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7]%{ % 1,2,3 ? 5&1’2’3 ﬁ]ﬁj& 1,2,30 o %1,2,3 % fw 1,2,3
(1. BRI S aretle B EA YR A ERB S PO B 201306;
2. LT K= shd) BRI S s FRm R AE b0 B 2013065
3. PHE-EETEE “—w—” BALEE [ 200120)

FE A REE Y E R E F B L (Mytilus coruscus) £ K & B B, AKEHE DR F B I
MR =R S, ERLAREARRE B IAK®O. 7. 9. 10, 70 72190 mg/L), MEFZ K. %E. &
FEMGr, UHERER IURORE, R o9 i DU A B B AT 0T, SR A 56 d.
HRER, HRTAELEBINKEE, HEImgLWBIKEERAEN ALK, HEK, %
BARE A AEAT 27.37%. 32.35%70 115.49%; B LI, & KE K IK(70 mg/L 72 90 mg/L)
X7 W DU DL A 7 SO, #at 16S rRNA 3 H Y 3 Al st e 447 7 28 d #2 56 d 6 IRk
WA RAZRANE T DA A AR EEM T, ARERE R, HR 9 mg/L B IKK
Y M U A AR A AR, R T WU T (Bacteroidota) #1 % 7% B | (Proteobacteria) Y £ £ |
MR T # 4 W 1] (Actinobacteriota) By F £ 5 Bl B, BAKTFor KA, T K RAH R T &5
K % & (Ruegeria) . %% 4T # JE (Tenacibaculum) . /& ¥ 4T 1 J& (Maribacter) . 4% #) 4T & J& (Arenibacter) .
+ /\ 8% 4 ¥ JE (Octadecabacter) f= % L [ 14 J& (Shewandla) £ A i Wty M £ 5, BE WD T 208k
J& (Rhodococcus) . A # it B (Aeromonas) & A BUR W £ . % b, WBILIKEE A R 3t B %
M ARNEKKE, HETURNCETIE WA WBEE, FFRRRE N G TR K% &
A Ay PR RORE DL A DL o T8 35 DA R K L 2K SR T T 4R R AR B B A B4R A

XEIm O BEmeIl K Mad; BELEM; BIUK

FESES S968.3  XEAFRIRAZ A XEHS  2095-9869(2025)01-0115-12

2022 FEHE, A ENEKIG VLSRG = 50 771 230 t,
32021 kb 58 251 t, A HL R % 7.02% (RARAT
B U Ve A PR R 4, 2023) . JE 58 TR DL (Mytilus
coruscus)se & [E F= ZFRFH G DL i 2 — , SR8 T #ik
W11 (Mollusca) . 84X (Lanellibranchia) . F4F H

(Anisomyaria) . i Il B} (Mytilidae) . TIfi D1 J& (Mytilus)
(RI%T4E, 2015), HAFESE, BIRFE, SUFMHE
o HHT, JEFENG UUFRGE Ml TE T AE DL AR 2R
JSC DL PR FE AR AN B DA A/ N AR S5 ] 3L, ™ e T
Lo A=Y R JR (RS, 2021),
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FEK IR, 254 0 H W AMIE IR s o 25
A= G i AR T B A R S R A R 4 RS
77 2UHE B AL WSS 7% 9 5 (Abdel-Aziz et al, 2020),
B 7K A A A K & B (Adhikari et al, 2017), 3
SRHG R # (Akhter et al, 2015)F14E 5 R i A1) 1
(Rohani et al, 2022)%fEH, T $ 7K™ ™ i
(RS, 2022), TR DUIKAE D —Fh & A UK i,
J@ts AT, HAESRMER . DR, BAbw. it
A AL NG 5 G 5 145 2 I BE (Grienke et al, 2014),
FERRAR 2 1 B 19 G DU K LA P B | AL PR P G
PEFITE bR 2 4% A LR TIRE, AIAE N AR PURE &P
Jn3f(Cho et al, 2004; Jung et al, 2007; Rajapakse et al,
2005), TEKF=FREAT, MG DURRBE A b 267 I )
% JL i 1 R SR 1 1 B 73 (Balseiro et al, 2011),

