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Culture-dependent RFLP and culture-independent DGGE were employed to investigate the bacterial
community associated with the marine sponge Spirastrella abata. A total of 164 bacterial strains
associated with the sponge were cultivated using Zobell and Natural sea salt media. PCR amplicons of
the 16S rDNA 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 16S rDNA
sequences derived from RFLP patterns showed more than 95% similarities compared with known
bacterial species, and the isolates belonged to four phyla, Proteobacteria (Alphaproteobacteria,
Gammaproteobacteria), Actinobacteria, Firmicutes, and Bacteriodetes, of which Alphaproteobacteria was
dominant. DGGE fingerprinting of 16S rDNAs amplified from the sponge- derived total gDNA showed
five major DGGE bands, and their sequences showed more than 96% similarities compared with
available sequences. The sequences derived from DGGE bands revealed high similarity with the
uncultured bacterial clones. DGGE revealed that bacterial community consisted of four phyla,
including Proteobacteria (Alphaproteobacteria, Gammaproteobacteria), Actinobacteria, Spirochetes, and
Chloroflexi. Alphaproteobacteria, Gammaproteobacteria, and Actinobacteria were commonly found in
bacteria associated with S. abata by both RFLP and DGGE methods; however, overall bacterial
community in the sponge differed depending on the analysis methods.
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25°CollA] 7U7E Hl gk
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16S tDNA 2] RFLP#4S 483}t

DNA & U 16S rDNA2| PCREZ

44 DNAE £ Alit 7529 Z} colony Z4E] gDNA
Extraction kit (Solgent, USA)E A&l sty om i
¥ DNA= PCR RH&-9] F3o=2 ARESI(th 16S tDNAS]
ZZofl= 27f (5-AGA GTT TGA TCC TGG CTC AG-3)%}
1492r (5'-TAC GGY TAC CTT GTT ACG AC-3")€] primer
S ARESFATE PCR HH E3E9] 272 5 ul 10X reaction
buffer, 1 pl®] 10 mM dNTPs, 5 unit/ul Taq polymerase
(Solgent, Korea), Z+Z}2] primer 10 pmol, 12|31 100 ng2]
A& DNAE 1 pl 7t HFE 739 50 plo] HEE st
PCR HFS-2 4383}tk GeneAmp PCR system 2700 thermal
cycler (Applied Biosystems, Version 2.0, USA)E ©]|-83}
94°CollA 383 7] WAXZ F, 94°CollM 40x3t WA,
55°CollA 40%3F W7}, 72°CollA 183F 413, o] 78S 30
cycle HHE- =85l & HFZ O F 72°ColA] 1087 AR
o} SZ5 DNAY 1S ¢354 PCR ¥H&- 3 ulE #3to
1% agarose gel (Bio-Rad, USA)S o83} Mupid-ex
(ADVANCE, Japan)Z 100 V, 25 ¥} 1X TAE buffer (40
mM Tris-acetate, 1| mM EDTA, pH 8.0)°l|4 7]9% 3}
t}. A719% &, EtBr (ethidium bromide, 50 ng/ml)°l] 10 ¥
7+ &A3le] Gel Logic 200 (Kodak, USA)S o83} UV3}
oA oF 1.5 kb TS 1T
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PCR 7F=¢] RFLP 45 98 2F9] #IEL Haelll
(TaKaRa, Japan)$} Mspl (TaKaRa)2 ARE3Fch 24 1.5
kb DNA ©3el z}zke] AIg a4s H7lste] 37°CollA 4
A)ZE WESAIHATE WHS-E-2 3% agarose gel (Bio-Rad, USA)<
ARE3le] 1X TAE buffer (40 mM Tris-acetate, 2 mM
EDTA, pH 8.0)Z 100 V, 30 #3F #7953 & EtBr (50
ng/ml) = F43}] Gel Logic 200 (Kodak, USA)S ©]-&3}o]
UV slol|A] st 2zt g =R3s geleit

