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Screening and Biodegradation of Anaerobic Microorganisms for Nitrobenzene in Water
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(1.Department of Soil Pollution Control, Chinese Research Academy of Environmental Sciences , Beijing100012, China; 2.School of Civil &
Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China )

Abstract: 13 high efficiency bacterium strains were obtained from the activated sludge in waste water contaminated with nitrobenzene after
90 days intermittent aeration. MY4 was screened out in anaerobic condition, which was identified to be the most efficient bacteria strain. Fur—
ther experiments were conducted on the biodegradation characteristics of MY4 strain. Results indicated that MY4 was Staphylococcus sp
based on the 16S rRNA analysis. No obvious distinctions were observed in the biodegradation of nitrobenzene when MY4 strain concentration
ranging from 10*to 10" CFU -mL™. The degradation process was composed of three phases, among which the most rapid one was appeared in
first 3 to 5 days. The high concentration of nitrobenzene could posed the negative effect on biodegradation, and the half life(t,,* d™)of ni—
trobenzene was prolonged with its concentration increased. The prominent product in biodegradation of nitrobenzene was determined to be
aniline according to the results of GG-MS analysis.
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WA R SRR B S0, TEREIR A YA Y
AL PR, WS R ARG AR B
I R AR YOS IS EERA 469k B2 >pH {E>NaCl ¥ >
&JE", TERESM T /B 2 BBy & R R
( Bacteroides distasonis ) F1 R BT B ( Bacteroides mer—
dae ), TEEEPIIGREDHILT 450 mg- L7, 1 ¢ #i&
PERELACBIL I 200~260 mg FHEEAE, B4 7K
JHE, TERS B B A W R OB S i R v R F R Y
AP E o B A, BB TR Y
BB, R B 7 IR BT AP T AR R R
BRI AE BT, LAY SR R4S 2 Bk
& MBS IR KB

B2, BRTPIFARAEAEAR R BRI , B2 : K
ZHFFLEE P AF IR W T, AR o SRR M 88
WAL s 2 BTR R I KA B AR, A I 224t
R BERE AR A, AT PRI T AE 52 BRis 7K Ab # v
R 5 TR R A AR R K HE RO 23531 R 2.0,
3.0 #1 5.0 mg-L(GB 8978—1988 )P, &} %+ i 1k & AU AH
FER TR P2 BIRRG , AT 4 B 1532 2R AT T
JB XA B R AR D 1 000 mg - L7, SEBR A%
T, R Y R ER I AR R FE 20~500
mg- L XN E e iR Y2 AE T,
ARWFFE AR EE A A ME— BRI, B X B S AR IS
YIS TR INAL 43 B R T , 153 B9 Rl o MR A 2
FIGG KRG , RO A RIS R 4R
VR BE RIS W B X TR AR R S , BRI TR Y R A
T L BURNARFAE , SRS EEAR B K IR S AE A B S
Brong FHAR AL RYE

I HRS TR

1.1 SEg#f#t

SEEG P AL G A4, 1000 mg- L e
AR TR A R B TR A F] s B IEC
B EIGAiE A, T3 E FISHER A,

PYG #5553 (Peptone—Yeast Extract—Glucose ) ; &
J 0.5 ¢, REFEEME 0.5 ¢,0.1%T) KE /KW 0.1 mL
(TIRFREHANEMEER R T, HTEEEngE
i) U O, B L R TETC R AR T R, 1
AEEHT MR 256, BRI 2 )", 2818
7K 100 mL, BERFERECH) 1.0 g, M HE 1.0 g, nh3E 80
0.1 mL, (B EMRELMRE: 0.05 g, FHIBFEW 4.0 mL,
pH6.8~7.0.

YM 3% 552 (Yeast extract malt extract broth ) : 4 3

g BRI 2 g ZEHHY) 5 g AR 10 g &
B, 0.1% 7] RE KW 0.1 mL #ANE] 1 LK, 35
FEENM pH E B H 4 i HE kA F M 7E 5~6 Z [6],
121 CIBHK B 15 min,

1.2 KA FEE RIS HilE

¥ 5 mL IEC A BRAE 10 mL A IERK IS
I HLAE R 40 mL 88 1 4 25 45 € 3R 5 (Scientific
Specialties Service Inc,Dikma), 7E{EIRIRFZ 4 (HZQ-
C, M /RET AR ESFXAR) ) _ELL 200 r-min™ H 3
K4 30 min, FRJ5 A FE 20 min (JH R 28
kHz), WHL FJ2 1 mL IE O 518 s A S @ig
(GC-2010, H A B/ 7] Shimadzu)WE , A
St HERE D 220 °C, I 8 240 °C, #ER 160 °C(5
min )—5 “C+min—220 °C(5 min), HFFEE 1 pL, 73
PR, R EE R 10:109,

