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Seasonal differences of the cultivable bacterial communities associated with the marine sponge, Hymeniacidon
sinapium, between spring and summer were analyzed through the Amplified Ribosomal DNA Restriction Analysis
(ARDRA). For the cultivation of the bacterial isolates, modified Zobell and MA media were used. The 16S rDNA of
individual strains were amplified and fragmented by using two restriction enzymes, Haelll and Mspl. As a result, 23
ARDRA types from the spring sponge and 28 types from the summer sponge were obtained. The partial sequencing
result of 1 to 3 selected strains from each types showed over 94% similarities with the known species from the
public database. The bacterial communities from the sponge, captured on spring, contained 4 phyla: Actinobacteria,
Alphaproteobacteria, Gammaproteobacteria, and Firmicutes. There were 5 phyla observed from the bacterial
communities associated with the sponge, captured on summer: Alphaproteobacteria, Betaproteobacteria,
Gammaproteobacteria, Firmicutes, and Bacteroidetes. Gammaproteobacteria was predominant group in both spring
and summer, accounted for 33.8% of total in spring and 67.4% in summer, showed increase pattern on summer.
Because Firmicutes and Actinobacteria participated in 30.2% and 8.3% of the spring sponge while they represented
only 6.9% and 0% of the summer sponge, both bacterial groups showed decrease drift on summer
Betaproteobacteria (4.7%) and Bacteroidetes (4.7%) were only observed on the sponge captured on summer. On the
sponge, Hymeniacidon sinapium, more diverse bacterial communities were shown on summer than on spring, and
even from the same sponge, there were seasonal differences.
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H v AE 29 B4 {8l F sH 35HE(chemotype)
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Ast7] AT =35 o] 754 (Fu et al., 2006, 2007;
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2 d7oNAE T At 27 o] A w2 H3skE 1t
oFskalzl Aslighe] F Hieh FEAZHE BFHI AE5H
Z¥Z: H. sinapium-2 735} vl 7153 cultivable) 2499
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Ribosomal DNA Restriction Analysis) B3 o] ©|a) E-435}5t}.
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7 9 ek e 9 JEoo) Aol BRE B
olgste] swe AYstgch. AU AL PR AT
(ASW)= 33] A2 F 4T o4 Lubste] 12412k o] el AFel
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(marine agar 2216, Difco, USA)o]| 100 pl&] =35}od 26 C o A]
797k Seek et B3t ol goll 212 AU o RE B o)
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DNA == 4 16S rDNAS| PCR &=

AMA DNAE 2289 Al #5794 24+ 22U ZH2E gDNA
Isolation kit (Qiagen, Germany)S ARE-3}to] BEajslgon e
¥ DNA= PCR HHg-9] 3 o 2 A835}4 ). 16S tDNAQ] =
Zo]= 27f (AGA GTT TGA TCC TGG CTC AG)%} 1492r
(TAC GGY TAC CTT GTT ACG AC)2) primer %2 AF235}%
t}. PCR HH2-2 100 ng2] 5% DNA2} 5U e-Taq polymerase
(Solgent, Korea), 10 mM dNTP, 10x e-Taq buffer, 10 pmol
primerS 2% wHo] 50 w7} HES Egkslo] Saaich
GeneAmp PCR system 2700 thermal cycler (Applied Biosystems,
Version 2.0, USA)E ©0]83}o] 94 C oA 587F 7] HAAIF
3, 94 C oA 4027 HA, 55C oA 4027 WYz}, 72CofA 1
B2 A, o] IS 30 cycle WHE 3% & 2FH 0=z 72C
of| A 1087+ AAIFi T 5-Z¥ DNAS] 8l |34 PCR ¥t
S0 3 ulE F3}o] 1% agarose gel (Bio-Rad, USA)2 ©]-835}4]
Mupid-ex (ADVANCE, Japan)2 100 V, 2557} 1 xTAE buffer
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Table 1. Amplified Ribosomal DNA Restriction Analysis (ARDRA) fingerprinting types and sequence relationships of 16S rDNA from bacteria

