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EXAT R EERB SR LIES
MEYMZ HIERIZ

WEE ERE RFR FOUF R PHE MR

(FAERY: MRS TR 1 201620)

B E: (AQIALFRTRELC R TLEMAMSHUIRNMEERAXE, AiLH
FESLERE 4 HRE R AR AT R, R EFINE AR 16 AT 9T (LI RAAE T AR
BB RS fo Edb £3EAE ). [Fik] —F @ALAESEF TR FR@mE 7 P, —
77 & R E A 8 R L sk (Denaturing gradient gel electrophoresis, DGGE)*t 4% ot ¥ T 3%
KA R TRAMAEM S TAES S HREATHA, FIH KA PCA (Principle component
analysis) 7 ik oA BB MR . TLBAIZLELETRAMBKERMAY SHMZ
ML kA, [BR] LESWERENZES RERZ I RRA4REE4LE Cu. Cd.
Zn. Ni. Pbfe Cr g7, TRAFA MDA LRI R T HER Y, £RARE LEH
o P A B 238 A, % AR M35 4L (Shannon-Weaver index H)it B 4 R X L H & KA & B A2 R
BRI FTEIED. TEBRELETFRENH T, PCA SWEREATEARAFAD K
THEME R A HAIR . BKESERABRK, €2 5T RN R,; WML
#HMKRE LR R4 X R KIS, E%FEF4B Ag. Zn. As. Pb. Ni. Cr 5%
), MAEHETASELRILESUELF4 Cu. CAdFHRRA Y MMAEN SR IS
Bz, [4i6)] MXS LS ELRBFT LT LB LEE, A LLERHE AR €453
REST AN S H MO A TR TZZERZEATOEEHEEL R,

KEIR: EBTHRLE, TRAFAFDEA, MAMFE S HM, THHERK K
(DGGE), Z .44 #7(PCA)

E€HE: BRAAKRISIH (No. 41073060); i 5 524 FF #1250 H (No. B604); ERKIFEERI LTl
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Impact on microbial diversity of heavy metal pollution in
soils near Dexing copper mine tailings

XIE Xue-Hui FAN Feng-Xia YUAN Xue-Wu ZHU Wen-Xiang
LIUNa PINGJing LIU Jian-She

(College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract: [Objective] In order to understand the interaction between heavy metal contamina-
tion and microbial diversity better, 16 wild field samples including tailing samples, near grain
and vegetable soil samples were obtained from the 4 # tailing site of Dexing copper mine, Ji-
angxi province, China. On the one hand, number of culturable heterotrophic bacteria in sam-
ples was counted by plate method. [Methods] On the other hand, the diversity of culturable
and unculturable microbial communities was further investigated by denaturing gradient gel
electrophoresis (DGGE). Principle component analysis (PCA) was used to reveal the influ-
ences of physico-chemical characteristics, contents of chemical/heavy metal elements on the
diversity of culturable heterotrophic bacteria and microbial community. [Results] Results of
elemental analysis revealed that these samples subjected to different levels of contamination
by heavy metals Cu, Cd, Zn, Ni, Pb and Cr. Number of culturable heterotrophic bacteria was
the least in tailing samples, and increased significantly in vegetable and grain soil samples.
The diversity index of the samples (Shannon-Weaver index H) was calculated, and it found the
greatest diversity of microbial community present in samples, which were at middle distance
away from the mine tailing site and had middle level of heavy metal concentrations. PCA
analysis showed that the number of culturable heterotrophic bacteria had significant relativity
to the physic-chemical properties such as organic carbon, organic matter, moisture content and
so on, except for heavy metals. For diversity index H, except above physico-chemical proper-
ties, some heavy metals such as Ag, Zn, As, Pb, Ni and Cr had significant influences on it.
While heavy metals such as Cu and Cd, which were present in the samples with relatively high
concentrations, did not become major factors affecting microbial diversity. [Conclusion] The
results from these long-term heavy metals contaminated wild field samples, may indicate that
the influence of different heavy metals on microbial diversity is not laboratory studied simple
linear relationship with their concentrations.

