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Structural Diversity of Soil Microbial Communities as A Result of Combined Applications of Copper and
Cypermethrin

ZHANG Yang, ZHU Wei, SUN Cheng, XIAO Lin, YANG Liu—yan

(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210093, China)
Abstract: The effects of copper, cypermethrin and their combined applications on soil respiration and microbial biomass carbon were studied
using the traditional methods. The structural diversity of soil microbial communities was also studied using the denaturing gradient gel elec—
trophoresis ( DGGE ), and the double gradient—denaturing gradient gel electrophoresis was used for providing improved resolution of the
bands. The results indicated that the soil respiration and the microbial biomass carbon increased when lower concentration of copper and
higher concentration of cypermethrin were applied together, and microbial communities were also significantly affected. When copper and
cypermethrin were applied alone, soil respiration and microbial biomass carbon were affected largely by copper, and the DGGE bands also
showed significantly differences. It also showed significantly differences on Shannon indexes. When the concentration of copper was higher,
the application of higher concentration of cypermethrin affected the soil respiration and microbial biomass carbon in a way but had little effect
on the structural diversity of microbial communities; maybe higher concentration of cypermethrin could weaken higher concentration of cop—
per’s stress on microbial communities.

Keywords: combined pollution; cypermethrin; copper; microbial communities
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Table 1 Physical and chemical characteristics

of soils used in the study

N . AL/ CEC/ 4 Cu/ K]
- f%
(ALt pH(H,0) g ke cmol-kg?  mg-kg! Fpk 5/%
Lokt 697 9.42 11.80 5.2 65

112 ki

B Al (Cypermethrin, 92% ) H i E A 25 T 412
{13 42 Cu(CuSO,- SHO )M 1 |- IRHB AL A
1.2 TIERRRALE

A RERAL T LA A, 20 A
5, S A AN 2 FR 9 AN FEAH
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Table 2 Treatment of cypermethrin, copper

and their binary combinations

cyper(RHEGR )/ Cu/mg- kg
mg-kg” 100 300 0
0 2 5 1
10 3 6 3
150 4 7 9

T RN 5 AL B 4 5, T )

SHO /KIFWIE AR 3 #2015 3 A,

K s R HE K H RIRRK & 1 60% A2 47, FooriR
51 A FRIL 1000 g HAEE TS IbBapr, kK oy
R EMREA LB TR, BT 22°C B R08
FER T0% M N TSR Th R GRER

1.3 EXWH*

1.3.1 H IR i e Al 2

PR T R
1.3.2 3Rl 0 2 0 I

SR FH A2 AT (238 AT 32k )Y s DU
1.3.3 86 R Y s i I

K & 5 7574 -0.5 mol - L™ K,S0, #& B ik,
AR B ik B TOC 43 #14% ( H 4% [t Shimadzu
TOC 2500 )il 2 , ¥ 1F 2255 2.64,

1.3.4 - 3EHE 5L 5 DNA $2HK

T+ A S DNA HEHUZ: IR Martin—Laurent 45
ORE
1.3.5 PCR 4/

PLAGAR 5 B AN TR 3L R A DNA AR, SR FH 40
519 27F 5 1492R 47 1S LITS £ 4 16S rDNA;
FELIZY 57 WAt , R FHXT R 2 B0 o Ay A T
[ 16S tDNA JE[H V3 X B AR5 50 51 P4 GC-
341F Fil 534R2GHEFTH 14

PCR [ Wi 7E MyCycler(Bio—Rad) F 47, KO A&
FHMALHE :50 ng BYBIHR .20 pmol 1F JZ [1] 5[ 47 200
pmol + L™ ANTP .5 wL f%) 10xPCR buffer( A5 MgCl,)
1.5 mmol -L™" ) MgCl,.1 U ) ExTag DNA 3 & [if}
(Takara ) FI3dE & F) AR KAME 50 pL, SRR LA .
94 °C 4 min;94 °C 45 5,55 °C 1 min, 72 °C 45 s,30 X1
;72 °C 10 min; 4 C{%1¢.

