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Effects of earthworm gut on microbial community structure in
heavy metal contaminated soils
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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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T 5 BB R B AR A A E LR O AR R L B
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(19 A 0 VR 7 ik T AR e A I B4 1 S T Ok i
W51 345 A T <5 s ML) P R A 0 el R A Ak R e R L R B
JEIN Z — . —J7 I » i 351 1 398 b i) BOR: 3 2 fig
SR AR BT O R R R R 45 R R A 1 AR
A o AR ST R B E 20  A  E
SR R X e B 5 AR BT R A TR S e
e, H—JOrmAEE SRR T i THRE
B FI AR BRRRAE 22 S+ AN [A] AR 285 28 T8 i sk - SR A A=
YRR RRAE Y SR R R o 3R A il S T i AR
Bl BE BE B HL UK B2 (DGGE) 4 R 8 LI i 4= 9 16S
rDNA e K ECH o B Bilt 2547 Fe 510 23 A 558 40 TR
FIRE FIUR I 22 B e A s 25 AR AL, B E BT I2 B

T 3 YRR SR BIE ST rp Y B AR BIE Y
TEICAE T 1 X 2 A [R] 35 G R AE 9 B R g XK R
+ 53 il R R R T & WE U5 (Eisenia fetida) il
AT B ff B B 6 CAmoynthas robustus ) . i 5L
DGGE H A X i 45] HCE A/if 5 - 59 R 5] 35 f3f A= 9y Fib
FESS A HEAT 43 B - 488 718 e ] B2 ¥ e+ S i S Tl A
YR B S5 R AR Ak B TR IR A S8 IR W 1 9 R AIE
AR R 4 JB P A5 e A 2 18] Y 5C AR AR 1) i 5] 5 6
AV EAENERESBILH B ESETE R+
S5 R

1 #H57HE

1.1 g4
111 Xt

TEHC 2 F A g i X A AR 4 8 5 G X
TR X IR D A RFE I X R K
F5 4 (24°30' N, 113°45"E) 3 55 58 P 87 X 4= 38 ( 4
1), R4k Bl g3 F KRS + (25°7'NL113°22'E),
FKFERE 0~20 cm, KT )54 2. 00 mm F10. 15 mm
e . R IEA PRI ME SR 1 TR

F 1 ol TEEERBLER

Table 1 Main characteristics of the soil used for the pot experiment
75 Y4 Pollution source
53
Ttem BRI K (- 1) HRr LR K (IR 1D
Acid mine drainage (Soil [ ) Lead and zinc mine drainage (Soil [ )

pH 4.5 7.9
A HLE/(g/kg) Organic matter 32.0 64.0
2%/ (g/kg) Total N 1.4 3.2
ki &1/ % Clay content 26.5 22.8
BAE L C/N 13.5 11.7
44t Pb/(mg/kg) Total Pb 493.1 451.9
44 Cd/(mg/kg) Total Cd 0.7 1.4
48 Zn/(mg/kg) Total Zn 246. 3 450. 5
41 Cu/(mg/kg) Total Cu 377.6 36.3
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1.1.2 AKX sm

IR 2 FHE W5 o A S 6 2N TR B Rl o A B
SV PRy VS AN o s N B P2 . e
Fe s B e 1 G kg o3 Oy (0. 3440, 06) g/ 2%
F) 2R - JPE | 11 (0. 420, 04) g/ &% F A 2R 6 5] 1F
ik .
1.2 Rwigit

W 2 AR, &4 3 b3, 5 4b 3
3AEH K., a 2. DCK 2 13 1 % f, EDC 2 7
e+ 5 T A F,ADC S B+ 8 T
AbFE b 21 LCK Jy 3 [ 4 B8 ELC Sy o 1 % Jik 451
+ L AL B ALC AR PR B+ g 1] Ab 3,

