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Cometabolic Biodegradation of Fuel Additive Methyl tert-Butyl Ether
(MTBE) by Propane- and Butane-Oxidizing Microorganisms

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

ABSTRACT

A gas-substrate degrading bacterium, Nocardia SW3, was isolated from the gasoline contaminated aquifer using propane
and butane as carbon and energy sources. We have examined the effects of substrate concentration, temperature and pH on
the gas substrate degradation as well as MTBE cometabolic degradation. The result for the effect of substrate concentration
showed that the maximum degradation rates of propane and butane were 30.6 and 25.4 (nmol/min/mg protein) at 70 imol,
respectively. The optimum temperature and pH for the degradation of gas substrate were 30°C and 7, respectively.
Substrate degradation activity, however, was still active in broad range of pH from 5 to 8 and temperature between 15°C
and 35°C. The degradation activity of Nocardia SW3 for the MTBE was similar to the both substrates. The observed
maximal ransformation yields (T,) were 46.7 and 35.0 (nmol MTBE degraded/umol subsirate utilized), and the maximal
transformation capacities (T.) were 320 and 280 (nmol MTBE degraded/mg biomass used) for propane and butane
oxidizing activity on MTBE, respectively. And also, TBA was detected as by-product of MTBE and it was continuously
degraded further.
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1. M E

MTBE(Methyl rert-Butyl Ethery= 71 3Rk-2] 37}
AzA SE1E IR AEA W77 RsEe] dikst
@A BAAS aAA ARHCE 7| EEE Eole
37 23129 T3 wjize] FESHA ARSHAL T ©
3 EFol| A ALEE7] AR o] RS WEET o]h
Relo] AFAEA, dFE A9 Uv T2 A R
2 gl Fkfol 4o] & AS A VY 9
A o] B AAE S0l EOD. 4k HHA)
2 0|85 B2+ MTBE ©|9)o|% ETBE(Ethyl tertiary
butyl ether), TAME(Tertiary amyl methyl ether), DIPE
(Diisopropyl ether), TBA(Tertiary butyl alcohol), metahnol,
ethanol 5] AT, =& SE7}, A, 7KEAH] =
L 33 59 olfE = Byt AMAXCZ MTBEE
o9 FHEEHA AL Tt

o2 ME 1979958 MTBEZ} $ibfe] &7} &F
A R A AR ARSET] AREIeH, fejuet
ANME 1984dFE 220]7] AZFTE. MTBES] ALt
AL 7RI FAA Alg ARSIl 9o, 199339
E SARAH oJsle] MTBEY 3k wigto] oF-3}
HRT AdgEre] ol 7N,

gubz oz AHEE 3k Ul MTBE 3% 6~8%
Azolr MTBE= 7 %2 #7 22 A% 8=t =2
Aslel] AR|=o] 3 F=wH o2 A5} A s Al
A FHAT} URE-S ARk o] sk 7Pk
ol kg GE2 Q8 EY} AskF MTBEE. &
a9 7hsAde] slon A o do] UL 4
4 QU

9ol AFARIE B9, MTBEY] =28 FE2& 4173
A, 84, 74, A3, Tl 95745 eRAaL, Q17 tish
A Wkl 7bs BAR BRI 3ivh Harty S0 98t
™ o] YukAQl 2-84=9] MTBE ¥%+= 10 g/l ©]
sloju], et 7154 Wil S8 HY & 7]
& 100 pglo2A AASIAT B3t n=RE o e
19973 Tt WXIE 7)1FE0 2 2040 pe/le] S84 AL
EES =

MTBEZ 2g9d Eol #8155 XAy B3t
7] YaiMe B2l 3sA ] WHEe] Bol A= e
U, 2zl Haee YEg o] 8%k AEe B W
Holl i3l Balo] Folx|ar vk AESHY WhEe A
28% Aol Malsl= vlAEY Agl SATE P
7171 Y3l FUYEAT F7] 58 FUNT= biostimulation
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o] gtk F HhHS Aol FHgshk=d flof Fagh
Ao QAEAS FaFolw ekgHow BT 4 3=
g e 2 dnd njige] 248 Hu2 A
T A= 359 HHslo|t}.

