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BE: IR HAEDHEAENFRE. BREURARBEYME=ZFZANHEEX R,
AELBRBARMAEND FARFRERNKAEXZFEFERET TR B RENEFHH P
FHRMENEEN TR AGER G NG 2 EN TR, ERET, ExBIAENEE
BERAXRA ARG T ELFMKX, #—F 5K Y, ZoBell 2216EFn1Seawater Luria-
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Staphylococcus sp. 3 FSWLBE R A TOA AW R AL F TH, HP2MN5H 24 H
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WMAEMBIEN T RZ B FEREND N, ERENTE FBRMEDRBENRSEN. 2
FEAANZR, RARBMANVEFSER BNy EMELTANTERZR, AHR

HEET R R 7 e WM & o T ALH 2 R 4T A
KR Bl I B, MEMBE; W&, BRi

hESHES: Q938.8; S968.31
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FMEHEZHRZ R, EENERY R
AR R B YRR . A R 7 35
YA A AR A A AR AR A R R A
Yy o3 e 55, 1T R e TR A M e R A B L R
JEOBA . SR AME T SR, ¢
T W o B TR W . R R DL ROV T A M
WA =3 T AR A G R A TR e

A T #3F ZoBell 2216EF1Seawater Luria-bertani
(SWLB) Xl A= W 9 5 1 A JEE 76 s DL &)y o i 3
MY FZ0E, T T A Mol A AN ) 15 3R T 1Y
YRR ST, IF A TR R e A 4
HIEFR NG B EERZMPARR, NFL
TF J A ) B FE o] 42 U2 5 Ty DL &)y U 2 1) 4 F
BLH B8 B A ) HE A, R ESE DAy 32 0 1) i e 3%
BRI YE .

1 MRS T

1.1 SRR

ST RS2 G DR | WM AC i, A
T 42K M B 2% Wang S5 "R Yang S5 7
AT, SIS T PR VE AN B R AR S0 25 (R Fh ik
(1), 53 THRTTIED s [ SRR MR
1.2 SLWHE

A& AR R KA B BT AL pERESN B
LA o B B 7 9 DA % 5 BE B 2 % Yang
AESTF IR, S5 I A R ZoBell 2216EF1SWLB

WARKEFEIE . Staphylococcus sp. 3 Pseudoalteromonas
sp. 8TEAN IR 15 77 e 45 11 N B 1 A At A= 0 9 JE % 4
AR A IR e 2 %,
PR TR EMMAEDRBIEE . /AR E A

PR A AR A2 1 W4 B AR T (CGRYE)
JIE 5% B[] 52 24 h, PBSTEIR3IK, ZBE30%.
50%. 70%. 90%. 100%F6EBK . RS
min, )5 100%Mi7K 15 min, % EX 5 H T3
5 H B FA 4% (SEM,  Hitachi S-3400 1), &Mk
Yo B BE AL L 10 BLEY T AR Fnor i,
IMER,

WA IR E AT R AL &
JE B AR 22 A7 4 e AU R T . MR IR
J& 2107 CFU/mLH Jir JE B9 1 A= 4 i B i B 1
1.5 mLK R, 4°C. 12 000 r/minf
020 min, FF EIEW, HATAEMFRE . 04
R B 24, VK BAIHR3IR, BIR30 s,
CE 4 °CHEZN2 h, R VRE030 min,  FIF WA
M SEE . KHA N E A FIE 20 pLi R
%100 uLf5, HIRCDCE R 1 & & il 257 &l
EEAEMTISNAEATE, BEEEN
JEH, A% B SDS-buffer i, 100 °CHin#k
10 minfill A fh o ERERE 10 pg, WRE12%0
SDS-PAGESF &, % Hsa i e e, 1 SR BE AL
B R EIic 5%, FIHCS Analyzer 3.0(ATTO,
Japan) K AAl 5 251 B AR 435 RO BEAAL

£ 1 EFME16S rDNAEFEFFI 547
Tab.1 16S rDNA gene sequence analysis of the bacterial strains

[y LB ES EEX B 44 Lext 315 FAALE /% ICHk
isolate accession no. of submissions name of BLAST closest match accession no. of closest match similarity reference