AW LA P [ AR 50 06 3o 3 1) S5 4 DL 2R TR SE
(4%, 2021) 5t %, FFRE T G Do H:
HE DL AE R R B RS DA AR N AR PR % 245 1) 4
FRIEASAL AT, B 7E R ik U1 4 DL 2R et im Rl SR i 42
HPEHLB AR N AR S 8%

1 #FREFE
1.1 ##

S5 55 BT FH VR 7 iy DL FE DL p vl 7 VA Uy LR
T DUR 2 G Br IR 55 A7 BR A Rl R4l . s FE e KN
(3.28+0.05) mm, 5575 M(2.21+0.03) mm H K/NIAS
FHIE Y 3 600 HAMARSE N SCHG M RL, ZEIREE N 18 C |
R 30 MM, B 1 REHTER, Si8 T
G DK PR A TR s IR B & A RS RR AL i
DU H T D14 21 2620 I K A5 3, e s bk o vk
BARAR, HAr /T 1000 Da.

12 FHix

1.2.1 e NARARCR SEERIE S MR ERAL A 1 A
RBEMEXT RRZH, Kb FRZH 53 504% 7.9.10. 70 1 90 mg/L
AV B R DI DL R A T S g, MR E 3
i . VAT I KW 3 (Tetrasel mis helgolandica) Fil VT4
#i 4> 3 (Isochrysis zhanjiangensis) S8 & FUR A 15 B B
BHEDL AR, A H £ 2 Y(06:30 F1 18:30), 4 H
RN (4.0x10°~5%10%) cells/mL, HAFIENG I ik 5
BT, B H B E s K, BRI IRK G S0 50 T B
I n I DUAK

1.2.2 Ak E FEES 7. 14, 21, 28, 42
1 56 KEEHLBUAR RIALBRLH 50 MofE DL, BEf7 4 K dR
G S g L B0 R 2 7 N ANBY L 5 98 iy = N

K, FAHT R e HE DU R 5 R, G0 SRS A Ak 2
AIHE DL FFTE 3R, F706 R (survival rate, SR, %)iTHE A
W
SR=100%N,/N,
AP, Ny N 4300 Sk BEATL A OS5 T DUAE DL 100 A4~ F1
100 NHEDU AP AEIEG /N 5k, JEETT 3 M EE
HE DL B9 72 155 RN 58 1 4R 2 A K % (specific growth
rate, SGR, %/d)iE AR N
SGR=(InSL2 — InSL1)/tx100%

%, SL1 I SL2 435 2 52 50 i AE DL R 46 7 e (35
KR L, R 5 A Fem (Bt k), t SLsamt ) (d).
1.23 H&RXERMAEDY T TES 28
56 KR A A [ b BEZH BOFE DURE S o SRAERE LA,
il FK BB I HE DL, JFICA 1.5 mL Joff 2505
Hr, K K PR TR AE DL, EA ek 2~3 IR,
SRR AR R AR HEDL, e, K Pk foAE DU
WA IRAFA-80 CUKFaTHIRAE, FREZHr. Mk
AERABAR T EE R, BRI 28 K1Y 0 mg/L Xf HEZH FI
9 mg/L AbBEAL . 4 56 KAY 0 mg/L XFBELLR 9 mg/L
AEFRA AL 4 Ao AL RE ST RUE D 8 I )T 4y
Mo K CTAB 7 (Nobleryder, H[E)br AL EAE$2H
£ 5 B DNA (Bokulich et al, 2013), FI 1% 5 b e
i HL Pk (DDY-6C, Jb a7 — AT, A D) R bR
{(BIOTEK XPS, 3£ [E)f:ill DNA B4l Fk T . &
DNA K5 &A% )5 , 514 341F (CCTAYGGGRBGC
ASCAG)F1 806R (GGACTACNN GGGTATCTAAT)j#
17 PCR (T100, Bio-rad, 3&[)/=¥3kBURmAifLLL & 16S
tDNA V3~V4 X7 SCEM . il NEB Next”
Ultra™ II FS DNA PCR-free £ % {7 & (New England
Biolabs), %L E#EELRSCE, FIH Qubit F1
Q-PCR ZE ft Ao 0 3 PR SC PEA A i o, SR A% ), 38
it NovaSeq6000 i#471 PE250 FALINIF .

