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I (Pseudoalteromonas nigrifaciens) & Al %2 9K B

(Vibrio splendidus) . &l % Ifi. 9K & (Mibrio para-

haemolyticus) . ¥ 5I& (Vibrio alginolyticus)5% il
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5 H Al 2 S PR B B Sl W W 3 N, TG I
DCARER | RS R SRR IR FRIE A, A RAUR
2, A Y38 A 0] A PRAS 3l PR 55 v 1) T R
g5k, It BT s R B0 2 8 R 0 A
ST o A 8 32 R YT T M X ) 5 A TR X i
WOR S 3200 BN o AW ARYE B 1 i
DC IR B 4 i, DA L IR % B BR 55 vh 9 28 7 i e
S FEPURIEE . AEREE RIS A, R
BT 10t DX o) 2 0t 3P i o 3 B A 00 B 1) i 2 R
PRI FHH AR S5

1 #RFFE

1.1 HMESFGERERNREMTLE

ARSI AR AR RE TR 2S5 SiT,
WAL 4.7 hm?, K 1~1.8 mo o A5 5
FH 35 B P90 5 T 1 B, B 5 21 J7 3%/ hm?, B1
% 1~2 g/3k .

KAERSTE] 4 2014 4F 5 H, /K 22°C, A 30;
I 080 9 3 ) b 9 v TS AR T A SRR A,
KA HRAE WA ERZIR RIS, 4 CIRAE.
12 BEHE

TSB HiFdk: BE AR KT N (TSB)30 g,
NaCl 15 g, Bifl§ 15 g, H,0 1000 mL, pH7.4~7.6,

TEM IR BFRBUE 33 g, TEM 2 g, NaCl
15 g, H,0 1000 mL.

% IR IR R 5L MR 1 3E 35 g, NaCl

15 g, H,O 1000 mL.

RRFEBEAE 121°C, 20 min KA .
13 HAEERSHE

PRIURTERESD 1 g, M ISR K SEA T RE,
RAE), W RIS, 5HRU05E . IR
ARSI TR B RS, VR EEBR B 100 uL
WA 3 AFAT A, 28 CHE|E 1E 5% 24~48 h,
VEBEA T IO B B BE AP AR EA T A R AR, AR
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XA R T A ES  alifl. aiAb)E A AR E T AR
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i (Pseudoalteromonas nigrifaciens) Az 4l % 3 B
(Vibrio splendidus). I 3Kk (Vibrio parahaemo-
Iyticus). % %5 E (Vibrio alginolyticus) A48 75 H .
FREEAD AT e /R bl (KR 1.5%4: 38
KA RE ST URAT AR AR AT LG AR . B b
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A Sl A B B, 3000 A1 1 R ) LA
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= v AR 22 B L o v R R R R R R
1x10° CFU/mL ., 1x10® CFU/mL #1 1x10” CFU/mL,
5 M2 H5 o i 5% A R 5 0 S AR 5 4 TR R vk
PR 1x10' CFU/g ., 1x10° CFU/g 1 1x10° CFU/g;
TR RS 3 APAT4L, [ A At

S PEAT 30 d, S KR 14~18°C, h)E
30, 5 HRHE MR 5 A 1 106408 . (R
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FR, HRWIERK, HEKEREKER 1/5,
7K 5 7 K RE AR A R VR R TE SR 30 d ik
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IR G il 45 0.5 22 1 He i i T B
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T (AR AT % M) PO (o L4 &
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1.8 HE#AY 16SrDNA EE F 5 9%
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0= Ay B 4 BRTEAR AR KR, 43k
Hi1 A 4 #0FT B (Bacillus licheniformis) . A B 4 fo T
B (Bacillus subtilis), B ZF 4T 1 (Bacillus cer-
eus). fIER 2 AT (Bacillus amyloliquefaciens).,
191 BHEKERE HIHEEkSHA 4t
BFREAERN T 2 KB 9 200 mL TSB W A3 35 3,
BT 5°C. 10C, 15C, 20°C. 25C, 30°C. 35C.
40°C . 45°CHITEFR IR 2461, 180 r/min 51F T
fE IR FE 24 ho HUPH R H K B 2B 3K A TR
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1.9.2 %A pH XAEE KB ZIE

