerobic growth - -

i i + +
Hydrolysis of casein
. . + -
Acid production of glucose
Gas production of glucose - B
V.P V.P experiment + -
M.R. M.R. experiment - -
Indole experiment - -
. ) + +
Citrate experiment
H,S H,S experiment - —
+* -

Hydrolysis of starch

4, Bootstrap T4 1000 U, BUREFERR p-distance,
RENARANE 1, B 1 AT RUEH, S-3685 5 Bacillus
safensis fi[F]—73 3¢ I, TESEALALE bR o
PRI, AR A= BRAE AL S e S5 SRR 16S rDNA S5 45
R, W= PR IR TR bR S-3685 $ERE AU IR o

22 BEZEXWEITSHW

221 BRIRIE OB e SN eh|
A RE AN FIRRR , BV . WIRE . 2230, 3L
Wi ORERE . EOKM . RIAMETER . SR BN . FR
B, BkE, Wi 10 g/L.

P 2 TG B, ISEREES IRIE N &, B
PAES R B AN [RI RSB U, LA LRl 1 5 5k BT it 7% )
1o AR BENG 7 AR IR AR KRG, BN 1 AR
HEM A 22 o 2 2 T B AR TR, X A2 TR P 1 5
FA B EE R, gy G2 AT 1 (Bacillus
natto), AL, BEFIHIZAEN R, O e SR
222 RIBRXERGHF B A i FH Z Fh AR
RBFFERFRIPE AN, WARNE . BT AEA
i BREE I . R L BRREE . S . BEREE (10 g/L)+
AP (10 g/L) . SRI(10 g/L)+EEREF (10 g/L)+24F R #
(10 g/L)55, Wi~ 10 g/L.

1) EM. AR IR R T . R BRSBTS, P R PR R B A S AR A AR S, 2006
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100 Bacillus sonorensis NRRLB-23154 (T) (AF302118.1)
44 Bacillus aerius 24K (T) (AJ831843.1)
90 Bacillus atrophaeus JCM9070 (T) (AB021181.1)
Bacillus methylotrophicus CBMB205 (T) ( EU194897.1)
Bacillus tequilensis 10b (T) (HQ223107.1)
[
86 87 Brevibacterium halotolerans DSM8802 (T) (AM747812.1)
Bacillus aerophilus 28K (T) (AJ831844.2)
Bacillus stratosphericus 41KF2a (T) (AJ831841.2)
100
Bacillus altitudinis 41 KF2B (T) (AJ831842.1)
91
—|: Bacillus safensis Fo-036b9 (T) (AF23485.2)
95 Strain S-3685 (KJ023685)
i': Bacillus herbersteinensis D-1-5a (T) (AJ781029.2)
38 Bacillus halosaccharovorans E33 (T) (HQ433447.2)
19 Bacillus foraminis (T) (AJ717382.1)
Bacillus idriensis SMC 4352-2 (T) (AY904033.1)
33 I: Bacillus pallidus CW 7 (T) (EU364818.1)
Bacillus abyssalis SCSIO 15042 (T) (JX232168.1)
22 Bacillus acidicola 105-2 (T) (AF547209.01)
96 _|: Bacillus marisflavi TF-11 (T) (AF483624.1)
99 Bacillus aquaemaris TF-12 (T) (AF483625.1)
Bl 1 AR¥E 16S rDNA 751 Rl PER HE bk S-3685 (9 RS04 7 1
Fig.1 Phylogenetic tree of strain S-3685 based on 16S rDNA sequence homology
2z 3.0 61
g 25} 25t M
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= &
Z o 10f r g‘ 3r
E E [
Il
~ IR %1
S B 0 B S O, 0T
FF %ﬁg%égﬁﬁﬁﬁﬁgﬁ' NIE N AN N =Y .
FoF & o o B - & < NI N2 N3 N4 N5 N6 N7 N§ N9 NIO
& ¥ CP& @@9 -@&@é& R PEFHZE Nitrogen source
T S
¥
) N, N ”
e B3 SRR = R
o . Fig.3 Effect of nitrogen source on the production of protease
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Fig.2 Effect of carbon source on the production of protease

