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Response of Microbe Quantity and Actinomycetes Community of Heavy Metal Contaminated Soils in Lead -
zinc Mine
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Abstract: To understand the influence of the heavy metal pollution on actinomycetes, the microbe quantity of soils, diversity and dominant
microbial groups of actinomycetes were tested. Forty—three strains of actinomycetes in the lead—zinc mine soils were isolated from Fuquan
town, Hanyuan country, Sichuan Province. The genetic diversity was evaluated by BOXAIR and 16S rDNA PCR—RFLP. The results indicated
that heavy metals pollution had a significant impact on the number of soil microbes in lead—zinc district. With the intensification of heavy
metal pollution levels, the total number of soil microorganisms declined. There was a very significant negative correlation between the number
of bacteria and heavy metal content(P<0.01), whereas significant negative correlation for the number of fungi and actinomycetes(P<0.05).
The strains used in numerical taxonomy were analyzed by 16S rDNA PCR-RFLP with three kinds of restriction endonucleases (Hae Ill, Hinf
I and Tag I ) and had 32 genotypes. Based on the dendrograms generated by BOXAIR-PCR, the strains were divided into 10 groups at the
similarity of 86%. In addition, BOXAIR-PCR and 16S rDNA PCR-RFLP clustering analysis showed that the strains isolated from soil sam—
ples with the high content of heavy metal clustered together. It could be concluded that Sireptomyces was the dominant genus of actino—
mycetes at the lead—zinc mine in Hanyuan country and had high genetic diversity.
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T HE 4.8x10" ME 2.0x10° S, ERIZESR
VY g i Cd BT 40 B 2R B B> 50 £ . Ku-
perman SFUHF5Y KB, 7E As.Cd.Cr.Cu.Pb.Ni.Zn &
B gD ELE B EiAF 658.0 mg-kg™ B,
£ T A TR B 40 ) S o BE(120.0 mg -kg ™) ) 29%
M 45% , T M E 4R MRk 346.6 mg-kg™ B, H A5
TREXE] 81%F1 85% . BN A HEDF AL PR B 15
YuIX IR YT R B, AT R T S L R
BT BEREAR, BRI E AR 5 Y iUt
R, MR, R/ KD sT R, 4 Er
TEER X TR EIRR RN &L T
IR, B [FIBT, 4 MR s g g 5 Tt
PO REHEMMAERX,

AH LT AR XI5 X Y s, X Y 2
FERER B ST 4038 H RTIR D - AT 98 B HER L
Pu)iAE DR B E SR S TR EED IX B AR E IR
X5 BA N HEIME SR , IR bR ST b
BARRETHEDNEIR . FRRREREREAR
ST T ARESBWREX = RMERERNE MW, I
F BOXAIR-PCR #1 16S rDNA PCR-RFLP 5 A X%
ER TR TR S50 S SRR AT T RS 50 T4 X
BERBRSHEMEYMZRIBNERR, BFEZH
YT X A BT R R 2R KR, hES
BIEREAENAEYEE R SN ESBMEY
R, EmE—ERE LRV XELS R R
R REER .

1 #REFZE

1.1 THXRE

BRI DR BB R S IR X, %0 X
BLFPNA R T T ek 7 , WAL E N 29°23'17"~
29°23'58" E 102°38'02"~102°38' 14" ARIEH" X 15 YL i
o, BB B R KON R B A TR A . B RAEIX
B 10 AR 352 S A AR, R B 0~15 em - JRTR G
TR, AR R B AR A TR, I AR
2, I FVKESORAE , 3 BT [ S 06 28 o W — o st £
FEFEART B S e G B SR &
BIE; —EB5Hrif LA 2 mm JE R,
AT RS, BT 4 CORA RN, 1A 58
585
12 tEEAMRERESRNE

BRI TR R g T
pH SRR ; AL S B R BRSPSk

SR 2R e SR LR E R

13 Pb.Zn A& R A DTPA $2EUH R HL
(W £=5:1), JEF W o B e e,

1.3 HE LR EERBENE

SHER . S TR AN L A A AR R I R R R TR
o,

1.4 HMEBEES SHMES T
1.4.1 #XFEPE DNA f9$2EL

R B DNA fIRENS % Lee S5 1) o] S PR ERAN B
DNA 307,

1.4.2 BOXAIR-PCR #8804 47

BOX-PCR £ rep-PCR f—F, A3 BOX-
PCR 5|47 %) 8. BOXAIR 5'-CTACGGCAAGGC-
GACGCTGACG-3', R MK Z (20 pL):2xPCR Mix (%
H AL RARAEYBHL )10 pL; 5147 (30 pmol )0.32 pL;
AR DNA(30 ng-mL™)1.0 wL; WZEKFME 2 20 pL,
R YA