isolated from the marine sponge H. sinapium collected in spring

AglsgA Rep r:tsrz?rtlatlve Accession No. Closest species’ Similarity (%) Nl;ItIrl:iirSOf Phylum
1A spH-5 KC416072 Arthrobacter subterraneus 96.4 1 Actinobacteria
2B spH-58 KC416078 Bacillus aryabhattai 99.8 1 Firmicutes
2C spH-94 KC416086 Bacillus cereus 98.2 2 Firmicutes
3D spH-60 KC416079 Bacillus cibi 99.0 1 Firmicutes
4C spH-100 KC416087 Bacillus megaterium 99.6 1 Firmicutes
3D spH-56 KC416077 Bacillus oceanisediminis 99.9 1 Firmicutes
2B spH-58 KC416078 Bacillus thioparans 99.5 1 Firmicutes
5D spH-70 KC416081 Planomicrobium flavidum 98.3 1 Firmicutes
6E spH-35 KC416076 Paracoccus homiensis 99.5 1 o-proteobacteria
7F spH-115 KC416092 Pseudovibrio ascidiaceicola 99.0 1 o-proteobacteria
101 spH-63 KC416080 Ruegeria atlantica 99.8 5 o-proteobacteria
11L spH-2 KC416070 Ruegeria lacuscaerulensis 98.3 1 a-proteobacteria
90 spH-77 KC416083 Microbulbif erepialgicus 99.2 6 y-proteobacteria
14D spH-112 KC416091 Psychrobacter frigidicola 98.6 1 y-proteobacteria
16L spH-6 KC416073 Vibrio rumoiensis 98.4 2 y-proteobacteria

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

All strains used for comparison of sequence similarities, were type strains.

(40 mM Tris-acetate, 1 mM EDTA, pH 8.0)o|4] A7 8% 3l
t}. A7|9% &, EtBr (ethidium bromide, 50 ng/ml)]] 10&£7t
AA51e] Gel Logic 200 (Kodak, USA)S 0|83}t UVs}of A
oF 1.5 kb THH-S st GiTh

ARDRA &AM

ARDRA BAS 93] 2£9] A|gta 4 Fast Digest Haelll
(Thermo Scientific, Lithuania)@} Fast Digest Mspl (Thermo
Scientific, Lithuania) & AF-3F5Th PCR AREo] Zkzhe] A3t
aLE FA7kste 37CoA 58X vREAHAY ¥EE2 3%
agarose gel-& AME3}o] 1x TAE buffer2 100 V, 3027 A7)
53 T EBr2 G5+ Gel Logic 200 ©]8-35}¢] UVl
A BESHo] 7} #20] ME $BE 21519tk ARDRA typee]
gl 242 ]3] FPQuest™ (Bio-Rad, Belgium) softwareE ©]
gstsict.

G7IME BN W AIST =Y

16S tDNA-ARDRA fingerprinting type®]| w2} Z}2+2] type
A2 13709 £ #FES Agst & siHolA 2695, o
5 dellA 4325, T 69wF2] 2 F7] A E(500 bp ©]4)
2 BE43}9ith. £Z5 PCR AHE-2 Wizard SV Gel and PCR
Clean-Up System (Promega, USA)Z o|-&3}o] ZA|gE & F7]
A g EA(Macrogen, Korea)2 2|5}t 24 E 16S rRNA
GARLe] 714 DL GenBank (http://ncbi.nlm.nih.gov)o]] &
B}l (accession no.: KC416027-KC416095), 7] 525 F7]|A
d& Aoz Blast searchE £33t ZF 7|4 L9
alignment:= CLUSTAL W (Thomson et al., 1994)& ©]-83}4
AE3}% 2 Molecular Evolutionary Genetics Analysis (MEGA)

