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Isolation, Identification of Methyl 7ertButyl Ether Degradation Strain and Its

Degradation Kinetics
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Abstract: A methyl terebutyl ether degradation stram A, was solated from the soil under an old Gingko tree. It was identified preliminarily as
Comamonas testosterone by 16S rDNA sequence analysis. The main factors including inoculation amourt of microbes, pH, temperature and
MTBE concerniration that may affect the degradation efficiency of MT BE were further studied. The results indicated that the optimum conditions
were as following: pH 7.0, temperature 25°C, inoculation amount of microbes was 2 ml( Dgo= 2 523 A), initial MTBE concenration 50
mg L. Under that condiiion, MTBE can be reduced by 98 89% with seven days ( compared wih the blank, the volatilization of MTBE was
46. 55% ). In addition, the biodegradation process of MTBE can be well described by enzymatic reaction of high concentration nhibition, with
the maximum subsrate utilization rate 0. 872 d”', MichaelisMenten constant 7. 832 mg® L™', inhibitory constant 130.75 mg L™
respectively .

Key words: MT BE; biodegradation; Comamonas testosterone; degradation kinetics

(methyl tertiary butyl ether, MTBE) Ay, MTBE ,
) MTBE MTBE
, =3 MTBE
[4~ 6]
’ 1
,MTBE 1.1
[7.8] MTBE
_MTBE GG-6800A ),
[9~ B3] . (USEPA) N 2000 , FID s VB-
(1) 624(30 mx 0.53 mm x 1 Mm), DK-S24
( ) pHO140
o MEBE 1 /2 MTB]f: :
, MTBE '
[19~25] —
’ MTBE : 2008-0702; :2008-09-08
(1983~ ),

, E-mail : zxq916@ 126. com
( * , Email: ghhu@ zju. edu. cn



1786

MTBE,
200°C, DET = 250°C,
2 ml/ min, H,

:INT =

70C,  (Na)  43.5ml/min,
40 ml/ min, Air 340 ml/min,
, 10 1. :

1.3

an , 2~ 10 an
1.4

BSM (g/L) : NaHPO4 5.57, KH2PO4
2.44, NH4Cl 2.0, MgCL * 6H20 0.2, MnCls * 4H.0
0.0004, FeCl3* 6H,0 0. 001, CaClL, 0. 001.

: BSM + 50 mg/I. MTBE.
5S¢, 10 g, NaCl 5 g,
1000 mL,, pH 7.2~ 7. 4.

[26]

1.5

2¢ 100 mL

,  MTIBE .
,MTBE 20 mg/L. 50 mg/L,
25C, 150 r/min 7 d.

) (4 500 ¢/ min) 10
100 mL ,

6 , MTBE

min, N

4C
1.6 16S tDNA
16S tDNA PCR
, : 5- AGAGIT TGAT CCTGGCT
: 5- AAGGAGGTGATCCAGCCG
CA-3.PCR (50HL) 54,
dANTP mix 4 UL, 2UL, Tag  0.25 HL, DNA
1 L, 37.5 ML :94°C 4 min,
94°C  30s,57C  50s,72C 60 s, 29
,72°C 10 min. \

CAG-3,

1.7 MTBE
(1)MT BE
BSM , pH 7.0,
. (25%1) C, 150 Y min
d ,7d
(2) MTBE 30 mg/LL
,pH 7.0 ., 100 mL. BSM ,

MTBE
2 ul. A,
, 1

30
0.5 2 4 6ml A, (Dew= 2.523A), (25
*1) 'C, 150 i/ min , ,7d
(3) pH pH 3.0 5.0
7.0 80 9.0 MTBE 30 mg/L,
BM , 2 nlL A, ., (25%1) €,
150 1 min ,7d .
(4) 50 mg/L. MTBE, pH 7.0
100 mL. BSM , 2mL A, ,
, 150 ¥min ,7d .
(5) 50 mg/ L. MTBE, pH
7.0 BM , 2mL A ,
2 g 2 g ’
. (25%£1) C, 150 r/min
,7d
D
2
2.1 MTBE
1 50 mg/ L.
MT'BE AL A
s 2~ 3 mm,
16S rDNA ,
A, ( Comamonas
testosterone) , 1
Hydrogenophaga sp. 2711l SN