B T 2013-08-08 FF 4 » B A J5 75 4« B L
1000 g i 2 mm §ii (9 + 58, %< TR A AL I icE
2 ¥R (15 em X 11 em X 13,5 ecm) H1, 1437
THOKGE 0N MG KR, FE 48 h 5. 454
Zhang " F 5 45 S e WA 06 e 051 A 95 1 B0 AR B 3K
B K ) R AR AN 2 16. 8 g w5 AT 10 d 4
PRIE IR BRI IR 7 & M5 29 50 &/ F AR BB 2
39 F%/ 4. Aok G i M| Bk 0% L AE AR B S8 B2,
FAERITE(2322) C, M 1 d RHFRE LR
TR, BEIRAHE T A b ], TC
IKVEG T BT KR IR L, 7 23 °C B 3R 46 b A7 ik
24 h J5 WA B i 01 S LR A A 5 AR by R R IR
B U FB 43 A S A OR A S T R I [ At 2 AN
T IERE SR T —20 °C.Ff DNA 2R ) 5 & T
—80 CIRAE.
1.3 RWFHE
1.3.1 # &% & DNA 69K

7 I 7 & Soil Master DNA Extraction Kit
(Fellix Biotechnology, LLC) J7 i 3 17 5] & Fi1 4 18
FEA B B DNA #2 8, {#i i Thermo Nano Drop
2000 % R 2 11 2 s A IS 2 A i DNA B ik B2 A
Ky DNA 4,
1.3.2 PCR 3%

PCR ¥ # F Z 3k Bt 5' K i ald GC Je /) 338F
(5'-CGC CCG CCG CGC GCG GCG GGC GGG
GCG GGG GCA CGG GGG GCC TAC GGG AGG

GCT GG-3)B|¥¥ 1 16S rRNA iy V3 X A[ 48 X,
Pyt R Be 2y 230 bp, 50 pl KRR R AN < 25
pL Premix Taq,1.0 pL BiHE514# (10 pmol/pl) 1.
0 pL FHEZI# (10 pmol/pl), 2. 0 uL Kikix DNA,
FHTC TR WK AN 2 2 50 pL, B &4 .94 C i
AP 5 min; 94 CARE 30 s,55 ‘CiB k 30 5,72 “C 4k

{d1 30 5,25 MEH ;b5 ,92 CA8 4 30 5,55 CiB k
30 .72 “CHEAH 45 s, 10 MFIF. 5 72 °C I
10 min, B 5 pl PCR = ¥y1e 1. 5% 3lg B e i b
o I HL 4 B
1.3.3 DGGE 44

AR PERS BE N BB 35% ~60% . DGGE #E i
T 800 B PN Wk e LGB AT 454 - 1 X TAE HijK
ZEp, 60 CHIK M TF,80 V,13 h, HUK4E R
Ja A SYBR green T 4eff 0.5 h, Qe A 25 58T Gel
Doc™ EQ (Bio-Rad) % & W & & ¢ 41 I8,
Quantity One 4. 4 #4 (Bio-Rad) #:47 &% 347,
1.3.4 DGGE BH# P 3 ok #5369 5 2 947

X3 5 B AC A 1R AT R Bl i, PCR 473 . F
W H PCR ¥ 50 pL 78 1.5 %3t BE M BE N 1,75 V
HL UK 20 min, 75 5E B AR R G0 h W58 HL UK 25 SR 91D
e AT = Wy IRl ™ g Il 4t AL JS . ok B TaKaRa
AT pMD 18-T Vector it 5] &0 B i 1 B 15 2%
W, VAR R 8 10 pl, F o % 52 75 40
(TaKaRa) #F 17 % 4k o [, % O 1 H i F1 BE 09 F i
7% b 5 AR R A 58 oL T M 4 2wl R AT e T
R 2 T 3 BT RE 4 8 S AN I o A I SR
MU A 260k i, I 7 AL #8 o ABL A w Y 3730XL,
iz Mega 5. 1 8 XFI 7 45 3 16SrDNA J3 91 i
AT 0 . T3 53 NCBI Blast #4778 26 1 X, 4%
2 7 1E GenBank Hag ALY 791, B 52 BT I
IR
1.4 HIELIE

