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The aim of this study was to investigate the bacterial community inhabited in Callyspongia elegans. Marine bacteria
were isolated from the marine sponge C. elegans using marine agar. The resulting 112 isolated pure cultures were
then used for further study. They were characterized by determining morphological characteristics through Gram’s
staining and morphological observation. The colony pigments of bacterial isolates were characterized as yellow,
brown, ivory, and white. Thirty-seven strains were found to be Gram-positive and 75 strains were Gram-negative.
Seventy-nine strains were coccus-shaped, while 16 strains were rod-shaped. On the basis of the results of the
comparative analyses of 16S rDNA gene sequences, the 112 isolated bacteria were divided into 5 major groups:
Alphaproteobacteria (39%), Gammaproteobacteria (22%), Actinobacteria (14%), Fimicutes (9%), and Bacteroidetes
(6%). It is strongly suggested that fifteen isolates are candidates for a new genera or species, based on the analyses
of 16S rDNA gene sequences.
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RAREED o Wshy GAE 27 Q= AL 3 =
8 7} Calcarea, Demospongiae, Haxactinellida® 2 ¥,
Demospongiae 73l 714 B2 dHo| &£5f= A0 2 R E L
th(Hentschel et al., 2006; Thomas et al., 2010). |H-E |
I Ggo] AAske Zor gEA o, Y, 2, 54 F
oeFet Aol RxE et ok E3t SjHE o1t HAE
E2ZX HolgS FHY 3¢ B T q3E 53t 35
Wr=t}(Thomas et al., 2010).

o2&t afjH WAL 40% o1 Allt, LA, AlokedtE] 2o}
T B2 UBES AW Ee Al Zsta Lo (Levina
et al., 2005), U|AE0] AAFHHA LA = GFE Q] ZAY
TAE §R 5= Ao 2 B 11 E|ojFHth(Park et al., 2009). 7L =
aflol Aalaks TAUAE £ Aol 7Y B BES yel
W= (Thompson ef al., 1994), K37 2] FFol| = FFZ o2
&3 SHIY] FATAE 7= Ald Fol AUthe Bk )
TH(Friedrich et al., 2001; Muscoll-Silberhorn et al., 2008).
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gjHol| Mgt Alt-2 o Alske swe] Holdor|=
SIA|gE, st HeRkgol] 2|3}t FAsHHAl HERESe]l
29731 98-8 StcH(Thoms ef al., 2003; Cho and Park, 2009). &
A siFolA Fehd HEQNE F FAFFTERRE giREo]
e, O F 7P B SR A Ee] dHes
He B4kEcka g2 9lck(Thomas er al., 2010). o] AP
gEZ o] FHe] AAlsts FARAEE s AtE T B
E|HA|(Lafi et al., 2005; Tamaki et al., 2005; Guangyi, 2006;
Mohamed et al., 2008; Kennedy et al., 2009), 3™ 2] Z- A2
TR} thekdel Bt At Sk Aotk e al.,
2006; Lee et al., 2009; Cho et al., 2010; Radwan et al., 2010).

H A= Demospongiae 7}of| &31= s Callyspongia
elegansol 4 WPl et A& 2ol iagetel Shalsla, 168
IDNAE ulm3}o] Alo) 37 P28 BAs A} T,

Mz @ ey
AEXE U HY7ESE M2l 22
H AR A= M Callyspogia elegans= A|F= &4 4yt



41 10 moj|A| 257w tho|H)of of3) sttt AT 3
He ZA] 347t gobxl A 470 Bste] 2Rkt e
, 4CollA B & n|YES Fa|sh=d] AMg-at9Tt

AT SHS BE AFdfpol AE &, Y ES 1 g
Az Zat B 0.85% NaCl £980] Yo homogenizer2
W} bl RUSHE ARE ASAMO 54 F, Wty
£ marine agar (MA, Difco, USA), R2A (Difco) HjR|of] =& gt
F 25Cof 797t vhoFstact. Zh wiR| Aol vehd 2k St
o2 JAPS o] F=H| 1k, A7), A7 Fof wEt FEjF o2
5, Adste] epie] stat ZF 29 nABES 20% (v/v)
glycerolo]] #Este] AL Yei(-80C)of 52 B@3tyct