Keywords: Heavy metal contaminated soil, Culturable heterotrophic bacteria, Microbial commu-
nity diversity, DGGE, PCA

TP A PSSR IR RIG MR . BLBE, IR
FRANIHEL, DL A =G s & R TS
IKBIA HIRERE . IS AT IERH S8t
AR, fiisek a2 IR SR g . Lok
PR e LA PLA D MRS RGP R

BRIy, AEAe it S e RO (a5 T 4%
EEEIER, $)ON RIS LR A=)
FAEARE A 4 A X 3 P R I A S AN —
TR AR ACRENE . MR BR A
PERRAR, — 7 10 PR 4 s ) P A AR A 1
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MR, (ARG YL REg AR KO Kt 32 E 4
RGN

B AR A W H R 1 e N4y F B AR K F
(IR, 1E5r T RS M as i fahsE e
JCA AT RERY, AR P SR L Yk (DG GE) 2 H RiHF
S Wi A Z R AP RE S A MR S84y
TAYFHR . X —HORBEE SRR T L Al
FKEE, B2 M5, BAEEMAS
PRAESERR S, IS A TINARMBE R 2421k, JEH
AL 3E XU B ST 5 4 B 55 R S AR
EHRsE T S R AR 0 AET 10 AT YA ]
HAZEAR T Z N H T &AM S
MRS, Gnmidss . Wn . . BEE Wi,
iy TN FLE R | A 7))

R T A T A R S Y R
FEE 520, R SORAETR E T 9 LR
WX FARTE B TR 42 g V5 e T IR S, 16 (FiEAT
5T, EERT AR T . AR TR
AT, X b AT B 55 5 5 A R AT AR
SR G o3 A BORE & p i M 3L R 4 K. DNA, il
it PCR-EPERE BEEEIS HL UK ARAR T 2% H 4 bk
P 16S IDNA V3 JFHI 534, Xf Tty £
FEPEARIE LA TIRSY, JFR FH PCA J7 AR
PAEPER . AR M EE LR 5 R A
R ZRE 2 BRI A B R T T 5007

1 RS

1.1 RI#s

111 RAEFXSUR: XA TV Lr
FEXATUNEEE N, LT EILKFLE LT, &K
% 117°-118°, Jb4h 28°40'—29°20' AN, 4F"
JATEIRR 100 km?, A P RS FRS, 2
KIEE KA, WP ES—. AR 2
— F R IR, AP - TR R BT,
i & A i e E S, W R AR T
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b, MR, FUOR/N, 0OA T BEMELE, G
FIHEZE £,

TEXMHT A TR, H 1965 4L
K, git 40 ZAEMITR, BT T RENEA
el MR K5 Yl . Horh, TR 442
W B AT IEFEA s R AP PR, ST A
 8.35x10° m®, HAHMERLE 280 m, LKA
14.3 km?, K774 10 J7 t B YDFI 35 J7 t 3w K
K, K GUTTE JG I AR BN w | IR A F £k
PR T A0, %P RS B2k IE TR BE
I, HRIWUR WA — R FRS, B K,
i B R, TR FEAR U ATk A | LA
RO, ZREOETHHEK B IFR D RARE
W, HEHE R NI E R R E 4
JBICRTE A AR TR, TTRETS YR
WP e K AR 35 Z BRI AR T e B
I{/E[Q,ll]o
1.1.2 H@mIESTAIE: FHRET 2008 45
5 H, TEVLVGE MELARE 4 #EERDIEINTR . 3% LA
ST Jiiedie REFE B AR A B A o A L PR
O, FBEES AP 10 km SR D44 3k
ZREMIE 16 4N, 5 2 AN REIFE(TA.TT), 6
ANSEHD HIERE S (V8. V11, V13, V15, V18,
V20)F1 8 4 H 385 (G9. G10. G12. Gl4,
G16. G17. G19. G21), MUk sisr iR EIILA 1,

