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ABSTRACT: Culture-dependent ARDRA and culture-independent DGGE were employed to investigate the bacterial community
associated with the marine sponge Halichondria panicea collected from Jeju Island. A total of 120 bacterial strains associated with the
sponge were cultivated using modified Zobell and Marine agar media. PCR amplicons of the 165 rRNA gene from the bacterial strains
were digested with the restriction enzymes Haelll and Mspl, and then assigned into different groups according to their restriction
patterns. The 165 rRNA gene sequences derived from ARDRA patterns showed more than 96% similarities compared with known
bacterial species, and the isolates belonged to four classes, Alphaproteobacteria, Gammaproteobacteria, Bacteroidetes, and Firmicutes,
of which Alphaproteobacteria was dominant. DGGE fingerprinting of 165 rRNA genes amplified from the sponge-derived total gDNA
showed 14 DGGE bands, and their sequences showed 100% similarities compared with the sequences available in GenBank. The
sequences derived from DGGE bands revealed high similarity with the uncultured bacterial clones. DGGE revealed that bacterial
community consisted of seven classes, including Alphaproteobacteria, Gammaproteobacteria, Acidobacteria, Actinobacteira, Bacteroidetes,
Cyanobacteria, and Chloroflexi. According to both the ARDRA and DGGE methods, three classes, Alphaproteobacteria, Gamma-
proteobacteria, and Bacteroidetes, were commonly found in A, panicea. However, overall bacterial community in the sponge differed
depending on the analysis methods. Sponge showed more various bacterial community structures in culture independent method than

in culture-dependent method.
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Fig. 1. Dendrogram showing the 16S rRNA gene-ARDRA profiles and the
relationship among bacterial strains isolated from the marine sponge,
Halichondria panacea.
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Table 1. ARDRA types and relative abundance of major groups in cultivable bacterial community of the marine sponge, Halichondria panacea (RH)

ARDRA type" Representative strain Closest speciesb Accession No.  Similarity (%) Phylum Percentage
la RH7-18 Aureibacter tunicatorum AB572584 98

2b RH7-26 Flammeovirga aprica AB247553 99 Bacteroidetes 7.5
3c RH7-82 Vitellibacter viadivostokensis ABO071382 100

4d RH7-22 Vibrio owensii GUO18180 99

5d RH7-2 Vibrio owensii GUO018180 100

6e RH7-1 Shewanella irciniae DQ180743 96 vproteobacterta >0
7f RH7-109 Vibrio hippocampi FN421434 98

8g RH7-55 Ruegeria atlantica D88526 99

9¢g RH7-53 Ruegeria atlantica D88526 99

10h RH7-25 Ruegeria atlantica D88526 99

9i RH7-47 Ruegeria halocynthiae HQ852038 100

11j RH7-8 Ruegeria mobilis AB255401 100

12k RH7-59 Pseudovibrio japonicus AB246748 100

131 RH7-88 Pseudovibrio ascidiaceicola AB175663 100 @ proteobacteria 675
141 RH7-44 Pseudovibrio ascidiaceicola AB175663 100

15m RH7-73 Pseudovibrio ascidiaceicola AB175663 100

16n RH7-20 Pseudovibrio ascidiaceicola AB175663 100

170 RH7-114 Kiloniella laminariae AM913907 98

18p RH7-60 Rugeria halocynthiae HQ852038 100

19q RH7-65 Bacillus tequilensis HQ223107 99

20r RH7-9 Staphylococcus warneri L37603 100 Firmicutes 10.0
20s RH7-11 Staphylococcus epidermidis L37605 100

*Each combination of number and alphabet represents ARDRA types of the restriction enzymes: Haelll and Msp]

All strains used for comparison of sequence similarities were type strains.
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Fig. 2. DGGE fingerprints of the bacterial community associated with
Halichondria panicea (DH); DH1 and DH2 present the DGGE profiles
from independent experiments using the same sponge sample.