124 AHBEESH  FRIEREERE DB E
#(Mean=SD)# /R~ . F|H GraphPad Prism X {4 i A4
KARWRHR A, F IMP ekt A7 22 S i,
P<0.05 M 225 . 38 I R LR A 20 DF 4
i i UE iR A R 5 BR 5 , i DADA2 BRI 5 A=
P13 25K (ASV) (Callahan et al, 2016), ffi /]
QIIME2 (Quantitative Insights into Microbial Ecology
2)H1 1 classify-sklearn F. 95 X 54> ASV #1740 FE 4
FhVERE, IR o ZREMFEECR B 241 (Bokulich
etal, 2018; Bolyen et al, 2019), {#if] SVG pR%%:
Perl Hr IR X =2 BE 9 43 A E7 181 FILA RO 5 4516
. FREL ERS 2 HT(PCA)L ST MetaStat
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SrHTIF4 I SE . i LEfSe #4447 43 722 ] LEfSe
Ba o T a) V22 S Wl ARETER A
[Fi) 73 2EL ] 14 4 o A X = 2 i i T-test 75 3545 21k
WA P {H, AR PR/ R 3 MY
2P

2 4R

2.1 AREHKENR KRS T RGN R E &

MFE 1 AU, 10 mg/L i DURKAL B 20 A7 28 3R
21 RIFGR TR, 10 7 mg/L F1 9 mg/L i DI R AL BRZH A,
TG RORFRRE . TR VUK SR 56 d 5, 7 mg/L F1 9 mg/L
I DL Ab BRZH % R T 10 mg/L T DL BKAGFRA 5 [H]
b, AHECARHE (< 10 mg/LYRbBRAL, X HR 4715 R B
i R (P< 0.05). 70 mg/L 1 90 mg/L = ¢ B i DUk Ak
PRAHEDIIAE 14 d JRFET . Btk IR B TR DL JE

e i DUAE DU R A 48 mAr s AR VR T, i e v B i DLk
W ELA BRI .

22 AEREBRNKBEFTERRNMENEZEKRE

EEKE

ML TA BT UL, B A DL v (] 355 7 ) ) P A4
IR B2 Tt DUk A A HE DL () e 4 e s, HL 5 2
T X HRAL(P<0.05) Fifi 5 I DU RRVR BE (34, #E D152
KEIET @A, o, #E 9 mg/L I
DURK & AR HEHE DL A K 56 RIGFe KT T 27.37%,
1M 70 mg/L F1 90 mg/L 1= ¥ 5 ify U1 KAk B 4H A D] 52 4
IFTC RN, HAHEDLAE T R

BB AT, SEERZE A, AR R G DL R AL 2R
ZH A DL 524K i A K R ) I 3 1 1 X BE 4 (P<0.05),
7T 72 VA D DL R AL 33 AN SO TG 1k (2 a2 DL e A 3
S 5 BOHE DL 43838 T

K1 TARRERRKRE TERRER#ERBFEE%

Tab.1 Survival rate of Mytilus coruscus plantigrades fed with mussel peptides of different concentrations/%

G DU i 3 B3R mtE] culture time/d
Concentrations of

mussel peptide/(mg/L) 7 14 21 28 42 56
0 99.33+1.15%  98.67+1.15"  96.67+£1.15%°%  96.00+2.00°%  93.33+1.15%  92.67+2.31%
7 100.00+0.00*  100.00+0.00*  100.00+0.00 100.00+0.00° 100.00£0.00*°  99.33+1.15%
9 100.00£0.00°  100.00+0.00°  100.00+0.00° 100.00+0.00° 100.00£0.00*°  98.67+2.31°%
10 100.00+£0.00°  100.00£0.00°  98.00+0.00°¢  95.33+1.15"°%  94.67+1.15°%  94.00+2.00™°
70 64.00£7.21° 0 0 0 0 0
90 36.67+6.112 0 0 0 0 0

e FSVEE, AE/NG FEFRR AL B2 5 (P<0.05), HF/NG FRER R 4R G B #1255 (P>0.05) . R,
Note: In the same column, data with different letters are significantly different at the 0.05 probability level, and data with

the same letter are not significantly different. The same below.

