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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
sfructure 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 befween 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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loides Y5 EFe] A nlAEFoll= FHE v AT,
oA E FlE WErt dlon FHolgke] Fukgt e A
F7F HEHAKLori et al. 2005). :
ojitstetAd Tk ZUH tiEo] T4 oL wid Sk
A2m, olHE FFEY 542 2 AriAl} E7 o] 4
749§ o)A AcKnight ot al, 1997). 53], B%L t)7]
F, 74, AERAIAN FE52 Fecke A Bl IFAEA F
4 23] Zgo] F1 9JriMuhammad et al. 2005). Eoke] =
B 282 B TR AL T A7k F oA e
Z ARHoRlE oA FE douy Qitk F8E52 VA E
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Table 1. Physico-chemical characteristics of soil used in this study

Facter Soil
pH (1:5) 42 £ 02
Moisture content (%) 72 +02
Organic matter (%) 28 £ 1.0
Cation exchange capacity (meq/100g) 20 £ 07

2 3k 7 A gE R0 2 YT, w717 Bl 7t
719] potoll= AFUo] A oF 30 mLe| FEE TF F
oAtk Ed NEel JFS T A3 F8S TFE v}
t} 1/22 Hoagland #1 (Hershey, 1994)-89-2 20 mL (KNO; 606.66
mg/L, Ca(NOs); - 4H,0 944.60 mg/L, NH4H,PO4 115.02 mg/L, Mg-
SO4 492.94 mg/L, FeClz - TH,0 492.94 mg/L, MnCl; - 4H,0 1.78
mg/L, H;BO; 2.84 mg/L, ZnSO, « TH;0 0.23 mg/L, CuS80; - SH,0
0.075 mg/L, H:;MoO4 0.016 mg/L)S F53tHch

CLPP £

7h2ke] AlEE $S A7HHA %3 C0,9) FE} 380 ppmy
ol 2719 3719 Fofl A3 A E(CA-0M, CA-3M)S} CO, F
T3 380 ppmv 9t 500 mg/kg-soil A7 2719k 374Y Foj
A& A F(CB-0M, CB3M)9} CO,9) S 55 760 ppmvE X2}
3 = AT A EEA3M), CO9 FEE 760 ppmve} F
g 31y 3 AHs AREB3IMZ Z 6709 AEE /AT
AES YAt EF A BHFE 1: 10 (wiw) &2
4T F 200 pnOE 1087 U F AANA 45T
Eco plate(Biolog, USA)] Z+zte) wellol] 150 pL¥ HE3 &,
20N HjoFsFRA, 24AIZ A2 2t welle] A W5 595
nm oA S35 EAEATh F3 5 Multiskan Ascent
(Thermo Labsystems, Finland)S o] &3t =43 %, average
well color development (AWCD)E th2-2] 4|02 A4bstgth
(Garland and Aaron 1991).

AWCD = 3(C-R)n (1)
C: 7} well®} ODsosumt
R: Control well®] ODsgsnmdt
n: 7149 4 (31)

Aol A & thek g Lehll= X429 Shannon index 7t
S 23 72 2o 2 AAketgthlan and Peter 2003).

H=-ZPilnPi (1)
H : Shannon Index
Pi : “AA] ODsosm@toll & Z+zte] 71 ODsosum %k

3} wiek 39, 59 2 1449 Z} welle] ODZHE ofe)g] 4]
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& o] &3l A4kel &, SPSS 12.0ko(SPSS Inc. Korea) S ©]-£-3}
o principal components analysis (PCA)S =3 s}3oh.

(Cu—Ri/ AWCDy 1)
Cia : vl 1A 2 well®] ODsosumt
Rig : HleF 1954 2] control well®] ODsosnm %t
AWCDy, : HiSk idA] AWCDZ:

DGGE &4

2+ pot2. ZHE] AFF E<k Al 1 g& BIOI01 kit(FastDA-
N - SPIN Kit for Soil, Q-BlOgene, USA)E ARE-3}a] genomic
DNAE #Z3 &, o] genomic DNA A|EE template 2 3], RCR
(GeneAmp PCR system 2700, Applied Biosytem, USA)S <=3} 5}
ATHCho et al. 2005). PCRO| AFE3 primers 341GC(5-CGC
CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG
GGG GCC TAC GGG AGG CAG CAG-39)3} 518r(5-ATT ACC
GCG GCT GCT GG-3)°]th PCR 27L& 95CAlA 5% <t
predenaturation, 95°Cel| 4] 302 %9t denaturation, 60°Col| A 30%
&<t annealing, 72°C 30% &<} extensionS 28 cyclingdt 3o 7
2TCoA 5% =<lfinal extensionS 33 TH

PCR amplicon A) 55 DGGE(DcodeTM System, BIO-RAD, USA)
£ 3319k 8% acrylamide/bis gel S o] 83197, urea F&
Tl 40~60%E 3HATE A7) FE-E 60TolA S0VE 144]
7} 3} 7, DGGE fingerprints ¢} §-A}A3-& Gel Comparll(Applied
Maths, USA)E o8] 24131 THCho et al. 2005).

