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K

WE: A RWNREAFAEDRES R ENEL RS ER I N RSN # o, 24
A 18, 25, 3TC AU THEFENHE, AEREMHETE. BEMRIIFWE L
WEREH T, UAHESSY R RSRTNEH. ZRER, 4 MNEELXABTFEN
EMBE T ARRAY RRSKE E P, KIEB K Virgibacillus sp. 1 £ 18 °C B &£ 47
W ESHIERERE G5%), HolistZ R8RS, FRAELSRAMAT T X
HEFMR; AMBESEARERMERELAEFMX. 2HREEBRXEEREETE
WEME R EHEEFMK, BENE" Pseudoalteromonas sp. 33 WH X JE . R LW,
SHREBHEHARFWREEN M, EMEHREWBE, BETRSHEMPEN
AW FEERE, REARWEXN Y R FE K

KB ExeIl; WEHAE,; 42T 5; £HWE; BE

hES S Q958;S917.1

JE5E M U (Mytilus coruscus) K@ T AR sh ¥
I"] (Mollusca). {8 49 (Lamellibranchia). i 01 H
(Mytilodia) . I D1E} (Mytilidae), & F [ 55 b [X.
WL DR, SRk, K AN TR T8
JESE M DU H ARG A v, N TSR R G DL 4 i 4
ARATEE, AT NLFRGE B R HEE L e,
WEASEELRIGHARKET SR N —
ANEEH B, BB RS I R e A R T
Vi DL A9 5 8 7 e R AL o AR AT A LAAE A ST UE I
AR A RS IR DU B G S R h kS
B EMRIEAERCT, SR, 52 m A W e I AR Y
HE 4184 . Flemming 2™ A Hy 2E ¥ 4% B B AT
“RLAREME”: YANFRIABE RSN, FiRHE D
TV WA= Wy 4 B o B2 B oAb S0 25 R B 1 it
ZRe . Wik, WEEHEF AL E B WA Y

kS BHEA: 2019-12-10 &R BHA: 2020-03-25

ERFRERRD: A

B B 0 0 O el A8 H AR W 2E ek o lan, R
P A B T Y B S R I 3 A 2 E R AR
RS2 P, 75 B IS (Shewanella) & Bk 4= 9 9% 5 A9
AWy S R A7 R B R S e U

TR AR A S RGN i FZE Y 3K 3
HZz—, HAEFRE B EFOKET (Fik1 100
atm), IR . Joot. TR EFRE =" B K
BRI I BT (Pseudomonas sp. SM9913) 7= A=
[ 28 FTEEAE 0 °C ATV AT 3% TR 1 R
Ve ESHHAREE RS, EHATE2
HUVEY A SR — D3R . SR, AR W Bl e
Ko % T BE 1 3 PR FIAE K ™ 3R B D12 5 T )
FHA FROE5E o I BE 2 R T 20 T 2B A7 I T8 Il 1% 1)
L, TR PR B AR 5T G DA A R R AR TR
XF T K= SR AE DU T, 5 A5k A ) A0t

EEE: B X R %4 41876159, 41476131); F MRS TR AR A LI = A A B BA 5] ¥ &= KL I (GML

2019ZD0402); [E 5% 5 B & i1 %I (2018 YFC0310600)
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B BRI O A TR S TR DL 4 dUfE e i o
o X A 2 o Y R

S S 2 BT TR I A0 TR AR 0 R i
P 3 107 A % A I 2% AT 08 JEE 5 i DL 4 e R
AR, (R R ST T IR RE X AR ) R A R
JE . BEIRRM AN IR R, SRR L Y
PR AR FE MG DA i = F MR R, A
B 1 30T 1 1) I8 P B 2R ) W TR TE 1S RE T A A )
BB TS5 M DL &0y e B 25 L BEATE 5 SR I B A

L bR

1.1 SCIe# R

S5 6 B il FH A RS 52 i DL 4 L [ 5E K (282.3+
3.1) pm, 5% (253.3+2.8) um)] % B T WL A AD
B (122°77°E, 30°73'N). 8538540 KR
430, JKiER21°C, pH N 7.8, JOKM, A2 K
e 100% K, FFEw, BRI 2, #
ML VL YT 25 0 43 8 (Isochrysis zhanjiangensis), TH ¥}
W R 5%10° A~ /mL,,

