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Recently, the development of various culture-independent identification techniques for environmental microbes
has greatly enhanced our knowledge of microbial diversity. In particular, denaturing gradient gel electrophoresis
(DGGE) of 16S rDNA fragments, generated using the polymerase chain reaction (PCR) is frequently used
to examine the diversity of environmental bacterial populations. This method consists of direct extraction
of the environmental DNA, amplification of the 200-600 bp 16S rDNA fragments with universal primers,
and separation of the fragments according to their melting point on a denaturing gradient gel. In this study,
we investigated the seaside microbial community in coastal areas of Busan, Korea, using culture-independent
techniques. First, marine genomic DNA was extracted from seawater samples collected at Songjcong,
Gwangahn, and Songdo Beaches. Then, PCR was used to amplify the bacterial 16S rDNA using universal
primers, and DGGE was used to separate the amplified 500 bp 16S rDNA fragments. Finally, the tested
16S rDNA genes were further analyzed by sequencing. Based on these experiments, we found that DGGE
analysis clearly showed variation among the regional groups. It can be used to monitor rapid changes
in the bacterial diversity of various environments. In addition, the sequence analysis indicated the existence
of many unculturable bacteria, in addition to Arcobacter, Pseudoaltermonas, and Vibrio species.
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B b A VABCIAT HZ EAAEFHY TeEe
Az I EAE 47 FAHE At} (Rodriguez-Valera,
2002; Rondon et al., 2000). 7L % Denaturing Gradient Gel
Electrophoresis (DGGE), Temperature Gradient Gel Electro-
phoresis (TGGE), Random Amplification Polymorphic DNA
(RAPD), 18]35 Restriction Fragment Length Polymorphism
(RFLP) 52 A= 73 9 & £4 gol] &85 sl=r),
£3] DGGEE 32 %9 DNAE PCRE ZZ3la FZ3
DNAE ©]&3oz2n F UdAde of LA A
U= WEo g AdeiA Qlth (Famteiter et al, 2004). o] ¥L
A AT T8 AERE AMEHI U= 16S 1DNA F 9
universal primer set® &3 U2, -2 (65C)3 A ureath
formamide9t & HAAE 7 Ao 24 DNA TH
@71z e Tm %k (melting point)e] 5ol o) & &
A9} @7) RoAAE Eel7t /P58 DGGE & gold] 54
olg-3te] el band] ol B2t AE o] £FE F Fe
AATS b BAY O™, 2t AR 1] DGGE
band® MY S, $HET FolFe] 7ol st
(Muyzer et al.,, 1993; Nakgawa et al., 2002; Watanabe et al.,
2001).
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3EHE genomic DNAS £23}7] 995t 20063 3L}
6ol F4 A U £, 39, $4 5o oz RE
ESFFE 13 24 214 AFHsar

8l =2 FE{2] genomic DNA =&

A a5 2L A9t FekaAS o) 838k 022 4m pore
size®] membrane filter (Millipore, Ireland)2 A7) Z,
membraneS A FE}A DNA extraction buffer (100 mM
Tris-HCl [pH 8.0], 100 mM sodium EDTA [pH 8.0], 100 mM
sodium phospate, 1.5 M NaCl, 1% CTAB)E 3 7}3}o] s}t
St TR 50 L proteinase K (20 mg/mL)S ] 2]3ta] 225
pm, 37°C ] WRk7|o) A 3083t W-2-8}31, 10% SDS 3 mL&
A7rske] 65Tl A 147 B¢k ¥4 THE-¢l] 10,000 rpm,
1027 AAEY 3to] FEAS FANY. 2 3 F2o
24:1 ¥1&-¢] chloroform¥} isoamyl alcohol EFE-S Y31 4,000
rpm, 103 FF FAE-I o2, A5 H) 0.7 volumesS]
isopropanolS ¥ I 4,000 rpm, 108 < THA] A4 EE 51
AEAs e WAY, HFHOF 70% ethanol 2 A8}
B 208 4R 31y dFAs we Y & Fe
AAZE F7] FolA AXAA 500 4L FFFol el 4T
o BAspaA o Add AMEok

