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BE: A THRAVADAELEPRRE o FEN LBBESE FEMTEERENENEw, 2@ BacE L RmbRE
T8AMAR QU SEMNLE WELHYBEL AEATEEEAENR 48 2W, 288 cu 8% 2830 ~ 1 019.27
mg kg, MATHREA Cu A8 ¥ 335~415.11 mg-kg™ , A 16S rRNA HE# N BAF LT+ 3.10x10° ~ 184 x 10" N2 H, H
B 16S (RNA EEZE N BEGHE T+ 737 x10° ~682 x I ZH . +WH Cu MMTRRE Cu A BN + WREEHE MR
KA HBEEAHMEABEEEHARE, T1EAFERENEISE QAR SBE U SEERBENAMERE
Z,FAIEEEERENSSE AR SRS CuSEUYERBENRMEERLER, B Cu Max LA B GBS
ERBAHMEER.
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Abstract: To study different Cu contents in surrounding soils of a copper smelting on soil enzyme activity,
bacterial and archaeal quantity, eight soil samples were collected, and enzyme activity, bacterial and archaeal
quantity in soils were determined. The results showed that the concentrations of total Cu and acid extractable

Cu were in the ranges of 28.3-1 01927 mg kg™ and 3.35-415.11 mg-kg", respectively. The ranges of gene cop-
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ies numbers of bacteria and archaea were 3.10 x 10"°-1.84 x 10" and 737 x 10*-6.82 x 10° copies per gram of dry

soil, respectively. The soil urease activity was significantly affected by total Cu and acid extractable Cu in

soils, while soil dehyrogenase and incertase activity were not affected by them. There was significant negative

relationship between gene copies of bacteria (or archaea) and total Cu (or different forms Cu), suggesting that

the activities of bacteria and archaea could be inhibited by Cu stress.

Keywords: real-time PCR; copper; bacteria; archaea; urease; dehydrogenase; invertase

R =R IREERE, RE Cu i S 2B
4% BT REE 6 67, bEE Tk &R, 7 2010 &, 3K
EXHAT HER 5D T 2R 4% ", Cu FREN
HANEERD B RAGHRIE S AR IR, REXEHN
Cu HABY XFBER A 138, 4 A 4 A5
K TERHER. Cu BRAEYIIFHHBETE BIEHR
EHERNESRILEZ— ZEN Cu &3P IE
WEKERAEMENE, s YRR &
Y OB HSSY, HIEEEk 8 FHY M LiE
BEY, BR] LUK K5 T4 R 4% BN F YR T
HYABEY A, Bt B ES S5 L EP Y Rk
ERENBEEY R, A¥EH T EBIENEERRY
ERMTEREFEMEAY., B TREMESREIE
WU, ANTE SRRy W LB S B RA
HEARY" . Cu B LNt IR AE R AE K E
BREARKHERS, —EREREN Cu TERL
WA YRESARS A", MEATER L E
EFERBAEY, KA RETT U E RS R E +
BAENTH, ARENERBREERARRBAESR
GRAABRENERZ -,

FRANKEHTEFRR Cu FEX L HWEE
PR AEYTEENE R ER D, R R S
PR R R LIRE . AXET XFABKRBLED
FEAFR Cu FEMLE, FEWRLEPHAE
AT X Cu 1€ 38 38 A4 A B, 7 A Real-time PCR
BARAWTLEFHAENHENERNENHSZ Cu

K8 LB Cu 28 FHEE Cu FRMMAX
RE,FNBIE Cu M@ X L BB E M 0, LA
A Cu B3 L U AE F R AR F KT,

1 ##Fn7F % ( Materials and methods)
1.1 TERESRE
EILAREGT G HET RARERE Cu 53R

SRR RS 8, BT 5 ~8 MR

B 0~20 cm RE L BRERIBATIR, LM%
ABHFERLRE, - HoEZRTHT,E 100 B
TG BEAEAE R IR SRR N, AT AL R T 5 —
o HEFFE-80C KA &, I& + 1 DNA B4REL.
MEMLEER PCR WNE, HEEABEMKERE T
BEENS (LR 228 ) AT Al
VL HPL B o SERAEK-BERE#THERS
F8 ICP-OES 1 ICP-MS #4739 % ;pH HR A/K L 1
25:13640 ¥ J5 B DELTA 320 pH X #4780 &, 138
CEC(PBFX#B) RAZBREE A VLR AKE
SR ERRA AR EABR A BFHMBRALL
RFICE 2 H7{{ (Vario ELIN, Elementar company, Ger-
many HTIE, HHEMERBUERLE L,
12 3 Cu AR

