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Abstract The distribution activity and community structure of bacterioplankton in surface water were investigated at frequent harmful
algae blooms HABs area in East China Sea 28°-30.7°N from April to May 2006. The abundance of bacterioplankton was
determined by using the DAPI 4 6-diamidino-2-phenylindole direct count DDC method. The B-glucosidase and aminopeptidase
activity were measured with fluorogenic model substrates. And the bacterial community structure was analyzed by PCR-DGGE. Results
showed that bacterial abundance in northern of the sampling area was much more than that in southern of the sampling area. It ranged
from 5. 85 x 10*cells: mL ™' t09.26 x 10°cells mL™'. And there was the highest value area outer the costal of Zhou Shan Island.
The average aminopeptidase activity was 3. 6 times of B-glucosidase activity which was 0.023 pmol- L: h ~'in this area. The B-
glucosidase activity in > 5Spm fraction contributed 47.4% of the total and that of the aminopeptidase activity was 44.24% of the
total. Bacterial extracellular enzyme activity had a higher average value in southern of the sampling area. This indicated that the
bacterial activity had no direct relationship with bacterial abundance. Bacterial diversity and community structure differed from each
sampling station. There were more divers in northern sampling area. The results suggested that the human being activity and continental
inputting organic matters played a key role on the distribution of bacterial abundance. The distribution of bacterial extracellular enzyme
activity was mainly affected by the Taiwan warm current. And it was the complicated unknown factors that caused the difference of the
bacterial community structure and diversity from each sampling station. Obviously it needed further work to enhance the knowledge of
the ecological function of the bacterioplankton at frequent HABs area of the coastal water in East China Sea.

Key words harmful algae blooms HABs East China Sea bacterioplankton extracellular enzyme activity EEA bacterial

community structure

2009-03-19 2009-05-26
863 2008 AA097408 40876061 40930847 30940002 30800033
LMEB200601 40821063
1979 ~ E-mail wxxmu@ 163. com

* E-mail microzh@ xmu. edu. ¢n



288

31

74. 7% 30°30" ~32°00'N 122°15" ~
123°10'E
23
4
5~13
2006
1
1.1
2006-04-17 ~2006-05-07 “ 47"
973 “
" MC2006
28° ~30.7°N
1 . YSI1600
1.2
30 L Niskin 0~2m .
8 wm 20 mL
0.22 pm
5% 30 mL 4<C
1L 0.22 pm
-20C
DNA. 2L

31.5° -
. 28 N
3L0° b K
o ) = A A A A
305" & “ ral 1ad ra5 ra7
30.0° - b &l A AA A
4 e Yrb&  rbl2
O, th10 rbl4
- g’ 4 A
29.5° 1 e algsh
. ZaSzabha
29.0° A,
zh7 A
L Zbgz]:lthl2
2B.5%
z“z%.:éc‘ 4
E 1%¢1i8a
28.0° [ I I I I

121.0°  121.5* 122.0® 122.5* 123.0° 123.5°

1 MC2006
Fig.1 Sampling stations at frequent HABs area of East
China Sea during MC 2006 cruise

1.3
DAPI 4  6-diamidino-2-
phenylindole Sigma Corp. Y 1 mL
5 pg- mL™'  DAPI 100 L
4 C 30 min <
100 mm Hg 0.22 pm

Waterman 25 mm diameter

OLYMPUS BX41
10

cells mL™' = A x S,/ S, xV
A 10 S,
S, Vv

1.4
fluorogenic model substrates FMS "
4-
MUF-8-D-
L-leucine-4-methyl-7-
L-Leucine-MCA MUF  MCA
SIGMA . B-
2 2

