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Abstract

The aim of this study was to investigate the Bacterial community analysis
and Screening of bacteria with antibacterial activities from Callyspongia
elegans. In 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. The characterization of the bacteria was done through
microscopic and molecular analysis. Some of the isolated strains were
determined to be novel bacterial species through taxonomic identification and
classification .

A total of 112 culturable strains were isolated. They were characterized by
determining morphological characteristics through, Gram’ staining. 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 of all isolates were
coccus—shaped, while 16 strains were rod-shaped.

The isolated strains were selected for phylogenetic investigation through a
16S rDNA gene sequence analysis. The bacterial genomic DNA was isolated
and 16S rDNA regions were amplified using the primers 27F and 1522R. The
sequences were then compared with the sequences in the NCBI Genebank
database and a BLAST analysis was performed. 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: a-proteobacteria (39%), y
—proteobacteria (22%), Actinobacteria (14%), Fimicutes (9%), and Bacteroid-
etes (6%).

All of the isolated strains were tested for antibacterial activity using agar
spot assays and amplifications of Polyketide synthase (PKS) genes. To detect

the PKS genes, PCR was carried out using the genomic DNA of these



strains as templates, as well as two oligonucleotides that bind specifically to
the ketosynthase (KS) domains of PKS. PCR with the genomic DNA from all
16 strains yielded about 700 bp DNA fragments, which were the expected
size for the PCR product. The results showed that KS , domains of PKS
from 3 strains that had appeared to be novel actually had identities as
Pseudovibrio sp. (90%) in the databases. Isolates demonstrating antibacterial
activity represented 33% of the total. Twenty-eight strains also showed
antibacterial activity against E. tarda.

It 1s strongly suggested that fifteen isolates are candidates for a new genus

or species, based on the analyses of 16S rDNA gene sequences.
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Calcarea, Demospongiae, Hexactinellida 3 712l +8 o2 Yo, 7% @2
™ ZFE°S Demospongiae Yol £3dE= Ao® K wHo] ¢lthH(Hentschel

et.al., 2006 ).

T 52 T s Tt Holds ¥R om(Thomas etal, 2010), 3|
Ay AT, AlofrdtE| o), Fx2RF %
2, TEF & B2 MAES EFsta o ol gk sH-2 bacteriosponges
%2 high-microbial abundance sponge#t & 2] UtH(Hentschel etal., 2006,
Hardoim et al., 2009, Levina et.al., 2005, Thiel et.al., 2007).

o] MAsts sV W FW, 52 s AlEuel] Ay, o
Aol AY G40 FAAAE FAE A2 dHA Ao (Park etal,
2009), 71 g9} FFol o] vl WSt} (Hentschel etal., 2006, Zhang et.al.,
2006). M2 siHe FANAE T M w2 BEXE yeERHATH(Thompson
etal., 1994). Pseudomonas denitificans 9} o] oJg] F9] A FHFToZ
WA= 7 9-(Hentschel etal, 2002, Enticknap etal., 2006)%= 1o}, 2|59
4 Wstole ekl w5 s FAAATE G AEFe] A=
1 31 (Muscholl Silberhorn et.al., 2008, Friedrich etal., 2001)% $lt}.

sz sty Wentgol] Addstn dyAHor yAsts AT olxt

hAAEE 2] st o] #eEE o] 91o](Cho etal, 2009, Thoms etal, 2003) o3}



=
ate = Aoz 4 A 2t Thomas etal, 2010). 3 s o2 RE &4 &
A, FHl2HE FAAMA, BAE ¥R B ALl =450 FHHHA
X (Dai J etal, 2007, Dalisay etal, 2009, Selvin etal., 2009, Taylor etal.,
2004), H M= JoFF IS AT WY A=ALoEmHA W] we B4
o] =

ZY Aol = AT o] AAteteE T8% HAEZ coenzyme A-activated
carboxylic acid®] T3tz IFAdHY. ZZAEol=9 AIALS polyketide
synthase (PKS) Y7l E42A HAES tdst +x2E5 7HAH, B2 9 o9
FER3 FFdoe] i v}k (Hutchinson, 2003). 34 4] erythromycin, tetracy-
cline, methymycin, ¥4 doxorubicin, enediynes, W A|#] rapamycin,
FK506, antiparasitic #|#] avermectin, nemadectin, &%+ #] amphotericin,
griseofulvin, A &<43t7]2FA] lovastatin, compactin 2231 %% 9% monensin,
tylosin®] I At % o o] rapamycin® FK5H06-2 AJ3E9] signal transduction
Tt ol AFEE 71 %= P th(Schreiber, 1998).

Aol FAVIYES EAISE EFF A o FE} wF 5

f
o
)

(o]
fu
1
o

Frsle] B24S AAFSTH(Proksch etal, 2002). At &lH P, clavataol A
2] ¥ Salinispora bacteriat® rifamycin FA A= M2 B2 S a5t o,
o]+ PKS systemel] 98] AAtEojxvia B ¥ AtHKim et al, 2006). &L
A EgAEols 42 oA ey o] A A H(fontana et al, 1998), @i %

n A=l PKS w3l g A= obd 7] dAlo|tH(Piel et al, 2004;

|
N
|



Fieseler et al, 2007).

olxd sHoRREH EHy= v Ay =EE0] A A=A 9
 AAE = RAoR HavE F7tE e AAoltH(Guangyi et al, 2006, Kennedy
et al, 2009; Lafi et al, 2005, Tamaki et al, 2005, Mohamed et al, 2008). ©]
A3k SHe A ELE] FAstE Aol o3 iy e Aoz FAHA
A SHF AT gYgd 2 TR B AT wg S e FA
ol (Lee etal, 2009; Li etal, 2007, Radwan etal, 2010; (16s rDNA-RFLP
28), T FA L el FAstE A mAES] FES Hrtek=d
- F 28t Alam etal, 2002; Taylor etal, 2004).

