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W OE kT RES SR T 8k (Dimethyl disulfide , DMDS ) (14 B R B85 , KA I A% BA 76 385 il Sk (R RS20, DA
PR Frofe 2 T (0 L3 T A B alidl o — R BE AR 4 DMDS AT , 37 X2 40 T JEA T4 -2 Wy 2 F0 AL B AR A S 5 RS A
AR BRI IR BE i pH TR M AR R A F N RO B . 25 R8I R B ali Ak A3 B A9 DMDS BRI T fir 44 h SZT-1, 4
I RISt T 16S xDNA JE R 3 47 [ 51 b X %658 2% BRI 910 5 28 90 & (Bacillus Cohn) 75 98% LA b W [R1 IR . SZT-1 BBk
AT LATELRL DMDS g ME— G IR (0 TCHLER 55 R 3 p AR K, 56 h R BE A A KA E W B3R PRI F S S5 R — e sh 12004, 4R SZT-1 7]
DIAT R0 25 DMDS F [ i 3 4, 1l HE2 58 101 1) 346.5 h 47 45 28 86.6 h; it o B R 25 BR A% S5 F 430 BT L 3% T AR 75 DMDS W1 B VR 1 K 250
mg- L, 5530 130 r-min™, pH 24 5, L R 30 °C, SMINRRIE g 34 , S0 R 28 (RIS, %F DMDS 19 B3 A s SR e, Wik 3R ik
50%. R REEH T SZT-1%F DMDS HAT —E MMt R TR SCF R 836 /5 A A TR B 88 b R /K b DMDS K 1
fi

SKEHEIR] : L T  FRAR TR 16S rDNA ;289 s S s BRI
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Screening, identification, and degradation performance of a dimethyl disulfide degrading strain

DING Jun', WU Hongsheng' , SUN Qian', WANG Na®, CHENG Cheng', SHI Taoran', MuhammadFaheem', NI Ni’, TIAN Wei’, WU
Yuncheng’, SHAN Zhengjun®

(1.Department of Agricultural Resources and Environment, College of Applied Meteorology, Nanjing University of Information Science and
Technology, Nanjing 210044, China; 2. Nanjing Institute of Environmental Sciences, Ministry of National Ecology and Environment of
China, Nanjing 210012, China)

Abstract: To obtain dimethyl disulfide (DMDS) strain resources efficiently and reduce the adverse effects of its residues in the
environment, this study isolated and purified a bacterium capable of degrading DMDS in the soil near an abandoned agricultural
pharmaceutical factory in Suzhou. The molecular biology, physiological, and biochemical identification of bacteria were performed to study
their degradation performance under different initial concentrations, rotational speeds, pH, temperature, and added carbon and nitrogen
sources. The bacterium was named SZT-1, and the bacterial gene sequence had a 98% homology with Bacillus sp. based on phenotypic
analysis and homology comparison using BLAST and 16S rDNA identification. The SZT-1 strain grew on a mineral medium with a sole
carbon source of DMDS and reached a stable growth stage after 56 h. The strain effectively degraded DMDS based on flask—shaking culture
and order 1 dynamic analysis where the halftime of DMDS degradation was decreased from 346.5 h to 86.6 h. The maximal DMDS

degrading rate (approximately 50%) was measured using environmental condition single factor analysis at an initial concentration of 250
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mg + L' DMDS, rotation speed of 130 r+min™, pH of 5, temperature of 30 “C, exogenously addition of starch as the carbon source and

peptone. To date, little is known regarding DMDS biodegradation, with the findings from this study of SZT-1 degrading DMDS the first

reported. This study provides a reference for the biodegradation of VOC odor pollutants that could be used to control and decrease the harm

by DMDS in the soil and groundwater environment in the future.