TN . 08 5
§ edCh gh =) a
KL 4r o s ey ;‘.ﬂ 0.6 -
S8 ot At N Gl =2 - =0 XS
=583 =74 42
#5%F = 144 fZ 041 b
%2, mm2id £3 b -+
41:[_: o le I
2 BE m— 28d .8 c
ms | m 42d g02r £
E . 56d 2
«? 0__ [l |l |l L L 0 L L L L d ¢
0 7 9 10 70 90 0 7 9 10 70 90
& DL RAHR BE Tt DL KR BE

Concentrations of mussel peptide/(mg/L)

P AT B i DU BRI % T JEE5 i DLRE DL A8 52 1< (A) Bk s 2B K #4(B)
Fig.1  Shell length (A) and specific growth rate (SGR) (B) in the thick-shelled mussel M. coruscus
plantigrades fed with mussel peptides of different concentrations

M hRA RNG PR 3OR 4L IA A B 522 5 (P<0.05), A M F/ING T8 8 7n 41 18] G .38 1 22 5 (P>0.05), T I,
Columns with different letters are significantly different at the 0.05 probability level, and the columns
with the same letter are not significantly different. The same below.

Concentrations of mussel peptide/(mg/L)
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2.3 T\IE%UEBI NRBEETES

M 2A WL, Bt 25 HE DL SRAE A (] B R, IRV
JEE e DL KAk A HE DL A 72 e i i 3 n . L Sl 3 v TR
HEZH (P<0.05), BEA TG DUIKHR BE R34 I, HE DL 52 &2
BT R R S, o 9 mg/L 1Y DLAK
WERHMEN AR, 56 d JFE %ﬁ732%%,ﬁ
70 mg/L F1 90 mg/L = e I DU K Ab A FE DL 5%
WeAT N, EAHE DL SET R m .

M 2B AT UL, SEEGZE S, I BE G Dk Ak B
ﬁﬁﬂﬁ%%ﬁiﬁ%ﬂﬁ%%?ﬁﬁﬁ@mﬂﬂ
T 7o VA B s DL KAk B A I A B A2 1 AfE DL 52 = 38 o

4 -

g A —o0d
3 =7d
5 == 14d
g S E B 21d
= § % pp HEEI28d
é %2 42 d
el - 56 d
=g
<=
3
<=
7}
0 0 7 9 10 70 90
i D Jokte 2
Concentrations of mussel peptide/(mg/L)
081y
g 2
] X 06 =
]
g
ﬂij = 04 b
ﬂ\t_v G b T
e = =
.8
H[ﬂ M 0.2 -
& <
w =
JLEH P PP ¢
0 7 9 10 70 90
T DL ihoe B2
Concentrations of mussel peptide/(mg/L)
P2 N[l B2 Dl DL IR R 37 JEE e iy DLAFE DL 14

TE IR (A) B RE KR (B)

Fig.2  Shell height (A)and specific growth rate (SGR) (B) in
shell height of the thick-shelled mussel M. coruscus
plantigrades fed with mussel peptides of different
concentrations

2.4 AREREMRKIRSETESEN#IGEE

MNP 3 AT UL, B HE DL SR B R A RE A, IR
s DL PR Ak SR ZE0 AfE DL 3 A i R, L8 s 0
41(P<0.05). P75 I DI B2 (g 14 - e D3 o 2
STt RARn S, HP RO 9 mg/L Mh DK R 12
HEHEDA, 56 d R E4RT T 115.49%; 1M 70 mg/L

g 0015¢ —o0d
g F —7d
S b =3 14d
gg .8 =21 d
£% 20010 . f i )8 d
=54 P :ggg
295
X2 E qqqpq
%%"é 0.005
=
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o
=}
§ 0