MTBEE 49 £ ofuAgog o|83le T53%
e ol Fr1F e zrldeE B o Itk
FAHog Awud, HESHHQ MTBE ¥3l= MTBE
ZHE gAagdoZ olfsl AR B, 71Et
37714 (growth substrateyS- ©]-83h= oJ#] FF< vl
gJo}l0-hg} Fsgo]Fhel| 23 3 2EeU MTBE
BE s i= gt o]2 FthAK(cometabolism)Etil
shedl gy GRS fUIERES BE WY =
] 5oz QE)] vAE o3 A7 BAUCE o]&EXA]
Zamg o099 BEY 2 A5l Bl Akl =7t
o] A4E5 .

£ dirte Sd AR gASe] EXCERE propane
2 butaneS BAY % URIYeR o] &3l &5 VY
B8 Bl £ w59 MTBE &35l vlxle 714
T, 2% 9 pHOl JE ZABIAC™, MTBE E8i5
q&

ZAsict.
2. A #

2.1. Propane ¥ Butane £3l #F2| £2|

5729 AYor B2 M35l propane E butane
S gy R e g olske IFE st
EUAIR 10 g2 50 ml gl ¥ 250 rpmell A 30%E
7 X B3R & o] dES BHETE GAXOE 3
2131390}, 3)4J8S- yeast extract BAJel] =2eE 2 30°C
o] gRe7le)| ol HikSINT. Yeast extract BRX]Q] AP
KH,PO, 1.5¢g/l, Na,HPO, * 12H,O 9g/l, (NH4».SO, 3 g/l
CaCl, 001 g/, MgCl, 0.15 g/, yeast extract 1.0 g/l, agar
5 gli(pH 7)°1AT}. Yeast extract B|X|oflA] 43748} colony
e B0 g} 559 75 Bt 24 a5
= yeast extract HiX|o] oF 103]2] ¥HEx o R THlsled
Jejo} ol A& E FAHe Zs IR &
4 B 5% w78 FUIg9uiAl HFS)IaL propane
%

o 3

Z¥l WE propane ¥ butane #3350l FTAl ST
Nocardia SW3 5 A3}, Propane ¥ butane
H3e-2 olefoll st B3l B4 A9 TYS s
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ol g3}l BBl oM Rl #Fe] BAHL 165 rRNA
sequence T4 B3l FARIATH

22, 22| #F2| 7| 2ol §4 4

Ao AM8E BE 24 2 7)7)E 7Fsd 315
FF7|E o}l 121°C, 1583 skl ARgsict.

1.2 L serum bottlellX] ©F 78 B2 25°C, 150 pme] =
ANA A3 Nocardia SW3E ODss= 0.7~0.98]
Asct TSS 2 FHEE S35 3 94 Feskd vlA
S FSAFT TSSY # daiEsl & 554170 1
AE FEAo] FEE ARSI AS serum bottledll
FYste BAlE FABIETHY. 713 s E 2 MTBE
EadEE 120 ml serum bottled] 50 ml BSMF 7)1 2
MTBES F%3%F ¥, teflon-silicon septa®} aluminum
crimp cap® 2 WE3AL 755 IS ol AFS A
HAoh ZE|n vla AFoeze 99 FUS 279
monooxygenase®] A e} AT SR acetylene
(1.0%(vol/vol); gas phaseyg 7Pt AES Fgtoz
A 712271 o]8A] MTBE #31E ASsh=t] o83k
o,

2.3. 2oy

Propane, butane % MTBE %72 Hamilton 1710N
gas-tight syringeZ ©]-83}4] bottle2] headspaceo 4] 100
wE AFsH ool A FHstd £49815eH, TBA
T CS22 F&E3l 1uE Geoll FYsted st
GC= HP-5 Z¢(Crosslinked 5% Ph Me Silicone, 25 m
X0.32mmXx0.52um film)¥} EEo]-2371 % 7](flame
ionization detector, FID), 12|31 HP 3394%] integrator
7} 4% Hewlett-Packard 5890 series IS ARE-3T}.
GCo| &1 21L& FUR, HEF] =71 47 200°C,
200°ColH, L8 40°CollM 5228 XS5, Carrier
gast= | mimin®} £E2 AALTAE ALLFTH

