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Abstract

In order to select the probiotics for larviculture of the oyster Crassostrea gigas, 345 bacterial strains
were isolated from tissues of adult C. gigas using culture method. Eight strains were screened based
on the abilities of the isolates producing amylase, lipase, protease and cellulase. Hemolysis was con-
ducted on the 8 strains, and 7 strains showed y-hemolysis, that is, they did not have potential path-
ogenicity. Healthy larvae were both challenged by strains DX10 and QX14 selected at 1 x 106 cells/mL
for 7 d, confirming that both strains were non-toxic for oyster larvae. Similarity analysis of 16S rRNA
gene sequences indicated that the strain DX10 had 99.31% similarity to Shewanella aquimarina SW-
120 and the strain QX14 had 100% similarity to Pseudoalteromonas sp. P113-L017a. Two strains
were added to seawater in tanks for larviculture of the oyster at final concentration of 1 x 105
cells/mL and no potential probiont was added to control tanks. The larvae were cultured and the
shell height of the larvae were measured on the 3rd, 6th, 12th, and 15th days after breeding. The
results showed that the shell height of the larvae in the strains DX10 (6th to 15th day) and QX14
(3rd to 15th day) groups was significantly higher than that of the control group (P < 0.05). After 15
days of larvae rearing, substrates were introduced for seedling attachment. Ten days later (that is,
25 days after breeding), the juveniles were transferred to sea area for farming, and the quantity of
juveniles of each group were counted. The results showed that the quantity of juveniles of strains
DX10 and QX14 groups were significantly higher than that of the control group (P < 0.05). These
findings suggest that the probiotics Shewanella sp. DX10 and the Pseudoalteromonas sp. QX14 pro-
mote the growth and/or survival of C. gigas larvae.
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1. 53|

KA W (Crassostrea gigas), XFRATFEALWE, HAAKHEENR, &R A2 S n, SR EE
BAGFE N — . MESYGFRIEMB Y R, X EF R E ARG, FIrgEk, K5 Fhk
TERAC, FETREGE, SRR FRIEAT AR T ECKMHR . Kim S8 FIEN], WIMINE (Vibrio coral-
liilyticus) /& 5 BUH B KA W5 2 AL T B SR R[] W& 1E 28 42 I’ (Phaeobacter gallaeciensis) FUEAE & 5l B
D41 RENS 35 32 KW 4440 15 SR oI G Ik G PRI BT 72 Ak Hs B A 2 11 o N AR 86 Haliotis midae V9
A TE i 8 HY TR A 2 A T ] 2 v L 2R AR B YH AL AT IR 3] A2 (Apostichopus japonicus)TE i ik
B T 2 P RE ) BT TR 25 AR T 2F R R BC26 AR RS B LM BC228 W mn H AL AE H A B
[4][5] 8IS ™ 2 Pt fe ) IR 5 B UL MrS & 7K AR I 38 HH 1078 7 A2 R IR B FU M T WLLS T4
HARAFE AR [6] THAA R DIRE[ 7] LA A 3G S A VLIBT3 (7] EAME R KA 4k B i R 2
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PE BRI BB FE 2 A R SR B SAABE2] [8]-[10] ABRFUA, MAEEWT LA AR AL ) 2 PRI (e 24
B IF AR BRI T K AT WR S AR AR S IO REM 5 R 2l A AR R U T i 7 P )
RS % .

2. MRER®
2.1. ¥

R AR AR T 1L 748 KO T T S A IR T . 4R B 7 B SR B A IR A F M S E E
B

22. &

2.2.1. IRIEEHRA DBk

¥ 5 Rt KHAR A RS, TEINERE, 8. AR, TC R K e T,
NI B b it BE 1A 5], WG G510 OAT R, RV 0.1 mL i i B 1 R 3L e I 77 2, il
B AE . R A SR AR AR S R R IR, T B AR ARG IR AR AR, 25CH9E 3~7d, 1£
T YRR I TR BENLER I B TR 20~30 A, 7E 2216E FAR XI5y B alifh, RG4S 5T 4°CHI
—80°C NHFFRIRAT

