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wked 317] $1% E %32 Y (soil extract), ¥4 R Ak] F-ALA (humic acid analogue)2] anthraquinone disulfonate, %
4 41 2F7 (quorum-signaling compounds)] acyl homoserine lactones, 3}t 3}-8 (exogenous peroxide) .5
B A d& B 23] )% catalase?} AHE-S K o). CO, FEYH5%, viv) 271 o) A 602 7F vl 33191 o, catalase?}
A7 A7t 4R 2 ATFLRCFUE LE o o] MR 23E 1477]9) F5-5 229 H 02 Aesle &
TE2] 3} 165 rRNA A A2) 47| ML & o) 48 AT A& A& A3}, 53289 F39) F30%7}
ol Hell wjF £ LA A o] g A 2 F(species)ol] &8}0], o] F ¢F 25% = A 2& FHfamily)ol &34 4
T 7FsA o] e A L2 Yelyet. 23 dull 3 ERAF 22 ¢4 phylum Acidobacteriadl] &34 AF
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A YA Aadske Adrd oA 39 AREEE 1%
ulghgto] vieF 7153l “great plate count anomaly” (35,
38y el olF, Be AFRIEC] Wt AlFEY] E8F
N uid A S8 e =8E XY AR AN F
83 AAE AR A= BRTE £ ATt A3 dE
sk= i o 2 MR Behs Aoz delA 3luk3o, 33).
ols} 2L Wt AaEdl dsiMe 873 AlEERE AH
F2% community DNAZHE] PCR-ZEZH 165 rRNA gene?)
H7IMEE o] &3t AT Enle] 753 AA o]}

Holle MEHE (metagenome) 2 71H-S B3A Yl
d AldE ek, FANESH EAS tig F2A A
7t 7FsdHAl H71e A3, olHd EA7IHeZRE
AL & e ARE e AHolc}. wleby 2 AejA) F
L3 BESH 8402} A755HE Eh4E(biogeochemical
material cycling)®] th¥-E-& et Sle A& Aty
545 BANESE 54, Yoxe olg9] AHEH 299
7Ve-& olafer] Halxe Dl dA AldEe] tigh A7 bl
Fe| 7o) F4Ho |t
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A, FdNA (nutrient medium)oll ¥ TEE] F715
o FEE = 5 Atk o APHeA AFel vk 9ja)
Uuky o 7 AMR-E = v 23] ek Y (carbon source) I-&
HIEAS] ¥3E E) A (complex media)?} T)H-E-S 2]
Bt glvk o= gk 2AJ9] wiR]el ¥l %A el (oligotrophic)e]
AoeziE 8 ATe AEY B9, 432 9o grs
A3 Ale] FUdA (nutrient flushye] AT MA ) AEHA &
4 2gsH "k, 7, 8). 24, Ad MR A A
7 A3 Y 71247 v ASEE ti71RA0 tE
F Utk dE S0l BT U7|2Aol vl AgdelA A
TS EE o AdEe] ke 712 ArEglo] &1,
olof wie} A== B4 kA (reactive oxygen species)”} ¥l 5}
gle AlolA 3l 9L 2 5 Ak36). AA, AT 4
BELd] Z A7}t g 5 7] Wil 23] =gA gRske
A a5 F(colony)S FA5h=tl 2~3U 2] ujYA|7HL 253}
A g F& Th(10, 13).

24 BefAl Mashe AR ES - A7) (generation
time)7} 71 K-strategist®l] 3|33 A2 d&A glon, o|5e
FHH S E WA (growth) =7} WRE rostrategistl] Hs) &2 vl
F ARt elle wigo] Brhsatrhie, 2022, 30, 32). ©] ol
T iRl FrlkEe oot B8 9 97" bk ok
Ammonia®} phosphate E=7} & F$- vlME 2R wjY
A& SRR B3k IRe™(15), PlEFd 2 (trace element)
L S04 Al &2 (quorum-signaling compounds) GA] Al
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o] kgl F3F uixlE Aoz H1d v Athd, 5, 26).