% A Rauret "3 # ) BCR 0 R B R
THh Co L EES, ¥ Cu FRERNEES
SERES5EBMETERIKE, Cu K E W RE 95%
~110% Z[A] ,BCR B kR B 2,

®1 1HBLBAHER

Table 1 The basic properties of the soil samples
HBTXHRE BUR B B B GEE
TR [227; 4 a 4 . 4 BE K B
) /(emol-kg™) /(g kg™) Hg-kg™) /(g-kg™) g kg™) /(mg-kg™)
Soil samles pH C/N
CEC/(cmol-kg™) OM./(g-kg™) TC/(g-kg’) TN/Ag-kg') TS/(g-kg") Cu/(mg-kg")
1 5.66 6.70 19.04 12.05 126 028 953 2830
2 4388 12.50 57.80 19.08 204 056 936 4339
3 499 795 21.10 12.54 128 029 9.82 160.66
4 529 695 36.68 12.67 133 038 951 21533
5 459 935 4402 1422 139 0.32 1025 559.64
6 568 625 4846 1530 152 030 10.08 691.16
7 6.08 465 2085 8.82 0.94 039 936 980.14
8 425 8.00 5541 1598 161 039 991 101927
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The extraction procedure

fn40 mL REGH TERREIF01000g T MO mL HLEPR,ZE2:5CTRY 165,4000 r-min"' 5§
AL>20 min, ] 045 pm BB EHF BB L ERTFRZEBEEHET 4 CTKRE, RHRNE; HEBEK

0.1000 g soil sample was weighed, which was put into 50 ml polyethylene centrifuge tube, and 40 mL
0.11 mol-L" CH; COOH solution was added. It was oscillated at temperature 22 + 5C for 16 h and
centrifugated at 4 000 r-min"' for 20 min. Supematant fluid was filtrated by 045 jum filter paper. ICP
- OES was taken to measure the concentration of Cu in soil solution. The residue was washed by

10 ml deionized water and the cleaning solution was abandoned.

im0 mLBEMFLERE R, E 25 CTFRY 16 h,4 000 r-min "' &L 20 min, FH 045 um WHE
HEHFUE L EBRTRZBEEHEFT I CHRE RN E AR BAERE . FELHR B8

40 mL 0.5 mol- L™ NH,OH-HCI was added into the residue of step 1 and oscillated at temperature

22 + 5°C for 16 h. Centrifugation, filtration, washing and measurement were conducted as step 1.

ANGHIA 10 mL H,0, BB T LHRED MBEZETHML 1 b, HALBPATRRE  S5%E
852 CF¥4k 1 h,BU 30 min ATHERZEEBUMT 3 mL 54NV 10 mL, KB HEEEBR
W/NE 1 mL, BKEEHN 50 mL 1 mol-L" NH,OAC W, 722 +5 CF T 16 h,4 000 r-min™ B.L»
20 min, f 045 pm BT IEHWE L BETRZBEEHET 4 THE, RN FARKS

10 mL H, O, solution was added into the residue of step 2, and it was reacted in centrifuge tube with

cap at room temperature for 1h and was intermittently oscillated. It was heating digested in 85 +2C
water bath for I h, and continued to be digested without cap. It was evaporated until the H,0, in

centrifuge tube was 1 ml left. When it was cool, 50 mL 1.0 mol-L” NH,OAC was added into centri-

fuge tube, which was oscillated at temperature 22 + 5C for 16 h. The separation and measurement

HCI-HNO, -HCIO4 mixed acid system was utilized for heating digestion of the remaining residue

Ea4¥
#2 BCRIENSRE
Table 2 Sequential extraction procedure of BCR
% & WA
Fractionation Extractant
BATREE (B1) 0.11 mol-L" WG, S LB ERRRAER KM E SR,
Acid extractable [
fraction 0.11 mol-L*
(B1) CH, COOH
0.5 mol-L"
b bnn P
ROHEEBD 5l REFERXEMBEHE;
Fe-Mn
NH, OH-HCI]
oxyhydroxides (B2)
(pH 1.5)
88 mol-L"*
WEK
1.0 mol-L*
AR E(B3) —_— RE,FELEB ATRE;
Organic .matter and 88 mol-L*
sulphides (B3) H,0, (pH 2-3)
1.0 mol-L*
NH,O0AC
was the same as that of step 1.
RS (B4) TA-HER ROl g REAEK-BRNRETHR
Residual fraction =~ HCI-HNO,-HCIO,
(B4) mixed acid 0.1 g) in the previous three steps.