2.2.2. ISR =ESRED

PRI TE R B SR B R TR IV E R AR, 25°CRETR, M HIEmEEG ~5d J5) [6]. JEREGd )G,
B A B A E ). ARG dJE) [6)FIA4EREFS ~7d )5, 0.2%NIRLLE G 1 h, 4K,
1 mol/L ] NaCl IR BESs, SYoli BV il e ,  Ba 74 8 Il th G €32 B B 10 =2 - DLK AR B LA (Dh)/ B
¥ EA2(De) LU A (Dh/De) KNI I 5E o P B e 79 55 -

2.2.3. JBINALE
FEE AL B A5 I B Rk S RD T BHE L WA~ FAR 8 T MRV R A TR A F]), 25°CHFE 24h, HIESH
FRITE R W s IR 3 ) = AR LR

224, BESEENSERE

H4i 1) DX10 A1 QX 14 B RRIEAT AR S F7 (I8 R VR A RS FR 36 00 175 B il AR R A IR A R, H
PR TR ) 5 7 (R 255 SCHR[6] . Kk B 5 R KA D R4 E T 9 NMEA 100 L by /K 1) 20k
FCEREE 3 M), WILEEEN 5 AN/mL, o, SRRAATCEBTE AR BRI, RIGHTRIMAIRE A 1 x 10°
cells/mL ] DX10 #1 QX14 Btk. MiRIFFE RS E, /KA 23~25°C, pH 7 7.8~8.2, £hE N 30.2~31.2,
Hf oK, F8RMEmE, #8427 d FHAEL REE Sk s B HA TR, iEARh

BETZZ/% = (Ao — A)/Ao x 100%

e A NSEEGES ¢ RINILHA%E B (ind./mL); - Ao AEIANI 4G5 B (ind./mL).

22.5. BESERNNSEE

LR DX10 f1 QX 14 kL ZE A TAY TR B A BRA F37E47T 16S rRNA JEEMIFF, X
Fr i3 P AT {E 4L Blast KR 04T, KA MEGA11.0 ##F, F4I#E:%E(Neighbor-Joining) M2 R4 K B,
{8 FH Bootstrap method ¥E%HIE &, FE 1000 XK.

2.2.6. BEMEEEKHAEMIEE DA A
KALWI SRR B S REAE R T SR B AT BRA =] i AR & W3 AT, A TC T 2R UL B 45 B B

DOI: 10.12677/amb.2025.142011 84 WEY AT


https://doi.org/10.12677/amb.2025.142011

BRM 5

Witk BIRSZHGEIG 24 h BATIEE, IEE 5K D R4 HEENL S BCRIEA 25 m® WHIEIE K 1 E Eih (R4 3
e SRR INEE S AR B, RIS AR TS0 45 R I I 2K EE A 1 x 10° cells/mL 3 DX10 £
QX14 Hitk. B E N 3 AN/mL, VIHEFEEN 75 um, FEE WA 24 h RiEWi7E<, KBS ME
HSEHRMRE . RIS AR KRR B LIPS . /INHT H ZE T8 DL TS B K 8 R R 4
M., DRIEEE GIE 3. 64 12 F1 15 d BENLHEL 30 NMMAIESATE R . 15E 15d 5, KSR
REEHIE 50%, FFARTLBUTFLIE DS hiI E R B & 2L DA B RS, BEE AR A K3 AT I I . BOS &
H10d EERNEFR G 25 ) ERM FIR, FFgHRE N EE

2.3. HiiEAbE

RIGHIE LT MY + ArrEZE LR, /] SPSS 26.0 Bk 4l i 5% i AHE DB O B 4 AR 56 41)
IR HATHOIREAR T K, P<0.05 NEREE.

