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Abstract Microbial community structures in undigested soil and earthworm casts collected after digestion were studied
by inoculating earthworms of two different ecological species in two heavy metal contaminated paddy soils. Eisenia
fetida (epigeics) and Amynthas robustus (anecics) were inoculated in soils for 10 days under lab condition.and then
fresh earthworm casts were sampled by gut purging at 23 C . The microbial community structures in earthworm casts
and undigested soil were analyzed by PCR-DGGE and cloning techniques. Higher microbial diversity and Shannon index
were found in fresh earthworm casts than in undigested soil (P <C0.05). But no significant difference in microbial
community structure was found between the casts from different earthworms species. By gel cutting and sequencing and
blast comparison. Myroides sp. was found in both earthworm casts in soils contaminated by acid mining drainage.
Bacillus sp.and Sphingobacterium sp. were observed in the casts from E. foetida as its unique predominant strains.

while Chryseobacterium sp.was only found in the casts from A . robustus . Pseudomonas sp.and Comamonas sp. were
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found in both earthworm casts in alkaline soil contaminated by waste water from Pb/Zn mine; Acinetobacter sp. was
found in the casts from E. foetida ; Chryseobacterium sp. and Sphingobacterium sp. were found in the casts from A.
robustus as the predominant strains. All the dominant microbial species existed in casts were the bacteria with high
tolerance to heavy metal. Earthworm digestion strongly affected bacterial community structure in heavy metal
contaminated soils. Microbial diversity was significantly increased by earthworm digestion, but casts from different
earthworm species had almost similar microbial communities. The observed dominant bacteria species are more capable
of tolerating heavy metal stress.

Key words polymetals pollution; earthworm; fresh earthworm casts; microbial communities; predominant strains
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Table 1 Main characteristics of the soil used for the pot experiment
Pollution source
Item ( 1 ( D)
Acid mine drainage (Soil ) Lead and zinc mine drainage (Soil [ )
pH 4.5 7.9
/(g/kg) Organic matter 32.0 64.0
/(g/kg) Total N 1.4 3.2
/% Clay content 26.5 22.8
C/N 13.5 11.7
Pb/(mg/kg) Total Pb 493.1 451.9
Cd/(mg/kg) Total Cd 0.7 1.4
Zn/(mg/kg) Total Zn 246. 3 450. 5
Cu/(mg/kg) Total Cu 377. 6 36.3
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1.1.2
1 , (0.34+0.06)g/
(0.4240.04)g/
1.2
2 s 3 ,
3 . a DCK I , EDC
+ I ,ADC + 1
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2013-08-08 )
1 000 g 2 mm ,
(15 ecmX 11 em X 13.5 cm)
60% . 48 h
Zhangt'" ,
16.8 g 10 d
) 50/
39/ . , o
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, 23°%C
24 h ;
—20 C, DNA
—80 C
1.3
1.3.1 DNA

Soil Master DNA Extraction Kit
(Fellix Biotechnology, LLC)

DNA . Thermo Nano Drop
2000 DNA
DNA o
1.3.2 PCR
PCR 5' GC 338F

(5'-CGC CCG CCG CGC GCG GCG GGC GGG
GCG GGG GCA CGG GGG GCC TAC GGG AGG

CAG CAG-3") 518R(5'-ATT ACC GCG GCT
GCT GG-3") 16S rRNA V3 ,
230 bp, 50 L .25
pL Premix Taq,1.0 pL (10 pmol/pl), 1.
0 plL (10 pmol/pl) 2. 0 ul DNA,
50 ul, .94 C
5 min; 94 C 30 5,55 C 305,72 °C

30 5,25 ; .92 °C
305,72 C 45 5,10 ,
10 min, 5 pL PCR 1.5%

30 8,55 C
72 C

1.3.3 DGGE
35% ~60%,DGGE
8% s ;1 X TAE
,60 C ,80 V,13 h,

s SYBR green [ 0.5 h, Gel
Doc™ EQ (Bio-Rad) ,
Quantity One 4. 4 (Bio-Rad) o
1.3.4 DGGE

,PCR o
PCR 50l 1.5% 75V
20 min,
, , TaKaRa
pMD 18-T Vector
, 10 pL,

( TaKaRa) ’

, ABI 3730XL,
Mega 5. 1 16SrDNA
s NCBI Blast R
GenBank ,

1.4
SAS 8.0 .
(Duncan)

(a=0.05), Quantity One 4. 4

(UPGMA) DGGE
s 0. 60 2
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richness, S). Shannon ( Shannon-
Wiener diversity index, H')  Pielou
(Pielou evenness index, E)

s
H =— > P,InP,
i=1

E = H'/InS
.P,=N,/N,P,



2015 20

98
H’ Shannon . 2 s ,
(P<C0.05),EDC
2 , 13.96 g/pot; ALC ,
2.1 7.96 g/pot,
2.1.1 EDC>ADC>ELC>ALC, 45%,

. 97%.