13 3% DNA MBI &

+ R & ¥ 5% A FastDNA SPIN Kit(Bio 101,
Inc., USA)iR i &R B B DNA, #& B 8 #% i 5
BB EHIT, 1S DNA BRBERE, AR
BE N 1% BB BR W 358 ¢ 3 I &C S marker K2 DNA
8 H Br & /N, 3 F ND-1000 Spectrophotometer(Nan-
oDrop )4 #7 {3 25 W % Fr 12 BL DNA B % B #1 OD,,/
OD,, 1t , {RIEFTRE DNA KR &,

TP AEM AL 16S RNA EH, FrA 5|
YmERERL(LE)ARAGREGH,. 5 DHELR
R R 4414 3% 3, F Eppendorf PCR {X# T PCR
T MEEEN N KXGMAER, Real time PCR
KR ER S % iQ5(Bio-Rad, USA)E & PCR X Liz
T UNELBPAENTANERENR, HHE

B9E: B 3% K 6 F TaKaRa /2 & ) Premix Ex
Tag™ (Probe qPCR) R & , HH MBI ¥ K W
% i TaKaRa 2 & SYBR® Premix Ex Tag™ (Perfect
Real Time )7 & #1T o
14 ERFTARERLE

FA TG B EE B R% 4 51k AR
THEARNERT. BANTER . (ORERLEL
DNA (Fast DNA®SPIN Kit for soil); (2)14 1 3 DNA
IR, ARRESI VT HERAFB;G)HE
PCR =¥ & 4] ik #li4L /5 % # 7€ pGEM-T Easy &4k
(Promega, Corp., Madison, Wis., USA), R 5 ¥ 1L 3
KIGHF B IM 109 /%3 7% 41 8 (TaKaRa) 5 , 5 %6 3R B
MEABERRA T7/SP6 BRI WL MR EE
It W P RAE ; @)FH ¥ 5B F7E LB + Ampicillin (2
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HFER)EHRE L 27CIEIESF, RA MiniBEST &
Bt kiR & ( TaKaRa) $# BUFE B DNA , 3 F Nan-
odrop Il & H ¥ BF ; (5)K Biki DNA #47 10 fEHE
RIImBHERESES TS B ¥, RE
R EHESPRNERE N, BE U
ERENBERT L HNRMHTIT
15 BE|H 2

L6 B BT A8 B0HE 4 0 B A iCyclery B4
(Version 1.0.1384.0 CR)#EAT, 133 o 40 B8 F0 oy o A 3K
BTSN ERENB T RBR Y X, XA
SPSS 19.0 X $#& #4T ANOVA (BREE HF E40H7)

2 #ZH (Results)
21 ARFEHALE Cu WREES
HER3I~FHSMCUWEEHBHETERL:
BMAERE K", RABHEN BCR %R B
KELTHEFEMH U NEERRI NEZHRTLUE
W AR o WERBEEERBHSLERE
X, A Cu BEBRAMHESHRTRES Cu 88
wEE, EM3-FM8HNRAUERS Cu §EEX
TR 1 AR S 2 R PTIR LS Cu S BE/D, X2
ARG 3-FR8 RAREHFGE AAmiH,
ZEIEEZRT Cu WEEFLR,

RS T, L ERA Sigma Plot 12.5 SE Mo

3 THEEXERPCREBHHEAMSIYE PCR &4
Table 3 Primers and PCR conditions used in the real-time PCR

Hing#& ClE B4 S YF3I(5-3") F# PCR KB &4
Target group Primers Prime sequence (5-3") Reaction condition of real-time PCR
- 1369F CGGTGAATACGTTCYCGG
1492R ACGGCTACCTTGTTACGACTT 95 C for 10 s, 35 cycles of 15s at 95 C, 1 min at 56 C

