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Abstract Due to the shortage of bacteria resources for bioremediation of TNT red water polluted soil, a 2,4-
dinitrotoluene sulfonates degrading strain X2 was isolated from a commercial microbial consortium. Based on the
16S rDNA sequence analysis and the physicbiochemical characteristics, strain X2 was identified as Sphingobium
sp.. The growth experiments were carried out to optimize the growth condition of X2. The biodegradation
mechanisms of 2,4-DNT-3-SO; and 2,4-DNT-5-SO; by X2 and its biodegradation ability towards other niro-
aromatic explosives were investigated. The results showed that the optimum growing conditions for X2 were 30°C,
pH=7 and 1% salinity. The removal efficiencies of 2,4-DNT-3-SO; and 2,4-DNT-5-SO; reached 100% after 12
and 3 days, respectively. Liquid chromatography-mass spectrometry analysis showed that the nitro groups in
dinitrotoluene sulfonates were transformed to amino groups. Sphingobium sp. X2 has broad-spectrum degradation
characteristics. It can degrade not only dinitrotoluene sulfonates, but also other nitroaromatic pollutants like 2,4,6-
trinitrotoluene, dinitrotoluene and mononitrotoluene, providing possibilities for TNT red water bioremediation.

Key words isolation and identification of bacteria; Sphingobium sp. X2; 2,4-dinitrotoluene sulfonates; biode-

gradation
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TNT 21 /K J2 2R F 0 Bt 2 4008 il TNT 2o A2 Hp =
A i — R K, R Y S TS e Sk T I A
JiR 5 (DNTS), ItAhiA4 TNT, DNT Fl MNT 45 fii§ 5
FATAYN T, TNT Z0K A P B 3 Bk,
b BE R AR R RO, HOR Bt T TNT 20K 2% %
B, X bR R TS Y, U B B R
KIF %4, ik, TNTZ K55 + 18 2 2 H i i
TR fif DL 1 IR BT ] 73

SR HoRML, YR R —Fh IR
U HSAS AR Iy i, 2 MUED T LA B
BLV5 YW R I, K 52 2% 0 MLAL A P 5 A o ] o
MI/NFARE T L2 H B TNT sk b
AR, SR, ERTET DNTS B4 9 F i 1)
WFIEA B . Tsail MiF 78 ELRXT TNT £L07K (14 A 4 4 31
ik, (ER B M FEMHLIE . Zhang 25 WF 5T 8 & 1k
A H AR TNT 217K B A P R A sl o, &5 SR 3
WA 2,4-DNT-5-SO; AI # F RUF#f#, 2,4-DNT-3-SO;
AR YA o A I AE B SR AEE Xt DNTS (1
Wik ik 22 31 22 IR B 45 PR 1 B, <85 3 ol A 00 e fie 22
RATRR, WO E I 43 B A R R R T 1B
AR CHESLRE . AT AL 53 85 — WK AE = 2 %
st T P R 1 L P T XU, HLRE T 2,4-
S5 P DR 2 6 5 it ) TR R R JR AT AR R =, R DL A
A P PPN A T R R AR A B T 9

ARG 3 85 Sl AL Rl e AR B A 2, 4- A 3 FH R
FRER A B AR, Bt RS2 | A B A AL P RE AT
KSR T H 50 B, N A o R AT S50, ST IR BRI
TN B I R e R R A K I s e, Y 4 S
TR R T it T P9 o A L 8 L R %o Ll g i % 7 e A
G YRR

1 ¥R 5F*®
1.1 SEIeH Y
2,4-DNT-3-SO; H 2,4-DNT-5-SO5 Hi 2=} K2
G VY A HON B TNT 20K V5 Qe i, oK
V5 Y A Y B TR . R R
fif TR 43 B H AR G A YR DNTS 15 4% + 15
LBRG 3L A HMR 10 g, NaCl 10 g FfiEh:
FEHLY 5 g ¥ T 1000 mL Z£ 48 7k v, FI 1 mol/L Y
NaOH ¥ pH {8 2 7.2+0.2, FH & 5 K #H#7E 121°C
AT K 155080, 7 Bk R FRFE A A 18%3
B, 15 BAGEGE BT A AR 77 2
TEHLELBHE F7F(MSM): NaCl 30 g, NH,NO; 3 g,
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KH,PO,4 1g, K,HPO, 1 g, CaCl, 0.02g, MgSO,4 0.5 g,
KB FIK 1L, MEICRFEBNICL 6H,0 0.03 g,
FeSO, 7H,0 0.2 g, CuSO4 5H,0 0.03g, CoCl,:6H,0
0.1 g, MnSO4 0.1 g, Na,MoO4-2H,O 0.04 g, H;BO;
0.03 g MIEE T/K 1 L) 10 mL., 7% & K@ 1E
121°C F44F KR 15 5384 .