16S rDNA-RFLP fingerprinting type®ll W&} Z}2te] RFLP
type HE 1-2719] &8 #FES AH3l] F 4679 F&
©7] AL (500 bp olHE AU FHE PCR A&
High Pure PCR Product Purification kit (Roche, USA)E ©]&
3to] AASFY 2™, 27f primerZ ABI PRISM 3100 automated
sequencer (PE Applied Biosystems, USA)E ©]-8-3l] 714
& Ak

Total genomic DNA F£&

AR SHS -70°ColN 52 F 5EAF
0.033 M bar7|9}22 14417k AZ3Hh. T47xd sHS
HoE 2RE ARl ¥ AHELE Fe & BEiHe
G-spin™ Genomic DNA Extraction kit (Intron, Korea)Z ©]
838l +E3 ¥ DGGES 913 PCR WH-o] Y02 AHS:
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16S rDNA2| DGGE-PCR &=

GC clamp”} F7}48 341f (5-CGC CCG CCG CGC CCC
GCG CCC GGC CCG CCG CCC CCG CCC GCC TAC
GGG AGG CAG CAG-3)$} 518r (5-ATT ACC GCG GCT
GCT GG-3)9] primer’d2 ©]-83}] 16S rRNA gene2] V3 4
& FE3TE PCR WH§- EHE2] 242 16S tDNAS] PCR
ZZo| 7399 FYUSA 819 PCR 2L 94°ColA] 40%
ZF WA, 65°C (1 cycle F 0.5°C touch down)ollA] 4037+ WY
z}, 72°ColA 123 A3, o] #HAS 30 cycle WHE 3% &
HETHoZ 72°CoA 10231 AGAIFTE S3E DNAY 3
Q& 93l PCR ®HS 2 W& FH3ld 2% agarose gel
(Bio-Rad, USA)S ©]-83}] Mupid-ex (ADVANCE, Japan)Z
100 VoA 2587 1X TAE buffer (40 mM Tris, 20 mM
acetic acid, 50 mM EDTA, pH 8.0)°4 A7] A5atgdch. A
7] %% ¥ Ethidium Bromide (50 ng/ml)Z 43}o] Gel
Logic 200 (Kodak, USA)< o8, A4 2ALE 15Tk
ZZg DNAY F7E 3157 918 marker2E 100 bp
ladder (Intron, Korea)E A3}l GeneAmp PCR system
2700 thermal cycler (Applied Biosystems, version 2.0, USA)
£ o83k

DGGE M7|9sS

DGGE<® Bio-Rad Dcode system (Bio-Rad)< ©]&3}e] 4=
PIATH18). SFF PCR 2HEL bis acrylamide (Bio-Rad)E
X33t 10% polyacrylamideE ©]&3te] 30%914 70%<] &
% ] 24(7 M urea, 40% formamide) 22 H7|95& &
33199t Polyacrylamide gel 7] 20X13 (WXH cm), F
7 1 mmE ZAJ3k] PCR A|E+E 2X loading dyest &3}
o] 40 pl®] A EE loading3t3{th 1X TAE buffers A-8-3to
60°C, 30 VellA] 127t FEEIAIZ] F 60 VE At &8 15
A)ZE A7) dEES TRk H7]9% ¥ DGGE gel
Ethidium bromide (50 ng/ml)Z 1A]3F 94 & Gel Logic 200
(Kodak, USA)S ©]&, A9]X 2AlE &Sl

DGGE band2| S5

DGGE gel “Joll4] £2]¥ band 3, Z} bandE gelollA] 2}
o] Gel Extraction kit (QIAGEN, Germany)2 ©]-83}¢]
DNAE 33l3lth @71 E 45 #18t= bandZ5-H 3]
¥ DNAE F¥oz AMESIth Primer= 3419} 5181
ol-g3}o] 9J9} FY3 2708 PCRE F5Lh PCR 5=
AHZ-& Wizard SV Gel and PCR Clean-Up System (Promega,
USA)E o]&3ate] HAIE & A7IME #4(Macrogen, Korea)
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RFLP type2] S8l £33 $3) FPQuest™ (Bio-Rad, Bel-
gium) softwareS ©]-8-3}.21 Similarity coefficient= Dice

el oJs)] G3}3L Dendrogram-> Neighbor-joining®l| <]3]
218 ATH3).