Hydrogenophaga sp. 5 IS N

Comamonas sp. 2311 SN
100

C testy oni X21

88
C testt oni Z11

92
100
C

Comamonas kerstersii C IP 107987

oni C Bl

100

C terrigena LMG 5520
67
" C quatica CIP
97
C aquatica 634
74

70 Comamonas aquatica 532

o Comamonas aquatica 617

1 ( Comamonas testost erone)

Fig.1 , Phylogenetic tree of Comamoenas testostarone



6 : (MTBE) 1787

2.2 MT'BE 60
L —n—ZFH
2 MTBE ol 3 —o— 0.5 mL
. —A—2mL
( 46.55% ) . st \-\ —v—amL
, , Ay MTBE Ty 40 - o -\ —*x— 6mL
) g 35t \ "~
MT BE s ’ ‘ﬁ 30 L . o —
MTBE AL sl \
, : MTBE = n \ \o\
5+ *
, , 0l \\* o\
7 , s L \Gs*\o
0 | | | ! |\?%8
s 1 2 3 4 5 6 7
td
120 |- = == ZH
—e— 32.63 mL 3 MTBE
100 - \j ::: ;32(9) 2% Fig. 3 Effect of inoculum on the degradation of MTBE by culure A |
T *, \D —0— 120.10 mL
=
& 80
i \ “ 45.74%). (
gof \‘ . ) , 2 ml
g — k \D
S .ol \ N 2.4 pH  MTBE
N N 4 pH MTBE
2 | ,\ ~_ .
~ — ( 44.72%)
—_— A
0 I I I ——o & A 60
1 2 3 4 5 6 7 R
1d SroA —o— ii3 0
50 - —a—pH=50
2 MTBE _ 45 n —v— pH =170
Fig. 2 Effed of the initial MTBE concentration on :10 40 - 3 ::: gg ;g g
_ g 35 |- .
the degradation of MTBE by culture A, @ 20 L \\.
® \ \I\-
2 25 - °, T
, (20~ 60 S 2 s \
15 - *.
mg/L)  MIBE ) oL v\&io\
, o N\i\:\:
B
! L ! |\Y\v§§_
MT'BE ' 0 1 2 3 4 5 6 7
MTBE 50 mg/L. Z
4 pH MTBE
2.3 MTBE Fig. 4 Influence of pH on the degradation of MTBE by culture A,
MTBE 3.
3 , 0.5 mL 4 mL, 4 . pH 7.0 LAl MTBE
MTBE . .
,MTBE , ) , ) pH< 7
’ ? pI_I
, ) A
: ) pH
2ml  4mlL | MTBE ,
. 7d MTBE oH 7.0

