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Abstract

The present study was carried out to evaluate the diverse bacterial
community in association with Ulva pertusa, the sea weed collected in and
around Jeju Island, by Restriction Fragment Length Polymorphism (RFLP)
marker method. About 145 bacterial strains associated with Ulva pertusa
were screened and cultured in Marine agar and R2A agar. The 16S rRNA
gene fragment from all the isolated strains were cut with molecular scissors
like Haelll and Fsal restriction enzymes and based on their restriction pattern
each isolates were classified into different groups. Selected strains showed
more than 91% 16S rRNA gene sequence similarity with that of known
bacterial species which include 4 phyla namely proteobacteria (63%),
firmicutes (11%), actinobacteria (4%) and bacteroidetes (22%) along with 7
classes (actinobacteria, flavobacteriia, cytophagia, bacilli, a-proteobacteria, 3
—-proteobacteria, y-proteobacteria), 13 orders, 18 families, and 27 genera.
Present results confirmed the broad spectrum of diversified bacterial
communities were in association with Ulva pertusa when compared with
other regions. About 12 strains, which shows <97% 16S rRNA sequence
similarity to previously identified bacteria, could be identified as noble species.
However more experiments on morphological, physiological, and biochemical
indices are further needed to confirm the novelty.

Among 104 strains, the supernatant and pellet of 21 and 14 strains
respectively, showed antimicrobial activity. particularly, most strains showed
strong activity against Gram - negative bacteria than Gram - positive
bacteria.

A Dbacterial strain, labeled URI1Y was isolated from green alga Ulva
pertusa collected from Jeju Island, Korea. URI1" was identified as a

gram-negative, rod-shaped, motile by gliding and aerobic bacterial strain with

- vii -



yvellow colonies on R2A plates. The strain URI11" grew over at temperature
range of 10°C to 30°C (optimally at 25°C), a pH range of 6.0-11 (optimally at
pH 7.0) and a Nacl range of 05-5% Nacl (w/v). Hydrolyses DNA, casein,
tween 40 and tween 60, but not hydrolyses cellulose, starch, tween 20, tween
80. Phylogenetic analysis based on 16S rRNA gene sequences revealed that
strain UR11" was a member of the genus Flavobacterium. Strain URI11"
shared close similarity with Flavobacterium jejuensis EC117(98.0%)
Flavobacterium jumunjinense HME7102T(96.11%), Flavobacterium haoranii
LQY-7"(95.27%), Flavobacterium dongtanense LW30"(95.08%), and
Flavobacterium ahnfeltiae 10Alg 1307(94.91%). The major fatty acids (>5%)
were 150-C150(33.93%), 1s0-Gi151(12.40%), iso—Ci7.030H(8.96%), is0—Cis:0(7.00%)
and 1s0-Ci5030H(6.34%). The major polar lipids were
phosphatidylethanolamine, seven unknown aminolipids, two unknown
aminopolarlipids and two unknown lipids. Based on phenotypic,
chemotaxonomic and phylogenetic evidence, strain URI1" represents a novel

species of the genus Flavobacterium. The type strain is Flavobacterium sp.

URI1Y (=KCTC 52377" =JCM 31512").
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1. }v]E

T

FS A2 oF 70%E AAstH, A HA AES oF 80%7F A A gtta ¢
14 S tH(Abraham, 2004; Andersen and Sgrensen, 1986; Hamann and

Scheuer, 1993). " &, A& AEF, s 5 B2 TEo| A3t HoA A3}

ol

i, g vhadle, d, 2E 5o vdd FrlEe] A8ty 1Y, sk, A2
o SAYNE uE f4e 2] "ol e A= v AgeH

m

EAS nigez AggA Hg AAst(Haygood et al, 1999; Kelecom,

2002; Laatsch, 2006; Lam, 2006; Riyanti and Radjasa., 2009).

J
i

dqF AE T sEZF(macroalgae)= AMA S AE A Fodt AR
= ZF(green algae), x5 (brown algae), %t (red algae)® ¥, 3 FA
oA Hojdo] Ha vk BF HAFTAY HAFASA To YL E
Aol A9t A alginic acid, fucoidan 52 tdF 5o EZd tha] A+
At (Karabay-Yavasoglu et al, 2007, Kuznetsova et al, 2003; Park et al,
1998; Ryu et al, 1989; Taskin et al, 2007).

of JFHWUAN FPLYE o] & ulo]detEo A, FEE& o] &3 A
24 =4 = AR A7 5 AV FEERgE LR UHA Adoew &8
St E %22 A4 AdH 2 A (Kim et al, 2011, Pengzhan et al, 2003; Qi
et al., 2005, 2006).



T7F Z7FE 3 Atk (Berdy, 2005 Bernan et al, 1997, Bull et al, 2000;
Haefner, 2003; Koehn and Carter 2005). &3l ] 2o A2lsls n| A &E3to] A
A4S B FAAA 295 zZreEv= HaxE )k (Alongi, 1998; Beleneva
and Zhukova, 2006; Bolinches et al, 1988; Burke et al, 2011, Jensen et al,
1996; Jones et al, 1994, Wiese et al., 2009).

Wt AFHQ dFS T Y] WZel AV AR S vk wEkA w|
AEo wjgfel 3 Ee= 72 A7 Fesitr & F do(Amann ef al,
1995; Kim, 2011; Staley and Konopka, 1985). v A& & t}ldAE A o] o] &5+
EAAESHY w2 ARDRA (Amplified Ribosomal DNA  Restriction
Analysis), DGGE (Denaturing Gradient Gel Electrophoresis), RFLP (Restriction
Fragment Length Polymorphism), SSCP (Single Strand Conformation
Polymorphism), TGGE (Temperature Gradient Gel Electrophoresis), T-RFLP
(Terminal Restriction Fragment Length Polymorphism) &°] tHBrim et al,
1999; Diez et al, 2001; Smit et al, 1997; Tiedje et al, 1999, Widjojoatmodjo
et al, 1994). RFLP (Restriction Fragment Length Polymorphism)+= restriction
enzymes AF&3Fo] rRNA ©HE 2 patterns wAsle WHo=z AduH
o] W= 7heEty, AFE3}E= restriction enzyme Eo] wEl thE pattern©]
dEH R mAAEY] & (genus)? F (species)®] Fiel o] &

et al, 2010; Rohit et al, 2016; Urakawa et al, 1997).

B oAM= FHdgd(Ulva pertusa)dl X A28k AldS &8st
At FHF2 B4 L oFAEAT AAF Ao et Ay S Xy

o

{0

o
L

lga, 2Ed 75 F AFIRFF Flavobacterium sp. URIT'E S48 1
FE Hlu-FAst] AFHHS
Ei

sgew wA el wet

Ol

7

D}

o B ¥ Flavobacterium 49

=%
MN
4

>

o,
e

AR}, Flavobacterium 45 135

n

b

AgS "= o7 |7 (Miyashita et al, 2010; Park ef al, 2015), E<F

’

1%

(Hu et al, 2013; Hwang et al, 2016; Lim et al, 2011; Zhang et al, 2016), &



T( Li et al, 2016; Shin et al, 2016), 315 (Nogi et al, 2005, Yoon et al,
2011) & ThFst oA WA E )



II. Als 2 =4

2. 1. A& F

B oA AbeE uAndy (Ulva pertusa)s 20154 79 159 AF%= A FA|
ZH A& A AFstg o, Ao Tol uksl & FA] Ao ALEEA
o}

2. 2. 8= 9 3 W

Qe FHATeE AFAFE 13 A T A Zek ds 0.85% Alg] A
Ao o] #A3 AATE #Hge AEE ALsdHoz 10710° Wz 3

2138k 3 Marine agar (MA, Difco, USA)e} R2A agar (Difco, USA) v Ao &=

wato] 25°Coll A 7ARE i kstivk. ZF Aol ek colonys FFO® K o] A]
= FHistd 54 wep Addsidon, AEE colonyw 33 AdHlYs AA
s By Byd #FE 20% (v/v) Glycerold] &3 3 -80°Col H.3%
AT



Table 1. Composition of Marine agar

Ingredient Amounts
Peptone 50 g
Yeast extract 1.0 g
Ferric citrate 01 g
Sodium chloride 1945 g
Magnesium chloride 88 g
Sodium sulfate 324 g
Calcium chloride 18 g
Potassium chloride 055 ¢g
Sodium bicarbonate 0.16 g
Potassium bromide 0.08 g
Strontium chloride 34.0 mg
Boric acid 220 g
Sodium silicate 40 ¢
Sodium fluoride 24 g
Ammonium nitrate 16 g
Disodium phosphate 80 g
Agar 150 ¢
Distilled water 1L




Table 2. Composition of R2A agar

Ingredient Amounts
Yeast extract 05 ¢g
Proteose peptone 05 g
Casamino acid 05 g
Dextrose 05 g
Soluble starch 05 g
Sodium pyruvate 05 g
Dipotassium phosphate 03 g
Magnesium sulfate 005 g
Agar 150 ¢
Distilled water 1L
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2. 3. 1. 16S rRNA A=A 5%

Belg #F9 DNAS FZ387] 98] 25% Chelex (Chelex® Molecular
Biology Grade Resin, Biorad, USA)o| #2¥ w5 HF3 T 95°Co 5% &
oF & F 4°Col R3S
F%3%F DNA+ Universal primer 27 Forward primer®} 1522 Reverse primers
Abg-3te] 16S rRNA A A5 SE 38t th(Table 3.). DNA 1 ul, 2t primer®] 10
pmol/primer 1 pul, B¥EHFF 22 plE AccuPower” PCR PreMIx (Bioneer,
USA)ell H7bst &, HETHI 25 uls 95 PCRE 33ttt PCR =712

Initial denaturation 5% Y3 & 94°ColA Denaturation 1%, 55°ColA]

Annealing 1%, 72°Coll 4] Extension 1% ®¥3S 30 cycle 7383 & 72°C Final
extensions 102 % PCR (Base for Gene Pro Thermal cycler, BIOER) W-$-<&
3tk (Table 4.).



Table 3. PCR Primers used in this study

Primer Sequence
27F 5 -AGAGTTTGATCCTGGCTCAG-3'
1522R 5'-AAGGAGGTGATCCAGCCGCA-3'

Table 4. PCR condition of this study

Step Temperature Time Number of cycle
Initial denaturation 95°C 5 1
Denaturation 94°C 1
Annealing 55°C 1 30
Extension 72°C 1
Final extension 72°C 10 1
4°C 0




2. 3. 2. 16S rRNA & =29 RFLP &4

RFLP®4] &

$38] Haelll (Enzynomics, korea)®t Rsal (Enzynomics, korea)S

AFE3FATH(Table 5.). PCR AFE 10 pl, Al$+& 4 1 ul, EZ Buffer IV 2 ul, E+

FRS % A

37°Cell A 2417 30+

Systems, BIO-RAD)&

Table 5. Restriction enzyme used in this study

1.5ml micro tubeoll & H3 20 ul7t H =% &3

AR ¥vkeA7l 20 ulE 25% agarose gelol A

EELT

=
2

A 7]99 % (Sub-Cell® Agarose Gel Electrophoresis

sl PCR-RFLP €& &lsla 55

Restriction enzyme

Cleavage site

Hae T

Fsa 1

5-GG | CC-3
3-CC 1 GG-5
5-GT | AC-3
3-CA 1 TG-S




]

2.4 47142 BA 2 AEA

.L?{_'z

A
oy

He

ol el AAE #F9 16S rRNA F32ke] 71448 4S5 93 (7) A
=8 (Daejeon, Korea)oll 9]FsAtt. 4% 7|4 <€ National Center for
Biotechnology Information (NCBI®] Genbank database®} EzTaxon server
(Chun et al, 2007, Kim et al, 2012)1 4 A}e A7 ES vjastlo, 7t
F b & e FoE YEue AdS gelstlh & AT 24 E 4o

71943} databasedl Al UEbG FEEFFE 97

X
e

2 Clustal X Z2138 o]
23] multiple alignments ZAA 33, AZE4E Mega 6.0 software (Tamura
et al, 2013)% A}&3te] Jukes and Cantor (1969) W o=z Aibstar
neighbor-joining & AH&eFA L, ANEA B 7= 1,0003] 9] replications 4 -&

3k bootstrap ¥4 o2 3}t

_’IO_



PGt AR oFHYPAT T AAfFAATS KCTC (Korean Collection
for Type Cultures)) KCCM (Korean Culture Center of Microorganisms,
KCCM)2} ATCC (American Type Culture Collection)ol| 4] & <Fwto} AL-8-3}3th
(Table 6.). =¥E2= FFES 2 iAol wieF F wikads 0.85% g4 d ol
Optical Density (O.D)#kel 0.47F H%=5 gAgt 5 Hidt W5 o= Mueller
Hinton Agar (MHA, Difco, USA)el =%} tH(Table 7). #el¥ w352 7
2o wjeFst & 12000rpm, 10 < 94 EZ st FS5 S paper disc (8
mm, ADVANTEC, Japan)ol| 50 ulE A4t 7 25°Cell AXAIHY. 2% disc

3

o] =E WAl SEFEa A= 24AZE WA F FAEH

it
o,

clear zone (mm)< &<ls}3ic}.

