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The bacterial community of coastal sediments influenced by cage culture in
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Abstract: Microorganisms play important roles in biogeochemical cycling such as organic matter decomposition and energy
transformation. Recently, rapid development of aquaculture has caused a large influx of introduced organic matter into
Xiangshan Bay, Zhejiang Province, China. At the same time, many ecological problems have developed in this coastal site.
Study of the influence of aquaculture on microbial diversity in sediments is important for the structural and functional
assessment of coastal ecosystems. In this paper, sediments in three sites were investigated in July 2011 ; a control or check
site (CK), an intersection site 6—8 km from the aquaculture site (IS), and a cage culture site ( AC). As the
physicochemical background showed, total organic carbon in those three sites was different. Several physiochemical factors
(T, pH, Eh and SO} ) were analyzed. The temperatures of sediments in Xiangshan Bay decreased with depth, but
remained between 23.0—26.5 °C in the upper 55 cm layer. The pH of sediments was slightly alkaline, but was elevated
slightly in the AC site, although all of the sediments had pH values of 7.6—7.9. The effect of aquaculture on SO; was not
significant. However, as expected, the measurement of Eh showed sediment in the CK site had the highest oxidation-
reduction potential. Following with physiochemical analysis, the structure and diversity of bacterial communities in
sediments from Xiangshan Bay were analyzed by Terminal Restriction Fragment Length Polymorphism ( T-RFLP) analysis
and cloning/sequencing. Total nucleic acids was extracted from the sediment core. T-RFLP analysis was conducted after

amplification of the bacterial 16S rRNA partial gene using a fluorescent primer pair 27-FAM/907R and digestion by Msp 1
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(C*CGG). A bacterial 16S rRNA partial gene clone library was constructed using DNA extracted from the upper 5 cm
sediment layer of the CK region, and the phylogenic relationships were analyzed using the neighbor-joining method in ARB
software. Our results revealed sediments from Xiangshan Bay had a highly diverse bacterial community, mainly including
Proteobacteria , Firmicutes, Gemmatimonadetes, Actinobacteria, Thermomicrobia, Nitrospirae, Acidobacteria, Fusobacteria ,
Bacteroidetes , Planctomycetes and OP11. Thermomicrobia was the most abundant group in all sediments and layers, while
the abundance of Proteobacteria was elevated in the surface layer of the CK site, making up as much as 23.7% of the clone
library. The diversity index H' is an effective method of assessing microbial diversity. In this study, the diversity index H'
was calculated based on T-RFLP relative abundance results. Generally, the bacterial diversity indices were CK > IS > AC.
Surface layer sediments in the CK site showed the highest bacterial diversity (H'=3.83+0.01). The lowest diversity (H' =
3.01+0.27) was in the 50—55 cm deep sediment in the AC site. The evenness indices were stable in the CK site (around
0.93), but also decreased in the AC site, especially in deeper layers. In the IS site, both diversity indices and evenness
indices were intermediate between the CK and AC sites indicating the cage culture not only changed Eh and pH in sediments
in Xiangshan Bay, but also decreased their bacterial diversity and changed the structure of the bacterial community. The
bacterial community of coastal sediments was changing from a stable, highly diverse structure to an unstable structure with
low diversity. Human activity such as aquaculture imports large amounts of organic matter, which not only modifies natural
conditions but also leads to systemic simplification of the bacterial ecosystem. Sustainable and environmental friendly

aquaculture methods should be searched for and found.

Key Words: bacteria; cage culture; sediment; T-RFLP
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Wl R B RTE IR SR RS FR R AR T WE R Y MK A SRR R R A T 23% IR, 21%
(R 53% M S TE FEFE IR IR UTR TP A X 1 km AN IOFREER A BB . Yoza S5 5%t B
Ja B IR 5 SR DT () o AT 22 B, 3R 0 DI ML 2 B L AR IR B X 85 25% —37% , & % i L AEFR A X
5 30% —46% ' LA A WL E R, ORI T RE R =, R I IR AR R B TR Sk 2
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AN I (8 PR N SR D B 4R IR S5 0 A W 7 T AR 3 TAR Z2 B i 25 SRV 0 A i e B 5
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HT AR s Z ST . 207 1k R , 38 T Wi I 22 M b A sl R AR IR SR R i i 2 RE 43
B, J2 B BT K TR A O AR S A i B BT B

