J. Soil Groundwater Environ. Vol. 23(4), p. 42~47, 2018

< Research Paper >

https://doi.org/10.7857/JSGE.2018.23.4.042
ISSN 1598-6438 (Print), [SSN 2287-8831 (Online)

Toluene-o-monooxygenase?} FluoresceinamineE 0|&&!}

Trichloroethene?} Tetrachloroethene

=
T

e gt

=
=
&7

XS &7 Hlo|2HAMe] §Y

& *

ATl

Characteristics of Trichloroethene and Tetrachloroethene Sensing Optical Fiber
Biosensor Using Toluene-o-monooxygenase and Fluoresceinamine
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Dept. of Environmental Science and Biotechnology, Jeonju University

ABSTRACT

E. coli TGl pBS TOM Green was cultured to produce toluene-o-monooxygenase (TOM). A biosensor system was
successfully constructed using purified TOM to effectively detect trichloroethene (TCE) and tetrachloroethene (PCE),
which represent some of the major contaminants in groundwater and soil. In order to utilize TOM as a sensor, NADH, a
biological oxidizer, was replaced with hydrogen peroxide which is a chemical oxidizing agent. A three-layered sandwich-
type sensing tip was fabricated on the outside of the hydrophilic polyvinylidene fluoride membrane. TCE and PCE were
applied to the sensor and the hydrogen ions were measured by a fiber optic fluorometer using fluoresceinamine.
Calibration curves were obtained for TCE and PCE in the concentration range of 0.2-100 mg/l, and the detection limit of

the system was 10 pg/l for TCE and PCE.
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Toluene-ortho-monooxygenase(TOM)= tolueneS #-3f|&
I A= Burkholderia cepacia G4(Newman and Wackett,
1995014 A" 213842 toluene ©]9]ol| naphthalene,
TCE, dichloroethylene, vinyl chloride(Shields et al., 1994)
< st Befld 4 qlo] Z84de] =t 12y Burkhol-
deria cepacia G&7t FSHT7|ESFAE 8l of 2%}
AR AREEO] AES el ouR|deR AMgE
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et o]l R Weks ZloE dHA Ut
(Newman and Wackett, 1995).

7

-

e )

C,CLH + NADH + H' + 20, --->2C0, + NAD" + 3HCI
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Atk Z#u NADH o]ele]l Iitslrat dAxlgoix=
AH88E 4= Q)& hydrogen peroxide shunting 7]1%°] 5
”ﬂﬂ‘ﬂ TOMS HeFeHl AR & = Sle o] a5
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Eolido] JWx=]o] TCES) that Ealso] 7F8 $535)
gl WE%E E coli TGl pBS TOM Green(Canada et

