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A &2 AL g U B, dzees A3E Ad 559 14 ARE ddes 4¥&
AAHAt Aol AFTHY FHF ok WstE 1By Q8 A8l AF E4-ol4 16S rDNAE
#Z3l%= primerZ PCR (polymerase chain reaction) A}3F & ARDRA (amplified ribosomal DNA
restriction analysis) A& 24 ¢ 2 v 23t} 165 rDNAS FZ3lod AJEL AFEAL 3 A in

sitush $§4olA FAH chpdel 4oz TA vekskeh Ask4 AlF 27U ARDRA AF 4
& 4o WA ANAE BT A Aol B WA vT BT & AReH Aske] 2ol
2 vy el o4 (el EE> L85> 299 ¢ BT & Uk
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AFA FZIFe B FoAE v} 97.2%8 A9t
3 3 WA 2.8%7F HeR o]FelA e, 1 &
2.14%% wul3te]l T 0.61%7F =&}, 0.009%7) =] m2,
0.005%7} EFEW ¢ 508 FAH 3T (Horne &
Goldman 1994). AX-Z2] AL AT ALY 530
3 FRIAEE A3 o] LA AvlEla glow,
4 A pele A4 44 227} T0~95%°]
7HA 28tx Qo

A A A AEL YeHA Y FAE AT 2T
# oz 55 HAAd % Fo3 L II3ln
A ol Ao dRE FLof n| B o3 43
=2 ¢lo} (Chapelle 1993). ©)28F 7% ApA| 7} =) 8)4
Aoz f48E 4F 2984 H3 AR 75
kel Aeka WAL ANA S A S
3 ) = 2 (Bjornstad et al. 1997), &M F A
o Fx9 7I%E o3t AL o5y f71ES £
o F4 5 AYA 715E oldded Wl Fasid

23 e A A vl Bl HF 27] A= wiek
o 71zl £AHS9 A5, At B 5, P B
33 A e A ALY ARHA 2N &
Al =3}93 o} (Balkwill 1989; Fredrickson et al. 1989;
Brockman et al. 1992; ¢} 5 1998). 18]} A 5}4 AE)
AAlA Eelep vide] 2Est MF FFE EA5E

e 53] Al AR J)sg SHHE 4 dE
Folvt M 239 Feje nkEAql w2 AlF <A
o] 3f8 BAE W3 4 glon, wiF sl Al
ol 54 AdA AT 2 F4E duotn
7 o47) Agolch ol A Wk g0l AF 7
o 715g seksly] AT Aze Pies 4o, s
Z (Garland & Mills 1991) % Ex}A-23HA yho] A4
= 9lc} (Massol-Deya et al. 1995).
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Weke kA 43, Al +3 $EAA ey B4
EAL w23 e BAE 4 ol AREE e
Al Al e 98 AAHF 2 FHA & A
T42HE 7154 dA GFdE BHT B A9 @ F
1999). Zevt v A wige B3 Y =2l
o] &5l 7|237] wiFel mAE FZAWAM wjokol
bett ulAEES Az A9 BAl o4sE
2o} Qe

B2 B8 ¢l vp-2 32 DNA fingerprinting o] =}
oJ7]ol polymerase chain reaction (PCR)2] W= EX
DNA ¥-$]€ %3} random amplified polymorphic
DNA analysis (RAPD-PCR) (Welsh et al. 1990), repe-

titive extragenomic palindromic elements (REP-PCR)

(Versalovic et al. 1991), enterobacterial repetitive inter-
genic consensus sequences (ERIC-PCR) (Bruijn et al.
1992), amplified fragment-length polymorphism (AF-
LP) (Janssen et al. 1996), amplified rDNA restriction
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analysis (ARDRA) (Massol-Deya et al. 1995; Vaneech-
outee et al. 1992) ¥ S-o] AFEH T Qi)

E3), 16S ribosomal RNA encoding gene (rDNA) %7]
Ao gHe A9 427 99 42 ASERNR o
o gasel 24 % A £29 AF #Ho A
H3 ¢lo} 16S rDNAS] EARH: A3} &=7 w4
=3 g AEA} 3oz REY VML o)F
F22 Jep gk 2529 A3 vag A @
o}. 72|37 16S rDNAS] 7} 9] (variable region)t=
23 479 E3o upE gk & pEoez =4
ERZT B 971429¢ £33 16S tDNA
A1 g BA L AdA AlBlAM AAH F£¥ DNAS
wjofal A 323 DNAS ol 43l Ml¢ 239 &l
ASEFHE AT Fol ol4Hz Yok EAYESA
g Eeled AFERHoz FMI A =AY
o BMuc o goFsiA vebgen w4 Fae

2 207 BAE 9t} (Boivin—-Jahns et al. 1995).