PCR 28 £5/44 : 95 CHiZASHME: 2 min, 94 CARH 1
min, 52 ‘CiE ‘K 1 min, 65 ‘CFEf# 8 min,30 MER, 65
CERLIENM 18 min, P IGF=WZ 2% SR GE it
7K (60 V,4 ), i EB 45, {8 ] UV BERCR &
GridFERUR , BIGRAER TIF B
1.4.3 RFLP #5845 HT

16S rDNA PCR ¥ 34 FI5| ¥ (PA,8-27f:5' -A-
GAGTTTGATCCTGGCTCAG -3’ ;PB,1523 -1504r;5’ -
AAGGAGGTGATCCAGCCGCA-3' )i i T4 ™,

RN AR ZR (50 wL) :2xPCR Mix (14 B It RAR A4
PR )25 wL; 514 A (25 pmol )0.5 L, 514 B(25
pmol )0.5 wL ;44K DNA (30 ng-mL™)1.0 wL; W3 K
M EZE 50 pL,

PCR [ W &8k .92 CHRAS M 3 min, 94 CASH: 1
min, 58 ‘CiE ‘k 1 min, 72 ‘CLEH 2 min,30 MEIR, 72
CHLASEA 8 min, F 0.8% B AE MR A HE K AG I 7=
Py,

16SrDNA PCR-RFLP T 3 FPRRGI4: P IR,
43314 Hae Il (5'-GG/CC-3") Hinf I (5'-G/ANTC-3")
Taq I (5'-T/CGA -3'), BYIRNAZ :6 pL PCR ¥~
HEFEYy,5 U NYTHEE, 10xBFYIZE 0PIl 1 pL, WEEKHD
22 10 pL, D EF YHE 55 ;37 Cid % (Taq E 65 °C
B ) . B YLE 3% BB Ik (80 V, 3.5
h) ki, A EB Jufa {8 UV B R R G R
%, B1gL AR TIF B,

YAEF KIS &I, B ER— AL LY i
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AZAS 17, Jo S BB R 07 o PRl i fRT BRLDL T
BRE T A BRI AR, R K FNTSYS2.1
A BRSSO G R AL IR I o
1.4.4 16S rDNA ¢ %E

RIETE A B AL WAL L & BOX-PCR,16S rDNA
PCR-RFLP REDHER, HHEANRER P LE
Mo FFEEHURMREEST 16S 1DNA 3738, LA PA [PB Syl
FPo1 ¥, 1% BigA TF .
145 A RGER T W

R R P 3 BHE R, Gl g BLAST 2RHUS Bl
A E B R R751, R Clustral X #7251
VCREEEXTHES, RIS T F MEGA4.0 SR AHE
BIRBRERTW
1.5 #iRAbiE

I HHE R A SPSS(17.0)F1 Excel(2003) #4748
ToHT el SRR Z R ANOVA J7 kit T HiR
4572 /I8

2 ER5H5H

21 T HEUMRRESCESE

BRFEX TIERFEA B RINER 1o 5 REE
X /9 pH (EE 2 7.71~7.83; A HLAK & & 3.85~
7.16 g- kg, 4 N ZALJE A 0.09~0.14 g-kg™; F7K R
N 3.32%~8.19%, 5" KPRk P2 . BMATI = , 5 1M
b ) 3 FEA TR A AR B

N X, — YU & B R, EEJRTS
REGERE. R 1TES, #L1%P Zn Pb
K Cd ARERZMTEE 7258 16~790 mg-kg™ .8~
883 mg kg Fll 1~8 mg kg™, [EIAIH X (Hanyuan 1~
Hanyuan 4 Zn.Pb.Cd & B i & T I 7 X + 5
Hanyuan5 ). DA E4r#ril B X BB E G5 99F
WRE, AR XS5 R EA AR, X 5%
BRREDT BIRAETRR . 10 BT RERRA K, i
W SH T EESEICE Zn Pb (SR, ML

22 tEESENMEYHENTM
2.2.1 ARG E NS EZ
R2ERER,ERFEREE L, M
AP B RS AL IR B o AR 1 3 A 40 B B VR 9T
FEL2 0.27x10°~21.75x10° cfu-g™, R i B 7% 31 Bl
5 0.17x10°~18.36x10° cfu-g™, H.BH M B 7% 7t Bl &
0.42x10*~5.37x10* cfu- g™, AV BEHZILTEE =
0.48x10°~40.59x10° cfu- g™, IV A0HE JHLEME
P BB, 2lifb 3%, BRI RIRAE SRR B 1Y
REBEE

