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This review describes the characteristics of various unculturable soil bacteria, successfully-cultivating
examples of those bacteria, and the diverse factors to be considered for successful cultivation. Most
importantly, the selection of proper media is very important because unculturable bacteria demand
different types of nutrients at various concentrations of substrates, nitrogens and phosphorus. To
develop a new medium to successfully culture unculturable bacteria from soil, molecular ecological
studies should be combined together. The inoculum size on a plate is also important: less than 50
bacterial cells are recommended to be plated on a single culture plate. The environmental factors
such as pH and salt concentration of the medium need to be adjusted as similar as possible to mimic
the original soil environments, and the trial of the various temperatures and extended period of
cultivation are better. Since one cannot simply tell about which one was unculturable among a great
number of colonies grown on a newly developed medium, some suitable detection methods and fast
identification methods are required. Many soil bacteria live with cooperation one another in their
communities, so that enrichment such as coculture of using other bacterial metabolites and subsequent
pure cultures can also guarantee successful cultivation of the previously uncultured bacteria in soil.
Here, this review will discuss for the future perspectives to culture the unculturable soil bacteria.

Keywords: coculture, metagenomics, new culture method, soil bacteria, unculturable

Aol FE ‘% H B EFo] EAsl AR FhE = o] gt XAk o] AFuiR|e] EAL () ==
MAEFE oF 10°14 10°F08 453 o2, 87), L =& 7129 Fxet (i) TS 1% 58 AR FA)
Foll &2 31 Fvke] 5 B8 2=, <F 7,000 A (i) iAol EFHE Asfes == wixe] XAkad
Zo] Alat 2 Aol AlF BREACKS2). EYS dE £ (lethal effect)”} ATk TiF2e] 52 Wo = wjge] 7}
O EGVREZTS] oF 1% wTke] MEHQ widHos 3 AR EHL wAERN F2UE FATAY
HjFo] 7hsalal U R] 99% ol de] FE Hje] ¢t Huk A=A WE S T3 HEE ST $HETE
olE B Ul F At = vepdthy, oF 5% F=yro] 6l ot} i whE S Hole Altde A7) ZE Hol
ol 7¥Fsddal B 4= Utk oA AFAQ vidYRe] & Ak = RS Hole AltrEe A7) vikg Helok
Al Wizl 2o EFMTES 5A40] o&7A] getER] kgt olgigt FAHES EAETA EA7IHe] Wz oy
3 a2 ) 7hes B Ale] &80 Xﬂaﬂoi Ao 2AtE} B0l EAShs ot vAEY] FES s AT &
7he- A7goltk. AEA W FHe () FEL (i) ARE UE 7155 s, tHF-2 ribosomal RNA 712} A
o] ARV} Bow, (i) 53] UF AeHolzt 5 vAyE go] AJolE olgsiM PAETHTE D VABEFRE vt

gk 53 Ege EQUABYY] HeE 2 BAUA
SRe Mgt w9 oldH B4 XD ik ols)
gpge 18 tepgos dused 2

* For correspondence. E-mail: jkimtamu@kgu.ac.kr; Tel.: +82-31-249-
9648; Fax: +82-31-253-1165 o] HAE

Lo



180 Jaisoo Kim

HESO] 7-¢ 12,000-18,000 =9l aF3= <F 4,000-6,000
7FA12] 72K genome equivalents)E E35kal $ITH88). DNA
G7NEE ol 88 ATERIH 245 B A B EY
o EAsks 471419 Fa ERre] WAt olg2 obd
9] Alphaproteobacteria®} & 2] Actinobacteria, Acido-
bacteria 2 VerrucomicrobiaZ 16S rRNA clone library &3
T 5% oPFE AAT39). Vet F8& &
bacteria ¢ 4719 0]—7 I B SFE9 Bacteriodetes
Firmicutes, Chloroflexi 2 Planctomydetes7} W5 7]
A 25%-75% 5 AASFATH39). SHAIRE o2k —‘:'\-:*31‘:‘0L He &
/Ho] = =2 U]/K(Egﬁ}_xl Eé‘]—é‘]—E}—L—‘— D}X—]o] QJ\_TV_ E}-O]:
g AR EAE It 259 JTE s ASsk=
ArolA axug Zzte] nAEES] AU 54 € 7T
= J& i3] AFstrledle ‘j]%?_ Ho] Bt 1E=E @