ECSMB14 KJ425240 Cobetia sp. 1 IX065787 99 [10]
ECSMBI15 KJ425241 Staphylococcus sp. 3 KF186664 100 [10]
ECSMB17 KJ425243 Pseudoalteromonas sp. 5 KC689815 99 [10]
ECSMBI18 KJ425244 Bacillus sp. 1 JQ716212 99 [10]
ECSMB21 KJ425247 Acinetobacter sp. 1 KC758142 100 [11]
ECSMB22 KJ425248 Pseudoalteromonas sp. 6 KF155238 100 [11]
ECSMB23 KJ425249 Pseudoalteromonas sp. 7 KC160912 99 [11]
ECSMB25 KJ425251 Pseudoalteromonas sp. 8 EF382695 97 [11]
ECSMB26 KJ425252 Bacillus sp. 3 JQ716219 99 [11]
ECSMB27 KJ425253 Alteromonas sp. 1 AM990853 99 [11]
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CESGE R F T MELELRS %
Yang®F 5 TF I, 48 hJm ic sk 4 H i B AR S
AMREL, FERRANGAR B E 6 AT, LAZS 3k
PR VR X IR, ARSI RB E3 2 FL X IR
1.3 HIEALE

i FH AR TMP 10.0.0%F 50408 35 AT 48 143 H7 Al
VRS o BiHE R B & IOk ifs , i
ITIERMRL ., AW EESSMm, JFH 7 2HM
[, DUlfef FH 5. PR 2R 5 22 9 17 (One-Way ANOVA);
AN R IEAS /A, W8 F KruskalWallis Test
BEAT VAR A 0 . BiE G R A0 TR B R A G PR A
WAl 2 o0t 5k, MCHERE e, P<0.05
25 5 B

2 4R

2.1 SEFEENEFRME S RME TSR0
TEZoBell 2216EMSWLBES 32 3: 5557, Bacillus
sp. 1. Alteromonas sp. 1 Fl Acinetobacter sp. 155 3%k
4 A Fif A ) R 2 R %) 36 0 6T &y R AR A Y 5
FAEME R &R (& 1-a, 1-b, 1-¢).
ZoBell 2216E:: 3% . WIHH % & N 10" CFU/mLHYT,
Staphylococcus sp. 3JE B A= Y9 B8 236 30 i A
1175 39 PR (P<0.05) (B 1-d) . Fif 20 BT ) 43 %% B 1)
a0, Pseudoalteromonas sp. 74 SWLBY; 3% J5 1E
PR AR A ) o B35 5 0 P T W I A8 4k (P>0.05)
(Kl 1-e), Pseudoalteromonas sp. 84 Zobell 2216E1%
F%, HAA S 06 M R R TC B 22 46 (P>0.05) (& 1-0).
VUG % 107 CFU/mLHY , Staphylococcus sp. 3

(Kl1-d). Pseudoalteromonas sp. 5(Kl1-g).
Pseudoalteromonas sp. 7([€l 1-g)Fll Pseudoalteromonas
sp. 8(1#11-), [l %2k Z (] (4155 T 15 PEAF 7R
HFE5(P<0.05), BLAL, WU ZT7 2270 Hrah R
N, A BB A A R SR R S R A A TR ) B
JBEA B A OGRS S ) R R A
TSR ) R B AR AR (R 2)

22 WMEMREZEESHAMEESHEER
X&R

HE D1 Bl 25 20 T %% 5 19 185 o 34 B, 4o
Bacillus sp. 1(El2-a)#1 Staphylococcus sp. 3(&2-
b). Staphylococcus sp. 34 ZoBell 2216EX5 3¢ )5 JE
JIG R A B BB AE 9.3 10° A~ /mLIN 52 3 M 35 7o 15
T35 (B 2-b) . Pseudoalteromonas sp. 84 ZoBell
2216B¥5 575, Bl A: W ol B FE i i, i
SE MR B E B (P>0.05) (K 2-¢), ZoBell
2216EH: 5 5144, Acinetobacter sp. 1(2-d).
Pseudoalteromonas sp. 8(El2-c). Bacillus sp. 3(]2-¢)
FlAlteromonas sp. 1(182-)% 4kk 41 & 09 72 W) 9%
1B %25 g 5 4y B 2 A A5 6 B 3 R G (P>0.05,
#3). SR, 7ESWLBY; &AM T, BRBacillus sp.
3(EI2-e)Fh, A4 Y B0 AR W Bl B %
Xy AR A AR A 3 A G (P<0.05)

23 WMEVHEAERESHMOHES

ENGEEEE S A UNRT G/ E S R ]
¥, Staphylococcus sp. 37E2216EH; 37 2 5 14
TR BRI N, A H)E S, SWLBEESREL
T A W R M, LML A B AR

®2 BRERBESIGEEWNE R ERENE 4R HEE TSR0

Tab.2 Two-factor correlation analysis between culture media, bacterial initial density and

larval settlement and metamorphosis of M. coruscus

Staphylococcus sp. 3

Pseudoalteromonas sp. 8

source H Rl F IR P1H H Rl FLLZ P1E
df sum of squares F-ratio P-value df sum of squares F-ratio P-value

