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Abstract

To study the effect of long-term mining on the microbes in the environment, the soil sampled from

Dexing copper ore deposit and its surrounding environment was chosen to be the object of this study. The

distribution characteristics of microorganisms in soil were analyzed, and the spatial dependence of between

microorganisms and heavy metal elements in surface soil was discussed by using microbial culture method, nucleic

acid sequence analysis method and transmission electron microscopy. The experimental results showed that 13

kinds of microbes were isolated from the soil samples in Dawuhe-Gukou riverbank and Zhujiacun. The bacteria

isolated from the soil samples in Dawuhe-Gukou riverbank and Zhujiacun had a certain similarity in type and

distribution layer; however, to fungi, the similarity between Dawuhe-Gukou riverbank and Zhujiacun was not

obvious. The microbial distribution and heavy metal element content in the soil profile had a certain relationship,

but not to a simple linear relation, also influenced by various environmental factors.
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ferrooxidans GF'®1 (HA7 JCAE L4 5 X J&] ] -+ HEf
W 534 DL RS A R O ER IR DG I8 R L R
16 o AR SO AR K H: J] B PR 458 S i G2k 9 o3
A FRAE I ST, JF- 25 G 8 4 8 JU R 1Y 70 i R
ST AR G ) T A Y R e A S E 4R T
ENIDERILI Qs S

1 #RERE
1.1 TEHESR

- SFERE AR TP b R TERLE  IX LR
KHZIC)FI K3 ¥ 3 LT (DWH-GK) . %L Z A Ak
[ O RSl dek, B XA, 20 X HEH
PR K52 o R RS I R — R
FERSCREE 3~4 A H M. T B R R
BRAATR B4 AN AR, DR AE 1Y - TR B AT T 22 5%,

TE 41~45 cm Z [H] o KA 1 LA R AL 4y

WE L ROCIRAE, HARRR AR, IR 4C
AR, A MR R, B 4°CUKAR PR A
A RAE B 4 0, 10, 20, 30, 40 em FRJE ik
KWLy 5 g HHERES, R AYUAE, TEHGAE T
MRIG, RBRHPRYEE R BRa Sy, IS ED
PREEAH, 1 200 HIE R, e ARESMASEH .
1.2 TEHESNMEDAES
1.2.1 #R5{EE
LB B33t M 10 g, EEREEY 5 g, NaCl 10
g, Hi%IHE3 g, BETI/KI1L,pHT.0,
FRFEERAMIEIRE: FREF 25 g HAWKS
g, NaCl 5 g, i%ib% 3 g, NaNO; 0.5 g, MgSO,-7H,0
0.01 g, NH,Cl 1 g, KH,PO,4 2.7 g, K,HPO, 2.7 g, 2
BTF/K 1L, pHT.0,

0.2 MPBS: NaH2P04-2H20 1.217 g, NazHPO4'
12H,0 4.37 g, £#¥7K 100 mL, pH 7.0,

[ 5E W : 50 mL PBS (0.2 mol/L pH 7.0)F /A
1 g ZRHEE, T60°C KIF /N RE, REIEMA
25 %I WKW 10 mL, fiN/K & 100 mL,

HZQ-F100 #1755 37 46 (W R T T AR L 4R
FERABRA ], AR (R 22 PR AR I A%
A RAT]); LRH-150 A= A5 5546 (i 55 kB2 4L
A RA D
122 TEREMST BN

PRI B 0~40 cm DWH-GK - HE4E 5 H
5 g INA%E] 200 mL LB &SR FREE S, 7F 30°C, 150
rpm £ FEHRFE 2~3 K, WHBMEDARKE,

288

FH - A 300 2 30k 2 ol 390 A ) 355 % B 85 R L v, 7
30CT 3. AUk, faPhih i— B IE ek
Rigrshrp & AR SRR B I H P51 . X ZIC + 3
AL AL FR, (B4 A 200 mL 4= 8 A A
Rigedt,
123 HBEENRMEYERS

EEERSIE  BCH 2 S 0.2 mol/L PBS, HUGH
IyFRFERL 0.1 mol/L PBS. f EP & EER IR T 2~3
KIYEE T, 4000 rpm &0 5 5340 . A 0.1 mol/L PBS
WENR ) AN 5 4r8hE, DL 3000 rpm E.0 5
IyEhERE BV, EE 2 K. I WA, AR
SEW, TARS . ERTEE 0.5~4 /I, R,
i PBS JEUE 2~3 K, AT CBEREE K, B L
3000 rpm B0 5 SpEP. SRR AT O R E
e, [RIFERFEFELL 3000 rpm B0 5 20eh. BB
Wi I R BR RO AR RE A L, Al R A g
UEACELLY, B FS THRAAE A=, #H 1T CO, I
FEE T BOH A RO AR, B IR T8 .

