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Development of biosensors for evaluation of
the quality of agricultural products
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2141719 A3re dhel A3 A® @] A A= BT o
of et HAZAME RFAY HFo dE 877 wopd Ao 44
o 2EAY AEFS ALY dHE AFA AHEEHY 2 JlgRt
e YA vigol oFdHEd a8 e SFuaA vlo]lLAlA
(biosensor)7t & #4& EGLsn gtk woj M HFY ANEA
2ot F2 A7kl o848 £ e WD J1ERAM 2 g ¥ A7t
A AAFE FHLE gdsA olFoxx o 2y 7 el
oo tig A7t S wFHE Aol A IUelA Ad HEH=
FAESY FAAYA AAZE 849 7t A o wEA S A EFAY
o] AR FTA BAHE A3 A AF ROk vl ANE &
8371 Ad A7/ E4dstHlor & Fade] Aok

HAE AN, 9F4, 71EAL HF FEGMNAM aHNA= F
& aaolth ogd MM AF T IFFFH s opv|eAt I
el HAL FAEY FAWIAA B4 84y B 5 U 9

AEEL A F2 714 Z2vtE 19 9 (gas chromatography, GC) &
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A% AH z2vlEa# 9 (high performance liquid chromatography,
HPLC) Wol 9& Az o e AEe AFEr svhe Z4
S 7HAE wdd ZAzEe AXde #AH anzte 7177 aFdds @i
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(4) A A AEF A

2AME o] 8F F2 F7IUA B FhuldolEA kel AE A

6) A2AM HEANEH 71& E4Y 8 HE2AP ma
() 2N ¢ AENEZ 5 4% A
2) AR 4L g424% dgRHY A
(1) #7114 &< fenthion? hapten ¥4
() sk Ao ha FA AN
(3) Fenthion # &8 A EAH(ELISA) 7%
3) ZREF 548 HIHAAY A
(1) &% fenthion®l &4 label& £9l enzyme tracer &4
(2) A A4 ELISA +H4
(3) Fenthion 7 &8§ dipstick® ELISA 7j#
(4) Fenthion HZ&& AR WA Mg

6) d9AMd g& HEF FF A& AN

2. sthEe] Waotoj=tt Y utoj4HA JHEEok

1) Lysine AA9 7
(1) Lysine AA¢] TH84 AA3Y
(2) Lysine AAe] &4 whg7l9 BAZ Az
(3) Lysine MM A&z A3
(4) Phenylalanine AA ¢l A% 7}
2) Phenylalanine A ] 7%

(1) Phenylalanine A1A Alx®le] a4 HAY



(2) Phenylalanine AA1¢] #3 HEAx¢ 4A
(3) Phenylalanine 414 ¢ A% H7}

3) Tryptophan AA 9] 7%
(1) Tryptophan AA A2l T8 HF
(2) Tryptophan AA R Az R A e t¥g
(3) Tryptophan AA HEA =" F§
(3) Tryptophan AA < A% H7}

4) B ofuliil AA AAF 2d s
(1) NAF] N2z 2y 2%
(2) AAFE AXRY 712 Fo]4 &Y

(3) AAE AAM9 NEHdE A7

3.:480 RIIM & dlo|QMA HLEOL

D sA4Ed #gHE0 A& malate FAHE AA AL
(1) Malate 73S & woloMA e A8 € Iy ¥
(2) o] g4 HISM)e] A=z} H% 43
(3) o1& A€y AFUSE)Y ol AAE &4
(4) FIA system® T4 B A2®e] A3}
6) AA A2ge HEdA H7t
6) Wi g a3 £4
(7) Microchip(solid-state electrode)®] Az R 4% F7}
(8) Malate 3§ AA AAFS Az
(9) Biosensor®} 71EEAH(GC)LE A& ¥ F malate FE WL

(10) AAEFS 45 Bt



2) FAE FH o UE isocitrate FAHE AA A
(1) Isocitrate 43S ¢ nloje A A 2 Iy 49
(2) ol & Ad4 HISM)9 A=z Hs 4F
(3) ol A9y HAFUSE)Q ol RAE 4
(4) FIA system®] 74 2 A|x¥9] A3}
(6) AM Al=de HEdA F7t
6) Hagde] a3 ¥4
(7) Microchip(solid-state electrode)e] A& & A% B}
(8) Isocitrate &8 MA A zEFo] A2
(9) Biosensor?t 7|EEYP(GO)2E AT HEF isocitrate F%E W)L

(10) A AIES 4% B2t
IV, STy 22t o #Eo oigt e
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2 FAe FA7lgEor volAAMTIES TAAFY dHdAY, ¢
A, 71349 Fde A% FHagd g8 A4 =

0. 2 A3 AEd dHAdS dddE AREF 54 AAM, 494 S
AT Dol MM, 7184 BHRFJELRAM {7 SHAAMA

A 7lee ALSgon ARRAE ATARE aopsd e 2

1) TdEe ZF5d &4 vole Mg 7, A9 A725
(1) ZAFES FHEL 22049 A
Cholinesterase’t #7104 Flupu o) EA sofo] s &Ao] A



H ARPET $% FEY -log #tol HlEdgE AHE o) &8 2F9 F
GHEE A2MAE MG 2 F e H-A94 A g
butyrylcholinesterase %t& AR ¥t ALGE oY AT #&
Al "W ¥ (probe type)ol At AA Al2®g FEH3ld FHALE HAH I
& o #7107 5 paraoxond] B¢ Hgs EEe @ 10°~10° M
AN HEo] stedtAengE B AXNE paraoxon® FF FHEXNE Wt
71e] FEE HAEE Aol 3t AdNE HAHPFES pyridine
2-aldoxime 2.2 73 AZAYSAA AL £ ANeB 2 A ¥hEH
¢ Ao} JHEst Tt

#29] BAMAE acetylcholinesterase® controlled pore glassoll 74 3
A7 wkgr)9 H-AdA S 9 A302 748 ZEFYEAH (flow
injection analysis type)o]low AA A2¥E HA3F F AAEE AF
gtk AXEE A A2 10F9 F71UA w43 9% 9 FutdeolE
A e 10° MolA ZE B4 248 ¢ AL Idt #7104 w5
< AN oEN HEY AEE BY F Uk AE A 5%
Fhod mE HAe #HEE A B A diazinon(F7IIA  F9),
carbaryl R carbofuran(F}utH| o] EA FeF)L 25 WS WY v WY
(10 '~10" M)A AZo] 7H5aAnt. o|RE AR BAE FFEA
4 AX F He HEo e gt AXYAHE AN ¥F Ht
AFARY ZH & ANE ALt AdAe 84S AFHAT Za
Ao 3 ¥ Avk AETAE 719 24U GCY HPLCR T
o g ez Yeyrh

(2) ZFsd S48 222 A9gEAY A2

AF7HA HQEAYHS gol Big v e F710A %< fenthion

o] AYEMY(ELISA)E ALdt7] A8t 7% FF KA & hapten



gA st gdd AFAFHoEN Agdd IRPA L Ao Y
4L E7d FAEA FAHE A}tk FEAF Y FLd i AHS
14000022 A A7 F¥Yol 1.00d 77 FREE HYeEE ds
=9kt 892 microtiter plated] ZWA|F) 3L fenthion® ZWIFAE ZAA
F1E %49 ELISAEZ £Hstd fHFI3de s & 27 ICogk2 029
ppmollem AFFHe Aol WelE 10°~10' ppmelth WA &
Aol e ELISAE $2uaddM A3 fenthiond] it 3871&
(0.1 &€& 005 ppm) 2% J¥-& F¥3I #EY + Y& A& /M

(3) ARFF AL AN g

B AFgA AL 239 fenthion ¥4 BIAAN F s FAE
Z% A membraned] IWAFIZL EAE €% fenthion hapten(enzyme
tracer)® A& fenthiong Aol s FYHe=2 ZAFAI= dipstickd
olgitt. AHstg AAMZ 10°~10" ppb W9 fenthion®] HZEo] 7HsdE
sy, AEANE F9 fenthiong& FE3H EAE Zfdx A&EA
7} 10~100 ppbHEZ vt HA| AFANE F fenthiono] AEF tA
Zzwoz Fugle] AFoIA & F Utk o] FAYL 1 FWE A
A8 HFoz AZY £ Y §4e AHsE Adste dddtn A%
BNAAE ANEE $AE ARG A7 @A AR 5 T

Mg A2 WSANE nASHE FA dis] A& fenthionF
glucose oxidaseE ¢! fenthion hapten® ZAAPA7E W& 3o
Ao &H& glucose’t glucose oxidaseo s wH&3atel HAHE HO.E
AFHozn 2A4%ezR JHeditts 4HPE o) &t FRY F4E 9
3 A58 AFL @2 pasted ol g3 23U XAFIA AlFsA
o] WY MM E o] &3t fenthiong ¥4 A7} 0.1 ppb~1 ppm FE &

Yol 7Fsaran.



2) TEAEY IFoirit &4 vpo) 2 AA Y e, HAe AFAR

(1) Lysine A

714 Eo]Ao] J&v AA W§7|(enzyme immobilized Sepharose 4B)E
Abg3te] lysined] &4 W AXNES AYAYPl &) HE - AFse
lysine sensore 107'~10° M 7% H#H oz 7Z¢ady. A& buffer &
4% lysine A/EE 10° M sodium acetate buffer(pH 5.0)°] £&3 2
A &= M 954% Aoz AFHAY E£F 71A lysined} lysine
decarboxylase®] H&A¥HEA] coenzyme 7]%%& 8= pyridoxal phosphate
(PLP)9] =gt W& lysine MM #AEET ZE 55 A $4%
& E=E YUt} Lysine decarboxylase’l A ¥ Sepharose 4B slurry
o HAYL 100 L F& 200 pL slurry7b 50 gL slurry$ 300 #L
slurry AFEA] B 2 ZA¢=7F Jgkar 100 2L 200 pL slurry 3Holl=
10°~10* M sl e A9 2ozt gle Rog #AHAt 2} 10
M lysine ¥E=AX < 200 p#L slurry®] Z-8%7F 100 4L slurry2th 6 mV
AE o ¥A Yelwgttl. Lysine decarboxylase®t lysinee] #2 giulg &
EE 4C9AE 2 #EE7 A ZAHT BEF HEALE A=,
A9l 25T9} 37CAME dEALE 30% U B2H1 ASEE T4
HA wEA lysine AMFAE A2 E HYsA AHgE 4 de A
o2 wadrh Lysine sensors] AE#AE 10°~10' M FHolA 713
AFH R AAHNLEZ L $EY ARE 3Asto ALgsE Ao ut
#A% AoZ YeElY. Lysine A1EE A8 lysine AA Y AL
AlEEAE W FY FE A EIY potential 2ol AL BREHA gop A
Ao AEPYL w9 58 Aoz ey, a47F 248¥E Sepharose 4B

slurrye] &4 874 4°C, pH 8594 19 o4 ¢+A&A FAHW, Aiy



Sl AH8¥ Sepharose 4BE Tl 53t 4R o3 AH=EY 30
3 o] AALGIAE Ha: EAo) dH FHR FAH 2 Ago] HW$
g3 o)},

(2) Phenylalanine AlA]

Phenylalanine ¥X=%3}o] & {4 {FH& WHEE Y2 & W
Ee2E FT9Y phenylalanine WM E FAS I, o Ao Ax" @D HA
AL AT, AMAFL  electron beam evaporation®  thermal
evaporation oz AFE JFYY AL ALIAY. AR
phenylalanine® 338 ¥ A3}, thermal evaporation®}'§ o2 A ztg 4t
@ rhE electrom beam evaporationWy o2 A &F§ Fubule] 10°*~10°
M phenylalanine FX ¥ stol] thafjr FiH<Q WstE RYoEN 2 ¢H
43 $94€& Jehdllth. @98 phenylalanine A 83 tris-buffert} acetate
bufferdl &3AIA AME3} AR &5 B SHFF EHAA AL
A7 A #EE7t F7HEW o FEZ ¥st £3 phenylalanine &
=3} Helste] WaEAtk AZE  phenylalanine sensory A YA HE
o]-&¥ 4 oAt MAjo] HlE] Ame HEHHS} ALEI B FY
S A}

(3) Tryptophan AA

Phenylalalnine A1A1¢} w3 de]g AL&3sE 7@ ofvwiby Ad3
Ql W3S Ad AAE coating?dt sensor chip® Zt& tryptophan sensor
g AR 47 714 9F o= H#E2EAN 10° M 7AA gusn
A= A ¢k 718 Hol4o] e BAV A HA ¥ bare
gold membrane® A&¥ A £FEHSF £3E tryptophand 10 °~
10° M sEdge gsid 4 B8EE BJoH, tris-buffer(pH

4.0)9} acetate buffer(pH 7.0)04 % F ¥ oz g3t Tryptophans

_10_



S48 ZE5F9, tris-buffer(pH 4.0), acetate buffer(pH 7.0)0l £33 3% 5=
7} ul 10u] W3}& o, resonance angle shift ¥ 3 =& 0.3=2 #IAFHA.
%3 tryptophanase F99HE AME3te] tryptophan®] EF B4 opm]izibe]
FEE $4% A7 tryptophan AA & el ojn|:it 71Ho H¥ A8}
2] ol A FolAe] A HIEHMUTH AAMF W HIHE A
ELS AAFAIEHAGAA 28 JAA YAEHZ &FD WdE &
A28 FASR & F9 AMY Fde Py FHE vebgo

(4) " oprindt FA8 AAF

A
2

AAE "4 opuxAt MA AlA|F-L surface plasmon resonance®
sensorol ™, o] FAAE BE WFopumakd thalA 71E SolH-a4aT 3
ol BE HE opn il FA 82 F Tl FAHAG AAF Al
2 B4 e systematic diagramE AASS AAFA L 7 REFEE F
g Ao X3, photo diode arrayE A& OBZN Z} YYAFG o]
Ag BEEe HAEA ZAHEE sk FAAFAN HAE AL
MNEE FEZW%E AA AD(Analog to Digita)H#7|2 =, oAds}
A AZE 23 AFHAA dole e gE AN F e AyEHo 3

FE o vetdo. B AAE e lysine A4, phenylalanine A

tio

% tryptophan A& AEdts FAQJF HF dAANN HF ¢ 4%

A WH opulat ANZ AEE Aot

3) TEARY §714 4 volo AN AL, BAe AT Azt

B Ao E malated} isocitrated® AT 4 AT vlo]l A AjAH

S AFsAR o] vl AA AlxFe A Ao JFE E T U
o] A HFES A BE FUE £ A e dfRe=

-11 -



A% AF<Y microchip(solid-state electrode)& A28t L conventional
electrode®} microchipg °ol&3 A|AEE AFsgct AFH3E 2A A
MAFE ol 8dted dAl HF9 f71 #§FE AF B4sen, 494
AEe 98 EMAAE 719 PHA GC £ AHS} vl

(1) Malate sensor system<] 7]

Malate &3 8 FIA system® 73 E4z271<& F9s7] 93 AA A
290 JFE F £ Q& d8 WLEL AYY 2 COS-ISE F
polymerZ2& PVCE Ar&3te ZA$7F 3Hoz vUegsow, carrier buffer

2% 1 mM phosphate buffer(pH 7.4), 384 %+ 147 mL/min, E44HS

oo

3

7128 #AA7AA e FWAdele 15 cm, AEFYFL 100 1L, &4
A8A loading F& 20 units?) 57+ A3 AAA Aoz Yyeoh £8
AAE AZZANA malate BAA 10°~10' M He FE¥oA
malate =9 Azl AMo JHAAAE Rtk FtRMOE dHA
o] Aedg wol7] A 248 g2t B Az F A LHad
9] 94gHE AT TFABBS TFADB ¥ #%9 ionophore® &3}
o] Az% o] NADP 98& ZAIRE A3 TFADB-based membrane®] i
FENMEW10' M) H& 9Fe wEe Aoz deEwd. E3 TFADBs
TMT % #%9 ionophore2 Az COy -ISM2 pH 93 7189
malate Y& 2ALG A3} pH 9% %At A&= TFADB-based membrane
8 7$-7} pH 6.0~9.0 Atole] WSol A pH W thE A9 A3t A
o Qi g% ¢AAQA Aoz Jehdon malate Y ZAAAME F
FR9 % EE 10°~10° M SEHYNA FAQ weade wolx &
skt wEkA NADP, pH, malate Al 79 4849 43S =5 13

o

Wl TFADB-based membrane®] ¥ malate &8 AAd 718 AT A

o2 Jehgt, Fug MA e 93l 48 A4 solid-state electrode

_12_



2 AP L J% L conventional electrodest vlZ g A3 FtRYOJE
o] ¥ FE7} conventional electrodeX®th EXoY EF L] H(NaHCOs)9|
Eeg AYA Apole ABHAFE thhk "HolAvtk. 2 linear detection
range’t 10°~10" M2 HE&A He WA olfo] sHadtn EJ 3y
o] #el multiple sensors®& T & A&e 1T o 293 dF5L
S o83 o)4d 4+ AL Aoy AYRHAYY. E AT malate FHE
vlo] @ MM A A E2 AEg AFEY) A8 AES o] AME BN F
a2 AFANE GCEA AFAg wag Ay B dyeA MEd uvie] AN
= AFA dE HoHE AFAFE A2 Ve

(2) Isocitrate sensor system®] 7§

FIA systemol|Al Isocitrate &34 ¥loleAAM e HHEY 24E &d
37 98 MM 2" 4FE F 5 YE o9Y WFEEe 4IW 24

carrier buffer 1€ 01 M Tris-H:SO«pH 7.5), carrier 2= 06 M

r_?{J

Tris-HaSOs(pH 11.0)7F 744 HAH o2 velwton, flow ratex 13.6 mL/hr,
NBEZEUFL 100 pL, carrier buffer2 %€ W72 FIA systemo =
AAsE FYUAL 089 mme A7 7B HAY Aoz yEgth 4
g HA 2AA isocitrate EAA 10°~10" Mo W& FEEANA F
Mol A##Ag Jegue AL B 4 AEFd de G vx9
isocitrate® ZA% W ¢ F4F Azdor AAFHUG AN Ax"S
o] g3te] AA AEAEE BAs] A3tY EFE isocitrate §H glucose,
sucrose, fructose 59 9H9 malate, ascorbate, pyruvate, tartarate,
citrate 59 92 §71AES IAFo N YHAEE AFE AR P E
Ao 7t AEFY AQHez EAsts Fo v FFPAE BT
solid-state electrode® #743 malate® As|& A $3tie conventional

electrode$} solid-state electrodedl Al 25 ¢ 10% A=< Hd&FE R

_13_
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fr

metA A AFAR HGAE o] BHPEE HE F
wE ek B A7 isocitrate FAE wtol LA AAFS & AT

37] 8l AEANRE HolLAME BAF F 1 AFE GCEA EH

©

H 2% A G7F2E AT BE AYF2A 2z EPET #+94
< o7t gl Rz yepgth webd B Ae A AR isocitrate &
qg AN ANade AAAR FHgd goid w¢ AHYdE dolHE
AFse Aoz wAHUT. =F B AF94  A%F  microchip
(solid-state electrode)2 438 AFogA A Aagg Aygsial 2
Hlgo2 HFPAE 7HsetA 8w, suhe] el multiple sensord X%
g = gleng FAO AR Aol sted FU& AA Adel W F
435t AHEE F UE Aoz didn.

2. #80f ojst Ao

B ATIA S AEENE A4 AL ATE FF $UYE

AFEE AN Mg A% N 7lE FH 7194 = Ae Ro

—_

o2
lol
oX

.o ANES AW fERR FANF AR, %4, 7
o Hrbol MeFdozM FUE LFAY FAES 44T dds

g &8 5 & Aol

ok
ir

B A A7ARE pedow B8y 9F Wore ggd gt
) A7A% RINE A #A/ T L ATAENA WESS P2E V)

24 B4 F UEFE A

2) dEEor U e % e A7ARE AA TEED
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3) AFARe dRe E¥Edstd QAL AFE FEFHU.

4) AMAL &S BAJAE BE A ojdRy FEFE FET.

5 /M woF E2ANE FR o AT F7]AASY FHab
o|EA ¥k A ARE 2adsE R2HQ ¥ HEYOE 88
g 4 glnk o) BAYE oA oA e A Azt A
g 7IAE F A& Aot

6) Dipstick® fenthion ELISAE @#dlM A& + A& s H¢
Bawolmg FAE A} AnArt @G HHGA FEZ
AL Aoz 7|t

7 DS ofrwmat ANE A ofrmAE TR @d HF opnwit
ZAaE Ao} #6485 Aok (d; opuleat FEE Ax)

9) Y& oAt ANE RED G FEE FhHete FAE AW 234
o °ojgd + 3n.

10) 9% ojnjxat AAE ofuiat YA AxES AR S5 G
AE o] &34 ol &d & A

11) Malate 4% AA s} isocitrate AL AME 4F #d, FdiF s

P
T

2 wgs 5 AFEd FF5o Ut malatedt isocitrate®] FEE
Aot o] &Ho] AEe FA P Hdo A%, FUF LAAE
Z4o) o]8d + A& Zolth

12) Microchipg ©]4% £33 AAME batch type22 dZeA Fa&

EN7712 888 + A& Aotk

e

H

3.HAIIK| 2N e YWHME

D Fs] AEFEA
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SUMMARY

I. TITLE : Development of biosensors for evaluation of the

quality of agricultural products

II. OBJECTIVES AND NECESSITY

It is expected that, in 21 century, quality of human life and living
conditions will continue to be improved and the demand for high quality
foods will also increase. In order to produce high quality foods, highly
advanced technology is demanded and biosensor is one of emerging
technologies that can meet the demands. Biosensor can be used in the
production management and quality evaluation of foods and, thus, the
research activities to develop biosensor is very active in some advanced
countries. But, research in this area has not been satisfactory in Korea
and there has been little application of sensor to quality control of
agricultural product. Therefore the research for the development and
application of biosensor in food science area needs to be activated for
advancement and international competitiveness of Korean food industry.

The major factors considered in evaluation of food quality are safety,
nutritional status and taste of foods. Accordingly measurements of
residual pesticides, essential amino acids and organic acids are the
essential parts of the quality evaluation of agricultural products.

Presently, these components are generally analyzed by gas
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chromatography(GC) or high performance liquid chromatography(HPLC)

methods. These conventional analytical methods are highly sensitive and

give accurate results, but require time-consuming process of sample

preparation and expensive equipments. Biosensors can suplement these

problems and are specific, simple and rapid to use. Therefore, biosensor

is highly promising analytical technique that can be used for quality

evaluation of agricultural products in the future.
The objectives of the present research project, summarized, are as

follows.

1) Development of enzyme sensors for the detection of organophosphorus
and carbamate pesticides

2) Development of immunoassays and immunosensors for fenthion, an
organophosphorus pesticide

3) Development of a lysine sensor for evaluation of the protein quality of
agricultural products

4) Development of a phenylalanine sensor for evaluation of the protein
quality of agricultural products

5) Development of a methionine sensor for evaluation of the protein
quality of agricultural products

6) Development of a tryptophan sensor for evaluation of the protein
quality of agricultural products

7) Development of a malic acid sensor for taste evaluation of agricultural
products

8) Development of a isocitrate sensor for taste evaluation of agricultural

products
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M. SCOPES AND CONTENTS OF THE STUDY

1. Development of biosensors for the determination of pesticide

residues in agricultural products

1) Development of enzyme sensors for pesticide residues
(1) Experiments for selection of receptor enzyme of enzyme sensor
system
(2) Construction and optimization of the enzyme sensor system
(3) Establishment of oxidation method for organophosphorus pesticides
to enhance sensitivity of the sensor
(4) Construction of a trial product of the enzyme sensor system
(5) Establishment of detection method for major organophosphorus and
carbamate pesticides using the enzyme sensor
(6) Comparison of the results of the analysis by enzyme sensor and
conventional methods
(7) Application of the enzyme sensor to the analysis of pesticides in
food sample
2) Development of enzyme-linked immunosorbent assay(ELISA) for
pesticide residues
(1) Synthesis of haptens for organophosphorus pesticide fenthion
(2) Production of antibody to pesticide immunogen
(3) Development of ELISAs for the determination of fenthion
3) Development of immunosensors for pesticide residues

(1) Synthesis of an enzyme tracer, enzyme-labeled fenthion
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(2) Establishment of direct competitive ELISA

(3) Development of a dipstick format ELISA for fenthion

(4) Development of an amperometric immunosensor for fenthion

(5) Application of the immunosensor to the analysis of pesticides in

food samples

2. Development of biosensors for the determination of essential

amino acids in the agricultural products

1) Development of a lysine sensor
(1) Selection of components of the lysine sensor device
(2) Design of enzyme reactor & electrode and their performance test
(3) Establishment of optimum detection conditions for the lysine
sensor
(4) Evaluation of the lysine sensor
2) Development of a phenylalanine sensor
(1) Selection of components of the phenylalanine sensor
(2) Establishment of detection and operation conditions for the
phenylalanine sensor
(3) Evaluation of the phenylalanine sensor
3) Development of a tryptophan sensor
(1) Selection of components of the tryptophan sensor
(2) Preparation of the tryptophan sensor chip and its treatment
(3) Establishment of detection and operation conditions for the

tryptophan sensor
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(4) Evaluation of the tryptophan sensor
4) Development of a commercial model for essential amino acid
biosensor
(1) Design of systemic diagrams and preparation of sensor
components
(2) Testing a substrate specificity of the sensor chip

(3) Signal conversion of sensor output to a computer screen

3. Development of biosensors for determination of organic acids in
the agricultural products
1) Development of biosensor for determination of malate in the
agricultural products
(1) Establishment of principles and methods for malate biosensor
(2) Manufacture and performarice test of ion selective membrane(ISM)
(3) Analysis of ion sensitivity of ion selective electrode(ISE)
(4) Construction and optimization of FIA system
(5) Evaluation for detection limit of the sensor system
(6) Analysis of interference effect
(7) Manufacture and performance test of microchip
(solid-state electrode)
(8) Manufacture of trial product of malate sensor
(9) Comparison of malate concentrations in foods analyzed by
biosensor and conventional method(GC)
(10) Evaluation for capability of trial product

2) Development of isocitrate sensor for agricultural products
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(1) Establishment of principles and methods for isocitrate biosensor
(2) Manufacture and performance test of ion selective membrane(ISM)
(3) Analysis of ion sensitivity of ion selective electrode(ISE)
(4) Construction and optimization of FIA system
(5) Evaluation for detection limit of the sensor system
(6) Analysis of interference effect
(7) Manufacture and performance test of microchip
(solid-state electrode)
(8) Manufacture of trial product of isocitrate sensor
(9) Comparison of isocitrate concentrations in foods analyzed by
biosensor and conventional method(GC)

(10) Evaluation for capability of trial product

Iv. RESULTS AND APPLICATIONS

1. Results of the study

1) Results of "Biosensors for the determination of pesticide residues in

agricultural products

(1) The development of enzyme sensors for pesticide residues

Two types of enzyme sensors for pesticide detection were developed.

The principle of the detection of the pesticide by these enzyme sensors

is based on the fact that the activity of cholinesterase is inhibited by

organophosphorus and carbarmate pesticides, and the degree of inhibition
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is proportional to -log value of pesticide concentration. One of the two
enzyme sensors was probe type ISE sensor having an asymmetric
enzyme membrane with butyrylcholinesterase coated over an underlying
H'-selective base membrane. The sensor system fabricated was
optimized and applied to the analysis of paraoxon. The detection range
for paraoxon was found to be in the range of 10% to 10® M. Therefore,
this sensor appeared to possess a sensitivity high enough to detect the
allowance level of residual paraoxon. Since the inhibited enzyme was
fully reactivated by pyridine 2-aldoxime, the sensor electrode is expected
to be usable repeatedly.

The other enzyme sensor developed was FIA type which consists of
a reactor with acetylcholinesterase immobilized on the controlled pore
glass and H'-selective polymetric membrane electrode. It was found that
optimized FIA sensor system can analyze 10 organophosphorus and 9
carbamatic pesticides at the concentration of 10 M. In case of
organophosphorus pesticides, the sensitivity of the sensor system could
be remarkably enhanced by converting the pesticides to oxidized form by
bromine. When the sensor response was examined at various
concentration of pesticides, i. e., diazinon(organophosphorus pesticide),
carbaryl and carbofuran(carbamate pesticides), the responsive ranges of
concentration were very wide(10‘~10"" M). The sensitivity of this
sensor is highest among those sensors developed so far for the analysis
of pesticides. This FIA sensor system was successfully applied to the
analysis of pesticide residues in food sample after a simple pretreatment

procedure.

- 925 -



(2) Development of ELISA for the determination of residual pesticides

In order to develop an ELISA for organophosphorus pesticide fenthion
which has not been targetted previously for ELISA development, 7
different haptens, fenthion derivatives, were synthesized and conjugated
to proteins to be used as immunogens and coating antigens. Antisa were
obtained by the immunization of rabbits using the prepared immunogen.
Since the antisera diluted 1:40000 showed optical densities of
approximately 1, affinity of the antisera to the antigen appeared to be
very high. Using the antisera, an indirect ELISA was established in a
format in which the antigen was coated to the microtiter plate and the
fenthion competes with coating antigen against antibody. The calibration
curve for fenthion yielded an ICsy value of 0.29 ppm and a linear
working range of 10 2~10" ppm. The results showed that the ELISA
developed in this study have a sensitivity high enough to detect the

allowance limit(0.1 or 0.05 ppm in Korea) of fenthion.

(3) The Development of immunosensor for the detection of residual
pesticides
Two types of immunosensors for the determination of fenthion were
developed in this study. The first one is a dipstick format ELISA in
which antibody is coated to polymer membrane and fenthion competes
with enzyme-labeled fenthion(enzyme tracer) against the antibody. The
optimized dipstick ELISA was found to be able to detect fenthion in the
range of 102 to 10* ppb. The detection limit for fenthion was 10 to 100

ppb when applied to the analysis of fenthion in food samples. This
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dipstick ELISA can be fabircated inexpensively and, due to the simple
and easy procedure of its use, i. e, semiquantitative measurement of
color with naked eye, it is expected to be used in fields by farmers and
consumers.

The other immunosensor developed was an amperometric sensor.
The principle of this sensor is based on the competition between
fenthion and glucose oxidase-labeled fenthion against immobilized
antibody and measurement of competition by amperometric determination
of Hs0s produced from glucose by GOD. The disposable electrode for
amperometric detection was fabricated using carbon paste by screen
printing technique. The detection range for fenthion with this

immunosensor was in the range of 0.1 to 1 ppb.

2) Results of "Sensors for determination of essential amino acids in the
agricultural products |
Biosensors for the determination of essential amino acids were
developed using a potentiometric detection system and a surface plasmon

resonance system.

(1) Lysine sensor

The lysine sensor with an enzyme reactor(lysine decraboxylase
-immobilized Sepharose 4B) and an elecrochemical detector{carbon
dioxide electrode) was responsive to lysine in the range of 10 '~10% M.
The best buffer for sample preparation was 10 8 M sodium acetate

buffer, pH 5.0. Concentration of pyridoxal phosphate, a coenzyme for the
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enzyme, had no significant effect on the response of the lysine sensor.
Optimun volume of enzyme slurry and temperature were 100 to 200 ¢L
and 25 to 37°C respectively and the detection range for lysine was 10 T~
10 * M. Reproducibility of output of the lysine sensor was excellent, and
the enzyme-immobilized Sepharose 4B slurry was stable over 1 year

with recycling process.

(2) Phenylalanine sensor

Sensitivity of the phenylalanine sensor based on surface plasmon
resonance was very high. Two different sensor chips were prepared by
an electron beam evaporator and a thermal evaporator. A gold membrane
prepared by electron beam evaporation exhibited better performance than
that prepared by thermal evaporation and showed a detection range of
10*~10° M phenylalanine. Distilled water was a best sample buffer
since it leaded to a high sensitivity and a good resolution on resonance
angle shift that is proportional to the phenylalanine concentration. The
detection limit and sensitivity of phenylalanine sensor were evaluated to

be better than those of lysine sensor.

(3) Tryptophan sensor

Principle of a tryptophan sensor is similar to phenylalanine sensor
except that a sensor chip coated with a substrate specific enzyme was
used. Detection limit was proportionately expended to 10 ® M tryptophan
by using the tryptophanase-coated sensor chip while that with a bare

gold membrane was 10 " M tryptophan. Changes of resonance angle shift

- 28 -



was 0.3°C when the concentration of tryptophan was increased every 10
folds in tris-buffer pH 4.0 and acetate buffer pH 7.0. The substrate
specificity of amino acid sensor was highest with tryptophan sensor
among 3 amino acid sensors studied. Surface of the enzyme-coated gold
membrane was very homogeneous with attached-enzyme molecules when
observed with scanning electron microscope, while that of the bare gold

membrane was very flat without any attached molecules.

(4) Commercial model for essential amino acid sensor

A model of essential amino acid sensor was developed using a
surface plasmon resonance system by designing systematic diagram with
various operation compartments. The resolution of light detection was
increased by using photo diode array system. It can be operated for
analyses of any essential amino acid once substrate specific enzyme is
available for the sensor chip preparation. A signal output from the
sensor response was fed to analog to digital transducer through an
amplifier in the model system. Digitalized signal was processed to screen
output thru data filtering in a small computer. This biosensor of
essential amino acid is a best final product that was developed through
steps for developing lysine sensor, phenylalanine sensor and tryptophan

Sensor.

3) Results of "Biosensors for determination of organic acids in the

agricultural products
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The biosensor systems for the determination of malate and isocitrate
were developed and the parameters influencial to the sensitity and
selectivity of the biosensors were optimized in this study. Additionally, a
microchip(namely, solid-state electrode) was fabricated to invent a
portable sensor and trial products of the biosensors were manufactured
using the conventional electrode and microchip(solid-state electrode). The
concentrations of the organic acids in the real foods were quantitatively
analyzed by the trial products of biosensors under the optimal conditions
and then they were compared with those analyzed by GC as a

conventional method.

(1) Development of malate sensor system

Several parameters of the malate sensor system were optimized for
malate determination. The optimal conditions for the system were as
follows: polymer, PVC; carrier buffer, 1 mM phosphate buffer(pH 7.4);
flow rate, 147 mL/min; tubing length from enzyme reactor to detector,
15 cm; injection volume, 100 #L; malic enzyme loaded in the reactor, 20
units. The linearity between potential difference and malate concen-
tration was maintained in the range of 104~10"' M of malate. The
membranes with different compositions were prepared and interference
effects of the membrane were investigated to enhance the selectivity in
COs” -ISM. The results from interference test suggested that
TFADB-based membrane was less affected by the high NADP
concentration(10 ' M) than TFABB-based membrane. TFABB-based

membrane was compared with TMT-based membrane to examine the
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effect of pH and malate. TFADB-based membrane was more stable than
TMT-based membrane in the range of pH 6.0~9.0 and both of the
membranes were rarely influenced in the range of 10°~10° M of
malate. Therefore, TFADB-based membrane was chosen as the optimal
membrane. Solid-state electrode was fabricated to develop a portable
type sensor and it was compared with the conventional electrode. As a
result of the test, the sensitivity of the solid-state electrode was higher
that of the conventional electrode although the solid state electrode
showed lower correlation coefficient than conventional electrode. The
solid-state electrode was considered as an available device because of
wide range of linearity for malate determination and manufacture of one
microchip containing multiple sensors. Malate concentrations of foodstuffs
analyzed by biosensor and GC were compared to evaluate the capability
of the trial product for malate sensor system and the malate biosensor

produced the reliable data.

(2) Development of isocitrate sensor system

The experimental parameters for the FIA type isocitrate biosensor
were optimized. The optimal conditions for the sensor system were as
follows: 0.1 M Tris-H:SO4«pH 7.5) for carrier buffer 1, 06 M
Tris-H2S04(pH 11.0) for carrier buffer 2, 13.6 mL/hr of flow rate, 100 zL
of injection volume, 0.89mm of tubing id. The linear correlation
between potential difference and isocitrate concentration was obtained in
the relatively wide range of 10 4~10' M of isocitrate under the optimal

conditions. It could offer advantage to the sensor system when various
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isocitrate concentration in the foods would be analyzed. Interference
effect on the isocitrate sensor system was investigated by adding sugars
and organic acids to the standard isocitrate solution to apply the sensor
system to food analysis. All of the sugars and organic acids such as
glucose, sucrose, fructose, malic acid, ascorbic acid, and tartaric acid
except citric acid did not seriously interfere the sensor system composed
of conventional electrode or solid-state electrode. Their interference
effects were less than 10% even though they were added in excess. It
implied that the interference effect would decrease when the real foods
would be analyzed. Isocitrate concentrations analyzed by the isocitrate
sensor system were compared with those analyzed by GC to evaluate
the capability of the trial product for isocitrate sensor system. There
were no significant differences among the analytical methods in all fruit
juices except strawberry juice. This result supports that the isocitrate
sensor system is a very reliable system for determination of isocitrate in
foods. Moreover, the portable and economical sensor could be produced
by using microchip(solid-state electrode) because small microchips can
be massproduced cheaply. This solid~state electrode would be also useful
for simultaneous analysis of many substrates because one microchip

could contain multiple sensors.

2. Suggestions for application of the results of this study

The knowledge and techniques acquired from the pursuit of this

study on the development of sensors for food analysis can contribute to
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building the base technology for the development of food biosensors in
Korea. The biosensors developed in this study can be utilized in
production and selection of safe and high quality agricultural products by
using them in evaluation of the safety, nutritional status and taste of
agricultural products during their production and distribution.

Some suggestions for the possible application of the results of this
study are as follows!

1) The final report of this study will be distributed to the institutions
and researchers in food science and technology area in order for
them to use as a new technology.

2) The results of this study will be published in the scientific journals
and presented in the academic conferences.

3) Some of the results will be patented and commercialized.

4) Some of the know-hows acquired in this study will be transferred
to industry sector for their commercialization.

5) The enzyme sensors for pesticide detection can be utilized at the
government pesticide test center as an auxiliary screening method
for organophosphorus and carbamate pesticides that can save human
power and time to a large extent.

6) Being a simple and easy method usable in fields, the dipstick ELISA
for fenthion can be used by producers and consumers of agricultural
products in fields and homes.

7) The essential amino acid biosensor can be utilized for fortification of
amino acids for the agricultural food protein with limiting amino

acids (for example, amino acid fortified rice).
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8) The essential amino acid biosensor can be utilized in screening
cultivation of agricultural product with high quality protein.

9) The essential amino acid sensors can be utilized in development of
special food proteins for patients with inborn-errors in amino acid
metabolism.

10) The biosensors for organic acids can be utilized in the
determination of concentrations of malate and isocitrate in various
fruits, fruit juices, and fermented liquor to evaluate their quality,
maturity, and degree of fermentation.

12) The miniaturized sensor composed of microchip can be used as a

portable analysis device in the field.
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N2z s4E9 TS S HA Y
A1d AE

1. e 55

AR A7FA ] FIF3 EHE FAE AF9 kAo #dd 3
3 BRFUE AASE vol M A Atk FREFFE FRNAAE
A fgste F8 AEY BFoln A #¥ HA UM A T
AHoz gRrexEe Bdoit, ¥ A7 BAqY % HAE /71
A 2 supdoleAz d4sged FAHA FXE o5 FFRFAY EA
AE B2AMY {7104 5 fenthiond] FHE& 9

_/}:
3 Rl BAY % WANE Agste Aol

FAE Fo FHFFY HEES AA F2 VA A2vEIYI(gas
chromatography, GOY A% A ZA=2vlE# 3 (high performance
liquid chromatography, HPLC) W¥el ¢]&3l=dl(Keith, 1991; Cunniff,
1995a) o] MEEL A9 FREs} e A JHAE dEd FAL
o Axg FAZHA wrte 777 LFEoE @3 AT B3 GCH A
S do] BAAT BFL A& E/MEs HPLCY A% wAtdo] ¢lv
28 AZ%o] oyt dHS 7HtHHammock, 1980; Grob, 1982). 1.8

g olyd ML REFT F e MEL e Awdr] A% A7t
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usiA ol Fox . o nielAA Y e IHF AT FoAM £
H]5& xA8a oH(Tran-Minh, 1993). ¥lo] e AA & AAEDES AHE3
22 AeEAo] gdsn ENd waEe Ed4g AASs] A% dAdRA
ol Ao HWax Yoie FFE 7HAH. EH SlojA £ HIHEHAR
A B oAst & Falgo] ke e n#sE o £AYY wd AH
Ae v F8% o] ofd F vk ol AXE ol T A o]
Fuizt 7bsst @FAEo] e A9 wod HHsa o
A

woluz H2 Bol Be AT BHS Yo v

>
i
of,
o

-

)=}
el £

o
N
2
4

a%)
)

A% JFATL, ol o] Hlo|QAANE BE FH

i

A

3. 5% ABE 2[E Hlo|2HA

Acetylcholinesterase(AChE)¢} butyrylcholinesterase(BChE) 59 &4+
%202 cholinesterase(ChE)e} B#]$-Evl o152 F7|AA S} Fhutro]
EA wool o8 &40l A AHHES F T Apold A
A7 ke Rol &#lA AvHGuilbault, 1970; Argauer, 1994). 1B 2
Fofol 23hE AR Hae V]EE hete] O S FAS R AREe ¥
oko] 9l& A9-9 A nugezN, F AYHEE FHFoLEN T
& AEY F Ak o] YHE o]’ FF HEL AALEAW] 60dT
Eo] M EE /s o] $kth.(Mendoza, 1968; Guilbault, 1970; Alfthan, 1989;

Argauer, 1994; Evtyugin, 1997)

AChES} BChEl 93t ukg-oAlE o] AAFHER o] A2 #4S
A71gerd d5og FAHE F Aok 2MER o]§ BLE WAF) nAs

A7) velo MM zA Bae BHE FHY & don T oL AA

el #I AFE FHo Hiaxin  Jow(Tran-Minh, 1990;
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Trojanowicz, 1996; Skladal, 1996; Skladal, 1997; Chung, 1998; Martorell,
1997; Nunes, 1998; Cho, 1999) °|& wlo]2 AME AAEA Y wls) &4
HAge] W= FH g spxd

oj ol Y ALEMYT AME NE FF HEo s
FAE A 2y FaE dE GCY HPLC 59 7€ AAEE
Alatz] dell oleldt AME NRE 2adsd e FFE o]FE &
71071 Fhutd o] EA ke WRALE dobd 4 UAvkA BAo] Bya
BE ANEE WA £ AL Aorh FkHA dolA diyie FA
& FF FFol A& rgde & ndARH olHE guHA 2
HFoIU &4 ZFFG Al oA Hoid ArH AR A o
HAHE 7 Ae Aot

a#y a2 A 2AF AMEL HA FF AEe ol&E o
A BARE AAE Aoz BWHEY, ChEE v} THAF GO
W Adg Torz b ANgs A%Hoz BN e sy
NEE BHE F 248 AEAE AACk e Aotk 848 FAIA
7l NEol dov #49 E7e @AV itk 28 ER ARE A%

o2 BN HaME B e NREA & gT RANY Zax 28

o ok

o

=

U

[o]
h oy

i
n!{o

ol

mA|stedok shEw Mo HA e AN EH AR 2HuE B
N3pgo] B@ay A&k M nde FYe A %aA 99 2
g5t B AFME oldd BANES AAY 4 & 229 A2 ¢ ChE
AN g Azstns s,

B ATNA e AEY AN F e F8A Hoz o)Fojz of
€ A9 A F(ion-selective electrode, ISE)(Cha, 1991; Yim, 1993)% H 3
712 AMgaE w3 (probe)d AlAolth o# @ ISES] Z§A o] AChE
2o BChEE A2 4 Aud o &i 28 ALgd AME oA
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A7 EARE S48 & 9e R E JluEHed 2 ojfE 2 &L
e diF A Fo] sbeste ISE EA HA nA FAE ¢ Y7l WEe]
ot gt ofel & glo] iR AREAC] 7testA € Rold.

Awstnx e A29 EiHAME BFFYEA(flow injection analysis,
FIA)¥ AlAolth(Hansen, 1993). o] AX Al="e 84 A48 TH A
71 Wrg719} MBI 2 o] FojHr), & WHEUE v AR FAIZ A
€8 F Joem AAI} §olFER o AMALEL AN AZFE &
ARE AT £ Y& Aotk oJAL X FHY AAel nlE ¢ B
ANRE BAE & dude FHE k.

ChEZ}F Asi=EE A=g FAsd F4e 4de A2dMe a9
ARR =t E54E AR gk #7194 F%9 FF<Q thiophosphate
((RO)P(=S)-)x= phosphate ((RO):P(=0)-)& AtstAlZ $71 ledl irstd
TS 5a%e wg F AE o wy E o A doinge o ¢4
A 9l tH(Fallscheer, 1956; Kumaran, 1992). 2822 #7104 5%S ChE
ANZ Z4E of 24 ojdd Foke AsAF 2N 49 =S w4
F Atk B Ao A Addg AMl oA 2R tedRE golruz
gtm olg A3t f{710A FFel AU E FHstuA @,

4 5% UES B HARMY U HAHA

AAE 5ol A (specificity) 3 & &4 (efficiency)o] ¢ ¥ Zujolmz
TERMWS BEAMS FES HA4E S BT B4 Uyl @ F
e BAe Tad g8 wgol oAy hd BHL AMsE B
wolth, BAulY A9 W7 ARHolFE o] wHE TR A
£ The sl AAEAA FA 0§ Ao dE B nzHw
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r

glem 1 FAAME AYEA Y (immunoassay)e Mdel #g A3st

rlo

Eo guwslA AN=dHx JriWild, 1994; Diamandis, 1996). ©] #A9
AAEAFEAY B 5ol & E4G%d HEAYD AezA EFEA
MZE AHE AT Pridok ARy M= 3 (antigen) &
%A (antibody)& LA A A A (support) EH) LAPAFI L FA-3H w+g-
& gamgor Ao EAS AFde S22 AIEFHA EA4H
(enzyme-linked immunosorbent assay, ELISA)& AA#H EA9 EHo
2y o] &Fo] gom 8ol &9 ¥, dioxin, aflatoxin 5 #7324
29 ENdE o]&53 rh(Rittenburg, 1990; Vanderlaan, 1991,a). ©|
EAYE aznEady BAyel e 98 E /AR gon HE7L A
$ =3 ZHEEH Hgo| HA B b ARE FAld BAY + U
© A3 E& /IR 2 Z(Vanderlaan, 1991,b) WA A EFA T NA A 3=
HlZo) FEER FolN I vk TIFRHE 3 ELISAY AL 53 )
S g AFAA o 5049F9 Fo ds sde] B um 2
F d%E ol AE3Ho] Qvh(Hennion, 1998). 18y -8 vl HE
otz o] Who] ol gdA Y& ¥ el JojME 2E dAA Jers
ELISA A& &% Q77 243 ASHojoF & Aol Ut

HZA e FAE o) &3ty AA F WA (immunosensor)d] &3 A
FE W4 @isA o]FoAa Urh(Kooyman, 1997; Wortberg, 1997). ®
JAANE ELISAY dzd we FAHAY ¢ glenz ELISAE WA A
g F AL EQZ s QGAME MEE Re] BEolth

2 AFoA Aestaa st ELISASH dQAA 9 BEAgAY Foos
fenthiong& AA3ATE ©] FFe] AYEAYPH AFAME AF7HA AE
€ wrt glemg WA fenthiond ELISAE 7Adsls o]& Eda 39

AR E ARstana o,
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B d7qN Age AEsdE AJAME Fo shte dipstickd
ELISA°|t}. ELISAS %3 F9 e 7]17](ELISA reader)®] Fuhi7b 7t
saleg @AMl slssitke Aot 2ev ¥F AFAA TATAA
7} A4 ELISAZ Abg3i7iole AA% 2 7180 £A44e vk 223
o 71717k Wax gow orld My ALge]l sHe@ dipstick®d ELISAZL
AMurs 7] A&ss QtH(Giersch, 1993; Schneider, 1994). ©] £4¥& &4
wgo AR(AE A7|SEE F& FH A&Vt obd FFer A
B2 guAe Mg oA S4e dFe A PEUIYeR We
onjol ] At % & ek ol @ Pl ELISAY reader& AHE3hs
Q49 ELISAS Wlsh AEsl Yoke wie] gAY Fokd BHAE
A 27 A¥E 44 BEY 5 Jow DB SAAAE Mgl st

o] o] gt} mBl=E dipstickd ELISAE Ao dg REE Aoz

2

AEH AEgEE AFAge] E Rolmg B AT AEszt ¢,

2 AT Agsug s 420 AgAdE AFY Aol

o)A WARMW M7 AEHS HEAZ AoezA Y} 2 &
ANBE ZE %A 24 4 g8 <A 2 tHGhindilis, 1998). &

AFo e ZgAed A8 AZFE screen-printing V1HOE UE 13
£9] AA(Cagnini, 1995; Palchetti, 1997)& R #slazt sttt o]l g AlA
A2L He Hgon uF AR £ gdeornz AAFHoldAe FiHE

7F

rir
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A2d AFFF 498 224N AT

AChE®} BChEE 7]d<Ql acetylcholine(ACh) &£ butyrylcholine(BCh)
& VT EAAA 24 5 FEHEAAE AAYAYI=Z2 pH W E £438
2 848 ¢ F Avh. 28 EE AChE®t BChEZF #7101AI9} Jlubwo]E
A gekel o3 #do) AsMHH AMARS FF FE -log gl wl&EF
te 4 JAF woldM e WMBAVI2A HYFEH AFE & F Y
ooolEd Ay AMe= ded 71717k FdA 7 ® pH FIE S strip
chart recorder |22 7% (amperometry)ol vt 383 dxe ¢ ¥
FAHEo] 7hsdltte A E AT BE & FF9 MAe HlE A x|
€l HA E3 ABAHF} APl ¥ue FHE Y. aEE o ¥

e AR FHEY AN ol & AT g Y4T & 3
= e Yoz W,

B A7oA Astnad st SHEME AME ol ARE ASH
oz BMaeE #ud FUA o ISES ALSE 93T MM FIAY 4
Holth. o|8 A9l el Awe 9% YA 2 A G 2,

1LBYAY HI3E ALSE BHEY S44A

A2 ol T 7Y A Ao FEHA TS AL o) HEg A
F(ion-selective electrode, ISE)¢] ©]&3 714 ZHo) @o] olg=x Jr}
(Yim, 1993). dl& 9] tridodecylamine(TDDA)# #& H' ionophore$}t
dioctylphthalate(DOP)$} #Z<- plasticizerd PVCY E&§ 34 9 pH
Z A4 o] & ¥ HMoody, 1979; Thomas, 1986; Zhang, 1990; Christie, 1992).

o]2]§ ISEY] AChE £& BChEES ZAFAZL 4 dutd o] g429e A}
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4% AAM g dFo R ARz FAZ ANZHE F Jen=
A&AQA AgRAo] 7158 Heg 7|gdrt. AChE W4 BChEE &4
Z AET Afoe ol Mg wox H AdA o o]9d BCh A4
g AMEE & YU

B AfdMe ol ol MgA Hel BChEE 1A #3F A
A9 AFg M=t BChEE F&A=2 & FIA 9 ISES FHA

B>

ki

rie

matrix EZ & cellulose triacetate(Cha, 1989), methacrylamide-acrylamide
copolymer(Tor, 1986; Tran-Minh, 1990) % polyurethane(PU)(Cha, 1991;
Liu, 1993; Meyerhoff, 1993; Espadas-Torre, 1995; Yun, 1997)& Al@sjx
skth. o] F 24L& BChEE nASAII7l6] RAF = AL E483
o} PUS AgoleE g 9 A3 dfich PUS A $o H-4H9
A Z%A9 base membraneo] # 44 (hydrophilic) PU (HPU)$ polylysine
2 A28 AL 4 EX AXAA BATE FEFEUT

AN Azee FAHARAES FHAseod FxE FuEEr] A a)
HPU® %%, b) HPUS &9 #A4H ¥ c) polylysinee] §#F& @8 &
EAue TS MM #Z&E YolRI d) bufferd] pHE dste 2
#HE&S dotE gttt

Aes AME F71QA 9 Fhutdlo]EA woe] HEd o8 & U=e
2 golr7] $&e §71AA %9 U#F<Q paraoxon(parathion®] Ats}E)
o og AN &2 AHAEE ZAAUT Paraoxond FEE € st
AFFAE du AE FAS Qolusith £ AA &hue HHE AR
H5Ae Golr 7] §38) pyridine-2-aldoxime methiodide(2-PAM)E &4 %
A BFAGoR ALgste a4 Q8PS e dolE Y.