HiFE PAES] ATl MEE vl de] dasith

T2 Proteo-

b
(=]

Hl$d ESM=

Jm

AR o]l Z ¢ He & 7o AEES
(9] 67012] oEEXRI1(71), Chloroflexus, Gemmatinonadetes,
Planctomydetes (90)S} Verrucomicrobia (73)2 8}8H AL, T
THE #21 TM-7 (24, 78)% Hide] w9~ olguhar defxith
o]#3t #EL “W%F(unculturable)” o2} E]al JukA o
2 =gA A= K-strategist (K-HAZFAE)o|th K-HAFAHE
2 Aol Algke A BEF A & A& AES
%_]74:;]{3)

Hjeko] & ot H= olfie AR wjgxo] nAEA
Zoll gt Eej3)sha o /%‘E@r’“ Z710] t27] wjio|th
olglgt ZAIE A3t Hsire vt 2 471 AXs
Zhof gt} Adle thdst A= tigk Adela, EAle
ArAx 2 =)ol BFehA e wetat AR = ApddlA =S8t
;<4 a2 u]/\(}jggpﬁ )\]-EZ]—_Q_ u].;(]ﬂl—_i u]xg‘:' /‘Zoﬂ/\ﬂ
THo=z A A vxle T Solthl). ol A2
o7 ALY o & F9 = SpirochaetesS WY uf
Hj =] ol HA7G F A(nitrogenase)S B4 A7) B2E
(tungsten)S Q#;MFOF Hol& Ao|th50). IR FHIl
Spirochaetes= A4S T3 AA3t= Ao| 8
Z®l e A2 vHAA HATKSD). E TE dle S
< 53 Y= At (nanoarchaea) 2] ¥HAo]TH(38). o]=]dh
2L ted el 71 o] A8-E= universal primer<- ©|
3 PCRYCEE WAER] i)

I THE Ao A9l F9] shbe we AXES 7H Al
S5 widsty] f1gk Qe o gEsk S e] Bajolrh A
Az ADE MAA ] v S FadEelA JEAE
ARgEt] ARSEIR HEehe 3l YElE ~Ed U B
ok o]9} o] AN xR AHZar] HsiMe mYF
AlZre] B Basitt. Aol webs ofd mAEL 47je o]
A Agr|s ]-1:].(97)

g Aol Aa e iR MAEES IHE ofF

Acidobacteria

—1rn !

I A Qa1 BRS FTTAE 7HAT k. 2o A2
YA (cell-cell communication)©] B2 A4S T 9\1
Hl 53] quorum sensing® 2 Y#Z U JE AEAIE 7=t
(density-dependent cell-signaling mechanism)®l] 3+ Zo]c}.
MTEL T 4=(intra-species level) == F3IF 4=F(inter-
species level) oA & H2]2] 215 R A (signaling molecule)
Eo WS f51'131112) o] 3t /\]Eﬂ"’“’ B3A A=
(biofilm)S B3t} 1 Qo= AsHGELLS A/, o]
5/\4 UJ zﬂ-/xgﬁ ° Ag/u Eoﬂ -‘4-0:] ]_1;}

upz|Ele 2= S4-4452] 37g(enrichment-isolation process)
o] HIYEZ A5 Z2(abiotic interaction)S F-AF 7| wj&o]
o} = Ao}t YAE= *37(]331]-?'1}7‘4 92 9)(bio-geochemical factor)
E9 592 Qg 2EH 27} ¢le] Hrk dHE Adde
2] wiRjellA VA EEe ~7F— g AlaEe] H3A
e dod 5 Utkes).

2rr A

Y ELMR| o 4383k Wl

HHX|2| AeH

AR = E'_TE:E]-. W M9 FEd ATt (heterotrophic
bacteria)®] 34 ARk HIAEH s EdolA
TR Alite] EEjudel HEHoR de] 2o gtk 2 F
o 108} 343t trypticase soy agar (0.1x TSA), ThFSH
Winogradsky’s salt solution (96), ~12]1l soil extract agar
(25, 64)7} k2ol

