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Abstract - The rhizobacterial diversity associated with 9 native plant species inhabiting coastal
sand dunes in Tae-an area, Chungnam Province, was studied using the denaturing gradient gel
electrophoresis (DGGE) fingerprinting analysis over three times from October 2003 to March
2004. One dominant band commonly occurred in all of the rhizospher e samples, which was identi-
fied as that of Lysobacter enzymogenes. The other common bands included those derived from
species of Pseudomonas and Bacillus. It was notable that L. enzymogenes was dominant in all of
the 9 plant species and such dominance was consistent throughout the whole sampling period,
which confirmsthe previous study by L ee et al. (2006a). The Bacillus bands wer e detected in all of
the three samplings, and those of Pseudomonas wer e notable in the samples of December 2003. By
the DGGE analysis alone, the significance of Lysobacter to the sand dune plantsis not clear. How-
ever, considering their presence in healthy plants and the dominance in all plant species, Lyso-
bacter may have positiverolesin the survival or growth of the plantsin sand dune area.
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By AR A (A 7] 1998), A7) (gF 2003),
1= (H3} Bt 2002), otvl= (Im et al. 2003), 18] 2 &
ol Mol Ak 4]

o

°
o
sl = AJsek(e]9} A 1983, 1984)
Aol N A77} o] Foil 1} gk,

Zoof|A] o]Fo]A AL T v g o
=AMl MAEs AlEA 5 A7) arbuscluar mycor-
thizag §4she ATF(AMPe] el 34E Faho]
P YT 5 9 ke Al R Rl
7F e 5 #2wel digk A FE ool sH
(Clough and Sutton 1978; Kowalchuk et al. 2002; Marem-
mani et al. 2003; Matekwor Ahlulu et al. 2005). E-o] 3t A
S AMF= /\].:[L _\,5_01:01]‘_—_ o]u]-zJ oF 7«1 fcﬂ;q o}o]—o
W A AaT) oln] olg Bgs gle] B
A 555le W mycorrhizag P45 Aol HAH U
oFs] AAAPNME AMF7E 50 AEA So] 187
de AAE v o wgdow Ao 4FULE
Roch 9 YAA TR We)Fe P4 Frankia
sp. (Huguet et al. 2001), A Al (Hagler et al. 1993), 3+
Fujo}l ALSHA|HF (Kowalchuk et al. 1997), 33 Aol WA
< 7 F5¢AT (Mudryk 2005) o] % ®t
Utk ER2E F2 FoA WAEE g axd o
g A7 BarEe] glod (Moraiset al. 1994; Rosa et
al. 1999).
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FANA AT ALFA Bl 2}
] (Park et al. 2008), A48 WQATEe] 41514
¥4 (Leeet al. 20068) % A48 £2] w| ALl
A EZQYA=2 ZA A} (Shinet al. 2007) S-o] Ao
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e 1 gs] o] g e gkom denaturing gradient
gel electrophoresis (DGGE), terminal restriction fragment
length polymorphism (T-RFLP) 5-& o|-&-3F Ex}3 37
ZAYe) o3 v E A Py B4, F2EE F
& vlgE 2o T4 A, 5ol ¥Ede oed
B2 nAJE BFL2 FISH (fluorescent in situ hybrid-
ization) &Y 5 hFat A AN mAYE 2
T2 #Ae] de] o481 e AF7EEI (Ko
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Fig. 1. Sampling locations of Taean area, Chungnam Province.

walchuk et al. 1997, 2002).

2 Aol HE TNt Ee 043 vgE
ZA9 Fx ¥ A=sjeleh 3¢ 2A denatur-
ing gradient gel electrophoresis(DGGE) A =38 7|9
% o] g3 2AFE Babe] AT Age] AW TANE
29 72 9 85T Aol ohe 2 e sebstus
shgiet.
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7zt Aol wel 29 = ARE AHste] e
7ol AEsldet. =F 59& A sl PBS25mLE A
7}skar 150~200rpme.2 1A)7F wHlb &9 31 wHbed
58 X<q} 10,000rpmoe.z A)&e]ste] cell pelet?t o
it} -2 pellete] DNA extraction buffer 0.8 mL-& A7}
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81915z, ThAl AR sl pellets dlewm, —70°Col
A $hA3] oe] 3 65°Col| A 2FA3] o] AL 5~10

W oubE 331} o 7)ol achromopeptidase (10,000
units mL-1 TE)¢} lysozyme (50 mg lysozyme in 10 mM
TrissHCI [pH 8.0], 1 mM EDTA, 10 mM NaCl))& Z7+
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Table 1. Sand dune plants from which root samples were taken for
isolation of endophytic bacteria

. Sample

Plant species Common name code?

