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BHae} o]5 AupF-e} Folote] FEAAE 3 AYEHER
2 AGZA Foll B AFFRE o] B A5 o8 ¥
HTHI, 3, 6, 7, 10, 17, 24). T3 SHEYS AejAQ) F2 +
A9 EGHAE F AR A B3 A= s
g =lol vhH EqkAwe] tist A vl vlEe Aoz
STHESCZHE Fe] Hud A uds HAZ 513719
=53] At olgkar & 4 UTh(15, 21, 25).

FHZ vAEAE RS vdS B3R &al FHA A
A4 DNAE FE3t plAET Y 729 75S 9otalr] 9]
3 tFer TR BANESE 7PHE ol83kal vhd, 13,
23). 53], ARDRA (Amplified rDNA Restriction Analysis) X<
A P EC] BRAF O R EAs= 2]HE RNA (rRNA)S]
subunit$] 16S rRNA (2F 1,500~1,800 bp) Woll 3521 9714
de] HEGHo] Aol 107l o) SAlstaL lvke dEE vt
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EREE A5 A 319 e 8554k ol AT
2t SHEYS AR A8t 874k Fol ATEr 370
A (MS1, MS2, MS3)& tiidoZ o] A 71A4H Eo
ZRE AFEE 2MHSIA polyethylene vinyl bagZ} bottleol] 2
AALRZ kst 122131 ool Attt 2 EY AEe
1 g2 AaFste] 100 mle] HS=o] Y3l homogenizer (Ace
AM-7, Nikon Seiki Co.)& 22,040xgollA] 28-7F 53] A7
U 9 mie] Aatgrol] a2 o' 3] Asko] ARS-8FITHS).

CFDA (6-carboxyfluorescein diacetate) SZIIMMo| 2|5t
A7+ 54

EgdE ) 100 uE 10% NaCle] 3H71E 02 M phosphate
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buffer (pH 7.0) 100 wi¢t 333 § 2% CFDA FFA4 1l
£ ¥ & S99 v 30°ColA IMRE ERE v AT A
HhE & 0.2 um nucleopore filter7} 2 funnelol] 73719] A&
100 pis FHARS § BT A2E7F F90E nucleopore
filterS &Elol=ZTk~ Yol 27]3 imersion oilS Hojy] &
&3 3] (Nidone ECLIPSE 80i, Nikone Co.)& ©]-&3&}o]
x400 HjE2 FF] HAE HEe AEE AHFFE SSAT.
A 2070 AolelA B - Azste] okl 4100 S|Astel
TS T3FATHR).

A ZHH A (mm?)

N(cells/g)= A A2 A (mm?)

v A=F W HoA ESF (cells) x ESFW S

EFE A x EFAEFY

ol

o Aol olst dr -

A 23S 93 AZEE 559 9 A (nutrient broth,
NB)¢} NBZ 10212 3]2J3} DNB (diluted nutrient broth) Hj<]
E AFE-3F93, NB HIA|= D.W. 1 Lol beef extract 10 g,
NaCl 5 g, peptone 10 g F7}ste] A=At 2+ A5 7 5
7Re] petri disholl 2202 SMEH EFAEE 1 m¥ HF3)
a1 %4719 NB9} DNB H|AE 717} H7fete] &3 st
FE A 8E 28°ColA 508 Sk 1,200417F) o)A v ksl A A7
Zo= HyujAlo| FFE FERUFE S5t AaTE =
SFATH®).

