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P EBIHR -
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SPSS Statistics 25.0.0 % {4 % 4% 2H 52 56 ¥ o ) ik 17
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Table 2 16S rDNA sequence analysis of different marine bacteria

FHS RS X PR 44 XT3 5 AHABLEE /% 3
ECSMB14101 CP041153 Shewanella marisflavi CP041153 99.58 SR A e
ECSMB14103 CP023558 Pseudoalteromonas marina CP023558 99.79 SR A e
ECSMB14105 MT820512 Vibrio splendidus MT820512 99.93 SR A e
ECSMB14107 CP034970 Vibrio chagasii MN938232 99.24 SR A e
ECSMB20101 0P209745 Planococcus sp. 1 MH938046 99.93 SR A e
ECSMB20104 0P209750 Pseudoalteromonas sp. 27 KX889969 99.93 SR A e
ECSMB20107 0P209748 Bacillus sp. 9 MG309326 99.86 SR A e
ECSMB21103 0P209747 Salinicoccus sp. 1 DQO001316 98.22 [EpNas7Fi 1)
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Fig. 1 The colony morphological and phylogenetic tree constructed by the Neighbor-Joining method of the eight marine bacterial strains
a. 8 R TE 19 R ALRFAE; b ARHTE A 16S rDNA LR 751 R 58 & & W

a. The morphological characteristics of eight bacterial species; b. phylogenetic tree of 16S rDNA gene sequences constructed by the Neighbor-Joining method
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Iteromonas marina W5 P 4H ] 1) 1) 35t 1% FE 254X 0.021,
"% HIHF W —J&; Bacillus sp.9 5 Planococcus sp.1 %

B R A X BEIT, S 0.088, 2 W W2 1] 1Y) 2R 4% K R K
AT o1 AS [ 240 T R ] 35 2% 5 A AR X R
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Table 3 Genetic distance of the eight marine bacterial strains

ML Bk Pseudoalteromonas  Planococcus Vibrio Vibrio  Salinicoccus  Bacillus ~ Shewanella  Pseudoalteromonas
marina sp. 1 splendidus  chagasii sp. 1 sp. 9 marisflavi sp. 27
Pseudoalteromonas marina 0
Planococcus sp. 1 0.262 0
Vibrio splendidus 0.126 0.259 0
Vibrio chagasii 0.139 0.267 0.036 0
Salinicoccus sp. 1 0.262 0.109 0.250 0.257 0
Bacillus sp. 9 0.256 0.088 0.263 0.261 0.113 0
Shewanella marisflavi 0.099 0.267 0.140 0.144 0.254 0.259 0
Pseudoalteromonas sp. 27 0.021 0.262 0.119 0.132 0.259 0.256 0.093 0
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Fig. 2 Percentages of settlement of Mytilus coruscus planti-

grade on the different marine bacterial biofilms
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Difference letters represent significant difference

MR (p>0.05), Hi ik SIGMERARA R Salinico-
ccus sp. 1((10.00 £ 0.10) %)
34 AREEFEEEDERR N EE

A ) A B A TR A AE — o R EE B AT DL RO
[F) 4411 BT A ) 9 S Y IS B O o TNTRT 3 T s, 8 Bk VR
Y TR 57 AN ) B R T o AN (] ¥ A A B Y R A
FRAE SOCAE RS B 0 43 A RAS W] 3A iR, 5
J B 240 TR 2 % R i s — B0 (1B 3B) . S0 s 4 R 5 JiE
A 5 % 10° cell/em? B, Shewanella marisflavi T& 1 4 8%
I F P 22 B i ey, 5 HU A LR A0 TR A 8 JE S TR
Z 5 (p<0.05), (3.3 x 10°+ 7.62 x 107) cell/cn?, {H H;
A ) Bk B JEE R A W 3 I T Pseudoalteromonas marina
(F 3C); HR A Pseudoalteromonas sp. 27, o il ik J& 41l
P45 Bl (4.87 x 107+ 7.22 x 10°) cell/em’; Vibrio
chagasii I J5 5 1Y 40 TR 2 %5 B R (6.26 x 10°+ 1.19 x
10°) cell/em? {ut 35 I T HAl 7 BRI 40741 (p < 0.05), i
JEE B AR T HA 6 BRANTA, 5 Bacillus sp. 9 M 1L, 25 57
A, XFEW Vibrio chagasii W) R IR GE F1 4K T A 3¢
Hh ) At T R A TR
35 ARBFEAREVRIN=WHIT