7k 49 W€ 2 9y
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DAY 2 43 AR

BE X oL gnalytical-reagent grade& AH&3t3T

7|¥%Hbase membrane) & pH #ETA # AAAR ZAEse
tecoflex polyurethane& Thermedics Inc.AZF-E, PVCE= Fluka, T4 &
A9 tridodecylamine(TDDA) AldrichAl2 %8 st dA4x4 &
2o #AA7]l7] $1% potassium tetrakis (p-chlorophenyl) borate
(KTpCIPB), 7}&Al2 AL&% bis(2-ethylhexyl)sebacate(DOS), 213 &7
2 A}§8 tetrahydrofuran(THF)& Flukarl2HE T3ttt

Aruh(upper membrane) & EA e matrix®] 4 polyurethane
(HPU)S ZAo] T 72¢ B¢ sstafda 713 &1 584 Za2
A}4-3 butyrylcholinesterase(EC3.1.1.8, from horse serum)$t H& 71481
butyrylcholine, £A22A8E ¥ #7HA polylysines SigmartZ 58 F
Y.

ot24 N-[2-Hydroxyethyl] piperazine-N'[2-ethane sulfonic acid]
(HEPES)$} 49 ¢t4ste sl A48 gelatin® SigmaAt2FH T 43k
At 4712174 %< paraoxon Dr. Ehrenstorfer GmbHAIZ5H, &4 A
#4338 Aekel 2-PAME SigmaAlZ2RE TH3AT

pH meter Metter-ToledoAte] Mettler delta 340&, 7]&4 =& Orion
ko] Model 90-02 double junction reference electrode, recorder< Kipp

& Zonen ¢l BD 111 flatbed recorderg Al-8-3} T,

B AN FA® AMe AFEE Fig 2-13% 2ok 2ol dejve
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AANAFH 715245 Alole AYAE AYAA(pH v E)o) 93 7= = o
2 gkol recorderd] 7]E2dHr},
AXel ai9e pHol #-&3ste PU ¢4 7)E 9 (base membrane)©

BChEE 38t HPUE =Xt gA4sisid

Potentiometer

[_‘——_ (Voltmeter)

Recorder

Indicator elect!‘_gf_i_g ______ I Reference electrode
(ISE)
, ;o] Salt bridge
solution .| > T
under test — ]
A

stirrer
(a)

e

4mm

Base membrane 4,

(pH sensitive layer) . (Enzyme layer)

Upper membrane

(b)

Fig. 2-1. Schematic diagram of BChE sensor system.
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pHel #H&&es 7l&%e o9 Aoz FAHsdIYY. Tecoflex
polyurethane 52.8 mg, PVC 13.2 mg, TDDA 4.0 mg, KTpCIPB 2.0 mg¥
DOS 144.0 uLE THF 1000 pLel 412 &3E S teflon plate $1ol ¥ 3
£ 374 22 mm glass ring 9 ¥o] #FF FE AXAA =& FH3HA
ot ¥4€ pH #3HS A% 9 6 mmE Zet W F ISE bodyol #2A|
713 ISE body®l WH-89%4(0.02 M NaH:PO4 0.03 M NaHPO,; 0.015 M
NaCh& Hol 3t o] @ ISE bodyel F#€ =& 7Hed & PHsi=

2 sk

3) #gee AR

228 FH3e A% F249Y(casting solution)?] A ZFHHL ofzf e}
#t
(1) BChE 300 unit®} HPU 05 mg& 100 pLe] THFd =oji, =3
%S nA Ao BChEE sonicator® EA1A TdstA §9 Fol
EAXA 2089 1),
(2) Polylysine 2 mge 0.05 M phosphate buffer(pH 7.0) 20 uLe] =
ATHE<4 2).
(3) &4 1o] &9 28 16 pL %ol & F o] &AL ©vhA] sonicator
2 EAANA &0
Az FY4QR)E EF 7189 FHd 2X3t9 % = dRA
% 25 mM HEPES buffer(pH 755, 20 mM MgCl;, 100 mM NaCl,
0.01% gelatin(w/v)o]l @A A& w712 4Co] W naA A 3%
B ©] bufferE 25 mM HEPES bufferg}i x4 g},
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4 &sete A58 4

2 AN 7guhe pH RA %I mavez oFoiA Utk webd A
Aere] 244 HAs7I FA slBel pH FEAE FHHGOR 2
F 5avd HAYshE AR

7h) 718%e] pH 8 573

pH 74 71&ute] 4% g olrry] 9ste] WA ISE bodyol pH &3t
ghe 2asle) pHol e ZeEE AT WA Fig. 2-19 A& T

oz A= 10° M NaOH 30 mLoj) $ol 83| HFo] o] FoiAA & o

2 pH meterg& QA3 pHS} AYE A7 o] &4 pH 7 &£ pH

49 EE8AE 7hale] pHE RFWA pHst AHAE BAO R At

1}) BChE A4 ¢} BChell W& #8 &4

pH 7+gut glo) &A9g F%3 BChE AAM9 712 BChHY &= @
2 AYa 24 25 mM HEPES bufferdl A #3834, Fig. 2-1% &
48 7oz AME 30 mL HEPES bufferd] 92 o 7] IW7|2
gdg AoJFUAN Ho| o]Fo]A A §r}l. Baselinee] ¢4A3eE F BChe
Az=w7b 247+ 104, 316x107 10° 3.16x10° 283 10> M (25 mM

HEPES)o] HE& s HAAHYE 7|28 F 7 FF A (calibration curve)

o AAFY RE B8 2L AL(20-25T)NA AAFRAL AAR gk
& WA 8RN A S HOEE HtA
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t}) &449 F2RHM(casting solution)d] 4 3}

28 BREE A%e THE AAHY) A% HPUS FFY % &
29 %, polylysine®] ¥ R Zadel F7AE destdA AN &S =

st M 7 de WA J1es AP SR

(1) HPU9Y F 7o) & 784

faAdte] HPUE soft segmentQl polyethylene glycol ¥ polypropylene
glycole] &3¢ w8, mebd &4 F(water uptake)o] ThE Wl 7Hx] T 5
2 HPU A(F4% 40%), HPU B(100%), HPU C(210%), HPU D(270%)<t
HPU A% ZAe] uizsy F3 w9 Az &8s HPU 45(30%),
HPU 90(30%), HPU 45S(31%)¢} Al ¥#% % EF 7%& AH&-atdth

HPU Zt2te A3t 919 2)9F 3)EoA 71&d v gt AHE Al
Aate] 2)e] oA 7 FAor #SAE dotrsith 7% HPU ¥
JlA HPU B7} 7b¢ 4% Aoz #uHgenR o3te] 43&2 HPU
BE AM43te] A9styth. HPU BE AHEste 3l 7@ AAMH o2
PA3PYS 7o) (BChE 300 unit, HPU 05 mg, polylysine 0.16 mg) =

Z24& AFHH rlgxgolg At

(2) HPU @ ©& #3834

HPU B% &4¢ #3uld me #F8A4e dotrsith HPU B °)9
HEL JBRFAOZ IAANIIL AL 300 unite] oisl HPU B #3&
02, 045 2 09 mgel A 7tA 2 sty Zate FEHHL I FEE 5
2 wlasknt.

-78..



(3) BAgd BE 784

oX
rlo
N
g
PN
ox
lo
fru
IS
o
>
Ny
kK
=
O
=
%3]
fo
%
ol

BChE °]9] 4E&d9 =

o] Z}7} 150, 300 ¥ 600 unitQ) HATE TH3kS 1 #HEE AU

(4) Polylysine ol @& &4

Polylysine ©]9]¢] Ea9] zAL 7|ExAdog nHPA7]1 HPU thg
polylysine®] ¥wr& Z+zb 0, 32 2 64 wtnsE gelsted E4A%e TH3 L
I Z#&E elast e

(5) EAY FAC e 34

gautel T BE g Aolg dolry] HH Fe 2L VERE
A k=9 70%(BChE 210 unit, HPU 0.35 mg, polylysine 1.12 pL)¢}
40%(BChE 120 unit, HPU 0.2 mg, polylysine 0.64 uL)& &4 =& A #3s}

o7 Ree EAse] JRx4d Wl gew v

2}) Bufferel pHell w& xjo] Hlu

BChE AA& A% 3e HEPES buffer?] pHE €&3HA 3.16 mM

BChel digt #F9 7&& dolrsirt Aldsl ¥ buffer?] pHe 65, 70,

75, 80, 85, 9.0, 9.5 283 10.0°] At

5) AMAE o] &3 paraoxon £4
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@ ©h& BChel W@ #4¢ 4% T g wugozA SR
Asfge e HozRy FHh

__E E,
I= E; x 100 )

o] oA Eoe A8l A A4 e BChell &3 HAfiAoli E2 A3 F9
A zpolth. MM 9 v AL g2 FFOR paraoxond AME
3t 84 7|4 BChe FEE 316 mMele™ &uj= HEPES buffer
ot % A& =& FUEEy] 3 WA incubation A|ZFo] w
& AHAEE dolr %o paraoxond FEE BN AH=E AL
o PFIANE AU} Paraoxone £ A K=V} v woermz

stock solution(10® M) 24 @&z A z3tgr}.

71 FEAA =9 incubation A7t WE ASAE

A=l AAF incubation A1ZHE dolR Y] Y8 incubation A)Ztel] W&
49 AMAEE Lolrdrt. WA A A BChel 27 AdxE
A8 10° M paraoxon £49A 30, 45, 60, 75 2 90&7t incubateA] 71
t}-8 HEPES bufferZ A3t A8 A3}

W) Paraoxon FXo w& &4 AR =4

HA BELE AHA7I7] A9 BChel 9% HAXE

A

¢ o
paraoxond E& 10% 107, 105 10° M(HEPES buffer)2 3t} 429l A
1417 <t A& incubateX] 712 ojo] A=E HEPES buffer2 Z£#3] A

of & oS dAAE FAGAT A AFo FFEE AAAZTE A

_80_



Mo AEee ARt

) £42% 9 polylysine §F9 @& AHx =4

NBEXHoE A4A%E YAIH polylysineE ¥ RAI} ¥A &
BChE AAME A &3le paraoxon?] HEE EadldHA 49 APEE y)

w5kt

Zh) 84 E7 A9 incubation Azt W& AP} F=

=g 10° M paraoxon &4 1A7+ EF incubater]Z] ¥ 1 mM
2-PAM £<(25 mM HEPES buffer)o]l ©70] AHo|FWA A3 A A
B8 B9 HEE Yottt AHE incubation AlZHE dolry) ¢
8] 1, 2, 3 % 4 AzF F¢ 1 mM 2-PAM &9 A incubateAlZ] § 1
of & AFYs} AEE FAEAG. AEYELS g9 wWyoz AN
st At

__E;
R= E, x 100 (2)

o] 4N R& ABAs}E, Eo= A W9 BChel 3 A, E
A A AP Fo AYAE el

ZNExdeg aatE 75 AFE 4T HEPES bufferod] W3R#

2[_1‘
3
>
iy
e,
)
)
o
fu
o
ol
o,
o
N

Astel 5% o AAWTFe AL



S48kt

U A3 2 nF

1) pH #$ 7|29%9] 4%

pH #-39¢ pHI W& 78S oF 50 mV/pHole™ pH 5~10904
HAdE YeEhATHFig. 2-2). &8 ASsE 25ToA ol&akA 591
mV/pHol 7745 Hlad Qe pH WM HAA4e Yepez pH 7
S HAELe ml$ 43 Ao B FIA matrixEA PU o] 9]
PVCE #H7lsiE e PUTCRZ A3 o v 7]&7)e Mdg4e
PVC matrix®-& AH8& 2o us] dojxvts deld 7] AE otk (Cha,
1991). pH &9 ¥ 32 748 lipophilic additive(KTpCIPB)+=
PU 71&%9] Fol& HHE BAdF7 flAAded 48 Fg #Hs
FH 23} o HEHAA o2 E FAT B ol N F4
$uxle 4818 FEve Aol geA YrHYun et al 1997).

2) e Ax5

HPU i et AHE S wpolQ AN 9] Fee AAMED nAsY R
AR whgF o] AFA matrixd] A H9drh 2@ whe] M oA
AARA o] 20tE2 v Fs} 718 A vte HEWHA dojutez niz
2 248 7B A ug=o2 &) 742 ionophoree] Ao
Zolep sl HsbE A2E BHSiok s g3 A4 Qe s)By
Apololl 2ol Zshod whgo] wel dojutm o] Aofeokgitt, o) gt =

-1>
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350

300 —

250 —

200 —
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Fig. 2-2. Responses of PU-based H'-selective base membrane

at different pHs.

il

o

HEA I E 2T OE cellulose triacetate(CTA)9 PUE AHE& 59
A gt Aa"o] EEgen 1 FRE o AW g4 HER A
z35to] AFAIZ Bl A Z QA Ao ATHCha, 1989; Liu, 1993). & A+ Z
% PUZF BChEE A 3AE 847 matrix2A HgeE L&t

pH &% o 48 aae 74L& FAgs= 43 UM &
2ute] 74482 10°~10" M BChel i dFe Feoz doprgith. o
FEHYE &49%8 7]E2A4(BChE 300 unit, HPU B 05 mg, polylysine
016 mg)o2 AR S W dFAHA HEWdolth &L 24 €
g & W Ade ot et
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7b) HPU &%/ W& favutel ¢

Fig. 2-3914 & % Q& AAY A& & 7714 HPU F9A HPU B%
HPU D& o Y 9 $2 &S Uit E FoA

HPU Bt o $& J442 ygiez f4e ez ¥ 4+ 9t Fg

R

i
it

o

2L

2-4= A7t W& HPU B9 A4 &4 do]€l(dynamic response)S U+E}
A,

) HPU %ol W& Favel 74

E24: 300 unitell W& HPU B9 $aFo] 0.2, 045 2 09 mgdl &Aug
Azste] 3EE LotR gttt AT A2 FFoe 4 AL N %A FE
& #&(ca 100 0V/10°>107 M)& YEhNR oY 3Y Fol 15 2 3 mg
A Aol A& Wast gioy 07 mg el A9o A 7ee
Hetul A F4thFig. 2-5). 22|22 HPU B9 %-& 15 mg/(1000 unit &
&) olgt7t HojX e AddoE RE & § Utk HPUS o] Hg o 7

gol ol E AL Rd AABo] Rolxy] WEY Aol

%) Bagd e gage #g

e YEEFEE 4L VERNTY B g3 mre F& ERA
o2 F AR 718249 50%(BChE 150 unit) @ 200%(BChE 600 unit)&
st5< el 237t Fig. 2-691 vehd Ak 29 Fo #¢e mie o
300 unit? 600 unitd] 9ot A9 W37t Y2} 150 unit

e
onl
Ho
=2
rir

A volAH. EF 600 unitE AHEF A$E 300 unitE A& HLR

I
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g0l dolNrg g4 Fol AUXA Wolk FZgAol "ojxg <&
T 3o a¥E2 Zio %) 300 unitd A7t HAHA Aoz Beg)
axdFe FgdEe] dele nyd Zhe Fo o Iy TEu
(Kobos, 1980; Guilbault, 1976; Carr, 1990). Eppelsheim 5(1995)& &4 9
Fol 1%(wt/wt) BT B ol 4%(wt/wt) o] AY WE 238 7o
Astdvte HuE 3 v Qloh

140

120

100

80

60 ~|

Potential ( mV )

o—V——-——-V”"""V“——___v//.”Jv

' — Ty Ty
10+ 102 102

Concentration of butyrylcholine (M)

Fig. 2-3. Responses of PU-based BChE electrodes fabricated with
HPUs with different soft segment content.
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Fig. 2-4. Response of PU-based BChE electrode fabricated with
HPU B.
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Fig. 2-5. Responses of PU-based BChE electrodes fabricated with
different composition of HPU.
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140 - | —®— BChE 150unit
—— BChE 300unit
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Fig. 2-6. Responses of PU-based BChE electrodes fabricated
with different composition of BChE.,

2}) Polylysine $t&d] & &Aa9e #4%

HPU Bell i3] polylysine& 0, 32, 64 wt%(HPU B 05 mgell i3] 0,
0.16, 0.32 mg)& AHE-3AEL W AR F 99 A FIIHU2 U (ca
100 WV/10°>107 M) FA9] Z9ole 78S A8 YehhA FyhFig.
2-7). HPU$ polylysineg &8t 8 A matrix® 74 ISEel Q1o A
polylysine?| o}v|:7]e &4 9 nASte] FFE FAT o]2utgd HR
W aa Fers B3rl 9lovk(Ma, 1988 Yim, 1993) & 439 ATE
polylysine®] Ah&o] BChE AA & A% & A FHAI7IA £ 3 ofy
o B g AHEEE 038 AEg AA doz=dAgE AE e El.
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ol) Ehute] FA0) we i e

2 ATFolA AFE BChE AA 9 e eAte] Ay Aol
SAHE Eol7] s 7 AR Al FYEA dH ALY FAS
SkAl ste] Hlmsl & A3 %o A grEFE H3AAL oMoy S
Azkel oAl i BRERA Fsioh

Ao 7S ANS AAZE FR 84E BaTge FA9 7129 FN
Aol dwrH oz "o FAE FIAIE AF AE 7EVe =
AL ZgALE ZolAe Az AvEe 38 Jygdd. 7133t S
7t WEFE FEAIRo] FopAERE AREYES HAFH AN @F
€t} ol Td FE &9 Hed Aye ATE AT AAY F3A
ol X3E7] WEolch AAZ AREYE AAFo2ZN #EALC] 37

3 dEdve AL ¢ F AR
3) Buffer®] pHel @& &4 &4 Aol

HEPES buffer?] pHE @3 #A 316 mM BChel & A9 &
€ ZAM A7} Fig. 2-89 YEh o pH 659 M %8 pH7t S 718l
et dA e ZE7t FUhste RAAY Rely ol pH7E Eobddl W 7]
Z<Q BCh7t 7tEdidEe 5271 B el 7dsks w7t 2 Aoz #
et getA B YA pHE 7tsEd $x7 a9x AX #oy
Eds

$o] H33 ®¥L 75 A=V HF Aoz dddATt AA g pH
o}&4 BChE #A49 pH Y&Ad 71918t (Tran-Minh et al 1990,

Lo

Marty 1993). AH&3% BChE®] &4 pH 844 & 1mo]A| 9t paraoxono] 9
1A A ZheREdte FE AgEor & Aot



4) AR 3E ANE o4& F7IAA w4 HF
7h) &4 AsALY BE AHYE FH

7194 g 2e HrgH AdAE ELE Adsted 49 Al
7+e] preincubation®] & 7€tk AFE 10° M paraoxon & FollA At
2 23t incubateAl?) ¥ AL 3% AHst Fig. 2-99 Uik
Incubation A7to] ZojAW Axxel AHAE o F&EA FAL & 3
Awk o)z Qla] EAjo] FAzto] AMHEE o]E& HEFH AWE AT

Adsor & Aot

—@— polylysine Owt%
—#— polylysine 32wt%

Potential ( mV )

T T T T T T
10 103 102

Concentration of butyrylcholine (M)

Fig. 2-7. Responses of PU~-based BChE electrodes fabricated with

different composition of polylysine.
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Fig. 2-8. Effect of pH on the response of the BChE electrode
at 3.16 mM BCh in 25 mM HEPES buffer(pH 7.55).

80

70 -

50

inhibition (% )

40 |

30— T T
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Fig. 2-9. Influence of enzyme-insecticide contact time on percentage
inhibition of enzyme activity at 3.16 mM BCh in 25 mM
HEPES buffer(pH 7.55) .
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1}) Paraoxon®| ¥ Xd] w& BChE A9 A& A

Paraoxon ¥E& 10°~10° M #HdlolA @asds A3 14D §<
incubateAl 712 A& && F43 A& Fig. 2-105% 2k AHAIES 1A
Boz da JJRxAHos F&§ MAE 10°~10° Ml paraoxon(25 mM
HEPES buffer)o2 A#AlA 1, 316 £ 10 mM9 BCh& o] #&& &
AoaM Aio AdE&E Yol HI} paraoxon®] FES AA Y FHE
& 884 A9dAE Jehih Fig 2-10& 2¥ 712%¥ =7 1 mMY
Agode ANAE AA sre FHA Uewoenz ddE A%
7149 FEZE A & ¢ Aok Takruni $(1993)8] ®.319]
93 paraoxon® A$- 71AFES Frtel wet A FE7H TR
U, B AgdAaE s i e AR Aozt UEuA &gk

4 4 ol&F 9 T/ FAXRE = g A9 714y A}
ole] FAL o2AEV dAT FQAME HMoERE HojuA

-t

ol HAPAHoE Q3 ul¢ B sRAE o] AIL oj&d ARY F
S HETAI EAsEH ot A3 #EE JedE F=7F €0 9
Bt o2 ISEe] A9 e A & v H& v ¥4 A y
B FE7E A FEAA Mol AR Tue AHY FEE AEEA
2 A SIUPAC 1976). ¥ AddA HH 5 wlo] M HEdA
o] Relol wak 10%e MslE delEe 10° Mol & 4 itk
Polylysine& wj#Ald &A9E A8-3te] paraoxong ®As] ¥ A7t
Fig. 2-11¢] ey 9t Polylysine2 ZohstAl A&3td ko] A9

Eol 3RA due 2o AL ¢ 4 A9
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R
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Fig. 2-10. Determination of paraoxon with the BChE sensor
© 25 mM HEPES buffer(pH 7.55), temperature 25°C and
incubation time 1 h.

120

—@— with polylysine
—~— without polylysine
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80

80 —

Inhibition (% )

40 —
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e qer  ges | qgs
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Fig. 2-11. Determination of paraoxon with the BChE sensor with and
without polylysine : 25 mM HEPES buffer(pH 7.55),
temperature 25C, incubation time 1 h and 3.16 mM BCh as
substrate.
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o Zae Aggs A e a2 BT &3

Ea A g & FAHE &84 AL QA eRAEA] ¥e
B2 2-PAM¥ 22 72§ 1P NS Hofd Ay 848 B

=

A tH(Takruni, 1993; Tran-Minh, Kumaran, 1992). &4&¥3& 10°
paraoxon®| A} 1Azt ¢t incubateAl 7] 3 ¥ 1 mM 2-PAMSE A7HE
@338t incubateAlZ] F B9 #EE FAHsY A¥AHe HEE Yol
A#3 7} Fig. 2-1290 vshgleh Ajzke] 83 a8 A9 100%71)
ETFdds 28 & 4 Ak Fig 2-132 8433 A8 Ay 5, agn
2-PAM] 93] &7 AEAsE F2 AMA e dynamic response©)tt.

1

120

Reactivation (%)
S8 8 8 8 8
[ 1 | 1 |

o
|

T I T I

1 2 3 4 5
Reactivation Time ( hour)

(=]

Fig. 2-12. Influence of reactivation time with 1 mM 2-PAM at
3.16 mM Bch in 25 mM HEPES buffer(pH 7.55)
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Fig. 2-13. A typical response of the BChE with and without the
irreversible inhibitor(paraoxon) in 2.5 mM HEPES buffer
(pH 755) at 3.16 mM BCh. a) in the absence of the
inhibitor, b) after incubating the sensor with the inhibitor

for 1 h, c¢) after incubating the sensor with the

reactivating reagent for 4 h.

5) AAAF HAA

WG WHALS SFEAE Fohuy] Aske xR HaNe T4
% A3 4CAA W 2BHEN 55 B 1, 316 223 10 mM BCh
of W B Wohugth Fig 2-14o] eh} A%ol AFe) Fee 1F

A= Wa7E ey o ERE ZEst AAE] ol 7 Al gl
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Eao AL A A% aargAe nzrE AAH Bl 4ol
golHgtE 1 HlE A g@dAA Fedh adBg FFE HAEE7] 9

% BChE AlM el WF7)3te Ao & & o ¥oletx B 4 Utk

140

—@— 1mMBCh
—— 3.16mM BCh
—&— 10mM BCh

120

100

80

Potential { mV )

60

40 - H”*\.

20 T T ]
0 5 10 15 20 25 30
Time ( Days )

Fig. 2-14. Operational (working) stability of the BChE electrode. The
responsive measurement was carried out using one enzyme
electrode in 25 mM HEPES(pH 7.55) containing different
BCh concentrations. During the respective assay, the used

electrode was washed with the same buffer for next use.

B Ao HE cholinesterase’t 711418 Fhulwo)EA F okl o3
gA4o] AAEY AAAFE7 B 59 -log gl wldgtts AES o
23 EgAEL FAAANE AEsAnt. A&7l PUE PVC, TDDA %

FhaAe] e wE H'-A9A F¥A = BChES HPUS £3#&& 7t
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g W F aA9E ISEd FEAARo2N TA A

Eae 2A4e HAH3E Y7 e AAME paraoxon? #4]d)
HEd dPezie AN Ao a8 g HZES Ut

(1) 4% 2402 HPU B 05 mg, BChE 300 unit 28] 2 HPU B9

tlo

el 32 wt%7hA1 9] polylysined AH&-d A9 #AEV A E5E 89
sttt o] AL bufferd pH7E F71845 718 g @340 713t
Hovt 71" st E nestd A& buffere] pHE 757 2 38lc}.
(2) BChE AAM & #7142l dFQ paraoxone] EAMo] Hgs] ne
o A9 783 paraoxon? FEE 10°~10° M oA ABBAS U
guiglen HA HEAAE 10° MOIULEZ paracxon®] ZF 34X &
B 7d FEE A= & AdE E44F5E 1| mM 2-PAMo g ¢
a8l AEAHAA AHEE = AN EZ BChE AME AL ANg i

Q) & d7AM ALEE AL dFAFo] 7H5Eta ISE Bl A
WLAZFAE  gleB2 BChE AAMe ALHA ANgEN 7H5sin @3
o843 AP E ZF I Yvkn £t

2. FIAY SA44N

FIAY AA Al2¥& acetylcholinesterase(AChE)E #H-$7](reactor) &
&2, pH #8& ISEE ZHZ&7|(detector)2 At43t9 T%8% k. AChER
glutaraldehydeZ 4] aminopropyl glass beads ZAFA A o™ HAZ7) ISE
¥ H'-ionophore/plasticizer/PVC/THF| & H28 ZFgae dFeorch
Eh nAY =A% wgre] T4 HHsy] A8 a) glass beads 2
71 b) ¥-&71e] Zo] ) flow rate d) 7142 ¥E e) Y4F LYY FE f)
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S g9 pHol wWE AN A2 e AR

Mg AME F71AAS JhitdeEA F%e AZEA ol8¥ + U=
Ag B Y5t {71974 ¥ F parathion?] 4+3}E<1 paraoxono] %
£A 549 ANAEE FANAT Y F=E @ty HIFIA
dx AEAAE Lolr Yt

AL AEHES F71QAYG FntvolEA wF dwte] HER 7 UdE
A AFstr] st BNy woke WHE sty 1039 #7194 F
o3t 9F o JhupulolEA Fokdl 9% MA A AHE FAsan oE
# 2 /HAE AAsY Ad %% FEne FHAAE LA

57194 %ok P=S71& P=0712 43A17]" AChEd i A4 &

r

nllo

o B ZEE FAANZE £ Ut Aoz Hig vl dvh(Fallsheer,
1956; Kumaran, 1992) o] A& &<3t7] $13te] 1039 {7104 sl o
3 A3k A3 A3 Fo AH %E FAHsE 2 & vas Ra s
t}, o] & 98ty BEO o4& FIVIRANA FF s WHE FHHAS

AX BAaTe wHE ALL 7M5AE @eolrrl $3 pyridine-2-aldoxime
methiodide(PAM)E& EAEAY BFAckez ALgste] A dF9 7)<
A okt sludlo|EA wokol o8 AdE Aie ANEAEHS BEE S
st

M FIAY 52049 sFAE&ye 4848 HAFdr] st 4F
Agol 7t FlupHolEA B9 carbaryld] #Ad & HAEWE A&
Bk v AF HEAd /A TE 22X 2 A sk A& 2%
FAE& FHIA
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7k A3 W8 R Ey

1) Al R 717

FIAE AA 2 H%7]9 H'-selective electrode?] A o Az A&
HE A% PVC(ZLEAF), hydrogen ionophore! tridodecylamine
(TDDA), tetrahydrofuran(THF)& FlukaAl, dioctyl phthalate(DOP)<
AldrichA}, sodium tetraphenylborate: SigmaAlZH-¥ T3t

FIAA Y 31338 &A9Q acetylcholinestrase(E.C.3.1.1.7)% electric eelZ
HE A4 V-S typeol™ SigmartolA THIHA.

AChE ¥r8719] A X A9 glass beads(controlled pore glass)s
aminopropyl glass& A}43t9.21, average pore size, beads®] 7], amine
content”} Z7t a) 700A, 80~120 mesh, 77 zmole/g, b) 500A, 200~400
mesh, 70 # mole/g, ¢) 754, 200~400 mesh, 152 #mole/gQ! A& SigmaAlZ
BE Fste] ALE3t4Th. Glass beads®t AChES 7FaAFAl7]1E A¢k<l
glutaraldehyde(25% &)t AChE®] 7]3<l acetylcholine chloridex
SigmaAtel| A {13t RA Tt

BN 47194 9%l parathion, fenthion, fenitrothion, diazinon,
EPN, chlorpyrifos, dichlofenthion, parathion-methyl®} 7lupwo]E A ¥l
carbaryl, carbofuran, aldicarb, bendiocarb, methomyl, mercaptodimethur,
isoprocarb, dioxocarb, propoxur: Dr. Ehrenstorfer GmbHAF A %) 3 X}
t}. o] 9 FZ7} Fig. 2-159 2-160] AUtk F71AA & AhshAeF

A3 B EL Junsei ChemicalAtel A& AME3 9T, 443 139 &

lo
ut

ro

< 9%k analytical TLC plate(silica gel F254, fluorescent, 20X 20 cm)$}

o
S

J 2o BaE 93 preparative TLC plate(silica gel 60, fluorescent,
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1) Parathion-ethyl 2) Fenitrothion

S
S CH;0_||
C2H50\ | /P—O N02
>P—0 NO, CH;0
C,Hs0O

CH;
3) Fenthion 4) Chlorpyrifos
Cl
S S N
CH;0._ | HsO
>p—0 SCH; O 6 ¢ N q
CH;0 C,HsO _
CH; Cl
5) Diazinon 6) EPN
CH;
ﬁ OC,H.
B 2Hs
CzHSO\E' 0 | J—N CH(CHy) QP<0 @—NO
— P — 2
C,H50” N 22
7) Dichlofenthion 8) Parathion-methy!
Cl

S S

CH;O_|] CH;0_|]

Z5p—0 cl >P—0 NO,
C,H;0 CH;0

9) Bromophos—-ethyl 10) Bromophos—-methyl

Cl Cl

S S
CHs0 | CH;0_|
P Sp—0 Br >P— Br
C,H50 CH,;0

Cl Cl

Fig. 2-15. Structures of the organophosphorus pesticides used in this

study.
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1) Carbaryl 2) Carbofuran

OCONHCH;
OCONHCH;
O  CH;
o
3) Aldicarb 4) Bendiocarb
CH;
Qe O=N — |
CH;—S—C=N—0CONHCH; CH;—S$—CH=N—O0CONHCH,
CH; CH;
5) Methomy! 6) Mercaptodimethur
CH;
OCONHCH;
CH;—S OCONHCH;
CHY CH(CH;3)a
7) Isoprocarb 8) Dioxocarb
OCONHCH; T
o cn O—C—NH—CH,
O C}{3
O (6]

9) Propoxur

0O

Il
Q—O—C—NH—CH;

0—CH—CH,
H;

Fig. 2-16. Structures of the carbamate pesticides used in this study
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Imm, 20X20 cm)E MerckAl AFE& AL&ath A FEANE FEA19 &)
¢l  methanol2 Fisher ScientificAl, acetone® Kanto ChemicalA},
dichloromethane, acetonitrile® <& MallinckrodtA}, petroleum ether<
ShowaA}, acetophenone Junsei ChemicalAlolA Fd& AT, A3
AChES #AE& E787) 9 Ak pyridine-2-aldoxime methiodide
(PAM)$} carrier buffer?! HEPES & (N-[2-Hydroxyethyl] piperazine-N-
[2-ethanesulfonic acid])¥ Sigmartel A 4 3HSAct.

GC/MS¢] GC 717]+ Hewlett-Packard 5890 Series II& HP 5971 mass
spectrometric detectordl] @ZAJ Aoldew, columne HP-1 capillary
column(26m x 0.2mm id. x 0.11um film thickness), carrier 7] A+ 25 psi
9] Heel$lth Oven X+ 287 100°CE #X3d7 2% 10°C/min £ %
2 250°C7HA &3 A EFYL split mode(1/100% dAth 'H-NMR
Bruker ARX spectrometer(300 MHz)& A}-8-8F%th.

GCE& AMg3 diazinon E&-€ 99 B4 Al 717]& Hewlett-Packard 6890
S AH839 e H&7|+ nitrogen-phosphorus detector (NPD)E AR8-3}
9}, Columne HP-5 capillary column(5% phenyl methyl polysiloxane,
30 m, diameter 250 pm, film thickness 0.25 pm), carrier 7] &+ He, #%&
< 28 c/min®| 1tk Oven €=+ 287 100°CE A8 tH7 10°C/min &
B2 280°C7HA AsARAT Agddd o AE-F1lDer HEeH
inleta splitless mode® 3l L& 250°Colth. A &8FY& HP 7673
automated samplerg® A}-&3t9q 1 pLE FY&HU}. NPDe 2=
280°C, ¥4, ¥7], makeup gas(BA)9 #%5L ZZ+ 3 mL/min, 60
mL/min, 30 mL/min®]$lt}.

HPLCE A}8% carbaryl®} carbofurand #4A 7]7]+= Thermo

Separation Products(TSP)A} AEE Al&dden HE7IE TSPALY



fluorescence detectorg® AF&3tith. Carbamater] 599 H&L columnel
A EEH YeE Y& 972 JMeESAA methyl amine F&
dimethylamine& A/ A 7] ©] A& 0-phthalaldehyde$} 2-mercaptoethanol
o WS AA B FEAZ Assd ¥F AzVE HESe Wy
(post-column derivatization)(Krause)& AHE3lg k. Columne 94 C-18
FolRew Aol 15 em, AFL 46 mm, YA AAL 5 ume| Ut o} E
AL E-vggoiion 18% WL ZEE 208d AA 80% WE©LE
gradient H3E 51932 #4521 mL/minclgich A84d4L wega v
ENor ANEFYL TSPAIY AS3000 autosampler® AM&3a] 3400
10 52 30 uLE FY3tgot. 8% #3719 excitation wavelength: 330
nm, emission wavelengtht 466 nme] it}

FIA system® pumpt IsmatecAl9] IPC multi-channel peristaltic pump
£ AM&3F% 3L, injector® RheodyneAl ] rotary injection valve(100 uL)E,
pH meters Metter-ToledoAY] model 340 pH meterE, recorders Kipp
& ZonenAtel BD111E, 71EH 3L OrionAte] 90-02 double junction®-&
AL-&-3H3l e
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2) FIA system®] 4%

AChE wW&7](reactor)®t F23 H-Ad3 HE71E& 943 AChE &
ok 244 FIA system® Fig. 2-17¢) YRR

Carrier 94& 20 mM MgCl, 100 mM NaClg X#3= 25 mM
HEPES bufferl o, peristaltic pump®l <3} system2 %3 o]&Fdt
MgCl9t NaClg 2o1&E A& &4 E AAHSANA F7] 34 ot} Injector
+ 100 pL injection loopE 7}R rotary injection valve®olX=Z A &3t
100 pLe] 718 §4& FY& 4 vk w871 AChEE 143 A glass
beadsE& Tygon tubing(W7 2.06 mm)d]l AUYAA AFsAt FAE72E
H-498 A% A3 AL3dch o5 zZze FAEL Tygon
tubing(W7 089 mm)e2 dZAH. HE7dAM vdeE &9L2 double
junction 7]& A F(reference electrode)®] ©7 25 mM HEPES buffer(pH
78)2 2252 gt} ISES 71FHFE pH-mV meterdl dA8d AHE
Z=A353 o] AYE strip chart recorderdld 71&d@t). wrgriet HEV

(H-488 a9 Azgye s 2o,

A&7z A4d FH 2o(tubular) H'-A8E 9 A3(H -selective
membrane electrode)& Meyerhoff(1983)%5©] etgt Wyel mat A =33
t}(Fig. 2-18).

AN=Zu =z fNE neutral carrierd] tridodecylamine 20 mg, 7hA#|
dioctylphthalate 132 mg, £&%44 #A7}4 sodium tetraphenylborate 1.4 mg,

%34 matrix®) PVC 51 mge THF 1 mLol €3jAA A=A FE
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pH/mV

meter
pump - ACh
recorder
injector Hselective e
electrode L]
Carrier or reference
sample electrode

Fig. 2-17. Schematic diagram of AChE-based flow injection biosensor.

IF

Reo H'-ISEE wE7] 98idE A4 &8 $24 Zol $& 18 gauge
FA}7] viE(syringe needle)(30 mm Ze°])E Tygon tubing(W7 0.64 mm,
Zo] 45 mm) o2 AYslx, tubing®] F7A XA tubinge] wke & 5
mmAE ZolZ WxdZ e HAch(Fig. 2-18). vlEg 2UE ¥ A o
A oo A £ £9S AA3) 6 S dolmAn, ¢ g dox
d wolt} THFE tf #2A7 g oA $&8 o=,

A5 Fx448 vE tubingg 3}FY WA AW wEA & H
tubinge.2 H¥ FA}7] wlg& wdch plastic centrifuge tube®] 3ol
A tubing®] ¥R 43 o & THE 32 979 tubingg ol
o] oldlE  F3A  HYF FEFg 2-199 TH  FHE
cyclohexanone-PVC paste(1 mL : 1 mg)4 rubber cement& AR&aiA &
8o @43 2A H plastic jacket®] Wl 05 M citrate buffere}

internal solution®.24 10° M KCl ¥ #€¢< Y& 5 =83 &4 44
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Fig.

Fig.

2-18.

2-19.

b)

Method used to prepare tubular H+-selective
flow-through electrode; a) Tygon tubing(0.64 mm)
with upper wall removed ; b) 18 gauge syringe
needle; c) pasteur pipet; d) electrode membrane

casting solution.

Schematic  diagram of the detector of the
AChE-based biosensor, H'-selective electrode; a)
Ag/AgCl wire; b) internal solution, 05 M citrate
buffer, pH 45 and 10° M KCL c¢) sealant; d)
Tygon tubing(id. 0.64mm), e) tridodecylamine-PVC

membrane; f) 1.5 mL centrifuge tube (outer jacket).
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B FEVIE SN,

Detectoro] £°]& electrode® &4& EFAA BED 2 cmE A& F
Mo 24& AAEZ & Zol 24 UE F, BEEEL AASY 98 1
N EYol g FI20h F e &4 3 =538 24 1 EL 15V
AA ] -Fol, & 24L& +F 44 FAZ Fo)

o] g7 uwfEet 58
At =58 24 &9 B&Eo] AAH

g
i
o
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o
3tod 01 M HCI &9 &2 H isds @de AFoA & 452 3
A SAAZIEA 308 EFAAT T 4o AR A WIEA

Ego] o]Fojzt}
4) AChE ®Fg7] #13}h Glass beadso] &4 1A 3}

Reactor®] &4 143 WHL Kumaran(1992)5°] single bead string
reactord] AChES I AZAZ w ALE3 Wi S "agrd. o wye
glutaraldehyde 24| glass beads®] amino”]9} &4 ¢ amino7] Atele] A

o o|%o) A A s Roln.

~O-CH.CH2CH:NHz + O=CHCH:CH=0 — -N=CHCH:CH=0

(Glass beads) (Glutaraldehyde) (Glutaraldehyde@ 3§t glass beads)

-N=CHCH:CH=0 + Enz-NH; — -N=CHCH>CH=N-Enz
(Glutaraldehyde (AChE) (AChE A% glass beads)
A% glass beads)

HAEHRAH L g3 2l Glass beads (aminopropyl) 1 g¢) 0.05 M pH
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7 phosphate buffer(PB)& %HE 25%(m/v) glutaraldehyde 3.3 mLE ¥ T

o A2 1A E o 80 rpmol A shakerZ EEOIE TS ZU7IE

o

dnste] 3% FHFE oy W AolFoEN  NeEx
glutaraldehyde® A AT thA] 005 M pH 7 PBE o7 ¥ ¢ A& o
¢ 27 mL9 bufferl W3 B#3) £t} Glass beads7t &3 PBel 0.05 M
pH 7 PBolA #lZ¥® AChE solution(%f 330 unit) 0.7 mL& ¥ ¥ 4Tl
A sEw B e, 2geA &L 45 AAI Ad 271 o] &
e dapid e AHgE 32 FHSEZ o8 W 4L F, 1 M KCE o9
W A= A 33 F2H5E o8 ¥ 432 25 mM pH 7.5 HEPES buffer
2 MErl &a7t 2AHSHE beadsol 25 mM HEPES, pH 758 9ol A

£ W7 ACAA B#dr
5) AA Ao H33

AN Bee HHsr] 98] g 7)o) AHS glass beads®] A7,

g7l Ao}, &4, 714 AChS %%, NgFY %9 ¥ carrierd pH
g gEstuA MM #8& dotrgith Carrier 42 20 mM MgCl,
100 mM NaCl& ¥3§3t& 25 mM HEPES buffero] =6l A1FHH o] &

o8& HEPES bufferg} =3 gt}
b HAEA AE 2A
AZ719 pH Wsld g #¢S Lobry]l $iste] #gr7t dAHA

e FIA system®] 25 mM HEPES(pH 75)& 1 mL/min §&22 &35

mA pH 10, 9, 8, 7, 6, 5, 4 EF&AL xdlE 244 Fst HAAE
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ZA4% A FAL A4 APt

) ukg-7)9] glass beads? =7 W& #&

AChE %Wtg-7]9] Al43 glass beads2A Z7]7} & 3FHE ALY
248 AN v5 AA Y AolE Hlus] B Ato]=7} 1)
80~120(pore size 700A), 2) 200~400(500A), 3) 200~400(75A) mesh%!
glass beads& Ar&3tHom #-g719 dol& 7 cm(W7 2.06 mm), carrier
2 25 mM pH 75 HEPES buffer, flow rateg 1 mL/min, ACh ¥%&
10°, 107 10" M2 3o 8¢S =33} Injection loopE 50 UL §F
o A& AU

o) w8719 Hdold wg #&

FHEAHol L& ALz =g 80~120(700A)F 200~400(500 A ymesh <]
glass beads& AM&3lal Wr87] tubingel ZolE 4, 7, 10 cm(W73 2.06
mm)&| 37}A 2 AFste] WA 9] @3 wlasih Carriers 25 mM pH
75 HEPES buffer, ¥4 1 mL/min, injection loop 50 UL, ACh F%= 10°

3.16X107 102 3.16><10’2, 10! M2 3t AA e 7Ze¢L =33ar}

Peak heightell "l 49 93%& dolrr] 98 #&Ade €& 2%
9] beads& AFE% 7 cm Aol ME/E F4E 04, 07, 1.0, 1.3 mL/min

2 2die 49 AA9 AEE FAHer 34 23 hHs} 23
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oh) ACh ¥%=9 AgF o9 wg ¢

AChe] ¥E& (104 4x10%, 7x10™ 10° 4x10°% 7x10°% 102 316
107 10" M)E 33 50 uLet 100 L9 injector® Ab&3te] MM e Fe&
A3t ¥H-8-71& 200~400(500A) meshe glass beads& A& 3 7 cm
o] ol HOE, carriere 25 mM HEPES buffer(pH 7.5), %% 07
mL/min2 3o Ags4).

v}) Carrier buffer®] x| & 7-&

Carrierd] HEPES(pH 7.5)¢] =& 05, 15, 25, 35 56 mMZ €#s4
A 7Ae& golrgrtt ¥hE-7)E 200~400(500A) mesh® glass beads
2 9E 7 cm ZeolY A, flow rate 0.7 mL/min, injector loop 100 uL,

ACh 358 10° M& 8o =39
A Carrier buffer®] pHol| w& 74

HEPES buffer(25 mM)9] pHE 7.0~85 ¥ oA pHE gaswA A
A 788 golrdrh &AZFAL 200~400(500A) meshe] glass beads

E AEE 7 cm Aol9 #E7], #<4 0.7 mL/min, injector loop 100 uL,

7142 ACh ¥E& 102 M=z &%

6) We7] HA AFH 2A}

e

AZAE 200~400500A)9) glass beads® A 23 7 cm ¥ 71(W A
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2.06 mm), carrier 25 mM HEPES buffer(pH 75), %% 1 mL/min,
injector loop 50 UL, ACh ¥5& 107 3.16x10* MZ 3} ¥g7]& A
gt G2RE 24F7A 4L 4° Col YAEBSHEA 230 FEEE

EZQstoan By axe AL AT

7 B2AAM AAE A

Mgk A2MME peristaltic ¥ 2, injector, ®¥8-7], pH-A8A HF,
/1A=, pH 718 % recorder® TAET, w719 pH-A¥A d5& 2
< A 3slslo(Jung, 1998) AHE3tRAo 299 B&EFAELS FYs)
ek AA afe FHeA Ful teAdE A¥EEY] 8t9 pH HEE Fo
44 Agsla REFNEL Hed & Aasta WY PR wjA| sk

AAEFE AFEAT

%

off

8) Paraoxon ¥4d] 93 A 45 =AF

B AT B sFEL dRE B EE&4oEE F stock
solutiong & F4 @A AZFAT. dveo] 6% (v/v) = ol4d
= AChEE Adfdct gaA o Z(Kumaran, 1992) stock solution
& carrier$! 2.5 mM HEPES buffer2 3|4 A1A ol@&°] 5% °]3t7F 5HE
2 39t} Paraoxon stock solution® e 10° M HA wE ¥ W3
B#Hs1 o8 ¥E9 paraoxon working solutione 10® M stock solution
€ 25 mM HEPES buffer(pH7.8)2 34 AlA AM&-3} ).

