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Biodegradation of Gasoline Oxygenate MTBE(Methyl tert-Butyl Ether) by
Butane-Utilizing Bacteria

Soon-Woong Chang, Seung-Sik Baek and Si-Jin Lee

Dept. of Environ. Eng., Kyonggi University

ABSTRACT

In this study, we have examined the potential degradation of MTBE (methyl tert-butyl ether)
by pure culture ENV425 and mixed culture obtained from gasoline contaminated soil using #-
butane as the sources of carbon and energy. The results described in this study suggest that
MTBE is degraded cometabolically by ENV425 and mixed culture grown on n-butane. Butane
and MTBE degradation was completely inhibited by acetylene, which indicated that both
substrates were degraded by butane monooxygenase. These cultures grown on n-butane
generated TBA (tert-butyl alcohol) as a metabolite of MTBE oxidation. TBA production was
accounted 54.7% and 58.6% for MTBE oxidation by ENV425 and mixed culture, respectively. In
resting cell experiments, however, TBA and TBF were detected as the oxidation products of
MTBE by ENV425 and mixed culture, The observed maximal MTBE degradation rates were 52.3
and 62.3 (nmol MTBE degraded/hr/mg TSS) by ENV425 and mixed culture, respectively, and
the observed maximal transformation yields (T,) were 44.7 and 34.0 (nmol MTBE degraded/#mol
n-butane utilized), and the observed maximal transformation capacities (T,) were 199 and 226 (¢
mol MTBE degraded/mg TSS used).
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Fig, 3, Cometabolic degradation of MTBE by n-
butane grown ENV425, (a) Time course for
n-butane consumtion in the absence (@)
and presence { O ) of acetylene (1.0%
(vol/vol); gas phase). (b) Time course for
MTBE degradation and TBA production
(A) in the absence (® ) and presence (O )

of acetylene (1.0% (vol/vol); gas phase).
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Fig, 4. Cometabolic degradation of MTBE by n-
butane grown mixed culture. (a) Time
course for n-butane consumtion in the
absence ( ® ) and presence (O ) of acetylene
(1.0% (vol/vol); gas phase). (b) Time course
for MTBE degradation and TBA
production (A) in the absence ( B ) and
presence ( O) of acetylene (1.0% (vol/vol);
gas phase).
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Table 1. Experimental conditions of column tests

MTBE n-Butane TBA Transformation yield
degradation degradation production (nmol degraded MTBE/
(%) (%) (¢mol) pmol degraded n-butane)
ENV425 712 55.8 1.12 447
Mixed culture 89.8 85.1 1.15 34.0

Table 2, Comparison of maximal MTBE degradation rate with other researches.

Substrate Microorganism Maximal degradation rate Reference
9.2 L/min/ f protei
Propane ENVA421 rmoymn/mg of pro .eln Steffan et al.”
=276 nmol/hr/mg(dry weight)
4.6 /min/ f protei
Propane ENV425 MMOYIMINNE OF profein Steffan ef al.9
=138 nmol/hr/mg(dry weight)
Butane Graphium sp. 10.5 nmol/hr/mg(dry weight) Hardison et al.”
) 3.9 nmol/min/mg of protein )
Pentane P. aeruginosa . Garnier et al.®
=117 nmol/hr/mg(dry weight)
Butane ENV425 11 nmol/hr/mg(dry weight) In this study
Butane mixed culture 9 nmol/hr/mg(dry weight) In this study
ENV425
Butan 52.31 l/hr/mg(d ight In this stud
utane (resting cell) nmol/hr/mg(dry weight) n this study
mixed culture . .
Butane ) 62.25 nmol/hr/mg(dry weight) In this study
(resting cell)

7F w2 dojur] wEolth 99 e AAEER
MTBE &3l tiste] EdF7F ENV425E T &3}
Holglzl & 4 ¢l °l+% Transformation yield

oM ENVA25S Egol A BALU] WEolch
AL RAAIE melsY EFFFI) o ME AT

Well MTBEE E&iatA%, n-butane ©] &85 12
shd ENV4257F of &3HQ 2 & 4 Stk &,

L

AAem 1274 EURTS aseds Ol
s
=
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Fig.b. Time courses for TBA and TBF production
during MTBE degradation without n-
butane by n-butane-grown ENV425 (a) and
mixed culture (b). The symbol (O) is
indicated the MTBE degradation in the
presence of acetylene (1.0% (vol/vol); gas

phase).
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Table 3, Comparison of MTBE degradation rate between ENV425 and mixed culture.
Degradation rate Degradation rate Transformation capacity
(nmol MTBE/hr/mg) (nmol MTBE/hr/mg) (nmol MTBE/mg biomass)
(0~3hr) (3~%hr) (0~hr)
ENV425 523 6.3 199
Mixed culture 623 5.1 226

oF F4% ¥R UL 2 5 A% F, R
3¢ A TBAZ WddE soz Andd &
@@*el A%, MTBE 79 % 3 hob 339

= HE 9 hr Fole &7l FA =AUt MTBE
7} Esigol wEba TBASH TBF= A4=7] A=
o, TBAY 7% AF 3 hrol HUBEEE B
i, o|F Za7t FAH7) AAsAd. TBFE A%
hr $ol HHABE &S BT HE 5 hr Foll 25
He At

ENV4259] 7% 0~3 hrAle] MTBE &34z
57 (nmol of MTBE degraded/hr/ mg of
biomass) 1, TBASl A4 30 (nmol of
TBA produced/hr/ mg of biomass) & #&= ]t
z3#Fol 4% 0~3 hrAlel MTBE Edl&=e
62.3 (nmol of MTBE degraded/hr/ mg of
biomass)°]i, TBA®l 44 £X& 33 (nmol of
TBA produced/hr/ mg of biomass) 2 #z= i)
o] A AA9] n-butaneo] EAE Wl TBAS HHBA
ENV425¢F &3k#F 22 9.9 (nmol of
TBA produced/hr/ mg of biomass), 6.4 (nmol
of TBA produced/hr/ mg of biomass) 2 WEFLt
t}. 3~9 hr dlX+= MTBE #& £%=71 ENV425%
£ga4F 2474 6.3, 5.1 (nmol of MTBE
degraded/hr/ mg of biomass)Z ZZHAct HF
% 9 hr 9IMe] Tc (Transformation capacity) &
Hol ENV425¢ 2% 199 (nmol of MTBE
degraded/ mg of biomass) 2 Yeltn, T3
749 226 (nmol of MTBE degraded/ mg of
biomass) &2 YeRGT} (Table 3).
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Transformation yielde (T,)© Z% 44.7 3%
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