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Isolation and identification of a DMS-oxidizing bacterium and its impacts on swine manure composting

GUO Yan-zhao', FU Rui-min'?%, XUE Ting-ting', GU Ya-nan', MA Wei—chao!, CHEN Wu-Ling"

(1.The College of Life Sciences, Northwest University, Xi’an 710069, China; 2.Department of Life Science, Henan Institute of Education,
Zhengzhou 450046, China)

Abstract: A DMS —oxidizing bacterial strain AM2 was isolated from activated sludge by using streak plate method, and was identified as
Thiobacillus neapolitanus. Tts optimum temperature and pH were respectively 30 °C and 7.0. Impact of the strain AM2 on swine and straw
mixture composting was examined by monitoring DMS outputs, temperature, culturable microorganism population and enzyme activity in the
compost. Compared with control, inoculation with AM2 not only significantly (P<0.05) decreased DMS outputs with over 60% reduction for
20 days during 30—day experimental period, but also significantly (P<0.05) promoted culturable microbe population. Compost temperature
maintained above 50 °C for 13 days during the experimental period. Activities of dehydrogenase, urease, catalase, protease and cellulose
were significantly (P<0.05) higher in DMS—inoculated than in control groups. To sum up, the strain AM2 can effectively reduce DMS e—
missions during composting process and promote compost maturity.

Keywords: dimethyl sulfide; Thiobacillus neapolitanus; 16S rDNA; swine manure composting; enzyme activity
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Table 1 Basic properties of composting materials

A~ 3%
i Y &) TOC/ TN/
UgE| grkg pH grkg” grkg! C/N
BTG AE 767.3 7.46 226.1 10.3 21.95
JINFEFF#: 689.3 7.58 269.1 9.5 28.33

Na,S3,0; %*ﬂfﬁ«%%f&m: KH,PO, 2 g, K,HPO, 2 g,
NH,CI 0.4 g, MgCl,-6H,0 0.2 g, FeS0,-7H,0 0.01 g,
Na,S,05+5H,0 8 g, 55l 20 g, 7K 1000 mL,

FRER SRR A WNE S g, AR 10 g,NaCl 5
e, Bifig 15 g,7K 1000 mL,

T R SR  KH,PO, 1 g, MgS0,-7H,0 0.5 g, &
P 5 o5 #2908 10 g, 19%d LT KR 3.3 mL, 1%
BERE R 3 mL, Biflg 15 g,7K 1000 mL,

FIR— SIS ATV ETER 20 g, KNOs 1 g,
K,HPO,0.5 g,MgS0,:7H,0 0.5 g,NaCl 0.5 g,FeSO,+7H,0
0.01 g, FH % 0.03 g,K,Cr,0,0.02 g, ZSERAR 0.01 g,
Bilg 15 g, 7K 1000 mL,

1.2 MO BEEEE

BUGPETSTR 1 g 2 A 200 mL Na,S,0; TCHLER 14
Begiderp (31 °C 180 remin™ 5537 24 h, % EL 10 mL
FE IR KT NaS,0; TCHLER R (35 52 3,
523 WG RIS 3 IR FRIAE NapS,05 ToALER V4R
BB B, 31 CHEE IS SR 72 h 5 PREUS 21

FPATEMEl bR R . TR NaS,05 ToHLER A 57
FEXTWIH A TR EA TS 0%, 7E 31 °C 180 remin™ 1Y
TR IR R FRAE Th 5 3% 48 h, A B IR /066 v
I E R R 3E N SOTIR B, 1 H UL RE I d5 i 1 — Bk
R T 5 SR 5% -

EBMBEMEEERIES, SEMAYERE (8
LA TR 28 40 56 5 TR IR CIA A FC 40 B %85 T )
Xof 5 156 BRI AR R 70025 B TE A 50 o SRR BRI B 0
K41 DNA 18 Mt , {405 16S tDNA 519
27F (5' ~AGAGTTTGATCATGGCTCAG -3’ ) F1 1492R
(5'=CTACGGTTACCTTGTTACGAC-3") #Ef} PCR ¥~
H, PCR VAR R 25 pL, AFFRSELUNT - 94 CHIAE
P 3 min, FELL 94 CZ5YE 1 min 55 °CiB & 1 min 72 °C
FEH 2 min HIFHR, EEF 30 U5, 72 CLEMH 10 min,
L B BHEE R FEL VK Rl H 2%, JF 5 pMD18-T
BRARESE  #E4L E.coli DHS ()82 25400, 18 7% PCR
WS UE Sk = R A TR I, r AR A 58
NCBL, FFAH A & A T LT oM, A 3 R SR itbAe A
(Mega 5.0)",
1.3 HESR AR