SE A E A AR R D, R
W ZEAFT B 8 (Virgibacillus sp. 1), 538 50
J& (Pseudoalteromonas sp. 32 F1 Pseudoalteromonas
sp. 33), Z3 iR B AP T bk B i AR AT
NG VR TR S K o
1.2 REHENSBMEE

mH b 5 B AL R A 5> BT S
MR Yang 551", 45 A0 BRI, MR UK BE B i
Fike, AT ZoBell 2216E HifE T4 [, L& 37°C
Wigeaa, MG A8 h IS BREUA TS, AR
FRIL R, 3HEE, P v B A R Ak
POR¥EF, H30% W HME® 1 1IRGHL],
—80 °C 1A% o

Rk E 16S IDNA L F M DNA $#
WOR AR & (B R AR R BR A ). 4
T 16S tDNA JEH P #5145 27 F #1 1492 R, PCR

PR WA 1.0% B B 5 R UK AT R G
A48 PCR Y - Wik 2= Bilg AR TAY T
AR F R, D0 A B B e 91 45 5858 4 Blast
P27 45 NCBIKUHs R EAT LU XS, B 5 40 T s ™
&1,

1.3 SYWERNFIESEMFFETN

& W) AR ) & HEVIR R S HE S
Jo 4P O o PRI B A E AT Y BT T
80 mL ZoBell 2216E #& & 15 575, 37°C, 48h
5 2P T AT K EE 3%, 3500 t/min .0 15 min,
= FIE W, FH K T U ¥ UK (autoclaved filtered
seawater, AFSW)iEVE 3K, wmEEAE T 50 mL,
FH0.1% WY BE B e 5, 7E 98 0% B 7 B (Olympus
BXS51) FIFE, o 40 R R R . ORI 1 20 A R
WA R H KB TR SR, Jf
A AFSW /€ 25 & 20 mL., HERR4H T 4 D00 4h
B EE A9 R 1.0x10%, 3.0x10°. 5.0x10° F1 1.0x10°
/L, BEEFRMAT 4 0E T 4. 18, 25 F137°C
it 48 hIE W AE R . RS R RS I E S
% Yang " Fl Zeng S I ik . B
B 12 4F AT,

& W AE 0 H B LT A 20 T % R AR
WA A BT . 1 3R 0 AR ) o T
AFSW SEiH e 3 Wk, i 5% B8 JR b MR i i [
E, [ E B AR 2 AFSW gk 3 7, 0.1% MY I
PG 5 min, Yo 1) B I B AR SO BB T
B BLIE 10 AP0 BF SEAT 50, B 45 N IR &%
AT A W e %) A R R

& W AR L R AT I JEE A7 458 Ak P 2 R
Yang S 07 o FH 5% B AR R T AR I W I S
24 h, H 5 pg/mL WAL A BE 5 W 3kE G 4 £4 20 min,
TR IxPBS PR 3K o SR G TEROGIL R H
B (confocal laser scanning microscopy, CLSM)
(Leica TCS SP8) T 4 4& , W A& /K S il Ky 543/
613 nm. AT AEBEHLEE 3 A4S H0HF H T A% Ao
Br, wE3IANEE, AN 9 AR EEAE LU

F1 FIBHE 16S rDNA EREFFI5
Tab.1 16S rDNA gene sequence analysis of the three isolated bacterial strains

e Lt e 25 ;

Btk LA Rt E 4 M HE % S

. . accession no. of . .

isolate accession no. BLAST closest match similarity isolated source

closest match

6R MK389412 Virgibacillus sp. 1 CP017762 99 TR
M7NSI11 MK368455 Pseudoalteromonas sp. 32 NR116629 99 TR
M7E11 MK368458 Pseudoalteromonas sp. 33 KT036405 99 YN
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FE TR LR W) 1N R