al., 2002)2 wjsle], B3 a4 toluene-o-mono-
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oxygenase 54 HlnElal G4AE o83 Al ALE-E}
7] $J51 AAME FFSAE. E coli TGI pBS TOM
Green®] Z3st &S FA8H] 13t LB HlA|(Luria-
Bertani media)ol| 4] 37°CollA] overnight(16A]7t~184]17F)
HjFskar, o5 oAl AEE LB HiAlel ODgy 0.05 ©]
S T - ODgo 22! AAVIZHA Hlgsidit. E.
coli TGl pBS TOM Greend kanamycin®] ZI&=7}
100 pg/mlz2 3k wjoksled TOM &40 8448 FX]5)
=E 3IATE ODgo 27HA wi*FS E. coli TGI pBS
TOM Greenrs ¥4l £l AEE AEZE &, 3-[N-
Morpholino] propane sulfonic acid(25 mM MOPS, Sigma,
USA)E 33 Al&313ic). AE AEZS 25mM Tris-HCl
(pH 7), 10% glycerol, 5mM thioglycolate, 170 ug/le]
phenylmethyl sulfonyl fluoride(PMSF, Sigma)’} 5|
o) bufferd}t 1:49] FAMIZE Yol NS A%l
T (Newman and Wackett, 1995). A|ZH A3 dEgHS-
FHol Yo &, d5& SHollA 223 £20171(Soniprep
150 MSE, UK)Z 30% 59t 43] 253 B35 th(de
Azevedo, and Brondani, 2001). A|Z%E crude enzymeS
Z3ehes dgls 4°c 16000 gl 20487+ LA Eels)
o] AE 3 FAES AAT 3. £2]E crude enzyme
2 Smlo| Dnase I(Takara, Japan) 10 g il g2
olA 16,000 g&] FHCE 60R7 YARET F, —70°C
oM RAsle] HH3 FEZ X5l AL AR
200 plE  FPLC(Fast Performance Liquid Chromato-
graphy, Amersham Pharmacia Frac 900, USA)<]
exchanger(Resourse Q 1S B3A1A A FPLC
o FHF= buffers 7] MET buffers AH8-8131CH,
FPLCY colunmol|A] 7]|Eo] TS oulslr] 9s)e]
filtering(Millipore. USA)SF 3 AAE X|3slo] 71AE
AAS T ARSSIYE. FPLC #4 272 wavelength
260 nm, 280 nm, 520 nm & Al 7HA B S e
sl B8], UV average times 1.28 sec® 3}
Flow rate= 0.1 mI/min®Z S50, 100 uk¥ 2]
A 1T e oIk 100 psi AP f<52] H
stell we} A5 24 =tk FPLC 24 & FAd
enzyme Y& Hyste] A3

2.2. M HEFO| =Y

A& Z(indicator)2 AZ3F7] $8}e] hybrid silica
solution®] A}F&-E| 2tk PTMOS(phenyltrimethoxysilane,
Sigma, USA)9} TEOS(Tetracthoxysilane, Sigma, USA)
2 H,0, F79] Bl&S HE APt gel Y A
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Fig. 1. Structure of three-layered sandwich-type sensing tip.

Z7118 FHsI T Jurmanovié, et al., 2010). 2] BlO]
ol THT 035mlE 2L 025ml9] 96% oS,
TEOS 1.1ml, PTMOS 0.4 ml, HCI(0.1 M) 0.35mlE
TAYE Wil 108 B9 2239 E3H(Branson 2210,
USA) 3k, 7] &8 1mloll 3mge Fluoresceine-
amine(FLA isomer II, Sigma, USA)S 4 sol-gel/
indicator solutions A|Z3ITE. TOM 49 28 9
3l AskirIeiAr) EellEd gAo)eo] wsie] 2bdo
2 3=, sol-gel 2tol] EA)3}= Fluoresceineamine
(FLA isomer 1II, Sigma, USA)9} 2h&3lo] WHAEq o]
£ Aoz HEE F 3t FLAE F¥EHoH
490 nmoll A excitation, 519 nmol|4] WEH TtH(Chaudhury
et al, 2003). N,N-Dimethylformamide(DMF, Tedia) -5
500 plell 1 mg] FLAS 83IA1A 3|43t A3t

AAE 3% Y AAES 7] flste] fEjv
(cover glass, 10 mm diameteryS ARS-S}IATE. Frkgel
£, dehSS ARESt] AlAg & AxAH dxd
IS S Yol =3l sol-gel/indicator solution 4 pl
EFATE 128 F kdd] Adxy7] A, gelo] &
A EHAS W FrElEe] 2719k 24 vHEoiZ] Durapore
membrane(HVLP 2500, Millipore, USA)S 252 &
JHHA FAHTHEFig. 1), M=HAE A9 A 24
curing &%, $HEF&, ARMS HIAIA FHZ 9 Ax 24
< E=319ct. AxE #o 34 9 mAES 83
7171 A phosphate buffer(S0 mM, pH 7)°l 30% <t
2o sol-gel solution A|Z F WFSEA] ko ARS- A7
gk & AZAA ARSI