EfEiE RIS EEEE AT KA
TR, B ARE P HEE IR,
I AE W A BRI I RE L 6 b
1.3 TERETENNE
1.3.1 #FmiiatiE

E I PR ECARE DN L HEAE A 25 mg T RSN
Teflon ¥WHEGEY, B WA ZEEIMA 1.5 mL #
HNO; fil 1.5 mL #& HF, % I #2576 d Pk
TOCHHR R, AL S8 SRR R . 5 — K 4,
TEH I E IR 150°C 2500 T E itk

BURREHE, Houm 1.5 mL HF A1 1.5 mL (%)
1:1 HNOs, finds, MANFEREN, REWE. ¥
R IR AR RE R LA N, 7E180°C fHIR A& 1F FRIR 72
AN, B R LA RS o A 30 3 2= IR B AR
e, P, 7E150°C A mE IR A A 28 %, B A
JH, ZRE SR R IR R

TERAERENINA 3 mL (9 1:1 HNOs, Sz
ARENEN, BHURBABFHN, T 150C Hik4H
PRI . AR 2 R B, P e TR TR A
M b nGE & SRR AR (150°C) . R EERE Y n A
1 mL 9 1:1 HNOs, F5-#85), 7Ef R i
2, OLERASVR R, R N SR

PR 50 mL HL@E N, FFZ W 1%
HNO; (% 10 ng/mL)h e iwERE, DIBG LR EE 5
W SE R, BIGHH 1% HNO; (% 10 ng/mL)
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PRI R E, PSS 5L RS B /NE R
s R[N
1.3.2 SHFEE

I ICP-MS Z#r HHER R e R, AR =
FERUERE L GSS-7. FH Excel AbBRECHE

2 #R5iTiE
2.1 TERHAIERBEY

AR Y 3ty 9] o R AT - A it 43 5 R
gl th Z R A W bR o AR AR B SR I A AR B
SMBOAIR, BT R 13 4. eI
I R R, 40 om JRLA —FRER; TE
PR K LR H, 20 em 20704 BFIFEE, 30
em EAHEL 3 FhECE o 40 0 AR RS F A A
I3

X DR 35 ) — ik 10 9] SR i A B B A )
BRI T 204, S5 5RERH, RIS -3k (i /5 -
Serp AT 5 RN, oo 2 BROE M R 2 AT I
gk R B
(Pseudomonas aeruginosa PAOL)., 75z 4 2Ff0FT I
(Bacillus thuringiensis) . & R ZF 7 #F B (Bacillus
cereus) M A ZEFUFT & (Bacillus  licheniformis). H
WA ERE NI H Davidiellaceae F} .

X AL ZZ A 38 73 8 i) A= W T R PCR 73
Br, diRRW, SLEH LA 6 M, onlE
BRI 4 % W2 25 F T 1 (Lysinibacillus sphaericus).
LA PRI TR (Pseudomonas aeruginosa PAO1), Hhz
4 FAUNT B (Bacillus  thuringiensis) . B S 4R ZE T
W (Bacillus pseudomycoides) . f# JE ¥y 2 8 ¥T &
(Bacillus  amyloliquefaciens) #1 ¥ Il ] %j BR B
(Staphylococcus haemolyticus). A JXH1Hk J)
(Fusarium oxysporum) . Hf #1 K % (Trichoderma
asperellum) . & 5 (Penicillium citrinum)F—7Fp P}
A B
22 WHEYMHERRE

filf VE By 2 AUFT B 2 IR PHE, FRAR, AEHL,
EWEIE, MumdE; w4 AL, 2R
fEoR, Wk A, TR ARAR, AR ETE 1~2
um Z [ (E 1(a)). P 5 B O E0R & 05 ]
PR, FTMBEfRE, WRE, ZARHN, AR
A (A 2(a))

FORZF AT 2 B, AR, RN
(1.0~1.3) um x (3.0~5.0) um, A4/, K EE,

(Lysinibacillus  sphaericus) .

