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ABSTRACT: Effects of Pb and CO, on soil microbial community associated with Pinus densiflora were
investigated using community level physiological profiles (CLPP) and 16S rDNA PCR-denaturing gradient gel
electrophoresis (DGGE) methods. Two-years pine trees were planted in Pb-contaminated soils and uncon-
taminated soils, and cultivated for 3 months in the growth chamber where CO; concentration was controlled at
380 or 760 ppmv. The structure of microbial community was analyzed in 6 kinds of soil samples (CA-OM :
CO; 380 ppmv + Pb 0 mg/kg + initial, CB-OM : CO, 380 ppmv + Pb 500 mg/kg + initial, CA-3M : CO, 380
ppmv + Pb 0 mg/kg + after 3 months, CB-3M : CO, 380 ppmv + Pb 500 mg/kg + after 3 months, EA-3M
: CO, 760 ppmv + Pb 0 mg/kg + after 3 months, EB-3M : CO, 760 ppmv + Pb 500 mg/kg + after 3 months).
After 3 months, the substrate utilization in the uncontaminated soil samples (CA-3M vs EA-3M) was not
significantly influenced by CO, concentrations, However, the substrate utilization in the Pb-contaminated soil
samples (CB-3M vs EB-3M) was enhanced by the elevated CO, concentrations. The results of principal
component analysis based on substrate utilization activities showed that the structure of microbial community
structure in each soil sample was grouped by Pb-contamination. The similarities of DGGE fingerprints were
56.3 % between the uncontaminated soil samples (CA-3M vs EA-3M), and 71.4% between the Pb-con-
taminated soil samples (CB-3M vs. EB-3M). The similarities between the soil samples under CO, 380 ppmv
(CA-3M vs CB-3M) and CO, 760 ppmv (EA-3M vs EB-3M) were 53.3% and 35.8%, respectively. These results
suggested that the structure of microbial community associated with Pinus densiflora were sensitively
specialized by Pb-contamination rather than CO, concentration.
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Table 1. Physico-chemical characteristics of soil used in this study

Facter Soil
pH (1:5) 42 + 0.2
Moisture content (%) 72 +02
Organic matter (%) 28 £ 1.0
Cation exchange capacity (meq/100g) 20+ 0.7

2 33ick 7F Alsas 3o R S19aL wiek 717k wetel 7}
Z}e] potoll = YTl A °F 30 mLo] s Fwote]
ATk B3 Aol s Fwat] st s T Wt
t} 122 Hoagland #1 (Hershey, 1994)-821-5 20 mL (KNO3 606.66
mg/L, Ca(NO;)4H,0 944.60 mg/L, NH4H,PO, 115.02 mg/L, Mg-
SO, 492.94 mg/L, FeCly7TH,0 492.94 mg/L, MnCly4H,0 1.78
mg/L, H3;BOs 2.84 mg/L, ZnSO47H,0 0.23 mg/L, CuSO4+5H,0
0.075 mg/L, HyMoO4 0.016 mg/L)S &F3F3ith

CLPP &M

Z47ke] N g W A7 @A 00,9 F%=7F 380 ppmv
ol Z7]9} 370 Foll AHF 3+ A|H(CA-OM, CA-3M)2} CO, &
%= 380 ppmy ‘F9F 500 mg/kg-soil 7R Z27]9} 37 S
A|F G A Z(CB-0M, CB-3M)$} C0,2] 555 760 ppmv= # 2]
3709 5 A3 F A R(EA3M), CO8 FEZ 760 ppmvet
Al 3719 5 ANF 3 A ZEB3M)E F 6712 A|EE 71 aL
AR FHSE BEE AR BEFE 110 (wiw) HIER
8]X3F 3200 rpm o2 1027 wHkgE 5 AR A A At
Eco plate(Biolog, USA)S] Z2t] wellll 150 LA HE3eh &
20CollA wiahAA, 24213 A 0= 7} well®] A WSHE: 595
nm I A FAsle] BA151GIT S = % Multiskan Ascent
(Thermo Labsystems, Finland)S ©]-83}] Z7e+ 3 average
well color development (AWCD)E Uh3-9] 4o Akaloitt
(Garland and Aaron 1991).