EAo R 2E] total DNAS| &Y F£&

B o7 o]&EE RapidH(30)0 JAS AT SHESF
AlE 5 g5 120 mM phosphate buffer (pH 8.0) 10 mio]] o] 4
3L E% W humic acid 2 PCR ZZ AE2 52 AA}7] 9
3 BEUAIFRE 33 MHsIHT AlHE E AlFol solution 1
(150 mM NaCl, 100 mM EDTA, D.W. 100 ml, lysozyme 1 g;
pH 80) 8 mlZ F7}8laL 37°Coll A 2A)17HESE BEgAIZ 5
Solution II (100 mM NaCl, 500 mM Tris-HCI, D.W. 100 ml,
SDS 10 g; pH 8.0) 8 ml2 713} -70°C deep freezers} 65°CS]
AP} =918 wHE 2a)slar 6296xgollA 1057 LA F-alate]
Azls AQrt. AzAo] 5 M NaCl 2.7 ml, 10% CTAB 2.1 ml
3 =89 chloroform:isoamylalcohol=24:1 (V/V)% A7Vska
22,040xgell A 1037 A4ttt Aol 53 1.6 M
NaClo] E3HH 13% PEGE H7Fsle] DNA pellet@ 13, DNA
pelletS 7123 & 750 ple] D.W.E 3718k 37°ColA] o)At 10
M NH,0Ac 190 pi#} 2812 ethanol 18]31 &S] isopropanols:
2715k DNAS §=3}al 70% ethanol 1 mIZ H|Z3F & Ay
ZAZ(Micro Vac MV-100, TOMMY)SItE. #HE4 22 DNA 5%
+ Spectrophotometer (UV-1650PC, Shimizu Co.)Z Z73}3T}.

16S rDNAZ2| PCR &

Kor. J. Microbiol

E. coli 16S tDNA F-3-2] conserved sequences 7]Z%=Z 3F
27F (5-AGA GIT TGA TCC TGG CTC AG-3) primers}
1492R (5-AAG GAG GTG ATC CAG CCG C-3") primerE ©]
£-3}49Th(16, 20). Total DNAS] PCR A|EALS HAiss17] 9
3 DNA =% 50 ngo.& FA3lo AlEsldon, 54
DNA 1ol 27 F primer, 1 ul; 1492 R primer, 1 pl; EF-Tag
polymerase (Solgent co., Korea), 0.25pul; dNTP, 1 pl; 10x
buffer, 5ul; band doctor, 5pul; H,0, 36.75ulE 02 ml PCR
tubeo]l Hal 2 TF3F F 94°Col A 5ETF WHE3E TR 94°Co]
55°Col 4]  annealing 1%, 72°Coll A
extention 152 303 ‘ﬂ‘%’a—_ﬂ, 72°Co A 1027} final extention
9] 27192 PCR (GeneAmp PCR System 9700, Applied Bio-
systems)?H-3-2- AA|B}ATE PCR SF4HE-2 7195 (Mupid-21,
Gel documentation system, Bio-Rad, USA)3}] F& R &
3kt

Al denaturation 1%,

16S rDNA clone library 7%

ZZ5 168 rDNAES pGEM T-Easy Vector (Promega,
Madison, USA)9} 3:1¥]-&2 ZA3}aL T4-DNA ligaseS 7|3
O3 4°Coll A 127417 B2t ligationd}A T}, Competent cell (CP
cel)9] #A|ZE= 200 mle] LBHJA|(Difco. co., USA) E. coli
DH5aE &3kl 0.Dgke] 0471 & wWj7hA] 37°Col|A] 21w
Jsle] #AIE F53kaL 5 M CaCl, 10 miE 2O iceoll A 10%-
7 ABE 3 6,296xgol A 108 T Y425t cellS A
St 2 mle] CaCl, & A7V8FATE CP cell 50 pls} ligation®
DNA 5puiE 338 &g 5 iceol X 127 BAE o=
42°Co| A 4527t heat shockdlal LBHIA] 450 plE H7}sh ohs
37°CAlA 1A1ZHE et AgueF 3 & X-gal (20 mg/ml) 1 ml,
ITPG (20 mg/ml) 100 ul 22|31 ampicillin (20 mg/ml) 1 ml]
E3HE LB Aol =sto] 37°ColA 244131 ulFst it