R BIE R SAS 8. 0 A4S0, 5 200
By F1 2 B b (Duncan) i F H A [ 4b B ) 4% 48
b2 5 M (e=0.05), H Quantity One 4. 4 #k
P AT I3 43 B B o 2R e R B 3 R A X
FRCF 1 CUPGMAD XF DGGE [ 3% #: 47 5 2 7
M s — B A UE = T 0. 60 BY 2 DREIKHAT 5 b
AR LM, f % R E E B (Genotypic
richness, S). Shannon £ #£ 4 ¥ %t ( Shannon-
Wiener diversity index, H) & Pielou %] B #§ %1
(Pielou evenness index, E) Xt + e {4 ¥ BEVE £ 4F
PEHEAT 73 Hr s S A AR -

H =— > PInP,
E = ILI/I/lnS

A :P,=N;/N, P, JyEAFE G B — 5570 1 i i
FEIZAE it v BT A 255 SR B R BT R HR L NSl B
— VK B 45007 B 58 B BT, N O i — gk 3 L3 —
SO IR EE S S AR L T A A BCE Y BRI,
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H' 2} Shannon ZHEVEFEHL. 28 2 LA, B SRS RS L T AT Ak B ) i 0| e T R
FFEAK (P<C0. 05) , EDC b 34 hip ] fof 0 %5 H: Ath 4k 3

4B E

RS B0 13. 96 g/pot; ALC 4b F i 48] ff 8 2 415, K
2.1 FEWESTEMEYEETK 7.96 g/pot, 4% b P W] AE G R E B K K.
2.1.1 m#HAKBRBEFRIA EDC>ADC>ELC>ALC, H i %k 45% , &

i | 7 8% % aok A v R B O R IR B T LR h97%

R2 BEWMEELAEEESEEMNFERRERLEN(n=3)

Table 2 Changes in fresh weight of earthworm and survival rate after inoculation(n=3)

i H Item EDC ADC ELC ALC
He B i 151 5 7/ (g/ pot) 16.80+0.10 a  16.74+0.08a  16.84+0.11a 16.88+0.11 a
Fresh weight of earthworm beforeinoculation
B R ol 5 ¥/ (g/ pot) 13.96+0.09 b 8.07+2.73 ¢ 8.79+t1.02 ¢  7.96+0.74 ¢
Fresh weight of earthwormafter inoculation
TE1E %/ % Survival rate 97. 33 50. 00 73.33 44,95

H:EDC Ry o T2 PR+ 8 T 4038 ; ADC S5 A B0+ 158 T A3 ELC S ok 7 2 R0+ 8 1T 403 ALC iR B8+ HHE T
Ab B A A7 AN ) B 2 R AL BE TE] Duncan #6 88 22 535 i 3 KF (P<<0. 05)
Note: EDC: Eisenia fetida + soil 1 treatment; ADC:Amynthas robustus + soil 1T treatment; ELC: Eisenia fetida + soil ]I treatment;

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

2.1.2 #&E8| %5 LM A B % DGGE B # 5 41 eSS FEON R T A W) 22 RE T A AN TR) Ak B ) Y
Xt BE S R 05 FERE AL B DNA 223t PCRY7HE 225 0 AS[A] i s b 3 0a) B oA 0 22 36 JR] 9 2% T
Ja S SRR R AR ROR F BR & W DGGE £ s 20 3k Z0 i 19 58 J8E o AN A (R » 0 D ] 8 i 22
Jr#5 16S rDNA V3 Ji Bt PCR =9, n] LI B4 4L 6] Al REAF 16 — L8 3L A7 (19 40 5 28 70, ] i 7 2 % I
YR 20 R VA L4l (B D WX DGGE [t WI2ERUE YA W R B9 BicAs . A LT X I 0, gl
IR GETt ol LU B & R 2 AT —E 22 0. BRI RO 2 B R WIS 2 BUE W) 2 AR IR
DGGE &l i Pk 4540 B0 H Vo L B8 R A7 7 B