A3 AAH BAE IASATI7] st
glutaraldehyde(8% aqueous solution, Grade I, Sigma,
USAY} AREIQIT. 11438} 88-5 =0]7] 9151 bovine
serum albumin(BSA, Sigma, USA)o| H7}H &4}
phosphate buffer(S mM)E 43¢] working enzyme solution
(A)YS A|Z38}aL, glutaraldehyde 40 pl¢} phosphate buffer
(5mM, PPB) 100 pl7} 3% working glutaraldehyde
solution(ByS A|Z3F34tE. Membrane 2] -3 ol B
£ 209t AEH soul EFN 10 =¥3 F
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Fig. 2. Schematic diagram of fiber optic system installed a
toluene-o-xylene monooxygenase immobilized sensing unit.

4°ColM 40%2) FE=S FAIBPEA 2413F 59t A2AZ
t} 1 % glutaraldehyde(8% aqueous solution, Grade I,
Sigma, USA)S o83t islrAiE 11783h7)aL,
A T, 143} A 5o dPS AMESITH

23. 4& A2Hle| 74

ASHE AAst AE37] #18k] 2-channel 9]
optode system(Ocean Optics, Inc., USA)S AR8-8}e] A
2ES FASIATE. Fig. 2= sensing system¥} sensing
probe F-E2] 7jZF=o|t}. Screwable terminal holding
ring Stll= aau Ayt wgstE HABQl, sol-gel/
indicator layer, 73] disk®] 3% o] HX|=o] ‘O ring
o7 VAATAL ARSI AXE AEFe B
(optical fiber)S 3 FYel WS FASE 3 back
scattering® W IEFES FH3H T fluorospectro-
meter(Ocean Optics, Inc., USA)Z on-line FJ=E =73
sith el AXE AEx=2asS AR8et] 3t
7 FAS =-3nt
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24. 2olld AE

ZAE TOM &4°] TCE® PCES] #3/del wX<
NADH(Sigma, USA)%} hydrogen peroxide(Showa, Japan)
94 P FHESIT B }F—X@rﬂ HEAe] =
= 60ml 39 serum vialol] 7]L3s}al vlo]a =2 /\]ﬂx]
(microsyringe, Hamilton)Z ©]&3}>] TCEQ| HZ5=7}
200 pMo] H=E FAsIGAnt. i) A3k TCE«] &=
g Bzslalr] 9Isjo] uloldel TORS Flalal W
AR AR VIR U7 1 dhos b o
TCE f&= WAL TCEE FYE vlo]gL 37°C
g2t Hol A overnight HEAIZ] 3, GC(Shlmadzu
GC-17A AFW, Japan)E ©]83}0] nlo]del] FEa}=]oi3l=
TCEYS =731t &3t F=3)(mineralization)d 94
o]& FE= HEE chloride assay'H= ©]-83f =43}
StHBergmann and Sanik, 1957), S43FI= €9 0.6ml
ol 200 ul 9M HNO;2] 0.25M Fe(NH,)(SO,), * 12H,0
g 200 g 95% ollgkgo] 83llE Hg(SCN), 200 pl
E F7sted 5% B WREAIZl ¥ Spectrophotometer
(UV1800, Shimadzu, Japan)Z 460 nmollA] Z43}53T}.

3. 974 & nF
3.1. FLAE 0|88} pH &3
u| &} Aksladel] o8| dshirIekir) EelEs A

S HEH Fhole FEE AAAIY Fluoresceineamine

(FLA)® 3384 o] W2 4 7lsdA A5=
E3I9). FLAS excitation A,= 490 nm®|™ emission
A= 520 nmO]TH(Chaudhury et al., 2003). pHS] W3}
ol w2} Fluorospectrophotometer(Jisico, Japan)2 ©]-83
oq 7= (intensityys S783K{th. FLAZ} TCE Z3foll =

2 pH W3lE aalxog XS 4= dar. nlo] 44
sol-gets A|Zsk=t] AAZ ARE = USS & T
AT}, Fig. 3= Fluorospectrophotometer® 520 nmOl|A]
Z43k= 7% pHOl W} intensity®] A& AAAAE
HojFEr

