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for the Analysis of Marine Bacterial Community

Mal Nam Kim* and Hyo Joo Bang

Department of Biology, Sangmyung University, Seoul 110-743, Korea

Abstract ~ Seasonal variation of marine bacterial community was analyzed in the surface sea
water collected from one of the stations locating at Tongyeoung coastal area, Korea. The results
obtained by the culture method through identification with the VITEK Microbe ID system after
pure culture in the selective medium were compared with those obtained by the DGGE based 16S
rRNA PCR method. The composition of the marine bacterial community in the sea water samples
harvested in September, 2004, November, 2004, January, 2005, May, 2005 and August, 2005
determined by the culture method showed 5, 5, 4, 6, and 10 strains respectively. Pseudomonas
Jluorescens and Acinetobacter Iwoffii were detected in all seasons. The other strains were
identified to be Pseudomonas stutzeri, Sphingomonas paucimobilis, Burkholderia mallei and
Chryseobacterium indologenes. In contrast, the 16S rRNA PCR-DGGE method detected 10, 11, 6,
9 and 13 populations respectively in the same sea water samples and the strains were identified to
be Acinetobacter Iwoffii, Burkholderia mallei, Pseudomonas fluoresence, Actinobacillus ureae,
Burkholderia sp., Pseudomonas stutzeri, Roseobacter sp., Vibrio parahaemolyticus, Sphingomonas
paucimobilis and Rugeria algocolus. This results indicated that the DGGE based 16S rRNA PCR
method was more efficient than the culture method for the grasp of the characteristics of the
marine bacterial community.
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2 A AE o] 43k ufFRlol} wiokyd-E A
AT AR F 1% o8 Axe WET 4 Aot
31 o4&l 9] e (Schabereiter-Gurtner ez al. 2001; Clegg
et al. 2002) Wik Zke} o) B3 wmjgEo] wiFA
oA e FAF =z viHe] wYELHY F2F
A&sA wredstA £ $x= AUTH(Liu ef al. 1997). w)
ko] olHd o7 A wiel o= AAEA W
ANA BAE P S AL o F2AE eotsir] 9
&t Phospholipid Fatty Acid (PLFA) profilings} 16S
RNAE- o] 43} DNA-based identification techniques7}
A= gler, o] v culture-independent method 2.
A EA 374 e £A5}= culturable and non-cultur-
able microorganisms2] #A}o] 7}&8}c}h (Muyzer 1999;
Gurtner ef al. 2000; Horiuchi er al. 2003). 23] 2Ae)] 2]
3t vl B thekA] Aol Denaturing Gradient Gel
Electrophoresis (DGGE)$} Temperature Gradient Gel
Electrophoresis (TGGE), Single Strand Conformation Poly-
morphism (SSCP), Random Amplification Polymorphic
DNA (RAPD) =3} 7+& DNA-based identification tech-
niques7} o4 olch o % WY s} 48t 2
o AR Bek ope) Wz} FolA wAETA o
4 W 7 dse EAAA A AR ALeEe
gk} (Diez et al. 2001; Schabereiter-Gurtner ez al. 2001).
o] & DGGE%* universal primer2 Z%% 16S rRNA
fragments7} melting profilesel] ©le} denaturing gradient
gelol A} E]H = AL o83l Aoz & shiel 4
7] o] 7AA = F2)7} o] Foix] 7] wjFof mAYEEF ]
FEEAE AgsA A9 £ AUrk o] WYL AL
DNA o2 = PCRZ 3o zs AELF ] tefA
< o AE3A 23 £ 9l Wyes od=x 9d
(Farnleitner ef al. 2004). &, @71 49 BAS B3 F §
=9 ele] 7b58m, DGGE 43 vpehbs bande)
ol whek AR &o TS AN S 4 glo
o2 A& 7+ DGGE bandsE Arsn|wstd 7NAlZ9
oHzx BAMo| 7=l (Muyzer ef al. 1993; Watanabe et
al. 2001; Nakagawa et al. 2002). ©}¢}3+ DGGE band pat-
tern Al W wlA g deldd Yehlie 3hte] band
= 3ty ANAZe vtehll7) o ol Muyzer et al. 1993),
band 57} & H4E A= o wlAE 23S ol
= band®) 47} 2~37) o5tz How mAPEZAY
t}efAl o] A= AL oJu]slc) (Rolleke ef al. 1999).

