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WPBREES 0, S THE DL A BT AH T3
A, R, $aE S HE DA B A SR AR AR R SR
KHEFAR A, WEFT A Wt IS S DL B 2 114572 i
S ENE N P | S g i

15K (bioactive peptide) 1F h— Ff Py I 11
AEaTE YR, & TR A Y, IF
Bremftay . g pMeE . AR S Y)
REC, SR H T, AR A il R PSR
AT DL AT 908 T 40 A A T ke o 4 i DL 2
HRHFMHES Y E . Hit, ARSLE DR
(Mytilus coruscus) HEVIVE ABFFE R4, il 7E 57
S0 TR] A 0k B R v IS T 5 i DL e BRRR 9 LR
S TR AE 08 R A TE 18 S A 0k S X JER 5 s DL f 2
0521 PN LA E i Vaahl A E oy N g AN
P AR BT g FH SR i I & B RS AR B

1 MESTHE

1.1 #R

KR ABFGEARAT T LU KA 5
% 29 ) A5 B R {6 4 B % B 25 ik (SHOU-DW-
2021-086) , S i Fe P HERAE L L™ RE ST I
TERF DY SLIAC PG, JF 4% IR R e Ko
SYE IR ZE o e L E R AT . SEE BT
JFHEE 76 T DURE DU T Uiy S 25 ¥ i LR 6158 ik
SR, HEDLFEK N (0.88+0.16) mm, %7
A (0.55+0.12 ) mm., FE U1 5256 /i 22 5L 56 2 FR 5
FEFHAKRTILE A 18 °C, AR, B2 Rife 11k
K, T K SR AR B R 30 1Y S IR E S IR T OK
JIr L U 0.22 pm, BRMEE 1R, FriEkh
S 7S FF A W T VL 45 $E 42 (Isochrysis zhanjian-
gensis).

m A R R S R AN R B TS g AR
fE, MNWT VLA A Ll T bR B Bk (30°72 N
122°76'E) HARIE 1K1Y AR A= W I O s 4 3 1 16
BB M (Pseudoalteromonas marina) " FlJ&E
7 W D1 Ji 18 v 43 25 45 B Y e TR SE S U (Lei-
singera aquaemixtae) ',

B NMCRR SEE AT HIER A DUTK f R TR
W IR B AF K A BRA /) BT fF il o NS TR DL (M
galloprovincialis) " & BUIT 158 H K= A K, 2
B O AR, RGNS 1000 u,

1.2 7%
& AR ) &
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SH e A koK

Tl 5 S 5 T i 114 B — 2 R AR R K e Atk
T 3] P VA {1 5 5 P A R P VA TR S A R BRI AE 25 °C
FREEEREE B 3% 24 h, B53R3E% H Zobell 2216E
WFEHE, BEJSTE 1600 xg, B0 15 min, FE I
W, IR KR 8 K (AFSW) Il 1% 3 1K,
JH 50 mL AFSWHE B 277 T 45 2 A 40 B, #5556
Wt RN, £ — R KRR
TIAAE I ) 40 PR A VR, 38 S 6 T 7 49 3l B AN
[ A2 A DKM E . 0. 0.1, 0.3, 0.5, 1.0, 5.0,
10.0 /L. FREGSAF N 18 °C #EHE 3%, 48 h 54>
S 30 S50 T e 1AV A1 A B O e T B R AR
G R 200 T A P

NG M RAE R A WA IEAE N W A 23 R
IR WHEDL N & SL 80 S H 4 e 555 . 18
2 vy U K T PO 9 4 B 4 S LI b I A S G ) AR
Y, TN 20 mL AFSW A1 10 HAEDN
IR P 7E 18 °C, EEOGALEE, ids% 12, 24
148 h [BHE DURF 5 2 . 2 Wk S 6 400 B8 14 A= 0
145 40 TR 8 B 38 R 1x10° A/ mL, 430 B R AE
TR LG DKM FED O, 0.1, 0.3, 0.5, 1.0,
5.0, 10.0 g/L. &SP 6 M FA74l, DIIGApEA:
YIRS RGO ) T v B A S s LG R A

