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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 rtDNA 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 tDNA PCR-RFLP with three kinds of restriction endonucleases (Hae lll, Hinf
I and Tag 1) 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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I 10 ANRFE AL 3% S TB A A, RHL 0~15 em T 2R G
TRE, DUk L 2 A 3, BN TR S, W s
2, I FHUKARORAT, S BV Ay [H] S0 35 B0 20 1
FET W AT RS O 0 it IR T SR
I T LA B 2 mm JE R0, 2%
AT RIS, BT 4 COKFE R, Y o 5
55T,
1.2 T3 o i e 4 S il s

T BB JTUR R A A T e
pH R FH FAT 25 A MU 1R FH F AR R B s /K%

RS s A U0 s R B PG e 02

T3 Ph.Zn 4803 E 5K A DTPA 2RI H HL
G 1=5:D , JE R s ek s e,

1.3 2R B e M B A3

SHTE TR B N TR IR R W SR T R R TR
el
1.4 TR B AL Z AR i
1.4.1 AR DNA 42

JZE TR DNA RIS Lee S5 1) fa S 3R HL AN
DNA £,

1.4.2 BOXAIR-PCR 54073 Hr
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PCR 1514 % %1 8: BOXAIR 5'-CTACGGCAAGGC—
GACGCTGACG-3", VAR F (20 L : 2xPCR Mix ()
H AL KRR A EED 10 wL; 514 (30 pmoD 0.32 pL;
BB DNA (30 ng-mL™ 1.0 wL; MZEKAME % 20 pL,
DR R

PCR W45 PFH9: 95 CHAEHE 2 min, 94 CAE 1
min, 52 CiE K 1 min, 65 CLEfH 8 min, 30 PME IS, 65
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SNAA R (50 pD : 2xPCR Mix (W [ b 5T R M A
YR 25 pL; 514 A 25 pmoD 0.5 L, 514 B 25
pmoD 0.5 pL ; B DNA (30 ng*mL™ 1.0 pL; X 7% 7K
FMEE 50 L.
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e,
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PRBGERO, R 1 ATEL, R L3ED Zn Pb
J Cd A AR E F 43 34 16~790 mg kg™ .8~
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Hanyuan 4 Zn.Pb.Cd & &z iz & T JE 47 X+ 5
Hanyuan3) . LA 20 #7 UE W1ZA™ X 4 8 52 v ek
O, T H A [ X3 e R A BT AN ), X %
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2.2.1 ARG R L A A ) B AR AL
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J& 0.17x10°~18.36x10° cfu-g™, L M % vu [ &
0.42x10*~5.37x10* cfu- g™, FlAEY) I EP AR b T 2
0.48x10°~40.59x10° cfu-g™ T XF 4 1R Bk B A EL
B o3 B, Al 1T 57, RIAN R A RS B 1)
RAEFEE

R 2 AT YRR L SR R

Table 2 Soil microbes number under different pollution degree

v 4l B &) L aE
LR 1 Oilff'/g" 1)223?1/" 104(:f'/g'1 105‘-‘(:;‘#/};_1
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 1.91 0.63 12.14
Hanyuan5 19.35 16.83 5.37 36.72

222 HEEESE SHMAEMEGEA ST
I e Y RS R Y B
ATAHORME T (R 3, 45 R W, Ay 20k VBT
A B OG, (L B ACEARAMH . A
SOHY VB VS A PR R AR DG MR B TR B 2 KT
(P<0.0D , B R 40 5B A e EIA 8] T 3
K (P<0.05) FIAK 25 7K1 (P<0.0D , A7 2005 5 HL 1A
23 AR RS TR R AR e R B
Table 3 Correlation coefficient between soil available Zn.Pb.Cd

and soil microbes number

T4 E EiEEe G e L H
AHE Pb -0.97#% -0.86* -0.81
A In -0.947% -0.78 -0.74
[ Cd -0.99% —0.96% -0.92%

TEe# o0 JpIR AR R EGE 0.05 H10.01 1 B 3E /K
Note:*and**mean significantly different at 0.05 and 0.01 levels, respec—

tively.

