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ABSTRACT: To study the halobacterial diversity at the rhizospheric soil of coastal plant native to Dokdo islands, several host plant were
selected and its rhizospheric soil was sampled. Soil sample was diluted serially and pure isolation was done by sub-culture using
marine agar media. 26 halophilic strains cultivable at the marine medium containig concentration of 9.0% sodium chloride were selected
among total 161 isolates. Their partial 165 rRNA gene sequences extracted from genomic DNA were analyzed and partially identified.
Furthermore, to identify their genetic relationship, phylogenetic tree was deduced. Total 26 strains were belongs to Firmicutes (30.8%),
Gamma proteobacteria (53.8%), Bacteroidetes 7.7%), Alpha proteobacteria7.7%), and Actinobacteria(7.7%). These results showed the
specific difference from previous researches which has been reported the microbial flora of soil or sea water around the Dokdo islands.
Furthermore, 4 among 26 halophilic strains grew at above 12.0% NaCl concentrated marine broth, and 2 strains /diomarina abyssalis
LM4H23 and Halomonas huangheensis AS4H13 grew at 15.0% concentration. These halophilic strains thought to overcoming the severe
stress like high salt concentration or variation derived from Dokdo-specific climate and might have unknown, specific relationship with

their host coastal plant native to Dokdo islands.
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Table 1. Partial identification of marine halophilic bacteria isolated from the rhizosphere soils of three coastal plants native to Dokdo islands

Plant .Closest relative Isolates name Accession T Similarity
code based on partial 16S rRNA gene sequences No. (%)
Oceanobacillus iheyensis HTE831T AB010863 Oceanobacillus iheyensis SO4H21 KP706804 Firmicutes 100.00%
Bacillus aryabhattai BSW22T EF114313 Bacillus aryabhattai SO4H51 KP706808 Firmicutes 100.00%
Oceanobacillus iheyensis HTE831T AB010863 Oceanobacillus iheyensis SOAH62 KP706805 Firmicutes 100.00%
50 Oceanobacillus picturae LMG19492T AJ315060 Oceanobacillus picturae SO4H71 KP706806 Firmicutes 99.93%
Kytococcus sedentarius DSM20547T X87755 Kytococcus sedentarius SOSG151 KP706821 actinobacteria 99.93%
Staphylococcus haemolyticus ATCC29970T L37600  Staphylococcus haemolyticus SO6G13  KP706822 Firmicutes 99.78%
Salinicola socius SMB35T DQ979342 Salinicola socius LM4H21 KP706809 gamma proteobacteria 99.70%
Idiomarina abyssalis KMM227T AF052740 Idiomarina abyssalis LM4H23 KP706811 gamma proteobacteria 99.85%
Halomonas huangheensis BIGMM-B45T JQ716246  Halomonas huangheensis LM4HS3 KP706812 gamma proteobacteria 100.00%
Halomonas cupida DSM4740T 142615 Halomonas cupida LM4H63 KP706813 gamma proteobacteria 99.55%
M Salinicola socius SMB35T DQ979342 Salinicola socius LM4HT72 KP706814 gamma proteobacteria 99.93%
Salinicola socius SMB35T DQ979342 Salinicola socius LM4H73 KP706815 gamma proteobacteria 98.66%
Leeuwenhoekiella marinoflava LMG1345T AF203475 Leeuwenhoekiella marinoflava LM4G53 KP706823 bacteroidetes 98.95%
Salinicola socius SMB35T DQ979342 Salinicola socius LM4G72 KP706824 gamma proteobacteria 99.03%
Paracoccus saliphilus YIM90738T DQ923133 Paracoccus saliphilus LM4G82 KP706825 alpha proteobacteria  98.50%
Halobacillus alkaliphilus FPST AM295006 Halobacillus alkaliphilus LM4G111 KP706826 Firmicutes 98.69%
Idiomarina baltica OS145T AJ440214 Idiomarina sp. AS4G63 KP706827 gamma proteobacteria 96.04%
Joostella marina DSM19592T JH651379 Joostella marinaAS4G71 KP706828 bacteroidetes 99.92%
Idiomarina loihiensis L2ZTRT NR074933 Idiomarina loihiensisAS4G81 KP706829 gamma proteobacteria 99.70%
Bacillus berkeleyi KMM6244T IN187498 Bacillus berkeleyi AS4G101 KP706830 Firmicutes 99.63%
AS Halomonas huangheensis BIGMM-B45T JQ716246 ~ Halomonas huangheensisAS4H13 KP706816 gamma proteobacteria 100.00%
Bacillus megaterium IAM13418T D16273 Bacillus megateriumAS4H22 KP706817 Firmicutes 99.85%
Halomonas sulfidaeris ATCCBAA-803T AF212204  Halomona ssulfidaeris AS4H24 KP706818 gamma proteobacteria 99.55%
Idiomarina baltica OS145T AJ440214 Idiomarina sp. AS4H25 KP706807 gamma proteobacteria 95.97%
Salinicola salarius M27T AM229316 Salinicola salarius AS4H43 KP706819 gamma proteobacteria 99.27%
Halomonas huangheensis BIMGMM-B45T JQ716246 Halomonas huangheensisAS4HS51 KP706820 gamma proteobacteria 100.00%
S v)a 2 B A9 tHMaidak ef al., 2000). 1 A3}, 26719 2. Joostella 2:0) A TS 2 27HA] HI1E E5 S0 ol 3
SAFES Bel host planto] Aol ZA 4 B 4 v]AEA Tl ATl A BelE Ho] glthleon er
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Table 2. Taxonomic composition of marine halophilic bacteria isolated
from the rhizosphere soils of three coastal plants native to Dokdo islands