Table 1. Characteristics of alkane-utilizing strains

ol& BlAZel )% 31 H71A) MTBES] A% n

Protein E5+ T5= 3 N NaOH 290 65°C] =
ol 30 B -83lAIZ] F- Biuret assay Wl ©3lA]
BT,

3.4y o &

%0

3.1 72713 2ol 252 22

B dFoMe Ul ARLHEYNAN 559 18 &
e, Rejd o5F 25 IEkMT, 33 1
LAoIRIE}. o5 280 TSFE PseudmonasS} Nocardia
2 Y=Y e 3% a5 WS Wie] HA
2T},

Propane?} butanes A3371d ol87Fs44S vind o,
Nocardia T5<%] SW¥ 7V A7) 9581830t Nocardia
SW3 I -7 A4S B3, colony®] FE7} thE
=l HIs Fsigien], Jeeddolitt. B3 Propane
3} butaneS BAYO R 0]83t] YIS W), ODsso7)
ZH2E 0.85, 0.76 AR TF o] st wdk
71Z2AAR wlE T5E IS resting cell AP
3 A3 O 73 viE] Hoju MTBE 384
HOoH, propaneo] BAYOZ o|§HH S WHT &
& MTBE E3|84=8 B3}

3.2. Nocardia SW3 Z50|| 28t 7|HsE, 2= X p
o| gt

2 Table 1914 AAIE rie} 2ol 71|l igh &
A7} T8 Nocardia SW3E 22 MTBE FHXAH)
HHe 71d BeEAS wetsl] 9al 71A wE, &%
3 pH ®isle] @ 714 (propane, butane) T3 E4S
ZABIT 7k 1d B il nE R 54 A9
2 27 FEFE 2 mg@AXTEH), 71d FAFe
15, 30, 50, 75 pmolZ, A)7Y| wWE propane 2 butane
o] ¥l 5AS 2AIIEoH, Fig. 19 YepRidh

==

. . Final ODss’ Relative activity (%)°
Strain Gram Stain Color 16SIRNA
Propane Butane Propane Butane
SW1 + Bright Orange ND® 0.25 0.36 45 48
SW2 - Cream Pseudmonas 045 0.25 55 21
SW3 + Milky White Nocardia 0.85 0.76 100 79
SwW4 - Yellow ND 0.37 0.58 75 45
SW5 - White ND 0.73 0.46 68 57

“The initial ODss5 of each culture was 0.05. Cultures were incubated at 25°C with constant shaking at 150 1pm.

®ND, not determined.

“The MTBE degradation of activity of each culture was compared to MTBE dgradation by propane and butane-grown cells.

Journal of KoSSGE Vol. 8, No. 4, pp. 45~52, 2003



48
A

&0 (o
5
£ A A
2
[
c
©
Q
Q
o

0 10 20 30 40 50 60
Time (hr)
B
DRI
g
2 Aa
)
C
B
-
i3]
0 10 20 30 40 50 60
Time (hr)

Fig. 1. Propane and butane degradation at different initial propane
and butane concentration by Nocardia SW3.

Propane¥} butane %3 AZE FARE 43S Holxw
don, 27 FUEE F7K wet AA7] e tE
o] s BalEe Algte] HoRs B F Tt

Table 1914 Z¥ekslAl 2AKE A9l T)E0] propane]
butane®THE Tha 718 Eakgo| £ VERTH 27
SZRsh Wi 7AEINEEE
butane®] 7] Z71AFYFo] 75umold W Z+ZF 306
nmol/min/mg protein, 25.4 nmol/min/mg protein®E I
Z=EATt. o] A= AAelA ENV425 W ETE T
Ao 2 =ZH butane B3NS 384, 35.2 nmol/min/mg
protein®iTHE Thar =27, B Afollx Eeld a2l
Nocardia SW3%} Y5238t Nocardia TB1'0] €J3} butane
#3l4 = 4.9 nmol/min/mg proteinEth w9~ WRE 23]

£E BoFD 9100, Hamamura §'9%) HFO 3

H|W3PH propane ¥
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Fig. 2. Comparison of propane and butane degradation at
different temperature condition by Nocardia SW3.