methylumbelliferyl-3-D-glucopyranoside
glucopyranoside

coumarinylamide



2 289
-20C CGG GGG G-3' Eubac341f 5'-TAC GGG AGG
SPECTRA MAX M2 CAG CAG-3’ Eubac517r 5’-ATT ACC GCG GCT
B- GCT GG-3" 7 18
360 nm 450 nm 380 nm 450 nm. Touchdown PCR "
1. 0% Bio-Rad D-
V= F-F, /txS§ code System DGGE
v 8% 40% ~60% . 60°C 50 V
pmol- L h ' F 1.5h 150 Vv 6 h.
F, t
h S pmol - L~ DGGE Quantity One-1-D
DGGE
MUF  MCA
1 0.5 0.25 0.125 0.063 0.032 Matlab
pmol- L~
S. 5
1.5 PCR-DGGE
1.5.1 DNA 2.1
2 mL
DNA 2% CTAB 50 mmol- L™'EDTA 2.1.1
50 mmol- L' Tris-HCI 1 mmol- L~' NaCl pH 2006 MC2006
8.0 3 min 2
mg- mL~" 37%C 1h K 15°C.
0.2 mg- mL™' 55C 1 h.
16 .
1.5.2 PCR-DGGE 30%o
DNA PCR
16S rDNA V3 GC- 5'-CGC zcl7 zbll za5 rbl4

CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA

31:5% e |

Ll N
(a) HLAE A
3L.0° W 304
Ffig s nr
0550
—174
172
Y 174
30.0° 5 168
" i Ihé
i & 16.4
A — 62
29.5°F -
156
- - 154
i l-—Is.‘z
2905 I 154
118
78 LR
28.5° g
140
28.0° g | L
TO121.0% 121.5% 0 12207 12257 12300 1235°

2

2 2.

31.5¢

il H

31.0° T

305°F

30.0°

29.5%

29.0°

28.5¢

28.0°

L 1 1 I
121.0°  121.5° 122.0° 122.5° 123.0°

Fig.2 Horizontal distribution of temperature and salinity at frequent HABs area of East China Sea in Spring 2006



290 31
2.1.2 2.1.3
3.27 x 10’ cells-  mL ™! 5.85 B-
x10* ~9.26 x 10’ cells: mL ™' za
th14 B- 0.023
3 pmol- L. h ! 0.062 pmol- L- h "
B- 0. 006
31.5¢ — pmol-  L- h -
e i zc17 zbl1 za5
3L.0° & LSRR B-
F 4 aclleaml B-
30.5° |
950 () -
200 000 B
T
30,00 | Isuutm 5 m
TS0 XKL
700 000 B-
G50 M0
29 5¢ [ B0 ) 47. 4% 6.6% ~90.9%
¥ RRUEE (Y
500 000
.m o zbl12 1b14  ra7
|00 i
29.0° —:-.n 1xk za3 5 pm
3010 (1K)
2500 4%k B_
200 000
S o zb12  6.6% 1bl4  22.8% ral  28.8% za3
b 50 000
» 46. 4% .5 pm B-
28.0° L1 I I I I
121.0° 121.5° 1220° 1225 1230 1235%°
3
Fig.3 Distribution of bacterial abundance at frequent
HABs area of East China Sea in Spring 2006 4
315 31.5° e
s (a) SEEGHE S <(b) 5 pmbh RS A A
N s N
31.0° E ﬁ +# 4T U A 31.0° B ﬁ ¥ T 1 A
30.5° |- L sml ] A 3050 L ‘ﬂ&.unml-u[;ZJ"
0063 2
B aan ggé
30.0° L :E&; 30.0° bais
.03 LR ey
0043 ggig
29.5° | - 295° |- boi3
D035 o2
!nmu Balo
240 - 2.0 = mj';
- nans o 0,005
- 0010 3'%2
285° | oo 28.5° | b
i i n
28_0“ 1 1 1 28_0“ i :. 1 1 1 1
121.5% 1220° 1225 123.0° 1235 121.0° 121.5% 1220° 1225% 123.0° 1235

4

ﬁ-

Fig.4 Horizontal distribution of B-glucosidase activity at frequent HABs area of East China Sea in Spring 2006

