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Effect of Methyl tert-Butyl Ether and Its Metabolites on Microbial Activity and Diversity in Tidal Mud
Flat. Cho, Won-Sil and Kyung-Suk Cho*. Department of Environmental Science & Engineering, Ewha Wom-
ans University, Seoul 120-750, Korea — The effect of methyl fert-butyl ether (MTBE) and its metabolites like
tert-butyl alcohol (TBA), and formaldehyde (FA) on microbial activity and diversity in tidal mud flat was
studied. MTBE, TBA, and FA with different concentrations were added into microcosms containing tidal mad
samples, and placed at room temperature for 30 days. Then the physico-chemical properties such as pH, mois-
ture contents and organic matter contents in the microcosms were measured. In addition, the total viable cell
number and dehydrogenase activity were measured. Bacterial communities in the microcosms were monitored
using a 16S rRNA-PCR-DGGE (Denaturing gradient gel electrophoresis) fingerprinting method. As a result,
the exposure concentrations of MTBE and its metabolites showed no correlation with the physico-chemical
factors (P>0.05). Dehydrogenase activity and total viable cell number were decreased with increasing MTBE,
TBA and FA concentrations (P<0.05). The toxic effect was higher the following order: FA > MTBE > TBA.
Dominant species in the microcosms contaminated with MTBE and its metabolites were Sphingobacteria,
Flavobacteria, delta-proteobacteria, gamma-proteobacteria. The diversity of bacterial community was not sig-
nificantly influenced by MTBE and its metabolites.
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737] A1 Zel A8 olxelM 5Y F& k3 Al 2O
E2FE 10cm ozl oM AH EBof AEEZ A)Fs}e] A
Poll o] &3ket. A3 EoF A8 EAL Table 1] A
FGE, pHE 77, &8 39 571E g5 47
65.0%, 8.7%°1%3ch. BHE 200 mL A A8 35 g7
G745 25 mLE Y3 MTBE, TBAS} FAS 39 8 & &
FolF vPIE 23 para filme 2 wheds) YEsigdc), 72 &
Ao} 9] X3 MTBE 0, 50, 100, 250, 500, 750 mg/L,
TBA 0, 10,000, 20,000, 30,000, 40,000, 50,000 mg/L, FA
0, 03, 06, 09, 1.2, 1.5 myL% s}t =& AgL 31t
Bog FHlsiget. o] dAME a2 sl 16417, &
Z71 slellA] gAIZESR Flod A2(25+2°C)lA 30U 7t Wt
sk},
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pHE= pH meter(Model 420A, Orion, USA)Z ©] £-3}+]
Ao, 8 gk} §7)%E 3RS standard methods
(APHA, 1985)5 o]8-&}o] HA3}ac).
YHeAE A A BAL terrazoliumd o) o) &)k
X* 489 formazand WlgbEE FEsed wj A ksl by
& ol (5] BIA, test tbeol] 0.03 g8 CaCO:E 9
z ‘g& g F 105°C Ax7)M Az A7 F FAsix
A} B= B 3g& FHAHLZ fest tubed)] Y F 3%
triphenyltetrazolium chlolide | mLe} B 2.5 ml& &7}
g F vortex mixer® 333 Eslgich dle] F3} 31A)
A=E A g §] 37°C wioFriel] Wl 24417 Fk wjok
AlF, wieF ¥ methanol 100 mLE 7138t ¥ 250 mL AH2}
wELﬂoﬂ A T F 0% Bt A ERkaaE £
FE3}0L A 7)o o§3}2] (Whitman filter paper)2 o] 23}5]
©}. Methanol%- blank® &}3 UV/Visible spectrophotometer
(Agilent, USAYZ A18-8led 485 nm I}l o shelo] F33
=5 SAEG. Spifid A4 2447 St AxREY

Table 1. Characteristics of soil samples.

pH 77%03

Moisture Contents (%) 65004
Organic matter Contents {%) 8.7x0.6
CFU (CFU - g-dry soil'h 2% 107+ 8x108
DHA (ug/g-soil - day) 1,100 + 142
Clay (0~2 wm) (%) 92

Silt (2~50 pm) (%) 3.8

Sand (50~2000 wm) (%) 4.2

Soil texture (USDA) CL

LS: loamy sand, CL: Clay loam
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g AAE TPF = (ugE AAkstsichug - gsoil - dh.

