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Tab.1 The fluorescent dyes used in this study
TRk “EMR Ex/Em #K/nm fifi %V T AR/ (ng/mL)
fluorescent dye binding target Ex/Em wavelength stock solution working solution
CFW B-ZHi 254/432 189 uL/mL 189
ConA-TMR a-Z 552/578 10 mg¥s T4 168 mg NaHCO, 2 mL7& K 944.8
DiD’oil Jip 648/670 #4525 mgii 125 mLIG/K LFF 79.4
FITC EAR 495/519 2 mgiET100 pLIEK 2B 46.6

1.8 YR ATRER B

Z: M Yang S 5 ik S ARV . BRI
BT AR, WA TSR, TR,
ATHIR YL 2% Peng %51 Fl Ren S 746, #
B AL L R AN BRI A A LD AT, B
B e 3 min, #FAHBEYE WYL 3 ming
1% W F LW R UL (0 30 s, RRIR YL AR 77 2508
R, DhRBR L —Fh Y O 40P AN G T
@, AIRRY G, HARE 3 N EYFER
1.9 TAJRIERRINE

%% Obadia %" ik g & vl fifg . RAHE
i DN 12 A AR Pk B S S A R A L, R R
TFT I mL Z80K .l &l . B0 IE LV
SERATHIR ., A H,SO/H,0 %k (6 : 1, &L
T I mL B 6 SIR S, 100 C T i),
F 25 C ¥ 2 mLIBG WA TR 396 nm (A396 €O)
F1 427 nm(Agy; co)o B 2P I 28 R Eh R V5 W 5 )
TRATRAE 25 °C THDEFE 1h 5, 7F 396 nm (4396 Cy)
F1 427 nm (Ayy7 cy) FINIRSERE AN L5 bk
FERRAERTZE (10~100 pg/mL) HiH5 al fi Rk .

1.10 HIBGI+ 74

0 7 1 JEE 5 T DUHE DURR 5 1 40 e itE AT
TE X AR H, Jfa it Shapiro-Wilk (1) W (B 46 56 5 3E
B IE 7544 . fdi [ Steel-Dwass fJ Kruskal-Wallis %
e R &5, #id Spearman's FHEA AT,
FH IMP™ B4 (AR 10.0) A TECE AL 2L

2 4R

21 BEEREMERENBMEESHFMNE

TE T B A8 B B0 1 B+ 4 0l s 0.1 1 1.0
mg/L BYNIE ZBEILEIE U A v, His SR
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iy DL &)y o B 5 728 285 23R 5 400 A A 0 e R A L TG i 2
A4k (P>0.05); 4HEZHHAYHE 1 = 10.0 mg/L Bt
JIT TR 1 1) A= 00 e Rk ) ek o 2 A8 A5 9 15 S T P L
T+ 53.3% (P<0.05), & T4 rs i (& 1),
G5RFW, Ne W SRR g R AR,
AR A FA B B 22 W B 1 fin i 42 5
2.2 PBESHEXTE IR A BE RIS
FERHEASR AR PRI 10.0 mg/L figZ2pl, 4t
[ S A S R, B — AR R SR AR
BN 5 s 2L RIS R 0 A s R, A 10.0
mg/L NG ZWE)5 , TR A P ok IS v (1 2 7 B i
PRSI B A e A R 2 B T R, L 2 P
60 r
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d d 4

NEERININIRIRIRINININ

1 2 3 4 5 6 7 8 9 10

4
groups
El 1 LPSAEBEHERIELMETYRENERN
NHRTZSHIFINT (48 h)
LA, 208 EREK, 3 BARMEWRRE, 4 415, 5.100
mg/L LPS, 6.1.0mg/LLPS, 7.0.1 mg/L LPS, 8. 4fl{% + 10.0 mg/L
LPS, 9. 4H% + 1.0 mg/L LPS, 10. 4l + 0.1 mg/L LPS
Fig. 1 Percentages of post-larvae on the P. marina
biofilms after treatment with LPS (48 h)

1. blank, 2. EPI, 3. BF, 4. P. marina, 5. 10.0 mg/L LPS, 6. 1.0 mg/L
LPS, 7. 0.1 mg/L LPS, 8. P. marina + 10.0 mg/L LPS, 9. P. marina + 1.0
mg/L LPS, 10. P. marina + 0.1 mg/L LPS
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Fig. 2 Density of P. marina biofilms after treatment with LPS
1.1x10°% 2.1x107, 3.1x10%, 4.5x10° (cell/cm?)
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A1 7= 1 4 2 Ak LA R e JEE 52 i D 4y H B 25 A8 25 1)
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LPS 240 /MR Y 32 B2 k) ™, St