E Ao A= 16S tDNAE o|&3}9] Callyspongia elegans® Aol &3 -

%§ BNsn, PCRE 8l PKS #3948 ~addstel 32848 Fasn
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2.1. A1EAF
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Fig 2. Marine sponge 'C. elegans’



22. MABES £ H W&

221 AAE E2Y-ulF 2 B

A WS HaE AT ol A F e AFS 1 g

0.85% NaCl &0l ¥ o] homogenizer® 23} A Zth 23 9 ANEE= A%
Y (Fig2) o= 101 7 10° M=z 84 F dgols Marine Agar (MA, Difco,
USA), R2A (Difco, USA) wjAe] T 3 % 25T 74zt sjgstAnt. 2t 3
Aol A EelE FJeE dAgske] wixo] 2-33] At st =g sk
W12 ISP Medium 2 ( ISP2, Difco, USA) wi=Joll AlthujeF At} vl =] 9
ZA42 Table 1-37 2t} #2ld vAELS 20% (v/v) Glycerolo] #Este] %
A2 Ye5i (-80T)ol 542 Hastdrh

| [
0.85% Nacl
\ 9ml
{ ]
, -~
SiEro
1g/10ml 30040
Nl
[ sl 10t | | 102 102 ) | 10% | [ 105 | 108

Fig 3. Serial dilution method for isolation of C. elegans bacteria



Table 1. Composition of Marine agar (MA)

Ingredient Amounts

Peptone 50 g
Yeast extract 10 g
Ferric citrate 01 g
Sodium chloride 1945 ¢
Magnesium chloride 88 g
Sodium sulfate 324 g
Calcium chloride 18 g
Potassium chloride 055 ¢
Sodium bicarbonate 0.16 g
Potassium bromide 0.08 g
Strontium chloride 34.0 mg
Boric acid 220 g
Sodium silicate 40 g
Sodium fluoride 24 ¢
Ammonium nitrate 16 g
Disodium phosphate 80 ¢g
Agar 150 ¢
Distilled water 1L




Table 2. Composition of R2A

Ingredient Amounts

Yeast extract 05 g
Proteose peptone 05 ¢g
Casamino acids 05 ¢g
Dextrose 05 ¢g
Soluble starch 05 g
Sodium pyruvate 05 ¢g
Dipotassium phosphate 03 g
Magnesium sulfate 0.05 g
Agar 150 ¢
Distilled water 1L

Table 3. Composition of ISP Medium 2

Ingredient Amounts
Yeast Extract 40 g
Malt Extract 10.0 g
Dextrose 40 g
Agar 200 g
Distilled water 1L
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24. A=Y Y

2.4.1. Genomic DNA #3&

Genomic DNAE #&3l7] 918 #FE52 AAMA HFste]l g & dAE
g2 AFTAE AA F Robxl pellets AF&3Fth TE buffer 567 pls 2 &
lysozyme (100 mg/mD< 10 ws F7Fste] & 4o T3 A2olA 5
B2 vk A ek @A A A= 10% SDS9F proteinase K (10 mg/mDE A7}
T 37CelA 1AzF wigstdnh 5 M NaClE #7F & & 41e]F 3 CTAB/ NaCl

solutiong #H7F % 65CoA 1083 v At DNA F= %2 HAdS fsiA

i A1 21

ofr
o

Phenol/ Chloroform/ Isoamylalcohol (25:24:1)2 700 WS #H7F & BR=gA 4
o] & & 587 YAEE (13,000 rpm, 55)3FA T AT A5 AS A wlo]aA R

TR &AF, A F39 2819 chloroform/ isoamyl alcohol (24:1)& #

Het7] flall 70% ethanol 700 utE 7F 5 A& itk FFHS M
A Lo pellet & AZx3o] ethanols A A3t} pelletd] %o wlebs TE
buffer 50-100 #¢} RNase (10mg/mD= #7}ste] A4 Atk DNAZF €&
A3l /e AL el Fo] UV-VisSpectrophotometer (UV, minil240, Shamdzu)

2 DNA 355 =431, v%=7F =A% DNA+ 4Ceo| B3}



2.4.2. 16S rDNA #AAR FF

16s rDNA ¥4 3% 9 genomic DNAE A8}t 16s tDNA 44 5%
o] AF&¥ primers 27 Forward primer®t 1522 Reverse primers AR&3}Sth

(Table 4). =% DNA 1 g, 10 pmol/primer 1 ¢, 10 mM dNTPs, 10X
PCR buffer, 5 Unit Taq polymerase (TAKARA, Japan), Bioneer DWE 33}
of HFHY 25 WE vrFo] Fskth. PCR 2712 95Tl 27] WA T
(Initial denaturation) 5%, 30 cycles ¢t 94Co|A WA TA (denaturation) 1%,
55Col A ZAgtetAl (annealing) 13, 72Col A FXEA (extention) 3E<, 72T
27 H% A9 (final extention)® , PCR (Thermal cycler, Bio-RAD) ®+%
S AAEAT. FZH PCR AHES 1% agaroseol A #719%  (Mupid®-ex,

ADVANCE)3}o] 13}t

Table 4. polymerase chain reaction (PCR) Primers used in this study.

PCR reaction Primer Sequence(5’-3’)

16S rDNA 27TF AGAGTTTGATCCTGGCTCAG
16S rDNA 1522R AAGGAGGTGATCCAGCCGCA
PKS GBF RTRGAYCCNCAGCAICG

PKS GBR VGTNCCNGTGCCRTG

_10_



243. 32 2249 % FFAAE

pGEM®-T Easy Vector System (Promega, USA)S o] &3lo] t}&3 72& 2
S 33t 2x Rapid Ligation Buffer 5 @, pGEM-T Easy vector (50
ng) 1 pl, T4 DNA ligase 1 ul, 2% PCRAE 3 W= Aol F, 4TColA 3t