AW IEmE F AT 2% Yang FY
WT7 5, R 5% HY RV VROKE AR P g I 72 24 h,
[ 7 5 0.1 % WY BERS YL GRS G YL 5 5 min, J5 25BR
LAY, BB TS BT OO BB (AR
BX51)x1 000 i KA5 %R AT 0%, £ LIk
B 3AFATH, B EATHBENLE 10 A EF T
TR P

EMPIET, S BB ESH 5% Yang Y
BJ5 e, ANTE% R E N 1x10° 4~ /mL, 25 Kk B
WE R0, 1.0, 10.0 g/L, RXFSCIE AP 2 KR40
) A= IR B A3 T AT 50 B o A8 S % FR VS VRS
AW PE IR E 30 min, 5 mg/L BN IE (P) IR
WEEYL (A 20 min, EECHE TS 7EPR RO IR £
A4 I (Leica TCS SP8) x630 AR F 44,
i FH FV10-ASW 3.0 344 BOHOE 9 4 28 48 i 7k
% (Confocal Laser Scanning Microscope, CLSM) 4]
1%, AT YA SR AR

L REAMPIEM R0 5% Peng
M5, X AR AT Yt R S 50 4 TR 11
VIR AN B FE BN 1x10° AN /mL, 435 5 52 16 A [
AL ME DL KA EE REN 0. 1.0, 10.0 g/L, Zr5i%}H:
HEAT A WU B B o0 1 0 AT o A T e B G €73 FH K
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PG Y 0.9 % AR AR KRR W e 3 Ik, v kkm
Z AW, A4 ConA-TMR, CFW Fl FITC %t
W a-Z 0 B-ZHE . MuANE BTG 20
min, Y45 [RIFE KIS 0.9% A LK R i%
Wk, GRS E PR R O L R R R R
(Leica TCS SP8) x630 it K 5 % F 1 # , M
FV10-ASW 3.0 X F3KH CLSM 1%, 4br 4= Wk
B o-Z 05 B-ZHH . MAMNEA &,

CLSM B & 547 %% Peng U {14307
J7 o AfiH Image J BF (32 [ E 37 DA BF5E BE)

TR E B IR, AW AR R AR Y B
FEEM AT 64 B B3 ) B
P SRR N Ao i YN R e

B A M, KRR DUIKRA 0.1 % 3%
JEARE I 1 R R R R DUBKVR . 0. 0.1, 0.3,
0.5. 1.0, 5.0 F110.0 g/L, ¢ HABE R 2 o
I b, RPHEER S % 245 A 20 mL AFSW fy
THEBEESRE IR, 53 EA T O 2 (B
J A T BB 2 A T A1 S 7 T R A ) A 1Y)
B A R PEPEXS IR, TAAIA 10 HHED, 18 °C
G PR, RIS IE R 12, 24, 48 h
(RIREE %

FIEA KAEHIEG, S5l Excel 2016
PEATRE AL, 5 I SPSS 25.0 #E X BE AT
AEEEAMAT, TR BRI LA SEM FoR . 255
EER I HKZE J7 225381, Ducan 2 AT,
AR R R 22573 B3 (P<0.05) o

2 4R

2.1 BIRE NG DR £ AR A =20

B0 D IR RS vh) T A AR B AT A LW A 44 %
R ARSI R IBOAS R HE DL S S TR R 2 bR
VR VY 200 R V1 3 R B AR i R A R R . S
B IR T AN R e B 55 i UL R T B4 A 4t ot
e DUBRE & B 52 o 2 Bk 40 B 7R T A I3 s [ P %o
HEDUA 5 A B IEAR M, 7R bk H 48 h 525041
MR, RN, 75 1.0 gLIRET, fiE
A B ERTF (P<0.05) ; HET 1.0gL , 100
/L VR X I A 2 A IR, A, fE
T R A AL, 03~1.0 g/L W
(1 22 Tt DURK A BN o5 32 0 42 5, T 10.0 /L Bt
HRDEMT 0 gL BIME R (P<0.05) . I’
TR R IHEDIZET- I E (] 1),
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O B EACBESRWE P marina
100 mm RgifsE FiKE L aquaemixtae

