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Abstract - The bacterial community of water stream, soil and guano in Gossi cave was
examined by using PCR amplified the 16S rDNA-denaturing gradient gel electro-
phoresis (DGGE). In this study, the genetic diversity and the similarity of bacterial
community between open area and non-open area for cave tour were investigated, and
the seasonable variation pattern was compared each other. DGGE is attractive tech-
nique, as it separate same length dsDNA according to sequence variation typical 16S
rDNA genes. The diversity and similarity of bacterial community in cave was analyzed
by GC341f and PRUN518r primer sets for amplification of V3 region of eubacteria 16S
rDNA. The specific DGGE band profile of the cave water gives the possibility that the
specific bacterial cell can be adapting to the specific cave environment and living in
the cave. The DGGE band profiles of all samples with guano were compared and ana-
lyzed by image analyzer, in which mutual band profile was compared to be and the
band intensity of guano was the highest. From these result, it is thought that the guano
was main nutrient source and influenced on the community structure of the cave envi-
ronment where is nutritionally limited. Pseudomonas sp. NZ060, Pseudomonas pseudoal-
caligenes, uncultured Variovorax sp. and soli bacterium NS7 were identified to be on
some sample from analysing DNA sequence of some DGGE band.
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9] A, wHH 5o wiAdE Ej3 upgtel o3 f9
oM g 57132 Feo] A o8 3 Pgo=H FF
W) Hol el Fad 4T s Aoz dA 9l
t}(Lee et al. 1983). 3}A|RE FF nAE] HF A7+
$71 oo el WS AgHA FF FHY 5
A wjFol| Z=2 Thiobacillus T3 72 33t oAF
(lithotrophic bacteria)2] ¥} A& A7 (Vlasceanu
et al. 1997)¢) AFF o] gli= Heo] Aol

FHelM Y FF B da A7 Fel =(1961)
o o3 &3 ARFs ez AFEe FA7A=
FEAA dE |G BE3] o)Fo)Ax UG (FF
1980; A3 1987; 3 2001). bl B2 v st o
T 19754 AA7IGER A ARSI =197
o] A& ¥ Ao2RH AMEANL, 1 F 18T
Z REGAAA TR A (3 1980) So] ULRAL,
Z v Bl AE AAA A= obF At

| AE Q] d7= AEH oz nAEY WY
Halo]| 7]&3}9] A5t (Balkwill 1989; Brockman et al.
1993; Fredrickson et al. 1995), | o= ek gleo] &4
AeA 23E] A4 F&3 DNAE dAdoz A ¥4
o $xo} 71%e Hetsy] A% o= BAYESGH
o] Al=H 32 ¢)v}(Pedersen et al. 1996a,b). £35] PCR
amplified 16S rDNA-denaturing gradient gel electro-
phoresis (DGGE)= 83 vlAE 239 #33 94
24 5 u)4E Aeeh @7 FYs B8z
v}t (Muyzer et al. 1993; Felske and Akkermans 1998).

E d7oae ZdE QLo 23 XS 94
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ZA Fx2 PCR amplified 16S rDNA DGGE 71%]-& ¢]
49 vlmslgel oy AEH Qqle] FF A+ A
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F2 F718d EAR vAEY ZATERE JAFe
24 5 A2y A 2949 7S EsaA
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Fig. 1. Sampling site in Gossi cave. W1, cave water in
open area; W2, cave water in non-open area; W3,
stream water in the Namhan river; S1, cave soil in
open area; S2, cave soil in non-open area; G1,
guano in bat’s residence.

Qoz sy JURES ANNAS AUALD w
WA, RN 47t BAEE 814 Hid Al
Al a, ARG vAAYe] 2ekxs 183
w7 bR 8] Lol = FHFH polyethylene bagell 3
s} o} (Fig. 1).

2. pH, 29| 3

pHS} -2 #Ao|A] 24 pH meter (Check mate
90, Corning) S o] 83} YH=z =A 3t}

3. FAET 33

FATS XS 98 B A8 100mle) 4 forma-
ling AANA 2%7F EH == HF7}3F & Ice boxol] BT
so] guksledct mAE ARl 5.0ug ml! 4, 6-diami-
dino-2-phenylindole (DAPD)E AH7}s}e] 587F J435}
I Sudan black B2. 943 polycarbonate membrane
(0.2um)e 2 of3}ste] ¥ Fu]7 (epiflourescence micro-
scope, Axioplan, Zeiss, Germany)3dlolA] Z} A|8.F 30+
9 olAl Al$sle] A= AAFSIg Y (Hobbie et al.
1977).
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Table 1. Sequence and target site of the primer used in this study.

Primer Sequence

Target Position?