AWCD = 3(C-R)n )
C: 2 well®] ODsosam @k
R: Control well®] ODsosum Ak
n: 7149 4 (31)

Aejato Al & theldS UERYE 24221 Shannon index
S e 22 Ao ® ALFeFItHlan and Peter 2003).

H:-ZPilnPi (1)
H : Shannon Index
Pl : Xdiﬂ 0D595nm%)\—oﬂ EHE:’} 7_}'7_}:9] 7]XE] OD595nmﬁ

Fok vk 3, 59 2 1499] 7} welle] ODFE ofl<] 24
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S o]-g-3fo] AAFSE 3 SPSS 12.0ko(SPSS Inc. Korea)= ©]-8-3}
T83I3lth

] principal components analysis (PCA)E

(Ci—Ria)/AWCDyy (1)
Cia : W i2A] ZF well2] ODsosum Bk
wj ok {4A) 9] control well®] ODsosumk
AWCDid W iR AWCDAL

DGGE &M

7} pot 2 HE AFH T B A8 1 g& BIOI0] kit(FastDA-
N-SPIN Kit for Soil, Q-BlOgene, USA)E AF8-38}o] genomic
DNAE F=3F 5 9] genomic DNA A|EE template = 5}, RCR
(GeneAmp PCR system 2700, Applied Biosytem, USA)S =33}
SITHCho et al. 2005). PCROY| AF&-3F primer™ 341fGC(5‘-CGC
CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CaGG
GGG GCC TAC GGG AGG CAG CAG-3)3} 518r(5*-ATT ACC
GCG GCT GCT GG-3°)°]21th PCR Z71-& 95 C ol 5% 5<t
predenaturation, 95 CollA] 30% &<} denaturation, 60 CollA] 303
59} annealing, 72°C 303 &9} extension= 28 cyclingdt S 7
2Co|A 5% 5<Hfinal extensions 3F3ATE

PCR amplicon A]5-E DGGE(DcodeTM System, BIO-RAD, USA)
= 3513tk 8% acrylamide/bis gelS ©]-23FA 3L urea F%
THIE 40 T60% SHGITE 7] G52 60Tl A] S0VE 144]
7+ 319131, DGGE fingerprints2] +AF3-2 Gel Comparll(Applied
Maths, USA)E ©]-83l =A13F3IH(Cho et al. 2005).

2 1

22U Pinus densiflora)g 21 A1gE EFE] WA=
A= CO,9H el e 2AKSH] f18l CLPP 2412 383l
th Eco plate®] 317F41¢] 714 FollA B2l 6709 7149
O] 8 %E Fig. 19 Z=AISFATE L-arginine, 2-hydroxybenzonic acid,
tween 80, phenylethylamine2] ©]-8%+= Pinus densifloraS 27|
25 B CA-0M, CB-0M HUt= AU-5 A Ajste] 37143t
w3k CA-3M, CB-3M, EA-3M, EB-3M E%Fo| 714 o] & %7}
ZTH(Fig. 1. a, ¢, ¢, ). TB5Y H7}F oo 9t kS A
HEH g Ak 32 EY ATt H7heE Algel vlE)
714 o] 8 =7}t S ThFig. 1. a, ¢, d, f). ZL&] i-erythritol 2}
y-hydroxybutryriv acidi= 23|12 W& @73k A]g9] 714 o]
T 8Ao] ¢ 0]‘03‘:]'(F1g 1. b, e).
7Jr7b] Ed vAE 9] 714 o825 AWCD #HoE H]
W EA3ATKFig. 2). AUEE AAEl7] 2% Eofe] A4
(CA-OM, CB-0M) A5 37097t 718 BY A|5(CA-3M, CB-
3M, EA-3M, EB-3M)°l| H|&} 7] o] &=} yhohr) gk i @
%3 A]Z(CB-3M, EB-3M)7} H] 2.9 A|Z(CA-3M, EA-3M)°] H]
3 714 o] g7} Ykt B3], 1] 99 EOKCA-3M, EA-3M)
o] 71 o)1t 0.0l 213 A FE WA Qgkor), |

