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Biodegradation Study of Gasoline Oxygenates by
Butane-Utilizing Microorganisms

Soon-Woong Chang*
Dept. of Environ. Eng., Kyonggi University

ABSTRACT

In this study, potential degradation of MTBE and other gasoline oxygenates by pure culture ENV425 and mixed culture
isolated from gasoline contaminated soil using butane as the sources of carbon and energy was examined and compared.
Butane monooxygenases(BMO) of butane-grown ENV425 and mixed culture generated 1-butanol as a major metabolite
of butane oxidation and addition of acetylene, specific inhibitor of monooxygenase, inhibited both butane oxidation and 1-
butanol production. The results described in this study suggest that alkanes including propane, pentane, and butane are
effectively utilized as a growth substrate to oxidize MTBE cometabolically. And also BTEX compounds could be the
potential substrate of the MTBE cometabolism. Cell density also affected on the MTBE degradation and transformation
capacity(Tc). Increasing cell density caused increasing MTBE degradation but decreased transformation capacity. Other
result demonstrated that MTBE and other gasoline oxygenates, ETBE and TAME, were degraded by butane-grown
microorganism.
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BTEX 3}% HA] MTBE Al 754 Sle 71d9)0] #=|qlth. =3 @555 Al MTBE £l 9%
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MTBE(Methyl Tertiary-Butyl Ether)y= A &850 &
ey Bz EREEd, MTBES) 72 49 ¥3y
AT ether(C-0-C) 23] 3Pty o2 QFg3}r] ujFo]
o). 197935E] MTBES F-A3PEo] S8V} sPdAl=
AREEROLE, 1990 B Akke] Fepe S
2 #HAx 27%2 A 3 vl=2] Clean Air Act
Amendmentsol] 2J3l] Yikeleth Fo gy SAEAR ©
Fol Aztet G tis) el e E B
AR2Z71A (Oxygenates)E AREE 7] ARSI TE.

7R8Il MTBES 71 ditdo = AlgEo] &
A v 7 A ARSEE] 30%01d HrEEoIz]
t}. 7ol H7HE MTBES] it FoH|E 34%E X
g9 g Az gheko] 2 Walsh| 3 Koo
AMe FIMIE FH3 15%71A Z7EES Yo,

SEFPIME 1984 35E] 220]7] AlRglor], Ak
2 A& Z7RIA A7EA Alg ARERL ok 19933
ol SARAYH oJsld MTBEY kg wigto] <)%
slEIlon, dao] Rl A7 Tl &
H=E Fefu] MTBE 32 6~8% Fxold, $-
yte] £-7 2 A7 B4 AFEaE FE2 A3l A3
ol itk 53], HZ FME f-F2d0 < B
2 Al 2.de] 4AzMdo] tiFE o] MTBES 2§
2EE IRHE AFE ¢ ULt

9]are] A AlelE B, MTBEY] =29 52 217
Al, 874, 34, A%, 5ol dadE Jelda, 917l tis)
AMe e 7hs BEE ERSk th). Hartley 579
oJehd ml=e] YukARl S-8<79] MTBE %+ 10 ug/l
osloln, et 7FsA WEd S-85=A e A 58 7]
g 100 pg10 24 AASIATE. T3 v Al M=
19973 gl WAIE 7I1F0 2 2040 pgnel -85 fas

o]#% MTBEE 099 EY 9 X3|4ro] AzHuigle
2 Z¢ - 38R HhHEe| Wol o 8FHa glon, A
ARl Sl A o]o] B2 AESA XS &
FHoE Fuiglsle A7} olFoAL glom, o] W
S AT A9 B2 vdo] AEre AL o] g
g2zl ARdelt. 1eh, 7 4R 2] MTBE=
AR o7 Ral7t HA ool 2Es Ry F
gl o5 MTBE®] ®38lE frieshe ol 37143 A&
g AoMs E82Q Wkte =z arsE iy Qt}e.