Az sh P ZF P s e, AR s A,
1.0~1.5 pm, fAFTCHBIE K, TIBEE 1(b). F
W FEw ROk, REIESOERE, B aRI, %
TARLRE i -, ARLNARE, TR, IEEY R
RE 2(0))s

BRIE B A TR 2R AT P . AR, 5 25 IR PH
K|, Bizshtk, KE 2~6 pm, 245K 3~4 pm,
F& 1 pm, —uiEW R, W] WSS B ZE A 7 (]
1(c))o “PHRIEFRE K MR A, FEIESMRIE, &~
B, REDLHE, MR, HZ%FEE 2(c)-

R ZEFOFF B A ATOIR, T e [, AR IR
I, MEBUN, K29 1~2 um (B 1(d)), 2t
A, R EEEIR . AR IR VR BN, SR, TR
OB A, NEY], REOCHE, MR, 5%
# RO MRS () 2(d))-

BRI R: WLBEENE 1e), FEEH, &7
FERCER, A G, FET A AT, BEA
B g (K 2(e)); fIFHREXTA AR, E A ERER,
fiFEEK 6.5~12.5 um, AT 3~4.5 pm, FFTE
2~3.5 pm, JRAESE, FEEAN, PRI, R RAT AL
K, WmsE, sEfreRIE, WEREmE, %
TAALRE, 3.2~5 pm x 2.5~4 um,

RAHRIIE: W2 ZEET, B EMERBL
R (B 2(0); W22 SR, a8, iR
K, AN E 1)

23 HMERZEZEN

I E ) DNA J¥5IH Blast /45 Genbank
o BV B e AT IR LU X, R AN Clustal X &
Mega 5.0 X R#HIT KB 50T, LR RELEW
(&l 3 i1 4),

TE 3 B A B 1 3K BB TR R ik U8 0 28 FRLAT T
WORZFAUAT IR . BB AR ZF AT I L REDIR R
FRGE . AR B RN SRRk 0 B 1 3L R P 81 2 A% 3]
Genbank, Jf3R1% 7515 KJ188737-KJ188742,

24 TEBESETENSHIFE

Xof R T — ik YT R A 1) A S i 0 1)
HATE B ICE N AT a RR I A R I —
T R e () 5), VR R b SRR A RS
AR, Mn & EAEIREE 0~20 cm AT B 0R B
AR, £ 30 em A FrI; FKZ Co M EE R, H
7 10~40 cm, Co & it B R A9 S iif 38 s Ni 7y ik
M 0~20 em B HT T, FE 20 em Zb TR IR EE AR,
HEEEAE 30 om FHZEME; Cu MY & RAXH S,
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(2) i BEAD 2F AT s (b) WOIRZFFAT B (o) BOE BRI ZF AT I, (d) BEDIRZF FUFTF B (o) MRIB AR RS (D) SRIBHRITE

E1 RAEYHFAEARETFERRERR

Fig. 1 ESEM micrographs showing microbial morphological characteristics

(a) - JEN 25 AT I (b) WOIRZFFAT B () OB BRI ZF AT I, (d) BRI (o) BRI A RS (D) RIBHRITE

B2 WEMEE

Fig. 2 Microbial colonies isolated from soil
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100 Staphylococcus aureus (BX571858.1)
52 Staphylococcus saprophyticus (AP008936.1)
92

Staphylococcus sciuri (AB547235.1)

Staphylococcus epidermidis (JQ312423.1)

Staphylococcus simiae (AEUN01000002.1)

Staphylococcus simiae (AEUN01000015.1)

Staphylococcus haemolyticus (NC_007168.1)

Z]C 40-3-1

(2) ¥ ML 78] T TR T

52 E
1
DWH 0-3-1
94 Pseudomonas aeruginosa (NC_002516.2)
Pseudomonas sp. M18 (AY394844.4)

© Pseudomonas stutzeri (X53676.2)

00
100
98
I: Pseudomonas putida (AY319946.2)
100 Pseudomonas syringae (DQ141263.1)
Pseudomonas protegens (EU400157.2)
Pseudomonas reinekei (AY944685.2)
99 E Pseudomonas aeruginosa (AY273870.1)
O

6 Pseudomonas aeruginosa (AY258138.1)

(c) FR GBI B

DWH 30-1-1

DWH 30-3-1

DWH 30-2-1

DWH 10-1-1

Bacillus pseudomycoides (CM000745.1)
ZJC 0-2-1

Bacillus amyloliquefaciens (NC_009725.1)
ZJC 30-3-1

DWH 40-1-2

ZJC 10-1-1

ZJC 10-2-2

Bacillus licheniformis (NC_006322.1)

Bacillus pseudomycoides (AF013121.1)
Bacillus cereus (AE016877.1)
45 Bacillus thuringiensis (AE017355.1)
13 ZJC 10-3-2
Bacillus amyloliquefaciens (J01542.1)