FE AldES MA, R2A FaR]o] 2-3Y ajost
T A= M-S 71 &k B3 A2 ISP2 x| of|A] 7-
108 v EAje] A 7| el

Fo) Fet 592 Teksen TR 18-S
S FESIYG T 28E ML Color Gram 2 kit (bioMérieux)
£ o]&ste FAE &EtolE Ikl usta, Aag
drejggloR 12 94 & AlF, aer gdo= 137 1%,
ISR 152 M T AlZepd 0 2 ThA] 452 GMst= I}
& 53l AT dA & FeFdn] % (AX10SCOPE Al,
ZEISS)& F3A T 2T 1SS Bl

Genomic DNA £&

Genomic DNA= MINI-PREP H'H-& AR8-5lo] Baslgch
AR of] HFBhA viF T AHER FSHS AA T =2
oFA pelletZ ARSI TE TE buffer2 &3A]71 3 lysozyme
(100 mg/ml)S H7ete] WhEAIFTE BA A A= 10% SDS2t
proteinase K (10 mg/ml)ZE F7}3te] 37°C oA 1A]7F wljS51ich
5 M NaClZ o] & 4]0}3=11 CTAB/ NaCl solutionS 7} % 65C
o| A 1087t HF-2-A)F T} Phenol/ Chloroform/ Isoamylalcohol
(25:24:)F A7} = YA4EE(13,000 rpm, 5E)ske] RS A
Zole A vlolaz RHo| $A%T, $AM Ruje] 269
chloroform/ isoamylalcohol (24:1)E # 7}t AASAS A
FrHo|| 2429 %7 isopropanolE 75t DNAE &<lst
Gt 2ol DNAE 70% ethanol £ A2 3}o] TE buffer 50-100
ul2} RNase (10 mg/ml)E 713t & UV-Vis Spectrophotometer
(UV, mini240, Shamdzu) 2 DNA ¥ =2 ZA35}c}.

16S rDNA &

16S tDNA 5412 225 genomic DNAS AR2-3}4t}. 168
tDNA S A=} ZZ35}7] 98 27 Forward (5-AGAGTTTGATC
CTGGCTCAG-3") primer2} 1522 Reverse (5-AAGGAGGT
GATCCAGCCGCA-3) primerg AR5}t PCR W9 =
A& %% DNA 1 ul, 10 pmol/primer 1 pl, 10 mM dNTPs,
10X PCR buffer, 5 Unit Taq polymerase (TaKaRa, Japan), DW
£ E6to] FFH T 25 pl2 wWio] £35H¢ich PCR ¥H3-2
95°Coj|A] Initial denaturation 55 30 cycle 5<+94 CojlA] denaturation

At =
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18, 55Coj|A] annealing 15, 72°C o||A] extention 32-&, 72°C
£ final extentionZ, PCR (Thermal cycler, Bio-Rad) 273}
of AAJetct S5 PCR AHE2 1% agaroseo|A X795
(Mupid®-ex, ADVANCE)3te] gH2latic.

A 229 Y FH7[ME 2N

pGEM®-T Easy Vector System (Promega, USA)-& ©]-8-5}¢]
ligation & 243} c} F2Y AFE-2 ampicillin, IPTG, X-gal
o] 234 LB agar W24 =% F 37°C, 1617} 52t viste]
3 kg skt Adet H=hS ampicillino] Z3HE LB
brotho]] &£3ke] 16A]7F v|%5ke] DNA-spin Plasmid DNA
Extraction Kit (iNtRON, Korea)E ARE3}o] plasmid DNAS
st 25 DNAE 1% agarose gelo|A] 7195351
glstart.

2% plasmid DNA+= G| =8l(Korea) ]| &5t H71AE
S 24 slgic. 2497 271482 EzBioCloud o|-8310] At
WIS wlzelel 7 2eldolt Fo2 e NS 8
stgict & Aol oA 2AE E714E EzBioCloude]|
A ZeE ZE2AAE G714 €2 Mega 4.0 software (Tamura
et al., 2007)9]] Z&+= Clustal W 2 713 (Thomson et al., 1994)
< 0]-8-3}o] multiple alignment= A B3}t

24

|
#a

k]