BEE2Q1 MTBE #3E MTBE AHE g@Ahdow
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o83t 2 EINIAY?, 7Ie} 7] (growth
substrate)S o83k o] FF9 vhe|g]o}s¢1Ne} Tt
o)F10% o8] S 29U MTBE E3E #=3}
7% sh=d], ©1F FthAHcometabolism)ekil F=d] o3
o] BRI AEREL B2 AHY B4 508 <)
3 HgE ofall A SAYoZ olfHR] HafuE o
B EY % Asl B Fohake] g7t gl A4
=1 Qi

FUM= MTBES 93k EAAI7I7} olFoix|x glo.
L opA7ER] EAAR]] AT o]FoiXRA gkn o) B
AT XM= 7|&Eo MTBE &3l Aol AZEH pure
culture?] ENV4259} UG ESNM AH Bejd
S WO E butaneS 7@ EA Q] o8-8, MTBE
2 e} Z1ERsIAle] 281549, MTBE 3tAE 913
71e} AA71A FAF & - BAgke 24 EEgo)
Ao FAAE EFHEF &84S ANSAt ji)

2.1. 0822 Ea2| ¥ i

Serum bottl(120 mo] FFLHESF 10 g7 wiFH
(BSM, Basal Salts Medium) 50 miE 718} teflon-silicon
septa?} aluminum crimp cap® 2 YE3} butane 30 ml,
0,10 m, 1837 air 30 mIE YHA] headspaceE $ATH.
ae]x 797 shaking incubatoroll Al 25°C, 150 rppme)
Z702 w%AIA butane E3N7F FEE F 1 miE wi
X8 ZAH9) serum bottle(120 mlel] HEAA 15 7¥H0.
2 URE7r] Ak wHESIY, butaneS AP Z
olg3= THTE wSIATe.

a8]ar, B A% o18% pure culture?] ENV425 (ATCC
55798y Envirogen, Inc.(U.S.A)Z HE] 7]& dHlo} B
23] o83}t ENV425E propaneS EhAg @ o
UR|go 2 o]g3l HelHon, Q] colony® Wt
HER 9] gram-variable, acid-fast, filamentous, rod-shape-S-
R, fatty acid 410 Z Nocardiae] 3t 2H=
FRIFATHD. A5 Ded 28] 87 13t e
ENV4255 FU3HulR|el| dsled 30°Col|A] 24417 3
iR - 50mie] ©Ago] EASH] = BSM media
9} butane 30 ml, O, 10 ml, 22|31 air 30 mIE headspace
£ A& serum bottle(120 mlell BF3}] 787} shaking
incubatorell 4] 25°C, 150 pmeE HIFAZ 1A, 1 miZ )
o] wfekel 50 ml, Z28]3 butane 30 ml, O, 10ml, air
30mi7} EolA e serum bottle(120 ml)ol] HEA)A
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BT} 2L PO o)83dr.

2.2. Butane 2| % 1-butanol 44 ¥

butanedl] BlYE T+ YAEE(5,000rpmX Smin) 2}
42 HA & 5A1Z] $, phosphate buffer solution®Z 2
3] A3 & ODE 7IEoE A3 o3 I1FsE2
AEEAT = & AFTE 2 ml viak teflon-silicon septa
9} aluminum crimp capl-2 BEE ¥, wlA] 1.5 ml,
phosphate buffer 0.5 mlE 2Tt I2]1 butane®] ¥
312l phosphate buffer 150 uiE syringe2 F7HIZ &,
TFE AETeEn A48SE AL viak shaking
incubatorollA] 25°C, 150 pmZEAolA] &8RN o, A4t
AE@UYE FE31 GCAllA A8kt

1-Butanol %432 10 ml serum vialoll 900 ul phosphate
buffer. 10 mM propanots: ¥ ¥ teflon-silicon septa®}
aluminum crimp cap® 2 BE3Ct T3l butane 900 pl
& vial headspace F-2ol| Y3 F wldE T 100 ul
£ viall] U= do] AUt Viak shaking
incubatorollA] 25°C, 150 pmZN SAEHoH, o
BAEGUE FEII GCollA FA3%H.

23. 71&E MalX| 23 M3

Ao AMeE BE 245 2 71Ve 7Fss a7
HH71E o83l 121°C, 1587t Bt At
1.21 amber serum bottleoA] F 79 F<F 25°C, 150 rpm
o] 2 e PR ODsse= 0.5~0.69] A
TSS(Total Suspended Solidys Al ¥4 Eelsk
nE-E FSAIFAT TSSY g YAEe] & 554171
tAE FEQ TTE ARSI HR%S serum bottle
o FYsh= LA FABIAT®. MTBE 2 711 418}
A E34EL 120ml serum bottle?] 50 ml BSMZ} MTBE
9 7Ed AEAE Y3 F, teflon-silicon septa®}
aluminum crimp cap® & WEIY TFE HEI I
AL AREJT. 1831, vl Ao 2 s e FYUgH
Z7390 acetylene(1.0%(vol/vol); gas phase)ys 3715}
AEES 28T