AICEEA VIR BL 8 (T .pH \Eh A1 SO ) , % F T-RFLP 57 AN 78 B I 5 X5 42 L1 s AN [i] [X 3,
ANTRI TR BE ORI v A0 B (A B 9 25 R0 RN 2 PR PR R AT 20 AT, TR AR SR B TR rh 20 R R E VR 25 A s, 51
ARG BOR Y 5] BEFS B0 A3 M 052> 3 P W 006 P 9 815 L 1 A4 T 9 2 R i s Ak, S HLAE

ATFREE DU H B9 A BUEE | L @ TG R T DU Y TP ) A 9 2 RE S EE G A
1 SERAE
1.1 FEARE

DURUIRE T 2011 4R 7 ABUAWTTA T TR IR 3 ANRFE X (E 1) 421l EEFRFTIX (CK:29°
36'11.94"N,121°46'18.00"E) . FE 1P #E L1321 X (18:29°3370. 66”N, 121°44"10. 86"E ) F1 P4 1 & P 0 46 37 7 [X.
(AC:29°32'33.66"N,121°46'6.42"E) , [AlH], [ G VE Jay T R VE PR W I s 1 3 AN IX R R TR
P SA LR (TOC) & i | BJZ/KIY TOC FIELRE (R 1) o B DKIEAE S 3 ASFAT LA, R TR RAF A5 75 4% L
FOREREERT 70 em BIHARTUERY)  RiAR S0 Hr R BT gy Bkl 1= (3R 1) o A DU AE I 7 4 TR B2 DD %1
6 Z:0—5,5—10,10—15,15—20,20—25,50—55 cm, JrA UIRIRE 57 B A 0Kk, 2 B S5 = A7 T
-20%C.,

F1 HRREXSNELES

Table 1 Physicochemical background of the sediments in sampling sites

LAgE| X RIX (CK) ZELIX(1S) FRIHIX (AC)
Items Check site Intersection site Cage culture site
127K R Salinity in upper layer water 26.89 26.73 26.66
JKJ5E TOC Total organic carbon in water( mg/L) 1.45 1.83 2.05
LB TOCTotal organic carbon in sediments/ % 0.51 0.53 0.55
KiZH 71 Soil fraction Wb Silv/ % 41.5 34.8 40.8

A+ Clay/% 52.5 65.2 59.2

1.2 #Abspr

KAL) E TR AR I H A2 (Eh ) FIREE A8 1k 30 T H A7 (83000 7 >R FH A7 H k- HL il Y PHB- 4
IR BT (_LIEEAERL) | JFAR S pH (Hil L A Eh=FEh'+(pH-7) x60 Xt SZM{E Eh' #4742 1E . 28 FK
RIRUURY, o pH 3 (LR RL) A5 FiE Ay pH E, B R £h vk B I A2+ IR HI/T342—2007 A vfE 5 2%
AT,
1.3 DUF)E DNA AHRHL

& DNA [HRECR F MP 23 7] B9 58 DNA $2 50
4 (FastDNA SPIN kit for soil ) , FREUR &) fUT A9 4%
DR 0.5 o He IULEA T8 4E , B )5 8% &L DNA
T 100 pl DES (IR &t p
1.4 20 16S rRNA KK -1

K FAM 2OEARC RO AN 16S vRNA JE K 38
2|#) 27F-FAM (5'-FAM-AGA GTT TGA TCM TGG CTC
AG-3") F1907R: (5'-CCG TCA ATT CCT TTR AGT TT-
3") BT wL & DNA R AR 4T PCR, RWAK FR (50

wl) :5 pL 10xBuffer,4 L 2.5 mmol/L dNTP,1 pL 10
pwmol/L 5[#,1 pL 2.5 U Taq DNA B4 Wi ( TaKaRa 2%
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A)),1 pL AR DNA, K ddH,0 % 50 pL R4, §HE40F:94 °C 5 min;94 °C 30 5,53 °C 45 5,72 °C 90
$,30 MEFF;72 C 7 min, PCR W4 1% Sy Ha s e v Dk ke U™ o FURE S M0, B DNA 2k a7 & (b
RARAARH A BRA A ) 2k