EX] oﬂ ]

2.9 EKCB-3M, EB-3M)9] 7-9-¢lli= CO,E 760 ppmvE 3571
E‘* Alge] 714 o] 857} =tk Zb2te] Al=Ee] v 3, 5,

44 AIE o] 85t FoakE $43) Bkl 1 A it
3°‘*%H9Jr 5971 CA-3M, CB-3M, EA-3M, EB-3M= f-2|z}7}

5 0t p<0.01). vl pRA gl 4dA ol = EYS &
402 QHAAIZ] CB-3M AlZ AT 2] Zo]7) Sl Ao

2 YETHp<0.05).

7} Alg7ke] 714 o] 8 E o] 85l PCAE F3s 2
Fig. 3¢l =AJ8I3ith PCE= AR % Atole] IS FAgH
2 7 NRE Alele] A WA principal cornponent(PC el o
= 242} 3, 5, 1495 Z12F 76.79%, 72.78%, 19.34% %3 aL, - WA
principal component(PC2)2] ¥ol= 16.05%, 17.81%, 8.61%= 1}
Btz B8 971 PC 19] PC 21U} 4] UERTE PCA
A3l Agre] A d=rE fe] EA of foll w153} HAE
dl, 34l = T S A v A EAWNFig. 3
a), 5o] AUHA K ol 3 15317} vehr) A&kt
oJ(Fig. 3 b) 574 vHAE 21 144l = o B} Fa<ol
ofgh ko] B FHsH UEFRTHFig. 3 c).

AA 317K 7149 FE% gholl tigh 74| 3% e
©]-8-5}¢ Shannon index k2 AlXFsle] Fig. 490 =AISISIT 1)
4 3LAE 7] O =2 Shannon index Fh2 Hlus] HH 27 B
FETh= NI WS B £ v AT w30
(CA-OM : 2.67, CB-OM : 2.7, CA-3M : 3.03, CB-3M : 3.06 ,
EA-3M : 3.12, EB-3M : 3.14). 3HA|TF o]&gh vl 8ol = &
= A9 Shannon index@te] A9 FAFFSIT

7t £ A9 genomic DNAE 52314 168 tDNA-PCR 4t
E2] DGGE fingerprintE Fig. 59 E=AI3IItE DGGE finger-
printe] AA|H O AEke A3 7] Bl Pk A7HCB-0M)
o HIH7KCA-OM)3F AE7Fe] DGGE fingerprint A
40%E, ol ofsl Alat 1 AT A QS MeS G T
USATE A A7 B wel mAE @Es AT EE,
G2 ol ofal] SAANTIA] & EYFC] 79 CA-0M S} CA-3M
o] FAMIE 15.4%, CA-OMS}F EA-3M 2] FAMIS 20.7%, CB-
0M<} EB-3M 9] FAMIS 25% 3Tk <5, A 214 3701€ Sl
v E¢ ARt 7o) el Biskgs & o ASith

