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A S T 53 1 1 A TR 2 AN R T R, H b Bacillus
sp.4 J& F )2 BE W '], Flavobacterium sp.1. Arenibacter
sp.1. Mesoflavibacter sp.1 Fl Tenacibaculum sp.3 J& T
FREE 1T, 1 73 40 SER AN B Paracoccus sp.2. Pseudoal-
teromonas sp.30, Ruegeria sp.2. Ahrensia sp.1 Fll Phaeo-
bacter sp.1 J& TZZTL W11 A6 i 1B 41 & i) 2 80 40
K1 F7R o
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Table 1 16S rRNA gene sequence analysis of the intestinal bacterial strains

BRI HeXT B bR X P55 HUNENESE S AR5 AHALLEE /%
JEESETG UL fg i Bacillus sp.4 KF933662 ECSMC2 KU845379 98
JEE AR UL i Paracoccus sp.2 KJ648494 ECSMC12 KU845388 97
JESETG UL i Flavobacterium sp.1 KF933689 ECSMC8 KU845384 99
JESETG UL i Arenibacter sp.1 JQ898120 ECSMCI5 KU845393 99
JESETG UL i Mesoflavibacter sp.1 NR 134082 ECSMC14 KU845390 99
JESETG UL i Pseudoalteromonas sp.30 NR114190 ECSMB30 KX099925 100
JESETG UL i Tenacibaculum sp.3 IN128275 ECSMC3 KU845380 99
JEE AR UL i Ruegeria sp.2 MF359423 ECSMC5 KU845381 99
JESETG UL i Ahrensia sp.1 KJ700633 ECSMC1 KU845378 99
JEFENR UL i Phaeobacter sp.1 HE584770 ECSMC6 KU845382 100
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1 SR P G DL Ji 2 240 TR A 2R Y

Fig. 1

FH o 38 A P 259 B 5 0 M, 4 JURAHE DLl 10%~
50%. Bacillus sp.4 EL A iz i 09175 5 16 M (p<0.05), i
S3EPE N (42.78+1.21) %, Phaeobacter sp.1 BAT A%
WS PE, 75 3 06 MR (10.50+1.30) %,

WE 2B Fras, B FH R 1 40 v 25 HA 5 S0k,
TR E 2N 20%~95%, Phaeobacter sp.1 BB & =
B35 16 M (p<0.05), 5 T3 14 (92.22+2.35) %, Fla-
vobacterium sp.1 H A3 e IK A5 S 06, 5 R IE M N
(20.00+1.75) %,

33 EVHEREAREE

TEASZ G, FIF R A9 10 W 7 30 40 B 1 e 221
VR 23 DR SR 0 0 A R 7 R ) 70 Ak S O [ B
B, S5 i 1T 1 38 A0 TR K S 43 AE 5% 10° cells/mL ] A

50 ¢

40 -
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FEULA/ %

Phenotypes of the different bacterial strains from mussel intestinal in tested

FEE AR S5 4, PR IG5 L 396 BRAE 5%10° cells/mL B JE 1
A T A T R R AT R N o 10 BRI 4 T
Flavobacterium sp.1 B 21l 7 % Ji B &5 , FIBR Phaeobac-
ter sp.1 LLAM Y 8 Bk 40 TR 39 A b 25 Pk 22 =% (p<0.05),
Arenibacter sp.1 B4 % B Fe K (& 3).
34 EYHBEARZEESHFESEEZ BREXE
10 5 20 B A= 0 e S %) 24 T 9 B 55 R JRE 5 T D
4 BUFHE DL5 S 06 PR AR SCE G R LR 20 10 %%
i 40 B P Paracoccus sp.2. Pseudoalteromonas sp.30 Fll
Ruegeria sp.2 Xf &y A HE DL 5 5 3% PR 34 35 40 ¢
(p<0.05). Bacillus sp.4 Fl Ahrensia sp.1 X} % B {455 T
P i 2 M 3K (p<0.05) . Flavobacterium sp.1., Arenibac-
ter sp.1 Ml Phaeobacter sp.1 X HE U1 i35 S 76 14 g 3 AH

Pl 2 S [ i 2 A T ) VSR 52 i DL A5 A
Fig. 2 Induction of settlement of Mytilus coruscus on the different intestinal bacterial biofilms
AL XF 4y HUAE S B 75 S 36 5 B S FE DL BREE (975 S 30 s S TR 5 B 2R 25 7 835 (p<0.05)