R2 FRBREELRBENEE
Table 2 Soil microbes number under different pollution degree

A/ R/ HA/ ARV

TGS

10°fu-g™ 10°fu-g™ 10%fu-g* 10°%fu-g?
Hanyuanl 0.27 0.17 0.42 0.48
Hanyuan2 21.75 18.36 4.78 40.59
Hanyuan3 16.95 13.81 2.96 31.06
Hanyuan4 10.17 191 0.63 12.14
Hanyuan5 19.35 16.83 5.37 36.72

222 HERESRSHMEMBEMR T

i A B RS DR YRR
TR AT (3 3), 45 RBH, LA 4T 4R
S5HEYEEEAMX (BHEZKFATIMHER, A
R B RS A RO R SR B TR B K
(P<0.01), B2 RS I R AR O HR B T 3%
7K (P<0.05 ) Filfl 2.3 7K - (P<0.01) , A 2R S K E

R3 TEANE B R LRREMBERXRY

Table 3 Correlation coefficient between soil available Zn.Pb.Cd

and soil microbes number

HER Bl KB HEH
HRA Pb -0.97%* -0.86* -0.81
A In -0.94%+ -0.78 -0.74
AR Cd -0.99%* -0.96%* -0.92%

T 4 P RIFERAHR R EGX 0.05 #10.01 BB E K

Note:*and**mean significantly different at 0.05 and 0.01 levels, respec—

7_]:‘? Cd mﬁg%%ﬂ:ijg‘ppo tively.
F 1 Ul TREARER
Table 1 The characteristics of the tested soil samples
TS FRAEHL R pH FKFE% 4 Ng-kg' FAbBR/g ke BRES Zn/mg-kg' HHE Pbimg-kg'  HRE Cdimg-kg!
Hanyuanl By X 7.71 3.88 0.10 4.73 790 883 8
Hanyuan2 Y X 7.63 6.73 0.11 5.10 81 60 1
Hanyuan3 HEY 7.78 7.15 0.09 3.85 133 78 2
Hanyuan4 priatifn| 7.78 3.32 0.12 5.67 200 324 5
Hanyuan5 X 7.83 8.19 0.14 7.16 16 8 1
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BEik| T 83 KF(P<0.05),
2.3 BOXAIR-PCR 4 #f
2.3.1 BOXAIR-PCR #5450 I 1E4#7

BOXAIR-PCR Z5 R £ (B 1), %Ik ml L3k
BB S HB AL, 1B R A 4 K 2 B0 Ak e i L 22
SRR R B 5, Ul B v BB 40 B HE R [R] TE RR Y 40
TS 5 R R] 2 A [F] B 22 4 8 MR B S i 4k 7
FHANE, SBR[ AL 7 10 354k, o
PARE AS6 FIEHE AS5T 4388 B Rl — M7, Kol igk g &
HF

MEEBAHKIR N : Marker , A43 A44 A45 A46,.A47 A48 . A49 A410,
A51.A52,A53,A54,A55.A56.A57 A58 ,A59.A510,A511,A512 Marker
1 EB4 ik BIEkRY BOXAIR-PCR 54 Eit
Figure 1 Fingerprints of BOXAIR-PCR electrophoresis

2.3.2 BOXAIR-PCR #54 S BT

% BOXAIR-PCR [ Ha ik I b gL “17 1“0,
3 NTSYS2.1 SR FiF- 3855 B 24 (UPGMA ) ¥4 25
R IRPRE, 153 BOXAIR-PCR R 254 1R &
(E2),

GEREIN,TE T2% KA BIKTAL , B TR REER
RIE—, 76 86% M F UK L, KB R AT 4324 10
ANBE, HH A11,A37.A45 .A510.A14 F1 A33 B,
B 7E 10 MBAEREP B T Jok, 26 27 Mhdikk, 1
YCOREE 3, B 10 NEERRLLAL
2.4 16S tDNA PCR-RFLP B &t 447
2.4.1 16S1DNA 1

BRI RRLL PA A PB 514, 451 G k4R
B 16S tDNA X BEHEA T4, I ¥ F= W 4 T R, T
¥ R BERK/NA 1.5 kb,

2.4.2 16S1DNA fift4t 5

FIF Hinf 1 \Taq 1T 1 Hae I 3 iR 5 1 4 £
43 5I%t 16S rDNA ¥ 38 =Wyt 1Y), 2 3%3iNahE
BERE FBIK AT B Ja UG, BB 4 B YN 25 R AN 3 P o