RFLP 3 DGGE Z#=Z ozl 4714<E2 NCBI (the
National Center for Biotechnology Information)ol] 5=% 4
7IMES ddOE Blast searchE G331tk 2t G714 E9
alignment+= CLUSTAL W (27)& ©|-83}c] AZE3}%31 Molecular
Evolutionary Genetics Analysis (MEGA) software version 4.0
(24)& ©]-83}o neighbor-joining HHol 2l zHzre] AT
= At 1,0008] WHE bootstrap w40l QF| AlEFE
CRE

da
SiH M2l 2] ¥ RFLP 24

S, abata®] W Thsd AT IHTEE 16S
rDNA 2] PCR-RFLP ol 2J3] ZAKs7] 915ke] ZoBell Hi
e} AL wAE o83t F 30675 st FEE
o5 5 T2 A8h 164750 thsle] 2579 A3 &
2E o]g3}a] 16S rDNAS] RFLP type2 #4311t} RFLP
type= 22t HaelllE ©]83 79 217), Mspl¥] 75 2771¢]
typeo] PR F E4AE o83 RFLP typeS 33}
% 3070¢] A ©E RFLP type©] 7= SATHFig. 1 and
Table 1).

DGGE band Af

nlEjHel 71%3%F 16S rDNA2S] PCR-DGGEE 4=3)3}]
S. abata®] MY FAYATY ATTH TFGS goprith
s A|EERE F23) genomic DNAS F& 2 & 16S rDNA
gene?] V39S ZZsle] 194 bpe] A+ =7]¢] PCR 4F
ES AUtk S. abata®] DGGE band pattern #24 A3, % 5
71¢] bandE FRIT F= AN O™, DGGEE 23] o) F3h3t
AFAdo]l LS FelaldrhFig. 2). ©] 3 =2 DGGE
band7} YEME Al S gelsr] $13ked 16S 1DNA
o] BE AVIMES BAEHATh

F7IME 2M U

RFLP type2] F714Q4 ¥4: RFLP #24o 2l3) 30712
type2 &2 W, S. abataIA @ AldEel thsl 2 RFLP
type BE 12749 £ 55 Adsle] B2 A7IHES &
A3tk A7IMge] 249 F 46719 B dae BT 7]
o Bag Al F9 95% o] frAl=E UERSITE 4
714 ge] E49 30719] RFLP type 2872] Mt £8 UE}
Wien o] %S FAZ A3 RFLP Ao 2237 1647
FES A8kl o]59 4 Al ZAS 1Re] Apols
2251 t(Table 2 and Fig. 3). Alphaproteobacteria 39.6%,
Gammaproteobacteria 29%, Actinobacteria 18.9%, Firmicutes
10.2%, Bacteroidetes 2.1%S UYERAITE 73 2o BEX S
HOl Mt =& Proteobacteria T &3R= Pseudovibrio %
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Fig. 1. Dendrogram showing the relationship among bacterial isolates based on the 16S rDNA-RFLP profiles.

DS1

DS2

Fig. 2. DGGE banding patterns of amplified 16S rDNA obtained
from Spirastrella abata (DS); DS1 and DS2 indicates the DGGE
profiles from independent experiments using the same sponge
sample.