A% EAHAFLS bt Zoh AA A2"E AAHEI carrier?]
25 mM HEPES buffer (pH 7.8)& &#FWA 3.16x10° M 32 10° M
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714(ACh) €9 50 3& 100 ULE FY3d AYAE A4 5%
working 84& AE7E d4sA &2 FHAAN AAHAL & 4
€718 4439 25 mM HEPES buffer (pH 7.2)8 20 £

40

=2
Ly

o

ga7

=

Al ACh 98 FU% 93 dAxE FAH S
EaEY A % (D BAhe AGAHE % Ot ohd A A At

gt
% Inhibitlon :(EO——EI/EO)IOO ................................. (l)
% Reacﬁvation :(EZ/EO)IOO .................................. (2)

o714 Eoz AfACsefgd)E E8F7] A9 A3, E& AsMAE

2
¥
!
o
4
Lo
X,
)
5

ot
i

o Fe AN, e AREAE &

<

By
Aot

il

) mas A8 Azd e AAE A}

Paraoxon &%& W&7] &g Aol WE A4 A %E @ol
B krh. Paraoxon &€ &#F7) Mol 10° M AChel g WM< &
& 2%3% ¥ 25 mM HEPES working buffer(pH 7.8)2 #A=3% 10° M
paraoxon & 4& 5~358 H A 584 F7HAAH 7HEA EEF AA

o ¢ A3
L) Paraoxon®] sxo] W& f4o AL TA
108 107 316x107, 10 316%x10°% 10° M paraoxond] g FA 9

A3 %E dolr gkt whErlE 200~400 mesh, 500 A 2] glass beads®

WE 7 em Bol9 AL carriery 25 mM HEPES buffer, pH 7.8, §4&&
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0.7 mL/min, injector loopt 100 uLo] it}
t}) Paraoxon®l] 9l&] A3je & AEAs

Paraoxonoll ¢jaf Ase &HAo AL HAYY H& AEgPIA Gz
2-PAM& A=stgith 10° 3 10° M paraoxong 2087 &8 &
AL o5 20 uM 2-PAM €95 Al7HE 288ty E8E Hdl Ea A
gygstel A=E =A3Ah

o

©
lz
i
o

AHEE F719A Bk bt

F719A sFg AHANA HE FEE 5Y F AEAE FAs7] 9
o] o Ay s £Ystaz ATk #7194 Fge FEAHQA AxdE
Q1 thiophosphate(P=S)7]7} phosphate(P=0)7|& Al3l" 4 s "Ho] &
2 A A e (Fallscheer 1956, Tran-Minh 1990) =& #7914 %%o] 2F
2% e HAEAE g4%A g AT #F7IAQA FgeR
parthion, fenthion, fenitrothion, diazinon, EPN, chlorpyrifos, dichlofenthion,
parathion-methyl, bromophos-ethyl, bromophos-methyl®] 10&& HA3tY

I A2 HES, &uZ acetonitriles AEadrt wezA& 1) 4 ¥
%S 2 mM FEE acetonitriled] Folil, 2) BEE 20 mMeo] HEE
acetonitriled] %<1 ¥ 3) ¥ £d4g Z& Rz EFdA £x F¢ ug
e Aok W&ol doieA A= TLC(silica geDZ gelstg o
ARE AL 'H NMR# GC/MSE stk A ES NMR HolE &

AE AFdEY F5&L S EAF standardE NMR tube o €31 wh
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& doA wgEAN HHYEZAY standarde] HE HHAHQ peakHH &

olo

EAsto AEsdTh. 9A 2 F & deuterated acetonitrile (CD;CN)Oll =
o standard (DMF && 235,6,-tetrachloroanisloe)®} &7 NMR tubed]
¥i NMR spectrum& 9 oS HEEN(20 mM, CDCN)E& ¥ &3}
wgt 3] NMR spectrums @Atk 21 o WEEF A4E 2 7HA

peak B3 (standardell Wiulg HAH)E xALe Y £5&& AES3AH

10) Fr710A skl A5t AFe B4 As)= ¥l

1029 #7194 5o s ngoz A3gA77] AR Fo a428A
A =g &4 vastdrt. 4 w949 stock solutione absolute ethanolol
5X10° M ¥5E2 %o Azsgon -70CTHN BAsrh oego] 5%
(v/v) oA wd £ &g o3 axv AE F ez
(Kumaran, 1992), working solution2 %¢F stock solutiong 25 mM
HEPES buffer(pH 7.2)2 343l9 2% ethanol-HEPES buffer7} = A &
o} 2% ethanol-buffer Y o2 §HE Aoy AzsAH HF &
el ¥EE 10°M ol%irh

4 £9& EFHFV] A AAM AN2YE e carrierd 25
mM HEPES buffer(pH 7.2)& &2 FdA 5x10° M 7]&(ACh) &9 100
pLe FYst ANAE A%k 10° M| A8 A 5o working &
& HAEVE AA%A &2 AHAA 0% T FEE A AEVE A4
o] 25 mM HEPES buffer (pH 7.2)8 3087 &8FU oA 5x10° M
ACh7]1d€9 100 uLE FY b AAxE AU

A3 & s oo Ad Bae A %e Ats A wofd o3 AHId &
A& 2-PAMLoZ EAGAA AAEFo2N ZAHAT A A F g
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o8 Aag &iol 20 UM 2-PAM € 4(25 mM HEPES buffer, pH 7.2)
< 2087 E#5F12 25 mM HEPES buffer(pH 7.2)& 20¥37F oA &9
g 713 898 FYsa APAE SFAHSAT olojA TA AEVE
AdsA ¥ AelolA 10° M A8 & 5 working #94& 08N &

lo
N

AN

A F A&7 9748 25 mM HEPES buffers 3083t 853 7]
Agdg FYT F AYAE FAFAT.

Aol &4 A& O&3 #Zskv}. Carrier $92 25 mM HEPES
buffer(pH 7.2)o)x 7] A FYFHL 100 uL, W89 Zoj& 4 cmolom
glass bead¥ 200~400 mesh, 500 A%l A& A1&3&4 ). Flow rates 0.7
mL/min °]912.% 7142l AChe ¥EE 5x10° Mot o] ¥ RE 4
Holl ojA FLg 2ol ALEHAT

11) Ziuldle] EA 5o a4 A= vl

9% 9] 7lulwo]EA 35 carbaryl, carbofuran, aldicarb, bendiocarb,
methomy], mercaptodimethur, isoprocarb, dioxocarb, propoxur)d] sl $
o 7194 Fke B9 g wHoz AChE a2A3 HEE A48
Ak ot hupdo)EA Foke B9 A4 A AE A= F77
QA vl worz FAhee] REFAINI AB/AAIE ALE 60

oz A stfve Hel s

il

L

12) §71Q7% s EA Fore] HEe) mE Eax AHE 24

7104 &% F diazinong A s Fhupeo)EA FF F carbaryls}

carbofurang A¥ate] FFsx 10'"~10" Mo WA ai9 A3 %
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2 2A8 Q). Diazinond WaiAE A3 A% A AHHEE BlAL3}
9t} Z+ kel =W working solution® 5x10° M (absolute ethanol)®|
stock &€ 2% ethanol-25 mM HEPES buffer(pH 7.2)2 343 =4
st 529 A% HL YA 71&H v FYF AHoE £
A

13) A1 EZ Z9] FlulvolEA FFEH
71 A1¥E %9 carbaryl &

Aws FIAY Z4ANE 2F F 599 244 388 & A&AE
Azs7]) 8] 3R Al ADel carbaryle o8 sEZ H7Hspike)dto
2xs Btk AY 100 g9l 0, 0.1, 1, R 10 ppm FER carbaryle& H7}
g3 ool Fo® AAE WH(AOAC Official Method 975.40)(Cunniff,
1995b)o] wel carbaryl® F&sUTh 100 g9 MA2AES 200 mL
acetonitrile blenders] ¥ 3L ¢§7)¢l carbarylg $lolA AFE =2 H7t
g e, 471x) ANEE RELEE 28 F blend@dth. I T rapid
paperE Ab43te] 7t #eta blend 2T jarg 20 mL acetonitrile® 3
5 sl 374 st & oI 40%(v/v)E separatory funnelol &
7 25 mLe 30% NaCl $9& ¥& o0& 102 B &80 1 o3
Fgde WA Bdoh NaCl £9& A 7Hste +
100 mL2] petroleum ether® ¥ 30% B¢t £& % o} 9] acetonitrile
%9 1 L separatory funneld] ¥t} Petroleum ether %& 50 mL$t 20
mL¢ acetonitrile® Y % %3] 1L separatory funnelol =251 300 mL

H.0, 25 mL NaCl €9 2 50 mL methanol& Hel &8 & o&
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dichloromethane 100 mLZA 3 ¥ &332 ¢]o] 30 mL dichloromethane
o 2d WwE FZ3r 2829 acetophenoned H7FE e rotary

evaporator2 WAz}
W) Carbarylel 554 & E4 Az =A}

YA 7] F5ES absolute ethanol (99.9% v/v) 2 mL o] %ol oA
€ 2% ethanol-25 mM HEPES buffer (pH7.2)2 50 ml 37} HA 3

03 Fhutdlol EA % EEE N9 EAA9 598 FHoE A&
U 2% 2 3F
1) 3&719 A% A

FIA AAe HE7] H-AEy FEA 439 4% A7) 918
of ¥1E71E WA ¥ FIA Al=%d) pH 759 25 mM HEPES carrier &}
EATEM pH 4~10 EFE84S FYdsd AHAAE F4E AA:
Fig. 2-20% Zv}. H&7]9 pHYl oig #82 pH 6ol #8& At

AeE FEF AHEE HAFRAL 7§ 71€75 575mV/decades ©] &3

ru‘o

Q gl ZASAT e AR o AFE FIA AN AEvz Ha
de @ 4 A,
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potential (mV)

Fig. 2-20. pH responses of FIA detector, H'-selective
polymeric membrane electrode for injection of pH
standard  solutions. Carrier, 25 mM  HEPES
buffer(pH 7.5); flow rate, 1.0 m{/min; injection loop, 50
L.

2) ACholl tigt AM A&7 7

FIAE AA9 ¥&7] 549 714 AChe FY&FAE o Yeivtes A
Ax7F AChE ®Eg-9l ¢% pH W&7t okyet ACh &Ae 719% 7154
o] lerm g AChE %718 A%/ A AZF Fo HMA9 AChd of
# A8& Huseh A8 Ay AChE g8 7tEs=o 471+ ACh
FE U9E 10°~10" Motk AChe Fx7F 10" METG &8 o 4
Bhe At i § JMFEE Bgolgy] Bue A e
of 9% Aspolr}. WA ol AYEL ACh ¥E 10' M ogtel A A
R A=
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3) AN A2 Fse HHs}

7}) ¥k-3-71¢] glass beads Aoz W& 7§

Hk-8-7]19] glass beadsZA 1) 80~ 120(pore size 700A), 2) 200~400(500
A), 3) 200~400(75A) mesh¢l glass beads 3FF& AME3AE 59 &
¢l Fig. 2-219] vtk 1) 2)9] beads?t )R ¢ 3wje} #E&& Y
2 e L=y

150

120 —

90 —

60 —

Potential (mV)

0_’1‘[‘ T T T T
103 102 101

Acetylcholine (M)

Fig. 2-21. Variation of sensor response for using different CPGs
to immobilize the enzyme; a) flow-injection peaks b)
response curves. CPGs, (@) 80-120 mesh (pore size
700 A), (M 200-400 mesh (500 A), (A) 200-400
mesh (75 A);, reactor length, 7 cm; carrier, 25 mM
HEPES buffer, pH 755 flow rate, 1 mL/min; ACh

injection size, 50 pL;
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W) ’Eg718 Zojo mE W

2

Glass beadsE 80~120(700A)7 200~400(500A)meshe] 2 Ab&3
w-8-7] tubing? ZolE 4, 7, 10 cmE o AN #ES& was) E A
£ Fig. 2-22%} vt} ACh®] ¥%7F 10° M o349 we wgre Aolst
7 cm?l Aol ¥ ¥& AL YERAJAT 107 M o3d " £33 4
cm® ¥g717t o HL #A8-& YEhdiinh

AT AMe E49 Ao ZAT dAolng §kg7ie] Aozt A
thir A Rt=A] FErE & Aol opYnh dustd A Fefol 9
3 dojuEs AH%T BhQ Gl wnHE Aoyl wWEolrt EF §EE7]
o] ZHol7} AFE peak?] EFo] o broadsiAA FE7F RopA A €t 2
BB wig7)e] HA doje o A% A3 439 AAE EvE 3o
AA o & Aol

150

120 —

©
S
|

Peak height (mV)
L=
o
]

30

0 T T T T T T7rr T T T rrrrrg

103 102 101
Acetyicholine (M)

Fig. 2-22. Variation of sensor response for different reactor length.
Reactor tube length, (@) 4 cm, () 7 cm, (A) 10 cm; CPG,
200-400 mesh (500 A); carrier, 25 mM HEPES buffer, pH
7.5; flow rate, 1 mL/min; ACh injection size, 50 pL;
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) 4 (Flow rate)d] w}& ¥

7hel 2144 F4& 04, 07, 1.0, 1.3 mL/minZ & wo] AX 7
< Fig. 2-23% gttt f&o) =¥E$E 8ol o Fou peakst 4
broad#jF o} #BFHAY}. A& peak Z¥o] BFE %5 07 mL/mine]

Fr&ol 489 Aoz FuEY},

200

160 -

-

N

o
i

potential (mV)
3
|

40

o T [ T T L LI B B I I T T T T TTT ]
103 102 10
Acetylcholine (M)

Fig. 2-23. Influence of carrier stream flow rate on the response of
AChE-based FIA system peak height at various ACh
concentrations. Glass beads size, 200~400 mesh(500 A);
reactor length, 7 cm; injection loop, 50 uf; carrier, 25 mM
HEPES buffer(pH 7.5); flow rates, (@) 0.4 m¢/min, (l) 0.7 ml
/min, (A) 1.0 mé/min, (V) 1.3 né/min.
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Zh) ACh sx=9 NEFd%Fd 0 148

AChd 58 2esdA 50 UL 100 UL injector® Abg-3te] AA
o ¢ 2AF ATt Fig. 2-249] Uitk AChe =7 EobA el
2} peak heighte sAt B4 F7HE UEUth Alg FYZF 50 uLs
100 iLE HlasjEA ACh %7} 10° M 7AAE #go] 20 HE xfo]7}
UAR o g $EE 24E 1 o7} A ACh $E7 10° M ols

U WE FYFS 100 ILE e Hol F& Ro2 HAT,

150

120 —

90

peak height (mV)

104 10 102 10

ACh(M)

Fig 2-24. Responses for different sample loops of injection valve. Carrier,
2.5 mM Hepes buffer, pH 7.8 ; glass beads size, 200~400(500A )mesh;
reactor length, 7 cm ; flow rate, 0.7 ml/min. Sample loop (®) 50 uf,
(a) 100 gt
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v}) Carrier bufferd] 5% & 7%

Carrier buffere] ®%& g83tds AN 7#&& Yol ZAIA: Fig.
2-9591 Zt}. Buffer?l ¥E7 EEFE #A$E oA A% peak
height/widtht © ®ch A2 o) 24719 A baselined HA 3t

drifts A 357] 98A = 25 mM HEPES?E 39§ A Zd.

u}) Carrier buffere] pHol @& #-§

Carrier buffer?] ¥5& 25 mM& 31 pHE WSAI7|HA AMe 7
$g ol A7} Fig. 2-2691 vebt itk Peak heights pH 7.0%0A
757 % ZAHTH} pH 75 ol AR HE BH F7MEATh o 2z Ha
g 25CY o HEPESSY pKadl pH 75591 7t7h& pH 7.5¢|th pHell wh&
peak height/peak widthE B pH 7.891A4 AW & depdo. mer 3
A carrierts pH 7.8¢] 25 mM HEPES buffergti £ < Ut

Agd AN ZA7AHQ AL HEAdE dolry] H3e WIE 4°C
oM R#UIAPA 2F TALE 24F7kA AChdl did #AEE dobd A
65N e X719 Aol A9 agiz FAHRLU I Fo| A3 &l
gojgon 24F %o BAHL %7 49 2% I=EE ¥ AN
F20 AL WS B AAY F7NAY wiEAgo) Tbede &+ A

A,

-122 -



70 30

60 g
s —20 %
[3 H
: iz
2 50 - %E
£ 5%
T -
8 _10ﬁ

40 — g

34— 1 1+ 0

0 1 2 3 4 5

Concentration of HEPES buffer carrier (mM)

Fig, 2-25. Effect of carrier buffer concentration on peak height(@) and peak
height to peak width ratio(A). Carrier, HEPES buffer, pH 7.5; CPG,
200-400 mesh (500 A); reactor length, 7 cm; flow rate, 0.7 mL/min;
ACh, 10 M, 100 uL.

70 30

Peak height (mV)
3
|
T
8
peak height/peak width
{(mV/min)

pH of HEPES buffer carrier

Fig. 2-26. Effect of carrier buffer pH on peak height(ll) and peak height
to peak width ratio(¥). Carrier, 25 mM HEPES buffer; CPG,
200-400 mesh (500 A); reactor length, 7 cm; flow rate, 0.7

mL/min; ACh, 10 % M, 100 uL.
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5) ai A AAF AF

FIA¥Y AChE AA AAFY FAHAEE Fig. 2-27(a)9} Zon A8 A}
2 Fig. 2-27(b)k 2ok AN AAFS 45S A7 938t9 AChdl

T

44 ZARAEH oA AuAL AL FeH Ak A

&
=

A AAFL Fol 7hed e AN enz dFAM A8 £ U

Aoz of4dr.

6) Paraoxon®] FZE 9% MM ¥ HE 7154 HAS

7h B2 AFAL e A=

AA e HHg dFe Totd A9T AHx2AL ¥Hgr1e 1A AAA
2 200~400 mesh, 500 A 9] glass beads, #3719 dolx 7 cm, carriers
pH 7.8¢] 25 mM HEPES buffer, %<& 0.7 mL/min, 712 ACh ¥&&
10% M, injector loop: 100 pLo)ith. o] ZA|A WA paraoxon §9L
EEF7) Ao MM #$e 2483, 10° M paraoxon §4& 5~35 ¥
HHdA AE gEaiA F8E Ud A eE FANY i

A% E dole A7} Fig. 2-28¢) YERY Uth
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(a)
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| Recorder |
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N

arrier Puhp
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(b)

Fig. 2-27. The trial product of FIA type enzyme sensor. (a) ilustration
of the sensor: A) injector, B) reactor, C) detector, D)

reference electrode. (b) photograph.
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Fig. 2-28. Influence of enzyme-insecticide contact time on percentage inhibition
of enzyme activity. Glass beads size, 200~400 mesh(500 A); reactor
length, 7 cm; flow rate, 0.7 mé/min; ACh, 10° M; injection loop, 100
i carrier, 25 mM HEPES buffer(pH 7.8); temperature, 25 TC;

insecticide, 10°® M paraoxon.

W) paraoxon F%9] WE AHNE =A}

20872 = 849 paraoxong] HEFATC) AFE A& %7k AA Ft
BPoy 08REE 277 nn QY. 28 28 paraoxond EHARE
208 A= HEE AR dudd.

H3 22944 10°~10° M paraoxonol &§ #A 9 He%S =459
T8 AFHE4E Fig. 2-299 2t} Paraoxond HES &4 AH%E
10° M~10° M W9l 588 4#BAE R0 paraoxon® AFE

AEFAE 10° MolHR TFE ASWAE 10° Mooz ¥ F o},
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Fig. 2-29. Calibration curves for paraoxon. Incubation time, 20 min: reactor
length, (A) 4 cm and (@) 7 cm; CPG, 200-400 mesh (500 A);
carrier, 25 mM HEPES buffer, pH 7.8; flow rate, 0.7 mL/min; ACh,
3.16%10° M for 4 cm and 10 % M for 7 cm reactor, 100 HL.

th Asg 549 AEAAS

10° M# 10° M9 paraoxonol o3 Asjd AChEY w3l 2-PAME
EHFE AT e Aihd AGYE AEE Yot A 20 UM 2-PAM
g 584 ZANANY FeFAc} 10° M paraoxonel 2@l 79% A 3
¥ AChES %ol 5%ulel 99%e @Al ojFolmen 10° M
paraoxon®ll 2]3] 90% Asl¥ AChE: 208ulol 94%<] A &4do] doiwttt.
aeg [0°M 59 & ¥E9 paraoxond & A#E AChEYA
BE 308 AL 2-PAM# 9 incubation AlZHE EhAe A4S A &3
3 FEA7 e FRIE RE 4 At Fig 2-30 A7 Ha)
7}, 10° M paraoxonol 23] A&NE F(b), 1L EBL ALEEG F()Y

dynamic response® M.t}
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reactor length of 4 cm

based FIA system a) before enzyme

30. Responses of AChE

Fig. 2-

b) after enzyme inhibition(20 min) by 10° M

inhibition,

paraoxon and c) after enzyme reactivation(20 min) by 20 «M

PAM.

- 128 -



7 EEE AR #719A Tk A3

%k &2 9% AChE AAME AChE7L ok & AsEe F=7t
FYY TR EdE ded AR aRE AMELY A A
7t €42 AAMY AEE Foldo #7194 weke FEHA FAE7I¢
thiophosphate”] & 4t3}ell 9|8} phosphate”] 2 H&Hedl AL o £&
4 AHEE g d#A o rm2(Fallscheer, 1956 ; Tran-Minh,
1990) ¥ @FAANE F7104 %S BELE AFAA MM REE F
A7 Stk ol & Ystd Aswge 21& FHFnA dAeH
2 ZZo|A thiophosphate”] & kA& #7]1UA Fol <9 gflo] stH
A #gelsazr . dgd wg 2d& FF £49@2 mM,
acetonitrile)2 108 E¢ EE89(20 mM, acetonitrile)®} #& ¥y &
g3t & 2 ¢ wuksteE Ao

Hkg-o] Aok el R = TLCEZ lstged 1 AiE Table 2-1
i Zokh BE B whg Fo] TLCAAM ¢A3] Alglgonz ks nl
go] HAHALE &  JdoH AL @A F £ Fgo EFaw F
o YeElgernz AHNge Hoz dojwsE ¢ £ UMT
Fenthiong A 93 RE Fol] Qlojr wr-g Fo TLC FelA &L
Ho] Jelwtth. 2822 fenthion o199 Foke 3te FAPES WA
Ao AL & F AN Fenthion® 7 S-ol+ Ry #ol 433l & 24
o wdo] Yelgtonz FALE 27§ A& & F UJTh
48 5AHL GC/MS9 'H NMRE 3¢ d preparative TLC2 +
g3 AP EQ GC/MS dHolHE tha3 23ttt tpe retention timesS e
e},

ox
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Parathion : 81. 99. 109. 149. 275(M") tr ¢ 11.62 min
Fenitrothion : 79. 109. 244. 261(M') tg : 1154 min
Fenthion (P=S, SCHs 25 4}3}): 109. 153. 247. 262(M")
tr ¢ 11.67 min
Fenthion (P=S%t 4k3}): 109. 153. 247. 262(M") tr : 11.43 min
Chlorpyrifos : 98. 107. 134. 161. 169. 171. 173. 197. 199. 20l.
333(M"). 335(M"). 337(M") tr : 7.75 min
Diazinon : 81. 137. 151. 247. 262, (M") tg : 10.02 mim
EPN : 77. 141. 169. 307 (M") tr : 1552 min
Dichlofenthion : 81. 109. 162. 207. 235. 263. 298. 299(M")
tr * 10.76 min
Parathion-methyl : 96. 109. 230. 247. 263(M") tg : 10.04 min
Bromophos-ethyl @ 81. 109. 242. 287. 315. 343. 378(M")
tr © 12.86 min
Bromophos-methyl : 109. 213. 298. 315. 350(M") tz : 11.58 min

Parathion®] 48 & MAE9 GC/MS chromatogram Fig. 2-31(a)%}
Zton tp 11.62% peak® mass spectrume Fig. 2-31(b)¢} 2%}

zt Foe) AE AANEY Hueo m/Z e 7uidg uhel MAHEY] B
ol29l m/Z g YXFHUch <& £ parathion®d] 7Z-¢o AAHEY
GC/MS dlolE& ol#fle] FR(1)e] R} ' -

EtO

0
EO
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pesticides with bromine

Table 2-1. TLC data for the reactions” of organophosphorus

Pesticide TILC B
Reactant Product
Parathion 0.47 0.61
1:2 Hex-Bz” 10:1 CHCl:-EA®
Fenitrothion 0.63 0.48
1:2 Hex-Bz 10:1 CHCI-EA
Fenthion®” 0.59 0.78
2:1 Hex-Bz EA
Fenthion® 0.59 0.14
2:1 Hex-Bz EA
Chlorpyrifos 0.57 0.40
2:1 Hex-Bz 20:1 CHCh-EA
Diazinon 0.57 0.43
50:1 CHClz-EA 2:1 CHCh-EA
EPN 0.56 0.52
1:2 Hex-Bz 20:1 CHCh-EA
Dichlofenthion 0.34 0.34
1:2 Hex-Bz 5:1 CHCI-EA
Parathion 0.41 0.54
-methyl 2:1 Hex-Bz 20:1 CHCl;-EA
Bromophos 0.55 0.65
-ethyl 2:1 Hex-Bz 20:1 CHCI-EA
Bromophos 0.47 0.59
-methyl 2:1 Hex-Bz 20:1 CHCl-EA

1) Pesticides(2 mM) were reacted with bromine(20 mM) in acetonitrile
2) Hex-Bz : hexane-benzene

3) EA : ethyl acetate

4) One of the two oxidized products ; only P=S group oxidized

5) The other oxidized product ; both P=S and SCHj oxidized.
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27}A) 9] fenthion A8 AAHE F FAH) o @*& AR 078)2 Aol
&9 m/Z #(262)0] P=S7|%ke] A3tE fenthion(2)¥ m/Z#%3 LAstHAH.
A6 o EL AR 0.14)L m/Z (278)0] P=S7|¢ SCH3717} EF b3}
¥ fenthion(3)9] m/Z# 3 LA 38U

MeO Q MeO ﬁ (I'?

(<]

>|1|> -0 $-Me >P -0 S—Me
MeO MeO

~
w

T ANNELS B P=S7|7t P=07|2 g Edolmg gie AsHA
g %Y 4 AL RolW WA o Wshnge 4N FEE &Y £ 3

' WYes Asdr.

1

A4 2] NMR dlolBE 48urge] #3588 NMRZ Lohlie 34
A ol we AFe 'H NMR #°|€(300 MHz. CD3CN)= wH&3% %
pig=

Fenitrothion
w2-A: 803 (1H, d, phenyl, J=86 Hz), 7.22 (1H, s, phenyl), 7.20
(1H, d, phenyl, J=86 Hz), 390 (6H, d, CH:O, /=139 Hz),
2.57 (3H, s, PhCHa)
g% 804 (1H, d, phenyl, J=88 Hz), 7.26 (1H, s, phenyl), 7.24
(1H, d, phenyl, J=8.1 Hz), 3.86 (6H, d, CH:O, /=114 Hz),
2.58 (3H, s, PhCHz3)
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Fig. 2-31. GC/MS data of oxidized parathion. (a) GC/MS chromatogram
(b) mass spectrum
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Parathion-methyl
¥k 826 (2H, d, phenyl, J=8.8 Hz), 7.38 (2H, d, phenyl, J=9.1
Hz), 3.87 (6H, d, CHsO, J=13.7 Hz)
2% 826 (2H, d, phenyl, /=89 Hz), 742 (2H, d, phenyl, Jj=9.2
Hz), 3.86 (6H, d, CHs0, J=115 Hz)
Bromophos—methyl

wh-$-A: 7.87 (1H, s, phenyl), 751 (1H, s, phenyl), 3.89 (6H, d, CHsO,

J=139 Hz)
¥ke-%: 787 (1H, s, phenyl), 7.59 (1H, s, phenyl), 3.88 (6H, d, CHs0,
J=11.0 Hz)
Fenthion

=

W8-A: 7.20 (14, d, phenyl, /=84 Hz), 7.03 (1H, d, phenyl, J=ca. 9
Hz, overlapped with 7.00 singlet), 7.00 (1H, s, phenyl,
3.83 (6H, d, CH30, J=13.8 Hz), 246 (3H, s, SCHi), 2.28
(3H, s, PhCHa)

rE
olo
ol

. (product with higher R value, only thione oxidized)(isolated
product, CDCls): 7.14 (1H, d, phenyl, /=87 Hz), 7.05 (1H, d,
phenyl, J=ca. 8 Hz, overlapped with 7.03 singlet), 7.03
(1H, s, phenyl), 3.86 (6H, d, CHzO, J=11.3 Hz), 2.44 (3H, s,
SCH3), 2.34 (3H, s, PhCHz3)

rtf.
olo
ol

(product with lower R: value, both thione and sulfide
oxidized)(isolated product, CDCls): 7.94 (1H, d, phenyl,
J=86 Hz), 7.28 (1H, d, phenyl, J=ca. 8 Hz, overlapped with
7.26 singlet), 7.26 (1H, s, phenyl), 3.89 (6H, d, CHsO,
J=11.4 Hz), 268 (3H, s, S(=0)CH3), 2.38 (3H, s, PhCHs)
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Parathion-ethyl
ukg-A: 825 (2H, d, phenyl, J=89 Hz), 7.39 (2H, d, phenyl, J=85
Hz), 426 (4H, dxq, CHs, J=99 & 7.1 Hz), 134 (6H, txd,
CHs, J=7.0 & 09 Hz)
Hl-g-%: 825 (2H, d, phenyl, J=9.1 Hz), 742 (2H, dxd, phenyl, J=9.2
& 10 Hz), 422 (4H, dxq, CHs, J=83 & 7.0 Hz), 1.32 (6H,
txd, CHs, J=7.0 & 0.9 Hz)
Bromophos-ethyl
u-2A: 7.87 (1H, d, phenyl, J=1.0 Hz), 753 (1H, d, phenyl, J=1.8
Hz), 427 (4H, dxq, CHz, J=99 & 7.1 Hz), 1.34 (6H, txd,

CHs, J=7.1 & 0.9 Hz)

2=
oo
ot

: 787 (1H, d, phenyl, J=1.0 Hz), 759 (1H, d, phenyl, J=11
Hz), 426 (4H, dxq, CHz J=8.1 & 7. Hz) 132 (6H, txd,
CHs, J=70 & 1.0 Hz)

Diazinon

ukg-A: 6.7 (1H, s, phenyl) 4.33, 431 (6H, axd, CH0, J=24 & 59
& 7.1 Hz), 3.1 (1H, septet, CH(CHas),, J=6.0 Hz), 2.4(3H, s,
PhCHs), 1.35(6 H, t, CHiCH:0, J=7.1 Hz) 127 (6H, 4,
CH(CHa),, J=7.0 Hz)

we3: 63 (1H, s, phenyl), 433, 431 (6H, gxd, CH:0, J=24 &
59 & 7.1 Hz), 3.7 (1H, septet, CH(CHa),, J=7.0 Hz), 2.1
(3H, s, PhCHa), 147 (6H, t, CH(CHa),, J=7.0 Hz), 1.3 (6H,
d, CH3CH:0, J=7.0Hz)

Chlorpyrifos
Bh2-A: 814 (1H, s, phenyl), 4.36 (4H, dxaxd, CHy, J=9.6, 7.0 & 2.7
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Hz), 1.38 (6H, txd, CHs, J=7.1 & 0.7 Hz)
uk$-%: 814 (1H, s, phenyl), 434 (4H, dxqxd, CHz, J=83, 7.1 & 2.1
Hz), 1.36 (6H, txd, CHs, J=7.1 & 1.1 Hz)

EPN

1z
oo
)

. 820 (2H, d, nitrophenyl, J=9.1 Hz), 805-7.56 (5H, m,
phenyl), 7.29 (2H, dxd, nitrophenyl, /=9.1 & 16 Hz), 4.30
(2H, dxgxd, CHs, J=10.7, 7.2 & 0.6 Hz), 1.34 (3H, t, CHs,
J=7.2 Hz)

S 820 (2H, d, nitrophenyl, J=9.1 Hz), 7.92-7.53 (6H, m,
phenyl), 7.38 (2H, dxd, nitrophenyl, J=9.3 & 1.1 Hz), ca.
43 (2H, dxq, CHz, J=83 & 7.1 Hz), 133 (3H, t, CH3,
J=12 Hz)
Dichlofenthion
w2 A 758-7.34 (3H, m, phenyl), 427 (4H, dxq, CHy, J=9.8 & 7.1
Hz), 1.35 (6H, txd, CHs, J=7.1 & 0.9 Hz)
ukg%: 759-7.33 (3H, m, phenyl), 424 (4H, dxq, CHy, J=ca. 7 &
7.1 Hz), 1.33 (6H, txd, CHs, J=7.1 & 1.0 Hz)

Parathion®] 7 <-¢] ¥kg @9 'H NMR spectrum< Fig. 2-32¢F #gke
® e F9 spectrume Fig. 2-33% Z%vh

A3 BB FE85L uSEATN standardE NMR tubeo] ¥ HkE

o

JoA ugEAN MAHEFY standardo] tF B peak WA

zA e A&t HeEATG M ED NMR peak WHOZRE

o

szge e Bt FEEL 82~100%24 TS Ekh
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Pesticide Yield Pesticide Yield

Parathion 88 EPN 100
Fenitrothion 93 Dichlofenthion 90
Fenthion 41", 59° Parathion-methyl 83
Chlorpyrifos 89 Bromophos-ethyl 96

Diazinon 82 Bromophos-methyl 97

Fenthion®] 7% Ats} A4 &o] 27kAJo 2 wg Fo NMR &HEF
& ul ¢ EFete] sMo] BibEsAh 22RR 7 FsE £58E F
AREY £589 ol 100%L /HPste APt ol BE £%
84 dolEe TLC A #71UA Fol BEd o8 ¥& +58=2

phosphate® AHgdtie A& RAFEH.
8) 4712 A 2 FlutwolEA e AAAMC A% HE It A

FIAY AChE AME o4& #71AA Fokd stuivolEA s
& 7MeAe gotryl sk 1039 F71QA Fokd 9%9 JtutHolEA
Fofol o MM Bxe Ad %E FANALH 2-PAMd 3 A
fh AP A= Lol YT

I

7 #7104 &<
gr19A4 B3 259 As A EC 23 FIAY AChE A4 549
A %E =As Btk 1029 105 M §7194 ¢ A8 A %

g 2-PAMol o3 AMEAY %o AFE Table 2-291 HEbA AT
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Fig. 2-33. "H-NMR spectrum of oxidized parathion.
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Table 2-2. Comparison of the percent inhibition of the sensor enzyme by

organophosphorus pesticides before and after oxidation by bromine

Before oxidation After oxidation

Pesticides
% Inhibition % Reactivation % Inhibition 2 Reactivation

Parathion 17% 100% 77% 97%
Fenitrothion 7.7% 104% 31% 89%
Fenthion” 85% 10756 19% 83%
Fenthion” 7.7% 103% 37% 70%
Chlorpyrifos 3.9% 100% 69% 80%
Diazinon 13% 107% 73% 95%
EPN 5.6% 100% 80% 109%
Dichlofenthion 11% 100% 75% 80%
Parathion-methyl 119% 100% 48% 93%
Bromophos-ethyl 7.4% 93% 12% 92%
Bromophos-methyl 87% 92% 20% 88%

1) One of the two oxidized products ; only P=S group oxidized

2) The other oxidized product ; both P=S and SCHj oxidized

Note : Glass beads size, 200~400 mesh(500A); reactor length, 4cm; flow
rate, 0.7 mL/min; ACh, 5xX10° M; injection volume 100 xL; pesticide
concentration, 10°% M; pesticide-enzyme incubation time, 30 min;
pesticide-PAM incubation time, 20 min; carrier, 25 mM HEPES
buffer(pH 7.2); test temperature, 30C.

Diazinon-g oZA E u} A3} AFE WA Zo h3 APFHQA MM %
42 Fig. 2-349 Z9tr} Diazinon® 43t AFE A9 Fxd wE (10°
~10" M) AN m29 A& % 2-PAMd 3 A BA%E Table 2-33%

Zow A3 HF EHY AFFAL Fig. 2-36% #dth. A E A&
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Fig. 2-34. Typical responses of the AChE sensor to 5 mM ACh.

a) In absence of diazinon, b) after passage of 10 M
diazinon through the reactor for 30 min, c) after passage
of 20 uM 2-PAM for 20 min, d) after passage of
oxidized diazinon for 30 min, e) after repassage of 20 M
2-PAM for 20 min. Glass beads size, 200~400 mesh(500
A); reactor length, 4 cm; flow rate, 0.7 mL/min; injection
volume, 100x#L; carrier, 25 mM HEPES buffer(pH 7.2);
test temperature, 30C.
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Table 2-3. Comparison of the percent inhibition percent reactivation of
the sensor enzyme at various concentrations of the diazinon
before and after oxidation by bromine

Diazinon Diazinon +Brz
Concc(a:;;‘ation (before oxidation) {after oxidation)
% Inhibition % Reactivation % Inhibition 9% Reactivation

10"M 0.0% 100% 0.0% 103%
107°M 0.0% 102% 7% 98%
10°M 0.0% 100% 17% 100%
10*M 0.0% 100% 35% 109%
10™ 11% 96% 55% 89%
10°M 12% 102% 64% 91%
10°M 13% 94% 78% 87%
10 *M 17% 90% 84% 839

Note : Glass beads size, 200~400 mesh(500 A); reactor length, 4 cm;
flow rate, 0.7 mL/min; ACh, 5x10° M; injection wvolume, 100 gL,
pesticide~enzyme incubation time, 60 min; pesticide-PAM incubation
time, 60 min; carrier, 25 mM HEPES buffer(pH 7.2); test

temperature, 30C.

B A 249 49 107 M1, Ad F 24 A$E 10 MoK
o B2(10% A&) HEHAE st o3 1000w FHEE & £ AU
ojel At AChE &AM o3t §7|AA 5o HEA UojA B
g 93 dsle AMY AEE 24 2Y F UdE WHolEE AE T

o},

AN
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100 8
—@— Data obtained by sensor before oxidation
—f}— Data obtained by sensor after oxidation

80 - —4 Data obtained by GC
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a) % Inhibition
b) Log peak area
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Fig. 2-35. Calibration curves for diazinon before(@) and after(lD
oxidation obtained by enzyme sensor and GC/NPD.
Enzyme sensor: Glass beads size, 200~400 mesh(500 A);
reactor length, 4 cm; flow rate, 0.7 mL/min; ACh, 5X10-3
M; injection volume, 100 xL; pesticide-enzyme incubation
time, 30 min; pesticide-PAM incubation time, 20 min;
carrier, 25mM HEPES buffer (pH 7.2); test temperature,
30°C. GC conditons: column, HP-5(5% phenyl methyl
polysiloxane, 30m, diameter 250 gm, film thickness 0.25
pm), carrier gas, Ny flow rate, 28 cm/min; oven
temperature, 100°C for 2 min, ramp at 10°C/min to 280°C;
inlet, splitless mode; detector, NPD.
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AtglEl diazinond A % HEVS FEHAE GC/NPDO 9
2R104~107 METG WY Yok £F LM 4@ AE HEHRA
£ GCol 9% 2R wa 10°0 o @ adEg B AN £8%e 7
£ AFE EAY FAM 1 FdT v ¢ GCERG 23]
433 9 gda & 4§

AZAIFI7] A §71AA sl o3 AME &de 2-PAMO A3
Aol f¥EA A HAch AFAD F7IAA Fol o AHE A
A 9A 2-PAM o8] A A HUo AstHe] AF4-o vl A
A3 Amrb oz @kt Ast F B4 s AdE sAgs AEgA
3} A9 3t9) incubationAl 7+ F7HAIFIH 100%9] A& 7t AL

2 RBelr}

W) ol B A F o

9%9 10° M 7huatvjo|EA] ool & FABAY Ad %9} 2-PAM
of olg &he A %ol BT AT Table 2-49% Zt}. JhutvolE
T F7he AMELY A %E 20~8B%EA AL AHolg JEUYAT
oy gt o] EA sl od AsjE Eav F7IAA FFH vpRsHA
2 A 84 ETFAY 2-PAM 93] 70%°]4 A& HALERZ MA
o AHHA Ao M-S & 4 Uk

Table 2-5% carbaryl?]l ¥=o] W& Az %& Jebd Rolw Fig.
2-362  AFZTAolt}, Table 2-6% carbofuran®] ¥Xo W& A3 %
Uebd Zolw Fig. 2-37¢ AFFHMolth F 2% EF 10°~10° Mol
FE9 A%E F8dd AABAE Bg9c) Carbaryl? carbofuran 5% A
e A& @AE 10" M10% A2 vebed ol AL ¥ FF 5&
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Table 2-4. Response of AChE-based FIA system by 10°M several

carbamatic pesticides

Pesticide % Inhibition % Reactivation
Carbaryl 30% 102%
Carbofuran 35% 92%
Aldicarb 22% 88%
Bendiocarb 43% 91%
Methomyl 20% 76%
Mercaptodimethur 48% 83%
Isoprocarb 27% 96%
Dioxocarb 21% 94%
Propoxur 34% 96%

Note : Glass beads size, 200~400 mesh(500A); reactor length, 4 cm;
flow rate, 0.7 mL/min; ACh, 5x10° M; injection volume, 100 xL;
pesticide-enzyme incubation time, 30 min;, pesticide-PAM incubation
time, 20 min; carrier, 25 mM HEPES buffer(pH 7.2); test
temperature, 30T.

A9 23 ARE AAH}I Y FEL AR 2 oY Ads MEd
EAAANY #AE7t FdAF LR 27 AEE BAS| Y FLY FER
w0e AS ¢

AAMMol 9§ carbaryl®} carbofurand] HE7Fs FEWH(10°~10"
M)+ HPLC/fluorescence detectore] 9@ (10 *~107 M)zt €4 o
Wroh =8 A2 9§ A¥E HEEAW0° ME GCA g% 2R
(107 Mol Wl 10°) o R adER B AN £8%e 71E9 dh

HolEA FF BAY FoA JHE F£¥%] ¥vha ¢ HPLC HHE

- 144 -



Table 2-5. Percent inhibition of the sensor enzyme by carbaryl

at various concentrations

Concentration (M) % Inhibition % Reactivation
107'M 6% 100%
107°M 10% 108%
10°M 19% 106%
10°*M 26% 102%
10™ 31% 89%
10°%M 36% 96%
10°M 46% 104%
107'M 62% 69%

Note : Glass beads size, 200~400 mesh(500 A); reactor length, 4 cm; flow
rate, 0.7 mL/min; ACh, 5%10° M; injection volume, 100 gL; pesticide-
enzyme incubation time, 60 min; pesticide-PAM incubation time, 60 min;
carrier, 25 mM HEPES buffer(pH 7.2); test temperature, 30°C.

Table 2-6. Percent inhibition of the sensor enzyme by carbofuran

at wvarious concentration

Concentration (M) 9% Inhibition % Reactivation
107"'M 15% 92%
10°M 29% 100%
10°M 42% 88%
107*M 54% 79%
10'™M 57% 71%
10°°M 65% 81%
10°M 67% 89%
107*°M 76% 81%

Note : Glass beads size, 200~400 mesh(500 A); reactor length, 4 ey flow
rate, 0.7 mL/min; ACh, 5X10 M injection volume, 100g#L; pesticide-
enzyme incubation time, 60 min; pesticide-PAM incubation time, 60 min;
carrier, 25 mM HEPES buffer(pH 7.2); test temperature, 30C.
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a) % Inhibition

Fig. 2-36.

70
@ Data obtained by sensor
60 —O~— Data obtained by HPLC @ 6
3]
50 — E
-4 ®©
®
40 s
® o
o
30 - — 2 g
wad
—
20 a
-~ 0
10
L
-2

o T T T T T T T T
10" 1070 10®  10® 107  10%  10° 10+

Concentration (M)

Calibration curves for carbaryl obtained by enzyme sensor and
HPLC. Enzyme sensor: Glass beads size, 200~400 mesh(500
A); reactor length, 4 cm; flow rate, 0.7 mL/min; ACh, 5x10°
M, injection wvolume, 100 gL; pesticide-enzyme incubation
time, 60 min; pesticide-PAM incubation time, 60 min; carrier,
2.5 mM HEPES buffer(pH 7.2); test temperature, 30C. HPLC
conditions: post—-column fluorescence detection after hydrolysis
and derivatization with o-phthalaldehyde and 2-mercapto
ethanol; column, c-18 reverse phase, 15 cm, particle size bu
m; mobile phase, gradient from 18% to 80% methanol-water;
flow rate 1mL/min; fluorescence detector, excitation

wavelength 330 nm, emission wavelength, 466 nm.
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Fig. 2-37.

90
@ Data obtained by sensor L g
B0 | —(O— Data obtained by HPLC
70 —

60 —

50 —

|
b) Log peak area

40 —

a) % Inhibition

30 —

20 —

16 —— T T T T T T T
1011 100 19 10 107 {0€ 105 104

Concentration (M)

Percent inhibition of the sensor enzyme by carbofuran
at various concentrations.

Glass beads size, 200~400 mesh{500 A); reactor length,
4cm; flow rate, 0.7 mL/min; ACh, 5X10 * M; injection
volume, 100 uL; pesticide-enzyme incubation time, 60 min,
pesticide-PAM incubation time, 60 min; carrier, 2.5 mM
HEPES buffer(pH 7.2); test temperature, 30C.

HPLC conditions: post-column fluorescence detection after
hydrolysis and derivatization with o-phthalaldehyde and
2-mercaptoethanol; column, c¢-18 reverse phase, 15 cm,
particle size 5z m; mobile phase, gradient from 18% to 80%
methanol-water; flow rate ImL/min; fluorescence detector,

excitation wavelength 330 nm, emission wavelength, 466 nm.
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oo o Eoa @ 4 U ¥ B2ANE 2 29%0] #7147
el 71%)9 FhpiolEA Fob mEel wal 2lze AFE FAERT
ol o S5 44 ASHL JE FUE BYNE HEY & T
shbel BAgo) @ 4 9¢ Aoz Avd

9 EXNME o183 HF F9 ¥ &4
7B AE F9 carbaryl 3289 &4 AT FA

aAaAAG o8 FFAEYY 4E4E AF) A Fet A A
Wi Adel] sl EA B2 carbaryld 0, 0.1, 1.0, 10 ppm TEZ H
7H(spike)ste] Awg A2 E4F Ade nFHo|frh Fig. 2-38& A
d &9 o &2 A %S dedd. F& AAY RHE H4H
371 9181 AOAC Official Method(975.40) (Cuniff, 1995b)9] A& #39

A AREG AGE, F5F AR FEE9 A3 %7 0o MU= A
e AY 222U FEES AR TN 548 Afse 4o £FEH
A $&e Yehith aER o i F& HFL B ANE 4A
A Z A o4 w Wa)E d(interferences)o et +3 flo] AT
Qe A FF Pyolgdn & £ 3t

NEANE F9 Carbaryld] BES} Ed Ad %E 3¢ FAAAE Y
Bk dERe ke IF 347 01~10 ppmelBR o] G A
R ANE AA AEY ZFFS 54X 23 %8 #Fsed o8
& gee o o 28y A %7t 2 FES EE carbaryl €l
HEldE wgtEd o]Re F&RAY wagAH WEd Roln. ==
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Fig. 2-38. Percent inhibition of the sensor enzyme by kale extracts
spiked with various concentrations of carbaryl.
: Glass beads size, 200~400 mesh(500 A); reactor length,
4em; flow rate, 07 mL/min; ACh, 5X10° M; injection
volume, 100uL; pesticide-enzyme incubation time, 60 min;
pesticide~PAM incubation time, 60 min; carrier, 25 mM
HEPES buffer(pH 7.2); test temperature, 30C.

=

B o Fo A= cholinesterase’} #7]1UA 2 Fhulvo]|EA F e 3
A He AAEI FFo] vEo JAAAE 7HAYGE dEd A3
23 (probe)d EAMAAM Y EEFUE A (flow injection analysis, FIA)Y &

AANE AESAT 239 A4 F Z2FALG &5 FuldAN B 3
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Aol & FIAY ANE HAsd 1 4%e AHsate] NAFL A
sdiom HAHse ANE B BAd HAEad 444 AFHAU

Acetylcholinesterase® controlled pore glass®l AR3AIZ1 ¥E-g-7]9}
H-484 £33 % 2202 749 FIAS A4S 3938 A4olA 4
4 sueee Gedt gt

Operating parameter Optimum value

A2 31343} Glass beads 200~400 mesh (500 A)

73719 4ol 4 cm B 7 em

g7 FHo HA 2.06 mm

Carrier stream flow rate 0.7 m¢ - min '

AChe] B = 316X10° M (4 em ¥&7])
EE 102 M (7 e ¥+87])

HEPES buffer9] ¥ % 25 mM

HEPES buffer®] pH 7.2

F4-%9 incubation A3t 20 min (paraoxon ¥4})

EA-AEGA A7t 20 min (paraoxon #4)

A3 AN E AHEE F71UA B FivtdlolEA sk EE§AY
FHA AFEAEE BA Boked o Ades B4ad 2T

1059 #7104 s 9% shutvolEA $Fe 10°M ¥& +F
A HMEALE 4T3 AfsAo=z ML AN HEE 4TI
ot FAA wokel A9 BE o AN EL A Fod
g4 0 58 24 Ad %% Jdehlfenz, HEd 98 de {71
At A& AEE 2A 9 F e olEa B A

Frol e AANY &g A B AF {71AAS% FhupHolEA

Hif

—

¢



BoF B ge HYe BT WAA0~10" MeA vE-7S FBBAE
UErch £2AX9 Foe g AxE JEEAA0T FL 107 ME
FoF AF BLAE RN FEY AER GRS ¥ ol 71E EY
#el GCY HPLCH O Hl& Ak AEdA7 o @) shutvolEA &

of\

ok §7)¢7A Eo] HE &EA AME=st ROEE incubation AlZHS:
7t E a7t Ao

A2 AANARRF S AW FF I AFNEE FY FE AMA
429 AEE Fd 43 AAAAE YEUAY wEA] & B4
E AEAaY A& o8 & vk 2ok a8y Foe #2344
o dojM el HlAEA R Wr|gol BE carbaryl &l HlAMT A%
7t @A vegens &34l AMel dasid,

B AChE ZAAMEA /ME #7104 & shitdolEA & HEs
edE Aol YA o] F AF e A A4HE @A A £ 1
BE GCY HPLC %ol 9@ /¥ Foko EAd M & AMEA AFA
sadgosn Eio) e g AEE AT £ U+ B2k

fu
i

B AN o8& Fok Al glold WU A, AAL BHe 7
e Aoz st

A
o
Ar
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A3d €719 74 =< Fenthiond WEAH s

B2 A3 EFHL {704 Fe dFY  fenthion(O,0-dimethyl
O-4-methylthio-m-tolyl phosphorothioate)?] #&& $1% ELISAE Md3t
£ Aolth. Fenthion& $& ugolX AMg WE7} 23] w1 47587
2005 F& 01 ppm)o] AAEHS gley ¢}F ELISA(enzyme-linked
immunosorbent assay)®] 7l#o] Rig = it

1975\ Langone %(Langone, 1975)°] 7Ad3d dieldrin® aldring £4 8t
7] 9% radioimmunoassay(RIA)7 5 &4 WAEA Y Hzx9 Atgo]
o}, WA 29942 ¥R ¥ (radiolabelled) 39 F& IAE AHgEt F
A-gx Nee WA oE FAsE RIA(Chard, 1978)& 1718 WAME
2471717k Badty A AV Jonz WAy gAld aauteE
o] &3} enzyme immunoassay(EIA)7} 71 @5 7)o o]2R 1 o]d we} &
o EXo| % EIA7F £957] A&Assint EIA9] o8 34 F FF 24
2ol uHA & F2 ELISAI™ AF7HA % 57%9] ¥ofol tid ELISA7
7} 4 =) 91 oH(Hennion, 1998).

