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143 , 7 ,
, 42 )
( D, 16 3 (1, 13]
, PRGCD PHSAD-2 ,
PRGBD PSB-8 4 4
[16]’
29%, Egan, ef al.
11% 3
Ol Burgess, et al.
, 42 , SA 400 , 35%
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40%, PA 26%, EC 31 (1]
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35% 29%, 23% (Pseudoalteromonas sp.)
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( 3, MEGA 4.1 F-420
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( 2), , 16 ( n 7
3 5 , Pseudoal-
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Tab. 1  Antimicrobial activity of marine bacteria
Test microorganism
Strain SC EC PA BS SA VA AT
PSB-8 - +++ +++ - -+ - e
PRGAD-2 - - - _ _ - _
PHSAD-2 ++ +++ +++ ++ ++++ - +++
PRGBD - ++ - + -+ - +++
PHSAD-1 - _ _ t _ _ _
PHSBD-4 - - _ + _ _ B
PRSAD - _ _ _ - _ B
PHGAD-4 - - ++ ++ ++ _ _
PHSBD - - ++ - - — _
PSB-3 - - ++ - - _ _
PSB ++ _ _ _ i _ B
PHGBD-3 - - 4+ ++ 4+ _ _
PSB-6 - - - - -+ _ _
PHSAD-6 - - _ + _ _ B
PHGBD-1 . - _ _ + _ _
PRGAD-3 ++++ _ _ e+ e+ _ _
PSB-4 - ++++ - + -+ _ _
PHGBD-4 - - _ _ e _ B
PRGCD-2 - - 4+ - 4+ _ _
PHGAD - _ _ _ - _ B
PRSBD - - - - -+ - _
PSA-2 - - - - ot - _
PHSAD-7 -+ - _ _ - _ B
PHGAD-2 ++ - - S o - _
PHSCD-1 - +++ 4+ - A+ _ _
PHSBD-1 - +H++ 4+ - A+ _ _
PRSCD-2 - - +++ + gt _ _
PSA-3 - - - - o+ o+ _
PHGAD-3 - +++ - _ +++ _ _
PHSBD-3 - - - ++ o - _
PRSCD - 4+ _ _ o+ _ _
PSC - -+ _ _ ++ _ _
PRGCD - +++ -+ ++ e _ _
ERGBD-1 - - - ++++ ++ —
ESB-2 - - - o+ o+ _
ESB-3 - - - ++ ot -+ _
EHSCD - - - - — — _
EHGBD - - - - SRS N _
EHSBD-5 - - _ _ i _ B
EHSAD - _ _ _ + _ _
EHGCD - - - - -+ RETS _
ERGCD ++ - — + 4t _ _

, No inhibition; +

1—5 mm, Inhibition zone was 1—5 mm; ++

5—10 mm, Inhibition zone was
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5—10 mm; +++

10—15 mm, Inhibition zone was 10—15 mm; ++++

15—20 mm, Inhibition zone was 15—20 mm;

F 2 FERIREE M E A E A )

+H+++ =25 mm, Inhibition zone was greater or equal than 25 mm
90 83
30 :

=70
% 60
£ 50
0

E30
320
=0
T
AT SC VA EC PA
$77 1% Test microorganisms
1
Fig. 1 Inhibition ratio of marine bacteria isolated from phyco-

sphere of Laminaria japonica

Tab. 2 Total number and percentages of bioactive bacteria iso-
lated from different source

Origin A B C
Seaweed 35 10 29
Normal kelp 60 21 35
Decayed kelp 48 11 23
T Al Number of isolated bacteria (ind.);
B. Number of bioactive bacteria (ind.); C.

Percentages of bioactive bacteria (%)

®3 BHEERMENSE

Tab. 3 Bacterial strains cultured from phycosphere of Laminaria japonica

ERI # Phylum Genus Closest neighbor Antibiotic activity
PSB-8 y-Proteobacteria Pseudoalteromonas P. arctica strain A 37-1-2 (100%) Y
PRGBD y-Proteobacteria Pseudoalteromonas P. elyakovii strain BSi20429 (99%) Y
PHSBD-1 y-Proteobacteria Pseudoalteromonas P. elyakovii strain BSi20539 (99%) Y
ESB-2 y-Proteobacteria Pseudoalteromonas P. elyakovii strain BSi20429 (99%) Y
PRGCD y-Proteobacteria Pseudoalteromonas P. elyakovii strain BSi20429 (99%) Y
ESB-3 y-Proteobacteria Pseudoalteromonas P. elyakovii strain BSi20539 (99%) Y
ERGCD y-Proteobacteria Pseudoalteromonas P. elyakovii strain BSi20539 (94%) Y
PHGBD-3 y-Proteobacteria Rahnella R. aquatilis strain SPb (98%) Y
PHGAD-2 Flavobacteria Donghaeana D. dokdonensis strain KOPRI 22265 (98%) Y
PHSCD-1 Flavobacteria Donghaeana D. dokdonensis strain KOPRI 22265 (98%) Y
PHGAD-4 Bacilli Bacillus B. subtilis strain YJ001 (99%) Y
PRGAD-3 Bacilli Bacillus B. subtilis strain YJ001 (99%) Y
PSB-4 Bacilli Bacillus B. subtilis strain YJ001 (99%) Y
PRGCD-2 Bacilli Bacillus B. subtilis strain YJ001 (99%) Y
ERGBD-1 Bacilli Exiguobacterium E. aurantiacum strain DSM 6208 (99%) Y
PHSAD-2 Bacilli Exiguobacterium E. aurantiacum strain M-4 (99%) Y

YY) 7 (VA)
R PRGAD-2 PSA-3 ERGBD-I
ESB-2 ESB-3 EHGBD EHGCD
, (Portunus 3.2
trituberculatus) ¢ i (Lito- 42
penaeus vannamei) “ 7z ) 16
(Pseudosciaena croce) (Paralichthys olivaceus) 16S rRNA

(Anguilla japonica)

[22—26]

[27]

Pseudoalteromonas sp. Rahnella sp.