A R M 5y o3 S A SRS AR R L A1
WA )72 ik DURE DL 25 2ok A% b & 45 32 AR 1, AR 3Gl
ik CLSM X il Ah Z2 0 . 25 11 ot M g o i 47 2 = 40
Br (AL, 3 F ] CLSM FEHZ 1 B B 155 45 4143 1
AWy g (1 4), LA e A= ) 9l 645 41 43 5 HE DLRRE
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17 52 B 035 TEAH DG (p < 0.05), i D1 BFF 46 e 25 149 Shwan-
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Fig. 3 Biofilm formation ability of different marine bacteria
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A. Confocal laser scanning micrographs of biofilms; B. the density of eight monospecific bacterial biofilms; C. the thickness of biofilms;

difference letters represent significant difference
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AT TR . WE SA Fis, il i %2 1 iUsE Mg
FIAS [7) U 3 40 B A9 AT i iR AE G BE 0 AR R . 3 RR FH
A (Planococcus sp. 1, Bacillus sp. 9, Salinicoccus sp. 1)
67 N Ve cRLTE A 1 Sl 7 A R o I I e E A
HEmAR. B 5B EmgE R B, 3 8k H 0w
ARG I AT H0 IR, AR 5 bk B TRl 2 ] A6 T 38 AN [+
SR RIR . H A E Ak Shewanella marisflavi 1) 0]
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AR 33 O S R D AT R 5 o 4 A [ 0 4 A TR %
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o S5 R RS G DUHE DU i B 2 2 bl o] $r iR %
B TE = T &, B, Shewanella marisflavi W) HE D1
BRI, N 46.67% X 8 kA [ i i 240 1 ) 240
P BE L AT RLR i 5 JEE e T DLHE DU R 2 23 19 AH O
PE3AT, S BT HLIR B 55 HE DL B 28 5L b 3 A0 ¢
(p<0.001).
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Pseudoalteromonas sp. 27
Vibrio chagasii
Planococcus sp. 1
Salinicoccus sp. 1

m Shewanella marisflavi
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Fig. 4 Biomass volume of extracellular products of different

marine bacterial biofilm
AT AR 22
Difference letters represent significant difference
x4 HHNEFYMEERWRENMEREXEDHT

Table 4 Correlation analyses between biofilm extracellular

products and settlement rate of Mytilus coruscus plantigrades

Hughr=4
r P
o-Z 0.584 0.129
-2k 0.742 0.035"
Sl -0.656 0.077
e BT 0.579 0.132

T p IR AN R R o B2 (p < 0.05),

M SRR E 2 CHEEMEHY, Eh—fEZEY
LA 220, AN [R) T 4 TR A 4 B e g T R R i M
X U UL IS AE DUBRE 2 975 S 0 1k o A 98 . ARBIEOR
PN SR A W R A5 1 8 RV VR A AT, 3 A 43 AT AT PR
B i M HOOHE DL R 25 5 5 09 4R L, B URAIE B AT RS X6
JEEFE MG DURE DL ) B 25 5o B 5AT 1E 35 SR L AR
S5 EAER L RETF N M SR s R4t T
HTLA

W= R BN L R b 2 Z R N 7 19
PRIAEE P, 2 TR P i 1) 25 R AR — s R B AT LASY e HE DL
MR E R, DB R, B AR YRR
G35 8 VR A TR T T B B — A ) e A () AR
WA T VTG HE 2l 4l oo I JELSE i DLAE DL e
RO & 2R, Hp Cobetia sp. 1 & B8 H 8 5 0915 516
P, Pseudoalteromonas sp."F 52 B H WP IR 2535 06 1
BEAN, AT F i B 40 T B SR 1 R 175 T HE DL B A, {HLTA)
— J& B AN ] 248 T A HE DL B A o A vt 2 e A W) 1 5

AR, AW B R AW oy i Y 8 Bk
TV A TR Y75 R ROR AN IS AR [R], Ho 5 Bk 22 IR B
PR OTHE DL 5 B 3575 S A808, 3 Bk == [CFH
PER TS G, BHEER ARG L EW I 2N
2t B IR, Pseudoalteromonas sp. 27 55 Pseudoalteromo-
nas marina 7= % 3 Z AT, Vibrio splendidus 5 Vibrio
chagasii VAR Al —J& o SR, WEIE L5 &I, Pseudoal-
teromonas sp. 27 5 Pseudoalteromonas marina 19 HE U1
& 2R 2 6] I 2 7, {8 Vibrio splendidus 5 Vibrio
chagasii WIHE VLB & R AFTE 3 25 5% . Vibrio chagas-
ii 5 Pseudoalteromonas marina W) i & 15 B4 K, {HAE
HEDURE & A1 A E b 22 5 AN 2. H B, 4
o Ja A S P 5 R DL OR =2 ] e K o

VFZ 058 45 AR, 40 5% G DUR 25 075 5 06 Pk
55 H A W) R A0 T 2 P AT DG i Y F 5
R, TETH VLR A0 TR b 5 BRAN TR R I A R S
HE DB 2 522 TEAH G, 4 BR 2 AHSC, A7 1 Bk o ARG
PR, TTACHEFE b, 38 AR OCHE 73 A A B, 8 AR TEE 4
TR T T 0= ) o B 1) 4 T 24 9 B2 55 HEE DL R o 1 5
1P 2Z 8] I TEAH M (p < 0.05), BRI AT LS I A= 4
B E AN TR 28 5% B2 ] LUTE R S i () o) A DL o
—EMPERBCER, HIFARIGEER R .