3. /RS S
3.1. EEKKEREE

Table 1. Strains producing four enzymes

1. FEMESRE K

LS VENEF(Dh/De) JIE##E(Dh/Dc) # A #§(Dh/Dc) £ 4k Z i (Dh/Dc)
strain amylase lipase protease cellulase
DW18 3.3 3.0 1.2 2.5
FS12 4.0 4.1 1.3 3.0
DX10 2.0 2.8 1.7 4.0
DX17 2.5 3.7 1.2 3.7
GX11 1.7 2.7 1.7 2.1
QX14 5.6 2.7 1.2 5.0
QZ12 4.1 2.9 3.7 2.8
Gz2 1.3 43 1.2 6.0

7E: Dh/De AR /K R IE B 4% (Dh) A 5 B2 (De) 2t

A5 RS 7 B H 345 BRAHES, A MAMERL, B8, JTEFIAEFERR 2 500 5 55t 91 k. 91 Bk, 82
FEFD 81 #ko FRUEki g 84 £k, CIGAMEN 24 £, #8 1 ¥k, Wi 29 #RAIEREAR 15 £k, H 52 # Dh/Dc
<3, 21 ¥k 3<DhDc<5, 11 # DhWDc>5, QZ7 BFk(A5EMR) DhDe Hi KN 13.3; 7 fi5kg 235 ¥,
FEANER 66 Pk, i 43 Bk, 718 43 BRAIZEGEAR 53 #k, A 71 # Dh/De < 3, 124 # 3 < Dh/Dc < 5, 40
Pk Dh/Dc > 5, FW9 Hik(JME ) Dh/De (KN 7.6, FELF4ERERNIE T 285 ¥k, 1N 35 Mk 474k K1,
FAESME 13 R, B84 Bk, I8 13 BRAAGENR 5 Pk, H 4 ¥ Dh/De <3, 15 # 3 <Dh/Dc<5, 16tk
Dh/Dc > 5, DX15 B#k(7iE) Dh/De {EE KN 9.3, P& AR HME T 13 BREIF=IER . NRBEA4F4E &
il = FhEEOTERR), £ 8 MR EE AR, WISANER 1 Mk, 821 Bk, MpiE 4 BRAERERR 2 Fk, b 7 Bk
Dh/Dc <3, QZI12 FEkk(4:5hMg) Dh/De B KN 3.7, BARKE, MPURDLH L7555 W 7 He i e ik 2B
%, PEARREMEREERCD . MITE 5 54 B 1R B RS 77 L NSNS, SR AR B IR 4 5 4 B 1 P il e
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Jias, 67 BRGEUER R . JREE AL 4EE ) DDe > 5, Hrh W IE 3 B9 26 ¥R, 5 39%. 3t 8 B
DUFHEG, Jorp Mz 23 B 5 50%, % A% Dh/De {5 L% 1.

3.2. BMmiKiE

XF P DRI 8 RREAHEATVA M50, ZR AR 2, Hirp DX17 BEPRER VA A % RG (i B 103 3,
N BV, BN EABERMBORE, HAR 7O p-1EIL, BIASIGE IR

Table 2. Hemolysis of bacterial strains

2. EHREYEN

73 paailin
strain hemolysis
DW18 - I
FS12 =I5 1ML
QX14 - L
DX10 -1 1ML
DX17 B-IE I
GX11 - I
Qz12 -V ML
GZ2 -

33. HEENSY

MR 4 7= il AR IR 6 25 5, R BUBTE 2542 DX10 F1 QX 14 HARH TR ISR, 4 RER, W
ARG H A FRZH G AR BET R T 0 38 22 (% 3), RIIPIFRBETE 1 x 10° cells/mL ¥R FE T 4405 414 T8
B

Table 3. Toxicity of strains DX10 and QX14 to C. gigas larvae
F= 3. DX10 1 QX14 EHk < H IR LN A R F 14

215 group 4IPRFET 3R larval mortality/%
XTHE control 15.68 £11.09

DX10 B #k strain DX10 13.73 £10.00

QX14 H#k strain QX14 9.80 + 13.01

34. BESEENSEE

16S TRNA FEF 74 [FYEE TR B, DX10 WHkS Shewanella aquimarina SW-120 [1))7 5 AL
99.31%, 5 Shewanella loihica PV-4 [IARBIYEH 99.24%, HRGREWILE 1, #ek DX10 WHEVIL S E
AALIKEE; QX14 Bk S S BHE P113-L017a KIFF AL A 100%, H-5 Pseudoalteromonas
hodoensis H7 1 Pseudoalteromonas atlantica 234 WIAHAYEYS N 99.93%, H ARG K EM WK 2, #K QX14
BRI 5 8 RSB B R