')" Him‘iﬁ

Concentrations of mussel peptide/(mg/L)

P 3 ASTm] v B i DU BRI SR JEE5E IR DUHE DL i 3% o
Fig.3 Wet body weight of the thick-shelled mussel
M. coruscus plantigrades fed with mussel peptides
of different concentrations

190 mg/L e v B iy DL JEK Ak B2 A DU A9 S0 R 1 3%
B, H?’FEJQ?EEK&WO

2.5 WMEMBEAR

251 ¥FHFHFIEIRASVs) A S AR IEH 28 dXF
HAZH(CG28 d). 56 d X} HRZH(CG.56 d). 28 d #Y 9 mg/L I
DI BKALFRZH(EG.28 d)F1 56 d AY 9 mg/L I D1k Ak 3 ZH
(EG.56 d)Ft 4 4114 24 MREASEH =4 69 593 2k i
HF5)(SD=8 271.03),

K 4A Firk, CG28 d. EG28 d. CG.56 d Fi

EG56<1WJASVs§&E/\%wbsm4 854, 1117 A1 902,

X 4 NI 316 4~ ASV., EG.28 d (538)F1 EG.56 d
(586) R ASV AL T CG.28 d (668)F1 CG.56 d
(801), & BH I D R IR 52 iy DL HE DL sk A= o 1 4 A L
AITER

HT ASV, i F T BT (PCAK AL & 4H 2
] 5 A W B 7 1 2% S (I 4B)., PCI (8.99%)F1 PC2
(8.47%) M AT K 17.46% ., YRINIE DK 28 d FiI
56 d (AL FRZE 35 5 % BR A 22 5 3, R A G DL K I
e G DUME DL G0A Wy e v 1) A B2 A 51 .

& 2 frs, CG.56 d ) Shannon #1 Simpson &
B T H Al AL B 4H (P<0.05), EG.56 d 4H 1
Shannon HI Simpson 5 5 T CG.28 d 41 Fl EG.28 d
411 Shannon F84X, f77F 8 % 22 5 (P<0.05), H CG.56d
5 EG.56 d 1) Shannon A1 Simpson 5 55t 771 &l & 22
5(P<0.05), =BG DR AT LAREAR R 52 G DUAE DL
YIREVE R ZREME, HAE 56 d e A RIEVER .

2.5.2 R REE AR, A& SA AT, 1K
R HE DU AR W RE R A R W T
W 4N ] (Cyanobacteria) . FUFT &[]
(Bacteroidota) . JiRZR T | J(Actinobacteriota) . JiHi #

(Proteobacteria) .
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A . B PCA
56 A} 4L 28 a5 04 757 28 ARIRAL A 28 A3
CG.56d EG.28d €G.28d EG.28d
sob o © 56 dXIHA & 56 L
28 dxt s 56 ST O\ CG.564d EG.56d
CG.28d 801 EG.56d ~ 25| o
- S
[
<
2 0
N
O
A~
586 2
50 :
_‘75 1

-25 0
PC1 (8.99%)

=50

Bl 4 ASTE) A3 2R W YRR AE T 51 (A S Vs) B 24 FEL ] (A) R 32 180433 1T 151 (B)
Fig.4 Venn diagram (A) and PCA plots (B) of microbial communities of different groups

F2 ABAMMRBAMEMEEENE o SHEESH

Tab.2  Analysis of alpha diversity of microbial community in the experimental group and control group