PCRZ ZZ3 rDNAZ A|§as A FEAE 3= 1)
]S ARDRA (Amplified Ribosomal DNA Restriction
Analysis) (Vaneechoutee et al. 1992)2} 23} ARDRA
E AT FA AHeE B ohdE Al ZA EAe
= Al4E 4 3lth & ARDRA: A= o& A 37
& wteds) o Ko} Azkake] Wl whE 39
438 Wsks waA BMed AH-E 4 3T (Mas-
sol-Deya et al. 1995).
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1) In situ DNA®] &
AgzRE A DNAS F2317] Ysia A543 Al
& 22 Sterivex-GV Millipore) filter unitE X}-8-3}¢]
Leff 5 (1997)2) WP & AF8-5hdch.

2) Cultured DNAS] &

WeF Ashe AR2HE DNAE 3287 S84
A& 5mle) yeast extract® FHF % 2.5% HA Y3
9417} wjokst 3 Shilhavy 5(1984)2] ¥l o2 Aol
A genomic DNA #2-& AlAlslgict.

5. DNAS] AA|

PCR <o 92re 2]3}4 X292 genomic DNA%}
16S rDNA®] AA|5}7] $131A US Bioclean kit (United
States Biochemical Corporation, USA)E o]&-3le] Vo-
gelstein®} Gillespie (1979)2] ¥}¥-& AF&-3l¢ o)

6. 3719%

A7)°d Aol A genomic DNAS] &} EAle X
7} $)8 A 0.05 ug/ml Et-Br& =33}t 0.7% agarose gel
(FMC Bioproduct, USA)ol| A|88 %1 Tris—acetate
EDTA Buffer (0.04 M Tris-acetate, 0.001 M EDTA pH
8.0)2 ARMg-sle] 200V,100mAZ 3083 A7) 353150

7.16S rDNAY] F%d4)uk-$ (Polymerase chain

reaction) 2%

PCR 2% 372 Saiki §(1988)2] W& =g ¥y
A 43)slgc}t. PCR ¥He-E 100 ml gtell= 20 mM
Tri-Cl (pH 8.3), 100 mM KCl, 6 mM MgCl;, 0.02% gela-
tin, Z+Z} 5 mM deoxynucleoside triphosphate (MBI Fer-
mentas, USA), 100 pmol primer, 10 ng DNA F3§, 5U
Taq polymerase (Gibco BRL, France)& #7513t =
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£ PCR 5% #4olx DNA F3& A|9]% negative
control& E At} PCR w2 353] vl2o =z PCR
Thermal Cycler MP (TaKaRa, Japan)2 £38) 8l v}.

A &tg AFelr 16S rDNAS FF3517) H3iA pri-
mery Weisburg 5(1991)¢] A =Hst primers &3 ¥
¢k7ke] W3¢ 7}sl BioneerdA] A3 forword
primer7} 5'-GAGTTGGATCCTGGCTCAG-3', reverse
primer:= 5'-AAGGAGGGGATCCAGCC-3'¢|t}.

R A5 wkg-2 95°C 3% F<3t DNAS #WAAI)X
7} Ao 94°C 17 DNAZS WA A7), 60°C 18
%9} DNAS} primerE o], 72°C 2% F9 168
rDNAE ZZ3:= uhe-& 359 ubEslay mpxgex
72°C 3% %<9} 16SrDNAE 233 % 4°C chilling 3}
At

A)eh4 £ 9 PCR $ZAME4l 16S rDNAT 0.05ug
/ml Et-Br-2& %33t 0.7% agarose gel& Tris—acetate
EDTA Bufferell A 100mA, 200 V& A 7|ed Esl% w2, UV
(Arcus II, Vilber Bio I D Loumat, France)ol] A 2+el3}4]
.