2.4. EAHHY

MTBE(Methyl tert-Butyl Ether, CsH;,0), ETBE(Ethyl
tert-Butyl Ether, CH40), TAME(Tert-amyl Methyl Ether,
CeH,40) =742 Hamilton 1710N gas-tight syringeS ©]
2319 pottle?] headspacedllA] 100 ks AFH3ld GColl
24 FUste] 2319}, GC= HP-5 2 (Crosslinked

5% Ph Me Silicone, 25 mXx0.32 mmX0.52 um film)¥}
E20] 2317457 (flame ionization detector, FID), 18]l
HP 33949} integrator’} 2% Hewlett-Packard 5890 series
IIE AMEEIT) GCol 4 =18 FY%, AEYe) 2=
7} Z¥zt 200°C, 200°ColH, SB-L 40°ColA 5202
SA38)Gc). Carrier gas= 1 mi/min®] $52 F2uks
& A3t

Protein 5T T5= 3 NNaOH £ 65°Ce] ZA
of 308 F¢F 23lr17] 3 Biuret assay ol <3l
A8

3. 4% o na

i)

3.1 ENV4252} 2830 2|8t Butane =off ¥ 1-
butanol 44

FROEEYNA Eeld E3hdT2 ENV42SE e
2 butane 7|AEA9] o1 8AEE HIIE17] A3 resting
cell 27X butane T3MEEE HIWSIHTE ENVA2SE
propaneg- BEAYOE ogsle] £]E wo|u, Table 1
o] Ang B, ENV4259] 93 butane EIEEE 384
nmol/min/mg protein®. 2 E¥FF 352 nmol/min/mg
protein BT} TR W& 702 AT} Nocadia TBI
¢l 7% 4.9 nmol/min/mg protein®Z F2 butane F3
&5 5 HoFEQ1, Hamamura 5208 APl 3%
79 #=F = CF8, M. vaccae?l 73-% 31.5 nmol/mg
protein, 21.5 nmol/min/mg protein® & & Aol T
Z¥ ENv42sH EFTFHRO thd 22 butane £
T2 RAFRIO, P butanovora?] 735 42 nmol/min/mg
protein® 2 T £ butane EIMEEE BT
ENV425%] 79 butane E3&EE wdelol wket o
A & AxnE EAF o), 2545 nmol/min/mg
protein®] HYWol|A FEFICE TS butane Eafie &
737N T doter, 5 uMellA 50 uM7ZER|e] 9]
oAM= A& Q] butane E3IATFE RAFITE

Table 1. Butane oxidation by two bacterial cultures, ENV425
and mixed culture

Mean rate (nmo! min~' mg of protein')

+8DP of:
Butane degradation | 1-Butanol productiona
ENV425 384+2.6 276123
Mixed culture 352143 184+1.5

#1-Butanol accumulation was measured in the presence of 10%
(vol/gas-phase vol) butane and 10 mM 1-propanol.
"Number of samples n=2
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Butane E3lA13%ERt 1-butanotS- AE3}7] A3, 1-butanol
I} 72H0F FARH-propanoks- 718224 1-butanol
9 F7F S YAHCE AFSATHY. ENVA42S
2 E3htFolA9] butane 4-B]ol] g}t 1-butanol -
242y 71.9%, 523%% EFATR] ¢ ENv4sHT 2
Hog e ARG HAFglet, o] die YAFLS
2 A% l-buanole] AHH 71 a7t dojubA,
2-butanol2 FZHE Ao=2 =}, ol¢} fAGH AEE
2 Hamamura S22 P butanovora®] 2J3F butane
ol8-A] l-butanol FHE-L 964%el o2} 12}, CF
8 @ M. vaccaee 742}, 52.1%, 9.8%° Exsidr}. 1-
butanol®] FZ&&o] & olf= Zt 57t AU U
monooxygenase®] 5H| xjold|A] 7RI B 4 Q)
T} MonooxygenaseS) YEIAIRY acetylene 1%(vol/gas-phase
vol)Z butane’} A0 FUA] butane E3| 2 1-butanol®]
Z28 dojux| ¢ol ENV425 2 EFHTIFolA butane
monooxygenase(BMO)’} butane &30l 83 AT
T ASE FHA Ut