F84% Index 28 d X HH4 CG.28 d

28 d 4bFHZH EG.28 d

56 d X H4H CG.56 d 56 d Ab P4 EG.56 d

Shannon 5.93+0.45° 5.94+0.57°¢ 7.25+0.13% 6.64+0.28"
Simpson 0.94+0.03% 0.93+0.04° 0.98+0.001* 0.97+0.01°
Chaol 420.57£192.07° 415.84+92.38° 582.28+102.17% 433.96+160.97°
3 — == 8
g sof k-
g g 7571
i <
g 60F 2
5 £ )
= 40} ° —
® ol e — -
& 5 | . -
S 0 z
28d 28d 56d 56d 28d 28d 56d 56d
pay SEERH papiistic] SEEGH X R4 SEENAH pay; | el |
CG.28d EG.28d CG.56d EG.56 d CG.28d EG.28d CG.56 d EG.56 d
AR FR Sample name FEAS L FR Sample name
P ers oroflexi [ ers © OBREIR Porticoccus B3 IR Pseudoalteromonas
et Ot ® ST Chiorof © TSI Acietobacer @ IHIR Vibrio © A ANKHR Bphomonss

W4T Cyanobacteria © PEHEI Verrucomicrobiota
P Planctomycetota @ JFEEER] Firmicutes
JBBRH 1] Desulfobacterota #UHFEET] Bacteroidota
TR H T Actinobacteriota @ ZFJB [ ] Proteobacteria

© ISR Lowinella

© PJRHMIEIR Lutimeonas
@ HTCC5015

© ENEREFTEIR Nioella

@ YU IR Arenicella

BB EIR Roseovarius @ YGFHTEIR Litoreibacter
BNICHR Ruegeria © BERUTRER Sphingorhabdus
@ #RICHEIR Nocardioides PR REJR Colwellia
fRINER Cycloclasticus © WGEE )R Maritalea
@ FBEFTHEIR Tenacibaculum @ TERSILHHIHR Nitrosomonas

© WHERELFFER Sulfitobacter @ LPRBHEIR Filomicrobium © JEXGHTEIR Maribacter

©® +A\BHER Octadecabacter @ T/ MT iR Epibacterium
© BRI RHIR dhrensia

& 5

L3RR Rhodococcus
© EATEIR Humatobacter @ FENGFHATHR Methyloceanibacter

Fig.5 Microbial community diversity

A: BETTUKFMEZ N B T IRACFRE 2,

A: Bacterial diversity at phylum; B: Bacterial diversity at genus.

I"J(Desulfobacterota) . #£ 3R} [ ](Bdellovibrionota) . J&
BERE ] (Firmicutes) S5 2H A% . AH ELXT HRZL, B DLk
ZHOCFT VAR 3= B2 3 B S AR Ak 5 B n i DL K 2 AL
FEGE T VRS TE BT TR RR X =5 BE w5 T % BRA, i ik 2 T

I AR = B2 UMIC T X% B2

M SB Al FECSEER 445 NE, Fit
TR IS 1 AE X S B TE AN () 5% E 0 I A A P 22
o BN, AH X RRAL, B DURR AL R G
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B JE (Ruegeria) . Zh# 11 J& (Tenacibaculum) . +/\FF 1
J& (Octadecabacter) FlifE i+: Bl ¢ 1 X 41 & (Ahrensi a) % 14
J& ARG = B A v, T 41 BR 1 J& (Rhodococcus) FT -tk
90k 74 )& (Filomi crobi um) k% = B8 441

2.5.3 RFE A )8 6 ARG & M S A
2.5.3.1 M5 5 5 7 (LEfSe) KT R AR] 43

HZ M FFEA Y, #1477 LEfSe 43#7. &1 6 435
SR TN [ R A L M 23 AT (LDAY AR 53 KT 4
IR 3 dH R A Y . I 6A ATIL, EG28 d
b B2 rh 3 2R AR JR TR B (Rhizobiaceae) 9 1 VE BT 48
7 FC B )8 A1 25 T 2 Bl (Flavobacteriaceae) B9 J& 1 FT &
J&(Maribacter) A I = 4 7EEl 6B H1 EG56 d
PR FEUREARICHIE . T/ E . BEE TR
EHAEYR RS

2.53.2 AREMAEF 5 (T-test)  HIE 7TA AJ I,
AHEEXT BR AL, U8 9 mg/L TR DUAK Y EG.28 d 41 & A
[CH S . BT BT G S . BB E . JoE T