DGGE band9] 97144 #4: Aurye tgeds 24
317] 93] DGGE bandolX] DNAS FZ3}o] 341f9} 518r
ol-g3l] AFZF3t AVIMES EA5IHTE DGGE band9]
A7MEs

B3 JJr S. abata®14 5719] bandell et
7IMEE FRIE 5 Ao, o] A7INES o83t L
A LS} AEAL ] W3k AF= Table 37 2Tk

DGGE bandZ2XE ZAE XEEL »F d#2 NEE"r
96% X 100% 9] &35 Hebl o 27 wjd=A] e
AMtt(uncultured bacteria)?]l o2 UERHTE

DGGE band DS-12 uncultured alpha proteobacterium
(BU702822) % 96% 2] 35732 UeERHJ1m DS-2+= Chloro-
flexus sp. (F1481347)9} 100% 2] +&4S YeERSITE DS-3
2 Uncultured Actinobacterium (EU819009)3} 100% 2] ‘35
A& HPO™ DS-42 Uncultured gamma proteobacterium
(BU816809) % 100%°] “357d<S Rtk DS-5% Uncultred
Spirochetes (F1529354)2} 99% ] 548 Yepfich
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Table 1. RFLP fingerprinting types and sequence similarities of 16S rDNA from bacterial strains isolated from the marine sponge

Spirastrella abata (RS)

% Sequence

};};Iéf Strain” Closest relative Acichs__;sllon similarity Phylum

(*no. of bases)
la RS-79 Brachybacterium paraconglomeratum LMG 198617 AJ415377 99 (586/588) Actinobacteria
2b RS-91 Planococcus rifietoensis M8" AJ493659 98 (637/644) Firmicutes
3c RS-46 Brachybacterium paraconglomeratum LMG 198617 AJ415377 99 (594/596) Actinobacteria
3c RS-104  Planococcus maritimus TF-9" AF500007 100 (642/642) Firmicutes
4d RS-101 Pseudovibrio ascidiaceicola F4237 AB175663 100 (606/606) Alphaproteobacteria
Sc RS-146 Micrococcus yunnanensis YIM 65004" FJ214355 100 (573/573) Actinobacteria
6e RS-143 Mpycobacterium sp. 18 GUW EU496548 100 (632/632) Actinobacteria
7t RS-72 Dietzia schimae YIM 650017 EU375845 100 (527/527) Actinobacteria
8c RS-21 Planococcus maritimus TF-9" AF500007 100 (512/512) Firmicutes
8e RS-47 Psychrobacter faecalis 1s0-46" AJ421528 98 (624/632) Gammaproteobacteria
9g RS-35 Microbulbifer epialgicus F-104" AB266054 99 (551/554) Gammaproteobacteria
10f RS-129 Psychrobacter faecalis Tso-46" AJ421528 98 (590/597) Gammaproteobacteria
11c RS-05 Psychrobacter marincola KMM 277 " AJ309941 99 (521/522) Gammaproteobacteria
11j RS-110  Psychrobacter submarinus KMM 225" AJ309940 98 (536/534) Gammaproteobacteria
12e RS-11 Erythrobacter vulgaris 022 2-10" AY706935 99 (558/559) Alphaproteobacteria
12e RS-113 Enythrobacter seohaensis SW-135" AY562219 100 (516/516) Alphaproteobacteria
12¢ RS-107  Aurantimonas coralicida WP1" AJ786361 100 (529/529) Alphaproteobacteria
13c RS-16 Ruegeria atlantica 1AM 14463" D88526 99 (586/587) Alphaproteobacteria
14h RS-64 Erythrobacter seohaensis SW-135" AY562219 99 (577/579) Alphaproteobacteria
151 RS-36 Erythrobacter seohaensis SW-135" AY562219 100 (521/521) Alphaproteobacteria
16k RS-118  Jannaschia rubra 4SM3" AJ748747 99 (521/523) Alphaproteobacteria
171 RS-141 Gillisia hiemivivida 1C154" AY694006 99 (522/525) Bacteroidetes
18m RS-97 Gramella marina KMM 6048" AY753911 99 (587/589) Bacteroidetes
19n RS-57 Kytococcus sedentarius DSM 20547" CP001686 100 (547/547) Actinobacteria
200 RS-82 Dietzia schimae YIM 650017 EU375845 100 (535/535) Actinobacteria
21p RS-10 Arthrobacter sp. Tp2 EUS855749 99 (552/553) Actinobacteria
22q RS-94 Kytococcus sedentarius DSM 205477 CP001686 99 (517/521) Actinobacteria
23r RS-55 Arsenicicoccus bolidensis strain FR2_MS13c GU390319 95 (667/678) Actinobacteria
24f RS-139 Mycobacterium sp. 18 GUW EU496548 100 (531/531) Actinobacteria
25s RS-31 Paracoccus homiensis DD-R117 DQ342239 99 (550/552) Alphaproteobacteria
26t RS-103 Bacillus mojavensis IFO 15718" AB021191 99 (566/568) Firmicutes
27u RS-84 Planococcus rifietoensis M8' AJ493659 99 (612/613) Firmicutes