& W A% RE R AL W T k2%
Gonzalez-Machado 57 {07 i o B35 IR 47 1 A
BRI, Se Al 0.9% A BER K E VE 3 Ik, FX B
Yepbge s, REOGYL A 20 min, Y582 2
0.9% AEBIER/KIFVE, #OEARTH#E, SRIE7E CLSM
TR, &E 3APAT, BEALEE 3 SRR T
ARF T . o 284N conA-TMR (concanavalin
A, tetramethylrhodamine conjugate), B £ B 4t Bl Ky
CFW(calcofluor white M2R), % F %t Kl & FITC
(fluorescein isothiocyanate isomer 1), A5 Jit 4% &l Ky
DiDr oil[DilCg(5) oil, 1,1'-dioctadecyl-3,3,3',3'-tetra-
methylindodicarbocyanine perchlorate],
14 HTESLE

AN [) 5 77 1 B TP B TRV A4 71 A )
A K T i s F= b, A 20 mL AFSW,,
FH B 408 W8 W 20 HLUIR A 4l U AR A=
BREREE FR L, JFic 5% 24, 48, 72 F1 96 h I
g AR, LR I A R . =
FIX B ZH (blank, KB 3% ) FIE B 28 00 HR 20
(epinephrine, EPI), N2 9 P47, 4h fARES
SIS HITE 21 °C FAF T E M

1.5 HIEDH

S B HE 43 M R F IMP 3K 44 (ver.10.0.0).
AR A o Wk AT SOE 3R ¥4k, AT IES
SRATARTI, A IER A, AT RN R 22 R
P ar 8, 2 W #E 4T Kruskal-Wallis Test 43 #7 o
4y a8 25 R A TR % RE 1Y AH OGP fi JH Spear-
man Z JUOMNT A AT T, PORKEERME, R
FHOCE R, WK R 0.05, ffi ] image
AT M AN = 5 12

2 4R

21 AEBREFHTEAREHETEYHRE
XF 41 B B A HY §2 )

W T O A0 TR AR Y BIRAE 48 72 F1 96 h 5
Y AR S AREE RIEA AL, SO AL 7 48 h (45
R E D, B ERRE SRR AR 43%+2%,
5 blank A LY, 3 Bk IR T AH TR AR ) B B34 e W
7R 5T M D 4 58 R S R (P<0.05), Vir-
gibacillus sp. 1 7€ 18 °C B JE il 9 A= 49 5 15 % &g 1t
AR FIEE R (35% + 1%), 37 °C WA S id M
A, 4H125 cCHEE SR W EH 25 (P>
0.05), 548 A5 5 3 4 i 3 A OC (P<0.000 1,
%% 2)o Pseudoalteromonas sp. 32 Fll Pseudoaltero-

W Virgibacillus sp. 1

B Pseudoalteromonsa sp. 32
50 O Pseudoalteromonas sp. 33

o 40 t+
3
g0
=@ 20 L
g 10}
h
0
1 2
MErPC
temperature

1 RBEEENREIREFH TR TR
B70E N4 RS HIF N (48 h)
IR EXERA, 27 E BRFEXN A AR SRR 4
R EEP<0.05), FH
Fig. 1 Percentages of post-larvae on the deep-sea
bacterial biofilms at different temperature (48 h)

"1" indicates blank control, "2" indicates positive control. Means with
different letters have significant differences between groups (P < 0.05),

the same below

*2 BESHEZEENEZRNERENLHESZIE

Tab.2 Two-factor correlation analysis between temperature, bacterial density and larval metamorphosis of M. coruscus

Virgibacillus sp. 1

Pseudoalteromonas sp. 32

Pseudoalteromonas sp. 33

" 11 11
source A -5 FHE= Py I FEEZR Pt BT IR FlLz Pt
i3 . =4 sum of . i3 sum of .
sum of squares  F-ratio  P-value . F-ratio  P-value F-ratio  P-value
dr df squares dr squares
Wz 1 192.47 1412 <0.0001* 1 1.86 0.11 0.75 1 14.04 1.04 0.31
temperature
A B 1 163312 119.79 0.000 3* 1 1238.36 70.28  <0.000 1* 1 1439.56 106.13 <0.000 1*
bacterial density
U < A o 1 2.92 021  0.64 1 0.10 0.01 0.94 1 23.85 17581  0.19

temperature x
bacterial density

VE: * RN 3 R (P<0.05)
Notes: * means significant effect (P<0.05)
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monas sp. 33 T 25 °C J& BB A= W) 9 BB A8 25175 = 0%
PR, 518 °C L #F 2 5% (P>0.05), 18 °C Y
T .89 Virgibacillus sp. 1 4 9 9 B8 AR 25155 5 16 M
A 8 T L 2 BR T (P<0.05). 3 bk 40 1 AR 0 4%
45 5 5% P B % R O RS Y T v 2 s B T R R
REAR
22 FRIBEEFHTREAEEMEIRBE
BEMEL