Polymerase Chain Reaction (PCR)

2 HE 225t 2L marine DNA A £5 template=
3}l bacterial universal primer set¢] bact-0008-f (5-AGAGTT-
TGATCCTGGCTCAG-3"%} bact-0536-r (5'-GWATTACCGC-
CG-3") primer (Wimpenny et al,, 1983)% ©]&-3}e] T}S3} 2-&
Z79A PCRE YA 95TolM 58 F pre-
denaturation §F ¥, 95T A denaturation 1%, 65T o)A
annealing 13, 72°Cl|A] extension 1% 3 20 cycle ¥H-E-3}
= ©] W, annealing €5 1 cycle?}t} 0.5CH 7+435)4
HF 55C7HA touch downdtom, AZaix 95T A
denaturation 147, 55C oA annealing 18-, 72°Col|A] extension
12 FA-E 15cycle B W83 & 72°ColA 58 52 post-
extension 3tATH DGGEE Z18Y3}7] 98|+ GC clamp7}
Z&H PCR products’} &F7H2Z drgE A WA PCR
productE template= 3} bacterial universal primer bact-
0008-f (5-AGAGTTTGATCCTGGCTCAG-3)%} GC clamp7}
E2 bact-0536GC-r (5'-CGCCCGCCGCGCGCGGCGGGLG-
GGGCGGGGGWATTACCGCCG-3") primerS ©]&-8te] T 1
A PCRE F33}Ath + WA PCR 27L& 95Tl A 58

59} pre-denaturation 3+ ¥, 95°C el 4] denaturation 403%, 62C
oA annealing 403, 72 ColA] extension 403 332 30 cycle
REEgE & 72Tl 58 52 post-extension G T SZ-§
PCR productst= 1.5% agrose gel FolA A7195S A5+
ethidium bromide (EtBr)Z g38}od 3189 th

Denaturing Gradient Gel Electrophoresis (DGGE)

4719] PCR productsdll ™3] Dcode™ system (Bio-Rad,
USA)S o] &3t DGGE £418 A3t (Muyzer et al.,
1993). Denature gradient= 20-60%2] TE=WH3IE 2= 8%
(w/v) polyacrylamide gel (37.5:1)°l A|&E loading 3} 2™
65C, 60V 274 16417 7195 stk A7195 gel
< EBrE @43 3, UV Aol 2424 bandE &1
2 E Z7H] bande gelol| A 2 o] eppendorf tubee]] ¥l
gel extraction kit (Qiagen)E ©]-8-3}] DNAE 33t}
FZIM LB L 93l bandZ2H-E] 3]4H DNAS template
&2 A28} bacterial primer bact-0008-f (5-AGAGTTTGATC-
CTGGCTCAG-3)9} bact-0536-r (5'-GWATTACCGCCG-3")
primerE ©] 83} 95Col|A] 55 &} predenaturation 3+ 3,
95 CollA denaturation 403%, 62 Coll A annealing 40%, 72°C ol
A] extension 40% H S 30 cycle §HES F, 72T oA 5%
52 post-extensiondt AT} F#¥ PCR producti= gel extrac-
tion kit (Qiagen)& ©|-&3t] FAg P oH, FFE DNAE
Genotech Co. (Korea)®ll sequencingS 29 Z|3}H Y-

HIIME =4

3 HE H7]4EL National Center for Biotechnology
Inforamtion (NCBI)®] Basic Local Alignment Search Tool
(Blast, Altschul et al., 1997)9} Ribosomal Database Project II
tool (RDP, Cole et al,, 2003)° 5Z5 0] U databaseS A&
st AAstRon, & FAME 7HAE d7INES VxR
sted group® 2 A3 ¥, Clustal W (EBI, UK)E ©]-&3%h
multiple alignmentE F3] seqeunce dataS-g2 W&} F ot
(Thompson et al., 1994).
k"
s +22E{9| genomic DNAS| 22| & PCR ZE