1.3.6 WU MERS B Pk (DG-DGGE ) Mg 4

TEHBRE DGGE (LR 15| ABERERE, M
T OBURS BE AR M, T A4 S UK T v DNA 57 1Y 73 B¢
R FREE P i A R %, A R X R
A FIRE AR T 08T LA R Bio—Rad 24
] Deode™ JE K 28 A Kl R 48 % PCR N = Wy i A 7
PR BEEERS UK A B o SR FH R VIR R BE I |, vk
JEE N 6%~12% , PR 158 [l R 35% ~ 55% (7
mol * L™ JRZ 1 40% 2 25 1 W Bk ey 1009% 75 14 ) 7E
IXTAE #1,60 °C,120 V {4 F Lk 6 h, B A EB
P (5, Bio—Rad BERE USRS HT R GE . AT (s
REEI 4R . KA Quantity One 4.2.3 (Bio—Rad)
X DGGE RS HEAT /0BT, X 4% Uk 38 43 B HH 1) 4%
H BCH OLE S5E B AT FL A, AR PE Shannon $8 02



5 28 45 4 1] AR

Bo% o2 R 675

K : H=- X PInP TR RUE YR RESS P 2 R, Hor
Pi=ni/N ,n; 78 B — S5 WG TN R, N 3RR Fir A7 D6 1)
SNTE R
1.3.7 DI T S RS8B40

Xf I - OLHA AT AT U R, B V3 X5
YA GC 32 )R AR R A8 74T PCR 47 3 R 3448
1§ invitrogen TREF AR FEIT o KI5 25 R 4258
NCBI £ 4f5 %2 , Blast 48 2 tH AH L =5 9 )7 51 o L
Clustalx (version 1.83) #{FdEf7rZ )¢ LX), 5
Mega 4.0 1 BootStrap J7 ¥4 R 48 K AW, i ih
50%Vh L HIE, W ERZ KRB
1.4 ¥iRabiE

Bd B E P22 R H ANOVA 23 K 5 (LSD)
TR (SPSS 15.0), H Origin 8.0 fEEI 4347,

2 HREiTiE

2.1 XM E R IREER R

b Bl A W A W A Dy SR e A T P
IR ) S Ny (IR A VA e 4 T G/ R S EAEERTIE S
YA RS, 2 TRV E Y B R e
BRI T AT DU A2 S A A b, HEsin T
FRAER 8.9 LHAIEE 4 4(Cul00 mg-kg+cyperl50
mg-kg™) 7E 30 d Y Ok BRZH ) A 4 B B 3
2, Ul W B ) S A T AR R P g e S 2
FRPR S P RE IR AR K AT REAZ 21 T (e 2, AT RS h
THRLERY Yy AT LIS ST A B e IR AT, i HL
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Figure 1 Microbial biomass carbon of the treated soil
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Figure 2 Soil basal respiration of the treated soil
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Figure 3 Microbial metabolic quotient of the treated soil
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Figure 4 DGGE results of 16S rDNA fragments from the polluted soils
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FREER S I A A Wi E AR B A 52, ] R
T e 2 2 e VR B RO R T, X U U3 T ) o
fifZ N, B 5 RIESrHT (UPGMA ) rh] LI H

=3 BIFETRRAEER KA FORT 8] (FFEIE A 30 d [BEES 60 d; RMTRYWEALA mg-kg™)

Table 3 Time and type of the treatment(the odd numbers stand for treatment in 30 days, even numbers stand

for treatment in 60 days; all the units are mg-kg™)

152 354 556 758 9510 11512 13514 15516
Cul00 Cul00+cyperl0  Cul00+cyperl50 Cu300 Cu300+cyperl0  Cu300+cyperl50 cyperl0 cyperl50
TERP S T 1A,
x4 FEIEA DCGGE £&F R Shannon 5%
Table 4 Shannon diversity index for the different treatment
Yk 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Shannon $8%{ 2.299 2969 2.683 2394 2907 2927 2702 2700 2770 2.634 2831 2296 3.169 3.171 3.393 3.066
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Figure 5 DGGE cluster analysis(UPGMA )
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Table 5 Nucleotide sequence similarity of sequenced DGGE bands with GerBank database

. GenBank Bl ROD B0 BT S Tk ECE:
Closely identified relatives in GenBank database Accession number Similarity/%

a Uncultured bacterium clone RMCL-63 EU665643 97
b Weissella cibaria strain G EU621988 98
¢ Uncultured gamma proteobacterium clone CBO1AQ1 EF471641 83
d Uncultured prokaryote isolate DGGE band GW1b3-3(B) AY501518 85
e Uncultured beta proteobacterium gene for 16S rRNA AB192234 85
f Uncultured bacterium clone 1P-1-016 EU704930 95
g Serratia marcescens subsp. marcescens partial FM163466 97

Bacillus sp. T53Y partial AM983495 97
i Uncultured bacterium clone RMCL-107 EU665641 98
j Uncultured Verrucomicrobia bacterium clone Amb_16S_1360 EF018876 89
k Uncultured bacterium clone FCPT656 EF516525 87
1 Uncultured Acidobacteria bacterium gene AB252946 84
m Uncultured Sphingobacteriales bacterium clone GASP-KB1S1_E03 EU297493 90
n Bacillus sp. Domas clone AS AF228797 90
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Figure 6 Phylogenetic tree of bacteria identified from the sequences of treated soil samples DGGE bands
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