2 QFelAE AT et Fejddeld AF e
2284 Wl Ald 23S i oz Pesle VITEK
Microbe ID system © 2 A sl Z2AS& FAFEH A7
¢} 29 #2438 16S IRNA PCR-DGGE= #-A3}¢-&

o] ekilF TR Bz EALS vmEAsigd

L fFAE

Eolodol 17] A4 (128°C 22/64”, 34°46'00")ol| A =
Z A Im Apo]2] 22855 A 5sle] Agel A4S
stk A sAE A HIE Ak 9%
o 2004 9%, 11 % 20054 14,59, 899 44
BE AR

2. ek A 24

AR 100 pLS- Seawater Nutrient Agar (SWNA )
2 (A} o] 1998)9)) =wEk F 15°CellA] 51297 o)
Fatct vk F WA Aol 28 E24E HAAS
Rol @} Assiglon MaAYE Aol FE3E
FEUAZ A ABHA

3. v S e 2R 2A

A& 100 UL-S SWNAHI o] =gt 3 15°C+2
lA 547 whekslgdet. 1 ¥ $&4E]sle VITEK
Microbe ID system (Viteck JR., BioMérieux) 0.2 A3}
o AL A3

4. 16S rRNA PCR-DGGE®] 2J&t & A F FH

24

1) DNAQ| =&

Watanabe 5 (2001)2] vl d] we} 3j$:A|8 5~6LE
cetyltrimethylammoniumbromide & o] 43} DNAE *
%3l9dth DNAY %9} €%+ spectrophotometer

(Shimazdzu, Japan) 2. BA s} c}.

2) 16S rDNA fragmentse| PCR ==

16S rRNA 2-29] =3 AL4-3F primer:= Muyzer S
(1993)of} wgtow] PCR-Z # % volumed S0uLE 3}
GeneAmp® PCR system 2400 (Applied Biosystems, USA)
& AHgslch &% =g 732 pre-denaturation step2
95°C, 10, denaturation step> 95°C, 1%, annealing step
2 55°CollA 1822 10 cyclesnlt} 5°CH Zof HFE
45°C2. touch downd}g] o™, extension step= 72°C, 3&,
post-denaturation step-= 72°C, 1002 & 30 cyclesZ
A8 slg ek PCR products= 1.5% agarose gel & o] &3}
o] 100 Vel 2587 Z7]%d 58t ethidium bromide
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3) DGGEO| 2|3t PCR products?| A
Bio-Rad D Code system (Bio-Rad, UK)& ©]£-3}o]
Muyzer e al. (1993)2] ube]| w2} DGGEe| 213 PCR
products® 22135} t}. Denaturant gradient: 30~ 60%
9] HxwW3E 7zt 8% (wt/vol) polyacrylamide geled]|
PCR productsE loading3t & 60°C, 130 V& 9A|7F =<
7199531 c) A7)9E F polyacrylamide gel & ethi-
dium bromide (1.0mg L™ 2. 3087t Q55 3087 &
QAT F UV Solal 2eld 229} band® BESG
o} 225 Z7ke] band¥E gelolA Abele] GC clamp
7} AAR 5L primerE AHE3te] $% F $U DGGE
gelollA] bandE &relsledv) #)¥ band: QIA-quick™
PCR purification kit (Qiagen)3 A}2-3}ed AA] & @714
o $A40) AHEs}R,
4) 16S rDNA fragments2| sequencing
o 7]A <2 ABI PRISM™ BigDye™ Terminator Cycle
Sequencing Ready Reaction Kit (Perkin Elmer Applied
Biosystems, USA)¢} ABI PRISM™ 3100 Genetic Analy-
zer (Perkin Elmer, USA)2 43} t}

Table 1. Viable cell number of marine bacteria (CFU - mL-!)