2.21% 1., 23% (MIBE 2.5 MTBE



1788 30
MTBE 5. R s ,
MIBE 257C R 97. 78% MTBE . 7d
( , MTBE 4.79%),35C MT BE 52.69 mg/L 0. 63
,5C mg L, 98. 8% ( , MTBE
60 45.36%). MTBE
55 a —n— FEf
n —o— 5C P
0 o, —4A— 15T
o s ~, —v— 25C MTBE )
Lén :2 - \ —o— 35T
B o | \ D ,
2 s \ o
m B ) b 3 dv
S 201
ol \ —
L \'sv%g MTBE
1 2 1d , , 4d
t/d
5 MTBE , MTBE
Fig.5 Effect of temperature on the degradation of MT'BE by cultwre A,
, MTBE :
MTBE . MTBE
, . MT BE 57
; A MTBE i
: MTBE 0~ 50 mg/L
2 2 i 2 Al s
s ,25C
In[MTBE] ¢ ,
A, MTBE -
2.6 MTBE . '
6
MTBE ’
4.5
60 ] — [MTBE]32 4k fh 2% 40 - = 7.11 mg/L
55 —o— AmItAREERE DEZfLL | 08 35 © 13.12 mg/L
50 | —A—25mLZE ’ =2 4 17.77 mg/L
—v—23 mLﬁﬁﬁ ‘‘‘‘‘‘ Oeeeeeerend Oeeeerenenns a 30 L o 23.38 mg/L
B 45 |- \u ............... * 32.81 mg/L
2 40 _— --_\ AAAAAAAAAA S v o 25 e 4532 mg/L
g 35 Y 1 — 20l # 52.59 mg/L
Jﬁ 30 L . l\.\. a g sl
¥ o5t 3 ] s
Eay ; K O ¥ N2.5 mLZ. B 2 10}
g fg - v REmZ B K| 04 g ol
0 o \Mﬁﬁmz.s mL % o
5L T PO & \:\‘\3 02 —05 -
_g L | | | | I ! | -1.0 -
! 2 3 . > 6 7 S I ! I l l L
v 1 2 3 4 5 6 7
6 MTBE i
Fig. 6 Effect of the degradation of MTBE with presence of 7

ethanol or toluene

Fig. 7 Fistonder rate relationship between In[ MIBE] vs. time



6 : (MTBE) 1789
2 2
A MT BE , ¢ = K,xK;, Ki= ¢/K,=
-1
LA MTBE 130.75 mge L . A, ( Comamonas
Table 1  Amalytical result of degradation of MI'BE under different initial testosterone) MTBE
concentrations by culture A,
. 0. 872
[MTBE] ~ i=
o 1 , Jred! 1+ 7.832+ c
gL W K 130. 75
5.04 0.398 7 098 6 1.613
13.12 0. 600 94 0947 1.202 3
17.77 0. 668 36 097 1. 103
23.38 0.6% 33 0985 1.057 ( 1) 1
32.81 0.720 92 09%26 1.02
45.32 0.691 7 09884 1. 062 MTBE Ar,
52.59 0.608 4 0 9% 3 1.19 ( Comamonas testosterone) , MTBE
1 N ’ Al (2) Al
MTBE ., MTBE MTBE , Ar 5C ,pH
: ; MTBE 7. 0, MTBE 50 mg/L
, , A
MIBE (3)
, A, , MTBE
rm&l‘(
T Ke
1y Ko e (4) Ar MT BE
+ +
¢ Ki
, ¢ MTBE ( mg/L);r;
-1
(d )5 ruw [1] .MTBE [J]. , 197,
(d ") K., 10(2):1819.
K, [2] L 1.
, 2004, 24(3): 4852
’ l/ri 1/ c ’ 8 . . . .
[ 3] Biggestaff J P, Puil M L, Weidow B L, et al. A novel and in siu
rma= 0. 872 technique for the quantitative detection of MTBE and benzne
d l 5 Kuwn= 7. 832 mg* L 1. degrading baderia in  ntaminated matrices [ J]. Joumal of
Miaobiological Methods, 2007, 68: 437 441.
[ 4] Tosten C S, Marib S, Holger W, et al. Microbial degradation of
26 methyl tert—butyl ether and tert-butyl alcohol in the subsurface[ J].
94 Joumal of Contam Inant Hydrology, 2004, 70: 173-203.
’ y=1.1467 + 6.83x [ 5] RosellM, Lacorie S, Barcelo D. Analysis, occumrence and fate of
2 =
22 R =09973 MTBE in the aquatic environment over the past decade[ J]. Trends in
Analytical Chemistry, 2006, 25( 10): 1016-1029.
< 201 [ 6] Martienssen M, Fabritus H, Balcke G U, @ a. Determination of
= 18 L naturally occurring MT'BE biodegradation by analysing metabolites and
biodegradation by products| J]. Joumal of Contaminant Hydrology,
1.6 [ 2000, 87 37 53.
[ 7] Brenda N, Chisala, Nigel GT, @ al. Evaluating the risks of methyl
14 |-
> tertiary butyl ether(MTBE) pollution of urban groundwater [ J].
12 L1 L L | L L | L L | Journal of Contaninant Hydwlogy, 2007, 91: 128-145.
0.02 0.04 0.06 0.08 0.100.12 0.14 0.16 0.18 0.20 0.22 [ 8] KolbA, Puttmann W. Methyl terebutyl ether(MTBE) in snaw
1/c
samples in Germany[ J]. Atmospheric Environment, 2006, 40: 76
8 A MTBE Ve Vri 86.

