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Table 1. Sole carbon sources in BIOLOG GN microplate

Kor, J. Microbiol.

C sources
Polymers Esters Fo L-Alanine
A2 ot-Cyclodextrin Cl1  Methyl-pyruvate F7 L-Alanyl-glycine
A3 Dextrin 12 Monoe-methyl-succinate F8 L-Asparagine
Ad Glycogen Carboxylic acid 13 L-Aspartic acid
A5 Tweend D1 Acetic acid F10  L-Glutamic acid
Ab Tween80 D2 cis-Aconitic acid F11  Glycyl-L-aspartic acid
Carbohydrate D3 Citric acid F12  Glycyl-L-glulamic acid
A7 N-Acctyl-D-galactosamine D4 Formic acid Gl L-Histidine
AB N-Acetyl-D-glucosamine D5 D-Galactonic acid lactone G2 Hydroxy L-proline
A9 Adonitol D6 D-Galaciuronic acid G3 I-Leucine
All  L-Arabinose D7 D-Gluconic acid G4 L~Ornithine
All  D-Arabitol D8 D-Glucosaminic acid G5 L-Phenylalanine
Al2  Cellobiose D9 D-~Glucuronic acid Go6 L-Proline
B1 I-Erythritol D10 g-Hydroxybutyric acid G7 L-Pyroglutamic acid
B2 D-Fructose D11 B-Hydroxybutyric acid G8 D-Serine
B3 L-Fucose D12 yHydroxybutyric acid G9 L-Serine
B4 D-Galactose El p-Hydroxy phenylacetic acid G10  L-Threonine
B3 Gentiobiose E2 ltaconic acid Gl11 D, L-Carnitine
Bo6 ot-Glucose E3 o-Kelo butyric acid G12  y-Amino bulyric acid
B7 m-Inositol E4 o-Kelo glutaric acid Aromatic chemicals
B8 o-D-Lactosc E5 o-Keto valeric acid H1 Urpcanic acid
B9 Lactulose E6 D.L-Lactic acid H2 Inosine
B10  Maliose E7 Malonic acid H3 Uridine
B11  D-Mannilol E8 Prapionic acid H4 Thynudine
B12  D-Mannose ED Quinic acid Amines
C1 D-Melibiose E10  D-Saccharic acid H5 Phenyl ethylamine
c2 B-Methly-D-glucoside El11  Sebacic acid H6 Putrescine
C3 D-Psicose E12  Succinic acid H7 2-Aming thanol
C4 D-Raffinose Brominated chemical Alcohols
C5 L-Rhamnose FL Bromo succinic acid HE& 2,3-Butancdiol
C6 D-Sorbitol Amides H9 Glycerol
c7 Sucrose F2 Succinamic acid Phosphorylated chemicals
C8 D-Trehalose F3 Glucuronamide H10  D,L-t-Glycerol phosphate
co Turanose F4 Alaninamide H11  Glucose-1-phosphate
Cl10  Xylitol Amino acids H12  Glucose-6-phosphale

F3 D-Alanine

ok, A Bk, AAA B, AR 7} BEopalg 5 g
25% Ringer solution 50 ml-&- 43 257} E542l £, wak)
oF7](Vision KMC-88, Korea)oll4] 14)7}F ebabeivt. ambek
ESFARE ultrasonic cleaner(Branson, USA)el4] 587k¢]
255 A2l g 33 ubEsteich 1082F 2,000 pmo 2 94
) (Hitachi, Jopansfe] AL EolAE 4 ARz
Faledet. 2oke] Akl 25 717 291& wi=]skr] $sle]
1000 Elalgl &, 150 WE BIOLOG GN microplate?] 96
wells] 747} 7| Z5}1cH4). Platel= 25°Cell4] wjoksleien] 12
A7 7y o 590 nmel|l 4] microplate Reader(BIOLOG,
USA)R &4&te] Softmax Ver 2.01 =3 7% (Molecular
Devices, USAYE- o485l Bdsigich ujeka)zle] w2 av-
erage well color development(AWCD)YS- W] F3le] ] o]4kg]

AWCD H3bh Ags)A] % A7bg 242 wepazhe
ARsted 4] AR o) g5k

HZ ZE 2

£ 2AT] 4 JFRIYL o4l A5
T} AlEE BIOLOG A-4-5 st FH|3 A5 1 mis
glass filter(GF/C. ¢47 mm, Whatman Co.)oll prefliteringd}<l
v} o] F Hobbie 5-(13)2] Wbqlel] whe} of 533} Algel] 4%
formalin 1 mlg #r}sled 1A%t 2 Sudan Black B2 <4
%l membrane filterNucleopore Co., 0.2 pm, 625 mm)el] filter
Bl1 acrydine orange £-¢(1:10000 in 6.6 mM phosphate
buffer, pH 6.7)2.2 @Aslgict. Q43 A 55 A r|A
(Axioplan, Zeiss, Germany) A|efel| 4] 20 37} o4 A3}
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Tig. 1. Map of sampling Sites. Site 1, Quercus mongolica vegeta-
tion; Site 2, Quercus dendata vegetation; Site 3, Pinus densiflora
vegetation; Site 4, grass land; Site 5 : naked soil.
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el colony E Alsladc).