HIFRIBI AR BE 2 5.0x10° A~/mL 544 F, Vir-
gibacillussp.1. Pseudoalteromonassp.32 FlPseudoal-
teromonas sp. 33 ¥JTE 18 °C B JE B 4 4 5 41 TR) %%
BEfm (F2), 40k 4.5x107, 2.4x107 Fil 5.2x
10" A /em?; ELAS )i BE 25 1 71 A 0 40 B 400 1 %
B YR W 3 22 7 (P<0.05),  Pseudoalteromo-
nas sp. 33 T£ 4 °C I5f A= W) 9l M5 40 1 2% B8 S IR, V-
gibacillus sp. 1 #1 Pseudoalteromonas sp. 32 £ 37 °C
A AR AR, 3 RR A T AR W BT Y A TR A
YRt 1 T S BN S AR . B
Pseudoalteromonas sp. 32 5, & & 5 Virgibacillus
sp. 1 Ml Pseudoalteromonas sp. 33 A=) 1 4 TR %
JE 2 ARG (3R 3).

W Virgibacillus sp. 1

B Pseudoalteromonsa sp. 32
O Pseudoalteromonas sp. 33

108

AN/em?)

0
bacterial density

107 k

HH 2% 2

4

10¢
4 18 25 37

R E/°C
temperature
2 FRIEE TR SHAEYHENEE
Fig. 2 Density of monospecific deep-sea bacterial

biofilms at different temperatures (n = 30)

23 ABHEEVHEARZEMYBES
X &

Virgibacillus sp. 1 75 18 °C., ¥ i 4 o % F£
N 5.0x10° A~ /mL B, 4y B2 2597 5 4 Mk B i
5, N 35%+1%, BRI 4.5%107 > /em?;
PERGERE SR B i 4 °C FHE 25 °C B, 5 3 16
Fiti 241 PR %% B 1) v 1T 8 T (1] 3)e Pseudoal-

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

b

3 RESHRSHEEEYWEEMEREM
BREE XS
Tab.3 Correlation analysis between temperature and

bacterial density and biofilm thickness

A B
Bk bacterial density biofilm thickness
bacteria - P - P
Virgibacillus sp. 1 —0.24  0.0034* —0.33  0.049 9*
Pseudoalteromonas sp. 32 —0.08  0.31 0.24 0.16

Pseudoalteromonas sp. 33 030  0.0002* -0.27  0.11

W FOR B HSR(P<0.05)
Notes: * means significant correlation (P<0.05)

teromonas sp. 32 7€ 25 °C B} i 5 36 M 15 2 & &
(23%+1%), B AN % B R 2.4x107 A fem?s A
W0l R A5 T 35 P 47 I 20 TR A R Y S B S T
A AR S . Pseudoalteromonas sp. 33 7£ 18 °C
N i 20 T e B S B i R AR R i
AR RN 18%=1%; 1E 4 Fl 37 °C W% G 95%
PE Fifi 4 T 25 BE 140 2 90 S 3G S R R A
TE 25 °C I, 175 3 1% P o 200 7 %85 52 184 fn i 4
R RSN 20%+1%, WU Hr s R
3 K TR A T A RE X S R AR S 0 M A OG
(P<0.05, % 2); & EEALFEW Virgibacillus sp. 1 #
B AR5 S h v, 5 A 2 BRI 5 G VT
2 AH S (P>0.05),

m Virgibacillus sp. 1

®m Pseudoalteromonsa sp. 32

m Pseudoalteromonas sp. 33

e4°C A 18°C ¢25°C v37°C

50
40 I
o Q I
=g 30| s
M5 s
T & %!
=g 20 | &t
#g i 3 i
2 ]
10 F%vs 8% W1
L " Y §§ n! 3
0 " )
100 107 108