SRR o]5 AFHRI AL I EAT
sh= dle FHAsth2s, 54, 70). AlEA AR ki3
nutrient broth (0.01x NB), xylan©] 37} VL55 HJX|(VL55/
xylan)¢} VL70 ¥iRE &527) JE EdTe] 224
Ao ®Hot o Fghsltk18). £3] VL5598 VL70S EoF
9] FI)1EAR v Il EWElom Acidobacteria,
Chloroflexi, Gemmatimonadetes, Planctomydetes, Verruco-
microbia, 2 Actinobacteria®l T 7N o}Vd? Acidimicro-
bidaeS} Rubrobacteridae®| <8F= B2 A2l vl A&
SkATH42, 45, 71, 72, 74). o|H% WA 5L EE A
59 Tt vithe Zoja 53] g4, A, <l g A3
3t F= 247 2.4, 0.14, 0.014, 0.005 mmol/LZ UERIT
/‘FPO] ol HjA Apr1E 7N & glrk
D}Otﬂ HexAS d9 = 31X AE o
ol W1z 5= 371 wiigol HjAe] oS |dl= Aol

1%% %.9,] Eo /q] 0 /\-]_S‘V_X—]___i Hﬂok/\ 71 z,: 011;].(4
66, 80). ¢loll AFH RS9 2L Table 19 F2] =k

2]

o
2 He

EtA 20} Of|LfX[Q| el
2R wiAE 3okt o) g} ouiix|le] g vl
FQ3lth ojd a3t U LS RSl whet Al



Table 1. Composition of various media used for culturing unculturable soil bacteria

whopy mopAlre] wjop 181

Amount (g) per 1 L DW

Ingredient :
NB TSB WSS VLS55 VL70

2-[N-morpholino] ethanesulfonic acid 1.95 2.09
Beef Extract 3.00
Casein 17.00
Peptone 5.00 2.50
Soya Bean 3.00
CaCl, - 2H,0 44.11x107 44.11x107
K;HPO4 2.50 0.40
MgSO; - 7TH.0 0.13 49.29x10° 49.29x10°
MnSO; - H;0 1.52x10°
NaCl 5.00
NHsNO3 0.50
(NH4),HPO, 26.41x10° 26.41x10°
(NH4)>2SO4 0.13
Selenite-tungstate soln” 1 ml 1 ml
Trace Element SL-10° 1 ml 1 ml

* Winogradsky’s salt solution

b NaOH, 0.5 g; Na;SeOs'5H;0, 3 mg; Na,WO,-2H,0, 4 mg; DW, 1,000 ml

¢ HCI, 10 ml; CoCl,-6H,O 190 mg; CuCl,'2H,0, 2 mg; FeCl;'4H,O, 1.5 g; NaBOs;, 6 mg; MnCl,'4H,0, 100 mg; Na;MoO,-2H,0, 36 mg; NiCl,-6H:0, 24

mg; ZnCl,, 70 mg; DW, 990 ml
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HEHOZHE AL plated H 20719 FE2Y FolA A
2R LPARE 108 A3 T Ft 5709 FEYE A2
o] Foll T T FEZUE HE3IATHT4). ©l2I3t 2=
Eg2 HFEY Z7)e= 5070 olsky] AlErt Adsia &
9-cm AEY plated 107 ©|3ke] FEZYUE AT |=E
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A3t oE 59 30°C Rul= 25°CoA ¢ B2 E24E
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UH= pH 5.59] Hix|oll A wjokAde] B o EITHT1). Acido-
bacteria®l &3 Be AlTEE M)A Ho] EE7} HR
I(71) Pl SRR QI pH 4.5-6014 2] S
Hthel).

B 37)= "7IRt Co, o] =7] &l 5% CO,
2 = FNE ol 83l midst Ay duk F7)9) vl
HOE 2}0]E Holx] Z9th(71). dHRRF =3 Kautotrophic)
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Moy CO,71 WHE-E(reactant) Q] ©|3}2FE-8l= Aol Al=
Z2% 4= tH23). 3 EUdelA 0,9 B2 tir|Rg &
7] W&ol AX MTFEL A2k (microoxic) FA0 AAsH=
AL A5 F Ja A BEYRe ok gho) AkrEE
zto)7h Aslth(76). H4E B 22 XoMe AhEEel
T73E EokAlrro] AM2sict skARE dukgrlel 2% Akas)
oA Z¥zh wjket Azk= Z2Y sl JojA EoE 2]
7h FATHBD).
Eo F2 e KAYgFEL Ay
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Hj7}217Kdoubling time)©] 100¥ o} A-TK31). L3 ol&
AFS Fol| Hole 7Y 77k TE517] Ysirs Fo)
T 250A 45 A= uiIzto] a4, 64), 735l
wEhA] Gl Alre] F2UE A7) $13) 371 53 ik
S|= Sth42). oA 21 wlYIZES Bl Eelol e