* Arabian number and alphabetic abbreviation present RFLP types with the restriction enzymes Mspl and Haelll respectively.

® Strains used in phylogenetic tree constructed.

* The numbers in parentheses are the part of the total bases used to calculate the levels of sequences similarity.
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AFE FEAtNA -GS W S. abata®] MF 73
FAIAT-S RFLP type £-290ll 2J3PA Proteobacteria (Alphapro-
teobacteria, Gammaproteobacteria), Firmicutes, Actinobac-
teria, Bacteroidetes, 47) F(phylum), 57} “J(class)oll Z3}=]
£ Aoz Yepd

Table 204 B+ w9} o] Alphaproteobacteria= 39.6%
= Yeht S. abataolX 7V 38k Ald o= UEt
o} Alphaproteobacteriagl Pseudovibrio & 15.8% 2 ZA)
bl AT F F M SR Folglth ol = 5@)d 9
g AlFE BExgel] MAshs o S. abaadl It w7t

S8 FAAT teFde] B4 Aol M Alphaproteobacteria”}
3 Alet EFolH o]F A= Mt F& Pseudovibrio 4
Ao} IR|sh= Aok o] s FHEN o A
Sk WhHol YUY AS AR #RFERE UEe Aoz,
%] 2 ek o] A thEA] Jrhd
Agh o R BAg TR A9 T8 Aldagd
IS Ueplle Aoz B 4 9tk
Alphaproteobacteria’} 7 Al THOZ YePd AL 3
W FAMT F vl 7Hes 8 Al 7ol Alphaproteo-
bacteria®h= % AT AHEIS, 16, 21) A Ayo|tk
Gammaproteobacteria®] 735 29% = WEWY Alphaproteobac-
teria®ll ©]o] sz Ml FHINTL Alphaproteobacteria
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Table 2. Relative abundance of species in major classes deduced
from 16S rDNA sequences of bacteria associated with marine
sponges, Spirastrella abata

Phylum bacterial Species

Alphaproteobacteria 39.6"
Pseudovibrio ascidiaceicola 15.8
Erythrobacter vulgaris 7.3
Ruegeria atlantica 6.8
Erythrobacter seohaensis 4.8
Paracoccus homiensis 2.0
Aurantimonas coralicida 1.4
Jannaschia rubra 14

Gammaproteobacteria 29.0
Psychrobacter faecalis 12.8
Psychrobacter marincola 8.1
Psychrobacter submarinus 6.1
Microbulbifer epialgicus 2.0

Actinobacteria 18.9
Mycobacterium sp. 4.7
Kytococcus sedentarius 34
Dietzia schimae 3.4
Brachybacterium paraconglomeratum 2.7
Micrococcus yunnanensis 2.0
Arthrobacter sp. 2.0
Arsenicicoccus bolidensis 0.7