3.2. MAS0{X| vl mAE

TCEo W&led E.coli pBS Kan TOMS ZE&3h= 7
-, FAFFAFZ hydrogen peroxide®} NADHS A3}
= 73_%’ Hke- §3q—§ H]ﬂé‘}cﬂl‘/]-(Fig 4 (a)). Hydrogen
789, NADHS A3k 741t
%—5—]]/\6101 %_;5_]51‘:—% & g It =, I BEEAE NADH
o) Ul Az asHoz AR & glon], Blska

3} Trichloroethene®} Tetrachloroethene ZHA-8- 331 Hlo]| QA B4 45
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Fig. 3. Fluoroscene intensity of Fluoresceineamine at 520 nm for
various pH.
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PCE®] 739, toluene-o-monooxygenase®]
1 Burkholderia cepacia Gd= H3l5°]
AdHA Ao (Newman and Wackett, 1995), AA|H
29} hydrgen peroxideS H-&3sh= A9 L2%7HA
ks & 4= Stk ole} 22 HhgAJe] WSk ALl
F2o] NADHE Z83h= 39HT H0.5 H8sh= 74
$oll B =4 Jepdth. F, hydrogen peroxideS 218
3l ¥hg-S A7 = 75 TOMS] HEg-7]%10] ,
PCE9] el Holl= axpdoz AeAd & UsS &
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F Jvk= AMAS Pseudomonas stutzeri OX1914 A
% toluene-o-xylene monooxygenase(ToMO)2] 73-%-oll=

#2E vl QIthRyoo et al, 2001). I} toluene-o-
monooxygenase(TOM)ell ]38} PCEZ} &3l 2 4 Aot
© AL Ae Hex A=, ol Akgaid 67
s
2)

segment & YH-E°] PCES} TCES] #3fjol] 2h8-=H,
o]#43t segment= TOMH ToMO F5ZQ] 7oz 4

F™ hydrogen perooxidedl] sl ZFEl= ZoZ H

e}, e AR Ba) 7180 dislelne Aw 9
t A7l a7Ed. old@ Ave A¥Ee TCE 2

PCE =74-& biosensore] 7f& ¥ who] ollz}, TCES:
PCEell 2HE AelE A2lelr] Hsfe] aantes &
|35 39 /= 7hsd Ao= wETh B3 TOM
ol hydrogen peroxideS 28171 79, NADHE Al
sh= 7-Hth PCES] E3liide] A SX1Es & + U
. &, IEslAe 9978 NADH diAlE2=E A8
T doH, BFEAE FHel F= BF, EE
TCES} PCES AlA] 7iide] 718 2102 A=)

3.3. HiO|2MIM<2| HIS 54

Fig. 55 toluene-o-monooxygenased] Wo|F& &5 &4
7} &g TOM GreenS ARE3Ie] AlRfE 4lMe] @
AEd AR gE 54 F4E YRt 0.01
ppmOl|AHE 100 ppm H91e] TCE®} PCES] %9 4
Foll A fluorescence =] W3S UERJATE 1 ppm
ol’de] TCES PCEY thstoixies 3} 545 Rl
ot &, 1ppm o] FEAAAME T2 F7tol wehA
intensity’} S7I5HA] %= A¥2Q] Monodd &A4HHS-2]
548 JERRILE gutdgo g §4 HkS-e Wk S0
g3} F9lol Agdsle] Hhgo] JHEE, 9] &4 T
tunrover number $FgZlo|H, 7|49 FEE FTMIAE
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Fig S. Response of biosensor using toluene-o-monooxygenase at
the various concentrations of TCE and PCE.
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H7F W&E5o #8949 pHE w54 3t) pH
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520 nmollA] H* F=2] wW3alol] w2} intensity’} Yx}22
2 sske & = ST olE ol83sl 4=823<] pH
WHalo| W indicator®] intensity W3=E =73} TCE,
PCEE A=, 34 & 7 A AR vo]AXE A
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