Table 6. Strains used of antibacterial study

: Gram _
Strain o Medium Temp.
staining

Fish pathogenic bacteria
Edwardsiella tarda KCTC 12267 - 1.5% BHIA 25°C
Tenacibaculum maritimum A'TCC 43398 - MA 25°C
Streptococcus 1niae KCTC 3657 + 1.5% BHIA 25°C
Streptococcus parauberis KCTC 3651 + 1.5% BHIA 25°C

Human clinical bacteria
Escherichia coli KCCM 40880 - TSA 37°C
Vbrio vulnificus KCCM 41665 - 1% TSA 30°C
Streptococcus mutans KCCM 40105 + BHIA 37°C

Listeria monocytogenes KCCM 40307 + 1.5% BHIA 37°C

_’I’I_



Table 7. Composition of medium for antibacterial study

Mueller Hinton Agar

Ingredient Amounts
Beef Extract Powder 20 g
Acid Digest of Casein 175 g
Starch 15¢g
Agar 170 g
D.W 1L

Brain Heart Infusion Agar

Ingredient Amounts
Calf Brains, Infusion from 200 g 7N g
Beef Heart, Infusion from 250 g 98 g
Proteose Peptone 100 g
Dextrose 20 g
Sodium Chloride 50 g
Disodium Phosphate 25 g
Agar 150 g
D.W 1L

Tryptic Soy Agar

Ingredient Amounts
Pancreatic Digest of Casein 150 ¢
Papaic Digest of Soybean 50 g
Sodium Chloride 50 g
Agar 150 g
D.W 1L

_12_



2. 6. UR11T #3929 =3

2.6. 1. ASEFIAH A

2. 6. 1. 1. A1FTF9 NCBI Genbank 5% % 7|

NESZRAF URILT9 9714 49e NCBI (National Center for Biotechnology
Information)®] =3l 3, KCTC (Korean Collection for Type Cultures)<}
JCM (Japan Collection of Microorganisms)ol 7]€3tdth. E=7# 35S KCTC
oA EFkol Aol ARt THTable 8).

Table 8. Type strain used in this study

Type strain KCTC NO.
F. jejuensis 42149
F. jumunjinense 23618
F. haoranii 23008
F. dongtanense 15621
F. ahnteltiae 32467

_13_



2. 6. 1. 2. 16S rRNA @74 E& o] &3 AZEA

Genomic DNA+ Wilson (1987)%H & o] &3t F=31% 3L universal primer
Universal primer 27 Forward primer$} 1522 Reverse primer< Al-&3lo] PCRS
T8l tHTable 3, 4). PCR producti= TOPO Cloning kit (Invitrogen)< A&
3ol cloningS 8903 AccuPrep® Nano-Plus Plasmid Mini Extraction kit
(Bioneer)& °]&3lo] Plasmid DNAE F&3 %, (57)Ax=4 (Dajeon, Korea)?l
o g3t XS vt BA® A7 <E-E National Center for Biotechnology
Information (NCBI)®] Genbank database®} EzTaxon server (Chun et al, 2007;
Kim et al, 2012)°1 4 A& vlustgon 7H4 77 &5 &5 $o2 e
Ues Ads gssin 2 dATolA Z2A-d 9714493 databased A LERE
A7 FY 971 <EE Clustal X ZE18S AL83Fo] multiple alignmentS 2
Aetal, A= Mega 6.0 software (Tamura et al, 2013)S AF&3le] Jukes
and Cantor (1969) ® o & AAFS}al neighbor-joining B S AF&3lom, 4l

A F7F= 1,0008] 9] replicationeS 483+ bootstrap #4102 st}

_14_



2. 6. 1. 3. DNA-DNA hybridization

DNA 200 ul (0.lmg/mDE 100°Cel A 1023+ #A AF dFo LE=r} PBS
M buffer (2X PBS 1 ml, /<% 0.6 ml, MgCl: (1 M) 0.2 ml) 1.8 mlE #7}3st
< 96 well Black Immunoplate welloll 100 ul® & & 37°ColA] 3AIZF Hb

7T}, Solution A7 % 200 ul 1X PBS buffer® 13] A#HE& 353 45°Cel A

oo

Al

overnight 3]s & Pre-hybridization (20X SSC 1 ml, € A3} salmon sperm
1 ml, 50X Denhart solution 1 ml, Foramode 5 ml, &< 2 ml) &%S 200 ul
BF 3 1A s vk A7t ¥4 DNAAIZE 98] DNA 10 pl (1 mg/ml ol
10 ul photobiotin (1 mg/ml<S &% 34 100°C, 5% HES3F & A3 58 &
¢t FWletA T 0.IM Tris-HCI (pH 9.0) 200 ul& #7}skal 1-buthanol 100 ul<k
5k & 18 AR (12,000 rpm, 1%, 4°0)ste] A5 dE AANFA. o
Al 1-buthanol 100 pl& H7Fgk & YAlEglste] AlA $ 100°ColA] 52 &<t 1t

F Aol 29kt Hybridization 89 1176 ulet ¥4 DNA 24 uls 3 7}sh

oo

2z Ho]Fdth 1A 7 WkE A7l Pre-hybridization €4S ®#1 F24 DNA
£ Hybridization &5 100 ul &5 % 38°Cell ¥h&atdth 241 302 & &

S HF a3 200 ul9 2X SSC=Z 23] A2 % Solution 1(Bovine serum albumin

o

0.05 g, Triton X-100 10 ul, 1X PBS 10 ml) 200 ulE 7} wellol] 5 & 220

—

0% &9 W&3lt} Solution 1 #|7 ¥ Solution 2(Bovine serum albumin
0.05 g, Triton X-100 10 ul, 1X PBS 10 m

uDE 100 ul &F3ske] 37°Coll Al 302 ¥H&-3staith 1X PBS 200 pl= 23] A=A 3
% 4-MUF-Gal solution (IM MgCl, 10 pul, 4-Methylumbelliferyl-3

l, Streptavidine-3-galactosidase 10

-D-galactopyranoside 1 mg, 1X PBS 10 ml, N,N-domethyl formamide 100 ul)
100 & 7 wellel &5 % 0%, 54, 10, 15% vttt o 7|34 340nm, A7

460nmell A FFF =5 FAsAvHEzaki et al, 1989).
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2. 6. 1. 4. DNA G+C content

w2l DNA G+C &&dFs 2437 s R2A agarvj#|o] 3Lzt 25°Ce]
g 5 dam AR EAE (KCCM)ell o] #ate] &4 8kitt

_’Ié_



2. 6. 2. URI1T #3529 Fhdtz 574
2. 6. 2. 1. Gliding motility ¥ 2244
Gliding motility <18 93] 0.5% agar’} $FH-+%¥ R2A Brothw Ao ¥

FE Wgol2 Fol WA SIF-E °F Smm zZold FFIH 25°ColM dFLF

ekt

r o
=
0%
-
5
o
et
rx
i
2
0%
o
o
HU
_"p

173tal Crystal Violeto = 1333F 94 & AlHg 5 lodinel® 1&1F 1A A|
Atk ©Al ME % 95% Ethanol® 20%37F &2S AA Safraninel.= 183+ &
A7 F v AH o7 #AEsHE )

2. 6. 2. 2. SEM ¥ TEM

oo FeAES 95 R2A agar (Difco, USA) v x|l A thste] 25°Col
397 w9kl el Scanning electron Microscopes 93] @5 colonyZS A ¢
st ze} glutaraldehyde &0 Ht & 220 247 ¥3-A1FHth 1X PBS
buffer2 23] A&k % 40, 50, 60, 70, 80, 90, 100% Ethanol= 2z} 2z} 1A]7HA
g3 & Reagent 1 (Isoamyl acetate 0.5 ml, Ethanol 1.5 mleol] 1A%k,
Reagent 2 (Isoamyl acetate 1 ml, Ethanol 1 ml)ol] 1A%}, Reagent 3 (Isoamyl
acetate 1.5 ml, Ethanol 0.5 mlell 1A%}, 100% Isoamyl acetate 2 mloll 1A 7+
Aestdet. L ¥ CO; gas® AXAIZ F F9HA & obo] ##5HATHSUPRA
" 55VP, ZEISS).
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2. 6. 3. A A5 d A
2.6.3. 1. 2% .pH'Nacl-4tAd] W& AAEA

2o wE S A7) 98] R2A agar (Difco, USA)o] =23 % 5-45°C(7k
7 5°0)0ll A dFAzr st pHell w2 A4S <47 98 R2A agar
(Difco, USA)ell IN HCI# NaOHE AR&3ste] pH 5.0-11.0(F4 pH 1.0)& ®7A
g § g ZEsto] 25°Cel A 1493 wikstith NaClel W& s &7 9
3l R2A agar (Difco, USA)oll NaCl®] %5 7+ 0, 05, 1, 2, 3, 5, 7% (w/v)=
sto] & =gk & 25°Col A 1497 vtk @714 2ol A ol AAst

=4 Lolr 7] ¢al R2A agar (Difco, USA)d S =23 3 anaerobic jarol
AnaeroPack (Oxoid)S 2o % 25°Col A 457F vjFsdte] A2&

2. 6. 3. 2. Catalase ¥ Oxidase

Catalase testZ 9a] R2A agarel 25°Ce] 397t wjekst 3 Ry

Catalase reagent (BioMerieux, UK)E EoE# 7|7} WA H JHdoz FAo
3193, Oxidase test™ Filter paper (Advantec®, Japan)d] W< HlE =
Oxodase reagent (BioMerieux, UK)E "Wol]Eg] Hegp oz WHstH o=z 1
AT

2.6.3. 3. 7krEdF
R2A agar©l strarch 3% (w/v), Tween 20, 40, 60, 80 1% (w/v), cellulose 1%

(w/v), DNase 1% (w/v)Z s==2 2z} 2z} 713t & A x3AY. casein 1%

(w/v), Alzd wjA o] #F5 =ate] 25°Col A 3L3F nf Fstsit

casein¥ cellulose= Hl%Y & FH3lo] A7|H FAHoz AAstHom Tween

lE,_
20, 40, 60, 802 E&3lo] A7IW FA oz FTAsHT}. strarche iodined o]
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EFS v FH3o] AW FA o7 Hee g, DNase teste 1M HClIS @
ERS W Tl AY FHdow Adsidnt

2. 6. 3. 4. API 20NE ¥ ZYM test

71dol g B 248 T Tl AY-Assts SAS Loty f@ R2A agar

jeFet S AREstel  API 20NE®F ZYM kit

Hj#Jol] - 25°Coll A 3Y3t
(BioMerieux, UK)E A ZA}o] A Ao wpe} 28515},
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2. 6. 4. 3 FIFH 54
2. 6. 4. 1. Fatty acid

Fo el FE R2A agar # Ao Ewale] 25°Col A 3Y7F vl ks,
ksl oAl oF 4A0mgS Al o] & F Reagent 1 (Sodium hydroxide 45 g,
< 100°C, 5%
sho}, 37°Cel A
13 218+ % Reagent 2 (6N HCIl 325 ml, Methanol 275 m< 2 ml 37} %
vortexingdte] 73 Al@#S sealingdtrh. 80°C, 104 WHg- & 37°C, 183+ 2

3+ & Reagent 3 (Hexane 200 ml, Methyl tert-butyl ether 200 ml) 1.25 ml

Methanol 150 ml, =#F3 150 mDS 1 ml¥ #53}9] vortexing

o[o

Zob Hk&3tt} thA] 5%7F vortexing & 100°Cel A 2587+ vt

H7bek § 1023t rotation st} dhEef> A AF H Reagent 4 (Sodium
hydroxide 10.8 g, =< 900 ml) 3 ml® &5 $ 587 rotation gtt}. 2/32] 4
SHES GC vialel # 3+ 3 Sherlock Microbial Identification System (MIDI)A}
o] Axjo] wz} TSBA 5.0 library (version 4.5)%5 Ab-&3to] H239 th(Sasser,
1990).
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2. 6. 4. 2. Polar lipid

A3E9Fe] polar lipidi= two-dimensional TLC WH S o] &3] A3t =+
+ R2A Broth ®jx|e] 25°C, 3¥dxt X&ujeF F 12,000 rpmo = A4l st
TAE Hox FAAZS ] AME3AT Adxd

% MeOH$9} 0.3% NaCl= 100:10(v/v)o 2 &3%3 & 2 ml¢} Petroleum ether 2
ml 5 % 15% =<t rotationd]s=t}. 3000 rpm, 1037 A& 5t FEde
A7 % Petroleum ether 1 ml &5 § 1533t rotation 3te] & A o] =) thAl
3000 rpm, 10 HAEE st FFAS AAY. F& F&2 100°C, 5&7F 7
d3star 37°ColA 2]3 3 chloroform: methanol: 0.3% NaCl (90:100:30, v/v/v)
SAS 23 ml EF39] 143} rotationdtt}. 3000rpm, 53 YA EEdFe] S
HE A ZE 15 ml conical tubeel &7t P2 FiEol chloroform: methanol:
0.3% NaCl (50:100:40, v/v/v) 0.75 ml Z7Fste] & ol ¥ 3000rpm, 10& <
At FFAS A DAl &A% A5 EFFh chloroform# 0.3%
NaClS 7z} 1.3 ml® #7138t vortexingdl 5L 3000rpm, 102 QA& &to] A

ZHEe A A& Polar lipid7t F&H d5He 37°CollA] s=3lo] AL&3T &

01}11
tlo

[0

=3t polar lipid= chloroform: methanol (2:1, v/v) 50 ulel]l =<1 % TLC plate
(silica gel 60 plate 10 x 10 cm, Merck)®] A2l 1 cm x 1 cmol 5 ul %43}
2t} solvent 1 (chloroform: methanol: water = 65 25! 4, v/v)2.& 308 # 71
< 30+ ZElal solvent 2 (chloroform: methanol: acetic acid: water = 80: 12:
150 4, v/v)o.2 308 A7/ ¥ 30% Zdt}h 5% Phosphomolybdic acid (total
lipid), ninhydrin reagent (amino group), molybdenum blue reagent (phosphate),

a-naphthol-sulphuric acid (glycolipid) 47}#] WA A]ekS AF&3lo] polar lipidE

ZAF8F tH(Minnikin et al, 1984).
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2. 6. 4. 3. Quinone

i)
o
ol
Mz
1
=

Tamaoka, (1986)7} #|<FsE
AFFF= R2A Broth iAol 39 &<k 25°Coll A &g s % 12,000 rpm
o= dAEYsY #AE Roeau 47X dxd #A 50 mgeS 15ml
tubeoll &%l ¥ MeOH<®} 0.3% NaCles 100:10(v/v)o.2 &3tst & 2 mie}t

Hexan 2 mlE #F3Fa 1587k rotationsf #t}h. 1057F 3000 rpmell A A&

¢

sto] s =S B AHEskd 24 & 93] MeOHS®} isoprophyl
etherg& 4:1(v/v)2 33k & &=3 3 Spherisorb 5um ODS2 column
(250 x 4.6 mm; Waters)2. 2 o] 3}l reversed-phase HPLCS o] &3] #4135}

AT,
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. 243 ¢ u%

3. 1. sjE 7153 vAEY 58 2 PCR-RFLP

Ulva pertusaol A +2]l€ v 715 gh Alar2 MAH]A| oAl 8270 9] w5} R2A
agarf| x| o A 63702] FF2 F 145702 FF7F 2l E vk MAH]A] o A
28k 82719 w5 259 AFEAE o3l RFLPS A3, Hae MolA 39
type, Ksa 1914 36 typeo] #&FH A1, R2A agarv Aol A E2] 3+ 6371 2]
5 Hae MolA 32 type, Fsa I °lA 33 typeo] TZ = At Fig. 1).