Adee 9AH FHHE o] 83t =E3h= plate
counting HPH-& o] &-3}eq z"‘éﬂ“‘:} Test tubeol] 9 mL]
dH#5E $9] T F AR 18 A A2 F 1ulE Y
% Z8)¥ 9mLe] "o ‘—:?01 sl o)2d A
& uHEsle] 107 oA 1072 A e £98 LB A A
(tryptone 10 g/L., yeast extract 5 g/L, sodium chloride 10
g/L, agar 15 g/L)ell 0.1 mL& =72 e 37°Cell A 244)7F
wioFgk F 24 (colony) £AE A3,

EE PAE ANME $eled 9] 7hE AR =
gk, MTBE, TBA ¥ FA 54 %9 2} microcosm®] £k
o] 2] - 3t - AEEH B ARAE 2] 4
hed o EkA} Al 4> (divariate correlation coefficient) £
< Tt SPSS 7 package(ver 12.0)5 o] &3
Pearson's F9A L 7ol T, frojak ¥4 sisidt

n4g =32
zyzke] RofAlR | g AFsled B0k AlR4 DNA F%
kit(Q-Biogene, Carlsbad, CA, USA)& ©]8-3}] genomic
DNAZ FZ3l3v. %3 DNAE template® 3}
eubacterial 168 rDNA primers?] 341fGC(5-CCT ACG
GGA GGC AGC AG-3)$} 518r(5-ATT ACC GCG GCT
GCT GG-3)% ©|43] PCR(PCR system 2700, Applied
biosystem, USA)E 33ieirh4]. ZE PCRUEFE+= 1 uL
template, 2.5 ul. 10xBuffer, 12.5 mg/mL BAS(bovine serum
albumin), 10 mM dNTP(deoxynucleosid triphosphate,
Corebio, Korea) mixture, 25mM MgCl, 2ul, 20 pmol
primers, 0.5 U/uL. Tag polymerase(Promega, WI, USA)E.
FAEY & volumed 25 uLE sl HipE Aok PCR
HAE B3 2FH genomic DNATHE DGGE(Denatur-
ing gradient gel elecrophoresis)® #23}¢ v}, DGGE:
Dcode™ System(Bio-Rad, Hercules, CA, USA)S AF-8-3}
o 8%(w/v) polyacrylamide gelS ol 83l urea’s =&
40~60%(100% denaturant, 7M urea, 40%{(v/v) formamaide)
15 sled 50 VE 14412 53t 47193 81wt Urea®]
EE 40~60% 52 HAS F7] 98] F volume 25
mLol| 4] 40% acroamide/bis 5 mL, S0XTAE buffer(20 mM
Tris, 10mM acetate, 0.5 mM Na,EDTA, pH7.8) 0.5mL,
formamide 2} urea®] TAl-2 40% denatureationo v 3
formamide 4 mL, vrea 4.2 g, 60% denatureationol] T} 8|
formamide 6 mL, urea 6.3 g & 7}3l9 29 10% ammoni-
umphosphate2} N, N, N', N'-tetra-methyl- ethlenediamine
(TEMED)Y #Z 57} 22 02%, 0.15%7F H55 Yol
Z 5 16x16 cm? gelS THE¢] 84314}t DGGE gel A
o Vel Soldal bands F2h dehllel 20 uL WHSE
Y, grf} A (20°CM 1082 A3 65°ColA 382k
AES 3 hE whEsle] o, AEE F AR
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< 3lslgin). o]gAl 92 DNA A8E template® }od
PCRE G331 o]} AH8-3} primerel] &= 341f(5'-CCT
ACG GGA GGC AGC AG-3)7} 518r(5-ATT ACC GCG
GCT GCT GG-3)% A& AH31%1.2H, PCRE 43314
o} $%% A& pGEM-T vector(Promega, Madison,
WI, USA)S o]£3}e] E. coli DH5aaal] cloning 3}31ct.
NucleoGen Plasmid Purification kit(spin type: Nucleogene,
Korea)s ©]8-3}> F23} plasmid DNAZ- EcoRI AZHEA
{Mbiotech, Seoul, Korea)®2 dxk8ld DNA insert® Els}
A, G7IMEE EAEIIE #4918 971422 the National
Center for Biotechnology Information(NCBI) website2]
Basic Local Alignment Search Tool(BLAST) algorithm<
%3}o] GenBank database?} ®|®3ledTh4].
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Z} DGGE band®] intensityS E-F band®] intensity &
Fo2 vhir g o) 83 Hed TS B3l 29 ¥
Fx9} A4 53 B8 el A%<l Shannon-
Weaver *|<=(Shannon-Weaver index, HYZ AARIIEH{13].

