Korean Journal of Microbiology (2012) Vol. 48, No. 4, pp. 328-331 | C}
DOI http://dx.doi.org/10.7845/kjm.2012.056
Copyright (©) 2012, The Microbiological Society of Korea

o o
1 = = =
GLTsD MHTsIIT L ST
2 = =
SUtisn YIS

Marine Prokaryotic Diversity of the Deep Sea Waters at the Depth of
1500 m Off the Coast of the Ulleung Island in the East Sea (Korea)
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Microbial diversity in the 1500 m depth sea waters off the coast of Ulleung island of the East Sea, Korea, was
investigated. Genomic DNAs were extracted directly from the marine microbes filtered through ultramembrane
filters. Pyrosequencing of 16S rDNAs of these microbes resulted in 13,029 reads, of which uncultured bacteria
consisted of 54.1%, alphaproteobacteria 23.4%, and gammaproteobacteria 22.3% Other classes such as
flavobacteria, actinobacteria, and epsilonproteobacteria were distributed within 0.2% of total reads. Among the
cultivable bacteria, it was found that Rhodobacteraceae family of alphaproteobacteria, Alteromonadaceae,
Halomonadaceae, and Piscirickettsiaceae families of gammaproteobacteria were mostly distributed in the deep-sea

waters.
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2011; Kim et al., 2012a). S2Z A= 2241 1500 m 2|29] 5]
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Buoi o S| el et olsls et Holc, 4]
el S sfenlAlE F3le] Al Thetelel shekea e
U A2 Bau AR EE 52 s A% Aol ==
o] & 4 QIth(Heidelberg et al., 2010; Imhoff et al., 2011,
McGenity et al., 2012). B dA3= 2% Hoto] djoFilZ4]
HASRE v YRR BEE ofsfel] $Isko] 165 RNA gene
g 71z 7 250 SEshe @714 L pyrosequencing 1
ez ZAste] 1500 m Asfol] EAsh= sigm =] AeE
25 ZABFHAtH Weber et al., 2010; Hong et al., 2011).
sfepaEa AL 20008 580 4 1500 mol A 23He
220 APUBSE g DAELAE B
20 LE 3t A9 Ultramembrane filter (cutoff 10,000 Da, Millipore)
of Jatstod A =kt e R Sabd n|FELH Y U
E=E 9}os}7] ¢J8}o] Transmission Electron Microscope (TEM)




Z A& 1] 7 (Model H-7600, Hitachi)-2 AM-5FA th(Fig. 1).
Ultramembrane filtero]] ] 3}% &} u| A E-E Genomic DNA
kit (Qiagen)& ARE-3to] n|AYEL S| DNAE £ 3 A5t}
Primers= H|AJEE2] 16S tRNA gene?] V3G gL SE3 4
Q= 27F (5-AGTCACTGACGAGTTTGATCMTGGCTCAG-
319} 518R (5-AGTCACTGACWTTACCGCGGCTGCTGG-
32 ARESIYT) Polymerase Chain Reaction (PCR) A2
10X buffer 5 pl, 10 mM dNTPs 1 pl, DNA template (100 ng) 1 p,
Taq polymerase (5 U/ul Roche, USA) 0.25 pl, 20 pmole/ul
primers (forward/reverse) 2 pl& @1 & £37} 50 7} =5
ZA3}F k. PCR -2 95T oj| A 557L pre-denature A]7] &,
denaturation (94°C, 45%), annealing (55°C, 60%), extension
(7127C, 90%) TAIE 353 ¥HESIIt $=H PCR A=Y
pyrosequencing 5-41-2 Macrogen ()04 £=3J5}%.0m, 0| Y&
£9] 16S rDNA sequence+= National Center for Biotechnology
Information (NCBI) BLASTE ©]-&35}o] DNA database2} 97%
olde] FAREE BEFEE ATt Phylogenetic treeE ¢
3t multiple alignments:= MEGAS5 (Molecular Evolutionary

Genetics Analysis; http://www.megasoftware.net/mega.php) 2]
maximum-parsimony algorithm-& ©]-&3}it}.