12 BRI BEEEE

B2 g BB & A0 DNTS 15 e 38, JiltA
%4 100 mL JC & LB WA BE F2 B HER i, 7
30°C 1120 rpm WY THIR$E K EF1TRE Y, & HEHGF
24/NEF . B mL 552, SR R B A P AR 1% 53 B8
ali bRk o

P BR[5BT ARR AE LB YR (A 15 37 35 v 3 Ak 15 5%
—E WY EFR], SR 3 & S i L I O R R R TR
BUATMES . AR CH AT R g% e Fr) )
WG A BRI A AR P, R 22 QYL (8 . HJEer
M L ROK AR BBOKRR . SRR R . 5l
A HaS AR . V=PI A B [l U o

it 16S rDNA JF81) 43 #8858 4 B B T dk . ]
20 P Y 2H DNA 42 G5 &2 (Solarbio, D1600)42 HL
B HAR B LN 4] DNA . Bf 15140 4 8F (5'-AGA
GTTTGATCCTGGCTCAG-3")#1 1513R (5-TACGGT
TACCTTGTTACGACTT-3"), il it B & Wl §iE [z I
(PCR)T #4 $2 U DNA . Zlifk1%) DNA % & 41K
AR BRA R #EAT I . fdi ] BLAST #4757 4%
TR H AR 5317
1.3 MR E R E R AE KB

o IR ke 1) B TRV T 78 3 G D LB YR A 8 5
Ferh ) FFAE 30°C F1120 rpm 45140 F 5535 12 /NN
Fh 35324

1) R R DL 1% A R, K B R A il
T HE IR AT LB AR B 32 5 v, 43 5D T2
BT 20, 25, 30, 35F140°C fUFEERT, 120 rpm 535
24 /N, R B ODgoo fH . BFALIEE 3ANEE .

2) pHI M. DL 1% 3R i, 1 TR AR 1 Fh 1
KR WA T pH 09k 5, 6, 7, 9FI 11 B LB A
g gk, 30°C H1 120 rpm 3555 24 /N, 5 ODgoo
. B350 pHAE M 1IN HCLA IN NaOH i 45 ,
HAREINER.

3) TR DL %R R, SRR R T
NaCl¥# 7 0, 1%, 3%, 5%, 7%F1 10%[%) JC NaCl LB
WARREFEHEL T, T 30°C F1 120 rpm 15 37 24 /et )
7€ ODgoH., BHKEINTEL .,



2,4- i S P DR TR A AR A A1 PR B0 0 1 L T T AR AR R M T

1.4 BHRITREEREE K HMEEL SR RE

fE

V45 TR ke 422 o 70 K TR 1 LB R AR 15 3% 2 v I 4k 24
INBE o R4S TR Y ODgoo M BE 2 1, B 10 mL B 43
FIAE 100 g #e & K 500 mg/kg fi¥ 2,4-DNT-3-SO; ™
F12,4-DNT-5-SO; 15 4% HIE M HEIE R T, IF-4Min 30
mL K, TR 2:5, FHEIEHE T 30°C A fE
B FEA PR IR . AR — e I ORI 4= e
TAESE RO R ARVR T . BAW 3N EER .

Sk BIF 5 TR R X6 AN () il 35 5 B Ak A W 1Y R i g
J3, A3 S R BE 24 100 mg/kg 1Y TNT, 2,4-DNT,2,6-
DNT, 2-MNT, 3-MNT 1 4-MNT {5 4 + 5 . 43 5
W 12.5 mL BRI RN 755354, 6000 rpm 2.0 5 534
W AR, F EH R IF T 40mL MSM R 3R 56
BRI A B 100 g 4575 Yo Wy 4 HE 7 HE 2 T,
T30°CH ., BB INMFATH. 7K5, BN
FE S T HAL B PR EE
15 24-“HHEHRFXEREREEBE=Y.