0.49 pmol-

L- h

-1

za5

B- 3.6

zcl3



2 291

.5 pm 44.24% 5 pm
5
31.5° 315 —
o (a) KM Ti ) 5 bk R IR i
31.0° B S sl 31.0°F o kit n
/ / v
30501 il i uarnl L 050 | — i arnl 4L 0
017
= 7 n16
i 0.5
30.0° 30.0° - Ll
i3
012
i
0.10
29.5% 25 E (IS
008
0o
006
2900 29.0° Ll
0.0
nes
Iz
28.5° 28.5° o
Y
28.0° P | I I 28.0" J Ll | I I I I
121.00 121.57 12207 1225 123.0° 123.5° 121.0°  121.5° 122.0° 12257 12300 1235°
5
Fig.5 Horizontal distribution of aminopeptidase activity at frequent HABs area of East China Sea in Spring 2006
2.2 PC1 PC2 ra tb
ra th za zb 4 za zb
PCR-DGGE
165 rDNA V, DGGE 6 e B — .
7 b117612 el ba ru~.1 1a7 1h10 1h121b14 zul za3 za5 zuba
DGGE
! | ! et e ey |
ral rbl0 zal zaba !
zb7 20 s :
1~2 . '
za zb ra tbh -1
2
2

7 za3 zaS ra5 ra7 ra3 rbl2 rbl4d

6 16S rDNA V3
rb14 ra7 za3 DGGE
ra Fig.6 DGGE profiles of 16S rDNA V3 fragments of
rb PC1 PC2 bacteria in surface water at frequent HABs area

7a 7b of East China Sea in Spring 2006



31

292
carbon DOM 2
015 1o zal usable dissolved organic carbon
0.10 |
. X UDOM
- 0.05 |- za. zas
5 ol ka7 b1 F1a%as 1 ?
IN Ea ¥
) zb11 ra7
5 005 - * . B-
£ 010l ra3
-0.15 24 25
-0.20 - *1 a6a 24 26 27
2025k L ‘ LM . B-
-0.2 -0.1 0 0.1
PC1 (33.7%)
B12 13 14 16 *
7 L
Fig.7 PCA of bacterial community structure in surface '8-
water at frequent HABs area of East China Sea in Spring 2006
0. 025
3 -1
pmol- L. h
3.1 B-
129
B- 3.6
1
5.85 x10* ~9.26 x 10’ cells- mL ™' zad zcl3
20
ﬁ_
2000 3.05 x 10°
1.36 x10°cells- mL ™'
UDOM
5 pm
B- 47.4%
dissolved organic 44.24%



2 293

particulate organic carbon POC rb14 ra7
za3
3.3
.5 pm B-
POC *
zb12 1b14  ra7
5 pm B-
6.6% 22.8% 28.8% > Ty
za3 46. 4% R
7 39 41~43

12 44

3.2
11 45 46
30 ~32
33 ~35
5 wm
.Bell ¥
1972 Phycosphere
B- 43
. Riemann '
PCA PC1 pC2 56.2%
.ta b
PC1  PC2
za  zb
PCl1  PC2 .Crump  * Weidner ¥
. Kmiyama

B-

ral zal zaba

za3 za5 ra5 ra7 ra3 rbl2 rbl4



31

3.6 5 um

MC2006

I .
2004 46 42-66.
J. 2003 14 7 1031-1038.
J . 1994 13 5  25-29.
" I . 2006 21
7 673-679.

LiuJ Lewitus A J Kempton ] W et al. The association of
algicidal bacteria and raphidophyte blooms in South Carolina
brackish detention ponds J Harmful Algae 2008 7 2
184-193.

Bratbak G Egge J] K Heldal M. Viral mortality of the marine
alga Emiliania huxleyi Haptophyceae and termination of algal

blooms J . Mar Ecol Prog Ser 1993 93 39-48.
Zheng T L. SuJ Q Maskaoui K et al. Microbial modulation in

10

11

12

13

14

15

16

17

18

20

21

22

the biomass and toxin production of a red-tide causing alga J
Mar Pollut Bull 2005 51 8-12  1018-1025.