2 3

2V Pinus densiflora)E 2 A3 Eoke] njAIE £ H
A& CO 8 He Gk ZAKsl7) 98 CLPP 43 S35t
th Eco plated] 3171419 713 oA thEZ S 67 7129
o] &= & Fig. 1ol =A)3}4c} L-arginine, 2-hydroxybenzonic acid,
tween 80, phenylethylamine 2} ©] 8= Pinus densifloras 2| A)
A3 B9k CA-0M, CB-0M Hrl= A2UF-E At 37497
ujokst CA-3M, CB-3M, EA-3M, EB-3M Eoko] 7]& o]& %7}
FUTHFi. 1. a, ¢, ¢, ). TFES) A7t R % JIe 4
HEH @2 AR 2 EY AE7F A7 A& Hs)
714 o] &y} EetdthFig. 1. a, ¢, d, f). & i-erythritol 7
V-hydroxybutryriv acid= 2,318 92 H7ist Al59] 714 o] &
& @40 fstithFig. 1. b, e).

ztzte] B¢k vl E 3¢ 713 o]& 58 AWCD goE H]
o 48U tHFig. 2). VT AAlE] A% ESY e
(CA-0M, CB-0M) 2UF-E 37197} 7] & B9k AJ§(CA-3M, CB-
3M, EA-3M, EB-3M)el] BIa] 714 o] & =7} Wtth e ¢ 2
4 A 8(CB-3M, EB-3M)7} H] 28 Al 5(CA-3M, EA-3M))| 1]
3 714 o] 8=t ¥Th 538, H] 24 EHCA-3M, EA-3M)
9] 714 o]f L= CO0l o3 A Faks ¥A] koY, &

EE nAE Ao wiie g3t €09 J3k 533

2 EHCB-3M, EB-3M)2] 79l & COE 760 ppmvE %31
EYGAEY 712 ol fx7t 4t 2o AR5 MY 3, 5,
14 AZE ol &3t FYAE EA Btk 1 A% WY
394 ¢} 5Ax = CA-3M, CB-3M, EA-3M, EB-3ME §-8jx}7}
BT QUATHp<0.01). MY w2 &9l UdAol= EdE F
FEOZ QFAZ CB3M AlZAA T f4 Zol7t e AL
2 UeRTH(p<0.05).

ZF Al57He] 714 o] §EF o]&-3ld PCAE T3 ZHE
Fig. 3¢ ZA3Ith PCE AIRE Alele] #AE BHS AL
2 7} A BE Abol9] A WA principal component(PC 1)¢] ¥ o]
= Z2F3, 5, 1495 22k 76.79%, 72.78%, 79.34% K3, F HA]
principal component(PC2)] ¥Mol= 16.05%, 17.81%, 8.61% = 1}
e, BE 97t PC 1] PC 25t} &7 Uehstth PCA
A, AlZbo] AgeE g EA o Fd w2t I53) HdE
v, 394l e 259 FE AA L YA A HFig. 3
a), 5Uo] AVEA BE o s TFs7 dehr] A &St
oi(Fig. 3 b) 27 wbAE @ol LAl E ol Bt ZF5
9% o) B T YegrhFig 3 o)

HA 37K 7129 BRE gol e 199 SRE g2
o]-&-8te] Shannon index ¥ Al4¥ste] Fig. 40 EAISHATE B
% 3UAE 7]F 2 E Shannon index Ft& vluws) B 27 B
FUTH: AL HFD EGS) F DY A5 EoiTh
(CA-OM : 2,67, CB-OM : 2.7, CA-3M : 3.03, CB-3M : 3.06 ,
EA-3M : 3.12, EB-3M : 3.14 ). 3}A)5F o]gj st wjjo} 8ol = =
E AlR.9] Shannon indexte] 7<) -FAMSIATH

7} E9F A]§.4] genomic DNAE 3=Z3}o] 16S tDNA-PCR 2+
E2] DGGE fingerprintE Fig. 591 T=A15F4th DGGE finger-
printe] ARAH ATFE A% 7] B Web A7HCB-OM)
o2 H]Y7HCA-OM)3F A|E7}e] DGGE fingerprint A<
40%E, Foll a3 A #3 #2271 A dEFE W ¢ T
UATE AT A7 B 20 vXE G AE R,
4 Holl o8] LAATIA & EY] A CA-OM$} CA-3M
9] |AALL: 154%, CA-OMSH EA-3M 2] §AMIL 20.7%, CB-
0M} EB-3M 9] FAM3-EZ 25% ek &, AUF 2R 3709 Fo
E EG Al 2o AR Wage ¢ & Atk

129 B AFCA3MZ EAIM)S] $AHL 56.3%, S
EY AE(CB-3M3# EB-3M)ZHS] FAMIE T14% A} 54
CO; & A 8¢ CA-3M3} CB-3M 2] S-AMI2 53.3%, EA-3M
2} EB-3M 35.8%th. &, EY Ald 237+2E CO, FEHTh
T W LY oFe o 9 g3e TS & 5 Uk
o]¢} Z& CO, FE7F Y% AlE Alo]e) fAMEE 358~
533% ol o, CO, =7 e e sty ¢ 2 o4
7 FLIE F ARG AR 563~T14%E T,

