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WE IR E B RELEFEFATENBEL R, BENLG B TS ENER, KFR
B R 4 A& K BT (VBT)fr B12 (VBI2)HE 4| #1 E 7 6 I (Mytilus coruscus) 4y # , W22 3 3¢ &% A 1
HEFREME; KA VBT f1 VB12, 5% % A H (Pseudoalteromonas marina) 3t [ %
RAEMBIE, AT B MR A R A MBET R B A e BB A A A R b st
Exlshd EAREhNY W, ARLEEET, 0.02mmol/L 3k E VBT # VBI2 T LA EEFEH
T D4yt A, ERCE RN E % (P<0.05); 0.02mmol/L W& VBT #1 VBI2 472 Jg by ¥ B &K 4 2
ML A E 4 R I E R ANE R ER A B ERE(P<0.05); - FATHFFE IS, EEE
o, THRE R EEELE T, BF VBT M VBI2 LEE AW A E EE . EEE KM
L4, & A e i B M (P<0.05), BT 4 FIESL, VBT fr VBI2 7 a8 3t B8 W i 0 A 4
W r, #MAEERB NG TSR E AMRARKEER I N4 ki E RSN LT
HUERE T HWE N KIBEAA TR, AHb B A4 A ZARGEZRIATITHE A, kEE
T ISR b ] B R AR A A R T WA B R R T b

KA BikEAF; mEAY; BB A99E; £A

hESEE S9683 XHMFIRE A 0 XEHRS  2095-9869(2021)05-0113-11

JEFEE DL (Mytilus coruscus) y—F LS8 9% IR, HRMAE QR T HILAE, 4RHETH 350K
FYLE3F D125 (Wang et al, 2012; #RFHESE, 2017), W0 BH &L 50~60 ACRLL L (F A%, 1998; B k%,
TR . BRI R, FPEXCRETRILAR 2003). (HATAER, TG D3R A X S 4 AR B
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WA PRAFTEBIRE . T DI T K A ), i R 5%
i DL PR R (B P45, 2010). N TR MK JR &
FENA UL AP AR YRR, Bl T AL N TR L M X
O T DU PO 35 5 s X R B A R 5 Pl i
R R (K LSS, 2003; HH2E, 2007; B iER
%, 2016), JEFEIA DL 7R H AR UG s v 2528 7 TR AR
TG B B U B B AR NS I B AR S R B R, AT
B I (Wang et al, 2012), B35 22285 )5 A 06 Dt ] 38
VIR 22107 X, TS IR AT R
HEKRE, 2013), HL, e &= 5w 04l g
B 5 708 2 28 0 B Sy G0 % B O 7l R R A A 0 B
AR a) 8

WF5T 200, Fh v 200 TR 9T TR 5 1) A A vl L2 5
BT S 531 1 TG HE 30 4 41 s 3 AR A 100 7
(AR, 2012), B, B3R O R R
(Pseudoal teromonas) %) 5= 2L 4l T& (Uhlinger et al, 1983;
Holmstrém et al, 1999) A JE i % & 52 1 D1 (Yang et al,
2013) 4 3 54 i (Hydroides elegans) (Shikuma et al,
2014) %5 &) U A S LA B 205 S V8 H 09 A 0wk
FEE A W B AR TR 132 1 22 R R Y 52 Rl (Yang et al,
2014, 2016a., 2016b), Hrr, XJtE¥HLiAAL: 4L AL

S G | KR AR AR R S R EOE AN R Y BT
EYIREAIE RS . amMmERSERA2ZS, If
5 JEE 52 T DU BB (IR AN 55, 2016; 4 HT 4%
2020),

B G4t AE R — AW, T2 AT AR
BT, R 2R W R A A T Bl S ) T
(Degnan et al, 2014), ‘& REME IR K ZE0 40 1 14 A= 11
AL, BIaniEr s . TeARs . & A A DNA
A S, T2 A= iR A K & F (Woods et al, 1953;
FHEEZL 2011; EHEFS, 2019; JH2E5E, 2020), BF
FERM, B A 2 ) 5 e AR S FF 1 R (Brucella)
FVS T & (Salmonel la) 41 B 119 3 2278 35 W i G i 45
A A Ak Ny T R 4 4 B AR ) B (Matras, 1973); B
J: 2 HE 2R T I 2 0 T 0 1 (Capitella. teleta) %)) A ff
#7575 (Burns et al, 2018), H, 4i4: & B7(VB7)FI
B12(VB12) L)% 5 sl 4 6 19 T2 X0 2 5 LR i A= 3 A
FESCRE, VR H RS I R A0 | % B RN ZH 2145 4
MR 525, B (R A A i 8l E % 3217 (Brown, 1989;
Knowles et al, 1989; Ekhard et al, 1998), {H B %4
BNV A TR AR I B B DL 2R U A 1)
S [ ANV A o