LB plate®] A% colony+= blue-white colony A& 2]3]
FAADA S HAH3FA clone libraryE THE & T7 (5-TAA
TAC GAC TCA CTA TAG GG-3") primer®} SP6 (5-TAT TTA
GGT GAC ACT ATA G-3") primerS AR&-3F] colony PCRS
=33} 16S tDNAQ] vector insertE 21913} TH?29). Colony
PCRS 93} T7 primer 1ul ; SP6 primer, 1pl ; EF-Tag
polymerase, 025 pul ; ANTP, 1l ; band doctor, 5Sul ; 10x buffer,
5ul ; D.W 3675 ulE PCR WhE- tubeol] ¥ & £33 & 95
°Cc, 58-7¢ ¥H8-3 TS 94°Col|A] denaturation 303, 60°Cl 4]
annealing 303, 72°CollA] extension 13-& 30%] WHE-3}a1, 72°Co]
X 787t final extension®] ZH 2 E PCR ¥H3-S 2A)3}3 T}

Amplified Ribosomal DNA Restriction Analysis (ARDRA)
24

Z} clone®] 16S tDNA PCR F-34H=ol tiste] AIStEAE A
g & At FFE IRl 4 basesE Q1AE= 2.5 U9
Haelll®} 10 U] AulS ©]83}a] PCR product 1pg, 10x
buffer 2 ul, enzyme 1pl, D.W.S &3l HF 20 Ws 93
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W tubedl] B F 37°CelA 4t AEEtginh. AlgaLE A
23t AHES 4%9] agarose gel (1x TAE buffer; 40 mM Tris-
acetate, | mM EDTA)S AFE-8l] Ix TAE bufferdll A 100 VE
N7 302 52 W7 9535 F ethidium bromide (EtBr)E 30
23 @48t UV (Gel documentation system, Bio-Rad)&}ellA]
B15tA Y. &A0E band9] pattern> Gelcompar 11 software
(version 4.0; Applied Maths, Korthrijk, Belgium)& AR8-3}e] z}
clone 7F9] TH3-& HIWSIATH22, 31).

16S rDNA 27| MY 2N K A S &Y

A 165 DNAE FIFOZ ABI PRISM BigDye
Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystems)E AH&-3te] 7N EES A3 Sequencing
PCR2 BigDye 1.3 ul, T7 primer 1pl, 16S rDNA sample 1 ul
(100 ng), 2x buffer 3.4 ploll BF FFHF 133 uE 2 S
% cycle sequencing AAIEIHTE PCR 2HE2 100% ethanol 50
WSt 3 M sodium acetate (pH 5.2) 2 plE H7}3F 3 22,040xg
of| A} 258-7F HAANZ)AL. 250 ple] 70% ethanolE A& ko] Az
A]Z1 3 HiDi Formamide 20 plE H7Fsle] 95°Co| A 28 F<t
denaturationd ¥ A-59|oA WZhAl7]aL ABI PRISM 310
Genetic AnalyserS A8-5}¢1 16S rDNA (500~580 bp) 714
S 249 24 E 165 DNA G714 L9 homology+=
DDBJ/NCBI/GenBank database®] BLAST programe ©]-8-3}]
H w3tk 7 971 Ee] e alignment CLUSTAL X&
olg3te] WHER AP on ATEY e 2 Al
o) Aste] A EFATH26, 28).

S0| Apd2et EQF L M7+ 5N

EF AE W B SAS fIste] FBAAEE o &3 A
AT Fehjge o Az A I
ALE-E &3 F (6-carboxyfluorescein diacetate: CFDA)= 2Ho}3)
© MERE e oz dalr|o] x40 YPPs Wele EAS
U= A8 2 Alere] Mxeks 44 533} CFDA 334
AHL AJZUJo|A] esterase A5 E47} CFDAE ol|2~E|23}
SPHA AW carboxy fluoresceinttAFS: A v sl A 2
shH S wEst Alste otk EY Alsd 4719
CFDA 33 Aas H7kst & (A7 59t A28k 3-3v]7
(510~560 nm) 3}l FFe] NS H= AEE AASFE AlG
stk 1 A, Fo] AT FHEGAA AFAS 7 EF
AR T Add= MSI EYAAE 7.72+41.84x10° cells/g soil,
MS2 EOFS 7.4+1.19X 10° cells/g soil, MS3 ES 1.07+0.17x
10° cells/g soilZ A== AT}