SH=EN

EE AR o, RFEA 59 718 AR oe-E
4] (correspondence analysis) ¥ ©FA}2) 3 =9 (multidimensio-
nal scaling, MDS} SAS package(16)E o]-8-3le] 24159
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WAR F, 95 well®] AA HFghes A oo whgek
(AWCD : [Z(C-R)]/95).2 2 vhebl gl ks, 19).
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Fig. 2. Color development with incubation. Plots present the color
response in six soil bacterial communities according (o soil vege-
tation types. Q.m, Quercus mongolica forest soil; Q.d, Quercus den-
daiz forest soil; P.d, Pmus densiflora forest soil; Grass, grass land
soil; Agri., agricultured soil; Naked, non-vegetation soil.

Ed %— BIOLOG GN microplateel] =]-8-5}ed
g BRARES-S- WSt Garland®} Mills(8)s 7]
42| §hego] i{*% 4 Eofat slpeld = %}-&]g}?o]
vehghen old] wel FH% AlfE plates] HEPL o

cantrol welle]lA] vjelili= Wkllalhe g 2o == glr)y 54 °’1
k. Control wellef] 2] vielh)= ) v o lizc]‘ﬂ“ - ik
AFAWCDYE BIOLOG GN plated] wiek Azl w2 4
= Fig. 29 o) ghihdde] ¢l control well(Al)eA] #+
A whgo] vehgd], ODseld Al qkgwke- 0033~
0.1012] 1 $)Z(0.060+0.02) v}el} response wellellA] Lot
4 ‘ﬂ‘—i’@mﬂ vl el wgheh. Zh plates]lAq o] dkylge]
FTHIRE ol 9)se HH‘”J”’J s FEEs] ZAME
A, w-vkge] 218 (linear) & 2 Wl Fsle] ol Eh wopA]
7 10847F o) Zeic). vleba] 108 A)gbele] 2 plate?] 95
71ae] waul g ksl FlaleR el AWCDREE
< AdAsala o) $AE EAR g B4 E42 geld.
Al Eopel| whE zhzhe] A9 gL 52}53(51gm01d.11 curve)
SR vpEtar, B vhee] e AEE A poe
vlEakA] @skek. sieF 12417k o] =@ A} HalR) Eok
lMe T WY ukg-e] AgS mgo) vl 4359
A BoklAe g E‘MHFLA %7}E ngeh AWCD
2 HE A UrEE 2348 E48 Pearson coefficient A}

W, o
=
o

A2 alod Tqmq 5% al4b FolEE dlg 89S
4ol %H, Bop] FAT Arle 4 L%%ﬁl(—UJS)%

Hglon) NAHHR]Q] R2ZA ¥iR|oll4] 238 Zdno] okl
AWCD?] A 2hzh 0.81(p<0.05), 07:)(p<0 05)e ]2k
o= ZAT-2 El?ﬂ"—l*ﬁ Ao Aolg) Al FAY A

o] o4 el Fdn Aol o] b Hkee)
RM?P e fElEhd o] Al @@ A Y
BIOLOG profile-S- ©]-8-3F od@2| A3 F371e] Bl &
A8 ATFolA) el ekl gol] 2% SEAJe] 9lr]is Hener
2} Smalla(11)9] <372} G-Alslo}.
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Table 2. Change of Sole-carbon sources utilization(%) in BIO-
LOG GN microplates by soil baclerial communities according to
soil vegetation typcs

Carbon sources Vegetation

Qm Q.d Pd Grass Apri Naked
Polymers 427 35 542 801 767 617
Carbohydrates 42.9 60 675 799 807 593
Eslers 377 65 482 44 798 339
Carboxylic acids 359 44 484 56 678 369
Brominated chemicla 11 20 205 307 367 233
Amides 292 13 128 488 474 2738
Amino acids 498 57 587 751 744 448
Aromatic chemicals 292 30 408 69.3 688 404
Amines 37.1 52 376 742 726 235
Alcohols 324 32 369 503 536 21.1
Phopholyrated chemicals 32 24 288 477 477 204
Mean 322 41 431 o604 642 357

Q.m, foresl soil of Quercus mongolica vegeration, Q.d, forest soil of
Quercus dendata vegetation, P.d, Torest soil of Pinus densiflora vege-
tation; Grtass, grass land soil; Agt, agricultured soil; Naked, naked
501l as non vegetation-covered soil.

ol e 957 FdEkaele] 117 FEFE olu]nANF5-G12)
o] 498%% A Eahon BPRIEAT-CIONE 42.9%2
o] 852 Hg ot olrlo)E(amide) 2L 2.92%2 o]&
ol vl gl B2} sehE 8% w3k 11%2] B2 o]
H55 Byl 4 Ael EopolAE we] HAsHeR
HA Be] olfale fdwkad s gbREE, S9HE