F5oF W-S-A] A ligationsl A th. JM109 Competent cell 50 ulE F71ste] &2l
22 5 2031 Wb Al7)aL, 42Tl A 454 %= A T4 (Heat shock)dto] A
A Sof ZLo} 287F HES AT LB brothE 950 ! H7F 3, 37CoA 123 A

o}
%= wjFAI Y. LB/ ampicillin (50 mg/ml)/ isopropyl 1-thio—-B-D-galactoside
(IPTG, 0.1 M)/ 5-bromo—-4-chloro-3-indolyl-B-D-galactopyranoside (X-Gal, 40
mg/ml) HFu A g A B 5 37T, 19 Bt wjdste] 3 J&FS AEen
AEs H&S LB broth/ ampicillin (50 mg/mlell FE3Fe] 16A17F vl &3]
plasmid DNAE #3235ttt plasmid DNA #8]+= DNA-spin Plasmid DNA
extraction kit (iNtRON, korea)& AF&3tSth widE #AE I8 sto] =
o}z A S resuspension buffer 250 WS Y FAZS & ZoldE F lysis
buffer 250 w 7} &, Fst= 2733 # Ao+t 18] 3l neutralization buffer

5 30 s HolF EOA detr 2 4o & F, 4TolA 5&3F vhgA171 T
AR (13000 rpm, 10&)ste] HNF EES AAsta FF5AS spin
columnol %A+ 5 ©A] SAEE(13,000 rpm, 1+)3F . washing buffer A
9} B2 ETES A3 $ elution buffer®2 DNAZE elutiondlth. #2]¥ DNAE
1% agarose geloll A 71953t &<2lslsit)

_11_



244. 971449 4 € AFEH £4

16S rDNA A A= (F)A =9 (Daejeon, Korea)ol 2] 3te] d7jdS 4
stk 45 d7|AES Basic Local Alignment Search Tool (BLAST)
search program< ©]&3}°] National Center for Biotechnology Information
(NCBID)¢] Genbank database®} EzTaxon server (Chun et al, 2007) 4 -+A}gH
F7NMLS Hlwsta, 7HE SdEoy For UEus AES gtk
Aol oA ABH FA7IAEH databased A 3FE ZEHAAE

Mega 4.0 software (Tamura et al, 2007)°] Z3td Clustal W Z=I1E o] §
3}o] multiple alignment = A & s} ¢}

_12_



25 ¥dEF 4

251 TG FHA A

PolyKetide Synthase (PKS) F3AE <Z3sl7] 918l GB Forward®t GB
Revers primerES (F)A%x=® (Daejeon, Korea)oll T3l 10 pmol®Z 3]4 %
A3 10 pmol/primer 1 pl, Template DNA 1 @0, 10 mM dNTPs, 10X
PCR buffer, 5 Unit Taq polymerase (TAKARA, Japan), Bioneer DWE 33}
of HFHY 256 WE g0 Fskth. PCR 72 94TelA 27] WA T
(Initial denaturation) 5%, 35 cycles ¢t 94Co|A WA TA (denaturation) 1%,
55Col A Ag <A (annealing) 1%, 72ColA XA (extention) 2% 2 3%
I, 72ColA 1083 HF A 9A (final extention) &2 PCR (CI100 Thermal
!

3l 1% agarose gelollAl A7 sto] &1ttt PCR %€ A&

2

th. $%d" PCR &2 fdAE &1l

ol

cycler, Bio-RAD) "3 24|

rlo

pGEM®-T Easy Vector System (Promega, USA)S ©]-&3}o] ligationS 33}
3, JM109 Competent cell& ©]&3te] FAAE vt JAHE 3 Plasmid

DNA +#32]+= DNA-spin Plasmid DNA extraction kit (iNtRON, korea)& A}-83}

A7 d AL (F)A =8 (Daejeon, Korea)oll &3t F714dS B3
tf. BAE 971 <9e BLAST search program< o] -&3te] NCBI9 Genbank
database® AR A7IM S Bl 2 Aol YA A" AVIE
databaseol A 348 A7 EE MEGA 4.0 software (Tamura et al, 2007)°l
] €3Fo] multiple alignment & A &3}t 23}

2 Agdes 2 ZEao A Jukes— Cantor (Munro, 1969) WH-S <1-8-3}o]

AL

o

239 Clustal W T2 189S

neighbor—joining®™ (NJ; Saitou and Nei, 1987)%} maximum-likelihood (ML;

Felsenstein, 1981)& o] &3t AlTTE 2/dstAutt.

_13_



252 £ TS5 FEEH A

TEd 112 755 Ao 2 Agar spot assayE AHE38te] A S @A)
Ak AT FRE AdAFHAT 3F, oF HEHW FUd 3FS  Korean

Collection for Type Culture (KCTC)®t Korean Culture Center of
Microorganisms (KCCM)ol| 4] #<F kol A& o] ALg3l¢ltH(Table 5). &%
FES MA9 R2A° 397 vtk A diFrFE Spectrophotometer
(UV-VISIBLE S-3100, Scinco)& AF&3ted 600 nmoll A optical density (O.D)
7t 04 (10° CFU/mD=Z 34 =S zdatgrh. A3k QAo
3171 91l A pour-plate methodell w2} 0.3% Top agarel] A&t
oz e 5 A By A s EF5Th A EFY 7 iR

of ASAAY (Clear Zone)E HAsh= #& Aatgict

Table 5. List of strains used of antibacterial experiment

Strain Strain NO. Media Temp.(T)
Escherichia coli KCCM 40880 NA 37
Staphylococcus aureus KCTC 1927 TSA 37
Vibrio parahaemolyticus KCCM 11965 MA 25
Edwardsiella tarda KCTC 12267 NA 37
Streptococcus iniae KCTC 3657 BHIA 37
Vibrio alginolyticus KCCM 40513 MA 37

_14_



Table 6. Composition of E. coli & E. tarda media (NA)

Ingredient Amounts
Beef Extract 30 ¢g
Peptone 50 g
Agar 15.0 ¢
Distilled water 1L

Table 7. Composition of S. iniae media (BHIA)

Ingredient Amounts

Calf Brains, Infusion from 200g 77 g
Beef Heart, Infusion from 250g 98 g
Proteose Peptone 100 g
Dextrose 20 g
Sodium Chloride 50 g
Disodium Phosphate 20 g
Agar 150 ¢
Distilled water 1L

_15_



m 23 42 1%

311 R Fgol 4B AFF 37
Aol s4e ARg wustel Mg ¥ B gt 8 245 A

o2 FAATH (plate count) == F AT (colony count)o] &% gk},
FAE H= 71 307300707 A& o AlE]Ado] St