Aot 2 AT AHES 59 vlFo] BhS o, Wik E
& AT vk EiME ) AsEe dUdEde] ¥FHE W
FE WA AR 2) RS F2 AE F e AHEEY
F71, 3) rstrategists®] Ao B3 FEI vlGAIZE, 4 A4
2 7127 FAS £ olitelgkd B ARG 7] T
£ 1T wiFAEe] d8F Ao AlgHEY € AoME
A B ATEY vl Age uiA) 2wk 2AS 5
Hat7] s, Wl Al iEE S FAAME & v
Hag wjx) #7MEEe] $3E ok TR Ml PiES
o2 YRS Hlwsgrbsial HA Y Wjgxns RASA
o E=3 B A 880 rkE wiAE AHESle EY
A B2RE £HEEd W ATed AREREE 9RE
A8

X E5F ¥ s ¥=20] e sfE S| HIt

Ale] wjskel] AMRE wjAlE Z5F e (carbon source)ott
42 Y (energy source)o] HAE H7HA WG WA (oligotrophic
medium)S 718 2} (basal medium)E AHE-3 .00, 7]E 8 x]o]
ERe) BB 389 247 e BES R, Ve
BiXE 02 g8 KHPO,, 025 g2} NHCI, 05 g8 KCl, 0.15 g
9] CaCl, » 2H,0, 1.0 g9] NaCl 1.0 g, 062 g MgClL6H,0,
2.84 g9 Na,SO, HEPES (pH 6.8) 10 mM(FZEF5T), 1 mig
1) 8 48N (trace element solution)(FeCl,4H,0, 1.5 g; CoCl, *
6H,0, 190 mg; MnCl, - 4H,0, 100 mg; ZnCl, 70 mg; H.BO,. 6
mg; Na,MoO,2H,0, 36 mg; NiCl, - H,O, 24 mg; CaCLH,0, 3
mg; 25% HCL v/v, 10 ml), 1 ml®] vitamin B12 solution (50
mg/L), 1 ml®] mixed vitamin solution (4-aminobenzoic acid, 40
mg/L; D-(+)-biotin, 10 mg/L; nicotinic acid, 100 mg/L; calcium
D(+)-pantothenate, 50 mg/L; pyridoxamine dihydrochloride, 100
mg/L; thiamine dihydrochloride, 100 mg/L) 2 15 g4 Bacto
Agar (Becton Dickinson and Company, Franklin Lakes, N.J,
UsAYE 5779 A7kl 1 Ut HES ARt 718k A
o] HF pHE 6.8~7.00% 243} 7|EaA)d] Yrise &
A2E 1) EYY 3514 2AE wiAd] wiedsr] g B
24100 miL)34), 2) FAAHhumic acid)e]  FARAIL
disodium anthraquinone-2,6-disulfonate (AQDS)2 g/L)(36), 3) %
Z A4 (quorum sensing) 714AF ATe] Ao N5EA
(signaling molecule)Z 2]-8-3]-= N-(butyryl, heptanoyl, hexanoyl,
beta-ketocaproyl,  octanoyl, and  tetradecanoyl)-,; homoserine
lactone (Sigma-Aldrich)®] 2+ 0.1% (v&v) #H7}E  Neacyl
homoserine lactone (acyl-HSL) cocktail (1 pM) (36), 4) Al ¢}
At ol A B wiA] A2 3B T (autoclave)o] BFE A
A= @44 N (reactive oxygen species)(25, 36)2 AAE Y3
catalase (2,000 U/LY7} AHES Tk

EFANEE A7E &4 i fiFE dus 2R
(thizosphere) EY 2258 A=At AHE EFAEY olsf
3 E-AL USDA (United States Department of Agriculture)S]

Wi Bl Wiy Wt o AL ERe o 383

ERAES uiith A3 AT AHEYE(sandy loam)ol 3
o, pHE 5.5, FEEFHwiwr 2.8%, F F71"H4(T0C) &
FL 0.08%01%ch AFHT BEFAEE A4HES 9 (phosphate-
buffered saline; pH 7.0y2 ©}&3}e] & 3 (homogenization) Tt
& 52218 A (serial dilution, 10°~10%)3}] Z}+ wjA]o] FZ3tn
25°CAA 6097 MlFBIATh 7] 23 Z7|(aerobic) ENS}
CO, TS} Ael(5%, viE T3t A838l%t) co, Iy
208 BEFAFEEC] 7jET =& FEY €O, B #E TE
9] 0, 27 F3E Y 7H5 8292 Tfste ARSEaTt.

B Ao AREE A E Stevenson S(36)8] oA A
718 A (basal medium)?l] 4552 7] O AEES F
7hle W o2 ARG AZE wiAo] HEE Adse
25°Coll A 7] 24& Ee]3to](acrobic ¥ CO,-enriched) 60
7F wiekEI e, CFU (colony forming unityF9] BlE F3|
HAE S-S Frletdet AHEE w4 B2 57) 277 olktele
A TS 20 ® Rt #EAE CFUTE Table 19 89k
AT vlFA] AREEE d)7] 24 Ao)7) wieka g njA|e
FEE Frlh] A3l BANEA(ANOVAYE AAE Aol A o
71 2439] Aol WE CFUTY] Aol gle ALE Ykt
A VS e W7t 2, catalase?} F7HE MRS ALS
stod CO, THEY AeielA wjdske A9 7P =& CFUgkel
FAEAOH, caalaseE H71 wWiAle 271 ¥ o, HEYG £
A Z5olA g} FrbEe] T3 iAol nls) sjgFEgo] &
Aoz BRIFJUTHANOVA, P<0.01). EFEE AQDS, Acyl-
HSLo} A7 wiAle ArHEo] 33HA &2 7|18HA9} CFU
FoAA Fow]dk 9] ZJolE Kol SITHANOVA, P>0.2).