KA SRR T 1, T HERFEIR
h1 0-20 cm, S REE T HONGMH . 2RA)
) HEERER BRI B IR A A S —
HI R LR R4S, WG BARZE, e s
k. BASRFEAUCREE 6 DMorkES, o IRAS
ICAN—FERI, BRNAERERY 2 kg &£
Ao BERAERESVTE 24 h P ISEG %, Phik e bk
FEf R IR R A A B RRZ 5, — 843
it IR IS SR T2 h, W, 1 mm e e
R, B ASRIAS, BT 4 °C UKFINIRTE, LI
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Fig. 1 Distribution of sampling sites for soil samples
[E: T4, T7 R 2 fFRRPHERY; V8. V1L, V13, V15, V18,
V20 3k 6 {43+ R A GO, G10., G12. G14, G16. G17.
G19. G21 g 8 A H - JEkf .

Note: T4, T7: 2 tailing samples; V8. V11, V13, V15, V18,
V20: 6 vegetable soil samples; G9. G10, G12, G14. G16.
G17., G19. G21: 8 grain soil samples.

T IEPRACAE I E ; — o AT E N A RN
T, BHEE, i 200 H AW (WA HA2<74 pm),
AT 4 SR OB Ak 2Lk 2= P WU ¥ i DA e
4B M E AT R4 et R TR
YR S EE I ZH DNA Z R TANEE, 2PERINT: Frat
+HEREA 1 g, A 10 mL K Eppendorf B5.004%
%2, A 3 mL Buffer 1 % (Tris 6.057 g/L, NaCl
58.44 g/L, EDTA 5.844 g/L, PVP 10 g/L, pH 10.0),
WelR IR 10 min; KEFESLAE 4 °C| 10 000 r/min 4%
PEFEL 5 min, S8 g SR FAEDLIE o
A 3mL Buffer 1 i, %8R FiR 7 vtk 2 1k,
wJEHA 3 mL Buffer 2 % (NaCl 8.0 g/L, KClI
0.2 g/L, KH,PO, 0.24 g/L, NaH,PO,12H,0
3.628 g/L, pH 7.4)7 % 1 WK b 35 Y 3R
B F-20 °C #(—70 °C f&f7, LI or T EY 7308
i

1.1.3 EFE: TR RN B R

B 0.AxYTPG, isrhy: BTG S ER
J/R0.25 9, EEEFI#K 0.25 g, BERHRE 0.5 9, Hj%hH
0.5 g, MgSO,7H,0 30 mg, CaCl,-2H,0 3.5 mg, ¥
fEHY 15 g, LK (Sigma-Aldrich Co., USA)
300 mg/L,

12 HRFAE

121 HIEMERBAMERNE: AN
JoT DN SR B A i, KR R
H R R S X R 7E 105 °C+2 °C & F F, 4t
TEMEE, REREITTEN, pH FHBEES R
5 (42K =1:2.5) FH B 7 52 #e K (Cation
exchange capacity, CEC)3%H BaCl, 3y 5z )
APLFCR HE SR A AN e, —BIE0T,
INHTE LA L P30k & &l 58%, KA
BB 54 HLI 2 [ A5 R 80k 1.724 14,

122 FERZREEREENE: TSP
FEGTR D NE SR B E ik RIS
28 R IR - TR Eh R - R - e ER TH A i, A%
B T & 5% 3% ¥ (Inductively coupled plasma-
atomic emission spectrometry, ICP-AES)I & .
123 WEFAETE: TERMEITTECRH
0.1xYTPG HiFpAe-PARi#AT, HUE i - 4
TR AT BAE-#, EI'E T 30 °C fHEIG AN
7% 3dJ5, HILHA £ (Colony-Forming units,
CFU 1H).