1. Calystegia soldanella A L BA1
(beach morning glory) SB1

SD1

2. Lathyrusjaponica AL+ (wild pea) BA2
HA2

SB2

3. Elymus mollis 7R 13 (wild rye) HA3
SB3

4. Vitex rotundifolia 8] 7 HA4
(roundleaf chastetree) SB4

5. Carex kobomugi ERrtx SB5
(Asiatic sand sedge) SD5

6. Rosa rugosa 3l =42} (Sweetbrier) HA6
7. Artemisia fukudo 704 (Beach mugwort) SB7

8. Messerschmidia sibirica
9. Glehnia littoralis

Z A %] (Searosemary)  SB8
W} (Beach silvertop) BA9

aThe codes denote the sampling areas. BA, Baramarae (v}3Ho}#l); HA,
Hakam (3}¢}=); SB, Sambong (4H&); SD, Shindu (41%2]). The numbers
indicate the plant species.

50mLA H7}sled, 37°Co| A 2~ 3A17F A 2] 3ttt thA
20% SDSZ 412 H e 65°CelA] 1Az wujeFslict.
Tubeel] A4 volume?] 1/22] phenol-chloroform & chlo-
roform-isoamyl alcohol & ¥lE-led F W 2|2 8}e] 1, 2
213t Alsel] 0.54 ¥3]9] isopropanol& A7}stgdoh
12,000 rpmo.s 587k 1Al Ea]ste] AlEal e ) A8l
t}. 70% ethanol & 1mL Y3 A ¥s}= 24 F A ut
2algl 3, 739t Ax7)2 o]43)e] DNA pellets $h43)
AxzAZ 5 ARE 538 FRPE ANEH A7 o
FHYoz gg Al ALgageh

mlm

2.PCR ZZ

ololA] === DNA=XE] PCRE AlA3 & DGGE
BA8 $35l99c) PCRe| A1£-% primer:= 16S rDNA
3R F BEAQ d7IMEE dEA sl dE
o] Eubacteriao]] Eo]H oz X3l 40 basee] GC
clamp7} 23% GC341f (5-CGC CCG CCG CGC CCC
GCG CCC GGC CCG CCG cccr ccG cecec cec TAC
GGG AGG CGC AG-3)¢} 518r (5-ATT CCG CGG CTG
CTG G-3)& AF&-3tio

PCR ZZ2 |-Cycler (Bio-Rad, USA)2 43 3}3it}.
PCR ¥l-$ &3E°] A& 5uL 10xreaction buffer, 5
pLe] 25 mM dNTP, 5unit®] Taq polymerase (Bioneer,
Korea)E #7}st & 10pmol GC357f¢} 518r W 1uL<]

Lo

DNAE #7}8lgle}. 95°C= 183k A2|ska 27| anned-
ing ex: FALwwrl 10°C7) & 65°Coll A A=s}
2 v} 2cyclen}t} 0.5°CH Fras=s AAsly AL
=ql 55°Cell =23l Scycles v p3Yst=s A3t
o}t HEHom 72°coﬂ/q 587} kS x)7] & 4°Co
B3l 2ZAE 1% agarose geloll 4] A7]9d S-S
A A5k a1 ethidium bromldei At T Wi=s
gelsldet.