H'=-2p,-lnpi

o]7]A], H: Shannon T} A<, pA= i band®| intensity
£ DGGE E¥ band intensity £33 F 7oz
biotype?] WlEe}e] IAZ vjehd 7olt),
=gt 3 W F 749 143 AEE Vele Ay
T5E A|$(Bvenness index)S AlAFsFITH 13].
u

=0

714, HY ©}FA (Shannon-Weaver indices), S¥= %14 &
ol

7+ A|8.2] DGGE fingerprints 712} AP vl 57)s)
7] $15ld Z+2¥2] DGGE 7} band intensity 32 - band
9] intensity FFLZ vhE Zhel® 3t Ff AS-FAA)
)& o]8-8te], FAIE-E-A (Principal component analysis,
PCAYE 5331 =H(SPSS ver. 12.0).
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MTBE$} 719] AHEQ] TBAS FAS Y EokS ¢
2 microcosmel} TRFEF T2 FYI, 309 A T 7
2o AR pHE HA 89S 27 pHE 77031,
MTBEZE #7F8t microcosm®] pHE: 6.7~7.022 pH7} ¢
Zb Zasiact (@ s} w|AlA]). MTBES} 541559} pH 3}
Atel o) ARABAE gl ALE FMFHYAEH v]A) A,

p>0.01). 3, TBAS} FAE 5% microcosm®] pHE 7t
Zk 7.8~75, 6.9~7.12 <7t 7HAS|SIc. TBA % FA 4%
2o} pH HEkele] AAS B A, AT ol
oA vlA|A], p>0.05).
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Fig. 1. Effect of MTBE (A), TBA (B), and FA (C) concentra-
tions on dehydrogenases activities in the microcosms after 30
days.
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Fig. 2. Effect of MTBE (A), TBA (B), and FA (C) concentra-
tions on viable cell numbers in the microcosms after 30 days.

ug-g-dry soil'day’©® Z459le}. 309 A3} F 100 my/
L ol3le] W$2 MTBE/} A71E 73S s g s IS
Z7FsR= Z3gko] A AUTHP<0.05). 2, H71%l MTBE
57} 100 mg/LE ZaelE 2AAME 2B 50 30}
g4E Gehis B o] A ohP<0.05). 308 A
¥ TBAS FA =% 718 ¢ 4 s27} 271 &5
g@rdifid @A) AEldvh(P<0.01). SAEA gt x
Z 30d A F A S A} w2 Sl wet A
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3 7]47)% FA(146.8) > MTBE(0.23) > TBA(0.004) &0.2
FA B4 714 =1 TBAS] FA4o| 71 2ot

gpa gt AFAIZke] wEAL BAEA | 1zt vhe
& Holm, FAo] 7] wiite] 54 & %} sk
f8-3hel6, 18] B MRS W22 FF57) PAH
(Polycyclic aromatic hydrocarbons)E ©|-83F &34 A3l
A BPAEAT} urease Bt 544 Q@ael] 2kslA) 243t
AeH19]. o] Aol 499 Az F EgF 4o Ak *
Z37A GeAiAv] 21EEY 2 o) RE AT
A, B nAES] 48 PAHS®] E3l, 545} PAHs
FAoR olgt e Eale] HESH ol8vPsAe] walelal
A9 22, PAHSZ £ 75 PAHY} ESF <t
A kst ARE S RelElmA ojd A F7t o
APARE-o] B BAE Aas 4 olvh Kl
[19, 21]. Ff 23de] A=A 2 A EoRS vl
AH 2 ffoll 23AIA A3l IS A £ HI) A
TR 7 29 A vAE G FrRELeH, geAais
A © F7} 819121, n-hexadecan?} 2-methylnaptalenes
A58 3 4= 9l= Ruegeria species7t =) 3 H17, 18,
19]. =3}, MTBE, TBA%} FA FollA] FAY] SAe) 714 =1
A D= ol FAZF 49 active site(-SH 7] 0l &
viE Al Heol EAE A3 B3} A7)V e
A= dH6).