Keywords: dimethyl disulfide(DMDS ); degrading microbe; 16S rDNA; isolation; identification; degrading characters

PERER B Tk Ak Bl HHFD 2520
FE RGN DL A R AR A Tl PR R i, TR
At AR T R R B A AR BRI (ke R
g AER) CSEANY AR A AL
Y G A I R PR LTS G (VOCs)! . X
S5 YR 20 RGEACRY AL IR, B AEHE B A
fdifs 13 T K A SR A 32 3™ H1 75 %, [R) A
AT T AR B Ol 5 . AN MTE & 15 e i
K, B IR —E W B VOC AU, 2 B
() A5 B2 1 S f X 22 g AR M 2 Y B R
FRSE , I Ho2 535 AR IE I i — L6 i 22
RYHX, A TER 5% G0 1R AN RE AR

T F L T (Dimethyl disulfide, 475 4 DMDS,
53520 CHaS,CHs ) S — P ML R (0 45 0 14 35 B A LA
RN P AR By — AR A, B RS R R
Tk o DMDS 8% 41 Sy 3 [ € % 5L 75 G Py HE b )
(GB 14554—1993) Bl HF il 1) SR R 5 ey 2
— o DMDS ™8 15 Ye A= A7 IR 85 | U N A B, B Y
FLAE A B R R 7K b s BV B LA K [ SR R fige 1
[ FNE AR, AT LA RO S P R BRI AR B . 36
Be & A B K A L R A S R e Xt
DMDS 7 38 i 1) 434 5% B A T 25 I s2 im0 Akt
DMDS i HE L, Hir B 70 P45 v 10 ok 8 e ok BR il s
0] 0, 1R 22 BHF T AR & I I -0 — T 2800 [ i
Ko HATIRE R 7 2 32 P B A 2E B Ol
AL E IR G EOR EW R R AR A YR i
Ao

A R ELAT S (0 R AR R A SR Y e AR
o) -3 KR AL AP ECE 2R B A R R TS
YW RE 1 R TR AR R AE D EOR B, AT DA SR TR PR
AEAF I RS FE R A M A KRR T, o 20 ik T PT LA
W BREE b A2 2R A LTS G Ak Ry T St T LD | f
B (1 25 R OC R AT BIE R, & 2 9 A ALY A5 21 B
il DR S R G RAEPAFR . AR T 202l 4R
VR T B A PRI v 075 e, T e ok B T B
PR AR AR P RD Oy 2 — P ik
Wy LATS G Ay i — B, 308 3 A1) 5 e s 30 e e 1)

AR 5 o — iR A At e R0 3 2ok HE B A Y Y
A, YL T R AR B R SR AR, R TS )
FRF— 5 B A N,

DMDS AT DUAE S B0 TR i e i S 7 5 ok R, i 2ok
B B 0 fE fIE AR, Gk F % DMDS iR . B
DMDS 4% & AR 5k, T BSR40 B 2, Br LLAE
% IR I T 2 I EOR T-B, RIS R S — i &k
A€ 3% 25 A0 22 DMDS B9 5 St i LT L HAT, A=
Prug s A& T 20 RS R i , — 4 mT LA
I ) e A2 PO o e B B 25, A G2 s e W o i,
ALK B S PR A ORI,

AT IR A 28 T B R AR - 458 B b R K
FE&h, IF T % N 4 B a4k RERF i DMDS YA
W TE% A 0 ) R e M B N A B8 R - X LR 52 i, Ry
A HH 398 ) bR oK TR AR BE Y SR AT BILTS YL ) DMDS
AR AR S %

1 #M#REFE

1.1 RIERHAY
L1.1 BB i A aat)

AT PR Fe A 25T G DU R e B 4 4 05, 2
m PRAD IR 45t 1)+ HERE S R T KRR S ET TR G
TRAFECE T 4 CRY VKA 8 JORAT , 1N AR5 1)
A R T 7 R SR JERE B . DMIDS B A (B2 2K CoHeSs
Al 99.3% ) Wk I F Wl R BEFHE A BRA Al o 2k
g, B il FE B 2Kk 349k 31 KORS 2 46 1 A9 RO
A K LA . 4 P B DNA SR IBCR: 2% 356 52 20 1
41 DNA $2BGA7 &