Hamamuras %] ZIME LB AFHUAR, &
AFolA o]Fojxl ENv42s @ EFTFY butane
monooxygenase’} 3] - ZFHH o7 Fosial e AMIS
o539 ARE FHEn) 1) 371 2904 butane E3H
7} Qofyitt. 2) 1-butanok butane®] EsIEE FAE]
Atk 3) acetylene 3541 butane 23 2 1-butanol Z

Ao AohiA) ket

3.2. MTBE ZM{AFE gist HE7|H
MTBE= AZehHos diad 842 2i=lf du
A2l §F-LGAHME MTBES BAg02 27 23
Sk 44 ek, olefe ol 714 AEE ¥

Table 2. Effects of growth substrate on MTBE degradation

ixincy

slzdodMe Sl o$k MTBE #3115 Fi=ske W
Ho| Ytdolr}, 2 AolMT propaneS ERRYUOZ o]
83l E2l8 ENV4259} butaneS BHAYOR o}83}o
T8 ETE ez AR7A= o) & 7t V)
S AESIL, MTBE theh B4%E Hlw - J7sidch.

Table 25 KW, propancs FA7IZZR o] &Ad=
ENV425¢} 1S 25 butanes 7|1RZ FHI A¢-
Hr} MTBES] thsk @47t B =90t} Pentane 354
o= &3l MTBEY tdt 84S HYc} 1-butanol,
ethanok> ODss’t 7wk Sl 242 1.1, 142 A%
ZIABME 2 A5 HAF9U, MTBE AAEA
T e AoE #FEERIT Liu 5179 AFaMx A4
2714E 1-butanol FFA] Arthrobacters] €& MTBE &
AreE v ZAoE 723 vt =3 MTBE 2 TBA
= AA7EES o]8EA] AUTH(Table 2). &, ENV425
o} E3HFFoll <JsiX MTBE @ TBAE ©E0E AR
4 Eafirt doubA] ehethe daoln)

Z12]3, butane, propane, pentane, ethanol, BTEXd]| ¢
3 MTBE E3Al9] 1% acetylene FUA|9l= MTBE
F2EAETT ADHJY. =, butane$! 73-F butane
monooxygenase 5 7|23 A7t MTBE £slol] #ods}
3 S-S Hojg= AFo|r} 1Y, butane monooxygenase
£ l-butanol®] #3fol 2J8] MTBE Fulrlel] H3e] vl
A B & F Ak 019 7ARE 2HE hymans
2 propanole 7371 A=Z ©]83F Xanthobacters} M.
vaccae= MTBEE #31& 4~ {13121}, propane F-FA]0l
= M0 E MIBES AA & & Ut ol 24
+© YHHARIl ¥ alkaneR7} alkane 7] S-S 7
A alchols® #3l7F o7l wiFoll butane©|t} butanol
o of) AdH d5= FARBR, butane 7] E3llol T

ENV425 Mixed culture
Substrate - " - - 5 : 3 - — 5
Final ODssy Relative activity (%) Final ODssg Relative activity (%)
Butane 048 - 0.57 -
Propane 0.54 120 0.48 105
Pentane 0.42 84 043 78
MTBE 0.02 ND* 0.01 ND
TBA 0.06 ND 0.04 ND
1-Butanol 1.1 1 1.4 2
Ethanol 0.8 15 0.7 27
BTEX 0.1 35 0.14 37

*The initial ODss of each culture was 0.05. Cultures were incuabted at 25°C with constant shaking at 150 rpm.
®The MTBE degradation capacity activity of each culture was compared to MTBE degradation by butane-grown cells.

°ND, not detected.
YBTEX, benzene, toluene, ethylbenzene, and xylenes.
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oJste AABMOPIE Aol vk 8 & 4 o

T3 BTEXS AA7IRE didsidan, 9% MTIBE
EBARE BT o)d Q72T osha, WekEs)
2ol o) AdE 5= MTBE El@AHES Bojs
A Z3kdeh. 22}, #2 Hyman 572 propane 3]
<1 VB-19] 28] BTEXSFHESE toluene, benzenes:
27142 o]&AlolE= MTBE E5|8AEE Byt 7
EZ3} 37 Steffan 5N BTEXS) #¥A] U3 MTBE
7} BejEle 29E Rusrs ok