2 (n=3)
Table 2 Changes in fresh weight of earthworm and survival rate after inoculation(n=3)
Item EDC ADC ELC ALC
/(g/pot) 16.8040.10 a 16.74=+0.08 a 16.84+0.11 a 16.8840.11 a
Fresh weight of earthworm beforeinoculation
/(g/pot) 13.964+0.09 b 8.07+2.73 ¢ 8.79+1.02 ¢ 7.96+0.74 ¢
Fresh weight of earthwormafter inoculation
/% Survival rate 97.33 50. 00 73.33 44,95
:EDC + 1 ;s ADC + 1 ;ELC + Il ; ALC + Il
Duncan (P<<0.05),

Note: EDC: Eisenia fetida + soil 1 treatment; ADC:Amynthas robustus + soil | treatment; ELC: Eisenia fetida + soil [l treatment;

ALC: Amynthas robustus + soil | treatment;Different small letters in the same row meant difference at 0. 05 level by Duncan.

2.1.2 DGGE s
DNA PCR o ,
, . DGGE ,
16S rDNA V3 PCR , )
20 ¢ 1, DGGE o ,
DGGE . o
DCK T ;EDC T ;s ADC 1 ; LCK
I;ELC Il s ALC I o Li1~1s
Mi~1s s s 2.3 o o

DCK. Control soil T ;EDC. Casts from Eisenia fetida in soil 1 ; ADC. Casts sample from Amynthas robustus in
soil | ;LCK. Control soil [l ;ELC. Casts from Eisenia fetida in soil [l ; ALC. Casts from Amynthas robustus in soil
Il ;Predominant bands from [ 1-Is and [[1-Il ¢ were selected for the sequencing and blast comparison (See 2. 3
section). The same is as the following figure. below.

1 a (a) b (b) 16S rDNA DGGE
Fig. 1 DGGE profile of amplified 16SrDNA fragments from a group (a) and b group (b)
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2.1.3 o sa ,

2 a (a) b (b) DGGE
Fig. 2 Cluster dendrogram analysis of DGGE bands in a group (a) and b group (b)

2.2 0 N
3 Shannon
. 2 R Shannon (P>0.05), ,
.2
(P<C0.05), ,b
Shannon 31. 00 3.32, R
3 (n=3)

Table 3 Diversity index of microbial community structures of the samples in the test groups(n=3)

S Shannon (H" (E)
Test group Treatment Genotypicrichness Shannon diversity index Evenness index
a DCK 22+0.58 b 2.9840.08 b 0.96+0.02 a
EDC 264+2.31 a 3.1640.09 a 0.9740.01 a
ADC 2641.00 a 3.15%0.06 a 0.9740.01 a
b LCK 23+1.15b 3.014+0.04 b 0.9740.01 a
ELC 31£2.65a 3.32%0.12 a 0.9740.01 a

ALC 28+1.15 a 3.1940.04 a 0.9640 a

ab 2 s Duncan (P<C0.05),

Note: Analysis of variance was used for the two test groups respectively. Different lowercase letters within the same column represent

significant difference at P<C0. 05 level by Duncan.

2.3 . GenBank, Blast
PCR-DGGE , 4,
, 11 , 16S rDNA 99% ~100%

1 . 11 o , a 22
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(Myroides sp. ) . (Pseudomonas sp. ) (Comamonas
Sp. )
(Bacillus sp.) (Sphingobacterium (Acinetobacter sp. ) »
sp. ) s (Chryseobacterium sp. )
(Chryseobacterium sp.); b , 2 (Sphingobacterium sp. ),
4 DGGE

Table 4 Related bacteria of DGGE bands

NCBI ( )

/bp ) . /%
Closest relatives found in the NCBI database
Bandname Sequence size Similatity

(Access number)

1. 187 Chryseobacterium sp. (HM212415. 1) 99
1. 187 Myroides sp. (HE575905. 1) 99
I 187 Sphingobacterium sp. (JQ322881. 1) 100
1. 193 Uncultured bacterium (DQ980869. 1) 99
1; 192 Bacillus sp. (KC854390. 1) 99
I, 187 Chryseobacterium sp. (HM212415. 1) 99
I 187 Sphingobacterium sp. (JF327461. 1) 99
II s 192 Pseudomonas sp. (CP006832. 1) 100
I, 193 Acinetobacter sp. (FJ816054. 1) 100
IIs 192 Comamonas sp. (GU458274. 1) 99
s 167 Uncultured bacterium(FN356702. 1) 99
Shannon
3
« 3, ,
3.1 s
[2] s s
s [19] ,
0. 45, H ’
0.38C 2), ’
, Gomez-Brandon'* . ,
0.5 « 2, Lzo] | \
s [17] 3 s [21-22] ,
o o s
Thakuria '® , (23]
, s b ,
3.2 Shannon
, a C 3,
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