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Isolation Identification and Biodegradation Characteristics of A New Bacterial

Strain Degrading BTEX
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College of Biological and Environmental Engineering Zhejiang University of Technology Hangzhou 310032 China
Abstract A bacterial strain able to efficiently degrade benzene toluene ethyl benzene and o-xylene BTEX compounds was isolated
by acclimating and enriching the activated sludge from the aeration tank in refinery wastewater treatment plant using BTEX as the sole
carbon source. Based on the morphological characteristics physiological and biochemical characteristics sequence analysis of
16S rDNA and Biolog identification system the isolate was identified as Mycobacterium cosmeticum which was a newly discovered
species able to degrade BTEX. The optimal conditions for the growth of the strain were at 30°C and pH 7.0. The order of BTEX
degradation by this isolate is benzene toluene ethyl benzene and o-xylene. The specific oxygen utilization rates SOUR  of the strain
degrading benzene toluene ethyl benzene and o-xylene were 165.3 170.5 49.3 and 57.4 mg- min- mg ~' respectively. The
degrading process of the strain followed the Haldane kinetic model. The maximum specific degradation rate degrading benzene toluene
ethyl benzene and o-xylene were 0.518 0.491 0.443 and 0.422 h™' respectively. Accordingly the maximum specific growth rate
0.352 0.278 0.172 and 0. 136 h™' respectively.
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1.1

SVI 151.39 mL/g MLSS
1.2

9924 mg/L.

0.11 g/L K,HPO, 0. 167
¢/L Na,HPO, 0.04 ¢/L KH,PO, 0.025 ¢/L NH,CI

0.067 g/L MgSO, 0.036 g/L CaCl, 0.25 mg/L
FeCl, 0.0339 mg/L MnSO, 0.0428 mg/L ZnSO,

0.034 7 mg/L pH 7.2 ~7.4.

0.5 ¢g/L
KH,PO, 0.5 g/L K,HPO, 0.01 g/L NaCl 1.0 g/L
NH,CI 0.2 g/L MgCl,- 6H,0 0.026 g/L CacCl, -
2H,0 0.339 mg/L MnSO, 0.428 mg/L ZnSO,
0.347 mg/L 15.0 g/L pH7.0~7.2.

200 mg/L.

NH,CI 0.1 g/L
MgCl,- 6H,0 0.08 g/L K,HPO, 0.25 g/L CaCl, -
2H,0 0.1 g/L

100 mg/L.
1.3
5 mL
3 30C
4~5d
30°C 160 r/min
4C
1.4
1.5 Biolog
Biolog 15
GN2
1.6
10 mmol/L pH 7.0
Dy, 5.0 . 1
mmol/L 10 mmol/L
30°C. Dy =

1.0. Clark OXYTHERM 30°C

5 min.

1.7

MM
100 mg/L
160 r/min 24 h
2% 50 mL

50 mg/L 30C

30°C 160 r/min

1.8
1 pH pH WTW pH 330i
2 Nikon
Philip XL-30-ESEM
TEM

JEOL JEM-1230-

3 mL
3 mL 10
min 5 min
6) Agilent
6890
HP-Innowax 30 m x0.32 mm x0.5 pm .
FID 210 200
90C 1 mL/min 1.0 pL. N,
33.4 mL/min 30: 1.
30 mL/min 400 mL/min.

4 722

600

5 16S rDNA DNA
35 DNA
V2.2
16S rDNA PCR
BSF8/20  BSR1541/20

BSF8/20 5'-AGAGT TTGAT CCTGG CTCAG-3’
BSR1541/20 5'-AAGGA GGTGA TCCAG CCGCA-3".
PCR
GenBank
1 400 bp
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[ Clustelx ( 1.81 )7, % Hl 4B f % # ( Neighbour
Joining ,\NJ) 2 # 47 7 B % 55 #1 (MEGA ) , KB &£
[k =L AR

2 ERESW

2.1 FEMRE KRS RAE 5 £ B A LT
WS S A, E B 1 RAE R A R AL
BTEX IR & ¥ M, RS byf4, XX AT R

() FERQEERERN

B A A LSRR O B LB ¥ T2 IR AE

SR PR B AR S R E R B, TR K
AR ISR R AL R R A H,S KR
R SE B R B, R A L R A AL SE R O BATE.

HHMEEESNER RALAG,FEH, &
SR, IR I, AR A 2 IR A e B
E 1 R, EREAR, KR (0.8 ~1.0) pm x
(1.5~2.0) wm, EHEE, THM, TIFM.

(o) FHAREEA
H 1 Eitk byf4 BORREAE
Fig. 1 Microscopy images of microbial strain byf-4

2.2 Mtk 16S iDNA FF| T R R G R F R

Hitk byf4 f 16S rDNA fE &3 § 8 Fll FF 5,
[l GenBank By & ¥ 7 # 47 RIRE LA, @A
AREKEMUEIAMHEHEREALATYE LA
. 3 X B bR byf-4 91 464 bp /Y 165 rDNA
Hisr#r, ZBZE % B T Mycobacterium sp. , H [A]
Mycobacterium cosmeticum ) B /5 i5 100% . B8 P byf-4
5 Mycobacterium sp. 57 Ho At AH T A9 8 2 4% HL X 25 R

63

57 Mycob.

W 2. A EHR A4 I S5 16S 1DNA FFFI &
o 22 B A AT 45 R B Bk byf-4 1] % F 8 Mycobacterium
cosmeticum. 2 [ HI 3 3CHR , K & A F A E K E
fi# BTEX f4RE. bl W, byf4 AIRERFT R A
BEME B BTEX B ¥ s fk, 31464 bp WERFIIE
F {4 8] GenBank J£ 3848 T % %5 :FJ169473, BiEA
IFF 2008-10-27 R #E 1 P E S B FF Y REF L,
#45 h CCTCC M 208180.