1.5 405 16S rRNA FE K6 BR 6l D)

K FBR il N YT Msp 1( TaKaRa 23 7)) R E Y 16S rRNA KK PCR 4ifb =P 7B, ROV AR 2 (40
pL) :4 pL 10x Buffer,4 wL 0.1% BSA,10U R AN VIRE,30 wL PCR 4lifk/™ ¥, K # ddH,0 % 40 pL Jf:
1B2), 37 CH§YI 3 h J5 , Sr VAN 3x40 pL iy Fie JoK LBEERT 0. 1x40 pL /) 3mol/L NaAc(pH H 5.2) , >R H
CBEITE LA L 20057 T 10 wL K& ddH, 0,

1.6 PRIV Bery 5L 448

B 1—3 pL B2l 2 R, 5 10 L HiDi-FH e A1 0. 2wl AR ( MapMarker 1000 ) IR 5) 5 1E 95 °C
PE 3 min, & B T UKW, X5 3T ABI 3130 Genetic Analyzer 3#F 47 R il P F- Bt 59 36 3945, I i ABI
GeneMap T 3R EL T-RFLP 455
1.7 SafE/ W MRG KT AT

g CK X5 0—5 em UIEUIRE SO0 T4 16S rRNA LD BRSO . 97195 R TG FAM 28GR0 Y
5149 27F/907R , HiAy PCR £FF) L, DABERR4EAL)S i PCR P24 AR, pMD19-T Vector( TaKaRa /A ] ) J1 %%
W AE 16 CHERERN 3 h, S K IBFF# IM109 B2 S 4010 ( TaKaRa 22 #]) |, I8 M6 T8 X-gal £
IPTG A LB 1533 1, 439l 0 16 93 A~ 4 1 BH o o0 e 4700 15 , BT 45 7 50 A FL ARB SR 0E) v iy NJ 3303k
( Neighbor-Joining) #47 RGE K B 08T, i )¥H 458 EMBL,J¥5145 4 HE648378-HE648470
1.8 HulEkbrg

PAZHTEE 16S vRNA FEH T-RFLP &3 A —ANBRE B BE(T-RF) 2 1 ASATEAESR 2858 (OTU) , LA T-RF
AERT U (B (B> T-RF Yy o7 BT s i LU ) VR84 OUT BYARXS = B2 ABXT FBEAR T 0. 5% 19 OTU A7
gk, MRPE OTU WECH (S) SILARXT FBE (Pi) 4T ZHEE 50 BT, A0 46 1158 Shannnon-Weiner Z P48 58 (H'
==Y PiInPi) Fll Pilou B2 EEHE L (E' = H/InS) .

2 ZERE5HH
2.1 UIRERAL R

G LS A R DX I TR R B AR AL, LA AR IR A AR fb a3 (3% 2)  RIZVIRY R IR BE 38 26.5 °C |, bifi
B UREE RGN LB A, pH (I 25 5 s, DURU Y S Ak (181 2) , pH fEAL T 7. 6—7.9 Z 8], H
CK 5 1S KIRGTRP AL, (0 AC XA [FREE DT pH (E I & T EWAS X, 5 pH (EAF,AC X
FURBEUTRRYI Eh AT CK AT IS X8k, HBETREE 2 FREEH (18 2) . CK KEURREREEDURRYIY) Eh 22406 A
B 440 F 190 mV 2247, it & F 1S X3 (100 mV Ze47) o BlREh &t 78 S50 X R X TR P Bl 4 TR
FE AR AL TCHA R (L 2) (R AET BE DX S IR FE B AR Y B 3, JLHAE 50—55 em DU B IR

K2 EXFGARRERRYIEE (Mean+SE,n=3)

Table 2 Temperature of the different deep sediments in each site (Mean+ SE, n=3)