R 73257 medium type 1 1 4.52¢+14  <0.01* 1 1620 2.05¢+18  <0.01*
WILEHE initial density 3 7404 8.93e+17  <0.01%* 3 2050 8.66e+17  <0.01*
i 3 KR @ TG B RE
i”#ijsi&w,”?’x . 3 364 439%+16  <0.01* 3 770 3.25e+17  <0.01%
medium type & initial density
R error 72 1.9598e-13 72 5.6843¢-14
JAAI total 79 7769 79 4440

AR ER(P<0.05), TH
Notes: *. significant at P<0.05, the same below

http://www.scxuebao.cn
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* 57 A WA 2 5 (P<0.05); ** M AW E T % 7 £ (P<0.05).(a) Bacillus sp. 1; (b) Acinetobacter sp. 1; (c): Alteromonas sp. 1; (d)

Staphylococcus sp. 3; (e) Pseudoalteromonas sp. 7; (f) Pseudoalteromonas sp. 8; (g) Pseudoalteromonas sp. 5; (h) Cobetia sp. 1; (i) Pseudoalteromonas

sp. 6;(j) Bacillus sp. 3;

Fig.1 Larval settlement and metamorphosis of M. coruscus on bacterial biofilms at different initial cell densities

* . significant difference with control group (P<0.05); * *. significant difference at the same initial density (P<0.05)

Y)(KE3). Pseudoalteromonas sp. 8 TE /A [F) 55 35 5k 2%
I R W IR I S kA B B AR AL, T
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(a) Bacillus sp. 1; (b) Staphylococcus sp. 3; (¢) Pseudoalteromonas sp. 8; (d) Alteromonas sp. 1; (¢) Bacillus sp. 3; (f) Acinetobacter sp. 1; (g)

Pseudoalteromonas sp. 6; (h) Pseudoalteromonas sp. 7; (i) Cobetia sp. 1; (j) Pseudoalteromonas sp. 5

Fig.2 Larval settlement and metamorphosis of M. coruscus on bacterial biofilms at varying densities

24 WEVMWEERESR

Staphylococcus sp. 3Fl Pseudoalteromonas sp. 8

FEWT U5 % 5 24 107 CFU/mLES BT 1 1 S 2 4 o s

() BB (1 RE 5 SDS-PAGESS B2 1 [8] 4-a il K] 4-b it
7~ BEHStaphylococcus sp. 3FH 1855571, KK
HEERWMBAPR, FIKMB KRN, H T
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®3 MEVHBERESESEEEIESN

Tab.3 Correlation analyses between biofilm bacterial density and their inducing activities

YU %% bacterial density

test bifiiifltgsktrains Zobell 2216E SWLB

r P r P
Cobetia sp.1 0.69 0.0002* 0.76 <0.0001*
Staphylococcus sp. 3 0.90 <0.0001* 0.84 <0.0001*
Pseudoalteromonas sp. 5 0.60 <0.0001* 0.65 0.0006*
Bacillus sp. 1 0.86 <0.0001* 0.80 <0.0001*
Acinetobacter sp. 1 0.29 0.1704 0.84 <0.0001*
Pseudoalteromonas sp. 6 0.69 0.0002* 0.64 0.0008*
Pseudoalteromonas sp. 7 0.65 0.0007* 0.50 0.0119*
Pseudoalteromonas sp. 8 0.40 0.0528 0.84 <0.0001*
Bacillus sp. 3 0.31 0.1391 0.14 0.5294
Alteromonas sp. 1 0.39 0.1614 0.43 0.0350%*

$3400 5.00kV x6 00k SE

B3 FAERHEARETERBEIHEFARNRSISH
(a) Staphylococcus sp. 37F Zobell 2216B%; £ 5 55 375 (b) Staphylococcus sp. 37E SWLBH; 7= % 55 3% 5 (¢) Pseudoalteromonas sp. 81E Zobell
2216B¥5 72 545575 (d) Pseudoalteromonas sp. 87F SWLBH 77 3 15 7%

Fig.3 The morphology and distribution of bacteria in biofilms in two culture media

(a) Staphylococcus sp. 3 cultured in Zobell 2216 E; (b) Staphylococcus sp. 3 cultured in SWLB; (¢) Pseudoalteromonas sp. 8 cultured in Zobell 2216 E;
(d) Pseudoalteromonas sp. 8 cultured in SWLB