Y1 3 (A em?)
bacterial density
3 REBHEEVHBEEESERKEN
HARTEFHXRFR
Fig. 3 Percentages of post-larvae on deep-sea bacterial

biofilms with varying densities

24 FEHREVHERLSRE
Bt 2 A ) o R SR R R ) T, R TE
FES (F 4), 18°CHT, 3 FRUR AN B A 9l i
B JE 55 HL A 3 A4 9k B 1) O Wk 35 22 &7 (P>0.05), 7
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18 °C 4 ff F , Pseudoalteromonas sp. 32 5
Pseudoalteromonas sp. 33 = ) § 5 i JE A7 76 I 3
PE2ES (P<0.05), SRR A 4R WoR (KR 1),
Virgibacillussp.1 WK (FEIR 1 -1~4) SFEIR, Pseudoal-
teromonas sp. 32 B ¥ (I it 1 -5~8) Ml Pseudoal-
teromonas sp. 33 W Bk (&I WL 1 -9~12) R g B4R .
AT BoR , Virgibacillus sp. 1 4 W) 8 5 K
JE 50 B B 35 A 9, Pseudoalteromonas sp. 32 Fll
Pseudoalteromonas sp. 33 [l )5 5 1 B 0 i & AH ¢
P (55 3),

W Virgibacillus sp. 1
W Pseudoalteromonsa sp. 32
8 O Pseudoalteromonas sp. 33

% 6 be
g c
%5 4
i £
2
s 20
0
4 18 25 37
IRz PC
temperature

4 HAHBREFAWBETAREEFHEREN
REHEEMWIRIRE
Fig. 4 CLSM reveals thickness of deep-sea bacterial
biofilms at different temperatures

25 REBEEEVHERINFINEN

PRSI rp B0 D R T 40 1R A ) IR o 2
Wi; 18°C &14F, Virgibacillus sp. 1 7 /5 ¥ ¥
R (I -1~4) iy o 205 Bt o BRI
WO BB, 18 F125°C 40T, Virgibacillus
sp. 1 JE A WS (Pl I T -1~4) T iy B 22 35 dk
B

3k T i A T AR B I A1 2R 1 AR 5 A
KRV ATV i o st i o AR LA 1S O
25 F M Pseudoalteromonas sp. 32 wkE (EIWLIV -5~
8) 1£ 25 1 37 °C I A= Wy 9 v ) J A0 2 P 5
B 58 O MIAME BT OL, 3 BRER
240 TR A i B o0 A D (TR Y -1~12).

IRRTRHF A E A Y o ZHE . p 2N, &
H ARG R & W E 5. 18 °C B Virgibacillus sp. 1
YRR o ZHEE B, S A 1209 pm’,
5 A 3 4N B 2 6] 22 5 1 3 (P<0.05)(1] 5-a).
Pseudoalteromonas sp. 32 Ml Pseudoalteromonas sp.

https://www.china-fishery.cn

33 LW BN o 220 AR WA A 18 1 25 °C ) G
FVEZE S (P>0.05), 3 BRIRHE A o 208 & B 1Y
B T v 52 B e T R R BRI

18 °C B Virgibacillus sp. 1 "E B p b
S, 54 M25°C 4808 FES (P>0.05),
Pseudoalteromonas sp. 32 "= W) 9% I B £ 05 & &= 1E
25°C e, SHAWE 25 03 (P<0.05)(F% 5-b).
Pseudoalteromonas sp. 33 "E YK B Z 4l & = A
SR A0

Virgibacillus sp. 1 4= ¥ %% B i Ab 2 11 & 2 7E
37 °C B} & flk . Pseudoalteromonas sp. 32 1 37 °C
e, H5 25°C IJCRE 2SS (P>0.05)(14 5-¢).
Pseudoalteromonas sp. 33 M8 M E H & & B 17 & F
BTG R (P>0.05), 18 °C I, 3 MRIRIE T 4L
R AN S e A 2 R (P>0.05),

Virgibacillus sp. 1 Jl &P T & & S 52 Tt BE 1)
2 . Pseudoalteromonas sp. 32 i 41 g i & & 7E
18 °C fie i, 525°C L3225 (P>0.05)(& 5-d).
Pseudoalteromonas sp. 33 fi #Mg i & & 1E 18 °C ¢
B, NG 37°C 2573 B (P<0.05). 3 MRIRHT 4154
JL AP IR BT TR 18 °C e, MHE.ZIRIAT B
FPE2E R (P>0.05)