5) Comparative sequence analysis0l] 2|8t 5 M2
=S

A7IMY EAMAI -2 partial 16S rDNA gene sequ-
ences?] & $A}xE BLAST software (Altschul et al.
1997)8} Ribosomal Database Project (RDP) (Cole et al.
2003)¢) SIMILARITY RANK tool& Al83}le] F3}gdch
16S rDNA sequences+= DS Gene v1.1 (http://www.
accelrys.com)el] ¢l& Clustal W& o] &3} AHetodoh
(Thompson et al. 1994). A} %<4 2}A]-& neighbour-joining
algorithme]] 2J3] TREECONS o]£3}eo] 2}AI3}g o

Sep.,2004 Nov., 2004 Jan.,2005 May, 2005 Aug., 2005
454+ 16 129427 14+2 1,530£210 7,610%340

(Peer and Wachter 1997).

6) Nucleotide sequence accession numbers
2 AlgoA] 9L partial 16S rRNA sequences:
GenBank nucleotide databaseol] EZ3}e] AJ23659~
AJ236772] accession numberS ¢t}

[}
H
¥
K
MLk

A% AP 24 24 2 AAS 37

ITEK Microbe ID system 0.2 %33 23]

o] 2xA BAZAI}E Table 17} Table 2] 27+ A Al5}

Aot ALE F
1492

£

A2 2004 9¥ollE 5%, 1142 5%,
4%, 592 6% 9 8Y2 10FeldHh

20059 84l Pseudomonas fluorescens, Pseudomonas

Table 2. Identification of marine bacteria by VITEK Microbe ID system

Isolated .
strain Sampling date
Identified Sep., 2004 Nov., 2004 Jan., 2005 May, 2005 Aug., 2005
Pseudomonas Pseudomonas Pseudomonas Pseudomonas Pseudomonas
TY1 ) )
Sluorescens Suorescens Jluorescens Sluorescens JSluorescens
TY2 Pseudomonas stutzeri  Pseudomonas stutzeri  Pseudomonas stutzeri
TY3 Acinetobacter lwoffii  Acinetobacter Iwoffii  Acinetobacter lwolfii Acinetobacter lwoffii  Acinetobacter Iwolffii
Sphingomonas Sphingomonas Sphingomonas Sphingomonas
TY4 . . 3 e > e 4 "
paucimobilis paucimobilis paucimobilis paucimobilis
TY5 Burkholderia mallei Burkholderia mallei Burkholderia mallei
Pasteurella Pasteurella
TY6 . :
haemolytica haemolytica
Pasteurella multocida Pasteurella
TY7 .
multocida
TYS C()rr.zamonas
acidovorans
TY9 Actinobacillus ureae Actinobacillus ureae
TY 10 Chryseobacterium Chryseobacterium Chryseobacterium

indologenes

indologenes

indologenes
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stutzeri Acinetobacter lwolffii, Sphingomonas paucimobilis,
Burkholderia mallei, Pasteurella haemolytica, Pasteurella
multocida, Comamonas acidovorans, Actinobacillus ureae
W Chryseobacterium indologenes2] 10%o] 225 o] 7}
A ookt 2xAS Hgon, A4 =3 7,610+.340
CFU - mL™'2 71 @it o= 8¢ A7t e AAdR
o} o] & Ze] 1 fleler Aa ), Stabili er al.
(2004)= ofefjz] I o] 2ufols o] MF4E H42E
of 7 & odgE vty R 3slgch 20054 149
ol M= Pseudomonas fluorescens, Pseudomonas
stutzeri, Acinetobacter Iwoffii R Pasteurella multocida®)
4% EelH M A2 F7F A oH, A
= 14+2CFU - mL'2 7} AA AE=Ht

