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A A EAstE M 2dl¥® FAE S (metazoan) & 27 F-
B A7 vge @6 F3Rete] Holrle= vHE ded 1z thA
X T E°|tH(Van Soest et al, 2012; Dupont et al, 2014). 3+ o3} 2]
Az wE Yy dgsE FH AA T FaEs AATH
(Duckworth et al, 2006). slH-2> A A AIH o2 8000F ©]io] HiE A
om o] F 150F S FFaidely yrx] dAA = g or A 39l
UH(Gernert et al., 2005 Hentschel et al, 2006). a8 ZZHo|+=
Cyanobacteria, &< QFA T, AT 22 gt Mo 1Fo] EA3)
=

[}
™, 40i (phylum) A=o] v zo] EAst= Aoz FA 5 A (Brick et

al., 2012; Jackson et al., 2013). Yol7F FH < Aol FAst= Aol A
A ATt mEYW W FH g gEA FAEHE e
HAE ¥3 3= Aoz 4EA JHThomas et al, 2010b). A o &
Aok Al s F-39 40%7H4] 2kASaL Qlow thFgh 59 Al
T SolA 4R Y Holdow o]fo] Hi, i dFY AdES
afe] @8] EAste] sl Wl A ZHe A3} 5 =2F Fxd 7
AstAL, s8hd Wl wHlE dAl T tde 71ss FaAske @A

ob7Fc}(Friedrich et al, 2001; Li et al, 2006, Wang, 2006;
Sacristan-Soriano et al, 2011). o] &1 s|HF A vt #g AF+= WG
of 93 WHEE 16S rRNA gened] 7]¥rS ¥  T-RFLP
(terminal-restriction fragment length polymorphysm), FISH
(fluorescence in situ hybridization), clone library, PCR-DGGE
(polymerase chain reaction—denaturing gel electrophoresis),
pyrosequencing ‘s A4 7IHES ol &3 HMGH A T EA
WS F8l o] Fo X3l Itk (Jackson et al, 2012; Dupont et al., 2014).
THsES st A8 =4 5, FdA, 1A, dvtole] 24,
AAA T AasE Aor Buya glow A AAFer HA
Ao o] g ¥ 2t Guangyi, 2006, Kennedy et al, 2009; Joseph
and Sujatha, 2011; Pérez-Lopez et al., 2014).
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= o*ﬂé‘P—E Aﬂﬁolﬂ}—t— Aol &
A AT B xR 3 HEE EASE AT 9 FaH
A THThomas et al, 2010b; Bergman et al., 2011; Jeong and Park,
2012). wEhA ol HuEd A HAE Aol FAAA, %3
SANAES ol8&d A5, Aol HFH R BT F AT %

o T,
HolAl H lHF3A nAEd #s A= Frksta e 54 1‘?}
(Mohamed et al, 2008, Lee et al, 2009, Thomas et al, 2010a; Papaleo
et al., 2013; Lopanik, 2014). 3t AMvt2 W= = 74 oA w5

=7 wkg-shr] wiiEo] < Al
A ) (Webster et al, 2008), 3™

<& BHAA 7lses TrEE

2005; Park, 2010).

T AFAGL ek

GFe] IS AA

6
28] Wt gk o] Al AxVF 2
3 AT AP A

o ol W% F 8 st (Taylor et al,

rr OH
ﬁ
4
N,
-H
PN
=2
)

o rx

o] @EskARE thFet FEje] 7l Ho] EA 8,
o

w Aol we o] dFY dEF e FA
Qo] AE gYddd =5 5 e A0S 253 dh o]y § 5o
4 wite] B AFAEe] AFTE A= gt ZAE TSRS
H, 53] AAEE gk 27 Bo] A A e et al, 2013). 3H
S5 A% HT 2008dFE 20113 7A] A F oA 7EC AlFo] WA
o Hol(mE3NLF, 2011 A3yt sl Hls) siH T Aol =&
Aoz FAAC oldA AE tpdAdoe] w2 A FHFS =AY T,
Z9 FHAoERY 9F9 74, 7Y GdF 2% 2 T FA ] Hl& s
74 Wb st oled WsteE AR W= AP A JEgS
F3 AtHKim, 2010). wetA] Add wE iHTAATe] +H 72 2
X Aol 7b J& Ao R FAsIA o5 tEA S Pt o
AT Ay E AFTE ES o] &3 FAE ATy vAE A FH 3l
of 8% VxAR7E 2 Ao® AlnE
2 A9 524 165 rRNA genes o] &ste] wigHol 7=
PCR-RFLP 3 ujujkel] 7] %% PCR-DGGE #W¥S S AF=



ook & &g et AH e 4% 1570A HE o= fH
A -T2 AAA zolE sk Ak (D)

Petrosia corticata ™2 AAd wE FAAT LT HAL; (
DGGEE o] &3+ =73l Hymeniacidon flavia® Ao wE F A A
o TH-FE v, (3) DGGEE °©l&3t Cuallyspongia elegans 3l™H 2] 7
o w2 FAAT T2 Hla (49 DGGEE ©143 Cliona sp. 319
o] Alde wE FAAMT HTFIZE vl tarzk 5+



1. A%
1-1. slHA 5] AH-

Add weg siHe sAAT CH-TEE A ffsl 20129 1€ 54
2014d 6497HA] AT AAEZA A5 FoollolM Aol W

I bgw ALA ] & gt
Aotk FSotkA e A%
30.6PSU°| ™, AL Hde] Hat 2

aoﬂou 19 o2 e Lmi= 315C, 9= BEPSUCIH, AL He] &

+ 1017, Oélu:_t 31.9PSUA tH(Table 1 and Fig. 1).

AT AFERE T 4F 1570A1 9] sl (Table 2 and Fig. 2)2 "t d
2 F& 4 (ASW : artificial sea water)Z 33| A% & -20CE A 3H
24X oy AR ksl



Table 1. Sponge samples used in this study.

Collection S Locati Depth Collection salinity  Temp.
No. ponee oeaton (m) date (PSU) _ (C)
E126°12 702"
121murl6 Petrosia corticata . 20-25  2012. 01. 10 32.9 15.6
N 33°14 " 52
. . E126°11 " 36"
129murl  Petrosia corticata . 20-25  2012. 09. 20 31.7 22.5
N 33°15 " 08
) . E126°11 " 44"
131mur7?  Petrosia corticata , 20725 2013. 01. 23 34.0 14.4
N 33°15 " 03
. . E126°11 " 45"
138murl  Petrosia corticata , ., 20-25  2013. 08. 20 29.9 26.4
N 33°15 " 03
E126°18 54"
138Y4  Hymeniacidon flavia , o, &g 2013. 08. 20 28.6 31.5
N 33°14 " 00
L . E126°18 " 49 ”
1312Y5  Hymeniacidon flavia , o, ZZ 2013.12. 17 31.9 10.1
N 33°13 "™4
. E126°11 " 44"
131mur20 Callyspongia elegans . 20-25  2013. 01. 23 34.0 14.4
N 33°15 " 03
. E126°11 " 45”7
138murZ2  Callyspongia elegans , ., 20-25  2013. 08. 20 29.9 26.4
N 33°15 " 03
E126°11 " 45"
138mur3  Callyspongia elegans . 20-25  2013. 08. 20 29.9 26.4
N 33°15 " 03
E126°11 " 45"
138murd  Callyspongia elegans . 20-25  2013. 08. 20 29.9 26.4
N 33°15 " 03
. E126°11 " 44"
1312murl  Callyspongia elegans L 20-25  2013. 12. 17 32.5 18.6
N 33°15 04
. E126°11 " 44"
146mur8  Callyspongia elegans ., 20025  2014. 06. 24 30.3 21.7
N 33°15 " 02
. E126°11 " 44"
146murll  Callyspongia elegans ., 20725 2014. 06. 24 30.3 21.7
N 33°15 " 02
E126°11 "36"”
129mur?2  Cliona sp. . 20-25  2012. 09. 20 31.7 22.5
N 33°15 " 08
. E126°11 " 44"
131murll  Cliona sp. . 20-25  2013. 01. 23 34.0 14.4
N 33°15 " 03




Table 2. Collection site and dates for sponge samples in this study.

date 2012 2012 2013 2013 2013 2014 Samli " Experimental
Sponge 01 09 01 08 12 06 TN S\ fethod
. . Mureung
Petrosia corticata O O O O X X RFLP
arch
Hymeniacidon flavia X X X = O o x Youngmeor DGGE
coast
. Mureung
Callyspongia elegans X X O (0] O O DGGE
arch
. Mureung
Cliona sp. X @) @) X X X DGGE
arch




Fig. 1. Collection site of the sponges used in this study.
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Fig. 2. Photographs of sponge samples tested in this study.
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-1, s FAAA e B 2 ok
A sfHe i AdFa T2 33 AFH & Ilem® AV 2 ZE Q¥
AT 3 mles o] Hud e} gAAPEES o] 8sle] A S U

TBE 10714 & Aste] WE® ZoBellWi A (Peptone 5 g, Yease
extract 1 g, FePO, - 4H20 0.01 g, NaCl 23.6 g, MgSO, - TH,O 5.9 g,
MgClz - 6H20 453 g, CaCl2 1.3 g, KCl 064 g, agar 15 g, DW 1 L, pH
72)9} Marine Agar (Difco, USA) ®j Ao 100 pl® =% 3}ttt aH
Mol =y wix]= 26TColA 7L3F wjgstAd . Z2H2be] slH o2 HH