= =
SalFzo| Higr U Hefsrs S4

n

A

HrhjH o g A 5 343 23, MA x4 £
g A2 4.8 x 10* CFU/g, R2A BjX]o]li= 2.0 x 10* CFU/g<]
Alet=7F BEE QTE MAETE R2A Hi ] o]l A Al 47 B W
A AU C. eleganso A g7t At F 11245
7H 2=k g EA o2 SRIg A2 JfFAES 37
o, AT 152 TH54e] o gA Exdh=
RO eyt 52 Hehe] M2 ofolua M, e, 3
A, 2N 5o 2 tha AlgtA o 2 UehdS & 4= lslth

08

7IME 2 U AISSHH 2N
Hel® #39] 168 iDNA §42 G714 F-2 EzbioCloud=
o83t FARRE E7IMEE v Wttt AlS<4(Felsenstein,
1981; Saitou and Nei, 1987)E A st A31}+= Fig. 13 2t

A C. eleganso| A EEE 11297-F= 244 5202 5H
E|9ith. Proteobacteria 122 7]1Z2] A7) A F3}t 93-100% 2]
AF53S JehQIeh. CR26- Rhizobium huautlense S02'+97.1%
9] SAIEE B oJFIth. Endozoicomonas 42 Endozoicomonas
elysicola MKT110"$} Endozoicomonas montiporae CL-33" 2}
93.6-93.8, 96.2% 2] AHEAlS HAFiTh

Firmicutes 150l &3l Sl= w5 Q72 71E9 7|4 g
7} 95.1-100% A5AS RoFQow, CE84:= Lysinibacillus
massiliensis 4400831"2} 97.2%, CR9, CR12%= Z}Z} Paenibacillus
chondroitinus DSM 50517, Paenibacillus telluris PS38T2]-
96.8%2}+95.1%2) Y& SAES Vehf|Qith 1831 Actinobacteria
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Bacillus acidiceler CBD 1197 (DQ465405) =
CR7
CE&4

CE5&1
Bacillus vietnamensis 15-17 (AB099708)
CE47

Bacillus soli LMG 218387 (AJ542513)
CR16

Bacillus idriensis SMC 4352-27 (AY904033)
CR5 — FArmicutes
Bacillus gaemokensis BL3-6 KCTC 133187 (FJ416489)
CR17

Bagillus luciferensis LMG 184227 (AJ419629)

——CR19
L Brevibacillus brevisNBRC 153047 (AB271756)

|: Paenibacillus chondroitinus DSM 50517 (D&2064)
CR9
Paenibacillus telluris PS38T (HQ257247)
CR12
CR2

Paenibacillus barcinonensis BP-237 (AJ716019) -
CE82 =
Microbacter thalassium IFO 160607 (AB004713)

CR28
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i M
Sanguibacter antarcficus KOPRI 217027 (EF211071)

Streptomyces cimatus MRRL B-32507 (AY999794)
IC10

CR13 — Actinobacteria
I: Marmoricola aequoreus SST-457 (AM295338)
IC14
Nocardia sp. GW5-67977 (FR729300)

CR23

CR25
Mycobacterium frederiksbergense DSM 443467 (AJ276274)
CE63
Rhodococsus gingshengii djl-6T (DQ090361) -
CR3 i
Lysobacter enzymogenes DSM 20437 (AJ298291)
CE74-1
Stenotrophomonas humi R-327297 (AM403587)
CE32
CE74

Edonucleobacter bathymodioli (FM162188)
CE21 Gamma-

protepbacteria

-

Pseudomonas faeanensis M3-3T FJ424813
CE1
’—Ejseudceﬂeromonas aliena KMM 35627 (AY387858)

CET
CE41
Pseudoalferomonas prydzensis MBB-117 UB5855 =

CR28 =
Rhizobium cellulosiyticum ALA10B2(T) (DQB55276)

CET3
r’:Ruegeffa lacuscaerulensis[TI-1157T (ACNX01000031)
— CES7

lchM ta lAM 126147 (AAUVW01000037 r A}fphai
abrenzia aggregata ( ) protecbacteria

CES0

Pseudovibrio denitrificans DN34T (AY486423)
CE28

Pseudovibrio faponicus WSF2T (AB246748)
CE6

CE65

Tenacibaculum adriaticum B390T (AM412314) =
Tenacibaculum liforeum CL-TF137 (AY962294)
Tenacibaculum aestuani SMK-4AT (DQ314760)
Tenacibaculum crassosireae JO-17 (EU428783)
Tenacibaculum litopenaei B-IT (DQB22567)
Aestuariicola saemankumensis SMK-142T (EU239499)
Lutimonas vermicola imce 16167 (EF108218)
Actibacter sediminis JC21297 (EFE70651)
Marinitalea sucinacia JC21317 (FJ387163)