B 28 dXfiE4H [ 28 dszEedH
EG.28d

CG.28d

p_Bacteroidota

c_Bacteroidia

o_Flavobacteriales

f Flavobacteriaceae

g_Ruegeria

g_Ahrensia

f_Rhizobiaceae

g_Maribacter

s_Primorskyibacter marinus
g_unidentified Rhodobacteraceae

I ¢ [lumatobacteraceac
g_llumatobacter
= o_Microtrichales
_ ¢_Acidimicrobiia
_ p_Actinobacteriota

J& . FHE/R KT & (Colwellia) . 5130 [ & (Lewinella) |
R ¥ /8 M @ J8 (Thalassotalea) #1 #li b #1 H /&
(Arenibacter) SR AN B2 W E TR 5 TLLERER |
LR R . H ST B8 (Methyl oceanibacter ) |

N & (Vibrio) . BIER & (Paracoccus) . < HA i i &
(Aeromonas) Fll I fit 2 1 #T 741 Ja& (Sul fitobacter ) S S 1Y
AN B E R, I 7B v, S5XFREALE, B
J 9 mg/L A DLIKAY EG.56 d ZH & AR CHEE . T
BAG I I PR o T /\BRATE . R R . AR R
BATHE . FETEE . BERICHEE . U RS
(Lutimonas) ., RIERIFFEE . A LK TR (Shewanella) |

A2 % B TH J® (Alteromonas) Fil R I kR 5 4T H E
(Pseudophaeobacter ) % & i 1 A1 X = B2 8 35 7w s i
HOGFF# & (Ilumatobacter) . ZEERTE B . LRI |
WO VE AT W JB . f# PR W J&8 (Cycloclasticus) .

HTCC5015 . % [X & (Nocardioides) . 1 Vb Jif 7 J&
(Arenicella) IR K T4 i 45 S 8F 1Y AR 3 B I 2RI

I 56 dXTIR4 [ 56 dSeEH
EG.56 d

CG.56d

p_Proteobacteria

f Rhodobacteraceae
o_Rhodobacterales
c_Alphaproteobacteria
¢_Bacteroidia
p_Bacteroidota

f Rhizobiaceae
g_Ahrensia
o_Burkholderiales
o_Flavobacteriales

f Flavobacteriaceae

g Ruegeria

g Octadecabacter
k_Bacteria
¢_Gammaproteobacteria

s_Rhodococcus_corynebacterioide
o_Milano WF1B 4
o_ Propionibacteriales
f Nocardioidaceae

g Methyloceanibacter
g Filomicrobium

f Hyphomicrobiaceae
f Methyloligellaceae
g_Rhodococcus

f Nocardiaceae
o_Corynebacteriales
c_Actinobacteria
p_Actinobacteriota

60 48 36 24 12 12 24 36 48
1g(LDA Score)

(=]

1
60 48 36 24 12 0 12 24 3.6 48 60
1g(LDA Score)