A. Inducing activity of larval settlement and metamorphosis; B. inducing activity of plantigrade settlement; values that are significantly different between each

other at p<0.05 are indicated by different letters
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Fig. 3 The bacterial density of different intestinal bacterial

biofilms
AN Bk OR 22 57 B 3 (p<0.05)
Values that are significantly different between each other at p<0.05 are

indicated by different letters
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Table 2 Correlation analyses between the bacterial density and

inducing activity

YR 2
MRk 4 B i HEDUGE i 7
r p r p
Bacillus sp.4 09129 0.000 1* -0.6420 0.1187
Paracoccus sp.2 0.8041 0.0001* 0.8352 0.000 1*
Flavobacterium sp.1 0.2272 0.1827 0.8742 0.000 1*

Arenibacter sp.1 —0.0108 0.9500 0.7474 0.002 7*

Mesoflavibacter sp.1 02470 0.1465 04261 0.1963

Pseudoalteromonas sp.30  —0.6727 0.000 1*  0.6387 0.002 2*

Tenacibaculum sp.3 0.2604 0.1250 0.1747 02374

Ruegeria sp.2 —0.4619 0.004 6% 0.7916 0.000 1*
Ahrensia sp.1 03441 0.0399* 02774 0.2085
Phaeobacter sp.1 0.6307 0.1725 09654 0.000 1*

TE: * R 2253 3 (p<0.05)

* ( p<0.05) o Mesoflavibacter sp.1 Fll Tenacibaculum
sp.3 X &l HUAIHE DL AR 75 S 335 1R 2 AN AH 5C (p>0.05),
35 BEAENRREESHT

WAk 3F M AT E N RE R E R, T
B A 2R — B, I AW 5 DL SR8 1 43 B 25 SR
177 (18 4), 3 3 AR WE 58 I F 40 T A st 1% BE RS

4t B B 7N, Paracoccus sp.2 5 Flavobacterium sp.1 [1) 35t
15 B O 0.011, J2 I3k i T8 20 1 v 33 4% B B dec iR
Mo bR 2 M RN — LG5 Ruegeria sp.2 &
Phaeobacter sp.1 B —372, X —n X H5R)EF&
FE Wi 11089 Bacillus sp.4. Ahrensia sp.1 F1J& T JEBE T 7]
B Pseudoalteromonas sp.30 iX 3 ¥k 4 w1 I~ %5 — 43
¥, 5 B M Arenibacter sp.1. Mesoflavibacter sp.1 Fll
Tenacibaculum sp.3 X 3 HRANH R,

3.6 BEAFRKNENWREEMEE

i3 CLSM & /B {8 & B, Bacillus sp.4 1 Phaeo-
bacter sp.1 =Py B0 RS W] AN [W] (& SA). Phaeo-
bacter sp.1 1 B J& & ( 8.86+0.25) um, H. Phaeobacter
sp.1 [t Bacillus sp.4 f 41 TR 53 A 50 ) 2R 4E

3 2ok o3 A R JEE RN A5 R I PR A AR DG M R B (3R 4),
Bacillus sp.4 1Y 52 5 4y i FHE DD 935 15 MR A1
7 (p>0.05); Phaeobacter sp.1 W) I & 5 #E DI (9155 595
PE I 2 HH 2C (p<0.05) 177 4T 411 3 75 3 36 1 A A OC
(p>0.05).

3.7 CLSM EfgFffas =9 & &

WK 6 FioR, 2 TR MLAN = Wrh A, o- 20
1 B-Z2 W5 14 43 A A0 F i 2R 3 22 57 (p<0.05) .
Bacillus sp.4 RURE AN E A . o-Z2 B F B-2 4 &
2 % T Phaeobacter sp.1( p<0.05), Bacillus sp.4 43 W Jifd
G RE TR T Phaeobacter sp.1 .

i 353 B AN P 5 TS S 0 P R O T e B
(35, 3% 6), Bacillus sp.4 WA=, BEANMEH . o-
ZHET B-Z 85 &) 5 5 05 1 B35 A OC (p<0.05),
M AMEZE S 4 BBy 35 F G PEAR A (p>0.05), o-%
W5 HE DLAY 5 S 06 M W 35 A OC B2 A OGP (p<
0.05), g2 . £ F1 BT A B-2 W 5 X A DL Ay 7 5 336
AR (p>0.05).