Zr A9d 219 SIFERE 45708 2] membraneS A0
W, o|2HH B A7HEE T3 HHsE WHoR uF s
9] 43} genomic DNAZ Ea]3}9th )% DNAE Thek
& 23817 9% PCRY FH 0.2 AMHE-5}9.2H bacterial
universal primer setE ©]8-3}%] touch-down ¥4 2 E PCRE
F3)sled oF 500 bps2] PCR productsE AU} (Fig. 1). ©]
) PCR X A189 10719 A& F 87§7+e] 16S tDNA
g0l gk DNA @o] SHHT ¢ DGGEES 33t
7] 93A= GC clamp7} X318 AlRE FHoF stz
o1& 93] 12} TFH PCR product® T O 2 3o F=3) 5}
F A PCR-E E3) GC clampZ} E3E =721 9F 550 bpse]
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Fig. 1. PCR amplification of marine genomic DNA from the seawater samples in seasides of Busan. Lane M, 100 bp
DNA ladder; Lanes 1-4, seawater samples from Songjeong beach; Lanes 5-7, Gwangan beach; Lanes 8-10, Songdo beach.

§ <« 550 bp

Fig. 2. Amplification of GC clamp contained PCR products
from Ist PCR products. Lane M, 100 bp DNA ladder; Lanes
1-3, seawater samples from Songjeong beach; Lanes 4-6,
Gwangan beach; Lanes 7-8, Songdo beach.

PCR productsE EH.3IA T (Fig. 2).

DGCERF H7IMEZ A0 2fet ol LH MiT =4 24

#% #R¥ PCR product= DCode systemS ©]-8-3ke] A
71958 AASFAL, EtBr G4 & gel Aol A ok 104970 ¢
5o1#<] bandE &¢It 2H (Fig. 3), o]F WEAFS §
31 sampling® A A|BERE & 2479 DGGE band=
1 3HE 7 bandZH-EL AAE PCR productdl] iA1=
@7IMES] RIS B3l A - A sl W v AE
o] B 3E AT o] W, E21E E7|ES NCBI9
Blast searchE E3ld FAIE7l =& gened AP
ASHAEE B4E 93l Clustal WE o] 838t multiple
alignment2} 7| phylogenetic treeE Z}A6te] n| A& Thek
4E FJ3AT Fig. 4). < A, sampling A Gl o2&
Zole §v AL g Ro|W,| Pseudoaltermonas arctica, P.
tetraodonis, Vibrio campbellii, V. cyclitrophicus, V. splendidus
T 18 T APATH 6 T WTAH F& w|go] BT

Fig. 3. Patterns of DNA bands from the seawater samples
by PCR-DGGE. Lanes 1-3, DNAs from Songjeong beach;
Lanes 4-6, DNAs from Kwangan beach; Lanes 7-8, Songdo
beach. Arrows head indicates the different bands representing
the different species.

el
(Table 1). ¥ 415 T3 948 g ATy
B F 24%F 5 14%0] vibrio & ATFOE 71
Hoew, 1 ol Pseudoaltermonas 3 2%, Arcobacter
1F 2 usd &2 uge] EVMss Al 750 44 AE
AT 53, Vibrio & A Flle 4 Wl FEshe 4
WA V. splendidus® BIE3l] WHYdH #HF o
abalone, algae, clam, oyster, turbot 5 2] % AW EA £
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Fig. 4. A neighbor-joining tree of 16S rDNA sequences recovered from DGGE bands of the seawater samples in seasides

of Busan. Scale bar represents 10% estimated change.