Donghaeana sp. Bacillus sp.  Exiguobacterium sp. 5

>
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76 {OPRGAD-3 (HM854014)

OPSB-4 (HM854016)

65 | OPHGAD-4 (HM854012)
99 [OPRGCD-2 (HM590611)

Bacillus amyloliquefaciens strain dhs-28 (GQ903336)
Bacillus subtilis strain YJ001(DQ444283)

Bacillus subtilis isolate C9-1 (

99O PHSAD-2 (HM3595409)

521 Exiguobacterium aurantiacum strain DSM6208 (DQ019166)

88O ERGBD-1 (HM854020)

78
04 FO PSB-8(HM854015)

OESB-2 (HM854019)
OESB-3 (HM595408)

97| rO PHGAD-2 (HM595

95L 0 PHSCD-1 (HM854017)

78
62
99
99[
98

99
—
0.02

2 16S rRNA

Marinibacillus campisalis strain C0010 (GU947875)
Terribacillus saccharophilus strain EQH19 (F1999948)
Exiguobacterium awrantiacum strain M—4 (HM030747)

O PHGBD-3 (HM854013) 7]
Rahnella aguatilis strain SPb (FJ405361)
— OERGCD (HM439609)
r Pseudoalteromonas sp. BSw20244 (EF437165)
97 -QOPHSBD-1 (HM439610)

08 | Pseudoalteromonas elyakovii strain BSi20429(DQ537506)
- Pseudoalteromonas elyakovii strain BSi20539(DQ3537512)| y—Proteobacteria

Pseudoalteromonas arctica strain A 37-1-2 (DQ787199)
QPRGCD (HM590611)

QO PRGBD (HM439611)

Flavobacterium columnare strain LM-02-Fc¢ (HM235502)
Dokdonia donghaensis strain PRO95 (F1627052)

9 [ Donghaeana dokdonensis strain KOPRI 22265 (EU000243) | Flavobacteria

)
35%  29%, 23%,

EU257446) Bacilli

410)

Fig. 2 Phylogenetic analysis of marine bacteria with bioactivities based on 16S rRNA sequences. Phylogenetic trees were constructed by the
Bootstraping and Neighbor-joining rule. Numbers at each branch points indicate boostrap confidence values as the percentage of 1000 boot-
strap replications. Numbers in parentheses represent the sequences’ accession number in GenBank. Bar indicates 0.02 substitutions per nu-
cleotide. Sequences in this experiment are preceded by open circles
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ANTIMICROBIAL ACTIVITY AND DIVERSITY OF MARINE BACTERIA IN
PHYCOSPHERE OF LAMINARIA JAPONICA

CHU Jiao-Jiang" %, ZHU Peng" * and YAN Xiao-Jun'?

(1. Key Laboratory of Applied Marine Biotechnology, Ningbo University, Ningbo 315211, China,
2. Marine Biotechnology Laboratory, Ningbo University, Ningbo 315211, China)

Abstract: Kelp (Laminaria japonica) is important economic farming seaweed in our country, rich in vitamins, protein,
minerals, fiber, inorganic salts and other substances. But with the continuous expansion of seaweed farming, rotten dis-
eases that occurred during the breeding often cause significant economic losses. Rotten diseases are complex problems,
relative researches have been carried out for many years, but yet there has not been a unified conclusion. Previously
mainly method was to search for a single pathogen and develop corresponding inhibitors. With the theory of phyco-
sphere and phycosphere microbes, the balance of phycosphere micro-environment was found important to the normal
growth of algae, making it possible to study rotten diseases from the way of microbial diversity. In this study, marine
bacteria were isolated from health kelps (Laminaria japonica), rotten diseased kelps and seawater in coastal area of
Taizhou, China. Antibacterial activities were screened using agar diffusion method, and the relationship of active bacte-
ria and their origin was studied. The results showed that 42 strains among total 143 isolated marine bacteria had antim-
icrobial activity, which indicated that marine bacteria in phycosphere were extremely rich in anti-bacterial resources.
The proportion of active bacteria associated with health kelps and seawater (35% and 29%, respectively) was higher
than that isolated from rotten diseased kelps (23%). Molecular phylogenetic analysis of marine bacteria with broad-
spectrum antibacterial activities based on 16S rRNA sequences indicated that they belonged to the genera of Pseudoal-
teromonas, Rahnella, Donghaeana, Bacillus and Exiguobacterium, respectively. These results proved that marine bac-
teria in phycosphere had great diversity in class and quantity, while different inhibitory effect to seven sensitive indica-
tor bacteria meant there was also diversity in function. Diversity condition changed as the growth state of kelp changed.
This study provides a clue to understand the mechanism of rotten disease from microbial diversity, and provide some

new materials with medical potential.

Key words: Laminaria japonica; Phycosphere; Antibacterial activity; Diversity