3 iR

DAAEOFSE 90, I B W oA B3 2 B R TR
(Listeria monocytogenes) ) = W) 9 5 2 B 6E 77 ,
37 °C &A1 B3 2% i R T 1 RO B RE g W I
T30 °C™, mARE B R, TR IR A OG
R 75 TCIG T (S, loihica ECSMB14101) 4 1) 9% [ 114
YRR R IR B P e W, MR TSR
B J5E 4 T % R RIS JRE AR B G N . AR S K
TR B2 X6 R T 240 T AR ) S A0 TR 2 BE ) R Tk 4R
K, BE5IEEAME S loihica FHLEE AT, 31k
TR 240 TR I IR B 7 T v 2B ) B A TR A R S R
SeXG s REARR R A, TR AR X 3 R TR
T 200 T A ) W R S Wi /N o Zeng Z5 T F S
KIT IR HE Pseudoalteromonas sp. SM9913 7&
4°C I, AWRIr BRe Ty fek , Bl & TR T
BEIETE BURE ) B W BEAR , 7 37 °C e fik . ABFA
AR Y3 PR R A TR X I Y IR N 5 Pseudoal-
teromonas sp. SM9913 fA7E W] i 22 5, R WA A
TR T DA MR X I B 9 35 N e 25 R, H B K
Jr A T i — AR

A 4 BB A AR 2 O DURIT S H A5 4y A AR

HHE K 7% 23240 sponsored by China Society of Fisheries
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B Virgibacillus sp. 1 B Pseudoalteromonsa sp. 32 0O Pseudoalteromonas sp. 33

1500
g g 1 000
=5
IS
S8
#5500 -
0
i E/,C
temperature
(a)
abc
a
abc
LE
mﬁfé cbabc @b
|3 4
Ho c c
18 25 37
I/ °C
temperature
(c)

2000 ¢
a
- 1500 ab
\g_é ab
IS 1000 t
ié bebed O g
‘ bed d I %
500 d & d ¢ d
0
4 18 25 37
i fE/°C
temperature
(b)
100
20 a ab
I b
Eo ab ab
2E 60}
mgé ab ab
j\_ﬁ-_% 40 | be b
20 S q g
0
4 18 25 37
g/ PC
temperature
(d)

E5 HAHXREARBRTAREEFHEBNRSHEEYEERS o ZHE (a).
BEHE®D). ERH(OFMERWGIE
Fig. 5 CLSM reveals a-polysaccharides (a), B-polysaccharides (b), proteins (c) and

lipids (d) biovolume of biofilms at different temperatures

AR R AR, BN, R
W (Hydroides elegans) %1 # [} & 78 75 i 72 () i 5%
R, ANTE S 4 HUR B AR O A Mk
e 200 T R A e R A 7 DL 2R R A A A
KR, ARSI, 3 PRGN T A W) i B2 %0k
JE5E MG D gh H AR A 2 R, HOh 7E 18 °C 2%
1, Virgibacillus sp. 1 536G &, 15 35%,
PRI . 3 BRI A R AR W) RS T
PR 40 TR R B A OG5 LA Y 0T v A0 TR
WFELE AR 0,

A= W R R o A TR B L AN W
JRLAI 7 ) 2 T I A A W W B DG B 2R,
FE 2. SRR = REH M Kb
ZHERNAN Wy b d FE W, TR A
M LE A . (LR 20 5 A0 M TR A EAE T, LA M
PR AN A A P 5 B3 R ) o 25 5 T A4
AR S e IR M A 22 W A 2 TR A TR A ) e R D
() BN r o 3 RRTR T A0 T IR T Y o 20