3.3. MTBE &3lj2| #Xsz Y&

£ d3oxe wAllsE #3t § 7] MTBE =83}
o w2 MTBE ¥3f 54& #d3sl9th. ENV425%t &
FEF EF IF FYEEE 0.14, 028, 0.42(mg/m)E
H3lE F0m %7] MTBE %2 2, 8, 16 umol® 4
PRt

Table 39] Avh= Wb AlZF 3~ 154 39 MTBE &
) ZF2}  transformation capacity(T.: amount of MTBE
degraded/amount of biomass added)E B =3 it}
APAT ENV42sS ERTT 2F Hd T gAE®
0.14 mg/ml, MTBE 16 umold W Z}Zt 0.67, 0.41(umol
of MTBE degraded/mg of biomass added)2 UEITE
9] FAs=d ujgl MTBE #38|#& thi 27181590
W, T.E 1Hashe 43S Holx ot

Lie S79Ae butaned AE7|1AR ol833su)
Arthrobacter®] 28F 2.5 umol MTBES 3t T.<= 0.23
pmol/mg biomassZ £ QoM e] AFHTIE Td &
BHE HoAAFUe} ey e sistee] ol o3t
T. A3l HISHH R3] 2 gholoh. 48 E9 TCES
E38= M. trichosporium OB3b2] T.= &= w}
26~108 ug/mg biomass*Vol] ©|ET} Lie F'olAM=
MTBE®] #84He] TBAZF S =|9HA MTBE 23ll&

HEE gojred 4= gloj, TBA &Zo) o5t Jaks &
srlFT 7188k Jiok. 2euy, MTBE £3)A) 545
£ TBA 9A] A&EQ1 37} ooz Fxo ue}
o] Gz vXle Fo] ZEE = Uk

A 59, Lie 579 47E E9, MTBE £3lA TBA
T 30~40%2] HAZ GAFRI FHo] dojdt). V)&
ATEANE £ o, 8, 16 umol MTBEZ} FYE 7390
T MTBE FHIAEE Z39 TBAY 3 54 I
© 2 butane monooxygenase?] BAHTEE Hojmd £ &
A3 AL HL}, o7k Fuialel 23k MTBE #3173
2of| g Bl dEzinlk glont, [“Cl MTBEd ¢
3 Agds) HFHog CoMA FAE Bl 7
Aog AT JYoHV. F, TBA L 7]E} FAHE0) 2
3} butane TF] BAL A= G & 5= ok

ENV4252] 749- MTBEZ} 2 pmol¥ o} gAlE5ol w}
2t A9} JA3E MTBE #3i3o] BEEAT, 16 umold
= TAEEo) wel MTBE Esligko] oF 1.8 A=
ztolg Bk STl A% - frAlskAl MTBEZ} 2
umold W wAIEEe] wel Ao} Y3k MTBE &3l
o] FHFUTL, 16 umolYE FFUES) Wt MTBE
Hajjgko] oF 2.491¢] xjo)E Ryt oldE MTBEY %
o] A& Z¢ wAlsol mal MTBEQ E3izol= gk
< HX)x] gov}, MTBEY] o] 715 HAlET
oe} £ xpolE Boln UrKTable 3, Fig. 1). T539)
w2 MTBE &81d3= T, % ZAHE vlud % 9o
u, feld e AW MTBEY 2 59 TBA
o} Ak} TBA B5o WE butane FaldFe 4
Boll Pixle 5G9 st A I HaE A
o2 AlEdd

3.4. MTBE % 7|E} 7558 M3IM[2] &5l
71E FF2AF A7) o5PH, MTBE ©)¢]dl% o

Table 3. Effect of cell density and MTBE concentration on the MTBE degradation and transformation capacity

Amount of Amount of MTBE degraded at the following conc of MTBE
Biomass Biomass 2 pmol 8 umol 16 pmol
(mg/ml) MTBE T2 MTBE T. MTBE T,
0.14 1.09£0.03 0.15+0.003 3411015 0.481+0.020 47810.0 0.6710.000
ENV425 0.28 1.07£0.21 0.08+0.015 2.57+£0.04 0.18+0.003 5.55+0.6 0.39+0.042
0.42 1.18+0.09 0.0610.004 4.05+0.18 0.19£0.004 835104 0.39+0.018
0.14 0.84+0.22 0.121+0.031 2.5610.12 0.36+0.016 291101 04110.014
Mixed culture 0.28 0.79+0.04 0.06+0.003 2.79+0.08 0.20+0.005 439103 0.31+0.021
0.42 1.19£0.17 0.06£0.008 4.11£0.07 0.19£0.003 6.88+0.7 0.32+0.032

*T. : Transformation capacity (amount of MTBE degraded/amount of biomass added).