3|

= 71 L4

@7 FAYY 54 /o vadw By 4ol A 5
Ak Aol A A wfFetel L FEYE AATh

2-2. DNA &= % 16S rRNA gened] =%
o E Mie DNAE Z+7be] ZF 22 5E DNeasy Blood & Tissue
Kit(Qiagen, Germany)E ©]&3to HEstth 283k DNA= PCR v+
So] P o7 o]&3te] 16S rRNA gened =E3}3om FEo= 27f
(5'-AGA GTT TGA TCC TGG CTC AG-3)¢ 1492r (5-TAC GGY
TAC CTT GTT ACG AC-3") =Zetol %5 ARE3F3Ath PCR HE-S-9]
E3HE AL 5 ul 10x reaction buffer, 1 pl® 10 mM dNTPs, 5 unit/
ul Tag polymerase (Solgent, Korea), 2+2t¢] 2 #}o] 10 pmol, 18] il
100 ng® A& DNAE 1 ul H7bstel HF F3 50 plo] H =% &t
PCR %85 33ttt GeneAmp PCR system 2700 thermal cycler
(Applied Biosystems Version 2.0, USA)E A}&3lo] HUTAA 53F =
7IWHA 3 & 94T oA 40x3F WA, 55T A 40x7F W2, 72TA 1
BE7F A8 B34S 30 cycle ¥ & HFTH o7 72T A 108237 Al
FAIFHT. 16S rRNA gened S&F S SIs7] fs&l 1% agarose gel
(Roche, Spain)& ©¢]&3te] PCR HFgE 3 plE #H3 Mupid-ex
(ADVANCE, Japan)2.= 100 V, 25%%F 1x TAE buffer (40 mM
Tris-acetate, ] mM EDTA, pH 80)oll Al 7195 3ttt ©7195 +
agarose gel EtBr (ethidium bromide, 50 ng/mlol 10%3F 443}
Gel Logic 200 (Kodak, USA)E o]&3 UVatelA ¢k 1.5 kb @HE& S
218 AT
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2-3. RFLP &4

PCR 4t=¢ RFLP 415 98l Agdas 2& Mspl (Thermo
Scientific, Lithuania)®} Haelll (Thermo Scientific, Lithuania)& A3}
th. PCR Atz zh2te] Algtass H7kste] 37Tl A 527F vkg % 1t
S 58 3% agarose gel (Roche, Spain)< AF&3}¢] 1x TAE buffer®
100V, 3023F A 7|95 3 F EtBroll 943t Gel Logic 200= ©] &3
UVsto| Al #zste] zF Wiz /3 & g8t 16S rRNA gene-
RFLP fingerprinting E}$jol] utg} z+z RFLP Bl =2 1-3719] Ea)
TES Adsted FE dVIAES A4S $3%FE PCR AME
Expin™ PCR SV DNA Purification kit (GeneAll, Korea)E ©| &3} 4
AstRom, 27f ZefolH & o] &3t AV E A (Macrogen)s % 3+
=

2-4. Total genomic DNA F=
HiE QFEFRE 33 AHS HHS lem’= 2l - 70T A 24X 3t

.

du] &4 % 54 #Hdx7]dA -50T, 0.033 M bar 7oz 24A 7 A
Zotath 2 Axd WS dad WAES o] 8319 powder A El
2 FH)8 2, powder sample 30 mgS EirEH FFHF 600l A E
A7l 3 10mg/mle] lysozyme(Sigma, USA)S ¥o] 37C 25Xl A
200 &<t WESAIA AlxHE &fskdth o 7]l 10% SDSE 1/10 vol
S % ol 65CelA 5&7F Aeste] dwd 2 Ao dASES A7
i & %9 phenol/chloroform(1:1)< 232 A& £ 13000rpm, 4C, 4%
ok A4 t} o] Aedo 2 DNeasy Blood &

Bl st A5ee A3t
=

Tissue KitE ©]&3lo] DNAE F=3 v DGGEE 93 PCR HES-9

2-5. 16S rRNA gene®] DGGE-PCR =

A AEERE F=3 total genomic DNAE F3d o= GC clamp’}t
F7FH8 341f (5-CGC CCG CCG CGC CCC GCG CCC GGC cCaG cca
CCC CCG CCC GCC TAC GGG AGG CAG CAG-3)9 518r (5-ATT
ACC GCG GCT GCT GG-3)¢ =Zgolw %L o]&3ste] 16S rRNA
gene?] V3 99S& FE319t. PCR HHge &3E AL SHul 10x

_‘l'l_



reaction buffer, 1 @ dNTP, 5 units/ul Taq polymerase, Z}2}e] 3 z}o]
™ 10 pmol, 283 100ng® A& DNA 15 #H7Fste]l HE H3 71 50
wol FEE Atk PCR =32 My Cycler™ thermal cycler (Bio-Rad,
USA)E o] &3l AUTAA 40x3F WA, 66T (18 9 05T touch
down)oll Al 40x7F ¥7Z}F, 72Tl A 123 A4, o] A& 303 vhe 43
gt & HFTAHOR T2TCoA 1023 AZAAHY STFE DNAS gl&
$18] PCR ¥F&-9 2 S ZH3to] 2% agarose gel (Roche, Spain)g ©]
3ol Mupid-ex® 100 Vol A 25%-7F 1x TAE bufferdl 4 #7195 38}
th. A7]19% % EtBrol 10%37F 9 A 3te] Gel Logic 200 o] &3lo] =}
oM AR Fes ittt FZH DNAY 75 #9lé7] 93 marker®
+ 100 bp ladder (Solgent, Korea)& A& 3} ATt

2 oo

2-6. DGGE #7149 &

DGGE+ Bio-Rad Dcode system (Bio-Rad, USA)S o] &3}o] 33}
o}, 523 PCR &2 his acrylamide (Bio-Rad, USA)E ¥3F3k 8%
polyacrylamideE ©|&-3}le] 30-70% % 81 ZA(TM urea, 40%
formamide) 2.2 77|19 &S 33}l Polyacrylamide gel =71 & 20 x
13 (WxH cm), 77 Imm= #|2t3st1al PCR A& 2x loading dye®t
& 3el o] /\]»:—g loading 3}%t}h. 1x TAE buffer® AF&3te] 60T, 30V
NA 1IAIZE FF A & 60VE AdS &8 1441 A7195S F3 st
Gt A7 s F gel & EtBrol 3073 93] Gel Logic 2002 ©] &
A9]M ZALE DGGE W= ddS 22138t oh

{t

O]

2-7. DGGE Wi=9] 574 2 A& g4 —EM#
DGGE A AbolA Eaw zhzle wi==
21 1.5 ml tubeel o} s+ =

F3g o2 GC clampZt Al AE 341f Z o]

et 5dd 2HoE PCRS F33 & S5 AES AHASY] A7]A
o BEAS oFstt. DGGE ZA¥zE dojx 7| & NCBI (the

2

National Center for Biotechnology Information o8
4o 2 BLAST search® FdstoH, 2t 714
CLUSTAL W(Thompson et al., 1994)E o|&3slo] A

alignment +
3 ). Molecular

_12_



Evolutionary Genetics Analysis (MEGA) software 6.0< ©]-&3}¢]

(Tamura et al., 2013) neighbor-joining W (Saitou and Nei, 1987)9] 2]

g AYE AAtsta AETE FESFAFSH, 1,0008 HHE bootstrap
=]

2ol o8 AEFE el

_13_



m. 23

1. RFLPZ o] &3t Petrosia corticata 31 2] A& w2 FAAA T +F
% "l x

-1 si s Ate] &2 2 RFLP &4

& 3™ Petrosia corticata®]l AA wE vjd 7Msd FRAMT +F
TZ WHstE ##E57] Y& 121murl6siW o 28H 1207 5=, 129murlsi™
O BZRYE 12975, 13lmur7dlH o Z2H-H 130¢F 1822 138murls) ™ 2
28y 120¢FE wdstden, FdE AA 4997 FE  16S rRNA
gene-RFLP #4& Fd3tAth. 7 T AGaihE A8t +4S
gt Ay AZo AT SiH 12Imurl6el A 23 120 F=HFH
MspIoll 93] 2370¢] Ebd, Haelllo] ©]3] 21719 EgS Adom, 34
13Imur7ol A #28]3k 1307255 Msplol 23] 15709 EF], Haelllol
o8 20709 BYe dAJH(Table 4 and 6). o8] AP 34
129murlell A 23 1297258 Msplol 9 167012 B, Haelllo
ol 25709 EFYS Ao 138murlol A &3 1207 F2FEH Mspl
of oaf 1170¢] <), Haelllel 93] 16719 B AAtH(Table 5 and
7). ol SR FAT A Aol AT siHeM = 22 26719 2070
o M2 t& RFLP Be= FEHAew(Fig. 3), o5 A3 3™
oA Zhzt 24709 19702 M2 & RFLP Elglel &5 A tkFig. 4).

0

¢
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Fig. 3. Dendrogram showing the relationship among bacterial isolates based
on the 16S rRNA gene-RFLP profiles from the marine sponge P. corticata

collected in winter 121murl6(up) and 131mur7(down).
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Fig. 4. Dendrogram showing the relationship among bacterial isolates based
on the 16S rRNA gene-RFLP profiles from the marine sponge P. corticata

collected in summer 129murl (up) and 138murl(down).
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Table 4. RFLP fingerprinting types and sequence similarities of 16S rRNA
gene from bacterial strains isolated from the marine sponge, P. corticata
121murl6.

RFLP Strain D 6 Accession Similarity Phyl
escription um
tvpe® No.P No. (%) Y
Kytococcus
la {21mur16 sedentarius DSM CP001686 100 Actinobacteria
18 T
20647
R21murle  ytococaus : :
la 36 sedentarius DSM CP001686 100 Actinobacteria
20647F
% {2212mur16 i‘fﬁiogﬁ“% baldri AB279548 99 Actinobacteria
3h fsém“ﬂ‘a fggﬁ%rﬁ 9%%‘5”"5 Y16263 100 Actinobacteria
4c %lmurlG g%r\%c?fg%% tylophorae GQ281379 100 Alphaproteobacteria
5d {2116mu r16 &lf/[g iiﬁ% th lantica D8&26 98 Alphaproteobacteria
5d {2117”1“% fuegeria halocnthiae Q85203 98  Alphaproteobacteria
6e {%llmurIG 5;;3%232%;1’; Faost AB175663 100 Alphaproteobacteria
6e {2312““16 5 ;ZZZOCZZ)C:) iz(; S ABIT5663 100 Alphaproteobacteria
6e %15”“16 5 szlgiocvalbcro "Z’; i ABIT5663 100  Alphaproteobacteria
6e {26émur16 ;D SSCQiZZzOCUeLIZ)c:)IZZ Faoat AB175663 100 Alphaproteobacteria
Te {2717mur16 5;25%?;@2;’2 Fao3T AY486423 100 Alphaproteobacteria
6e EZIBOrrmrlG 5 SS;Z;ZOCI;ZZ;Z F ot AB175663 100 Alphaproteobacteria
8f {27gmu r16 é;’lr‘)z)?lr(()) 2bla lc g{r? fj Zejgfg ! HQ203045 100 Alphaproteobacteria
Te {2815fmr16 Sjsgf;fig;bDN ot AY486423 10  Alphaproteobacteria
9g {%1mur16 }/étzi}ggfl cter aestuarii EU642844 97 Bacteroidetes
9 {2112mur16 Kétzifélgﬁ cter aestuart EU642844 98 Bacteroidetes
9% %12mur16 }/Cltze‘fézgjqcter aestuaru EU642844 98 Bacteroidetes
9% E2513mur16 Egifgg?der aestuarn EU642844 98 Bacteroidetes
10h %22Zmur16 %Z&igzg,gs DSW-8T AY960749 100 Bacteroidetes
i e s Orl JF742665 98 Firmicutes
. 121 16 Bacillus berkeleyi ..
2j M A ot et JN187498 100 Firmicutes
13 a6 Baclls avabhatta: EF114313 100 Firmicutes