SEEGRTT AR R 4 K 3 BE R SR
K4z 10:3 JRA, 451156 A 4540 S L TRl , &
7R B A 1 e =2 Af R 2 in A 100,200,
300 mL T kk AM2 5537 3 d B FRM, R —4ihnA
200 mL [ TCTH NayS,0; TCHLEREEFRILME XTI, 5 5
d IR BIHE— vk, HERE S IR UET T 30 d. KR B AL IR
A HERE SR AR 15 em &b, 35 8 R E st — IR IE
METREE o AR fy A AE HENE S0 TF 4 LA S A3 Uk B 3
Jei— R F I S RAEIRAEHEARTRZ 15 em A0SRAE, 53
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Figure 1 Composting reactor
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JEEED:, LA 1 g H3EAE 20 min RT3 AR 9 HL0, Jit it
P, BN mg HyO,0 g7+ 20 min™' o SEFIEE: A 1 g
A SEAE 1 min A KSR I 2R 10T AR SR T R T AR
ANE BTG 7, AR 1 g P 2R D — 1B AL,
U g ZRYERE . 7E 1 g BRI A 1 Y
FRH SLETYE AN, 50 CREFE 24 h, W fr AR ) w2 b
BT AR RN LT YR TGS , S0 mg Glu-g™-d™,

FIFH SPSS20.0 BRA4-7E 95% 1) B A IX.[8] T X 4% 21
HEAT 5 2200 W R I A 2 B 1) 1 22 St o i R
SEEFI Excel A

2 FHRESH

21 BMABELE
MIE TG F i 5 BRIATREDS FE NayS,0; JoHlL
EhyEFREL FAEK, A BIFRIE N AM1 AM2 AM3 AM4
FAMS,, 2B R 2 22 0 i fs i, bR AM2 1 & %
W SO e B e R b 225 f/N HL5 HAth 4% B
SR (P<0.05), 55 2 Fis , 2610 AM2 A& ALER
B H AR . Ik R T JR ey, Hifmadi A
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Table 2 SOF concentrations in compost after 3 days of culture

FHFh AM1 AM2 AM3 AM4 AMS

SOi/g-L™" 3.7£0.11c 4.6£0.07d 2.7£0.15a 3.3x0.17bc 3.1+£0.23ab

T JESCF R E KR TE 0.05 /KF- F IR 25

K254k 30 «C.pH 7.0,

TRCER PR AM2 LN 0847 PCR 9738, PCR H2
VKRGS RANE 2 Fros . BERCHUK Sy 3 e 91, 19 3] —
B% 1468 bp K 168 rDNA , FF 35 4114238 Genbank
47 BLAST, X} BLAST 455474347, i Mega 5.0
B ERGERERWME 3, LBHE K AM2 5
Thiobacillus J& 7 B8RP Thiobacillus neapolitanus
CIP 104769(JN175334 ) [R] 51N 100% ., 25 TEAYF
RS ELER, B2 RbR AM2 % AR BB AT
I ( Thiobacillus neapolitanus ) ,

1 2 3 4

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

1.marker; 2.3.4 & 3 A TRE
2 BE¥k AM2 By 16S tDNA PCR #1845 R

Figure 2 PCR amplification results of 16S rDNA in strain AM2

2.2 Btk AM2 3t DMS HER 2 /Y220

DMS HEEBLUNE 4 Frs o X BEZH 50 pe 45 41
) DMS Bl it 25 5 B # (P<0.05) . 7656 5 d Xf B4
DMS B b6 K B, Ui ZEHENEET 5 d DMS
MO ST RTEMER P KER R, 25 10 d XTHEZH A
FHARMH 16.3 mg-m™, TR 4 DMS 1yHEi 7

:r ........................................................... T/waaclllus llj’droth?rmalis(M90662)

....................................................

0.025 0.020 0.015 0.010 0.005 0

Thiobacillus neapolitanus CIP 104769(JN175334)
Thiobacillus plumbophilus DSM 6690( AJ316618 )
Thiobacillus aquaesulis(TAU58019)

R Thiobacillus sajanensis 4HG(DQ390445)
| - Thiobacillus thiophilus D24TN(EU685841)

r— Thiobacillus thioparus THI 111(HM535226)
Thiobacillus thioparus THI 115(HM535225)

Bl 3 Eik AM2 RS LR
Figure 3 Neighbor—joining tree based on 16S rDNA sequences of strain AM2
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Figure 4 Effect of strain AM2 on DMS emissions during composting process
A5 d WA W SIFAESE 5 d Z PR R, 765 LB 2 T LR o B2 A A5 4 RO B il 4k P B R T
8~15 d WAl 100 m. 41 DMS FERURE S5 #F (P< 95 16 d ISR, R4 41T B U B 2
0.05)200 mL F1 300 mL 41, B3 2 FHAL T (P<0.05)%F A2 F A (P>0.05) (HE 3 5 TXTREZH (P<0.05).