3.DGGE £4

Denaturing gradient gel electrophoresisi= Dcode System
(Bio-Rad, USA)& o] &-3}e] 4335141t} Polyacrylamide
gele] #7)= 20x 13cm (widthx height), A 2] FA= 1
mme] gl em 10% (w/v) polyacrylamide gel-2 o] 83}
a7, urea®} formamide HAJA 7} 35%l| 4] 65%71%] %
Tzt pRloz A YA EH =S A=stedo. PCR
A1E-% g loading dyeE £33 % 1x TAE buffere] A
80VZ 16A|7 A 7|ei%& 3}gich AL ethidium bro-
midez. A3 ¥ WAstelch

F+9 DGGE l=%t2 8gto=z A¥Wsle] DNA 937]

Mee EAskE FAIHQ] AL AelA g =

¢} 518r9] primerE ¢]4, PCR ZZ-& 3lglon] =23
PCR 412 PCR Purification Kit (Promega, USA)o.& A
Astdo AR A9 842 Big-Dye cycle sequencing
kit (PE Applied Biosystems, USA)3} ABI Prism 310 Genet-
ic analyzer (PE Applied Biosystems)E o] 83} 433}
fom, e DNA 99714 <& Nationa Center for Bio-
technology Information (NCBI)2] Basic Local Alignment
Search Tool (BLAST)S o]&-3le] EA 319t}

z o

oA EA Ak S o W
AN e FEE ARE AT ek AT B
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ol BANA o Agg Astel Aol & s
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22 TF, F2 2% 3l (Table 1). A= 3 (Calystegia
soldanella) & At7 A Aol mF WAL Fo A}
TAE T2 298 ofF2 A A S WA H
A A5 WAl A TLe (Elymus mollis)®] 735~ 4]
el 9 SetE Abe] sieks Aweld Hme] e
& olFL AL B 4 lglen, AL (Lathyrusjaponi-
ca)e] A% stz dFmel Teke FAsku U9
o}. 12| }x (Carex cobomugi)= Al F2]o] AR w3
o] el W2 232 3431, 323} (Rosa rugosa)
= sholx Wl AbRo)A], 8] 7L (Vitex rotundifolia) =
ARl A, 22]31 ZAM}E (Glehnia littoralis) ulgtol=l]
oM 27 Tee ol 73 Uik Aol A ehed
7o) AFAE] APH o, B 2ARIAE AL
o) % 9 Ay wrg Uzl SAE dgton
Aol A7 Aol 7Y sheksiet B E e 9l
oA ez A A B e EEshe AT
e T AR Aages AR

2. Denaturing Gradient Gel Electrophoresis (DGGE)

24

3xbol] A2 EBAel o]4% AlE: "k W 4 A
TA Qe F 167 Al2=E A, vishele o] Aw| 3 (BAL),
AHF (BA2) 2 A (BA9), shek=ze] AghF (HA2),
A2 (HA3), ul 717 (HA4) B 33} (HAG), 4%
o] A2 (SB1), ALHF(SB2), A 17 (SBI), <1171+
(SB4), TR 2| k% (SB5), 1% (SB7) ¥ = =] 2] (SBS),
2lF2]e] A3 (SD1) 9! F-H 2] Akx (SDS) A EA & A
Z 5l (Table 1). ¥ 2003 10¥ % 12949] Al
ulolel]l AWE A 8E wkEA) 3 sl9 o (BALO).

EoF Al8eAM F%&3 DNA=RE ®e 7128k PCR
ZZ 2S5 d3x DGGE-PCR touch-down H}A)-&
o] §-3led S3Y3tglom, 71 ZH 3} agarosegel Aol A
M=o <k3st PCRAMES &S AT 4 s+
Formamides} ureas °]4-3F A W 42 WA 5=l
Z712 35~64%9] o, HA] =% formamide 40% 2
urea7.5M2] =% %3-S 100%= 39t

3ol AA FAF A3} gl WET) AlEE Ay, = e
AH A7 FAA glo] BF FHF o= epytow, met
Al gE FFe] Mol weFsh ARFAE o] el
A JA Gl $AHH oz ExF e AR =
AtEI Qe (Fig. 2). AA A oz AA ¥ zle]7} F313}
A 2 AS7F RN, A H Aol HAEZH
wsket. A, A zpelE HEstA el ¢35}
o 7} band®] DNA 9714 9E& ZA 3+

Fig. 2. DGGE profiles of rhizosphere bacterial communities. A,
October 2003; B, December 2003; C, March 2004. The
samples are 1, BA1; 2, SB1; 3, SD1; 4, BA2; 5, SB2; 6,
HAZ2; 7, SB3; 8, HA3; 9, SB4; 10, HA4; 11, SB5; 12, SD5;
13, HAG; 14, SB7; 15, SB8; 16, BA9; 17, BA9. Refer to
the legend of Table 1 for the sample codes.