_17_



Table 4. Continued

RFLP Strain b . Accession Similarity Phvl
tvpe No eseription No (%) yum
21 {21mur16 Bac%llus tequilensis HO223107 98 Firmicutes
39 10b
21 16 Bacillus
13m g thuringiensis ATCC  ACNF01000156 100 Firmicutes
T
10792
121murl6 Planococcus
14n antarcticus CMS AJ314745 99 Firmicutes
-95 T
260r
121 16 Planococcus
14n 5 0mr antarcticus CMS AJ314745 99 Firmicutes
102 260 T
r
121murl6  Planococcus S )
15k 107 maritimus TF-9T AF500007 100 Firmicutes
121murl6 Psychrobacter
160 20 marincola KMM AJ30941 99 Gammuaproteobacteria
N 277"
121 16 Psychrobacter
160 721mur marTincola KMM AJ30941 99 Gammnaproteobacteria
277
121murl6  Psychrobacter .
b 34 piscatorii T-3-2! AB453700 100 Gammuaproteobacteria
121 16  Psychrobact .
18e _65mur m%;'fnafisagﬁi% T AJ313425 100 Gammaproteobacteria
121murl6  Psychrobacter .
19e 238 nivimaris 88/2-7T AJ313425 100 Gamnaproteobacteria
121murl6  Psychrobacter .
18e 31 nivimaris 88/2-77 AJ313425 100 Gammuproteobacteria
121murl6  Psychrobacter .
20q 5 maritimus Pi2-20" AJ609R272 99 Gammnaproteobacteria
121murl6  Psychrobacter .
20r 54 adeliensis SJ 14 AJ539105 99 Gamraproteobacteria
91s  12lmurl6  Pseudoditeromonas AY563031 100 Gammaprotecbacteria
71 marina Mano4
121murl6  Microbulbifer .
22t 74 epialgicus F-104" AB266054 99 Gammuaproteobacteria
121murl6  Microbulbifer .
22t 30 epialgicus F-104" AB266054 99 Gammaproteobacteria
23u %}gmurw g%fg’g‘é?“cm celer AY842259 100 Gammaproteobacteria

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

> Strains used in phylogenetic tree constructed.
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Table 5. RFLP fingerprinting types and sequence similarities of 16S rRNA

gene from bacternial strains isolated from the marine sponge, P. corticata

129murl.
RFLP Strain o Accession  Similarity
) . Description Phylum
tvpe’ No.” No (%)
Microbacterium
129murl - . . .
la 6 esteraromaticum Y17231 99 Actinobacteria
DSM8609"
rob .
129mur] - Micro acterfum ’ .
la 17 esteraromaticum Y17231 99 Actinobacteria
DSM8609"
129murl-  Janibacter . .
Z2b ] T FR749912 99 Actinobacteria
117 hoylei DSM21601
129murl-  Erythrobacter .
3c ) - AY706935 99 Alphaproteobacteria
7 vulgaris 0222-10
129murl-  Pseudovibrio .
4d . AB175663 100 Alphaproteobacteria
29 ascidiaceicola F 423"
Ad 129murl-  Pseudovibrio ABL75663 100 Aioh bacteri
t
0 ascidiaceicola F423" phaproteobdctertd
4d 129murl-  Pseudovibrio ABL75663 100 Aloh teobacteri
roteobacteria
3 ascidiaceicola F423" phdp
129murl- Pseudovibri
4d o seudovbrio= AB175663 100 Alphaproteobacteria
4 ascidiaceicola F423
129murl-  Pseudovibri
4d o seraovibrio ABL75%63 100  Alphaproteobacteria
45 ascidiaceicola F 4237
129murl- Roseovarius )
Se o AF114434 98 Alphaproteobacteria
63 crassostreae CV919-312
of 129murl- Ruegeria atlantica D826 99 Aloh bacteri
s IAMI4463" ‘phaproteobacteria
129murl- Ruegeria atlantica .
6f T D8&26 99 Alphaproteobacteria
69 TAM14463
129murl- Ruegeria atlantica .
6g D8&526 99 Alphaproteobacteria
70 IAM14463T
129murl-  Phaeobacter inhibens .
Th T AY177712 98 Alphaproteobacteria
77 TS5
of 129murl- Ruegeria atlantica D826 99 Aloh reobacter
@ LAMI 4463 'phaproteobacteria
. 129murl-  Labrenzia alba .
8] 119 CECT5094™ AJB78875 100 Alphaproteobacteria
. 129murl- Labrenzia alba .
8] AJ878875 100 Alphaproteobacteria
121 CECT5094"
129murl- S ibacteri
9k o pongubdcterium FJ348473 98 Bacteroidetes
14 flavum A11T
129murl-  Spongiibacterium )
9%k T FJ348473 98 Bacteroidetes
123 flavum A1l
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Table 5. Continued

RFLP Strain D - Accession  Similarity Pl
tvpe No eserprion No (%) yum
Bacillus nanhaiensis o
101 129murl -4 T GU47TI80 100 Firmicutes
JSMO082006
Bacillus aryabhattai .
11m 129murl -19 BIW25T EF114313 100 Firmicutes
Pl
120 129murl-37 oo EFO79063 99 Firmicutes
donghaensis JH1
0] bacill
130 129murl-112 O COHE pQases®d 100 Firmicutes
profundus CL-MP28
Bacillus
14p 129murl -113 . L T GQ292772 99 Firmicutes
oceanisediminis H2
Pseudoalteromonas
15q 129murl -10 spongiae USTO010723  AY769918 100 Gammuaproteobacteria
06T
165 120murlp1 | Prio harveyi X74706 99 G dbacteri
- t
S mur ATCC14126T amnuaproteobacteria
Microbulbifer .
17t 129murl -54 L T AB26604 99 Gammuaproteobacteria
epialgicus F-14
Vibri ti
16u 129murl -71 1o forms AJ514916 99 Gammuaproteobacteria
LMG215571
16 129 1-72 Vibrio pelagius AJ293802 99 G teobacterti
4 mur CECT4200T" i) amnuaproteobacteria
Vibrio harveyi .
16w 129murl -73 T X74706 99 Gammuaproteobacteria
ATCC14126
Pseudoalteromonas .
15r 129murl -82 . T AF332880 99 Gamraproteobacteria
phenolica O-BC30
Vibrio chagasii .
16x 129murl -102 - AJ31619 100 Gammuaproteobacteria
R-3712!
Marinobacter .
16y 129murl -103 DQ235263 98 Gamnuaproteobacteria

vinifirmus FB1T

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

b Strains used in phylogenetic tree constructed.
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Table 6. RFLP fingerprinting types and sequence similarities of 16S rRNA
gene from bacternial strains isolated from the marine sponge, P. corticata

131mur?.
RFLP Strain o Accession  Similarity
) . Description Phylum
tvpe’ No.” No (%)
13Imur7- Pseudovibrio .
la L T AB175663 100 Alphaproteobacteria
N9 ascidiaceicola ¥ 423
13Imur7- Pseudovibrio .
la o ABI75663 100 Alphaproteobacteria
103 ascidiaceicola F 4237
13Imur7-  Pseudovibrio .
la - AB175663 100 Alphaproteobacteria
40 ascidiaceicola F 423"
) 13Imur7-  Pseudovibrio ABL7S663 100 Alphavroteoh )
t
| ascidiaceicola F423" phaproteobdctertd
131 7- R ja atlantica IAM
Zb - e lizg;rza atdnticd D&3526 99 Alphaproteobacteria
131 7- R ja atlantica IAM
Z2b mur uegirza atianticd D&8526 98 Alphaproteobacteria
97 14463
131mur7- Ruegeria halocynthiae .
2c HQS&52038 98 Alphaproteobacteria
114 MA1-6T
13Imur7- Agrococcus baldri IAM ) )
3d T AB27948 99 Actinobacteria
2 15147
13Imur7-  Kocuria palustris DSM ) )
4e T Y16263 100 Actinobacteria
% 11925
13Imur7- Kytococcus sedentarius ) .
of T CP0016& 100 Actinobacteria
118 DSM 2047
13Imur7- Tenacibaculum aiptasiae .
6g EF416572 100 Bacteroidetes
73 ad’
13lmur7-  Vitellibacter aestuarii )
7h " EU642844 98 Bacteroidetes
108 JC2436
- 13Imur7-  Vitellibacter aestuarii EUB2844 97 Bacteroidet
@ 1024367 C acteroidetes
. 131mur7- . . . T ..
81 - Bacillus tequilensis 10b HQ223107 98 Firmicutes
131 7-  Bacill sflavi
9j et acillis marigflavi AF483624 08 Firmicutes
76 TF-117
13Imur7-  Oceanobacillus picturae L
10k A J315060 100 Firmicutes
18 LMG 194927
13lmur7-  Bacillus aryabhattai o
111 T EF114313 100 Firmicutes
21 BEW22
131mur7-  Bacillus aryabhattai o
111 T EF114313 100 Firmicutes
2 B8W22
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Table 6. Continued