software version 4.0 (Tamura ez al., 2007)2 neighbor-joining
g olgate] 22ke) ABSE et 1,0008]) wHE
bootstrap £41e]] oJ3) A% AnAE skt
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S H. sinapium®] AZo] w2 vjg 7Hs3t T +H
Fzo| WslE W] Sfelo] 217 B} o2l AU H.
sinapium & 2H6 wjF 7153t 5 B W o5 sHAA
% 281732 B2)510] 16S IDNAS] ARDRA BAS 23519
t}. = 20| A3t §AZ X85} 16S IDNA-ARDRA B4<
3% 3, & s 1607 £2] F5olA 237§ ARDRA
type©] = C™(Table 1), & HY 1217] &2 o5l
A 2871¢9] A= thE ARDRA typeo| F-EEtHTable 2).
Table 13} 20| 4= th& #5529 ARDRA type Th& FA|51%]
o} & SHe - Msplell 23] 1672] type (Table 12 of2}H]
o} 24}, Haelllo]| 2|3} 18 type (Table 19] dupsl)2 Al om,
o|& AR BAT Ai(Fig. 1), ¥ 237§ A& thE ARDRA
type2.2 FREIch o1 o] 29 Mspl (Table 22 of2fu]
oF S22hel ofal 15749} type, Haelll (Table 29} sl ofa
22719] types BoH, o] & LA R EA3 ATKFig. 2), & 28
7he] A2 th ARDRA type $& 4 231tk
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By oy NAL BT B dHe] A9 2635, B AW o] B4 Z550) £4 A9} o] 52] ARDRA typed TAR
o) 74 437)9) gl ato] AIMBL BAsIHoH @714 o] HG ARDRA B4 20] HE 281749) FRES BAjel
Aol BAE 6970l Ba| FHE RE Az BT AT E T o5 B4 ATo] AT A Fol2 BT AE
}94% o|4be] §AIES LR QIThTables 1and 2). @714 F 58 A48 9TkFig. 3).

Table 2. Amplified Ribosomal DNA Restriction Analysis (ARDRA) fingerprinting types and sequence relationships of 16S rDNA from bacteria
isolated from the marine sponge H. sinapium collected in summer

AS;;EA Rep r:tsrzrilrtlatlve Accession No. Closest species”’ Similarity (%) Nl;?:;rs of Phylum

1A suH-15 KC416030 Nautella italica 100.0 1 o-proteobacteria
1B suH-100 KC416062 Phaeobacter inhibens 100.0 1 o-proteobacteria
2C suH-65 KC416052 Porphyrobacter donghaensis 98.0 1 o-proteobacteria
3D suH-19 KC416032 Ruegeria lacuscaerulensis 99.0 3 o-proteobacteria
4E suH-89 KC416059 Thalassobius aestuarii 100.0 1 a-proteobacteria
SF suH-12 KC416029 Castellaniella ginsengisoli 99.1 2 p-proteobacteria
6G suH-79 KC416056 Oceanobacter kriegii 94.1 1 y-proteobacteria
7H suH-27 KC416037 Agarivorans albus 99.9 1 y-proteobacteria
81 suH-50 KC416047 P ho’osﬁ ﬁg;f;’;;:’jgg:’felae 98.7 1 J-proteobacteria
9] suH-118 KC416068 Photobacterium rosenbergii 98.3 1 y-proteobacteria
7K suH-57 KC416050 Shewanella marisflavi 100.0 5 y-proteobacteria
™ suH-72 KC416055 Vibrio azureus 99.6 2 y-proteobacteria
50 suH-53 KC416049 Vibrio campbellii 100.0 6 y-proteobacteria
M suH-40 KC416043 Vibrio hangzhouensis 100.0 2 y-proteobacteria
10N suH-90 KC416060 Vibrio marinus 100.0 1 y-proteobacteria
M suH-38 KC416041 Vibrio owensii 100.0 6 y-proteobacteria
SP suH-22 KC416034 Vibrio rotiferianus 100.0 2 y-proteobacteria
7N suH-21 KC416033 Vibrio tubiashii 98.9 1 y-proteobacteria
128 suH-24 KC416035 Tenacibaculum lutimaris 100.0 2 Bacteroidetes
13T suH-114 KC416067 Bacillus stratosphericus 100.0 2 Firmicutes
15v suH-28 KC416038 Exiguobacterium profundum 99.3 1 Firmicutes