124 *iEHSERELE DNA 2B5 16S rDNA
PCR #738: J\-70 °C yKAE IR kb B A4 O3
17 L3 &, R A FastDNA SPIN Kit for Soil i
#£5(Bio 101, Vista, CA, USA)#EHUIL [N ZH DNA.,
% F NanoPhotometer™ (Implen GmbH, Germany)
T AZ IR A 43 HT G A SR U 3 UE DNA 1Y
HEBEFT OD60/OD g0 WHAEL LU AH . AFRHR A FE [HI 2
DNA M54, ¥ 3405 16S rDNA, FrHEHE 14
H 27TF (5-AGAGTTTGATCCTGGCTCAG-3) Al

http://journals.im.ac.cn/wswxtbcn
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1492R (5'-CGGCTACCTTGTTACGACTT-3")1
PCR JZ WA Z (50 pL): 10xPCR ZZ ik 5 L,
MgCl; (25 mmol/L) 3 pL, dNTPs (10 mmol/L)
lul, Bl% 27F (10 pmol/L) #1 5| 4% 1492R

(10 umol/L)#5 1 pL, #Ak DNA (29 100 ng/pL)
1 uL, Taqg DNA 475 U/pL) 0.5 ul, HA A
PL ddH,0 #ME o B4 94 °C 3 min; 94 °C
1 min, 55 °C 30s, 72 °C 1 min, 3t 32 PMEFF;
72 °C 10 min; 4 °C {4, 3%45 PCR /=¥ )5, WG
S RUSHRAYI 1 %3 B SR I L A e
B 00 2% U0 T e T I 2l Ak s ) &
(Omega Corporation, USA)JEFT4lAk [, 218 H:
BAE UL AT
1.25 DGGE-PCR ¥ #&: R H4i:X-PCR %%,
¥ FRAALIS ) 16S rDNA F=YI1E Mk, #E1T
DGGE-PCR 4", DGGE-PCR (154551 (40
16S rDNA V3 [X): 338F-GC J¥41]: GC clamp-5'-
CCTACGGGAGGCAGCAG-3'™: 517R J#41): 5'-
ATTACCGCGGCTGCTGG-3'", H:i GC-clamp
JF%1) 24 5'-CGCCCGCCGCGCGCGGCGGGCGGG
GCGGGGGCACGGGGGG-3' . DGGE-PCR 4 1
25442 95 °C 5 min; 95 °C 1 min, 55 °C 30°s, 72 °C
1 min, 3t 30 MEFF; 72 °C 10 min; 4 °C {415 .
DGGE-PCR =¥J#Ei17 DGGE HLJKHT, 5&H
1.50% 14 Bt i B 6 fe H VRS D 57 2 A5 FE 230 bp
Ao
1.2.6 4L E 5EER BB K(DGGE): DGGE Hijk
%1 Bio-Rad DCode™ Universal Mutation Detec-
tion System (Bio-Rad Laboratories, Hercules, CA,
USA)X} PCR J i =4 k4743 g0

(1) ZBiph RERE R I i A

B IR A48, Hl& K/ 16 cmx
16 cmx1 mm, 8%/t R N M IR R BE I, AR 71 e B
M 60%%1] 80% (100%1)4E 7k 7 mol/L (IR

http://journals.im.ac.cn/wswxtbcn

F 409 B2 8 F W R IR A1), Hoh AR5
(R BE SR b7 ) B UGB 1S .

