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ABSTRACT Community structure and spatial distribution of the particle-attached bacteria a-
long environmental gradient in the Pear River Esturary, as well the influencing factors, were
studied by PCR-DGGE and canonical correspondence analysis. The DGGE profiles showed sig-
nificant spacial succession of the particle-attached bacteria along environmental gradient. Some
bands from DGGE gel were shared by two or more stations, while the others belonged to the
special station. The bacterial communities in S4 and S5, differed significantly from those in ad-

jacent stations, with transitional form from the freshwater-seawater mixing zone to seawater
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zone. Sequence analysis of nineteen major bands from DGGE profiles revealed that two se-
quences were highly similar to those of the cultured bacteria (Z=99%) , and the others were sim-
ilar to those of the uncultured bacteria (91% ~100%). Proteobacteria and bacteroidetes were
dominant populations in all stations, particularly proteobacteria (78. 9%). Canonical correspon-
dence analysis indicated that nitrogen nutrient and salinity were the major contributing parame-
ters for the spatial distribution of the particle-attached bacterial community structure in the Pear
River Esturary.
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P47 PCR #19. 25 pl f9 PCR JZ I 1K & {1 45 — .
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0.2 pl (1U) Tagq M. 1] DNA 4, 15. 8 pl JTCHK.
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65°CiB k 45 s,72°C #EAf 45 sCHEDIGEFRE 1°C 238
LB 55°C) (Touchdown PCR) , 8% J5 FE#EAT 25 AN
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Fig.1 Sampling stations in the Pear River Esturary
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DGGE 488t &3 7 M 2% Hl DCode™ £ 45 (Bio-Rad) . &4l i 200 ng PCR F=¥I7E 6 %0 (1) 3 T4 I ok iz e Jie
B AR ERRE N 40% ~T70% . iB4T AR 1 X TAE UK wpil b ,60°C .80V fH IR VIH R HLyk 16h,
WKEE WG AE 1 X TAE 2% oh g 1 i Genefinder(1 : 10 000) Y4, 25 min, 758F i AL 23 BT 2 48 (Bio-Rad) Hf1 & ,
F H Quantity One 231 84 (Bio-Rad) 23 #1 DGGE $§ 80 |43 .
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TETR 7% . DL R BB BH P AR bR OB . DLBH P se R R AR 2547 Ik DGGE GG 5 5 — W AHTRD |, 38 B 5 AH
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1.4 RELRESN

FEF AR 8 &R i GenBank (http://www. ncbi. nlm. nih. gov/) B Blastx #2 % 47, % BAELIE & 5
W) AR R R Ge Ak 9 2 BB 51, A EBI 9 Clustal W2 #2 % Chttp: //www. ebi. ac. uk/Tools/msa/
clustalw2/) fl MEGA 4. 0 # {4, R | Neighbor-Joining 7Tk @ RE K AW T RE KT 517,

1.5 Ba3E3F 5 4> 4 (Canonical Correspondence Analysis, CCA)

K H Canoco for Windows 4. 5 B G A= 40 b B 508 R AR B 508 b 47 CCA 2 b . FlolE 554 0 oA 5% 208
29t 1g(xe+ 1) ¥, il WCanoImp 43 51K H A il 44 o~ sp. dta Fl env. dta B304, i fil Canoco Windows 4. 5 i
=

1188, HH Canodraw for Windows /E& .
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Fig. 2 Physical and biogeochemical characteristics of sampling sites in the Pear River Esturary
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4, DA B 2 %0 (Dice coefficient, Cs) B4k T A ]
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A ) 3 (The unweighted pairgroup method
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FEAh % S1~S3.S4.85.S6 ~S7 A% 4 . W
R (6100 ~ 7700) WY & @ T % ] AH AL 1
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CTT Y0 Ut B 19 A 35 52 J5URE B 25 B0 26 0 1 9 245 44
JEH AL, Hk Sl S1.S2 F1 S3, ML R 61 % ~
662, S4 1 S5 45 A Bl 7 % I A F S1~S3
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Fig. 3 DGGE profiles of particle-attached
bacterial 16S rDNA from water in the

Pear River Esturary
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2.3 BHIMEREY 16S rDNA KRGt L 247