7104 Foke] AE B FEE )R AFAE BT £7] 10
d Eole] WdREAHol gy AL parathion(Ercegovich, 1981, Vallejo,
1981)3} paraoxon(Hunter, 1982, Brimfield, 1985) #eoIlth. 90 dthel Eof
g 87|94 %% = fenitrothion(McAdam, 1992, Hill, 1992),
chlorpyrifos(Manclus, 1994) ¥ azinphos-methyl(Mercader, 1995)¢] ¥ 9%
Aol =i

ELISA: t©}& formate] 7Fsddl ARA FFMW<I000)d e
ELISAE 244 #4¢ Adsts el BEoltklLarry, 1996). 24

ELISAE &d  ZAA(direct competitive) W43 Z+H 7 W(indirect
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competitive) WA o2 vE F gloen 1 AAR dge g3 g

AAN A4 ELISA® BEANEA g3 FAE AN 4BF FIHA7
T BAEAFA)S TRt N8 A2 label® EANEZDE FIES
incubation* 1 tH(Fig. 2-39). Incubation %3¢ FA(EMEA)F A=
label® &9 Ao daAM APHoz AFaY Ao FEI ®E&T
2 FAo AFE label® FU9 %ol FHolAA dnt. 1m2 AP
labeld LS FFFo oM BHEAS AFYL + Atk AFT labeld I
Qo] AEe AP ¥ BAL AAstn 52 dE FREY Wt
2 7148 Yol FJ=E 24N & & Utk FF=9 A7 Y
BAe & dlg @A A "o

Antibody coating
_<
—
Washing L
SaT_ple %
Enzyme tracer ﬁ 2]
—<® @
Substrate addition < S
A P
_<®
Stopping S

L__l Solid phase * Primary antibody (& Hapten—enzyme conjugate
@ Analyte S: Substrate P: Product

Fig. 2-39. The main steps involved in direct competitive ELISA.
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4 A4 ELISAE A3 44%F9] Zd3d& FHAU & 248
AR AR Fe FAE Wol+d ZRFAN BAEAL Ao daAN 2A
Aoz AYUH(Fig. 2-40). o] W EXHEHAY Fr7t ¥&5-E 1A3d
Fdd AFste A S FoAER AFT FANE AFFo2N By
=4& ARY & Utk 2Hddd A ¥ 8FS AAS F ax
7t 23%¥ immunoglobulin(EXE2e #Ael dqid A& Wol FA
AN 95 71E2E ol FR=E FAU FHY A7) EA4EAF
o] F2 wujE @A Yt

Antigen coating é

Washing :

)
Sample + ﬁ@
Antibody

Washing

2nd antibody
addition

S
Substrate addition I ; p

Stopping

l__‘ Solid phase *Primary antibody ?Enzyme—labelled anti-globulin antibody
@ Analyte (OHaptene-protein conjugate  S: Substrate P: Product

Fig. 2-40. The main steps involved in indirect competitive ELISA.

T4HES A ELISAS MEAA S =488 H Fig. 2-413% o)
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DESIGN of COMPETITORS
(Haptens for Coating Antigens

HAPTEN
DESIGN

'

SYNTHESIS |«

'

and Enzyme Tracers)

COATING ANTIGENS,
—»|ENZYME TRACERS

COVALENT COUPLING
to PROTEINS

'

IMMUNOGENS

'

ANIMAL IMMUNIZATIONS

'

SERUM COLLECTION

'

SCREENING of the ANTISERA
and COMPETITIVE ASSAYS

l

OPTIMIZATION of the IMMUNOASSAY

'

IMMUNOASSAY OF ANALYTE
(direct or indirect detection)

Fig. 2-41. The main steps involved in ELISA development.
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1. Fenthion® hapten, B H X I A

woky e AR EFL 1 AAEA dgde] & ¢ 7] HE
FAE AFE & Ak WA A F2I 2T EFS P& @
Ao APAIIT o) AL AGYeg st FAE doloF ¥t Haptend
A s gHe AR 28¢ ELISA /MM 7t F88 @A &

2 9=y 1 o8& haptend FE7F AAHY FAY 5 o] A (specificity) T

-~

A AR AHAHY QA7) wE ol th(Marco, 1995).

Hapten®] T2 ¥4 E7¢ ¥9274Hantigenic determinant)7} 7}
5% ¢ REHEE sjof @l 53 hetercatom& EHsE FHE FUA
o] 2pZ REFHEE 3= Aol £vh Haptendt @A & AZAAIE #4
Z pridged) T2 ZoE A AAol J¥& vlAh(Harrison, 1991,
Vallejo, 1982, Schneider, 1992). ¥ut& 0.2 bridge®] Zol7} A& 42
Ao W HAsEst o 2 A A4HE Aoz Base] gled 1
$+ hapten® FRZAAR/F @A 3%LF T2 A AHAA @&
3 AgAe F w25y fEoln. 28\ bridged o7t \U¥ A B4
(>7 atoms) hapteno] & o2 M (folding) WA A Wi haptendl =&
o] 49" 4 UthMarco, 1995). & AT E B9 9% YT Y hapten
0.2 fenthion® phenol ®9E REAFIE methoxy?l % 3stE bridge
groupo.2 N8N AL AHgsnA @) ol# @ T30l bridged] TE
Zo)l7} & 7%9 hapten® #48td AGY F& ZYYY AxA A8
7 gt

Hapten® @@ dd] ZFA71E WHP22A hapten®] carboxy?] st €4
Aol amino’lE& ZFAFNE Wiol ¥ &3 ASEHMY, carboxy’lE

N-hydroxysuccinimide/DCCZ &4 3}A]7) Ak (active ester ) isobutyl
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chloroformate® &4 3}A] A (mixed anhydride ¥) @9 dd] AFA 7= A
o] R¥o|th(Hosoda, 1993). ¥ AF M active ester W& Al§31o

hapteng @ Fo| AZA 7|22 ),

7h AEWE 2 3

1A R ddAs

Hapten %ol AM&3 A]eFQl B -alanine, 4-aminobutyric acid,
S-aminovaleric acid, 6-aminocaproic acid, 7-aminocheptanoic acid,
methyl-3-hydroxy benzoate, methyl-4-hydroxy benzoate, phosphorous
thiochloride®t NMR 8wl chloroform-d(99.8%, 03% TMS %4
AldrichAt 28 T3t 9tl.  Analytical TLC plate(silica gel F254,
fluorescent, plastic, 20X20 cm)$} preparative TLC plate(silica gel 60,
fluorescent, 1 mm, 20X20 cm)t MerckAl #|E& Al-&3 .

Hapten-©¥ & conjugate §Ao] a3 A2l N-hydroxysuccinimide,
4-dimethylaminopyridine, N,N-dicyclohexylcarbodiimide= AldrichA}ell A,
conjugate A A A] AL8& sephadex G25% SigmaAlol A, T4 2H(MW cutoff
12,000-14,000) Spectra/Poroll Al T+ 5} ¢},

NMR spectrometert Bruker(300 MHz)AFY] A& AR&3tg om GC/MS
9] GC 7l7l& Hewlett-Packard 5890 Series II& HP 5971 mass
spectrometric detectordl]l AAE HolReW columnd HP-1 capillary
columng AM8-3}%1 3L carrier 7] M+ 25 psi9] Heoldt. Oven 25+ 18
ZH100CE FASG7E 2 F 20C/min $=2 250C7HA &R AEFY

< split mode(1/100)& &g},
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2) Hapten ¥4

2 Ago)A FA s fenthion hapten® TZ& Fig. 2-429 Zov A
Ao EA LT Fig. 2-43~459 #)

MeO._ ||
~P—o0 SMe
MeO

Me

Fenthion

MeO
HO,C(CHp)nHN-"_

I
Sp—o0 SMe

Me

4a~e(n=2~6)

P—O SMe
HO,C 0

Me

P—O SMe

Me
HO,C

Fig. 2-42. Structures of haptens for fenthion.
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i
MeO
Fenthion >P —0 SMe
MeO
Me

reflux MeOH
overnight | 6N HCI

HO SMe g
S S Me
clll MeOH MeO_||
cl acetonitrile, K,CO;
7 RT, 1h
ﬁ MeOH
MeO e
>P—'O / \ SMe -
cl = KOH, NH,(CH,)nCOOH
9 Me 4°C, 3~5min
S
Meo\,l:l_o SMe dichloromethane
y o
HO,C(CH,)nHN >
M DCC, DMAP
e RT, 3h
4a-e
MeO__ ||
>P—O SMe
NO,C(CH,)nHN
Me
0
10a-e

Fig. 2-43. Synthetic routes for hapten 4a—~e.
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S HO‘—®_C020H3
MeO__ ||

cl /P—O SMe »
acetonitrile
9 Me K,CO3, RT, 1h
MeO._ ||
~P—o0 SMe 11
HsCO,C O
Me
IMKOH | 30min
ethanol
i
MeO
>P—o0 SMe
HO,C O
Me
. DCC, DMAP
dichloromethane 1 RT, 3h
i i
MeO
~P—o0 SMe
NO,C —0
Me
O

12

Fig. 2-44. Synthetic routes for hapten 5.
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MeO
P—O SMe
O/
Me
H;CO,C
13
i
MeO
>P—O SMe
O
Me
HO,C 6
i
MeO
~
o o /P O SMe
Me
NO,C
14
0]

Fig. 2-45. The intermediate and product in the synthesis of hapten 6
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z} wk-g9 FAL analytical TLC(silica geDE &AdAn AHNES F
A& 'H 2 "C NMR(BWOMHz)% GC/MSZ gt §434L olae 2
=

@

Phosphorous thiochloride 14 mL(23.35 g, 0.14 mol)¢l] 108] 2] methanol
(57 mL)& 8~10ToA 20& Tt Holme WA wdtsts 2 ¥ 1087 o
2RrEr H(Tarbor, E.J, US. Patent 3,-005005). ¥t&g9dd] ZFF9
etherg& %ol AHEE FE31L etherd S THTZ 24 1 Ao & &
MgSO:& A7t} Rotary evaporatorE o]-&sA &2 JUAA il
dee]l AFE 1647 g& AU 58 2%

(8
Fenthion 24 g& methanol(l L)3 6N HCK1 L)X 24A12F B¢t refluxAl
7 g A EE benzenelZ FEFEAT. FE2AE FHFTE 24, brinel
228 A2 F MgSOE gFA A, &9E LA 7| column chromato
~graphy(silica gel, benzene/ethyl acetate=5:1)2 AA A oil Aejel AA
E 648 g€ AU 58§ 49%

¢)

764 g(46.28 mmol)®l 33E 7& acetonitrile(30 mL)oll &3|AF| T A
H& KuCOs(45 g)9) acetonitrile(30 mL)o) =<1 6.45 g(42.07 mmol)s} &3
E 8% ¥ F H2oA 1A 5 awtaArt. BgRAS celitegE &
A gHstn Ao LulE FHLAZ F column chromatography(silica

gel, benzene/hexane=1:1)2 #8|8ld] oil Fejol MAHE 647 g& dUTh

tlo
v
dle
i

587 mg(21 mmob)¢ 3¢E 9E methanol(3 mL)dl ¥ &4
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(4C)2 WA 71484 KOH(321 mg, 572 mmol), A -alanine(232 mg, 2.6

mmol)E ¢! methanol §9(1.7 mL)& gol=gHA 3~58 FF uyksh

Aok, wEEAE AHAA KCIE& AA}L 1 N HCI3} chloroforms 9
AYES FET g MgSOE gFARA &9E HLAF)2 column

chromatography (silica gel, chloroform/ethyl acetate/acetic acid=65:35:1)2
QAN oil FEje] AHEE 441 mg YA} F58 63%

(4h~4e)
AHE db~ed] FEAYEL 4a9 27} FYHPeH Ao F5&2
66, 77, 75, 27%°]1 ot

(1D
507 mg(1.80 mmol)2] 23S 92} methyl-4-hydroxybenzoate(274 mg, 1.80
mmol)& acetonitriled] ¢ £A (5 mL)ol &AA 4 KoCOs(1l5 g8 ¥
Ao 1A T gAY F AFHAA KCIE AASL §rlE FHEAl
ZA Tl Column chromatography(silica gel, benzene/ethyl acetate=10:1)2 A
AES B89 oil FHY Y2 502 mg AU T5& 63%

6]
184 mg(0.46 mmol}2] #FE 11€ 1 M KOH(9 mL), ethanol(23 mL)el| A
308 B¢t H&olA shEsiAZl ¥ 1 N HCI(1] mL)¥® ethyl acetate®
AQES FEFAU 1 N HCIZ 29 M3 MgSO2 A7 o5 &1

g A2 AAHE 132 mgs 4} =58 5%

313HE 139 AL 119 oA TG, FE 69 FYAAHL 5
o] A% LAt 137 69 582 242 60, 60%°1U

3) Hapten-protein conjugated] 374
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Hapten-protein conjugate?] @A Z A hovine serum albumin(BSA)3}
ovalbumin(OVA) % giant keyhole limpet®] hemocyanin(tKLH)-S A}&3}%)
o BSA9 KLH conjugate™ WY Po2Z OVA conjugates ZHITY O
2 Al&3l9 ot Conjugation W2 2} haptene N-hydroxysuccinimide®}
carbodiimide® A48 Hk-&go] & esterZ WEo] dWAFH AFAI=
active ester & A& &4 @B FAEAAL FAdA

(10a)

Dichloromethane(15 mL)®| N-hydroxysuccinimide(108 mg, 0.94 mmol)&
L3487 & 49 dichloromethaned] %3 33& 4a(286 mg, 0.85
mmol), 4-dimethylaminopyridine(DMAP, 10 mg, 0.085 mmol) &1
N, N-dicyclohexylcarbodiimide(DCC, 194 mg, 0.94 mmol)& &2 3 7}3}
Ak WEEAE H2dA 3AR FL WHEAD wE AqFEA
dicyclohexylurea® AAsHc}t, &r& FLAD F AHEL column
chromatography (silica gel, benzene/ethyl acetate/acetic acid=65:35:1)% &
g]3 & preparative TLCE HA] 38 AAgte] AHJES 294 mg B
o 58 80%

(10b~10Qe)
10b~eol #BAFLE 10a9] 2AF FUFAY. 4249 F5&2 49, 58, 55,
81%°] A tt.

(12)

Dichloromethane(5 mL)*| N-hydroxysuccinimide(21.4 mg, 0.186 mmol)&
£8A 70 F A% dichloromethaned] %9 3F&E 5595 mg, 0.155
mmol), DMAP(2 mg, 0.016 mmol) 283 DCC(38.4 mg, 0.186 mmol)E&

Az FrFsch o] g HE HLoA 34 Tt B o ot
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ol3] dicyclohexylureaZ AA3sAT. Sl LA F AHES
preparative TLC(silica gel, benzene/ethyl acetate/acetic acid=65:35:1)2 ¥
Zsted YAYE 343 mgd AU F5EE 46%

(14)
12¢] AR A FLHAt £5& 54%

Hapten-© 9 & conjugatess EF 1771A1& 25

(4a-BSA)
0.2 M borate buffer(pH 87) 5 mLel BSA 50 mg(0.00075 mmol)& 83§
2l ¥ DMF 1 mL& gol=gidX AA At 6a(193 mg, 0.045
mmol)& 025 mL DMFo| %<1 ¥ wa g 208 A M3 "ol
=P, 2 & HedA 1AzE 4TAAM s sty e
conjugatesg U= A H9% FIA

gl do) AEEA &L haptend PBS(10 mM, pH 74)2 eluant® 3
gel(sephadex G25, 2 g) filterationo]l <& #A A}t ColumnoZH-8 ¢
& £9& UV spectrometer(278 nm)ol A £FZ=E FAHA 010139
28 Jelie &9 s hapten-©¥ @ conjugates’t EAEE Aoz
HFEa o] §9E FA(FHS, 4C, dFhE b $A4EAA 4T
RAsH3

2

L < B - R

1) Hapten ¥4

Hapten 4349 27243 328249 'H 2 "C NMR(300 MHz),
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GC/MS "olHE tei gt

9@
'H NMR(CDCl) 6 7.16(1H, d, J=86, Ar), 7.11(1H, d, /=89, Ar), 7.07(1H,
s, Ar), 401(3H, d, J=16.3, CH;0P), 247(3H, s, SCHs), 2.35(3H, s, PhCHy),
GC/MS 282(M') tg : 7.6lmin

(4a)
'H NMR(CDCls) & 7.13(1H, d, J=88, Ar), 7.05(1H, d, /=88, Ar), 7.01(1H,
s, Ar), 3.78(3H, d, J=144, CHsOP), 3.37(2H, sext, J=6.6, NCHz), 2.62(3H,
t, J=5.9, CH,CO), 2.44(3H, s, SCHy), 2.33(3H, s, PhCHs); *C NMR(CDCl)
8 178.14(COOH), 14814, 138.88, 137.49, 126.15, 122.31, 118.83(Ar), 37.29,
35.67(CHy), 20.99, 20.76, 15.70(CHs)

(4b)
'H NMR(CDCl) 8 7.12(1H, d, J=87, Ar), 7.06(1H, d, J=8.7, Ar), 7.01(1H,
s, Ar), 3.77(3H, d, J=140, CHsOP), 332(1H, quin, J=7.3, NH), 3.18(2H,
sext, J=7.1, NCHy), 2.45(2H, t, J=7.2, CH,CO), 2.43(3H, s, SCHs), 2.33(3H,
s, PhCHs), 185(CH:CH:CHy, 2H, quin, J=6.7); “C NMR(CDCl)
179.16(COOH), 14821, 13747, 133.82, 12616, 122.32, 11883(Ar), 41.15,
30.88, 26.14(CHz), 20.77, 20.05, 15.71(CHs)

(4c)
'H NMR(CDCls) 8 7.10(1H, d, J=87, Ar), T.04(1H, d, J=8.7, Ar), 6.99(1H,
s, Ar), 375(3H, d, J=140, CHsOP), 3.15(1H, quin, J=7.0, NH), 3.05(2H,
sext, J=6.9, NCH>), 2.42(3H, s, SCHa), 2.36(2H, t, J=7.1, CH.CO), 2.31(3H,
s, PhCHs), 166(2H, m, NHCH.CH»), 155(2H, m, CHeCH.CO); “C
NMR(CDCls) & 17943(COOH), 14828, 137.48, 13374, 126.20, 12252,

118.83(Ar), 41.54, 33.38, 30.65, 21.52(CHy), 20.77, 20.07, 15.74(CHs)
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(4d)
'H NMR(CDCly) 8 7.13(1H, d, J=87, Ar), 7.06(1H, d, J=8.7, Ar), 7.06(1H
s, Ar), 3.77(3H, d, J=140 CHsOP), 3.23(1H, quin, J=7.1, NH), 3.07(2H
sext, J=6.8, NCHy), 243(3H, s, SCHa), 2.33(2H, t, J=7.2, CH:CO), 2.33(3H
s, PhCHs), 1.65(2H, quin, /=7.6, NHCH.CHy), 153(2H, m, CH:CH.CO)
1.40(2H, m, CH.CH:CH»); “C NMR(CDCls) & 179.87(COOH), 148.29
13743, 13370, 126.15, 122.25, 11882(Ar), 41.73, 33.80, 3098, 2591
24.09(CHz), 20.80, 20.06, 15.71(CHs)

(4e)
'H NMR(CDCl) & 7.13(1H, d, J=85, Ar), 7.06(1H, d, J=100, Ar),
702(1H, s, Ar), 3.77(3H, d, /=140, CH;OP), 3.16(1H, m, NH), 3.00(2H,
sext, J=6.5, NCHz), 2.44(3H, s, SCHs), 2.36(3H, t, J=7.4, CH:CO), 2.33(3H,
s, PhCHs), 1.63(2H, m, NHCH:CH»), 1.54(2H, m, CH,CH,CO), 1.36(4H, m,
CH:CH.CH,CH:); °C NMR(CDCl) 8 17954 (COOH), 14834, 137.49,
13374, 12622, 12235, 118.85(Ar), 41.92, 3381, 31.09, 2855 26.19,
24.44(CHp), 20.11, 15.77(CHs)

(1)
'H NMR(CDCls) & 796(2H, d, J=88, Ar-CO.CHs), 7.17(2H, d, J=73,
Ar-CO:CHz) 7.03(1H, d, J=85, Ar), 694(1H, d, J=87, Ar), 6.90(1H, s,
Ar), 386(3H, d, J=14.1, CH;OP), 381(3H, s, CO:CHs), 2.35(3H, s, SCHs),
2.23(3H, s, PhCHa)

6))
'H NMR(CDCl3) & 814(2H, d, J=87, Ar-COOH), 7.32(2H, d, J=7.3,
Ar-COOH) 7.14(1H, d, J=85, Ar), 7.05(1H, d, J=88, Ar), 7.01(lH, s,
Ar), 397(3H, d, J=14.2 CHsOP), 2.46(3H, s, SCH3), 2.34(3H, s, PhCHs)
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(13)
'H NMR(CDCls) & 7.96~7.50(4H, Ar-COOH) 7.141H, d, J=85, Ar),
7.06(1H, d, J=88, Ar), 7.02(1H, s, Ar), 397(3H, d, J=140, CH;0OP),
2.46(3H, s, SCHs), 2.34(3H, s, PhCHa)

(6)
'H NMR(CDCl;) & 7.96~750(4H, Ar-COOH) 7.14(1H, d, J=85, Ar),
706(1H, d, J=88, Ar), 7.02(1H, s, Ar), 397(3H, d, J=14.0, CH;OP),

2.46(3H, s, SCHa), 2.34(3H, s, PhCHs)

NMR 2 GC/MS d®Hlo|E| 23 A Eo] o3¢ vt sdEolzte RAE
A + AN 4 B4 ES B k& Table 2-73% ZTh

Table 2-7. TLC Ky values of haptens.

Compound Ry Solvent system

Fenthion 0.66 benzene
4a 0.49 chloroform/ethyl acetate/acetic acid=65:35:1
4b 0.50 chloroform/ethyl acetate/acetic acid=65:35:1
4c 0.51 chloroform/ethy] acetate/acetic acid=65:35:1
4d 052 chloroform/ethyl acetate/acetic acid=65:35:1
4e 0.53 chloroform/ethy! acetate/acetic acid=65:35:1
5 0.43 chloroform/ethyl acetate/acetic acid=65:35:1
6 043 chloroform/ethyl acetate/acetic acid=65:35:1

2) Hapten-protein conjugate®] 4
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Active ester 59 'H 2 “C NMR(300MHz) ®lo|ElE t&3} gt}

(10a)
'H NMR(CDCls) 6 7.13(1H, d, J=84, Ar), 7.05(1H, d, J=84, Ar), 7.01(1H
s, Ar), 3.78(3H, d, J=14.1, CH;OP), 352(2H, sext, J=6.7, NCH»), 3.36(1H
quin, J=6.6, NH), 2.87(4H, s, succinyl), 2.62(2H, t, /=59, CH.CO)
2.44(3H, s, SCHa), 2.33(3H, s, PhCHs); *C NMR(CDCly) & 169.25(CO0-)
167.22(C=0), 148.18, 137.47, 13389, 126.15, 122.30, 11881(Ax), "33.48, 25.50
25.28(CHz), 20.60, 20.01, 15.67(CHs)

(10b)
'H NMR(CDCly) & 7.13(1H, d, J=86, Ar), 7.06(1H, d, J=86, Ar), 7.01(1H,
s, Ar), 379(3H, d, J-14.0, CHsOP), 3.36(1H, quin, /=69, NH), 3.22(2H,
sext, J=6.6, NCH), 2.85(4H, s, succinyl), 2.72(2H, t, J=7.5, CH.CO),
2.44(3H, s, SCHs), 2.33(3H, s, PhCHs), 1.98(2H, quin, J=7.0, CH:CH2CHy);
¥C NMR(CDCls) & 169.28(COO-), 168.16(C=0), 148.18, 137.37, 133.74,
126.06, 122.25, 118.80(Ar), 40.69, 27.89, 2589, 2544(CHj), 20.63, 19.95,
15.60(CHs)

(10¢)
'H NMR(CDCls) & 7.13(1H, d, J=8.7, Ar), 7.06(1H, d, J=87, Ar), 7.02(1H,
s), 3.78(3H, d, J=14.0, CH;0P), 3.32(1H, quin, J=7.2, NH), 3.12(2H, sext,
J=6.1, NCHy), 2.85(4H, s, succinyl), 2.65(2H, t, J=7.1, CH:CO), 2.44(3H,
s, SCHs), 2.33(3H, s, PhCHs), 1.82(2H, m, NHCH.CHy), 1.65(2H, m,
CH:CH:CO); "C NMR(CDCl) & 169.16(COO-), 168.26(C=0), 148.30,
13744, 13371, 12617, 122.25, 118.82(Ar), 41.34, 3042, 30.25, 25.49,
21.54(CHy), 2097, 20.04, 15.71(CHz)

(10d)
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'H NMR(CDCl) & 7.13(1H, d, J=85, Ar), 7.06(1H, d, J=85, Ar), 7.02(1H
s, Ar), 3.78(H, d, J=14.0, CH30P), 3.24(1H, quin, J=7.3, NH), 3.09(2H
sext, J=6.3, NCH»), 2.84(4H, s, succinyl), 2.62(2H, t, J=7.2, CH.CO)
2.44((3H, s, SCHas), 2.33(3H, s, PhCHs), 1.78(2H, quin, /=7.4, NHCH.CHj)
1.57(2H, m, CHxCH:CO), 149(2H, m, CH.CH:CH:z); “C NMR(CDCly) &
169.25(CO0-), 168.42(C=0), 14834, 13748, 13369, 126.21, 122.30
118.80(Ar), 4165, 3364, 30.74, 2554, 2531, 24.09(CHp), 2065, 20.10
15.76(CHs)

(10e)
'H NMR(CDCly) & 7.13(1H, d, J=85, Ar), 7.07(1H, d, J=85, Ar), 7.02(1H,
s, Ar), 377(3H, d, J=14.0, CHsOP), 3.19(1H, quin, J=7.5, NH), 3.07(2H,
sext, J=6.8, NCHz), 2.84(4H, s, succinyl), 2.62(2H, t, J=7.3, CH.CO),
244(3H, s, SCHa), 2.33(3H, s, PhCHs), 1.73(2H, quin, J=7.4, NHCH:CH,).
1.60(2H, m, CH>CH2CO), 1.40(4H, m, CHyCH2CH2CH>)

(12
'H NMR(CDCL;) & 8.17(2H, d, J=88, Ar-COOH), 7.36(2H, d, J=7.3
Ar-COOH) 7.14(1H, d, J=84, Ar), 7.02(1H, d, J=135, Ar), 7.00(1H, s,
Ar), 397(3H, d, J=14.2 CH3;0P), 2.92(4H, s, succinyl) 2.46(3H, s, SCH3),
2.34(3H, s, PhCHz3)

(14)
'H NMR(CDCl) & 803~7.36(4H, Ar-COOH), 7.16~7.01(3H, Ar),
396(3H, d, J=142 CH3OP), 2.92(4H, s, succinyl), 2.45(3H, s, SCHsj),
2.34(3H, s, PhCHz3)

NMR dlolE| 258 AgEo] g nte] sgEolgde A& U +

AR T A E S RS Table 2-8% 72},
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Table 2-8. TLC Ry values of active esters of hapten.

Compound Ky Solvent system
10a 0.63 benzene/ethyl acetate/acetic acid=65:35:1
10b 0.65 benzene/ethy! acetate/acetic acid=65:35:1
10c 0.67 benzene/ethyl acetate/acetic acid=65:35:1
10d 0.69 benzene/ethyl acetate/acetic acid=65:35:1
10e 0.71 benzene/ethyl acetate/acetic acid=65:35:1
12 0.63 benzene/ethyl acetate/acetic acid=65:35:1
14 0.63 benzene/ethyl acetate/acetic acid=65:35:1

o 48

B AFdME fenthiono] e WY LA E A%}y Ao
hapten® 77b4 FAstdom A whge RE 4B 7= A& 'H
% C NMR(300MHz), GC/MSZ &ttt slejelx wigbe uke] A4E9
T F3san

Fenthion hapten®] T&& WY& 71QA Fol FEAHAY

_]Qr
thiophosphoryl group< bridgeZ X @AZl F2E 7HA 1 Joh. wa &

&
rlo

Ao A e fenthion hapten §4 & fenthiond T+F7F fA

oe #7107 Fokel hapten HAHOE AW + g Aoz wud

2. Fenthion2| HHEAME 44t

ELISAd A}83E a4 (solid phase)¥ &4 2 7124 disiA AH

2 ogd 2o g3 EE FHE aFAIE aAE A=A

=
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polystyrene, polyvinyl, nylon, nitrocellulose, polyacrylamide, agarose %l
ol ALgE 1 vk nAsE nA/FHE A nAF T 244 FE
442 53 EgFoR o)Fod FE du F 4R FHAFA A6
oj2old &= Ytk 2FA FIFLd o nAse FA E=
=2 pH(YWMAH R pH 96)9 &F Aol FAZE Fd 2AHZA HEAZ
o 2M o]Folt.
oA AFI B AHSA &L EF2YE Edse ¥ 1L
Aol FF wetd gtk a3 support”t polyacrylamide bead$t #
< AAY wE FREHE FAY AH%E FW, iron oxide coreE 7HAE
A4PAel Aol AFE o9 EIYT 4 UL tube, cuvette,
microwell plate 3% 22 LAAE AHEE Aol A¥7|(washer)E Al
434 AjFgezn st 7He st
BN label2M AMEEE EAE turnover number’t ¥, &%
7t Eom, ¢tAS L, haptendt A AFE F dolok a0, ALawE] A
QEol HA/MEE A2dg yvehdoor drh o] WUHFAIE L2

l
42.
o

alkaline phosphatase, horseradish peroxidase’} EIACIAl 7} 38 93t
ALgEH.

Label 29 714& &4 W o8 F4 =& FFEd2 &<
2248 AF£3§tl Peroxidase® 71AEA 33 55 -tetramethylbenzidine
(TNB), o-phenylene diamine(OPD), 2,2’ -azino-(3-ethyl)-benzosulphonic
acid(ABTS) 5o] A}8-5™ alkaline phosphatase® 71AZ % p-nitrophenyl
phosphate(p-NPP)7} 7} ®o] A} ¥ th(Rittenburg, 1990).

B A7 ALtz s fenthion ELISAY 1 #A2o2 31y 24
wae d@dstgdor. #A-389Y w8 AX=Z polystyrene A A 96-well

microtiter plate® A}£3m B2 A7) FTE FRE FAHNE readery Al
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23t} Label &4 % alkaline phosphatase®} horseradish peroxidase& A}
.

AR g Z7)dE polyclonal 3 (pAb)E AHE-&A M 19751
Kohler$} Milsteinol ©]3] monoclonal ##(mAb) AA4de¢] 7Hsaidel et
19854 RE Fof WgEAd mAb7t AHS-H A tH(Hennoin, 1998). pAb3}
mAbe] $dol &g dolHE NFAX R vt AL gk & A7

A pAbE EZ2RE do] Argsuxt @l

7h AddE R UH

D A 2 49A8

BSA, OVA(A-2512), alkaline phosphatase conjugated goat anti-rabbit
IgG(A-3687), peroxidase conjugated goat anti-rabbit IgG(A-6154),
p-nitrophenyl phosphate(N-9389)%  SigmaAldlA  TFY3tl L, KLHE
Calbiochem®| A, tetramethylbenzidine® Boehringer mannheimol X T3}
% t}h. Microtiter platet Nunc(maxisorp, 442404)ell 4 T+ 34 ot

FxFur-Sol A} ALL8F parathion-methyl, parathion-ethyl, fenitrothion,
bromophos—methyl, chlorpyriphos, paraoxon, azinphos-methyl2 Dr.
Ehrenstorfer GmbH(Augsburg, Germany)Z%¥ 139t Fenthion
TG ARIAZEE TG 49 do] AR

ELISA Reader: Bio-RadAl A% (Model 550)& AH&-3t912.7 washere

Nunc A&F& AM&3F5ch
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B3t o5 R o3 APsch. 2~25 kg FAA=Ae] §4
4R E7CA PBS(05 mL)Yl 9 500 xg® WYL Freund's
complete adjuvant$} ¥-3H] 1112 {FHAA E7] S(back)d o8] ¥$1(20
~25 sites)o] 3§ FAl(intradermal injection) 3¢tk 2 ¥ Freund's
incomplete adjuvant® A§3te] & Wi oz 2 6, 10, 14F 9 boostA A
O FAE 7~104 Fol E7S] A $HozRE 4L A3 4TANA
1242k o] AXAA F AL (3000 rpm, 208)0) & PP B
Ao AREAIZAA] deep freezer(-70T)ol E#dATh TP 5F
hapten, 2% @d, 2 AHdd d 2vig)e] EAE AEHens F
20%& AU

3) FEH9 4t &4

FEH g qrhtiter)= ¥1AA +3 ELISACl o3 thge #HAo
2 ZA33 . 0.1 M carbonate-bicarbonate buffer(pH 9.6)o1 %< ¥ 38
A1 pg/well) 100 #LE microtiter plate?] welldlAl incubation(4C, 124]
b o]4) Al th¥ PBSTA(10 mM phosphate buffered saline + 0.05%
Tween 20 + 0.02% NaN3)Z 53] A st 1 % gelatin® 9 200xLE
welldl o] blocking(37C, 1A17t) A1zl ¥ PBSTAE 1:16000, 1:64000,
1:256000, 1:1024000 wis2 &A% ¥A 1004LE wello) A incubation(37
T, INZHAIF S, A3 ¥ PBSTAE 34 (1:2000)8 alkaline phosphatase”}
Z¥E goat anti-rabbit IgG 100#LE wellolA incubation(37°C, 14]7H)A]

Aok A& ¥ 10% diethanolamine buffer(pH 9.8)¢] =9 &2 7|4

—

p-nitropheny! phosphate(l mg/ml) 100 #LE& 7}8k & 37ColA] 3087

ot

incubationA] At} 3 N NaOHE 9 50 uLE H73te 9138 FdA7)
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405 nmoll A FHEE FAHA AT

4) 22194 J¥EH 2449

7h 2R g g wEo|y A F4

Hao 97tg et ¥R ngddde] o vl 5ejAQd A
A= wAY H ELISAYLE ZAsdch. 005 M carbonate
~bicarbonate buffer(pH 9.6)o =<0 OVA(I pg/wel) 100 pLE&E
microtiter plate®] welldl A incubation(4 T, 12413t o]AH)AIZl & A FH &
o2 43 A3k PBSTZ 34 A121(1:10000) F8% 100 xLE ¥ 3 1
Azt incubationA1Zl g M 3¢TE PBSTE 341 €(1:3000) peroxidase
7} A%H goat anti-rabbit IgG 100 gLE ¥ i 1A]7F incubationA] 3 th
AHg & 712 EA(TMB-1% HOx 6 mg TMB/mL DMSO &< 400
1L, 1% HeO2 100 L in 25 mL of 0.1 M sodium acetate, pH 55) 100
pLE ¥E F 1087 incubationA At 2 M HeSO48 9 50 xL& #7138

o BEg FTAIIIL 450 nmil X FFEE FHA

W) s Eddl WE P 334 54

Ha 9718 vebd 3EAH S bridge dol7F o 57X WU
g8 MAA 7+H ELISAM o 2349 23dg a9k &, 5714 z29g
e ¥EE 0, 200, 1000, 5000 ng/mLZ 331, 20712 ¥ A& 1:10000,
1:40000, 1:1600002.2 B HAA EE 753 @A 24 22dE 39
ov O AAL G&F #rh IR FYL incubationdtE HAMUT)E A
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¥ EE AL A0~220)9A4 FHAH2H A &9 PBSTI0 mM
PBS + 005% Tween2008 A&3T. WA 005 M carbonate
~bicarbonate buffer(pH 9.6)o <20 Z®W3Y 100 ¢LE microtiter plate?]
wellll A incubation(4C, 12A13F o]/ )A2 F A gdoz 438 A3
. 10 mM PBSol %<1 02% ovalbumin 492 & blocking(200 «L/well,
1A3F) g ¥ PBSTE XAz &84 100 L& ¥ 1413 incubationAl
Ao A3 £ PBSTE 34 €(1:3000) peroxidase?t ZA#E goat
anti-rabbit IgG 100 #L& %3 1AZ incubationA]| At thA] AH & k&
7144 H(TMB-1% H202 6 mg TMB/mL DMSO €9 400 zL, 1% H:O.
100 #£L in 25 mL of 0.1 M sodium acetate, pH 55) 100 ¢LE €& %
15% 3t incubationAlZth 2 M HaSO«89 50 L& #H7Melod w38 F9
A1 450 nmoll A FREE FAsA

t}) Fenthionol| t]dt ¥ Ao Eoj4 &4

Fenthionoll W& 8 H 9] 5o]J(specificity)& AWR7] 948 207HA
&8 A (1:100002 314)3} bridge group®] Zeol7l ©h& 571A I A0
ng/wel)S M2 z¥sA FPH 1Y ELISAY2Z 23d& 3. =
B&94g incubationAl71E #HHUC)E AYF EE AL A4 P
Rnom AHEdL PBST(10 mM PBS + 0.05% Tween20)8 AM&d%tt,

a8]3 fenthion EFEH4L 10 mg/mL MeOHZE stock &4& UE X

to

PBSZ &3 100 ppm(10% MeOH-PBS) ¥%¢ £4& v51 o]AEL 10
% MeOH-PBSZ 10Wi¥ #3] ¥ 3L £9& THEAYG. dAA 0.

carbonate-bicarbonate buffer(pH 9.6)9 =<9 =3P 100 gL

[l

5 M

microtiter plate®] wellol A incubation(4C, 12417t o]4}) A7l & Al %L

- 176 -



o2 43 HAHsEY. 1% ovalbumin £dGn 10 mM PBS)SE

blocking(200 wpL/well, 1A1ZH3 £ A #3A . Fenthion EF89(10°~

P

10° pg/ml) 50 pLE H7ME F uvi2 ¥¥AH 50 x#LE ¥ 30
incubationNZ e, M3 F, PBSTE 34 9(1:5000) peroxidase?} ZA%E
goat anti-rabbit IgG 100 #L& ¥ 1A3t incubationAZth A& oh&
714 £ H(TMB-1% Hz05 6 mg TMB/mL DMSO &9 400 «L, 1% H:0:
100 ¢£L in 25 mL of 0.1 M sodium acetate, pH 55) 100 #L& ¥& ¥,
10¥-7 incubationAlZ{th 2 M Hz50.8 50 ¢LE #H7tste] A3 & T

A7) 450 nmol A FHEE SH}AT

5) Fenthion ELISA 4 ¥

71 YR FZE7F ELISAC nx& %

Bridge group?l ol F+&7F th& 77kA 9 B IFYol ELISA 71X
E 9%e AT 4749 zedde di A ANusE 224
AU A AAs A} ELISAY #42 4)9 thst frAbsh SHERAL
1INz 23 &4 FAel4 1:30008 A9 UmA e ZHes 5
o H%ZHE % Control o2 vehiigion og Hd dsiM 1 @&
T3 AT

% Control = (A = Abackground / Amax~Abackground) % 100
Abackgromnd © FEH 0] & B4 FA=H
Amax @ FF0) S B9 FHE=F

W) Alggd gujo 5 2 g3Fo] ELISA A& I
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Fenthion X589 ARA] acetone, acetonitrile, methanol <& A}&38
Ko, 2+t g 5%(6% F7)-8m-10mM PBS), 10%, 183 30% %
A 28 HE WEAY ELISAS HH L 5)9 7h)9 A&t

th) 74 A AIZte] ELISAC mlA& B

Fenthion® g &dol FA o s st Al3E 308, 608 221
1208 2.2 st o ELISAS #A & 5)9 7H9 Fd3tA st

) TSl o FAHe Boly zA

gt ELISAY] fenthiondl thd So)A 2 dolrr] 939 fenthiond

fAbE Fxe 2AE, 3 OE 47194 Fopel o g AL
AT HARSHE g Ho) dAsA %2 hehi ok

l

Cross-Reactivity (%) = (ICsx of fenthion/ICs of other compound) X 100

1 80%E AFHAMIE B

) 893 R FEdH 9 97 34

Fenthiono] ti$} polyclonal A& AAE7] ] EFo A 10Fe HY

Hda~e)S I &FAHintradermal injection)dt i 45 Z+H 2 E boostE A
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sle] Q& F¥AYS uAA - ELISAYLE H7(titer) $H &

+ Table 2-99 Zv}.

Table 2-9. Titers of antisera to immunogens, 4a~e—protein.

Immunogen Antiserum Control! 1st 2 Znd 2 3rd 2 4th ) 5th
(1:256,000) boost® boost® boost” boost™ boost
4a-BSA 593 0.178 0232 - 1.274. 1.223
581 0.175 0004 0920 1436 2778 1567
4b-BSA 228 0195 0035 0481 1089 2607 1403
445 0152 0173 0630 1191 1735 1.348
4c-BSA 976 0128 0027 0584 0739 1202 1136
834 0230 0150 1.164 1.008
4d-BSA 657 0130 0023 0566 1576 1581 1455
334 0129 0005 0.31 0026 0629 0.776
4e-BSA 799 0154 0016 0378 0805 1534 1138
325 0.162 -0028 0235 0256 0430 0.797
4a-KLH 663 0.149 0024 0366 1.434 0.139
478 0.172 0025 0056 0429 0247
4b-KLH 946 0.184 0081 0421 1.191 0530
237 0148 0068 0704 1.236 0479
de-KLH 748 0138 0046 1256 1.302
314 0289 0070 0508 1.209 0630
4d-KLH 582 0133 0181 0865 1681 0446
821 0149 0102 0301 1.196 0470
de-KLH 79 0128 0030 0372 1.192 0468
122 0.151 0103 0272 1.978 0775

absorbance at 405 nm

. average A of control sera,

Control % &, W3} s}7]

% A of serum-A of control serum

e AL fenthionol W3t G717 A<
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fE Ao YEgew boost7t APEFE Yo FF=HLS 7183
T 499 da~e-BSAY walNE diFE 43 boostl A EE 23, 5%
boostol A, W da~e-KLHe| ti#lAl= 32 boostll A Hth H7HE I
o},

AQEA AN FAE £ A=} Jd9d 2 9%& AR |

- F
3t} duk oz Ao AL AIFEE WY system, WY, HY
protocol &9 93 93 wedH(Marco, 1995) ¥ AFME 2 HY
of dalx 3ddAHe Hr7 d2A YEd AL ohvtk HAFFEY WY
system ol W& HAo2 Az}

2) 22194 g8y 229

7h) ZEaddd qig F¥Y v 5o A3 F4

Agadde tg $¥Re WSolHA A¥E 24 Ade Table
2-103% o} WS04 AL A fe Ao vehgr

Table 2-10. Non-specific binding of antiserum to coating protein, OVA

Anti-
™7 503 581 298 445 976 834 657 334 799 325
serum
0. D’ 0222 0115 0154 0066 0061 0077 0149 0059 0.079 0.059
Anti~

663 478 946 237 748 314 582 &2 795 122
serum
0. D.| 0,070 0078 0074 0077 0060 0064 0066 0075 0073 0.076

* . absorbance at 450 nm
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W) 2Ll g FHYS A8

2 AT 42 207+ F¥ S haptendt @ Abol9 bridge]
oj7} o 57kA 9] Yol s 22U A} Table 2-113% ZH.

Table 2-11. Titer values of antisera against 5 different coating

antigens.
. Recognition for coating antigen(A")
Antiserum ; )
Immunogen (1:40000) Coating antigen(500 ng)
' 4a-OVA 4b-OVA 4c-OVA 4d-OVA 4e-OVA
4a-BSA 593 1.07 1.02 0.95 0.75 0.62
581 1.19 1.24 1.16 1.20 1.29
4b-BSA 228 1.12 1.17 1.03 0.72 0.68
445 0.74 083 0.82 0.76 0.80
4c-BSA 976 0.75 0.78 0.78 0.54 0.45
834 0.85 0.97 1.08 1.01 0.98
4d-BSA 657 0.92 0.94 0.72 0.64 0.60
334 0.32 0.39 0.40 0.40 0.35
4e-BSA 799 0.81 0.78 0.70 0.58 0.58
325 0.65 0.79 0.84 0.84 0.80
4a-KLH 663 057 0.56 0.53 0.46 0.38
478 0.59 0.54 0.51 0.47 0.38
4b-KLH 946 0.67 0.73 0.64 0.55 0.52
237 1.13 1.14 1.03 0.96 0.81
4c-KLH 748 0.74 0.79 0.71 0.58 0.53
314 0.31 0.30 0.31 0.29 0.23
4d-KIL.H 582 0.72 0.71 0.59 0.61 0.50
821 0.86 0.89 0.80 0.84 0.76
4e-KLH 795 0.70 0.70 0.60 0.58 0.55
122 0.68 0.81 0.77 0.75 0.70

*. absorbance at 450 nm

EEo] ¥ o] bridge Zol7t thE 57k 9] AP 5o A

p

sgo] & Aoy YENTH 114000022 AAIZ FdHo] HEY 23
g zAA 1009 7t7he F3EE Jeldde AL T i@ FA
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23go] w9 ke AE YEHELH

288Qel  bridge Aol wWE FYA AsHE HAHHEW
homologous¥ Z#dA o & g Role AFEE HEdD. =
31313 503, 228, 445 976, 834, 663, 478, 946, 237 FolAE WY bridge
Zolsl 2L bridge ZolE 71 AR F Pl disiA FHHY A5H| o
RAom o Zolg zol7t E4F AsPE TPk o AHAEZ &
bidge Zole] A4 U A AFYe) 4FE VIS ¢ 7 A
Harrison $(1991)9) AFAANE F8% 23 177149 ZE FEA
o] heterologousd Z¥o] H3l homologous® ZFIA o & d71& EA
th, 2eY 3 o)zt atkA] A ¥E ReE Kol bridge groupS T8

@ #9ZAAAE ohgn B F ok

t}) Fenthiondl] W3 38 Fo|4

Fenthionol ¥ F8H9 5o]A(specificity)& #HE7] #As 20744
847 5744 YL E M2 2N FA4H 04 ELISAYCE &3
ds) Rgroew 1 A Table 2-129 2.

E AYAE g z3eA ICoztol 10 ppm(pg/mL)olstE e
g, 97t 24A & 9718 29 F¥HolgtE homologous¥ o2 A
AAA ELISAA & AxE Hox ¥eve Bust JA(Harrison,
1991). Harrison 5(1989)9] ATFoME 97t ZAAolE homologous® =
oA Aol ZYPdel tE AsHol § A FAH ELISAIME
heterologous 3 Z &l Al ICx(0.9 ppm)e] 218 A= A YERRT. A
A4 ELISAdINE 2¥adqd B9 olyzt BAEdd oy A9 A3y

= 28%d 2 olfre IRIU thF A9 AsHr FHEH o
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g Ao ol ¥ F AS WARAEs  FFH7] W&o H(Harrison,
1991). &y B A¥e] ZAF}E bridge Zole o]AAe] fenthiono] et

Wzredl W dEE MAA Fere A THED,

Table 2-12. Screening for inhibition for fenthion.

Inhibition for coating antigen(ICso, xg/mL)

Antiserum .
Immunogen (1:10000) Coating Ag(20 ng/well)
4a-OVA 4b-OVA 4c-OVA 4d-OVA 4e-OVA

4a-BSA 593 16 4 - - 9
581 3 3 4 3 1
4b-BSA 228 4 4 3 11 72
445 5 12 3 4 1
4c-BSA 976 2 3 3 39 2
834 2 - 6 5 3
4d-BSA 657 4 3 10 11 7
334 7 - 6 9 3
4e-BSA 799 1 4 5 -
325 1 5 - 4 1
4a-KLH 663 6 3 4 5 2
478 6 9 1 7 0.9
4b~-KLLH 946 9 5 3 3 2
237 5 7 6 5) 7
4c-KLH 748 4 3 3 4 3
314 0.6 3 4 4 6
4d-KLH 582 10 6 7 10 19
821 3 3 6 5 3
4e-KLH 795 04 2 2 8 -
122 2 3 7 7 20

- higher than 100

3) Fenthion ELISA 9
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7h ZH &Y F27F ELISA vl &

29 8A9 bridge groups] FZ¢ Zolst ELISASY WA= A&

g 8ol it A= Fig. 2-465 #l.