A4, 104709 #FE AEsta

1,000bp

500bp

100bp

(AYM R75 R76 R77 R79 RS0 R31 R32 (B)M R7S R76 R77 R79 RS80 R81 R32
Flg. 1. Representative agarose gel electrophoresis patterns of Haelll (A) and

Rsal (B) digested amplified 16S rRNA genes of bacterial strains isolated from

U. pertusa.

_23_



3. 2. 16S rRNA H71X 29 AEEZH &4

3. 2. 1. Ulva pertusadl A& Ad+Ho AEsZH EA

—
(@)
wn
—

=
z

As EdRo7E Al dojubA] ol AN H7IM LS Hlulsto] ALt

= Efeted &ttt B AFAEERTH AlTESY rRNA 714 w3
b Ao 7kar lom, 16S rRNA 971Ad #AH el A5t dgatd

M= fGA Alds 7 & F A =30tk

10471 9 16S rRNA 71X €2 NCBI Genbank®} EzTaxon serverol 4

FrARSE @71 ES Hlasta 7HE 7Pk Holu F& et AsTE A

SFA tH(Fig. 2.).

A7IAAE 24 AY, FEZEggelM e F8 7 T2 Actinobacteria,
Bacteroidetes, Firmicutes, Proteobacteria® 4712 Phylume] &¢l% it}
Actinobacteria (Phylum) Actinobacteria (Class), Micrococcales (Order),
Microbacteriaceae (Family), Microbacterium (Genus)® 1702 o] YEFHS
Y. Microbacterium <2 i+ 37T (R24, R45, RI3)Eo] Helw Qo R24
2 Microbacterium aurantiacum CIP 105730T, R93e Microbacterium
aurantiacum DSM 12506" ¢} 98% ©]4+¢] 16S rRNA F44 d7149 FAES
B3, RA5E
Microbacterium aquimaris JS54-2"9F 99% o] 9] 7144 FAIEE w4}
Bacteroidetes (Phylum)s= Flavobacteriia®t Cytophagia®l 2719 Z+(Class)o] 4}
B A
Bacteroidetes  (Phylum), Cytophagia (Class), Cytophagales (Order),
Leadbetterella (Family), Lacihabitans (Genus)® R44 57} Lacihabitans
sovangensis HMEG675" ¢} 91.09%9] 16S rRNA 22 d71449 FAIES 29
t}.

Bacteroidetes (Phylum), Flavobacteriia (Class), Flavobacteriales (Order),

Flavobacteriaceae  (Family)o\ M+  Cellulophaga, —Nonlabens, Maribacter,
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Olleya, Flavobacterium®] 5712 % (Genus)©l w2l ¥R, Cellulophaga %\ <5
8= M40, M95, M88 = Cellulophaga geojensis M-M6', Nonlabens <ol
Z3l= M75, M89, M99, MI111& Nonlabens arenilitoris M-M3", M81&
Nonlabens ulvanivorans PLR', Maribacter 49| 4:3t= MI1002 Maribacter
dokdonensis DSW-8', Olleya %) 43t= M7, MS83, M972 Olleya
marilimosa  CAMO030' ¢} 98799% o]l  d71Ad  fAEE BYTh
Flavobacterium 49| 43t= R1l W3 Flavobacterium jejuensis EC11'$}
98%<  A@7IME FAIEE EAa, R39, R54, R9l, R2¢F+ 7+t
Flavobacterium omnivorum JCM 11313, Flavobacterium pectinovorum DSM
6368T, Flavobacterium  pectinovorum  DSM 6368T, Flavobacterium
pectinovorum DSM 6368'¢} 97% olste] @714 d FA=E HPow, R6l,
R63% = 247} Flavobacterium ahnltiae 10Alg 130" 9} Flavobacterium ponti
GSW-R14"ell 99% o]l dA714E fALES R4

Firmicutes (Phylum), Bacilli (Class)= Bacillales, Lactobacillales® 2712 &
(Order) .2 ¥ Ao, PBacillales 52 Bacillaceae, Exiguobacteriaceae® 2
7hel #H(Family) = vebykt).

Firmicutes (Phylum), Bacilli (Class), Bacillales (Order), Bacillaceae (Family),
Bacillus (Genus)oll &3} RbH5, M116 T+ 27t Bacillus subtilis subsp.
inaquosorum KCTC 13429T, Bacillus subtilis subsp. subtilis NCIB 3610" <}
99% o]/ 16S rRNA Fd2 @714 E FAIEE HAFO™, Firmicutes
(Phylum), Bacilli (Class), Bacillales (Order), Exiguobacteriaceae (Family),
Exiguobacterium (Genus)dl|l Z3t= R5%  Exiguobacterium indicum HHS31Y,
R68, R90S Exiguobacterium oxidotolerans JCM 122807 <} 99% o]2Fe] 7] 4]
d FAIEE BT

Firmicutes (Phylum), Bacilli (Class), Lactobacillales (Order),
Streptococcaceae (Family), Streptococcus Genus)®l|l 43t= M6, M107 I+
Streptococcus parauberis NCED 20209} 99% o]4F2] 16S rRNA A2} < 7] 4
g FAEE YERH ST

Proteobacteria +(phylum)< a-proteobacteria, L-proteobacteria, Y
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-proteobacteria 3712l Y (Class)o.2 w8 ¥ 3,  a-proteobacteria 7=
Rhodobacterales, Sphingomonadales®) 271 ¢] 2 (Order) & v Az,
Rhodobacterales 2 Rhodobacteraceae 3} Family)= Ruegeria, Loktanella,
Paracoccus, Leisingera, Octadecabecter® 519 2 (Genus)o. & H2¥ A,
Sphingomonadales 52| Erythrobacteraceae *}(Family)< Erythrobacter= 17}
o] &(Genus)o® YEWATL Ruegeria <o &38= M28, M29, M43, M50,
M51, M57, M62 ¥+ Ruegeria mobilis NBRC 101030', Loktanella <l 43}
= R37, R38 W% Loktanella salsilacus LMG 21507 ¢} 99% o]+ 4714 <
TAFEE  WENW AL, Paracoccus 4] M66 5+ Paracoccus homiensis
DD-R11", Leisingera %< M84 3= Leisingera daeponensis TF-218",
Octadecabecter 421 M117 3= Octadecabacter temperatus SB179} 97% o]
3te] 16S rRNA 32k A7 E FAIEE HAFUC. Ervthrobacter <59 5
3= M74 3= Ervthrobacter aquimaris SW-11019} 98% o]7e] 97144
FAHE S YERR AT

Proteobacteria w(phylum)® B-proteobacteria 73 (Class)> Burkholderiales
(Order), Comamonadaceae *}(Family), Hydrogenophaga <:(Genus)S % R33,
R36, R72, R73 w7} ¥ Hydrogenophaga taeniospiralis ATCC
4974379} 98% ©]49] 165 rRNA F#H# 9714 g FALES R FArt
Proteobacteria -(phylum)2| y-proteobacteria 73 (Class)< Oceanospirillales,
Alteromonadales, Pseudomonadales, Vibrionales, Aeromonadales 5719
(Order) 2. = w2 E Oceanospirillales z2o Halomonadaceae,
Oceanospirillaceas® 2719l I (Family)® *8 %W, Alteromonadales &
Alteromonadaceae, Shewanellaceae, Pseudoalteromonadaceae I}%= 2%,
Pseudomonadales - Pseudomonadaceae, Moraxellaceae I}= 2%,
Vibrionales =& Vibrionaceae *}, Aeromonadales &< Aeromonadaceae *}=
L ER AT

Halomonadaceae ¢ Cobetia % <3t M3 o+ Cobetia marina DSM
471", Oceanospirillaceas 2| Oceanospirillum <9 Z3l= M7 #3E=

Oceanospirillum linum ATCC 11336} 99% o]4te] @7 d §AEE HoF
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Ak,

Alteromonadaceae 2| Alteromonas %°l 43t= M37, M48, M58, M63
= Alteromonas marina SW-47", M52, M72 3% Alteromonas macleodii
ATCC 27126", M64, M0 ¥+ Alteromonas litorea TF-22", M87, M109
F= Alteromonas mediterranca DE*, M68 3% Alteromonas gracilis 9a2" <}
97799%  o]%e]l  16S rRNA f#FAA  d7AE FARE S UHEWATH

Alteromonadaceae 3} 9] Paraglaciecolass ol &3k M102 T

4
59

Paraglaciecola aquimarina GGW-M5' 9} 95.60%2 47|14 FAIRE BA
=3

Shewanellaceae *}2| Shewanella 2] R34, R56, R]8, M38, M44, M56, M61,
M67, M70, M82, M91, M108, M113, M115 5% Shewanella basaltis J83' <}
9% ool A7IMYE FAIE S YERH AT

Pseudoalteromonadaceae 32| Pseudoalteromonas 42 M2, M4, M6, MI12,
M18, M30, M34, M47 3= Pseudoalteromonas piscicida IAM12932", M1
FY Pseudoalteromonas  tetraodonis 1AM 14160%, Ml4 5=
Pseudoalteromonas rubra ATCC 29570, M16 w3¥ Pseudoalteromonas
shioyasakiensis SE3', M93 T3 Pseudoalteromonas marina Manod' £} 99%
o] %2l 16S rRNA 32 71449 FAEE HolFATh

Pseudomonadaceae ¥+ Pseudomonas ¢ R9 w5+ Pseudomonas
monteilii NBRC 103158", R14 3% Pseudomonas alcaliphila AL15-21", R18
% Pseudomonas taiwanensis BCRC 17751%, R19 3= Pseudomonas
alcaliphila AL15—21T, M39 3% Pseudomonas pachastrellae KMM 330" <}
98% o]del A7IME FAIEE YEMNAIL, Moraxellaceae V2] Actinobacter
Z9] Rl, R6, R75 3= Acinetobacter venetianus RAG-1"9} 99% ©]7+2] 16S
rRNA F32 947149 FAME S BEoFAT

Vibrionaceae 2] Vibrio 49 M8, M9, M20, M23 5+ Vibrio
neocaledonicus NC47OT, M11 ¥+ Vibrio parahaemolyticus NBRC 127117}
99% °o]del  dAVIMYE  FAIEE YERSlew, Aeromonadaceae ¥}

Aeromonas 4 <] R3, R67 5+ Aeromonas bivalvium CECT 7113", R22 #5
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+ Aeromonas hydrophila subsp. ranae LMG 197O7T, R23 1+ Aeromonas

taiwanensis A2-50' ¢k 99% ©]4He] 16S rRNA frdA 9714 E FAIEE B

Tt

16S rRNA +d2 f71M 4 FA= vadat, 228 104702 #5 5 12719
A=

FEA EFFTEE 7% olste] FEAL 1w

o = “ =
v & e Fox Rid

7heAo] = AFEZRAFE AZgEY, o7 TFAF (Type strain)eb &7
AE Aglo] JagEojor 3t Aoz getkE i (Table 9, 10.)
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Table 9. The phylogenetic relatives of U. pertusa bacteria in R2A

Marine isolate Closest relative species S.eq.uen'ce
similarity
R1 Acinetobacter venetianus 99.7
R3 Aeromonas bivalvium 99.9
R5 Exiguobacterium indicum 99.7
R6 Acinetobacter venetianus 99.8
R9 Pseudomonas monteilii 99.7
R11 Flavobacterium jenuensis 98.0
R14 Pseudomonas alcaliphila 98.6
R18 Pseudomonas taiwanensis 99.7
R19 Pseudomonas alcaliphila 98.5
R22 Aeromonas hydrophila subsp. ranae 99.9
R23 Aeromonas taiwanensis 99.7
R24 Microbacterium aurantiacum 98.5
R33 Hydrogenophaga taeniospiralis 98.3
R34 Shewanella basaltis 99.7
R36 Hydrogenophaga taeniospiralis 98.0
R37 Loktanella salsilacus 99.6
R38 Loktanella salsilacus 99.6
R39 Flavobacterium omnivorum 97.1
R44 Lacihabitans soyangensis 91.1
R45 Microbacterium aquimaris 99.7
R54 Flavobacterium pectinovorum 97.2
R55 Bacillus subtilis subsp. Inaquosorum 99.7
R56 Shewanella basaltis 99.8
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Table 9. Continue.