B Aol o, BEY 20] Wi £ge SR & 9
& FA e Ao VEIGAY, EGAFS 7|8 58
%9 Co, ¥ ¥ 59 0, 279 FH3H Hed Vsl
wom(29) Aol wEbe #1714 Yautotrophy)o] o TiEtE
CO/t Aol BA Y i 317 dEoll(16, 36) EGAT
o] Hickel] t7|ET =& FE9| CO, 2L HEshs Aol 2
88 AoZ Alggth TF Alge] Uiy = wjxe B
FAQ5)IA AAE H0, (peroxide), O, (superoxide) B OH
(hydroxyl radical)® & /34 A (reactive oxygen species)ol} T
gt golzizte] A AV HEEA 2 due] ATES
olfgt Aaalle) =gd AT vk & ¥TE 0E =

Table 1. Effect of different medium additives and incubation conditions
on CEU (X10") recovered

Incubation conditions
Medium additives
Aerobic CO,-enriched
None 49+2.2 8.8£6.0
Soil extract 7.1£2.7 7.7£6.1
AQDS 1.2+03 39+1.6
acyl-HSLs 8.8+3.2 10.8+7.3
Catalase 47.8+64.0 20.5+24 .8
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Table 2. Proportions of major phylogenetic groups within bacterial
isolates obtained from soil using catalase-amended media

Phylogeneticaf afiliation No.of isolates (%)
Proteobacteria 125 (85.0)
a-proteobacteria 26 (17.1)
[Pproteobacteria 68 (46.2)
¥proteobacteria 312L.1)
Actinobacteria 12(8.2)
Acidobacteria 534
Bacteroidetes 534

At T4 71X (facultative anaerobe) A To)2t EA2te 8712
A A7} AR Bri1zne s Adelge o, A%
o] FAsHA AsjErke Ao Rudn} ich23). = 7)o}
(starvation) AENS] E. coliS}t Vibrio vulnificusE &7) Z7A
HFE AT, H,0,9 AA E80] B catalase = pyruvate
£ wiA Arlske Aol WS A FAAUTE Biw
A3, 28). o3 2L Bl ATAEY A7EY L B 47
oM Lol 2HE zejshd, B BT vk s
Me €O, Tt 287 A catalase?} H7HE v AHE-E}
€ o] 68 Ao E A5 9t

#4222 M2 ASUY 24

CatalaseZ} F7FE 71EuIR)o) A wjgE AFEL thates &
A7 WiFE A 2 A BRae ks Aol EEo] 9l
A 9RE Holsy] Y5t catalase?} H7FE wiRe] A€
AT 5 14708 A0 H o2 AT, 165 rRNA geneS
PCR 238 %, 9/IMES Tefslol ATRRLY B4E AN
At} AMS-E primers 27F; 5°-AGA GIT TGA TCC TGG
CTC AG-3'9} 1492R; 5'-ACG GIT ACC TTIG TTA CGA
CTE301 2™, thermal profiled &3} Zth (1) %7)
denaturation (94°C, 5&), (2) denaturation (94°C, 1&), annealing
(55°C, 13) ¥ extension (72°C, 23)¥ 303] W& (3) HF
elongation (72°C, 20%). %8 PCR 4HEL2 QIAquick PCR
purification kit (QIAGEN, valentia, USA)E A48 A8l
DNA analyzer 3730 (Applied & Biology, Foster City, USA)&
olgdtd F7INEE Ftddltt & EelE AFEY ATE
34 91X (phylogenetic position)= RDP Bayesian classifier
(http://frdp.cme.msuedwye AHE-Sl] AAE Rt =3+ BLASTS
831 GenBank database®] +E¥ HF/IMBETHY FAIZE
vl EAET 9 AP E B £ a7l efRed A
S 13 A7t 7R 7R EF(closest relative)E R4,
ERdtyos fg AlFES 16S RNA gene P71MEES
CLUSTAL W (9)5 ©]4-3}9 A E% E(alignmentyS AA)5}ct.
HFAOE Kimura 2-parameter model®} neighbor joining
algorithme T#3h= MEGA software (37)2 ©|-&3} A4S
ZH33F4T). RDP Bayesian classifiers ©]-8-3F F(phylum) 45
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o] 4 Ay, &58ad ATE A Proteobacteria?} 77
3 (85.0%)3t9.2H, 1 F BProteobacteriaZ} 7V E& HlE
(46.2%yS AABIGT