MTEL Acidobacteria, Chloroflexus, Gemmatimonadetes,

A4 ZRNNE AR E

Planctomydetes®} Verrucomicrobia & Z12]1l Actinobacteria
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Soltl18, 45, 72).

oA Aeols HENS wie Ao =A%t AuidS
3l A3 o A& wirIRte] EolE7IE Frkle, 18). %
7R mjge vl ARE oprla] F2Y BAS AalE o 3
o} $k2 polyethylene zip-lock T=HUE o]-&3sh= Zlo] FTHY).

HEo=o| Mat

EFHTE WA EZ A endospore), 2] E A (exospore), Ed
(cyst), 71F B2Jets] & P oz thE MxPe) et 22
n]348 o] A7) A= Je(nongrowing long-term survival state)
2 EA 7Fs3ith48). ZAT A dEE Ags] Yeite
A5 (signal)7} Qlojok atal 53] r-AZYBA F2sitt o
Yot AEREAES 4G f7)E0] AR 7FsE of ErlEe
gubH o g st Ae BAET B vAETH wjA]o] 74

HjFY o] 5426, 58, 77, 83)°lu =F3HHE(6, 8, 10)
2 5383 A5 RAEe] A7k 57 Aldwi(bacterial group)
o] wjaE-S Z7MAFIth Acyl-homoserine lactone E3HE-
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bacteria®| &3l AT SF2Y 34 NI=E = A el
= Aoz EokAlHel &) AATK81). FH Proteo-
bacteria®l &3 AF Al AZEAZE 2 F79 Acyl-
homoserine lactoneS ARSI Firmicutesol] &= di-
ATFEL AAE F w¥E 15-22709] opvesks 7 HElo]
=5 ARSSIATHSS).

Micrococcus luteus= 16WA] 17 kDa2] 3+ thilz
k] M. luteusS}t Actinobactera 2] TFE Al -l FaAl
Xo] AAY(resuscitation)Z} S FHZIAZITHS9). $HH o]
Sk Tl dS Mdste fAF FRAIEC] 22 Y UE Al
N Ao R & e F3 AEZHcell-to-cell) A1E7EA}
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38t oligonucleotide probeE AMS-3IAL AVHS
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probe S 3l Hljol] 2)F31A] gh= W4 (cultivation-independent
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THETH24, 69).

L ZIHi2H Community Culture)
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HE o188 o 7FeAo] =tk AAE AASENA iR
HAEES A& 255 o]FH g I THUSEA
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Foolth & ofH Addls uAE T UolA dirsat
=, VHIEEMEN 5), E AYo]E A|%HKchelating agent)
5= oA A2 FYsich
Ao F S EQE g H2L a3 ®
= 93 A (facultative or syntrophic organism)E H Y35}
<d ZAZQ doltt. FHMYE B3l @718 £39A1Y
24 G E714 glutamate 3] E3TF(thermophilic
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Z A= F22NES7(batch reactor) oAM= SERAYES]
A 7Y FYE 7Fs AT,

e ML R
Lo
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M= Zl(Cell Encapsulation) thH
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EPARS] i AR £ soela Hua ul Al
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o
W
=
o%
o,
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o i
=
=
o
A e

3} glucose, peptone, yeast extract (1 g/L)2} humic acids
extract 0.001% (v/v)7} A71E EF =5 (soil extract) A
oA F2 ul et

Micromanipulator HiH

o] ¥HE micromanipulatorE AHESHE WHQR7)SE 7

B EE A3 348 alA] slide glass $]oll glo] &

ol =13 &Av|Z[inverse microscope(x1,000)]’del4] bactotip

(EAIH S o83l 3t A AFMEE B3 & 7t 29

MEZS TE uljok8-7|(culture vessel)oll HE3}e] =2] wjjokst
T
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(
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o] WL dle] HAME] AEH AR F= gy
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colony”} FAAEH 48] ¢S 3FAY 16S rRNA -FH 219
A7 EEA S T3l TS

yad

SSHIH(Coculture)

Thermacetogenium phaeum-2 H,E AJ3HA acetate S
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ojtt. ARt Hy o] #HYAoR stshilgo] Aalw 7] ufiel
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