8. PCR ZAHE9) A das: A3

A3t £A9 PCR $FAHEQl 16S rDNAL: 3%9
A &t& 4 Hae I, Msp 1, Rsa 1 (Boehringer Mannheim)
(Pukall et al. 1998; Brunel et al. 1997) 20UE- 37°CollA
4217} x2)35}4 7, 0.05 ug/ml Et-Br& 233} 3% aga-
rose gel FMC Bioproduct, USA)& TAE bufferol|A] 25
mA, 50VE 2445t 7193 83 Haehslch

9. ARDRA (Amplified rDNA restriction analysis)

Aeasz 2]® PCRAFES standard size marker
(® X 174DNA/Hae 111 marker; MBI Fermentas, USA) ¥
2}ek-&- 71&¢.2 Image analyzer (Arcus II, Vilber Bio I
Loumat, France)2 &3 3}3v}. f-Al=E Dice’s simi-
larity coefficient®2 $-Al=. X4 (S)E AALSLT (Nei &
Li 1979), dendrogram-2 UPGMA (unweighted pair
group method using arithmetic average)® =}Astgltt
(Sneath & Sokal 1973).
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Table 1. Physico~chemical environmental factors from
two drinking groundwater and one waste gro-
undwater in Seoul and Kangwondo

Criterion of

G1 G2 G3 dinking

water

pH 692 761 77  58~85

C"(‘Ifélc,tg?) 0.652 0229 0.14

Temperature (°C) 18.6 17.7 8.5

Salinity (%o ) 0.02 0 0

F(mg -1 0.79 0.12 - <1.5

Cl(mg - I™) 58.83 19.98 3 <150

Br(mg - [™) 1.49 - -

S0,(mg - I'Y) 53.81 31.98 5.98 <200

PO,(mg - 'Y 0.0031 0.0020 0.0019

NO;(mg - I') 0.007  0.006 -

NOz;(mg - I'Y) 2.05 1.13 6.99 <10

NHi(mg - I'D) 1.65 0.10 0.01 <0.5

TOC (mg - I'Y) 1410  0.619 0.72

Mg(mg - I'!) 24.78 7.300 2.12

Na(mg - ) 1840  5.750 155

K(mg - I™") 5.170 3.860 5.17

Fe(mg - I™Y) <0.006 <0.005 <0.005 <0.3

Zn(mg - [') 31.80 201.00 126 <1000

Pb(mg - I™) <050 <0.50 <0.5 50

Cd(mg - 1) <0.50 <0.50 <0.5 <10

Hg(mg - I') <050 <050 <05 -

As(mg - I™) <0.005 <0.005 <0.005 <0.05

Se(mg - I <0.005 <0.005 <0.005
Cr(mg - I™) <050 <050 <05 <50
G: Directly extracted microbial genomic DNA from ground-

water, 1: waste groundwater in Seoul, 2: drinking ground-
water in Seoul, 3: drinking groundwater in Kangwondo.
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Fig. 1. Color development pattern of the microbial communities of groundwater using absorbance (ODsg0) values of utilized
substrates for each community. The plot of average well color development represents the mean color response for
all 95 response wells. The symbol assignments are given in Table 1.

71221 (0.5 mgH) B} 1.3u0 o)Atez ZALF T
1 2AAH SAS wd Axz AEsse] As
A&l 2 A= Aladd.
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2. Biolog plate®] %A u}-$-(rate color develop-
ment) W3}

Biolog GN microplate] wioF A)7tol} wl& AW 3
7 A2 (AWCD)2) #3h= Fig. 13} 2o} 84 wh-go)
oA 3=l wiokalZhe 162417 o] 32 el o] F ¥4
2 93 AsE 16247k bt A whg-e] AE
o] &3} t}. Biolog GN microplateo]| 4] &4 o] &
Az Ak AFEAL A G #AdE 5 3
Aot Hg A vke- e AdEEed G3 AA, wLg
Agel G2 A4, 29 A4 G1 AR w22 ¥A Y&
wrh & Aske Al A9 dAF Bk G3,G2, Gl
&0 2 =7 Jebgr) Garlands} Mills(1991)-2 w49
9] o]l g% zlel7} Yehle Fo¥ Yoz JHAE
o £ 2Aeoz A9siich ¢ $19DE 5 BHEL
ol 2)gt o33k wte FAME A £ 249
W3} Bk oplel, A B = ¥ d¥= 3
Hez wwslgdch £ <k 5(1998)> FI4 L9E
2 AHeM AdfHoz M ARGt A
AL ook geid Asele] 34 2 9EH
A AAS, F 24 9 Mzl 54 A5l o
X3 olell wel &aY olf AHxe| Xol7}
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Eht Aoz PoEn
3. 57 244 9% Ak AF FAT FAE 2Y

AR Mg A A 8 (similarity matrix)
A5G o] 438t cluster A 02 AlA)EI T (Fig. 2).
2 Az FALE T0% o) 3elA 3HA L s A
AL 20 Az FEIA F, At 2984 GL
# 234 vledd AA G2,G3 Aoz FEINS &
Am A5t o e A 23] 71%A )t
Agoz Qs A ZAY WA Gefe] e Ao
2 s]A 3t} (Colwell and Lehman 1997). A7 237+
FAEE AdEEH vy AAol 2% ooz A
vel 7l5H oz zpolrt AL Ao EEITE A
oz MY, AQ I 29 AL oF 6%
A veht 7Aooz Aot 2 A FAe] EEYT
3 fs.