AW 7 38 3 K R 5 R DURR 5 4h O R R T
VB7 Ml VBI12 H, DL e X RS2 DL 4 i ff 5 AR S B
A e 75 5 05 M 19 i R 58 B PA.MY B (Pseudoal teromonas
marina) = Py T s B Es i VBT Al VB12, B

B U JRE 5 T DL 4y R R A5 B R W), R B R4 A=
R RN A YR ORI DL A U 2 =
] ARRHELSC AR, A A SR 7 6 DL B 2 22 2570 7 WL ] 2
AEB B A PSR o [RIE, 3o B ek A= 50 T
TP s PP N T A il e A i AR e i DTN T
FRFEAT AV HAR B 58 5 52 SRR3R

1 #RE5FE
1.1 SEISEHk

S T FH A 01 5 B B0 B TR 0 B E WY S L
TR LI IR (30°72'N . 122°76'B)HEARIE iy 1 SR 2k
W, A5 AE T80 °C AB 1L 15 VK4 P (Peng et al,
2020).

1.2 SCIgHrtd

STES TR VBT A1 VB2 ) T U Ak B B 4 L 2y
()R IR T SE6 il 9 SR 0 D1 %)) d fe
2019 FFEHAIFEWITTAE B (30°69'N | 122°46'E) R % .
SIS, L 10 ind./mL % T 30 i1 H
SRUFK BT SE, B 2 d Bk, BERAEME 1x10* cells/mL
TEVT 43 4> 3 (Isochrysis zhanjiangensis) 3 ik , 6
I8 CHRAKTFF 7 d IG5 AT5L 50 (R %, 2020a),
1.2.1 VB7 4= VBI2 HHEiFF # VB7. VB12 fil
B ok A B AL B A9 9% K AH 7 (autoclaved  filtered
seawater, AFSW), Jf-7E ILFe Atk I AL pH=7.6 FIHE,
BB A TC B R 5 LA R 64 mmx19 mm)*, Jf:
hnid B AFSW B4 ZE 20 mL, %25 [AN 41 B
LA HAHE N 0.02, 0.2, 2 F1 20 mmol/L HIA [
U, MARE O MEYEER . K 20 LIRSS
HARIMB R EEFE L, BT 18 CleIRbE i 5%
96 h, 3% 12, 24, 48 & 96 h M4y Ut 5 28 A%k i,
i RS 4y U AR SR
122 VB7# VBI2 ARG HBXFLMA LK HE
P 2 HRR 075 55 (2016) J7 1 0 o Ak P )5 165 41
LR A M, BRI (ODgoo am 294 1),
1% F R 5 1 2 %4 300 mL 2216 WA 3 35 5511 5]
JEBEIR N E LSRG F%, EOMMEE 1T, R[] RE % i 1] B
IR, LRI E ODgoo o 1EL, FEANESH] S IEE 3 AME
YiFEE, DL OD E NINAAR . 55 IR R AR AL AR
ol K2k .

1.2.3 VB7 42 VBI2 4 32 )5 AR % 2 0T & Ak i
H & MBS REQOLS)IEFRI R E YR,
TEAF IR A B B T R 2 T 2216 M |, 25°C RS
F 12 h )5, PRMCRTR P R 3] 2216 WARKE 5L,
BT 25 CHROEKM T KEEFE. Ll 3500 r/min B0
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W 5 YEEZR BT H B12 X 40 B AR W W 1 % 57 iy DL &)y e AR 25 ) 52 0 115