HE DUBE2/%
settlement

0 1 2 3 4 5 6 7
TR 55 4R T DL AL 2 2H
different concentrations of
M. galloprovincialis peptide treatment groups

1 F[ERE MG DU R B 4 R xS
HE DU & B2 00
0. FEXMM, 1~7. AWM T 0. 0.1, 03, 0.5, 1.0, 5.0 %2 10.0
gL IREEE MG IR AP RRIR A B 257 (P<0.05), T,
Fig. 1 Percentages of M. coruscus juvenile settlement
on biofilms with different concentrations of
M. galloprovincialis peptide

0. negative control, 1-7. different concentrations that 0, 0.1, 0.3, 0.5 ,

1.0, 5.0 and 10.0 g/L of M. galloprovincialis peptide. Different letters

indicate significant differences (P<0.05), the same below.

RN R T AN M E B
SEIGAR ST T SR A LK 2 R TV 40 T A R Y
20 A 2 R IR T A5 A SR I DL R R )
T P AR A1 S B R R e A R S EC T Y A
HREAH R A%, 25 o, 0~1.0 g/L AR 2
A B FRTE (P<0.05), KT 1.0 g/L W4HHE
WETRE, BY/NTFRIMKBA (P<0.05) (K 2),
W45 R 5 DL A 2 S B0 2 A R

22 EMWENRER T ENHEEERBELS
o

RO DL RK X 2 WV T 200 TR A= 4k P 1 e A
LS MR, S5 WoR, 2 PRAN R A 9 bl B Y
JEREYAZ R TR D RE ), AHES T 0 g/L, 1.0 g/L ¥
JE S8 A Wy o R SRR BE L T 10.0 /L Yk FE 23 Bk
IR AR (P<0.05) (& 3). WEE4N
AT R B, 7E 10.0 g/L ¥ J¥ (220 I Jik 5%
el &, 4B A B ek 2> (P<0.05) (R 1),
XS YN % A R A

2.3 Ea DRSS S M AR S I B A R

NG D IR AT AR S I A AR R
8 %57 ARSI K BT LG DK T iR
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O A B M P marina
107 ~ 2 MW TEERIKE L aquaemixtae
L & f -
h g g -

FE /(A /em?)

bacterial density

10° H

T

4

jos WA Lz T 1 A
0 01 03 05 10

S0 VUMK /(L)
concentrations of M. galloprovincialis peptide
B2 25N DUBR XA P45 B 4 1 7% B 9 32 i
Fig.2 Cell density of biofilms with different concentra-
tions of M. galloprovincialis peptide

LRI E M BEY BT AR, SR ER, o
ZHER B-Z 0 W ARk, 1.0 g/L ISR A
BT 0 g/L BERTT (P<0.05) , i 10.0 g/L #E T

MAbE E S R E TR, R 2T 0 gL
(P<0.05) (K 4, FERT),

NG NIk xt i i F A KA A DR R
B2 DU JSKOGT i Vi T < A% TG T A )
=LA,

4 5 /uﬁ
VB sEme AR AL BoR, a2

L. aquaemixtae

ElhR 1

1~3. #{E3
DB BE TR TV B FR 200 181 2 W e B 2

Plate [

O BB SWE P marina
g - L227i} IQ«EEEE ERGIRW L. aquaemixtae

A S /um
biofilm thickness
S

MmNy

1.0 10.0
HIG VBRI /(g/L)
concentrations of M. galloprovincialis peptide
B3 SKNADIBK X A& 4 55 2 OS2 0
Fig.3 Effect of different concentrations of M. gallopro-

vincialis peptide on biofilm thickness

1.0 g/L [ B-Z M #50 g/L M1 10.0 g/L TG 8. A8 1k,
LA A B T (P<0.05) , 10.0 g/L k% N &
HEESDE TR, HEEMT 0 gL (P<0.05)
(El'5, B,

24 EKMGDIBKEIESEIE

S DU HE DL B 2 B0 2 45 2R s, AR
e JEE 5% T UL U A ) B 12 ) % A DL B2 3 T 2

| E—

50
|—'!