GC 341f 5 -CCTACGGGAGGCAGCAG-3’
PRUN 518 5 -ATTACCGCGGCTGCTGG-3’
GC clampce

eubacteria, V3 region 341~358
univeral, V3 region 518~534

5-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGG-3

*Forward primer, "Reverse primer, ‘Attached to the 5" end of GC341f primer, “The number of position is based on E.coli 165 rRNA.

A 2.2] DNA: Jizhong(1996)¢] v o= FZ&3slycl

5. DNA<2] AHA|

AREZRE 44 #23 DNAS wjope 59l 22
o] AAA E&]3 MF2] genomic DNAE PCR 43
o egte Lwz AA)s}lr] 18] Wizard Plus Minipreps
DNA Purification system (Promega, USA)& AH-3}31}
DNA A &2 A3} 4= 2 spectrophotometer
(UV-160A, Shimadzw)=. =331t}

6. Touchdown PCR& ©]$£3 16S rDNAS £Z

16S rDNAE ZXE3}7] 93 primer:= Muyzer 5
(1993)¢] A|ek3t primerE A4-3}33th Primer?] J7]1A
92 Table 19 A A3} e PCR 8H&-E 50 plglol =
300 mM Tris-HC1 (pH 8.8), 100 mM (NH,),SO,, 100 mM
KCl, 20 mM MgSO,, Zt7t9} 10 mM deoxynucleoside
triphospate (Takara), 20 pmol 16S rDNA primer, 20 ng
DNA %3], 1U Taq polymerase (Han-Taq, USA)E A7}
3l PCR &Z2 AMPLITRON®II THERMOLYNE
(BARNSTEAD/ THERMOLYNE, USA)o. 2 433}l
PCR 4}-2-2 annealing temperatureZ} 55°Cel|A] 45°C7}
g 717 2 cyclewd 1°CH "o]A]= touchdown PCRS
A A5k} 95°Coll A 58 52t DNAE WA 7|1 Taq
polymeraseZE 713t &, 95°CollA] 1%, annealing tem-
peraturesi A 1%, 72°ColA 18 T4t DNAS ZZ3)=
W& 223 whEsla FUHAo® 95°ColA 14, 45°C
oA 18, 72°CollA 1% F<F DNAE ZZF3sl= uhs-g
183] gt ¥HE3ts wpA FFRAA e 72°CollA 10
2 29le} extension stepg F7}5te] DNAS ZZ3}9)
o PCR AHFES) &9} $AE Hlshr) HA3iA 1.7%
agarose gelol|A] Z7])¢%E3}e] DNA band & #<l3lgc}.

7. Denaturing Gradient Gel Electrophoresis
(DGGE)

Denaturing gradient gel-2 0%2%} 100% denaturant (7
M urea, 40% formamide)”} 272+ %3% 6.5% (wt/vol)

acrylamide stock £ (acrylamide-N, N’-methylene-
bisacrylamide, 37.5:1)2.2 gradient maker (SG-30,
Hoefer)Z ©]-£3}o] 35~45%2] gradientZ 7}A| = 6.5%
(wt/vol) polyacrylamide gel 2 9HE¢oH DGGEE 1 X
TAE bufferZ running buffer2 V20-HCDC (SCIE-
PLAS, England)E ©]4-3}§ 150V, 60°CellA] 6417+ =
et A7)ed%E 3l¢v} A7) E Fo denaturing gradient
gel Et-Br= 1087+ 943 F 3083 &3t band
P& SHasiolc.

8. FAAS AR

DGGE band AN 324 sz 73 (Vilber Bio ID)o]
WA= o]¢)= Image analyzer (Arcus II, Vilber Bio ID
Loumat, France)2. &A%} t}. $-A} 2=+ Dice’s similar-
ity coefficient® $A}= X4 (S)Z AAFs}3L(Nei et al.
1979), dendrogram2 distant matrixe|A] UPGMA
(unweighted pair group method with arithmetic mean)
2 2459 v} (Sneath et al. 1973).

9. DGGE band®] 971444

DGGE band®] 97|Ad8A-2- @vreAs 5(1997)2] 4}
HE A48 5ule] DNA 4298 9olA] A5
touchdown PCR2] DNA F3 o 2 xLg3le] FUgt ul-g-
Z7 3% GC clamp7} AlAZ 341f9} 518r PrimerE o] £
shed ZZ3lgv} PCR AR 2597149 £417) (ABI
Prism 3100 Genetic Analyzer)& o]&38ld |H7IMES
BA3}9 o1, Genbank®] BLAST search database® o]
$31e] 165 IDNAS] 971 2¢ Flshich

Zz ¢ nE
1. pH, $&2] W3}

7t Aoz re U pHE 243 H3) 5&4% pH
7.63~8.519] Wz oF 97| UepIN T, Boka T
o}x2] A 2o 7zt 24 (pH 6.2~7.003} oF AHAJ (4.9
~6.0002 Jepget. &35 S 743 pHIL FAa
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Fig. 2. Seasonal variation of hydrogen ion concentration.
W1, cave water in open area; W2, cave water in
non-open area; W3, stream water in the Namhan

river.
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Fig. 3. Seasonal variation of water temperature. W1, cave
water in open area; W2, cave water in non-open
area; W3, stream water in the Namhan river.