Nakashima T Miyazaki Y Matsuyama Y et al. Producing
mechanism of an algicidal compound against red tide
phytoplankton in a marine bacterium gamma-proteobacterium J .
Appl Microbiol Biotechnol 2006 73 3  684-690.

Mayali X Azam F. Algicidal bacteria in the sea and their impact
on algal blooms J J Eukaryot Microbiol 2004 51 2
139-144.

KimD Kim J F Yim J H e al. Red to red - the marine
bacterium Hahella chejuensis and its product prodigiosin for
mitigation of harmful algal blooms J . J Microbiol Biotechnol
2008 18 10  1621-1629.

Jung S W Kim B H Katano T et al. Pseudomonas fluorescens
HYKO0210-SKO09 offers species-specific biological control of winter

algal blooms caused by freshwater diatom Stephanodiscus

hantzschii J . J Appl Microbiol 2008 105 1  186-195.
I
2003 27 3 291-295.
I 2007 31 5 63 -69.

Sherr B Sherr E Giorgio P D. Enumeration of total and highly
active bacteria A . In  Paul J] H ed Methods In
microbiology Marine Microbiology M

Press 2001. 129-159.

San Diego Academic

Hoppe H G. Use of fluorogenic model substrates for extracellular
measurement of bacteria A . In

Hand book of

enzyme activity EEA
Kempetal P F Cole J J Sherr BF et al. eds .
methods in aquatic microbial ecology M . Boca Raton Lewos
Publishers 1993. 423-430.

Fuhrman J A Comeau D E  Hagstrom A et al. Extraction from
natural planktonic microorganisms of DNA suitable for molecular
biological studies J . Appl Environ Microbiol 1988 54 6
1426-1429.

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

Riemann L. Steward G F  Azam F. Dynamics of bacterial
community composition and activity during a mesocosm diatom
bloom J . Appl Environ Microbiol 2000 66 2  578-587.
Don RH Cox PT Wainwright B J es al.® Touchdown” PCR
to circumvent spurious priming during gene amplification J

Nucleic Acids Res 1991 19 4008.

I 2004 26 6
96-106.
Heterotrophic
Bacteria J 2003 34 3
295-305.

Azam F Fenchel T Field ] G et al. The ecological role of



295

23

24

25

26

27

28

29

30

31

32

33

34

35

36

. Mar Ecol Prog Ser 1983

water-column microbes in the sea J

10 257-263.
Miinster U Chrost R J. Origin  composition and microbial
utilization of dissolved organic matter A . In Miinster U

Chrost R J  eds . Aquatic Microbial Ecology Biochemical and
Molecular Approaches M

1990. 8-46.

New York Spring-Verlag Inc.

Chrast R J. Characterization and significance of B-glucosidase
activity in lake water J . Limnol Oceanogr 1989 34 4  660-
672.

Hoppe H G Giesenhagen H C  Hocke K. Changing patterns of
bacterial substrate decomposition in an euteophication gradient
J . Aquat Microb Ecol 1998 15 1 1-13.

Meyer-Reil L A. Seasonal and spatial distribution of extracellular
enzymatic activities and microbial incorporation of dissolved
organic substrates in marine sediments ]
Microbiol 1987 53 8  1748-1755.
Fabiano M

Appl Environ

Danovaro R.  Enzymatic activity — bacterial

distribution and organic matter composition in sediments of the

Antarctica ] . Appl Environ Microbiol 1998 64
10 3838-3845.

Barman T E. Enzyme Handbook M

Inc. 1969. 928.

ross sea

Berlin  Springer-Verlag

J. 2001 32 3 327-333.

Kataoka T Hodoki Y Suzuki K et al. Tempo-spatial patterns
of bacterial community composition in the western North Pacific
Ocean J . J Marine Syst 2009 77 12 197-207.