S 108122 ku, FESWLBAMF T &M 6. TAIBKAN . a4k, KEMERA
K, TEZoBell 2216E45 4 T 453 m, KEEMHAE B3 (P>0.05),

1E R & 2 55 (P<0.05), %3, 4. 5, 6. 7. 9f P Pseudoalteromonas sp. 8 H: /1755 5577 ,
13547, IKEEZ R B (P<0.05), JulJ2s%  Hopdb i &5 m ARSI mEs. 1. 2.0 3.
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Fig. 4 SDS-PAGE of proteins of Staphylococcus sp. 3 (a) and Pseudoalteromonas sp. 8(b) biofilms

A.ZoBell 2216E; B.SWLB; M.precision protein standards

4. SHNBAAAMTESWLBE; FR 35 T A& e 4
MR, IKE(E 2 W (P<0.05); &7, 10,
15, 16, 17 W¥EZoBell 2216E4 1 FANFELE, i
TESWLBH: I7 56 25 144 T W {H 135 35 11 (P<0.05).
6. 8. 9. 12K KEMES AR E
(P>0.05).

3 iR

JUAE T 0 e TR A Vg T A HE Sl W B o i
M RHEEMHLEEMEN, BEXTERE.
A PRl I 78 DA K i 1 TS ME B ) 4 L B
S Z A AR B R A BT AR SR B IR
SEER SRR RIS TR MR AR L, A
-5 B A W) 1 B0 3 JEE e T DL &)y H R 2 A8 3
M2 5

DAERI B IR 3R T, T W o 5 B2 <2 B )
RS, H 5 R 5 R DL &l sURIHE DL Y R
5 BA A EAEN S Huang %5 V5T 400 Fh B Bk &
W, AV BER S GRS EAE, B4
48 B (Hydroides elegans)%)) B & A8 25 H A M
Kot FEARLE T, SWLBE; RIS 245 R %
B, BRUBRA DA AL, o 20 TR BL 0 1 A 9 i e
B RE Y 5 R 5T G D 4h dURE R WA OG s AR,
TEZobell 2216EX; FRFE S H0 v, 1Y i 2= 40k 40 B E
) AR ) B RS RE S 4 SRR S T W 3 A G
P, X BB IR A% R T — S R U T A0 TR
T W I A i R v A Sy 2

KA RY, B 5 00 iR ) Bl
MBS s 53— T, 20 A Tl A 0 e e 0% 3 7
38 1 o AR T AT 0 B 45 A LR X A B IR 2%
PR AR ARG R R W], AR w4 KA
J& Staphylococcus sp. 3if AR it 1 & Pseudoal-
teromonas sp. S F5 25 ¥4 HE AN [ 35 55 3 55 14 F JE
25 F 3 A ¥ A A2 AN e B2 B 0 A8 Ak . DA B 5E
KB, B PAMTE (P. spongiae) Tt & A HHFH
RER 1R 85 7 2 5 57 B e AT SR B U
PR, AHTE AL S B 1 R 3 3% ik B 5 i e DA
70 5L o R P U A W e T i — PRk
W, STHBREME QRS RESAMET, A
LR Rty S I DENEAEE /B N - & e YD &
I RS B A T ok SO 9 R B I R AL A 1
25 5 TV 20 TR A W R A T B

WE YR, 440 T B & 7E 5L R T 4R P
LAY B, e R A AR, A
AHE AWML, RN —1R
JE BT W RO S RS L, B AR TR
Zobell 2216ETE 2 i SWLBH} , Staphylococcus sp.
36 1 T 0 B B L B AL Ah 7, T AE Zobell
2216EG FE I A PR KRB, XATREEm T
SWLBH: Ff 5 R R AE K ) E R T+ &
E e

DAAEDEGEUE T, B 50 B TR Ja 40 A P T IR
BF A DB RIE BT B, fFFES50%) 2 5%
HEAY, ALK, SDS-PAGEZS R LW, 5
Zobell 2216E55 #5234/ L, Staphylococcus sp. 37ESWLB

http://www.scxuebao.cn



1236 Ko %R 40 %

F 4 A [E1EF & T Staphylococcus sp. 371
Pseudoalteromonas sp. SE A & HHIREET L
Tab.4 The change in protein band greyscale values of
Staphylococcus sp. 3 and Pseudoalteromonas sp. 8 under