@ _DCK EDC_ ADC ) _LCK _ELC

A
4

[
ST R
AT TR T T,

DCK #yxf B+ 8¢ T s EDC S ok 7 % M1 g 3 T /5 09051 2% 5 ADC S A 35 B Wl ol + 58 T )5 A9 151 2% LCK
Jo Xt BR AT s ELC Aok T 2 051 B 1 5 11 )5 081 265 ALC o AE R BBIBCE LT B 2eEs. T~ 155
I~ I A PE3AS5AT T S R 0 2.3 /MY, TRIE .,

DCK. Control soil | ;EDC. Casts from Eisenia fetida in soil | ; ADC. Casts sample from Amynthas robustus in
soil [ ;LCK. Control soil [ s ELC. Casts from Eisenia fetida in soil [l ; ALC. Casts from Amynthas robustus in soil
Il ;Predominant bands from [ 1-I5 and I[ -1 4 were selected for the sequencing and blast comparison (See 2. 3
section). The same is as the following figure. below.

Bl 1 af(a)Fnb4E(b)# S 16S rDNA # i) DGGE #5474 £
Fig.1 DGGE profile of amplified 16SrDNA fragments from a group (a) and b group (b)
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2.1.3  #7EE) A BEE AR S AT

B R 45 R IR W (B 2) . 41 b 3
FE i Y R P2 0 B - A B Sy — 38 | 2 Ak B Ry
Iy 25, U WY ke 5] BB T AR AR AT RE s kR
A 0 B U5 45 R, AN TR) e 5] BB g SR 4 B R

045 0.60 1.00
DCK,
9 DCK
0.78 3
DCK,
0.45
o EDC,
EDC,
026 EDC,
0.62 ADC,
- ADC,

(a) a 2 a group

YIREvE S5 MR A K. WA RIPER B L a S P .
W 951 2 Ak BRLTE] 48 0. 56 ALK B —25b A
WL AR 0.5 BYARRL K b 7 i gl 26 A BRI Oy — 2%,
W 2 A [7] o 151 2% 22 8] f34 26 W) 0 v 45 4 A AL 1k
B

0.38 0.60 0.80 1.00

LCK,
LCK,
LCK,

FLC,
—0.70 FLC,
FLC,
ALC
ALC,
ALC

0.89

0.56

0.13

(b) b £H b group

2 a#H(a)®n b4 (b)H S DGGE BiE B RS
Fig. 2 Cluster dendrogram analysis of DGGE bands in a group (a) and b group (b)

2.2 WMEBESTERENSHEERETL

AN T A 3 0 B0 A= W eV 2 MR MR AR Bcn 3k 3
INe X2 R gy 4 58, B AR = & B A Shannon
2 BE VR B B0 B R e 0] 2 R W 2 R T U R A
(P<C0.05) , Hrfr, b 41 v (1 2% + 2% Bk 5] 3% 356 X A8 5=
& B Al Shannon ZRE M35 %04 )k 31. 00 F1 3. 32,

IBE) T . A% 2L U6 2 Ak B ) R DR 4 R
Shannon Z B8 B LK ¥ 20 48 BORR AR 35 31 12 3%
PEZE5E(P=>0.05) 0 A R i+ 28 ir 5] 302 i ik A
FH 351 26 64 B 26 0 ol 6 0 22 A P 45 R 2 L 2
T AN ) A 285 SIS 8 e 51 ) ) ) 28 3 A 0 22 M R 4R B
B (o

x3 HEAHMBENHZSHEEER(n=3)

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

il 50 21 Ak 3 RN FEFES Shannon Z#EVEFEF(HD ¥4 FEFRE(ED
Test group Treatment Genotypicrichness Shannon diversity index Evenness index
af DCK 22+0.58 b 2.98£0.08 b 0.96+0.02 a
EDC 26+2.31 a 3.16£0.09 a 0.97£0.01 a
ADC 264+1.00 a 3.15£0.06 a 0.97£0.01 a
b ¢ LCK 23+1.15b 3.0140.04 b 0.9740.01 a
ELC 31+2.65a 3.3240.12 a 0.9740.01 a