Marine isolate Closest relative species S.eq.uen.ce

similarity
R61 Flavobacterium ahnfeltiae 99.8
R63 Flavobacterium ponti 99.2
R67 Aeromonas bivalvium 99.8
R68 Exiguobacterium oxidotolerans 99.2
R72 Hydrogenophaga taeniospiralis 98.2
R73 Hydrogenophaga taeniospiralis 98.2
R75 Acinetobacter venetianus 99.5
R88 Shewanella basaltis 99.9
R90 Exiguobacterium oxidotolerans 99.6
R91 Flavobacterium pectinovorum 97.1
R92 Flavobacterium pectinovorum 97.3
R93 Microbacterium aurantiacum 98.4
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Table 10. The phylogenetic relatives of U. pertusa bacteria in MA

Marine isolate  Closest relative species S.eq.uen'ce
similarity
M1 Pseudoalteromonas tetraodonis 99.9
M2 Pseudoalteromonas piscicida 100
M3 Cobetia marina 99.4
M4 Pseudoalteromonas piscicida 99.9
M6 Pseudoalteromonas piscicida 99.9
M7 Oceanospirillum linum 994
M8 Vibrio neocaledonicus 99.6
M9 Vibrio neocaledonicus 99.9
M11 Vibrio parahaemolyticus 995
M12 Pseudoalteromonas piscicida 99.9
M14 Pseudoalteromonas rubra 99.9
M16 Pseudoalteromonas shioyasakiensis 98.6
M18 Pseudoalteromonas piscicida 100
M20 Vibrio neocaledonicus 99.7
M23 Vibrio neocaledonicus 99.9
M28 Ruegeria mobilis 994
M?29 Ruegeria mobilis 100
M30 Pseudoalteromonas piscicida 99.9
M34 Pseudoalteromonas piscicida 99.9
M37 Alteromonas marina 98.5
M38 Shewanella basaltis 99.9
M39 Pseudomonas pachastrellae 99.5
M40 Cellulophaga geojensis 99.9
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Table 10. Continue.

Marine isolate  Closest relative species S'eq'uen.ce
similarity
M43 Ruegeria mobilis 99.5
M44 Shewanella basaltis 99.9
M47 Pseudoalteromonas piscicida 100
M48 Alteromonas marina 98.3
M50 Ruegeria mobilis 99.8
M51 Ruegeria mobilis 99.8
M52 Alteromonas macleodii 99.5
Mb56 Shewanella basaltis 99.8
Mb57 Ruegeria mobilis 994
M58 Alteromonas marina 99.7
M61 Shewanella basaltis 99.8
M62 Ruegeria mobilis 99.9
M63 Alteromonas marina 99.2
M64 Alteromonas litorea 974
M66 Paracoccus homiensis 97.5
M67 Shewanella basaltis 99.7
M68 Alteromonas gracilis 99.9
M70 Shewanella basaltis 99.9
M71 Olleya marilimosa 98.9
M72 Alteromonas macleodii 99.6
M74 Erythrobacter aquimaris 98.7
M75 Nonlabens arenilitoris 99.9
MBS0 Alteromonas litorea 974
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Table 10. Continue.

Marine isolate  Closest relative species S'eq'uen.ce
similarity
MS81 Nonlabens ulvanivorans 99.9
M82 Shewanella basaltis 99.8
M&3 Olleya marilimosa 98.9
Mg&4 Leisingera daeponensis 97.2
M86 Leisingera daeponensis 99.5
M87 Alteromonas mediterranea 974
M88 Cellulophaga geojensis 99.9
M&9 Nonlabens arenilitoris 99.9
M91 Shewanella basaltis 99.8
M93 Pseudoalteromonas marina 99.6
M95 Cellulophaga geojensis 99.9
M97 Olleya marilimosa 99.2
M99 Nonlabens arenilitoris 99.9
M100 Maribacter dokdonensis 99.8
M102 Paraglaciecola aquimarina 95.6
M107 Streptococcus parauberis 99.9
M108 Shewanella basaltis 99.8
M109 Alteromonas mediterranea 98.6
Ml111 Nonlabens arenilitoris 99.9
M113 Shewanella basaltis 99.9
M115 Shewanella basaltis 99.8
M116 Bacillus subtilis subsp. subtilis 99.7
M117 Octadecabacter temperatus 97.8
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Ms27
Alteromonas marina SW-477 (AF529060)

Alteromonas australica H 177 (CP008849)
7 M8oT

Glaciecola punicea ACAM 6117 (U85853)
Glaciecola pallidula ACAM 615 T (U85854) Gam ma-
100 Glaciecola nitratireducensFR1064 T (AY787042) =

M237 proteobacteria
100~ Vibrio alginolyticus NBRC 15630 T (CP006718)
99r R227

Aeromonas media CECT 42327 (CDBZ01000012)
R67T

99~ Aeromonas popoffifCIP 1054937  (CDBI01000096)
R237

97 86- Aeromonas sanarellii LMG 246827

M38CDBN01000061)
99

100 Shewane//.s basaltis J83T (EU143361)

Pseudomonas entomophila L487™ (AY907566)
R197

Pseudomonas mendocina NBRC 141627 (BBQC01000018)
M397
100- pPseudomonas pachastrellae KMM 3307 (AB125366)

T
I — o
100 Acinetobacter junii CIP 64.5T (APPX01000010)
1001 M77
Oceanospirillum linum ATCC 11336 T (M22365)
M3t

100

100% Cobetia marina DSM 47417 (AJ306890) = Beta-

— R36T 3
97 0 M841700|— Hydrogenophaga taeniospiralis ATCC 497437 (AF078768) }_ p,‘oteobacte[‘[a
Phaeobacter inhibens DSM 16374 (AXBB01000002)
M577
Ruegeria mobilis NBRC 1010307 (AB255401)

R377

88

Alpha-
proteobacteria

100~ [ oktanella salsilacus LMG 215077 (AJ440997)

—— M1177
100 —— Octadecabacter temperatus SB1T (KF836544)
Mé66T
— 100 100Y— Paracoccus homiensis DD-R11T (DQ342239)
47

100 Erythrobacter aguimaris SW-110T (AY461441) -
8 R45T

100 Microbacterium oleivorans DSM 160917 (AJ698725) H 2
RO3T } Actionobacterig

Microbacterium aurantiacum DSM 12506 (AM182159)
1001 R57 =
- 100 Exiguobacterium acetylicum DSM 20416" (JNIR01000001)

637 R9OT

100

R68T
100L Exiguobacterium oxidotolerans JCM 122807 (JNIS01000001) I
100 EaC//‘Z/S atrophaeus JCM 90707 (AB021181) — Firmicutes

100 R55T

96 M1167

80" Bacillus subtilis subsp. Subtilis NCIB 3610 T (ABQL01000001)
— M1077
100 —— Streptococcus iniae ATCC 29178 (DQ303187) =
R11T

Flavobacterium dongtanense LW30T (GU073293)
F/avobactef/um haoranii LQY-7T (GQ988780)

100

F/avobacter/um ponti GSW-R14T (GQ370387)
Flavobacterium jumunjinense HME7102T (JF317279)
R61T

100 F/a vobacrer/um ahnfeltiael0Alg 1307 (KC247342)

{ F/al/obacrer/um cutihirudinis E89T (JX966231)

100

C’\ell/éLi/Taphaga Jytica DSM 74897 (CPO02534) — Bacteroidetes
0

Olleya marilimosa CAM030T (JADR01000019)
100, M817T
Nonlabens ulvanivorans PLRT (JPJI01000032)

100

100! 100° Nonlabens arenilitoris M-M3T (JX291103)
Ij M1007
Maribacter stanieri KMM 60467 (EU246691)
R
100 Emticicia engisoli Gsoil 085T (AB245370)
‘—gg‘_lj Emticicia sediminis JBR12T (KF309174)
50 reie .

Emticicia oligotrophica DSM 174487 (CP002961)  —

0.05

Fig. 2. Phylogenetic tree of the 16S rRNA gene sequences of bacterial strain
isolated from Ulva pertusa and other related taxa. GenBank accession
numbers are placed in parentheses. Boostrap values (>50%) are based on

1,000 replications. Bar 0.05 nucleotide substitutions per nucleotide position.
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3. 2. 2. Ulva pertusa® Mo THEH

T Al el Mg 7HEe 104 w9 16S rRNA 44 4714949 &
A Az 4719 F(Phylum), 7702 Z(Class), 1370H¢] H(Order), 1870¢] 3}
(Family), 2770¢] < (Genus)2.2 e TH(Table 10.). &7/ ¥ &2 Actinbacter,
Cellulophaga, Cobeta, Erythrobacter, Hydrogenophaga, Lacihabitans,
Leisingera, Loktanella, Maribacter, Nonlabens, Oceanospirillum,
Octadecabacter, Olleya, Paracoccus, Paraglaciecola, Ruegeria, Shewanella,
Streptococcus 2+ Zv 2%, Bacillus, Exiguobacterium, Vibrio 7t 2} 4%,
Aeromonas, Microbacterium 7%t 7%+ 6%, Pseudomonas 8%, Alteromonas,
Pseudoalteromonas 2t 2+ 10%, 1¥3l Flavobacterium 12% %= /3% o] 3lt}
(Fig. 3.).

Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria®l 2 A& %
Proteobacteria i< a-proteobacteria, [B-proteobacteria, y-proteobacteria 73 2-
2 FAEAY. Actinobacteria & 1712 7, 1709 &, 1709 3} 1719 o=
4%, Bacteroidetes =< 2711 7, 270e] &, 2709 ¥, 6719 £Ho=2 22%,
Firmicutes =2 17019 7, 2709 &, 3719 =}, 3719 £o=2 11%°l &3k A
o 2 YEelt}. Proteobacteria ¥ a-proteobacteria 73S 2709 &, 2719 I}

2=

o

A

670l &o = 22%, B-proteobacteria ¥ 1709 E, 1719 3 17H9
49, y-proteobacteria 72 5702l &, 9709 I 10709 £ o= 37%9 £3t= A
o2 yetytt wEbA Proteobacteria w2 T8 AFTOAAN F 63%= HES
o] FAh(Fig. 4.).

o] s de ol A Proteobacteria®t Bacteroidetesw©] $-H o2 eSO
w, 7]Eo| ATHUY Ulva sp.ol A= Proteobacteria 0] $-3Hdle= AR H
aHEo] gy wI 7E AFAF Ulva spolXE  Proteobacteria (a
-proteobacteria, y-proteobacteria)®} Bacteroidetes= 2712 #(Phylum)2. 2 4}
Ebwtkxwk B Ao M= Actinobacteria,  Bacteroidetes,  Firmicutes,
Proteobacteria (a-proteobacteria, [-proteobacteria, y-proteobacteria) 47\2]

w(Phylum)e 2 1 tdh o] AT o2 Ay mjdxxd 2
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Table 11. Bacterial diversity associated with Ulva pertusa

Phylum Class Order Family Genus
Atinobacteria Actinobacteria Micrococcales Microbacteriaceae Microbacterium
Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Cellulophaga

Nonlabens
Maribacter
Olleya
Flavobacterium
Cytophagia Cytophagales Leadbetterella Lacihabitans
Fimicutes Bacilli Bacillales Bacillaceae Bacillus
Exiguobacteriaceae Exiguobacterium
Lactobacillales Streptococcaceae Streptococcus
Proteobacteria  a-proteobacteria  Rhodobacterales Rhodobacteraceae Ruegeria
Loktanella
Paracoccus
Leisingera
Octadecabacter
Sphingomonadales  Erythrobacteraceae Erythrobacter
L-proteobacteria  Burkholderiales Comamonadaceae Hydrogenophaga
y-proteobacteria Oceanospirillales Halomonadaceae Cobetia
Oceanospirillaceae Oceanospirillum
Alteromonadales Alteromonadaceae Alteromonas
Paraglaciecola
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Pseudomonadales

Vibrionales

Aeromonadales

Shewanellaceae
Pseudoalteromonadaceae
Pseudomonadaceae

Moraxellaceae

Vibrionaceae

Aeromonadaceae

Shewanella
Pseudoalteromonas

Pseudomonas

Actinbacter
Vibrio

Aeromonas
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Atinobacteria
4%

F-proteobacteriz 4 5
4%

Fig. 3. Pie-diagram of various bacterial genus isolated from Ulva pertusa.

Fig. 4. Pie-diagram showing the community structure and diversity of bacterial

strains isolated from Ulva pertusa.
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ARFAGAT 453 AAFAAT 45l el TR BB TR $F
Azt FAG 8ol 74 7 FTLY AAE HYHAHTable 12, 13). 7 A,

F 104709 AZdo| = 21709 T F, FAAE 1408 HFE, FAH

FA T vkl askSAdtel] diste] &t/ o]
kA Uerth. ol F AW AT Edwardsiella tarda®) A= R1, R22, M2, M4, M7,
M8, M9, M20, M23, M47= % 10719 #F7} A4S ®Yow Sweptococcus
fniaedl A= M8, M9, M20, M23°.2 & 4709 =, Streptococcus parauberisol ~|
= MI2+=¢, Tenacibaculum maritimum®|~+ RI18, R19, M6, M7, M8, M9, M1,
M20, M23, M47=2 Z 10709 #57F @A S B9t QAAFN M+ Escherichia coli
oAM= M4A7, Streptococcus mutansol A= M7, M8, M9, MI11=Z F 4709 =,
Vibrio vulnificus®l 41+ R1, R3, R5, R6, R14, R18, R19, R22, R93, M2, M6, MI18,
M47= F 13709 #57F &t g o] yebst

3| Az A AN BEdF MY M9+ E. tarda, S iniae, T, maritimum, S.

mutans®= % 4F°] HYoA BHYASA FAS WAoo, M7/FF+ S mutans,

Jm

MR+ S iniae, T. maritimum, M12vt 5+ S. parauberis, M4+ E. coli
2 Z}zre] Wyldqtol A gatrgAdo] 7 =4 YEY oA A Ay, EedT

MA7E E. tarda, T. maritimum, E. coliZ % 3719 WAt B3 &4

N

mlo

Hgow M2¥FE E tarda, M6TFE V. vulnificus & ZF WAl 71 3

Hir

g S HATh

104702 #F T F 2102 oF 22%=
o] 29%, Vibrio 40| 24%% @Wo] %3 AL & F 3

& ALY EALS BugitE 71E AT wel 2 AFoA B 5= vt

Ao ki B FrHQl AES sjof & Ao Al E H(Bowman, 2007;

flo

S B o Pseudoalteromonas

A AT}, Pseudoalteromonas

Chen et al, 2012; Hentschel et al, 2001, Sivasubramanian et al, 2011,
Thomasetal., 2008; Vynne et al, 2012).
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Table 12. The antibacterial activity by isolated strains Supernatant liquid from