1.1.2 UE 5%

I R DMDS A R A 7= R A 025 - <M
1% — S I AU 22 , L5 78908B15977A , Agilent
Technologies GC System, & 3% # : HP -5 ms - (60~
325 °C) : 30 mx250 umx0.25 pwm; B4 W45 85 5 35 %
B0 H i 8 B A A ol B 7K 24 3R B 7R (GNP-9160
) 5 B W WA 25 5 57 R 4 IR B AR (HY G-A
) 5 3= 1 DNA 9738 F0AG 0% PCR 20 MR (_F 7
B RHA BRA F] L 5. JS-680D) .
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1.1.3 B35k

T AL ER 15 7 2L (MSM) : 0.630 ¢ NH.CI, 1.965 ¢
K.HPO, - 3H,0,0.5 g KH,PO,, 1 g NaCl,0.1 g MgSO., 1
g EDTA,#B4E7K 1 000 mL. FH 0.1 mol- L™ ) NaOH %
W B HCL W55 pH 2£.7.0,

FREEOAMIERE FRES ¢, MK ¢,
NaCl 0.5 g, #8257k 100 mL. F 0.1 mol - L™ i) NaOH %
TE HCL B JE Y pH £ 7.2, BB FRILIMA 1S ¢
LA TR o

LB H: R 5L AL EE IR 1 g, BERESE I 0.5 ¢,
NaCl 1 g, #£{i7K 100 mL. FJ 0.1 mol - L' i) NaOH %
Wl HCUIE W JE 15 pH 2 7.0, AR IEIMA 15 g
KA B BEAE o

IR — SR 2 o I ETER .01 ¢
KNOs,0.05 g K,HPO,-3H,0,0.05 g NaCl,0.05 g MgSO, -
7H,0, 0.001 g FeSO, - 7TH0, # &4l 7K 100 mL. F 0.1
mol - L™ ) NaOH % ¥ 5% HCL A WM Y pH &= 7.4, [
MORETFE A 1.5 g B BHE
1.2 R AH*

1.2.1 KR53 28 S AR R IR S % e

B 25 g ik 86 +AE T 250 mL H#ETE I, 3 m A
100 mLEEZE7K , O UK B ES 2R , 75 120 r-min™ .30 CHY
THIRFE IR FIR%IRS . 24 b BUHHETE L, B & 10
min, W H0.5 mlL_F 75 70CE T HE A0 ECH A9 LB [ {4 5%
IRk b O VR PR M A T 00 A e e U bR o P
B - FESEA AR IR IS, B TR IR 5 574 L 30 CHIE
KiF% 48 ho MBSV ERETEIEA  IF H PR 3k
AN [] 1) TRV A T BB 78 4 185, TR A A, 5 57 48 he
Lol SE 3 KA TRVE o B AL S PR B YA TE LB TR
PRIEFREE R 48 h AF RNV L, AN AR VR I 7 7T
AT —SC AR S S H R WO . T DNA 32
Bt G4 UE DNA  $2 US 17 PCR Y1 (BRI
VKA, I Hok 2 BEDIN 7 /) 4 7 16S rDNA JE [
¥ BT A3 210 #9168 rDNA 551 F NCBI s & k17
989% [l FL X)) R T 44
1.2.2 BATERXT DMDS (1 s 43 b

FERRE TAES oy B alifb s B TR bE , 4% 1 5%
FFE R R0 T LA 200 mg - L'DMDS Jhy ME— B 5 4 G
PLER S IR b | P e B 11 9 52 BB O, £ 25 °C,
120 r-min™ FE IR R FEEFE 72 h)5 , W2 mL A
WCE T K TS - rh i TS —S0OM f -
JE S AR A T DMDS 14, 5 &% . ik A
PR R E AR R 35 °C, k-1 A

1% WHART]

