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LT YRR R B-1,4-HF 1 BRRE D -tk iy ) 2 %
HRES I ZIE & 001, )z 0 T HAR R h
2 4 K i FOETE 1886 4F: Brown!™ & B i AT TR
(Acetobacter xylinum) 754 1 OL T 55 7 4 B
VER BRI A, s XA Z2 0 40 i 3 mT LA AR
YA A YE RS, LR 0T S5 4 Y
W, A BT AR R A e B MRS E M, Ed
MU E B HLBFIAL = A R, B R A
ERE, WFSEEBL, ATO0 08 765 F K Hh— i J
MRBFHBBRS AR, HRBRT
TE U A R S0 JEESE I DL 40y B 75 0 P R
e S. loihica . K VG AR SCH FR ML (P. atlantica)
A R ETE TS 23 I A LT 4 R — R A AR
PR, YIRE MU R s E W e e, R R
RIS FE R D 2l By B AR 3

AR S 3 JBOG JEE 52 i DL &)y B B A AR A B
PR BT T 2 R A S R B MU TR (P marina) TR
RO RN R, IRTCLT YR 2 2 R 5C
B TR A W A e e, AR AN T
BRI MAh 8y (B NG W EE) AL,
L H y B s RS, B AE AL 4R
X A W) R BB 0k TR 5 iy DT &)y H o 7 78 28 9 4
o3 AL S AR Y

1 MRS T

1.1 SRR

S 6 Jiv FH 9B 4RSS B B0 7tk ECSMB14 103
BT AREIBEEE, —80 °C fR1F

S5 i FH SRS i DUR s 4 L2 T 2019 4F 4
HECAWHTAFHITIFIFCE (30°43'N, 122°46' E),
B VEE AT, BRI, AR 7
18 °C, RAHESR, JOOLM, A KB AK AL M
1 x 10* 4~ /mL ¥ Y155 #§ 4 ¥ (Isochrysis zhanjian-
gensis)o SEI IT FH ) £F 4 2 bR o i 1 2 T 8K e 4k
THA (L) ARAF . L5 # b #E A o™
LA RrIL Y R og (8 LS U ENN ) 5 31 O R (23 Sy =
YR IRZE 0 23 LR TR R T
1.2 E£WRAHIE

45 A= WP I 2 IR Yang 25 1y 7 VTS A
Mgl AR AR BN B R AR TE 25 °C, 2216E Wik
Rige %k, 200 vmin PR K7 5%, 4K 16~18 he LU
1 600xg, 15 min B.0EA, B LW, JEHE
K )€ (FLAE . 0.45 um) ¥ 7K (autoclaved
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filtered seawater, AFSW) ¥ T € 09 B AR PE & 3 Ik,
B J5 1 50 mL AFSW 5k 77 T 4 i B 1 40 B DA VAR o
YR R 10 1 000(MRFR L) #i BE, 1 mL WA
TEME L e, Y IERE VAR (0.1% , JREARFE) Y
6 5 min, 7E %6 8 M BE (Olympus BX51) T WL
THEC (10 D BEPLAOLEY ). 4H MLk BN 5%10° 4~ /mL
) ¥ 38 B BRI IR A T 4T 48 % (0.02. 0.20,
2.00. 20.00 mg/L) 1, FHe64 mm x 19 mm #1557
MK R, ARG — 3R (38 mmx
26 mm), BfJEINAGE & AFSW 2 S/AFh 20 mL,
BE 9 AT, 18 °C BREIREE Rl E 48 h,
1.3 AHREZREEHRITELMELEFREDH
P& [ 5% A DA 4h i B TR 2SRV 2 0

B A TEA AFSW BBk, M 154
% 2 ICHE BRI LRI A 20 mL AFSW), %A
TR A K BB A R IRZH , AR5 3R LR i
A 20 HERSZH . 4831 48 h ORE R,
1.4 4R MEZE RN