Bacterial Probe TM1389F CTTGTACACACCGCCCGTC

-l Arl09f ACKGCTCAGTAACACGT 95 C for 10 s, 35 cycles of 15s at 95 C, 1 min
Archaea A12n GTGCTCCCCCGCCAATTCCTTTA at 56 C, plate read at 83 C

#4 THABTCoNESSRRETSLL
Table 4 The concentration of extractable Cu by BCR and the fractionation of Cu in different soils
& #/(mg-ke) HHI/%
TWES .
Content/(mg-kg™) Percentage/%
Soil samples
Bl B2 B3 B4 Bl B2 B3 B4

1 335 10.40 1622 5030 872 2704 395 1225
2 343 749 2045 4467 1839 4017 351 767
3 34.77 19.94 6330 3630 38.14 2187 38.16 2188
4 87.96 3742 60.72 2583 3052 12.98 55.85 23.76
5 249.15 4228 11691 19.34 63.59 10.79 159.63 27.09
6 37164 53.97 186.67 27.11 86.05 12.50 44.18 642
7 35625 36.65 12046 1239 6333 6.52 43197 4444
8 41511 37.66 21346 1937 119.59 10.85 354.12 3213

x5 1PBFES . SENATHEEERIYES R Cu. AERAE Co ZEHEXEXR
Table 5 Correlation between the concentrations of Cu and soil enzymes, the gene copies of bacterial and archaea

TREERRLEY B Cu
Bl B2 B3 B4
Soil enzymes and microbe Total Cu
R ® Urease -0.78° - 081" - 0.69 - 063 - 063
X% # Dehydrogenase - 045 - 051 - 033 -022 - 031
¥{LE Invertase - 038 - 043 - 026 - 014 - 027
41 %§ Bacteria - 092" - 090" - 084" - 084" - 080"
" B Archaea - 089" - 089" - 088" - 089" - 074"

. RAREO00S KFEBEMK, * R 001 KFERBEMRX,

Note: * was used to describe significantly correlated at the 0.05 level, ** was used to describe significantly correlated at the 0.01 level.
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22 R[A Cu & & %F 385 M 0 =

B 1 AR AR i A JOR Tt 0 A A LA, TR
% B9+ 198 R B 1% P 7E 8.12 ~47.08 mg NH,-N-g" dry
soil-d™ JE Bl Z 8], BE 5h 2 FOBE S 3 B9 IR G 06 4
TREfh 4-BF 5 8 1 R i 146 PR AR, & AT X Bz Y 1 38
Cu FRBGEREN . XARR 1 HERE 5 0 IREE S
Cu B Cu FERFATH R T (K 5) , KB IREEH
HELHECu BB RVTERS Cu SRYEBEN
AL F, UL Cu i X 4 S8 R Al 16 R B K

B 2 AN [R) A e A 0 i e O M AR A ML
B R E 5 SO 0 M AR L AE 924 ~29.81 mg
TPF-g" dry soil-d" {uE Bl Z [0, # & 2 FEE M 3 1)
I8 B T R, BE 5 ~ B 7 U I RN
FRAERES, 8 B9 Cu & & 5 K, (8 H B S0 M % M o 1o
R NK TR 2 MEER 3, HIEREEHES Cu
BE . Cu B NESHEBARE (KS5), U Cu
18 A S 5 - R A AR AR
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Fig. 1 Soil urease activity in different samples
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Fig.2 Soil dehydrogenase activity in different samples

A [ - SR o 0 B AL B S PE AR (L R WL 3,
ME A IS M 7E 0.37-4.63 mg glucose- g
dry soil-d™ JE B Z 8], + HEE 10 B 5 1 A A8 fh ML A
55 R Al 0 R AR TR — B, B S 2 RNEE S 3 Mk
RS ME R K, FE AL 6 FVRE S 7 B9 5% LIS 1 B/
JUERESL S FIAES: 8 9 Cu & R, (B 2 H i LRy
WEPEW ALK, Cu & Bt A 5 v 4 S8 5% 1h il 75
MEERER, HXEHEITEREH(FLS), L Cu
FRENEMEEAFEDEOMELKER, H I H#
Wy - S AL T R T B2 Cu SR,

