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Isolation and Characterization of a Halotolerant p-nitroaniline Degrading Strain S8

SONG Cai-xia, DENG Xin-ping, LI Tian, XIAO Wei
(College of Plant Protection, Southwest University, Chongqing 400716, China)

Abstract: A bacterial strain S8 was isolated from pesticide-contaminated sludge, which showed ability of utilizing p-nitroaniline as the
sole source of carbon and nitrogen for growth. Based on the morphology, the physiological and biochemical characteristics, and the 16S
rDNA sequence analysis, the strain was identified as Bacillus subtilis. Strain S8 showed high efficiency in p-nitroaniline degradation.
65.6% and 55.8% of p-nitroaniline (60 mg-L"'and 120 mg-L."") were degraded by this strain within 72 hours under the optimal
conditions of 31°C and pH 6.0. Besides, strain S8 degraded 49. 5% p-nitroaniline in 7% NaCl and 27.4% p-nitroaniline in 10%
NaCl (72 h), which showed that the strain S8 had a high salinity tolerance. When the L.C-MS method was used for identification of the
biodegradation products, six kinds of degradation products were found, two of which were identified as phenol and hydroquinone. To
date, this is the first report on the degradation of p-nitroaniline by Bacillus subtilis. These results suggest that S8 could be a potential
candidate for treating p-nitroaniline-contaminated saline wastewater.

Key words: Bacillus subtilis; p-nitroaniline; salinity; degradation characteristics; biodegradation product
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WS ) 5 W BE HPLC 9% 8 3% 4l ( Sigma-Aldrich 2
Al ESORHE (635X Agilent 1260 ( 3 E 2 HE(E 2
H)) ; WY LCMS-8030( H A B LA ).

1.2 B

LB WA 5 F5 5 (per liter) : A 15 ( Tryptone )
10 g, BEEFREUY) ( Yeast extract)5 g, EALHN ( NaCl)
10 g.

LB [EARR FEHE (per liter) : JBEEE 1 ( Tryptone )
10 g, BERFREUY) ( Yeast extract)5 g, B ALEN ( NaCl)
10 g, 3l (agar) 15 g.

MSM i fith T ML £R 15 57 & (per liter) . AL HN
(NaCl) 1 g, BEMR & — 4 (K,HPO,) 1 g, B R
[ (NH,),80,]1 g, i R 8 (MgSO, - 7H,0)0.2 g,
1 mLEEMPERTETR. 2 PRSI (per liter) « BRER V4K
(FeSO,-7H,0)1 g, 5 b4 (MnCl, -4H,0)1 g, fifR
#F(ZnS0,+7H,0)1 g. pH 7.0.
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mg- L~ XS EEHE R 50 mL BERE TS HLER 35 35 kv
F28°C,180 r-min ' PfEIRFEIRIR G K5 3% 24 h, H
SEATRISR o B IR MR 2R TR A % 100 mg- L' X
ASSERE LB [ R BE #5 0 b, 7E 28°C Ayl 15 5%
FABIE TR 2 ~3 d; BRBUESRIR A SR 5 H
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1.4.1  BERRIESEIE K AR A AL TR il s

AW B TR HIE A . K/NERRE,
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1.4.2 16S tDNA [543 07

fifi R AR A= 16 BB A BR 2 ® 1Y TIANamp
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I M .5 -AGAGTTTGATCCTGGCTCAG-3"; F
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HHATY 19, PCR 34 55 F . 94°C TAZ P 5 ming
94°C 75 30 ,55°C iR K 30 s,72°C #E{H 75 5,30 4>
PEFRJG 72°C S 7 min. PCR P9 IO pafe 5, s
PRIV 2 A6 5 7S A A K DR 003 A FR 2 W)
J¥. J¥51[F GenBank %4 ¢ v L A ¥ 41 #£ 4T BLAST
Xk, MEGAS. O #4822 S8 kAL
1.5 BABE S8 MR K R R AR R R I Y