* Arabian number and alphabetic abbreviation present ARDRA types with the restriction enzymes Mspl and Haelll, respectively.
® All strains used for comparison of sequence similarities, were type strains.
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I I 1 I 11 seH-setkcasors |||‘ |l Iu ! |l| |‘\ i i::ii:ﬁﬁ;}%:ﬂig: Alphaproteobacteria
I | | | |1l sph-108 xcarsoo0) o [ SuH- 104 (KC416065)
PR 1 R s | Gt Tl TRt
| | | | ||| spH-60 keateore) Y F1 % ety | Bacteroidetes
I | I 1T 1T sph-s6 aearsorn TR ] SuH- 28 (KC416038)
Al | | | ||l spH-78 (ccai6o8a) ‘[ || |I j ‘|‘| |[| \I Z::gl&gmgg)sn Firmicutes
1L I T T sph-70 kearsosn mnmi o 11l | suH-118(KC416068)
1L | | | | | spH-129 (kca16095) II“ IIII II I‘I| I\]| I\ |I %27 Keataon
11111 [ 11 || sh-6xeaseo7s) 1 i 111l |1 suH-66 (Kca16053)
I T A T U S
[y | Il spH- 105 (KC416089) 1 i I TITTIT suH-72 (KC416055)
(I | 1] <pH- 102 (kea16088) | Cammaproteobacteria b T s s casoan
1 | | [] | spH-81 Kcare085) ”\ III \I y H" llI \IH s 90 (csle06n)
I I I st B ) e
[ | [ [] ] spH-74 careoe2) || 1l [I 01 s 37 (catsoany
L T I i o et
5
LTl [ 1] | s 12 eateors) 1 1l UL TIT suH- 52 (C416048) Gammaproteobacteria
LI T e o A e
[ 11T [ THI | sph-121 kean6093) H“ IIII IIII lIHI IIIIWl suH- 53 (KC416049)
[ARAI] i spH- 63 (KC416080) 44 KCa160)
1o P11 1] spHa tecatsory Alphaproteobacteria I.I: I\III I‘IIII I|‘I|l'||ln Sing2oateozn),
IH- 120 (KC416069)
F |11 1] sh-2cassoro) 1l i ity S 3 KCasosey
N W i S
IRiInll] | 1 ||| s 115 kears002) I i IE I I sub- 21 (kea16033)
it i 1111 K- 16 (ccate03ny
Fig. 1. Dendrogram showing the relationship among bacterial isolates Fig. 2. Dendrogram showing the relationship among bacterial isolates
based on the 16S rDNA-ARDRA profiles from the marine sponge based on the 16S rDNA-ARDRA profiles from the marine sponge

H. sinapium collected in spring. H. sinapium collected in summer.
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Table 3. Relative abundance of major bacterial groups of cultivable bacterial communities from the marine sponge, H. sinapium collected in

spring and summer

Season

Phylum Spring Summer
Alphaproteobacteria 27.7° 16.3
Betaproteobacteria 4.7
Gammaproteobacteria 33.8" 67.4
Firmicutes 30.2 6.9
Actinobacteria 8.3

Bacteroidetes 4.7
Number of species 15 21

*The number represents percentage (%) of each phylum in total bacterial community.

®Bold typed values represent increasing or newly appearing bacterial groups.

F AR sjHezRE 2o, i 7hedt 3RS 25
Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria,
Actinobacteria, Bacteroidetes, Firmicutes, 6712] %(phylum)®j|
Z3}E]RITy. Gammaproteobacteria= 2 33.8%, 91201 67.4%
7} B | H. sinapium 3 3lo] F AHA BERoA £
Aol= Al o) %itk(Table 3). £3], Gammaproteobacteria
ol A 2] 739 Microbulbifer7} -3 RHH o Folli= Vibrio
Zo] -3} tH(Tables 1 and 2). Alphaproteobacteria®| 735
Ho|| 27.7%, 420 16.3%E LYEFN O] Gammaproteobacteria
o olo] We 52 X3}t Alphaproteobacteria®] 7% &
3} o1 B Ruegeria 50| STk 5 420l F Ao
502 WAYH £2 22 Ruegeria lacuscaerulensis 0] 3] ch
Firmicutes® 7%, 29} 302%, 959 6.9%E e SIch
Actinobacteria (8.3%)= & d|HAAWN LA} OH, Bera-
proteobacteria®} Bacteroidetes= 915 df|H ol A ut A= At