15 min, £ EiEW, F AFSW PEE4N#EUIE 3 1K,
B Ja AR 50 mL il AN UK, B 1 mL B4
R - AFSW=1 : 995 M H KL IE R 022 um
JEE F, 0.1%M BERS YL, 5 min, ARIGTEDEOCEE
5% (Olympus BX51) FWL%E, THEMBEMKEE . 7ERH
JC B AR B 10 0 T 15 35 0L e 4 I AGE B RS
VB7 fil VB12 WIRA Y, Nl i AFSW E %% % 20 mL,
FHAT AT BRI B e BE ly 5x10° cells/mL, VB7 Fil VB12
B U T R 0 (W HE) AN 0.02 mmol/L, 4% 9 M EY)
FEA, EOE 18 C IR 48 h, LUl & AL Bk
124 $hEMEEETLR 4 B AR 4k B 1 2%
B 56 2 20 mL AFSW GBS IR LA, JF: 18 55 37 1L
rhEsm 20 HR S 4 H, 2505 2S 1 (Blank, JCE 3
F). ¥ b JIig & (Epinephrine, EPI). [ %k 4= ¥y 9l ik
(Bacterial biofilm, BF)iX 3 X} I 25 1 5L 56 41 (4= ¥ 9k
JiE)2H i (Satuito et al, 1999; Yang et al, 2008), %E4H iK%
B OMNEYFEE, Rt 18CAMFIES 12, 24,
48 1 96 h 4l MU AE R ORI AE, 2020b)

125 A4 mE E AR [SEBIEEQ017)
PR, IR A, R RRTE 5%
B SR S AR IR 48 h, 0.1% 1 BERS YL (4 5 min,
Z 5 TR B W WUEE (Olympus BX51) R 34040 18 %%
B, BRI LR 10 LR, Al E
3N EYFER,

1.2.6 Ak B R 5 M7 Z: HEA W55 (2017)
)L AT RSEERE , KA I RAE 5% FH T v
FE 24 h, BOEEMET 5 pg/mL L P BEPT)R YL kb3
20 min, ZJ5ilid 1xPBS #472WKEWE. JHEBIEDL
IR £ B 5% (confocal laser scanning microscopy, CLSM)
RIFEER, f AR E 3 MY FER, A
H Bk 10 AMREFHERT BUR AT, LI 2B A B s
JEERE

1.2.7 £ DA RERLIL = M 5 A %" Gonzalez-
Machado %5(2018) 77 AT IS =41 . 1 0.9% 45 #i4h
IKIE VB TR A 3 R, AR GR 1)
AT Y AL IR, 12 TR B A R IR B T AR
20 min, ZJFiT 0.9% M Eh K BEA TSR, JCFE [FIAE
WAL, TR 2 )58 CLSM i il
TEALES, IF [ ke 10 SRS S SR T LA
GbT. BRAHE 3 NMEYIFER

128 A TEREE Z &% (2015)
H 7 2 A e B, Nk R AR R, YR A
B B, SRR Jea, nThifRY 43 % Ren
FQOI6)M T, ¥ 0.3 g MM . 90 mL & 5%
13 F11 10 mL 95% £, BETR A il )5 i 203 VR, O 9 38 7 e

®1 EWEERINTYRERT

Tab.1 Staining reagent of biofilm EPS composition

O ‘
Wik 7= e @il

Biofilm EPS Staining reagent

composition
o Z conA-TMR (concanavalin A,
a-polysaccharide tetramethylrhodamine conjugate)

A7)
p ik .. CFW (calcofluor white M2R)
B-polysaccharide
HH T Protein  FITC (fluorescein isothiocyanate isomer 1)
e DiD oil [DiIC18(5)oil, 1,1'-dioctadecyl-
RS 3,3,3’, 3'-tetramethylindodicarbocyanine

Lipids perchlorate]