RFLP Strain D - Accession  Similarity Pl
tvpe No eserprion No (%) yum
Shewanella sairae ]
12m 131mur7-94 SM2-1T AB094597 98 Gammuaproteobacteria
120 131mu7-g5 onewanella waksmanii g, as 100 G tecbacteri
- a ro acteria
n mu K 284" mmaprot eobaci
Pseud
130 13lmu7g1 L Seddodteromonas o Gosanag 100 Gammaprotecbacteria
marina Mano4®
Psychrobact 1
14p 131mur7-123 syerrovacterceler AY842259 100 Gammnaproteobacteria
SW-238T
14 131mur7-1 Psychrobacter celer AY&42259 100 G obacteri
- ¢ t
9] mur SW-238T amnuaproteobacteria
Psychrobact !
14p 131mur7-10 SYe Ta erceler AY&42259 100 Gamnaproteobacteria
SW-238
Psychrobacter .
14q 131mur7-66 . +  AJ309941 99 Gammuaproteobacteria
marincola KMM 277
Psychrobacter .
14r 131mur7-67 . ) - AJ6MI272 99 Gammaproteobacteria
maritimus Pi2-20
Psychrobacter
14s 131mur7-30 o . T AJ313425 100 Gamnuaproteobacteria
nivimaris 88/2-7
Colwellia aestuarii ]
15t 131mur7-109 DQO55844 99 Gammuaproteobacteria

SMK-10"

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

> Strains used in phylogenetic tree constructed.
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Table 7. RFLP fingerprinting types and sequence similarities of 16S rRNA
gene from bacternial strains isolated from the marine sponge, P. corticata

138murl.
RFLP Strain o Accession  Similarity
) . Description Phylum
tvpe’ No.” No (%)
138murl-  Janibacter hoylei DSM . .
la T FR749912 100 Actinobacteria
B 21601
Serinicoccus
138murl- ] ] )
Zb 18 chungangensis CAU HMO063886 99 Actinobacteria
95367
138 1- T ibacull ptasi
3c mur endcibdciiim - aiplasiae EF416572 100 Bacteroidetes
103 aq’
138murl- Tenacibaculum .
2c ) AB032501 99 Bacteroidetes
9 mesophilum MBIC11407T
138murl-  Bacillus aryabhattai o
4d T EF114313 100 Firmicutes
30 BEW22
138murl-  Bacillus marisflavi .
Se T AF483624 98 Firmicutes
109 TF-11
138murl-  Planococcus ..
5f ) T JE742665 98 Firmicutes
40 halocryophilus Orl
138murl-  Erythrobacter .
6g ) - AY706935 99 Alphaproteobacteria
26 vulgaris 0222-10"
- 138murl-  Pseudovibrio ABLTS663 100 Alota 5 .
t t
923 ascidiaceicola F 4237 praproteobdctenia
n 138murl-  Pseudovibrio ABLTS663 100 Alohanroteobacter
73 ascidiaceicola F423" phaproteobdcteria
1 1- Pseud f
g smur seudovbrio . ABIT5663 10 Alphaproteobacteria
4 ascidiaceicola ¥ 423
138 1- Pseudovibri
h i setdovibrio ABI75663 100 Alphaproteobacteria
108 ascidiaceicola F 4237
138murl-  Pseudovibrio )
Th . " AB175663 100 Alphaproteobacteria
118 ascidiaceicola F 423
138murl-  Pseudovibrio )
7h L " AB175663 100 Alphaproteobacteria
71 ascidiaceicola F 423
. 138murl- Ruegeria atlantica IAM .
81 T D&R526 99 Alphaproteobacteria
77 14463
. 138murl- Ruegeria atlantica IAM .
81 D&8526 98 Alphaproteobacteria
97 144637
138; 1- R ja hal thi
9j mur ueger'z‘a ocyniuae HQK52038 98 Alphaproteobacteria
114 MA1-6"
138murl- Kiloniella laminariae )
of o1 LDS1" AM913907 98 Alphaproteobacteria
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Table 7. Continued

RFLP Strain L Accession  Similarity
Description Phy lum
tvpe No. No. (%)
Pseud
A 138murl-ge | Seudodlteromonas sl 100 Gammaprotedbacteria
marina Mano4
Pseudoalteromonas
41 138murl -67 spongiae AYT769918 100 Gamnaproteobacteria
UST010723-006"
Vibrio chagasii .
10f 138murl -91 AJ31619 100 Gamnuaproteobacteria
R-3712T
Vibrio harveyi
10m 138murl -94 T X74706 99 Gammuaproteobacteria
ATCC14126
10 138 1-1 Vibrio pomeroyt AJ491290 99 G obacteri
- 912¢ t
n mur LMG 205377 J ammaproteobacteria
Vibri .
10n 138murl -10 Lliqgozgggn;fr o AJ491290 99 Gamnuaproteobacteria
Vibrio tasmaniensis .
100 138murl -95 AJ514912 98 Gammuaproteobacteria
LMG 215747
Psychrobact
p  138murl-120 = T e AJ609272 99 Gammaprotecbacteria

maritimus Pi2-207

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

> Strains used in phylogenetic tree constructed.
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1-2. A71AME 4 2 AEsHE 24

RFLP &40l 93] A= ™ol A Z2F 2671, 20709 B, o1& sl
A2k zy 2470, 19719 Efdo® UH P corticata WO HH EgH
Alxtsel ekl 7t RFLP BF]l M2 1-3709) 22 #55 Addste] &+

B A7 ES A5G Y. 12Imurl6si o] ¢ 4035+, 129murl 3 = 2]
A% 337, 131lmur7allHe] A9 28+ 183l 138murlsiH el A5 26
st Q7G-S EA o AV de] F4E F 127

datel o
o e M

Al #3599 9719 B A3 Agrococcus baldri (121murl6-22,
131mur7-82), Kocuria palustris (121murl6-56, 131mur7-84), Kytococcus
sedentarius (121murl6-18, 121murl6-86, 131mur7-118),
M icrobacterium esteraromaticum (129murl-16,
129murl -17), Janibacter hoylei (129murl-117, 138murl-98),
Serinicoccus chungangensis (138murl-18), Maribacter dokdonensis
(121murl6-24), Spongiibacterium flavum (129murl-14, 129murl-123),
Vitellibacter aestuarii (12lmurl6-5, 121murl6-12, 121murl6-52,
121murl6-53, 131mur7-93, 131mur7-108), Tenacibaculum aiptasiae
(131mur7-73, 138murl-103), Tenacibaculum mesophilum (138murl-99),
Bacillus aryabhattai (121murl6-33, 129murl-19, 131mur7-21,
131mur7-26, 138murl-30), Bacillus berkeleyi (121murl6-11), Bacillus
marisflavi (131mur7-76, 138mur1-109), Bacillus nanhaiensis
(129murl-4), Bacillus  oceanisediminis  (129murl-113),  Bacillus
tequilensis (121murl6-39, 131mur7-71), Bacillus thuringiensis
(121murl6-48), Oceanobacillus profundus (129murl-112), Oceanobacillus
picturae  (131mur7-18),  Planococcus  antarcticus  (121murl6-95,
121murl6-102), Planococcus donghaensis (129murl-37), Planococcus
halocryophilus  (121murl6-2, 138murl-40), Planococcus maritimus
(121murl6-107), Erythrobacter pelagi (121murl6-79), Erythrobacter
vulgaris  (129murl -7, 138murl-26), Labrenzia alba (129murl-119,
129murl-121), Paracoccus stylophorae (121murl6-3), Phaeobacter
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inhibens (129murl-77), Pseudovibrio ascidiaceicola (121murl6-31,
121murl6-32, 121murl6-55, 121murl6-66, 121murl6-77, 121murl6-100,
129murl-29, 129murl-30, 129murl-38, 129murl-44, 129murl-45,
131mur7-40, 131lmur7-41, 131mur7-99, 131mur7-103, 138murl-71,
138murl -73, 138murl-84, 138murl-93, 138murl-108, 138murl-118),
Pseudovibrio denitrificans (121murl6-85), Roseovarius crassostreae
(129murl -63), Ruegeria atlantica (121murl6-16, 129murl-68,
129murl -69, 129murl-70, 129murl-93, 131lmur7-77, 131mur7-97,
138murl -77, 138murl-97), Ruegeria halocynthiae (129murl6-17,
131mur7-114, 138murl-114), Marinobacter vinifirmus (129murl-103),
Microbulbifer epialgicus (121murl6-74, 121murl6-80, 129murl-54),
Colwellia aestuarii (131mur7-109), Kiloniella laminariae (138murl-21),
Pseudoalteromonas marina (121murl6-71, 131mur7-91, 138murl-66),
Pseudoalteromonas phenolica (129murl1-82), Pseudoalteromonas
spongiae (129mur1-10, 138murl-67), Psychrobacter  adeliensis
(121murl6-54),  Psychrobacter  celer (121murl6-88,  13lmur7-1,
131mur7-10, 131lmur7-123), Psychrobacter marincola (121murl6-20,
121murl6-21, 131mur7-66), Psychrobacter maritimus (121murl6-45,
131mur7-67, 138murl-120), Psychrobacter nivimaris (121murl6-38,
121murl6-65, 121murl6-81, 131mur7-30), Psychrobacter piscatorii
(121murl6-36), Shewanella sairae (131mur7-94), Shewanella waksmanii
(131mur7-95) Vibrio chagasii (129murl-102, 138murl-91), Vibrio fortis
(129murl -71), Vibrio harveyi (129murl-21, 129murl-73, 138murl-94),
Vibrio  pelagius  (129murl-72), Vibrio  pomeroyi  (138murl-1,
138murl -10), Vibrio tasmaniensis (138murl-95)= YEFTH(Table 2,
Table 3, Table 4 and Table 5).

olE Z/E F AAY fHozRH FeH S e e s AT S B
T+ Proteobacteria(Alpha-, Gamma-), Actinobacteria, Bacteroidetes,
Firmicutes, 471¢] #(phylum) ol 3Z3H% It Fig. 5). Gammaproteobacteria=
AL 7MY A= A TR ol e, Alphaproteobacteria= & ©
7V st Ml R oA Y. E38], Gammaproteobacteria®l X 7 &9l



Oll

H%E Aol A Psychrobacter4 2 At 1Ho] $-Hst= HbH o] E9
AP AWM= VibrioEe M 2Eol A SEATHFig. 7).
Pseudovibrio% 2] Alvt2 Al Aol #A G ol Alphaproteobacteria X 717+
$Hst= A aFo®E YERY.  Firmicutes, Actinobacteria,
Bacteroidetesi= ¢ &9 Hl3] A& ¢ ¥ H &S YER)ATHTable 8
and Fig. 6).
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Table 8 Relative abundance of bacterial species in marine sponges, P. corticata.