3. DGGE band¢] &+

A el bandg E2]std DNA 97| dE dopfix
]2 7]& AFE2 DNA 97|18 d3} vlw, 43k
(Table 2). =& DGGE profiled| ] - o= 339
d bande FA, 54 2 FA9] ABelA 2F
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Table 2. Identification of individual DGGE bands by sequence

comparison
Sample? Organism Similarity ACC on
October 2003
SD1-1 Lycopersicon esculentum 99%  BT014415
SD1-2 Lysobacter enzymogenes 100%  AJ298291
SD1-3 uncultered angiosperm 99%  AF526941
SD1-4 Bacillus sp. TB4-8-1 87%  AY599745
SB2-1 uncultured embryophyte 88%  AY043966

uncultured marine

HA3-1 eukaryote isolate 90%  AY191345
HA4-1 Cg}%%gigae”d'um 89%  AF494278
HAG6-1 Lysobacter enzymogenes 100%  AJ298291
December 2003
BA1-1 Pseudomonas sp. 4 92%  AY269867
SB1-1 Lysobacter enzymogenes 100%  AJ298291
SD1-1 Psedomonas borealis 87%  AF321013
BA2-1 Pseudomonas viridiflava 98%  AY604848
BA2-2 Pseudomonas viridiflava 98%  AF364097
BA2-3 Lysobacter sp. 88%  AY(Q74793
BA2-4 Pseudomonas putida 91%  AY332610
. Cytophagales str. o

SB2-1 MBICA147 89%  AB022889
HA2-1 Pseudomonas putida 90% D85997

HA2-2 Pseudomonas sp. 88%  AY269867
SB3-1 Bacillus sp. 12 99%  AY269875
HA3-1 Lysobacter enzymogenes 90%  AJ298291
SB4-1 Lysobacter enzymogenes 100%  AJ298291
HA4-1 Inquilinus limosus 9%  AY043373
BA9-1 Antarctic bacterium 98%  AJ440979

March 2004

SB2-1 Arthrobacter sp. 34/47 98%  AY571799
HA2-1 Lysobacter enzymogenes 98% AJ298291
HA2-2 Aeromonas hydrophila 95%  AJ318898
SB3-1 Bacillusthuringiensis 94%  AJ581966
SD5-1 Lysobacter enzymogenes 99% AJ298291
SB7-1 Bacillus thuringiensis 94%  AJ581966
SB7-2 Streptomyces scabies 99% Y 15497

aThe multiple bands in alane were numbered in the descending order.

DNA 971X 4d& 7Hslem, 4 23} Lysobactere] 3t
Z9] Lysobacter enzymogenese} 98~100%2] FAI=S
71A= A ez eyt (nucleotide accession number
AJ298291).

71 9]9] Bacillus 4ol 431 #F5¢] 3442 Als—ioﬂ
A BE Edskgont FRE ST Aoz vy
o, 58l vlEY TFES ¥ fAbeE A Ao
veht A 2364 2dslt Badllus & AFE
= 71&el AR 4 FEol vl Aoz Btk
2004 3¥9] AlBeAE B. thuringiensis (AJ581966)7}
332} (HAB), =2l < 2] (SB8) 2 AW (BA9)S A 2|3t
A A|Zol|A Lysobacterol] Feo|]2 F8 Fo= &9
o} 20031 129°] A]l&e|A{= Pseudomonas & FE9]
Z3 o] EX1ZFo]|gl=1|, P. borealis, P. viridiflava, P. puti-

b

lr

N' H o

da 5 ookt 50 AEHFNeH, T2 AdE A
ToA] AFH oz ZFHslgn) 20040 3Y A BA =
Arthrobacter W Streptomyces 5 HMA#2] o] F=
HAoh A TES A GHC o] omz, o]
2458 FHE DNA HH2 DGGE Aelr2] o)A ol
AdiA oz whE Zlo|w, ulebr 20049 3Y°] DGGE
profilee €} A|lzxc AgAdoz WP 9 bands
o] F538H UFE HoAE