[

I

Haelll2} Mspl, 2%2] A3t &40 25t ARDRA type @2 1
3714 FESto] 16S rDNAS] RE F7]AE(500 bp o=
A5 A3}, E 3H 9] 23712] ARDRA type= 16S rDNA §7]
MG AEA 96% oA 157 Fo2 YElgOom(Tables 1
and 3), & 3sHOJA el 28712] ARDRA type 16S
tDNA @71X 8 4548 94% o) dolA 2159 FAAH=E 5
A=) th(Tables 2 and 3). H. sinapium?] ZA|H2] 23FZ
ol 2lol Foll vl 59| siHollA F & thget ARDRA type
I Al F& vEdE € ¢ AT 7 WY ST
Alphaproteobacteria, Gammaproteobacteria, Actinobacteria,
Firmicutes 4719 &°l &35, og WY ST
Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria,
Bacteroidetes, Firmicutes, 5712 E(phylum)o] Z3lzjo] &
(phylum) 2ol A =3} 59| s 2] FAE T3 /4l $
o] z}o] & YEMY YItH(Table 3 and Fig. 4). Alphaproteobacteria
9} Gammaproteobacteria’= T A& AX FEF o2 75}
= Alet IFeIe ol i 7 A 2 5 gt

o2 ool HOERHE 2 HIEE = ujYF 7St
TAATE TEolek= o|d e BuEat AR5k Aatolth(Li er
al., 2008; Cho and Park, 2009). £3] Gammaproteobacteria=
H. sinapium®] Al4-2] 320l $lo] B H-¢ 33.8%, A&
9] A% 67.4%F Hfots AL R e F AFofA 7 £
Aot= Al E0I e o] Ml 152 AE53d S718k= 74
&S YEeMN QT Gammaproteobacteria®] Z(species) 1A
Hojl= Microbulbifer 0] S35} Vibrio 0] &4-5 2}X|3}
< B 53— ol|= Vibrio Fo| Wi 715k &S YEHH S
11 Vibrio©]| ©]o] Shewanella®} Photobacterium©] AL
A 8F9tHTables 1 and 2). Alphaproteobacteria®] & F-A3o] 9l
o|X= B3} o5 5 Ruegeria 0] S35 o] Aot F-2
3 F Aol &3] Exdh= ALE A ¢tkBuchan ez al.,
2005). = A& 3522 YERE 2 Ruegeria lacuscaerulensis
Bo 2 ufe H2 420 FF Al T EELE YErl Ith(Tables
1 and 2). o]= v 9] SHAIE ZRbSHE 2t F =Eo A Al
F9 Bx7t AdAE HEE vedle AR E 4 ok
Firmicutes®| 7% =4l 30.2%7} ¥aH W oFHol=
6.9% % TEo] Ak A3FS JelN It T3 Actinobacteria
= B39t 2= 0)(8.3%), THFAY Al E(phylum)?]
Firmicutes®} Actinobacteria’= &S X} B& o) LA|SF Aoz
UERthTable 3 and Fig. 4). o] Alet 1552 274 W3] H]
A Aol et Ao g dEjRl X A Ale-S Egehe 1
THI Al BB ALY F2 259 Hlu A ol 9&=E
Aol B3 e glo], 84 wsto] 7]t AN - T
4] HES WGt Ao 2 BZFAT. Firmicutes 72 9530l
H)ste] B3 oA v &0 £ T A= S & 5
Ak & el slo] B A - Bacillus F2] H|&0|
o9 322 B, o EHoll= Bacillus F2] B &0] Taidhe FFS
Uetfiglon deiag o2 By XS B9 Exiguobacterium
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