E I S N

Table 1 The characteristics of the tested soil samples

T HEG KA bR pH TKEI% A Nlg-keg' HHU/g kg AU Zn/mg kg’ HRAE Ph/mg-kg' A 3F Cd/mg kg™
Hanyuanl JENT X 7.71 3.88 0.10 4.73 790 883 8
Hanyuan2 X 7.63 6.73 0.11 5.10 81 60 1
Hanyuan3 Y 7.78 7.15 0.09 3.85 133 78 2
Hanyuan4 SciA1In| 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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2.3 BOXAIR-PCR 2347
2.3.1 BOXAIR-PCR #5445 Ht

BOXAIR-PCR &5 £ W] (B D, % /70T LLIR
PR 2 IR s Ak e 1, T PP 11 408K 22 500 ok I st A% %
SRS B SR, U B A 5V RS 4 R HH AN [ B ) 41
T 7 S 5 [ BN AT s AN [ P 4 o A 3 ) e 6 1A
SCMANTR], OB R A [\ (138t 4% 7 gk, an
PR AS6 FIERIBE AST 23585 H 7] —#h )7, Hoaril se 4
FHIA

ZE BT UK A - Marker A43  A44 A4S A46.A47 A48 .A49 . A410,
AS51.A52.A53.A54,A55,A56.A57 A58.A59.A510.A511,A512 Marker
1 AR BRI BOXAIR-PCR 74 1%

Figure 1 Fingerprints of BOXAIR-PCR electrophoresis

2.3.2 BOXAIR-PCR R4 R HT

# BOXAIR-PCR 1) Hi Jk P i % AL il 17 F10”,
MRk NTSYS2.1 K -3 8% 58 2578 (UPGMA) #4485
FEAL MR IE, 15 3] BOXAIR-PCR R ZEH R
W,

S5 R LTR, AE T2% W AHALL K S4B A () T R #
TAE I, 75 86% (WAL AT L, R B AR 1T 20 4 10
ANEE, Hoh AT1.A37.A45 A510 . A14 F1 A33 Hfl sl
BEo AE 10 NEERET, B 1 50K, 36 27 BB kR, 1
VR 3, B 10 AR K
2.4 16S rDNA PCR-RFLP Jig{] & 1% 7 #7
2.4.1 165 tDNA # 1%

HEXTRPE L PA R PB 5140, 45 e ME G ik 2k
P 16S tDNA X BOEATY 1S, 5 54 = 4 v i e, Py
3G BN 1.5 kb,

2.4.2 16S tDNA [ 1]] 45

R Hinf 1 \Tag 1 F1 Hae T 3 Ff B 551 3 D) 6
3% 16S tDNA F 84 =4k AT g V1, 48 3% 35 b
B HL VK A3 B8 i A o Wi D 4 i 3 oo

XF 3 MAS [ A D) G U) 45 2R o 1T G A4 B i
PP i ST (R L 22 (R ) R D) P 3% 5 243 Hr b

7
A26
—— A49 }V
Ay
Al4 — VI
A510 Vil
A4S —IX
[ ) ) . ) ] | ] ] f 1 jAST —— X
0.72 0.79 0.86 0.93 1.00
Coefficient

Kl 2 s i BOXAIR-PCR BPIR
Figure 2 The dendrogram of actinomycetes based on the fingerprints of BOXAIR-PCR
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N 25 B AT MK RN s 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

3 B AR Taql ) 1%
Figure 3 Fingerprints of 16S rDNA PCR-RFLP digested by Tagl

RE - D o N34 TLUE H, B BRI 32 i
16S rDNA LR W 4 5k F, HERRHAE
64% IIAFALZK P-4k, e 1 B AR A SR A1 — S, 7T 92%
AT b, BB RE T 234 19 ANIBAE R, TR
S50, ok AR TR R I B R OR# SR AE— 2, Ui B
o JeB X TR BT IR 23 AT AT — 38 5