Y1 DGGE & 3% A [l o7 B 14 FL Uk 38 45l 04T I, 2L 3043 19 45 K/NFE 438 ~463bp Z [H] () 16S rDNA
A, FEA 5 HQ330737 ~ HQ330755, ¥ Fr A £ %1 14 GenBank (http://www. ncbi. nlm. nih. gov/) i)
Blastx 72 77 $EA7 A8 2 % 30 BT 4K 19 8 51 5 85006 2 v 16S rDNA JF 51 A BL 1 78 9126 ~ 100 %0 2Z [a] , Bk 95 4
#% PRE-2 1 PRE-6 5 & % 32 09§ £ ¥ Marivita sp. RCC 1921 (HQS871858) f1 Alpha proteobacterium
INB6(AB599907) (A BL 1 =99 %0 41 . Hofth 17 2577 51 ¥ 5 R 85 32 R A W LA AR m i AR . 5 B AT 05 Al
WL RS 11 4% H K (HQ871858 . AM990710.DQ189908 . HM802458 \F]745136 .DQ421777 .DQ189935 .
EU512919,FJ745178 . DQ189829 . FJ744888) .1 4k H ¥ /7 o VI B (DQ112498) .3 453k H ik /K (AB599907 ,
HM534209 ,AB607322) .3 &2k A & 7246 15 Y 095190 5% 7k (HM051039 ,FJ828391, DQ435198) .1 4k A
B S A 05 Y 1T 3 DT B (EFS75563) , I FR P I M E R G K B 45 R W E 5. L ] (Pro-
teobacteria) FIULFF 14 '] (Bacteroidetes) 78 Bk VL L I A 3 A3 v 359 S A 340 E L DL v A8 J1 181 171 hy 446 X8 (0 34 R
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Rhodobacteraceae bacterium MOLA 443 AM9907 19
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L Uncultured Bacteroidetes clone F1828391
— PRE-1
L Flavobacterium sp.BD-b365 Ef575563
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L Uncultured epsilon proteobacterium clone DQ112498
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Fig. 5 Phylogenetic tree of particle-attached bacterial 16S rDNA sequences in water from the Pear River Esturary
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19 X750 H A 15 £5(78. 9Y0) 43 9 5 1% 2K BE I o 28 T2 B 40 Ca-proteobacteria) B A8 JE W 44 (B-proteobacteria) |
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[ 36 T8CA ) B VR 45 R 2 L QIR A B oK, B L CCA HEF

YRR 10 W RV 0N A ) AR O TR Fig. 6 CCA biplot of particle-attached bacterial 16S rDNA
IR R JBE 25 WA K A OB B 2 G U9 23 A and environmental variables in water from the Pear River Esturary
R FEH R,

3 itig
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(25 0% M R AR TS SRR 10~100 A% o5 K AR S 32 3 A i M 1 90 %0 L 1 (Crump ez al. 2004) 3b) i
KL S8R W AV 2 RE PR R, F R AR S B R T 2 R VAR T R 2 ) A B A R A A 25 e, L
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HEIUH R o FI Yy IR W WM X5 BRI EE R — 8. AR TR E R 507 A ) o3 A iy E 2k
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Arrp s i AE A . A T2 G RE Y TP EGE o R E N E R, RS RE AN R L i
BHHkH Z — (Zhang et al.  2007) . XA ZEBELEERYT 1 HURE B 25 1o 2B 9 vh % ol A7 4 v] i 5 AR e T U ol
BB EAHSC .

W N F 5 YRE SR R ZMAEY 5 FASEWRNES . R GRS 0w E 8
FrEh AT BURL Y 4548 pH AR AT LA A 5 0 K A G0A: ) BV S5 R AR AL i T BE R R . Bernhard 4§ (2005)
FEB 5T VGV PG 303 0 — 10T 1 A sl 26 W 1 i 5 A e B 3 3 R 9% P ke T e R K R iR Al 2 ) T A R L
AR ERZm, LROEREN . X4 F Ria de Aveiro 1] V7 G0 W0 BE 05 45 #4919 205 1 25 B] 4 A6 I B 9T B



14 Ui N A = S S i o533 %

P WE AR W R T AR AR 1Y 26 D02 pin £k BE R BE A BRI DR F U E 19 (Henriques et al. 2006) , fEARBESE M
X 18 23 AT P R AR R AR RE T 62. 500 JIUREL BEE TR W A v A B0 A 1 B UM 0GB IR K R
JETE /K AR IURL R 6 Bl A W e 9 00 03 A L ke 3 AR T 2 5 o L 23 A7 R R B A SRR I 1