= Age Jehgled Fig. 2), ol $717F A==
798 7|Hozs st FFUE ApY K3kl
slo] 94=0] g W oz Algdch HiHl) Hx
Zog ALgE 722 pH8.28~8.8320% A7IAE A
b= 7Agke Jehdch it Askge] pHYL 5.8~8.59)
d ¥s FE49 pH7E ¥ olft X ETF H29
AAFz7 APA2 FAFH 7] AEelH (% F
2001). -2 3471 9% 13°C = LA /A

E Ao s dzFoz AHLHE 57 FH A A
7o) Asole= A w2 Wzl Ad Aoz vehy
o} (Fig. 3).

2. FAEF 54

A T4E AST A T2 MEAGS B

Table 2. Total cell density of different samples in Gossi
cave

Site January March May July

W1 2.90x10° 2.68x10° 2.64x10° 2.17x10° 2.71x10°
W2b 6.22x10° 6.36x10° 6.54x10* 6.22x10* 6.36x 10°
W3 9.35x10° 1.41x10* 1.49x10* 222x10* 4.78x10*
819 1.74x10° 1.73x10° 1.74x10° 1.74x10° 175x10°
S2° 6.25x10* 6.28x10* 6.26x10* 6.31x10* 6.28x10*
G1' 424x10* 3.36x10* 3.31x10* 3.35x10* 3.39x10*

September

2Cave water in open area; ®*Cave water in non-open area; “Stream
water in the Namhan river; ‘Cave soil in open area; *Cave soil in
non-open area; ‘Guano; *>“Represents cells ml !, #*Represents
cellsg™t.

=)ed o] 7}z}t 2.17~2.90 X 10°ml ™Y, 6.22~6.54 X 10> ml ™!
2 RG] ZRFEo) A ZA Jepdon, A
w2 24 Fue #Hile AY gtk Hxiez A
® 7rEe] AL 9.35x10°~4.75 X 10* ml 12 F-F5o)
vle] 23 FRrt 23 AR o Wi} kS el
4]t} (Table 2). £k /Rl v/ ukR| o] 7zt
1.73~1.75% 10°ml ™}, 6.25~6.31 x 10* ml"! 18] 32 o}
¥ 3.31~4.24%x10*ml" 12 Jepstt}(Table 2). AAH
o2 ARG vls] NAIG L FIFpet EglA
ZA|F5Y 7RI E Hos vEY. ol % £X
o2 MuEl FFeMe 2E AR el 27
2= AE o] AR S FEEH Hel MUHA
ke Taud 4 @ A Jepdchs w1(1980)
o) Ao} X3

3. DGGE?%] &4

A 4R Aszyd A449 Ples 2
genomic DNAe| 4] 16S rDNA £3%& E3) 3=3) 233
bpe] PCR AHE-S DGGES] 448 A% 6~1971¢] A
2 9 bandE Jepiglon, 2 E AHAHAA FEH
2 Jel)E= 6712 bandE #slslg e} (Fig. 4, band a~
f). DGGEAA #=ld Z}2+e] bandy /MAZE 7)d
o} (Muyzer et al., 1993)= & weisid L8 HHA
FEdoz FEAsl: band a~f 3 jAZelzt &
2 glth GelAoll A vield 24729 band®] intensity:
AWM BA A AN FR=F el &
9]tk (Muyzer et al. 1993). Band a, b, ¢, d2] 7-$-oll = F
olxE 3 FFH e BE AR Hef Folx
oA 714 intensity7} ¥A WreRd o] dkdel Al
@5} Qi 2 84 deld Fohirl #719% FF
2ozl nAE Aol o3ke v|Al= Lee 5(1983)
o n3s) Ak Aoz AmLL
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Fig. 4. DGGE profiles of 165 rDNA V3 region. The sample
was collected from different sites at september.
W1-9, cave water in open area; W2-9, cave water
in non-open area; W3-9, stream water in the
Nambhan river; S1-9, cave soil in open area; S2-9,
cave soil in non-open area; G1-9, guano. Percent
values indicate the percentage of denaturants at
each position.