AR S R R e R A0 BRE S 1A 1
Hi1& 3 0] LA, 4 0 8 A0 S0 Y S B AR
5%, TERRR NG 10 g/L i, G, 4 W E Mk
AL RO B ) RS2 JE Y, 2 8 R0 I
5% o 18 A LRI ETCHL R 5 T T 4R e e
7 R EEHPIAE, 2008), AT RER K 2 AR
ol ) DR QM 1 AR TR R A IR
PR EEBE A KM WA, b A
EERRESE . RN, TOPLEL | dEAE R RO KT

N1: Peptone( F i); N2: Beef extract(4- A F); N3: Yeast
extract(fiEEH); N4: Fish peptone(ffL 2 9 I5); N5: Nancreas
peptone(JE 2 [ %); N6: Urea(JRE); N7:Ammonium
sulfate(Bfi ik £4); N8: Bean flour(5.1f); N9: Beef extract +
yeast extract(BEF:F); N10: Bean flour(Z51f) + beef
extract(4- &) + yeast extract(lEHEE)

(FERAE, 2007), FrUAMERESIN . 4 RE MEAE R
A RIEHATZ 5 B

223 BRRRKIEE IHik LA 10 /L %0 Ayt
VR, WSS TRl B % T, 32 TR S R VR
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Fig.4 Effect of bean flour concentration on the
production of protease
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Fig.5 Effect of glocose concentration on the
production of protease

P DA i T VR B O e A AR . A AR UK

PL 10 g/L # G0 5 /L TR B R ik Z R A AY
PTG 1o 1, RN G B A Y
i, AL WA RN, JTAE 10 g/L MR BE R IA
F iRl , RfA SOE S RGN, B RS ST T
(& 4).

PL1 g/L BN 10 g/L 501 5 M Bk IR Y

BRSSO 1, BEE R AR ISR, o s b
THEa#, IFTE 10 g/L & AR R R E ; B AR5
WA R, PRROTAA T N, R R ik
DR S 2 PR AR D D a2 L 3 400 ol 7 D PR 4
SR IS 10T B (R %HESE, 2013), PRIIL, BEEUH
LTI 7 B S R 2505 10 g/L FIELTH 10 g/L %S
I A IS IR R LA 5.
224 AL AT KB F R G B R FE
% %% KH,PO,. MgSO, 7H,0 . Na,CO5(Z ik 5 56 UE
Na,COs Lt NaCl XoJ 6 52 e 55 R AN [] 78 e ) 7 i o
A5 o I 6 8 AILLIE HY , KH,PO, . MgSO, 7TH,0
Na,COs 2 BIFETRIE N 0.1%. 0.02%. 0.2%, Fkk
S-3685 j ittt 15 B i 15 5 e R E Nap,COs X T bk S-3685
PR EA I HIAVE R

04
02
0 | 1 | 1 | 1 | 1 | ]
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BERR — SR

Concentration of KH,PO,/(g-L™)

Bl 6 WML — SR e 3 7™ i 14 52 )
Fig.6 Effect of KH,PO, on the production of protease
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Fig.7 Effect of MgSO,4-7H,0 on the production of protease
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Fig.8 Effect of Na,CO; on the production of protease
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226 EREMNAEZFHREOBENG A 1
250 ml = h 25 ZEAN [ B W 6 S-3685 I 5
Me, FH ] 1O PTJRN, 24 Y 1 X Jil 7 F F) 5 Mi REL X A/ N
TE A W 7K T (< 50 ml) = i A R FA S 5 R4
AU LK), B b, X R EOE TR AR
I, PR RT3 Y