SR R = e M4BT B 1 LKA, DL 2~3
mL-min™ JEHE N 2L (H LR : Se A 2 mL IEC
LETEVERE R , #1725 i H W, FRARIK I B BE RO ZE 1K
% 5mL, = FH ) Y C18-SPE /MAE, EREZSHRZ
J&, M 5 mL EEFKIEYE C18 EAR/NME, ZJ5 DA 50
mL IE A LA 2~3 mL-min™ JEBEVERL, WdEwE
W, R 48 2= 1 mL, A YA AT S A G- TR
R FH 30T , 00 2 R T 400 o SR B SO B i — B ik R
(7890A-5975C, EELZREWAT), SAHGAREKRM:
DB-5MS B4 @iEHE, BN He, BRMEN 1
mL-min™, 733 Eb A 20:1, 3E4E DR A 250 °C, ¥ 4G
FEYE 70 °C, FHEBE N 40 C-min™, 2k ¥EEE 200
Co JAIEFAE1I8,40~200 m-z” FHTERH, B FE
TRERE N 70 eV, EFBHRE R 150 °C,

1.3 HEXREBREAMNIW . 4BE5HE

PR EIL  FRER 50 g TS TR (FEAL T A SR
KA RN ) E T 1000 mL =AM, A
450 mL 0.85% {24 b /K , 28~30 CF4E%; 48 h, LIfY
FEAE g ME—miR , R A RIS BRR, B 7 d Ko
A Sy H14 10.50.100.500,1 000 mg - L~ F il 3=
AW CRAL T R AR S8 RO, Tk i), 4
Ytz 90 d, FRIGHEEIAEAR A I

BR B Saifl R AR E IR SRS 1
mL, 5355 A PYG Fl YM JARIG A2 (R ERW Ry
25 mg L) BB K, PYG WAARE R EAE N IR
MR, AT AR, R ES T,
MYM B3R 50 R E IR 35 4, B8 RS
12h 5, IrEEIMBHESE O, 7E 28~30 CHI120 r-
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min™ A T RIS 120 h, BN 7] KRG S AL

B7NAIME PYG S dirp sk IE 6, T7E YM Ki3%
R Ta, EREERAERKN R MRE, R
RS b IEACTPAR BRI E RIS, |
B afifh 3 K, R 13 BRDMEEZR A ME— TR TR RE,
g3l 44 5 WHI~WHT ($F 85557 6 )l MY1~MY6
(REFEFRT )

AR R AR B L . K 13 BREETRRIE SR &
B E AR E SR AR 500 mg- L7 (IASFEEIRTT
BK W, PR B MR A B 107 CFU-mL7 {E IR 3%
F¢ 15 d J5 , M@ BRI A & &, T S PR AR AR B
= B RR
14 MY4 EHREARHEEMUEMVEIRE TR
FPERREF IR
14,1 FEFEAR AR BRI B R IR AT 1 52 i)

B MY4 FRY KR, AR E S 500 mg- L
IR B A KW R, (R A TR VR B 43 O 875
10%,1.75x10°.8.75x10°.1.75x107 CFU »mL™, 7£ 25~30 °C
HATIRE A YRR, 41 d BRI e R B
&2, 8 MM IER 31K,

1.4.2 FEEZRA GG YR BEXT R 52 0]

TERSHERIR R 22 5.750 F1 3 000 mg L 7K
VW, SRR MY 4 TERRL, {8 ok B iR 3] 8.75%10°
CFU-mL?, F 25~30 *C1HEE R (120 r-min ™) FHFFTR
EAYRERE R ER S mg- L7 B, RE4 1 d BN
SE, GG 5 d; ¥ E S 750 Fl 3 000 mg- L B, A
PR 3 d PUREIERH AR TR B O i, RS 20 d, B
AMRERIR B AT RE 3 K. A 20 d )5 BRI
FTF RT3 17 o
1.5 MY4 BHEES U EMERINETE

FiR e E SIS WEE: R YM B B
MY4 BBk, Keab T RTEE K B B AT 22 R gy
6, T AR T B L5 R S HRTERS

YNTERY 16S rRNA K417 AN E THRE
180 r-min~' 3 FFIEE K 30 CHIFE R IESE 24 h,
5 000 remin™ B.0> 20 min, 25 L W4 BCEE 40 A R 1A,
By -SRI DNA FAEREAR , SR PCR 3344 (PE
9700, 35 [ Biometra Tgradient ) ; §/ 143 |47 >4 41 & B9 38
Mg, o

IE ] B| #7 : 275 —-GAGAGTTTGATTTGATCCTG
GC-TCAG-3’