4 1.5 mLe-min™", & FR B 230 °C, MS- VOB
£ 150 °C, Hif i A P30 (E I #AS 180 °C, K
6.777 76 Pa, BRI &4 3 mL-min™", J5 A 1115
FE B N #EE 250 °C, 7 11.604 Pa, B& #8455 3
mLemin™, B E & JFE1780 2 mLemin™, A E] A
30 min, GCHER 15 min, FE AL FRFLEHEAE 0.2 min, FRAE
Rof A 2% = O6F BEURE B (9 B3 A 5 i — iU B A B AR R R
) BEEE S A FR A B X 100% , B 2 454 B — T A
PR fifR 38, TR AR AR A A0S R o B Sl ) DR A A I TR
1.2.3 KTk

W53 B8 aliAb 5 0 TR AR 42 AP T % A 200 mg - L
DMDS ) TC AL AR5 S B v, 25 °C 0120 r-min™' 5%
PR 7, BN 3 TR, FEAS R A A IE] (O
2.8.16.24.32.40.48.56 .64 .72 .80 h) HuAf, F4r6
FEEETHE 600 nm BRI BRI ODAEL, BRI
PRI A K 2k .
1.2.4 I8 - X R4 AR K 1 52 M

KL R T SRR 5E T 56, 6 4 2 4lifb
Je B TR, e FR A Bl B 5% RUAME 280 T 5 DMDS
() JC AL ER 85 % v, W e HE [R] — B[R] ) ODgoo
DMDS [ BE , TT R %, 35 R85 PR - X 32 7T e
fi# DMDS [R5 .

WEEHFUF

(1)DMDS F U e B - 0 5% R B R T
44 50,100,150,200,250,300 mg- L™ DMDS [ JGAL
Eh BRI R EE R 30 °C L pH 4 7 55 Ky 120 ¢
min™ {25 E B 3% 72 b, ORI g R IR A b H
B3R,

(2)pH: #Fh 5% (R B B TR F 5 4 50 mg -
L' DMDS [ IEHLER KE 752 3, DL DMDS by ME—fiic
TR R 30 °C, 55344 120 remin™, T pH R 5.7.9, 4%
Pk 72 he WASINB AR, BB E AT 31K

(3) i B« #E A 5% R B 0 B R F % A 50
mg- L™ DMDS () JCALER 3G 5 5, DMDS Sy ik — Bk I,
75 pH 29 7, %38 9 120 v+ min™ I, 35 B U5 43 51 4
10.20.30 °C, IR K5 4% 72 he A g X BE A4
b ST 3 IR

(4) 5% 3 F2F 5% TR BU B T% A 50 mg-
L' DMDS ) JCHLER 5 772 36 v, DMDS i ME— B I, 7
pH 2k 7, 5 B Ry 30 CH, 8715 5% 3 43 51 M 65,130,
200 remin” , JRFHHEFE 72 he BAINE XTI, 44k
HEE 3K,

(5) AN I - 20 5% PR B BOM B I T & F
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50 mg+ L' DMDS g JCHLER 5 35 5L vh | 59 A1) ik ) 15 55
LRI 2 o WOVE R 4 2450 W X REHE , 76 pH ol 7.
TELEE R 30 °C FE M 120 r-min” S5 F LR 9: 72
he BEATIBR IR Ry %o B8, B AR PR A 3 UK

(6) SN A : B b 5% R T B R T 5 A
50 mg- L' DMDS iy e ML K 72 2k, A in 0.1 g 928
P IR 2 s B, 7 pH oA 7 RLEE R 30 °C B R
120 r-min” ISR IR E R 72 he BEA AR A
X B AR AT 3K
1.3 HiEAES S

K Excel 2010 HEA TR0 40 BRI P 32 2 1, 45
RN 3B A IE R IR 22 . R Mega 7.0
HEAT R B AR 22 8 SPSS 22.0 A T LR R
Z T (ANOVA) , BA5 R4 95%.