{6 3 min, FHEEYFIAM2.0 g/L KAI(SOy), : 0.3 g/L
FeCl; : 1.5 g/L F}THR=5 : 2 : 214¢(4 3 min, )5,
1%30 FF BL 5 IR MR g 5 30 s TERRR YL (02 /i, ZE0EK
YA LA 22 L — A e i, 20 TR AN A e R 2T
o, RGN G, AR E 3 M EYFER
129 THKRLZEF  Z% Obadia F(2007)H ik
ERATRIR . M 12 AME R LA A i, It
P HAETEAE 1 mL ZE 18K H . 100°C & B 4HTA 10 min,
13,000 g #5.0> 15 min, FEUIIE, WE LER, €&
AIHEMR . A 4.5 mL H,SO/H,0 ¥ (6 : 1), T 1 mL
IR IR A, 100°C KB 20 min, BHEIE 25°C,
# 2 mL IS BT T 396 nm (A396c0)F1 427 nm
(A427co)WIGRE o ¥ 100 uL 19 3%(mvv)2F Bk 24 R 3h iR
W SR ARAWAE 25CFELHE 1 h 5, 18
396 nm (A396¢cy)Hl 427 nm (A427cy) MG . ¥
(A396cy—A396¢c0)—(A427cy—A427co)HMEIE A L-7 3
Bl BEARE I 2E(10~100 pg/mL) 5 n] 7 RV E

1.3 HIEZRITS5HH

ffi [l IMP %14 (ver.10.0.0)#E47 58 1 /3 LA 56
PEA 45 (Liang et al, 2020), K4 YA 5 H 7 L%
bR B 5% LIS IE S A A i O, WUERAF %4,
O 5 0 e B PR O e Hh 1 22 R T M. R
2, T VLT Kruskal-Wallis #3640 #7. Spearman
LI AT AR FRY B YA R &
B B 2 M A S i, R PR SRE, r oA
FERB, WA RE R 0.05, Y s -
Y& 5y Bl image A%

2 H#HR

21 VB7#VBL2 X4 HTHRMEEZ

B 18, 0.02. 0.2 mmol/L VB7 iS4l HUARS
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A3 )7M(28.33+0.83)%F1(11.67+0.83)%, VBI12 iES4)
T AR ZA 51 R (13.89+1.39)% F1(1.67+0.83)%, 525 [
XTHRZEAR LG, 40T i 2 5 s S R A G DL 4 AR
(P<0.05), Hdr L 0.02 mmol/L (55 SR il i 2.
20 mmol/L VB7 #7452 3 43 5l by (5.56+1.30)% F
(1.67+0.83)%, VBI12 YA Z 53524 (1.67+0.83) %
0%, 525X RAL A, 30 B 2 40 1E
(P<0.05), Frlk 20 mmol/L ¥ B it 3 il VE FH ok o

[=)]
(=]
1

® 0.02 mmol/L
a = 0.2 mmol/L
O 2 mmol/L
b O 20 mmol/L

N
(=]
T

20

ZAFAS# Metamorphosis rate/%

O§ 1 Blank EPI BF

2 ] Group

K1 VB7 Hl VBI12 %R 720 D4 AR 25 B9 20 (72 h)
Fig.1 Effects of VB7 and VB12 on larval metamorphosis
in the mussel M. coruscus at 72 h

VB7

A F R R 2R B % (P<0.05), FH
Different letters show significant difference (P<0.05).
The same as below

22 VB7f VBRI BHBRIXBFREEEEKNZN

X REA AN AL PR R AC B B A AE S R 1 h )R
HEAER XTI, 6 h JE i AFRE (8] 2). 559% 6 h
B, ODgoo nm 153 5124 OD(p. marinay=0.9543 . ODp marina+
002 mmov, vB7=1.0607 F1 OD(p merinar0.02 mmoir v12=0.9923 , AH
Fb T B — 20 1R A9 X HE 4, 0.02 mmol/L /5 VB7 Fil VB12
TE AR B 40 B AR P B 355 (P<0.05)
Horfr, VB7 XA A K PR RE S 2 AR E ], i
VBI12 7EHEAE K 9 h J5 T AR .

1.5

g
§ 1.0+
g

e
;i os- ¢ - P.marina
+ - P. marina+0.02 mmol/L VB7

=t P. marina+0.02 mmol/L VB12
0 1 1 1 1 1 1 1 J

3 6 9 12 15 18 21 24
isflE] Time/h
El 2 VB7 Al VB12 Ab PG B4 B30 2 P I B A K il &

Fig.2 Growth curve of P. marina after treatment
with VB7 or VB12

2.3 VB7 #1 VB12 B EiEHRZ B SN E £ IR
4 R

& 3 7, B VBT Fl VB12 55582 B
TV BB A5 0k 05 5 1 &0 LB o AR 2 % e 2 T Al
T A — 1 M I (P<0.05), 0.02 mmol/L ¥ VB7 4k
RIS, WA AR B P A W ik B T 4y A B A AR S R
J9(71.0+3.9)%; 0.02 mmol/L ¥ VBI12 235 19 4))
B AR ZE N (60.143.3)%, —HF ) 02w T 40 E 5
— Yy R AR A5 % (38.8+3.09) % (P<0.05).