121mur16 129murl 131mur7 138murl
Phylum Bacterial species
(Winter) (Summer) (Winter) (Summer)
Actinobacteria 10.0 9.0 108 7.4
Agrococcus baldri 25 3.6
Kocura palustris 25 3.6
Kytococcus sedentarius 50 3.6
Microbacterium esteraromaticum 6.0
Janibacter hoylei 3.0 37
Serinicoccus chungangensis 3.7
Bacteroidetes 12.5 6.0 108 7.4
Maribacter dokdonensis 25
Spongiibacterium flavum 6.0
Vitellibacter aestuarii 10.0 792
Tenacibaculum aiptasiae 3.6 3.7
Tenacibaculum mesophilum 3.7
Firmicutes 20.0 15.0 180 112
Bacillus aryabhat tai 25 3.0 792 3.7
Bacillus berkeleyi 25
Bacillus marisflavi 3.6 3.7
Bacillus nanhaiensis 3.0
Bacillus oceanisediminis 3.0
Bacillus tequilensis 25 3.6
Bacillus thuringiensis 25
Oceanobacillus profundus 3.0
Oceanobacillus picturae 3.6
Planococcus antarcticus 5.0
Planococcus donghaensis 3.0
Planococcus halocryophilus 25 37
Planococcus maritimus 25
Alphaproteobacteria 27.5 42.5 252 44 4
Ervthrobacter pelagi 25
Erythrobacter vulgaris 3.0 3.7
Labrenzia alba 7.1
Paracoccuss tylophorae 25
Phaeobacter inhibens 3.0
Pseudovibrio ascidiaceicola 150 16.2 144 299
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Table 8 Continued.

121murl6 129murl 131mur7 138murl
Phylum Bacterial species
(Winter) (Summer) (Winter) (Summer)
Pseudovibrio denitrficans 25 37
Roseowarius crassostreae 3.0
Ruegerua atlantica 25 10.1 79 74
Ruegeria halocynthiae 2.5 36 37
Kiloniella laminariae 37
Gammaproteobacteria 30.0 275 35.2 29.6
Marinobacter vinifirmus 3.0
Microbulbifer epialgicus 5.0 3.0
Pseudoadlteromonas marina 25 36 3.7
Pseudoadlteromonas phenolica 3.0
Pseudoalteromonas spongiae 3.0 3.7
Psychrobacter adeliensis 25
Psychrobacter celer 25 10.0
Psychrobacter marincola 5.0 36
Psychrobacter maritimus 25 36 3.7
Psychrobacter nivimaris 75 36
Psychrobacter piscatorii 25 6.5
Vibrio chagasii 3.0 37
Vibrio fortis 3.0
Vibrio harveyi 3.0 37
Vibrio pomeroyi 74
Vibrio tasmaniensis 37
Shewanella waksmanii 36
Shewanella sairae 36
Colwellia aestuarii 36
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Fig. 5. Phylogenetic relationships were determined by the 16S rRNA gene
sequences of the bacterial isolates from the marine sponge P. corticata.
Numbers above branches indicate bootstrap values of neighbor-joining
analysis (B0%) from 1,000 replicates. The scale bar represents 0.05
substitutions per nucleotide position. Aquifex pyrophilus was used as an out

group. Filled circle denotes summer sponges; filled diamond denotes winter
sponges.

_3"_



B Firmicutes

g
’
R
O
2
S
3
A

\ Gammaproteobacteria

i Alphaproteobacteria

rison among the major bacterial groups of the

compa

al

cata.

rti

_32_

+

R 2 2 2 2
(=) (=] (=] (=] (=)
m [+9] o ) ~

0%

cultivable bacterial communities from the marine sponge, P. co

Fig. 6. Season



121murl6(Winter)

131mur7(Winter)

W Agrococcus
 Kocuria

M Kyococcus

® Maribacter

W Vitellibacter
W Bacillus

W Planococcus
 Enthrobacter
W Paracoccus

W Pseudovibrio
W Ruegeria

w Microbulbifer
W Pseudoalteromonas

W Psychrobacter

H Agrococcus

W Kocuria

M Kyococcus

W Vitellibacter

W Tenacibaculum
W Bacillus

¥ Oceanobacillus
@ Pseudovibrio

u Ruegeria

W Pseudoalteromonas
W Psychrobacter
W Shewanella

u Colwellia

129murl(Summer)

138murl(Summer)

® Microbacterium
W Janibacter

W Spongiibacterium
W Bacillus

W Oceanobacillus

W Planococcus

W Enythrobacter

W Labrenzia

u Phaeobacter

W Pseudovibrio

W Roseovarius

W Ruegeria

W Marfnobacter

w Microbulbifer

u Pseudoalteromonas
u Psychrobacter

w Vibrio

W Janibacter

W Serinicoccus

w Tenacibaculum

W Bacillus

W Planococcus

W Erythrobacter

W Pseudovibrio

W Ruegeria

u Pseudoalteromonas
W Psychrobacter

wu Vibrio

Fig. 7. Taxonomic composition at the genus level based on 16S rRNA gene

retrieved from the four sponge samples.
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Fig. 8. DGGE banding pattems of amplified 165 rRNA gene obtained from H.
flavia 138Y4 and 1312Y5.
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< B 243 F 13719 di=d gk AU dEE &
a3 87%° A 100% 2] 54

< Q7IAE =0l W EFEA FS A

(uncultured bacteria)¥ -2 &S eyt (Table 9).

DGGE W= A 138Y4-12 Gammaproteobacteria®t 87%2 &4 S
e a7, 138Y4-2¢F 1312Y5-32 Uncultured alpha proteobacterium
(FR670357) 2 91%°l A 97%°] AsdS HA o 138Y4-3, 1312Y56-1,
1312Y5-2 18]a1  1312Y5-4= Uncultured alpha proteobacterium
(EU315495)7 100%4] &S Wetll k. 138Y4-4, 138Y4-6 18] il
1312Y5-72 Uncultured gamma proteobacterium (JF824776)3} 96% 9l 4]
97%2 AsAS Yetulorn, 138Y4-5= Alphaproteobacteria®| <3}
Uncultured Sphingopyxis sp. (JX525340)¢F 99% ¢ A=A S vheb gl
1312Y5-59} 1312Y5-62 Uncultured alpha proteobacterium (KF583330,
AB054182) % 98%°lA  100%9] A&sAdS HHEWASH 1312Y5-8&
Firmicutes +°| 43} Uncultured Lactobacillus sp. (AB853270)2} 89%
o] s = e A K Table 9).

& 7 MA 9 H flwia=FE A wE SH-TE 24 A3 o
Zo AR A FTAANT LHTZE Alphaproteobacteria (50%) <}
Gammaproteobacteria (50%) 2 1% 272 YeEls o (Fig. 9) 7 &9l
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21 Zol7t vEbdE o & A JATHFig. 10).
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Table 9. Phylogenetic affiliation of re-amplified denaturing gradient gel
electrophoresis (DGGE) bands derived from the sponge H. flavia 138Y4 and

1312Y5.
DGGE o Accession  Similarity
Description Phylum
band No. (%)
Uncultured
138Y4-1 ) EU315459 87 Gammaproteobacteria
gamma proteobacterium
Uncultured )
138Y4-2 . FR670357 91 Alphaproteobacteria
alpha proteobacterium
Uncultured )
138Y4-3 ) EU315495 100 Alphaproteobacteria
alpha proteobacterium
Uncultured )
138Y4-4 _ JER24776 96 Gammaproteobacteria
gamma proteobacterium
Uncultured )
138Y4-5 gamma proteobacterium JE824776 97 Gammaproteobacteria
Uncultured
138Y4-6 . . JX525340 99 Alphaproteobacteria
Sphingopyxis sp.
B Uncultured .
1312Y5-1 alpha protecbacterium EU315495 100 Alphaproteobacteria
B Uncultured .
1312Y5-2 alpha protecbacterium EU315495 100 Alphaproteobacteria
N Uncultured .
1312Y5-3 alpha protecbacterium FR670357 97 Alphaproteobacteria
_ Uncultured .
1312Y5-4 alpha protecbacterium EU315495 100 Alphaproteobacteria
N Uncultured .
1312Y5-5 alpha protecbacterium KF583330 100 Alphaproteobacteria
Uncultured .
1312Y5-6 alpha proteobacterium AB054182 98 Alphaproteobacteria
N Uncultured .
1312Y5-7 gamma proteobacteriam JE824776 97 Gammaproteobacteria
1312y5-g ~ Yncultured AB853270 89 Firmicutes

Lactobacillus sp.
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qo07 1312Y5-6 &
Uncultured alpha protecbacterium (AB054182)

1312v5-1 &

1312Y5-2 &

138Y4-3 @

1312Y54 &

Uncultured alpha protecbacterium (EU315495)
Uncultured Sphingopyxis sp. (JX525340) A/Phapro teobacteria
Uncultured alpha proteobacterium (KF583330)
1312Y5-56 a4

66 1136Y4-6 @

a5 138Y4-2 @
ﬁ 1312Y53 4
Uncultured alpha protecbacterium (FRG670357)

4|_7138Y4-1 ]
98 Uncultured gamma protecbacterium (EU315459)

Uncultured gamma protecbacterium (JF824776)

a9

Gammaproteobacteria
7a| |1312Y5-7T &
138Y4-4 @
138Y4-5 @

82 '7Uncultured Lactobacillus sp. (AB853270) | Fi,,ml'c.utes

L —1312v58 a
Hydrogenothermus marinusVMAT (AJ292525)

Fig. 9. Phylogenetic tree from analysis of 16S rRNA gene sequences of
DGGE bands derived from the sponge, H. flavia. Numbers above branches
indicate bootstrap values of neighbor-joining analysis (>50%) from 1,000
replicates. Hydrogenothermus marinus was used as an out group. Filled circle

denotes summer sponge; filled triangle denotes winter sponge.
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3. DGGEE o] &3t Al do| wWE Callyspongia elegans ™2 & Al
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3-1. DGGE "= &7