KR AT DX B R LA A ) st A 28 28, bt
WAL 2. 8.14.17, [, £k BAED X 1 B kk
HIEA AL g AL 2R AL, gL 287 26,27,

2.4.3 16S tDNA JEH 54153 7

FHE 168 rtDNA PCR-RFLP {52870 #r 45 51, ik
BT 10 BRI R AR IR, 719 16S tDNA Jv
B, ik B T, ARREFRR) 16S rDNA JE[R v
S 7t Genebank J¥* 41 ¥ 3% 5 73 Jill i GU479439 ~
GU479448., 4P 751K H Blast 7 NCBI H4# 22
Jis M Genebank ik g 1B I T 45 Streptomyces .
Rhodococcus . Oerskovia. PromicromonosporaMicrobis —
pora %5 37 BRZ LLTE AR (1) 16S tDNA 7 51 R B ik
AR ClustalX #E4T Alignment 73 #7, 44 J5 il it
Megad % AT F H Neighbour—jioning ¥ 2E il R4t K B
WA S .

B S LG Y BT I8 R I O RS e T
BEOH I o A BB OBV EET X S AR, X 4
JE I SZVERE . AR AL, A16 FIl AS1 SR R
U, FHALPEAE 96% , 58 4 — A 43 35 A24 . A25 Fil A46
15 99% M AHAIYE EERAE—ifd, M@ T A — AN F
A410 F1 A56 AHALYE Ky 82%, FEAE— s J3 41, A31 FI
AS12 R —A03 30 AP AR

TEAKIF S, 557 A1 IR PR BRTRR 20 A 70 2N SRS
o, WCRAE LS, X LETR R S A 7E e HERRIX ikl

% 4 JLRE R 16S rDNA PCR-RFLP BRIPE Py D) i1 5 2
Table 4 16S rDNA PCR-RFLP restriction endonuclease mapping
type of the tested strains

S 16StDNA. BRI Py gl 1 | 16SDNA
Msp | \Hinf | \Haelll oA e
All a a a 1
Al12.A42 b b b 2
Al13 c b C 3
Al4 d C d 4
Al5 c d e 5
Al6 b e f 6
A21 ¢ b g 7
A22\A23:A\f425 VA26. b f h 3
A24 b b e 9
A27 b b i 10
A28 b f j 11
A31 b g k 12
A32 b b ¢ 13
A33 . A41.A43 b b h 14
A34 a h 1 15
A35 b i h 16
A36.A37 b h e 17
A45 e h { 18
Ad6 b j ¢ 19
A47 b f b 20
A48 c b m 21
A49 c c m 22
A410 b m 23
A51 b k n 24
A52 b b 0 25
A53.A58.A510 b b n 26
A54 . A512 b d n 27
AS5 f d n 28
A56 c f i 29
A57 c b n 30
A59 c d n 31
A511 g b n 32

X FEH g GBI DL AR R X, 5 R B SRR
DI, G TR A HE IR , 5 1 R 1 TR R A v R A
PR 33 AR AR A T 2R
3 iTie

N HEAE RN R A S /K U T ] A g 1338,
AEL R 7K R0 38 15 G 0080 5 M 4 23 R 11 2
i) S0 22— R ) T R ¥ R S A N R i
ORI T TSR, TR R TS S R T
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4 168 tDNA PCR-RFLP Z-#iIR €]
Figure 4 The dendrogram obtained from 16S rDNA PCR-RFLP
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T 224 i VF 22 5 T3 7 T A i o 3 0 R " 5 7R 1K
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F MR BT R pH B 7K, — IRk ek
3 JLTRHB N AN AT S (14 B <2 o SR vl DA LGS 28 Hh
7 I < LSRR E M R S B AT O (H R R
AR X B R 4 e KRR R I 4R, 31X
L NI KA RS B ARV R IR M 4 RAFAE
M5