Zaccone et al. (2002)2 o]efjg] BE oj=g]o}se] 7Y
FEZollA 68,900 CFU - mL!, 19 Z=40)jA] 2,700
CFU - mL-'e] sl #e HEelsich. o2 ¥8 5
Qg EZa ol ohmelolile] Tl vlate] o
qe o) Pz HETE & 4 Aok

Pseudomonas fluorescens®} Acinetobacter lwoffii=
2004 94, 11 2 20054 1% 59, 8¢9 Eoiddq)
B34 BFA HEHglow, Sphingomonas pauci-
mobilisE 200433 9Y3} 119 2 20054 5Y Yol =
AEHRH 20059 1€l AEHA gt 39
Chryseobacterium indologenes’= 20043 9 % 20059
593 8ol A dpelrut AEE o, Burkh-
olderia mallei*= 20043 114 =2 200535 5Y3} 8%tk
A&} 88 Pasteurella multocida’= 200541 143}
20059 89l Fornr AZE 9 od, Comamonas
acidovorans= 20051 8Y2] & 4ol A u)t HAE2H g}

Sartory (2004)= ¢3=-2] Wevern Trent#| 9] 234
oA A¥e] Beddst 3 polM HAEE AH F
Ast FF2l Pseudomonas fluorescens®} Acinetobacter
woffii®] 2¥-g& HI3lglon], ] = (20002 19999
ZAb Wt A Pseudomonas, Aeromonas, Moraxella,
Escherichia, Bondetella, Alcaligenesis, Staphylococcus 2
Flavobacterium%-2] &34 B 3138+ v} glch

2. 16S rRNA PCR-DGGE®l ¢]& & kAl
4 24

7 AR AT de2rE] AR FE3 genomic
DNAS] partial 16S rRNA =28 E3lo] =g PCR
productsZ DGGEel| %43 A3} Fig. 1] A A& 0}
<} o] 6~13702] bandsE e lel AAE A
B 20043 9€9] s4=x= 10 bands, 1192 11 bands,

(A) (B) © (D) (E)

Fig. 1. DGGE band profile of the PCR amplification products of
the marine bacterial community. (A) Sep., 2004 (B) Nov.,
2004 (C) Jan., 2005 (D) May, 2005 (E) Aug., 2005.

2005 192 6 bands, 542 9 bands I 8o 13
bandsZ WEF ST} 20050 8ol AT Foddet =
Z8 48 s AT 23S HeEP & band= TCL~TCT,
TCY, TC10 B TCI2~TC158] % 137]e]glom, & A7
oA A BE Bedet BEd e FEXH o=
el bands BF 37H(TC4, 129 13)0]gic}. 23
Zyzke) WA £ DGGE 24 A o9 72 #=2)¥ band
9] ez yvehlez (Muyzer er al. 1993; Farnleitner et
al. 2004) A2 o2 9 Ao A] JER}E band: A= o}
2 Aoz B 4 gloh =3 2A1E mE AA &)
S TEAHOoZ ZA5lE 3719 bands (TC4, 12, 13)
F 5odet 235l 1 28 WEr) 2 ANALE
o)z & 4 sk

DGGE band 2] 7} ==
w2 W3lE wedsts Ale)m AW Muyzer (1993)
o Bief waW B AP sifdF LA g
DGGE band 429 F7}e} 748 B3 L4 24 W
g #d Zlo=H band £ =3 sjkMF 2 )
A& wedEs Aeletx & 4 9wk DGGES] band
profile |2 ww ujfyolr e} o] 20053 8
o) Aol 13712 71 el 1,14 s+
o AATE N2 A Fe Tepae ngs

wiekiell ok Z A P 23 24 B
MAIE 20049 99 s gol = 5E, 119L 52,2005
W19 4%, 592 63 Y 89U 10F0] ZAhg kA
16S IRNA PCR-DGGEoll 9J& s pil# 74 #4743
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Fig. 2. Neighbour-joining tree of partial 16S rDNA sequence
recovered by DGGE bands.