Ulva pertusa

L Fish pathogenic bacteria Human clinical bacteria
Supernatant liquid
(mm) (mm)

Strain NO. 1 2 3 4 5 6 7 8
R1 15 - - - - - - 12
R3 - - - - - - - 22
R5 - - - - - - - 17
R6 - - - - - - - 18
R14 - - - - - - - 21
R18 - - - 15 - - - 20
R19 - - - 12 - - - 22
R22 - - - - - - - 12
R93 - - - - - - - 23
M2 24 - - - - - - 18
M4 28 - - - - - - -
M6 - - - 21 - - - 21
M7 20 - - 18 - - 15 -
M8 21 20 - 20 - - 12 -
M9 20 20 - 18 - - 13 -
Mi11 - - - 11 - - 13 -
M12 - - 12 - - - - -
M18 - - - - - - - 24
M20 20 18 - 19 - - - -
M23 20 17 - 18 - - - -
M47 27 - - 17 15 - - -

1, KCTC 12267 E. tarda, 2; KCTC 3657 S. imae, 3; KCTC 3651 S. parauberis, 4, ATCC 43398 7.
maritimum, 5; KCCM 40880 E. coli, 6; KCCM 40307 L. monocytogenes, 7, KCCM 40105 S.
mutans, 8, KCCM 41665 V. vulnificus
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Table 13. The antibacterial activity by isolated strains Pellet from Ulva pertusa

Pellet Fish pathogenic bacteria Human clinical bacteria
(mm) (mm)

Strain NO. 1 2 3 4 5 6 - 3
Rl - - - - - - - 5
RS - - - e &
R - - - - - - - 17
R14 - — _ _ B - - 01
R18 - - - - - - _ 25
R19 - — _ _ B - - 9
R22 28 - - - - - - 14
R93 - - - - - - _ 25
M2 30 _ _ _ B B - 20
M4 29 - - - - - _ _
M6 - - - 21 - - - 28
M18 - - - - - - . 21
M47 25 - - 17 _ B - o5

1; KCTC 12267 E. tarda, 2; KCTC 3657 S. iniae, 3, KCTC 3651 S. parauberis, 4, ATCC 43398 7T.
maritimum, 5; KCCM 40880 E. coli, 6; KCCM 40307 L. monocytogenes, 7, KCCM 40105 S.
mutans, 8, KCCM 41665 V. vulnificus
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3. 4. UR11T#3 =4

3.4. 1. AlIBEFsH

J{m

3

URI1"#5¢] Plasmid DNA PCR Z3#, 1510 bpd 714 E< A3 (Fig. 5)
NCBI®] #3425 2S 3Fo] KX244319] accessin numbers Hkgkom  KCTC$
JCMel 71&8e ate] zbzb KCTC 52377°, JCM 31512'=2 #5¥ s wkort} 1510
bpel @714 9SS NCBI Genbank®t EzTaxon databaseolA #4413 Azt 16S
rRNA 971449 A7 =2 55 AAst AsaE 24 2w (Fig. 6.),
Flavobacterium jejuensis EC1179} 98% = 7} =2 %48 w9 3(Table 14),
Flavobacterium jumunjinense HMET7102",  Flavobacterium haoranii 1.QY-T',
Flavobacterium dongtanense LW30", Flavobacterium ahnfeltiae 10Alg 1309} 7}
7y 96%, 95%, 95%, WO E FedS Ho HTdTE AAGste] olF HF AL
&3ttt 1 A3} Flavobacterium 49 A%49 HAx 7|E d#FEH}E U
7](Clade)E A3t M2 o= HiudE JteAdol v dAddET AF

T AFE #Asty] 9fE 16S rRNA #4& 53 $HA%E RFstes Uy
2 DNA-DNA hybridizationS 2Alsta th. 2875 URIL'S F. jejuensis
EC11"¢} ¢F 58%¢] 4540w 2AEth DNA-DNA hybridization 2323} 4
&30l 70% winteld AFow =  gl=d AdAd 70% vnoR 4o

orng N2 Fo=z Rl tHWayne et al, 1987).
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1 AGAGTTTGAT
061 GGTAGAGGAA
121 CCTTGTACAG
181 GCATCGGGTG
241 TGGTAAGGTA
301 ACACTGGTAC
361 AATGGGCGCA
421 ACTGCTTTTA
431 AAGGATCGGC
541 GAATCATTGG
601 CTCAACTAGG
661 ATGTAGTGTA
72l ACTAACAAAC
781 TGGTAGTCCA
841 GCGAAAGTGA
901 TGACGGGGGC
961 TTACCAGGGC
1021 CAAGGTGCTG
1081 GAGCGCAACC
1141 GGTGCAAACC
1201 CCACACACGT
1261 TTTAAAACCG
1321 CTAGTAATCG
1381 CCGTCAAGCC
1441 TAAAACTAGT
1501 TCACCTCCTT

Fig. 5. 165 rRNA

CCTGGCTCAG GATGAACGCT AGCGGCAGGC CTAACACATG CAAGTCGAGG
GCTTGCTTCC TTGAGACCGG CGCACGGGTG CGTAACGCGT ATGCAATCTA
AGGGATAGCC CAGAGAAATT TGGATTAATA CCTCATAGTA TCTTTGCCTG
ATTATTAAAG TTCCAACGGT ACAAGATGAG CATGCGTCCC ATTAGTTAGT
ACGGCTTACC AAGACGATGA TGGGTAGGGE TCCTGAGAGG GAGATCCCCC
TGAGACACGG ACCAGACTCC TACGGGAGGC AGCAGTGAGG AATATTGGAC
AGCCTGATCC AGCCATGCCG CGTGCAGGAA GACGGCCCTA TGGGTTGTAA
TACAGGAAGA AACACTCCCT CGTGAGGGAG CTTGACGGTA CTGTAGGAAT
TAACTCCGTG CCAGCAGCCG CGGTAATACG GAGGATCCAA GCGTTATCCG
GTTTAAAGGG TCCGTAGGCG GCCTTATAAG TCAGTGGTGA AATCTCCTAG
AAACTGCCAT TGATACTGTA GGGCTTGAAT TTTTGTGAAG TAACTAGAAT
GCGGTGAAAT GCTTAGATAT TACATGGAAT ACCAATTGCG AAGGCAGGTT
GATTGACGCT GATGGACGAA AGCGTGGGTA GCGAACAGGA TTAGATACCC
CGCTGTAAAC GATGGATACT AGCTGTTCGG TTTTCGGATT GAGTGGCTAA
TAAGTATCCC ACCTGGGGAG TACGCACGCA AGTGTGAAAC TCAAAGGAAT
CCGCACAAGC GGTGGAGCAT GTGGTTTAAT TCGATGATAC GCGAGGAACC
TTAAATGGGA GACGACGTAC TTGGAAACAG GTATTTCTTC GGACGTCTTT
CATGGTTGTC GTCAGCTCGT GCCGTGAGGT GTCAGGTTAA GTCCTATAAC
CCTGTCGTTA GTTGCCAGCG AGTCATGTCG GGAACTCTAA CGAGACTGCC
GTGAGGAAGG TGGGGATGAC GTCAAATCAT CACGGCCCTT ACGTCCTGGG
GCTACAATGG CCGGTACAGA GGGCAGCTAC CTAGTGATAG GATGCGAATC
GTCTCAGTTC GGATCGGAGT CTGCAACTCG ACTCCGTGAA GCTGGAATCG
GATATCAGCC ATGATCCGGT GAATACGTTC CCOGGGCCTTG TACACACCGC
ATGGAAGCTG GGGGTGCCTG AAGTCGGTGA CCGCAAGGAG CTGCCTAGGG
AACTAGGGCT AAGTCGTAAC AAGGTAGCCG TACCGGAAGG TGCGGCTGGA

sequence of the Flavobacterium sp. UR11".
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Table 14. Sequence similarity between URI1" and F. jejuensis ECI11*

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11’

UR11"
F.jejuensis EC11’

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11°

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11°

UR11"
F.jejuensis EC11”

AGAGTTTGATCCTGGCTCAGGATGAACGCTAGCGGCAGGCCTAACACATGCAAGTCGAGG
———————————————————————————— CTAGCGGCAGGCCTAACACATGCAAGTCGAGG

KAk AKA KA KR A AR AR A KR AR A A AR AR A A XA XA Xk K

GGTAGAGGAAGCTTGCTTCCTTGAGACCGGCGCACGGGTGCGTAACGCGTATGCAATCTA
GGTATAGGAAGCTTGCTTCCTAGAGACCGGCGCACGGGTGCGTAACGCGTATGCAATCTA

KEAKK AEAAKRAXAKAAAAAKRAKA K, A XA A AR AR A A A A A A IR A A AR A A AR A A A A AR Ak kA kK

CCTTGTACAGAGGGATAGCCCAGAGAAATTTGGATTAATACCTCATAGTATCTTTGCCTG
CCTTGTACAGAGGGATAGCCCAGAGAAATTTGGATTAATACCTCATAGTATCTTCGGAAG

R S S R b b R I S S S S S S b b b b b I S S S S S b 2 S *

GCATCGGGTGATTATTAAAGTTCCAACGGTACAAGATGAGCATGCGTCCCATTAGTTAGT
GCATCTTCTGATTATTAAAGTTCCAACGGTACAAGATGAGCATGCGTCCCATTAGTTAGT

* Kk ok Kk ok kA hk kA hhkhkhkhhkhkhhkhkrhkhkrhhkhkhhkrkhhkhkrkhhkhkhhkhkrkhkkrhhkhkhkhkhkrxkkx*x

TGGTAAGGTAACGGCTTACCAAGACGATGATGGGTAGGGGTCCTGAGAGGGAGATCCCCC
TGGTAAGGTAACGGCTTACCAAGACAATGATGGGTAGGGGTCCTGAGAGGGAGATCCCCC

Ak hkhkhkhk kA hkkhk A hkhkrhkhkhhhkhkhkrhkhkdx hhhkhkrhkhkrhkhkhkhhkhkkhkrhkhkhkhhkrhkhkhkhkrkkxkhkkx*k

ACACTGGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATTGGAC
ACACTGGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATTGGAC

R R e S b I b e S b b S b S Sb e Sh b b Sb S S Sh e S 2 S 2b b I b e Sh b S b S R b 2 S Sb I Sb db b 2h R S Sb S 2b I 2 b3

AATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCAGGAAGACGGCCCTATGGGTTGTAA
AATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCAGGAAGACGGCCCTATGGGTTGTAA

KA AR AR A A AR A A AR A A A AR AR AR AR A AR AR AR AR AR A A A A A AR AR AR AR A AR A A ARk kK

ACTGCTTTTATACAGGAAGAAACACTCCCTCGTGAGGGAGCTTGACGGTACTGTAGGAAT
ACTGCTTTTATACAGGAAGAAACATCTCTACGTGTAGAGACTTGACGGTACTGTAGGAAT

kAKX ARk A I AA A AA A A A A A XA XKk % * * kK Kk * KAk AAkhkhkhkAk Ak Ak A XA Xk kK%

AAGGATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATCCAAGCGTTATCCG
AAGGATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATCCAAGCGTTATCCG

R R R R R R R i R R b R b R b I R b R I R R R b I b R I I b b b R I I R I b b b b b b b b I i

GAATCATTGGGTTTAAAGGGTCCGTAGGCGGCCTTATAAGTCAGTGGTGAAATCTCCTAG
GAATCATTGGGTTTAAAGGGTCCGTAGGCGGCCTTATAAGTCAGTGGTGAAATCTCCTAG

hhkrhkhkhk kA hhkrhhkhkh bk hhkhkhhkrhkhkhkhkhkhhkhrhhkrhhkrhkhkhhkrhkhkrhkkhkhhkrkrhkhkrxkkxk*x

CTCAACTAGGAAACTGCCATTGATACTGTAGGGCTTGAATTTTTGTGAAGTAACTAGAAT
CTCAACTAGGAAACTGCCATTGATACTGTAGGGCTTGAATTTTTGTGAAGTAACTAGAAT

Ak rkhkhkhkhk Ak kA hhkhhkhkhhkhkhk kA hkhkhkhhkhhkrAhhkhkhhkrhkhkhkhkrhkhkrhkkhkhkhhkhkrxhkhkrxkhkkxxkx

ATGTAGTGTAGCGGTGAAATGCTTAGATATTACATGGAATACCAATTGCGAAGGCAGGTT
ATGTAGTGTAGCGGTGAAATGCTTAGATATTACATGGAATACCAATTGCGAAGGCAGGTT

R R I S I S b I b S b b S 2 S b S b b S I S S S b b Sh 2 S Sb I Sb b b 2h S 2b b Sb b S 2b e S Jb S Sb 2 S b S b 4

ACTAACAAACGATTGACGCTGATGGACGAAAGCGTGGGTAGCGAACAGGATTAGATACCC
ACTAACAAACGATTGACGCTGATGGACGAAAGCGTGGGTAGCGAACAGGATTAGATACCC

KA AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A A R A AR AR A AR A A A A A A Ak A Ak Ak Ak k k%

TGGTAGTCCACGCTGTAAACGATGGATACTAGCTGTTCGGTTTTCGGATTGAGTGGCTAA
TGGTAGTCCACGCCGTAAACGATGGATACTAGCTGTTCGATTTTCGGATTGAGTGGCTAA

KAXKKAKNAIAKAAKNEA KX AKXKAIAKAAXKAAKRAIAKAAAA A A A XA A, KK, A Ak hhkh Ak d Ak Ak hAk kA Ak kA kkxk

GCGAAAGTGATAAGTATCCCACCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAAT
GCGAAAGTGATAAGTATCCCACCTGGGGAGTACGCACGCAAGTGTGAAACTCAAAGGAAT

KA A A AR AR A A AR AR A KRR A A A A A A KA AR A I A A I A AR A A AR A A A A A AR A A A AR Ak Ak kKK

TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACC
TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACC

hhkrhkhkhkhkhAhhkrhhkhhhkhhkhkhhkrhkhkhkhhkhhkhrhhkrhhkrhkhkhhkrhhkrhkkhkhkhkhkrkrhkxrkkxkx

TTACCAGGGCTTAAATGGGAGACGACGTACTTGGAAACAGGTATTTCTTCGGACGTCTTT
TTACCAGGGCTTAAATGGGAGACGACAGATTTGGAAACAGATTTTTCTTCGGACGTCTTT

khkrkhkkhkhkkhkhkhkhkhkrkhkhkhhkkhkkkkkkxkkx * kkkkhkkhkkkhkk Kk krxkkrkkkkkkkkkxkk
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Table 14. Conti

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11’

UR11"
F.jejuensis EC11’

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

UR11"
F.jejuensis EC11”

* same nucleotide;

nue.

CAAGGTGCTGCATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTCAGGTTAAGTCCTATAAC
CAAGGTGCTGCATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTCAGGTTAAGTCCTATAAC

KA A KA AR A AR A AR AR A AR A AR AR A AR AR A AR AR A A R A AR AR A AR A A A A AR AR A Ak Ak kX Kk

GAGCGCAACCCCTGTCGTTAGTTGCCAGCGAGTCATGTCGGGAACTCTAACGAGACTGCC
GAGCGCAACCCCTGTCGTTAGTTGCCAGCGAGTCATGTCGGGAACTCTAACGAGACTGCC

KA A K AR A AR A A A AR A AR A A A AR A A KA AR A AR A KA AR A A A A AR AN A A A A A A AR A AR A XKk

GGTGCAAACCGTGAGGAAGGTGGGGATGACGTCAAATCATCACGGCCCTTACGTCCTGGG
GGTGCAAACCGCGAGGAAGGTGGGGATGACGTCAAATCATCACGGCCCTTACGTCCTGGG

R R R R R R R R R R R R R R R R R R R R I R b R b b b R b b b b b b b b b b b b b b b 2

CCACACACGTGCTACAATGGCCGGTACAGAGGGCAGCTACCTAGTGATAGGATGCGAATC
CCACACACGTGCTACAATGGCCGGTACAGAGGGCAGCTACCTAGTGATAGGATGCGAATC

hhkhhkhkhk kA hhkrkhhkhkhhkhhkhkhhkrhkhkhkhhkhhkhrhhkrhhkrhkhkhhkrhkhkrhkhkhkhkhkrkrhkrkkxkx

TTTAAAACCGGTCTCAGTTCGGATCGGAGTCTGCAACTCGACTCCGTGAAGCTGGAATCG

TTTAAAACCGGTCTCAGTTCGGATCGGAGTCTGCAACTCGACTCCGTGAAGCTGGAATCG
Kk K ok ok kK ok kK ok ok K ok ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ko ok ok ok ok ok ok ok ok k kK ok k kK ok ok ok ok ok k

CTAGTAATCGGATATCAGCCATGATCCGGTGAATACGTTCCCGGGCCTTGTACACACCGC
CTAGTAATCGGATATCAGCCATGATCCGGTGAATACGTTCCCGGGCCTTGTACACACCGC

R R I b S b I b S b b S b I b S b b Sh S S S b b Sh b S b Sb b b 2h S 2b I Sb b S 2b S 2b S Sb 2 S b S b S

CCGTCAAGCCATGGAAGCTGGGGGTGCCTGAAGTCGGTGACCGCAAGGAGCTGCCTAGGG
CCGTCAAGCCATGGAAGCTGGGGGTGCCTGAAGTCGGTGACCGTAAGGAGCTGCCTAGGG

KA KA K AR KA AR AR KA AR A AR A AR AR A AR A AR AR A AR AR A AR A AR A, Ak kA kA kA Ak Ak Ak kA k%

TAAAACTAGTAACTAGGGCTAAGTCGTAACAAGGTAGCCGTACCGGAAGGTGCGGCTGGA
TAAAACTAGTAACTAGGGC === == === === === — oo

R R I b e S b I 2 b S b S 2b I 2

TCACCTCCTT

-, sequence not available; GAP, different nucleotide
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Flavobacterium limicols ST-82T(ABO75230)
Flavobacterium psychrolimnse LMG 221 87 (AJ585428)
Flavobacterium AuviiHTT (EU109724)

Flavobacterium weaversnse AT10427 (AY581114)
Flavobacterium aquidurense WB-1.1 5587 (AM177392)
Filavobacterium hercynivmWE 4.2-337 (AM2655823)
Flavobacterium chungangense CI7T (EUS24275)
Flavobacterium succinicansDSK 40027 (AM230452)
Flavobacterium granuliKwisT (AB180738)

Flavobacterium swingsiWB 2.3-687 (AMS34551)
Flavobacterium psychrophium IFO 159427 (ABOT2080)
Flavobacterium flevense DSM 10787 (AMZ20485)
Flavobacterivm =oilDS-207 (DQ173878)

Flavobacterium daejeonsnse GH1-10T (DQA222427)
?'Embacter&:mjohnsmiﬂe UW101T (CPODOEES)
1 0 Flavobacterium defluviiEMB1177 (DQ3T2588)
100 Flavobacterium chenize MJ-267 (EF407280)
{fauobectemlm cucumisR2A45-3T (EF126993)
Flavobacterivm agquatile ATCC 119477 (MG279T )

——————— Flavobacterium terrigena DS-207 (DO225724)
Flavobactenium macrobrachiian-87 (FI553004)

1o Flavobacterium terras R241-137 EF117329)
—|_— Fizvobacterium columnare IFO 159437 (ABOTE04T)
———————— Fisvobactenium suncheonenss GHZE-57 (DO222428)

a5 Flavobacterivm enshiense DKEIT (JNTI0S58)
| a E Flavobacterivm cavense R2ZA-TT{AVBIO1 000023}
83 Flavobactenium saliperosum AS 1.38017 (DQO21503)
Fizavobactenium ponti GEW-R14T (GA3ITO3ET)
{ Flavobacterium gelidizcus LG 214777 (A1440996)
Flavobactenium lacusNP1807 (KCH965541)
£ Flavobacterium filum EMB34T (DO372981)
Flavobacterivm caeni LM5T (EU313814)

Flavobacterium fontis MICI0107 [JNBT3147)
Flavobacterivm sguiarum CMJ-57 (JQO25111)

m

1 F

Flavobacterium indicum GPTSA100-97 (HETT4882)
Flavobacterium haoraniiLQY-7T7 (GQAS3ETS0)
Flavobscterium urocaniciphium T 127467 (ABT95015)
Flavobsacterium shnfeitize 1041g 1307 (KC247342)
Flavobacterium dongtanense LW307 (GUOT3283)

Flavobacterium jumunjinense HMET102T (JF317279)

2e Flavobacteriumsp. UR11T
—|:Ffamﬁacremm Jjefuensis ECT1T (KIS57195)

Flavobacterium beibusnss F44-87 (GQ245872)
TJ? Flavobacterium rivuliWB 3.3-27 (ANMS34881)
oo Flavobacterium subsaxonicum WEB 4.1-427 (AMS24588)

Myroides profundi D257 (EUZ04578)

Cryomorpha ignave ACAN 6477 (AF1T0738)

Fig. 6. Pl;ylogenetic tree of the 16S rRNA gene sequences of strain UR11" and
other related taxa. GenBank accession numbers are placed in parentheses.
Boostrap values (>50%) are based on 1,000 replications. Bar 0.02 nucleotide

substitutions per nucleotide position.
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3. 4. 2. ¥ty B4

R2A agar WAl A =4 colonyS A3, Gliding motilitys= %4, A¥EEY

< (o R ISt AR EEA gton Al ZHol= 143-1.62 um, AE *

2 0.16-0.23 ym=(Fig. 7.), 132 wolth.

Fig. 7. Scanning electron microscopy (SEM) (A) and Transmission electron

microscopy (TEM) (B) of strain UR11".
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3. 4. 3. B2 -3y 5H

URI1"#F 9] Catalase$t Oxidase ®F FA oz AFLEE 5-35°C, 4% pHE
6.0-10.0, 4% NaCl F=%& 0-5% (w/v)olH, 3 &% 25°C, 4 pHE 7.0,
Z NaCl 5%+ 0%= Yeyow, d714 2dd s AdstA et g5
ol F. jejuensis EC11' 3= th2 A 35°ColA A4scts= A3 pH 50, 11.014 =

Qe Eg AoA ztolrt BAAtTh 7R A, URLL'#F+ Casein, DNase,

[N}

N

Gelatin, Tween 40, Tween 602 7}5#3]3F%d Sy, Aesculin, Cellulose, Starch,
Tween 20, Tween 80, Ureat™ 7lridllshA] X3ttt 7] @ o] &A= D-Glucose,
D-mannose, N-acetyl-D-glucosamine, Adipate, malate, Citrateo] 4] A Wkg-o] H
$13l,  D-Arabinose, D-Mannitol, D-maltose, Gluconate, Caprate, Adipate, malate,
Citrate, Phenylacetateol] A= 2/4WHSo] BT EdFos =24 EFd5F F
Jejuensis EC117& N-acetyl-D-glucosamine, Adipate, malate, Citrateo] ] &2yt
S& Bt 248 A= Alkaline phosphatase, Esterase (C4), Esterase Lipase
(C8), Leucine arylamidase, Valine arylamidase, Crystine arylamidase, Trypsin, a
—chymotrypsin, Acid phospatase, Naphtol-AS-BI-phosphohydrolase, yéi
-glucuronidase, a-glucosidase, SB-glucosidase, N-acetyl-G-glucosamidase, oA+
AAHrS-S B, Lipase (Cl4), a-galactosidase, [B-galactosidase, a
-mannosidase, a-fucosidaseo| A= SAWS-S BT WA ¥+ F. jejuensis
EC11"= B-glucuronidase$} N-acetyl- G-glucosamidased] Al SA4uHSS Ho] R
F URI11'¢} 2ol W3 tHTable 15.).
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Table 15. Biochemical characteristics of strain UR11' and related type strains
Strain: 1, UR11" 2, F. Jejuensis KCTC42149" 3, F. jumunjinense KCTC23618"
4, F. haoranii KCTC23008" 5, F. dongtanense KCTC15621" 6, F. ahnfeltiae
KCTC32467". All data were obtained in this study as +, Positive, -, negative.
All strains are gram-negative, motile by gliding. All strains were positive for
gelatin, Alkaline phosphatase, Esterase (C4), Esterase Lipase (C8),
Leucinearylamidase, Valinearylamidase, Crystinearylamidase, Trypsin,
Acidphospatase and Naphtol-AS-BI-phosphohydrolase. All strains were negative
for Indole production, Glucose fermentation, Arginine dihydrolase, Urease,
Caprate, Phenylacetate, Lipase (Cl4), a-galactosidase, [G-galactosidase, a

-mannosidase and a-fucosidase.

Characteristic 1 2 3 4 5 6
Temp. range for growth (°C) 5-35 5-30 5-30 15-35 5-35 5-30
pH range for growth 6.0_ 5.0_ 6.0_ 6.0_ 6.0_ 5.0_

100 110 110 100 100 11.0
Salinity range for growth (%6 NaCl) 0-5 0-5 0-5 0-5 0-3 0-5

Oxidase + + + - - -

Catalase + + + - + +

Hydrolysis of :

DNA + + - - - -
Casein + + + + - +
Tween &0 - - + + + +

API 20NE test

Nitrate reduction - + - - - n
Esculin degradation + + + + - +
D-Glucose + n n + _ _
D—-Arabinose - - - _ n _
D-mannose + + + + - n
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Table 15. Continue.

Characteristic 1 2 3 4 5 6
D-Mannitol - - - _ - +
N-acetyl-D-glucosamine + - - - _ +
D-maltose + + + + - ¥
Gluconate - - - _ _ i
Adipate + - + n _ n
malate + - - _ _ _
Citrate + - _ + _ _

API ZYM test

a-chymotrypsin + + - + + -
B-glucuronidase + - - + - _
a-glucosidase + + - + _ _
Bglucosidase + + - + - _
N-acetyl- G-glucosamidase + - - - _ _
G+C mol (%) 326 281° 365° 34° 30 343

Data from “Park et al (2015); "Joung et al. (2013); “Zhang et al. (2010); “Xiao et al. (2011);
“Nedashkovskaya et al (2014).
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3.4 4 BB FH4H =4

URIL 59 At 24 A3 iso-Ciso (33.9%), iso-CisaG (12.4%), iso-Cizo
3-OH (9.0%), iso-Cigo (7.0%)2} iso-Ciso 3-OH (6.3%)2 T8 X|Wilo] Qi
th. RFUF F. jejuensis ECI1TolAE iso-Ciso (41.4%), iso-CisnG  (9.8%),
iso-Ciz0 3-OH (8.96%), is0-Cigo (3.8%)¢} iso-Ciso 3-OH (7.6%)%2 A e] #fol&
BAow  Flavobacterium?°l 3= FTEY T8 AWAL iso-Ciso,  Cieo,
summed feature 3 (comprising iso—-Ciso 2-OH / Cig1 07c) o2 3el¥ Ho] X
3} TH(Table 16.).