(2) PCR F£ih Y INAE

FRAS A6 FE o8 eI, AR Tl A 2
A LUK Gt R FL kA, B PCR 774 25 pL
L0 FEIAE R vl 5« LA LLBNR A IE A L
=

(3) HLUK et

75 1XTAE LK Z2 i, 60 °C. 120 V fE )T
HJk 5 ho HLIKSSHRE, REERHEAT EB Je(n.,

(4) Wi

Yu (a5 5 1] Bio-Rad Gel Doc™ XR %% %
B WU S (E)
1.2.7 SFAE: (1) ZREER

K255/ 75 Bio-Rad Gel Doc™ XR
B G R B ELE Y Quantity One #EE AR /AT
BRAEXTBE R LUK 5 HEA T 438 Shannon 845001
. HRHE Shannon CE . Weaver [{)J5%, 494k
Fo) ZZ R T8 K00 Shannon #5880 H k3R, H 11T
THRFHET DGGE %71 A7 B RN 4571 SR EE, T
S TR B DU 3o S I TR RFOR R

Shannon F5EHY AR

H==X(ni/N) log(ni/N)

2 ng TR, N W BTAT A S T AR

(2) Hd b3 53t

RG22 M F SPSS (Version 13.0;
Inc., Chicago, IL)i#47 3 i/ (Principal component
analysis, PCA)7 #7145, >k H Microsoft Excel 2007
SEHEAT B R AT

2 HZFR5SH

2.1 TIEEARIBUAMR
AT BB R R A +3E 16 At kE

AEEA AR LR 1o
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R1 EMITEV ELREREEBUMR

Table 1 Physico-chemical characteristics of soil samples near the Dexing copper mine tailings

g B 4#FERD I Bk AL AL cEG:
sample Distance to the 4# tailings site pH Moisture content Organic carbon Organic matter (cmol/kg)
(m) (%) (9/kg) (9/kg)

T4 0 10.30 10.00 1.80 3.10 9.52
T7 50 7.82 21.00 3.39 5.85 9.64
V8 200 7.83 21.88 17.55 30.27 9.97
V11 500 5.77 21.75 15.26 26.31 11.16
V13 1500 5.02 18.88 12.07 20.81 11.33
V15 2200 6.03 15.25 16.36 28.20 11.08
V18 4000 5.98 17.75 11.57 19.95 10.99
V20 10 000 4.61 31.50 24.14 41.62 10.06
G9 200 5.10 32.20 22.84 39.38 10.14
G10 500 3.76 27.57 7.98 13.76 11.16
G12 1500 5.10 28.00 23.74 40.93 10.40
Gl4 2200 5.49 28.71 22.54 38.86 10.23
G16 2500 5.97 37.03 21.55 37.15 10.48
G17 4000 5.08 32.80 28.03 48.32 9.63
G19 9 000 5.06 22.78 13.67 23.56 11.25
G21 10 000 5.05 40.68 33.32 57.44 9.89

TE: T RBAVRE, Vo ML HHERE, G A MR ar BHES T,
Note: T: Mine tailing; V: Vegetable field soil; G: Grain field soil; a: Cation Exchange Capacity, CEC.

FRRBHDEE 10 km J Fl N 9 8 SR A Y 3
PERTZERIER, HHER pH 2L 2, T4 b
pH A 10.30, HJEH A g2 R ks i itk
IR EA R M, SEREFES pH R
e SEHIAE o pH S XEAE 5.87 224y, R HEME M
V34 pH {H 2l 4.93, pH (ERAK, FIREE M TR
e R E Ay e ab, 7EAEH
TS EEEEFRYER K, 155
-4l ROk, R D BT ) SR A A5 Y
IR BRI B & R B REHEOR,
1 1.80-33.32 g/kg Z[H], “F-34°% 16.04 g/kg, EIR
D IOT 1+ R HLET s

B FAC g Fl O 9.52-11.25 cmol/kg, 7
W RE S TRk 9.58 cmol/kg, 7E 3¢ HLAE &
2 10.77 cmol/kg, 7E4% HEE & rh -1
4 10.47 cmol/kg, A 2RI BT AS 16 F1
. Rodriiguez Z7EMF 5 v A B, RADFE &
Y] CEC {&k 8.53 cmol/kg, &b+ 571
CEC {2/ 11.25 cmol/kg™, ix 5 KA 11 4%
Hds—%k
22 TIREEFEREMATEEE