"Number of samples n=2
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Fig. 1. Transformation capacity (T,) as a function of the cell
density and initial MTBE concentration by ENV425 (a) and
mixed culture (b).

2] R &AL SAR] REE 5 Qlod o9
gk A7 Bade ARSI £ dlrMe F 5o
Chang 5'9¢) d7ollx] MTBE B354 bl 232 u}
oz Fukio| HriEl= MTBE 9 o2 o8 717] 7}
£3418bA4 (oxygenates)?] ENV4259} Eghrrol o3t &
A E3lel g 715438 ZAIRIT.

Fig. 2= ENV425Z2 tjA4ko ¥ MTBE, ETBE, TAME
7t &5, EFoE EXE we BaAI%E vehha
ot 7R B e Egog EAE o 2%
ETBEZ} 7F¥ w24 a7l dojukom, MTBE, TAME
AR Bt dolon, Baldme 22 111+12, 44
+8, 3716 nmolhr/mg(dry weight)°]21t}h. &, ETBE’}
MTBE, TAME®] H]s}] 2.58] o)A} e E3&sE By
Fa UhFig. 3(A). SHHETR A= ENV4259}
fARE A7t B2E 0 ENV42se) HlsiMe tha
=3 B8l A4S 2 5 tkTable 4).
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Fig. 2. Batch activity test for MTBE and other oxygenates by
buitane grown ENVA425, as described in Materials and Methods.
ENV425 (7 mg[dry weight]) was transferred to MSM (50 ml) in
serum bottle (120 ml) sealed with teflon-silicon septa and
aluminum crimp caps. The reactions were initiated by the
addition of MTBE and other oxygenates (2 pmol). (A) Time
course for degradation of MTBE and other oxygenates
individually. (B) Time course for degradation of MTBE and other
oxygenate mixtures.

MTBE, ETBE, TAME’} %02 7[H%S = 7}
&Y AV 9502 EAE o) Hro) ebdsiA s
= ARRIo] tA ZoJH o resting cell 2P0 EE A7)
glo] Fart dofkor, el FARIITHFig. 2(B)).
=y B84 MTBE, ETBE, TAME Z}2} 68+ 12,
3619, 3215 nmol/hr/mg(dry weight)©-Z 718 H71A|
7t g5 EAE v B} ok =23e B

T Az 7Y HAUiAY BReAge
ENV4259} H|523h 7488 B9l o) ETBE, MTBE, TAME
2% ENVA2SHTE E3&57) thd = th(Table 4).
Kharoune 572 upflow fixed bed reactor Agolr] 7}
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Table 4. Degradation rates achieved in the resting cell condition
with the target oxygenates in individual and mixture

Degradation rate
Culture condition (nmol/hr/mg (dry weight))
ETBE MTBE TAME
Individul | 111x12 44+ 8 37x6
ENVa25 Mixed 68+ 12 36x9 315
Mixed Individul 1018 38£5 32+5
culture Mixed 621+4 32+4 27£3

"Number of samples n=2.

g 234 Fx= thEAY, ETBE, MTBE, TAME =0
2 H=Etkn Hasle] B Ao Axe} fAMIS B
o ZAr} Steffan 'V A= ENV42S, M. vaccae,
ENV420, ENVA215-S 102 3t 71&1 4lshAl A3
ol 5 B 7R TR wE s 495 B
At

ENV425¢] 74-%-, propane, 2-propanots 33712 = o]
43S v, MTBEZ} ETBERTH Ea&0] ¢t} 18
1}, ethanol, acetoneS 433 7|AE o]€31S = MTBE
2 ETBES] #3l&°0] FARILE 24417F wliloF & AlAE
kS WSO EE Table 4 AXH B A7) Aol
AgH o= vwslrle oedeul, FF 2 AF7I1-e w
g o 2YE HAFS ¢ F Utk B A4
butaneS AA71AZ o]&A] ENV425 L EFHIFOIA
MTBE % TAME &Eaj4%e] fARCW, propane 3
7€} AA712AE 0] 83 Steffan TV AFoNM+=
TAME £3}:8-0] MTBE®) 1|3} 8<18] Hojxg #As}
gt T8v, M. vaccae JOBS= MTBE, ETBE, TAME
% gadow Baistgth. ENV4208] 73S, MTBE,
TAMES &340 2 Rajlsigl o), ETBES Ad )7t
Jojur] oo AhtAQl Ans RoFAD. 7)E AT
ZAuje} B dyeMe] 2xs T W, MTBES HIESH
7 A Uil ok EsiAl AR met
A=l J4o] o3l we} W AjolE VeRES o 5
et 1ejmz AJESEHbH] o3 LAENA s d
7 HAgAole 29XY BauAlEe] B4 delo &
Ashid g ERto] ARHARES ¢ & 4 ok