Xt 3 PR N VI B V45 R 456 4y BT e 15 B g
VI 287 (21 A 2 (38 4) FID) JB1 3 3R 28 43 A

A44
— A33 ——
Al4 —
SR =
1 L L L L | ) N ) L 1 { N ¢ L 1 |A37 X
0.72 0.79 0.86 0.93 1.00

Coefficient

B 2 BRI E BOXAIR-PCR #HRE
Figure 2 The dendrogram of actinomycetes based on the fingerprints of BOXAIR-PCR
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M ZE B A MK IR R :Marker A11,A12,A13 A14 A15 A16 .A21,
A22 A23 A24 A25.A26 A27 A28 A31 ,A32,A33,A34 A35 ,A36,
A37.A41.A42 Marker

B 3 LB Tagl BEYIEE
Figure 3 Fingerprints of 16S rDNA PCR-RFLP digested by Tagl

RE(E 4), R4 FTTLUER, fEERILAE 32 F
16S rDNA {5 EITER AL, K 4 kF, HLSHERTE
64% AR UK AL , B B B ARER RTE— 2 , 72 92%
AIARRUK S b, BEHATERRTT 43 19 Mt RE , AR
Z5RF Ok HAHR AR E R R RE—&, S E
BEN BB RII A —E R

RER B XA B EA MR 3 E2EE, i
BHEATY 2.8.14.17, [FIBS, 2k A6 X A R
AEA R RBERE, it fe 38Rl 26,27,

2.4.3 16S 1DNA Z[H FF 514347

MR 16S rDNA PCR-RFLP {2 HpHrah R, ok
BT 10 BRBCRBEAE AR BIRR , U 15 16S 1DNA J
B, 3% bB¥gA TP . AURBIPRAY 16S rDNA 2R FF
5 7E Genebank J¥ 5| % 5% 5 4 A y GU4T9439 ~
GUAT9448 . H5 BTl ¥ P51k i Blast 1 NCBI %
J5, M Genebank $(3EZEHEHL T f13E Streptomyces |
Rhodococcus . Oerskovia Promicromonospora . Microbis —
pora 5§ 37 BRZ: HLHIFRAY 16S rDNA J¥ 51 Fft i ik
FF 5 A ClustalX #£47 Alignment 2347, SR 5@ 1S
Mega4 B4 F| F§ Neighbour—jioning 34 ALK B
W 5),

HIFE 5 FTLUE Y, Brf et i PO AR Y R T4
BWHE. HEEE NN X FEMAREHE, N ESE
RN SZ MR R . Bk A11,A16 Fl AS1 SR REL
i, FAMAETE 96% , A —1~71 32 5424 (A25 il Ad6
TE 9% I ERE—E, NIZJE TR —1F;
A410 Fl AS6 AR K 82% , AE—IE ; 53 4h, A31 Al
AS512 BH—A03 3 AHPE A RIERME.

TEABIF D, 55 R AR R TR R
H L RAEHLE , XL MR AR TE B HEARIX 38

3 4 SR B4k 16S 'DNA PCR-RFLP BR i1t P $] Big 1t 26 3
Table 4 16S tDNA PCR-RFLP restriction endonuclease mapping
type of the tested strains

16SrDNA KRl Py UG R 1k 25 7Y
Msp 1 Hinf1 Haell

a

168 rDNA
L EE X
1

Ftkan T

All
Al12 .A42
A13
Al4
Al5
Al6
A21

A22 A23 A25 .A26,
A44

A24
A27
A28
A31
A32
A33.A41.A43
A34
A35
A36.A37
A45
A46
A47
A48
A49
A410
A51
A52
A53,A58.A510
A54.A512
A55
A56
A57
A59
As11

o T o o 60 T
oo & o T o
5 m om0 2 6 T oo
N N L AW

o
[}

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

m 6 6 6 = o oo oot e 6 oo e oo e oo T o o O
5 B B ~ B B B o B B B B T 0 mm 0 DI —~ D 0 K — = 0

[l o Pl e = = "R = = a < = el B - S T = = e D~ N - S T A =

X Y sk X DR AR R RRIX 3 K B R R
3o F UL AT, S5 o R A AR L DU
P P LB R RE

3 1tig

AR AN S BB EE /K R R AT Bt A 438,
1B B Ry7K A+ 3R 75 YL B BN B a2 kR ) T
[RIRR 2 — o 47 R 4R BT YT sh Al AR AR
AR T B AP, BT REN T EshER T
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0.64 0.73