SHH, EYAIEE B/ 552 NB HiX|9} NB HiX|E 1002
5]41gF DNB HiAIE 0|83} 50 E<F v g8l SRS}
Hj 2o =23s wjo] S ATAE 5785 A7, NB HiA] 9
AL, MS1 ESLS 62x107 CFU/g soil, MS2 E%E 3.7x107

%
ol
o
38
£
oflt
ol
el
=)
ox,
AN

SHEY W il Aol AEed 54 203

CFU/g soil, MS3 E%2 6.17x107 CFU/g soil2 AFH A,
DNB #Z]ol A= MS1 EXE 321108 CFU/g soil, MS2 E%F
2 3.48x10% CFU/g soil, MS3 B 4.17x10% CFU/g soilZ A]
F=o] DNB AR A] 52~9.48) & Alit7t SA = A

o]} CFDA ¥@drol o) 213 Alee Aol dish
4 5=2] NB wjAoA S E A= 5~8%01H, 34 AY
FNADNBYNAN SAHE A= 40~47%Z A=At o)<
Zo] DNB A& o]-&3F Fyujgel o3 S4% Ay
FAANHCFDAR)S &3l A S8 Aol vls) @
AFAE JEMISITE o)ide] A2 HE] o] AUTE B
= WA Aol o EAlE e BeE FEHUTHFIg.
1.

&0| Xz et EQko 25 E{ 16S rDNA ARDRA 24

Fo] AT EFO ZHE] Rapid HHE o83t AH F
3 DNAS 22 16S tDNA PCR FFol| AF3slnt. o
PCR SZXHE 5 MSIAEE AE38ke] pGEM-T easy vector
A3} cloningdt $- blue-white colony Aol 2]3}e]
S rDNA7} A4S Ao 2 o’d== white colonyS 7]
& clone libraryE 753 TE F 15070 cloneS & 5351
colony PCRE A&+ A3} 115 clonesol] 16S rDNA -AA}7}
e Aol FIE A

%3719] clones PCR SFAF=<] tsle] 4-baseE Q12ehH= Al
384 HeelllE ]38 3 Z} DNA fragment= Gel compar II
software (version 4.0; Applied Maths, Belgium)Z ©]-8&3}] z}
cloneS-2] ThFA-S HIW3lal UPGMA #4128 ¢33t matrixE 7
3l FAE 75%°14] ARDRA cluster ¥412 331 23} &
o] AATer MS1 EGoA] #2lgh F 115719] clonesE 317<]
ARDRA clusterZ 575 % THFig. 2).

i e

—_
SN

¢

50| Azt EQF LY M2 & T=xo ASst §4

Zo] AATE EFMSONA A3t gi3E clone 3171 di3)
16S rDNA 71X 9-& B33+ A3}, Proteobacteria phylum A%
T3} Acidobacteria phylum®] 27]9] AlEFo =z EFEJTH

Proteobacteria phylum®l 43}= AlE2 a-proteobacteria, [-

Log No. of cells/g soil

CFDA DNB NB CFDA DNB NB CFDA DNB NB

MS1 MS2 MS3

Fig. 1. Comparison of the number of viable count by CFDA (6-
carboxyfluorescein diacetate) direct count method and plate count
(PC) by using NB and DNB medium.
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proteobacteria, y-proteobacteria, Actinobacteria 2 Firmicutes A%
o2 A3} HATHFig. 3).

o-Proteobacteria Al S0l &3}= clone  Bradyrhizobium
elkanii (1 clone), Brevundimonas alba (4 clones) 2 uncultured
a-proteobacteria (3 clones)E &3} 2. ™, B-proteobacteria A%
ol &3}=  clone> Burkholderia terrae (3 clones) 2
uncultured B-proteobacteria bacterium (2 clones)S 33} T).
y-proteobacteria | F<mol= Stenotrophomonas maltophila (1 clone)
7} AZEE A ™, Actinobacteria Al Fol= Arthrobacter