B HBERMBEET 2 SRAREFREMRIAORE THEANARENH RS
ZH MR 2 HTE 0. 1.04 10.0 g/L R0G VKR BE I B AN B AL I R4S s 4~6. A E SEA% IRTE 40 I 7E 0. 1.04 10.0 g/L K0
s AEARERME; BRI, IR

CLSM reveals the morphology of biofilms after different concentrations of M. galloprovincialis

peptide treatment

1-3. P. marina biofilms formed at 0, 1.0, 10.0 g/L M. galloprovincialis peptide; 4-6. L. aquaemixtae biofilms formed at 0, 1.0, 10.0 g/L M. galloprovin-

cialis peptide; the red color indicates bacteria; the same as Plate 1I, III.
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JE v, 2
100000 0gL
. 1g/L
\g 80 000 | 10 gL T
B o 7%
S £ 60000 %
T 20000 % :

0

AR )L SR 5
extracellular substance of the biofilm
B4 EEIKIERTE LREEIH
FRRESMI BB S0
Lo 2. -0 3. MAMEA: ES5HE.
Fig. 4 Effect of M. galloprovincialis peptide on extracel-
lular products of P. marina biofilms

1. a-polysaccharides; 2. B-polysaccharides; 3. exoproteins; the same as
Fig. 5.

50 pm
| I

EhRE 11
1~3. a-ZHl; 4~6.B-ZHE; 7~9. WHIMEA.
Plate [I

XS, L 48 h SR A RN 4, 45
Won, SR0G DR Al i B S R Y B LT
VB 2SR M A AR P i B4 (P<0.05) , HLER 10.0
/L AR 35 15 125 6 R RN o — B i b
I (P<0.05) o SEERT P ARAHEDISET

3 i

3.0 IR E KA DURK R it 4 Y45 5 155 S #E DU
EHEN

WFT R, Aol iR b A0 20 7 A 9 AR |
Wi, BRI, 20 AR R R e G DL R A DG B
R0 ARG o B R, 7E 40 A W i
A R AR B (0~1.0 g/L) R IE DK, 4
o B R 2 R R A B O A g i 34
in, TR Bk A By g B o) A DL o A 05 = i T L Bt K
WP BB RE n . 5 0E DL KA A — PP B EUE R

A RELH BRI ETRIRNE UK E TSRS B EE BRI

CLSM reveals extracellular products of P. marina biofilms after different concentrations of

M. galloprovincialis peptide treatment

1-3. a-polysaccharides; 4-6. B-polysaccharides; 7-9. exoproteins.
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150000 D 0gL 3 T 2 B KR A K e
A N U E AT A B 90 5 DL R, ik 4 A 2
@ qé]()()()ook WA Y E S  HE DL BB S o ARSI PG R
T2 SRR BB, TNV IE T VUGS , 2 bk
22 ol 0 A 2 D B - 2200 5 TR B Rk v FE S
= T 71 035 2 5 T 0 5 8 2 i
N IR IR BB A LA BUN O A, AR % TR

: ; N FGH B B S M DI TS, 2 b U8 2 i 5 4 B A1

By T R AN A A I PO R A 8 A S B A X
extracellular substance of the biofilm BiAEYe R E S e e, 2hTEmN

Bl 5 ZM6DIBKRS EiE B 18 K E A YIRS BB R0 ST YR A i, AR AR W BT R,
Fig. 5 Effect of M. galloprovincialis peptide on extracel- M S B AN g, s T HE DL A B
lular products of L. aquaemixtae biofilms AN, Cui P MIBFSEROR, A A9 PR IR BE (2 2F
ARAEACHS, Lammi 255 40 30 0 1 Ik RE £ 2 40

R, BAWEARGENLHYL, CRESS5A Mpowi s min i, N, s
A 7 BA A, RERG A R AN B A AR IR AE Y DURKA I AT R 1 A L 4 ) B A R
BBIE W, e IR B B 1.0 /L A% RIGREAH AR I8, X0 5 Tk DL AR 47 240 14 £E
NG LK AE 2 25 fe i RS A W B R R DL e BRI ANE B S ik — B4, IR