Korean Journal of Microbiology, Vol. 51, No. 4



402

Jin-Sook Park

(67.5%), Gammaproteobacteria (15.0%), Bacteroidetes (7.5%),
Firmicutes (10.0%) - 3%(phylum) 47}(class)o]| 3= A2
2 Vel ti(Fig. 3). & AAtol| A= dlphaproteobacteriaZ} 7}

b

o

el

93 |RH7-10
RH7-96
RH7-1

99 Shewanella irciniae UST040317-058T (DQ180743)

Vibrio hippocampi BFLP-4T (FN421434)
RH7-109
RH7-22
90| RHT-2
Vibrio owensii DY05T (GU018180)
Pseudovibrio ascidiaceicola F423T (AB175663)
RH7-74
RH7-20
RH7-103
RH7-101
RH7-4
RH7-24
RH7-107

99

84

98

78

99

99

99 | RH7-44

RH7-68

RH7-73

RH7-110

RH7-112

RH7-88

RH7-59

65 'Pseudovibrio japonicus WSF2T (AB246748)

[ RH7-114
99 —Kiloniella laminariae LD81T (AM913907)

99, RH7-8
'Ruegeria mobilis NBRC 1010307 (AB255401)
RH7-40
RH7-60
99| RH7-45
RH7-43
RH7-47
Ruegeria halocynthiae MA1-6T (HQ852038)
RH7-31
RH7-58
RH7-53
RH7-41
RH7-25
‘Ruegeria atlantica IAM 14463™ (D88526)
RH7-55

99

88

RH7-82
99 Vitellibacter viadivostokensis KMM 35167 (AB071382)

991 RH7-26
Flammeovirga aprica NBRC 159417 (AB247553)
RH7-18
Aureibacter tunicatorum A5Q-118T (AB572584)
RH7-64
- RH7-78

Bacillus tequilensis 10b™ (HQ223107)

98

99

99

RH7-9

Staphylococcus warneri ATCC 278367 (L37603)
RH7-11

Staphylococcus epidermidis ATCC 149907 (L37605)

99

—
0.05

Thermococcus celer (M21529)

-H3laL o] Gammaproteobacteria?| -H3FR oY F
3N\ H S H(Hymeniacidon sinapium)2] 739 Alphaproteo-
bacteria, 16.3%, Gammaproteobacteria, 67.4%E UEF] o]

Gammaproteobacteria

Alphaproteobacteria

Bacteroidetes

Firmicutes

Fig. 3. Phylogenetic relationship was determined by the 16S rRNA gene sequences of the isolated bacterial strains from the marine sponge, Halichondria
panicea (RH). Numbers above branches indicate bootstrap values of neighbor-joining analysis (>50%) from 1,000 replicates. The scale bar represents 0.05
substitution per nucleotide position. Thermococcus celer was used as an out group.
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Table 2. Phylogenetic affiliation of re-amplified denaturing gradient gel electrophoresis (DGGE) bands derived from the sponge, Halichondria panicea (DH)

DGGE band Closest relative
DH7-1 Uncultured cyanobacterium

DH7-2 Uncultured cyanobacterium

DH7-3 Uncultured alpha proteobacterium
DH7-4 Uncultured Chloroflexi bacterium
DH7-5 Endozoicomonas euniceicola
DH7-6 Uncultured Bacteroidetes bacterium
DH7-7 Uncultured Chloroflexi bacterium
DH7-8 Uncultured Acidobacteria bacterium
DH7-9 Uncultured Chloroflexi bacterium
DH7-10 Uncultured Chloroflexi bacterium
DH7-11 Uncultured Chloroflexi bacterium
DH7-12 Uncultured Chloroflexi bacterium
DH7-13 Uncultured actinobacterium
DH7-14 Uncultured cyanobacterium

Accession no. Similarity (%) Phylum
KT880412 100 Cyanobacteria
KT880368 100 Cyanobacteria
AB054179 100 Alphaproteobacteria
KF286135 100 Chloroflexi
NR109684 100 Gammaproteobacteria
JN038256 100 Bacteroidetes
KF597121 100 Chloroflexi
IN210661 100 Acidobacteria
KF286193 100 Chloroflexi
KF597121 100 Chloroflexi
KF286175 100 Chloroflexi
IN596673 100 Chloroflexi
KT880382 100 Actinobacteria
KT880412 100 Cyanobacteria

S Fofl wheh SAAlE 2R o ZFol 7k S & = Ui
(Jeong and Park, 2012b). @P‘j =3} 5 —i',\—Oﬂ 4&38)= Hali-
chondria okadai 2] 454 pyrosequencing ©]-83t Al i3] -2
A Aatol| A= Alphaproteobacteria 714.5%, Gammaproteo-
bacteria 6.9%5 Uef o] 38 Aot o] 2 A4 F Aol aj
& FAVSIATHAbe et al., 2012).