BT A W 5 B B R A 5% HR S 7K 78 T
W, 48 h i N BERS VAR (0.1%, JREARFLH) Yy
8 5 min, BN AE YRR IAE BAKELIT BXS1 28R
W48 <1 000 /5 T BB 10 4> Bl HLPE T 32 40 1 2%
B (I~/mL), HRIFEANXSH Yang E°, H4H
3ANEE,
1.5 E¥WERAREMEBREEFBEM
58 (CLSM) El1& 94

¥ I8 Gonzalez-Machado 25! 11 J7 Bt A= 9%
B T et . DL YR TS BLEE 1. iR
A L PR R S B SR AT AT 4 2R (2 mg/L)
L A A= 4 FEE 43 S0 A e €5, 12 4 20 min,
ARG, K Y ESE AR AE Y BB AT 150 mmol/L
NaCl V¥ 3 IREFRIR Yok, = iREET.
fdi Fl CLSM 4114, CLSM &l {4 38 i LAS X JR A
(Leica, Weztlar, fE[E) L 1 024x1 024 18 £ Fl z-
step 4 0.20 pm SR EE . B 3 PATHED R, A
IR 3 AL .
1.6 HIFESH

h T PR AR IR AN, K RS RS
I 5E B E 5 He %40k Arcsine, BT AT 08 A9 IE 254
i A IMP™ %X £ (SAS, Cary, NC, American,
version 10.0.0) F A Shapiro-Wilk> W 3 17 I iz .
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Tab.1 Fluorescent dyes used in dyeing

ekl ety H b BOEK/mm  TAEW/(WL/mL, ug/mL)

dye binding target ~ Ex/Em wavelength working solution
ROREHIB R HE B ) p-ZHil
Calcofluor white M2R B-polysaccharides 2547432 189
VU HE B Y IR ) SR A9 e 552/578 044.8
Concanavalin A, tetramethylrhodamine conjugate a-polysaccharides :
1,130\ e -3,3,3,3- DU PP B 0G| It — B AE 75 i SRR 2h B 648/670 79.4
DiIC 18(5)oil,1,1’-dioctadecyl-3,3,3’,3"-tetra-methylindodicarbocyanine perchlorate  lipids :
FRERIRIOCR R
fluorescein isothiocyanate isomer I proteins 495/519 46.6
AL 7 SEAnE 561 5
Propidium Iodide dead bacteria

3% 2% 5 i1 Kruskal-Wallis i i€ , S8 J5 1 Steel-
Dwass All Pairs ¥ 5 #fi 7 . 18 ] Spearman’ s rank
AHAGI A THIOCE 70T, P<0.05 NAFER & 2R

2 4R

21 EBRXEEMERAEZHITIHREEARD
A TR RE X 4 R M A A A R

DA AR 5 A2 P AT B 55 7 1) A 0k B Sy o)
R, TR A B B A 40 R ) 4 VR B 5% 10° 4> /mL,
FHET 4 2 04T B T2 B 0% A 0 1 X} 2y 1 Py o
AARFEFER, TI0.02. 0.20 mg/L KA B,
2. 20 mg/L BB ANEIA SN (P <0.05, & 1-a),
LR 2 N AR SR BT S EA T R AR Pk
JE 5 S PETE 2 mg/L A B /%, S ER R
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= c —_
— —_ —1—
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B A AR %
metam OrphOSIS rate
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o
T
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2 2R E /(mg/L)

cellulose concentration

(@)

25%, DAV A5 S8 R B BT L 4 3R 4 A
XFHE, SRR T 30.55%(P < 0.05, & 1-a).
T T BSR4 0 B 7 2o A PO A 2T 4
R, M B ERE (P <005, # 1-b), HE
LT Y RSB A
2.2 EYIWIE EHE S B FWIERE 54
WA e FE 5x10° A~ /mL f4 65 415 58 5 20 i T o
MBS A . A LT 4E R (2.00 mg/L) — it
I AR IS A RE R Es,
115 22 85 B BRI AT 4 R — I & (0 AR Bl
A TSR N % g o A vl < i 0 1B
FRE AP (K 2-a)0 R EE TV 01 50 5 B i 1 B
MR IR W E, R S R FA TR I AT 4 R
— I A LR PR R LA T 30.62%(1&] 2-b).
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FE /(N /em?)