FREERI IR N 4°C LR AF 1 A1 L PR EC— 2R 40 B
S8, #F 50 mL LB WA 32 I 10 KA = M,
F28°C,180 r-min " FEIREGFE ZEXFEAE KW, 4 000
remin~' B0 10 min, 3 FWETR, A TG R K PR,
[l S A R 3 IR, B TR IR RS B IO BE Sl 1.0
(Dgy) PIBET R, B 1 mL ¥ 330 49 mL FERfER
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FSE I BRIV D g0 S XoT T 55 2 Bl 119 e B[]k AN 42 S8
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M5E pH(4. 5,6, 7.8, 9 F10) Xtk S8 4=
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OGS SR R IR YR B R 60 mg- L~ IREE S 31°C.
72 h JE AN R D g0 S X i 356 25 B ) 9 B Ti) st LA
AN S8 11 MSM A 25 1 0 L

I 78 X A BEAR W) R e (60 | 120, 180, 240,
300 S 360 mg- L") X FEbk S8 R fifexit i B AN i 5%
M. RIAR AT . MSM ¥4 R Xo) il 2 2 e 400 U vk 5
60 mg-L~" W R 31°C ,pH K 6.0. 72 h J5 Xt
B FE AR AV B | TR AR 2 S8 119 MSML I Ak
25 N} HA,

M€ ATR] NaCl ¥ (0. 1% . 0.5% . 1% . 3% .
5% . 7% . 10% ) i) MSM 7 % 18 #k S8 A= 4 K [
Ff T R SE AT (R 5 . 0 46 25 - MSML 5 W H % i
FERE I TE U E ] 60 mg-L~", IRFE N 31°C,pH K
6.0. 72 h JER I IE I Dy SR A HEAE Bz i e 1 | [+
IFLAANTE S8 1) MSM VA TR A M 23 % A,

DL ESEE I E A 3 K, B o i O 4.
1.6 Xl BRI B A 7 ) i 00 A ff o

FH LC-MS 30 5 72 h B e A S8 1
MSM ¥ (25 IO R R0 BT b ) 7= e - o
PR R TR R P L X g B A O i
AT HEXT AT, 32— 258 = ) 24 R
1.7 Stk

FH v R A €0 1A ( Agilent 1260 ) T 5 X fif it
AR S . Rl SRR . %A ZORBAX SB-C18
(4.6 x150 mm,5 pm) ,H:iE 37°C, i s AH B s 7K
=60:40, % 5 0. 8 mL-min ', Kl #5 ( DAD) 37 K
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B 35 %

N 254 nm.

FH LC-MS 3 231 258 KXol i 56 20 iz 114 o i 7= 4.
ESI &I, 1E, e FRACRAEEUER,; HHEE
80 ~160m/z, T4 N, W4~ 15 Lomin .

2 HRE5HM

2.1 TRtk S8 MIE AR S A HA A AFAE
Wl E SR R, R 2GRS IR
T 3 B A SR T A 5 R e 5 A v R TR R S8 (R
1). 1£7% NaCl F110% NaCl 2c1FF, S8 GEfL LI XS
F1 HEHk S8 MERD £ AT

Table 1  Physiological and biochemical characteristics of strain S8

AllEiEgN iR || K bR ZhR
AR IR || TR +
YA, + A bk +
H 3ter - Gl -
2 fuk + JRE +
I R + RNATR -
HAA R - iR R +
BT L A 4 + RIATEL 7N +
g + FriERER +
VP A5 + 7% NaCl +
LS - 10% NaCl +

95

S8
o
Bacillus subtilis strain Bs

83

SR R o — B R R R A . 78 LB A ES
I b VRS HLRS , RREL A, AN B 7ERAL
BTSRRI & AR, B sl s fR HE S, To9E
5 BEiz 3l , K/ R (0.7 ~0.8) wm x (2 ~3) wm.
2.2 Rk S8 M 16S tDNA N TR ES ALK L H
GrHr

SyHTIN PSSR TN, BRI BE S8 1% 16S rDNA J¥ 41
4K M 1542 bp, GenBank % 5% 5>~ KF278709. ¥
HFFNLE GenBank H1iE4T BLAST Hexf, B 5
B S8 11 16S rDNA AH L & 1 56 (¥ 51, H
MEGAS. 0 &R A BW (K 1). Hrh 5 Bacillus
subtilis strain Bs(NO. KF278709. 1) i 5 AR A
99% . ZhEHIBLZ KA BAALRRE , 91 4 1 5 S8
B Bacillus subtilis.
2.3 TRtk S8 MYA A KRR REPER S
2.3.1  RPENT S8 Az AR AT A LA i R A7t A 5 1