= 20044 992 1070A) 2 1192 1170412, 20054 1
d-2 AL, 58 IHA E 8ol 13AFo] =
AtElo] DGGEE o] 43t #% EAo| wfe E3M:=
E2HHA g MALA = el § oSS s}
At o] A2 RE sfHTF LAY A4S T
d]& 16S rRNA PCR-DGGEZ} wiefinc} v 5849
o] APE i}

Table 3. 16S rDNA clone sequence of DGGE bands

Bosshard er al. (2006)2- #7|A gram-negative nonfer-
menter 2653 E2]FF5 Ao 2 16S rRNA geneE-A =2}
VITEK-2 ID-GNB card 24 & E3te] 48 Ass 1)
23t91E w, 16S IRNA geneBA o2 A B9
NhE F FENA, 8%E & FE7A FAT v,
VITEK-2ID®| 79 AA B9 53%E F +F7
A, 1% & $FE7HA Ao A 46%E F
A 4 glydom 2 16S rRNA gene:Al o] VITEK-2ID
2} nonfermenting gram-negative bacilli®] FA¢l o] &

Hroloetm wweh AL & Age] Astel FAshet

3. DGGE bands®] @744 £4

Genebank®] BLAST search databaseZ ©]-£-3}ed 16S
rRNAQ] sequence alignmentt A7} Table 3¢ A A&+
nis} 7Fo] 88~99%2] fHAL=S vpelligle}. 16S rRNA
sequence s °|-4-3 Ao F2A A A 9GSt #
F7-9 clone®} ©}ok3t bacterial species®} 1 F-A A
A dekton $4Y AFAFE 2 o5t ¥
proteobacteriadl] 435 TC2¢} TC6-2 B-proteobacteria
o &3l 7oz Jephdoh

TC2¥ Burkholderia mallei ATCC 23344 91%, TC3&

Lengthof . .. . . .
Sampling date Clone  sequence Snm;arlty Phylogentic Nearest neighbor Acessblon
(bp) (%) group number
Sep., 2004 / Aug., 2005 TClI 190 91% o Marine alpha protebacterium BBAT AJ23659
Sep., 2004 / May, Aug., 2005 TC2 256 91% B Burkholderia mallei ATCC 23344 AJ23660
Sep., 2004 / May, Aug., 2005 TC3 234 96% Y Pseudomonas fluorescens strain VUN10 AJ23661
Sep., Nov., 2004 / .
}j’n“ ]\j’lzy ‘Aug. 2005 TC4 201 98% Y Acinetobacter lwoffi ATCC 15309 Cpn60 AJ23662
Sep., Nov., 2004 / Actinobacillus ureae CCUG 2139
Jan., Aug., 2005 TGS 208 98% v initiation factor AJ23663
Sep., Nov., 2004 / .
l\/rl’ay, Aug., 2005 TC6 240 97% B Burkholderia sp. VUN10 AJ23664
Nov., 2004 / May, Aug., 2005 TC7 274 88% Y Pseudomonas stutzeri ATCC 11607 AJ23665
Nov., 2004 TC8 611 87% o Uncultured Rhodobacteraceae bacterium AJ23666
Nov., 2004 / May, Aug., 2005 TC9 366 94% Y Uncultured marine bacterium ZD0405 AJ23667
May, Aug., 2005 TC10 273 95% Y Uncultured actinobacterium MB11C06 AJ23668
Nov., 2004 / Jan., 2005 TC11 160 98% o Uncultured Ruegeria sp. clone SIMO-83 AJ23669
S.‘Ieall)ﬁt,Nl\(/;;;,%gSg.bOOS TCH2 376 97% o Uncultured alpha proteobacterium AJ23670
S?fr-l’,,Nl\(/?zy,ﬁ)L?g.,/ZOOS TCi3 302 92% o Uncultured alpha proteobacterium AJ23671
Aug., 2005 TC14 308 91% o Roseobacter sp. WHOI JT-01 AJ23672
Sep., 2004 / Aug.. 2005 TC15 301 94% o Uncultured Synechococcus sp. AJ23673
Sep., 2004 TC16 205 89% Y Vibrio parahaemolyticus AJ23674
Nov., 2004 TCI17 490 98% o Sphingomonas paucimobilis AJ23675
Nov., 2004 TC18 260 99% o Uncultured Ruegeria sp. clone SIMO-846 AJ23676
Jan., 2005 TC19 272 98% o Rugeria algocolus AJ23677
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Pseudomonas fluorescens strain VUN10 96%, TC4+=
Acinetobacter Iwoffi ATCC 15309 Cpn60 98%, TC5=
Actinobacillus ureae CCUG 2139 initiation factor 98%,
TC6-2- Burkholderia sp. VUNI10 97%, TC7+& Pseudomo-
nas stutzeri ATCC 11607 88% % TC17-&
paucimobilis 98%9] FAIEE velglon o)L w)
el 7t FxA Z2AH(Table 2)ol M AAIR A3 o
AH = Folvth