= AT A3} H. panicea AL 71 -8t = ST =
2 Proteobacteria (82.5%) G 2.1, | G71A] Hi1% tjH RO
B HO A UER= 29 ZAYA| o B2 Proteobacteria (Webster
etal.,2004)2 &) A Q= u}, o= o3} A A= GH E
A} 5 (sponge-associated) Al o w7 0] LHEA © 2 F}j9F2]
EGAITF 5 7P Aok 5% Proteobacteria®t 4743t
JHRA 7} U2 AR

Alphaproteobacteria®| = Rugeria Z£°| 9-H3}H o
Gammapreoteobacteria %\ X|+=Vibrio 0] -3} t}. o]
= Asteropus simplexo)| A ZATE 15 9 21219 S 20 5
A5t A o] A tHJeong and Park, 2012a).

DGGE banding pattern © 2 58] A|F74 9] TofAd S &
A15}7] €13 DGGE bando]| 4] DNAS £%36}0] 34119} 518r
2 olgstol A FEste] QrINBL LA A, 1472
bando]] t gt 7] A B-& E1E 4= 91 % S 1(Table 2), DGGE
band 2 7€} A H AN EE52 25 LeiX A G5} 100%2]
FE/3& UERth DGGE band =58 Y331 tf 720 A
HEL vjdE R] &S A|aH(uncultured bacteria) S} =2 AF
=42 Vel 9tk DGGE bandoj|A] DH7-1, DH7-22} DH7-
14+= Uncultured Cyanobacterium (KT880412, KT880368)x}

rO(

F

o

100%2] AF5-43-2 B ¢ .21, DH7-3-2 Uncultured alpha proteo-
bacterium (AB054179)3} 100% 4542 LIEFY 21 th DH7-4,
DH7-7, DH7-9, DH7-10, DH7-113} DH7-12+ Uncultured
Chloroflexi bacterium (KF286135, KF597121, KF286193, KF
286175, IN596673)1} 100%2] AFsAS E9o, DH7-5=
Endozoicomonas euniceicola (NR109684)2} 100% AFEAlS
el 9l DH7-6-2 Uncultured Bacteroidetes bacterium
(JN038256)3} DH7-8-2 Uncultured Acidobacteria bacterium
(ON210661)T} ZFZF 100% AFEAS 2elon, DH7-13S
Uncultured actinobacterium (KT880382)1} 100%2] A-5-42
Ureh e,

DGGE W0} @742 4] 27]5}o] A4S 2 et
A}, H. panicea®] 78 YA 152
Gammaproteobacteria, Actinobacteria, Acidobacteria, Bacte-
roidetes, Chloroflexi 18] 11 Cyanobacteria® 65775 .2 L
EPtTh(Fig. 4). DGGEE ©|-§-3t H. panicea®| Alwt<-3d -2
B Aol A Alphaproteobacteria®] Roseobacter 1550] 3
W Z Eo|3] 1507 H1E dHf 9] ©w(Schneemann et al.,
2010c), T3 o] S|'H o] FAA| o R FEZof TS E THE o
TF-ol| A Alphaproteobacteria®| Rhodobacter 150] A& Y
& AA3FH S LK Wichels ez al., 2006), 2 Ao A= o] 2}
&5 At 152 AEE A L3tk H. panicea®) 739-2F &
H]u 2k DGGE®] )3} Chloroflexi
£ A| &3} Betaproteobacteria, Chloroflexi, Deltaproteobacteria
o} Nitrospira7} A %|o] 3 F-ofl ok 2ol & e AUt
(Jeong and Park, 2012a). ARDRA o]] 2]3} u}j o 71531 Z A8 A

52 Alphaproteobacteria,

2 Asteropus simplex 2] 73-9-
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Fig. 4. Phylogenetic tree from analysis of 16S rRNA gene sequences of DGGE bands from Halichondria panicea (DH). Numbers above branches indicate
bootstrap values of neighbor-joining analysis (>50%) from 1,000 replicates. The scale bar represents 0.05 substitution per nucleotide position. Thermococcus

celer was used as an out group.
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Fig. 5. Comparison of the bacterial community based on 16S rRNA
gene-ARDRA and DGGE in the marine sponge Halichondria panacea.
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