75

99 Bacillus licheniformis (AY590140.1)
66— Bacillus subtilis (AB615353.1)

(b) ZF AT RIR

63 Lysinibacillus fusiformis (FJ614251.1)
85 Lysinibacillus mangiferahumi (JF731238.1)
Lysinibacillus parviboronicapiens (AB300598.1)
Lysinibacillus parviboronicapiens (NR_041589.1)
Lysinibacillus cresolivorans strain SC03 (EU043375.1)
Lysinibacillus boronitolerans (NR_041276.1)
Lysinibacillus pakistanensis (AB558495.1)
Lysinibacillus sp. Mn1-7 (JX993821.1)
Lysinibacillus sphaericus (AUOZ01000004.1)
DWH 20-1-1
DWH 0-1-2
DWH 10-2-2
Lysinibacillus sphaericus C3-41 (NC_010382.1)
Lysinibacillus sinduriensis (F1169465.1)

(d) BRTE B PR HUAF B

B3 HENREREH
Fig. 3 Phylogenetic trees of bacteria
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2.5 MEWETENRFTER S HIFIE

M]3l 1 9R] = HE RO R A R S
PR AT — 8 B AH I, B A AE BROE #6120 R 2 6 4T
B S R A o A AT X 3 Fh A

H 7 AR AR, BEA A TR 9 E B

TE R I ] 3l F1 1 b (K] 5), BRI AL R
FHFFHIER 30 cm JRALAMNSA 730 B 2 AR L R
T B, UMETE 0 em; I8 = & 2 LA AR IZM
DX TR R T 52 PELF, 12 0~40 cm JELLARAT 734
R ZF AT 1 5 BROE A IR 25 F AT I E 4 A B, R
HBLE 30 cm; HIACFAATE B KAER, R
15 40 cm JZ07, ATRES ML T KAAT G, A
WHocds i, WRARZFIEAT R XT Cd, Pb, Cr, Cu Al Mn
FESRE AR WHHEH, FEARHEE T
5 A AR JFAE T AR R, Ak
ZRAUAT RO ME AT, AW E SRR T BRI
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o4 Trichoderma capillare (JN175585.1)

48 Trichoderma gillesii (JN175583.1)
100 Trichoderma pinnatum (JN175571.1)
Trichoderma gracile (JN175598.1)
Trichoderma asperellum (KC993073.1)
ZJC 30-1-1
Trichoderma asperellum (AF504012.1)

(a) BRFAAE

Davidiella sp. B23B(EF432285.1)
Davidiella sp. ColRe-ITS5 (HE655475.1)
Davidiella sp. FM-8B(JX164081.1)
Davidiella sp. HM(KC812361.1)
Davidiella sp. NAO(HF674739.1)
Davidiella sp. UFMGCB 3795(HQ533793.1)
Davidiella tassiana (EU343341.1)
Davidiella tassiana (KC292373.1)

DWH 40-1-1

Uncultured Davidiellaceae (KC243965.1)
Fungal endophyte (KF673560.1)

Fungal endophyte (EU167914.1)

Fungal endophyte (EF420018.1)

(c) ERENERH

99|: Penicillium mallochii (JN626086.1)
Penicillium sclerotiorum (JN626093.1)

48 38 Penicillium citrinum (KF414684.1)
35 Penicillium griseofulvum (KF530869.1)
Penicillium guanacastense (JN626098.1)
% 53 Penicillium herquei (JIN626102.1)
Penicillium sp. DY115-21-10-M3(KF411591.1)
89 ZJC 30-2-2
96
39
64

Penicillium sp. DAH-2010a (GQ498171.1)
Penicillium atrofulvum (JN606678.1)
Penicillium pasqualense (JN606674.1)
Penicillium cairnsense (JN606693.1)
Penicillium christenseniae (JN606679.1)
ZJC 30-2-1

97

(b) FH &

Fungal endophyte (KF673560.1)
Fusarium oxysporum (JQ771175.1)
Gibberella moniliformis (JX915249.1)
100 Dioscorea alata (FI860061.1)
ZJC 20-2-1
LAl Fungal endophyte (EU167914.1)
Fusarium decemcellulare (AB587066.1)
99 Fusarium nurragi (AB587063.1)
80 Fusarium phyllophilum (AB587054.1)
Fusarium oxysporum (KC900514.1)
Fusarium solani f. sp. phaseoli (AF150483.1)
Fusarium oxysporum (AY714109.1)
B3— Fusarium sp. NRRL 34036 (GQ505483.1)

(d) RAAGITH

95

4 EEHRGZEXER
Fig. 4 Phylogenetic trees of fungi
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Fig. 5 Distribution of heavy metal elements and microorganisms of soil from Dawuhe-Gukou riverbank
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Fig. 6 Distribution of heavy metal elements and microorganisms of soil from Zhujiacun
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