4. $AE

DGGE band A& vlgto 2 $Al% | 5E AALes
ot AA7ke] $Al= A4S dendrogram o 2 ‘lepd A
2, MR Q7 wAGR AL FF57t 83%, =4
70%, B3} Folxrt 60%2] HAHE el gl (Fig.
5). W Fopwst FIFHE 50% vlwte] W fAMIE
el o] Folxel =oF e LHT WAE
olFx glom =g FIE 23 TEo Fetxst 2
A& A Aoz Asd

5. DGGE band®} ¢g714gdE4

DGGE 4] bande] @ 9714984 4% 52 4
g4 W dx nAES X 5 Uk Genbank?]
BLAST search database® o]-83}e] band Z}7}2] 16S
rDNA2] 971M¥9¢ alignment3dt Z3}= Table 30| }
Bpigieh SEW RE AHIM TEAeE vshdd
band a9} d (Fig. 4= 22z} Pseudomonas sp. NZ0603}

Pseudomonas pseudoalcaligenes =, )7 kx| o] FZ4
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Fig. 5. Dendrogram of seasonal genetic similarity matrix
value of 16S rDNA fragments of different sites at
september. W1-9, cave water in open area; W2-9,
cave water in non-open area; W3-9, stream water
in the Namhan river; S1-9, cave soil in open area;
S2-9, cave soil in non-open area; G1-9, guano.

35% M W2-1 W2-3 W2-5 W2-7 W2-9 M

45%

Fig. 6. DGGE profiles of 16S rDNA V3 region. The water
sample was collected from non-open area in Gossi
cave seasonally. M, 100 bp ladder plus marker; W2-
1, cave water in non-open area at January; W2-3,
cave water in non-open area at March; W2-5, cave
water in non-open area at May; W2-7, cave water
in non-open area at July; W2-9, cave water in non
—open area at September. Percent values indicate
the percentage of denaturants at each position.

oA teld g, h band (Fig. 6)& 72t uncultured Var-
iovorax sp.9} soil bacterium NS72 A H v}
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Table 3. Sequence information for the DGGE bands
obtained by analyzing the cave microbial com-
munity

Band® Closest relative % Identity® Accession no.

Pseudomonas sp.
a NZ060 99.0 AY014813
d Pseudomonas. 100 AF140008
pseudoalcaligenes
Uncultured
g Variovorax sp. 98.0 AF408329
h Soil bacterium NS7 98.0 AY039392

*The symbols correspond to the band symbol in Fig. 4 and 6.
"Percentage of identical nucleotides in the sequence obtained
from the DGGE band and the sequence of the closest relative
found in the GenBank database.

¥ 9478 53t 52 W A+ Fx2e 9Rg
Aol |3l AR oz F thefe] Yrow, 3] FE &
2 Aoz FAH. o) AR F7dl v)8) A
Moz o Tl AMIA FF F79 BAE wdsl
Aoz Bl A7k DGGE 42| band & 53 F
FEANNE vehdA] gk FE5elnt HejH oz o}
thte band7 Sl Aoz Mol $29 B ol
o2 Agea g Ade BA A A,
ohgel Jopeas] Fel ARl o B2 WA
A bt 871 4URAS Fa 3RU02 A
A 24 Faol T AL ML Aoz IR,
FF 2 9GP £F BHo=yy zr%sa DNA A=
o isk rRNA 7| MAE8ME B3 5F 2529 54
I AERF}E 4dH w33} 3 (Henckel et al.
1999, Wise et al. 1999), Fl HAFF e n|AY & 1§
%ol 93 database FFo] o] FojH ok & Aoz Alm
gt

[o3

)

Eorr g

= L+

2 W AEE Ad 3 F2E Y] Y3ho
PCR amplified 16S rDNA denaturing gradient gel elec-
trophoresis (DGGE)E A -4-3l¢cl. DGGEEX FY3t 2
A& 7t dsDNA bandels &bz, 2b24e] Q7]A
g Aololl met A7) AelA 5 band FFE
ebd 4> 9lt}. eubacteria®] 16S rDNA V3 regiong =%
3}7] 98l GC341F¢} PRUN518r& primer®. AF-8-3}ed
Aspelel mAE 2R AT $A4E s
th. DGGE band 4-& 53 $2HY AF 23 +=2&
SI% B7el uls) AlAem Folebe] wen B3y
SN BolHom Malshe Fol 3l Hlsich mat

$7] AEA FFo) ARHe) Y TN Fol
e f7] dFERY Tadezd 2 Qe 0)A
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148 A A3 Pseudomonas sp. NZ0680#} Pseudo-
monas pseudoalcaligenes, uncultured Variovorax sp.,
soil bacterium NS7s =9}
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