227 AR pHMAEF FREGHGYw  HAb
AR, BELRBERTFRIL LR pH X B RE = il 5%
Wi, p P11 AT, JEAR pH N 7 B, BRI AL
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Fig.9 Effect of inoculation on the production of protease

—
[NV

—_
(=]

O
)
T

AHR B
Relative enzyme activity
[=))

T

0.2

0 I S [T Y T ST [ S Y N
10 15 20 25 30 35 40 50

$EWE Culture volume/ml
B 10 289 ) = B ) 5

Fig.10 Effect of culture volume on
the production of protease
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Fig.11 Effect of initial pH on the production of protease
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Fig.12 Effect of temperature on the production of protease
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Fig.13 Effect of culturing time on the production of protease
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PRI E o FEAD R SR AT DA R A 2 R
B, FE D) 2 Al e 5 T A P #E & (Niu et al,
2006) . A FE M B T 3 1 98 K R 0 0 I PR T S
¥ = A A G R EAR , 2 R ik gtk 55
FERER R L B E IR bR S-3685, SR RRER AR A
FbSZES A 16S rDNA P b, B k% E N2
FERF IR o ZEAOAT B AR P R AR AR Rk, BT
PR R L T R SRR R, 2006)", A
TV TF 2 1 —F B o 3 3 BRI A e e o HL A R 3
R FR AR, W5 T R B BS 37 A B AR AR SR A
AR SR AOHERE A 10 g/L Fl 10g/L, JEHLER
MgSO,-7H,0 . Na,CO; , KH,PO, cidhi i 430 0.2,
2.0, 1.0 g/L; TESEFRIEEALLS pH N 7.0, 4%HEFh i |
15 ml/ 250 ml(vAV)2E W F 30°CHY ST, & 72 h 3k
PS5 i PO b PP Bl B TR AR (3SR il = it 4250 U/ml,
5RMALR) 880 Uml #itk, bR EE . Hiy, A
S A IE AR AT S-3685 H M B 1 il ™ il 1) JpiraE 15
Al . RS BT R R Y TAE . B
MIBFFEEE SR, Tl ELAT LA R 1) il 2 1 o R - 45
¥, A E—E e .
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Identification of a Marine Bacterium S-3685 with High Neutral
Protease and Optimization of Its Fermentation Conditions

MA Zibin'?, ZHENG Hongfei', LIU Junzhong', HAO Jianhua', SUN Mi""

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Food Science & Technology, Shanghai Ocean
University, Shanghai  201306)

Abstract The S-3685 strain, a marine bacterium producing neutral protease, was screened from South
China Sea. It was identified as a Bacillus sp. based on the morphology, the biochemical characteristics,
and the 16S rDNA sequencing results. This strain was gram-positive, and the spore located in the middle
had ellipse or columnar shapes. The bacterial colony was round, protuberance, and milk white on the agar
culture-medium. The surface of the bacterial colony was smooth and moist (30°C, 24 h). Over time the
colony slightly shriveled bumps in the middle. The length was 2.4—3.2 microns. The strain grew under the
pH 5.0-11.0, and could grow normally at the temperature 4—40°C. We then explored the fermentation
conditions using a 250 ml shake flask. The optimum sources of carbon and nitrogen were glucose (10 g/L)
and pulse flour (10 g/L) respectively, plus the beef extract (5 g/L) and the yeast extract (5 g/L). The
optimum concentrations of MgSO,4-7H,0, Na,CO; and KH,PO4 were 0.2 g/L, 2.0 g/L and 1.0 g/L
respectively. The optimum initial pH of the culture medium for the protease production was 7.0. The
optimized culture conditions were: inoculums at 4%, broth content at 15 ml/250ml(v/v), temperature at
30°C, and culture for 72 h. After the optimization, the productivity of protease was increased by 5 times
(from 850 to 4250 U/ml).

Key words Marine microorganism; Neutral protease; Bacillus sp.; Identification; Culture optimization
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