[
(=]

a

(=)
(=]
T

A% Metamorphosis rate/%
SN
(=) S
T T
(=N

-

2H %] Group

K3 VBT Hil VBI12 Ak B i TR 58 4 50 1 A= 40 i e
X IR e DL 4l HUAS 285 (Y 5 1 (48 )

Fig.3 Effects on metamorphosis of post-larvae on the P.

marina biofilms after treatment with VB7 or VB12 at 48 h

L2 H; 20 B ERE; 3. HARMAED B,
4. 4T ; 5. HMIE+VBT; 6. MHE+VBI2
1. Blank; 2. EPI; 3. BF; 4. P. marina; 5. P. marina+VB7;
6. P. marinat+VB12

24 VB7 #1 VB12 {IBEEHRAZESREEYHIE
EYMEWTL

El 4 Won, WITEHE Jy 5%10°8 cells/mL AR A
B E S VBT i VB12 SRR R A P

101°¢

c = b
0 P. m;m'na P. marina+VB7 P. marina+VB12
285 Group
K4 VBT Ml VBI12 AbHH 5 i A0 25 2R I T
= Wk A R 2

Fig.4 Density of P. marina biofilms after
treatment with VB7 or VB12

Bl 9 M EY B AN EARER . TR

Data were Mean+SE of 9 duplicates. The same as below

—
S
£

(cells-cm™)

YMEE %5 Bacteria density/
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W4 e YRR BT 1 B12 X 405 A W 1 IR i S SR 52 I DL &y 7R 285 ) 5% 1) 117

10 pm

K5 BOLILREFHEET T VBT fl VB12 2 HS )
TR S BRI TR A W i RO 2
Fig.5 CLSM reveals morphology of P. marina biofilms
after VB7 or VB12 treatment

1. P. marina; 2. P. marina+VB7; 3. P. marina+VB12

8_

E a
2 °f b
2 c
. 0
=
i
i
w2
0

P. marina+tVB7  P. marina+VB12
21 Group
K6 WOLIRET RS VBT fl VB12 2 H5
TR A S B TR A ) o I
Fig.6 CLSM reveals thickness of P. marina biofilms
after treatment with VB7 or VB12

L
P. marina

T2 EYEEEEMARZEESFESEENBEXRESH
Tab.2 Correlation analysis between biofilm thickness,
bacterial density and inducing activity

, A TR 5 Ji J
A B Bacterial density Biofilm thickness
Biofilm
r P r P
P. marina+VB7 0.836  <0.001"" 0.957 <0.0001""
P. marina+VB12  0.847 <0.001" 0.987 <0.0001""

¥ E AR (P<0.05); ** il 35 AH 5 (P<0.01)
*: Significant correlation (P<0.05); **: Highly significant
correlation (P<0.01)

A % B W G v T A R R — AR B IR (P<0.05) ,
VB7 Fl VB12 4b 385 (1 A= P9k 20 v SR AR PR RS 5 (181 5),
LR RS B 3 2 B (P<0.05) (I 6). A&/ M 45 51
7N, AR RN BT LA %) A T R 3 505 S0
PEEA 2 A M (P<0.05)(3 2).

25 BRZBEREEVRERIN =HEEL

YRR (B 7), MR RME R )
B AN B 2 ORI A A, BRAN=  A 5 k5T, T
VB7 Fl VB12 435 (A= Yok A o 2 JRAEIRE,
ShrE s R I, HZ2RYeRa .

3P o 20, B 2HE. A MR &
LA 8, S —EYPEAHLL, VBT b E HATE
R o 20, B 2. EOMAER., Hf,
— YRR o 220 S R AR (1536.50£57.36) pm’,
1M VB7 A3 A= W9k B o 208 2 5t 4(800,590.25+
46,499.65) um®, LT 520 17%(P<0.05)(A 8).