C. elegansoll Al MA<S}F R2A viA|o w]gst A3 MA wjx| A= 3 A

T2 48 x 104 CFU/g, R2A wlA]dl&= 2.0 x 104 CFU/ge] A7 ##25

AT MARE T R2A wiA el A A7 40 A w2 dvh. MA v A ol A

R2A wjA] R} 2v] A% =2 Al 5 YRl i

WA isolate R2A izolate

Fig 5. Colony forming unit per gram (CFU/g) of C elegans sample

on medium
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32. EAY A Be =

321 EEF I 2 FHTH 54

S to] 90% A BHE Ao

B 2% 7HA= o 1T, LAY E (spore) 6357 #E = QLT
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Table 8. Phenotypic characteristics of C. elegans bacteria

No. Name Gram stain Color of colony on medium Morphology  Motility
1 CE1l N Yellow R +
2 CE2 N Reddish Brown R +
3 CE3 N Light-Yellow R +
4 CE4 P White R +
5 CE5 N Beige C +
6 CE6 N Brown R +
7 CE7 N Ivory R +
8 CES8 N Beige R +
9 CE9 N Brown R +
10  CEI10 N Brown R +
11  CEll N Beige C +
12 CEIl2 N Brown R +
13 CE13 N Ivory R +
14  CEl4 N Brown C +
15 CE16 N Ivory R +
16  CE17 N Yellow R +
17 CE19 N Light Yellow R/C -
18 CE20 N Brown C +
19 CE21 N Ivory R/C -
20  CE22 N Reddish Brown C +
21 CE23 N Brown C +
22 CE24 N Reddish Brown R +
23 CE24-1 N Brown R +
24 CE25 N Dark Yellow R +
25  CEZ26 N Brown C +
26  CE27 N Yellow R +

_18_



Table 8. Continue

No. Name Gram stain Color of colony on medium Morphology  Motility
27 CE28 N Dark Brown C +
28  CE29 N Brown R +
29  CE30 N Brown C +
30 CE31 N Ivory R +
31 CE32 N apricot R +
32 CE33 N Ivory R/C -
33 CE34 N Light Brown R +
34  CE35 N Ivory R/C -
35  CE36 N Ivory R/C -
36  CE37 N Ivory R +
37  CE38 N Ivory R -
38 CE39 N Light Brown C +
39  CE40 N Ivory R -
40  CE41 N apricot R +
41  CE42 N Reddish Brown C +
42 CE43 N Dark Ivory R/C -
43  CE44 N Ivory R/C -
44 CE45 N Brown C +
45  CE46 P Ivory R +
46  CE47 P Ivory R +
47  CE49 N Ivory R +
48  CES0 N Brown R +
49  CE51 P Hot pink R +
50 CE52 N Dark Ivory R/C -
51  CE53 N Ivory R/C -
52 CE%4 N Light Yellow R +

_19_



Table 8. Continue.

No. Name Gram stain Color of colony on medium Morphology  Motility
53  CEbB5 N Ivory R +
54  CE56 N Light apricot R/C -
55 CEb57 N Ivory R -
56  CE38 N Green—-Brown R +
57  CE39 N Reddish Brown R +
58  CE63 P apricot C -
59  CE64 N Light Brown C +
60  CE65 N Ivory R +
61  CE66 N Ivory R +
62 CE67 N Light-Yellow R +
63  CE68 N Brown R +
64  CE69 N Ivory R +
65 CE70 N Khaki R +
66 CET72 N Ivory R/C -
67 CET73 N Ivory R -
68 CE74 N Light-Yellow R +
69 CE/4-1 N Dark-Yellow R +
70  CET5 N Light-Yellow R +
71 CE76 N Ivory R -
72 CET7 P Ivory R +
73 CET8 N Yellow R +
74 CET9 N Brown R +
75 CE80 N Dark-Ivory R +
76  CES1 N Yellow R +
77 CES82 P Green—Yellow R -
78  CES83 N Dark-Yellow R +
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Table 8. Continue.

No. Name Gram stain Color of colony on medium Morphology  Motility
79 CE$4 P Ivory R +
80 CES85 N Ivory R -
81 CR2 P Yellow R +
82 CR3 N Green—Yellow R +
83 CR4 N Yellow R +
84 CRb5 P White R +
85 CR6 P Yellow R +
86  CR7 P Ivory R +
87 CR8 P Yellow R -
88 CR9 P Ivory R -
89  CRI0 P White R +
90 CRI12 P White R +
91 CR13 P Orange C -
92 CRl4 P Green—Yellow R -
93 CRI1b5 P Ivory R +
94  CRI6 P White R +
9%  CRI17 P Yellow R +
9%  CRISB P Yellow R +
97 CRI19 P White R +
98  CR20 P White R +
99 CRZ1 P Colorless R +
100 CR23 P Light—apricot C -
101  CR24 P White R -
102 CR25 P apricot R -
103  CR26 N Colorless—White R -
104  CR27 P Colorless—White R +
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Table 8. Continue.

No. Name Gram stain Color of colony on medium Morphology  Motility
105 CR28 P Green—Yellow R -
106 IC2 P Ivory spore

107 IC5 P Gray spore

108 IC6 P Ivory spore

109 IC10 P Dark-Gray spore -
110 IC11 P Gray spore

111 IC12 P Dark-Brown spore

112 IC14 P Light—apricot R -
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3.3. 16S rDNA 97|AX €9 ATEgH A

3.3.1. C elegans W AldTRFe AFETH EA

=8
Aol e A87 HHF o] 7t 9, 16S tDNA @714 <E BA¥ e 253
= 3 9 4
C elegansOl Al 8]l€ 112 59 415 o1%l 16S rDNA @7IME& F7IA4
7rel FAIEES Festy] Y&l BLAST search programs  ©]-&3te] NCBIC

Genbank®} EzTaxon serverol A FAFsE 7|4 <9S v us$d .

k
o
Lo
_0|L
X
2
£l
o
M
S
]
-

o,
X
A
32
2

i

A71g B Ay Fo BEHFTOE Actionobacteria, Bacteroidetes,
Firmicutes, Proteobacteria® 4712 & (Phylum)°e] &% 2™ Proteobac-
teria= a-Proteobacteria®}t y-Proteobacteria®] 2 71 7+ (Class)7} YERH ATt
(Fig b5).