bacterial density

10" F

H 1

4

106 1 1 1 1 1
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1 SBEXERHMERAHE RSN E DR RING ERR N HHEES
(a) AN [RIAH B2 19 2 2 3 I N VA5 5 S0 60 11 3 [ 6 77 0 A P B JBE 5 S s (b)) WSS 15 SR I DA R AR A R VR 2 5% 10° A/mL I, AN IR FE 41 4
R E AR EA RS B b A E RN A RE IR R (P<0.05), .
Fig.1 P. marina and cellulose co-formed biofilm inhibiting the larval settlement and metamorphosis of M. coruscus

(a) percentage of larval settlement and metamorphosis in response to biofilms cultured by different concentrations of cellulose with P. marina. (b) bac-
terial density of biofilms formed by different concentration of cellulose and P. marina whose initial concentration was 5 x 10* cells/mL. The means with

different letters are significantly different (P <0.05).
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AW IR R /um
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(b)
B2 SEEE P ME R E I ER T4
% (2.00 mg/L) AW IRHI CLSM
Elf& (a) FIEE (b)

(a) 1. A5 5 VP T R B R I AR AR, 2 4T e IR A
B A L A AR (b) 1. AR S B R T S R I A
VIR IE By, 2. WSS B B B N £ 4 3 L0 I AR
IR J5E P 23 #

Fig.2 The bacterial density and thickness of monospe-

cific bacterial biofilm and P. marina and cellulose

(2 mg/L) co-formed biofilm

(a) 1. biofilm formed by P. marina, 2. biofilm formed by P. marina and
cellulose; (b) 1. thickness of P. marina biofilms analysis, 2. thickness of
P. marina and cellulose co-formed biofilms analysis. The means with
different letters are significantly different at the 0.05 probability level

and the means with the same letter are not significantly different.

23 EYINIRMEMENEHE. iR, EREEE
SOt

CLSM B iR, £F4E% . i Rsc B i s
(A BE43 9 M 2.00 mg/L ., 5x10° 4~/mL) — &I 5 i
AW b 1 22 R BT o3 A - T AR S 2 B T TR
AR 0 AE IR ] (] 3-a), XS A E BT,
KM 257 (F 3-a), EWEASHHEsES
CLSM SR AHBLREH (18] 3-b). 5B H
PRI B I3 AR IR AR L, 2T 4 R AR 2
B — &I E A, o2 A R
KT 72.55%, B-ZHEAEWRIEINT 62.01%, ML
T S 5 B T B B SR A I, 4R
T A AC s B R o — 2 005 B 1 2 W BB L 1 g
RS HFRAR T 66.23%(P < 0.05, [#] 3-b).,

https://www.china-fishery.cn

3 ik

A= P IR S TR o3 A T A AR PR R AR AR
FEILA, BRSBTS R G H B
g3, RO AT B A 105 M e A% A1 3 B
AN [ a8 18 T 1 T A 3 ) 4y Ha B AR 25
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(Dexiospira) brasiliensis|"” . 33584 (Ciona intes-
tinalis)'"". Hydractinia echinata"® F1 £ fi 77 (Bal-
anus amphitrite)!"” 55 16 1 T HE 3 P 4 B AR
SHEAWREE .

P 52 % BR M A i B ™ A 22 A A AR WD PERY
Pl FCRTIR R AR ) B BE 175 B A A e 1
T HES P4 B A AR 20 DIAERFSEIE R,
£ 2 Z NI SENG D1 &)y R R AR AT TC B
EAE R VGRS LR EL S, loihica T A= Y9I
T LRI 5 AR N 2T 4 2% 2 10 25 W AR A 0 M x T8
T L&)y G A8 A i s R A S
DL VER 1 5 72 B i T B % 57 4 A ) i O xR
WA e Z 0T 2 mg/L B, JLEIBEE 4D
PS5 00 PR AR (P < 0.05), 4l 25 ¥ 5 R
TR, a-ZHE . B-Z MY A 0 D 62.21%.
62.01%, NRBTF RFEAK 50% Lh 1, ELXHE F i
WA, SRR, AR R —E
it 2 I 3 3 U A R A 2 A I S ok ik
— PR R R A A