Dica (Tol1.0%-1.0%) (H>0.0% &>0.0% [0.0%-100.0%]

Kor. J. Microbiol

stachebrandtii (1 clone) % uncultured Actinomycetales bacterium

(2 clones)©] X3FE At} Firmicutes 7150 43 clone
Carnobacterium sp. (1 clone)@ &1 Z|%It}. $HH Acidobacteria
ASTol &3l= tFE9 cloned uncultured Acidobacteria
bacterium (97 clones)©-Z 2HR1%| 1T Table 1).

Fo] AT EYozRE #2]H F 115 clonesoll &t
7t ASTE XSS HES A3 A cloned] 84.4%7})
Acidobacteria Al SO 2 0] AT EQF YoM 48 9]
F= Ao 7 FIFEYSH, F 7%} a-proteobacteria AlE, B-

25 30 35 40 45 50 55 B0 65 VO 75 S0 85 90 95 100

o a0y
= =
N T N N AN AN N N N N N s s e s s s s s s s N e I S e A

Fig. 2. Dendrogram of genetic similarity values of ARDRA among amplified 16S rDNA of bacterial population collected from pine mushroom

forest soil.
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CKML-11
uncultured bacterium
Carnobacterium viridans

Carnobacterium sp. ARCTIC-P35

CKM1-70

CKM1-139

CKM1-136

uncultured actinobacterium
Arthrobacter stackebrandni

Arthrobacter psychrolactaphilus

bacterium Ellin334
Actinoplanes lobatus
Actinoplanes ferrugineus
Stenotrophomonassp. OK-5
CKM1-25

Stenotrophomonas maltophifia

Xlella fastidiosa

uncultured eubacterium WD229

CKM1-78

CKM1-97

CKM1-111
Bradyrhizobium elkanii
Afipia broomeae
Bradyrhizobium japonicum
CKM1-118

uncultured Srevundimonas sp.

Brevundimonas alba

Brevundimonas kwangchunensis

CKM1-59

Burkholderia sp. KU-15
Burkholderia terrae
Burkholderia hospita
CKM1-85

THEY

uncultured beta protecbacterium

CKM1-144

CKM1-84

CKM1-35

Geothrix fermentans
bacterium EllinG23

Acidobacteria bacterium Ellin7137

CKM1-119

CKM1-74

CKM1-10

CKM1-137

Acidobacterium sp. Ellind08
Acidobactenum capsulatum
bacterium Ellin337

Acidobactena bacterium Ellin345

CKM1-148
CKMI-103
CKM1-7
CKM1-8
CKM1-72
CKM1-133
CKM1-140
CKM1-106
CKM1-80
CKM1-123
CKM1-104
CKM1-138
CKM1-110
CKM1-93

Firmicutes

Actinobacteria

Proteobacteria

Acidobacteria

Fig. 3. Neighbor joining tree representing the affiliation of the 16S rDNA clones to their closest related sequence.

proteobacteria Al & (4.3%), Actinobacteria Al (2.6%), y-
proteobacteria Al (0.9%) L2l Firmicutes A5 (0.9%)
o2 Byt w9 553 AFEE 54 eIt Fig.
4). AQAA 9] WAEF WY 7se T2 oF 1%H|TeE oiFE
-, y-Proteobacteria@ I oH, B A1E F3lo o] A4
g EG U 87 e=Z Z21E Acidobacteria AlF T 71E
o] Wi o 2= Byt sk Yk Ml (VBNC; viable
but non culturable)®. 2 o] A EY o= WA Al
o] o A8 = Alem FAE AT,

Acidobacteria A5 oln] A MAFCZ AHEY FHA
EY, 524 a8a 23140 22 gkt 84 FELisH
BIE3= o] AT, 15, 27). 4719 Tt BESS o
S 2 Acidobacteria Al FXEF3S ZASE Ao} B A
A o] AT Edo A FALE Acidobacteria Al =9
16S IDNA H71X €& BlaslE A3} di-io] A EgA
2]3} Acidobacteria clusterdl]l :3l= A8 NI T (Fig. 5).
= Acidobacteria Al5T0] $HEYF A WM Lvp5-

wa O AL

100

W e d Aol Ases 54 205

90 r
80 r
70 r
60 r
50 r
40
30 1
20 r

Percentage (%)

Fig. 4. The number of clones belonging to each bacterial phylum

groups.