ALC 28+1.15a 3.19£0.04 a 0.96+0 a

TE 0 a b iX 2 LB 53 0 BE AT 7 22 23 A7 1R 31 4% A ) 5% B 36 7 Ak B ) Duncan 46 4 22 57 35 12 K 57 (P<<0. 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 HEHBEREVIBEHRSN

A PCR-DGGE i S 1&] 1 . % 2% A AR & AL
S A5 BEAT UL Il i, RS 3 11 A4 S 1 2
PRy 20 CAE IR 1 ARas o XPax 11 2%l BB AT

750 I € B i 45 )7 41 38 2o i A GenBank, Dl Blast
P HEATAIE b B R LR 4. AT S
i e 16S rDNA 351 (4 A8 LM AE 99 20 ~100 %
ZM . Z5HERW L AE a 44 B v, 2 Fof i 5] 28 3 7] £l
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YR BT R R (Myroides sp. ) » 77 T 2 i 15|
L7 e R R S E /< £ N SR I S (O < I
(Bacillus sp.) ¥ 2 B 1 J& (Sphingobacterium
sp. ) o A 1 R M1 5] 36 b R A O ST T O AT
J& (Chryseobacterium sp.); fE b ZH AL FH i, 2 Fp o
) ) S v 3 [ A W R A A A RN AT T R

(Pseudomonas sp.) F1 M T B0 5 Jg& (Comamonas
Sp. ) » I - 2 JPE S| g 2 A O T AR L R AR A S AT
W J& (Acinetobacter sp. ) , H A% 25 3 5| 15| 2% B P 3
W R FE 4 WA 3 )@ (Chryseobacterium sp. ) F1
RAEEFT & (Sphingobacterium sp. ) .

% 4 DGGE %810 E #
Table 4 Related bacteria of DGGE bands

NCBI %5 45 4 Hh e A B4 18 Bl 44 R OCFF 385

iif’ii ijﬂif i iz Closest relatives found in the NCBI database Tfii tVyo
(Access number)

1, 187 &R E Chryseobacterium sp. (HM212415.1) 99

I, 187 FH VR B Myroides sp. (HE575905. 1) 99

1. 187 S EFE 1 S8 Sphingobacterium sp. (JQ322881. 1) 100

1, 193 K[} 35 Uncultured bacterium (DQY80869. 1) 99

1, 192 ZEHATH B Bacillus sp. (KC854390. 1) 99

. 187 G ENFTE)E Chryseobacterium sp. (HM212415. 1) 99

I, 187 W BT I IR Sphingobacterium sp. (JF327461. 1) 99

I, 192 LT B Pseudomonas sp. (CP006832. 1) 100

I 193 ANENFF B Acinetobacter sp. (FJ816054. 1) 100

I 192 NE R T Comamonas sp. (GUA58274. 1) 99

| 167 K[ # 31 Uncultured bacterium(FN356702. 1) 99
3 i @ P4 6 5] | 28 vb A A D R IR AU 35 & B2 I Shannon
ZREPEFR B E B (3R 3) . — 7 T . M W] AE T 4
3.1 WBFENESE SR T EREYEEFMEL Bl ERES K EREREE SMEDN L
14 B 22 M B URL R 2 R A A7 I A R [ R AR 0 2 X A

IR A: 0 7 A R o 7 00 A 3K 6 2 o | 2%
L0t B 0 AR R I AR LR B T 0. 45,
0. 38CIEl 2) , e | Jiy 18 AR5 4 ek A8 1 4= 38 i 7
4589, 3% 5 Gomez-Brandon''™ S #38 — 5. 4 iz 15
FEE A W REIE AR IR IR B 0.5 DL B (B 2) . X F
B R Ay 7E R i 051 3 1) 42 o () o R 4 S s Y +
FMHTF HARKSRE MRy —5, Wik, %k
Wl 2% ] R A W R BE A5 M B — E 9 A L M
Thakuria 45 ffF 53 % PR, 4z 5] fi7 38 BE 1 40 4 35 B 76
O 2 b 2 B0, L e AT 0% A G 3 B A2 20 AR M
Wy Jo ek AT R S
3.2 MBFENESESRTEMEDSHEEN