2 GHRESW

2.1 BHRIIEE

2t 2RISRl s 5 Wi S0 AR 8] — bk
Wi it e 1135 (A T Ak SZT—1, 1% BE LA DMDS Ay Pl —
R IR AE A A (I 1), AR b A TR 35 T8 AR RE |
ANBEW, FOMOE, BRE . 156 BIEs EkT
WMEL (K 2),SZT-1 A A ¥, nl G 8h, F 2 IRyl
FHPE . 55 16S rDNA I J7 25 5L 7E NCBI L LX) g 25 21

1 SZT-1 FAREEHS
Figure 1 SZT-1 plate colony morphology

R LR R T 5 5 Z R0 2 fAT 13 8 AR B A
ALY , TR R G & B AR QK 3 Fios
2.2 SZT-1RYEK %

i & 4e STZ-1 AR K IZmT LA 1, 3K 600
nm B, X FRTE 32 h Z 17 (9 OD (B X HL A AIG, Ud B B
MRARK B A NS, — W O T L 24 h il R AR K N X
FLASIE B, AR KB 2218 mT B Ko DMDS 1 M —
RIS E A . 32~56 h, OD i H A o b Ih a3,
I HLTE 56 h ik 3 5% &5 1 2.087 , 6 BHZ I bk 78 485 A=
KAR G, o] AR o A8 A 30, i &) 4a FTA]
4b 7N W A B i S22 i o, 7256 hm,
PRI 1 OD B 52 30— 7 1) [ P Tk 34, 156 8
B ET ] Y, 72 DMDS 8 18 PR R i g o Fe o, ol g
AT R R AR ) R R
2.3 DMDS HIP&fR N 12 5 R

XFH A SR AT AN A1 T, 200 mg - L
DMDS 7 TCHLER 55 35 L v 1 B f s R . ik 1 R,
[FSE RS2 T AR IR 28 5 72 Wi}, B ARBE R 1Y
DMDS ¥ [ 4 167.8 mg- L™, i il A SZT-1J5 , DMDS
WAL 109.4 mg - L, 136 BH SZT-1 % DMDS 47 BH &
FIRE MR . FSRZMET , DMDS () £t b 5 27 18
Rk it R LU ARG, ELAE 72 h B A A 13% A4 5 T
TEIRIG S5 1F T, SZT—1 % DMDS (1) i 5 Fiti 25 1 17] 1)

B2 SZT-1 8RR FER (X100 £5)
Figure 2 Microscopic examination of SZT-1 morphology

(X100 times)

KT427439.1_Bacillus_subtilis_strain_Bacteria N_16S_ribosomal RNA_gene partial sequence

94
o4 KM365462.1_Bacillus_subtilis_strain_CICC 10366 _16S_ribosomal_RNA_gene_partial_sequence
94 MHS518195.1 Bacillus sp. (in:Bacteria) strain. CLC-F11_16S ribosomal RNA gene partial sequence
89 MH200633.1 Bacillus_subtilis_strain_kp6_16S _ribosomal RNA_gene partial _sequence
KR967403.1_Bacillus_sp._ AER321-1 _16S ribosomal _RNA_gene_partial _sequence
STZ-1
0.10 B3 SZT-1 Rk it

Figure 3 Phylogenetic tree of SZT-1
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JER RGN, FL R A sh ) 2 i 26 an &1 S R, £ 0~
42 h ], Ho—mF 2] i DMDS ¥ 5 500 iR i 2 e (C/
Co) AW T B, 7E 42 h I AR 5 51 55.7% ,42~72 hit
FFFa . BIPRAE 32 h Z AT A2 K HLRGR 2% | i A o
HILEV AT, 32~56 h R AE K E A £ A= T, T
ok gt R S T B 5N L 255 2 SR TR R B SZT-1 [
fift DMDS #: T2 A7 72100 FH G FEATLH] , B ) 4 4, 2248 1k
S 100 Y e eI B AR AR S TOF- AR, W2 55 DMDS
PR U v FE A G o SR — 2R 8h 1 2E A 354 7 DMDS
Rt FEBLG, A AR A& X R A SZT-1 (i 50 21
1) RESAE 0.9 LA b, Ui B HLG 72 B30T, 45 65 — S8
J1eEi kR, N 2 T LI SE R SZT-1
J&i » DMDS F2F 32 1 45 76 % 86.6 h, I HH 42 Fh SZT-1 1]
DL RCHE 5 DMDS FY R AR
2.4 IR EFXF SZT-1 FEf&E DMDS BI85 01
2.4.1 DMDS fIH) b e i