P Zao] RIS nYRE] 165 RNA S04
Esto] Aozl F13,029709] 71X G ARE BT A, &5
= A9 9] l|9415(1500 m)of| AA8H= mlAEES uncultured
bacteriaZ} 54.1% 2 IS 2}A]5}91 2.1, alphaproteobacteria
2} gammaproteobacteriaZ} Ztz} 23.4% 9} 22.3% 2 H]|<23 B]&
2 Bxat9chFig. 2).
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gammaproteobacteria 47} £7}5}o] alphaproteobacteria®}

Figa-4-M.ELE m—
Figl 500 nm

Print Mag: 1140x @ 7 mm HY=80.0kV

Direct Mag: 3000x
AMT CamaTa System

Fig. 1. Transmission electron micrograph of microbes at the 1500 m
depth sea waters off the Ulleng Island of the East Sea.
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gammaproteobacteria H]|528}A| H3EZ 35} th(Bolhuis and Stal,
2011). 5529 9] vith(Arctic Ocean) 2} -23}3t 2| 4 9] Hlrho|
AAlehe g ES] 22 fRE SAE A2 BIuEct
(Galand et al., 2009).

HjFo] 7He3t #5294 16S rRNA F32L JRE FHO2
=Y AFHST AFH AG9 Y| BEY] HHEZE A
B, NA S 23135t A 99| Z4o] go| £ExFIAL Jl= AR
&2 A] QlE= alphaproteobacteria®l Rhodobacterales=(Order)©]
% reads3~9] 15.6%2 71 @o| YEldtHDang et al., 2008;
Slightom and Buchan, 2009). 71 th-2-2 gammaproteobacteriaQl
Alteromonadales, Oceanospirillales, Thiotrichales, Pseudomonadales,
Vibrionales® 42 2 Worow, 7| th2 o ddst= q|AY
EE520.2% o)ste] EXE HFrH(Table 1).

A& £574 Z B(Orden)] 3|Fot= nBEES] HEA
BE thA] &(Genus) 22 Al &S] £ EH, 5% ALY
Alafjof] A&)3}= alphaproteobacteria®l Rhodobacterales®
o= Roseovarius sp. (63.2%), Roseobacter sp. (14.2%),
Rhodobacter sp. (8.0%) +0.2 Wk, 7|€} Loktanella sp.
(6.3%), Sulfitobacter sp. (2.4%), Octadecabacter sp. (2.3%),
Phaeobacter sp. (1.1%), Thalassobius sp. (0.8%), Paracoccus
sp. (0.6%), Ruegeria sp. (0.5%), Leisingera sp. (0.2%),
Marinovum sp. (0.1%) 52 0 2 E3x3}%th

Gammaproteobacteria?] Alteromonadales=- 50l+= Marinobacter
sp. (78.5%)7} 7V& weron, 7|€t Teredinibacter sp. (9.0%),
Colwellia sp. (5.8%), Moritella sp. (3.2%), Alteromonas sp.
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Fig. 2. Marine prokaryotic diversity at the 1500 m depth sea waters
off the Ulleng Island of the East Sea (total reads=13,029).
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Table 1. Diversity of cultivable bacteria at the 1500 m depth sea waters off the Ulleng Island of the East Sea (total reads = 13,029)

Class Order Family Genus % of total reads

Alphaproteobacteria Rhodobacterales Rhodobacteraceae Roseovarius 15.56
Gammaproteobacteria Alteromonadales Alteromonadaceae Marinobacter 7.83
Gammaproteobacteria Oceanospirillales Halomonadaceae Halomonas 2.80
Gammaproteobacteria Thiotrichales Piscirickettsiaceae Cycloclasticus 1.48
Gammaproteobacteria Pseudomonadales Moraxellaceae Psychrobacter 0.58
Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 0.46
Alphaproteobacteria Sphingomonadales Sphingomonadaceae Sphingopyxis 0.20
Alphaproteobacteria Rhizobiales Rhizobiaceae Rhizobium 0.19
Flavobacteria Flavobacteria Flavobacteriaceae Tenacibaulum 0.05
Alphaproteobacteria Rhodospirillales Rhodospirillaceae Thalassospira 0.05
Betaproteobacteria Hydrogenophilales Thiobacillus Thiobacillus 0.04
Actinobacteria Actinomycetales Corynebacterineae Nocardiaceae 0.03
Gammaproteobacteria Xanthomonadales Xanthomonadaceae Lysobacter 0.01

(2.4%) Saccharophagus sp. (0.8%), Shewanella sp. (0.2%),
Microbulbifer sp. (0.1%) 5°] ZA5FRt}. Marinobacter sp.=
Al g T okt sl oA AAlshe e HE ARE
Bag Seo] gl F2 walHrkKaye ef al., 2011; Wang
etal.,2012).