HELESWRNE

WP 2,4-fiF 5 FOR B TR ER A 00 - B2 g -4
110 mL 4K A 15 mL .08, RN 30
b, 30°C MR PR 3 /M, 10000 rpm B0 5 434,
WO 0.45 pm 7K R BB U8, S AORH €
T (HPLC)#F — A0 e . 2 45 R SB-
Aq {O3EFE (250 mmx4.6 mm, 5pm), KRR 40°C, 1
MR 230 nme DL E R — S0 1 1 (0.68 %0)
R s A AT RS BEVE G, i 1.0 mL/min, #EFE
7ok 20 uL.o

SR FHVBORH €335 5 335 16 T ASORT 3 gk ot A o i) 7 4
AT M. ISR IF: MR ] Agilent Extend-
C18 column (150 mmx2.1 mm, 5 pm), i 4 40°C,
HERERE N 10 pL, KD S 230 nm; RS &

Fi% 2 R 2 I B0 BE VR, 3 0.3 mL/min, Ji% 4%
F: ESI BB IR, — g5k s F s, &
T8 SL £4; KA MRM A isolation #52¢, HARE
F R m/z 261; HEEEIA m/z 50~400, fFR Rt
[ 300 ms, E4% LR 3500 V, SALE TR 35
psi(2.4x105Pa), T1§AF (N 4 8.0 mL/min, i
330°C, WEREHLE N 1.0eV,

TNT S5 A3 S Wil : B2 ¢ AR 10 mL
SIEMA 15 mL B0 o, IRTENR Y 307, 4°C A
Wiz 37N, 10000 rpm B0 5 704, M E T WU
0.45 um A HLARJEMLLIE, H HPLC #E— 25 i A 5
FEBGAGY & WL E T SB-Aq i
(250 mmx4.6 mm, 5 um), H:iEN 30°C, KK N
246 nm. i SR R HBERUE 2K (1:1), WA 1.0
mL/min, #FFEER 20 ul.

2 BER55H
2.1 EBEKHNEE

KA ST 43 5t O T R 2 RN A TR bk 5 Ry
X2, HAE LB B8 373 FAOREE T 25 B m e
WE 1R . ERE X278 LB ARG IR 38 AR KA
HILSRAE B 6, AWK 2 RE, 5T,
REEWAICE . ERTFEMET, X2HEKNFT
R, KEZH2~3 pum,

BRI AR 1 A B AR AR B 25 SR A5 1 s, X2
= RO, AT A2 i B2 R 4~41°C, V-P X5 |
Vi TR 3 Ji A0 7 1R a6 5 R Ol PP, B RS K i
HoS 7 AR 45 5 o B, REA2 ARG R F 2 Al ik A,
WVRIEINE . VERY . EAENE. L-RARE a4 A,

W bk X2 #9168 rDNA J¥ 51 7£ GenBank %3
i i 47 BLAST LeX), 5 8 2 B2 04 Sphingobium
yanoikuyae NBRC 15102 F AR A 100% .

1 E# X2 7 LB FREFE LM ERS@RBERERE D)
Fig.1 Morphology of X2 on LB plating medium (a) and under FESEM (b)
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Table 1 Physio-biochemical characteristics
of the isolated strain X2
E it 2R E it ELE S
Y - Hi% b +
V-P i35 + D-£3LbE -
R 5 + A 2 +
41°C K + L-fRA=hk +
4°Cc K + WA e +
BH K fit - 2 - +
H,S 48 - R +
O + il -
PRIR
s + D-Shk +