120

—o— 4a-0VA
—m— 4b-OVA

T T LS I R0 B S I B 23 B e MR R T
T T I T I I

102 102 101 100 101 10
Fenthion Concentration (ppm)

Fig. 2-46. Effect of length and structure of bridge group in coating
antigens on the slope and sensitivity of ELISA
antiserum, 4b-KLH, 237, 1:10000 ; coating antigens
4a~e-OVA, 20 ng/well, 5, 6-OVA, 125 ng/well.

Hdda FEFPY Aol bridge groupdl ZAolRrtle TR o]AA 0]
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A e o & 9% MAEs Aoz yeud ojRe W9dd
bridge group®] TZ$ Fold F2E 71 P T HE A I3HY
o] Zagoz A WNAEI FA4E AoeE ATHT 6-OVAE IV IY

o2 AHEHE AS WA g FXAN ICHIE 029 ppmoZA 71

I

whotth, o] EEFALE SEyuetelA HdAE fenthiond] WHF 871&(0.1
E2 005 ppm)e AFE T USE HEdL.

) #718ue] F5F R o] ELISA vA& 9%

71 4ue] FHG #Fol ELISA mIAE 3o Wt ZAI}+ Fig.
2-47~499 Zrh.

100
—— 5
80 —- 10
—a— 30
60
B
5
S 40
R
20
0 -
B AL b e e e L
0.001 0.01 0.1 1 10 100

Fenthion Concentration (ppm)
Fig. 2-47. Effect of methanol concentrations(v/v 9) in fenthion standard

solutions on fenthion ELISA : antiserum, 4b-KLH, 237,
1:10000 ; coating antigen, 6-OVA, 125 ng/well.
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-5
80 —#- 10
—a— 30
60_
E
8 40 1
ES
20 A
0 -

109 102 101 100 10! 102
Fenthion Concentration (ppm)

Fig. 2-48. Effect of acetonitrile concentrations(v/v %) in fenthion
standard solutions on fenthion ELISA : antiserum, 4b-KLH,
237, 1:10000 ; coating antigen, 6-OVA, 125 ng/well.

120

_ —-5
100 -a&— 10
—h— 30
80 -
B 60
3
o
R 40 4
20 A
0_

AL B o B 2L e a4 e 2 14 M AR LA B R L
T T T 1

10° 102 10 100 10! 102
Fenthion Concentration (ppm)

Fig. 2-49. Effect of acetone concentrations(v/v %) in fenthion
standard solutions on fenthion ELISA : antiserum, 4b-KLH,
237, 1:10000 ; coating antigen, 6-OVA, 125 ng/well.
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Methanol ¥#0] 5%t 10%9 %ol xol7k A9 YehA gke
U 30%9 A$-ole ICoetel 2F %oATh Acetonitriled] ¢ 30%7HA]
g3 % fenthiono]l W@ ELISAY WzAdels & I9Fe vAA IR
t}. Methanol, acetonitrile® @ acetoned 7% 30%d ™ ICw@tel 7t

Sk

t}) A A)7to] ELISAC WX& F3

28395} fenthiond] Aol g ZAAZre] ELISAY vA= Fl

3 A& Fig 2-503% 2t

80

70 —e— 30 min
—a— 60 min
60 —&— 120 min

50 -

40

% Control

30 +

20 1

10

A AALL SRR IS a1 s Ll e A
10 102 10 10° 10 102

Fenthion Concentration (ppm)

Fig. 2-50. Effect of incubation time on ELISA : antiserum, 4b-KLH
237, 1:10000 ; coating antigen, 6-OVA, 125 ng/well.
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APALL 0B, 60%, 120802 H& o o|Ho] ELISAY 0@AoE
2 Qe nAA Fgom ICoRE 056, 043, 0482 A<l xFolg MolA|
Fskth o ABERY BANLE Hase) AHAE AYNRE BAZ
oetz st Aol Agstn wwET

) A g WA o4 24}

Fenthiono] W@ ¥ Feojdg& deotrr] )3 fenthiont FAE
T2E 7MY BE #7194 54Ed dE aAPEdE 2AELH 1
A3 Table 2-137 o).

Parathion—ethyl, fenitrothion ~1#]3l parathion-methyldl] WlsiA & @&
EAEAHE HRL e $4E HlAE aANEEE AL HEuA
sttt wekA B Ao AdTd FEAL fenthiono] thal HolAde] ¥
a1 & 4 9lem ELISAS 9% fenthiond] A HFEAM L HeAo] ¢ ¥
o adEn,

o A8

B dFdqMe 57144 s UFEQA fenthiondl W HHEAURE
4 74 ELISA)E 7i2at%lch Bridge groupe Zol7F ©h& 57} hapten
of ¥ FA(BSA, KLH)E A¢siA d9de HER oA E7d FAF
o 2™ fenthionol ¥ polyclonal & 2071x4& AJvh 23 bridge
group®] ZAoj¢} Fx7} & 77FA haptend]l OVAE ZAHEAIAA AW
At
7+3 ELISAE ol §3lx ¥ mgdggde] g 21833} fenthiondl

rs
il
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Table 2-13. Cross-Reactivity of Compounds Structurally Related to

Fenthion®.

Structure ICso, CRS

Compound o
RI R2 X R3 R4 R5 PPM %
Fenthion MeO MeO C Me SMe 0.29 100
Parathion—ethyl EtO EtO C H NO; 1233 235
Fenitrothion MeO MeO C Me NO; H 1644 176
Parathion-methy! | MeO MeO C H NO. H 1842 157
Bromophos-methyl| MeO MeO C (I Br Cl 2245 013
Chlorpyriphos EtO EtO N (I Cl Cl 270 0.11
0

Paraoxon EtO

Azinphos-methyl

~ |___ ni’ 0
P O—@—Noz

>L|-—S-—CH2—N ni® 0
MeO Ney

 antiserum, 4e-KLH, 237, 1:10000 ; coating antigen, 6-OVA, 125 ng/well
= (ICso of fenthion/ICs of other compound) X 100

¢ No inhibition.

% cross-reactivity
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e Sold g 238 Ade thed 2k F¥A ZRaHA o
g H 5ol AFE A gden 1:4000022 Azl F¥H] 1.00
o 7t7he FREE RPon Ao i3 A 1YL w wdrh
o 29U bridge Zolol wE F¥AH 3HL homologous
ZFAAAM o 2 AgHE Hole BYEE et 389 fenthionl
W3 S0l S AR gRE] 2 A ICsoate] 10 ppm(gg/mL)e] &3
Uebt o bridge 4ol¢] heterologyE fenthiono] thgh wztwe] W 9%
< PAA IRt

2 APA A fenthionod]l & 24 24 ELISAY HAzxHL o
&3 2.

Parameter Condition
&g 6-OVA(125 ng/well)
¥ 4b-KILH, 237(1:10000)
Solvent 10 9% Methanol PBS
93} 34 perox1dase conjugated goat anti-rabbit IgG
(1: 3000)
714 TMB-1 % HsO:
Washing buffer 10 mM PBS(+0.05% Tween 20)& 43] Al
Incubation A]3F
(ZH &Y -well) 3} 4t
(B RAAZ) 60 #
(1Z2}Ab-22FADb) 60 &
(BA-714) 5~7 &

o 2HANA H BA ELISAE 3 A 1Cs#< 0.29 ppmeol ey
Agase AxA Hel: 10°%~10' ppmolgth. wakA B QA ToA )
4§t ELISAY $3duvgolA AdA43 fenthiondl Wdr 3E&71%01 F&

0.05 ppm)& F&3 AFH & e AZE /M1 Ak
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A48 AFEE BAE WA AL

2EO Tgd B, A71H W At olge AR
(microfabrication) 71&9 wdg azja AESIH JEFIH 7|a9 T
A&8tE I o)E 7)&9 HEo] ojFojHd wt WM AL HA
1 24d%e ez AR frh. NFAAE 72HA ATl #

it

o
=

o] AEHo go} gogtr HEAHA FHAA E wHo] o]Fo|d A
o2 Myt
B dAFAE #7194 %2 4% fenthiong 437 #d ¥4

o

A E Mitatnz ek AGAMe 9 EAENe YA 841 A
-9 ge 39 F& FAs 2 nH EH2(matrix)d FFol
me}l e A o wHer EA3E £ deH A= 52 9(membrane)
e A & AF, ¢A24 (piezoelectric crystaDll X AEF, #
24 ANY Aol 3y AzA FAY F Ao & ATAM A

st st AGAME A7 AFE AFAA oFojAE AIWRES

ot

IFHoz A3t WY AA 9 dipstick® ELISAelt}h Fztke] B H
g AF(EANSo) o M7 WhHE AV FE FAH HE
717} obd oz stz 4wzl AMst g2 §4E dFY
BF3td AE7N9e2 He oudr dMHa & + U
HAAdAE AYEAYe A olgste TEHE F v WAENH

o ThFE WA FAN FAE nASA T EHERLTS a4 S EQ

[-'N
=i
A

12
rﬁ'.

2NEAS Ao s FPA7E AR ZAA(direct competitive) 42
HARNYE WA T A AFY Aol gy WA A4
74 449 ELISAE $¥a1 olAL FFgation 1 AeE dipstick
& ELISASH AFY 34 25¢ A9 sdd HEsATt
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1. Dipstick® ELISA

7bA4g e 323

D A% R 7171

B Ao AFEE Al 2 AAE Og3 2ok ELISA Hds A% &
2 horseradish peroxidase(HRP), protein A(from S. aureus cell walls),
anti-rabbit IgG(whole molecule)$} blockingS 13 A% bovine serum
albumin(BSA), casein sodium salt, gelatin® Sigmarl, TH& ¢ A}
3,3',5,5 ~tetramethylbenzidine(TMB)+ Boehringer mannheimA}, azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid)(ABTS)= SigmaAt2HE T3}
Qul, BAEAe §794 ¥ fenthion® Dr. Ehrenstorfer GmbH
(Augsburg, Germany)Z2%E T3k  Dialysis membrane<
Spectra/PorAl, microplate® NuncAtel  Maxisorp A &g, dipstick®
membrane & nitrocellulose(0.22 g m, pore size)¥} immoblion(0.45 xm,
pore size)2 MiliporeA}, biodyne(0.45 ¢ m, pore size), ultrabind(0.8 g m,
pore size), immunodyne(0.45 xm, pore size) membraned PallA} Al EF-&
Fol5te] ALgEAT) o9 the EFEATN 434 & EFMY TF
ol BMAY SFo|gion RE Zd9 AzdE 3 FTHRFE AT
At

ELISA 24 % microplate reader Bio-rad model 550& A&

g om AH71E NuncAte] immunowasherg A3ttt

2) A4 ELISA M
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Dipstick® ELISAT fenthion®] A& i1AgA7| B4 2hdE 4
fenthion hapten¥} A& fenthiono] A} e APz A= AH
AR A Adgstgon og fiAM e dd 2AF HFH ELISA
& 7lalo dipstickd ELISA 7ide) 7122 83t

7}) Hapten-HRP conjugate®} ¥4

Hapten-2¥ conjugate /39l Al43F haptend Fig. 2-519] YEld
}FEESoIR e conjugation active ester WHE AMEITH
Conjugate®] A=A HRPE A& o1 active ester& &Aool AFAII]
= ue g3 Zrd HRP(75 mg)E 2.0 mL boric acid buffer(0.2 M,
pH 80)9 3¢9 3 AolFHWA DMF(350 pL)E 4234 Hol=RHo. o7

o} 50 pL<¢ DMF9 *¢ hapten 4c9 active ester(60W] E5)& AT

S
MeO ||
\P—f'O SMe
HO,C(CH,),NH
Me
4c
MeO ﬁ
e
\/P——O SMe
O
Me

HOOC

Fig. 2-51. Fenthion derivatives used in enzyme tracer synthesis.

- 193 -



HA7retn AFHXA 4TAA 24AHESE wEA AT 393t HA
PBS(10 mM, pH 74)% $H+2 F43t9 A§3A &L haptend AA
d F g £9e 4CHA BABAT 69 active esterd G4 FAE
ol T3 A.

1}) 44 ELISAY X263 47

g4 9} enzyme tracer(fenthion-HRP conjugate)d A % & A 938
7] 98 w=& 2esdA 249 A A (two-dimensional titration)& 23} %
2d 2 #AAHL tUEHd 2o F wells HAE FE9 protein AY
anti-rabbit IgG(0.05 M carbonate-bicarbonate buffer, pH 9.691 =) 100
#LE incubation(4TC, 24X1ZHA1Z1 ¥ PBST(0.01 M PBS + 0.05% tween
20, pH 7.4)% 53] A33%c). 1% BSA £ (PBS)SZ well& blocking(d
2, 2AAIZ F FEAHE 100 LB ¥ incubation(d &, 1A17H)A Z o},
A& % enzyme tracer& 100 pL go] A [A7HES ¥SA 7] &
A 714 TMB €9(04 mL 06% TMB in DMSO, 0.1 mL 1% HyO: in
3" H.0, 25 mL 0.05 M citrate-acetate buffer, pH 55)& welld 100 L%
Yol dAGAZE Bt LA I 2 M HSO42 &S FAAIZ F, 450 nm
Aqx FAEE FAsA.

MY A% B dFdA §A ¢ 559 fenthion haptend] W& I¥A
% hapten 4col| W3 FFAHL FHu$7F 1:10000, tracere 1:1000%] 735
7t A ALR BAHUL, o] 2ANA o HAZ AP YA

t}) Fenthion #4& 9% F3H ELISA® # A3}
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Fenthion ¥ #& Y& 5% wW&S-PBSE £z 3o Azs4u)
Fenthion®] =& 2esdA Ao i AHS 4= 2 g
el A o] 315 100 #L9 enzyme tracerd 7}dtE WAl 7 3%

9] fenthion 50 ¢L& 7}¥ % enzyme tracer 50 uL& 7}8+gr}.

(1) Enzyme tracerel] @& x}o]
TE7F B8 F7A FF9 hapten 4c, 63 HRPE conjugateX] 71
enzyme tracer2 ztz} 2x9 AHA-& Psle H A §IFA I conjugate

FEE AY F APNSS ANHn 1 AAE Alastch

(2) Precoatingdll W& =x}o]

Precoating®] o%¥-¢} ¥ AJe] W& xo)E Lolrr] ¢8| protein
A(02, 1,5 pxg/mL) 32 anti-rabbit IgG(02, 1, 5 xg/mL)E welld 100
wL¥ A9 ZZF 4TColA dFW  incubationAlZ ¥ I AAE
control(precoating & 3% ¥& Z)3} wlw st} ojsle] AL ol d A

A AR A F APk

(3) Blockingell @& x}o)
Well& protein A5G  pg/mL)E precoating3tx 1% BSA&N o

blocking 3| blockingdt#] ¢¢t-& wje] Aa}e} nlmsldy}.

(4) Fenthion¥} enzyme tracer #7}¢] A7} 7+F o] wlg& x}o)

Fenthion& %2 ¥ enzyme tracer& ¥7174x8 Azt 7484 wtg 3}
°|& otir7] 9] ARk BAL 0, 10, 20, 30 Fo 2 st 1 Ay
& vustgl.
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(5) 77 incubation AlZto] WE X}ol

Fenthion® enzyme tracerzt¢] 7Z7ut-&olA incubation AZbe] wh& 2
o]2 Yolry] 3 20, 40, 60, 80 ¥-3 incubationAZl ¥ 1 AIE Hlu
&k et

6) FEHo & o]

AreAol7t g8 $71A F79 hapten 4b, 4cE WA Yozdto] A
83 & A4t ELISAE A8% & 1 238 wudgt 2 &84
sl o] HEEERY 2% AXs 20AN FEYH tracerd] TEE
g 239 HAE ¥ F AYNEE AAA.

3) Fenthion ¥4 § dipstick® ELISAS 7}%

JalA 71%% HFY ELISA /AEe ARE 7|22 8o dipstick¥
ELISAE AwstnA 3ttt A8 membraned] ZLAAIZHS™ enzyme
tracerd] ZA 24 HRPE A48ttt du 3 Z2EZg £ & 74

248 A5

7}) Dipstick® ELISAS] du]3 Z2EF

(1) Test strip®] 4]

Plastic sheet& 05x5 cm2 #ehdlo} stdel membrane(0.5X5 cm)&
BN AR FEZ MY FEH S membrane T4 3 pLY HF
39t} BE test stripg 3083 AZRAIZ F 2%(w/v) sodium caseinate-

PBSo| 3087 @70 Eo2M 4R E blocking 3R PBST buffer
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& Ahgsta] 23] Aol F AxAATH RE& Adstd 4TAAN BRaAsHEA

=

28¢ vt AW ALS3HHT

(2) du|y Z2EF
200 pL fenthion €93 200 uL enzyme tracerE test tubeo] Ho] &
a1 30%-7t test strip® E£E9] FWHA incubationAlZl ¥, TMB €402

3~587F 4 A AT, Fenthiong Al-831% &2 3 $-E negative control=

iy

st 62 HIlARto] 2|8 negative control® WWEA FEE £
fenthion®] ¥ 5 & 7 %37 (detection limit)2 AsAtt Z2EZ AAYAE

Fig. 2-529) el o},

A. Test Strip Preparation

= Antibody Coating Step = Blocking Step

< <
}% "<-< é

B. Assay Protocol
= Competitive Immunoreaction | = Color Development

I “ 34 s,
| <

negative positive

(L]

—< antibody Blocking agent 0 = © Substrate
4 Fenthion <Al Fenthion-enzyme conjugate

Fig. 2-52. Schematic representation of (A) the test strip preparation
and (B) the assay protocol.
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\}) Dipstick® ELISA® 33}

(1) Membrane®] F&Hd w& z}o]

Membrane®] F§fFo wW& Ho]E& LolHr] 3] nitrocellulose,
immoblion, immunodyne, biodyne ¥ ultrabind®& X &3} 5% 9 membrane
& Abg8te] dipstickd ELISAE Aldsln o 235 vlasdh. g9 2%
o] As+ HeER 16X, 33 FHTE 5%, PBS buffer2 2083 HX¢

B F SRR F4 359 A9 WAL Yol ASHAT

@ A4 FYH A5 AR

Membraned] TASE F¥He 4 44 E A4 98 $Y%
€ PBS buffer(10 mM, pH 7.4)Z 1:100, 1:500, 1:1000, 1:5000, 1:10000°.%
uel gHS ¥ 2 2%E vasdd

(3) Enzyme tracer® sz w& o]

A A3 enzyme tracer? FEE ZAAS7] Y3 enzyme tracerg& PBS
buffer(10 mM, pH 7.4)2 1:500, 1:1000, 1:2000, 1:4000, 1:80002.2 & 3
Mete] o1 Axg a3 HT

(4) 71298 FFA g #o]

HRPY 7|4 2A ABTSSt TMB 712 & o= o] &3] dopr gt
t}. ABTS9 7% citrate buffer(0.l M, pH 4.0) 11 mL, ABTS €943
mg/mL) 1 mL, 30% H0: 4 #L& &E¥d4 Azsch. TMBE 2)9 1)
dxet FLE WPz FHEATH

- 198 -



(6) Blocking &9 W& o]
Blocking®] of¥o] W& zlo]E& Yolry] $}3) PBS= A 23T 1% BSA,
1% gelatin, 1% casein, 2% casein®- 2 membrane$ blocking? ¥ 1 A3}

2 control(blocking S 34 &< RA)3} nasgd .

(6) Incubation A}Ztell w}& x}o]
Fenthion® enzyme tracerd ZAAA #E7F FoWA 718 #
incubation A|7+e elx 7] §3 5, 10, 20, 30, 60 £ incubation A]Zk

S gt a1 ARE vasi

t}) Dipstick® ELISAE o] &% fenthione] #4

oA HAF AL o)43te 5% WEE-PBSE AEE fenthion
¥Z2 497 enzyme tracer® AR &S A F 1 ARE 699 HA
of o3 HrleA T

2}h) Dipstick® ELISAE ¢]£& AF %9 fenthion A&

AEANR2A A8 T ANE ALS AL 283 AFAN U8
o AYAL AUT AAT F3hE Tre A2 AGAPCH Bk T
NaE ok NRE &A de 4R % T4 WrHspke)FOo2A
EHlaT ABAR 29 Fore doe PHoE FEHUT. HEAR 2
gF ¥e 10 mLE W3 1083 AolE e 1 mLE HA3) PBS bufferE
A3k 7}5to] dipstick® ELISA B4 9% N2 Agsigrh degel

o] WE xjolE golry] 93 WELEE FEF AEE PBS buffer®
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z}z} 2, 3, 4, 5, 10 W& 3 A3t e FFS 50, 33, 25, 20, 10 %2
ge]3l & ELISAEZ A 83t}

12 < = 1

1) 24 ELISA /W&

Fenthion ¥4& $|3 dipstick® ELISA% fenthion®] A& LA 4l
DA A5 g B2 fenthion hapten® fenthiong Ao ha] Z 3
Hog AFANZIE W F, A3 ELISAS 24 & dagorz | A
ELISAE 4 ¥3l9 dipstick® ELISA 71&e] 7|22 A3ax &

A3 ELISAY #}AL well& precoatingd ¥ A E 1AL, BSA
4922 blockingd ¥ 5% "&&-PBSE §vl& 3l AxE fenthion E
& Y3} enzyme tracerg FAANIE HAE H53h

7}) Enzyme tracerol] W& x}oj

4o % ELISAE /HEstr] e BE4Edd da 8o
T2 A ofgy 49 Ao w1 EMEAN AHHoR HAs=
enzyme tracerg AbE-3todol 3tth AH ELISAYNIA A A3 enzyme tracer
o] dYe AGRAY FyFd 43T IFE A= Rz A I
(Giersch, 1993). Enzyme tracer®] &4 2 HRP$ AP(alkaline phosphatase)
& vlag o, HRPY %97t 714 TMBel dia] S49&9 ZAxrt Fo}
A&¥AE HE L incubation AlZHE £Y ¢ Y Aoz dA Q. B

AFe = Fig. 2-51¢] YEFA  271#] FF 9] hapten®} HRP &4 & AM&
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8t} enzyme tracer® #As9 ELISAE A 33 £ ZAF hapten(de)F
enzyme tracer?] hapten(4c)o] TL&d A7t 71 HAES Aoz AGHIA
. Enzyme tracer® AFE3 ¥ AoAE homologous  systemo]
heterogelogous system¥ H|@3l ¥4 ZAE7F 10008 A= F7HsoE

BdT RiaE o (Wittmann & Hock, 1991).

1}) Precoating®ll @& =}o]

Microtiter plate®] well& precoating$ 224 HIEAN o HFEE F7}
ANA F85E golil FAE AAHLE ALY § ves Aol ¢4HA gl
tHGiersch, 1993). We}A] precoating®] @1 %9 Z®W AFo wE Xo|g &
oli7] 913 protein A9} anti-rabbit IgGe] ¥& @3t welll ZBAT)
31 21 A#E control(precoating & 33 @& R)H W& QA ch(Fig. 2-53).
1-5 pg/mL protein AE AHERE W F2E7F A ERong HAof A
o2 BdEA. Protein AE #39 Fc #&d Solxgoz A#SA Fab
Fio] dukge FAd ¢ UEF FozN AEE F/AATE R

224 9 (Schneider & Hammock, 1992).

t}) Blockingdll wh& =}o]

Protein A(5 pg/mL)& well& precoating ¥ 2] blocking <4<l o
2 23 vlag 23 Fig. 2-54), #E Zo]7F 91232 background F3
E(=0.03)7F ©¥e 22 blockinge 312 &olx FHsl Ro g AW
T} Precoating blocking @AIE EWLI}A e Hiurk Y

(Schneider & Hammock, 1992).
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—&— control
—&— a) 0.2ug/mL
—A— a) lug/mL

—w%— a) Sug/mL

~O— b) 0.2ug/mL
—(+— b) tug/mi
—— b) Sug/mL

Absorbance
1

107 102 10 10° 10" 102 10 104 108
Concentration of Fenthion { ppb )

Fig. 2-83, Variation of standard curves for fenthion for different concentrations
of precoating reagents. ELISA conditions : antiserum to 4c-KLH ;
enzyme tracer, 4c-HRP ; a) precoating reagent, protein A b)
precoating reagent, anti-rabbit IgG. ; blocking, 1% BSA ; incubation
time, 1 hr ; buffer, 10 mM PBS(pH 7.4) ; substrate, TMB ;
temperature, RT.

120

~@— blocking
- no blocking
100

80 -

60

% B,

40 -

20 o

B e
104 903 107 107 10° 10' 102 103 10* 108
Concentration of Fenthion ( ppb }

Fig. 2-54. Effect of blocking on standard curves for fenthion. ELISA conditions
. precoating, 5 pg/mL protein A. The rest of conditions was the
same as those described in the legend of Fig. 2-53.
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2}) Fenthion® enzyme tracer A719] Azt tAo] M Aol

fenthion& WA @o] gt AFAZ F enzyme tracers ¥E FHE F
9t oleld WAL BEA2AQ fenthiono] plated] nASE FA o =
A Agsted Ae AF Hwo] @A HY 1 ohg dAd Fdd HPE
o) ArtgoEM EAEAM dF A= ¥ #4o] JEstth(Kohler &
Milstein, 1975). Fenthion& 2 ¥ enzyme tracer® %717bA19] A4
o] e xpolE Adolm7] ke Azt AL 0, 10, 20, 30 £ L= 3t 2
AnE wastgeh 3089 Z$(0Cxn=5 ppb)E AT HHA(C=35
ppb)e Al F3Ee FEe o7t A9 fdemz, A o] A

BAo nxE 4% A e ez Bt

u}) 2 A incubation A1Ztol W& 3}o

A AL 9] incubation AlZtel WE o] E dolr 7] 98 incubation Al
& 20, 40, 60, 80 2.2 g sl AxnE Blas e Fig. 2-55), Azt
o] Z7}3te] wel FJEE Z7pEh 408 olFdE o)zt AR FEdE
g aol7t glglenz 408 AR/ A2d Aog Hln.

uh) A up & 2ol

Enzyme tracer2 4cE AM43}3 hapteno] thE(4b, 4c) F7hA d9d

ouRE d& PR ALt ELISAE ANt 2 A}E Hasd

o 9o APsaRE =22 HAHs AN FHAH tracer?l TEE
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g sRiA 23 HH & ¥ F ELISAE AA % AIE Fig 2-563 2o}
ZEe Aole YeyA @toyt WA tracerd] AHE§ haptend] Tz
7t BAE A7 Ad FE=S o ERY F S BEFR B A}
AEF T AT HEAE BEE) FEE EE E5vh Dipstickd
ELISAol glojxE #E # oyt wae HEE FQs2 2 dipstick
assayE 93 A = hapten 4cE2HE Pl F¥AF S L4

2) Dipstick® ELISA9] 33}

olge HANg HIE £ A fenthions BA37] 93 AH
ELISA® 8% ¢+ Aoz #HAHYOonZ o8 ulgod dipstick
¥ ELISAE 4H3l9th. &A 9 tracers hapten 4cEHEH 9 AL A}

e

7} Membraned] F/Ho| W& =z}

FHAE membraned]l AAHZFAII)E  dipstick immunoassayl] oI A
membrane®] ¥A LAZ THL BAY g5 FUHS gL w3
Membrane®] F ol W& $8%52 xo]g Uolr7]l $3 nitrocellulose,
immoblion, immunodyne, biodyne, ultrabind®] 5% % ¢ membraned A}-£3}
o ELISAE A3l 2 dxE vislgot Nitrocellulose®} immoblion&
Agole S F3 4 Budl MAEA Mo] AlgH o biodyned}
ultrabind= o] A &£F7 sy Mo Wast dojwtth ¥, immunodyne
2 Azl FIsA Jewn =H AL&gfdenz gH e

membrane2. 24 7t A3 Aoz AGHJT. FAE  test strip
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1.0

—&— 20min
—&— 40min
08 —A— 80min
—w— 80min
08 -
®
o
S
-
'§ 0.4 -
»
a
<
0.2
0.0
102 101 100 101 102 108 104 108
c ion of Fenthion { ppb )

Fig. 2-55. Variation of standard curves for fenthion for different incubation
time. ELISA conditions : without blocking. The rest of conditions
was the same as those described in the legend of Fig. 2-54.

120
—e— 4b 1. 800
—m— 45 1:1000
100 —&— 4¢1:1000
—w— 4c 1:2000
80 -
80 -
of
1]
*®
40
20
0 -
S ——
104 107 102 104 10° 10' 102 10° 104 10°
c t of Fenthion { ppb )

Fig. 2-56. Variation of standard curves for fenthion for antisera to hapten
with different hapten spacer length of immunogen, hapten—protein
conjugate. ELISA conditions : same as those described in the
legend of Fig. 2-55.
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membrane°l] LS AHEHA AoJA incubation A GANA &
7} membrane2FE o]g3td o] ofsjHA WS Hrtersh oY
A =9 mebM st A@Age]l dolA A ®rh Immunodyne membrane©]
F5g 2%E Uehd R o] membraned FA g ZL wwHo] EEF
F&o] old FRAF 93 membranest Az WG etE @A)
& REE 51(Schneider, 1995), 3§ membranes] 7o) ¥ FHojy] o
wol wAg Mzl FRo HEd AoR 1B <lh(Schneider, 1991, Marlow

& Handa, 1987).

g AdE 8 g4u5 24e7)

ddge A4 INusE A5 93 FEHL 1:100, 1:500, 1:1000,
15000, 1:100002.2 84¢ & 2 Azg wusded T T 4%E
wajo) Aol dojubA Rkm el kA A FAHLE Mo| dstA
Bhome FEAHL 1110002 343te A3 2 &)

t}) Enzyme tracerd FXo W& o

Enzyme tracer® A% & ZAASY] 998 A4u+E  1:500,
1:1000, 1:2000, 1:4000, 1:8000L.2 sty o AHE H w3+ (Fig.
2-57), AAe F 7290l signalE FH3IFY 22 background= A &A 1}
Elv RHHIPT 1:80002] A& signalel WFE v sty aslEg

enzyme tracere 1:20000]4} 1:40002.2 34 &l ALE3t7]82 o)

2h) 71d e FFol ©E Ao
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"R HAEAAE enzyme tracer?] w9l HHUS D2 344
F7F F Z4Fo divlste] 480 & FHE Wgst E 71F & AHEE)
£ o] w8 tH(Giersh, 1993, Young, 1989). Enzyme tracer®] EA2
A3 HRPY 71424 ABTSS TMB % ol Aol H§dx dolrgict
(Fig. 2-57). TMBE ¥ 3w+ tracer® AMg3d= 2 A3 &
background24% 8 T2 ¢ UAN2U, ABTS= A9 BHo] etz ¢
of Ay FHAF Aoz B,

u}) Blocking oo W& o]

Blocking=  H[5o]#  w©¥gde] Aoz  A¥  background
interferance® ZAA#AH A9l 8% & FAA I3 microtiter plate?
a4 ¥dE #AaAveE o ¢#lA Ut (Morissette, 1991). Blocking
o] %9 blocking Al7lE @Al FHo mE Aolg Lol Hi
signal/noise®] ¥]& 2% casein > 1% casein > 1% BSA > 1% gelatin >
control®] £o2 EA UE}oBR 2% casein®] 7H4 AT Rew Jd

=90

8}) Incubation AlZtel] W& =)o)

Fenthion@} enzyme tracer?] 74 incubationd]| X =7l 2oAA 7%
HE AZHE ol sl 18 incubation AZHE @EEtdM o AIE b|A
AT 5EF 1089 ¢ THe] As) T ooy W0EREHE F
43 A=E YeRdAY. Dipstick® ELISAY ¥ fenthion F% Abo]e]
)] BAE o] Ld] EAL AZ3E 2 negative control®] A Mol 7
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27t #€4E A&dAE 490 28 2& 3089 incubation Al7keo] 7}
T S Ao v A8 AFNAME 308 ol AAESA =
o Z747F JelA gt BaEo] ¢th(Schneider, 1995).

3) Dipstick® ELISAE ©]£3 fenthion® #4]

fell Al st H23 zANA fenthiond ¥EE GEstHA #HA
dipstick® ELISAE 38 vh(Fig. 2-58). 2 A3} dipstick® ELISAZ 1
ppb & =9 fenthion7t# AEo] 7Hsd A2 Y oW o] microtiter
plate’doll A £4€ A} FAIE Fmold.

A% dipstick® ELISAE 3hvte]l 2Efoz 37tA] soke Rog
7V dtARE o7 kA FoF] i FA L ARG test 2EH] oy
FAE At oA FF FA BAHE sssld Ao th(Schneider,
1995).

4) Dipstick® ELISAE o] & & 2 FA ®X 9 fenthiond] #HZE

4 FA 8] fenthiong H7lstn SellN FHF HH3 =z=ddA
fenthiond] H&E 7teAdE ANHIAS A& F9 fenthione WEEE FF
& th& PBS buffer2 34 AA ELISAE A sged dag o o
2t BEAEAE gebd AolBE WEgE o] whE Aol& AN o
@e e mE FAARY Aol A9 veuA gornz Nuft
7 we RS ol 50%% A9)e dadch g @e s
€ "9 A2 A5 JYusrt ZE5E HF 59 fenthion F=7F O

22 AEE 5Y 7 37 dEed AF vwd FHEe FAAN o

o
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Fig. 2-57.

Fig. 2-58.

Comparison of the color development with TMB and ABTS
as the substrate. antiserum to 4c-KLH ; enzyme tracer,
4c-HRP ; dilution of enzyme tracer, A) 1:500 B) 1:1000
C) 1:2000 D) 1:4000 E) 1:8000 ; membrane, immunodyne ;
blocking, 2% casein ; incubation time, 30 min ; buffer, 10 mM
PBS(pH 7.4)

0 10° w* W' 1

Results of the dipstick ELISA with different fenthion
concentrations. @ membrane, immunodyne ; blocking, 2%
casein ; antiserum, 4c-KLH ; enzyme tracer, 4c-HRP ;
substrate, TMB ; incubation time, 30 min ; buffer, 10 mM
PBS(pH 7.4)
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Al F49 w49 PBS bufferst EFEHUen2 26%71 @t £4 23, 4
FAE7F Fvtet AL 25 10 ppb, AL 100 ppb7tA| AE0] 7Hs
AHTable 2-14). HAAAe] JF47F Gl wX= & dis) 23

o d93x= 2 &L vrstdrt. Fenthiond]l Wa S §87]EA
€ Avud, ¥ 34 100 ppb, AYFH ALE 50 ppbolmE LT

dipstick® ELISAE #-&71€A &9 A&l FE3 7M.

Table 2-14. Fenthion detection with dipstick ELISA.

Fenthion (ppb)

Sample :
10 10' 10° 10° 10° 10°
Onion ++ ++ + + + + -
Sesame leaf — ++ ++ ++ + * - -
Kale ++ ++ + * + - -
% Color development : ++, very strong ; +, strong ; £, weak ; -, none

¥ ELISA conditions were the same those described in the legend of
Fig. 2-58 except that methanol content.

L= e

#7194 & fenthiong& HEsH7] AT AH 34 $49 ELISAE A
walga olAE EYE 84 dipstick®d ELISAE 7|43t F W &4
H I enzyme tracerd EAZE HRPE AM431% 3, haptens HE Y9
hapten? 4% A& AHEAS o A7 7B Fssad
(1) 993l ELISAY A% HH3 2AL 1-5 pg/mL protein AZ
precoating¥ & 1:10002.2 348 A9} 111000002 34§ enzyme

tracerE 4087 AAAZ F TMBE 2 A7]&= Aol%ltt. Fenthion A&
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9 A% 10 °~10" ppbol AT

(2) Dipstick® ELISA® HZ3a =& 110022 4% IS
immunodyne membraneo] %3t test stripg WEIL 2% caseinoE
blocking3t tH& A &£ A7 11400022 3143 enzyme tracer® incubation
A7 TMBEZ 2MA71= Zoldth A& A¥E @A 1 ppboltt. o
g o] §3te] AFAE F9 fenthion®] AZFo HL3AE W A=

A& A= 10~100 ppbo] At

2. Fenthion M HY AEE MA2 g

7h Ad e 2

D A & 717

o Aol AREE AF R AAE 9S# Zrh Fenthiond] €2 &4
24 glucose oxidase(GOD, from Aspergillus niger), 713d glucose, &3
Aol A}2% ammonium sulfate™ SigmaAltEEE], peroxider FlukaAt
25E FY59312 24542 #71UA FF fenthion Dr. Ehrenstorfer
GmbH(Augsburg, Germany) 258 FUstAth 2EY AFA 2] Hagh
carbon paste(TU-15ST), silver paste(LS-506])+ AsahiAH Tokyo, Q)]
A F&, insulator paste(SCR-505G) 2 ZstAlw (F)M &8 3A T4 (244,
B712) AFE A AT 2EY AA9 AAEE H8 AL
FeCli& KantoAHY¥E) A FS A4}

Dipstick®d 2E% A9 membraneq! immunodyne(0.45 gm, pore

size)2 pallA} 2% E, immunomigration < 3% nitrocellulose(® gm,
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pore size)™ WhatmanAtZRE T3tk o9 thE EEEHL #4358
Jd 5& 5EFAG FFoIU EAAG T #HFse %S AU
o, RE §99 AzdE 33 FHFE AHESHAT

2EY AA Alz2de AFH(amperometry)d &8 A¢A (cyclic
voltammetry) 59 272 Bioanalytical systemsAt2] A|¥(Model 100B)&
AHeste 3ty 9% 71FAF 22 Orion double junction Ag/AgCl

A= (Model 90-02)& A48t T

2) AFW 9 229 M 99

A7158Hd WA MEr|E Wy o opriHEe AAHAE
(electron transfer) W3 & &A%} o8y Wae 73 (amperometric),
A 9} A (potentiometric), %3] (conductometric, constant voltage) R A%
Z A (impedimetric, alternating voltage) A2 &#A4E 4 Utk 28 & =
e FA Ry A3 AN A o]FojxE Aol o] olA

aRE 71EAQ oFHgol Yerg sl o] g FHo| o|FojAE A

fir
N

o] mBolth W715ery WAME A el s 44E WMeNEE
& AFNOE AFAHE AT FFL FL Ak ol WIAAE ¥
e EaBAR 25 B ARWA 33 1en d9go) e WNSe

29 Ao2AM A FEEA A7t ojFAAxL Tk

2 AdpqME g8 AAEAM glucose oxidase(GOD)E AHE-d A R4
HANME Adatnzt g o] WEe nASF FA A ) fenthion}
fenthion-GOD conjugate”} 7 A&} 1L fenthion®] 5=¢ AF3HE conjugate
8} 4§ Atele whald A HE &3 AZFE conjugated] FE
glucoseZ 7F8te] H:0.8 AAANZ g ol HAE HO® FFHoEN
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A& & AUtk o 4Tl glucose’t AEHWAM HHHE H0:.8 A7]83
Hom MM A BT AAE FAHSA doh

Glucose oxidase

Glucose + Oz + HxO gluconic acid + H20q
electrochemical oxidation )
H>Oo > 02 + 2H:0 +2¢
AFHE Edo] AFA AgsAY gdd o AHE dF& &4
st Zolth F4d AFE 839 FEe YUz WAtz 238

AFE Mg T Argaes 49 F9 v 23 + d%. F
o7 &do] AsHAY #UHE Afe 2 EFY FF/o w v=2=
A ANE A3 AddFgeszn A4S & + At A718geqA A}
48 v AAE AAAF, RIS 283 /e FA4HY O 74
%=& Fig. 2-599) Yehfict.

49 A3y 4L gty o AP o3 FYHL o] HAHd

Al AR AAE 2R3 2 (external circuit)E B34 BRATOE o]Es}

Power supply

Reference electrode —
<+—— Counter electrode

=

Working electrode

Fig. 2-59. Structure of an electrochemical cell.
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of gdog HEoprh W FAAFA gt oyl B S
A #do] BYH A=E dojdtt AYAFFH VIEHNFY 2 MR
b EEA REE o @r] A, FAASLS BYE W FF
(anode)ol\} & (cathode)22 AHE-E 4 $1TH(Tran-Minh, 1993).

E42AF A2dg FEHeter 23d ZPY 7lEe] Bel o&3Hu 3l
th(Prodenziuati, 1994). o183 " 2AZ 7]& FAHoH AR AE
o) 943 438 AFHAME FFeted ol 8HY F3] d3AG A =H
o A 2EYHS w=ed Be ASHI Qv o2 Aad Zd”S
AHA 27 A (squeeze)®] &H P wet 3dAd FH FPHEH S49
o Ada ddd diste 2AXNE 97T Y& JMEA olFAHLEA
54714 HE, Ee2E) $lo] 42 EE paste T& Hddiz =9 ¥
gerz st JFE FAE F UTh

|

O

3 WEW 2EY AN 74

) 2Eq A A2

B Aapolr /AL fenthion £4& 2EY A9 2ad =49 7|s
g o] &% AFA FPAFL I&3 #rh WA, polyethylene(PE) ¥ 9l
AAE-9 71%H Z(reference electrode) ¥ B ZE A F(auxiliary electrode)?
A7 9 BES & pasteR ZUHI F, g@A pasted A3t AP A

F& ZUYEt 2 F, YR AHATH F HAAEE ddge =
aga o Aue WAL Fig 2-609 G 2 FAAAN BHE
13 9AL5(100~150T)oNA LAz dAHE st A5 EAE

T AYEE 73

r)J

o

- 214 -



Ag carbon dielectric
paste paste layer

PE

Fig. 2-60. The steps in the fabrication of disposable strip-type sensor

based on screen printing technique.

W) 2E¥ AM e dAe

2E #d7istet BEAe A A7 (potentiostat) & AM-E-3te] 3
gFgaoz 140 mM NaClE& X%38tT 0.1 M phosphate buffered saline

(PBS, pH 74)& AH&3t4). oA 71€d HHez AA

%
Y
e
P
(m
b

AFE 10% FeCly &qo ¢ 30~4083 Fo, 7|&dF3 ExdF9 &
HEg Ag/AgClE H@AA FUh 29 g 2EY HF9 ¢AgE 9

3t 7|FEAFoR Ag/AgCl, REAFoR WgW%E AE3t9 carbonate
buffer(0.5 M, pH 96)°1A 7]FAFo] dis] 1.2 Ve HALE 7tetq AF
Hg v AFAA FAG AFe AHE Al dE g Aolg F
Aet7] 98t 107 M H:0:8 Aol AAE ¥, 1 Ve A4S 5, 10, 15,
20, 25, 30 ¥t HojF i Alzte] wE AFE A a2 FS HALH
t}.
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™) GOD¢l Fxo & 2EY A9 7§

2EY AF 9o GODE 5 L, 1 M glucoseE 20 «IL HAAszm, 18
T Z1EAFe] i 1 Ve AL do AFe H3E =AsAY AL
£3 GOD9 ¥ %+ 10°~10' mg/mL2 @833}

o

olo

2}) Ho0:8 sko we 2EY A9

AJAZo) AogE AYE AAs7] 93] buffer, GOD conjugate, H:0»
o g £3 AYAFEE 2HEUY. 202 Ag/AgCl 71d 39 A3

0~11 Vo] 24 gt B 2EY A GOD glucosed] b

go
2 AAHE HOoyt 2RHEE, H0® 5 0~10 mM2 2 stHA

2E§ AAM9 AFEE FAS e AGAFY 4% dotrgith
4) Fenthion ¥4-4 HY 2EY A9 F4
7} Hapten-GOD conjugate?] ¥4

Fenthiond] Y &4 #4824 GODE AM&3le™ fenthion hapten 4d
9] active ester® GODeol| A& AlA fenthion-GOD conjugate® A ZstE
AL &3 2o GODO.2 mg)E 045 mL 005 M Bis-tris-propane(pH
6.5)° <2 F AolFHA 50 Lo DMFd| %<l ester(108} E)& 4%
A Frbsta 4TCoA 24417 5 ZWEth 0.05 M Tris buffer(pH 7.4)
2 3FEd FHELX2)3 L YA 3% FHFE FFEA FHQLX2)3 Y

o,
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W) A9 A

Ammonium sulfate 'HE& o83ty FAE A AU (Hebert, 1973)
gAE 20l PBS £402 343t ¥35 ammonium sulfate §%&
B 7bsba 3087 A2dA AAF ohe 10000 xg2 AHEHE ] A
AES 343k PBS £99 AAES A&HT ©S 9A 45%
ammonium sulfate §4& FF 713te] A2 A 308 FAHUT. ThHA
10000 xg= WAHAEHE s IAHES FFadd. @ o 46%
ammonium sulfate 402 HHAAZ thg 3 Lo PBSE A 3d &<

63 F4& WA,

t}) Dipstick Wi A9 257 AA9 74

Hukdg AsHer 5487 A3t dipstick ¥H¥ immuno-
migration W& A28 tHFig. 2-61). T %Y E ¥ membraned] A E
APFANA G AP 2 AHES 2EY AAM9 AAHT ¥
Aol A #ZA& 9} Dipstick W& dipstick® A 2EYE wz Fulg
% dipstick membrane®] 4 fenthion® conjugate®] A4 W& AlF|a §
Z¥ GOD conjugatedl glucoseE 7}3te] Hx0:& WA, 2 vhg,
dipstick®] membrane ¥¥3 2EH A9 FAAFTE AAFEE X0
2AF  F odkger Y H0E AIAA AU
Immunomigration WY& 2E AAe] membraneg FFAN F
membrane®] A FHol FHE 2AZAIL ot FHAANAN AHE
fenthion, GOD conjugate, glucose® ZEZrtEIHI|HOo 2 o]FAAH LA

3 H.0:2 &Aool w, membraned] # %% GOD9 7]1A2A4 1 M
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Potentiostat ———» Signa] output

Detection zone
(strip senor)

A) B)

lc—— strip sensor
strip sensor

immunoreaction

immunoreaction (nitrocellulose)

(immunodyne)

|l | buffer containing
pesticide standard or
sample, glucose

Fig. 2-61. Formats of the amperometric immunosensor with a screen
printed electrode. A) dipstick format B) immunomigration

format.

glucose® AHESAL kG o3 HQE H0:.9 H7H A& UA
AY71E AHgstd dfpyes A& 27k Y F dipstick 8 9
A7t 2ok A@4%0e AHE deiiglens of ¥y dalMT HA 3
€ A =8

Membraned] nAstd HAF FAo v=& ZAAs7] At FEA
AA3} 1:10, 1:20, 1:50, 1:100, 1:200, 1:5002 A8 H& 3 L% HA3

% 1 8¢S controFAE nAFEIA S A vlmeget. FA 9 F
2 nA3 F, fenthion®d AT GOD conjugatee] HAY F=E Z

A7) 993t GOD conjugateE 1:5, 1:10, 1:20, 1:50, 1:100, 1:500, 1:1000&

ztz} B M ste] o ¥hg-& control(conjugate?t §1& 2)¥ ¥kt

2) "1y 2EY AAME 0|43 fenthion HE
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Fenthion ¥ 50 & AFITHNE dRZAY7E o &8t AT EH 7]
EFAF st dAANE HolF At wE AFARE FAT F
609 e ¢lo] ZAAs T Fenthion® ¥%+ 0~1 ppmo 2 31, &
A3 signal® T A& AMgste] RESFAIZT

( Sx - SO )

normalized signal = ——— X 100
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binder 283 B H7FER 0] F3 A ArHWang, 1996).
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Fig. 2-62. Effect of pretreatment time on the responses of strip sensor. :

0.1 M phosphate buffer, pH 7.4 ; working potential of 1 V vs
Ag/AgCl.
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Fig. 2-63. Cyclic voltammograms of single-use strip sensor. : scan rate

100 mV/sec.
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sz GODI W@ ZEZ ¥L4E FE@A/ Robd Aotk BFEYL
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2) Fenthion ¥4 & W9 2EY AN

A2 AFYPeE A3 e o8 7127 v (Baumer &
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Fig. 2-64. Variation of sensor responses for different potential against
Ag/AgCl. : 0.1 M phosphate buffer, pH 7.4
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Fig. 2-65. Effect of the GOD concentrations on sensor responses.

: 1 M glucose solution was used.

- 223 -



Current (uA )

y=-3.07x-1.09
r=0.997

-16 T T T T T T
0 2 4 6 8 10 12

Concentration of H,O0p ( MM )

Fig. 2-66. Dependence of strip sensor current on H202 concentration.
: 0.1 M phosphate buffer, pH 7.4 ; working potential of 1 V
vs Ag/AgCl.
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Table 2-15. Dilution titer of Ab by amperometric determination.

Dilution 1 10 20 90 100 200 500

Current(uA)® | -2.4721 | -2.5941 | -0.9461|-0.5188|-0.4883| -0.4883|-0.4578

¥ * . measured current - background current

Table 2-16. Dilution titer of GOD conjugate by amperometric

determination.