o] Qo Acidobacteria’} 34%, Actinobacteria’?t 82%,
Bacteroidetes7} 34%% TESATHTable 2). Everett $(17)
16S rRNA gene (1DNA) F71X1 89 44 FALE (evolutionary
similarity)7} 97% ©]4Fol® 22 F(species), 95% ©]o|H
97% vIRHOIH 22 S (genus)e] TR F(species)©|2H Aok}
At 168 IDNA F7IMEre A7) E58H4 Yxg A48
3] 24 5= AT o5 ATEHE Hlgos B g7
A eried AdEe] 7|18 Bad FHo| ge 2e 2R
T(taxa)oll F3H=AE B33t GenBank BLASTS ©]-8-31]
F7IMEE Y FAITE BB EA3 Al B A7 A wjgkd
TS 29%7F 71&) R Z(species)ySTF 97% "] £
AIEE HYOH, 15%= 712 BiE &(genus)dl| £3H= A
TEH 95% vTHe] FAIEE BT =3 2 dd 4= &
A 12709 A 71& 48R FHfamily)dll &3 TS
7 90~85% FITHe] FrAIEE Bk o]9} 2L dni= B 4T
A catalase”} H7ME WiAE 0|43l O, I 2ANA
Hdd AEEY o 30%< o)Hdl vl e Ed Hol Qe
2L Fo sk ATEY 7FeAde] g0, o] F % 25%
© AEE FHamily)dl] &3 AT = Avhe AL Yuigict
Al FFT (novel taxom)d 7F5Ad0] H& AlFEC] thele] Hr}h
R8T BRI YXE FF317] 95k, 359 AT Y=
Agste] ER3HoZ AP AFET A A5y B4
(phylogenetic analysisyS 4 A|5H4CHFig. 1)

B A7 R ® dF CE-772 Proteobacteria®) 235}
= AgeEZA PEhges 9" Bl 165 (DNA F71A
d9  Yel(environmental clone)EF FHAHYY  clone
AKAU4098 (GenBank accession no. DQ125862)%} 16S rDNA
7ML AR 99.5%)7t 7HE w8 A0 E Yl

olv] HuE FE FM £1F Art 71 ke 2L
Rhodospirillales E-(order)¥] Rhodospirillaceae TH(family)oll <3}
= Azospirillum brasilense®] AT 165 tDNA 971199 A}
T 864%1 EH3IATE Everett 5(17)0] ASHE 7|Fo2 9
7V of, #F CE- 772 Azospirillum brasilenseSe The 3}
(family)®l| %3}™ Rhodospirillales S-(order)] A2 (family)
ol £& Algd 7Fsde] Sle Ao ARFSIT. FF BA-T2
SA] Proteobacteriad] &3 = MO 2N Burkholderia tuberum
(GenBank accession no. AJ302311)% 95.5%%] 16S tDNA ¥7)
ME FAIEE BP0 Burkholderia 4(genus)dl &3k tha
F(species)d AL E AlSH)

TF AM-862 phylum Acidobacteria®) $:8h= ROE VIERG
<Hl, phylum Acidobacteria®] <3k ATEL EYS HIZET
Tkt fA0 FE A Aol Bsta wj%o) ol
HEAR] HlgE AdeE dAA Uthe, 19, 27). & A7
A 582 E BA-729F 168 1DNA @714 490 71 fAK A
HA] clone UNssu057 (GenBank accession no. AY913279)0|
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100 Rhizobium larrymoorei (Z30542)

Rhizobium undicola (Y17047)

Nanobacterium sanguineum (X98418)
Rhodcbacter gluconicum (AB077986)
Hyphomicrobium vulgare (Y14302)
Sphingomonas echinoides (AB021370)
Rhodospirillum photometricum (AJ222662)

100

Azospirillum amazonense (DQ156084)

Azospirillum brasilense (X7939)

@ CE-77

100! clone AKAU4098 (DQ125862)
[ Acetobacter pasteurianus (X71863)

100 b Acidiphilium multivorum (AB006711)

100

il EFATY] Wil 2t 2 A BRTY el 355

a-Proteobacteria

£ coli (U00096)