K6 28d (A 56 d(B)MAWIREEHY LDA 73 fii R 1A
Fig.6 Histogram of the distribution of linear discriminant analysis scores of
microbial communities after fed by 28 d (A) and 56 d (B)
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Effects of Mussel Peptides on Growth and Development and
Microbial Community Structure of the Thick-Shelled Mussel
Mytilus coruscus Plantigrades
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Abstract The thick-shelled mussel Mytilus coruscus belongs to Mollusca, Lanellibranchia,
Anisomyaria, Mytilidae, and Mytilus. Due to its flavor and nutritional and high economic values, M. coruscus
is a common commercial shellfish in the coastal area of Zhejiang and Fujian in China, and is an important
cultured mussel species in China. With the increasing development of coastal areas and the changing
habitat conditions, aquaculture industry of M. coruscus is facing problems such as slow growth of juvenile
mussels, low meat production rate, and individual miniaturization of adult mussels, which affects the
sustainable development of the mussel industry and economic income. Conversely, prebiotics are
commonly used exogenous additives in aquaculture. Prebiotics help the organism to absorb nutrients by
changing the morphology of the gastrointestinal tract and regulating the composition of the microbial
community. They can promote the growth and development of aquatic organisms, enhance resistance to
pathogenic bacteria, and improve the absorption and utilization rate of feed to increase the output of
aquatic products. As a protein hydrolysate, mussel peptide is also a probiotic element with high nutritional
value and multiple functions such as antimicrobial, antioxidant, and immune enhancement. In particular,
low molecular weight mussel peptide has the function of anti-lipid peroxidation protective activity and
scavenging of excess free radicals, which can be used as a natural antimicrobial food additive. In
aquaculture, mussel peptides are considered to be natural active ingredients for treating infectious diseases
in marine species. Till date, the relationship between mussel peptides and the growth and development of
the thick-shelled mussel M. coruscus remains unclear. Therefore, the optimal concentration of mussel
peptide for the potential application of mussel peptides in the M. coruscus aquaculture industry must be
determined. In this study, we focused on the effects of mussel peptides on the growth and development of
the thick-shelled mussel M. coruscus and on the structural composition of microbial communities. The
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aim was to provide a theoretical basis for green and efficient aquaculture of the thick-shelled mussel
M. coruscus. Here, the thick-shell mussel plantigrades used in the experiment were provided by Donghai
Mussel Technology Innovation Service Co., LTD., Shengsi County, Zhejiang Province, China. It was used
in the experiment after 1 week of temporary cultivation at 18 C and a salinity of 30. Before the bioassays,
these mussel plantigrades were cultured in the lab at 18 C and 30 for 7 d. Five feeding treatment groups
and one non-feeding control group were set up in the experiment. The treatment groups were fed mussel
peptides at concentrations of 7, 9, 10, 70 and 90 mg/L, and each group was set up with three replicates.
On days 7, 14, 21, 28, 42, and 56; 50 plantigrades were randomly selected from different treatment groups
for growth measurement including shell length, shell height, and wet body weight. In addition, samples of
plantigrades from different treatment groups were collected on days 28 and 56 to analyze the change in
microbial communities before and after feeding. The results showed that, compared with the control group,
feeding 9 mg/L of mussel peptides could significantly promote plantigrade growth and the shell length,
shell height, and wet body weight were increased by 27.37%, 32.35%, and 115.49%, respectively.
However, the mussel peptide concentration was too high (70 mg/L and 90 mg/L), which could cause lethal
effects on the thick-shelled mussel M. coruscus plantigrades. The microbiome of the thick-shelled mussel
plantigrades in the 28-day and 56-day treatment and control groups was analyzed by 16S rRNA gene
amplification and sequencing. The results of the study showed that feeding 9 mg/L mussel peptides could
alter the structural composition of the thick-shelled mussel plantigrade microbial community, such as
increase in the abundance of Bacteroidota and Proteobacteria, and decrease in the abundance of
Actinobacteriota. Simultaneously, an increase was observed in the diversity of beneficial bacteria such as
Ruegeria, Tenacibaculum, Maribacter, Arenibacter, Octadecabacter, and Shewanella and reduction in the
potentially pathogenic bacteria such as Rhodococcus and Aeromonas. Therefore, the appropriate amount
of mussel peptides is useful for promoting the growth and development of the thick-shelled mussel
M. coruscus plantigrades and optimizing their microbial community structure. In summary, mussel
peptides have potential prebiotic functions and have the advantage of easy absorption of small molecules.
By changing and adjusting the structure composition of the microbial community, mussel peptides
increase the relative abundance of probiotics and reduce the relative abundance of potential pathogenic
bacteria in the mussel microbial community of thick-shell mussel plantigrades, and promotes the growth
and development of thick-shell mussel plantigrades. The current findings provide a basis and data support
for the subsequent cultivation of marine bioactive peptides such as mussel peptides for enhancing
shellfish juvenile aquaculture and the sustainable development of marine shellfish aquaculture.
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