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A sol-gel fiber-optic biosensor with encapsulated pH-sensitive fluorophore and immobilized
genetically modified toluene-o-xylene monooxygenase was developed to detect TCE and PCE, which
are carcinogenic chlorinate organic compounds prevailing in ground water. The sensitivity was
characterized for the composition of sol-gel, and manufacturing procedure. The intensity curve reveals
a linear range of intensity for pollutant concentration range of 0.0lppm and lppm. The change in
intensity was appeared to be larger at each of A for same condition, and, therefore, the wavelength of
M was chosen for the analytical measurement.
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2sd AAAHCR Askeet B F2 4= F
biphenyls(PCBs), dioxins, chlorophenols, chlorinated benzoates®} Z-2 "éi}’%ﬂfi}s{}%%, o83,
PCE, TCE, chlorinated alkanes®} 72 3wbAl J3x]u}Z313tE5
¢ a5 AREAN oPE DU AEH2 1% PCHE A SHATAE A G
WYE o)ol AUH T ool ZelolZeld, 4, A, A % S5 5 ofed Al vors| Puels
A AHgse fouh Belel AF, nALES TE Sol ool oo Ereds Ul 2
1] 2 ekl 44w Az AEE mus Aed B B Wek 28 24 $4z 29
9. o} % PCESH TCE S Aldals] AgA} meolzely £42 oy Agsle] 93, ¥
A HFEHZ YEEH F2 2gde] Hich W, DCE9 VC 52 W% PCE¢} TCE 5ol A=)
Al Woll A vl Eoll ofal] gl = 43wk ] osto] HAHrL ol HHY}E F, T LI AHE

VCe st £42, PCESH TCEw -t oyd2da 722 Uch2] me2bA ol 24924
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== E. coli TGl pBS TOM Green,2}
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PCEe] gt E&lio]glE E. coli TGl pBS TxMOS Al€sle], ¥3] #4:¢l toluene-o-xylene
monooxygenase 5432 BIH3tI HEAE o] 47 Al Mgyl Y3t AAE Adsigdch A7l F
ol EEe HAT FHE FX|317] $18te] LB wjA|olA 370Cel| A overnight(16A17~ 18X 7F) w3}
3. 0] & t}A] AES LB uix|o)] OD600 0.05 o]3t2 HZg ¥ OD600 2(stationery phase)7}=] vl oF&}
sith E. coli TGl pBS TOM Green& %4} kanamycin®] HZEX%7} 100ug/mlZsted wloFste] TOM
40 AL $X3EE 3¢, E. coli TGl pBS TXMO+ kanamycing®] #&EF57} 50ug/mlZ23}te]
soFaleich OD600 27b] wiokslr 7t vl AES dAlEelste] MEE A'¥& § phosphate buffer(0.1M
PPB, pH 7)& 33| AAslgict A= 45 A7) phosphate buffer® 3|Ajste] dgtels Al zslgdch
AzE AE JAgAe JLE Zoa] 253 F47](Soniprep 150 MSE, UK)Z 30%/3 =2 43
sonication A|Fth. 225 crude enzyme B}E 40C, 12,000rpmollA] 4087 Al ¥-2] shict Hejd
crude enzyme 5mlel) Dnase I(Takara, Japan)10u05 3 Ab2-oll4] 15,000rpmell4] 60%-7F 14 ¥-2] 3}
9dch.  Dnase 1E Zgsle E4Z -700Col4 23 F HAAY FE2 3 sto] AHg3iich AR
Eae dAneld 35 wastel 4ol

2.2 Sensor? M|ZE

Sol- gel A1) v organic sillicate g AJ &3S o] gsl= W} inorganic sillicate7}x] F A&
ol8-3l= uiulo] gl EdzAbe} A71—:— AdE 23 o8] 1A v F 7B sol-gel 3Ado] AE

H(} Mg Adelsielc). Sol-gel 349 uM-2 Makyote and Collinson[4] WHH-& FZ3te] Az st

Hybrid = sillica solutiong A Z3}l7] ¢ty PTMOS(phenyltrimethoxysilane, ~Sigma)e} TEOS

(Tetraethoxysilane, Sigma) ¥ H20, ZujZ& A3 6|2 A G oH, o] u]&L sol-gelgd Aol 5

g ke ghoh Al el A& #7338 Hybrid sillica solution PTMOS$} TEOSS| Er]$o] <

ArZ ex3e2 3lgdclh 7 uleldel ZFHS 0.63mlE Y1 of|8H-8(96%, Hayman)g 492 %,

TEOS 1m¢ PTMOS 0.36ml2 3 wlxjete 2 HCI0.1IM)Z 0.31mlE ¥eich

A7 oA A 2E 2-He 15EE9 sonication(Branson 2210, USA)3F ¥, Al2ol|4] overnight 3}of <
A5 Ak olelg 4B 1mfoll RAJeke. 2 224l 3mge] Fluoresceineamine(FLA isomerIl, sigma)<$
o} sol-gel/indicator solutiong- | 23}9ic}.