23 RIA] Cu & Hik % 40 1 5 K 5 D150 52 )

ASTR] SR it 1) 4 TR R DR 4 DL 0 Bt O L I
4, N b 2 L R B DL B7E 4 5 F £ 3.10 x
10 ~ 184 x 10" MG Z 18], KES 1 ~BESh 3 A 4H
TR R 8 DR A, TR S 7 R 8 Y A B
98 DL BSOS BEARAIK . X AS ) - S0 ) 40 R 5 L 4
%5 Cu Eht Cu JEEHAITHEMT(ES) G5 R

w

f

FN

W
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—
L

- SEE ARG (mg glucose + ¢! dry soil + d)

(=]

V0
Wz
W0

Igasg [5%3
7
F i Samples

B3 ARiHERNELEEIEEANE
Fig.3 Soil invertase activity in different samples
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Fig. 4 The quantification of 16S rRNA gene copies

of bacteria in different soils
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Br EERENHSIE Cu REEREEN
MAEXR, AR N-092(p <0.0001); 41 5 & H
ENHSTERTERIS Cu SEEMEE R IM
KFER,HAELREN-090@ <0.001); MEEEEFEN
5+ Fe-Mn EAYLEEE Cu . BAHLEEE Cu
MRESCUFEBEYERBEAMLER, XX
B, Cu e Xt A E S A R KM HER
24 A Cu & EX B EEE I HAE M

AR EREROETHEERNENRSELA S,
B adEERENRESTT L 737 x10° ~
6.82 x 10° N2 [A], AF L EERE S 2 E 7% KM
THAESHEEFE N HELHE B TE Cu
TERRNIEERPHERERENER D, RZ
WL, FIF SPSS #44 Xt o o 35 B ¥ D1 B0 fn + 38
Cu BB Cu BEEEEBHITHERIWN(ES) , KA L
BEHEREZEIES U R EEBEMAMEX
ROMHXARBH-089(p <0.001); + L EEEEN
HEBRUTEBRS Cu SBEHERENAMELRE,
HXREN-089(p <0.001); HEARXHFENH S+
H Fe-Mn EMYEEE Cu FHEED Cu KRR
SCuTBRUBHERBENRMERXRXR,HY Cu b
EXHELEESNBEMHIER.

3 iti ( Discussion )
THERERES T EABIFHXNE, BN
FHLSN PR, B P9 R B 7R A 1 385 T DA G
TEPWEOBEL, MESREE THEEEL
3 [ 44 o R BT DA B TR 3 & B FE Y, Rotini
TE 1935 EIR T HIBREEEZE REZAT A

oo
T
=}

soil)

6e+9

1 dry soil)

4e+9

2e49 |

AT LR DR (g dry

Gene copies ofbacteria/(g

f‘#‘!‘l[’! .\‘Ilnlllll'\

BS5 FEtHASNLTHEEEIATULNE
Fig. 5 The quantification of 16S rRNA gene copies

of Archaea in different soils

I EZXRE", Ge FPHF5 Cu S Y - W R
B PER AL, R A Cu LA R Cu iy
SRBEALBENRMELLR, RIVLERS
Ge SR M —2 ., Hu £ 4% Cu 5 Se Xf +1%
RREEHIE ), 5 R E W, X Cu MR E N 200,400 F
800 mg - kg B, BR B I ¥ bb X AR &b 2B 4 B F &
315% .38.1% 1 59.6% « B XHIBITEREH, Y
Cu & &N 980.14 mg - kg™ B 1 HENR B 05 4 B4,
EES Cu W B4, + BAREEE R H
TR EF, XA R E R AR R E
XfRRESIE MR W AR A .+ P M R B R R LR
B IR R Y R, Bartowiak F1 Lemanowicz I
BB MR EBENRERERYRFTEL B L
BHEXZHM L EFRENE W, R R L ED Zn &
BYWHEMAEBEL W, FAREE Zn /EHEH
EEH RIS, —E F5 B AT AR BB 1% 4, (1
B —E 8 BME S X4 52 i EE I ",
FHRP BEHEEEFRAENLEIN Cu 58
ERHUABHWMHXEXR, BEA BT HER D Cu
BEBME THREIEOEE, ERLES R
MR, R—FKEE, KT+ B EL T8
WIRERE K 8 LN G F O A BT AR, B, %%
AT T 9 K /NAT AR ik 338 vh oA B4 B B 55 4L
ME, 2R, LT EHEABEEA U SELE
ZHMERMNE, HE B LERELS T Cu BEHM S
THALEEREE, .