Actinobacteria (phylum)/ Actinobacteria (class)/ Actinomycetales (order)°l| X+
Microbacteriaceae, Mycobacteriaceae, Nocardiaceae, Nocardioidaceae, Sanguib-
acteraceae, Streptomycetaceae 2 67§12 IHfamily)S e TH Tabel 9).

Microbacteriaceae?| X1 = Microbacterium (genus)”} 53=(CE82, CR8, CRI14,
CR28)E°] ®uEdvt. CE82, CR8, CR14%= Microbacterium binotii CIP
101303"(EF567306), CR28  Microbacterium mitrae M4-8"9} 99% ©]% 16S
rDNA #32 7149 FAHEE BT
Mpycobacteriaceaed| =  Mycobacterium (genus)®ll &3l= 15 (CR25)Z
Mycobacterium frederiksbergense DSM 443467 ¢ 99% 16S rRNA @714 < §A}
=5 Yehidth
Nocardiaceae (family)¥= Rhodococcus, Nocardia® 2712 < (genus)©] #2]% %]
a1, Z¥Zt Rhodococcus  (genus)oll &3t 2985(CE63, CR23)Z CE63

’

Rhodococcus erythropolis NBRC 100887" 10026, CR23+= Rhodococcus equi DSM
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20307" 99%<] A7 E FAIEES HATh Noardia (genus)el Z38h= 19521 IC14
2 A WA E Nocardia speluncae N2-1179F 99%2] 7)1 d SAIEE ®
At

Nocardioidaceae| 1= Marmoricola (genus)oll 438h= 1305 (CR13)Z w25 %]
o, CRI3Z dY HAHEANA E2l¥ Marmoricola aequoreus SST-45(T)el 98%
o] A7IAE FAHEE YERH AT

Sanguibacteraceae (family)/ Sanguibacter (genus)ol Z3k= 135 (CR6)$} |
Streptomycetaceae (family)/ Streptomyces (genus)ol Z38t= 2305 (IC2, 1C5, IC6,
IC10, IC11, IC12)7} &8 &H At CR62 Sanguibacter keddieii DSM 10542(T),
Streptomyces w8 TFELS  Streptomyces  cirratus NRRL — B-3250(T),
Streptomyces spororaveus LMG 20313(T), Streptomyces platensis JCM 4662(T),
Streptomyces beijiangensis NBRC 100044(T), Streptomyces olivochromogenes
NBRC 3178(T), Streptomyces griseochromogenes NBRC 13413(T) A}olell 99% o]
e A7IME FAEE BT

Bacteroidetes (phylum)/ Flavobacteriia (class)/ Flavobacteriales (order)/
Flavobacteriaceae (family)oll:= Actibacter (genus)el <3= 133 (CE81)%}+
Tenacibaculum (genus)®ll 43t= 615 (CE17, CE25, CE27, CE67, CE78, CES3,
CE24-1)7} #8159t CES1:= Actibacter sediminis JC2129(T) (EF670651)<}
91.9% FAISE  Tenacibaculum FE|WTE<  Tenacibaculum — crassostreae
JO-1(T), Tenacibaculum litopenaei B-1(T), Tenacibaculum litoreum CL-TF13(T)
Atolell 91.8-945% w2 A7IME FALES HERAAT

Firmicutes (phylum)/ Bacilli (class)/ Bacillales (order)ollXl<= Bacillaceae,
Paenibacillaceae®] 2712  IHfamily)®} Bacillus, Lysinibacillus, Brevibacillus,
Paenibacillus®] 4712] % (genus)e] &A1=t}

Bacillaceae (family)ol+= Bacillus (genus)ol Z3l= 1415 (CR24, CR5, CR20,
CE51, CR21, CRI16, CR17, CRI8, CE47, CR15 CE4, CE46, CR10, CE77)%}
Lysinibacillus (genus)°ll &3l 37F(CE4, CR7, CR27)7F #2 = At}h. Bacillus
852 Bacillus acidiceler CBD 119(T), Bacillus anthracis Ames, Bacillus
aquimaris TF-12(T), Bacillus cibi JG-30(T), Bacillus drentensis LMG 21831(T),
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Bacillus luciferensis LMG 18422(T), Bacillus marisflavi TF-11(T), Bacillus
oceanisediminis H2(T), Bacillus stratosphericus 41KF2a(T), Bacillus thuringiensis
ATCC 10792(T), Brevibacterium frigoritolerans DSM 8301(T) AFe]ell 99.0-100%
o] A7 YE FAEE HFAth CE84% Lysinibacillus massiliensis 4400831(T)
97.2%, CR7¥} CR272 Lysinibacillus xylanilyticus XDBI(T) 99% 16S rRNA 7]
AE fFAIEE BHATh

Paenibacillaceae =  Brevibacillus  (genus)dl  &3t= 15  (CR19)%
Paenibacillus (genus)ol| 43l= 37F (CR2, CR9, CR12)7} 8= At CR19+=
Brevibacillus  fluminis CJ71(T)2} 99.4%, CR2% Paenibacillus barcinonensis
BP-23(T)st 99.1%°] A7IHd  fAH=ES dehligler], CR9, CRI2E= 4%
Paenibacillus chondroitinus DSM 5051(T), Paenibacillus telluris PS38(T)%} 96.8%
o} 95.1%9] w2 A= YERH AT