AANZ 7+ $AEE wlmslr™ TCl1s} TCI127F
78.1%% ¢ARA7L 713 Fow, TCI1L
Ruegeria sp. clone SIMO-83¢ 2 XA=z¢lon] TCI2&
uncultured alpha proteobacterium .2 %A= 9o}, =8k
uncultured alpha proteobacterium©. 2 %A% TC1334
Roseobacter sp. WHOL JIT-012. 243 TCl49] A=
L 48%=24 TCI1Z TCI12 oz $ABA7} 29t
oA gRE ANZES 2~35%2) FABAS
yeble] Al ke FdFAZE Hoddh AT 7k
FrARAZE AE 7S A Hell EA3= ALY =
Aol theksltia Awdt B3 (Muyzer et al. 1999)¢] u}

Sphingomonas

uncultured

=9 5AAG BFal5e] ZAse APAE 23 )
AZ 7] FRAWAZ WA oA ekt A e 2R
F2A0) W$ tefsine g BelUThT @ 4 Aok

2004 99 11,2005 14,59 2 849 = 5:‘4
of AA djgula Feddgke] 1] HAHANA 2334
A2 AFste T FHE 2 *dE—“,HH
Ao A f4R2]3le] VITEK Microbe ID system 0.2 %
2 wljek¥ 3l 16S IRNA PCR-DGGEZ. 43 ZA3}s
Zdznlmsllet. whefel o8 7+ A ST L
A F3AL 20049 992 5F, 1192 5%,20054 1
Y 42,592 6% Y 8¥L 10F02 FAEYT,
Pseudomonas fluorescens®} Acinetobacter lwoffiiz= A A
I FAGe] 25 AEHENeH, 2 9ol Pseudomonas
stutzeri, Sphingomonas paucimobilis R} Burkholderia
mallei 5°] FA =} 16S rRNA PCR-DGGE| 23t
AN A 20049 992 1070AE, 1192 117
A 20059 192 60AE 5Y2 A 2 8ol =
1370 Al o] ZAFE 9L 3L, Acinetobacter Iwoffii, Burk-
holderia mallei, Pseudomonas fluoresence, Actinobacillus
ureae, Burkholderia sp., Pseudomonas stutzeri, Roseobac-
ter sp., Vibrio parahaemolyticus, Sphingomonas paucimo-
bilis @ Rugeria algocolus 5°) A EH Yt} o2 1E 3

S £A 9 EFEAS Feolsi:
PCR-DGGEZ} vy} v &4
Al At

2 7L 20069 At AdAed e e
a7 A 23 ~HAG

Rl

e

=
(L

i

A7, 01713, 1998. s dr B 5374

<, Al AR 2000, ZAE WERe 8 kel A Ee
HiE Al 22 gl ehalx]. 13:67-73.
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