50 pm
[

ERR 11 #ce R EIIEE IR T AR NG KR E R R B RE B 18 K E £ YRR R S A BT
1~3 SO -2 Bl 4~6. ORI B-ZHE: 7~9. ORI EA.
Plate [l CLSM reveals extracellular products of L. aquaemixtae biofilms after different concentrations of
M. galloprovincialis peptide treatment
1-3. The yellow color indicates a-polysaccharides; 4-6. The blue color indicates B-polysaccharides; 7-9. The green color indicates exoproteins.
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AN APy NS 2, TR R T T DL
AR AS B i S 2 A B, BARIE A Rt

3.2 SIRE KA DUBKHNE & 04 bR %5 S HE DUBH
Ehe
BWGEEW, AYE KA BURRER
Mitta 2504 PRI D1 4 20 Hp 2 i 4R 17 i 2 i —
WEPERR A PIRESCR . AL R ER, BN
e B 22 T DT IK (1.0~10.0 g/L) AT J80 A AE ) 4 i
2 W E I RIHE DL, ELRE R B E T2 (Xt
HEZH (0 g/L) o ARG i R B 45 Tl DL JER P o A DL o
BIREH, X 5KT 1.0 g/L e B4 2205 U1 ik 2 [
TV R TR A= e B — DAY, R IR R EE Y
L0 DL KRG B REARAN TR A g A ' TE
WSS R R, 10.0 g/L #e B8 By L2004 D1 Ikt
VR A1 5 R P A T 50 A TR i S A ER TR 1Y
HA AR A A R, R
%) 5 5 DL K f 38 2 0 44 40 1 A A 9 e DT 52 T
VU B, A EPIIE T 48R DL RK B B B AR Y,
FERO IR AR ST T, 2 MRIG IR0 R A P A o
T RTITREES, WG A% G AR P
(1) B-Zo M 2 1 2 Bk 200 B A 0 S 1) R A B 1
T RN TE AN B AR W L m A=
YR E 1Y 5206 DL KIS, B8 S8 BRI A W i i A
i, MR e L A B TR,
Ak T 52 R FE DL 2 . Zhong 2557 R B, —Fh 254
Brevinin-2 A #1 1 JIK Brevinin-GR23 (B-GR23) fig %
A= e B T B, L ek A W L £
MAh Z B . Lee %50 % B —Fl DA T B2 BE AT 1
(Helicobacter pylori) #AARE FH HHEEUY HPA3NT3
HKAUPU R K HPASNT3-A2, REAS i 4= By 9 I
B, THERA DI AN R AW . Zingl 5 K I,
FH S F-Hi B K PMB REA i 40 741 7 o 0 i, 3@
1 T FESMIEZE (. OMP 521 41 Ji X 410 14 40 S5 i 16
PRI, D025 i 5% i DL A A= 4y e BB 48 1 08
IR B2 K- 32 20 T S, DIl i A 2R
HE b, semHE S . 5o, MR
TR A o B ) B-22 8 5 i R U 20 5 ARV T
VI B IE N RE 1 B s s i AR A R 3 — 0, Ui R
Iy D1 BRKE AN () o I 200 A1 A 0 0 RS il et v ) 5
WA, AR — P05 . BbAh, FE sk R R
DUK S5 A4 TR 801 25 o I X055 3810 8 1 o 5 ot
TREISR . ASLEAE 1.0 g/L W E FIERAEY)
PR b AR o TR RS Y 55 0 DA