A W) 29 A% FI5 2934 C0; $E9 F7}
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Fig. 1. Time course of substrate utilization in soil samples (n=3).
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(M : CA-OM, [0 : CB-OM, @ : CA-3M, O : CB-3M, ¥ : EA-3M, V : EB-3M)
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£ A AeAd AA JFe nAD F3E 0L 4
B Qg ks e st QA 71E Ao B )
RAE 249 odeS wATHLor et al. 2004). T35 AT
2E2E B 4B 433 AQUARIE Beig s,
CO;, 559 F7tel ot E<F vl &S] Wl A7 ©@he}
B2 £33 2 A7 QlckLor et al. 2004).
4“ ool 29 AZTH A5 712 HEB AR =7
F2 o)X THGlick, 1995, Kennedy et al. 1997, Mordukhova et
al 1991 Shanahan et al. 1992). whehx} 289 )9} £ AlF
Afole] 445 718l tiste] A7} Gsp] Fgselx T ¢
tHGlick 1995; Kloepper et al. 1989). 2] &9 ¥g]o} 23] ¥ A
HE 299 BT - 3184 2 AR E42 29 A7y A
292 24, 2720 3 - 2 4TS PR Pearce
et al. 1995). A &o] o 7kx] AR ¥ FEEL wEst
<d AlF g dALE S8Rl &8 Al A HE
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Fig. 2. Time course of average well color development (n=3).

(M : CA-0M, (] : CB-0M, @ : CA-3M, O : CB-3M, ¥ : EA-3M,
¥ : EB-3M)

o
1
o
1

EoF nAlE 27 oA 33 €09 9% 393

o 433 S4E& PIIE T8-S 7RI olg @ 2 Al
& A& A% 2 24 Al dplant growth-promoting rhziobacte-
ria, PGPR)o|2}7 3ti(Yang et al. 2005). ©|E PGPRE &< %5
T &0z 04 BEoA AEo] F AAY F %
£ zoleth Aa7tA] drEe] Bzl PGPRY F/E o
thokslm, 1 S A% Pseudomonas S} Bacillus7t o] T EE
o) 9101 &3 Pseudomonas7} B2 A0 2 ZALE I tHGlick,
2003).

AUFE A F9 714 o]§ 57t FoRlE L A E0|
SEF AANALE B3 IS AHEA s 24
E nAE o3 0] §E|R)7] fEo R AREAR
Tk AWCD #4] 23 $o2 QHNZ A7t LAMTA &
& Eol Hls] 1 gho] Wi, oA 7o BRI HojR
Muhammad et al.(2005)3} 722 ZAjo|xut 2FE£0F 24
o] 7 712 o] &7t v F% FUhethe Bildle vl
£ A THYao et al. 2003). 1Y Ho2 2¥FHN B
FolA CO, vt &2 79 Hol §le A 5% AWCD 23
£ ¥astgS o I o] oA W AR & AolE Bold

Shanon index

0 A 3 4
Time (d)

Fig. 4. Comparison of Shannon index.
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Fig. 3. Principal component analysis of average well color development.
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EA-3M 26.9 32.1 56.3 44.4 100
EB-3M 14.8 25 53.3 714 35.8 100

Fig. 5. Similarity analysis based on DGGE fingerprints.
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A B0 vAE FHo) nX= CO8 Fo] JTFE Fofs)
7] 9&l, 3 FF 713 o€ =& H/Fsk= CLPP (community
level physiological profiles) H¥H3} 16S rDNA PCR-denaturing gra-
dient gel electrophoresis (DGGE) W& &85l B vAE
78 EAL 2T 29 EH500 mekg-soil)# HS
A B 284 2UFE AAg F, CO, FEE 380 ppmv
2 760 ppmv O Z AT v g7|oM 3L AEAT F 65
Fo B AR A E FRS Y E4ETE 378 1
29 B t(CA M vs EA-3M)] 71%‘ ol &EE CO a2
A QS wkz] dglo) W 0 EHCB-3M vs EB-3M)9] 7
—roﬂ-,: CO,Z 760 ppmvE =9I E°k N E(EB-3M)¢] 7]4 o]&
7t Btk 2 A2 71 o] R E o8-8t PCAE 8
@ 23, 7 B AR VAR 2HS 9ol A 470 aie
253 5}k H9d ESKCA-3M vs EA-3M)) A}o]¢] DGGE
fingerprint -F-AH3-2 56.3%, & 29 EHCB-3M vs EB-3M) A}
0] 9] DGGE fingerprint AL 71.4% %tk 5 CO, 5 Al
B¢l CA-3M3} CB-3MA}o)9] fAMIE 533%, EA-3M3} EB-
IMALol 9] FAMIE 35.8%0]%it oM d Ade AUFE 4
A B Al 23 12 CO, FEETE ¥ 29 ol
o8} o 9zkstA E4stE S uldith

ALl =2

3 Q7 Aol s AR, ol

ol
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