different culture media

Wik strains & F‘.%% o Zoif{ﬁ/x .
protein no. ku SWLB
2216E
Staphylococcus sp. 3 1 108 23.1 0.0
2 98 48.5 474
3 90 71.7 42.7
4 72 90.8 41.8
5 69 13.5 8.2
6 59 2582 160.8
7 57 1252 512
8 53 50.7 45.9
9 47 108.4 50.6
10 46 96.6 86.9
11 43 66.4 68.5
12 42 30.7 37.4
13 35 114.9 36.1
14 34 225 26.3
15 32 10.7 8.8
16 27 75.8 51.1
17 23 493 36.9
18 22 49.6 0.0
Pseudoalteromonas sp. 8 1 195 34.6 0.0
2 140 29.9 0.0
3 103 55.5 0.0
4 95 26.5 0.0
5 73 224 0.0
6 64 353 36.6
7 61 0.0 354
8 54 21.6 22.1
9 53 60.7 60.2
10 48 0.0 414
11 35 33.0 319
12 31 55.6 51.0
13 30 50.9 0.0
14 27 49.2 23.9
15 26 0.0 31.1
16 25 0.0 315
17 21 0.0 56.1

http://www.scxuebao.cn

BRI, A& R TR, H
B RIBEFEAL, X0 B8 i T Staphylococcus
sp. 3B B A: W B 1) A ) e B AR T B . A,
SEMMEE & B, Staphylococcus sp. 37ESWLBH: 77
FES AT T UL A P o R ) 2 a5 BE AN, Zobell
22 16EH% 7 3 554 T 2 WA A: W e s 1 8 3 1
I, Staphylococcus sp. 3T WU Bk s Xk JE
72 W DU gy Ui S 05 & B, SWLBHE 3% 5 5% 14
THSFWEHERE TR, XTRSEARLET
B G, IAEMFSE RIAEUE ST, 22 % (1 BR M TR 7
A W RE B RN AR 1 R B R R B B RS AR
FERG RN, AR W R Y R R AR I 2%

17
S0,

RIS A B, A R M TR e 5 A B
BB R 15 5% 3 L8 B0 Bl A 0 4 B RE A AR
R fe e M g N B A2 A, SRMAEAL &
BB R85 7% 5 35 57 B W B 2 0k T 20 I
TR A GG PEY . Zobell 22 16EH; 37 3 45 {1 F &
1% B Pseudoalteromonas sp. 81 4= 9 9% J5 X B 72 i
DL &y Hu BfE 25 28 28 TG AT o] 5 S 80K, W AE
SWLBHEFRHESSM T, TAE Y9 B ) i = 1 1 4
HAMHE AL, LHSWLBR: FILALM T B 51
TN SEER F 251 1 e S 5 4 b R AT o

ZE BT, SR Wk A A7 B G AR A
FAIRE M, 3K AR 2% S S BOCH X TR S iR DL
M E LR ZESR, R, A EFRITRTE
TAE R B i R R = R, DKk
FE T WA T AR 0 A RS TE  ad R v e  E AL A
RIBME A, WA REZEIT
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Effects of culture media on the biofilm formation and
subsequent settlement of Mytilus coruscus

SUN Junjie !, LIANG Xiao', GUO Xingpan', CHEN Yuru',
DING Dewen ’>, ZHANG Demin’, YANG Jinlong "**"

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China;
2. First Institute of Oceanography, State Oceanic Administration, Qingdao 266061, China;
3. Collaborative Innovation Center for Zhejiang Marine High-Efficiency and Healthy Aquaculture, Ningbo 315211, China)

Abstract: In order to determine the interactions among the biofilm characteristics, culture media and settlement of
marine invertebrate, the present study investigated the effects of the biofilm formation in two types of culture
media, and the subsequent effects of bacterial biofilms on the settlement and metamorphosis of Mytilus coruscus
larvae. The biofilm inducing activities on larval settlement and metamorphosis were correlated to the bacterial
density with exception of one and four species in culture media Zobell 2216E and Seawater Luria-bertani (SWLB),
respectively. The inducing activity of the bacterial biofilms was correlated to the culture medium type and initial
cell density of bacteria. Scanning electron microscope showed that a thick Staphylococcus sp. 3 biofilm comprising
of a stack of bacterial cells under the condition of 2216E compared to SWLB. In contrast, patchy monolayer was
found under 2216E in Pseudoalteromonas sp. 8 biofilm, and short rod was observed under SWLB. SDS-PAGE
showed that protein profiles of both Staphylococcus sp. 3 and Pseudoalteromonas sp. 8 biofilms changed distinctly
in two different culture media. In Staphylococcus sp. 3 biofilm, eight protein bands decreased significantly and two
protein bands disappeared under SWLB compared to 2216E. In Pseudoalteromonas sp. 8 biofilms, five protein
bands appeared under SWLB. Thus, the culture media impacted the development of bacterial biofilms such as
distribution, morphology and phenotypes, and changes in biofilm characteristics may contribute to the variability
in the inducing activity on larval settlement and metamorphosis.
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