L RERIIAE N

I3k pH o 3~9, K i 356 TR AR 55 At 4 PR DA Rk 4
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ZAF T EER SR 24 ho BRI K AR B K
HEATER BERR BRI AT, HEFRIT AL

1.93 HhEXMABEAERKNIMm 500l Eh B
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BT B VB R A B AR K AT B RS B IR A, 1
FEITHL
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Fig. 1 The antagonistic activities of candidate strain DY-6
A, B, C, D are Pseudoalteromonas nigrifaciens, Vibrio splendidus, Vibrio parahaemolyticus and Vibrio alginolyticus, respectively.
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Tab.1 Theantagonistic activities of candidate strain DY-6
4 P8l 15.4%/mm diameter of inhibition zone
R4 PR e
strain name R HETE VST Nz FIVA LR A BN
Pseudoalteromonas nigrifaciens Vibrio splendidus Vibrio parahaemolyticus Vibrio alginolyticus
DY-6 24 22 27 37
i Ny
N N\ RE ) HEATIN, 7 5 M . Dy Ml 11 7 Ik K i e
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Fig. 2 The Gram’s staining of candidate strain DY-6
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Fig. 3 The TEM photograph of candidate strain DY-6

2.2 7 HgRE

KX DY-6 #E47

M

TP AR

BN 28 mm., 20 mm, £ FE Kk DY-6 ¥ H
A BT R 7 R R TE R Bl e
23 Z&MWELW

300 3 40 A v A Pl SIS B A S R R DY-6
Xt il 2 14 A, IR HE A 1.0x107 CFU/mL
1.0x10° CFU/mL 44 F, 7ERA S5l f o 2
bR, PREIEH, WS R4, THEERBET A
R4 1.0x10° CFU/mL 7EMA 1 dJ5A 1 kil
HBLHEE . MW 1x10° CFU/g Mt b4,
FEREA LI B rp R SR, SRR IER, WAR
i, JCHEEAIBET P0G, BORANEIREE 1x10° CFU/g,
1x10"° CFU/g Wy fRHE, FEMA 1 dJ5 H BUHEDE B
%, HEWERCE 0 13k 23k, ETIELS, H
bR S i3 (3R 2).
24 HEAENETE

285 X B R DY-6 2047 A BAE AR ERAE ARSI, &5
RN, XKW Be MR AR . HEREE . Pl
b, KD EMmBORE . BRI . HA
PR IR B WIS, R VE 52 Rk IR £, 243
AAFFIE LR 3, S8 (AR R B 2= 258 F0H)

*2 EHKDY-6 MIREMINIEER
Tab. 2 Safety testing results of the strain DY-6

0 group  ¥JE/(CFU/mL) concentration B 73 mode of coercion  HEIF#UEE/Sk evisceration number — FET-4UE /3% dead number

DY-6

X HBZH control

10

108

10°
0

12 dipping bath
12 dipping bath
12 dipping bath

0
0
1

S o o o

0

45 group

)% /(CFU/g) concentration [}l /73 mode of coercion HEEEE /3L evisceration number FET-#(& /3% dead number

DY-6

*FHBZH control

10®

10°

1010
0

# W feeding
# feeding
# W feeding

0
1
2

(=R = )
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Tab. 3 Physiological and biochemical characteristics of strain DY-6

H: kT H biochemical item 25 R result

H:ABTi H  biochemical item 25 R result

JLEE inositol _
AL & =4 hydrothion produce -
AALEHALC oxidase strips _
N FR#: malonate _
HIZEBE glucose +
JEHE sucrose

H# £ mannitol

FH7 A BE arabionse

FLBE lactose _
1124 sorbitol _
WA H amygdalin _
FZEHE rhamnose _

% H% melibiose _
ONPG _
JREW urease -
ABEF xylose

5 Z BB ornithine decarboxylase
iR R G lysine decarboxylase
SRR WK arginine dihydrolase
kovacs i{ ] kovacs reagent -
3%NaCl MR-VP