DOI: 10.12677/amb.2025.142011 86 WEY AT


https://doi.org/10.12677/amb.2025.142011

BRM 5

82

99

99

92

i

0.01

DX10

Shewanella aquimarina strain SW-120 (NR 025794)

Shewanella loihica strain PV-4 (NR 043689)

Shewanella insulae strain JBTF-M18 (NR 180985)

Shewanella carassii strain 08MAS2251 (NR 159221)

J7 Shewanella schlegeliana strain HRKA1 (NR 024792)

89 L
Shewanella fidelis strain KMM 3582 (NR 025195)

Aeromonas sobria strain BD1-9 (MW926952)

Figure 1. Phylogenetic tree constructed based on the 16S rRNA gene sequence of DX10 strain

1. &£F DX10 &#k 16S rRNA EEFFIMB RS X E K

9%

99

100

—

0.01

Figure 2. Phylogenetic tree constructed based on the 16S rRNA gene sequence of QX14 strain

Pseudoalteromonas sp. strain P113-L017a (MN043777)
Pseudoalteromonas sp. strain P113-L011b (MN043774)
Pseudoalteromonas atlantica strain 234 (OM056924)
QX14
Pseudoalteromonas hodoensis strain H7 (OM070345)
Pseudoalteromonas atlantica IAM 12927T (X82134)
Pseudoalteromonas espejiana NCIMB 2127T (X82143)
Pseudoalteromonas carrageenovora IAM 12662T(X82136)
Pseudoalteromonas tetraodonis IAM 14160T(X82139)
Pseudoalteromonas tunicata (DQ005908)

[ Pseudoalteromonas ulvae UL13 (AF172988)

Pseudoalteromonas ulvae UL12 (AF172987)

Vibrio furnissii (EU204961)

2. EF QX14 E#k 16S rRNA EEFINHEN ARG L BN
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35 BEmEREKHGEHETPONA

B3 A 4 mT I, DX10 BERALIE T 2R 6 RESE 15 KA QX14 WIRALEE 3 REH 15 RYMEHIFE
EREE TP < 0.05); BIAMMER 10 d J5 DX10 HEARZAHE R A B4R A R EER, QX14
B AR ZELRE DUBCR: 23 3 T IR AP < 0.05) (14 5).

4007 b - AR
= DXI10
300- a I
=
b
i = 200 a
s
wn
100-

o
|

(i
6 12 15

BBl Time/d

[H]— 55 B B bR AN RS TR FonARE B E T ERP < 0.05), ARG FREEERA
5] 72 5. 25 1 22 (P > 0.05).

Figure 3. Effect of strain DX10 on the larval growth of C. gigas
3. DX10 BRI KA IR £ KBS

400- w352
b mmm QX14
300
£ %
= W
i = 200
fiiz E‘
w
100
0- |
12 15
EHaE Time/d

F—¥ B bR A RN 2R HRoNAMA BEEERP < 0.05), wwAMHRNSZRERRA
[B] TG 2 3 1 22 5P > 0.05).

Figure 4. Effect of strain QX14 on the larval growth of C. gigas
4. QX14 BRI KA IRANF £ KBS
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15 b

e - IO
&3 DXI10
= QX14

S DXLO ax14
A H Group

I A5 X AR ARG FREE RO H A B EEZ R (P < 0.05), nf
HRNE 7 RS FRoR AR Jo B 2 7 (P > 0.05).

Figure 5. Effect of strains DX10 and QX14 on the larval survival of C. gigas
5. DX10 #1 QX14 EHk xRSk E R R0

HE K &
Quantity of juvenile oyster / (105/m3)

4. g
4.1. KHIFSEMIEERBEEEENIFEMERE

i A A E B T MR AE R, XA R R 4R R T AP AORRAS (117 [12]0 AL85 1A A R
FEA A AR B B AR R D B 2B AR R, HiERHS 50— g 7 iR
MTheEImE 27 A K[13]. HEUGAE D B4 RIT a3, JEARN IR S AFHALER . M
AR PN AR T P TE ARV RO AR, AT 00 A P9 TR R RS PR (1310 MG B4 Hh ik e 1 T
B, FTUABD KA g IR A AR E A2, B RAREE SRR ZhRE, A VE vkt i gh A8 7 a5 28 i 10
B