MTBE, TBA, FA°| =% A7 7oA 304 A+ &
(Fig. 2), #1145 43 3x107-4x10%] W2, 27)7H2x10°
+ 8x10%)0l] W3] 7rAslgict, DA g A 3 mipb AR
EAEAY] 9 o] Tl vt A AEe
4 olgl o] AbkaA B A 7ksk o) BAY) S
gom, BAMCR ME {3 Ao vepyth(p<0.05).
MTBE, TBA, FA % 309 A% ¥, 747 249 A3
Az viws] E9kg o, FA > MTBE > TBA €©9E FA9)
EAo] 4 & AL o 4 AUk

S f g S ATrpel 2he] wIAE A4S 7)Aol
o8 MsE WAV =, pH, A, A4 5
Zro] cjoFst 2734 Q9lel oJsl 3k WA =vh9). o]
g Qo5 kgt s YEel o)f Fhsd 7| AH wiE
A Akl Lxel 3L T B 3 W nlAE 4}
WEFE HeAis BRI Soisha Easlgvh
[21] B 7 A Ape) i ih FA-L oke] At
HAS Bgon), BARAN A M2 fo8iA] dkehE@d s
wJAA], P>0.05).

njidE 28 sS4 &4

MTBE, TBA ¥ FAE A73led Q1M e= 304 Bt &
AA7] A A B2 DGGE fingerprintsE T4 & #4
(principal component analysis, PCA)&F 235 Fig. 3¢ %
Alskglet. A8} PC1#F PC2oll ule} 1537} o] Folx| =
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Fig. 3. Principal component analysis of DGGE fingerprints of
the tidal mud samples contaminated with MTBE (@), TBA (O),
and FA (W) after 30 days. MTBE addition concentration (mg/L):
M-0, 0; M-1, 50; M-2, 100; M-3, 250; M-4, 500; M-5,750. TBA
addition concentration (mg/L): T-0, 0; T-1, 10,000; T-2, 20,000; T
3, 30,000; T-4, 40,000; T-5, 50,000. FA addition concentration
(mg/L): F-G, 0; F-1, 0.3; F-2, 0.6; F-3, 0.9; F-4, 1.2; F-5, 1.5.

AL ARE 7o AT S-S Qvisled (5], ¢71AM
PCI3t PC2e= A8 7}l 283t AlY 270 ¥ 84F 9
H|2 7] s B F59 o3 53 304 & 74
Zte] MTBE, TBA ¥ FA 3 $59 A7} 525 2= 3
£ 9 1 QA5 o8] NEEo] ofwl ABHAEZ A=
A A 2 A3 304 F 0 B M E B4 2R
o] Fiel Y v wet 258 YA g s o
Be

u) g 739 thelAd WE-E Shannon-weaver X422}
54 A4Z grislgcl. Shannon A5 EZA YL
Auish= AL2A AN AE F9 58 g MAF
£ 7 AR E AgelH, o] g7t S7lsh nlE
3] Aol 7t b oulelt}9, 11). =3 FHE
A A= Shannon-weaver A55 40 2azkem r
HeZ AEFE Alold] X vlge = AR 19
7S uAE F3lo] eIl EElE glS-E 9y
gt g Aol o3 Ragl vl sk, ERmE

Table 2. Comparison of Shannon diversity index (H'").

Zo] AAHA o9 Edd xZE vAE HeE v
EhJE= A|4¢) Shannon-weaver A= GA] - TH12].