20139 1497 8¢, 2014 69 AF= A7EA HAF FEobx oA A
Aot 22 Fo g W C eleganse] Aldo| 2 FAAT THTF=E
E ¢olrR7] 93t PCR-DGGE WW & Al&3sto]l At dvt. 7704 9
AH AZ2HE FE3F total genomic DNAZS F3Oo = 16S rRNA
gened V349 FE3to] DGGEE Tt Ay F+ A Alolo & o &
Me HHs Yeldu. Asd AP ™ 131mur200A 1271,
1312murlel A 1170, o &eo At siH 138mur?, 138murd 1E] 1L
138murd ol Al Z+zF 870, 870, 971 18] 3L 146mur8, 146murllol Al Z}7+ 7
Al W=7 e F 62719 F8 WEE I & A (Fig. 11).
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Winter Summer

131mur20 1312murd 138mur2 138murd 138murd |46murs 1d6muri1

Fig. 11. DGGE banding patterns of amplified 16S rRNA gene obtained from
C elegans (131mur20, 138mur2, 138mur3, 138murd, 1312murl, 146mur8 and
146murl1).
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32 d7IM4E &4 2 AseA &
C elegans sl A& mWE sH3

DGGE®] Wl==5H A7Mds 245 23 F 3719 Wee] gk o
ZIEE 3 & ey, TS < VML 1%l A
100%¢] &&= et At Table 10).
2013 1€3 129 AHEI C  elegansd FAAT FHTERE
Alphaproteobacteria, Betaproteobacteria, Deltaproteobacteria,

i

\_/

Gammaproteobacteria, Chloroflexi 12|31l Cyanobacteria® 3% 673 o=
TAFEANeH, 2013d 8€ I 2014 6ol A C eleganse] A A+t
TRATEE Alphaproteobacteria, Betaproteobacteria,
Gammaproteobacteria “12] i1 Cyanobacteria® 2% 47} 0.2 FA %o A
o T RE 474 AddE dAgstgon 22 A7l A ggr e
A SHAANE FAAM T A FERIE FESHA FAAES & T U
(Fig. 13).

Aol AMF 3 C elegans® 7d-F Alphaproteobacteria’} $-33st= AL
2 yehstoy of 5ol A el A% =2 Gammaproteobacteria”t
$7 SAth =3 AL AR C degans AVL Aol APE AW
o W3l Deltaproteobacteria®t ChlordflexisS X3+t Qo] ©] thsh
At S A tKFig. 12 and 13).
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Table 10. Phylogenetic affiliation of re-amplified denaturing gradient gel

electrophoresis

(DGGE) bands

derived from

the

sponges

C elegans

(131mur20, 138mur2, 138mur3, 138mur4, 1312murl, 146mur8 and 146murll).

DGGE o Accession  Similarity
Description Phylum
band No. (%)
Uncultured .
131mur20-1 ) KC492704 90 Betaproteobacteria
beta proteobacterium
131mur20-2 Uncultured cyanobacterium HQ270357 81 Cyanobacteria
Uncultured )
131mur20-3 . GQ274304 97 Gammaproteobacteria
gamma proteobacterium
Uncultured .
131mur20-4 ) JQI17688 99 Alphaproteobacteria
alpha proteobacterium
131mur20-5 Uncultured cyanobacterium GUM9043 96 Cyanobacteria
Uncultured )
131mur20-6 ) FJ620844 87 Alphaproteobacteria
alpha proteobacterium
Uncultured .
131mur20-7 . . KC200512 97 Chloroflexi
Anaerolineae bacterium
Uncultured )
131mur20-8 JQ063104 92 Gammaproteobacteria
Methylobacter sp.
Uncultured .
131mur20-9 ) EU300582 98 Alphaproteobacteria
alpha proteobacterium
Uncultured .
131mur20-10 . HM475006 99 Alphaproteobacteria
alpha proteobacterium
Uncultured .
131mur20-11 ) JN&25609 98 Deltaproteobacteria
delta proteobacterium
Uncultured )
131mur20-12 ) JQI17688 98 Alphaproteobacteria
alpha proteobacterium
138mur2-1 Uncultured cyanobacterium JN098341 100 Cyanobacteria
Pectobacterium carotovorum )
138mur2-2 KF0579%4 89 Gammaproteobacteria
subsp. carotovorum
138mur2-3 Chroococcales cyanobacterium HE805959 95 Cyanobacteria
Uncultured )
138mur2-4 . KF428209 95 Gammaproteobacteria
Endozoicomonas sp.
138mur2-5 Uncultured Vibrio sp. KFE758722 99 Gammaproteobacteria
138mur2-6 Uncultured Pelagibacter sp. JQO515496 98 Alphaproteobacteria
138mur2-7 Alpha proteobacterium JX 439615 97 Alphaproteobacteria
Uncultured .
138mur2-8 DQ&R9936 92 Betaproteobacteria

beta proteobacterium
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Table 10. Continued.

DGGE .. Accession Similarity
D t Phyl
band esenption No. (%) v
Uncultured .
138mur3-1 . JF949610 98 Gammapr ote obacteria
gamma proteobacterium
138mur3-2 Uncultured cyanobacterium DQ398266 99 Cyanobacteria
Uncultured
138mur3-3 neuiure KF428209 95 Gammaprote obacteria
Endozoicomonas sp.
138mur3-4 Alpha proteobacterium JX439616 97 Alphaproteobacteria
138mur3-5  oneultured , GQ343055 92 Gammaprote obacteria
gamma proteobacterium
138mur3-6 Listonella sp. AB793229 90 Gammaprote obacteria
138mur3 7 U peultured . DQ88W36 94 Betaproteobacteria
beta proteobacterium
Uncultured .
138mur3-8 alpha proteobacterium EU300582 98 Alphaproteobacteria
138mur4-1 Uncultured cyanobacterium  KEF724065 100 Cyanobacteria
138mur4 -2 Uncultured cyanobacterium HQ270357 99 Cyanobacteria
138mur4-3 Uncultured Shewanella sp. KC917604 94 Gammaproteobacteria
138murd-4 Vibrio splendidus K(C534427 81 Gammaprote obacteria
138mur4d-5 Alpha proteobacterium JX439616 99 Alphaproteobacteria
138mur4d-6 Alpha proteobacterium JX439615 100 Alphaproteobacteria
138mur4-7 Uncultured Vibrio sp. KFE758710 100 Gammaprote obacteria
138mura-g  oneultured . DQS3M36 93 Betaproteobacteria
beta proteobacterium
Uncultured .
138mur4-9 alpha proteobacterium EU300582 96 Alphaproteobacteria
Uncultured .
1312murl-1 beta proteobacterium KC492704 90 Betaproteobacteria
1312murl-2 Uncultured cyanobacterium EU882210 96 Cyanobacteria
B12murl 3 oreultured , JX 439134 99 Gammaprote obacteria
Gamma proteobacterium
1312murl -4 Uncultured cyanobacterium  GU049043 96 Cyanobacteria
Uncultured .
1312murl-5 alpha proteobacterium GQ343104 99 Alphaproteobacteria
1312mur 6 o neulured . KC200512 97 Chioroflexi
Anaerolineae bacterium
1312murl -7 Spongiobacter sp. FJ457275 99 Gammaprote obacteria
1312mur1-g ~ Uneultured . 1Q772310 99 Alphaproteobacteria
alpha proteobacterium
Uncultured .
1312murl-9 alpha proteobacterium AB234309 93 Alphaproteobacteria
Uncultured .
1312murl-10 delta proteobacterium JN&25509 98 Deltaproteobacteria
1312murl-11  oneultured KF183105 97 Alphaproteobacteria

alpha proteobacterium
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Table 10. Continued.

DGGE .. Accession Similarity
D It Phyl
band escription No. (%) v
146murg-1 ~ Uncultured . HES03928 97 Gammaproteobacteria
gamma proteobacterium
146mur8-2 Cyanobium sp. KM218863 100 Cyanobacteria
B Uncultured .
146mur8-3 gamma proteobacterium HES03928 97 Gammaproteobacteria
Uncultured .
146mur8-4 alpha proteobacterium AB900958 100 Alphaproteobacteria
_ Uncultured .
146mur8-5 alpha proteobacterium LC003810 100 Alphaproteobacteria
M6murg-6  Dreultured . DQ88M36 93 Betaproteobacteria
beta proteobacterium
Uncultured .
146mur8-7 alpha proteobacterium EU300582 100 Alphaproteobacteria
46murl1-1 ~ Uncultured . HES03928 97 Gammuaprote obacteria
gamma proteobacterium
146murll-2 Uncultured cyanobacterium  JX671894 100 Cyanobacteria
46murl1-3 ~ Uncultured . HES03928 9% Gammaprote obacteria
gamma proteobacterium
B Uncultured .
146murll-4 alpha proteobacterium L.C003810 100 Alphaproteobacteria
Uncultured .
146murll-5 alpha proteobacterium AB900958 100 Alphaproteobacteria
M6muri1-6 ~ Cncultured DQRYW36 93 Betaproteobacteria
beta proteobacterium
46murl1-7 ~ Uncultured EU300582 100 Alphaproteobacteria

alpha proteobacterium
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131mur20-10 &

80| 'Uncutured alpha proteobacterium (HM475006)

131mur20-12 &
59l 131mur20-4 &

Uncultured alpha proteobacterium (JQ917688)

73 |138murd-6 @

Uncuttured alpha proteobacterium (JQ772310)
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146mur11-7 @
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67)146murs-6 @

Betaproteobacteria

gol[138mur28 @
70 138murd-8 @

131mur20-8 &
Uncultured Methylobacter sp. (JQ063104)

138mur2-2 @
ubsp. (KF057994)

1312murt-7 &
99! Spongiobacter sp. (FJ457275)

138mur35 @

100 — 131mur20-3 &

Uncultured gamma proteobacterium (GQ274304)
Uncultured gamma proteobacterium (GQ348055)
Uncuttured gamma proteobacterium (JX439134)
Uncultured Shewanella sp. (KC917604)

Uncultured gamma proteobacterium (HE803928)

Gammaproteobacteria
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138mur3-6 @
62— Uncutured Vibriosp. (KF758722)
Vibrio splendidus( KC534427)
74| _|Listonellasp. (AB793229)
57 | 138murd-7 @
66! Uncultured Vibriosp. (KF758710)
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4834 10071312mur1-4 &
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%
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EE:ZEL:QGAdena proteobacterium( JN825509) | De/tapr oteobacteria

100‘13|2mu1140 -

Uncuttured Anaerolineae bacterium (KC200512) .
pos 131mur20.7 & | Chloroflexi
99'1312mur1-6 &

ber DSM 14644 (AJ316619)

Fig. 12. Phylogenetic tree from analysis of 16S rRNA gene sequences of
DGGE bands derived from the sponge, C elegans. Numbers above branches
indicate bootstrap values of neighbor-joining analysis (>50%) from 1,000
replicates. Thermovibrio ruber was used as an out group. Filled circle

denotes summer sponges; filled triangle denotes winter sponges.
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Fig. 13. Composition of the bacterial community among the sponges based on
16S rRNA gene-V3 in C elegans (131mur20, 138mur2, 138mur3, 138mur4,
- 47 -

1312murl, 146mur8 and 146murll).