Table 1. Identification of marine microbes in the seawater samples in seasides of Busan by PCR-DGGE

No. Nearest neighbor strain Similarity (%) Acession number
1 Uncultured epsilon proteobacterium 85 AB189341
2 Pseudoaltermonas tetraodonis MEDS 99 AF025551
3 Uncultured Vibrionaceae bacterium EF100-91D09 97 AY627367
4 Vibrio cydlitrophicus LMG23439 96 DQ481607
5 Vibrio campbellii Dec1 92 AB195982
6 Uncultured bacterium PMVC23 84 DQ833294
7 Arcobacter sp. BSs20195 87 DQ514311
8 Vibrio sp. RE2-8 88 AF539783
9 Uncultured epsilon proteobacterium VC1.2-¢l02 89 AF367482
10 Pseudoalteromonas arctica A 37-1-2 94 DQ787199
1 Vibrio splendidus VS6turb 91 AJ515228
12 Vibrio tasmaniensis 236.10 92 AY620969

13 Listonella anguillarum TLO1 96 DQ442998

14 Marine bacterium WEED4 92 EF584104
15 Vibrio splendidus ATCC33789 95 AB038030
16 Vibrio tasmaniensis 562 93 AY620964
17 Uncultured Alteromonas sp. JL-ESNP-125 87 AY664209
18 Vibrio cyclitrophicus LMG 21359 97 AM162656
19 Vibrio sp. 6 96 AY245183

20 Vibrio sp. V140 91 DQ146978

21 Vibrio sp. A4 isolate-5 92 ) EF474167

22 Vibrio splendidus PMV18 95 AJ515224

23 Vibrio pomeroyi LMG 20537 94 AJ491290

24 Marine gamma proteobacterium SWATS 98 AF366023

== V. cyclitrophicus, V. tasmaniensis, Listonella (Vibrio)
anguillarum 5-°] BFaA HEH A dukF oz v$53)
A7)E 7}A = PCR AHE-& conventional agarose gel electro-
phoresis® 7R ¢ 51119 DNA band =9+ Vel 21
g £ 7o) AL8¥ DGGEE A/19FL Sushs B,

PCR products”} polyacrylamide gel-2 EIstHAM A Z7}3t
+ T}FSE chemical denaturants (urea, formamide)®] & &9l
H3A "o} o] o weaker melting domaine- 7}A1= double-
stranded PCR product¥d 4% %14 denaturation™ 7] A]2}3}aL
a0l we} o] FEEert A = XA Bk WebA single base
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difference @ A 2t% UFE bandE Vel Hojd Bale s
HolA dt} (Muyzer et al, 1993; 1998) £ AFdAE= o]& 3
e Akl M2 ©E bacteriaZHE FdE DNA
sequence®] 7-$-o|%= T} denatruant concentration®lA] de-
naturation 2 o 2] 7}2+e] band= ©]EZFH O E community
e MZ Y2 bacterial population®. 2 HE] g Aoz
AzratH o A4 band F EIL 21 community &
grg 35S Fold 5 9IS Aow Ayt 2y
HFe BIXE HolE community?] band®] -9 ZZH PCR
product”} 2] 7] wj &) EtBrol] 23 G2lo] Hx %‘% T=
A3 GC clampE 7HA= primerE A8t ZZ

GC clamp®l] 23} mismatch®] 715413} DNA %i z
4 3goA 48 4 U= heteroduplexdl] o3 S HF &
RS AT (Muyzer, 1999). 22U} o] 33k HL& 7ol
2H= DGGE= 7]1&9] wi ol vis] 873 Ul vldEe &4
2 T OdEE AT Aol A& A2 E7 unculturable
bacteria7} A} &1 4= Qlvhe Ao] 714 & Aoz Rty
T o, 2 ATE 53] PCR generated DNA products=
223571 93] AHS-E+= genetic fingerprinting 7142] 3l
DGGEE il g st BEES Fhsta Je sl
2E Aoz REHY YEF Tk RIS B4574
GG 7R Al HoZth ] 23 A7 E 53 Fo
ARE 2 ¥F 73] )3 standard marker 7)¢o] o d
Hog AzhHErt
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