T2 CF8, M. vaccae®l 2]3} butane E3]|&E% 315,
21.5 nmol/min/mg protein BTH= WE RE&EEE Ho

AL o

Fig. 25 %7] 712%9% 60 umolo]L FAEHBK(15,
20, 30, 35°C)ll W T Nocardia SW3l &3+ 7|4
I 9ES RoFa ot =gl F-431A] propane
o] butane Bt} E&HQ] 71 o]8A4S HoEl glon,
15°C~20°C FHM= BaiE=rF 16.1~23.1 nmol/min/
mg protein FHZ 25 7o) w2} ElEEIT vk F
7R}, T 7136 mE Baldn B AR e
ot 28u 2571 30°COA= propane®} butane ¥
&x7b Z¥zb 302, 252 nmol/min/mg protein® & T2
3A 7Rl 15°ceH Bob 1.5~1.880 ol wiEA
HES & 5 Aot

Amstrong 5'7& FFEEF tolenes o Z A3
g A3k, 11°colA 25°C7k A 2Tt STkl weEt
toluene Tal&=r} oF 3u7HR] SES BRI &
& Deeb 0 20°ColM F3F v S 0|83}
toluene®] 35l viXlE 259 FES A 4
35°CollA A9 toluene &S HAF0o™ 20°C
dlAe 35°ColA] DL toluene Edld=e] oF 56%2] &
3¢ vEhdta Bus|e st 2 ArddeMe
30°CollA HAe] 72| BelEEE HAF3len, 35°C
olMe BalErt thh TAHAYE 1y 5 2
MTBER 2.9¥ ESAele] A5 AHsls faiA

= aFEHo] FaAQ) HIlS e o), A
2(10°C~20°C)olA] MTBE E3lEAEE Y + UE

d77F asita AlsE
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Fig. 4. The cometabolic MTBE degradation in the presence of propane and butane by Nocardia SW3.
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©= propane Z butane®] ©] BAYS T o] 8-H 1
MTBE #3585 vl - H718iqict.

Fig. 4(a), (by= == Nocardia SW37} propaneS B
o2 FFUS 9 propane E MTBE £3)] Feds B

F Aot} AExe Aol did nie} 2
©] 120ml serum bottle?l] ¥}X] 50 ml, propane 60 wmol,
agn A4 B9 19 2 mgAR71EEHE HES,
25°C, 150 pm 02 A¥E JW3¥T. 27] F
H propane 60 umok2 20ho[ujell £Hd3] K7} Uoiwk
o™, MTBE 9A] propane 749} BlEo] Eajr} dojut
7] A&k, 35h B2 ¥ 30 umol propaneg AFY
gH & propane® Z71%F FARE SEZ 42n7te) 8}
Al AA=RL™, MTBE 28ll&me tha W}, ol
2 propane #31&EE 50.0 nmol/min/mg protein®.
2 Table 1914 ARE Ealig=rot w2 Jepdol
Fig. 4(c), (|4 butane ¥+ MTBE Ed|54L
HodF glom, propane®] 7-9-9f 2o Wi 712 £3)
£55 HAFATh Table 1914 AAE Axpuc) we
713 B34 % H3= Nocardia SW3 =7 AAF7
2 o " udsliEoRa o] E4mrt Folr]
o= Als gt