TEXE W B e S i A B 4358 16 AR
4R M HAFE TR, 19 R S E
ELER LT 2,
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*x2 TEHSPEEEERTEELEZE(Mo/KY)

Table 2 Heavy mtal/main elements’ total concentration in soil samples (mg/kg)

T4 T7 V8 V11 Vi3 V15 V18 V20 G9 G0 G12 G14 Gl6 G177 G119 G21
Zn 446 52.0 1483 1452 109.2 98.7 1116 1055 108.4 1025 112.6 1085 922 1029 364 96.8
(xi%“) 3.2 4.7 48 39 40 43 33 30 32 4.8 2.8 29 38 32 14 23
Cu 4524 8057 4628 59.3 47.6 1472 296 49.7 56.1 4009 565 626 926 733 158 39.9
Pb 377 760 946 881 813 866 879 1024 868 921 845 786 986 992 375 1125
Cd 2.7 2.3 23 32 23 35 23 21 14 3.3 19 09 31 1.9 20 1.0
Cr 458 723 954 984 1018 1038 619 895 998 945 810 927 1088 90.0 328 76.5
Hg 0.05 0.07 007 0.07 0.07 007 0.07 008 007 007 006 007 008 0.08 003 0.08
As 118 113 128 110 109 127 100 208 124 127 200 111 110 270 22 123
Mn 3732 985.1 4706 598.0 611.0 983.3 873.1 2945 2939 4159 298.1 231.9 304.3 2858 268.7 242.6
Ag 0.7 5.7 46 44 48 55 45 48 40 4.9 45 46 66 48 45 50
Au 0.1 0.1 61 01 01 01 01 01 01 0.1 61 01 01 01 01 01
Co 8.4 147 182 182 182 194 142 153 151 148 147 143 178 151 72 129
Ni 126 267 438 411 441 490 259 431 403 321 321 397 501 453 148 343
(x(ig“) 1.7 1.3 10 02 02 03 03 02 02 0.2 02 02 02 02 01 07
(x'\fg;) 0.9 11 09 07 07 09 05 06 08 0.8 05 06 08 06 03 05
(x?(l)“) 6.4 7.1 74 73 74 70 69 80 77 7.6 70 76 78 82 33 82
(x:IL<04) 2.7 2.8 24 138 18 17 1.8 19 18 2.4 1.6 1.7 1.8 1.8 09 1.9
P 639.0 7271 1121 9469 8514 9795 795.7 688.1 593.6 689.3 702.2 600.6 641.9 621.8 545.4 592.6
S 12200 15900 3800 170 140 160 140 340 520 3800 600 520 210 510 70 420

MWFE 2 FFEH, Cu W& EEBRN
15.8-805.7 mg/kg, “F-H4{A>% 195.518 mglkg; Cd 1Y
FrEEE N 0.3-3.5 mg/kg, SEHA{E K 1.956 mg/kg,
R EE RSN RS BN S I B o= ¥ i
(Cu 50 mg/kg, Cd 0.3 mg/kg) ( 3), I H4# 16
AMFESL T Cd M E R m TER T 9% Rk,
14 A Cu & s T RIS TR R
Zn Ni.Pb . Cr FI(EMR T E K 11 9 3% prie, X
A DBORE s e Bl 11 2% bR, (HHSE
B3 AR VLPE H TR (i) 1.3, 1.7, 2.5 1
L7, KERARE  C A AR T S (3 4) P22,

75 | H A
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23 WEFFFHEEITE

HEE LR R AR B IR 775 YTPG Bl
SRR Y L AR R, ] CFU DR FER, N
CFU/ML F5 1 & B2 AL il h 5 O AH R RV
B RS R CRU iR CFUlg +4ET
BTN, TGS RIE 2, W& 2 ATAL 78
AR TA R T7 ] e R b, 2
0.5x10" CFU/g +HET 1, XAlfE S5 EMFMAT
TR SRS . ESEHAIAR 25 At
i i TR AP A AT B SRAN A, A IR
H, AT SRANAR S R (1.40-2.75)x 107 CFU/g
T, R H SRR R R SR A B L R