26 RNEFERIXBENEEVHENTHRSE

PR oK, ML TR A PP, VBT
H VB12 AbFE A= Y pi BT Hi R 43 A B AR (I 8),
HEE R0 9). P—E A YT i &
1 4(30.46+6.03) pg/mL, i VB7 Ml VB12 4bHJ5 &
AN (215.78+24.18) F1(158.27+23.27) pg/mL, F
BT 7.08 451 5.20 175 (P<0.05) (K1 9).

3 it
31 BRHEERITEMRRT KRN

B iR YE A FAE AR B N, DU 3 el A
EXZS5HRRAEREA L N, AT B R, JR4E
FRAnie . 28 B AL LS MIRE R e s, BMRITA
AL AT B IE H I8 4T I 2 SR ) B (Brown et al, 1989;
Knowles et al, 1989; Ekhard et al, 1998), A5 %%
AWK, 0.02 mmol/L #EE R VB7 Fl VBI2 54146 44
BV R 5%10° cells/mL ) P. marina 3% [7] JE  4: 4
B, 5 P marina H—/4: W wE A EL, 40 B %
FURSEJEE Bt S0 n AR R SRS, IR A R
1 Z MBS P28 . Matras(1973)F55 &£, B Ji%
Yt A= R AT 3E 52 e A S AT R E AU 1) R A Y
T IR AR A A B A b S SR R YT 40 T A
Yrag . B, HEM B HE4EA: = AU ART LIRS A )
Bl RS %) A Wy i FUREL AR 7 4 a2 T AR 2 AR
)T B



118 I A N CRVE
10 pm 10 um
K7 WOCLREFR ST VBT Al VB12 4035 i 1R S8 5 78 A= B B B o
Fig.7 CLSM reveals extracellular products of P. marina bacterial biofilms after VB7 or VB12 treatment
1. P. marina; 2. P. marina+VB7; 3. P. marina+VB12
a: a ZM; b: pEWE; o HE; d: R
a: a-Polysaccharide; b: B-Polysaccharide; c: Protein; d: Lipids
1000000 - ga P .
“ . marina 3 7 4,
E 000001 | b aringt0.02 mmollL VBT 32 BIRHERXNATSHRM
g 700000 == P. marina+0.02 mmol/L VB12 o . . o R
2 go0000l 321 B #k%AFHHRESHARY R FE
2 500000 ) R TS A S WO 2 A AR A TR e 4 st B B
glmm_ 2y B R i B BT DU L e ah, e al UK s LA
ngx‘ b, a Ho i, W JosfEsh Y gh SRR & 22 £ 252
oLe MY ¢ M2 M» Hb 5 PR BT IR AE R 2R 5 ] (Crisp, 1974; Pawlik,
S wh OB ¥ 1992), HES SN FR B I F X T4 8 B A 25
h\
P %_?o\\}sa"‘; oo :‘ X: 1 3 (Morse, 1990; McClintock et al, 2001). B %4
roduct v SRS N M
o b ERTEAAET IR, JHENE DRSS
e T Ay K LR Bums SQOISIIEER . B
. marina 4249 L R L gp L e o e 53 e S
Fig.8 CLSM reveals extracellular products of P. marina T4 1 3% T o0 M 1 6 P 25 SR ) A

biofilms after VB7 or VB12 treatment

W 9 A WP B ELbR R

Data for concentration were Mean£SE of nine replicates

KPS B e gl R AR AR BRI, ST B R
Ak A R 5 DU 38 R A BAE T R R AT A

(GREIEE



SRR ] W& B4 did 2 BT R B12 X 4 b A ) T 1 B JEE 5 Tk DL 4y AR 285 1 52 1 119
B9 Y
Fig.9 Light microscopic observation of mordant-stained biofilms
1. P. marina; 2. P. marina+VB7; 3. P. marina+VB12
RS R AR G E oA e L5 Ay )
The strains were stained red and the colonic acid was stained blue
=250

[\

[=2

[=
T

CIEL 58
Content of colanic acid/(mg-mL
S @
(=) o
T T

i
(=]
T

a
b
_?_ [
P. mzlm'na P. marina+VB7 P. marina+VB12
#H % Group
B 10 VB7 1 VBI12 425 H P. marina
AE W)k B AT B R