MTBE, TBA, FAdl =28 A2e] 304 747 ¥ ujd &
t}o} = (Shannon index)&} FE% X $e 47} 2.79~2.59
(0.65~0.60), 3.09~3.10(0.76~0.776), 2.29~2.90(0.70~0.70)
o7 B4 B4 Arigpe] IS BE Bkl sAE
SFEe} FEE AFE Bl EAHEA 5 TV wE
FEojoby 7HAaE TSR 4t s AAE 4A =
712 MTBE, TBA, FA®) £¥] 333 43 Ad E% &
A Wil Zlo= shagrls, 14, 20]. YA L2 Tkl
2 QB o]Fa} el IS F R AAUEE
F, AL A $REER F54), il 98 oA |6,
14], o] F olf, ¥Ak, k2 A3} Bl e 24 &3
AA 9] =5 Wslelx] g AL 2 gEAS A5}
Eofo g FAANA FEE AT F SOl e 29E
A AdS A dazlct. Bokg o438 MTBEY] &35 &
AFs-& A3l MTBE o5 #IAYES 3= A}
A Bo} A EoA] F35o] Holxkew MTBE 7Y &7
F2to] wi2A APE L BoF W Fate] =7 7g g
vH6]. &, MTBES} 1 HApiHE<Q]l TBA ¥ FA 53 -2
2HEAL F71EA-H claydll FHH £33 F2 7S
W sl o Ao g Basgiulie]. WA, A BoF 3
AeME Isxe) EXEA] FYHuiEE Hi-Ee] %
Hol nE TP gl o3 A ARRE X A
A YA kS ez AlmEge, 20].

AL AT TEEE ENE A Fig 4), Sphingo-
bacteria, Flavobacteria, delta-proteobacteria, gamma-pro-
teobacteria® T4 ¥] 2F-& o]k E3], MTBEY 3%
ZRA M Sphingobacteria(AY711630, 97%), Marino-
bacteria(EF190075, 100%), Bacillus sp.(EQ881425, 100%),
Flavobacteria(AM084245, 94%y7} #42] $4%& 748}
3, TBAY 2% ZAME Photobacterium damselae
sub sp.(AJ749800, 100%), Sediment bacteria(AM933661,
98%), Uncultured Chromatials bacterium(DQ901585, 100%),
FAd] 2% ZANME Listonella sp.(AM183772, 100%),
Salt march clone LCP-84(AF286038, 96%), Fusobacteria
(AF286038, 93%)y} 4% 4& & 5 A=k

MTBE Shannon - Weaver TBA Shannon - Weaver FA Shannon - Weaver
(mg/L) Index (H') (mg/L) Index (H') (mg/L) Index (H")
0 2.79 4] 3.09 0 2.29
50 2.81 10000 3.07 0.3 3.19
100 2.77 20000 2.87 0.6 3.19
250 2.53 30000 2.98 0.9 3.09
500 2.79 40000 3.02 1.2 3.01
750 2.59 50000 3.10 1.5 290




M-1~3,EU8B7185,97%
Uncultuted Sphingobacterium, AY711630
F-4,EU887205,100%
Uncaltured bacteroidetes AY25497 5
_“{M‘?.EU887189,94%
Uneultured Flavaba ctenum, AM024245
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T.1,EU887195,93%
Uneulturedbacterum, DQ463259
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M-14,EUS87194,100%
Bacllus op EQRE1425

M8,0M9,T-2,T7,T10~21,F-2,6,7,8,17,18,20, 21 EUSS7190,99%
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Fig. 4. Phylogenic tree illustrating the relationship of the clons obtained from the tidal mud samples contaminated with MTBE (M-

1 ~ M-14), TBA (T-1 ~ T-21), and FA (F-1 ~ F-21).
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g F 30 7F Aol vk Evt. Microcosm A]82] pH, 4
T, 77T = 5o B9 - ke e s
Z Al 94 B4 GAEE SAsn e
A FZ% 165 rRNA-PCR-DGGE(Denaturing gradient gel
electrophoresis) fingerprinting 7]%-& °©]-48] ¥u&g ¥
ot. 2 Az}, MTBE, TBA 9 FA 37} 3%9} 2 - 3}5t
A 815 Aelollis A7} IATHP>0.05). 2paEs
45} & Al MTBE, TBA ¥ FA §%7} 37} €4
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of A3} & Fom o]E2} As] A== FA > MTBE
> TBA <¢]9ivh. MTBE, TBA ¥ FA =% ¥ 739 %
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9 FYFEY G A 4l

Al 2

o] =52 20088 = AY-@SHs)et)e] Yoz
sG] F71A)A o FA A (No. ROA-2008-000-
20044-0)3} xpA| e r}e] @ 847 7)1 4 A E] (AEBRC R11-
2003-006-06001-0)2] A 4-E- who} S35 74,
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