YREE/em 5L Temperature/°C
Depth R X Check site( CK) L IX. Intersection site( IS) FEHIX Cage culture site( AC)
0—s5 26.50+0. 00 26.50+0. 17 26.50+0. 00
5—10 26.33+0. 00 26.50+0.33 26.17+0.17
10—15 26.00+0.33 26.17+0.58 26.17+0.17
15—20 25.00+0. 00 25.67+0.33 25.33%0.33
20—25 23.67+0.00 25.00+0. 00 24.33+0.33
50—55 23.00+0. 17 23.67+0.00 23.33%0.33
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A W RAR KT 768x107°, SEHIski, AC X I A%, AN R VR BE DURR A () 29 (E R 1200x107°, CK X 5,
24 950x107°

8.0 250
79 } { 200 % % % %
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% e
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76 | 50
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S 1200 - % Iz % i a CK
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- 900 5 i
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600 |
300 |
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B2 HBREAERENERYE pH.Eh FIFHEE & & (Mean+ SE, n=3)
Fig.2 pH,Eh and SO} contents of the different deep sediments in each site (Mean+SE, n=3)

2.2 BT T-RFLP (40 & BEVE 451 53 B

KA 16S rRNA FEDH 38 F 5 19 27F/907R 9 4GRS DNA , BEAT A S BR 1 4 7 B < 32 22 25 4
Br A3 B HEVR I T-RFLP BIE (K13) . HIE 3 ATLGE A DU h i AP 2R -, R BR v v Be
( T-RFs) Ay B T B AE H/E 100—200 bp F1510—520 bp Zed7 o A L T[] — X8k AS [R] BE URR ) ) 40 T eV
S5 25 55 AN TR X S ) A0 B R PR A5 A 1 25 S AN 2 o LA 3 A XU HE & B, CK X4 T-RFs BI 2 T
AC X, HPL T-RF K BEAL T 165 bp #1520 bp Ze A7 BIAEXT FE B fe i . #E 1S X3k, W2 T-RF 230 bp #1520 bp
AL, AC DX N [P A T T 20 T A 7 B 28 S ORI R R 0—5 om 20—25 em il 50—55
em, {H T-RF 520 bp AU i 4 B 7EA R TR B B TUARY b a2 o5 A 0w AR R B
2.3 EHHERGRT

HIZHTE 16S rRNA JE DX e B SCEFI R GE A B 00 (18 4) AT, TURRW vh Al ol i 2 AE vk R o, R B
TE A H 2M ( Proteobacteria) JEEERE ] ( Firmicutes) . 2 50 H |1 ( Gemmatimonadetes ) LR ] (Actinobacteria)
PGAEE 1] ( Thermomicrobia) FEALIRTERE ] ( Nitrospirae) FRAT T[] ( Acidobacteria) MRFF 1 ] ( Fusobacteria )
FFEE ] ( Bacteroidetes ) TF#£1 1] ( Planctomycetes ) UL} OP11 %5, X3 F 94T in silico BV 434 7] 1, T-RF
165 bp R AEJE T £ 414 ( Proteobacteria) BUSRRERR [ ] ( Firmicutes ) BANTE , (H SR HA 4 Db g TR
BEVE T ( Firmicutes ) , IHEN T-RF 165 bp F2 2@ T8 41 1 20 ( Proteobacteria ) 5 1fi T-RF 510—520 bp i,
F A TR ) 32 B3 A AE G BE T ] ( Thermomicrobia) o FHILFT WL FRGL T 1] ( Thermomicrobia ) B 4H TR 7E T A UL AR
Y — e B PR A0 TR SO b SCE TR 7 T 19. 4% 5 1A T 41 TR ( Proteobacteria ) WIFE A 5% 7 5H 11 )y 5% 1
(9 CK X3P oA v R S B 7 CK X8, 0—5 em TURWIRE S O 40 B 5 B SC%E P o 23.7%
2.4 MRS BT