A

AW TR W G w5 U R R T 2 P s At £

I PR Ao b A A B S A AR T X S R
2% 3k SR A uE W51 0% WO T Bl 5 55 — O T S Ak A ) ik
M W51 T8 5 — 28 /)N 41 R A= P RE X i 18 W A A
PE L IF A 38 N A B K 3 R R AN B0 R
v A e 5] P A DN R TR T L B ) RN 2 A R
it 1] R 2% T A 20 BUB B W s BOE AR ) b 2
Y R TR AR 5 v T ) 2 v AR A g B R R
KRR ME R T 5. A U5 R, 62 b n
{18 33K 50 43 A 0 3 R M T TR AR 4% 4 T ] 3
[ AR ) Z HE PR AR O TE W Pk 22 = AHAE b A
2 - 2 Jk ) BB 553 Pk A X AR S 7 AR Y W 2 A
Yy 3L A 2 5 B Shannon £ FE M8 50 & T4
B2 7E a AP R R L R 3,
X ] BE 5 M 45 2R AR - M A G, R TR
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Wl — MG B 0~5 em HIERE . FEKRKERE S
F I AT BLA Jo o i H: 6 B 6 51 02 A R M XA Ml 7Y
DL g R EE G S F 5~15 em B R £ )2 UL+
HERURL AN LY B IR G W R B AR B 5T b 55 e
D B A BL S B R R R X A A
(KD, 5AAR B L, o5 1 % P05 05 5 ik 15
TSR R 7 AR A 2 A i A )
AR REIE VR

3.3 mBFENESETE T ERMEMR BB

%5 )

— BT S KR A R T S S K g R A
N5 438 AT A AR 2w ) K e
A 52 R G G R MR 2 AR
4 8 PUE B W Rl S B R R S
Gelsomino™™ %} 2 Rk v 45 + 1 15 Fp HAfth + 581
W58 2 BT AR [] #9133 HL A 58 R B A9 B A 4 b R
ARWETE 2 i DX b A TR B AT ML & B LA N T
JE4aE CoZn 1 Cd & & B#A AR GE D,
XA R A WUE R R 2R 22 R . BEAE TS
2 B T e o KA b AR W 1) Crie/ N AR L
A TR S ALY T I 5 A ok R
i W51 E B 4 i T PR 58 R DA S - RGO W B 1R i
TEAR 28 ke 151 T A IS HE H A S ) — s PR S R R
ST X T A EEAE R . ARG T A A 4
R (R OIFGEGHNIIE AT A I 52 iy i
BRMERZ NS B mT MR R R, kT
5% T W51 FDH: A B 5 M5 B R PR T IX. LM IS 7 A B A
W 8 (Myroides sp. )i 5 4 J& B-PN Bk g g 175 14 2%
DIAR S 5 2 ol e 051 BT 55 1k 7 X 7 A (A
FE BB (Comamonas sp. ) W4 IE 52 % £ Ffig 4y
VoA AR 1) B g s R S A L R R ek ) £
WP A X 4 7= 25 04 25 f T 1 s (Bacillus sp.) Hl
2 oo e | BB 555 BV A DX A 7 A AR RAT T R
(Pseudomonas sp.) X} +HE&H 4 & Cu*" . Pb*" Hl
Cd*" B B (et 5 ol 1 2 ik 1] B 55 sl 1k
WX 7 A2 1 A B AT T & (Acinetobacter sp. ) M|
G K Zn®" A 2 0 B AE S A R
g BBUEL PR R DX 5583 B0 4 DX B 5 A ) B R
J& (Chryseobacterium sp. ) XF Cd 4 %5t ;5 ok
% P M| SBUEL 1R 4 DX g RH: A B ) R 55 e
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