4. Genomic DNA®] 23 A A

7t A stg AN in situ A FELE A3t A
o] glodM Az 5& A7} o3 2HA At
4 2R AFEE 2ES317] H3HA] Sterivex-GV
filter unitE AH§3le] DNAE FZ3t o) HA
%% WP PCR¥} ARDRA A& 5=33}7)e] A is}
o} o] & HPES DNASY 37} Hel B FH2
16S rDNAE =2 & 4= gloeus &§%< DNA F&
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Fig. 2. Dendrogram showing the relation ships between
the metabolic profiles of microbial communities
from groundwater samples. The relationship be-
tween samples are compared in similarity index
and clustered by the complete linkage method. The
symbol assignments are given in Table 1.

3} DNA 5}3] 8 43} & £ e Whies v 39
S)c} (Leff et al. 1995). 3, vjokg A|3l5 Al 2 RE
DNAE #2%3}7] $)31A4 Shilhavy 5(1984)2] Whje=
A ZoAA genomic DNA FZ&& AAsdeh. F&3
DNA®] #AteF2 <oF 23kbAch (Aha &A] A,

PCR 43o] &5t #]3l4 A& genomic DNAS}
ARDRA 4ol o2te- 16S rDNAS AA87] $1s)A
Vogelstein?} Gillespie (1979)2] ¥P{-& AM&-3l9dd} o
WL #y2e 71498 A5 ethanol A 2}
7] ¢le] DNAE 5%Al7|9, o] DNA+ PCR3} ARDRA
4% 4 e A=Y ¢x4

5.16S rDNAS] Z§<u5- (PCR)

Z} Al A FFAA FEF in situ YA
2.5%2) yeast extractZ wjok3l A& el|A] F23 WA
eubacterial 168 rDNA primerE A}-4-5l¢J PCR 3%
g Az} Z2Z3 16S rDNA x-S oF 1.5kbo|glT
(Weisburg et al. 1991), Fig. 3¢|4] PCR ZZAHE-& &9l
slgde) x3hg AlFeliA 168 rDNAS ZE3}7] 9]3le
A18-5l primerys Weisburg % (1991)¢] #)2}3t primer
o] ¢kzke] W32 slslgdrt. o] primery 16S rDNA B
2908 rlzs YA Ad 2E ATIA 168
rDNA full-length& Z=Z% %8& 71X glor,
forword primeri= o) 5-322] A|F& reverse primer:= t}
£0] AlF& Z2Zdx= AFHY} (Weisburg et al.
1991).

6. AgaL

2+ A5 A 552 PCR AMHEQ] 16S rDNAC] AF&-3
A Bt&E A= 4-base 12 &AZE Hae III, Msp 1, Rsa 1
(Boehringer Mannheim) (Brunel et al. 1997; Pukall et
ol 1998)2) 3%& Hesle) AW AL Fig. 40 e}

M G1 ct G2 C2 G3 C3

Fig. 8. PCR amplification of DNA Samples with eubac-
terial 16S rRNA universal primer. M: lamda DNA/
EcoR 1+Hae 111 marker, G: Directly extracted
microbial genomic DNA from groundwater, C:
Extracted microbial genomic DNA from Cultured
bacteria in 2.5% yeast extract, 1: waste ground-
water in Seoul, 2: drinking groundwater in Seoul,
3: drinking groundwater in Kangwondo.

Wl o] 3% AT &4 $442 Pukall 5(1998)
7} Brunel 5(1997)8] ZA}e} oA 3. Pukall 5
1999)& Az e AF $ASH ol S5 0%
9] M2 16S rDNAE 39%9] Atz & A3
145%0] 4059 97 258 AE ¢ AAF AT F
& A7E Bel 4-base Q4] AsHEAZ Hae I1I, Bst U
I, Hha 1, Alu 1, Rsa 10)3]v}h. 18] 32 Hae IIIE= o] 222
79 168 rDNAE A&t} Brunel 5 (1997)2
%2] 16S rDNAE Msp I AJ3F &42 283 A3}
o8] Hue] A7 o] AYe|M = Hae Il
F> 29 YL B FHAT o)A A= o] A
Pol| AHe-d Algaae] 5447 dx)g