Comamonas terrigena (AJ430342)
Leptothrix discophora (218533)
Alcaligenes faecalis (D88008)

o]
0.02

b5
100" Oxalobacter formigenes (U49753)

pros Burkholderia sacchari (AF263278)
53% @ BA-T2
Burkholderia sp mpa3 10 (DQ156084)
62— Burkholderia tuberum (AJ302311)
53 clone JG30 (AJ536863)
100
-——_{——:——:clo; WD205 (AJ292571)
100 Unclassified isolate WJ7 (AY096034)
Bacterium K 5b10 (AF524859)
100 08
75 [ clone ctg CGOF256 (DQ395722)
n__——— ® AM-86

83’ clone DUNssu057 (AY913279)

clone JG37 (AJ519380)

Acidobacterium capsulatum (D26171)

Burkholderia cepacia (U96927)

B-Proteobacteria

Acidobacteria

Fig. 1. Phylogenetic positions of bacterial strains isolated from soil. The 16S rRNA gene sequences of the isolates were compared with the most
closely related sequences obtained from database (RDP-II), as well as other representatives of related bacterial groups. The phylogenetic distances
of each sequence were calculated using the Kimura 2-parameter model and the tree was constructed using the neighbor-joining algorithm. The
numbers at the nodes indicate the bootstrap score (as a percentage) and are shown for frequencies at or above the threshold of 50%. The scale bar

represents the expected number of changes per nucleotide position.

o, Hu¥ £E FoMT  Acidobacterium  capsulatum
(GenBank accession no. D26171)3} 94.3%%] fAIES Kt}

B A7 ARS3 catalase”} H7HE W1Q9%NA s dHiA
Agee] vkl 28329 Aoz FaH, Fovdt Aole ¢l
XA CO, TEY =1 GA] Il AlFEe] sjdol =+
& ZF Ae= Algdr 53] gy BT ¢
phylum Acidobacteria®l &3 ATEe] Mid=vhe 3 £
AN o 25 vt A F4 shuieka A=t
Phylum Acidobacteria’= Garity 5(18)% 23ld 3709 F
(Acidobacterium Geothrix
Holophaga foetida)+2. 2. 71& =0 lon AT 479 F
(Edaphobacter Edaphobacter
Chloracidobacterium thermophilum, and Terriglobus roseus)©] 4l
T2 RuH7e SAANHE, 14, 24), RDP database(11)l] 45
= 290 oA phylum Acidobacteria®] 478h= 16S tDNA &
71E L B3 82 R A $FH community DNASIAYE
Byg 3lo] A9 fR-E-& AAITH19).

Phylum Acidobacteria® $:3He K} tjofgt FEo] o

S0} oze] Aeletal San BANEA Sxo] mjokarin

capsulatum, fermentans,  and

aggregans, modestus,

EG AN o159 Aejstd A} 75 olsister] 2
Tgo] @ Aejrth ofge] £ AT v ATES] 30% 3
7} o) wjg Ee= A ol v A= F(species)ll
&3P o) oF 25%= ME-E FHfamily)dl] &= AlTY 7He
< vt B Aol AL ajA] g ujkzae 4 B
o] WHeE & 7|4 E & Ao Jdldrt

M oox d

ZAl &

B s 20089 AFelmoiidi SedHl APz
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ABSTRACT : Evaluation of Various Oligotrophic Media for Cultivation of Previously Uncultured Soil
Bacteria
Do-Hyoung Kim, Sang-Hoon Lee, and Jae-Chang Cho* (Department of Environmental Sci-
ences, Hankuk University of Foreign Studies, Yong-In 449-791, Republic of Korea)

We evaluated cultivation methods to obtain pure cultures of previously uncultivated bacteria from soil. Soil bac-
teria (suspensions) were inoculated onto various oligotrophic media with one of the following additives: 1) soil
extract; 2) anthraquinone disulfonate (humic acid analogue); 3) acyl homoserine lactones (quorum-signaling
compounds); 4) catalase (for the protection of bacteria from exogenous peroxides). After the relatively long
period (60 days) of incubation with elevated concentrations of CO, (5%, v/v), the media containing catalase
showed the highest colony count. We purified 147 randomly selected colonies from the media and the isolates
were subjected to the phylogenetic analyses of their 16S rRNA gene sequences. Phylogenetic analysis revealed
that approximately 30% of the isolates might belong to novel species or novel family, suggesting that the media
and incubation conditions used could be useful for the cultivation of as-yet-uncultured bacteria. Especially, bac-
teria belonging to the phylum Acidobacteria, ubiquitous bacterial taxon known as an uncultured bacterial group
(at least difficult to culture from environmental samples), were successfully cultured in this study.