Folsh WPH FEHALS olFH FF JTS FASKE 2o

2354 F

3
E

E

oFo] Aehets 957t

837

[Ea =
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Table 1. List of the 16S rDNA clones along with their BLAST hits

Name of the clones Closest blast hits Acc. no. of closest ~ Similarity of clone to its closest ~ Number of the

blast hits match (%) clones (n=115)
a-Proteobacteria
CKMI-78 Uncultured alpha proteobacterium AJ292593 98 1
CKMI-97 Uncultured alpha proteobacterium AF431152 98 2
CKMI-111 Bradyrhizobium elkanii AY904778 99 1
CKMI-118 Brevundimonas alba AJ227785 99 4
B-Proteobacteria
CKMI-59 Burkholderia terrae AB201284 99 3
CKMI-85 Uncultured beta proteobacterium clone AF431328 98 2
y-Proteobacteria
CKMI-25 Stenotrophomonas maltophilia AF431328 97 1
Actinobacteria
CKMI-70 Uncultured actinomycetales bacterium AF431551 98 1
CKMI-136 Arthrobacter stackebrandltii AJ640198 98 1
CKMI-139 Uncultured actinomycetales bacterium AY 694647 97 1
Firmicutes
CKMI-11 Carnobacterium sp. AY573048 98 1
Acidobacteria
CKMI-7 Uncultured Acidobacteria bacterium AY922122 91 25
CKMI-8 Uncultured Acidobacteria bacterium AY922122 92 5
CKMI-10 Uncultured Acidobacteria bacterium AB245339 97 3
CKMI-35 Uncultured Acidobacteria bacterium AY922122 91 2
CKMI-72 Uncultured Acidobacteria bacterium AY834324 92 6
CKMI-74 Uncultured Acidobacteria bacterium AY043830 97 1
CKMI-80 Uncultured Acidobacteria bacterium AY673303 98 3
CKMI-84 Uncultured Acidobacteria bacterium DQ828372 99 2
CKMI-103 Uncultured Acidobacteria bacterium AY922122 92 3
CKMI-104 Uncultured Acidobacteria bacterium AY150876 91 1
CKMI-106 Uncultured Acidobacteria bacterium AY922115 93 1
CKMI-110 Uncultured Acidobacteria bacterium AY673303 99 29
CKMI-119 Uncultured Acidobacteria bacterium AF431473 99 2
CKMI-123 Uncultured Acidobacteria bacterium AY043841 98 1
CKMI-133 Uncultured Acidobacteria bacterium AY922122 93 4
CKMI-137 Uncultured Acidobacteria bacterium AB245339 98 2
CKMI-138 Uncultured Acidobacteria bacterium AY673303 99 1
CKMI-140 Uncultured Acidobacteria bacterium AY673303 99 2
CKMI-144 Uncultured Acidobacteria bacterium AY922122 91 1
CKMI-148 Uncultured Acidobacteria bacterium AY673303 99 3
2 &8 =g} 7gigh. =58 o$ v|E3 HOF Acidobacteria A5 ] H
’)'o\‘ol AT BEY U] 8702 AEH Acidobacteria Al wjoko] vle- et kA FANMER S A2,

o) &Ble 7S oF Bt ATerd 548 Hask 14). 1991

L

Kishimoto (18)= F71&duliAldl 1 N H,80,5 #
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ust. forest MC 13 (X68464)
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CKM1-137