100 byf-4
&89 Mycobacterium cosmeticum (T); LTA-388; AY449728
B Mycobacterium fluoranthenivorans (T); type strain: FA-4; AJ617741
Mycobacterium mageritense (T); type strain: DSM44476; AJ699399
Mycobacterium psychrotolerans (T); type strain: WA101; AJ534886

Mycobacterium vanbaalenii (T); type strain: DSM7251=PYR-1; X84977
rium abscessus (T); type strain: DSM44196; AJ536038

Mycobacterium conspicuum (T), X88922

100 Mycobacterium colombiense (T); type strain: 10B; AM062764
005 ;
o0 100— Mycobacterium avium subsp. avium (T); type strain: DSM44156; AJ536037
2 byf4 5 Mycobacterium sp. P R BB REZ T H H
Fig.2 Phylogenetic tree of the strain byf-4 with type strains of Mycobacterium sp.

2.3 P Biolog 558
A W55 35 A Biolog 7 AR 43 47 B £k X 95 F i IR
BRI, AT — EHRE MBI R H

bR 0 T %M. T 5 Biolog R IR B
MicroLog Software ( Release Version 4. 20.04) LL %,
B Bk byf-4 & F Mycobacterium cosmeticum ( ¢ 8} 531
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SIM  Similarity =0.75 DIS distance = 48 h
4.32.8IM  DIS 98.2%
6 h DIS <5.0 SIM >0.75 95. 6% 78.3% 68.4% . pH
16S rDNA 5.0~9.0 byf-4
Mycobacterium cosmeticum.
2.4 byf-4 pH 5.0 9.0 byf-4
2.4.1 pH 7.0 byf-4
pH byf-4 48 h
3 byf-4 97.4% 95.8%
25 ~32C 30°C 86.5% 60.5%.
0.35
100 |- /.\ 100 - g 130
< o0l pi \ H0.25 £ 60 \\ 10.20
3 - g g
% a0 % - ;‘;% oz © % w0l J \ Jo1s &
—— K y *
ol ::: ioo CiES lois ol 40.10
/ O/ 40.05
0 ! ‘ ‘ 10,10 0 ! L L L !
24 28 32 36 4.0 5.0 6.0 7.0 8.0 9.0 10.0
REE/C pH
3 pH byf-4
Fig.3 Effect of temperature and pH on BTEX degradation by the strain
2.4.2 >
4 a ~ d > > Deeb 10
Mathur o
byf-4 500 mg/L
95%
300 mg/L
<300 mg/L 2.5
byf-4
200 mg/L 125 mg/L
byf-4
byf-4
29 mg-  min- mg '
2.4.3 165.3 170.5
BTEX 100 mg/L 49.3  57.4 mg:- min- mg ' 2
byf-4 Kwapisz *
BTEX 1

byf-4
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600 350
(@ * (b) FE
500 300 F asaAn
AAA\ A\A\
“ 250 | “
400 \A \ 25 mg/L
T T, 200 F  A-A- AL 23 m;
300 k\ B S AW <50 mg/L
8 “hy =25 mg/L E 1501 o0oq N \ ~+-100 mg/L
= PN -0-50 mg/L 2| ] A, s -o-150 mg/L
200 A -+ 100 mg/L & 100 |- *eq N\ -4-200 mg/L
N\ o150 mg/L L S AL 4300mgL
PR 50 - oo, % % Na B
100 \o \ A\ —4-300 mg/L Ebl:h o &L\ An
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0
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0 140 |- ABAN DA a "
DDA A A DA DA A A A A Aa
120 |- A—aabaa, ,
- 100 o
= 150 A, - el
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g 1001 ooo W 75 mg/L R I NN 75 mg/L
e, OAL -0~ 100 mg/L a0 L \D\u\. o\ -0-100 mg/L
SOF  cop % O - 150 mg/L . \E\j\\. o -+ 125 mg/L
RN O\\O\ - 200 mg/L 20 - "\_‘ D\D\\D.\O o 150 mg/L
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Fig.4 Degradation curves of the strain for BTEX at different initial concentrations
1 byf-4 ! 1 dX T
Table 1 Order of biodegradation for BTEX mi by strain byf-4 S P 2
able rder of biodegradation for mixtures by strain by X dt K, +S + S’/K,
1 ds VianS
+ 1 2 = =5
X di K.+ S+ S/K,
+ 1 2
-1
+ 1 2 nm h™ v
+ ! 2 h™' X mg/L ¢ h S
. ! > mg/L. o, K
* : : mg/L K, mg/L v,
4 1 2 3 4 _
h-!
1 1234
5 a ~ d
2 byf-4 /mg-  min- mg !
Table 2 Oxygen consumption rate of strain byf-4 degrading
different BTEX/mg-  min- mg '
Mmax >
165.3 170. 5 49.3 57.4 29 > > Ko > >
>
byf-4
2.6 byf-4 6 a ~ d

Haldane

19 ~21
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WK g% /M !

WA K /b

EASS SR Y

EASS SR Y

014 (@) %
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Fig.5 Specific growth kinetic mode
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Fig. 6 Specific degradation kinetics model for strain byf-4 degrading BTEX
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