2.2 IMFEFEZ I E R E KB R G

T8 3o 5 R 57 24 /NEF IS ) ODgoo fH, BFFEASNIH
PR R B TR PR X2 AR KRR . P 2(a) R R
X X2 A KA, X2 7E 25~40°C f4 B 1l Y 34
BAT BB A KRR, ODgoo 15 20~30°C 715 il P I iR
T R n, 1E 30°C B AR K ACR R AE, #ad 30°C
J& ODgoo fHLIE /N . 253, Park Z5U"*1R ] Sphingo-
bium chungbukense KCTC 2955 [ 4148 — B 1R fig
BIBFTE R, B R AE 20~30°C 78 BBl PN BE IR 10 71 55
M FH s, WL 30°C 5, FEMSCR AN K R 1y
W T, B 2(b) s pH X 41 A K B8, X2
A TE 7~9 (1 pH S BBl P A= &, fefE pHAE K 7
PR R X2 0 R M Rt PR B A — s R )y, R
TE pH 2y 3 F1 11 B A= 52 31 10 38 A il o ) 4
Fu U135 1 5 2 1 9 i B FB3 AT 76 pHS~9 3 [l Y
Wt fift PAH, 7% pH=7 I B AR et mTRESZE N
pH AR B 23 B A 9 K 43 7 (AN 4R 3 5 R TR )
OO =1 S RAER: /) R i O 1 I = etk |

B, BT SELA 4 RS A 3R A s P D 2(c)
TR BE T A R AR R R SE N, TR X2 7E NaCLV B Ry
0~3%Z [ ¥ HAT B i A K BCR, 76 NaClLVk B o
1% A K e fd, HaT 5% AR K 2 20 W il . 26
oL, ZE Y& B, W A M B YL-JL2C 7E 0~
%R EEVE I N AT A K, 7E NaCLREE R 1.5% & T
R E . BRUIPR B, 78 NaClik E R 1%},
Y AN B B XTI IE (CA) Y B R AE 96 /N I
K E) 90%, HY NaClik ik 3] 2%)5, BEfFEHA
50%; T NaCl ¥k & >3% i}, FE#E B1XF CA AR B A
Vs, Ui, BEREB1 B —E MG S, fig
TERARER B 25T = U B A CA
2.3 EHRXT2,4- R E AR REER Eh AU PERE AL IR

TE T bR X2 fe AR A K &1 (30°C, pH=7, #hJE
1%) F AT A YR 0 . AR X2 X PP 2,4-
L VDR R %) R ik il 6 G 1B 3 TR . AT LR
24 2,4-DNT-3-SO5~ il 2,4-DNT-5-SO; ¥ i &y 500
mg/kg B, AR X2 E0E 58 & MR IR IR IR £, I
A1) 20 51 A 12 RT3 K. 2,4-DNT-5-SO5 . 2,4-
DNT-3-SO5 ¥ 5 # A= W) ik, wIREAZ h T 2,4-DNT-
3-SO; WAl K, SBOLHE IR R, Zhang
2 USIRIE 5% 53 45 T TE B925 X TN £1 7K 1y e fife 350 2
g5 BRI R ERE WX 2,4-DNT-5-S05 HA &
(I A %5, T 2,4-DNT-3-SO; AN BEB: [ . AT
A3 H A A T M TR X2 X R i R R 2 LA R
g 1) i R

[&] 4 Sy Bk 2 5 75 T8 Bk X2 [ A IS 00 WORE €833
Kl TEREMFTT, 35 & i~ P P2 (T3 4 B
3¢ BH 1 0 Xk 07 19 IO A EE 38 Sk 26 1) 43 i X g 2,4-
DNT-3-SO; #12,4-DNT-5-SO; . £ X2 (&),
P1 A P2 T 2%, 1000 2,4-DNT-3-SO5 1 2,4-DNT-5-

@ o ®)

pH ;%

B2 HEEE()EE. (b) pHM(OFHE)EH X2 £KHZM
Fig. 2 Effect of environmental factors ((a) temperature, (b) pH and (c) salinity) on the growth of X2
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500 —=—2,4-DNT-3-50;

—+—2,4-DNT-5-S0,

400

300 A

200 A

W /(mg-kg™)

100 4

0 2 4 6 8 10 12
1d
B3 E#E X2 3 2,4-DNT-3-SO; 1 2,4-DNT-5-SO5~
B P £ B 2%

Fig. 3 Biodegradation curve of 2,4-DNT-3-SO; and 2,4-
DNT-5-SO; by strain X2

p1 P2
A
P3
—0d
jn]
= —12d
g
P5
W
Lt
2 4 6 8 10 12 14 16 18 20

t/min

B4 BEBEMEIERERIER
Fig.4 Liquid chromatograms of DNTS before and after
biodegradation