Phaeobacter sp.1 J& B A= W) 8% IR A0 =4 H , 8
H B 5 4l dUi 5 S 0 PR R A OC HL & 1M e
(p<0.05), Mifg 2| o-Z Wi B-Z W55 %) LA 5 T 16
PEARAH I (p>0.05), a-Z Ml S5 HE DL G753 06 14 1225 A1
K (p<0.05), MR . & A Al B-Z2 0 5 HE DL 19 o5 &
T AR (p>0.05)

4 it

BT B A 5 10 5 52 M DL 18 40 3 240 A
[ (4 T JR , 22 1% 37 AT RE 68 T2 AR W i B, O LR 408
IR 8 ) A T R e KR B0 0 i 2 e R AR AR T
AR, B AR b SR B R AN [ B A AN R
o 10 o T8 40 T A A= 10 JIE RE e i DL 4



86

MHEEdy 4345

0.05

Ruegeria pelagia strain NBRC 102038 (NR114024)
Ruegeria sp.Cobs2Tis7 (EU246832)

100| 'Ruegeria sp.2 (KU845381)

100 [100;

100

Phaeobacter sp.1 (KU845382)

Leisingera aquaemixtae SSK6-1 (NR126297)
Phaeobacter gallaeciensis SCH0407 (NR115335)
Paracoccus saliphilus KMGL1309-LM8 (KF740560)
Paracoccus sp. A30V (LC094992)

9 [ Paracoccus zeaxanthinifaciens R-1506 (AF461159)
97 |iBacterium BW3PhG3 (KC012850)

98 't Flavobacterium sp.1 (KU845384)

Paracoccus sp.2 (KU845388)

86 Ahrensia sp. KHS01 (KJ917545)

1%[[ Ahrensia sp.1 (KU845378)
99 L Ahrensio sp. LZD062 (KJ700633)

99 Bacillus vietnamensis (HG931928)

100 Bacilns sp.4 (KU845379)
811Bocillus sp. VCMS5 (KJ700465)

Pseudoalteromonas flavipulchra (KC534410)
1
78

-Pseudoalteromonas peptidolytica (NR113971)
96 1 Tenacibaculum sp.3 (KU845380)

100 | Tenacibaculum lutimaris strain HNS041 (JN128275)
Tenacibaculum aestuarii strain SMK-4 (NR043713)
Mesoflavibacter sp.1 (KU845390)
Flavobacterium sp. clone OS3BR40 (JN233039)
Arenibacter sp.1 (KU845393)
Flexcibacter sp. (AB094462)
Arenibacter echinorum (NR044271)
61 LArenibacter sp. (KF273918)
Escherichia coli EC096/10 (AONF01000005)

00 |Pseudoalteromonas sp.30 (KX099925)

Pl 4 RSN i 38 AN R R G AR

Fig. 4 Phylogenetic tree of intestinal bacterial in tested

®3 ATRDHEREREGRESR

Table 3 Genetic distances of intestinal bacterial in tested

Mk 2 12 8 15 14 30 3 5 1 6

12 0.267

8 0.254 0.011

15 0.319 0.286 0.308

14 0.317 0.307 0.294 0.097

30 0.265 0.194 0.221 0.303 0.290

3 0.336 0.285 0.305 0.118 0.099 0.274

5 0.253 0.063 0.076 0.118 0.314 0.230 0.311

1 0.255 0.144 0.117 0.303 0.295 0.217 0.292 0.139

6 0.303 0.102 0.084 0.310 0.315 0.237 0.317 0.039 0.138

1,2, -, 30 20 FR A FRECSMC1, ECSMC2, -+, ECSMC30.,

FIHE DL Y HAT 75 3 16 4, IF B A AS [R) B A [
AR5 0 1, X R, A0 R T R R A

WIRIR R, X5 IR R SR 45 R — F e s e
DITERFFE R BN, 76572 G DU 8 e 2R 1 30 1 ¥ IX.
A SR A DR 2 oy B IR R A T R . 5 AT
FH AL, 12 2017 AEMF5E 0, MR 52 I DUz 38 43 25
S5ARWMFEMIE B Tenacibaculum . Bacillus . Ruegeria Fl
Paracoccus 18 Jg ; N B SR AE W)W h 1 8 53 25 1 Ten-