JET AR 16S rRNA JEP] T-RFLP 38 oA S R 1 1 BEA R0 S ARG 2 B2 3103 17 4% DX [ T 2
DU h 40 TR Z REPERE A BRI S BEAR B B (R 3) o tiE 3 Rl A AC X, BRERIZ 0—5 em A1 SR U2
FEVEFR RO I 5 FERE B B AE TR EE AR NI REAI . S5 X BRIX. CK AR LG, AC XA T i) 2 AR Ve B B PR, 5
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AC AJA], CK XA 80— B 2] BERR S, A0 IS AE AN [R) TR BE i DORR Y b B AR 2w B2 1S DX IR
[ Z2 R P ORI ST BE R BN A F CK I AC IXSZ ], Rt DA A 1) 2 RE MR B, CK>IS>AC,

‘LA CK | 0—5cm B IS 0—5cm C AC 0—5cm
i AAL AL L T PTIT ) | A
| |
4.'.“‘,4,l » p A o Ml . VR mL , VAA
|y |
At ALy " JN ) AT "
‘ a 5—10cm | 5—10cm | 5—10cm
‘ A A
T Y | FITNE A L
\‘ ‘
i MY \ e L L
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" W TPV R A -
s
s \‘u‘ | A
ﬁ § UL Y . A -
‘ i
i % ol ‘ Y T A N
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o= RIS . " ‘ L h
Eo ‘ \
K A L P Loow/h N Py ‘ 1 N
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Fig.3 T-RFLP profiles of bacterial communities of sediments
A:CK X3, B 1S X, C: AC X3 OB I URE R B2 EL AR T IRt v, 3 2 3 TR IR A1 (Al — TR BE 19 3 AN P47 1 s N A BR T-RFLP 81335
(7SN

#*3 ET T-RFLP BEifHAE SHMES T (Meant SE,n=2 1 3)
Table 3 Analysis of bacterial diversity based on T-RFLP profiles ( mean+ SE, n=2 or 3)
ZFEEFEEC H' Diversity index H' AR E Evenness index E’

BWE/em
Depth X HRIX (CK) LXK (1S) FRIHIX (AC) X HE X (CK) LXK (1S) FRFEIX (AC)
Check site Intersection site Cage culture site Check site Intersection site Cage culture site
0—5 3.83+0.01 3.49+0.27 3.13+0.10 0.93+0.00 0.88+0.05 0.88+0.02
5—10 3.71+0.05 3.80+0.09 3.52+0.07 0.93+0.00 0.92+0.01 0.92+0.01
10—15 3.76+0.10 3.63+0.10 3.47+0.02 0.93+0.01 0.92+0.01 0.90+0.01
15—20 3.69+0.07 3.73+0. 10 3.48+0.15 0.93+0.01 0.93+0.00 0.91+0.01
20—25 3.75+0.13 3.74+0.11 3.15+0.08 0.93+0.01 0.92+0.00 0.84+0.02
50—55 3.51+0.17 3.70+0.17 3.01+0.27 0.91+0.01 0.92+0.01 0.84+0.03

3 WitE%it

T PIRETS I ZS R RN RESZ PR A58 R R A TR 291207 BUARY rh AR W 10 22 R P 5 3R B0 B 0] I B 11 52
WA DG, — ELLAK IR EE B A R RS e i K 22— R A R R B
TREERIG I, ORI RE PR (32 2) SRS O ZREVE RIS (32 3) o 7300, FZ TSR, pH (X f3k
FEIREVE R 22 A I R 0 AR SR A X UCRR 1 pH (EAEN BR DX R S X s (18T 2) , X SR 98 X i A
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SdBa36, 36bp

Marine Sediment clone B2M60, AF223299 Beta-Gamma-Proteobacteria
SaBa95, 160bp
Pseudomonas sp, AB013829

SdBal5, 82bp Beta-Gamma-Proteobacteria

SdBas5, 160bp
SdBag4, 160bp )
4‘:EPeat soie clone L013.3, AF358017 Alpha-proteobacteria
Rhodobium orientis, D30792
45 SdBa39, 164bp
SdBa4, 164b - i
Desulfobacpterium catecholicum, AJ237602 Deta-Protebacteria
Desulfobacterium indolicum, AJ237607
! SdBa35, 166bp
SdBa49, 166bp
Ammoniphilus oxalivorans, Y14580 Firmicutes
| E SdBa65, 165bp
Paenibacillus hongkongensis, AF433165
SdBa88, 160bp