MK 3%NaCl gelatine

VU5 [CA R LR Simmons citrate

L [E KB IR semi-solid agar -

+ o+ o+

VE: R B, R P
Note: + represents positive, —represents feminine
R WANTR RGLEE T ) AT IHZHE, B
M T R R B T 2R AT AR
25 16SIDNA ERFFIDHTURREXZE R
M

K8 5 9% Bk DY-6 1) PCR 4§71 774)
HEATIF A E, X5 BT afAs i 7 45 - AE NCBI %1
P 2 AT A0 AR UM e X o3BT, R Gk B WA E
4 iR o SRR, AR IHEN ER DY-6 8T
ZEAFT B Bl (Bacillaceae) %) 25 461 #T 14 J& (Bacillus),
HC 5 DU 2E F kT 14 (Bacillus velezensis CP015911)
AR R 99%.
26 BEHREIAEKRES
261 BAMRIEEKEE P TEE DY-6
5 R ARG AR b B Y 4 BRI LE A [
RETRARKN ., WK S Fis, 5 HREE 0~45C
RGBT A K, 7E 0~157C {i [l Py A= ol

57

B, ER2ZEREUN, DY-6 76 15CLUGERME T
AR AR PLFA, 30°C I AR R BE R, 7E20~35°C
31 B AR R T LA 4 BRTA

262 AR pH £HEXNHEBPERKMNIEZW FHik
DY-6 5 & i Ak A A5 7007 b v 43 B 1Y 4 Bk TR A
ANTE pH FRAERELAE 6 Fizs .5 #RFLE pH 3
BEABEA R, pH 4~9 JuE AR R, HA KN
MESANRE, pH 7 B AE K 3R b

263 HEXNMAEEKNIFM HiEEK DY-6
55 AR A R S A B 4 BRETE R TR
TR RGO IR 7 B, 5 WRETEERE K
0~70 Ju RN REAEK, hE ST 35 BRiARKHEE
g . WAk DY-6 FEERE 5~20 B AR K E 2
BT, AR T HAD 4 A~ E R DY-6 7
20~35 B RKEE R T EES, H5HAL 4 R
AH ECATS R I Ay i AR AT 3

{ Bacillus velezensis CP015911
55 A DY-6

Bacillus amyloliquefaciens 1Q658430

59

Bacillus subtilis CP009749
Bacillus amylolique faciens KF194283

2] SN Bacillus amylolique faciens KF194279

Bacillus amyloliquefaciens KP143083

Bacillus JX513916

100 { Bacillus methylotrophicus CP011347
38 Bacillus sp. WF03 AB936836

K4 JET 16S IDNA FHIHE I DY-6 RE A F R
Fig. 4 The clustering results of the strain DY-6 based on 16S rDNA gene sequence
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Fig. 5 Growth of DY-6 and other 4 Bacillus
bacteria strains under different temperature
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Fig. 6 Effect of different pH on DY-6 and other
4 Bacillus bacteria strains

—— AT DY-6
—— MUK ZERIFTF B Bacillus licheniformis
—— WL ZEHIAT B Bacillus subtilis
60  —— SEREZERIFT B Bacillus cereus
—— fRVEN AT Bacillus amyloliquefaciens

HY4%/(105CFU/mL)

total counts of bacterium

1 1 1 1 1 1 1 1 1 1 1 1 1

0
0 5 10 1520 25 30 35 40 45 50 55 60 65 70
HF salinity

B 7 RFEFEE TR DY-6 5 4 PREFAFFHE A KAE
Fig. 7 Growth of DY-6 and other 4 Bacillus bacteria
strains under different salinity

2.6.4 HKEZ TEHtk DY-6 S5HAb 4 BREMAE
K&l 8 frn. 45 R, DY-6 5557 4 h )5
HEAXTEUER W, 43078 10~12 h BFAEIAEK
W, Zeat—Beif A KT R, #) 18 h B iEA
FEH . DY-6 BYXFEOE KH(4~10 h)E KE Y
e T HA 4 BRI, 10 h IR B A 4 R g, e H A
4 BRAESEET 7 2 h, Hom i A KOl B T HAD 4
PRI .