4. & =

B A= 7)o MTBE FUiAl 2 3t
Z ENV4259F TUFROGEYA BejE EFTE

g A1LE Sy, e 22 2ES AT

1. ENV425 2 &3H750] 71424 butane F3lléies
FARBFEo W, 1A} BAFESQ] 1-butanol EHEEAAE
ENV4257} 9581t} <, monooxygenase®] &l ulz}
AR B9 Alojolgtal AlEHT

2. U ROAEYNA B8 352 MTBE %
7Iet ZkEALEHA RalfsEo] 718l 2158 ENV42sel
Hs| HEox|A] kS8 AR &, ST &
5N A FFLdAge e a8 7t
e wAE

3. MTBE E3l&40 JTFES vxjs AA7|d2=
butane, propane, pentane 52| alkaneT7} E#Zo]lo
), butanol, ethanol 5 alcholi= 7]1&4Z4] MTBE #
& f5ol a31490 EJ} 3 MTBE £8 F2HER]
TBA 9] MTBE £31E f531A] 3ok 234, §5F
329} BTEX ZA1A] MTBE ¥3l7} 45 #&=o] &
Fo@AHelre] Foall 23k MTBE E3l7Fs3S =
AZF ALE Alsdrt

4. #4's=% @ MTBE &7)5%9) W& MTBE &85
Aol 9 dAlEEe met MTBE £33 thix
71513 o}, To(transformation capacity)= 3|8 4~
= A3S Bt
5. MTBE ¥ 7]g} 7EE-AISIAlY] E8i5d A golA
ENV425 2 E345F0l 2J3] MTBE, ETBE, TAME
fuHo g AAY o Uik L, ETBEZ} 22H7]
AZE 7P 25§on, MTBE, TAME 02 32
ock. g o] EFol s AehArt EgE Aol
= EeleMe ARy, dikdo g Ralaizio] Aol
o, FollEEs thh =eAls ZloR EEICh

6. 2 A+ e 71&E dFUES Vil HES 23,
Y 299 MTBE 3 7EERIBIAIE AEShE”)
Wl o8] arH o= Alojslr] SsiMe L9 E
Au|ARE] 54 Tt & A-3 QAR Buikio] A

Aol Fof Fitt.

oM ox

O

o

A A

£ AFE 20003% ZB7IiEka ks del A9
of ofa) =R on ool FA=HUTH

o

1

A
o

1. White, G.E., Russel, N.J., and Tidswell, E.C., “Bacterial
scission of ether bonds”, Microbial Rev., 60, pp. 216-232

Journal of KoSSGE Vol. 8, No. 1, pp. 27~34, 2003



34

10.

11.

12.

(1996).

. Peaff, G., “Court ruling spurs continued debate over gaso-

line oxygenates”, Chem. Eng. News, 72, pp. 8-13 (1994).

. U.S. Environmental Protection Agency, Health risk per-

spective on fuel oxygenates, U.S. Environmental Protection
Agency publication no. EPA 600/R-94/217, U.S. Environ-
mental Protection Agency, Washing, D.C. (1994).

. USEPA, Drinking Water Advisory: Consumer Acceptability

Advice and Health Effects Analysis on Methyl Tertiary-
Butyl Ether, U.S. Environmental Protection Agency, Office
of Water, EPA-882-F-97-009 (1997).

. Harty, WR., Englande, Jr, A.J. and Harrington, D.J,,

“Health risk assesment of groundwater contaminated with
methyl tertiary butyl ether MTBE)”, Wat. Sci. Tech., 39(10-
11), pp. 305-310 (1999).

- A, M, oRIR] “FRkEsu| A Eel o3t iR}

A MTBE(Methy! tert-Butyl Ether) &3, &= 2| 3}=81 7
813)%], 6(3), pp. 31-41 (2001).