P 6 JF s , ZEAR I (50 mg- L") DMDS B, [ A%

(a) Hi 379030

Initial culture stage

2571

(b) B3¢

Late culture period

201

15¢F

ODGDO

1.0

05

04 - - - -
0 20 40 60 80 100
Hit /B8] Time/h
() Kk
Growth curve
E4 SZT-1 4K
Figure 4 Growth dynamic of SZT-1

R2 SZT-1% —RE BB — R N FH LIS
Table 2 The fitness of grade 1 dynamics equation with DMDS
degradation curve by SZT-1

— RSO A R AL

E2 8 - . . > el
Group First order reaction Degradation rate R Half=Tife/h
model constant
XHECK  y=0.960 1e "™ 0.002 0.901 6 346.5
SZT-1  y=0.895 4e™ 0.008 0.901 8 86.6
LOg...A. A A
' [ S
-8 S S SNy
0.8 b.._“ ..... o
..... .
S 0.6 o ¢ 0 0. o o
S b
04r
02t ® S/T-1
A X CK
0

0 10 20 30 40 50 60 70 80
I} [] Time/h

B 5 “HRETmBEMERERNF &
Figure 5 Dynamic curve of DMDS degrading

AN 10.69% 5 125 e JEE (250 mg+ L) DMDS I}, [ fife %
4 60.97% , 1. B DMDS [)747] iy e J3 B S 5 M) B7 R ol JHE
) 56 gk 2R T A o 2 1R (300 mg - 1) DMDS i, H BH
AN R B, BE B IO S A — R R, v RE
DMDS ¥ B w1 AR AR, B A TR
2.42 pH

WK 7 Feos B4 pH I B2 REAR, 76 pH Ry
SHIGIRRIESAE T, Feff 22 n] LIS 31 23.58% , LT Y
W S A, B 5, 36 3 0613, 130 W T V& A K HE R, 1
T X DMDS MR 5 76 pH b 9 BB 251, BE AR
MR E TR, IS I (Rt FL /) 130 FH P 75 et
AR AR S22, ASF] T X DMDS KR o
2.4.3 R

WL 8 T, B8R e S5 AR R s 1 350 i o5 10 ) T+
I, 10 CH, WO 2R 2 0.301 , IR R fiff 3841
A 7.47%, i AR A R T 3 Ak 19 A2 K, 5 3 DMDS
P14 o it 3 AR 5 6 30 CCHR, WY B (BRI firp 2 452 20 °C
I K S 3 386 o, i B 7 3 6 L B S R Y, R

R 2hAEAMRBEGHT ZREZRBHRRRE (mg- L")

Table 1 Residual concentration of dimethyl disulfide with and without bacteria within72 h(mg-L™)

20 3] Group Oh 6h 12h 18 h 24 h 36 h 42 h 48 h 54 h 60 h 66 h 72 h
R CK 1944 192.2.0 192 182.6 179.8 176.6 174.4 170.8 170.0 169.8 168.8 168.2 167.8
SZT-1 194.4  178.2.0 160 153.4 146.8 138.2 123.8 111.4 111.8 110.2 109.6 109.2 109.4

1% WHART]
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= —A— G Absorbance = —&— WG Absorbance

T 601 ] 11.2 T 28t
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2 457 10.9 2 21F

E & E 04 £
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& 30 106 © X 14 =
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0 0 0 0
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6 DMDS #1%4¥R B3 SZT-1 B AR 35 2 (9 52 1
Figure 6 Effects of initial DMDS concentrations on the degrading
of DMDS by SZT-1

251 710.8

3 [#ff#% Degradation rate
—&— G RE Absorbance
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Figure 7 Effects of pH on DMDS degrading by SZT-1

30 CHY, B bR A A B HE B, U J3E 25 55 X6F A fik 238 1) 5 e
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