2 £ X M

MR, E L AREER, R, 2002, £ W5 IR A0 TR 7 i AR i R OTE B W A P R AR L VR S I L 33(4) 1415~423

BUA, ERA, wakag. IhRZK, KIABE, ] &, 2006, ¢ KE0E X BRVT A B R BE R A . B TR R . 25(4) : 79~84

EHAZ, PN FE RAEE, AR, arEYL 2007, KL R IF B A RIS S PREE R 00 S X N A AT A AR SRR, 31(3): 445~450

WA, SR A, FRoE . 1995, BRIVLIR DKARTS Qe 0FoE. 7m0 T AR e S B0F ek . 99~108

Attayde, J. L., and Bozelli, R. L. 1998. Assessing the indicator properties of zooplankton assemblages to disturbance gradients by canonical corre-
spondence analysis. Canadian Journal of Fisheries and Aquatic Sciences, 55(8): 1 789~1 797

Bernhard, A. E., Colbert, D., McManus, J., and Field, K. G. 2005. Microbial community dynamics based on 16S rRNA gene profiles in a Pacific
Northwest estuary and its tributaries. FEMS Microbiol. Ecol. 52 (1); 115~128

Bidle, K. D.,and Fletcher, M. 1995. Comparison of free-living and particle-associated bacterial communities in the Chesapeake Bay by stable low-
molecular-weight RNA analysis. Appl Environ Microbiol, 61(3): 944~952

Boynton, W. R., and Kemp, W. M. 2008. Estuaries,809~856. In: Capone, D. G., Bronk, D. A., Mulholland, M. R., and Carpenter, E. J.
(Eds. ), Nitrogen in the Marine Environment, 2nd Edition. Elsevier Inc., Burlington, Massachusetts

Crump, B. C., Hopkinson, C. S., Sogin, M. L.,and Hobbie, J. E. 2004. Microbial biogeography along an estuarine salinity gradient: combined in-
fluences of bacterial growth and residence time. Applied and Environmental Microbiology, 70(3): 1 494~1 505

Fontana, C., Vignolo, G., and Cocconcelli, P.S. 2005. PCR-DGGE analysis for the identification of microbial populations from Argentinean dry
fermented sausages. J. Microbiol. Methods, 63(3);: 254~263

Henriques, 1. S., Alves, A., Tacao, M., Almeida, A., Cunha, A.,and Correia, A. 2006. Seasonal and spatial variability of free-living bacterial
community composition along an estuarine gradient (Ria de Aveiro, Portugal). Estuar. Coast Shelf Sci. 68(1-2) :139~148

LaMontagne, M. G., and Holden, P. A. 2003. Comparison of free-living and particle-associated bacterial communities in a coastal lagoon. Microbi-
ol. Ecol. 46(2): 228~237

Muyzer, G., de Waal, E. C., and Uitterlinden, A.G. 1993. Profiling of complex microbial populations by denaturing gradient gel electrophoresis
analysis of polymerase chain reaction—amplified genes coding for 16S rRNA. Appl. Environ. Microbiol. 59(3): 695~700

Qiu, D.]J., Huang, L. M., Zhang, J. Z., and Lin, S.]J. 2010. Phytoplankton dynamics in and near the highly eutrophic Pearl River Estuary, South
China Sea. Cont. Shelf Res. 30(2): 177~186

Sharma, S., Szele, Z., Schilling, R., Munch, J. C., and Schloter, M. 2006. Influence of freeze-thaw stress on the structure and function of micro-
bial communities and denitrifying populations in soil. Appl. Environ. Microbiol. 72(3): 2 148~2 154

ter Braak C.]J.F. 1986. Canonical correspondance analysis: an new eigenvector technique for multivariate direct gradient analysis. Ecology. 67:
1167~1 179

Zhang, R., Liu, B.Z., Lau, S.C. K., Ki, J.S., and Qian, P. Y. 2007. Particle-attached and free-living bacterial communities in a contrasting ma-
rine environment: Victoria Harbor, Hong Kong. FEMS Microbiology Ecology, 61(3): 496~508

Zhou, J., Bruns, M. A., and Tiedje, J. M. 1996. DNA recovery from soils of diverse composition. Appl. Environ. Microbiol. 62(2): 316~322