Fig.10 Colanic acid production in P. marina biofilms
after VB7 or VB12 treatment

W 4 AN EE PR EERER

Data for concentration were Mean+SE of four replicates

oE gl R BR, 0.02, 0.2 mmol/L ¥KE T VB7
A VBI12 I E AT DL R RS R D 4 AR
Hr L 0.02 mmol/L ¥R N A5 A I Em , {H 2.
20 mmol/L ¥ E T VB7 1 VB12 X} %)yt A8 25 4 il 48
o B, #HEAE—@E WM& T, B R4 R
FEIE o G s A OB | R 2N B AR S e R 4
Yl Re i A8 i JR 72 M DU AR TRV DL 4 U B AR 2
322 AMHMBEHEESHEXR Y B AR
WA (A2 0E . . BRI iR
M) YA 3 T HE B0 W B 1Y) DG 8 M R (Klirchman et al,
1981; Hadfield et al, 2011), W7 &M, JE580E 04 H
B 5 728 25 FFIUHE DL R 5 0 2 2] 20 B4 %% 32 1Y) 52 1 (Wang
etal, 2012; ¥4 %%, 2013; Yang et al, 2014), JE7%E
U155 A Wk A SRR IR S, AN B 2% S AR S
S EADE; F AR W Bl S A1 7= 0 (0 B 4 )
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Effects of VB7 and VB12 on Biofilm Formation and Larval
M etamor phosis of the M ussel Mytilus coruscus

YANG Jinlong"**, DUAN Zhihong'?, DING Wenyang'?, XU Jiakang'?, GU Zhonggi*, LIANG Xiao'?"

(1. International Research Center for Marine Biosciences, Ministry of Science and Technology, Shanghai Ocean
University, Shanghai 201306, China; 2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; 3. Key Special Project for Introduced Talents
Team of Southern Marine Science and Engineering Guangdong Laboratory, Guangzhou, Guangdong 511458, China;

4. Shengsi Ingtitute of Marine Science and Technology in Zhejiang Province, Zhoushan, Zhejiang 202450, China)

Abstract As a growth cofactor, vitamin B (VB) participates in the body's various physiological and
biochemical processes in the form of prosthetic groups or coenzymes. Meanwhile, the vitamin B is an
essential nutrient in ensuring the regular operation of most biological activities. In this study,
pharmacological experiments, confocal microscopy observation, and biofilms staining with mordant were
used to understand the effects of vitamins B on marine biofilm formation and metamorphosis of Mytilus
coruscus, which is a marine bivalve. VB7 and VB12 were used to investigate its impact on biofilm
formation of Pseudoalteromonas marina, which exhibits an induction activity on the metamorphosis of
M. coruscus larvae. The direct induction activity of VB7 and VB12 on larval metamorphosis was also
detected. Results showed that the VB7 and VB12 at 0.02 and 0.2 mmol/L could directly and significantly
increase the larval metamorphosis, and the concentration of VB7 and VB12 at 0.02 mmol/L had the most
potent induction. Moreover, VB7 and VB12 at 0.02 mmol/L can also accelerate the growth of P. marina.
The biofilm of P. marina formed at 0.02 mmol/L VB7 or VB12 had significant inducting effects on larval
metamorphosis. The biofilm thickness, bacterial density, and extracellular polymeric substances (EPS)
such as polysaccharides (especially the colonic acid), proteins, and lipids increased significantly after
VB7 or VB12 treatment. In summary, VB7 and VBI12 can increase the mussel larval metamorphosis
directly. At the same time, they can also induce the production of biofilm EPS and further enhance the
mussel larval metamorphosis inducing ability of the biofilm, suggesting that VB7 and VB12 can promote
the larval metamorphosis of M. coruscus by changing the biofilm EPS composition. The results of this
study provide a new theoretical basis and innovative methods for exploring the molecular mechanism of
larval metamorphosis. It also provides a solid theoretical basis for the application of vitamin B in
improving the artificial breeding technology of M. coruscus, solving the problems of mussel aquaculture
industry and ecological restoration.
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D Corresponding author: LIANG Xiao, E-mail: x-liang@shou.edu.cn