. Rati
Phylum Genus Species Number 10
(%)
iheyensis 2 7.7
Oceanobacillus
picturae 1 3.8
aryabhattai 1 3.8
Firmicutes Bacillus berkeleyi 1 3.8
megaterium 1 3.8
Staphylococcus ~ haemolyticus 1 3.8
Halobacillus alkaliphilus 1 3.8
socius 4 15.4
Salinicola
salarius 1 3.8
abyssalis 1 3.8
gamma Idiomarina baltica 2 7.7
proteobacteria loihiensis 1 3.8
huangheensis 3 11.5
Halomonas cupida 1 3.8
sulfidaeris 1 3.8
Leeuwenhoekiella  marinoflava 1 3.8
bacteroidetes
Joostella marina 1 3.8
dipha . Paracoccus saliphilus 1 3.8
proteobacteria
actinobacteria Kytococcus sedentarius 1 3.8

= &, et S G4 A1 nE B EAE Ao A2t
FtH(Sung and Ghim, 2010).

25 DNARRE 24 E A7]4 D3} do]efH] o] Aof A
Dolxl A7 ES FATA 2l $I8f partial 16S rRNA
gene sequence %92 Clustal X program .2 T4 &
BioEdit Sequence Alignment Editor& ARE-3|A A7 A ES
A=} AE 3} Mega 6.0 Neighbor-Joining ¥ 7} Kimura
2-parameter A2 0|-85}10] Al54E 251 T Felsenstein,
1985; Saitou and Nei, 1987). 71 A3} Site 1 2] W23 L8 L
FHECFO| X = Firmicutes 50 tF52-8 2pA| 819 04, @
59 Site 2, 39 s W ARG ZH, FRESANA=
Gamma proteobacteria’} FZ B3 3H= 7] © & LJE}it} o]
£ 28 sfok4lEolela SHEI ek host planto]] whe} Eo] %ol

B 5olARl FE0] EESHL Y3 HolErh 2 E A at
= IAIglo], & 14709 S HATF7} Gamma proteobacteria

=

&35H= A © 2(53.8%), 8712] 57} Gram-positive, low
G+C contents 2] EA-2 7}Z] Firmicutes 5ol &3l= Ao =2
(30.8%), 271 He]+o| Bacteroidetes F-ol|(7.7%), Alpha
proteobacteria @} Actinobacteria 201 22} 1 7)) #5(3.8%) 7}