—— AT DY-6

—— MR ZEHIFT B Bacillus licheniformis

—— MR ZEHINT R Bacillus subtilis

—— SEAEZEHIFT B Bacillus cereus
240 - o EEMYZEHIFTE Bacillus amyloliquefaciens

210

—_— = =
W
(=

T T

total counts of bacterium
(3
S
T

B % %0/(10°CFU/mL)

0
0246 81012141618202224262830323436
fi[E]/h time

Pl 8 AN [E] bk DY-6 55 4 Bk 2F LT B 0 A 4l 2k
Fig. 8 Growth curve of the DY-6 and other 4
Bacillus bacteria strains
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I T BA KB AN 1 ZREAERE 20~35C |
ERRE 0~35 Y Bl N HAE KA, TR AE S
= S A B 4 BRTE, 4 h dE AR K,
10 h BRI KA, BAARKEEN. 7R
BT A5, H R T O M X R+ 2 B AR, WS
BT 1l DX R RN 3 A

S A P B 5 A T AT DA E A g T A il S
518 E0HE R e e B, FE R R Ziaei-
Nijad 250 HE X iR b v B2 80 28 AT B s
ZE AT B 9 A BB X I, 45 SR % BRI g
VE R . SVER B . NG R A X IR A
PR, SRR AU e bR A R e
PR, 7 d Je 30 2 110 G 05 it 17 1 T T
R RAR R, B D i S 3R DR R
i B ZE AT B I AR A R, IR &G R i S 1A
PN TG P 340 v T R AL, R AR R A I A A
il 700 AT L $E o B T R T o AR5 T O e AR L
AT () 7 U R RN R B RE 0, UL R R
A4 v 0 2 P A v A R AR R D g
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B, W1 R4, KAWL T- MG, Ui %
PR RRTE B0 il 2 R i

ZE LTk, DUSEHT ZEHUAT 7R DY-6 HA X Ah A
TNV AE ISR AR M RR e, HAxE
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SCHRIA); LA R 0 A K R R A, U
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Screening and characteristic analysis of Bacillus velezensis from sea
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Abstract: To screen local probiotic strains, 66 cultivable bacterial strains were isolated from water and sediment
samples from cultured ponds of sea cucumber (Apostichopus japonicus) in Dongying in May 2014. Bacterial an-
tagonistic experiments were conducted using Pseudoalteromonas nigrifaciens, Vibrio splendidus, V. parahaemo-
Iyticus and V. alginolyticus, which are main pathogenic bacteria of ‘skin ulcer syndrome’ for A. japonicus. In addi-
tion, selective medium was used to test the amylase production and protease activities of the isolated strains and to
isolate a potential probiotic strain, DY-6. Then, its physiological-biochemical experiments and similarity analysis
of 16s rDNA sequences as well as the growth characteristics of DY-6 experiments have been conducted. The safety
experiment for the sea cucumber was also proceed. The DY-6 strain was successful in inhibiting P. nigrifaciens, V.
splendidus, V. parahaemolyticus, and V. alginolyticus, as indicated by inhibition zone diameters of 24, 22, 27, and
37 mm, respectively. Meanwhile, the hydrolysis zone diameters of amylase and protease were 28 and 20 mm, re-
spectively. A safety experiment was designed to test the safety of DY-6 for sea cucumber. During the experiment,
all sea cucumbers were in good conditions without falling ill. Based on physiological and biochemical experiments
and 16s rDNA sequence analysis, strain DY-6 was determined to be 99% similar to Bacillus velezensis CP015911
and, therefore, preliminarily identified as B. velezensis. When compared to four bacterial strains isolated from
commercial probiotic products, DY-6 exhibited superior growth at 20-35°C and under salinities of 0 to 35. More-
over, DY-6 came into the logarithmic growth phase after 4 h of cultivation and reached growth peak after 10 h. In
summary, strain DY-6 exhibited superb inhibition of sea cucumber pathogens, rapid growth, and both euryhalinous
and euryhaline features. Therefore, DY-6 could be used to reduce the occurrence of sea cucumber disease and is
also suitable for use at high temperatures during summer and in fluctuation salinity levels, as in the Yellow River
Estuary. Thus, strain DY-6 has potential for commercial development.

Key words: Yellow River Estuary; Apostichopus japonicus; Bacillus velezensis; antagonistic experiment; physio-
logical characteristics; biochemical characteristic; safety
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