R 175147 :1521 15-AAGGAGGTGATCCAGCC-3’

P 1S T 204 EZ.N.A. Gel Exatraction Kit

Atk 5 (BRI 8 53 H 22 48 ULTRA-LUM MEGA
10, #EHE; B PAC1000, 3 E Bio-Rad), F|F
BLAST ¥ B #£ 1 16S rDNA {4735 GenBank $(35
FEREESRA R AT A, SRA Clustel X1.8 #E1T
HoxF , BEAT PR S R S04 I R G R B

2 HRIWEWR

2.1 HEFSUMEBRENEE

Bl 1 2R 13 BRI Y0 o RRFE IR SR B S A 1
TR EERH AR EER  RELAMT ,MY4
FIVRRE R 2 E T 80%, HARTHKKEMRINTE 20%~
40%Z[7] s BT R A5 , 2R B R AR SR EVARAE 30%0~
70%2. 6] , WH3 TRtk 2 2k 80%, BT HRTEZE
RIREHE YRR AR R, IR R A
MY4 P TRARAE WL IR I 5o HFEZR BB I 46
AR B E YRR, FE AR R E AR
AR R AR AR B S R = R, BN R RS
i, MY4 PR BEMRTEWR B2 500 mg-L7 B 15 d (&A%
ZiR% 81%, UhHH P SZ AHETR TS Yl i is e B K
FIRTS SR A YR —1Tis . EEN
SMEEIR A Y AR, R E R AT LGE
TR AR R AR, BN SL T R
AR MRS R, TN B SR 3k S R =
T MR M LA IR VAR R 5 pH {E A5 5%
IR AR S N 3, dGR A A TR TBRWER
BR AR TR, X EEFB vl DAAESE B Rt fe rh 2
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Figure 1 Degradation efficiencies of screened microorganism

for nitrobenzene
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/T 0.5 mm, FIAHE Y 16S rRNA @ 5| 991
MY4 #9 16S tRNA JPAI S B IK G , 7E5ESMT T ol
B WAL 1500 bp MBE—FH (B 2), KRtk MY4
(% 16S DNA B 27 5% A 2] GenBank F(HEFEH,
T GenBank ¥JfE EHEAT BLAST Lo, MIHRSRE
WA Clustalv 2L FRI(E 2), Eid 550 R
ST ,MY4 5 GenBank H {3 Staphylococcus
sp(HIBERIR ) FRPEE S , 5K Streptococ—
cus mutans FIEHERME, S&EOHBRE Staphy-
loccocus aureus rosenbach RIS 68% , 53 244
BRE Staphylococcus.epider. SKIRBH IR Staphyloc-
cus capitis SEWEFEERE Staphylococcus saccharolyti-
cus [RIRIETR 9%, 53R HHBRE Staphylococcus.
epider [R)JRIEIX 76% . 40T MY4 ) 8 4 5 o He itk
Staphylococcus sp( B ERFE ). B HIBREH EBREH
T RAT T 0T S B B R A B ) T Bl e (8 A SR B
A5
2.3 THE XM E N E X FEF RN

MY4 REFE RSN 3 BB 8T
B PRI RSB . BIARHREE DY 500 mg- L7 B
12 d EBRABEGE 70%, WL 3,78 1~3 d I, BEAR B Ak
TIE N TEEE S, RERSSCR A 85 7 3~5 d B, R B
b T BEHR AR BOR I, AR A iy 20%8 2 E T
3| 55%~65%; 7E 5~12 d B , A IR A PEAg R L W
Bz, HAEEHPRBES, ETHEERA 10%, §i
B} MY 4 PR B0 A R 14 e S A DL S A v
BB, MR E— AR R DT | A R 8 7 R )
RN R R M
2.4 FHEZRHIAIGA MR X AR R

H &l 4 BT, A R 1] DAY, A1 SR T o 4 e A
AR TR B ETE, 5 3 d I, WIIRWR N S

(1)

& 8.75x10%(CFU -mL™)
-0~ 1.75x10°(CFU -mL™)
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Figure 3 Effects of different inoculation on the degradation of

nitrobenzene

750 1 3 000 mg- L BIREAETR A TR 47.10%.16.33%
1 10.58% %75 5 d B ARH R 5 mg- L7 i, fEfR2EE
221%%) 89.97% , i By He /& 9 750 F1 3 000 mg - L B
R A5 RN LR 219%F0 19%, RSBl 3G, e
BEMEET R B IR E R PN IR P
e 2 ¥ FE AN - 20 d Bt 3 000 mg- L™ R EL2R (Y R
R 80% , T 750 mg L™ Y Y 5L 38 B 2 255 3|
89.58%, it SPSS BHRG LG, MY4 IR SR i
FHSIR BN T R B I RN 2 WLV
5mg- L7 i, 7R