AWPFE, WRAE B WM IR AR, AL AT ) 2 B UERRE . RlE. H A
Wi FOZT A 2Ry, AN AR I I 2R R KA 0 40 A TG 25 1 O T8 4 2 2R T A PLIRER DX10 AN AZ 5 8 L
QX14. F4h, WXHEFEW 2JEE W% D JE4h ARG R Ay B0 111 PR B 107 B ae 7030047 7 e
BUREAREIR), 5K B B R LR, AR 7 B TR R B Re AR, PR kade FH MR 2 5 1 7 il
RE 77 558 (4 B AR E AT S B

AT MIEIT AL 85 38 73 18 ™ S A IR < Vb MR R 2T 2 K M IO B AR (1410 — L7 I AR TR R
A DU R 7K TR S 4008 DR R AL RIS [3]-[5] o A0 AN AR 5 J 3 o 23 25 L 0 7 B2 1 T e S 5
SR AR ST 5 I 60 5 - HE R B ATV AE BURPE AU AR 15], Kehlet-Delgado 58 & B2 AR IR
XL A B A BORE, 55 KA WFZ AT T OGBSI S B v, T v I 3R 1 I ) ik R
SPHURIAR IR 16], 7 8 1 B I 3R (10 IR PRAR T RE LW gh A AE i IR o 538k, A TE 240 i e ik
THRHNHACII T TR, A7 4B A] 209 2 R A, SE I 4 Gt N & wT 35 Bh - Ve kL, A il (1
AR ETHIR S IR . B ORI 7 S A B 0 2 A, BRI AR ANR AL 6] [17 14256 FEx 1 3 i 0w
Pho AR ST TR TTE, Gk B 85 40 R TC Bk RTE 7E 23 A2 7 DX10 A1 QX 14
Fro 16S IRNA JE A 3 B [R5 70 B — e F -7 8 2 2B 1 20 555 (6] (18] R AL WA g (A 57T 8 (IR 5T
JEU T P I I R G T AE 28 A2 T D16 A1 DM 14 B PRI 16S rRNA F: K7 51173 B 46 52 D9 fBs 1 e
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JE[10]. ARLEEET 16S rRNA JE F AR RSB M, K DX10 M QX 14 T FR73 Ml ¥ 4 %€ i T
PR s AME S B o B T

4.2. BESEEEKHFEEEPONA

AT TR I% AT 104, 105, 100 cells/mL ) DX10. QX14 B FRHEATHIE T RIS 78 11 M I 5 i B
guit, B 105 cells/mL VBT ROR, B EEAEA =R I0 AT, OREE B AE MK S, H R Al
T B R FEHEAT AN R B R BORE s I ARG A =ik . AR TR R B, 7R FLAATE X IR 37 i 2 v 5 it
A5 BL IR 18 (Shewanella haliotis) D4 [19]8145 FLIGE MR-7 [20178E, At A K. AR+, DXI10
BRI A SR KA R AR A K. B B BT D16 A1 DMI14 7] $ i Kbk b5 4 4 40995 TR T 7 S B 0 o Jk
LS5 ARG AFIE 2 [10] 0 = Te bl . 27 4 2B AN e R I 22 IR AS B B i il WS [6) I = R T Je b
R ARG (R AC B B M ER F1S [ISIMA B A &K, RESE U g5 AR A KAETE R . # CA2
BRI T #iiRsE gk, Bede s AW AR AR S FI A K [8] AWFITH, 1 QX14 Bk LL 10° cells/mL
IIAZE M E KA, WA RGE KA 2R A K AEE, X5 Douillet A1 Langdon [8] [9] B L 45 R K
8L, LR PR AT R -5 1% R TN LG ) A B (1 % Bl i e B R 5 S A RV A DR [8] 9], e B Ak
IV LG F5 T — 2.

5. &g

KA m RSN E R 68, B F AR S A P IE M. PR, RO 4R E; MigiE s
B 7 22 P HAS 20 WAV I A B A L IR T DX10 A RS B B B QX114 LA 105 cells/mL i KA 5 1 Fil
BB /KA a] S R KA W A AR A KRS .

B
A 5 UK P LR P R (CARS-49) M AR SE I 47 1)
S5 3k
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