URI1T'#59 F92 Polar lipide phosphatidylethanolamine (PE), unknown
aminolipids (AL), unknown aminopolarlipids (PL), unknown lipids (L)Z &<1% 3}
I(Fig. 8) T2 Quinone2 MK-6= 4YE}Eom™ DNA G+C content #+4] 23}
URITT# 5= 326 mol %2 =379 F. jejuensis EC11THt} =& 338 09
th olet & A= Flavobacterium® el FolA TAE+= 2 Polar lipide=
phosphatidylethanolamine (PE)°]™ 5% Quinone< MK-6°]3 DNA G+C content
+ 30-52 mol %et= 7]Eol BaE Aol A X tHTable 15.).
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Table 16. Cellular fatty acid composition of strain URI1" and type strain Strain:
1, URI1" 2, F. Jejuensis KCTC42149" 3, F. jumunjinense KCTC23618" 4, F.
haoranii KCTC23008" 5, F. dongtanense KCTC15621" 6, F. ahnfeltiae
KCTC32467"

All data incurred in this study are recorded as -, not detected; TR, trace
amount (<0.5%) All strains were incubated in R2A agar plate at 25°C for 3days

Fatty acids that account <0.5% of the total fatty acids in all strains were

deleted
Fatty acid 1 2 3 4 5 6
Saturated
Ci40 0.6 TR 0.6 TR 1.2 0.6
Cie0 0.6 TR 0.8 1.0 3.7 1.2
Hydroxylated
Ciso 3-OH 1.1 - - 1.0 0.8 0.8
Cieo 3-OH 0.9 TR 0.6 0.8 1.1 1.2
Ciz0 3-OH 0.6 - - - - TR
iso—Ci40 3-OH 0.6 TR TR 0.6 - TR
iso-Cis0 3-OH 6.3 7.6 8.8 45 15.3 11.6
iso—Cieo 3-OH 3.9 2.6 1.0 4.0 TR 1.2
iso-Ci7o 3-OH 9.0 11.2 10.8 8.6 TR 109
Branched
iso—Ciz0 1.0 0.9 1.0 09 TR 15
iso—Ci40 3.2 - - - - 0.8
1iso—Cis0 33.9 414 39.9 32.2 TR 449
iso-Cis1 G 12.4 9.8 139 20.3 89 10.0
iso—Ci60 7.0 3.8 2.2 5.3 14 1.3
1so-Cie1 H 2.4 2.4 1.3 - - -
iso—Ci71 «9c 1.2 2.4 4.4 1.3 3.0 3.7
anteiso—Cis0 15 1.5 1.8 8.0 1.6 3.3
Unsaturated
Cis1 obC 4.1 3.3 3.3 1.0 TR 09
Ci71 obc 1.1 0.9 0.8 0.2 - -
Summed Feature
3 TR TR 2.9 1.0 TR 1.1

*Summed features 3, iso-Ciso 2-OH/ Cig1 o7C
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AlL-2
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AL-G

AL-7

21 dimensional

b
1% dimensional i

Fig. 8. Two dimensional thin-layer chromatogram of total polar lipids of strain
URI1". Total polar lipids were identified by spraying with molybdophosphoric
acid reagent. PE, phosphatidylethanolamine; AL1-7, unknown aminolipids;

APL1-2, unkown aminopolarlipids; L 1 -2, unknown lipid.
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IV. 8¢

o] =& AFEdA AP FHZAI N Ulva pertusa)S Restriction Fragment
Length Polymorphism (RFLP)E ©o]&3dto] Ao s FAMsHAL, 8 #F2 o
FAYA T AT Al tal S Bkl

Marine agar¥]*] ¢} R2AMIA|E AF&3te] ZF 145709 ®i<F 7hsdk mAdEo]
HAow RFLP 418 ¢33l DNAE FE3ta 27F9 1522R primers AF-83}1¢]
16S rRNAE S EZ3Ith 2% 16S rRNAS A3 &4 Haell$t Rsal & o] &3}
of RFLP =4 & AAlstith. RFLP " d3=25E F 104709 55 AEsty
16S rRNA 32 @719 A6k, 49 9714 <9S NCBI Genbank
database®} EzTaxon serverdlA 7} fAFgh A7|AES vlu-EAsdck. 1 2
I, olm &Kl e AVIMEH 91% oo FAIEE BT F8 ATwo=w
Proteobacteria (a-proteobacteria, [-proteobacteria, y-proteobacteria) (63%),
Bacteroidetes (22%), Firmicutes (11%), Actinobacteria (4%)% 47§12 o] ## 5
R, 7l ZF, 13709 =, 18709 #, 2770 9] So] #EEHJT AEEH EA4 4
I, 12957 97% olste] FEAd o YEY AMEE Holy For ERE JHeA
o EA YeEkut

104708 59 AFSHH #AE A Fadd e 7 4 22U, 1R g8

Bt iR #FEL aFFA ol Hlaste] adEgA ol A A4S Bl

2] &2 R2AMA A 25°C, pH 7.00] %Atk 16S rRNA 97144 &4l we} F
Jjenuensis EC11'# 98%9] 714 =& A5AS Ho] Type strain® = AAste] 2
59 Adgstgt URILTHFY F2 #A=e MK-6°13  F. jenuensis EC11T%} 1]
wHEE Zagd B VHRAS Hiow, Fa AEwe SA4XEdEE PE
(phosphatidylethanolamine), AL  (unknown  aminolipids), PL  (unknown
aminopolarlipids), L (unknown lipids)® &l & o F=Q A4t o 2= iso-Ciso

(33.9%), iSO*C15:1G (12.4%), iSO*Cw:o 3-OH (9.0%), iSO*C16:o (7.0%)9} iSO*C15zo
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3-OH (6.3%)% uElth. DNA-DNA hybridization Z3, F. jenuensis EC11'$}
53%9] AEAHL Hel AdFow AztEe] KCTC (=KCTC 52377"<F JCM (=]JCM
315127 718S shsiTh

_56_



V. Z31 &3

el

Abraham, T. J. 2004. Antibacterial marine bacterium deter luminous vibriosis in
shrimp larvae. NAGA, WorldFish Center Quarterly 27(3-4), 28-31.

Alongi, D. M. 1998. Coastal ecosystem processes.

Amann, R. I, Ludwig, W. and Schleifer, K. H. 1995. Phylogenetic identification
and in situ detection of individual microbial cells without cultivation.
Microbiol. Rev. 59(1), 143-1609.

Andersen, P. and Sagrensen, H. M. 1986. Population dynamics and trophic
coupling in pelagic microorganisms in eutrophic coastal waters. Mar. Ecol
Prog. Ser. 33(2), 99-109.

Beleneva, 1. A. and Zhukova, N. V. 2006. Bacterial communities of some brown
and red algae from peter the great bay, the sea of Japan. Microbiology 75,
348-357.

Berdy, J. 2005. Bioactive microbial metabolites. /. Antibiot. 58(1), 1.

Bernan, V. S., Greenstein, M. and Maiese, W. M. 1997. Marine microorganisms

as a source of new natural products. Adv. Appl Microbiol. 43, 57-90.

Bolinches, J., Lemos, M. L. and Barja, J. L. 1988. Population dynamics of
heterotrophic bacterial communities associated with Fucus vesiculosus and
Ulva rigida in an estuary. Microb. Ecol 15, 345-357.

Bowman J. P. 2007. Bioactive compound synthetic capacity and ecological
significance of marine bacterial genus Pseudoalteromonas. Mar. Drugs 5, 220
- 241.

Brim, H., Heuer, H., Kroogerrecklenfort, E., Mergeay, M. and Smalla, K. 1999.
Characterization of the bacterial community of a zinc-polluted soil. Can. J.

Microbiol. 45, 326-338.

Bull, A. T., Ward, A. C., & Goodfellow, M. 2000. Search and discovery

_57_



strategies for biotechnology: the paradigm shift. Microbiol Mol Biol. Rev.
64(3), 573-606.

Burke, C., Thomas, T., Lewis, M., Steinberg, P. and Kjelleberg, S. 2011.
Composition, uniqueness and variability of the epiphytic bacterial community of
the green alga Ulva australis. ISME J. 5, 590-600.

Chen, Y. H.,, Kuo, J., Sung, P. J., Chang, Y. C., Lu, M. C., Wong, T. Y. and
Kuo, F. W. 2012. Isolation of marine bacteria with antimicrobial activities from
cultured and field-collected soft corals. World J. Microbiol. Biotechnol 28,
3269 - 3279.

Chun, ]J.,, Lee, J. H., Jung, Y., Kim, M., Kim, S.,, Kim, B. K. and Lim, Y. W.
2007. EzTaxon: a web-based tool for the identification of prokaryotes based on
16S ribosomal RNA gene sequences. Int. J. Syst. Evol. Microbiol 57(10),
2259-2261.

Diez, B., Pedréos—Ali6o, C., Marsh, T. L. and Massana, R. 2001. Application of
denaturing gradient gel electrophoresis (DGGE) to study the diversity of
marine picoeukaryotic assemblages and comparison of DGGE with other

molecular techniques. Appl Environ. Microbiol 67, 2942-2951.

EZAKI, T., HASHIMOTO, Y. and YABUUCHI, E. (1989). Fluorometric
deoxyribonucleic acid-deoxyribonucleic acid hybridization in microdilution wells
as an alternative to membrane filter hybridization in which radioisotopes are

used to determine genetic relatedness among bacterial strains. /nt. J. Syst.
Evol Microbiol 39(3), 224-229.

Haefner, B. 2003. Drugs from the deep: marine natural products as drug
candidates. Drug Discov. Today 8(12), 536-544.

Hamann, M. T. and Scheuer, P. J. 1993. Kahalalide F: a bioactive depsipeptide
from the sacoglossan mollusk FElysia rufescens and the green alga Bryopsis

sp. J. Am. Chem. Soc. 115(13), 5825-5826.

Han, J. G, Ha, J. H., Choi, Y. B, Go, J. L, Kang, D. H. and Lee, H. Y. 2009.

The Comparison of extraction process for enhancement of immunomodulating

_58_



activities of Ulva pertusa kjellman. Kor. J. Food Sci. Technol 41, 330-38b5.

Haygood, M. G., Schmidt, E. W., Davidson, S. K. and Faulkner, D. J. 1999.
Microbial symbionts of marine invertebrates: opportunities for microbial
biotechnology. J. Mol Microbiol. Biotechnol 1(1), 33-43.

Hentschel U., Schmid M., Wagner M., Fieseler L., Gernert C. and Hacker ]J.
2001. Isolation and phylogenetic analysis of bacteria with antimicrobial
activities from the Mediterranean sponges Aplysina aerophoba and Aplysina
cavernicola. FEMS Microbiol. Ecol. 35, 305 - 312.

Hu, G., Zhang, J., Yang, G., Li, Y. Y., Guan, Y. T., Wang, J. and Hong, Q. 2013.
Flavobacterium yanchengense sp. nov., isolated from soil. /nt. J. Syst. Evol
Microbiol. 63(8), 2848-2852.

Hwang, W. M., Kim, D., Kang, K. and Ahn, T. Y. 2016. Flavobacterium
eburneum sp. nov., isolated from reclaimed saline land soil. /nt. J. Syst. Evol
Microbiol.

Jensen, P. R., Kauffman, C. A. and Fenical, W. 1996. High recovery of culturable

bacteria from the surfaces of marine algae. Mar. Biol 126, 1-7.

Jeong, E. J., Im, C. S. and Park, J. S. 2010. A comparison of bacterial diversity
associated with the sponge Sprrastrella abata depending on RFLP and DGGE.
Kor. J. Microbiol. 46, 366-374.

Jones, C. G., Lawton, J. H. and Shachak, M. 1994. Organisms as ecosystem
engineers. Orkos 69, 373-386.

Joung, Y., Kim, H.,, & Joh, K. 2013. Flavobacterium jumunjinense Ssp. nov.,
isolated from a lagoon, and emended descriptions of Flavobacterium cheniae,
Flavobacterium dongtanense and Flavobacterium gelidilacus. Int. J. Syst. Evol.
Microbiol. 63(11), 3937-3943.

Karabay Yavasoglu, N. U., Sukatar, A., Ozdemir, G. and Horzum, Z. 2007.

Antimicrobial activity of volatile components and various extracts of the red
alga Jania rubens. Phytother Res 21(2), 153-156.

_59_



Kelecom, A. 2002. Secondary metabolites from marine microorganisms. An. Acad.
Bras. Cienc. 74(1), 151-170.

Kim, J. D., Yoon, Y. H., Shin, T. S., Kim, M. Y., Byun, H. S, Oh, S. J. and
Seo, H. J. 2011. Bioethanol production from seaweed Ulva pertusa for
environmental application. KSBB J. 26, 317-322.

Kim, J. S. 2011. Review and future development of new culture methods for
unculturable soil bacteria. Kor. J. Microbiol 47(3), 179-187.

Kim, O. S., Cho, Y. J., Lee, K., Yoon, S. H., Kim, M., Na, H. and Won, S. 2012.
Introducing EzTaxon-e: a prokaryotic 16S rRNA gene sequence database with

phylotypes that represent uncultured species. Int. J. Syst. Evol. Microbiol
62(3), 716-721.

Ko, H. J,, Kim, G. B, Lee, D. H., Lee, G. S. and Pyo, H. B. 2013. The effect of
hydrolyzed Jeju Ulva pertusa on the proliferation and type I collagen synthesis

in replicative senescent fibroblasts. J. Soc. Cosmet. Scientists Korea 39,
177-186.

Koehn, F. E. and Carter, G. T. 2005. The evolving role of natural products in
drug discovery. Nat Rev Drug Discov 4(3), 206-220.

Kuo, I, Saw, J., Kapan, D.D., Christensen, S., Kaneshiro, K.Y, and Donachie,
S.P. 2013. Flavobacterium akiainvivens sp. nov., from decaying wood of
Wikstroemia oahuensis, Hawaii, and emended description of the genus
Flavobacterium. Int. J. Syst. Evol. Microbiol 63, 3280 - 3286.

Kuznetsova, T. A. Besednova, N. N. Mamaev, A. N. Momot, A. P,
Shevchenko, N. M. and Zvyagintseva, T. N. 2003. Anticoagulant activity of
fucoidan from brown algae Fucus evanescens of the Okhotsk Sea. Bull Exp.

Biol. Med. 136(5), 471-473.

Laatsch, H. 2006. Marine bacterial metabolites. Frontiers In marine
biotechnology 225-288.

Lam, K. S. 2006. Discovery of novel metabolites from marine actinomycetes.