TR R A SRR AR ) (W E L B ) FE A A
(RIFREE R, TR TR AN [F) T 4 R W R ™,
WKW, B b w7 AR B 2B TR AR )
3 U B 40 M A M K b B R A B ) HAHBEER DTUE , A
1) AR 45 o () 2B S BN AW T R AR 1) 43 5
JTEXS T R et A% 2 AP EIEAT T 9, RIS 55 T
SEAREVERT X L 3BT e R 2R A, 1X 5 Amoroso 5512
WF5T4E B8 it 16S rDNA 74 KRG K B WK E,
BT AT e ) A O A TR AR A 5 i 2 1 SR AE — KR
T EL AR B M B RR AN 55 AN [A] (1) R 3R 21 /N L G S
W T POISEYEERT X B 4 B A ) 2 A R
TR

4 Hie

BYRERT X 14 Zn Pb.Cd JLRNEE 4 )8 2 5 W]
AT | N SR 0 €52 2 P Rl =D e 7 G 7/
PEAT W A1 o BEAE R X e v SR L 1
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S. torublosus LMG 20305(AJ781367)

951- Al6

5. ipomoeae DSM 40383( AY999840 )
S. neyagmwaensis ATCC 27449( NR0O25868 )
A5l

S. seabiei KACC 20192( AY207603 )

75! 8. scabiei( D63864 )

All

99L 8, diastatochromogenes ATCC 123090 NRO25867 )
S.durmitorensis MS 405( DQ067287 )
45| 66 S.ederensis NBRC 154100 AB184658 )
S.aurantiocus DSM 40594( AJ781383 )

56

A3l
S. lincolnensis NRRL 2936( X79854 )
S.griseoruber JCM 4642( AY999750 )
A512
100! S.acidiscabies ATCC 49003( F]007426)
S.flavidovirens HBUM174900( F)486395)
T04A24
100 | S.albidochromogenes NBRC101003( AB249953 )
S.chryseus DSM40420( AB184876)
93 S.awedmorensis NRRL 34260 DQ442557 )
gl A25
45— Ad6
48 LS. lateritius LMG 19372( AJ781326)
|-— ——i_— S.echinatus NBRC 12763( AB184126)
08 S.durhamensis NRRL B=3309( AY999785)
S. malachitofuscus NBRC 13059( AB184282)

98, A56
S.levis NBRC 15423( AB184670)

L
] —

57 S.purpurascens DSM 403100 AJ310925)
S.gancidicus NBRC 15412( AB184660 )
38 S.viridochromogenes NBRC 13347( AB184873 )
100 S.collinus NBRC 12759( AB184123)

A410
99 ' S.paradoxus NBRC 14887( AB184628 )

S.griseocarneus DSM 40004 X99943 )

S.malaysiensis ATB=11(AF117304)
100 ——— Rhodococcus equi ATCC 7005(X82052 )

L Rbaikonurensis GTC1041( ABO71951)
Oerskovia paurometabola DSM 14281( AJ314851)

[ N. aea roseola ATCC 33579( U48980)
100 \—:M—wmbupam corallina DSM 44682( ABO18046 )
99 M.mesophila JCM 3151( AF002266 )
0.01

B S ETFHRE 165 DNA FHEENRELER

00 Cellulosimicrobium funkei(T)W6122( AY501364 )
55 |: Promicromonospora kroppenstedtiic DSM 19349( AM709608 )
100 Puindobonesis IFO 16525( AJ487302)

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

I, AR ST R, X R BRI A 1T
BOXAIR-PCR #1 16S rDNA PCR-RFLP ¥ 4 & it i)
ARG R WoR, TR O B I AT 2 B R

RAE—HS, Y E S8 & A e B L TR
LB AT, BRI BERT B A DU X 2 8
(TR T AT o RN, ASHIF ST 3 B R I T 4 o
Hﬂjﬂfa%wﬁ DX [ A= 8 SR S R

S 3k

[1] Valery B, Eugene K. Soil surface geochemical anomaly around the cop—
per—nickel metallurgical smelter[J]. Water Air and Soil Pollution, 1998,
103:197-218.