MTBE 32} 5j&©] MTBE 74l TBA A/
AR eH, AdE TBA 9] ARPAIel we} 2|43
Q1 B3P F=R) Fig. 4belMd 29, 75h & MTBE
i3] % TBA A3 Z3E MTBE control} EZFAE
Hlu gk 23 MTBE 3 #3289 F3-2 MTBE
control®] °F 17%= #HAHUOm MTBE ¥ MTBE %
AHE}l TBA G4 X&EHoZ B3/t dojds & 4= L
t}. TBA A4d & monooxygenase2] WEIE-AS] acetylene
(1%(viv); gas phase) Z7IA o= TBAY E3l71 1 ol
212281 AA7E oA eitt. &, MTBE £7] &3]
Hkgoll #dSl= alkane monooxygenase’} TBA £3f9j)
T Foeal S-S AR 58 S Qo

Propane 5A9} FAFSHA butaneS 333 79 Fig.
4dlM=E A MTBE E3154E BojFa itk
Hyman S%lMe 3801572 Graphium spi= propane
S ©A¥U0% FHA MTBE B3-S TBF ¥ TBA
7t A/EAL TBRE 719Es) #E8-S B3l TBAZ W=
Al g, TBAS U ol Bl dojuA] a1 A&
Q) FZo] dolygr} vhH Hyman 5ol Me alkane
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wallerel] ¢Jgk TBAS A&AQ) #Ee BIdP|w 317
o} mgh W FReXE Tl ENVA2S B BT
FE o= 3 MTBE #3i430IAE TBFT 2EE
] &QUAL, resting cell AFoA= TBE} 2710l AZEEH
ot w2A Zase] TBAZ HeES RAFETh
Hyman 5¥4= MTBE #3|A &4 BlmdA AY
JE FArE9] FEH(TBF+TBA)YS 4% MTBERTH 3
2 o] TEEo] HAE] AR £l 7F543E AA
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dou} Rz digt W A= A= £
T}, E3F propane w37} toluene 2 benzene 5 ¥
TS D90 " Fol8A] MTBE E3e =591
Agk, TBAY] F7H3Q) £l doluA] o}, MTBE 2
FrRE9] Bhgo) Poels B4 FHEo] 9] TH o
g Z2A vebdS & F AP, Lie S22
MTBE®] #1HR] TBAZ} £2=HA MTBE £3] 84
ZE Hojred 4= Q)] TBA S&of| gt FS 43}
g dert o BasEris lglon MTBE H3iA|
TBAE 30~40%2] B2 YAIHRA F2 o] dojydirt. of
AR Fhrlel|l 23 MTBE EaA=0) 3k walslA)
& ZmE glovt, [14°) MTBESY 231 2% Azl =3
S CO7MA Ak Bal7t 7Fsst Aoz 48k 9l
THY. Fig. 40l Bodzl AAg vjgho® T 7lr|do] gha
Ao Z o|8A] MTBE®] #3ll#+2- JERNE transformation
yield(T,)Z Vlxsl R, propane 2 butane X7 15FUHF
o] ¢kA3] o]8-E 30h 7I1FCE 467, 35.0(nmol MTBE
degraded/umol propane utilized)©.Z WL} 2ol A
ENV425 B E3hiFo] o3t butaneo] BAYCE o] &
2 o} T, gk 31.9, 32350} The % RS BT
HE3F propane ¥ butane®] B0 F o] 8E uf o)
gt MTBE AA%E JERNE transformation capacity
(T)= resting cell AFAF Z}Z} 320, 280 nmol/mg
biomassZ Lie 570] butaneS AA71AZE o]-&3Suf
Arthrobacter®] 2J3F T, 0.23 umol/mg biomass T 3
tom gPox TZFF sl butaneS ARA7IAZ
o] g3 A% AAR 0.06~0.12 umol/mg biomassH T} &
A Ee T, A3E BT Qioh
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2 dFMe SHRRLEAYT EYIA propanedt
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o]gol| FIE VIXA] &= Ao AR
4. Nocardia SW3E ™I4S Z propane E butane®]
o] gigleg o]8= uwj MTBE E3i5AE vlar - 7}
St A3} propane ¥ butane®] MTBE E3EAEE &+
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