o B 7K 77 % 22 F 4 sponsored by China Society of Fisheries

ot A L B R S RS T S R AR A R, Vir-
gibacillus sp. 1 YR B M A1 o 220 & B 7F 18 °C #x
o AR 3 BRI AN R AR M e B 2 b A
Yy s e B, TS [R) TR bR 22 (8] A 7R b 1k 22
5, Virgibacillus sp. 1 4= %) & B B & T HAth 2 #%
ONTE I AR AT 3 R TR I TR R A ) o M A1
H RS2 AN E 5 Virgibacillus sp. 1 fAMNE B 44
i Bl A IR B T B WA Pseudoalteromonas
sp. 32 WMk S HAA S . Zeng S5 WF Y & BE TR
AR Ak X R i 41 B Pseudoalteromonas sp. SM9913 fifl
GhrEY eSS, 37 °C iR T, AR i
Hh PP RR R R W S T 15 °C, XSS R
WY, TR 0 TR R IR R A AR E N AR 25 S, R
M 1 AR BT 453 . Kives S5 & B, Hi ok R
AL (P. fluorescens) = W) w5 L 1 L 4 22 0 &5
R EE AR RS 2 & 10 4 £, Danese
SPGB AR Y B AR 2 W R R B R TR PR 1Y
B R IGO0, LI SR 2o W R DR ) TR AR I
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1734 KorE ¥R

44 %

BB FE R . AR T AN S
MR N A A, Hor, Virgibacillus sp. 1
IS o Z 88 . B 2WE S5 S IE PR E A
K, KWL AN Z 05 e A A0E R 52 6 DL 4l i
ARKEB LR Pseudoalteromonas sp. 32 # i& iy
o ZHERAREY & 5iFFEERIEMEL, &
B o ZHE G RAE A BB K T 3 Pseudoal-
teromonas sp. 33 A=Y EHIS o ZHERIE HAY)
HHHEFIEERIEAMG, R o ZPEME A {E#
YRR K E o Zeng T W5 K IR G T bk P.
lipolytica M= W) 9% B A 71 7= 1) 41 2 28 X6 5272 1 D1 %)
HORy BiEE AR S 7 AR I ROCR . XS R R
AN [ R T TR R TP B A= ) 5 JBE 1 ik 40 7 40 ok 4
RAFAFIVEH

DA e B30 T 40 TR X6 4 s R TR RN BR T
— R R, Yang S5 B GY & LT U Ay BU IR
TR A D X JEE 5 i DL 4y s B s R0 S
AN [R] I ¥ A1 A8 A5 B B TR TR 1 A ) g T TR
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Effects of biofilms of deep-sea bacteria at varying temperatures on
larval metamorphosis of Mytilus coruscus
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Abstract: Effects of water temperature (4, 18, 25 and 37 °C) on deep-sea bacterial biofilms and subsequent effect
on metamorphosis of larvae of the mussel Mytilus coruscus were studied. The confocal laser scanning microscopy
technique was used to clarify the characteristics of biofilms including biofilm thickness and the distribution of
extracellular polymeric substances. The biofilms formed by the deep-sea bacteria could promote the metamorph-
osis of larvae under four temperature conditions. Virgibacillus sp.1 showed the highest inductive activity (35%),
with high a-extracellular polysaccharide secretion. The Virgibacillus sp.1 biofilm inducing activities on larval
metamorphosis were correlated to seawater temperature and bacterial density. Temperature was significantly cor-
related with bacterial density, induction activity and biofilm thickness. The densities of bacteria in the biofilms of
the two Pseudoalteromonas strains were significantly correlated with the induced activity. The present study
shows that deep-sea bacteria exhibited good potential for temperature change to form the biofilms, and impacted

larval metamorphosis.

Key words: Mytilus coruscus; deep-sea bacteria; larval metamorphosis; biofilm; temperature
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Plate I CLSM reveals morphology of deep-sea bacterial biofilms at different temperatures

‘irgibacillus sp. 1 biofilms formed at 4, 18, 25, 37 °C, respectively; 5-8. Pseudoalteromonas sp. 32 biofilms formed at 4, 18, 25, 37 °C, respectively;

9-12. Pseudoalteromonas sp. 33 biofilms formed at 4, 18, 25, 37 °C, respectively. The red color indicates bacteria. The same as Plate 11-V
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Plate [ CLSM reveals a-polysaccharides distribution of deep-sea bacterial biofilms at different temperatures

The yellow color indicates a-polysaccharides
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Plate [II CLSM reveals B-polysaccharides distribution of deep-sea bacterial biofilms at different temperatures

The blue color indicates B-polysaccharides
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Plate [V CLSM reveals proteins distribution of deep-sea bacterial biofilms at different temperatures

The green color indicates proteins
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Plate V. CLSM reveals lipids distribution of deep-sea bacterial biofilms at different temperatures

The red color indicates lipids
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