FH T 25 W B A B ) 52 R PR, o 2 TR R
KA 25 FE R RE R Ab, AR A 2 Ak
+, WA 205 . RSN o W B 1 I AR, G s q 2

FT SR — e B LS ST T DUHE DL R .
i, M Ah 22 BE A R A ) B LA SR G W Y R,
TE VAT HE DL B 25 rh i 2 SR FH 091, ] — TR AR AR H
A EE R R D, TR AN E F A G B4 O B
22 5, M ML AN Z2 05 S AR B, I AR OR R I 1Y 52
TR FEG DUHE DL AR E 1 mT R R A S FE B M Ah
ZREZ —, AR, AR S ' e B EA T
TIREFEIR V4 A B AR AT R, BT RIRBESY,
A G R o3 85 T A5 1 U 0 A R AR 0 R B LA R
AT T & mIE, 45 R WK, B-2 05 41 ta X )2 72 ik
DUHE DLBRE 5 9175 R 68 00 2 IEAH G, 5 UL AT A 9T 25
—B, TEATHIRA LT, o-ZHES B-ZWELLBI R 12 52,
PRI AS BIF 5 I 5 1 93 3 i A 140 98 1 40 7 A ) B i o
PRI LR it S5 R, & TR ) 4 TR AR ) Bk
HE DURM & 0375 50 Pk 228 T O R R IR Y 48 A 2E
YIRsE . [RIEF, A DGR 43 A 45 2R o, AT HLRR B ht iy AR
bk 3 55 HE DB (9175 R0 — B0, 3% Ul B AT LR
X HE DU & A IE R .

WFFE W, T DL A B 36 1 R A I AE — 2 Y RE ),
AT BRSNS b 7 N P AN ST RS 3 1A



8 YU AR (LA . T 2 TR A W IS T L R 5 ek S JEL 7 iy DLRE DL S 103

A
20 pm 20 pm 20 pm 20 pm

Shewanella marisflavi ~ Pseudoalteromonas sp. 27

"' 20 um

Pseudoalteromonas
marina

Vibrio chagasii

Vibrio splendidus Planococcus sp. 1 Bacillus sp. 9 Salinicoccus sp. 1
B 1500+
’T" a
=
g 10001
&0
2
g 500
=
0 ¢ ¢ ¢
QD & © N N
P A SN
N o & N o> N o
o ot N Al Y N @0 . N
& o RO SR SRS
~xl°:“ 0\\@ \\‘Q;{o Q& Q\o' $0\'
¢ 0 0
%\\ Q;\& \&0
Y oY

15 8 ARG VE AN T A9 W] AR Yt (A) ST H R & I 2 (B)
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B. the colanic acid concentration of biofilms, the red arrow indicates no colanic acid was detected,
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Effect of the content of colanic acid in marine bacterial biofilms
on the settlement of Mytilus coruscus plantigrades

3 3

Xie Jingyi"*?, Wang Xiaoyu">?, LiJu"*?, 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. Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-Culture of
Aquaculture Animals, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Colanic acid is one of the vital exopolysaccharides in biofilms, yet the effect of marine bacterial colanic
acid on the settlement of invertebrates is still rarely covered. In this study, eight strains of marine bacteria isolated
from natural biofilms were identified and the phylogenetic analysis was carried out, the colanic acid content and in-
ducing ability of biofilms were also determined. Before that, the biofilm formation capacity and the extracellular
products of the screened bacteria were detected. It was found that B-polysaccharide had a significant positive correl-
ation with the settlement rate of Mytilus coruscus plantigrades (p < 0.05). The quantitative results of colanic acid
content showed that among the five Gram-negative bacteria which could produce colanic acid, Shewanella maris-
flavi had the highest colanic acid yield of 1 076.43 pug/mL, and three Gram-positive bacteria could not generate it.
The results of plantigrade settlement induced by different biofilms showed that the inducing activity of marine bac-
terial biofilms on the settlement rate of M. coruscus was positively correlated with the content of colanic acid (p <
0.05). These findings prove that the Gram-negative bacteria with colanic acid can positively regulate the settlement
of M. coruscus plantigrades, while the Gram-positive bacteria without colanic acid have no inducing activity. This
study provides further insights to figure out the interaction between the chemical cues of biofilms and marine mol-

luscs.

Key words: biofilm; Mytilus coruscus; plantigrade; colanic acid; settlement
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