Qo AF3 5| proteobactrerias= a-proteobacteria®t y-proteobacteria®] 27
o Zow UHAHEES HAFT}. a-proteobacteria (class)ol= Rhodobacterales,
Rhizobiales®] 27012] E-(order)¥} Rhodobacteraceae, Rhizobiaceae® 2712 I}
(family), Z12]3L Labrenzia, Pseudovibrio, Rhizobium, Ruegeria®l 47/M°] %
(genus) o2 E AT y-proteobacteria  (class)o = Alteromonadales,
Oceanospirillales, Pseudomonadales, Xanthomonadales ©| 47§2] & (order),
Alteromonadaceae, Pseudoalteromonadaceae, Hahellaceae, Pseudomonadaceae,
Xanthomonadaceae °] 570 ¢ 3} (family)® e AT

a-proteobacteria (class)/ Rhodobacterales (order)/ Rhodobacteraceae (family)l
= Labrenzia (genus) 275 (CE4, CR24), Pseudovibrio (genus) 3375(CE37,
CE49, CE65, CE69, CEb, CEll, CEl4, CE20, CE22, CE23, CE26, CEZ8, CES30,
CE39, CE42, CE45, CE64, CET9, CE2, CE6, CE8, CE9, CE10, CE12, CE24, CEZ9,
CE34, CE50, CE55, CES58, CES9, CE68, CE70, CR26), Ruegeria (genus) 61t
(CE57, CE38, CE40, CE73, CE76, CESS) = 2% Qlt}. Labrenzia (genus)®] CE4$}
CR24+= Labrenzia alba CECT 5094(T), Labrenzia alexandrii DFL-11(T)el th3lA
99.4%, 96.4%°] 16S rRNA FHd2F A7IAE FAIEE HoFATh Pseudovibrio &+

2lir % Pseudovibrio japonicus WSF2(T), Pseudovibrio ascidiaceicola F423(T),
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Pseudovibrio denitrificans DN34(T) A}o]ell Al 99.0-100%2] @714 E FAI=E
EFSItt. Ruegeria (genus)®] CES72 Ruegeria lacuscaerulensis 1TI-1157(T)<}
98.2%, CE38, CE40, CE73, CE76, CES5+ Ruegeria atlantica TAM 14463(T) 99%
16S rRNA 32k 7] d frA=S BolF3lth,

y—-proteobacteria (class)/ Alteromonadales (order)o| X+ Alteromonadaceae
(family)/ Microbulbifer (genus)ell 3= 117FF(CE19, CE21, CE33, CE44, CE56,
CE72, CE35, CE36, CE43, CE52, CE53)¢} Pseudoalteromonadaceae (family)/
Pseudoalteromonas (genus)®l+= 63 (CE3, CE7, CE13, CE16, CE41, CE1)7} +2
YA}y Microbulbifer <% T2]itF% Microbulbifer epialgicus F-104(T) 98.7%
99.2%, Microbulbifer variabilis Ni-2088(T)¢} 99% 7|4 E FAIEES Ho]FAL)
CE32 Pseudoalteromonas flavipulchra NCIMB 2033(T)¢} 995%%, CE7, CE13,
CE16, CE41% Pseudoalteromonas lipolytica LMEB 39(T)¢} 97.7-100% 97144
FAEE HoFAT

y-proteobacteria (class)/ Oceanospirillales (order)/ Hahellaceae (family)/
Endozoicomonas  (genus)® 51 5(CE32, CE66, CE74, CE54, CR4)%+
Pseudomonadales (order)/ Pseudomonadaceae (family)/ Pseudomonas (genus)tT
17 (CRA)E28]  HAtk CE329 CE66, CE74%=  Endozoicomonas elysicola
MKT110(T)¥#  93%°] 2 f7IMdE FAEE HolFdlen, CEXM=
Endozoicomonas montiporae CL-33(T)¢} 97.1%2] 16S rRNA A=A d7|4E
APEE HoFAT CR4= Pseudomonas marincola KMM 3042(T) 100%= 16S
rRNA #3172 @71 Do) dAgd s BoAFA

Xanthomonadales (order)/ Xanthomonadaceae (family)/ Lysobacter (genus)el A 1
5(CR3), Stenotrophomonas (genus)ol A= 13+ (CE74-1)7F #2851 o ™, CR3
2 Lysobacter soli DCY21(T)¢} 99.5%, CE74-12 Stenotrophomonas pavanii I1CB
89(T)H 99.9% H7IME FAH=7F B ATt

183 16S rDNA F34F 71 vlug 8 AseAS S3A 29 1127
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Table 9. The phylogenetic relatives of C. elegans bacteria

%\gg]lg?ee Phylum Closest relative species gﬁgﬁggﬁ;
CES82 Actinobacteria Microbacterium binotii 99.7
CR8 Microbacterium binotii 99.9
CR14 Microbacterium binotii 99.9
CR25 Mycobacterium frederiksbergense 9.5
CR28 Microbacterium mitrae 99.2
1C14 Nocardia speluncae 99.9
CR23 Rhodococcus equi 99.9
CE63 Rhodococcus erythropolis 100.0
CR13 Marmoricola aequoreus 98.6
CR6 Sanguibacter keddieil 99.7
1C2 Streptomyces cirratus 99.7
1C5 Streptomyces spororaveus 99.9
1C6 Streptomyces platensis 99.6
1C10 Streptomyces beijiangensis 100.0
IC11 Streptomyces olivochromogenes 99.2
IC12 Streptomyces griseochromogenes 99.0
CES1 Bacteroidetes Actibacter sediminis 91.9
CE24-1 Marinitalea sucinacia 91.5
CES83 Tenacibaculum crassostreae 92.0
CE25 Tenacibaculum litopenaei 915
CE27 Tenacibaculum litopenaei 915
CE67 Tenacibaculum litopenaei 92.1
CE78 Tenacibaculum litopenaei 91.8
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Table 9. continue.

%\gg]lg?ee Phylum Closest relative species gﬁgﬁggﬁ;
CR24 Firmicutes Bacillus acidiceler 99.5
CR5 Bacillus anthracis 99.6
CR20 Bacillus anthracis 99.4
CEb1 Bacillus aquimaris 99.6
CR21 Bacillus cibi 99.6
CR16 Bacillus drentensis 99.4
CR17 Bacillus luciferensis 99.2
CR18 Bacillus marisflavi 100.0
CE47 Bacillus oceanisediminis 100.0
CR15 Bacillus stratosphericus 100.0
CE4 Bacillus thuringiensis 100.0
CE46 Bacillus thuringiensis 99.6
CR10 Bacillus thuringiensis 99.7
CE7T7 Brevibacterium frigoritolerans 99.9
CE84 Lysinibacillus massiliensis 97.2
CR7 Lysinibacillus xylanilyticus 99.6
CR27 Lysinibacillus xylanilyticus 99.9
CR19 Brevibacillus fluminis 994
CR2 Paenibacillus barcinonensis 9.1
CR9 Paenibacillus chondroitinus 96.8
CR12 Paenibacillus telluris 9%.1
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Table 9. continue.