=

s
=1
S
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(0.60-3.60)x10" CFU/g +3ETH . %5 R
B e R S Z AR, JEREI S E 4R
Cu. Cd %5k Ak 2 [ F7-7E B S i — 2k
2.4 TI1EHMEELE DNA B9 16S rDNA-PCR
g

W5 BRI - HERE S JE R 4] DNA SR FH 41 14 8
F51%) 27F F1 1492R #E4T 16S rDNA-PCR 31,
Hy=yp s 1% e M EE R Ik, FR b 2 B
(EB)4ett, ] Bio-Rad #E/CHLIE 2 Gu it A3 460 Al
RO R (B KA 1) S5 16 4> HHeke

P ZH 5 DNA 1 16S rDNA-PCR § 147= 4 43R 9™
Wk, e ER HA2EEW, K/NE 1500 bp 22
i, K HDI R aifb 5 54T R — 25505,
2.5 16SrDNAV3 AIZ[XHJ PCR ¥ 18

KM PCRIFIEHATY 4, HILL iRk
2T 16S rDNA Zifb s =4y ksidi, kAR
LB B 16S rRNA R V3 Xl
51 (F338GC/RE17)i#A T4 1, 7E5 |4 F338 1Y) 5
s A GC Je LUSE S 4 4 v BE i 4 sk . ANl
T IFERE N PCR U IS4 R AN 3

#x 3 ERTIEFBEREFME(GB 15618-1995, 114R) (mg/kg)

Table 3 National soil environment quality standard (GB 15618-1995, level 2) (mg/kg)

JLR

Cu Zn Ni Pb Cr Cd
Element
PrfE(i 50 200 40 250 250 0.3
Standard

F 4 IATETREE =E(M/KY)

Table 4 Background value of heavy metals in Jiangxi Province soils (mg/kg)

LA cu Zn Ni Pb cr cd
Element
Gt
- 20.3 69.4 20.0 32.3 45.9 0.108
Backgroud

4.0
35 {
3.0

soil)

CFU

0.0

1.0
il 11

T4 T7

V8 V11V13VI1I5VI8V20

G9G10G12G14G16G17G19G21

2 AEFRFHARTHER

Fig. 2 Number of heterotrophic bacteria capable of forming colonies in samples
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bp M T4 T7 V8VIIVI3VISVIS V20

M G9 G10G12G14G16 G17 G19 G21

3 16 P1iE#ESR 16S rDNA £F V3 [X PCR ¥ =¥ I A 18 5 A% Bk ]
Fig. 3 Agarose gel electrophoresis image of PCR amplified 16S rRNA (V3) gene of 16 samples
TE: M: DNA BRICH); T: Fon BV, Vo FoRsict B3R, G: 3R AR I - 3ERE i,
Note: M: DNA marker; T: Tailing samples; V: Vegetable field soil samples; G: Grain field soil samples.

22 PCR N Ji #kAf5 T AR S i A= i
16S rRNA K V3 XY H I B, BiesiseR b
VKR B B R /N 230 bp A4 (18] 3). RAIZAEL
3 PCR U7k, $em TR Y 1R e 1, fig
REARAS P B R FL K (DG GE) A Hr iR 22 . 4541
FES Y 1= T AE N DGGE (R, DGGE
REWS 7 BS 4 R TP E RS, IR B /R AN
HESh e Z R B
2.6 T4 E EAR BIK(DGGE)