H| 9. E%F A|R(CA-3MI} EA-3M)9] FAME 56.3%, 2%
E9F AJF(CB-3M¥} EB-3M)7Fe] FAMIS 71.4%%0t) Y
CO, &% A1E3] CA-3MI} CB-3M9] fAMIS 53.3%, EA-3M
3} EB-3M 35.8%%itk &, EY Alvt FTEE €O, wEE
= 2% ol T “17‘6}711 B WSS & F AUk
o]9} & CO, FE7F §YF AlE Alo]o] FAREE 3587
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Fig. 1. Time course of substrate utilization in soil samples (n=3).
(M : CA-OM, [J : CB-0M, @ : CA-3M, O : CB-3M, ¥ : EA-3M, V : EB-3M)
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& Al S mAE Thes Rk 7)E Aot B | S A& A 70 24d Ald(plant growth-promoting rhziobacte-
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CO, &0 S7kol oft Bk vd=e] Mehe Ae] sl % melrh A7 7o BEI%l PGPR) i vl
B4 £33 2 BAZF AKLori et al. 2004). ks, 1 ol M Pseudomonas} Bacillus7} &o] E31E
A& o) 2 AldTEe] AT 717 AE A A o] 9o, 53| Pseudomonas?t 2 Ao 2 AN ATHGlick,
&S v|ZITKGlick, 1995, Kennedy et al. 1997, Mordukhova et 2003).
al1991, Shanahan et al. 1992). webA] AJ5e] Hejs) 27l Al AUEE A4 o] 714 o 817 FOAE AL Aol
Atole] s 712l thste] A7h EdatA| ZleEojA]aL 9l SET} AANYALE Edl RS MehaA ek o
UKGlick, 1995; Kloepper et al. 1989). 212-2] ¥ajol] s &4 EoF n| Ao o)a o] Sula]|7] wjFEoz AlEEoe]z
S SRRk W AR SRS DU AT A o awep 4 29 o2 991 297 LAV B
=% % A, 2R A3 ?‘%}% T (Pearce & ok W& L gho] Wth, oL 7]Fe] Kl Fojn
et al. 1995). A&o] ofg] 7p4] Ad&9] #e] AEEs viEsto] Muhammad et al.(2005)8} 72 AujolA|gt FF& 02 99y
i Ate] AP AR SASERe], SR ARE A AT o) A9 714 ol 8rr) iR ShRItks Wk W)
= A7t Yao et al. 2003). 22U Ho® QPE W B
FIA €O, 57} & A vol ghz AR5 AWCD 2}
& Hlaels v 1 gho] tha W1 ANt  Alo]E Holxl
13 T I
= ! ¥ ¥ .ﬂ CA-0a .
:rr-‘_ F # i ; % ; o T CRAM
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= ¥~ 1l g [ B TR0 H
P . ! - 15k I
Ty ( . § H
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i 1 4 f i} 10 12 14 4
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Fig. 2. Time course of average well color development (n=3). '
(M : CA-OM, [J : CB-0M, @ : CA-3M, O : CB-3M, ¥ : EA-3M, Time (d)
V' : EB-3M) Fig. 4. Comparison of Shannon index.
[ o
u L
z s ; G -
r L
[l D e ] (L P ] P ™45
(a) (b) ()
Fig. 3. Principal component analysis of average well color development.

(a) 3 day, (b) 5 day, (c) 14 day

(M : CA-OM, [J : CB-0M, @ : CA-3M, O : CB-3M, ¥ : EA-3M, V : EB-3M)
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40 &0 RO
||r|r|||||||||J_|
A = M
T
C'F - 08l
O A-IM
[as
1]
E.A-3M
HE
B3
B
— FB-361
CA-OM CB-0M CA-3M CB-3M EA-3M EB-3M
CA-OM 100
CB-0M 40 100
CA-3M 15.4 214 100
CB-3M 19.2 207 533 100
EA-3M 26.9 32.1 56.3 44 4 100
EB-3M 14.8 25 533 71.4 35.8 100

Fig. 5. Similarity analysis based on DGGE fingerprints.

At o= t7] T €O, FE Tl g nAE &9
S7HE BolFaL 7|AIR] o StekAE At B 22 '
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ks Wethe A7 Bk QAWK Christiane et al. 1999),
B AFeM = B AR 2

e lelzl %?9 1, FEEH) &

3

] €09l FE W=

ol = e el

oUH(Pinus densiflora)
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