Dilution 5 10 50 100 500 1000

Current(uA)® | -2.4721 | -2.4721 | ~1.9532 | -1.9532 | -0.6714 | -0.9766

¥ * ! measured current - background current
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Fig. 2-67. Standard curve for fenthion. : 0.1 M phosphate buffer, pH 7.4
; working potential of 1 V vs Ag/AgCl.
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cross-linking A1 9} X A A & glutaraldehyde$}t glass beads?t 7}3 @] A

LH A
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2. & AF-Fopel A A dgotrmdt AL wpol e MA el o] &3 ulA

whol WM 9 FFHE transducers] ¥Hll weh A7 HRRAA, wE
AN, GAA, AN, BAN o2 BREG & ARBoRINE 1)
Botd AASH FANE ST D5 obulnd ZHE AN U AL @
78 FRRATh o8 F A AAs BAGE oEF WP e ¢
o,

7}. Carbonate ©] 24 €A A2 o] &3 ALY H7138 &4 44

A718e AAe dEQL AYAY (potentiometric method)2 7]EH =
o AAAFE AHAE EAHsE A2, AT FEHAE EHE
Aol ¥E¢ Hl&dt] Nernst J3 o] m& =9 loggod Yoz

E AP d£EEAX(FIA system, flow injection analysis
system)9t B339 carbonate o] A YA AFE AR &d F o}
nxeatg ST F, ofrlAt FFA 71E 5ojide] v SHELE
82 3¥ beadsol LAAIA EA E7E TE GO, JALE Az FY7
9} AAA I carrier £ 9% FIA system& B3] &Aooz EHE o of
Mt A2 o8 AAE CoSE A8 AVe AIN AANE 2F
oz Aol stttk EZF carbon dioxide electrodeE A1-&3t4 FIA
& ti4l probe type AFE AMEE BHE obvx=AHR ¥HEtY CO:E A
A &4 s+  amino acid decarboxylase® Sepharose 4Boll A Al A lysine
NEEAT FA AR FYU71E B3 Bgrle FY95 2 #FEe 2Y
&tk
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U, ¥ 222 293 (Surface Plasmon Resonance, SPRE) ¥

obvl At AA

D #9d E32E F9Y0l8

FAAe YE BY 2P FFY Yol A9 RLYE
ohgs Zol ackEy. EFzsie HstEEs FwAes WEdy,
plasma 1§ E& Fezvieln 9t 32 Avdt EUFeacisd

AL 1 FEsoln, 1 Uy EepzvRAc 2Ry Wi Ee 9%

fr

AR g BEAS At EAGL AU, ol whA|, AApze.
Wol QA w Ayl 2AEe gkorn YREHOLEE o FH(wave)
ZatzEolgtn ¥ &rh(Kazuhico & Tsuyoshi 1993, Jose et al, 1996).

it

R Ay E F& EW QAAIIIE, 34 EWl o719 A
QA5 AT we BH SH2EH/ gAAT. AR A8 d71H
o] #4& HHUAA AEsE ¥¥ T2 EyE TM(Transverse magnetic)
Hgol ofs A71H AEUE /MY AFPRH A¥sty 2 AZYEL O
S A o] ¥ & 4 A
Ezx,z,t)=Enexpli(kxx-wt)lexp(- | kzo | Z) (Z>0)

Ez(x,y,t)=Ezexplitkx-wt)lexp(+ | kz | Z) (Z>0)

A

o

d7lo A, Ent WF XS AFEE, Excs 750

X

o 44
Uetdg, $¥e A WA XL Fig. 3-19 XWFoge g2

A%, T ouA ASge 2ggord 449 PFaE dehdd ¥ 34

)=
e

0 ()§ Y ES2ES e WHZ GEAE, k=45 = 2oz, g

Abgol o3 FH£EUEG AG AlolojA or]g EW Fg=gd dg 9
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Fig. 3-1. Charge and electric field distributions for a surface plasmon
propagating in the x direction in the dielectric space (z>0)

above a metallic surface (Jose et al.,, 1996).

alt

Az WRE Agste YAFY F54HEH (ke ks=-‘g\/?se} ria=y

%9 f48E 34 -1uT & FUES HEE Fig 329 BATHS
9 F AT, AR WRE daste YABY FEUE k)Y FhrE @
W EB2EY Fos(ky)nT 20 o| AHINE BASA v

ot EW FHZEY YAdo] AdHOEE FHE ¥ & UL K

FajolA zE B EHRES 97|18 & UE F8A F Kretshmann
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ulubol o] MukALzZE o]l A JAMAFI AL HHANE A EE A3t Aot
ojuf, WHAlA ZAAHAAN A= A4 (evanescent wave)Q W E] (k)
9} HAlE FHAA ofrl® ZEelz2ENe A E(k) o FHol o] FoX

©d, 1 #+&% Fig. 3-3% #4.

ks
o)
q‘:"E - Kgp
3 >
0
O -
e
el |
1 | |
k
Y Wave vector
(arb. unit)

Fig. 3-2. Dispersion curve of the light in sample (ks) and

surface plasmon (Ksp).

prism (sp)

+«—— metal (¢,,)

< sample (s,)

L

Fig. 3-3. Kretschmann's configuration for observing

surface plasmon resonance.
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of FxoA ZalFel AAE o) AFHE kot k=2Ve, olx, Yol
AAFZ 62 EH YAlEod ZE &9 HlWo] wAsle A4tue] ¥4
B ko= kew = kpsin 6 ~—\/—;sm0 ot} wtelA Fig. 3-33 o] A4t

she) HEUME(ke)ZHE 2 7187070 WA WA AR 5 (k)

1
u sin 0 W Fold EW SHzEY FEuE (k) BATHY A
#9 A9 FAs wo¥AA F AFMEI} BATE ¢ 5 ATk F 9

1

A FHE welM ke = ks W, IR YA ) TR 0% ZYF
A YAE W, T4 E@e) drlY FR2EY HuE k) 245 %
FHE (keo)7t ©0%] & FRFE 7HARE N2 F90] dojds An @

.
)
kg ko, = k,* sin®
N~
52 S
g8 é
T B ?
B I I
0 kev = ksP k
Wave vector
(arb. unit)

Fig. 3-4. Dispersion curve of evanescent wave vector (ke) and

surface plasmon wave vector (ksp).
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tHFig. 3-4). oldl, YA 49 Wslol g wALG FEE SASH, &4
Be 49 1 g5 ket ZHE A5 £F TE Adees 399 o
FHE (k)BT & ZANAMR Fouxrt EH FH2E0R odsty, 1
A3 FAAHAAN #9 wiAbgo] ojAE AL #AY F UTh

2) Y ZI2E F99% (Surface Plasmon Resonance, SPR) amino acid

sensor?] #-&¢#

FAAE o] 4% GFH AZVEe WmE ASEE, 1FE R w2 Y

=

01
.ﬂm

He AEE A2 AZAJRokIel ol §E7 FAS F7H
3 95 AN & TANE S8 SPR A4S o8 ANEE T2 &
sl o384 A (deta & Touyoshi, 1993 Melendez et al, 1996), 7}
27F A (Nyeon, 1997; Jory et al, 1994; Liedberg et al, 1983), 2 WA &H
7+ %) (Liedberg & Lundstorm, 1993; Kukosz 1991; Millot et al., 1995)¢l A}
£593 %tk SPRY wel2 AL YA do)A Bol old oirla B
2E 59 Ashevanescent wave)7t el o)A FHH ol WALES B
A8 gauE BHEFDE o183 (Douglas & David, 1996), T o
$97e M43 w9 4% W3 5o HE f4¢ WsdY sldHne
picomole +&¢ AFE ALANE FAY F dE ¥ AR A,
AT FAL AL BY FAZE FHANE 01§ 4
94 ARE 8¢ Pdory et al, 1993 BEFZE o)8¥ WY
(Harris & Wilkinson, 1995), Z#]&& ©|-8% Wi (Liedberg et al, 1995)°]
gon, ZeEg o4 WHE Ha A% Polt k2 wEdl ¥
27k asy A N29F 43 Bedl F& FUE AT & A

AN A" ogE

REokE Zad wye BW Eg2E T A4S o8¢ AM A&
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ge A5z, Fuge AW FH2d AF3TAR ANIE AFd 2
Folu|ie it FEE A

AA zANA Futgte] WAIEE A&l gFobvxedt &9 Frd
e deyoes wMstd. oL W F#tzE AW AHdA
sensitive probeZ A&37] WEolth, QA4S BLAEHG W EFH2E
o] A EE ZolA YAr#e FF7H F7EE, oo Hbe| wrube] wkALRE

wol B wE Pah WAE} A2t HE KBNS FEe FoA

lo

QA wrate]l T, wtetd o)A AAbIH(evanescent wave)Ad] ule] "ol

oAbt e] FE gl o A2Rdn.
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L AR o83 B opvmAl AN ALY

7}. FlA(flow injection analysis)® carbonate-selective electrode A2t

A7183t A o2 dyolu S AFsE Ayd i EIdERA A5 A
290 Zt PFotu At EostA Bh3tE T4 mediatorg T4 &
ARNZE RAM EANEE B3 A4 E4E A AFAAY, B4 2

mio

s9 AAAE columnetel ANN ELWS/E WED YYE B4
drsatHos AR PHol AST & 4 ANG. B JuHo
5¢ olgw W/HeH Pae Adgol s Fou te Wyl Hs
A g Rl 98 FARs 41, AT UL B oY 5L
28 sE A9dE Abgo) QWL $RA) Fe FHol Ao, AF
549 $RY0] B3 AGs & Bl BaY BYEI Yol
zRzkel @Al Re wyEel Ak waA HIolx Aol H

Ui A@AAe] FL& &4uE7E 2 FIA systemol 93 A+4A3dMale

o

H

et al, 1993; Cooper et al., 1993)o] &3] A|=H i 3t

B A¥oAE WA potentiometric methodZ FIA systemE o] &3
carbonate ©]& M ®A M Z(ion selective electrode, ISE)AIA & Az 3}
HooluAtE lysined 7|WE @ E2u$ AHEQ COY ionol s A
FHor 7Z¢A FoeEM ANEYW 7ALFE FAHtE AHE A=IHUG
obp 2k AlM F COs ion AEFAE £ ATAAM AFo2 AEHE v
old), A4, COs" iond]l AgH o2 7383 ISER carbonate selective

AZL e EX, dgoluxmAtd) 712 Eo]Ao] ¥ essential amino

o
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acid decarboxylaseE #4338 beadsol LAZFAIA o]RE teflon tubel
AN ZAAWMSVNE TDE GE, vAHom ANREFYVIY dAs HHA

g AE/ESA e AAE AFsAT. A" o AMFACAME

|

carrier €%°] FIA system& F38 d&H oz 52 oA ofrwmit
EAuge o3 MY COS 2 A8 ISE A3 reference I A4
A7 AR EE, o A7)e AYxe ABUY 71dA 53 Fgobre
Ab ool e R o 7 B o] Jbesin.

1) FIA¥ potentiometric system

B AgoA otmnit 248 98] AH&E FIA system® 7lEFx=+ Fig.

59 )
Fig. 3-5¢] FIA #Fx #HFe B Ag4oA A Zg electrochemical

M

flow-through-cell(Ag/AgCl AF)e] AFHAFT o2 ARGHAR, 283 7]
A2 & SigmaA ¢l Corning reference electrode (Double-junction Ag/AgCl)
oltl, HAFd 32E HYE A&5H o 71587] A5t Kipp & Zomen
912756 Strip chart recorder& A&38tHth. AEE& FANE7|o FU87)
218l Rheodyne 3795 sample injector (100 xL)$ Hamilton
MicrosyringeE A}48Q29 carrier §9& YA &2 FF7] $
84 IsmaTec 756A Peristalic pumpE ©]&3 it garobu] et
decarboxylase®t d ol At Sigma (USA)AE AH&3td . o 9
BE AN} Q5L Fluka (Swiss)HE AMEE AL, ZE &9 Azde

2TFSH, €93 (218 Rem) & AHEIAH
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c=[P | = |

l=>LRJ=>=>W

TSe-le wm

M

J
RE

Fig. 3-5. A schematic diagram of the continuous potentiometric system
for the determination of essential amino acid using enzyme
reactor. C, Carrier solution ; P, Peristalic pump ; I, injector ;
W, waste ; R, essential amino acid decarboxylase reactor ; E,
electrochemical flow cell ; M, milivolter meter ; RE, strip chart

recorder ; W, waste.

2) Carbonate-selective membrane ISE #] %}

Carbonate-selective membrane®] *A& PVC 35%, dioctyl sebacate
59%, tridodecyl methyl ammonium chloride 2%, carbonate ionophore 4%
2 o)lFolhon tetrahydrofuran o &s|AlA AZ3Yck. FIA systemol
A4 5 ¥E carbonate-selective A=A 22 Meyerhoff(1982)9F Kovach(1983)
o] W8 A}E3la tubular flow-through carbonate selective membrane
electrode® =t ¢} tubular ISE ¥ PVC tubing (0.89mm id)WH# 2
20 gauge FAMIES AU F 2 Ho) WEZEZ AL & 3 &%
¢] membrane casting £9& A AR3P e, A& Ho| & carrier buffer

£ A3 membrane2 FH3 FIAIN F AR B AME3FAT
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3) AAE79 A

Lysine decarboxylase 16 mg (90~180 units/mg)& 05 g9
CNBr-activated Sepharose 4B$} 0.2 g9 alkylamine glassel ztz}b 13 A
k. Sepharose 4B¢] coupling €92 0.1 M NaxCOs; 05 M NaCl, pH
80 & AM&3Hlem 18A1ZHESE 4CAlA beadst AAE T od 1349
HEEAIFIHA mgkAZT 2 Ad FEA dWEF 98%7F A XA
(Sepharose 4B)d] AP Aoz ALHUY. 8 FUEALE akylamine
glassoll ZZAZAu= 25% glutaraldehyde &< 5 mld] alkylamine glass
g Holsta, d200A 143 % FXE F vwh-§3 glutaraldehyde® &
o] &3lg FHFE AAUY 2 & &4 1 mgg 010 M phosphate buffer
{(pH 7.3)°1 =< £ 5 mlol activated glassE #H7}std 4°Col A 222 &
ot wWx3tvt.  Alkylamine glas beadso] ZAE &A9 coupling
efficiency= 65% & ZAFHUTE ol¢} o] &7 LAY H sepharose bead
¢} glass bead® carrier buffer (10 ® M sodium acetate, 10 * M pyridoxal
phosphate, pH 5.8) $#4 o2 A H3sl4 teflon BA(SHAE 2.8 mm, Z°] 7 cm)
o 2tz At oW carrier buffer ¢ pHE 0.01 M acetic acid2 %51
AR g Ul COE AASAY. E208He YEL glass wool2 L
nipple® 719 Fig. 3-5 & A ¢ FIA systemd] Q423 FE 2 %S Hlusd

At

i

1}, Probe type carbon dioxide electrode® ©} 83t lysine 24843

A AZFAE FIA (flow injection analysis)® carbonate-selective

electrode®] &% F4E AT APE& 3% A3, a4vr39 HF pH
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Z4do] golgkA] %ol BHUY carbon dioxide electroded A&3 AzL

lysine MM & AWste] o0 HHz2AE HAsgo)

1) Probe type lysine A2 3 #Hawy 2 radsty 43

Carbon-dioxide electrode& probe¥ Bl 2 Alg38lE AAW&o] M=
TE AL BN ASHE BEo] FAY dojUER s gAYy A
S4x(Fig. 3-6)0& AH&d P& ANt o] FR o)A NaHCO;9}
lysiner| &l th¥ A=} AEsn agn IFHoz 7445t w
TE2AE BYT o] FeAANE o) &% lysine 2 MM HA HE

24 Fste dgd 49E g go] £yt

-

7H MEZo] 39tE lysine AN HAHEx7 APAY

(1) Lysine decarboxylase®] 3143} ub-g

Lysine decarboxylase 1.6 mg(90-180 units/mg)S A& nlg} o] 05
g9l CNBr-activated Sepharose 4Bel A A|ZT}. Sepharose 4B9)
coupling 892 0.1 M NayCOs, 05 M NaCl, pH 858 Al43500, 184]
Zt &< 4CoA  Sepharose 4B} &EAE ¥ %3 reaction mixtured mut

A AT o A aad F 98%7 AR A nAHUc

(2) Probe type CO: electroded A}-&8F lysine Aol 23947,
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Enzyme immobilized Sepharose 4B

Injection
hole Cco2
e electrode
ﬂ Enzyme
reactor
“ / o OO
00 o0

OO O
o (-] e oNe]
Stirring plate pH meter Strip chart recorder

Fig. 3-6. Diagram of lysine sensor.

Fig. 3-6°lA ¢} o] lysinest &3t CO:E APASE lysine
decarboxylaset= sepharose 4Bl LA E o] lysine A|&E&H3 w7t A &
NE EQ71E 58 Fd=ERen, A3 wggdel §3s 22 ml7t HE
% zdsgoh. ol ukggAg mukgtd FAlY HIHEE o] FA
dojuybn] 1 potential W3HE 30% ojulol recorderel 7]1& 5

Lysine decarboxylase

Z  Lysine P COy
PLP in sodium acetate buffer

wg-ol

dojur, oju Ww&&7]o WAHEY COxx AF9 carbonate selective
membrane2. 2 Mo & diffuse E™ =4 internal filling solution £
H ¥%d 9%g nA AR CO; + HLO <« H' + HCO3 ®&
o] Yoju} internal filling solution®] H' level® A= inner body$ pHAH

of ZgHTt
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(3) Lysine A9 HH7AS2H UL 93 s A=

Lysine AlM 9] ke 24& A3 8 g AFEL +93
At
(7}) A4 W8 decarboxylase-immobilzed sepharose®] 3 2 Abej A A
(4) Sodium acetate®] &= W3lo] WE lysine sensor? 7H<-EwW 3}
(2}) Sodium acetate buffer®] pH7} lysinedld g% ml &= o 8
(#}) Sodium acetate buffer?] PLP¥ X7} lysinedlAl e 781 8hoj
m X & g
(v}) Immobilized enzyme slurry®] %ol lysine AA9] ¢ %o 1l
= 9% .
(W) B2W8 2571 lysine AX 9 Ao vlAE 9 &4
el Oh~0h) Ao A" SR AEL sy HlE :Bsty B1
Mo AFAFRA A &

2. SPR¥ phenylalanine AA &4 g
7h. 4Rkl SPRY MM 9 X 2§
AT TEANY 5F WEAHS HA7Hreal time)oE EAY § YE
E:

L2 ¥Y EF2E THIANE o)&%o 5 &
A% 1 & 9oz HEse Aol FEwnYn. SPRY AAAA

who]  AA o Thekdt 7]

 2Ag0 N2 thE F747 ujd Aol q 2A g0 2 wWAzRY YAk
He #e PEYon wAEI RRxezE 2 dojurh 1y, B
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4 QA ol golnNE BARE ol fa A YA WA YT o)w)
QAP WA HE ZANME GAFS 99 20T BYE %
o AR HEE oS e APZ @AY we FALL 2 )
4 o2 QAPIATY, BY F i@ Abelo) AFAAA FRE WIS &
il

flo

F&uee) EAn QA M e JAE FYQ
e AT A4, BAHE B B4 FuAA e UErt Haw

q
= @Al Jerdrh o)AE ¥W  ZERE F9¥(surface plasmon

)

Resonance, SPR)@X4ole} a3 oW §JArzh& SPRE¥YZ = HET
SPREHZEE wdd ujde FAgd o wUsA Hgsie, wdd
Aol A A% Ws 5o g FAL Wt AV FUEY Ha2H 9
27t WaA @) olnj SPREWZES] WS ANEE adZr 0¥ F
e °)RL WA 2Y (sensogram) ©|Fd2 SPRZIEE Resonance

Unit(RU)Z 343l 7123k AL Resonance signalol 2 .

1}. SPR3 phenylalanine A4 Al2€ A3 L ASAH

1) Phenylalanine A4 A" T4

B ¥ P2 39 AAY AlAYE Fig 3-7% 28 F2E A%H
Atk FYe 3 mWe #olA teole= (A= 670 nm, Imatronic Inc)E
AHEEHE I, o) BolA tele=e FEA Baw DC 5 VY 7§ A4S
60 mAS =9 AFE HEWLETT PACKARDAIS H4d I3 A
(E3616A)E AH&3te] FFatAch 2|3 o] 2eA e wieh Zo] YA
Fo g3 47|He FH2EE ARPARTS JAER, Y Y=g

,.
i)
o
°l-J
1—)4
1)
tio
=
fuirt
L
N
N
f
2
ae!
2

547] (SURUGA SEIKI CO.)

- 254 -



g Abgstel YAEE TM HF AR BFE AR BE (pin-hole)
S 533 d7 ZgF (n = 1515, SIGMA, BK7)el A =, &9 of
dolx WMol Fedrh o HRolA ZeEz AMF Aole T4
o olg FAE A7} 712 o} 29 (n = 1515~1 517, MERCK)&
Zgza AR Atold] FYste] FHE A8 HasY £ AT 2
7, AN olols HZEo® Az 560 xLe WP AHNS ZE AR
FAAE FRoH, A (ighg AFse] ZYFH NgFHdd Aol 7}
ekt o)¥A FAHE AARE X-Y-60 stage (SURUGA SEIKI CO.)
ol LAHEH I o] stageE AHEH ZaFol dAzke] WsE FH, YAG
9] Wgld wWe Walge FE Wil 33 E7] (ADVANTEST, TQS8210)
g of3td EAsAT. 2z FUES #AAFE optical rail

(NEWPORT)¥el gdste HAA Alz=ds &4t

I ! / )

/ Laser Diode

Polarizer Pin-hole
\

LD Driver

Optical
Power Meter

Fig. 3-7. Schematic diagram of the surface plasmon resonance

sensor system for measuring phenylalanine.
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2) AXH Axdd

SPR3 biosensoro] ¢l metal layerts UREH o2 glass £ 4 g =
gEol FHHo glen, Yo| YAE o v W WUEEL metal
layere] EHolA dojdrt of AFdAME, ZYPF (n = 1515)% 24d& 2
7 Ae 9 gre AWMZUL (n = 1522, 18 X 18 mm’, t = 013 mm,
MATSUNAMDE 7|#o2 A8t o] 719 fof &3228 o717 4dx
getzoz ¢tAY F£9 F& Thermal evaporator (&3 Varian(F))%
Electron-beam evaporator (NRC 3115, Varian)2 ztz} S3HA#H A HE
Azstgen zt gHze W3E vlu AENYYG. 2, g9
A B EE AW FPas F Ateld] A FAle UyAIAESES FHEA
naze gAFgoeN At MM RS Table 3-13 Table 3-29 2
TEH 21E A8 AZSA

™

53

=]

fo
¢

Table 3-1. The condition of gold evaporation by thermal evaporator

Deposition parameter

Vacuum 5 X 107 torr

Sample to source distance 33 cm

Boat tungsten (t = 0.2 mm)
Ni-Cr 0.001 g

Au 0.19 g (99.7%)
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Table 3-2. The condition of gold evaporation by electron beam

evaporator
Deposition parameter
Vacuum 7 X 107 torr
Time 1-2hr
HY (high voltage) 4 KV IC
Ni-Cr (thickness) 30A
Au (thickness) 500 A

3) Phenylalanine Al & # &

L-Phenylalanine(SIGMA)S &3iAZd o A83= &vlE 44 F/FT,
0.1 M Tris buffer, 0.1 M Acetate buffer2 @els8A L =2HE A%
=2 H4sd 10° ~ 5x10° M ¥AA 8FFY HNE e =8 #E
NEE AzsAt. =3 buffere] 34120 A g9 pH ¥ & A4
Ae AHR7] 98 pHE 242 4, 7, 1022 93te ARE Az&A

4) Thermal evaporator$ Electron beam evaporator2 =#|Z&¥ sensor
chip & ©]&3% phenylalanined] 5% &3

Thermal evaporator®} electron beam evaporatorol]l &3] Fo| F F#

" AMHes g4 F719 THF U IHENE FAH3NA oA %49

vnAdg F3 A& dAIGY. £ &2 FF59 acetate buffer,

tris buffer® A}-£3} phenylalanin 4 & AE SN LFEZ WUEAT

- 257 -



WA sEwsd mE $UZ 488 24d90m 29 33 Pyd me
R EREREET Y

3. SPR¥ tryptophan AA Al2" AZAAEY 2 AF5AY
7}. Tryptophan A1 A€ A 2 HANE

E Y Fg2E 39 ANA2"L Fig. 3-79 phenylalanine %33
Fig. 3-8 #o] A#sgt. F, 39L 3 mwe] @A o

o] (A=670 nm)E AE3taL, o] #HolA thole=9 FFe R DC
vel % AYH 60 mAS =#<Q HFE HEWLETT PACKARDARY
AY TF AAE A8 TIHFAT. 23 QAR o8 971" e
HF2ELE AFARTE /MAEE, B9 Fe2Eus} 2adve] g9 24 S

i

1]

g0l F7) 98 P ©#7] (SURUGA SEIKI CO)E AM&3le 4AME S
TM# % (transverse megnetic polarizatiom) A ZAth HEH YAIFL B E

(pin-hole)& £33 A =#F (n = 1515 SIGMA, BKT)dl YALE
zZyEe ofdle Al FAAL, o HAAAM ZEFH AAMF Aol
T F7] &9 % FdE) Arieg odAd Y (n = 1515-1517,
MERCK)E Z &3 AAFH Alolo] F903te 24 & & HAs .
aga, AAF otede HEZEoz Ad 890 uld] WHF AHE e Al
2204& FAon, AaGiglg ARstd ZgPFF Alg FAL Aolg
ZhebstAdct. oA FAHE HAFE X-Y-6 stage (SURUGA SEIKI
CO.)$19l 1A F 3 o] stagerx Motorized Rotary Stage Controllerst @7
&t} ©] controller 4 X4+ Handy Terminal I D7009] A5x4 &2 44
Zrel Wsts AgsA 0004°7HA 22 F Utk YAz wighe] wE
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dhAbge] ZAx W3lE Multi MeterE ol 83t &8k #3459 #A
B optical rail A9 AAso] Fig. 3-8% 2 AAM Al2dE TGS
), A4 e+ Fig. 3-99 #th.

r -
Multi Meter Motorized
Micro Meter @ Rotary Stage
= a
il | Controller
| S—— ||
Motorized x-y-0 Axis
Rotary Stage ¢ R
. Prism
In—
I . R CEREE ¥ S RORREE
Pump AE [ Incident
Light
Au Film on . Lb
Detector Sample Cell  Cover Glass  Polarizer  (Laser Diode)
\ J

Fig. 3-8 Schematic diagram of the SPR sensor system.
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k w!ékalqlmww;%i'i’t#i%f‘
Ly imrabair AUBISRATEEY

SRS AV IR PETIA TN
53 bin w b BRI RS B EARIAR
g“n«nnn"“'k
foapprostt

PTYLEiLEL
AL i

Fig. 3-9. Picture of the SPR sensor for measuring essential amino acid

concentrations.

U, AAA Az (Enzyme coated sensor chip)

E AfdAMe ZgF (n = 16157 FHE A7 A9 e &S 7
Zed2 (n = 1522, 18X 18mm’, t = 0.13 mm, MATSUNAMD & 7|#o 2
Ag3ste], o] Zl@9lel 500 A° Aus} 30 A° Ni-Cr& Electron beam
evaporator (NRC 3115, Varian)Z ZF&AZAth Ni-Cr #7be A EH2¢
ALY & E FFAIA

oA 7HA B opHgE F 4 oA dEHoez Py A
o oful:ate] 714 Hold EA WS AMY Aol HEdAU. o 4
PAME A Zgol e JHEE Bol7] A8 E2E glassslol 53
wHog 3AHAZ enzyme-coated sensor chip? EAE nAEHR P&

bare gold membrane sensor chipZte] Z$E& nlustgo. AAFe] Ea
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& nAsE e thed go] gofdt gubge] I HEFsez o
Ewo] OH 7|7} YA =Ed, OH 7|7} Q& 29 e cysteind W A7
cystein T3¢ -SH”|7} §49e] OH 7|9 wH&3tHA FEAE X33
cysteino] Futel o] FHIAAC(EIAEL et al, 1981, Schmitt, et al,
1992). %719l glutaldehyde &4& W&AlA Futetd] -CHOZ|E FFA|0
% tryptophanase® W-3A1ZIch 2 A Feete] -CHOZI$ &4 -NH
717} Ajtste] o] E3t shiff base FZQ -CH=N-7} 3 E3FH FAlo] &4
T A A setAGe o3 Fuhd fle] nAFET. ojoho] AFH

Futate Algst AFEolME HAMH o2 #&s: tryptophan FEY

s

ZAo] 78ty 2 W HALE =4 5EA Fig. 3-10% 229 enzyme
-coated sensor chip A2 HF AydAT olelef L 37HA WHo R
AXste vlmgezd a1 Z&AHA7} Mg S S A9

1) BRI

7h FeEhe &8 fElBE oMAE, FRF €22 AR Aeth

1) 919 feEl®e 1.0x10° M L-cystein §°d] 3217t X g},

) fEBRE ONE, FHF &0z AR A& F 10° M
glutaraldehyde &<l 2413k W2 g},

) fraRe FHFE AR A2 F 22899 HHA 4°C ¥4
1w z) gt

wh) Ao FHRE FRFD AR Mol BA
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A% Fahew AHem 2FSFZ AAU.

W ~vhE By 13 5484 A s
3) ¥y IO

MH~ehe o 13 5de,
oh) Furebe xgsblA A= gt

NH
NH » | 2

I.ou + SHCH ,CHCOOH

[ILTEHTIT

I -SCH ,CHCOOH

NH , N=CHCH,CH,CH,CHO

I -SCH ,CHCOOH

JIOTTHITH

I-SCH 2CHCOOH + OCHC H,CH,CH,CHO ————

iHunmn

N=CHCH,CH,CH,CHO N=CHCH,CH,CH,cH=E

I-SCH ,CHCOOH + EN, ———

kBN

' -SCH ,CHCOOH

Iy

Fig. 3-10. Immobilization of tryptophanase on gold film of a sensor

chip (E: Tryptophanase).

t}. Tryptophan A& A%

L-Tryptophan(SIGMA) A& & Z%<, 01 M tris-buffer, ¥ 01 M
acetate bufferg Abg3sle] ZZ R¥ERRE AFEZ sAFozMH 10°
~102 M 99 ANaEE AzsHU. P gHEdd &5
tryptophan pH W3l w2 MdAd g ¥rry] 943 pHE 44 4.0, 70,

100 o2 2@¥st] A8E Azsgrt. ELE AHESHA BE 39 FTHF
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o) €31¥ tryptophane HMH oz ZgaPenz o ARAE 7z 107
~10° M ¥$]9 tryptophan FEZ XAt A2AMH AHEAdE &
A kg HARzH MAEL 98 tryptophand tris-buffer pH 4.0, 6.0, 8.0
o £33 ANBES AZEsPE, o] tryptophanase BA¥H-Eo] pH 80
oA 71 A 3e] whgo] AU &A1, 7]EQl tryptophan®| plisoelectric
point)= 589 oW, AAMF FAZ TAFA &S wW pH 4.09

tris-buffer A 58 HA4E Ut 2FHEL FadR .

2}, Tryptophanase-coated sensor chip®] 7] & Eo]A F4g

A ZF tryptophanase-coated sensor chip®] ©& H4=olw|i=ite] tff 3|
ME ZAgsheA ARE A7) A leucine £ valine £ FE&

tryptophanase?} 113 8 sensor chipl 2 &A3tE 28-S AAsA

4. Photo Diode Array (PDA)E %% SPR¥ tryptophan A Al AlE2] A=}

7}. SPRE tryptophan A A€ 9] A7)

NAE AN Ago] AF4E 7has del9 photo-detector® 2-
A9 Photo Diode Array® thA 3ttt 7]&2 SPREAAM = zhe] Wz}
of e A B # A= THLE SFAHAFoEN ol e K8
I A 227t AN E=F AT wE W3S 2 AHRE &
Futo] gldnh o]} FAME A3 JYe F HARY TAE HA}
flstel A Bo] obd e Zte] F& FFF vhde F& JAStaL, ol &

FAH o2 A3 monitord SEZMN AlZte] wE HEE FA #AFY
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F7F AU oleld oo Fg A7) st Fig. 3-113 o] A 449
Aol AFe 5 A AZE ol §5a F& FFaAY AFAE A&
}3& Fo] WS WY JAGS e Ax, £ PDAE AR EO
22X 54 dA9 QAR HAR Rl E AL 24 ¢ UASE &Y
th. o]21 ¥ array& AHSEoZMA wkAlE SPR signale]l ¥ prism sensing

elementd] £35S MAAE 4 USh

7 110

. al

Fig. 3-11. Schematic diagram of light input compartment (unit: mm).

(b)

1) AAE FAAN2E AA
7h AME" P /A
(1) ¥°lA (Laser)
gelAE 9 V, 100 mAdA FF3e wEA HolHZ A FAEE

5 mWe Zog Z3& Jetirh BEA dolAe A& sz HA

el ZAB7] dde RoZ 670 nmé HFHE M ot
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(2) ¥47] (Polarizer)

B Age o]g=E SPRAME TM#F (transverse magnetic
polarization)® #-& °]&sfok st olg st HBF7E AU o
A & AR71E 598 FFEE 35 mW 7t HEE 3]

(3) W& (Pin hole)

BEL dojAFe Fo] FANKE 2FY HojuUEA dojute B W
q F 938 B HAFE 98¢ 39 ARE F& WEC Fu AA F
ZEel A71E ofstA wEol Eo. YAF BES FRF FFET 14W
7t =5 SR

(4) A=(Lens)

o] HEME 3/ A=2E 23 ZHNA dste Fo JANAEE
B0l #oh W= g o8 wAY Az=dA ZF FHARNY A”L
50 mm, YAHAEE 1007 HEE HEHRYT YA F d2E FH4E FFE

= 1pWol HES 8¢t

(5) Z & & (Prism)
SPRE WAA7]7] 9% #S gold chipdl coupling 37] 9% Ro=E

o71ME 15159 2HEE e LPFE o §8H.

(6) Neural Density(ND) filter
Neural Density Filteri= SPR %4 %9 #o] detectord] 27| Al #&
AANHoz AFe dgg vk ALEE filterd] FIEE 3%9 13% ©
o}
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(7) PDA (Photo Diode Array) Detector
AAHo 7 23 nA s 2EFL HAEsn o& HFH s #

#HEe 989 & detectory! PDAYE analog¥-¢} digital* & 73Tt

rlr

2) NAFS] AEHE

7h dE e FH R wE AA ASHE

ANAE ANE 247 8 ZddA Hoke o ogat e Ju= aF
drt.

(DEAA & AN=HE

Pin hole Polarizer LaIer

ND Filter

Bread board

Fig. 3-12. Side view of SPR system.
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(2) #olA & A2"E

Motorized
stage ¢— z—bracket
Lens
PDA‘1
N ]
s — |
Rail
| ND Filter | Lens
—> |
O- Stage
Zz—-bracket

Fig. 3-13. Top view of SPR system.

Q) B2 A

A A
1
0
p ®2IOIS iR
110 /
- N . /
180 120
110 20 20 14 30 14 50 14 40
4 - - - - - - D e S »e -
ol 2
ol O
0

0‘0‘0.0.0‘0.0‘0‘0‘0.0’0.0.0.000.0.0.0.0 1202020 %% %% % %!

300

Motor Controller

430

Fig, 3-14. Physical dimension of light input compartment.
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(4) SPR A€o AARF

I
i
L
i
i
i

/.

Fig. 3-15. Actual 3-D view of SPR measurement system.
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A3d A7A% L nF

1. FIAY carbonate-selective electrode$t CO electrode® Al&-3¥ lysine

4T 44

o}n| = Ate] decarboxylation ¥Hg& o]-&3le] otpxit FEE HAAR
MAo et go] PRt Carrier 4 & AFFEZEHN 44 7%
(04 mt/min)e.2 AT AF7 dedde Fig. 3-5 FAA F9dstq F
A2 AYAE SAstdE, YA ulgAo]  recorderdl 7] &€
Carbonate jon H&4 H3# 2 #&4e AN¥e7l He Fig. 3-5 3 &
22718 AAG systemol A NaxCOs EE4Y Fxo e A4z W
sg oEsd P NaCO; HFFAL Fig. 3-16% 2. 1d%
carbonate ion &4 AF9 AEAF FAEe] ¢4 Aoz AR
2 Sepharose 4Bol ®A7F A Y lysine AAWNE7|E 23 712
lysine®] ¥Eo) wg -¢WsE AW ESIT. PLP(pryidoxal phosphate)&
coenzymel.2 & lysine ¥EA 8 Fig. 3-5 9 injector o] FY3}3 o}
il R2%4718 FHse FAAA lysined off o] TEol oA s
Balg} o)w coenzyme$l PLPE carrier bufferel E§A|7]& wWo] o}
ek Az AY EFse A 2o A g dAEA {24718, PLP
of o5 FEHE golo] A vAE Y= AU BLWE

Lysine decarboxylase
Lysine > COe
PLP

oA AAHE COy= COs’2 A#E o] COs° ion A8 membrane A=

negative potential® Z7FAALZA GHAARE FEIH, oW AV T
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AZ AY WHFAHEE recoder® peak height® doj@tvt. 2 A3} lysine
Fxo v peak height W37} Vel e ¢ mWE ysine AFITA
= AFHoR HEAHAJGMX A data A). AFE FIA AFIEQ
carbonate-selective electrode®] #HXEE& F3A17]7] 918 lysine A& F%
7H10° M o8 W9 elM #E$E AN A=At 2 274 A%Y &
5 Aed Biey BHEIdA AdET. CO8 dF =
HCO; ¥ FE3HSoEZ carbonate-selective membrane {Hg-8 99
Aol golatx] Fdrt. ¥R o} AAE carbonate-selective
membraned £ F9| Bl &o]&E #A s Qo vEy
&2 glass beaddl 847F 2AHE A4S 7E FA3 WHOZ Fig.
3-59 FA A A4dstd 7149 lysine = W] e ZIHYEE Ay
Btk 3 A3 peak height7} &3] 2A @ol 71 Ao ojHYut
(data AE). ol digk 99 EMZAFAZE A, "X A i3t a9
coupling efficiency7t Wt (activation®] Pl =z &2 alkylamine
glass®] -NHx7} activated®l glass®] -CHO$ AEE JAFoZN d49)
g/ ste glass bead?t 2HE AE) A, 2E84E A44 PLP/F 84
jk-8-719] glass beadoll Z3tAl F&dE HFE B BE7)U bead®] Z
MeE 2o wet 549 MAL HENEE AAGE AoR2 YEN
123
9o EARES Y3y A AP E @3 H AU probe type carbon
dioxide electrode (ORION MODEL 95-02)& #}#3 FIA A= 2 /=
stk o] A#d AL&¥ FIA carbon dioxide electrode™ standard A&
Q! NaxCOs&-fol thafjMe va FFHo=2 FEe A2, lysines &
A WHgr1E T3 FHRUEA COXT ZEEE BET A NaCOs &

Ho Wl v A2 FEEE BATH o] AL HANEIAME COy
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7t AgHos A4HALY FIA 528 $3 24w$r2RE A3 8
Z17HA EEEkE Ao COb the e ojeor HFAHE Aoz

FEEHAT. o] &4 AAE A og HAME AFEHE FlIAGA
probe B2 wpFo] HYEAT. FIA systemIF3e WER AEF probe
type membrane electrode HAto] Hlaf #-gAdeol BA veElRt 1 olf
¥ probe type AFALEA Wr1F CO: 71A7F AXNAA W o] o}n
w4 Bamtgo gy A4E COo FEHA @& A COs? jonoz A
A5N7] HEY Ao ANHAY 2z HAd A28 ALEsE A
A FAHEA systemell A ol EAFE IRT £ godE F23q
O @Ale] 43E AAlsAh obg, oled 718 AMAAHE 83
of Zs Aol doux e NEE BawS A9 carbon dioxide

electrode”t #l3 ¥ Al2"joA 2 E & lysine AAME 1meka 4ol
2. Probe type®] carbon dioxide electrode® ©]-&3% lysined] #¢&
StA A zZE FIAY carbonate-selective electroded] Z+e¢% &4 413 o
A vEhd FAES AMAE7] 98 2348 carbon dioxide electroded AM&
o MEE lysine MM E Adsle O HAH2A L ARl
7}. Probe type COg electrode lysine &3 AA 8 A2 44 49
1) £A4¥-& A decarboxylase-immobilzed Sepharose 4B9] & A4 4 A

&4 3144¥EE (enzyme coupling reaction)o] ¥4 sepharose® %7

S

f
-

B#Eg o 0.1 M NaCOs 05 M NaCl, pH 80 o] A¢ 4°Col| B3
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Atk &7t 139 sepharose 4B slurryE th&3 Zo] HaAA o A
£ B3

7}) Slurry A : Enzyme-immobilized Sepharose 4B& 10 # M sodium

acetate pH 5.8 24A]7F &9 presoaking@ ¥ A&

1) Slurry B @ Enzyme-immobilized sepharose 4B& storage solution
¢l 01 M NaxCOs; 05 M NaCl, pH 859 H#3 Q=
A&

}) Shurry C : Enzyme-immoblilzed Sepharose 4BE 10* M sodium
acetate buffer, pH 58 &9 % 3000 rpm, 4°Cel
A 5EZF 23 AAHT T ALE.

Slurry A, B, C 200 L& 10> M PLP, 10 ® M sodium acetate buffer
pH 50 oA lysined} #tgAA d& A3 #¢AF}E Fig 3-17% 22
Y slurry A7V 7FE 9% 28-S BT 28 Y slurry Co &4 34 o)
NI s FSEE F4 et o) WHE A4 d A0E AR

|},
2) Sodium acetate?] % W3lo] w& lysine sensord #FE=HEA A

L buffer #9 o2 AL EE sodium acetated] TE=Z oo} 2
A AA FSEE A¥EQY

oy

°]

E
]

A
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7b) Buffer A ; 10* M Sodium acetate, 10 * M PLP, pH 5.0
u}) Buffer B ; 10® M Sodium acetate, 10 * M PLP, pH 5.0
t}) Buffer C ; 10° M  Sodium acetate, 10 * M PLP, pH 5.0

2}) Buffer D ; 10’ M Sodium acetate, 10 ®* M PLP, pH 5.0

Enzyne immobilized Sepharose 4B 200 xL¢} lysine A58 92 471X
bufferdl A ¥H-8-A1 A Fig. 3-18% #< ¢ E %o 10° M sodium

acetateg AHE T HF FEE M ¢4 AoE2 4FHUGD.
3) Sodium acetate buffer 2] pH7} lysine Al #-¢ X9 njx= A

EAWS buffer €802 ALEEE sodium acetate® pHE of#l 9} o)

W3l A A lysine sensor ZSEE A¥H B AT}

7}) Buffer A ; 10® M Sodium acetate, 10 > M PLP, pH 3.9
W) Buffer B ; 10® M Sodium acetate, 10> M PLP, pH 5.0
t}) Buffer C ; 10® M Sodium acetate, 10° M PLP, pH 5.8
@) Buffer D ; 10°® M Sodium acetate, 10 > M PLP, pH 7.4

Fig. 3-19914 Jetd A7 Y pH 39 &AM E 1 ALE7} o ¢
Az23YL 102 MF 10' M o)A E potential B37} - wrgkoz A&
drift F k. =3 pH 58% pH 7491 A& potential 717} ggez ¢

olxte™ pH 50914 potential W&t7t 71 <€ A2 JEhsoh.

4) Sodium acetate buffere] PLP ¥ X7} lysine 442l 7+ slo] w]x
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= 4%

7}) Buffer A ; 10° M Sodium acetate, 10 * M PLP, pH 5.0
) Buffer B ; 10° M Sodium acetate, 10 * M PLP, pH 5.0
t}) Buffer C ; 10° M Sodium acetate, 10 * M PLP, pH 5.0
2} Buffer D ; 10° M Sodium acetate, 10 ' M PLP, pH 5.0

714 <} lysine¥} lysine decarboxylase®] & AuHEAl coenzyme?] 5< &
T pyridoxal phosphate(PLP)9] ¥ X®3lo] W& |ysine A9 #HLE:=

Fig. 3-20% #o] RE Fx° A ¢ #EEE YelUiT

5) Immobilized enzyme slurry®] %o] lysine A9 #&xo] mx A

Lysine decarboxylase?} 31 ® Sepharase 4B slurry® %8 t}eks}A
AEATHA AE D~)ollA A& HH2AG M85t lysine AA e 7
SEE 49 A Fig. 3-213 o] 50 gL slurry® 300 xL slurry &
100 2L &2 200 pL slurry AFSE o) 2o} g %7 wioks 100 x L9}
200 pL slurry bl 102~10° M W 9olAE A2 zol7} glE Aoz
AUt 2839 10" M lysine FENAE 200 pL slurrye Z¢E7}

100 4L slurry®2r} 6 mVAE o &4 Yeuch

6) EAW-E 227} lysine A9 g vl A3

Lysine decarboxylase®} lysine®] &AWHE &EF 4T, 25¢C, 37CE

RSN AedA F8% 49 D~5olA d& HAHxAL 7 g3l
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lysine sensor®} #-&EE THEAT. 1d3} Fig. 3-229 #o] 4T A&
I #ER7 oA ZAaHIL B 9EAZME Adgen, A9 25T}
9251 ASEE F4EHAG. wabA

37TCAAM = AR 30% oY
HygsA AHgdE F de AoR nFE.

& ju

lysine MAAx= ALM=

7) NaHCO; &8N L A3 lysine A S CO, AESA AT A2
AEE Ax

Lysine Al8& AF83F lysine A9 #A$EE 99 Zo] AAFoy
Ax e CO, HEdAE EATER] COt fEl8 & A& NaHCOs EF
Bolg A3 Ao} a47F 1AHH Sepharose 4B slurryE A& 3 Ao
& HuFOoZA Fig. 3-237 #o] &=t Lysine sensord] A& 37
E10°~10" M H9A 713 AFHor ARHZenR ¥ FEL A

gt 45 Agsts Ao B Aoz AR,

8) Multiple Al &8 A3 lysine AA19l A A<l

TLdFEES lysine AEE AMEEHA lysine MM AEPE Yo

Fig. 3-24¢} & A E AU Fd 55 AREYQZ potential ¥ 3}+=

Al AAHAA BB AN APAL W S5 Ao vehyd,

9) Enzyme-immobilized slurry®] recycle 7}5A o829} stability 891

A A7 14 " Sepharose 4B slurrye] &4 48 #7111 4°C, pH 85

oAl 1'd o] A A FAEHY, A& A2 9 Sepharose 4BE th
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A Festel QAR o8 A= 308 o) F AAEIHAE BEh EY
o] Al FRZ KAH] 2 Ago) AAHoR WL it ZAA

d Aoz AlR€EH.

120+

100 4 \
80 A \

60 1
40 A

20 4

potential(mV)

™~

o R -

T T T T T L T T M T 1
1.0 1.5 2.0 2.6 3.0 3.5 4.0 4.5 5.0 5.5
-Log[Na,CO,l]

Fig. 3-16. Response of CO; electrode in FIA system with diiferent con-

centrations of NazCOs.

80 4

60 -

410

20 4

potentia(m V)

v — —
10 1.5 20 25 3.0 35 4.0
-Log[Lys]

Fig. 3-17. Resoponse of lysine sensor at different pH of decarboxylase-

immobilized Sepharose.
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100 -

80 +
—-
> 60 4
E
=
o 40
pu
[ =
V] 20 4
2
[=]
a 1
0 -
———— —r————— T
1.0 1.5 2.0 2.5 3.0 3.5 4.0
-logfLysl}

Fig. 3-18. Effect of sodium acetate concentration in reaction buffer on re

-sponse of lysine sensor.

70 4
60 L) —sa—pH 4.95
¢ pH 5.8
50 | A pH 3.9
a0 v-pH 7.4
> 30 4
E 20
S 10
-
c 0 [
[ v
= 10 *
o 4
Q -20 -
5 ¥
30 4 oo e .
T M T T T M T M T M Ll M T
1.0 1.5 2.0 2.5 3.0 3.5 4.0

-logjfLys]

Fig. 3-19. Effect of pH in acetate buffer on response of lysine sensor.
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804 g . —-10" M
T———
¢ 10°M
s 107% M
60
>
E 401
[
B
S 20
[}
A
[o]
[-%
0 | ]

T T T T LA S A A A |
1.0 1.8 2.0 2.5 3.0 3.5 4.0

~-logfLys.]

Fig. 3-20. Effect of PLP concentration in reaction buffer on response of

lysine sensor.

90

80 4 # —8—50ul
. . & ¢ 100ul
- 4 4 200ul
v 300ul

70 4

60 4

50

40 4

30 A

20

pOtential(m V)

-10 LI T T T N T M T A T T T
1.0 1.5 20 25 30 35 4.0

- log{lLys.]

Fig. 3-21. Effect of enzyme slurry volume on response of lysine sensor.
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90 4
L —a—4°C
807 S » 25°C

70 N s 37°C

60 4
50
40
30 4
290

10 1

potentiai(m V)

0

-10 L LU, S L AL SR S A pan}
1.0 1.5 2.0 2.5 3.0 3.5 4.0

-logllLys.]

Fig. 3-22. Effet of enzyme reaction temperature on performance of lysine

Sensor.

—a—NaHCO,
¢~ Lysine

140

120 o
100 4
80
60

40

potential(m V)

0 - T

ad T -

T T T T M T T T M T T
1.0 1.5 2.0 2.5 3.0 3.5 4.0
-log[NaHCO ,]Jor-log[Lys.]

Fig. 3-23. Resoponse of lysine sensor with different concentration of

NaHCOj3; and lysine in optimum conditions.
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120 4 i
100
—_ 80 4
>
E
~ 60 4
L)
=
[ 40
[}
—
o
> 2 \ﬂ
Y T v T T T g T
1 2 3 4
-log[Lys.]

Fig. 3-24. Reproducibility of potential response by lysine sensor (n=10).

3. SPRY phenylalanine A A28 AZ3HAE 2 J5HAE A3

Crude® ©] 2] phenylalanine decarboxylaset Sigma A|¥(P9957)& T
918} dried Streptococcus faecalisZ2%H F&sIAtt. & 1 g9 dried
cellZ8E] A 5 unit®] phenylalaline decarboxylase activityE 2.
specific enzyme activityZ} ™-$- %A UElNT Alg@eA APA oA
(phenylalanine)#¢] wWkg-ojA A3 37°ColA ¥t =A(pH 3.0 - pH
9.0)3lo]l WA &9 %<& carbonate selective electrodeZ AL A 1
g0 w9 Axdld FAFH AAE A& 5 UNYh. € phenylalanine
decarboxylase®] isoelectric point¥ 548 (pki = 1.83, pkz = 9.13)0]%| 7} ©]
A4E E colidl BlEZ ¥ d¥Adn FEE JHoBE 54-7]F S
o g #ALE7 wl$ ¥e Aoz Jelyttl. o]8 3t Eal= phenylalanine

decarboxylaseE A A sl Apg3td 2 AT AAFY, ek AP A A
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T °] A& AR A8HE Aol UF Zo] A&WAME FHAML A
oz et ol#st EAE HAdsy) 98 e dANNE e =

i g FAAME o83 phenylalanine sensor iL¢te] &H<=3}A ¥ ).