R E K7 2: 2 E /) sponsored by China Society of Fisheries

B 2, A A A ) AR W R P S |
L o

3.3 NG DIBAX HE DU & Y B 1E ST

FE VR JIEE 6 UL KO 1A ) i DL B
SR, ACHERR SR DR 75 X HE DL 5 AR AR
M, PRI, SE T 550G DK A3 S0 AT I E . %R
M DU BK B4 5 S HE DL B 2 9200 I 25 SR R ), BR
10.0 g/L #4806 DLRR AL, H: e 5 A 5 A DL f
EAE—ENIEEER, (02 SRR A Z K
WRESE I, A RFFR R, Ve DL RS AR A
R 2 5t A0 IR i o, A HE OGB48 i
A, M2 AT S R 2 KL R S S LA T
FE] N AT Kt SR B T 28 T 5 00 R G HE
ShW BTG AR A A OGRS 2l e
S8 DURK W] GE A i A DG LA (426 2 5 1 HE DL
HITEE

Zi b, WEGE R PR A 58T DU B2 1 7
fIKTF 1.0 /L A 5208 DL T 0 i A= 9 0 v 40 1 2%
R R RIE RL S M AN A A, T AR E
HEDIRM % ; BT 1.0 g/L I L5 BAR . [, 805
DURKAS Bt %P HE DL BFE B BT — 8 s G M. %
TSR B 1) 5 i DL JER S i ) A 40 R et A D
W A7 AR5 S 3, DRI B Y 25 i DL
KR T K = 258 ATl SR AT G DUHE DL RN 2 1Y)
PURIHR AL TR A5 55, o A AR5 v 1 A 4 s i K
()4 BRAE A ST $2 (LT 0 . TR, iR B 1Y
S DL JRROGTHE DB 25 e 00 ) 28 SR B A% Sy R Ak 77 3
INEE, B 1k SRR A 8 A2 T T A AR T L

(fE# F AL E IR g & Al s )
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Effects of Mytilus galloprovincialis peptide on settlement of
mussel juveniles induced by bacterial biofilms

ZHOU Zhongsheng '’, HE Chuhan '?, LIN Qian '?, LIANG Xiao ?, YANG Jinlong "**

(1. International Research Center for Marine Biosciences, Ministry of Science and Technology,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-culture of
Aquaculture Animals, Shanghai, 201306, China)

Abstract: In order to study the effects of the marine bioactive peptide on the formation of marine bacterial biofilm
and settlement of the marine mussel juveniles, this study investigated Mytilus coruscus juvenile response stimu-
lated by agarose encapsulation with different concentrations of M. galloprovincialis peptide and observed its
induction capacity on M. coruscus juvenile settlement. Then, two strains of marine bacteria with different settle-
ment induction abilities were selected including Pseudoalteromonas marina and Leisingera aquaemixtae. Differ-
ent concentrations of M. galloprovincialis peptide were added into the bacterial fluid during biofilm formation. The
effects of M. galloprovincialis peptide on biofilm formation and biological characteristics were analyzed. Mean-
while, the effect of biofilm changes on M. coruscus juvenile settlement was studied. The result of M. coruscus
juvenile settlement bioassays showed that M. galloprovincialis peptide could significantly induce M. coruscus
juvenile settlement (P<0.05). Besides, the effect of 1.0 g/L M. galloprovincialis peptide which was added during
the formation of biofilm on settlement induction of M. coruscus juveniles was the most significant (P<0.05) and
the effect of 10.0 g/L M. galloprovincialis peptide on settlement of M. coruscus juveniles was lowest (P<0.05). In
further experiment on biofilms, such as biofilm bacterial density counting, biofilm thickness measurement and con-
focal laser scanning of extracellular products of biofilms, it was found that the induction effect of 1.0 g/L M. gallo-
provincialis peptide was most significant (P<0.05) and 1.0 g/L M. galloprovincialis peptide significantly increased
the bacterial density and exoprotein content of biofilms (P<0.05). However, 10.0 g/L. M. galloprovincialis peptide
was significantly decreased the bacterial density and protein content of biofilms (P<0.05). The results showed that
M. galloprovincialis peptide could directly affect the settlement of M. coruscus juveniles and indirectly affect the
settlement of M. coruscus juveniles by affecting the biofilm formation level and exoprotein content of marine bac-
terial biofilms. These results provided a new insight for exploring the role of marine bioactive peptides in settle-
ment of M. coruscus juveniles. This study provided a new approach for studying the physiological function of bio-
active peptides from marine shellfish.
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