Fig. 8 Relationship between J[MTBE] vs. 1 r; during low

mitial concentrations by .culture A

[ 9] Cuzan G, Borghoff S J, DePeyster A, @ a. Methyl tertiary butyl

ether mode, of action, for cancer endpoints in rodents [J]., Regul



1790 30
Toxicol Phamawl, 2006, 22: 10k 106. [18] Schmidt T C, Schirmer M, Hadedein S B, et al. Microbial
[10] PrahJ, Ashley D, Blount B, & al. Dermal, oral and inhalation degradation of methyl tertbutyl ether and tetbutyl alcohol in the
pharmawkinetics of methyl tertiary butyl ether (MI'BE) in human subsurface[ J]. Joumal of Contaminant Hydrlogy, 2004, 70: 173
volunteers[ J]. Toxicological Sciences, 2004, 77: 195205. 203.
[11] Yu XZ, GuJ D. Uptake, metabolism, and toxiciy of methyl ter— [19] N s , . B-Proteobacteria
butyl ether( MTBE) in weeping willows| J]. Jownal of Hazardous [J]. , 2006, 27(12):
Materials, 2006, B137: 1417 1423. 2536-2542.
[12] Chen K F, Kao CM, WangJ Y, et al. Natural attenuation of MI'BE [20] s )
at two petoleunhydrocatbon sill sites[ J]. Journal of Hazardous [J]. ,2007,1(1): 107109.
Materials, 2005, AI25: 10-16. [21] Okeke B C, Frankenberger W T. Biodegradation of methyl tertiary
[13] s s ( MT'BE) butyl ether by a bactenal enrichment consortia and its monoculture
[J]. ,2005, 28(5):10&111. isolates| J]. Microbiol Res, 2003,158: 99-106.
[14] Zang Y J, Farnood R. Photocatalytic Decanposition of Methyl ter+ [22] s s ( MTBE)
butyl Ether in Aqueous Sluny of Titanium Dioxide[ J]. Applied [J]. , 2007, 26(2): 563-567.
Catalysis B: Envionmental, 2005, 57(4): 275282 [ 23] s s , . PM1
[ 15] [M]. : s [JI. , 2007, 1(7): 15-18.
2002 [24] Zhong W H, ChenJ M, LuZ, et d. Aewbic degradation of methyl
[ 16] Martienssen M, Fabritus H, Stefan K, @ al. Determin—ation of tert-butyl ether by a Proteobacteria strain in a closed culture system
naturally occurring MTBE biodegradation by analyzng metabolites and [J]. Joumal of Environmental Sciences, 2007, 19: 18-22.
biodegradation by-products[ J]. Journal of Contaminant Hydrology, [25] Zhang RL, Huang G Q, Lian J Y, et al. Degradation of MTBE and
2006,87: 3753 TBA by a new isolate from MI'BE- contantnated soil[ J]. Journal of
[17] Kubuwvic N, Todorvic M, Raicevic V, et al. Ramoval of methyl Environmental Sciences, 2007, 19: 1126-1124.
tertiary butyl ether from wastewaters using photolytic, photocatalytic [26] MoK, LoraC O, Wanken A E, et al. Biodegradation of methyl ter¢-

and miaobiological degradation processes[ J]. Desalnation, 2007,
213: 123-128.

butyl ether by pure bacterial altures[ J]. ApplMicrobiol Biotechnol,
1997, 47( 1) : 69-72.