Acinas S G Rodriguez-Valera F Pedrés-Alis C. Spatial and
temporal variation in marine bacterioplankton diversity as shown
by RFLP fingerprinting of PCR-amplified 16S rDNA J . FEMS
Microbiol Ecol 1997 24 1  27-40.

Dojka M A Harris J] K Pace N R. Expanding the known
diversity and environmental distribution of an uncultured
phylogenetic division of bacteria J . Appl Environ Microbiol
2000 66 4 1617-1621.

Stoderegger K E Herndl G J. Dynamics in bacterial surface
properties of a natural bacterial community in the coastal North
Sea during a spring phytoplankton bloom J . FEMS Microbiol
Ecol 2005 53 2 285-294.

Marcelino T S Christina M P Francisco P C et al. Quantitative
mapping of bacterioplankton populations in seawater field tests
across an upwelling plume in Monterey Bay J . Aqua Microbiol
Ecol 2001 24 2 117-127.

Benjamin A S Mooy V Allan H. Relationship between bacterial

and carbon cycling in the eastern

Limnol Oceanogr 2004 49 4

community structure light
subarctic North Pacific J .
1056-1062.

Rooney-Varga ] N Giewat M W Savin M C et al. Links

between phytoplankton and bacterial community dynamics in a

37

38

39

40

41

42

43

44

45

46

47

48

49

50

coastal marine environment J . Microbial Ecol 2005 49 1
163-175.

Ferrier M Martin J L Rooney-Varga J N. Stimulation of
Alexandium fundyense growth by bacterial assemblages from the
Bay of Fundy J . J Appl Microbiol 2002 92 4  706-716.
Gallacher S Flynn K J Franco ] M et al. Evidence for
production of paralytic shellfish toxins by bacteria associated with
Alexandrium spp. in culture J

Microbiol 1997 63 1

Dinophyta
239-245.

Appl Environ

SuJQ YuZM Tian Y et al. Biological activity of a red-tide
alga—A. tamarense under co-cultured condition with bacteria
J . J Environ Sci  China 2005 17 6  1047-1050.
Lovejoy C Bowman J P Hallegraeff G M. Algicidal effects of a
novel marine Pseudoalteromonas isolate  class Proteobacteria
gamma subdivision on harmful algal bloom species of the genera
Chattonella  Gymnodinium and Heterosigma ]

Microbiol 1998 64 8  2806-2813.
SulJ Q Yang X R Zheng T L e al

. Appl Environ

Isolation and
characterization of a marine algicidal bacterium against the toxic
dinoflagellate Alexandrium tamarense J . Harmful Algae 2007
6 6 799-810.
1
I 2009 30 1
271-279.
J . 2007 27 7  2864-2871.
Wang Y Yu Z M. Biological strategies in controlling or
mitigating marine harmful algal blooms  HSBs J . Acta
Phytoecologica Sinica 2005 29 4  665-671.
Imai I Ishida Y Hata Y. Killing of marine phytoplankton by a
gliding bacterium Cytophaga sp. isolated from the coastal sea of
Japan J . Mar Biol 1993 116 4  527-532.
Furuki M Kobayashi M. Interaction between Chattonella and
bacteria and prevention of this red tide J Mar Pollut Bull
1991 23 189-193.
Bell W Mitchell R. Chemotactic and growth responses of marine
bacteria to algal extracellular products J . Biol Bull 1972 143
2 265-77.
Crump B C Armbrust E V. Baross J A. Phylogenetic analysis of
particle-attached and free-living bacterial communities in the
Columbia river its estuary and the adjacent coastal ocean J .
Appl Environ Microbiol 1999 65 7  3192-3204.
Weidner S Arnold W  Stackebrandt E et al. Phylogenetic
analysis of bacterial communities associated with leaves of the
seagrass Halophila stipulacea by a culture-independent small-
subunit TRNA gene approach [ Microbial Ecol 2000 39
1 22-31.
Kamiyama T Ttakura S Nagasaki K. Change in microbial loop
components effects of a harmful algal bloom formation and its

decay J . Aqua Microb Ecol 2000 21 1  21-30.