— Bacteroidetes

CE24-1
CE83
CE25
CE27
CET8 -
—_—
0.05

Fig. 1. Phylogenetic tree based on comparison of the 16S rDNA gene sequences of bacteria isolated from C. elegans and some other related taxa.
GenBank accession nos. are given in parentheses. Boostrap values (>50%) based on 1,000 replications are shown. Bar 0.05 nucleotide substitutions
per nucleotide position.



B C. elelgansol A Alshe Al AFSH o 155
Table 1. Bacterial diversity associated with C. elegans
Phylum Class Order Family Genus NO.
Atinobacteria Actinobacteria Actinomyceteles Microbacteriaceae Microbacterium 5
Nocardiaceae Nocardia 1
Rhodococcus 2
Nocardioidaceae Marmoricola 1
Sanguilbacteraceae Sanguibacter 1
Streptomycetaceae Streptomyces 6
Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Actibacter 1
Marinitalea 1
Tenacibaculum 5
Fimicutes Bacilli Bacillales Bacillaceae Bacillus 14
Lysinibacillus 3
Paenibacillaceae Brevibacillus 1
Paenibacillus 3
Proteobacteria a-proteobacteria Rhodobacterales Rhodobacteraceae Labrenzia 2
Pseudovibrio 34
Ruegeria 6
Rhizobiales Rhizobiaceae Rhizobium 1
y-proteobacteria Oceanospirillales Hahellaceae Endozoicomonas 5
Alteromonadales Alteromonadaceae Microbulbifer 11
Pseudoalteromonadaceae Pseudoalteromonas 6
Pseudomonadales Pseudomonadaceae Pseudomonas 1
Xanthomonadales Xanthomonadaceae Lycobacter 1
Stenotrophomonas 1

jl—v—oﬂ &3 JFFE 7|E9] 9714 <EH} 98.0-100% 2] AHEA

& HAF9 T} Bacteroidetes 1E0| &3l= dF= o2 1F
=g W2 Q71X E FAEE o9t} CE81+= Actibacter
sediminis JC2129"9} 91.9%, Tenacibaculum Zx(genus) £
FEL8 Tenacibaculum crassostreae JO-lT, Tenacibaculum
litopenaei B-1", Tenacibaculum litoreum CL-TF13" 91.8-94.5%
W& A5 o] RIEgItt. ol2} 2ol 168 rDNA §47 9714
g v E 58 28 H 112735 £ 16337 #5453 AR
A7NXLEQ 97% )31 AEAL Ho 2L &£ FE=Fo7
B Aol glrkn BetEth. B EEFet ) A%

o] 415 Aglo] S olof & Aol

16S rDNA gene H7| A G2 5E ASEA thFdS B8 2
Skth. 1 A, C. elegans®) F8 Alat +-FZ 2 Proteobacteria
(Alphaproteobacteria, Gammaproteobacteria), Actinobacteria,
Firmicutes, Bacteroidetes2] 47]|2] &(Phylum), 57§ 2] 7}(Class),
971¢] E(order), 157§ ] ZHFamily), 12|11 237]2] £(Genus)
62 FAEAKTable 1). 71 ¥ Gammaproteobacteria -
(phylum)oli= 47§¢] H(order), 57H2] T(family), 57H¢] %
(genus) 2.2 Actionobacteria S-(phylum)of| A= 5712 3}, 67]
9] &(genus) T THIRE EF<to] UEHATHTable 1).

2x(genus)< Pseudovibrio 30%, Bacillus 13%, Microbulbife
10%, Pseudoalteromonas, Streptomyces, Ruegeria 5%,

Mycobacterium®} Tenacibaculum Z18]3l Endozoicomonas<
4%, Lysinibacillus, Paenibacillus 3%, Rhodococcus 2%,
Nocardia, Marmoricola, Sanguibacter, Actibacter, Marinitalea,
Brevibacillus, Pseudomonas, Lysobacter, Stenotrophomonas,
Labrenzia, Rhizobium= 1%L 2 A =0} 9J. 2w, Pseudovibrio
(344+5), Bacillus (144-5), Microbulbifer (114-5)2 e
thFig. 2).