4,26-27

acibaculum™ >, Bacillus™* 1 Pseudoalteromonas®***"

3SRV R E . UEECIEY 1
T F2 AR A7 B PRI 23 5 0 i 3 20 TR A RE T 0, B AR
o JESE G DT Z BT AL AR E L AT RE 2 IR B B 1 R 3
B8 P 0 0 BRI ER A B B A P DRI HE, AR Y 10 R
20 T AT RESK R TR T e AR A7 A SN SR BRI
41 BEARNEYRENEZRNYAMEES
B SiE
FE LU R 5E B — R RR TR B A ) Bl s 1% 4
B R AT =W 2 A A ek S T R O A
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A
Phaeobacter sp. 1

Bacillus sp. 4

Bacillus sp.4

Phaeobacter sp.1

5 Bacillus sp.4 Fll Phaeobacter sp.1 it 4= W 9f i< &
& (A) B RIS (B)
Fig. 5 Biofilm images (A) and biofilm thickness (B) of
Bacillus sp.4 and Phaeobacter sp.1
AN R BE R R 225 57 i 35 (p<0.05)
Values that are significantly different between each other at p<0.05 are

indicated by different letters
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Table 4 Correlation analyses between the biofilm thickness and

inducing activity

ey
HUEENEEZS FULES 7 S e HHE DUZ5 4 1
r p r p
Bacillus sp.4 03764  0.1087 02642 00756
Phaeobacter sp.1 03753 0.1154  0.8864  0.000 1*

T R 225 B3 (p<0.05),
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Fig. 6 The analysis of CLSM images of biofilms
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Table 5 Correlation analyses between extracellular product and inducing activity of larvae

A RBNA ) A

DT flek H A a-Z Wk -2k
r p r P r p r p
Bacillus sp.4 0.363 4 0.094 2 0.486 5 0.000 1* 0.886 5 0.000 1* 0.7532 0.000 1*
Phaeobacter sp.1 0.484 5 0.265 8 —0.864 3 0.028 7* —0.642 4 0.147 5 —0.448 6 0.084 5

T xR EF B (p<0.05),
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Table 6 Correlation analyses between the extracellular product and inducing activity of plantigrade

A IR = e
HIUEENEEES &S & a-ZHk B-Z Mk
r P r P r j2 r P
Bacillus sp.4 0.765 3 0.219'5 0.5925 0.1209 —0.764 3 0.037 1* —0.343 6 0.1291
Phaeobacter sp.1 0.464 2 0.107 5 0.556 3 0.0753 0.669 8 0.044 3* 0.562 1 0.0859

W FRRE R B (p <0.05),
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Effects of intestinal bacterial biofilms on settlement process of
larvae and plantigrades in Mytilus coruscus

Xu Jiakang '*, Wang Jinsong '?, Fang Yihan'?, Yang Jinlong'?*?, 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. Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou
511458, China)

Abstract: Ten strains of bacteria were isolated from the gut of Mytilus coruscus to study its role in the settlement of
larvae and plantigrade by forming biofilms. Results showed that the inducing ability of the biofilms formed by ten
bacteria were different, although all of them could induce the settlement of larvae and plantigrade. In larvae, Bacil-
lus sp.4 showed high inducing activity, while Phaeobacter sp.1 had low inducing activity. In plantigrades, Phaeo-
bacter sp.1 showed high inducing activity, while Bacillus sp.4 showed low inducing activity. The polysaccharides
and proteins from biofilms formed by Bacillus sp.4 and Phaeobacter sp.1 impacted larval settlement and meta-
morphosis, and the cell density, thickness and extracellular lipids of biofilm showed no effect on inducing activity
of larval settlement and metamorphosis. For plantigrades, biofilm’s bacterial density, thickness and extracellular o-
polysaccharide could induce plantigrades to the settlement, and the extracellular lipids and proteins of biofilms did
not affect the settlement. This study is helpful for improving the healthy ecological culture of M. coruscus and to

understand the settlement mechanism of M. coruscus.

Key words: intestinal bacteria; Mytilus coruscus; biofilm; inducing activity; settlement
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