S5he 3103 ek, AuEE 0 2 2t 33 S os) &
2] == phylum-2 £ 2 31 sfelS ¥ o] =t]] 3i5=0l| 4| +=Alpha,
Gamma proteobacteria 2.2 WAL= 7] © 2 (Felsenstein,
1985; Cho and Azam, 1988; Gonzalez and Moran, 1997;
Cottrell and Kirchman, 2000a, 2000b), 730y 4~ 5 H<4=3
ZAo|X+= Beta proteobacteia’}, |F XA o X+= Delta
proteobacteria?} F2 B2 E=Z 0 & B 1% 31 QT Amann
etal., 1995; Cho and Azam, 1988; MEthé et al., 1998; Cottrell
and Kirchman, 2000b; Lee et al., 2008; Kim ez al., 2014). T3+
Yeu Ael Gy 22 S8 s ollAe 2
Epsilon proteobacteria 7} 2]l ti(Campbell et al., 2006). T
gt 53] 7129 5 2 B4 Aol SETE s
oflAl= T HTS Eelsh] flgui o] ofd YRbA I &=
=88] vl x| 2 A marine broth &2 tryptic broth $HHjX]| &
ggotlon, AmA eaeief s AR T2 =2 Gamma,
Alpha proteobacteria <=2 .2 E-2| 51 O U(Jeon et al., 2009;
Sung and Ghim, 2010), & Aol A FIE 3|4l & Lol 4] A8
Z3= 5 HA AlAES 2.3]2 Gamma proteobacteria, Firmicutes
o ¢o® BEETy ESE Aol Azl
tryptic broth SHHHIA| & AME-8}o] 2] & AAIRE AR 7]
& 5 B A= Firmicutes 79 Al+HE0] A5 w2l ==
A2 A, flolA] Age & & ool = vl aws) & o of
X5 Bacillus, Paenibacillus w57} 552 2 X]3l9d 4
SiJeon ef al,, 2000)9}= W3] ThE B & 2L Ko
I Qlek ol HE AidAlE oA LHEL] EejulA|
0|83 T AT HEE AT 2 Aol H o) ol nlgt
t}h. £3] Fig. 29] phylogenetic treeol] A E, & ATLof| A B
% FFET AFFA 0] =2 EE S (type strain) Bacillus
aryabhattai, Bacillus megaterium -2 25 YA 1 A A] G
=9} AR o] = HFFolw, Oceanobacillus iheyensis,
Oceanobacillus picturae 52 == 3|11} -S-ASE 2 -S H o
= SQt Akglo] Aok sitE ol A we] HalE 50|
tHLee et al., 2006,2012; Lu et al.,2001; Siddikee et al., 2010;
Kang et al.,2014; Porcel et al., 2014). S-2| U2} LHHA Q1 3Qt
TR o= FAE ket A, 7F0] 84t F-A]of] Al Al5hH= 4]
S0 A ESE AFE A7 U S WH(Kim et al.,
2005; Lim et al., 2006; Seo et al., 2012; You et al., 2012), 32t
o] FAT AAE o]H] Wl B S0 shdeb vl
ok Aol Al 2] ek A8 vl Aol Tt el o] o]
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Table 3. Growth section of halophilic Dokdo bacteria in MB medium containig serial concentration of NaCl from 3.5%to 20.0% Red line shows the criteria
for classification of non halophile, slight, moderate and extreme halophile (Kusher, 1985).

NaCl Percentage (%) below the 3.5% 5.0% 7.0% 9.0% 12.0% 15.0% 20.0%
Molarity (mol/L) below the 0.60M  0.60M  0.86 M 1.20M 1.54M 2.054M 257M  342M
02M
non halophile -
02M 0.5M
slight halophile
Kushner
(1985) 0.5M 25M

moderate halophile

extreme halophile

1.5M 52M

1. abyssalis LM4H23 (Fig.1A)

H. huangheensis AS4H13 (Fig.1B)
Dokdo

isolates .
S. socius LM4H73 (Fig.1C)

H. sulfidaeris AS4H24 (Fig.1D)

2.57TM

2.57TM

2.054 M

NaCl (sodium chloride) 2] ‘=5 Z} H]
el oFS- A A3} th(Kushner, 1985). 015 $]8f 7|4l 2] &
4] 250 m1 2] marine broth YA Wi 2| & AE-3}% 0™, 242} ¢
H5 25 Table 30 TA|H vho] kel 243}0] 121C 15 b2
e7ek g 3 W sto] skl 2 Atk A
2671 #FE 717+ 10 ml Q] marine brotho]] 28+ 5 25C o] &
16 A7 5QE180 rpm & & uf ket &, thefgt R s 2
gl Hafekdol 1 miy-E gEate] 25°CollA] 180 rppm ©.
24 X7t 5o Xl S AAISHA T 22 HE $, 12048
vl el 21200 pl A2 F5ke] 660 nm ahgo A S =
Flom, o] 5 e g disE = growth
curve2 2514 th(microtiter plate reader at 580 nm, Merck
Co.) (Park and Jeong, 1996). 71 A1}, 2645 Zo| A 2245
L NaCl %1 9.0% (1.54 M) 742|119k A2 2 22 2] 0] 71519
o, UHX] 47 52 Halomonas sulfidaeris AS4H24,
Salinicola socius LM4H73, Idiomarina abyssalis LM4H23 3}
Halomonas huangheensis AS4H13 w5 12.0% G50 A
7FR| AR 7158t 15 5 H. sulfidaeris AS4H24-2 A
QPR U A 37 3t 541= 15.0% 5ol A S-4151H31 2.1, 20.0%
ol A= 47) 5 F Z4J0] o] 2o] ) o= 0.2 P