. Salanitro, J. P, Diaz, L. A., Williams, M. P. and isniewsji,

H. L., “Isolation of a bacterial culture that degrades methyl
t-butyl ether”, Appl. Environ. Microbial, 60, pp. 2593-2596
(1994).

. Mo, K., Lora, C.0., Wanken, A.E., Javanmardian, M.,

Yang, X., and Kulpa, C.F,, “Biodegradation of methy! t-
butyl ether by pure bacterial cultures”, Appl. Microbiol. Bio-
technol, 47, pp. 69-72 (1997).

. Kharoune, M., Pauss, A. and Lebeault, .M, “Aerobic bio-

degradation of an oxygenates mixture: ETBE, MTBE, and
TAME in an upflow fixed-bed reactor”, Wat. Res., 35(7), pp.
1665-1667 (2001).

Hardison, LK., Curry, S.S., Ciuffetti, LM., and Hyman,
MR., “Metabolism of diethyl ether and cometabolism of
methyl t-butyl ether by a filamentous fungus, a Graphium
sp”, Appl. Environ. Microbiol. 63(8), pp. 3059-3067 (1997).
Steffan, R.J., McClay, K., Valnberg, S., Condee, C.W. and
Zhang, D., “Biodegradation of the gasoline oxygenates
methyl t-butyl ether, ethyl t-butyl ether, and tert-amyl
methyl ether by propane-oxidizing bacteria”, Appl. Envi-
ron. Microbiol., 63(11), pp. 4216-4222 (1997).

Gamier, PM., Aurio, R., Augur, C., Revah, C., “Cometabolic

Journal of KoSSGE Vol. 8, No. 1, pp. 27~34, 2003

13.

14.

15.

16.

17.

18.

20.

21.

biodegradation of methyl t-butyl ether by Pseudomonas aerug;-
inosa grown on pentane”, Appl. Microbiol. Biotechnol., 51,
pp. 498-503 (1995).

Hyman, M.R., Kwon, P., Williamson, K. and O'Reilly K,
“Cometabolism of MTBE by alkane-utilizing microorgar.-
ism”. In G.B. Wickramanayake aand R.E. Hinche (Eds.),
Natural Attenuation: Chlorinated and Recalcitrant Corr-
pounds, pp. 321-326, Battelle Press, Columbus, OH(1998).
Hyman, M.R., and OReilly, K., “Physiological and enzymatic
features of MTBE-degrading bacteria”. In B.C. Alleman and
A. Leeson (Eds.), In Situ Bioremediation of Petroleum Hydrc-
carbons and Other Organic Compounds, pp. 7-12, Battell:
Press, Columbus, OH(1999).

Hyman, M.R., Smith, K. and O'Reilly, K., “Cometabolism of
MTBE by an aromatic hydrocarbon-oxidizing bacterium”,
In V.S. Magar and M.R. Hyman (Eds.), Bioremediation of
MTBE, Alchols, and Ethers, pp. 145-152, Battelle Press,
Columbus, OH(2001).

Chang, S.W., Bacek, S.S. and Lee, S.J., “Cometabolic degra-
dation of MTBE and other gasoline additives by butane-uti-
lizing microorganisms”, In V.S. Magar and M.R. Hyman (Eds.),
Bioremediation of MTBE, Alchols, and Ethers, pp. 161-166,
Battelle Press (2001).

Liu, CY., Speitel, G.E., and Georgiou, G., “Kinetics o7
methyl t-butyl ether cometabolism at low concentrations by
pure cultures of butane-degrading bacteria”, Appl. Environ.
Microbiol., 67(5), pp. 2197-2201 (2001).

Gomall, A.G., Bardawill, C.J. and David, M.M, “Determi-
nation of serum proteins by means of the Biuret reaction”, J.
Biol. Chem., 177, pp. 751-766 (1949).

. Ginkel V., Welten H.J., Hartmans S. and De Bont J.A.M,

“Metabolism of trans-2-butane and butane in Nocardia TB-1”,
J. Gen. Microbiol. 133, pp. 1713-1720 (1987).

Hamamura N., Storfa, R.T., Semprini, L. and Arp D.J,,
“Diversity in butane monooxygenases among butane-grown
bacteria”, Appl. Environ. Microbiol., pp. 4586-4593 (1999).
Fitch, M.W., “Trichloroethylene degradation by Methylosinus
trichrosporium OB3b in a hollow fiber membrane reactor”,
Ph.D. thesis, University of Texas, Austin (1996).