%\gg]lg?ee Phylum Closest relative species gﬁgﬁggﬁ;
CE31 a-proteobacteria Labrenzia alba 99.9
CES0 Labrenzia alexandrii 96.4
CE5 Pseudovibrio ascidiaceicola 100.0
CE11 Pseudovibrio ascidiaceicola 99.9
CEl4 Pseudovibrio ascidiaceicola 99.9
CE20 Pseudovibrio ascidiaceicola 100.0
CE22 Pseudovibrio ascidiaceicola 100.0
CE23 Pseudovibrio ascidiaceicola 100.0
CE26 Pseudovibrio ascidiaceicola 100.0
CE28 Pseudovibrio ascidiaceicola 100.0
CE30 Pseudovibrio ascidiaceicola 100.0
CE39 Pseudovibrio ascidiaceicola 100.0
CE42 Pseudovibrio ascidiaceicola 100.0
CE45 Pseudovibrio ascidiaceicola 100.0
CE64 Pseudovibrio ascidiaceicola 100.0
CE2 Pseudovibrio denitrificans 9.5
CE6 Pseudovibrio denitrificans 99.2
CES8 Pseudovibrio denitrificans 99.7
CE9 Pseudovibrio denitrificans 99.6
CE10 Pseudovibrio denitrificans 99.1
CE12 Pseudovibrio denitrificans 99.9
CE17 Pseudovibrio denitrificans 99.9
CE24 Pseudovibrio denitrificans 99.6
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Table 9. continue.

%\gg]lg?ee Phylum Closest relative species gﬁgﬁggﬁ;
CE29 a—proteobacteria Pseudovibrio denitrificans 99.6
CE34 Pseudovibrio denitrificans 99.6
CES0 Pseudovibrio denitrificans 99.6
CEB5 Pseudovibrio denitrificans 99.6
CEB8 Pseudovibrio denitrificans 99.6
CER9 Pseudovibrio denitrificans 99.6
CE68 Pseudovibrio denitrificans 99.6
CE70 Pseudovibrio denitrificans 99.6
CE79 Pseudovibrio denitrificans 99.6
CE37 Pseudovibrio japonicus 99.6
CE49 Pseudovibrio japonicus 99.7
CE65 Pseudovibrio japonicus 99.2
CE69 Pseudovibrio japonicus 99.6
CE38 Ruegeria atlantica 99.7
CE40 Ruegeria atlantica 99.7
CE73 Ruegeria atlantica 99.6
CE76 Ruegeria atlantica 99.9
CES85 Ruegeria atlantica 99.9
CES57 Ruegeria lacuscaerulensis 98.2
CR 26 Rhizobium huautlense 97.1
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Table 9. continue.

%\gg]lg?ee Phylum Closest relative species gﬁgﬁggﬁ;
CE32 y—proteobacteria Endozoicomonas elysicola 93.6
CE74 Endozoicomonas elysicola 93.7
CE75 Endozoicomonas elysicola 93.8
CE66 Endozoicomonas elysicola 93.7
CEX4 Endozoicomonas montiporae 96.2
CE19 Microbulbifer epialgicus 99.9
CE21 Microbulbifer epialgicus 99.2
CE33 Microbulbifer epialgicus 98.7
CE44 Microbulbifer epialgicus 98.7
CEBS6 Microbulbifer epialgicus 99.1
CE72 Microbulbifer epialgicus 99.2
CE35 Microbulbifer variabilis 99.1
CE36 Microbulbifer variabilis 98.9
CEA43 Microbulbifer variabilis 99.1
CEB2 Microbulbifer variabilis 99.1
CEB3 Microbulbifer variabilis 99.2
CE7 Pseudoalteromonas lipolytica 100.0
CE13 Pseudoalteromonas lipolytica 100.0
CE16 Pseudoalteromonas lipolytica 97.4
CE41 Pseudoalteromonas lipolytica 97.8
CE1l Pseudoalteromonas flavipulchra 100.0
CE3 Pseudoalteromonas flavipulchra 99.5
CR4 Pseudomonas marincola 100.0
CR3 Lysobacter soli 99.5
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Table 9. continue.

Marine . . Sequence
isolate Phylum Closest relative species similarity
CE74-1 y—proteobacteria Stenotrophomonas pavanii 99.9
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3.3.2. C. elegans bacteria T3 &4

L
ol

C elegansol A W% 7153k 112 #8352 16S rDNA 344 971 9S 2435}
Aok 1 A3 Actinobacteria, Bacteroidetes, Fimicutes, proteobacteria® 472
T ASTS Fel Atk 62% % Proteobacteria (39% a-proteobacteria, 23% y
~proteobacteria)?} A& o|FQ oW Fimicutes: 19%, Actinobacteriax= 14%,
Z1€]al Bacteroidetes?} 7%°l &3t Ao 2 UEWtHFig 5). Alews £4% 2
3} 5709 7 (Class), 9702] E-(order), 15702 ¥H(Family), “12]3L 237H2] Z(Genus)
o7 FAYSRY. y-proteobacteria ¥ (phylum)oli= 4709 H(order), 5702 3}
(family), 571¢] $(genus) &2 Actionobacteria ¥ (phylum)olA = 5702 3}, 671¢]
4 (genus) & THESE EFol YERSTHTable 13). & (genus)< Pseudovibrio
30%, Bacillus 13%, Microbulbife 10%, Pseudoalteromonas, Streptomyces,
Ruegeria 5%, Mycobacterium®t Tenacibaculum 12|13l EndozoicomonastT 4%,
Lysinibacillus, Paenibacillus 3%°|%, Rhodococcus 2%, Nocardia, Marmoricola,
Sanguibacter , Actibacter , Marinitalea, Brevibacillus, Pseudomonas, Lysobacter,
Stenotrophomonas, Labrenzia, Rhizobium¥= 1% <02 FAEo] on,
Pseudovibrio (343F<), Bacillus ( 1435), Microbulbifer (113t5)2 el THFig
6).
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Bacteroidetes
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Fig 6. Diversity and structure of bacterial community of C. elegans
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Fig 7. Genus of bacterial community of C. elegans
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Table 10. Category of C. elegans strains according to taxonomic heirarchy