— Clostridium lituseburense, M59107
— SdBa41, 458bp

SdBa25, 92bp .
,_E SdBa87, 90bp Gemmatimonadetes
Aquatic isolate wb1-A18, AF317745

——— SdBas0, 92bp

Gemmatimonadetes
SdBa7l, 141bp

SdBa98, 141bp Actinob .
Acidimicrobium ferrooxidans, U75647 ctinobacteria

— Actinomadura spadix, AJ293712
—— SdBa50, 139bp

SdBa23, 147bp
_EdBaSl, 147bp
Benzene mineralizing clone SB-34, AF029049

I_: SdBa44, 206bp
SdBa83, 206bp
L— SdBa76, 206bp
SdBa47, 205bp
TB transorming clone STA-68, AJ009475
Thermomicrobium roseum, M34115
SdBa37, 520bp
Marine Sediments clone MB-B2-113, AY (093473
SdBal0, 513bp
Marine Sediments clone MB-A2-103, AY(093458
SdBas4, 512bp
SdBa60, 518bp
Dehalococcoides sp., AY 165308
SdBa46, 171bp
SdBa9, 17bp
_| L——— Saltmarsh clone LCP-6, AF286037
Nitrospira moscoviensis, X82558
Holophaga sp., AF385537
SdBal9, 295bp
SdBa30,141bp . .
Marine Sediment clone Svao450, AJ240998 Acidobacteria
SdBa27, 295bp
SubSurface soie clone pCR-2.1, AY177760
— SdBa52, 295bp
——— SdBa82, 294bp
Spirochaeta stenostrepta, M34264

Thermomicrobia

Nitrospirae

Fusobacteria
— SdBa61, 126bp

Deep-Sea Sediment clone A139, AY373401
-Robiginitalea biformata, AY424899 .
|_: SdBa66, 142bp Bacteroidetes

[ L SdBa3l, 495bp

Leptotrichia sanguinegens, 1.37789
SdBa91, 336bp
" Marind Sediment clone MB-c2-105, AY093476

4| SdBa38, 338bp Planctomycetes
— SdBa%4, 140bp
_  lakeclone K2-S-7, AY244414
{ Planctomyces staleyi, M34126

SdBal00, 140bp

SdBa73, 329bp
SdBa86, 260bp OP11
Forest soil clone so145, AF507709

0.10

El4 ZE 16S rRNA ERFIINRZLEXR
Fig.4 Phylogenetic relationship ( neighbor-joining) of bacterial 16S rRNA gene sequences
FIT ARB i NJ BB, SRR P B A 3R A, R LA ARG T-REF 1B KB P FI2Kk B NCBL, I 1A A1 #7515

WIZREPERRRAR . SR T 230 45 3 M R BT LT R W IR A ALY RESUR D 2 LU X IR IX 5 2—5
FE S DR AR B e 3 DX URR A0 1 SR A3 D A7 5 o R XA L R AIR T AU A i 5 s O 1) AR AT e T A

http ; //www. ecologica. cn



490 A E = 334

Py B 55 12 5 I SRR S M 75 S W A 3, AR T WL ) 4 5 03 A | 2 TS M R 0 PR B 5 97
AW, AR R RN pH (S T S SRR A AT — B R A ST T DUB U B R A
FEARAL (1 2C) 5 F A S HL AT 1 AR L TCAR B B AR S | SRR A7 AE 2 i DUR) S AR AR B F o Y B 2R AR
EHIFEF R HE R, B, O Y B9 EE | pH (B A A A T v o7 #5252 e HG vp Bl AR ) ) B T 5 0 R 22
BEE 2

ZREVEFR BUR TN U RIS SRR 200 1 B IR MU E MR i 2 5 B R R B A1 4
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G Bl % BRI TUR D RIS 2w 2R S 1 >3. 5, HEA RAFIIAIEE(0.93) . 5Z25%
FEIG SR G, DU i A= W 0 2 REVEFE BT W, ELR [RI R B DO 9 vh A o 0 350 50 JE AN R — 3, 3l i 1)
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