100
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CKM1-138
CKM1-148
M1-80
CKM1-110
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Aust. forest MC
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55 pinyon-juniper forest CO02 (AF013515)
Amaz. forest M10 (U68597
86 -Amaz. pgsture P15 (UGBE6
grassland peat TM1 (X87097)
aquifer WCHA2—13§AFDSOS48)
Amaz. pasture P28 (U6

58

100 agric. soil 11-14 (795707

Amaz. forest M43 (U6B625
acid mine dralnagze TRB32 gAFD47646)
grassland peat TM2 (X27098)

Amaz. pasture P2 (UB8640)
rassland peat TM29 (X97101)

Amaz._oresthE Us86/12)

T1.153

éz733s )
602
(Z73568)

e Pﬁfzz

1zosphere 5111 éAFUlBSGU)
Amaz. pasture P12 (U68646)
agric. soil 11-25 (295?090]

iper forest C105 (AF013530)
0 (Z95720

I . 027 (lAF013554)
agric. sojl 32-11 (Z95711)
agric. soill RB41 (£95722)

volcanic cinders 50235(AF013550)
grassland peat DAOODE (Y12597)
agric. soi RE-27éZQS 19)
agric. soil RB12 295?16}
Amaz. pasture P16 (US8649
agric. soil RB24 (Z95717)
pinyon-juniper forest CO28 %AF013527
Lake Baikal sediment 400-138 (AJO014Z4)
23 (295733)
pinyon rhizosphere 5125 (AF013567)
agric. soil RB40 ((29572?
Amaz. forest M19 (U68606)
marine bacterioplankton 551-114 éU86489)
D[r‘lYDﬂ-&lél‘ll erforest C112 (AF013534)
Bacteria kb2426 (Z95732
Amaz. forest M6 UGBSQB%
grassland peat DAQZ23 (YO75E6)
gR—Amaz. pasture P21 (U68654)
:Holo haga foeti a(X77215;_‘)
100 Geothrix fermentans (U41563)
agric. soil RB25”('295718)

Egric, sail ii1-8 (795729)
gt agric. soil 32-20 (Z85713)

865?
grassland peat DAOS2 (Y07646)

cidobacterium capsulatgm (D26171)

Fig. 5. Phylogenetic tree of Acidobacteria phylum group collected from pine muchroom forest soil with previously reported Acidobacteria clones

from environment samples.

¥kl pH 2.5-3.00.8 FAF AHHRES AL
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ABSTRACT : Phylogenetic Characteristics of Viable but Nonculturable Bacterial Populations in a Pine
Mushroom (7Tricholoma matsutake) Forest Soil
Yun-Ji Kim' and Kyung-Sook Whang"*" ('Institute of Microbial Ecology & Resources,
"Department of Biotechnology, Mokwon University, Daejeon 302-729, Korea)

The CFDA (6-carboxyfluorescein diacetate) direct viable count method and plate count (PC) method using con-
ventional nutrient broth (NB) medium and 107 diluted NB (DNB) medium were applied to samples collected
from Mt. Yongdoo in Andong, in an effort to determine the number of living bacteria pine mushroom forest soil.
The number of living bacteria determined via plate count in NB medium comprised 5~8% of the CFDA direct
viable count, and the bacteria in the DNB medium comprised 40~47%. This result indicated that viable but non-
culturable (VBNC) bacteria existed in the pine mushroom forest soil at a high percentage. The phylogenetic
characteristics of the VBNC bacterial populations in the samples of pine mushroom (Zricholoma matsutake)
forest soil were analyzed via the direct extraction of DNA and 16S rDNA-ARDRA. The 115 clones from pine
mushroom forest soil were clustered into 31 different RFLP phylotypes by ARDRA. Based on the 16S rDNA
sequences, the 31 ARDRA clusters were classified into 6 phylogenetic groups: a-, -, y-Proteobacteria, Aci-
dobacteria, Actinobacteria and Firmicutes. Among these bacterial populations, approximately 85% were clas-
sified as members of phylum Acidobacteria. The Acidobacteria phylum was shown to exist abundantly in the
pine mushroom forest soil.