7. ARDRA A& 84|

oot M =
ofl rlo

A

O

16S rDNAS] AH ofAFE Ag T4 FFol uwhe
2A Jeded 53], Wt A Als 235
A FR8 {4 xpelo] AAE B 181 A3k
A8 AAZY in situe} wiF ZA ¥R &
AE 5710 A3ty AT LAY 413 FAL ¥
ok 2 AEg AlgelA F23 ke AH
7~1270, Wikt X3k Alge] A AHL 3~107=2
2 A3 AlBolA F&3 WA AHo| o o] 1
et} o] st S0 A 3HAA wioke F3
FFAHE Aol FAFRY A9 AR A3
(Aman et al. 1995). X5}l 45 AAGH 294 A
Hzlel]l 3709 AT B4 HeEdd FH oS w2y
Az}, AFe S84 AR 3~127, AES 294
AN 4a~9le] Aoz Azt 45 AAHY g
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A. Hae lli
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Fig. 4. Restriction pattern of PCR-amplified fragment of 16S rRNA genes digested with Hae 111 (A), Msp I1(B) and Rsa I
(C). The symbol assignments are given in Fig. 3. Lane M: @ x 174DNA/Hae III marker (MBI Fermentas, USA).

A gl o ket ok A Ase A7 A @
29 71 o] &5l W A} Tkl e] Al Biolog
plate?] HF U4 wl$ (average well color develop-
ment; AWCD)el|A] HAF5E G3 AA, v AY<
G2 A, 29 A<l G3 ALz A Jehd A7
S AU & S99 FAE B 94T 2
At Ao A4t
o}. G1 AA o) G2, G3 AAH BT} H-%
e Wy 2ANM AhAoe o
AT 9 FIEel A pes
Ao] zlol7l F Aoz Iddr)
=4 WAna) e g v
249) W5} B ohieh, 4l YHxel o
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FE L9EAL A MAS, F 24 HAE =,
Bl 1e] o]& Ao ¢f3kE w|A 3 o]d ule} HAA
cefAde] zpelzt i Aoz ARl o] AAR A
9] 29 3o w2 v)yEe] FAA Gepde A

r‘-u ‘-)
Lo
rlr
oM,
03‘;

¢

Table 2. Similarity matrix of pairwise genetic distances
between 16S rDNA genotypes in groundwater,
G1, G2, G3, C1, C2, C3 base on ARDRA analysis
of PCR-amplified 165 rRNA gene

Gl G2 G3 C1 C2 C3
Gl 1.000
G2 0.810 1.000
G3 0.667 0.863 1.000
C1 0.187 0.307 0.407 1.000
Cc2 0.227 0.257 0.313 0.247 1.000
C3 0.377 0.420 0.550 0.357 0.343 1.000

The symbol assignments are given in Fig. 3.

AEEF>EF> 29 IIT 4 AU

o) A3} Alme] AWM oFAFE Dice’s methoddl] 2}
o) 98% 048] A2 SALE A4 E FhT 1 A
= Table 2¢] Jelglar o] & Eq]i dendrogram-&-
235t A3 Fig 59 et ddet f4s o 50%91M
Ashe AF ZAL insice 2% R TR T A
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Fig. 5. Dendrogram (UPGMA) of genetic relationships
among 16S rDNA genotypes analyzed by PCR-
ARDRA analysis in groundwater microbial com-
munity. The matrix of pairwisw genetic distances
(Table 2) was used to construct the dendrogram.
The symbol assignments are given in Fig. 3.
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Abstract - In order to characterize the genetic diversity of bacterial community in groundwater,
samples were collected from used for drinking water and polluted with heavy metal wastewater
in Seoul city and natural cave of Kangwondo. The DNA was amplified with 16S rDNA-based
primers by use of the PCR, and then analysed ARDRA (amplified ribosomal DNA restriction
analysis). Restriction endonuclease analysis patterns of amplified 16S rDNA in drinking water
and wastewater relatively showed high genetic diversity in sitz and drinking groundwater. The
number of DNA fragments varied with in situ and drinking water. This method of ARDRA of
bacterial communities in groundwater could be used for a quick assessment of genotypic changes
between different locations reflecting different environmental conditions and the diversity
reflected pollution of groundwater (natural cave water >drinking water >waste water, as in order
of grade). [Genetic diversity, Groundwater, 16S rDNA, PCR, ARDRA].
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