7h AZRYRol & F kA AR )¢ B g #8 = wwst

Az AN 3=

Electron(E) beam evaporator® thermal evaporator Y 2.2 zt+z} Azt
g AR F7] Eo i ASEE FHEJTL o] APANE AAMF
o g7o] F7A FHFE MY 9 BU FH2E FHAY WsE o8
Hog A&d F92s vlasia, £3 E-beam evaporation®$y o2 | &
g 414 A3 thermal evaporation®¥H o2 A ZF AMH Hse HE v
wa R F, ANHE IV Tol =EANA 21 TPLE F4%L A8 F
Ao SHFE FYstdl 543 2, Fig. 3-25 R Fig. 3-26% 2ol
E-beamS. 2 A &3 MM F7A= 4391° oA, FHFAAE 709
7 A FEk= & FHo] wAE 27060 o ¥HZ Wzl dATE o
F At 233 thermal evaporation WP oz AFed MNAHL Fig.
3-269 YJEIY RAZH I E 4381° oA, FFFANE 7068 oA
ET=g ol wAH 2687 o ¥HZL Wsst BEFHUAG. o9 Zo
E-beam® thermal 5 7}A] Wi o2 Ay Fuure v S22 39

o

-1

o] M= FxEE H£EY E-beamo 2 Azd Futgre Fr)s

rlo

&
i3t 748 %7} thermal evaporationdg o2 AzgE Fwgdrd ¢ =
Aoz Yetytth

B, AzdE AAA HERE HA5Y] Y FNY FHA dd

TG FAAE olgHez AEH @I vwasd o A FFHE

- 281 -



wHrerel B4 FHE (N)o] N=0.1376+- 3.5612°] =2 (Nyeon 1996)

B2 Fd& end en=Epmtem=—12.663+7-0.9800c}, 28z, &7
o FAE () ZFFY AAHE (e,)2, 2759 FHES Abhe =4

AATAGO)E &3 A n,=1.330] B3, g,=ni=1,
€w=no=1.768901T}. welA, 7)ol F FH=ZE TRY (6,07 =
Fol g TH2E FHZ (6,,)e GeF go] A&

1) Bolel W@ Ba=E 29% (4,
o e 1266351 _ 1o se-
Ooa=sin \ (e ren ~V TBx (12,6637 D) —43-46
2) £H5d @ Sz $YZ (4,,)
Emen —IZ.3XLT68 11 10
Oup=sin "\ 2 ey =\ 2Bk (— 15,663+ 1.7689) ~ 'L

of AiA & H¥e FHXNE WL, E-beamo2 AFAF MA RS
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Fig. 3-25. Resonance curve for the E-beam evaporated gold film in air

and distilled water.
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Fig. 3-26. Resonance curve for the thermal evaporated gold film in air
and distilled water.
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Fig. 3-27. Phenylalanine detection using bare gold membrane which was
coated by E-beam(a) and thermal evaporation(b):
phenylalanine sample was dissolved and diluted with distilled

water.
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Fig. 3-28. Phens}lalanine detection using gold membrane which was
coated by E-beam.. Phenylalanine sample was dissolved and
diluted with acetate buffer(a) and tris-buffer(b), pH 70.
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Fig. 3-29. Resonance angle shift according to pH of acetate buffer.
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Fig. 3-30. Resonance angle shift for phenylalanine concentration.
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Fig. 3-31. Resonance angle shift for different concentrations of tryptop
han prepared in distilled water.
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Fig. 3-32. Properties of surface plasmon resonance for different

concentrations of tryptophan prepared in distilled water..
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Fig 33. Resonance angle shift for tryptophan dissoloved in acetate buffer

with various pH, (a) pH 4.0, (b) pH 7.0, (c) pH 10.0.
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Fig. 3-34. Resonance angle shift for tryptophan dissolved in tris-buffer
with various pH, (a) pH 4.0, (b) pH 7.0, (c) pH 10.0.
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Fig 3-35. Properties of surface plasmon resonance for tryptophan
solutions prepared with (a) tris-buffer (pH 4.0), and (b)
acetate buffer(pH 7.0).
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Fig. 3-36. Effects of treatment of the enzyme-coated gold film on
measurement of tryptophan concentrations in écetate buffer
pH 80. The (a), (b) and (c) are results of method I, method
II and method III, respectively. '
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Fig 3-37. Properties of surface plasmon resonance for tryptophan
solutions prepared with a tris-buffer (pH 4.0) that
measured using a sensor chip with tryptophanase-coated

gold film.
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Fig 3-38. Properties of surface plasmon resonance for tryptophan in
distilled water using a sensor chip with tryptophanase-cated

gold film.
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Fig. 3-39. Resonance angle shift for tryptophan dissoloved in D.I
water(a) and tris-buffer pH 4.0 (b) that measured using a
sensor chip with tryptophanase-coated gold film.
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Fig. 3-40.
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Comparison of resonance angle shift for tryptophan dissoloved
in tris-buffer with (a) pH 4.0 (b) pH 6.0 and (c) pH 80 that
measured using the sensor chip with tryptophanase-coated

gold film,
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Properties of surface plasmon resonance for different
concentrations of tryptophan solutions prepared in (a)
acetate-buffer pH 80 and (b) acetate-buffer pH 6.0 that
measured using a sensor chip with tryptophanase-coated
gold film.
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Fig. 3-42. Resonance angle shift for tryptophan dissoloved in
acetate-buffer pH 8.0 that measured using a sensor chip

with tryptophanase-coated gold film.
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Fig. 3-43. Resonance angle shift for different concentration of tryptophan
in tris-HCl buffer pH 80 using a sensor chip with

tryptophanase—coated gold membrane or bare membrane.
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Fig. 3-44. Resonance angle shift for leucine in DI water using a sensor

chip with or without tryptophanase coated gold film.
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Fig. 3-45. Surface of (a) bare gold membrane and (b) tryptophanase
-coated gold film observed by a scanning electron

microscope.
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Fig. 3-46. Photograph of actual SPR measurement system in a trial

product of the essential amino acid sensor.
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Fig. 3-47. Screen snapshot of SPR measurement software that is a part

of a trial product of the essential amino acid sensor.
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Fig. 3-48. Block diagram of SPR signal processing system in a trial

product of the essential amino acid sensor.
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A1 M2

AN @ =4gae) B Foly gatde A¥des 2Aso F8& A
2 A% 2Yse A2 F&8 dAdsts ddAEeN FUAS %
A5t Hoke o #Al HAFHI Ark o) F MM FAME A&

24 B2AE Xste 848 Ea9 wAE v WA T2 bioreceptor
2 o4t wole A HEL o8, 4F, ¥F § BEY BopIN F
Ao) & AFEFHT & £ AHEW 7], 1996,

ANE 2R meh AN, X7 AA, FAM, FFAA, Dot
A, BN, ABAA o2 ERE 4 A oM@ BR Jhed & 4
T o] £EE noleAME WEIIF AEHH AL oj&ste 4
ANZA sedsts A3e B A7AEZ AN 48 VR
gt} vlo] QA E 1906'd Cremero] & Fa0l2 S4% %Ei%i:% ks
& Nztoz da ), Ay, F& f718 % 28R AR 5& ° 83
of o]& Hayd A, FEAM, 724N F ohFeA wANgS. 1 FE2
1962 Clark 5& #49 Sol4d] st A48 AFH AFAA &4
o 7138¢ AZs: 998 AL, 19679 Updike Tol A3} EL4E
Aggoam woleHMAE MEL A HoAEA HAew HA I
A8 NA B2y Exgdaxz EAdsA S UAHUpdike, 1967
Turner, 1987).

HEo EA HrtAdE AFe GU7hsh AP oYt 71EY E

o HES EAg BSAE WS FLF 8902 AU BA ABHA
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of Waw JY¥2E HASA AAY AABFE 2y A 4Pl
NFo o NEEst 2 MFE AARL Yt NEEE 4FY Mz
g7], & Bol gaAHe oM 2 F 79 ol AF Fule HZ
Fzho] o8] F2 =AXE Aotk AFe g vAFlds nrte
4% 7% aqE] FHHA golAn B & oid oS AYHoz B

-~

Adhe AE we ojele dolh. E@ oW FuARY FRelE Azt

FEE U$ wed e AAHoR 2EY F UL BE
£ ool AN Rae ASE ¥rh PEAZS 9 biosensors) ALe
2 At g3 ZZ19AC dvtn B 4 Qo vl AEdsEotl
Gl A5 4 biosensorsl $80] BFHY Aoz dddrh. FuAMe

JA7to]l =7E FHHA A4 FAN AN2de T3 HAAHA go=

rir

G

Ueh £E2 o]& HEY 44 @AY 4FTATR AF7HE Bopd £
A & 4 Yot AFd w3 FHE F= ARSE B, A, F2E, A
el

g

4z
of

E, dzHzE, 2d3= Fol dom AA7A ol FHse o

rir
o

HELS At =8, Hgo] Bo] E1 ¥ FEE AT + #

3

AR Yk WA oF HHES BEY & Q€ v wax, 3He

o

HE7 B ¥0 2P Aol aTHAM ol Fu A& 4
setiofol s S4B HES NEANRE FY + WA & Holth
29ER B AAdAE 4B9 JEEe 24 9P F9 HE F32
Hrhol ol &7 + Ut V4 RS AWHoZ FHF & AT sensorF

skt shgth.

1. Potentiometry ®E|

Hlo}l @ MM & transducerd FHol wel EHabd Ar)seH AA, @
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EA A, dAA, AN, FAN TR deF o o F M7y
2 Ao 4% A9 (potentiometry) S 7]F A F(reference electrode)
3 ) Al A F(working electrode) Ale]lg AYAE &HAHse AR HAF9
A4 HYE analyte? =9 BAHM signalS Nernst H2 ol wg F%
o] loggkdl w# EE wHlH@vh. AFHAd dFd Fx=e IS ot
Nernst W74 wet ALdE

— g —-2.303RT
E=E nE log @

For A9, RE 74448314 J/mol K), T+ A%, nd ¥H&
oA o) ¥+ AAS, FE faraday 4 E 96,487 coulombs/mol, Q& HH-§
v & yetdck, o] d Nernst WAL ¢ & Sdoj e €133 AdA&

Holgd), o]E o9 ¥R/t F/HAFE o] dH E93 JHziE "o
A 7] wjiEolrt, &, AT At FHE vxEEY &FEd HE @
Hog ¥% CE 855 aZ g so]optt 3.

a=yC (r: &%= AF)
o] &% 4 9l¥ potentiometric transducerse pHuY 17} o] & A& 93t
FeAF, Fol&oly Fole To A} EFHIFE, pCO: EE pNH;

electrodes} T 71 AZ o8 ]S thegstth(Canh, 1993).
2. Flow-injection analysis(FIA) system

FIA® A%39 liquid handlingd 3 WHo=z 19759 Ruzicka$t
Hansenol| 23] =dHolA Aoz ANAEE A&HI BEYHA g+ 4

st B A carrier streamQtLE FUSE AL VEoE 3 FdEH AR

E zoned FA3M olAo] HEVIE FIA olFHAAL IR A&H
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o} Wal2 A absorbance, electrode potential, ©H& B3 parametersE 7
&3 7|&8A k. FIA B2 & analytes$} biosensors?te] &2 HEA|
Zh g AlgAelE, S ARFYTE B otus Az dA HHo
Pogd= AHL 7FAT, w=g Q@A) WS o calibration &3 A
x3}7} €o|8t= 2 FIAE bioprocess monitoringS $3 wlo] A4 9] 2-&
Ao 2A 2 #Ael Frsta Ark(Bilitewski & Rohm, 1997).

o] B4 Alxglo]A signalel A= HeElE peakEA peak height™
analyte®] ol Hldlste] Waatdl ol# ¥ peak heightis AR}
carrier streamtfollAl ©)¥ ¥ o i HEAHF S T dove £
(dispersion)e] ]3] ®EL £ Qv E4L FolE ANEH, FERA,
pumping rated] &l ZHo] shEEH olwf AUAA FE BHAE carrier
stream sample zoned EEFEH EFS ZAsto 3Eol dojuA

o‘%—

F glemg F97F 8T oh(Bilitewski & Rohm, 1997).

o

3. Enzyme immobilization

FIA AA& 11489 reagents £ catalystsZ A2 reaction coils]
U columnsE& EFFoH 239 HEYAE 3¢ + 3len 53 1
Hale fiE 2R EolA w o] FIA-type bicsensordl A f2l3tA o
£2 F dvh 2AE ZTAHE AHEFoER wbRARGo] 7h5ste] H £

AZEW, 22 go|stnz u$ AEA< systemo] Ark EF SR

—

e Eael HANE F/AE & Aed oy AaWAY VIEE £9&
2R EaTEW AR 7] @itk 2y A%l ARME 7}

& A nHPoEN olBe] FuEA cMdRE Foldted multistep

reation pathway®] E&AE Z7HNZ = 7] #f-ojch(White & Turner,
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1997).

22 133 Yoz AR, B84 gel matrixth microcapsulegtoll &
A& 11433+ physical entrapment(E3F ¥3) EA, FTHAFIY
multifunctional reagent® °]&38 HAE AX A A3} chemical
entrapment(3}3t3 Xg) AA, dHAE &7 YA A4 medium
& Algste FHoE AY A4E FHAIE WY adsorption(R] 2] A o
F#) Tol Jdud oled Wy MY B2 aQsd o APAN. F
AL A5 HxrE o)A tFA el M @i, bifunctional agents

AFE3LE cross-linking e @e EABANS sty AT o

i

t 9ds Mdh FFEAYEY A ARER AAARREH Ak WE
A9 dojux gov A zye] 7tz E dHol Ak, = £ O
E9] 32 AARFE7E 7127 A EY o|Fol barrier2A FH&EH, dF
pore sizetr &4 9 ol&E Hudte AL sHxvhH(Barker, 1987).

nAsE EAE FIAY H 837 A Wiegx g F 7HA &
$7)182 whEojA] Ao 49 4 3glth. CPGlcontrolled pore glass)9t #
& gt AEAA AXANZE AYAF 22 column?! packed-bed reactors}
o] W gk o2 FAE 1A433E open tubular reactore]td. Open
tubular typee analyted ¥4to] A& AAE 7FA Y packed-bed reactors
& signalso] & &3 AgzxAe W d wigsing @wol] o] f&dr}

(Bilitewski & Rohm, 1997).

4 MY A7 2

HEd QB nF, §Y SdA 2 Ed o]8&" 4 & biosensor?] 7l

o] sty YEBNAE chemilunescene #AA o 7123 A AME =
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A4 biosensor, glucose?} sucrose A& % needle-type®] biosensor
(Takeuchi & Karube, 1994) 5°] 7= dct. 2 & FAFA FH€E Y
A 24S 9% 543 ¥ (Hamano 5, 1995)3 carbon felt layer$}
LolF S ol&HA i olF&E FAF L-Ascorbic acidg 5T
sensor?] 7l (Uchiyama & Umetsu, 1991) $°] BEixo glon, Bt AA
22X+ multichannel taste sensor{Toko & Yamafuji, 1994), lipid-modified

monolayer membrane& ©]£3% taste sensor(Hayashi &, 1995), lipid

-

membraned o] &3le A %Z§ sensor® astringency® pungency® A g
R A (liyama 5, 1995)7F dth.
3 E AEH2A BFY(citrus fruit)e] A& AAsE F713TE 5

9] &}u}Ql acetaldehyded) 3t biosensor®] 7R (Cowell &, 1994), &A4H4k

o

7R 8l7)] 918 enzyme electrode(Reddy 5, 1994)¢] 74, siA1&e] A
Ax 7ds 9% A4 7ZEAX(Shu 5, 1993), micro planar thin-film
hydrogen peroxide electrode® ©]&3% AH AHdE I  biosensor
(Chemitius %5, 1992) %o HuZ itk F7} neuron® AW wigel o
WAl A biosensors} A EA 7189 peroxide FEE AF3E enzyme
biosensor?] 7l¥(Mannino %, 19949)% RIaEHYTE  AFAG AAA
multi array polymer sensor®] §-&7]&0] 9= A AREHAU 2 (Pisanell
5, 1994) g4 EHozw glucosed ¥EE FAHSE  needle-typed
biosensord] #3§ ATAT}E ®o] HuxEol vt (Mascone 5, 1993 ;
Abdel-Hamid %, 1994). = 9] ethanol, galactose, sucrose, fructose & 9
o] X9 lactate, urate 59 FEE FHI}E FAE dATHYL 542
2 AFEHAAY A FFHL Hopo Ao HPAQL AT A e dH0
t}. 7|e} EvlE R 9 alcohol dehydrogenase® ©]-& 3t alcohol %% sensor

9HOzsoz & Wang, 1991) X559} 7|} &85, ¥F 9 alcohol A% 3
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3} glycerold] BEE &R &L sensord /ML o= A= AFH U=
Holr},

oz Ao Ne F2 948y BEHoz FAF glucose(Shaw
= 1991), alcohol, = %9 urate, 7)€ glutamate, 23 F& FAHdh=
sensorEo] ®o] sl o] AUrh Galactoses} lactose EAE $13 enzyme
electrode®] 7N (Garcia %, 1991), A2BE #AY F9o X=T HA4S AT
enzyme electrode®] 70 (Matsukura %, 1993), A4 ZH A nucleotide
Ba|g =R357] 9% biosensord 7I'%(Mulchandani §, 1990), & &4,
2, % AN, AgOAAE, Aoa T =% FA biosensorZ i (Wei
5. 1995), o@llz HA %9 pectin §%L %3 enzyme biosensor
7Nk (Horie & Rechnitz, 1995) $o] K=o} glvt. 2¥ A% %*ﬂ’—‘i.‘li B

o &= AgAQ HAE T2 AZL 93 biosensoro] T AFHILE vf

5. MalateQ} isocitrate AA{2] O|2X HiF

aAsE &4E AFR3FE malate, isocitrate 578 FIA-type biosensor

Nzdle Bt g gavgd o8 oo

malic enzyme
Malic acid + NADP' —(EC L1140 o yoryvate + NADPH + CO, + H'

CO; + HO ——————» HCO3 + H —————» COs* + H' + H'

isocitric dehydrogenase

Isocitric acid+NADP' (EC 1.1.142) o , —ketoglutaratetNADPH+CO+H

CO; + HO ——————» HCO3; + H' »CO4 +H +H

- 322 -



o9} Zo] A FAe Zujzgo o FAHE COx= pHOl wep &
ARE7F gEt R 2E Q974 buffer2A 4ol &(CO% )R wHE F J}
BUjo]E ol&Mgy wAIE ojfse AL olE F3 malate,

isocitrate 58 ZA3= o] B AA 9 Yol
6. e Eey A FF

e B, okREL o FH HUMES TR A 5F9
oty Fr1E 7hAEd ol#$ fF7|4FE (citric acid, isocitric acid, malic
acid, oxalic aicd, tartaric acid) % L-malic acid$} isocitric acide Ab#}, £
WA, X5, Evg, Y&, A, Abg, 27), AFA, FlF s slel 7hE
8 AR ¥t ol# metabolic cycleHdE F83% -8
3 malic acide TEF, E3F wjdF o @aFe FvdE HoF
t}. o)lglet FQ AT 7 malate, isocitrater ZF FAES HHE9 X
#x

5}

AZ3 SzAYAAY food controle] AEEAM AA - A U

e

aA4o FH1 Uth(Gary, 1992; Matsumoto, 1996; Gajovic, 1997). A&
7} A malate, isocitrate &3 & gas chromatography(GC), high performance
liquid chromatography(HPLC) %9 ZZvliEadsy & 48 o &%
chemical method 5ol 93 F3=o goh 2y A2vtEaHE HEL

#7148 BAsE B g columnd ol &dfoF dAY Ed A

Jm

Ael7k aFHn BAAZEe] 7 @il gla, A4 WY 44 w8
o]4& 7HXE Wi ‘off-line’ &2 FAHM A 8d 5 QUE analyte’t T
Fola w4 7R AYEAE aTse dHol Uk B oH ¥
71E HHE WX & e ASsa g A gl vlel 244 A

W )9 uhgA stk (Gajovie, 1997). £ & ATFoA AL wio]l2 A4
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* FIAY 2438 548 34 =4 o2n g8 FAF L, analytee] d
HAME oL Agxd Axgg FHEE F OAe AR ARAH
(Matsumoto, 1996).

weta B o Fo A= malate, isocitrate 4§ who]2 MM FHxot A
B e Eol7) Y3 BAo JFgE F 4 v oy 4¥Y HeES A
gatn Az ABWAN oE fUIe wFEE FA® F oE
conventional method! GC$} ®lalsted AHAE AFLuA st £33}
Al g 247 @goAe] Hge &olstA ] A% Fulg AMe A
e 9% Aoz AFo Ay Aol 75T solid-state electroded A
2slm, oA AL 7154 L AES] Y3l conventional electroded A&

3 A% Avel wa BAsgh
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A2d. g H U

1. Malate sensor system

7k AleF B 71

gato] & MeA A AZE HASA trifluoroacetyl-p-butylbenzene
(TFABB)Z Fluka Chemie(Buchs, Switzerland)ol*, p-Decyl-e,a,a
-trifluoroacetophenon(TFADB)Z Trans world Chemicals (Rocksville,
MDA ¢ 81 3L, Poly(vinylchloride)(PVC), bis (2-ethtylhexyl)sebaca-
te(DOA), tridodecylmethylammonium chloride (TDMACI), tetrahydrofuran
(THF)& Fluka Chemie(Buchs, Switzerland)2%¥ FY3Ht}t. Carrier
buffere]l AREHE A9kl Tris[hydroxymethyllaminomethane (TRIZMA
BASE)¥ Sigma Chemical Co.St. Louis, MO, USA)dlA T3
phosphate(di-potassium hydrogen phosphate, potassium dihydrogen
phosphate)¥ Fluka Chemie(Buchs, Switzerland)2%€ TFUsact. &4
w271 AFE YalAl chicken liver2%E £ ¥ malic enzyme(EC
1.1.140)& A&l e, g§4243%0 o8+ glutaraldehyde, aminopropyl
glass(75 A & 500 A, 200-400 mesh controlled pore glass)¥ Sigma
Chemical Co.9lA FslRtt. 7]|2&E A8 HE L-malic acid(L-hydroxy-
butanedioic acid)®} cofactorql B -nicotinamide adenine dinucleotide
phosphate( 8 ~-NADP)+ Sigma Chemical Co.9lA F43t ). 71} Ao
AFEE RE A YES analytical-reagent gradeE AME3&FH 3L, $F Yo
U EEEY AFxdE 33 FHFH(AY IBMR)E AHEIAH

Kipp and Zonen(Delft, Netherlands) . 2% ¥ chart recorderg T 3%
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3, A A $57120 pH/mV meters MettlerAl(Delta 350, England) &3¢,
peristaltic pump(IPC-N-8-1V  34)% Ismatec Co.(Glattbrugg-Zurich,
Switzerland) 2% ¥ 3983} FIA systeme TFA37] 93814 injector
(Model 7725)% RheodyneAHCotati, CA, USA)Z5¥ TYstd sample
injector loop(Rheodyne, Cotati, CA, USA)E F& 3ot Add AleHE=

e

AFEL AAAZoEY Philips electrode body(IS-561, Glasblaserei
Moler, Switzerland)®} COs electrode body(model 95-62, Orion Research
Inc., Boston, USA)E A3, 7|&dF2 2% single junction refere-
nce electrode(Model 90-01, Orion Research Inc., Boston, MA, USA)E A}

L3t H .
Y. FIA system®] T4

Malate Z4 € COs* -selective FIA-biosensor?] T4 Fig. 4-19] &
U Ak o] A A" carrier buffer, peristaltic pump, syringe loading

sample injector, COs° -ISE, single junction reference electrode, pH/mV

meter, recorder® Z3%HE At}
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Fig. 4-1. Scheme of COs* -selective FIA-system for determination

of malate.

a. Carrier buffer, b. Peristaltic pump, c. Injector loading a
sample injector loop, d. Immobilized malic enzyme reactor, e.
COs* -selective electrode, f. Single junction reference

electrode, g. Detector(pH/mV meter), h. Recorder
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t}. COs® -ISM(ion-selective membrane) @ CO4’ -ISE9] Az

COs" -ISM& ®E7] 934 TFABB(onophore) 63 mg, PVC
(polymeric matrix) 35 mg, DOS(plasticizer) 92.6 mg, TDMACI(ipophilic
additive) 3.1 mg& 2 mL THF9l &&3t¢tt. 2 EFde o] g &
g Yol $43 glass ring(id. 22mm)dll & F A2 A 12413 W] 35}
o THFE TUAZAY 44€ $9¢ 4 W2 7 mmAP = & disc2
A2 £ A AlA =< Philips electrode bodyo] RFHA 5, Wi 7|28 B0
£ 0.IM NaHzPOs4, 0.1IM NapHPO4 Z18]3 0.01IM NaCl &3t Al&3
. Az @ilol& My HF9 sensing partE FIA systemoll 243}

7] A& Al flow-through jacketo 2 2 gt}

2. &4 1A

o

A4t volodNe AT, Sol, ASHE, 4N, AVY, 59 59

b

el wlg- 8% skt mEA E AFoAE 7] A9 malate’t B4

A

&< pyruvatest COy’ 2 HBHEE £v184¢ s malic enzyme(EC
111400 nAsgozi MM shelf-lifed AT FAlo FES &
ol EANAZ e EYHAT. B4 LAZ Wyde FHoh ¥
geo 3 WA AAAG Eate FFZE, bifunctional reagentsol
A% mAAY Fo ety w@yo] gk oo ¥ AFME Uiy 2L
o] 33 PHE NEF22H malic enzymed 4L HYE BAIE
% 8kl3L, FlA-sensor systemol] E&%o2 o]§d 4 & HH9 14
e shstuA sgivk, = AAE HHe nYs YRS ol 43ty

AAE AAY F 159 BHCE P ZAE sdn oW xa9

- 328 -



activityt UV-spectrophotometerg ©]&3}e 370 nmdlA AAE NADPH
o FHEE SHFLEN ZAH AT

1) Aminopropy! glass beads®l| &-#4%

B23148E 938 aminopropyl glass(500 A, 200-400 mesh) 0.25 g&
50mM phosphate buffer(PB)Z A %3t 25 % glutaraldehyde 10 mL¢} &
g F A2olA 24 Fd ESEUA EAHY. I F glass beadsE 3
A FRrE qHatd AFee w3ax g2 glutaraldehyde® Al AL
ol ™Al PBEZ A F L7 mL PBol| @+ 3083 ¥FEBAHA.
A2l ¥l glass beads$t PBO| &A1zl £489 07 mLE £33t 4CdA
S WA AT AFEA &S A4 E AAGY] A FHTE MAFH X
PBZ o2z A o #Aect o] & A& 4742 0.1 M Tris bufferol ¥
o} 4TAA Hasit

2) Chitopearl beads& o| &3 FH4%

06 g chitopear! beads& 50 mM phosphate buffer(pH 7.5) 500 mLZ
A X8 (280 nmol Al Jf o] FFE7F 001 ol&trt & wizkA] AHF) A
3t beadsE PBol| £3]A17] 25% glutaraldehyde €% 10 mLe} &3 &
30CeA 2A1 axtatrt. o]l& FFHR4LE oz W AFE F A 99
buffer €422 oeatd AHsAr}t. A4 8494 mL phosphate buffer2
Az)F A E4stE chitopearl beadsE 41& §F 30To|A 24125
Rbet Rt I F 4TAA 2443 agkstd A WAl PBE A F
o351, 23 3E enzyme beadst AME38l7] AR 4T A 005 M
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phosphate buffer(pH 7.5)0 B &3}t

3) CNBr-activated sepharose® o] &% 3-#F2%

CNBr-activated sepharose 4B 0.2 g& glass filterdl ¥ & ¥ 1 mM
HCl 1 LE A3t 3087 AA 3 swellingAl71AA A Hs5 . 1 mL
coupling buffer(0.] M NaHCO; & 0.5 M NaCl &%, pH 85 A2E
AeoA 1A B TS F 4CAAN Y AMAHT ol F glass
filtero]l 33 mA}Y &4 beadsE 01 M Tris-HCI05 M NaCl =%},
pH 80)2 A F&dN dFAAHAFNEe FF 65 mL7t FX F=H 3.
o5 %] & beads® 0.1 M Tris-HCI buffer(pH 8.0)%} £3d F 24
A9 2 F sty &AL beads® 01 M acetate buffer(0.5 M
NaCl3 3, pH 4.0), 0.0M Tris-HCl buffer(05 M NaCl X%, pH BOE A
2 A5 &4 2489 beadsE 01 M Tris buffer(pH 7.5)° =
4% azide §9< 1-2 g o= F A& HAZAA 4TAA RASA
22

4) Calcium alginate® ©]$§-38 physical adsorption

AL 4% sodium alginate solution 0.5 mLel ZH7bate] 10E3 &
et T 10827 AAE Hye =FFEE st £FES 02 M CaCle
solution 35 mLol HAM3s A= wojmgn /S F Add F9

beads(2.8 mm X 3.1 mm diameter)& CaCl; €A 30%37 sz,

3 0.25% poly-L-lysine solution(pH 7.0) 20 mLdl ¥} 1083k F-A17) 1L
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u}, Malate sensor system®| 3 7% 3}

Malic enzyme©| 1LA&E &A: HHE7|E FAI COs* -selective FIA
systeme RU #x g1 AR Axdoz HHssr st
conventional electrode® A3t malate 4141 9] sensitivity, selectivityell

ge & 4 A& o APATES AR F, COy -ISM9] =4

it

H] &, COs’ -ISM %4 % polymer?] % ¥, carrier buffer®] %+, flow rate,
A uer)2RE XA A, A& FY%F, malic enzyme &

o] &3t 7z 89 Wgtel B HS=E HlusUT

1) COs® -AdA e =4 &

TDMACI(liphophilic additive) # A&-& #AA713, Ala 84
counter ions® WS FAAFIH, ol HY4 e selectivityE 7HAI S
= 282 $rh(Hong, 1997). WA COy* o thet #$& woli Al=ge]
LS AAME7] Y8 7129 EEY AHE  F TDMACKTridoedecyl
methylammonium chloride) ¢ Ry carbonate ionophore§!
TFABB(Trifluoroacetyl-p-butylbenzene)9] Hl-&& W3AA 789 AEE

H] 128} tH(Table 4-1).

2) COs° -A8A 7 %A % polymere F7
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COZ -4 |A 5 HE Z polymeric matrixe flow £ F¢2 #3d
@ 7|AA WHe] MegHelx HHF EIYY A= JHAE AT e
AL 715S MR 28 % 24 EHES R AYGES T
tH(Scott, 1986). et TFABB 6.3 mg, DOA 926 mg, TDMACI 31
mg, THF 2 mL¢ F4& gtzAo polymer €S —‘?*7]—11_‘%{poly('vinyl
chloride), polyurethane} @@ 3te] 2 & & F(Table 4-1) #$¢9 H=E& ¥
i 37 as s

Table 4-1. Modified composition  of COo4 ion selective

membrane

.| standard modified(1) modified(Il) modified(Il) modified(IV)
component
TFABB 4 % 9 % 7 % - 8%
TDMACI 2% 1% 3% 8 % -
DOS 1 59 o 54 % 55 % 55 % 55 %
(plasticizer)
PVC 35 % 36 % % % 37 % 37 %
(polymer)
THF 2 mL 2 mL 2 mL 2 mL 2 mL

*TFABB; trifluroacetyl-para-butylbenzene. CO#* ionophore.
TDMAC]I; liphophilic additive, tridodecylammonium chloride.
DOS; dioctyl sebacate.

PVC; polyvinyl chloride.

THF,; tetrahydrofuran.

- 332 -



3) Carrier buffer®| %/

Carrier buffere COs® AA# &29 &vj3 g P& Fuz |
mM phosphate buffer(pH 7.4), 1 mM Tris/HCl buffer(pH 74), 1 mM
Tris/HsSOs buffer(pH 8.7)& ol &3l COy* -ISEA]A LAHE AALE
H] 1l 3} 4 T}

4) 55&%

-
k)
i
of
Ogl.'l

Carrier buffer®] Z&&E] 93t J&E 2AEZ] H3td pump?
speed& 20(14.7 mL/min), 40(26.4 mL/min), 60(32.6 mL/min)2. & Z A3}
AAM & vt

)
—

1228 ZAAAAY A A8 9%

<
12){.
B~
=
o
N

Malic enzyme reactorol X ¥g ¥ A4 E COs & detectors] COs* -4
g AF7A] ke A g8 4§ vE 4 o wEgA 24 g7
HFulel Zol& 25 cm, 15 c¢cm, 5

23H oleddy AIANE AZs

cm& sty dPsg

rir

6) A& FdT W& g
ANg FQlake g COS ol HAhY AFe 789 FEE golny)

238t injectord] &% E sample loopE WBAA A EFE 50 «L, 100 u

L, 200 xLo A 7} &2 gaste] ZAsIY
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7) Malic enzyme %ol w8 g3

25t %ol glass beadso] malic enzyme loadingg 20, 40, 60 units®

golg ¥ 549 Fol ue AN 72 WHE 2ASHAL

8) AT Ffo & I

B malate AA A]2ES FIA systemQ 24 %3 FH w3
(transducer)& A¥A1Z 4 Art. wekA probe typed} tubular typed] 7R
olE o]& Mygy AZL Azsgon, Azy A3 COY =9

Aol & HAVSHRT,

7}) Probe type-ISE A%

TFABB 6.3 mg, TDMACI 3.1 mg, DOS 926 mg, PVC 55 mg<s 2

mL THFo €&3tg9 ). 2 cocktail solutiond glass ringell o] dZAIH

. AZzE ARV olE MHA we o 7 mm FES discE @2} philips

electrode bodydl %A% tHFig 4-2).
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f

L ——— (.75 mm

a:>08 m

17 mm

c 7 mm
15 mm

Fig. 4-2. Structure of the probe type flow-through carbonate ion

selective electrode.

a, Tygon tubing; b, flow-through cell jacket; c, carbonate
selective membrane; d, electrode body; e, Ag/AgCl reference

electrode; f, 10 2 M KCl solution

1) Tubular type-ISE #| %

Mayerhoffe} Kovach(1983)2} #H¥& FAste] AR an, 7t o
E 4 2L 949 probe type-ISE #AMZ¢ FAdFT EoZ FAHAHAG. Al

22 &) AA FAF7] vE(18 gauge)S 0.89 mm W73 tygon tubing <t

lo
ku
i2ef
fincs
o

At FHe e Y9 %L 22 ol T FRUYCE
o A2E i 99 cocktail solutiond ZE Za W F7 AYd w7z
g owe R MAjE] "WolmPk 2 F Ao 12417 M ARAZHD F

A7l vbEg W F Jgom F oY FHE % plastic tipdll Te] &
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€ tubingg 719 2ol YA} olm shuule]E o] TRH sensing
part7t 912 7tE& 12433 FY 3t plastic tipAtele] AAR91E PVC
¢} cyclohexanone £ Ao g WH-54 ) Plastic tipdte WHE7FE £99
10° M KCl €902 MY 2 <ol Ag/AgCl wireg 4+3) 8t tH(Fig

4-3).

8mm

0.89mm

c:0.80mm

Fig. 4-3. Structure of the tubular type flow-through carbonate
ion selective electrode.
a, Tygon tuc tip; ¢, carbonate selective membrane ; d, 10
M KCI solution; e, Ag/AgCl wire; f, sealant
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t}) Probe typed tubular type® 4% H7}

Azxd F 759 A39 FHRYoE o] HHYMNE RAME7] A
NaxCO; EFE&HE AlL3leo] JlRYo|E o]l 7 H¥& HYristgon
10° M~10 ' M L-malate 9 o] 28 malate ¥4 AES 0 LaY
t}.

vt COz gas A& o] &3 malate &3

ZE 4 NADP7F COs* o] tldk Zxgo] 9&& nX 22 malic enzyme
27 whg pHY 74904 A4 E COS & pH 4302 2dse CO2 A
ANA ol& COp gasAFo2 FA8t= WHE 3712 ndstgy. CO; =4
< 2343 FIA systemo A 2tz A A =9},

1) Probe type®] CO: gasd =9 A&

317 %e] probe typed YA %9 buffer&d &) CO; gasdAF L g7}
RbEo g RE AYEHE CO9 & AFse otk CO; gasd =9 A
s FE & 5 A& 2989 stiring AL, buffer F5, buffer ¥ =
o st Hgstot.

2) FIA systemo| A CO; gas@d =9 A&

Well-jet3} flow-thru type®l CO; gasd & zZtzt Az} o (Fig. 4-4,

Fig. 4-5) FIA systemoll dZ23}3 CO; gasd o] 8hgoA AAHF CO: ¥
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o FFHoE WEdd malateE FAHY £ IeANE AP AHFig.
4-6). CO; gasd =9 #HAEE wo|7] f3 A& FUF, NADP ¥,
malic enzyme &, &A WH&7le e, &4 WE7] A XA polymer FF
2 MgCl 5 WaAA Ad89 1, enzyme coupling efficiency® &4 3}

ATt

A DT e

Fig. 4-4. CO2 gas electrode with well-jet.

A 1 COy gas electrode

B : CO, gas sensing membrane
C : Well-jet
D : Tubing
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4 D
B
C
D

Fig. 4-5. CO2 gas electrode with flow-through cap.

A

B
C:
D

: CO2 gas electrode

! CO2 gas sensing membrane
Flow-through cap

. Tubing

0 o
c e pH/mV

=1

Fig. 4-6.

Scheme of the FIA system with COp electrode equipped
with the well-jet to measure the malate.

a. Carrier buffer, 1mM phosphate buffer(pH 7.4), b. COq
electrode buffer, c. peristaltic pump, d. Injector loading a
sample injector loop, e. Immobilized malic enzyme reactor, f.
well-jet, g. CO: gas electrode with well-jet, h. buffer

solution, i. Detector(pH/mV meter), i. Recorder
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A}. Microelectrode #] 3}

283 AA Age] O E microelectroded AlFEFH L A ZHH S
g3 2t WA PVC tube® 5 cm® AE F old &) COS -ISME
AN ol A3 HEAAZE PVCY cyclohexanone A& At&
stk FE3 ARAD F URE 7IE€Y F, 01 M NaH:POs 01 M
Na;HPO;, 001 M NaCl Eg4oz2 & ¥ 24 =FE cables 7143
a2 AAPYE parafilmo.2 ZANAM dslA YA (Fig. 4-7). E7
A &g microelectrode® %€ B7Het7] 9AsA EEEA(NaHCOs)S A

&3t o) wE #&e Fade A

cable

parafilm —

Ag/AgCl

PVC tube

PVC+cyclohexanone

VA .
CO3” -selective membrane

Fig. 4-7. Scheme of microelectrode.
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o}. Microchip Al 3t

A s BAg @M HEE &l &7 A FUHE AM A
He % dgew Ao A2¥E A Fe] 75 F microchip(solid-state
electrode)& A3kl Agatglon(Fig. 4-8), A87He4d& HESY] 94
1 4% conventional electrode$t Wl ¥4 3tAth. Solid-state electrode
o] Az g2n U Yo silver electrode(Ca. 0.8 mm*)E& screen printing
gomm olFojHrk. TFADB 83 mg, PVC 66 mg, DOA 100 eL,
TDMACI 2 mg 2#3al 900 xL THF &g silver electrode®} 1 F
9 WA layerdol A&#(F 10 L) ojmd F A LoA 124 WA 5
of AZAAHShin &, 1998). o] M2& AF& WF 7|FE&4s a2

2 ¥t FHe 7HA L ek

0o pooa®

. " 4 Io}‘ selective
Insulating Film Ag/AgCl membrane

Alumina plate

(a) (b)

Fig. 4-8. Photograph(a) and schematic diagram(b) of the solid-state

type ion selective electrode.
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2}, Microchipg ©]& 38 system®| #| %}

Solid-state electrode® ©]4& A]2#& conventional electrode® ©]&
3k Al~®l 3 o] carrier buffer, peristaltic pump, syringe loading sample
injector, CO4 -selective solid-state electrode 123l single junction
reference electrode, pH/mV meter, recorder® 33} #tt.

2}, Conventional electrode®} solid-state electrode®} 4% Wl il

FIA-system Uold COS -Ad4 A9 7189l we5A

e

B] a3}
7] Sl AP WMIS(eg., carrier buffer pH, 3E&HE, AEFYH, F
Wy e5)e HAzzdoz IAAZ A NaHCO; EEEHE FUsHo

carbonate performance® A3 34t}
7}, Wl Ed e gy 24
1) x4 g Aeu

Q7 2ol 249 malae S vhol AN A2 FYTHol A
cofactor AF8HE NADP7H COf* -ISES] e azs Heatsith o2
Hastalyl 98 B 2A4L 2 FlRdolE AdYAg g AFste Wl
aFlaL, B upole Aol MHAH F=E o7l A %ol pH effect
g 7142 malate?] W 2E-S XA

3 5, TFABB(trifluoroacetyl-p-butylbenzene), TFADB(trifluoroacetyl-p

~decylbenzene) ¥ 7}A9 carbonate ionophore® ©]€3t9 AxE
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COy” -ISM®] NADP interference® ZAFsRTh €41, & A7oA Ag®
polymeric membrane2 H&3 1z} 8= o] LEHY H7 §lo]lx= 9 A
7b pHel did A9 @38 JehlZlE oz, ojejd WaEde 9%
He Hagsr] s z24& 9@l AlZdd WH(TFADB-based &
TMT-based membrane)?] pH effect® A8tk o] ® Universal
buffer(boric acid 11.4 mM, citric acid 6.7 mM, NaH;POs 10 mM)ell NaOH
€ &2%Y H7hge=A pH 20~120 MM pH d3FHe Ay
A, oo HRYOE HAFPAAM 7142 malate7t PN EAZA 42
F Jderz AL ¥ysled x3F TFADB-based membraned
TMT-based membrane®] malate interference& ZAFsF T 98 malate
o FEHUAE 10° M~10° Mol9l2 %x4L jonophoreE #1851 PVC,

DOS, TDMAC], THF &% Zd3lgut

2o 4FEL v 33 7k 2stnz B AME AEd
AR AL o o]y W EAo] MRS vxE Jge nHd}s) g
dl 10° M vEe 23} 47140 FYs] WA FFLL zAleg
. F93% IFFE glucose, sucrose, fructoseE AFLdFI, Fr)ito
malic acid, ascorbic acid, pyruvic acid, tartaric acid, citric acidE& A}&3

ATH,

Bl AlAE A E

Aol Hgo] ol F& AN AL A dftoz A Alzy
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& 28388 ANAFE AFJeH, T FAL carrier buffer, peristaltic
pump, injector, carbonate-ISE, reference electrode, detector(pH/mV
meter), recorder® ©]Fo]Ath. Conventional electrodeE ©]-&3 AlAlF2

Fig. 4-99} Fig. 4-109] ey} 9L, solid-state electrode® ©]-&3F AlAlF

< Fig. 4-119 Fig. 4-129) YERY e

Fig. 4-9. Photograph of a trial product of FIA sensor system using

the conventional electrode for determination of malate.

r recorder |/

Pump

carrier buffer clectrode plI/mV meter

malic enzyme reactor

Fig. 4-10. Dlustration of the photograph of FIA sensor system using

the conventional electrode in Fig. 4-9
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Fig. 4-11. Photograph of a trial product of FIA sensor system using

the solid-state electrode for determination of malate.

| recorder

elcl:lrodc pll/mV meter

carrier buffer

malic enzyme reactor

Fig. 4-12. Illustration of the photograph of FIA sensor system using
the solid-state electrode in Fig. 4-11.
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1) Biosensord] &3 #4]

Conventional electrode®} solid-state electrode® ©] &3] A FE A& o) 9
28 tEAe v HESYD AF AEE IHEYET F(2000 rpm, 15
min) 108} 348l AAY HAHzAL MM A2goA] EE HgFFH

71E8te] Al ¥ malateE A F3A

2) GCol 2% &4

2 AFA RS malate SAHE dlol e AlM e S HEF A
GCE o]&3ld malate® AHAZIYL 1 AFE COs° -selective FIA
systeml. 2 FA g Azlo} vlw EA3A

malate® Z43}7] 918 GCe ZAL Table 4-29) YE} ow Alg

o

AADNE &3 2o gH AN (Flores 5, 1970). F2899 100 gdl 95%
ethanol& % 7Fste] 500 mL2 A8 F 1A F<¢t LA33 whatman
No. 428 o339, o348 ANg 5 mLE FHs 01 g celite 545 1%
glutaric acid(95% ethanol® A Z 3t standard solution) 1 mL, 3% &

A% 16% lead acetate 0.5 mL, 8% ethanol 15 mLE H7}ste] <23
Hal R AU ©o]E 1500 rpmal A TEZ AAEHT F FF
& ® i 85% ethanol 10 mLE #H7Fslted 99 & A oAl 44
23 acH(23] ¥rE) Ethyl ether 5 mLE %o 2000 rpmolA] 1587 €
AR F 4298 WE 98 66C 3o 3087 etherE daiy

Zla 45T 3 AFgAx7e Yol 1083t Adzxsdnt. FEAAE 8
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anhydrous Na;S0s 0.1 g& 7}t §F silyating reagent(anhydrous pyridine
. hexamethyl disilazine : trimethyl chlorosilane = 9 : 3 : 1)& 15 mL #
7FtAth 45%7F @3] HolFE F 45T F&FzojA 1583 ¥HEAFIAL,
2000 rpmol Al 1583 ARG F 2 AFd 05 pLE FHsd GCE

Mg gatdch B4 F malated] F& th&3 Zo] AitstHn

mg malic acid/100 g sample = (Hos/Hg) X G X 100 X (MW/MWy)

Hao} HeE Z7 mlates) glutaric acid®] WAolx G& AW H7+&
glutaric acid®] mg%, MW.$} MW,E malate®} glutaric acid®] &2+&0]

ct.