0.82

0.91

Coefficient

4 168 rDNA PCR-RFLP 344k Bl
Figure 4 The dendrogram obtained from 16S tDNA PCR-RFLP

WEMETTR AR B B A RREIREE A RN ES
JE AR B AR BIIRE F , FF EAWRE ™, A
SERUE YR LLBCA AR P . THBRAK SIS YLK IR |
THEFRSRITEY, RREBRAEY, NFEw B
A A BT IR B 3 T I R
AR K RE 12> (B2 B AT N 1L, A R R B M B e
JRRIIGETIAARZ I

AW R i H R AR X, BoA AN
mEEE, FHIEEESC A RS T ARG
17T 24 R 9 25 5% T3 77 TI A 2 10 1 1 2 B SRk
B ay AR, X KL T G R R AR IARY,
AR BRI HLB pH AEA & KR, — ke
S LRI AKE L A 5 , SR T LA LB A
ANEERX T EBCEYI AT RAT R B R TR
HR X LT R E SRR R R AR, (15X
e\ R AR B ARG R LR T R —
MR

R MY ERA S EELR
FIFREE R, R B SR R 4 R 2 W MHE ™, B
WFE R, B o mIE = A B SRS M AR
53U A MEE K Hh RSB TR A B AHBE R UTYE , A
MFSE &R A SEEY AT PR G S5 5
T5 S TR TR )38t o ARV T TSR, & IR RS Tl
R XL R R, X5 Amoroso S5
SR R—B @t 16S IDNA FH| R4 R BWKE,
P P OR BRI 5B ERE— K,
T ELAR S BBl B AR AN S5 AR AR R B/ N B X BRI
BT DR XM E S B A E RN S R
T HRE

4 i

W49 X +38h Zn Pb.Cd LM E &R & &
BETIET X 35 480 X EE RN TR ME S
YA B AN HIVE A - FEE SR X BRI R Y
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95l A16

A51

56 All

A31

A512

70(A24
100
s1 |
93
65
98
98,A56

100

38
100

41 A410

69

100

—
0.01

S. torublosus LMG 20305(AJ781367)

S. ipomoeae DSM 40383(AY999840)
S. neyagawaensis ATCC 27449(NR025868 )

98 |997 S. scabiei KACC 20192(AY207603)
751 S. scabiei(D63864)

99L 8. diastatochromogenes ATCC 12309(NR025867 )

S.durmitorensis MS 405(DQ067287 )
S.ederensis NBRC 15410(AB184658)
S.aurantiacus DSM 40594( AJ781383)

S. lincolnensis NRRL 2936(X79854)
S.griseoruber JCM 4642(AY999750)

100! S.acidiscabies ATCC 49003(FJ007426)
S.flavidovirens HBUM174900(FJ486395)

S.albidochromogenes NBRC101003(AB249953)
|S.chryseus DSM40420( AB184876)

— S.wedmorensis NRRL 3426(DQ442557)

00| A25
45‘,4; Ad6
48LS. lateritius LMG 19372( AJ781326)
S.echinatus NBRC 12763(AB184126)
S.durhamensis NRRL B-3309(AY999785)
S. malachitofuscus NBRC 13059( AB184282)

96[1 S.levis NBRC 15423(AB184670)
S.purpurascens DSM 40310( AJ310925)
S.gancidicus NBRC 15412( AB184660)

S.viridochromogenes NBRC 13347( AB184873)
S.collinus NBRC 12759(AB184123)

99! S.paradoxus NBRC 14887(AB184628)
S.griseocarneus DSM 40004(X99943)
S.malaysiensis ATB-11(AF117304)
100 ——— Rhodococc
|

us equi ATCC 7005(X82052)
R.baikonurensis GTC1041( AB071951)

Oerskovia paurometabola DSM 14281(AJ314851)
Cellulosimicrobium funkei(T)W6122(AY501364)

3 100 E

Promicromonospora kroppenstedtii DSM 19349( AM709608 )

Pwindobonesis IFO 16525(AJ487302)

Nonomuraea roseola ATCC 33579(U48980)

icrobispora corallina DSM 44682( AB018046)

ol ™
99

M.mesophila JCM 3151( AF002266 )

5 EF @R B 165:DNA IS EMRSG LB E

Figure 5 Dendrogram of actinomycetes strains by neighbor—joining based on 16S rDNA gene sequences
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