Firmicutes 10.2
Planococcus maritimus 6.1
Planococcus rifietoensis 34
Bacillus mojavensis 0.7

Bacteroidetes 2.1
Gramella marina 14
Bacteroidetes 0.7

* The number is percent (%) of each species in total bacterial community

9} GammaproteobacteriaS X313t Proteobacteria &
68.6% S A5t S. abata dWANA 71 = At
(phylum) 8 & = ATk Psychrobacter 5 A2 27%
%o Gammaproteobacteria VoA 71 $Hsk= Al &2
2 Uttt A4 AdER F 189%2 UERNE Actino-
bacteria®] 73-%- Mycobacterium <5, Kytococcus <5

A o

, Dietzia %,
Brachybacterium %, Micrococcus <, Arthrobacter <5, Arseni-
cicoccus & 5 TFS At Fo] EESIATE FirmicutesS] 73
2 102%9 BEXE BYPO™ Planococcus &) A3tk
o] S. abatadl| WS+ = F(3)° st A7 Aol A F
A Ml 1E Firmicutes? A Planococcus 4°] X3t5 Ao}
AR Ao|Jk Planococcus & Al 13k o] s &
AT F Hnd B2 HEE Uehe Al Solti12).
Bacteroidetes= 2.1% 2 S. abata WA 77 & EXE
R AT

B Aol AL S. abata$t X 5(3)9] ATolA ARSEE S
abata® 77t AFEL] 7% At REX A TR Al7]9|

ARE SAF A FOZ RELP WH €)% wePhsst 7

3 Spirastrella abata FAAEL] thFA WlmL 371

AAFS] RS2 Alphaproteobacteria, Gammaproteobac-
teria, Firmicutes, Actinobacteria?} X315+ AL F5 20|
O} B Aol o83 AlFE F-aALtellA gt sHe] A
S Bacteroidetes F-°] 71802 WHALTE o]+ B A
AMe A= Y 237/ Wi mIAE o83t o TR/ Wi
HIAE o]-&3tW o]Fe] A7 ZAF3) Hr} O ekt Al
aF] HEE o= sobdrt

30702] RFLP type'2 12744 Z2319] 165 rDNAS] 3
E 971-<€500 bp ol’hHS B8 A3}, 5U3 RFLP type
L e Fo=7 FAHF(Table 1), 2% AFF @iof 3k
RFLP type2 &< T3] gt et Fuqls ERlsd
t}. ®3 30709] RFLP type 287H¢] £o& vjeh} RFLP
type & 2 F o3l ERT A £ ARLS ¢ F
AT

Hla el 7123 DGGE®l| 93¢t fingerprinting j& ol
3l 16S IDNA Q7|MEEHE FAATe tdS E4% 4
=}, S. abata®] A At T
Gammaproteobacteria, Actinobacteria, Chloroflexi, Spirochetes
2 FAAEUTE IurE o2 wiek 7hsd AT S s
MadHez 4HF Proteobacteria (Alphaproteobacteria,
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Table 3. Phylogenetic affiliation of re-amplified denaturing gradient gel electrophoresis (DGGE) bands derived from the sponge,

Spirastrella abata (DS)

t]?a(r:I((i}E Closest relative ACCITZ.SIOH % ifgg,erffebzggi ity Phylum

DS-1 Uncultured alpha proteobacterium clone JBS_E107 EU702822 97 (108/112) Alphaproteobacteria
DS-2 Uncultured Chloroflexus sp. clone XC1D07 F1481347 100 (118/118) Chloroflexi

DS-3 Uncultured actinobacterium clone 277Z EU819009 100 (103/103) Actinobacteria

DS-4 Uncultured gamma proteobacterium clone 222A EU816809 100 (137/137) Gammaproteobacteria
DS-5 Uncultured Spirochete clone E175 FJ529354 99 (123/125) Spirochetes

* The numbers in parentheses are the part of the total bases used to calculate the levels of sequences similarity.
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