Phylum Class Order Family Genus I(\)I
Actinobacteria  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
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34. ¥4 EF &4

341 FFEH EHABIE FAR T

< 7bss 112 Selvde v 9422 PolyKedide Synthase (PKS)
£ ©A87] 98 PKS +3# & KS domain H-%< primer® A #elo] #

At . A7 A= PCR AHES 700bpe] Atol=E 7RItk 4
A FEG A, 700bpE UER #FE 112F 16 FolA HER AT
BLAST search program< ©]83}¢] NCBI® Genbank database®] ¥7]A4 <

S Hlusk A3 Pseudovibrio sp. © 90%9 FAIEE R Atk CE59F CE37
1+ Pseudovibrio sp. Ad26 clone (HQ647097)2] KS domain®ll 96%<]

APEE B9, CE28 5+ Bacterium H333 clone (AY857396)°l 93%<]
AAeE Yeb At (Fig. 2). Pseudovibrio sp.x= a% 3t oA seawater,

coral, sponge°l] o] B ¥3= Aow B FHojx g™ (Hentschel et al.,

il

2006, Hosoya and Yokota 2007, Kennedy et al., 2009; Rypien et al., 2010;
Shieh et al, 2004; Webster and Hill 2001), ©] % sponge 23t

Pseudovibrio sp.ol A &4 S e = Aoz I Ut
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73 Pseudovibrio sp. Ad26 HQ647097

Bactenum H333 clone 36A AY857396

— CE28

Pseudovibrio sp. Ad9 HQ647092
97 Pseudovibrio sp. PV1 EU768811

_|: Pseudovibrio sp. PV2 EUTG8812

95 Pseudovibrio sp. Ad1T HQG47094

100 [Pseudovfbﬁo sp. Ad37 HQ&47103
B2l Pseudovibrio sp. Ad11 HQG47093

CE37
Pseudovibrio sp. Ad2 HQ647089

100

g1

003

Fig 8. Phylogenetic analysis of PKS sequences. Only the bootstrap values
(expressed as percentages of 1,000 replications) greater than 50% are indicated at the
nodes. Cloned PCR fragments <679 identical to the reported amino acid sequences in
the database are shaded and those 9626 - 100% identical to known PKS genes are boxed.
Scale bar, 0.05 substitutions per nucleotide position.
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342 TS5 FEEH A

FadA e dotrnr] $18 PKS #dAE 7HAA e dFE T 112
wel el tefs FddddS Ao, offd 3F, A il 3F
of dalA &S HESAT. 2 A 112dF F 37dF7F A4S B
oW A it FEdwardsiella tarda®l~ 28+ (CE2, CE5, CE6, CES8, CE9,
CE10, CE14, CE16, CE20, CE22, CE24, CE24-1, CE26, CEZ28, CE29, CE30,
CE33, CE35, CE36, CE39, CE42, CE43, CE4b5, CE50, CE57, CE58, CE59,
CE64, CE68, CE70, CE71, CE79, CR5, CRI15, CRI8)7} UYElwtoeH,
Staphylococcus aureus A= 635 (CE33, CE35, CE36, CE43, CR15, CR18),
Escherichia coliol ] 135 (CE2), Streptococcus iniaell~ 135(CRb),
Vibrio parahaemolyticusoll 4l 17t5(CE57)7} & o] eyt CE2+
Etarda® E.colidl WsiA 2tz A7 13mm$t 8mme] A ko] LpElRL

CR159} CR182 S. aureusel WslA Z+zF A7 17mm<e} 12mm o2 A%
o] Yestth PKS A& 74 aL = 5 CE5% CE282 E. tardao) 1wt
2ol Zt 12mmé] SAgke] Hojgom tE AlduFols JAlge] yey

A ekskot
AA FF F 3367 FERYL AT AASS L F AL, T F 2%

7} Vibrio 4 (genus)el 12w, WA 8%+= Bacillus 4 (genus) o= o] &
A Aee & F AU T Vibriool A BBl YELen, Vibrio F
Bol Exxo gla, I T FHHEEedAd FAD
Pseudovibrio sp.olA &xt&/do] yetyt dokar 4 A vt (Hentschel et

al., 2006; Hosoya and Yokota 2007; Kennedy et al., 2009; Rypien et al,

rlo
ol
o2
riet
o,
=2
X

2010; Shieh et al., 2004; Webster and Hill 2001).
a3 CES72 V. dlginolyticus®l Wa|lA 71 =& A4S HoFon,
CR5, 15, 182 9 A] S. iniaeo W3] =& TAS FH, F7H4A AF

Fajshel @ leluh
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Table 11. Antibacterial activity by isolated strain

Marine

‘solate FE. tarda S. aureus E. coli S. iniae V. alginolyticus
CE2 + _ N — =
CEb + _ -~ B -
CE6 + _ -~ B -
CES8 + _ -~ B -
CE9 + _ -~ B -
CE10 + _ _ B -
CE14 + _ -~ B -
CE16 + _ _ B -
CE20 + _ _ B -
CE22 + _ -~ B -
CE23 + _ _ B -
CE24 + _ -~ B -
CE24-1 + _ _ B -
CE26 + _ _ B -
CE28 + _ _ B -
CE29 + _ _ B -
CE30 + _ _ B -
CE33 - i _ B -
CE35 - i _ B -
CE36 - i _ B -
CE39 + _ _ B -
CEA42 + _ _ B -
CE43 - i _ B -
CE45 + _ _ B -
CE50 + _ _ B -
CE57 - , _ B L
CE58 + _ _ B -
CE%9 + _ _ B -
CE64 + _ _ B -
CE68 + _ _ B -
CE70 + _ _ B -
CE71 + _ _ B -
CE79 + _ _ B -
CRS5 - - - ++ _
CR15 - r _ N -
CR18 - i _ N -
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