OceanospirillalesZ o= 3}|4=2] salt stressof| UjAdo] 733t
Halomonas sp. (49.9%)7} 714 @kal, Y-4(crude oil)2] long
chain alkanesE & E3lst= Ao Z A A Alcanivorax sp.
(30.0%)°] FHA 2 WAtHKumari ef al., 2011; Ceylan et al.,
2012). 7]€} th2 &8 Marinomonas sp. (6.9%), Neptunomonas
sp. (4.4%), Oceanobacter sp. (3.6%), Oceanospirillaceae sp.
(3.6%), Cobetia sp. (1.7%) «-2.2 E L3}t

Thiotrichales® o= ¥fol =34 YFF3t B4 &
Haflol= A o2 AFHA Cycloclasticus sp. (99%)7}F T)H-E0]31
t(Teramoto et al., 2010). PseudomonadalesZl= #-&(-10°
~ 42°C) A M = 2 AAAE 4= Q1= Psychrobacter sp. (40.0%)7}
LK 012031, 7€} Pseudomonas sp. (37.3%)2} Acinetobacter
sp. (22.7%)7} th BESFFTHKim et al., 2012b).

VibrionalesZol= oyster pathogen®.2 2 &&HA Vibrio
splendidus (28.3%)7} 8-F0IeH, UHA= hREE Fol
AHR|R] Q2 Vibrio sp. (71.7%)©] 1K Duperthuy et al., 2011).

7 BE0] B 7}e] 7P SHaHE (genus)9] 165 DNA
reads F7]| 4 B3 AH8-5H0] A5 (pylogenetic tree) S 28I
ot} AZx BA4o| 2JPH Marinobacter®} Tenacibaculum<s 15
| Halomonas, Psychrobacter, Thiobacillus, Cycloclasticus, Vibrio
2 7155, Thalassospira, Shpingopyxis, Rhizobiales, RoseovariusZ; 71
I & AolE EATHFE. 3). 5= A5 AFHAGAA
$AFE Holn e ol SYmABESS nitrogen, iron,
methane, sulfur 52 o|-&3t= 7|4 FFU A4 FFE0)
H g2 AR oAz o] EEstaL UrkSylvan er al.,
2012). o]8l A= £FE Aode] AajalAo] the Aol 45
#7327 A gk AR olek AL olulat,

22 o7 SEFEY A FTrole vl 7Hdt | E
Z X+ alphaproteobacteria®} gammaproteobacteria”} Z+2+ 20%
Arg HES o]F1 e, 7|} beta-, delta-, epsilon-

proteobacterial} actinobacteria, bacteroidetes, flavobacteria,

0.0o—E—— dbj|AB305234.1] Halomonas sp.(Oceanospirilales)
0.03 0.08 gb|FJ457285.1| Psychrobacter sp.(Pseudomonadales)
003 _% g(?LGOQB45342.1| Cycloclasticus sp.(Thiotrichales)
0.03 - emb|FN436277.1| Vibrio splendidus(Vibrionales)
0.02 [ 004 gb|EU653291.1| Thiobacillus prosperus (Hydrogenophilales)
0.05 0.12 gb|EU185297.1| Uncultured Lysobacter sp.(Xanthomonadales)
0.09 gblEU864264.1| Thalassospira sp.(Rhodospirillales)
0.03 005 dbj|AB294946.1| Uncultured Rhizobiales bacterium (Rhizobiales)
o o.11 gb|GQ243422.1| Roseovarius sp.(Rhodobacterales)
0.02 0.08 dbj|AB524074.1] Sphingopyxis sp.(Sphingomonadales)
0.14 gb|GQ495659.1| Nocardiaceae bacterium (Actinomycetales)
o0 0.06 gb|EU753120.1| Marine bacterium (Alteromonadales)
0.16 L 008  emb|FN545354.1] Tenacibaculum sp.(Flavobacteria

s}
001

Fig. 3. Neighbour-joining tree based on 16S rRNA gene sequences, showing the phylogenetic relationship among the orders of cultivable
bacteria at the 1500 m depth sea waters off the Ulleng Island of the East Sea. Bootsrap values are shown at branch points. Bar, 0.01 substitutions
per nucleotide position.
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