A7 sol-gellindicator plate® WE7] 9la) AAS 32e] Y& B WSy Y fEURRS fB
(cover galss, 10mm diamter)& ©]-&3lgic}. o]& FAHEA 0T AHsty E3} oh&2 oA AXg
2 AzAZT Ax" fegs 93 9 F]q T:ﬂ_ Zﬂ}_% 2]% Yol sol-gel/indicator solutiong 4
pEolxH) 1~28 F Az H)A, gelo] A %S o, membranes €3|A] ¥ A XA
v frelge] =719 32A] whEo1Al Durapore membrane(HVLP 2500, Millipore)-&- &2F2 ¥ 7}4A

rir Pﬂ

oLiL/\]yir,}.
o]# Al %=l glass/sol-gel/membrane 332 curing %o we} 74_71:8]-74\/]— 4°C oA 40%2] FEF
FA 8k A overnight ZAxA)7)= 5 2t 27 w2} Agspdct. Overnight 2 Rig i E e

2S5 wAFA7]7] A PPBe| 308 Eot @ sol-gel solutionH|Z & ‘}Tsm ‘zg—a— AbE F3AA
AFA F AxAA Az HS).

(b)= (a)2] sensing probe o o]zt H-F-olc} Screwable terminal holding ringstell= HAvF 31
35l WlH Q) sol-gel/indicator layer, supporting glass disk®] 3&7o] So7la o] & o]z @A

3l7] ¢85k ‘O'ring22 IA A7 FeiA ZolEth(Fig. 1).
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Light

(@) (b)
Fig. 1. &8 X2 T
1 : Screwable terminal holding ring
2 @ Sealing 'O’ rings
3 : Biosensing sandwich (left to right : Durapore membrane with immobilized enzyme,
middle sol-gelfindicator layer, supporting glass disk
4 : Probe tip
5 @ muiti-element optical fiber

23 BA9 DY U 5Y 4
Glutaraldehyde(8% aqueous solution, Grade 1, Sigma)®] wuwlzl& A3st 4 Q=
At 1A Z ) o] AlE A Y axe] FHE AT 5 A FYsokai =,
bovine serum albumin(BSA, sigma)E *rlste] nAdlEl= 588 /A4 JE2 sk 549
phosphate buffer(SmM, PPB)%S 41¢{ working enzyme solution(A)g AZR3t1w, #Edl= B4 =
glutaraldehyde(8% aqueous solution, Grade I, Sigma)”’} ¥-F=U+= £S5 working glutaraldehyde
solution(B)& A Z3}gith B-$§-912 phosphate buffer(SmM, PPB) 100409 glutaraldehyde 4008 &3
gto] mhEolal ZE stocke 2 3be, WE R pele] Algskgch
A7) Aedt viejzte] 2F PPB HEF AxH 339 HY A& HHG Fol|l £ fElSo] vige

23to] membrane o] AH-E A AT BEY 20u09) ASY B0ulE AuE M1 &
A T 10uE F vl HojmRich A HA F ALelA AxAR F, AxH 359 UY dS

4Gl AHgstedet.

24 ¥M9 58 &8

271 719 wpRe] AaE wAsete] Ax2F AME fiber optic-Eo] dZsz ©d&4 TCE
PCE9] X% 001, 0.03, 0.1, 1, 10, 100 ppm=Z Z7}A]7|9] 3 E2 o2 ul-3AA intensity2] 3
ZAstedck. TCE, PCEL 3dAde] 7% EAolmz & 492 AT o S9x7 oo
N.N-Dimethylformamidedl] o] A|Zst7 FHEgTol LA AL3todct A6 A5 29852 2o
enzymed] Al-S Fx|& 4 9I== hydrogen peroxide shunting]g o|g3led Fi4 HgS & o
+ #4+3k4=4(Hydrogen peroxide)7} 120mME f-A] % &8 x}-8-31oic).

-

30 o fu

3. uYAY
84 F 994 TCE, PCEY ¥E2] Z7hol web whgste] AxE Azl whe} intensity7h A%
Waksielch o 208 HEF inensiy} £F50Z WA e AT Az 498UFig).
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Intensity?] ¥3}:= TCE, PCE®] & } Z713telwd2}l 0.01ppmollA] 1ppm7iA|+ A¥Poz ZFrisie 2
o]Are] Em o= FAF] 31-_321—5] FAFS B9t TCEXR Tt} PCES] 7d$-intensity Hﬂ:i]— o] ©] =A Y}

ebt

oo}, TOMe] AS TxMOxch AliH o g o] & w3E Yehigdoh 2 842 Axd A H

Z 87 (detection limit):= 10ppbe] 32 vebdeh(Fig. 3-4).
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Fig. 2. Intensity chnage curve of the time.
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Fig. 3. Alntensity change of a biosensor using Fig. 4. Alntensity change of a biosensor using
TOM for TCE and PCE variations. TxMO for TCE and PCE variations.
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