_I_.Fﬂ

il _llbL
A 1@
s
ol
xR of
lo 4
(T Y

S

=2l Al Als1d AllE

itk Fig. 194 o]& 47 #52] growth curveE H, S.
socius LM4H23 w52] 74 3.5%0] 4] 15.0%7}A] 34+ ¢35t
FIo A Aol 7s sk th(Fig. 1A). B3 s 9.0%°]
A 2 AE ol A eF F-AFRE AZFT) 9] lag phase & H 31L&
L}, 12.0%-15.0%09]| 4] F-E]+= lag phase”} 2-31}] A oj% 0.1,
X X|3] stationary phase 2 ol == A 02 UEMITE 5%
20.0%714] 271515 tholl e AVRBHA] ok A0 Leh
WthFig. 1A). H. huangheensis AS4H13 4-552] S-S, socius
LM4H23 «F9} 712491 lag phase= -J-A}SFAL, HA] 3.5-
15.0%7H4] 33 913t Hseol A S4]o] 7hsshlth A5 =
9] A(3.5%) | A H.th=7.0% W ] G50l 4] stationary phase
(12 o]l 9 =erahs 0 2 PAE|9ITHFig. 1B). 1ot
12.0% o]4F2) @5 E A= lag phase7} 4 45| Aol .on]
£73] 15.0% FIEof| A= 4] 4| 3] stationary phaseZ Jo] ==
702 e 20.0% 50l A H o) 4 F41517) 2}
ATt S. socius LMAHT73 w-52] 7% 71221 9] lag phase (6 h)
oAl & FE oA ETE 7.0%, 9.0% HE=olA 23]
stataionary phaseo] ] 23}tk 1Eu} 12%0] 4= W
2 A5 =5 lag phase”} Ao A= kS Hl o, 3.5%
o] 4] .t} stataionary phaseo]] & =gsl= 7 0 2 Lpelyth
15.0% A5 o A= E2 5o A E.t}exponential phase ]|
A curve7h 18] Z7FSHA 0L, Agro] 7R Ao B
EIK(Fig. 1C and D). 015 2 T2 20.0% o] A= AJA-S 317
Boh= A0 2 el H. sulfidaeris AS4H24 H-522] 74 $-



A) Growth curve of LM4H23 strain

OD Value (660 nm)
s
s}

Time (h)

——35% —W5% —4T7% ——9% —H—12% —0—15% ——20%

© Growth curve of LM4H73 strain
0.12 4

0.10 +

0.08 -

0.06 -

OD Value (660 nm)

0.04

Time (h)
——35% —W=5% —4&—7% ——9%% ——12% —0—15% ——20%

(B)

Growth curve of AS4H13 strain

OD Value (660 nm)
o
o
IS

Time (h)

—4—3.5% —8=5% —A—T7% ——9% ——12% —0-15% ——20%

(D) Growth curve of AS4H24 strain

0.14 -
0.12 -

0.10 -

OD Value (660 nm)

Time (h)
——3.506 —W=500 —A—T0 =—==00p =—4=120% =—0—150 -——200%

Fig. 1. Growth profile of halophilic bacteria in MB medium containig serial concentration of NaCl from 3.5%to 20% Biomass was spectrophotometrically
measured during 24hr incubation. A) . abyssalis LM4AH23; B) H. huangheensis AS4H13; C) S. socius LM4H73; D) H. sulfidaeris AS4H24.

I A] 7]:221 Q1 lag phase (6 h) ol A W= ¢ 5T of| A 2T} 7.0%,
9.0% G5 oj|A 23] stataionary phaseo] #a] =513
ok 22U 12%0 A = W3- H-5 = ot lag phase7}F A o] A=
A3 H o, AF oA R} =2]A stationary phase]]
Eeholrh 15.0% A5 ol Aol Al F4I51) Eohe 7%
o Bk ARHOR S socius LMAHT3 (Fig. 1C) 2 H.
huangheensis AS4H13 (Fig. 1B) 52 79~ 12.0% n]qto]
A\, H. sulfidaeris AS4H24 (Fig. 1D) o+5=2] 74-9-9.0% ©]3}<]
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chE Tk ey ol S50 sl f-eF BAglel,
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Fig. 2. Neighbour-joining phylogenetic tree based on partial 16S rRNA gene sequences showing the positions of marine bacteria and representatives of other
species related taxa. Only bootstrap values (expressed as percentages of 1000 replications) greater than 70% are shown at branching points. Staphylothermus
hellenicus DSM 12710 (GenBank accession number, NR 074532) was used as an outgroup. Bar, 0.05 substitutions per nucleotide position. The marine
halophilic bacteria isolated from rhizosphere soils of coastal plants (A) S. oryzifolium; (B) L. mauritiana; (C) A. spathulifolius.
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