4, DGGEE o] &3t Aldd W& (Cliona sp. e FAA T +H % vl

4-1. DGGE W= 4
2012 9¥ 3} 2013 19 AF
% sl Cliona sp.o] A4l

g ookl A -

= A ]
e AT THFRE dolHy] 9}

o] PCR-DGGE WW<& AMgslo] ZAlskgitl. slW A B2 2% E  total
genomic DNAES FE3}9 ol FPo= 16S rRNA gened %3}
DGGES 433 A3 T 74 stold b2 wMe sl Yehydh
1 AU AUV Age) AT AV Imurl)AA 242
604 & 12709 Fo WEE FAT & AATHFig 14). FLA A
NG 2e %o el ALY Folst v W=t AF FFYS )

o}3l7] &l 16S rRNA gened] H# A7 <ES 43519

_48_



Summer Winter
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Fig. 14. DGGE banding patterns of amplified 16S rRNA gene obtained from
Cliona sp. 129mur?2 and 131murll.
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21 A
dH F7IAEFH 91%A 100%9 58S HER AT =R FE
EXE AU EE] wigEA] e Al (uncultured bacteria) ¥ =& A
&4+ EHATH(Table 11).

DGGE W=o] A 129mur2-12 131murll-1< Alphaproteobacteria®| <
S}+= Uncultured Rhodovulum sp. (JN210824) ¢} 77y 93%9] JsdS 1
B o™ 129mur2-29F 13lmurll-2+ Uncultured cyanobacterium
(JN098341)3}+  100%9] A&AS HAT  129mur2-32  Uncultured
cyanobacterium  (DQ393266)%  100%<] dEdes el oeH
129mur2 -4} 131murll -4+ Uncultured beta proteobacterium
(DQ8RI936)H  91%°llA  92%° s des e 129mur2-59
131murl1-5+ Uncultured Chloroflexi bacterium (KF286045)3 100% <]
5SS el e 129mur2-63 131murll -6 Chlordflexi 9l
3+ Uncultured Anaerolineae bacterium (KC200512)9} 99% 2] &4

L

o o
oot

e A o} 131lmurll-2+ Gammaproteobacteria | =
Pseudoalteromonas marina (KJ630917)2F 100%2] A4S YEM
(Table 11).

T A slHeRREH Ad mE TR B4 Ay o5 A
af H 2] & A A TR TEE Alphaproteobacteria (16.7%),
Betaproteobacteria (16.7%), Chloroflexi (33.3%) 18] 3 Cyanobacteria
(33.3%)= 3% 44e=2 e ow(Fig. 15 ALl AFYS fH>
Alphaproteobacteria (16.7%), Betaproteobacteria (16.7%),
Gammaproteobacteria (16.7%) Chloroflexi (33.2%) 18] 11 Cyanobacteria
(16.7%)% 3% 57 o= Yety AT 3T o] AEHA Ao
7F Uebd S & 5 3dtk(Fig. 15 and 16).

_50_



Table 11. Phylogenetic affiliation of re-amplified denaturing gradient gel
electrophoresis (DGGE) bands derived from the sponges Cliona sp. (129mur2
and 131murll).

DGGE L Accession Similarity

band Description No. (%) Phylum
129mur2-1 g%lélo%ﬁn “© JN210824 93 Alphaproteobacteria
129mur2-2 gyngllolggcﬁrim JN098341 100 Cyanobacteria
129mur2-3 gynefr‘;(}ggcﬁrim DQ398266 100  Cyanobacteria
129mur2-4 gefguglrgtfobac terium DQR89I36 91 Betaproteobacteria
129mur2-5 g}?ﬁ)‘foﬁfllg cter | KF286045 100 Chloroflexi
129murz-6  neulured G KRC200512 99 Chloroflexi
13Imurll-1 g%%ﬂl{ﬂﬂ sp. JN210824 93 Alphaproteobacteria
131murll-2 %nafl%gcﬁrim LC002641 100 Cyanobacteria
131murll-3 Z fz i?g;al teromonas KJ630917 100 Gammaproteobacteria
131murll-4 Eer}ciluglrgt?ob acterium DQR89936 92 Betaproteobacteria
13Imurt1-5  gneulured L KE286045 100 Chloroflexi
13Imurl1-6 Yncultured KC200512 99 Chloroflexi

Anaerolineae bacterium
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Uncultured Anaerolineae bacterium (KC200512) Ch/OfOﬁEXf.
131mur11-5 @
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gg | 131murt1-2 @
120mur2-2 &
64 Uncultured cyanobacterium (JNO98341)
Aquitex pyrophilus Kol5aT (M83548)

—_
0.0s

Fig. 15. Phylogenetic tree from analysis of 16S rRNA gene sequences of
DGGE bands derived from the sponge, Cliona sp.. Numbers above branches
indicate bootstrap values of neighbor-joining analysis (>50%) from 1,000
replicates. Aquifex pyrophilus was used as an out group. Filled circle denotes

summer sponge; filled triangle denotes winter sponge.
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Fig. 16. Composition of the bacterial community among the sponges based on

16S rRNA gene-V3 in Cliona sp. 129mur?2 and 131murll.
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e Alde] mE FAAT FHTFEE 16S rRNA gene FHAE 0]%
sto] wjF 2 v YHE 7|22 3 PCR- RFLPQ} PCR-DGGE "4 o

AT AR F 4T 150 A
aTAAE BATE Aol B ABRA o

1. RFLPE o] &3} Petrosia corticata 3|2l Al Qo wWrE FAMT I+
T WAl
A&3 o Fo] ARE 4 AA W P. corticata®] W 715 FAYA A

H

THT2E PCR-RFLP el oe BA% A3 Agel AQF s
M= zbzr 2670 207, o%—%oﬂ ek sHoll A= 242t 24709k 1971 €]
RFLP Btje= urglen, 74 gddz 1-3709 E2t+E A48
16S rRNA gene® & 7] 1%:‘2 A % =

THATEE U A s BF 4% 5o

sl Mol A Proteobacteria’t $-7% 3+ =
ol AAsteE 4% Wl & u el o =+ A
Proteobacteria’7} -3 3ttt Ao} A5t om Auks e
A FJTFZANA 7HE =2 vES AXste Aoz dEA
(Webster et al, 2004). E3 & =
Gammaproteobacteria’t  $-d3t= HbH  ofFe A FHAA =
Alphaproteobacteria’t 7 3dt=  wHEAH<l  sjElS ®HYTh g
Alphaproteobacterias A€ sk 1o
S7heta o Folle faste AldA L Al
WAtk Gammaproteobacteria®l & TFAoNA AL
o] Aol §-Halw o] EHolE Vibrio 59 Al

o
P
I
ol
flo
2
-
)
o
92

EFUIRITE. UubA © 2 Psychrobacter 49 #FE Ao I EESY
AZAA AT YAEE Fo02 F& AANA AT FAHAHE AS B F
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A tHRodrigues et al, 2009). Vibrio &9 #5+E52
st Aaks Yehe o] AddAME wd3 AHE
and Sizemore, 1982). Bacteroidetes °| <3+ Spongibacterium
flabum F2 AFEoA ANF S Halichondria oshor 31 S 258 27}
HAow, Il Aol AL @G A& 4AlE dF o] t(Yoon and Oh,
2012). ol¥ AgS T o] IFF7F P. cortiatal = B FHo dH =
oo 2 EAsE FFUs ¢ T AN Actinobacteria®t Firmicutes
o A5 oFol AYS ol vla) Aol ARG sfHolA o thgt
A Fo] R HE AR UEE=H 7oAl Iu2 AlEH

5

AAY gh7de] W

=
=
ol
)
o
ol
g
=2
>
Hi
rlo
=
o
o
L
AU
32

=]
20 A9 AT e st A ARG H flaviadiH e Aldol w
i £ PCR-DGGEWH S o|&3dte A3t A
flaviadl < Demospongiae % (Class), Halichondrida % (Order),
Halichondriidae #}(Family)ell £3l= s oz vt AlFx 279
A AEs TAol HATHSIim and Lee, 2003). =3k o] &Ho] A s= 4l
T FAM T E Aol Ho(Park et al, 2011; Yoon and Oh, 2011) v] A}
T AY deE 2 FE Qo seAoR we JHAE AYa drh
Qtol 5 M A st H. flavia HE| Aldo & A A
Hlagk 23 of Fo] A ol e 17 27, Aol AH
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gk AHolN = 28 3R FAHAY. T Y siHelA
Alphaproteobacteria®t Gammaproteobacteria’?} 3 %4S 2 AN S
o odgd ARS  sWel A= Alphaproteobacteria  (50%) <}
Gammaproteobacteria (50%)7} & 43t vl &2 EAst= vHH A& A
A3 sl M= Alphaproteobacteria (75%)7F - 3dli= Aoz LERS
o Yoon(2008)¢] Aol &St Alphaproteobacteria % ol A]

Sphingopyxis %] v T2 WEHES Tl AFTEd A2k dH
AN FHsts Aem Uewoyw H flavia i A = wigo] = A &t
o 2y oyl BHYY AP S Fl H flavia AW E 1 EAHE &
A& = A} Firmicutes 21 2+ Aol AMAE sfuolA yetbyt=
1, o] w9 M2 T2 AL ¥ 2% =2 Jid Fo] &4
7 Agk 27 2AE FAdske] wgEE Ao WS HE ¢ e
At 2Fe2 53] 23 A9 2AdgoR Qg o]l F7] Fd
rEHo] &9 4 84 WUt wg Ao =St |QlE A
TR WES g3 Aow Az TI H: Aol o3k
Firmicutes ol &3l Al TE52 ¢34 beta-glucosidase

|
inhibitorE A4F3s}H, Actinobacteria 49 &3t AR ¢ gdst &
O] ANE Aoz dHA Su = Ad IFolgt & 4 Adth(Pandey et
, 2013). AT 23 A A-S slH H flaviae] AT - T=E
= o FToAA Al-e mE AolE YERTE 53 e
Hymeniacidon%°] 1™ < S-guet At 0ol AR g H