HMAEYE L EHHRAEM L BEMNERPE
EFEENEMR AWM BERNRET R T3
WEEEMEYBENATREERNE REENR
B EREEANIER. ESRSTEN DEMAY
BEF—-EMPW, AERTEREH EHFER
B i BB s A AE 4, BT L IR 2 B B ST 4
EREREMEHN TR EENFEEY, L
P SET RAE Cu ¥ B (0,50.,100,200 400, 800,
1 60071 3 200 mg-kg™ ) B9 45 1 5% K B 2 2B o 40 B b
BRETHNER, E1X XA FENRBELR S,
PHENZNBERETRESE, MEKHNE Cu
BB E T, 4RI A IR BE (3 200 mg kg™ ) H9IE
NtE, PR A R EB K, KPR
FEITHEKMZARANEE Cu BLEYEMW,
HEX Cu M ENEWERBTRE, DHEER
EMBBE Cu BB &5 Wi P, Chen % #)F
PCR-DGGE 1§ U EiEH AR THREES Cu FEM
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PHESHEENXR, RAHAHSHEEESER Cu &
BE—ESHENEBREFNRMAXY, AHRAA
BCR &%t + 3 H Cu MARIERH#HTTIRR, XA
THERTERS U EES54EERENBERE
WA MK, X5 Chen FHHRELERM— o
Brajesh %" F Fi 45 B¢ R ] /¥ # T-RFLP (Terminal-
restriction fragment length polymorphism)J7 & Xt &
SRR T EOBEYBRESHHTHR, RAE
SRBERNHET T FEPHEYHEE, BRE
THEMEYRBEESW, RI VY BB R
&, BMAEYBHEENTURE SRR BESRES
B9AE4L, T2 BN Fm bR T 28
B R AR, Rk, BESEWTBNIERS
BB BEY AR MR E S, IR T @
B ST B R A™, A RAAEE
HENHOELRTR T E Cu FEBORER, S5
T M Bh T-RFLP 8% DGGE £ R KB 55 8 — 2K 4 Bl
EIhRERAE Y 32 B £ 45 Cu MM AW,

TEFHNNEEESREPREEENEAM:
7= B g vty B RS ot B e R Ao R SR R e ik ) TR 3R,
i AL o B T B A WALV R R e AR IR
Tarah ZP i, HTHEMABEHAE S L EERE Cu
SBEREMNEMERXR(r=061,p <0.001), &
MHERSHEHEAR, " EEEEIHS L% Cu &
BRMITERS G AENERENAMEXXE,
Xia SRR BEH, THAHE Cu FE K IEH
BHAEETEEAEALTENERELS, XEHET
Cu’ \H' I T T3 + 900 72 B0 40 4 i i
™, Orell EHFR Cu M HEHENEMR, A
Sulfolobus metallicus (& B WAL v+ & ) 1 Ferroplas-
ma acidarmanus (ERIAFE I RAL X HIKE Cu
(312 mmol-L™") B MM, Besaury ZHHFREH,
Cu BRBEKTHENENER BHESTEMNH
EHEYLXREENCORBENENES T HEN —
BHEAERANEEY, ATENMREALT#E Cu
priast IR EBENE R, A LEMARFK S
FHEYETFRKHEE Cu P THHTERLLE MR,
A Cu B REERUBBKE,

L b TR, Cu Bhif B 25 i 1 ) 1 SRR BB YE
Xt S EELE - E, L
HEERENRS Cu BME BRATRES Cu & 8Y
ERBENAMEXXR AELELTEERE N
iR BURBE W SEHEREZFN M

KXF, UL Cu e xt A L EESHE R
BEMEER.

BREERNT:RELAF0970—), 3. L, HAER, L EMF
ELRELBR-HYAGTFHES HALPRENEL, REF
RIBBIBR FEREAFFITOOAR,EFRERR
ShE SR M A AR 130 B4,

EEpd
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