_60_



Curr. Opin. Microbiol 9(3), 245-251.

Li, A. H,, Liu, H. C. and Zhou, Y. G. 2016. Flavobacterium orientale sp. nov.,
isolated from lake water. Int. J. Syst. Evol. Microbiol

Lim, C. S, Oh, Y. S, Lee, J. K, Park, A. R, Yoo, J. S., Rhee, S. K. and Roh,
D. H. 2011. Flavobacterium chungbukense sp. nov., isolated from soil. Int. J.
Syst. Evol. Microbiol 61(11), 2734-2739.

Minnikin, D. E., O’donnell, A. G., Goodfellow, M., Alderson, G., Athalye, M.,
Schaal, A. and Parlett, J. H. 1984. An integrated procedure for the extraction
of bacterial isoprenoid quinones and polar lipids. J. Microbiol. Methods 2(5),
233-241.

Miyashita, M., Fujimura, S., Nakagawa, Y., Nishizawa, M., Tomizuka, N.,
Nakagawa, T. and Nakagawa, J. 2010. Flavobacterium algicola sp. nov.,
isolated from marine algae. Int. J. Syst. Evol. Microbiol. 60(2), 344-348.

Nedashkovskaya, O. 1., Balabanova, L. A., Zhukova, N. V., Kim, S. J., Bakunina,
I. Y., & Rhee, S. K. 2014. Flavobacterium ahnfltiae sp. nov., a new marine
polysaccharide-degrading bacterium isolated from a Pacific red alga. Arch
Microbiol. 196(10), 745-752.

Ngo, H.T., Kook, M., and Yi, T.H. 2015. Flavobacterium daemonensis sp. nov.,
isolated from Daemo Mountain soil. /nt. J. Syst. Evol. Microbiol. 65, 983 - 989.

Nogi, Y., Soda, K. and Oikawa, T. 2005. Flavobacterium figidimaris sp. nov.,
isolated from Antarctic seawater. Syst. Appl Microbiol. 28(4), 310-315.

Park, S. H.,, Kim, J. Y., Kim, Y. J. and Heo, M. S. 2015. Flavobacterium
jejuensis sp. nov., isolated from marine brown alga Ecklonia cava. J.
Microbiol. 53(11), 756-761.

PARK, Y. B, KIM, L. S., YOO, S. ], AHN, J. K, LEE, T. G., PARK, D. C. and
KIM, S. B. 1998. Elucidation of anti—tumor initiator and promoter derived from
seaweed-2: investigation of seaweed extracts suppressing mutagenic activity of
PhIP and MelQx. Kor J Fish Aquat Sci 31(4), 581-586.

_6"_



Pengzhan, Y., Ning, L., Xiguang, L., Gefel, Z., Quanbin, Z. and Pengcheng, L.
2003. Antihyperlipidemic effects of different molecular weight sulfated
polysaccharides from Ulva pertusa (Chlorophyta). Pharmacol Res. 48, 543-549.

Qi, H., Zhang, Q., Zhao, T., Chen, R., Zhang, H., Niu, X. and Li, Z. 2005.
Antioxidant activity of different sulfate content derivatives of polysaccharide

extracted from Ulva pertusa (Chlorophyta) in vitro. Int. J. Biol Macromol. 37,
195-199.

Qi, H., Zhang, Q., Zhao, T., Hu, R., Zhang, K. and Li, Z. 2006. In vitro
antioxidant activity of acetylated and benzoylated derivatives of polysaccharide
extracted from Ulva pertusa (Chlorophyta). Bioorg. Med Chem. Lett. 16,
2441-2445.

Riyanti, W. J. and Radjasa, O. K. 2009. Isolation and screening of antimicrobial
producing-Actinomycetes symbionts in Nudibranch. [Indones J Biotechnol
14(1), 1132-1138.

Rohit, A., Maiti, B., Shenoy, S. and Karunasagar, I. 2016. Polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) for rapid
diagnosis of neonatal sepsis. Indian J. Med Res. 143, 72-78.

Ryu, B. H., Kim, D. S,, Cho, K. J. and Sin, D. B. 1989. Antitumor activity of
seaweeds toward sarcoma-180. Korean J. Food Sci. Technology 21, 595-600.

Sasser, M. 1990. Identification of bacteria by gas chromatography of cellular
fatty acids.

Shin, S. K., Ha, Y., Cho, Y. J, Kwon, S.,, Yong, D. and Yi, H. 2016.
Flavobacterium gilvum sp. nov., isolated from stream water. Int. J. Syst. Evol
Microbiol.

Sivasubramanian K. Ravichandran S. and Vijayapriya M. 2011. Antagonistic
activity of marine bacteria Pseudoalteromonas tunicata against microbial

pathogens. Af. J. Microbiol. Res. 5, 562 - 567.

Smit, E., Leeflang, P. and Wernars, K. 1997. Detection of shifts in microbial

_62_



community structure and diversity in soil caused by copper contamination
using amplified ribosomal DNA restriction analysis. FEMS Microbiol. Ecol.
23, 249-261.

Staley, J. T. and Konopka, A. 1985. Measurement of in situ activities of
nonphotosynthetic microorganisms in aquatic and terrestrial habitats. Annu.
Rev. Microbiol 39(1), 321-346.

Tamaoka, J. 1986. Analysis of bacterial memaquinone mixtures by reverse—phase

high-performance liquid chromatography. Methods Enzymol 123, 251-256.

Tamura, K., Stecher, G., Peterson, D., Filipski, A. and Kumar, S. 2013. MEGAG®6:
Molecular evolutionary genetics analysis version 6.0. Mol Biol Evol 30,
2725-2729.

Taskin, E., Ozturk, M. and Kurt, O. 2007. Antibacterial activities of some marine
algae from the Aegean Sea (Turkey). Aff. J. Biotechnol 6(24), 2746.

Thomas T. Evans F. F. and Schleheck D. 2008. Analysis of the
Pseudoalteromonas tunicata genome reveals properties of a surface—associated
life style in the marine environment. PLoS ONE 3, e3252.

Tiedje, J. M., Asuming-Brempong, S., Niusslein, K., Marsh, T. L. and Flynn, S.
J. 1999. Opening the black box of soil microbial diversity. Appl. Soil Ecol 13,
109-122.

Urakawa, H., Kita-Tsukamoto, K. and Ohwada, K. 1997. 16S rDNA genotyping
using PCR/RFLP (restriction fragment length polymorphism) analysis among
the family Vibrionaceae. FEMS Microbiol. Lett. 152, 125-132.

Vynne N. G., Mansson M. Gram L. 2012. Gene sequence based clustering
assists 1n dereplication of Pseudoalteromonas Iuteoviolacea strains with
identical inhibitory activity and antibiotic production. Mar. Drugs 10, 1729 -
1740.

Wayne, L. G., Brenner, D. J., Colwell, R. R., Grimont, P. A. D., Kandler, O.,
Krichevsky, M. I. and Starr, M. P. 1987. Report of the ad hoc committee on

_63_



reconciliation of approaches to bacterial systematics. Int. J. Syst Evol
Microbiol. 37(4), 463-464.

Widjojoatmodjo, M. N., Fluit, A. C. and Verhoef, J. 1994. Rapid identification of
bacteria by PCR-Single-Strand conformation polymorphism. J. Clin. Microbiol.
32, 3002-3007.

Wiese, J., Thiel, V., Nagel, K., Staufenberger, T. and Imhoff, J. F. 2009.
Diversity of antibiotic—active bacteria associated with the brown alga
Laminaria saccharina from the Baltic Sea. Mar. Biotechnol 11, 287-300.

Wilson, K. 1987. Preparation of genomic DNA from bacteria. Curr Protoc Mol
Biol 2-4.

Xiao, Y. P., Hui, W. Lee, J. S, Lee, K. C. and Quan, Z. X. 2011.
Flavobacterium dongtanense sp. nov., isolated from the rhizosphere of a
wetland reed. Int. J. Syst. Evol. Microbiol. 61(2), 343-346.

Yoon, J. H,, Park, S., Kang, S. J., Oh, S. J, Myung, S. C. and Kim, W. 2011.
Flavobacterium ponti sp. nov., isolated from seawater. Int. J. Syst. Evol
Microbiol. 61(1), 81-85.

Zhang, G., Xian, W., Chu, Q., Yang, J., Liu, W., Yang, L. and Li, W. 2016.
Flavobacterium terriphilum sp. nov., isolated from soil. /nt. J. Syst. Evol
Microbiol.

Zhang, J., Jiang, R. B., Zhang, X. X., Hang, B. J., He, J, & Li, S. P. 2010.
Flavobacterium haoranii sp. nov., a cypermethrin-degrading bacterium isolated

from a wastewater treatment system. Int J. Syst. Evol Microbiol 60(12),
2882-2886.

_64_



VI. &A=

otz
Iy

1744 o

5 ©
skl

S AR o

A

ol

o
T

—

el
<

N

=3
"o

i
—_

)
Ao

7
oyt

=

Jmo

e

ol

N

oo
ofy

B

)

2] ol Al ZFARS]

9]

dharan3} 7 E ol &2 A Ao}

2=

St Ao

, Thvlok o

PN
T

Amy(2.5¢), Jamie(1 A <), #2, 3]

wol HHAM | avkeg).

ok, of

o] u

-
o

—_—
o

N

SRR

=
=

A

=
=

ol

_65_



	목 차
	List of Tables
	List of Figures
	Abstract
	Ⅰ. 서 론 
	Ⅱ. 재료 및 방법 
	2.1. 시료채집 
	2.2. 미생물의 분리 및 배양 
	2.3. 순수 분리한 균주의 DNA분석 
	2.3.1. 16S rRNA 유전자 증폭 
	2.3.2. 16S rRNA 유전자의 RFLP 분석 

	2.4. 염기서열 분석 및 계통학적 분석 
	2.5. 항균활성 탐색 
	2.6. UR11T 균주의 동정 
	2.6.1. 2.6.1. 계통분류학적 동정 
	2.6.1.1. 신종균주의 NCBI Genbank 등록 및 기탁 
	2.6.1.2. 16S rRNA 염기서열을 이용한 계통분석 
	2.6.1.3. DNA-DNA hybridization 
	2.6.1.4. DNA G+C content 

	2.6.2. UR11T 균주의 형태학적 동정 
	2.6.2.1. Gliding motility 및 그람염색 
	2.6.2.2. SEM 및 TEM 

	2.6.3. 생리학적생화학적 동정 
	2.6.3.1. 온도pHNaCl산소에 따른 생장특성 
	2.6.3.2. Catalase 및 Oxidase 
	2.6.3.3. 가수분해능 
	2.6.3.4. API 20NE 및 ZYM test 

	2.6.4. 화학분류학적 동정 
	2.6.4.1. Fatty acid 
	2.6.4.2. Polar lipid 
	2.6.4.3. Quinone 



	Ⅲ. 결과 및 고찰 
	3.1. 배양 가능한 미생물의 순수분리 및 PCR-RFLP 
	3.2. 16S rRNA 염기서열의 계통학적 분석 
	3.2.1. Ulva pertusa에서의 세균군집의 계통학적 특성 
	3.2.2. Ulva pertusa의 세균군집 분석 

	3.3. 항균활성을 갖는 미생물의 탐색 
	3.4. UR11T 균주 특성 
	3.4.1 계통분류학적 특성 
	3.4.2. 형태학적 특성 
	3.4.3. 생리생화학적 특성 
	3.4.4. 화학분류학적 특성 


	Ⅳ. 요 약 
	Ⅴ. 참고 문헌 
	Ⅵ. 감사의 글 


<startpage>13
목 차 ⅰ
List of Tables ⅳ
List of Figures ⅵ
Abstract ⅶ
Ⅰ. 서 론  1
Ⅱ. 재료 및 방법  4
  2.1. 시료채집  4
  2.2. 미생물의 분리 및 배양  4
  2.3. 순수 분리한 균주의 DNA분석  7
   2.3.1. 16S rRNA 유전자 증폭  7
   2.3.2. 16S rRNA 유전자의 RFLP 분석  9
  2.4. 염기서열 분석 및 계통학적 분석  10
  2.5. 항균활성 탐색  11
  2.6. UR11T 균주의 동정  13
   2.6.1. 2.6.1. 계통분류학적 동정  13
    2.6.1.1. 신종균주의 NCBI Genbank 등록 및 기탁  13
    2.6.1.2. 16S rRNA 염기서열을 이용한 계통분석  14
    2.6.1.3. DNA-DNA hybridization  15
    2.6.1.4. DNA G+C content  16
   2.6.2. UR11T 균주의 형태학적 동정  17
    2.6.2.1. Gliding motility 및 그람염색  17
    2.6.2.2. SEM 및 TEM  17
   2.6.3. 생리학적생화학적 동정  18
    2.6.3.1. 온도pHNaCl산소에 따른 생장특성  18
    2.6.3.2. Catalase 및 Oxidase  18
    2.6.3.3. 가수분해능  18
    2.6.3.4. API 20NE 및 ZYM test  19
   2.6.4. 화학분류학적 동정  20
    2.6.4.1. Fatty acid  20
    2.6.4.2. Polar lipid  11
    2.6.4.3. Quinone  22
Ⅲ. 결과 및 고찰  23
  3.1. 배양 가능한 미생물의 순수분리 및 PCR-RFLP  23
  3.2. 16S rRNA 염기서열의 계통학적 분석  24
   3.2.1. Ulva pertusa에서의 세균군집의 계통학적 특성  24
   3.2.2. Ulva pertusa의 세균군집 분석  35
  3.3. 항균활성을 갖는 미생물의 탐색  40
  3.4. UR11T 균주 특성  43
   3.4.1 계통분류학적 특성  43
   3.4.2. 형태학적 특성  48
   3.4.3. 생리생화학적 특성  49
   3.4.4. 화학분류학적 특성  52
Ⅳ. 요 약  55
Ⅴ. 참고 문헌  57
Ⅵ. 감사의 글  65
</body>