), 5}
sinapium= o] 83t A A wE FAAAT LHFFRE P 0T K a1
mad, ofFFH vl FE2 FAMT FHel ¥ uYdstA YERSI 9]
H Ago] ALEE sl H flawiaF A o Fll vls] Asoll o g3t +F

=
I}
o}
5
mQ
jab)
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FEA U 7129 w24 YAHE Ay
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Callyspongia  elegans 131mur20, 138mur?2, 138mur3, 138mur4,
1312murl, 146mur8 L8]al 146murll & 7 /WAS o]&3}o] & ol A2
gt s o] Alde wE AT L H = 2ol S qrHskaLAr vl 4
of <73 PCR-DGGE "R < ol§sto] 2Astdth 72 Aldd = g &
slHe] DGGE M= Y H|=gk AFgFS B o, o5 S
3 AL AYE Aol WM e AR S B
WOAAM S met AR BE MEsES eyl

MERPE DNAE AEstel 9/1492 BHE An ALdw
131mur20¥t 1312murl sl F A+ +HT+Z+= Alphaproteobacteria,
Betaproteobacteria, Gammaproteobacteria, Deltaproteobacteria,
Chlordflexi 1813l Cyanobacteria® 3% 6732 FAEHUL AE&3|H
138mur2, 138mur3, 138mur4, 146mur® 12|31 146murll®] 4%
Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria —1¥] il
Cyanobacteria® 27 44°o=2  FAFHJY.  Alphaproteobacteria,

Betaproteobacteria, Gammaproteobacteria 13 31 Cyanobacteria <

T AA A e or EAsts A 2ol en, Awol AT

F

(T e

W] A9 Alphaproteobacteria’} -3k WbH o & A sk | H 9
A9 Gammaproteobacteria’t ¢33t ACSE ey 3 e A7)
of AHE T ajHol A A ZFE AA|sh= Bl & AFol= UERRL
Sy FYd FHTRE HAoH, Al meNE sdI THIERE
Hol Ao QAP S gelstdl

71Eo WYgHS Tl BN C eegans MW FAAAMT LS ERE

Alphaproteobacteria, Gammaproteobacteria, Actinobacteria,
Bacteroidetes 183l Firmicutes® 4% 57402 ¥ o (Park et al, 2014)
A3 AFe Al FHF e AolE Kol At WA wEt Al LE
o] #HFZE7} vrEYE AE HukA vk (Park et al, 2014; Jeong
and Park, 2012a). Betaproteobacteria®t Cyanobacteria= 3d|HolAx =&
A A= Mt % F stdel®, 53] Cwanobacteria™
Proteobacteria®t &7 LMA (Low Microbial Abundance) 3l el -3 3}
= wo 2 goEA Y (Dupont et al, 2014, Giles et al, 2013). L3 3jH
A= Cyanobacteria®l 785 AA 7 A Asts sidel Y

l‘irl

_{
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S AEA 7lee WY 8AaE ATde T8 4TS S Ao
2 gdd A dt(Keesing et al., 2012). AL HY AL FEHORE EX)

St AMlit 155 o] 99 Deltaproteobacteria®t Chilordflexi A 1H S Y
SR =H Choroflexi Mt w2 Mol A  3-hydroxypropionate
pathwayE 3] F7]&8S 7|82 dAssls 53782 5= How &
HA glom, dutAow HpEjYHS ol &3 FHTE FHdE =2 Wl
L2 dEo Huy wdd od A5 dd vEr w22 Ao=E o
A4 A Brock et al, 2004; Jeong et al, 2010; Erwin et dl,
Briick et al, 2012). walx L3 Ao WS o83 2 A3 Ay F

A x| = AH A3 & T Srzo Ao AT #H
st oy A I AA Gk Hl &l AolE YERloH, T
Aol MAetE BE ddolet® Ade ue FAAT P RAE
o7t Y AL L F AN

4. DGGEZ o] &3t Ado] W& Cliona sp. W FAA T +F % v

Demospongiae 7 (Class)oll &3t Cliona sl =, /A4 e
o} 2 Ttk A3 dof Fzsle] A %k AT At S B
o]+ Storniamides A-DZ AA3le= Ao 2 W I1H 0o

al., 1996). o]t ol Al A& e A AT FHTEY
TFdol] &k AFE st Al Ed FAS 9k AT glof uj

$ T3 Cliona sp. 129mur?2 a8 3} 131lmurl 18 WS o] &3] AA
of MmE FAAT THARE HusAY. 16S rRNA gene PCR-DGGE
H

FRS AREste] =AMEE A3 W= 9"l & gAFSHAl WERE oL Al A o
2 Aozt yetvde W=7 EAE A TH(Fig. 145 129mur2-3,
131murl1-3). 129mur?2 3" T2+ 3¢ 44, 131murll siHe]

Jdaxe 3% 5%z F4HAL T A EH%OM
Alphaproteobacteria, Betaproteobacteria, Chloroflexi A=t
Cyanobacteria’7t &&4o=  EASIF oW, 129mur2 3 HA A=
Chlordflexi (33.3%)%} Cyanobacteria (33.3%)7} $-33st= Wb, 131murll
™ol = Chloroflexi (33.2%)7F $%st= ASZ YERYT. 131murll
iel A% 129mur? WY FEAoE EAce Al 1w ol 9ol
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Gammaproteobacteria®] Al 1FS X5t o=z FzEHo FAA
ol FHFAA A-Ed mE AolE YUY 579
Gammaproteobacteria®l A UEelY  Pseudoalteromonas marina<=
Pseudoalteromonadaceae?}t (family)oll &3st™ o] &9 B2 FEo| &
o zHyYH FEdeE Aoz dEAd Atk Nam et al, 2007).
Alphaproteobacteria®l A YEFG v & ¥ A &2 Rhodovulum sp. 59

FES T8 G & Y Aoprie Al em gl o ol AT
2 23] Wo] Wo] 5ol ¥E HURANME HAYS & F AUt
(Nupur et al, 2014; Srinivas et al, 2014, Wu et al, 2014). o] aH =
g AEHom Aol o] FoAX A Kol AMS| WE F AT LF] T
Zo] dukAl FolE Hotstrl= ol itk to g AEKAHS Qs F
gl Ado mE FAAMT FHTE ¥stE #ES o & A= A RH

st= Plasigle W o] E3sta Q=
1

FAA ] FHTFERA WEE AEE ) o (Webster et al, 2008),
=]

pyrosequencing WHS o] &3] 2009dHE 20107 A] w= ZE et
ol 4 A8k Axinella corrugata el Add mME FAAMT THTE
WHets A+g 23 259 zo|7t yEhve AlEW st et 2ol &8 A9
zZpol7 EAst= A HFoll AA sk afH Y A s Aol Al
wpel Wyt Yepdthe B3 (White et al, 2012)9F 4 X8k A 3}oltt

asy HAR T AMASk= Ircinia spp. Mo ZFH 19 671L 3
T-RFLPHH & o]&ste] Add mE M+ +HTF2E S48 23
F71H o7 wg oA FHFRE et E A HuFEd o
(Erwin et al, 2012), Tt F=alHz sl o] &3 siH YA+
TR FA AP Yt FF WY AT SHTERE ST
SolA ol dA g s = AL S KA Ao E vy & A



A= z2FolE YERAtHWebster et al, 2004; Erwin et al, 2012;

Jeong and Park, 2014).

AA AT vFAdel ek AH = o

AT Alo] o] s AEo #Hsle] W AT o

(Wang et al, 2006; Cardenas et al, 2014).

O go] Adwste] & siHT AT 372 "t dair e 2l A
]

ol Ag¥H, 22 suFold s A4 Zxo web gAY £F
TZ7F =2 AW Taylor et al, 2005), A@WHd wel depx = 4ol
A tHJeong and park, 2012a). =3k v el Ak RFLP WHS &3
i FAAEe] HA LHTFEE gt = AAAANA wF The
ATt 01%-1%8%==2 53] ¥ W (Jeong and Park, 2012b), o] 2% &=
Hj kol of & & At F7HA defo] 7he gk DGGE w2 A Zol A AlX

7F 1% o4& FAete AdEd Afolw AYstol(Li et al., 2007)
A9 ARSI BAAT 2YT ARE PIASE IR THe

Z@te) TR A AL A,

Olr
ol
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VI. Abstract

The seasonal comparison of bacterial community structure of fifteen
individual marine sponges collected from Jeju Mureungarch and
Youngmeori coast, from january 2012 to june 2014, were analyzed by
culture—dependent and culture-independent method.

By culture-dependent method, seasonal composition of the bacterial
communities associated with the marine sponge, Petrosia corticata,
were 1dentical and composed of 4 phyla, 5 classes at the phylum level
At the genus level, the community structures of winter sponges were
more diverse than that of summer sponges.

In culture-independent method, the bacterial communitues associated
with Hymeniacidon flavia, a marine sponge living mn the intertidal
zone, collected in summer was composed of 1 phylum 2 classes and
another sponge collected in winter was composed of 2 phyla 3 classes.
The bacterial community structure of marine sponge, Callyspongia
elegans, collected m winter composed of 3 phyla 6 classes and 5
individuals sponges collected in summer composed of 2 phylum 4
classes. Marine sponge, Cliona sp., collected in summer was composed
of 3 phyla 4 classes and another sponge collected in winter was
composed of 3 phyla 5 classes. Therefore, they showed the seasonal
differences. Alphaproteobacteria was found from all sponges and
Gammaproteobacteria was found only from winter sponges.

As a conclusion, the bacterial community structure of marine sponge
samples, collected from Jeju island, showed seasonal variation and the
wide varieties of community structure were also found among sponges.
Also, there were more diverse winter sponge bacterial community

structures than those of summer.
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