~In( C/C,)=0.060:>~0.124t+0.116

HHRFRE R?=0.973 8, X35 (11 d ™)K 3.8 d;

IR EEN 750 mg- L I, Jr 2N

~In( C/C,)=0.005-0.065t+0.274

MHRARE R=0.973, %35 ] (11,-d 1) 159 d;

WILEHREEH 3 000 mg- L B, HHEH

~In( €/Cy)=0.002£-0.005:+0.059

MR R?=0.990 8,1 (41,-d") R 18.1 d,

ULHARIHA e BERR TR L AR (0 A e 2
K, MR, WA AR B o e e A B

76 1 Staphylococcus.epider

99 Strain MY4
Staphyloccus capitis

1 500pb
(MY4)

—Staphyloccus saccharolyticus
Staphyloccus aureus

——s
0.02

Staphyloccus.muians

B 2 BEfh MY4 BikE R RHEXH 168 RNA BEENRGR EH

Figure 2 Electrophoresis and phylogenetic analysis of MY4 strain
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Figure 4 Effects of different initial concentration of nitrobenzene on degradation

Wi, BEE 00 4R T BE RS, i B8 A W Ik A i 5 S A
K, KB RT5 R Yy R fit - T2 (A3 K, A AL D5
B WX A M e e EE FR A

A BSEEM, MR — 7 N R R A KR
AEME— BRI, AR B, UE Y ARG SR
BFREMAERKRSZ BRG] H—h AR R
AT, Y BRI — R (R 2 X A 0 A AR S A
e, TR B &Y B AR K 2 2 B
YRR,

2.5 HEREREBER~ IR

ML 5 TT LI H, HEIRFERR 419 GC-MS &3
HAE 5 ME(ab.e.de) BB, 454 a:Benzenamine,
N-ethyl-45;b: Benzenamine , N—propyl-38; ¢ : Benzena -
mine, N —butyl -90;d: 4 —tert -butylaniline 49;¢:N -Me -
thyl-N-benzyl-4-oxo—4-phenyl-butyramide 72, #—
AN AR BE B[] &7 8.334 min Fil 9.769 min B B,
TR A BRI W A H SRR o R A5 P S P fel
WA P R T B A W A , T ER S P e I
IK F BRI T 22 7 R R T R R i S PR 2
Yoo, A M H B R 409,

T HARR T E RS REA YRR, Ik
B o AR S R RIS T K AR
VAR ALEE, 25 R, IR EINE T R R N RN
SR G AR AR B 5 Rt — 2P . B A
TR AR T A R AN BN, JE AR
TR YR A R AR A B R, 18 7 2
P, WA AT , F T R AE 7 A A R AR
T, TR SAR AR B PR, TR AT
LRI b T BT R, AT S AL 1Y
SRH TSR, MR ST Y XE LU AR MR A, R
I T IR T AR ORI, R TR T

B SR T, HRE AR R AN 6 IR o

T GC-MS X i SRR = M o W T, A 2
KPR W VST B T 0 R o RHEE R A AR
AR 2 R BARAR AR AR , o iR JRUig A L o
NAHEEIE TR ISR IS ik A, At
T 53 A B S AT U AL AR . W T A
12 MHERGEEY, ERETFNE PR,
RS7 BRES AL BRH BRI I 0 35 31 i 20 TR AUl iR 2
RKBE, TR T2 A ET A& Y Rl il 57 R %
IMEFATEFN F350, 6 LR YL RES e A
HAATT YW B9 LIRS, (5130, 75 ERAURF B A bR A1
FrESFRARRES SR AR A R 1 g
HENEALACHNA IR 200~260 mg YA, LA T i A
TR AR LR B TR AR A AR

3 &

(1) PREFEZRYS e B K A P A 38 ()38 15 D H
M) MY4 kR, 23405 , SRR 493K 8 (Staphy-
lococcus sp ) FE DB I H /K (A il B HLA = 3k o
fEVER

(2)MY4 X SR AR L R R 3 BB, &%
BT R R R R AR ] . P 3~5 d B
FER PR BRI, VIRV 500 mg- L7 BYRESER
Rt SR RBIR B 559%~65%

(3)MY4 XJAEEIR M AR FR LA R
SRR B, TS ELA A0 iR Bk s m 3L
RO, 50 o VIR P Y B R S (o L DR SR R Ao iy ™=
AR, EEE SR AR A Y e A A
NN S

(4)BH R R A R fd AR v, o AL LA B
WA, P A W RS R R, R BRI AR R
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Figure 5 GC—MS analysis for the degradation products of Nitrobenzene
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Figure 6 Anaerobic biodegradation pathway of Nitrobenzene
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