Slg50] & Ashs He] Bag ) wAE 3
pH 7ols] ol 3 mAl EaeA] hepd Aoish Akl
o). FrEEAs N Cartboxylic acid)e] =A<l ofnlol=2] esler
52 olf-5oll 91y esteriz, AlQuF Als) R Eoks
AR vk AAE Pl o]-850] 7] vhehdrl. Am-
ide®] 7A-pell= 2.92-48.8%9] b o]E-4-& 41X m ke
Rl gles Abeleado] el 249 AT Bope
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7ol 7 Agalel, #lelAlFEOR 74.6879¢) 0 ALfrEE
4700)9c}h. 7} 2 7-9-zk(principal inertias}e 0.03264%}
0.02017% viebgar ool sdali= A 1, A 2 FxFe] o
atod o5 A T3S AEslr] feke] @3 d9 #Ed
o] A=A glck AA ol Ak AA 243 A
al 0.079512] 41.06%9} 25.37%2 AA|&l3 glon o]5e
ol 66.40%= Fig. 3¢ 274902 WgdAls weEr) o
el A 27 ARk Wl A TAe] ¢85
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Fig. 3. Two dimensional correspondence diagram of absorbance
data from the BIOLOG GN plates inoculaled with saif bacterial
communities of variaus types of soil vegetation. AX, sail of .
mongoilca; BX, soil of (. dendaia, CX, soil of P. densiflora;
DX, grass land soil; EX, agriculiured soil; FX, naked soil; 1, 2
and 3 arc triplicate {0 cach soil bacterial communitics.
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Fig. 4. Multidimensional scaling diagram of absorbance data from
the BIOLOG plates inoculted with soil microbial communities of
various types of soil vegetation
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BIOLOG GN microplate= 96712] well 4tel] 117 85,
2312 (polymers)(AZ-A6), BFEEFE(AT-CL0), esters(C11-C12),
Fla Al (cathoxylic acid) (D1-E12), 2235} 31EHEIFL),
amides(H1-H4), o}v|:AHHS-H7), <+E(HS-HY) # ql4t3)
HEE(H10-H12)8) 95717] 712AZ A= e] glek8). 2 7]
= 2] wellel £ 2,3,5- riphenyltetrazolium chloride(TTCYF =
of 310 HED ATTo| 9 DAL olgahed 4157
A TTCE £849 triphenylformazan(TPF)e 2 FH¢I 5] o]
Hepde A doh4). BIOLOG Plate o435 AlF 74
of falsad ol 4% wAle FAakel Bk ke
Tush @ A fejd) 27 8212 Ase) e o
Ay T Aol oA Heabhs ke g G4
& wgeldl.

Al A e frdgagdel Wi o4 Aoy F2 )
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SR T e T2 BAE setsled o] 8ste] g
th19, 21). B3] A8E Bokg ot 2 A 3 7%
3 vlofadzt 27 g ele) Wil B ol WEE 543
shzd] # e olgska deh(17, 18, 21).
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ehghor) AAAEel o) 488 ol E ' e vls 4@
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vk Ashel fAlEbt
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Fslm 27) EAEbge] whEA viehe L B4 e}
AAREe Zlalgeln diEdo. =3 ofE sgleR:
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o fgella] Sratat s G oA FHAE 4 U v
2pa vl AR kel Bl At gAY o8y A
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Ax gibehs v £ ol S AdE ¢ e rlAE B
shal|o} gheH(6).
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A5 frodekigl o559 mlAE e i) ol vl
2 Al Ao AHeldl g 2akr]QE T3] o
bl g A HolFm gk A gu AR AT FA
o] tjefrle AjEal Alatel] FrmE Al o3 ERE 5
gk, #@ge] Hge 47 H&F 5 d= AEI #Hol,
ofelle] f4Er) AR gale] 2 of orde] o] 2AEE
AL TelElr] YEk AT o)k rleE aA H
W] Th(7).
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ABSTRACT : Patterns of Utilizing Sole Carbon Source by Soil Microbes in a Forest Seil

In-Geun Song"”, Young-Beom Ahn’, Kyu-Chul Shin'?, Hong-Bum Cho’, and Yong-
Keel Choi'** (‘Department of Biology, Hanyang University, Seoul 133-791, “Research
Center for Molecular Microbiology, Seoul Nat'l University, Seoul [51-742, *Depart-
ment of Biological Engineering, Seokyeong University, Scoul 136-104, Korea)

This study was carried out utilzing ability of sole carbon sources in scil microbial communities
used by Biolog GN microplate. Cluster analysis showed that soil microbial commuties were cale-
porized into three groups as forest, non-forest soil and naked soil of microbial group. Soil microbial
commutites in a foresl soil of Quercus mongolica was divided into another group microbial com-
munites in Quercus dendata vegetation soil and Pinus densiflora vegetation soil by Multidimensional
scaling{MDS). Generally, sole carbon utilzing abilties were higher in order of polymer, amino acids
and carboxylic acids, but it was lower in amides substrates carbon group. From the result, il was sup-
posed that metabolic diversity of microbial communities was corresponded to vegetation succession.