--

EhR 1
L ANBE B, 2. B 8B + 10.0 mg/L LPS; R [H
Plate |

1. P. marina biofilms, 2. P. marina biofilms + 10.0 mg/L LPS; the same below
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CLSM-revealed morphology of P. marina bacterial biofilms after LPS treatment
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AR IR E /um
biofilm thickness
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ENEEGSERAE]

different treatment groups

3 LPS HBEMEBLE SINEEMREREE
LA, 2. AN AU + 10.0 mg/L LPS; TR

Fig. 3 Thickness of P. marina bacterial biofilms after

treatment with LPS

1. P. marina biofilms, 2. P. marina biofilms + 10.0 mg/L LPS; the same

below
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ik P Bz 44 0 P9 8 T AR A g 0 i 6 431 o AR
X FE IR B R, X A IR i TR
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25 LPS 456 S 5 AW IR ZFh A 4 i o)
Ban, A5 LM TLR4 25 LPS &S 5 /ME I
R AR LA S RE RN " LPS A FL RS UL (Chlamys
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0.1. 1.0, 10.0 mg/L ¥ B () LPS ¥ LA 5%
JESEMA D gh dARZS . X AT e 1 TR 24 i 5
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& WAL 4 R
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1~4. 5 A A TR (B0 5 20 MO R DA IR o- 2, B-2 W, RPAIER 9 5~8.40 B2 10.0 mg/L LPS Ab il 58 ¥ 26 M A6 DA BLI) -

Z¥E, B-ZHE, MRIAEA

Plate IL CLSM-revealed extracellular products of P. marina biofilms after LPS treatment

1-4. a-polysaccharides, B-polysaccharides, lipids and proteins of P. marina biofilms; 5-8. a-polysaccharides, B-polysaccharides, lipids and proteins of P.

marina biofilms treated with 10.0 mg/L LPS
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Fig. 4 Content of extracellular products of
P. marina biofilms after LPS treatment

1. a-polysaccharides, 2. B-polysaccharides, 3. lipids, 4. proteins; data for

concentration are means (+SE) of nine replicates
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Plate [II Light microscopic observation of mordant stained biofilms

The strains were stained red and the colonic acid was stained blue, the red arrow points to colanic acid
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Fig. 5 Colanic acid production in P. marina biofilms
after LPS treatment

Data for concentration are means (+SE) of four replicates
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Effects of lipopolysaccharide on biofilm formation and larval
metamorphosis of the mussel Mytilus coruscus

WU Jingxian %, LI Jiazheng ?, HU Xiaomeng '*, DING Wenyang '?,
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. Key Special Project for Introduced Talents Team of Southern Marine Science and Engineering
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Abstract: Mytilus coruscus is an important marine cultured shellfish in China, and it is also a fouling organism.
Once the larvae of M. coruscus have the ability of the settlement and metamorphosis, they need to undergo beha-
vior changes and body structure remodeling, complete the settlement and metamorphosis, and start benthic life. If
the larvae cannot complete the settlement and metamorphosis, they eventually die. Therefore, the settlement and
metamorphosis is very important for the normal development and population maintenance of M. coruscus. Previ-
ous studies have shown that biofilm can significantly improve the settlement and metamorphosis rate of larvae. In
addition, lipopolysaccharide (LPS) plays an important role in the process of biofilm formation. To explore the
effects of LPS on the formation of marine bacterial biofilm and the settlement and metamorphosis of mussel lar-
vae, this study used firstly different concentrations of LPS to directly stimulate the larva of M. coruscus to observe
the direct effect of LPS on larval metamorphosis. In addition, the biofilm was formed by adding different concen-
trations of LPS and Pseudoalteromonas marina, to analyze the changes in biological characteristics of the biofilm
and the influence of the changed biofilm on the metamorphosis of the mussel larvae. The results showed that LPS
at three concentrations could directly induce metamorphosis of M. coruscus larvae. The bacterial density and thick-
ness of biofilm treated with 10.0 mg/L LPS were significantly decreased, especially the thickness of biofilm
decreased by 12.1%. After being treated with 10.0 mg/L LPS, the polysaccharides and lipids in extracellular
products were significantly increased, the content of colanic acid increased by 35.4%, and the induction of larval
metamorphosis was also increased by 53.3%. Thus, LPS has a direct effect on the settlement and metamorphosis of
M. coruscus larvae, and LPS might indirectly affect the settlement and metamorphosis of M. coruscus larvae by
regulating the production of extracellular substances in the biofilm, especially colanic acid. The finding of this
study is helpful for underpinng the mechanism of biofilm regulating the settlement and metamorphosis of M.

coruscus, improving seedling production technology, and providing a theoretical basis for marine antifouling.
Key words: Mytilus coruscus; lipopolysaccharide (LPS); marine bacteria; biofilms; larval metamorphosis
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