TEZ HTAIBETE T, A N i) A 1 o 1 5 R
Fel LR R G Z A 5 B A e, HAE— T
Bl N 22 R A AH OGP AW i B R AT % S
S T R AR OGO B IR AR O R R,
T VA 585 P 1T 200 VR 8 5 10° >/mL I, £
AR IMAJG — BT AN, dH7E % R 2F
2 R W s b , (EE A MR A
1E 2.00 F1 20.00 mg/L B X JEE 52 It U1 4y bt (19355 S 906
PETRE . PRI, 212 3 AR 58 % B M v )
T8 B A= o B 0T 4l L 835 3 16 P 5 200 7 %
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0 1 AR ) RS — B AN n A B R T AR A
SR YR TR Y AN R VR T e T A A
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RN, Ao 2 B A s T AT
Je A W B BB T Y, 40%~95% R 2
MIANZ2 AN, Zeng SEPIED] i AR 1RSSR FA
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Fig.3 CLSM analysis of extracellular products of monospecific bacterial biofilm and

P. marina and cellulose co-incubated biofilm

(a) 1, 3, 5, 7 are CLSM images of a-polysaccharides, B-polysaccharides, proteins and lipids in the biofilms of P. marina. 2, 4, 6, 8 are the CLSM images

of a-polysaccharides, B-polysaccharides, proteins and lipids in the biofilms co-incubated with cellulose and P. marina; (b) 1-4 are the analysis of the dif-

ference of a-polysaccharides, B-polysaccharides, proteins and lipids biomass in P. marina biofilms.

W (P. lipolytica) /) JE 5 22 Bt 7K -5 JE 52 I U1 [t &
BRI, Bao M R, HIGFE TR
W& (Alteromonas sp. 1) W EHR T 0B )5, &
A ARSI 2S5 T 50 0 (M. gallopro-
vincialis) W53 . Peng ™ Z BB R
JIEL T 1) 22 0 A 0 AR S R TR 01912 mT fiE i it B
] c-di-GMP & AT Hr g = A6, DI £ R 45 )2 7%
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Effect of cellulose on Pseudoalteromonas marina biofilm biological characterist-
ics and larval settlement and metamorphosis of Mytilus coruscus
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Abstract: Mytilus coruscus is an important economic shellfish and a typical marine macrofouling organism in
China. The process of settlement and metamorphosis in its life history is a necessary condition for the survival of
larvae. The effects of cellulose on the biofilms of Pseudoalteromonas marina biological characteristics and its
effect on the larval settlement and metamorphosis of M. coruscus were explored. Biofilms were cultured by differ-
ent concentrations of cellulose (0.02, 0.2, 2 and 20 mg/L) with P. marina (initial bacterial density: 5x10° cells/mL).
The inducing activity of biofilms formed under different conditions was tested. The results showed, when P. mar-
ina biofilm formed with the cellulose concentration of 2 mg/L, the percentage of larval settlement and metamorph-
osis was 25%, which was significantly lower than that of monospecific bacterial biofilm. As the cellulose concen-
tration increased, the bacterial density of the biofilm formed by P. marina and cellulose was greatly reduced, and
reached the minimum at a certain concentration (20 mg/L). The bacteria were more dispersed and biofilm thick-
ness were significantly reduced. Compared with monospecific bacterial biofilm, the biomass of a-polysaccharides,
B-polysaccharides and lipids of biofilms formed with addition of cellulose was reduced by 72.55%, 62.01% and
66.23%, respectively. While for proteins, no significant difference was observed in the presence or absence of cel-
lulose. In the process of P. marina biofilm formation, cellulose indirectly regulated the larval settlement and meta-
morphosis by reducing the production of extracellular polysaccharides and lipids. The findings may provide a the-
oretical basis for exploring the molecular mechanism of P. marina cellulose on the formation of biofilms and the

settlement and metamorphosis of M. coruscus, and also provide new ideas for the treatment of biofouling.
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