T EE T S8 1) A A TS il 5 4% Jrg o4 figk 114 5 i 4
K2 . MU EETE 25 ~40°C 5 BN, S8 A= KA
X R e P o2 f ot ek A8 Ak A AR DL R AR | AR fie 3
I Dy, 1 B U5 B2 1 AN BB T 1 S s J5 R B 31C

70

Bacillus amyloliquefaciens strain DM-3

Bacillus amyloliquefaciens strain LSC04

e Bacillus polyfermenticus strain GRO10
92|— Bacillus polyfermenticus 165 rRNA gene

Bacillus sp. B54

2 { Bacillus sp. enrichment culture clone STT6.3

84

Bacillus sp. enrichment culture clone CTH.013.L

— Bacillus atrophaeus 1942

[y — Brevibacterium halotolerans strain CAS17

El1 Htk S8 MREXEW

Fig. 1 Phylogenetic tree of strain S8 and related species based on 16S rDNA

i, B 118 £ A X X i 366 4 T 1) o8 fe 3R 1 3k 31 e
KAH.
2.3.2  pH XJ S8 1A AE K X il J5 2R e 5 i 114 52 i)
pH X S8 118 A 4 X i Fo 24 fle o At 1) 2 i 2 €]
3 fizn. AHRETATL, Y pH Y 4 ~ 10 B, S8 A92E
R TFIX i A e 1 e i DR D0 B30, O FL TR AR AR K
TR A LA e A 8 At Bt pHL ) 728 P A 4 R0 A LA
R R Do (BB pH A AS F T 1 S T e Je 1.
24 pH R 6.0 B, S8 1) A 4 X i 5 4% Je 1) 4 ffe 175
DLk EE A, pH i FR B Bl B PR AR K 2248 HL X
i R i AR i 232 W i T o

2.3.3 XS EE AR b T T 8 e 23 1) S i)

X il B A) T W XoF AR A R A s i G 4 o
. DCTRRTR 2 X A R R Sl 60 mg- LT A
120 mg-L~" B, 72 h J&, SEBR ¥ B 2 510 20. 6
mg-L™"Fl 53 mg-L™" ( B %53 51 R 65.6% F
55.8% ) ; i >4 %A 2 R i B0 46 vk BE Gk B 360
mg-L~" 8,72 h J5 PR EE R 331.9 mg- L' (FEf#
RNT. 8% ). LEFFH, S8 XA )Mk B Y X g k2
JHEHRAG — 7 1) WA Frf B 7, Bt o DX i 5 R e e B ) 4
151, S8 X LR A S W AR, SRV it e sk, ]
LR BRI AR AR A AR AL FE B8 A SR 20U, (E XS P
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Fig. 2 Effect of temperature on the growth and

p-nitroaniline degradation of S8
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Fig. 3 Effect of pH value on the growth of S8 and

p-nitroaniline degradation of S8
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Fig. 4 Effect of p-nitroaniline concentration on the degradation
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2.3.4 NaCl & BXF S8 Ay AL K I il ik 45 fie [ fie
A
NaCl 75 X} S8 119 A= 4 R i 56 24 e % i 1) 5%
AN 5 B, MAFRATATL, 24 NaCl 5 HE7E 0. 1% ~

R R HEA ek i (mg L

7% WG P IS, S8 118 A 4 17 190 0 XoF il 26 2 e 1) g
F G LRI ACAT et A5 R NaCl F i )\ 0. 1% FF
8] 3% S 1% THEE] 7% B, i R 22 18] A 8
FEME2E 5, S8 RBAERCTE AR B 3 PRl P AR % X il i
BRI I B AR, 24 NaCl & k2 Tt ik 3
10% B, XA R e o e o A I B T B, X 3R] S8
AT ER B A2 30 L EL BTN 52 2 $h PR e

70 0.6
—o— PR
| —t— Do
60 {05
50 F
0.4
= 40
g 0.3 §
& 30 f
0.2
20 t
10 + 1091
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Fig. 5 Effect of salinity on the growth of S8 and

p-nitroaniline degradation of S8

2.3.5  WPRHBEEARRERE T I E

WL LC-MS X Bk S8 R fiff X il 56 2 Jie 1) 7= )
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