[2] Caravaca F, AlguacilM M, Figueroa D, et al. Re—establishment of Reta—
ma sphaerocarpa as a target species for reclamation of soil physical and
biological properties in a semiarid Mediterranean land[]]. Forest Ecology

&Management, 2003, 182:49-58.



5530 &5 3 /SN A7 N

B ¥ o# 475

[3] Waldrop M, Balser T, FirestoneM. Linking microbial community compo—
sition to function in a tropical soil[J]. Soil Biology & Biochemistry, 2000,
32:1837-1846.

[4] Mummey D L, Stahl P D, Buyer J S. Microbial biomarkers as an indicator
of ecosystem recovery following surface mine reclamation [J]. Applied
Soil Ecology, 2002, 21:251-259.

[5] Kelly J J, Héiggblom M M, Tate R L. Effects of heavy metal contamina—
tion and remediation on soil microbial communities in the vicinity of a
zinc smelter as indicated by analysis of microbial community phospho—
lipid fatty acid profiles|J]. Biology&Fertility of Soils, 2003, 38: 65-71.

[6] Craig L M, Dobbs F C, Tiedje ] M. Phylongenetic diversity of the bacte —
rial community from microbial from microbial mat at an active, hy —
drothermal vent system, Loch Seamount, Hawaii[J]. Applied Environ—
mental Microbiology, 1995 (6D : 1555-1562.

[7] Giller K E, Witter E, McGrath S P. Toxicity of heavy metals to microor—
ganisms and microbial processes in agricultural soils: a review [J]. Soil
Biology&Biochemistry, 1998, 30: 1389-1414.

|8] Hiroki M. Decompesition of organic matter with previous cadmium ad—
sorption in soils[J]. Soil Sci Plant Nutr, 1994, 42 (2) : 745-752.

[9] Kuperman R G, Carreiro M M. Soil heavy metal concentrations, micro—
bial biomass and enzyme activities in a contaminated grassland ecosys—
tem|J]. Soil Biol Biochem, 1997, 29: 179-190.

[10] W I, s B 55, o Ak, A5 BYRRELR T G IR X R
EZAEEBII)). AOWIAERF 4R, 2003, 22 (4) :408- 411,
TENG Ying, HUANG Chang—yong, LONG Jian, et al. Ecological effect
of heavy metals on soil microbes and research advances on the mecha—
nisms of bioremediation|J]. Journal of Agro—Environment Science, 2003,
22 (4) :408- 411.

(1] FRDLBE, TARE, M 52, &5 ANIRIN 22 B v i 52 526 4 14T

HEARIOAZAL]. AR AEAIABE, 2004, 20 (1) = 44-47.
ZHANG Han-bo, YU Chun-bei, SHI Wen, et al. Spatial and temporal
changes in colonization of heavy metal—tolerant bacteria in the lead—zinc
tailings with different deposited history[J|. Rural Eco—Environment,
2004, 20 (1) : 44-47.

[12] Hu Qing, Qi Hong—yan, Zheng Jing—hai, et al. Bacterial diversity in
soils around a lead and zinc mine [J]. Journal of Environmental Sci—
ences, 2007, 19:74-79.

[13] B RE A e o SRR, LA S A (M. b iR E
A RRAL, 1983.

Institute of Soil Sciences, Chinese Academy of Sciences. Physical and
chemical analysis methods of soils[M]. Shanghai: Shanghai Scientif -
ic&Technological Press, 1983.