SO; EL#E T A, [RIR H B 3 8T g(P3~P5). il
it LC-MS it — 5 58 E Wy B 7= ), P3, P4 FTPS 1Y
FEWE B BT A B 217, 217 R0 231, 4
X R A 90 5 43 S Ry 2- 5 R A i -4- B Y RS-
SO; . 2-FR AL B -4- 2 FE W K -3-SO5 il 4- 24 Jk-2-
MNT-3-SO5 . HHULHERT, 7E X2 B s 2, 4-
TR ORRER R M AR R, RIR R AP SRR
JEoAFE M FE, ik — o &3 . Lin PO IE
TNT A4 280 R fife ol 72 ok — A R SO B8 i 26,
I — KL . 5 TNT 254, DNTS i ¥
WD, LA R HEAT A AT, 7R AL
AN FERG S R RaseEm > SRR L, ©
JE 7 Wy 0 L B A, TE ) TR A, TELF R
8T AT g — 2B S BN T
24 EHRT EMBEESEREDMEE

BRI PR X2 X il F Ak A5 0 0 B A R R AN 32 2 TR &
255 7 RIFEM#, TNT, 2,4-DNT, 2,6-DNT, 2-MNT, 3-

R2 BEHRNHEELSWRIEREIR
Table 2 Concentrations of nitro-aromatic compounds
before and after degradation

W /(mg-kg )

ALY
i UPSE

TNT 99.65+2.39 10.93+1.82
2,4-DNT 100.27+2.62 35.2142.17
2,6-DNT 99.96+2.24 56.08+2.45
2-MNT 98.84+2.58 71.44+2.98
3-MNT 101.11£2.51 62.04+2.92
4-MNT 99.47+1.84 64.80+1.86

MNT F1 4-MNT 8% B 53 51 A 99.65+2.39, 100.27+
2.62, 99.96+2.24, 98.84+42.58, 101.11+2.51 F1 99.47+
1.84 mg/kg T F& 2 10.93+1.82, 35.21+2.17, 56.08+
2.45, 71.44+2.98, 62.04+2.92 Fl 64.80+1.86 mg/kg,
2B 5 K 89.03%, 64.88%, 43.90%, 27.72%,
38.64%F134.85%, LA 45 H M, Bk X2 X A 3
&) B A ) 3% M A RE I, N AURT LR ff DNTS,
AT LR TNT, DNT Al MNT 45 fil§ 3 55 18 75 e
Y. HEI, ©AF5EE S EE TNT, DNT il MNT
A AR, U0 Lee 251291 % 3 Pseudomonas sp. HK-6
A Y A L8 R RS Y prrB FE N, BERFH TNT 1E
FEVFIB IR TNT . SR, X LRI IE H 40 5 HH 1 TR i
A X — i K 2475 Y W EL A AT I R
T SEBR KM 2575 Y 3 b [R) ek A 22 Pl %5 7 e Ak
B ARG 53 85 1 S5 R e TR AR G 2 P AL
B R ELAE B R AR BE T, S T kKR 2
W ie R .

3 it

AHEFE NI A TR AE T 43 B — Bk DNTS R fiff 14
PR X2, el B RA RS #T S 16S tDNA %78, #fiE
TR R R Y R R A . X2 M AR K AR R
30°C, pH=7.0 Fll 1% £k J& . % A tk X 2,4-DNT-3-
SO; F12,4-DNT-5-SO; & fiff 253 HIAESS 12 KA 3
Kik#]100% . X2 1 i J5 6 12 F% it DNTS, H %
fiff B A2 R PR B S8 A0 3 s o B 5, O i — 20
WIFCN R RN, Bk X2 BA T R mEEE, A
AT LR A DNTS, 38 1] LA 56 b 5 fige JHC At g 2 5%
T WK HEZG 15 ) (1 TNT, DNT HIMNT), TNT4L
AKTE Y R oy A, AL BEME R K, B PR
B X2 BT % R A e T LA K b i e A 3R 5 vh
IR, RIE SR 32 4 Fhig 5607 AL & s Je 1 3%
Hi B — R IR H RN T4
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