HE 24 ;200 mL A1 300 ml 21 2 [A) 22 5 A B &2 (P>
0.05),{HJ2 300 mL 20 F-34(E /N, UL PR AM2 1)
IR IXTk 2> DMS R CA B S A T, A S g T
AR Z N 22 I AN B DR B T A 2 D
HER DTS NHERE SO )57 8 d FFAR 25 28 d, 42
25 20 1) DMS SR Y 8 HE 38— IR KR 7E 60%
[/ o
2.3 Bk AM2 3T AR SR M E RIS

ARG SR R AR AL L3R 3. AT 2 M B i
FEAED PR R R, B DA B AR A RS
FRBCR AR 2 5 A X A B A BFSE A LT X 1 U i
PERARI™, iy LA fc /D o 42 B 45 4 0% A T 550D L
PR = W AR T T 5 d, HARSFB [l o0 R 2
I HE K o W P TR T e T N T A Y

2.4 Bk AM2 3THERE R FE RS0

Pl 5 Ay TR 4% 20 55 0k I 2 A 3 HE S 2% Fh A 3R
JE T B AR A 0 o AE R B 2 TR A —
WA ETF, BRI A Re Ik 8 o s 1 i R(E . %
B4 2 2 0] 25 5 5.2 (P>0.05) , (H A AN HE AR o 72 o
o} B 2F 3 AR E B (/N T (P<0.05 )2 A 0 =20 o HE(K
T FEOR B TRUZE YR A 3k 55 i o
AT B 2% B AR 0 M A ), U B AM2 BRAZ R &
AR A TS
2.5 BEkk AM2 X HERREETE 1 A0 220
2.5.1 A

5 2 MO T T ot A T () AR fR A R an T 6 T
TN HETR B RN B ARk e B B Y 25 5 (P<
0.05), (H 4218 & 4 2 7] 22 5 A .35 (P>0.05), 100

R EARENBETL

Table 3 Changes in population of culturable microbes

A b /mL %#0d Fod FH11d #16d F21d %526 d 2 30d
M x10Y 100 3.2+0.17 8.1+0.28 7.1+0.14 4.5+0.12 3.2£0.15 2.9+0.15 2.5+0.13
cfu-g 200 3.1+0.11 8.5+0.23 7.3+0.17 4.5+0.26 3.3+0.18 2.8+0.28 2.5+0.03
300 3.2+0.13 8.8+0.16 7.9+0.23 4.6+0.21 3.3x0.23 3.1:0.14 2.5+0.17

X BE 3.1£0.15 5.9+0.21 6.3+0.19 3.3+0.28 2.7£0.12 2.5+0.23 2.3+0.18

ELHx10Y 100 3.8+0.18 3.3+0.21 6.2+0.29 5.6+0.32 3.1+0.28 2.8+0.13 2.2+0.12
cfu-g 200 3.8+0.13 3.2+0.17 6.3x0.21 5.7+0.29 3.1+0.21 2.8+0.16 2.2+0.26
300 3.8+0.19 3.5+0.17 6.3+0.19 5.7+0.18 3.1+0.17 2.8+0.21 2.2+0.23

payiist 3.8+0.11 2.5+0.28 3.9+0.25 4.8+0.23 2.5+0.16 2.2+0.11 2.1+0.18

TR % 10 100 3.1+0.19 3.4+0.12 5.7£0.13 7.6+0.20 5.5£0.16 5.1£0.13 4.6+0.17
cfu-g™ 200 3.2+0.21 3.3+0.18 5.8+0.10 7.7+0.17 5.5+0.13 5.1£0.12 4.6+0.13
300 3.2+0.11 3.3+0.14 5.8+0.11 7.7+0.14 5.6+0.11 5.2+0.10 4.6+0.17

pagiict 3.2+0.20 3.1+0.12 5.5£0.15 7.5+0.12 5.3+0.16 5.1£0.08 4.6+0.11
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Figure 5 Effect of strain AM2 on temperature during composting process
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Figure 6 Changes of dehydrogenase activity during

composting process
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Figure 7 Changes of catalase activity during composting process
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Figure 8 Changes of urease activity during composting process



SREE, AF: HEGRRR UL TR 5 S S O RS AL A 5 377

T(P<0.05) XFHAZ, 45754 Z ABA ] 0 2 55
(P>0.05).
2.5.4 HH

A5 LR I BRES (AR 3N & 9 fiis. 55 6d
A5 UL Y B 9 B IR, & A 2 (A1 B W 1 2
(P>0.05), %5 11 d ZJ5 WM =4 nEEmT
(P<0.05) %} BE A, (H 2 R 45 4 2 0] 22 57 S i 2 (P>
0.05 ) o B e AAE H BRAE S 16 d, 100,200,300 mL 41

FOXT BEZH 4351 2 23.8.24.3.23.6,18.8 U-¢™',
307 -
L <0100 ml.
- 25F
= ] 8200 mL oy )
1 e R
5 200300l E *
£ 1 i o,
& 10} R
[ - -
s R &
] S S E [S—
6 11 16 21 26 30

i} fa)/d
B9 EAmEITHEE

Figure 9 Changes of protease activity during composting process
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Figure 10 Changes of cellulose enzyme activity during

composting process
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