[14] 601 FL b B AR 265 =1 JEst: FpE Al AL, 2000.
BAO Shi—dan. Physical and chemical analysis methods of soils [M].
Beijing: China Agriculture Press, 2000.

[15] &t b3 VA 272 23 87 5 M. b 5T op AR R AL,
2000: 107-240.

Lu R K. Analytical methods of soil and agricultural chemistry[M]. Bei—

jing: China Agricultural Science and Technology Press, 2000: 107 —
240.

[16] P EREA e at LB ST R E . R BB S (M. b
A RREEHRAL, 1985.

Institute of Soil Sciences, Chinese Academy of Sciences. Research of
soil microorganism|[M]. Beijing: Science Press, 1985.

[17] Lee Y K, Kim H W, Liu C L, et al. A simple method for DNA extraction
from marine bacteria that produce extracellular materials[J]. Microbiol
Methods, 2003, 52: 245 — 250.

[18] Versalovic J, Koeuty T, Lupski J R. Distribution of repetitive DNA se—
quences in eubacteria and application to fingerprinting of bacterial
genomes|J]. Nucleic Acids Res, 1991, 19: 6823-6831.

(19145 P, 2308y, TR, A5, o D412 IUBCZR B 5L A 2 DNAJ].
TR, 2003 (4) : 82-84.

XU Ping, LI Wen—jun, XU Li-hua, et al. A Microwave—based method
for genomic DNA extraction from actinomycetes|J|. Microbiology, 2003
4@ :82-84.

[20] 1) 2%, RSO, PRIl o ARt DS A S8R 58 TR AR 8T A 1 i

532 J% 168 rDNA PCR-RFLP W1 7[J]. P FE A&k ARL 2, 2003, 36 (D «
17-25.
LIU Jie, CHEN Wen—xin. Numerical taxonomy and 16S rDNA PCR-
RFLP of root nodule bacteria isolated from the nodules of leguminous
trees, Amorpha fruticosa, Cercis racemosa Oliv. and Wisteria (sims)
Sweet[J]. Scientia A gricultura Sinica, 2003, 36 (1) : 17-25.

[21] Angela S, Birgit R, Ulrike P, et al. Cultivation—independent population
analysis of bacterial endophytes in three potato varieties based on eu—
bacterial and Actinomycetes —specific PCR of 16S rRNA genes [J].
FEMS Microbiology Ecology, 2002 (39) : 23-32.

[22] Volesky B, Holan Z R. Biosocrption of heavy metals [J]. Biotechnol
Prog, 1995, 11:235-250.

[23] Nriagu J O, Pacyma J M. Quantitative assessment of world—wide con —
tamination of air, water and soils by trace elements|J]. Nature, 1988,
333: 134-139.

[24] Brown M J, Lester J N. Metal removal in activated sludge : The role of
bacterial extracellular polymer|J]. Water Res, 1979, 13:817-837.

[25] FUSEAE, fTHRL, A 1 k. SR e AR LA AR 0 R RIS P 1) 5
[J]. B FHZE 22741, 2009, 20 (1D £ 218-222.

JING Yan—-de, HE Zhen-li, YANG Xiao—e. Effects of Hg contamination
on paddy soil microbial and enzymatic activities|J|. Chinese Journal of
Applied Ecology, 2009, 20 (D :218-222.

[26] Marta A P, Amoroso M J, Abate C M. Chromium (V) resistance and
removal by actinomycete strains isolated from sediments [J]. Chemo—
sphere, 2007, 67: 660-667.

[27]Nies D H. Microbial heavy —metal resistance [J]. Appl Microbiol
Biotechnol, 1999, 51:730-750.

[28] Amoroso M J, Castro G, Carlino Federico J, et al. Screening of heavy
metal —tolerant actinomycetes isolated from the Sali River[J]]. J Gen

Appl Microbiol, 1998, 44:129-132.