Proteobacteria AlZT2 THA|, Alphaproteobacteria,
Gammaproteobacteria A% ZtZ} 39% 2} 22% 9] 4351922
13} 0w (Fig. 3), ProteobacteriaZ} The EFto v]5) £
Ashe 22 o 4 ik ol SiPRAelA Yoz A4
she, ¥ UM = 2 H|EE EE5H= AL R B EG)
(L et al., 2006), Hti S|SB AN A Proteobacterial}
Bacteroidetes -2 2 ZA|sttt= Ayke} A X|gtl(Alfeider
et al., 1996; Eilers et al., 2000). B]u}F Z-2 ufjoFi o] o3 ula]
A 3 FRAE R4 Proteobacteria (Alphaproteobacteria,
Gammaproteobacteria)7} S8} 1L B 1|7 9] © 1j(Brackman
and Daloze, 2004; Lafi et al., 2005), ©] 23<}= U5}t
a8 FejE FollAl A4Sk Callyspongia sp. T2 3 YA+
O 2 Proteobacteria, Chloroflexi, Cyanobacteria®] 372 £
&ot= Al 2go] EIE o (Park, 2010), 2 AoA=
Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes2) 4
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] Bl ot AlF 5ol BIEITHFig 3). o] Zhs} v]
w3l B o) FEA o2 VERY ProteobacteriaS A|L)stil=
A F27F A2 24 EREFL S ¢ 5 A%, C
elegansol| A= thaFet Al YERES-S SRS o= 3
A Fof weh At 271 A 2 th20he A9H(Li et al., 2006;
Thiel et al., 2007; Lee et al., 2009; Cho et al., 2010)2} L X]3}
= 22X H FAATY TR S5 BolF e
PR, FUT 29| ol 2o} drje) A2y 2
of| w2t Al (Taylor et al., 2005), = AlE FALA 7} ot
EAY A E27} o2 A E FARE Al F-HF=27F
vebdcty B 15 Qck(Lafi et al., 2005).

323 Fa3 YARMES AAtels AU Al 1EolAl=
Actinobacteria®] ¥]&°o] =& Ao Z wA AF(Li et al,
2006; Graeber et al., 2008)E & W], C. elegans Y] EH+F=
8k AAMES AR 7o) QT BOIAIS), Peudovibrio
sp.&} Actionobacteria £l 43t w50l Ojgt A7) ¢ I8

311, 53] Seiuteke] shopell AAISHe swle] Bk B4 Al
o FRTFE) B B NS 27| o] ofo] Bto] WS
A77k wag Aol

He

o] =82 Callyspongia elegansol| X AAsh= Ald-Z- o &
3t W-golct. AN TF-S marine agarE ARESI] HEE C.
elelganso| M £2|3tgnt. 1 A3} 1129158 £23iglon, &
Aol ARgstaTt dnl 2 I G4 S FEsE ®E
FAL St Beld] J Mas M, 24, ofo]
Held, g0 R yelgth Dgd 23 3745 IHYA
Folg e, T5ue 1% Sl w9 FHl= &
T+F F 194FE= FFFH 2 TEE YA, 169-57= 7HEo| %tk
16S IDNA #7424 97| E 242 S8 Beld3E59] A5H4
B3-S netetqt. 1 2k B 1295 5709 =2 Al

Mpycobacterium 4%

Rhizobium
Ruegeria 5%

Pseudovibrio 30%

Labrenzia 2%
Stenotrophomonas 1% ___————

Lysobacter 1%

Pseudomonas 1%
5%

Fig. 2. Genus of bacterial community of C. elegans.

Fig. 3. Diversity and a structure of bacterial community of C. elegans.
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o] ERI%|} 0™, Alphaproteobacteriaw=39%, Gammaproteobacteria
= 22%, Acinobacteria~= 14%, Firmicutes~= 9%, Bacteroidetes
£ 6%°l &= A2 Yesith 123 16S 1DNA 1347 ¢
RS ol ABEA A3} 15357 2e & B o=
79 7Fe A& vEhen, deg S Ado] dagt
Axo|tt.

2Ate) o

o] =EL 20143 Ao eta ST ATH] A UALY
of) oJa) ATERL.
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