NIE) - HERE S 16S rRNA B V3 X B
1 PR F 95 171 4R 22 7 Bio-Rad Dcode™ 454
B EEBE R UK TRLIK A3 B . BIKSE S, EB
Yetn, SRS % Bio-Rad Gel Doc™ XR #E/i iif%
RGEATIEE AR, . B Ja AR AR M
HEHE HL K (DGGE) DNA 540 1% (181 46 A D),
H D A AT, AN TRIARE i 205 A P 38 B s e, R
Al LAy B B H R SE R LT AR, B SR
F R FE R AN o AR AR R R
VK (DGGE)X HA AH R A/INiAS [F] DNA JF51 1Y A
Bor B R, TSRS PCR I & A
LA EULHFOARFSI DNA F B, EfilE
— BB S E MRS 16S rRNA JER V3 X[
DNA R B, B arsr &5 DNA  Biig o]
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PR A=Y E . ik A ui ] A9
ZRMEE, SRR, FRiamE R
22, M RE AN R RE i P BT S A R B E i b
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Fig. 4 Profiles of PCR amplified 16S rRNA (V3) gene
separated by DGGE and analyzed by Quantity One
software of samples T4 and T7

TE: A T4 FI T7 B4 DGGE HiJk DNA F820&I3E,; B: ARt
T

Note: A: Profile of PCR amplified 16S rRNA (V3) gene
separated by DGGE; B: Bands simulating analysis.
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Fig. 5 Profiles of PCR amplified 16S rRNA (V3) gene separated by DGGE and analyzed by Quantity
One software of samples V8, V11, V13, V15, V18 and V20
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Note: A: Profile of PCR amplified 16S rRNA (V3) gene separated by DGGE; B: Bands simulating analysis; C: Cluster analysis of

DGGE by UPGMA.
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Fig. 6 Profiles of PCR amplified 16S rRNA (V3) gene separated by DGGE and analyzed by Quantity
One software of samples G10, G12, G14, G16, G17, G19 and G21

A RH RS G10, G12. Gl4., G16. G17. G19 1 G21 DGGE Hijk DNA #8480 [Fi; B: K BLil 4T C: DGGE &

1% UPGMA B2/,

Note: A: Profile of PCR amplified 16S rRNA (V3) gene separated by DGGE; B: Bands simulating analysis; C: Cluster analysis of

DGGE by UPGMA.
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Fig. 7 Profiles of Shannon-Weaver index H for the different soil samples

A JBEPRENL T4, T7 FSEH - 8kES, V8., V11, V13, V15, V18 Fl V20; B: BRPFEM T4, T7 Figc H HERE5 G10.

G12. Gl4. G16. G17. G19 F1 G21.

Note: A: Tailing samples T4, T7 and vegetable field soil samples V8. V11, V13, V15, V18, V20; B: Tailing samples T4, T7 and

grain field soil samples G10, G12, G14, G16. G17, G19, G21.
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Fig. 8 Ordinate plot from PCA based on physical-chemical properties, 19 elements’ concentrations,
number of culturable heterotrophic bacteria and diversity index
e BARPEBT LSS pH. MC (%7K3) . OC (A HLik) . OM (L) . CEC (FHEF3c#iE); 19 1N InE HE Zn, Fe, Cu, Pb, Cd, Cr,
Hg, As, Mn, Ag, Au, Co, Ni, Mg, Ca, Al, K, S, P; A1 CB: HJ¥5= R4S, B H: ZAEMEHEEL. PCL: A4+ EF 1, PC2:

FE AT 2.

Note: Physical-chemical properties including pH value, MC (moisture content), OC (organic carbon), OM (organic matter) and CEC
(Cation exchange capacity; 19 elements including Zn, Fe, Cu, Pb, Cd, Cr, Hg, As, Mn, Ag, Au, Co, Ni, Mg, Ca, Al, K, S,P; CBin
A: culturable heterotrophic bacteria; H in B: Shannon-Weaver index H. PC1: principal component analysis factor 1, PC2: principal

component analysis factor 2.
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