i &t

Lysobacter, &3] L. enzymogenes®] $-4-2 271 A4
5t =71 =oko] 16SIDNA Z2 24
uom, A A= o
28 #HoIMe] AT 24 @ Lysobacters] £
2917} #1539t} (Lee et al. 20068). 5 FAlo| A Lyso-
bacter7} HA| FEelM 2AFH= w5 AdE (Calyste-
gia soldanella)e] ZHe| A= 50.6%, 74 233 (Elymus mol-
lis)e] ZHNAE= 62.5%= Jeld v} gl Lysobacter
ol = A L. enzymogeness H]E3te] BT 1150] oF
HA olem, 53] o] Az EckelA 22lE FE
o] Bo 7] FExt}(Baeet al. 2005; Lee et al. 2006b;
Weon et al. 2006). Lysobacter= M| 298] 1825 Eajl &
aE e Aoz 2 dulx glow AESHH A
2525 o]&=5 1 gl (Christensen and Cook 1978;
Davidet al. 1988)

E0]38+ & Lysobacter7} uljoFol] &3 whg oz = A
3 ZAZEA] vt Aol (Park et al. 2005). v k2]
=2 9o ot Al HelFe = 2L EAI =

[

off X922 k3 geFatA Exshel om, 53] Pseudo-
monase] wtFet FEo| B 7S AEa, 1 2l
Chryseobacterium & #-55-o] @o| H2]x9jom Arth-
robacter, Microbacterium 5-2] Actinobacteria, 22| 17
Bacillus, Paenibacillus 5-2] Firmicutes &< #F5°| ¢}
% #e)H e web Lysobacterg Alelabal Abekse
FrzEeol wjopy 2 wlok v EA W wRelA 2
=9
i
3

=70

e o

T

A AN SRS A Al He) Aue
o] R F2RE Jeld AEAAEAFA] o
2HE] o 4 ok F Ti4e) BeFIL 4 Fe A
w2l 7, = Botrytis cinerea, Fusarium oxysporum, Rizocto-
nia solani 2@ Pythium ultimumel] & 2382148 1w
a7, o] = indole acetic acid (IAA), siderophore, protease,
pectinase, chitinase 5-2] 54 & BH|3l= Al o] Al
21} (Shin et al. 2007). whetr] A2 A% v|P &

flo rdt

°{N
>~
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A (plant growth promoting rhizobacteria)
Utk o5 FAATEE] AHE AFFA HstE= 7]
22 el A4 F FrIkEe] A3 FA, A4, auxin,
gibberellin 5 A EAA s 2 o] Fu|, M| Fool 23t
AR B2 oA, Al B Al ek sy ag, Al
AFY 544 L3 = uf$ ohekslo) (Shin et al. 2007).

B Ao JeRd & BFZ<l Lysobacter, Pseu-
domonas @ Bacillus:= |23t Al ZgAr&x AL 7}
A REAQ AFTERA ATARAA o] 5e] EA)
R EE R R TR R E R S A
o 1= 7

0% PG B 47 MEeES A
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el
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¥ @
Fd ok Ao 429 ST Aol A ek

9%-2] AFFAIE A THUAF TS 20039 109
Bl 20041 3¥7kA|e] 7|7t F<t 3xteel A denatur-
ing gradient gel electrophoresis(DGGE) 7] & ©]-4-3}¢]
ZAbetdeh 1 A3 3 i=rt A& BE AseA §
Aste Zlez veldor, DNA 47144 4 &3
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ot 71} F8 W =52 Pseudomonase) Bacillus £-2]
TFE2 TAFNUS L enzymogenes7h 92| AE =
Fol| Al Ao} AR 7)o RAAIGo] SHH o= e}
A o]He] FE NS 53 A dA3(Lee
et al. 2006a). Bacillusel] 43 Mi=So] BE FAlA &
33} o, Pseudomonas & ¥l =52 2003y 129 =&}
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TFAE 7= Fo4S Idd o o A%s
MAe A&Hoz WAEE Ho=z Hol Lysobactere]

1
FAE Age] 2YA G AT Aow Amdd,

o

rie
e
41
rlr
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0059 % =3ty shedn] Yo

olale] 4a g
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rok
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