Table 4-2. Operating conditions of gas chromatography for

determination of isocitric acid

Part name Instromental condition
Instrument DS 6200 Gas chromatography
Column Glass column

(length : 1.82m, i.d. | 6.35mm)
Packing materials

(10% SE-30 on Chrom-M-AQw)
Detector Flame Ionization Detector
Temperature Column ; 5min at 100C
programmed rate, 1°C/min
60min at 240°C
Injector ; 240C
Detector ; 260°C

Carrier gas Ns gas, 30 mL/min
Chart speed 0.3 cm/min
Range(on GC) 2

Attenuation{on recorder) | 3
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2. Isocitrate sensor system

A -

gato)l & MeA A9 AFE $s|A p-Decyl- e, a, a -trifluoroace-
tophenon(TFADB)& Trans world Chemicals(Rocksville, MD)oll Al % 8}
21 2, Poly(vinylchloride)(PVC), bis(2-ethtylhexyl) adipate (DOA), tridode-
cylmethylammonium chloride(TDMACI), tetrahydrofuran(THF)& Fluka
Chemie(Buchs, Switzerland)2# 8 T3t} Carrier bufferd] AHS-H <
Al ¢kl Tris[hydroxymethyllaminomethane(TRIZMA BASE)T Sigma
Chemical Co.(St. Louis, MO, USA)ol A T8 H.SOsE pHE =434
t}, A4487) AF}E YA porcine heartZHE £ ¥ NADP-depend-
ent isocitric dehydrogenase(EC 1.1.1.42.)8 AM&3tdow, §44% o &
%) &= glutaraldehyde, aminopropy! glass(500 A, 200-400 mesh controlled
pore glass)® Sigma Chemical Co.dlA T3ttt 71¥E AHgHE
D-isocitric  acid(DS-(+)-threo-Isocitric monopotassium salt)¥= FlukaA}
(Switzerland) 2%, cofactor?] A -nicotinamide adenine dinucleotide pho-
sphate( 8 -NADP)= Sigma Chemical Co.9lA F3tdrh 7]k A&l A}
49 2E XEL analytical-reagent grade® AH&&HAL, #F & Aoy
EEEY Azde 3% FHF(AT 18 MQ)E A&t

Kipp and Zonen(Delft, Netherlands) 2. Z3€] chart recorderg& T 3%
31, A9a #5719 pH/mV meters MettlerAHDelta 350, England) 25§,
peristaltic pump(IPC-N-8-IV 34, Glattbrugg-Zurich, Switzerland)<

Ismatec Co.22Z%E FUstAh. FIA systemE& FA37] sl
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injector(Model 7725, Cotati, CA, USA)Z Rheodynert£%-8 318t
sample injector loop(Rheodyne, Cotati, CA, USA)E &gt A& At
45 AFEL AAHAFo2E Philips  electrode  body(IS-561,
Glasblaserei Moler, Switzerland)E& AF3%3, 7IEHFOEE  single
junction reference electrode(Model 90-01, Orion Research Inc., Boston,

MA, USAYE AH&3tiHh

1}. FIA system®] T4

B 79 isocitrate =3E CO4 -selective FIA-biosensor®] 4&
Fig. 4-139] vEler o] Al2ele 5 7|9 carrier buffer$}, peristaltic
pump, syringe loading sample injector, COs? -ion selective electrode,
reference electrode, pH/mV meter, recorder2 Z§ = 31t Carrier buffer=
detector ¢} ¥Hg & COs® A9l A pHe 4WEe AT #A pHYL
e AL #ANEe F RRoZ Yo o]FHUAT(Evans, 1987). Carrier
1+ 01 M Tris-H:SO«pH 75)2 AHo EAWE7IE oFHUL,
Carrier 2¥ 0.6 M Tris-HzSOs(variable pH)2A] carrier 1% 37 mixing

coild| Al £ oA detectorZ ©]F = ATt
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h
@ : pH/mV

i i

Fig. 4-13. Scheme of COj3’ ~selective for determination of isocitrate.
a. Carrier buffer 1, b. Carrer buffer 2, c. Peristaltic pump,
d. Injector loading a sample injector loop, e. Immobilized
isocitric  dehydrogenase reactor, f. mixing coil, g.
COy* -selective electrode, h. Single junction reference

electrode, i. Detector(pH/mV meter), i. Recorder

t}, COs -ISM ¥ CO# -ISE9] A=

gitol & AdeAdutg wE7] Y84 TFADB(ionophore) 8.3 mg, PVC
(polymeric matrix) 66 mg, DOA(plasticizer) 100 uL, TDMACI
(lipophilic additive) 2 mg& 900 xL THFo| &3A A}t 1 &£¢de &4
o] §l= Fa#H Yo FoA glass ring(id. 22 mm)ol] F& & AL A 12
Al WA st THFE SLAAY. AHE 59¢ 1S Ud 7 mmA T
2k & disc2 AHE F A A A 9] Philips electrode bodyoll #2HAI7) a2, Ui
71Eg9o2 01 M NaHyPOs, 0.1 M NaHPOs 2831 001 M NaCl &%
A AHEEAT FIAS faA Az@ gl Muld HF9 sensing

partE flow- through jacketo & 2t}
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2 &4 1A

Isocitric dehydrogenase® A F3}7) 984 Kumaran® Trans(1992)
& s ALY E420H3E 98] aminopropyl glass(500 A,
200-400 mesh) 0.25 g8 50 mM phosphate buffer(PB)2 =|Z3% 2.5%
glutaraldehyde 10 mL¢} £33 F A LA 241 Fd EEHA WG4
Ak, 2 F glass beads® 32 FHRTE o2 Ad AHste wgox &
2 glutaraldehyde® A A3t ©]& t}A] PBZ M H3 & 17 mL PBol &
7F 30%7F WARAsAY. dA 8" glass beads$t PBol £3]¥ isocitric
dehydrogenase(60 units) solution 0.7 mL& &3tste] 4CAA 2y WA
stact AdetA & BAE AANY] A3 SHFE AH F PBE o
A AR 28 ogf 23sE &4 beadsE EAWEY] AXRE 99
Teflon tubing(i.d. 24 mm, 15 cm)¢tel AYPE 0.1 M Tris-HySO4(pH
752 2 e AT 2 F ¥4 Fol9 nippleR FWO FES

wokth AZE EANSI7)E AL ALK WA R B8 vH(Bradford, 1976).

n}. Isocitrate sensor system?] 37 3}

vpol e A el & Ay Jg& F F Ue Ay HAPHFE F
carrier buffer pH, 2&& %, A8 4%, FHUAE 55 <93ty isocit-

rate =48 FIA systemS H 32 &340}

1) Carrier buffer pHd W& 7+¢
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Carrier buffer 1(0.1 M Tris-HxS04, pH 758 A8l EZaa i,
Carrier buffer 2(06 M Tris-H:S04)8 pHE 9.0, 100, 11.02.2 €&}y
COy” ~ISEcl X HA=E A4S 2433t

Peristaltic pump® #E& Z4d3l9 carrier buffer?] ol%&£EE 65
mL/hr, 104 mL/hr, 136 mL/hr2 @8ste] APegozN {F&d wa
29 ARE BEA3AT

3) Ng FYZF 1 e #AS

Injector®] &2¥l sample loopE W3AAH ANEFYHEHE 50 L, 100 ¢

L2 ggiste] 48sn o) hE ANA WHE BYsAh

4) 7 R ge #E

Carrier buffer25 € W37]91 COs® -ISE7}A| flow-through typel &

AAsE FW WAS 089 mm, 1.02 mmE g8t vungozyn 54

el we dAatel Wse E4sn.

v}, Microchip A &

2838 AAM Ao dgto 2 4 malate sensor systemo| A2t B3I

W o2 jsocitrate ¥41& $3¥ microchip(solid-state electrode)s A 23}
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At

A}, Microchip ©} 43 system® A2

Solid-state electrodeE o] &% A]2~®& conventional electroded o] &%
A3 go] ¥ A9 carrier buffer, peristaltic pump, syringe loading
sample injector, COs* -selective solid-state electrode 18] 3 single

junction reference electrode, pH/mV meter, recorder® Z3%¥ FIA system

o2 FAEAY.

o}. Conventional electrode®} solid-state electrode® A% Hli

FIA-system WolA] COf -AeEA4d A 71249 MeEAE Hlus)
7] YA AYAH WMEE(eg., carrier buffer pH, EE5&E, AEFUH,
WEs)e HAPzAeE 1Y F NaHCO; EERYE FYsto

carbonate performanceZ A ¥ 3} % .

A weEds) JgY $4Y

fREEe 4EEL o5 33 §744E LEHRE R EC] ANES
o e Jege HES 7] Y8l addition method F, FAHAES} TA o
g 25 4 FUNe dAFE, 9AFoR HUkske WS ol 8shd
interference effect® ZA}slgth. olv] H7lele BHRE glucose, sucrose,
fructose® AME38IY L, F7]4FS. & malic acid, ascorbic acid, pyruvic acid,

tartaric acid, citric acidg& A}-&3&9 .
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Ak Al AE Al

Aol el BAo|l Lo Y3 A&e Azt A ALHE 2P g

3 AAESE AFstgem 2 FAL carrier buffer, peristaltic pump,

injector, carbonate-ISE, reference electrode, detector (pH/mV meter),

recorder® malate AA A AEF FAsA A2t

. AENE B

1) Biosensoro] 23§ &4

Conventional electrode$} solid-state electrode® ©]&3te] 2 F A F ]9

=

48 b4 R JESID. 24 FAFAAIY, EE, 38, EUE

2)8 2488 (2000 rpm, 15 min) ¥ isocitrate® 10v] &4{3te] HPH

i

AAzd9 AN N2l BE FFTAe 71Fske] B F2ol T

isocitrate® A %3} o},

2) GColl o3 &4

B dfo)M AL isocitrate FHE uvtolLAA Y MHHE HF S
2} GCE |43 isocitrate® FFYR 1 BFHE COs” -selective FIA
systemo. 2 EA & Aot wjaw BA A

[socitrateE ZA3}7] 4% GCo =24 Table 4-3° el 9lom,
AgdAgdE $o malate S A% GCY ANaHAME Y FAaA

H(Flores 5, 1970). ¥4 % isocitrated] %2 thg3 #Zo] Aiatsith
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mg isocitric acid/100 g sample = (Hs/Hg) X G %X 100 X (MW/MWg)

H.o} He= 747} isocitrate®} glutaric acid®] WA ol Ge A& H7HE
glutaric acid®l mg%, MW.$} MW, isocitrate®} glutaric acid®l EA%

olt}.

Table 4-3. Operating conditions of gas chromatography for

determination of isocitric acid

Part name Instrumental condition
Instrument DS 6200 Gas chromatography
Column Glass column

(length : 1.82m, 1.d. : 6.35mm)
Packing materials

(10% SE-30 on Chrom-M-AQw)
Detector Flame Ionization Detector
Temperature Column ; 15min at 100C
programmed rate, 5C/min
30min at 240C
Injector ; 240C
Detector ; 260C

Carrier gas N. gas, 30 mL/min
Chart speed 0.3 cm/min
Range(on GC) 2

Attenuation{on recorder) | 3

3) FAAY

HEARS GCEA AW B AN AT B4 st wik

SAS Package Program® Abgstgen, 2zt w3tel foAAd HAL

Duncan’s multiple range test® ©]-& 3l tH(SAS Institute Inc. 1985).
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A3, A 2 1

1. Malate sensor system

7t B4 143}

Aminopropyl glass beads, chitopearl beads, CNBr-activated sepharose
of F&A%, calcium alginate® ©]-83% physical adsorption ¢ T
Wg ojgste] 3AE uAHAZ AP enzyme loadinge] B 39
2o} 7} 1A, CNBr-activated sepharosel} chitopearl beadsE& o] &% &
S A% %% aminopropyl glass beadsdl FH#ATAIZ A$Y calcium
alginate® ©] 43 physical adsorption®] ¢ Rt} enzyme activity &4l0]
AR ZHrHFig. 4-14). ©WEA B AdFAE calcium alginate$t amino-
propyl glass beadsE& ©]€3o A Z¥ enzyme reactor® FIA-sensor
systemol] &3] AYstYct, 28y alginater APF5BE buffer &
Ao Z 93 alginate®] H3 WA o=Z A& carrier buffer?] flows 3]s}
o] B MM AlxElo] Hgo] ojdd}x, £ AFFL enzyme binding©l
okstso) MM EFol A=k webA AN Alxdoe] HE, ALG £,
enzyme activity &4 & 18l¥ W glass beadsdl FRAF A7]= RO
B oA NagoME b Agsittn ddE 2o nAs W
aminopropyl glass beadsol A 3}HAE W enzyme activitys 25 ¥ F
AA 271 G4 foF ol fllen, 308 FAE o= FEo A
S Rolmg B nloje MM AN L BE&4E FAANE F UE Rl

A2+ = A+ (Fig. 4-15).
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Fig. 4-14.

Absorbance(A)

e glginate

e chitopearl
e S@PhArOSe
- giass beads

T T T T
0 20 40 60 80

T T T T T
100 120 140 160 180 200

Time{min)

Enzyme activity by

methods.

different enzyme

Absorbance(A)

[+ glass beads(o'day)
e glass beads(14' day)

e 0|a8S(30' day)

-1 1 | —
0 20 40 60 80

T T T T T
100 120 140 160 180 200

Time{min)

immobilization

Fig. 4-15. Stability test of immobilized malic enzyme during the

storage period.
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1}, Malate sensor system®] 32 &

1) COs" -9 4 e 24 v&

71#9 &9 AE Z TDMACI® TFABBS H| &S WZAA 789
ALE Hlad A} 7% TFABB-based modified(Il) membranes} TFABB
g Ay ¥x ¥& 2AAU), TDMACIE A3 ¥R &L 2AUAV)AAM=
o]l Mely o] BEHIL A £ PFAF AP HFeA F2

Ao 2 et on, Fig. 4-169] Wed A% o] 4% TFABB-based #

M

AAME 52 A8

a2 A3 99% TFABB-based modified(I) ¥& 9 %
o

3
Bo] B dAFeA A shRvolE HAgy dxgdos I HUL

35

—@— TFABB-based slandard
—@~ TFABB-based modified(1)

30
25
20

15 A

10 4

potential difference(mV)

T T L T T
0 1 2 3 4 5 6

- log[Na,CO,}(M)

Fig. 4-16. Effect of the different composition in ISM on the
COs* ~ISE-FIA system.
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2) COsZ -AeA 2 2=A F polymerd] &+

Poly(vinyl chloride), polyurethane ¥ 7}*12] polymeric matrix& ©]&

Blo] e AZF & e AR vud AR COP ol AgA % A4
58 ¥ EFY polymeraloldA & xpo]H & Ho|x FrhFig. 4-17). 2

#21} polyurethane2. 2 A% e Z4$- PVCE & 9uvh © #im A

AS JeEhju g PVCE A 2% g H3 2Aoz HAsATL

70
——PVC
— 60 —&— Polyurethane
% 50
Q
c
© 40
2
B 30
8
2 20
o
510
0 1
1 2 3 4 5
—og[Na2CO3 (M)

Fig. 4-17. Effect of the different polymer in ISM on the
CO4” -ISE-FIA system.
Conditions: carrier buffer, 1 mM phosphate, pH 7.4;
flow rate, 26.4 mL/hr; injection volume, 100 xL; at 22C
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3) Carrier buffer ¢ %

1 mM phosphate buffer(pH 7.4), 1 mM Tris/HCI buffer(pH 7.4), 1
mM Tris/HsSO4 buffer(pH 87)& ©] &8t carrier buffers] @& 739
A2 zA3 A% 1| mM phosphate buffer(pH 7.4)7} baseline®] 71 <t

A& BEs 5% A9 carrier buffer2 A8 ¥ A tHFig. 4-18).

300

-1mM Phosphate
+@~imM Tris/NIHCOz

250

200

150

Potentials (mV)

100

50

0 L | B -
1 2 3 4 5
-log [NaxCO;3 (M)

Fig. 4-18. Effect of the different buffer solution on the
CO#* -ISE-FIA system.
Conditions: stirring rate, 100 rpm; at 227TC.
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4)

lok

E & E(flow-rate)d] ©E JF

Carrier buffer®] Z&£%E 147 ml/min, 264 ml/min, 32.6 mL/min
A7 2 delgoan 3&&550 & JFe ZAE A CO° ol A
g4 AT 452 A 7HA & flow rateF oA 147 mL/min 5459
Aol CO“ ol d 713 & #ALEE YU ol flow rate?t &
Ve E AT Ba%e] HEAZ] FoHoEM AVE A v AA
Y 4 #Zax2 HA9E 4 AdBilitewski & Rohm, 1997). =3 326
mL/min EE&E9 ¢ BAWS/IU Ay om Qg buffer leaking©]

A7 AEE Weste® 147 mL/min 3&45E 3oz AAsH(Fig.

4-19).
6 [ i
i~ 14.5 mL/hr;
~&—26.5 mL/hr|
Sr | —@—32.5 mL/hr

potentials(mV)
o

-log [L-malate (M)

Fig. 4-19. Effect of the different flow rates on the COs’ -ISE-FIA
for L-malate measurement.
Conditions: carrier buffer, 1 mM phosphate, pH 7.4; injection
volume, 100 ml; malic enzyme units in the enzyme reactor,
20 units; length of the enzyme reactor, 7 c¢m; room

temperature.
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5

) B4 WE7|ZRE AAZIAA A 4@ 4%

Y Zo] 25 cm, 15 cm, 5 cmE A-&3to] FHlAold ©& & 4

&S zAbg 23 FHdol 15 emdl A St A#AFE 09322 MY %

o
h=
o]

e

B3t ojge FHe Aozt UT AW AW COf o

o
r o
oX
o

71

o
ol

© 24 peak height7} olA| i vkl HHle] Aojrt vF god

o
We F AP COvt COL 2 FH3 Waxn £ah7] dEoz ARs

A th(Bilitewski & Rohm, 1997)(Fig. 4-20).

Potentials(mV)
>

2 3 4 5
-log|L-malate (M)

Fig. 4-20. Effect of the different tubing lengths on the

CO4? -ISE-FIA for L-malate measurement.

Conditions: carrier buffer, 1 mM phosphate, pH 7.4; flow
rate, 145 mL/hr; injection volume, 100 mL; malic enzyme
units in the enzyme reactor, 20 units; length of the

enzyme reactor, 7 cm; room temperature.
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6) AE FUHE e I

ANE FYFd mE COS ol A4 AT B89 AEE Yojr7)
el AlZEFE 50 pL, 100 #L, 200 L] A 7HA 2 @elsty FYg
g A5 &2 Aae FAFo] BoldsE FokA

o, olE A8 FAZFE FAHLEMN carrer bufferet A8 Ego] F
Aol 4ol Zart xdENe 7149 o] WolF 2N A avked
A ARHE APEY COo %o Z71stH7] wWiEolgtil AMRHAUH
(Bilitewski & Rohm, 1997). 33 200 pL FYA F&#AF7F 097124 o
E F AR FYFY 100 ¢L (r=0946), 50 pL (r=0877N)Et} H& AHA

gtk 2ot AR 2F] 100 £LY AFAE ol HHy A

o

A= dRsgenz A8 A4S 1T | AR FYF 100 4

L7} 714 #3Q Aoz AaHAHFig. 4-21).

10 —
—&— 50 microliters
9 F . —@— 100 microliters
i —i—200 microliters |
8 F :
7 -
% ol
z
8 5t
£
S 4t
F
3 -
2 -
1 -
0

-lozll—mslatel?M)
Fig. 4-21. Effect of the different injection volumes on the
COs” ~ISE-FIA for L-malate measurement.
Conditions: carrier buffer, 1 mM phosphate, pH 7.4; flow
rate, 145 mL/hr; malic enzyme units in the enzyme
reactor, 20 units; length of the enzyme reactor, 7 cm; room

temperature.
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7) Malic enzyme %l W& A&

F29 o] mE AN 7S WaE 2AGY] At &S 20 units,
40 units, 60 units® @& 5t4] loading® A Al 7FA ©& malic enzyme
units 1A 20 units®] A$ol FBAAFTE 099622 M we FAPE
B9k &% 40 units, 60 units enzyme loading® A% #&e A=E 20
mnits®] AR Egod AA FEUHCM @ FudE HAH FE
7 o Be 759 & ARAEL nd ARojge ddn & o
A7t vt ol
o] AAEA FYAY aihFol FHELER i W7 HET ol

A buffere] 3&& Wastgy) WEolsn 423 A Fig. 4-22).

t malic enzyme$} A% s glass beads® el H &

!+20unit$||
‘+40units!|
| —4— 60 units |

2.5

Potentials(mV)
=

05

-log|L-malate](M)

Fig. 4-22. Effect of the different amount of enzyme loading on
the COs -ISE-FIA  for L-malate  measurement.
Conditions: carrier buffer, 1 mM phosphate, pH 7.4
injection volume, 100 mL; flow rate, 14.5 mL/hr; length of

the enzyme reactor, 7 cm; room temperature.
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Az 3

o

Probe type® tubular type®] 7tRvjo|E o] A&y A=
EEEANaCO)E o183t F AT CO A9 Aol =AM 2
3} tubular type =9 A$(r=097)7} probe type A2 7Z-$(r=0.90)x. ¢}t
og AaaAst ¥& Aoz UYewNthFig. 4-23, Fig. 4-24). E#
L-malate £%& ©o]&3l9 malate AHAE A A3 probe
type(r=0.91)# tubular type(r=090) ¥ AT EF 2 A#AHE Koz
A F HF EF malate FHE FIA systemol A w9 {834 A8 +

D& Aol ASH AT (Fig. 4-25, Fig. 4-26).

150
S y = -28.90x + 133.90
E 125 - r=-0.90
)]
e
S 100 +
Q
= 75 -
©
T 50 -
2
o]
2 8 25

0 1 L) 1} T T

-Log [Na,CO,] (M)

Fig. 4-23. Carbonate performance test of the probe type ion
selective electrode.
Conditions: carrier, 1 mM phosphate buffer, flow rate, 15.9
mlL/hr; injection volume, 100 z«L.
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80
> y =-18.90x + 87.50
£ r=-0.97
2 60
c
2
Q
[
S 40 -
I
S
5 20
o
0

-Log [Na,CO,] (M)

Fig. 4-24. Carbonate performance test of the tubular type
electrode.
Conditions: carrier, 1 mM phosphate buffer; flow rate,

15.9 mL/hr; injection volume, 100 zL.

40
> y = -14.79x + 44.50
E r=-0.91
8 30 -
[ =
o
-
5 20
o
g
£ 10 -
o
00 0
o T T ‘I 4 T

-Log [L-malate] (M)

Fig. 4-25. Calibration curve of the probe type electrode.
Conditions: carrier, ]| mM phosphate buffer; flow rate, 159

mL/hr; injection volume, 100 #L.
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80

E y = -21.5x + 85.5
g r: .
S 60
[
o
Q2
=
s 40 -
o
|5
£ 20
o
. (e}
0 T T T T T

-Log [L-malate] (M)

Fig. 4-26. Calibration curve of the tubular type electrode.
Conditions: carrier, 1 mM phosphate buffer; flow rate,

15.9 mlL/hr; injection volume, 100 L.

t}. CO; gas AF& ©]&3 malate 4

Z @29 NADP7} 7tBUlolE o]& MeAutel CO o #AAHo) o

oft
ook
tlo
=)
rir
Pt

o2 Ught o2 A3y 93 WdHeE CO; gas A

1) Probe type2| COg gas@ = A

Probe type?] CO; Gas®Z& 10° M~10° M9 NaHCO;$ Na.CO; X

Zgdo)A ztzt 932 mVe 1343 mVe FANAE dehdeEd nHgY
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AN F2d CO: ¥ 45& RFAHTable 4-4, Table 4-5). 3 &)
oA probe type®] CO: gas A& AH&3t7] % o2 Wse] dPAA=

o 2 gkt

Table 4-4. Potential obtained by the probe-type CO: gas electrode
with CO; standard solution(0.] M NaHCQ3)*®

Concentration Obtained mV AmV
10 ° M NaHCO; -52.5 -
10 ° M NaHCO; -52.5 -
10 * M NaHCO; -43.0 +10.3
10 * M NaHCO; -5.1 +38.1
10 * M NaHCO; +10.3 +46.8

Total AmV +93.2 mV

*The initial potential was -52.5 mV. Obtained potential(AmV) was
measured by the addition of the each concentration of the standard
solution(1M NazCO3).

"The buffer was made mixing of 0.1 M phosphate buffer, pH 7.4(90 ml.)
and CO: buffer(10 mL) which gave the level of pH, 4.8-5.2.
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Table 4-5. Potential obtained by the probe-type CQ: gas electrode
with COq standard solution(0.1 M NaxCQs)*®

Concentration Obtained mV AmV
10 > M NaHCO; -435 +0.5
10 * M NaHCO; -33.7 +9.8
10 * M NaHCO; +0.8 +345
10 * M NaHCO; +50.3 +49.5
10 ‘M NaHCO; +90.3 +40.0

Total AmV +134.3 mV

“The initial potential was -44.0 mV. Obtained potential(AmV) was
measured by the addition of the each concentration of the standard
solution(l M NaxCOs).

"The buffer was made mixing of 0.1 M phosphate buffer, pH 7.4(90 mL)
and COz buffer(10 mL) which gave the level of pH, 4.8-5.2.

7h) Stirring = W& CO: AF Aol B3 AY

Stirring £%& Z+Zk 25, 35 45, 55 652 @ald Adq4

stirring rate 459 A5 713 COy AAE7F =94t

L}) Buffer /9 o8 CO; A% A5 #% 43

Al 7bA & FF 9 buffer(pH 7.4), ¥ 1 mM phosphate buffer, 1N

HCIZ =¥ 1 mM Tris buffer, IN NaOHZ %A ¥ 1 mM Tris/HCI
bufferg& A}&3td COxE& A3 A3} bufferztel] 2 zol7} Yehbx] ok
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th) Buffer #3836 & CO; A% A% &3 A

A" COz %ol AFE & bufferdell IS WA dolr gttt Al 74
o0& By bpuffer(30 mL, 100 mL, 200 mL)E Ab&3sle] 1.0x10°~
1.0x10' M NayCOs F3tlA AANE A A3} WA A 247
1096 mV, 1084 mV, 1114 mVarx AAE COs= AHE S bufferis e o
3 ¥ A Fi buffer €A Fol v EE COE #AS 2 AL e

Hoj 5=t

2) FIA systemolA COz gas@ o] A&

7}) Well-jet type®} Flow-thru type COz gas A9 %

oL,

F s 4

COy gas#=o] FIA systemilANE AFHoz it

olo
_O|{_l‘
rir
2
Jet
rO
_QL
N
o

g A3e HAIS A HTable 4-6). F el HFo] BF 4% CO: #A
E Jvetdlon, well-jet typeo] flow-thru type®t} 7t & AAEE

no Fol o]F HYL well-jet typeE AHEEt APk
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Table 4-6. Potential difference obtained by the well-jet type and
flow-thru type CO2 gas electrode with CO: standard
solution(0.1 M NaxCOs)™

Well-jet type Flow-thru type
COs electrode(mV) CO; electrode(mV)

10 ° M NaHCO; - -
10> M NaHCO; - -

Concentration

10 * M NaHCO; +8.6 +11.3

10 * M NaHCOs +51.8 +39.5

10 M NaHCOs +101.1 +72.1
Total AmY +101.0 mV +134.3 mV

*Acquired potential(AmV) was the potential difference form the potential
of the baseline to the peak potential produced by the each concentration
of COz standard solution.

The conditions for the CO» measurement in FIA were followed: flow
rate, 80 level on peristaltic(65 mL/hr); injection volume, 500 #«L; chart
speed, 2 mm/min; chart record variance, 1xX200 mV, 0.IM phosphate
carrier buffer, pH 7.4 and CO: buffer.

1}) Sample loop sized] W& CO,; gasA =9 A& A A3

HH Ng FIFL ZAsr]) Ystd 10' M NaHCO:& Ab&3td
sample loop sizeE 200 pL, 500 pL, 1 mLE HHo] AFE A
well-jet type CO; gas@ZoA = sample loop sized] TAIRLe] H]=F A

A28 e
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t}) Well-jet type COz gasH =& Al-&3 malate 3% 54 A9

Well-jet type9] CO: gas@ =3} malic enzyme reactor’} ZX¥ FIA
systemol A malate % £4& ¥ ZF malateZHE AdE COol A
CO:z GasAFY FAEE A¥EU10°-10° M malate)ol] A w1 @A ver
W rHFig. 4-27). WetA COz gasA = ZARE Eol7] A8 RAddS 4
Algtden o Adse o 23t

10

potential difference(mV)

-log[malate/NADP] (M)

Fig. 4-27. Calibration curve between the potential difference
and L-malate concentration using the well-jet type

CO, gas electrode in flow injection analysis.
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(1) NADP9] ¥% ¥s}

NADPYE 7129 43 &% H/lste %299 NADPYS dFsiA 1
Adste] Hrbek Ao AEL HAAR AR F AS EF v ¢Hge B
Yo2H NADPE 7129 ¥% o422 Yol & "art &g s
o},

(2) Malic enzyme®] ¥ W3}
Enzyme®] 4% 1 mg, 2 mg, 3 mg, 4 mg, 6 mgE W3ldo 34 W
FIA systemo] @ZA COl A A= FAL

SRgEoL o] & Atole] WriE AolHo] vetuA &yt

N
i
)
7]
Pr{ll
ki
L
it

(3) &2 wrgv) 2o W3l
3 COr ZAEE HAd7] 93] enzyme reactor tubingd] WAL =
7FAF5L Aeolg £ HAg oz s AFgsgert CO; AALEN F7}

HA &k

4) B4 343}l A€ carrier?l W3}

EAE glass beads(N-(2-aminoethyl)-3-amino-propyl glass)®} CNBr-
activated sepharose 4Bol| Z}z} 1A 3tsld COuol st AAEE 2A359
o} olE Apeld] & AolHL fiUt

(5) B4 23} A enzyme coupling efficiency o] FA}

2 33 AF ALY carrierd slurryl A protein ¥ E& &4 g
A7 enzyme coupling efficiencys 91%E A4E o} enzyme? couplingll
€ A7 e Reg ey
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(6) MgCl 378l 9%

Malic enzyme? ©]43 malate® oM Mgy Mnge #4509

e

Wz zgstez 2 Agda 01 mM MgChes 7132 malatest 2& &R

_‘d
oo

NADPo| tis] %712 drtste] A@sta ot MgChg #7tetAl o2 W

2
olo

3 Wge o]g JehuA @sted, ol Al#sE malic enzymeod

of =ag MgClhvt olvl gfrEol 7] WEes ARdn

(7) FIA systemolA ¥r-golA AAD pyruvated] T% F%
714 ) malate?t &4 #HS7lojA ¥hgo] &3 o)FAEA &1l
9ty wre T AMAEQ pyruvated FEE 3 A pyruvate

malate =0} vl @gd NS FAsA

o3 Bo| CO; gasAFE A3 F9T 9ol APAAEL 8 W)
COr gasAZE NaCOu% 2& EEEAL AT W $58 45 2
ol W 7149l malate® ZBY WE FAEY} o] & WA WFL S
Mt gol wWoldE ez Jewth WA CO gasiF) AEE
NADPS| 43& WAE & At F4E Adae Jod we A5 o
2ol malate 244 AN A2 AgSIE REATE A0 W)

B Apo|AE COs” -ISEE o] 4% H48& FdAr
2}. Conventional electrode®}t solid-state electrode®] 4% Wi

UAls BAT @Fele] H4g golsti s A FHE AM

e oak ostow 283 Aze] 7h5 e solid-state electroded #ZsHR
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2 o)A HA&rteAS AES] s I 4F& conventional electrode?
carbonate performance$t Bl @ Z 3} conventional electrode(r=0.8649)¢]
79 solid-state electrode(r=0.9187)14 2t} carbonatec] ¥ FEE =
o} AdALE vhak "ol MrHFig. 4-28, Fig. 4-29, Fig. 4-30). &%
isocitrate EFG AL FYste 4P A# F FF EF detection linear

range’t 10" M~10 % M& thad Welo &E 7H54S AA s

35 | = 8 B - -
—e— Conventional electrode l
—m— Solid-state alectrode l
30
s \
E 25
@
]
c
§ 20 -
E
©
w 15 1
=
[
b
g 10 4
\
5- N
0 T T ‘r—ﬁ——-v—‘i
1 2 3 4 5
-Jog(M}[NaHCO,]

Fig. 4-28. Carbonate performance test of conventional electrode
and solid-state electrode.
Conditions: carrier buffer 1, 0.1 M Tris-H2504 , pH 7.5
carrier buffer 2, 0.6 M Tris-HxSOs , pH 11.0; flow rate,
136 mlL/hr; injection volume, 100 gL, enzyme reactor

length, 15 cm; tubing size, i.d. 0.89 mm; room temperature.
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Fig. 4-29. The response peaks to standard NaHCOsz solution in the

sensor system using the conventional electrode.

Fig. 4-30. The response peaks to standard NaHCOsz solution in the

sensor system using the solid-state electrode.
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ol B EAY] ARy

D % 246 WE 4% v

A&, TFABBS TFADB ¥ 7}A19] carbonate ionophore& ©]-&38fa |
%3 COy -ISM¢ NADP 4882 01 M Tris(pH 86) buffero] ] wa
243 A3} TFADB-based membrane® 75- TFABB-based membrane
Bt NADPY 9&g& AHA we A2 JEw\y. TFADB-based
membrane 10° M~10"° M 3= $)A& NADPY 9%& 7Ae @A
@1 @A 2FEA0' MOANT ()23 mV AHAE BPe=z AA A
U malate ZEHHYE T o B A7 MA Axgd 7 AR
o] & Adyg vtow #Adsridata is not shown).

A, COS -4 84 e pH 988 & 248 A3 pH 20~1209 =4
W9 ol X TFADB-based membrane®] TMT-based membrane® v} ©f % <t
Ast9 e TFADB-based membrane® 7% pH 6.0-9.0 Aol wgjolA
pH ¥W3lo] we A As7 A9 AATH webA & malate FHE )
ol ¢ HHo] pH 6~9 WHAM PN o5 HdegHelxn
EEFHA A2dE 75E F degd AaHAFig 4-31).

AR, 7142 malated] WHEHFE ZAS ZAI}  TFADB-based
membrane® TMT-based membrane =5 10° M~10° M =¥ Y&
FoHQ FHEFE HolAE FRHFig. 4-32). 2 10° M malate]
79 TFADB-based membrane®] 7o+t positive interference® H.R I
TMT-based membrane®| %o} negative interference& R AT o]z
o] & =AY THE& Axsod o MHHd FFE E T U

NADP(cofactor), pH, malate(substrate)?] WalAHAEE FAE 23
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TFADB-based membrane®] ¥ malate &A% ulo)lQAlAd 71 A3

oz ALRE QU

Potential, mv

Fig. 4-31. The pH effect on TFADB- and TMT-based membrane.
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Fig. 4-32. The malate interference effect on TFADB- and
TMT-based membrane.
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Pl B o] AAZSH vAE P nAsy] 8 10° M F= 7
3} F71dE FYad B Edd 9FHE =
th 2 A% FPF AR Fo] 102 ME Ado] EAFE Fel WA 1%

Algt A3 Table 4-73 2

TodlE BTED (25 mV W9 WA AsE ugdoz B MME
AR 4E) HgA oelg walEAd @ T IS A Ao AR

A

Table 4-7. Evaluation of the possible interference of various

compounds in malate sensor system

Additive(10mM) Conventional electrode Solid-state electrode

potential difference(mV) potential difference(mV)
Glucose 2 25
Sucrose 0 2
Fructose 25 3
Malic acid 0 0
Ascorbic acid 2 2.5
Pyruvic acid 0 0
Tartaric acid 0 0
Citric acid 0.5 1

5h 4 EAE 4

WA B ATdN AN® F SR 2AYNUS was) uY oen 2

o] aoty + ek
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Table 4-8. Comparison of characteristics between biosensor and

GC on sample analysis

Biosensor GC
oz aAe Exe
Axg FHZE& A
) A e e
A _axzg -silylating reagent®
= Az, AR, o3,

A, Az T

AAY ALAT 15% 541 7k
A A3 5%-°) 2A1 7k o4
A e 2zoz g | s9dE 7S 8%

B Sensor system Gas chromatography
q93 7|7 4 v &

(600%Hd A=) (2000919 A E®)

A& 10°M 10° M
Bk Sojgo] ES(EAWS)|  Folol 2g

EollA & 4 A%o| biosensort 71&9 H714d &4 LYY GCEH
AAE FAHoY EAAZ, AHAA, AAA, A= HAAA RF 84
Gog FABY {74 FE FA Bol &E F e 7ddn.

B A9 malate FA4 vtoj 4l AP S AFE7] As) AAl A
BE vlo)oAME BAME A GC #4313 nlad Aw= Table 4-9%
o, GC 42438 #F £9A glutaric acid®t malic acid®l retention
timee 2tz} 178, 3782 0] 1 gas chromatogram< Fig. 4-333} #o] e
3ok wo]l Q MM E o] 8% AL malate BT HFF M &8 T

31 CHFig. 4-34). GCSh WFol QMM E o] 88 RANES Wud A% 4
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1.5

617!.1182 «— glutaric acid
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Fig. 4-33. GC chromatogram of trisilyl derivatives of malic acid

contained in fruit juice.
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Fig. 4-34. Standard curve between the potential difference and
malate concentration using the conventional electrode in

the optimized FIA system.

Table 4-9, Comparison of conventional electrode system,
solid-state electrode system, and gas
chromatography method in malate determination of

fruit juices and red wine

content of isocitric acid(mg/100 mL)

sample Conventional Solid-state Gas
electrode electrode chromatography

apple juice 0.84 0.88 0.90

orange juice 1.08 1.28 1.35

red wine 0.71 0.79 0.80
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2. Isocitrate sensor system
7} &4 A3}

Kumaran® Trans(1992) ¥¥€& 4 ¢ isocitric dehydrogenases il
A 8= bifunctional reagents?! glutaraldehyde® ©]4-3l aminopropyl
glass®t A9 amino group Atolel Z¢E HAsE dYgE 7122 A
th(Fig. 4-35). 2438 Az F &2 coupling efficiency& Bradford(1976)

o) s AL A 99.96% T

H H H H
-0~C—E|2—22~—th + 0=C—C—CH=0 —» —N=C—C—CH=0
H,

Glass beads linked
Glass beads Glutaraldehyde with glutaraldehyde
+
EnZ —NH,
Isocitric dehydrogenase

H H
—N=C—C—CH=N-EnZ

Complexes of glass beads
and isocitric dehydrogenase

Fig. 4-35. The mechanism of isocitric dehydrogenase immobilization.
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1}, Isocitrate sensor system<| & 23}

1) Carrier buffer pHol W& 9%

B A A A2§ isocitrate sensor systemS HH3 2717 $3td
WA carrier buffer®] pHE gdEsy W&o #AS=E HHEUG
Isocitrate enzyme reactor® %33l carrier buffer 12 &47F W3t
A4 pHE YA A ¥, carrier buffer 2(06 M Tris-HzS04) ¢ pHE 9.0,

100, 11.0 A} 71X 2 WaAA 488 Zd3 pH 1007 pH 11.00] AHLd 74

ot

o A@AS 2+zh 09156, 090442 pH 9.0 ZA$HTh ¥ ABAHE
Aqod, 43 o] pH7F ZF7MEFE carbonate# = FUEIE T oe
CO:ZHE(CO,, HCO3, COs* )0l §ole] pHol wat EAFdel daAE
Aoz Addd ¢+ 9o

CO; + HiO «———» HCO3 + H «——» CO + H + H'

Z carrier buffer pH7} Z7}gd) wel 7R 8l5xt st EFQ carbonate
o] &9] Aol Z71H 7] wjEolth pH 1009 4% pH 110014 K} rd 3

o AAAHL BN F% oY baseline fluctuatione] ZA HEIY FAH & W)

leg B A7 ME pH 11.0€ 33 pHE 4743 thFig. 4-36).
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2oﬁ
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potential difference{mV)

-log{M)[isocitrate]

Fig. 4-36. Effect of the different carrier buffer pHs on the
CO4” -ISE-FIA for isocitrate measurement.
Conditions: carrier buffer 1, 0.1 M Tris-HSOs, pH 7.5
carrier buffer 2, 0.6 M Tris-HySOy, variable pH; flow rate,
104 mL/hr; injection volume, 100 u¢L; temperature, ca. 2

57C; enzyme reactor length, 15 c¢m; tubing size, i.d. 0.89 mn.

Carrier buffer?} T E&%d] o3t 7459 WIE A7) 938l carrier
buffer 18] EE&EEE 65 ml/hr, 104 mL/hr, 136 mL/hrE2 22l dle] Ag
3 A A F A flow rate 13.6 mL/hrel 7§71 AB A7 0928838 4

B0 74 wgtom BE Ed 71 EHFig 4-37). o RE AR B
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ol o) AEHeld & e, olgw B FEE WAl wol, 92
o Wolzyd & 4+ AUtk

22 flow rate 136 mL/hre] 3¢ =t ool tf ¥Ud Re=

|

z 52457 /18542 B AR #E

Mgt 2 e e BAe carrier bufferst AR e E¥ol & HA

oo} #}aturgo] Yojubx &4e 4 low EF VAT i HFEA
=}

52 SELEE UL w2 &

pocd
o

P
Ae ulgAsA gL Aog e vh(Bilitewski & Rohm, 1997).

rir
N

20
T —e— flow rate : 6.5mL/hr
18 - —u— flow rate : 10.4mLshr
J —a— flow rate : 13.6mL/hr
16 - - [

8 - \ \\

8 -]

4- k\:’\%
2 -

0 Jﬁ - - T T

[} 1 2 3 4 [
-log[isocitrate){M)

potential difference(mV)
3
1

Fig. 4-37. Effect of the different flow rates on the CO; -ISE-FIA
for isocitrate measurement.
Conditions: carrier buffer 1, 0.1 M Tris-H:SO4, pH 7.5,
carrier buffer 2, 06 M Tris-HySO4, pH 11.0; injection
volume, 100 #L; temperature, ca. 25C; enzyme reactor

length, 15 cm; tubing size, i.d. 0.89 mm.
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3) ANg FUF wE IF

NE Fdwe] Be ANl WstE dotuy] st AR 50 p
L, 100 xL9 5 7INZ2 @¥3e 2AIG 23 100 gL FIE 35
(r=09288)N A 50 pL FU& AL-(r=08212)K T F3éA ¥ ol 7=
o YOIMNE AAS B e BATHFig 4-38). AL A& FUFS F
AN 22N carrer bufferst A 89 EFo] AASC B Fazt Ze
917] wj&o)ch(Bilitewski & Rohm, 1997). 283 71d9] %o BopH o
22X BEANSON A4HE AYEQD CO Fol Fretgy]l wWEolga
A

20

4 —e— Injection volume : 50uL
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d
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©
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g e
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Fig. 4-38. Effect of the different injection volumes on the
COs” -ISE-FIA for isocitrate measurement.
Conditions: carrier bhuffer 1, 0.1 M Tris-HsS0s, pH 75;
carrier buffer 2, 06 M Tris-H:SO4 pH 11.0; flow rate,
13.6 mL/hr; temperature, ca. 25°C; enzyme reactor length,

15 cm; tubing size, i.d. 0.89 mm.
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30

-—e— tubing i.d. 0.89mm
~—&— tubing i.d. 1.02mm
25 ’ '

potential difference(mV)
&
{

0 T T T
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-log[isocitrate](M)

Effect of the different tubing sizes on the
CO4* -ISE-FIA for isocitrate measurement.

Conditions: carrier buffer 1, 0.1 M Tris-HzSO4, pH 7.5;
carrier buffer 2, 0.6 M Tris-H2S0s, pH 11.0; flow rate,
13.6 mL/hr; injection volume, 100 gL, temperature, ca., 2

5C; enzyme reactor length, 15 cm.
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t}. Conventional electrode®} solid-state electrode®] A% H]nl

483 A= solid-state electrode?] A& H7Hst7l Y&l NaHCOs3
FE498 %o 2MW carbonate performance® AP Aides o

malate A4 AlzgelAe Asst FAHAT
o walzael wy 24

AE ZFH Rkl MM Al WAE FIEE AES A
interference effect® ZAME 2% H7hg WajEde F=(10 mM)7F A5
el Aoz EAsE Fol v FFYoE &3 solid-state
electrode® Z 78 malic acid®]l A #E #9331 conventional electrodest
solid-state electrode E5 ¢ 10% A5 94F& Hole RLE UERH
(Table 4-10, Table 4-11). WA HF Fo) S W& de) v=<
olHrT} wy] wiEo] AA AE AHA isocitrate FEE FAHT W= o
9 Heage v A Aoz AFHAT

=8 glucose, sucrose, fructose 52 B 2 malate, ascorbate, pyruvate,
tartarate, citrate 52 #714& HEZPE o FUIAFE AFH=T i
2o Aoz JEyLd ot £7)2ke Hrlz Q3 pH WE fE o A

agr,
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Table 4-10. Evaluation of the possible interference of various
components in the quantiation of isocitrate in

conventional electrode system

Additive Concentration di ffI; ?gﬁﬁg(a;lv) Res(g/(()))nse
Blank(Isocitrate) 10 mM 12.0 100
Glucose 10 mM 11.5 95.83
Sucrose 10 mM 115 95.83
Fructose 10 mM 105 87.50
Malic acid 10 mM 115 95.83
Ascorbic acid 10 mM 115 95.83
Pyruvic acid 10 mM 105 87.50
Tartaric acid 10 mM 11.0 91.67
Citric aicd 10 mM 115 95.83

Table 4-11. Evaluation of the possible interference of various
components in the quantiation of isocitrate in

solid-state electrode system

Additive Concentration di ffléfgffc‘teiﬁln V) Res(%))nse
Blank(Isocitrate) 10 mM 8.0 100
Glucose 10 mM 7.3 01.25
Sucrose 10 mM 75 93.75
Fructose 10 mM 75 93.75
Malic acid 10 mM 6.0 75.0
Ascorbic acid 10 mM 7.0 875
Pyruvic acid 10 mM 7.8 975
Tartaric acid 10 mM 7.0 875
Citric aicd 10 mM 9.0 112.5
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o AEAR 24

2 A7 isocitrate &84 wlole A9 APE HF37] A AA
NEANRE vol2 AR BNF Ao GC B vlug A= Table
4-12¢} #TH(Table 4-12). GC ¥AZA% IZF {49 glutaric acids}
isocitric acid®] retention time& 2z} 18%, 33#°|UiL(Fig. 4-40) Hio] L
A BMA conventional electrode®} solid-state electrode® EF A @3
A& Fig. 4-417% Fig. 4-42°) vebt ek 283 GC 2423 ¢ vy
& o conventional electrode® A% isocitric acid ¥Fol solid-state
electrode® =A% FFr}t 0 & FAYo] e 22 YERY. 9

¥ Table 4-109} Table 4-119)1 A4 K9] solid-state electrode®l -5 w3l
BA 4Fge Fu Wol ) WiEoR AgHAAY EI BIFEE A
93t A 74A FYFA(AM, X, EvtE) U isocitrate F#ol 2 4 W
WA F2 A ol Yl Aoz debkd mEA £ A7dA ALE
¥ isocitric acid 2R3 & vloj2AME Al 2F AL AojA AHAN
E doHE ANY Aoz AIHUG.

e — T T T T T T U ST T T T 8 RN
T T '

PERT e

g e 1+ 196 glutaric acid

wassesme jgocitric acid

Fig. 4-40. GC chromatogram of trisilyl derivatives of isocitric acid

contained in fruit juice,
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Fig. 4-41.

Fig. 4-42,

potential difference{mV)

1.5 2 2.5 3 3.5 4 4.5
-log{M)[isocitrate]

Standard curve between the potential difference and
isocitrate concentration using the conventional electrode

under the optimized FIA system.

N W A OO O N ©® O

potential difference(mv)

-

L L 1

1.5 2 2.5 3 3.5 4 4.5
~log{M)}[isacitrate]

o

Standard curve between the potential difference and
isocitrate concentration using the solid-state electrode

under the optimized FIA system.
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Table 4-12. Comparison  of  conventional  electrode  system,
solid-state electrode system, and gas
chromatography method in isocitrate determination
of fruit juice

content of isocitric acid(mg/100 mL)'
sample Conventional Solid-state Gas
electrode electrode chromatography
apple juice 0.403 £ 0.093 0521 £ 0.006 0.359 = 0.021
grape juice 0.355 % 0.005 0.354 *= 0.007 0.329 £ 0.044
strawberry juice 0.356 =+ 0.006° 0.335 + 0.001° 0.452 *+ 0.013"
tomato juice 0.375 = 0.006 0.356 = 0.021 0.272 = 0.04

'Means = SEM

Means with different superscript are significantly different(p <0.05)

a-b : Duncan’s multiple range test for analytical method(row)
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2 Zo| 9 F7]4r2Y  malate, isocitrate® =AY & Y& vlo] A4

slauAl nA3E &A 978 Al83t9 FIA systeme A 2H3H4

i

=
e
o

I, HAHEY 24& FHar]) A3 AAHe #ARe Ay IFE F
= Av o 4 HFES AHFA. HHsa 2o A EFW
malate9} isocitrate ¥FE AF EHstden, &4 A MY HFS
#8 GC 24 Anet vusdoh £ Folg AMALE &) 233 2
=<l solid-state electrode® A#stAx o] & 7]E2 A=< conventional

electrode ¢}t H| 15} 9]t}

1. Malate sensor system

Malate 7-8 FIA system® #ZA EAzd& &3ty ¢t o8 ©

F59 HHs A7 CO4L -ISE % polymer® PVC, carrier buffer® ¥

ImM phosphate buffer(pH 7.4), 3&4£5% 147 mL/min, E4AWS 7|25

ro

B #A7|7A9 FYdele 1oem, NEFHFE 100 pL, &2 IS
loading %< 20 units®! %57t 714 HAH o2 ey

EF RV olE ey we] Hed S xol7] A 24& €8T #E
Azxg F oozl WIjecle] dF¥HE A HI TFABBY
TFADB-based membrane 7}-¢ 5 TFADB-based membraneo] %% (10
M)¢l NADPAME A& g we Aoz Jewr. E3 TFADBS
TMT-based membrane F F7F< 9ol Qo4 pH 4&3 7122 malate
G ZALEE A3} pH 93 FAd A= TFADB-based membrane?] 72 -$-

7} pH 6.0~9.0 Atole] ¥ elolA pH Wste] & Az ¥ast A9 gz
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0 AAHA Ao YEIRom, malate FFRANME F FFH ¢ B
F10°~10° M =¥ T waass HolA &skrh weA
NADP, pH, malate 4 Z#/¢ wWalEde 9L =2F a3 9
TFADB-based membrane®] ¥ malate Z3-8& MMl glojx HHof =z
Hez Ate S A,

g8 Folg MM AR 98 &8 AFA solid-state electrodes A=
#9312 2 A%< conventional electrode®t W E3tAt. 2 A7 HEEY
(NaHCO3) 9] 5= #Aat Atole AoAFE thd Holoy 7hR o
Eo} tf§ #%7} conventional electrode®th ¥l linear detection range
7b 104 M~10" M2 A& W WA ol 8o 7t5ie nald 9 &
AT solid-state electrode™ @R NA HEA F&3A o828 7 &
Aoz AtaFH A

B AFolM AFF malate B E vl AN NAFY %S AT
7] 918 HEE vlo]AMNE A & O AFHXNE GCEA AAA g v
& Az B A3 sdd vol2AAE AFHA e dioEHE AFE
FE Aoz Yeyy.

El

2. Isocitrate sensor system

Isocitrate 4§ FIA system? HZEAM A& &gsir] A3l AA
Nzeo 4FE & 4 & 98 AFES HHssigtt. n9gd ahe
A2 pHY sensing site?] Aol i H3Z pH7/t E& 188 carrier
buffer 0.1M Tris-HzSO4(pH 7.5)9} 0.6M Tris-H:SOq(pH 11.0)2 ¥ &3}
Qi, BBLHEE 136 mL/hr2 A8 Q. ABFRFE 100 p¢L, carrier

buffer2 %€ W 7|7x FIA systemoZ A= FYUZL 0.89mmel
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A7 M A Aoz Jehdoen oleld HA zACA isocitrate £
44 10 M~10"' M9 He FEHHAN FAHA FBBAS JeyE
A& B W 8 f71 B24E A Azdd v oS F4F Aade
2 #aEuY.

aga & A7 AA Alzdg HANFE HE87] 98 glucose,
sucrose, fructose ¢ %9 HF9 malate, ascorbate, pyruvate, tartarate,
citrate 5 98 F7IAES HrIet] LaE AP A7 LeEd
FEZE AEFH AdHez EAStE Fd HlE AFAdE Bysia
solid-state electrode® 243 malate® A3 & A3 conventional
electrode®t solid-state electrode®llAl EF ¢ 10% HE9 L HAdt
mrEbA Al HFA R A& ol WHAEE HE FolE Ao
#aE A

LY isocitrate FAE vlo]QAA Y AFPE HAFEY) Y8 HFANR
g ol ANz AT F O AAXNE GCEA AAX 9 nuy Ay @
P E A BRE FY FaoA 7 BAWEE foHQ Ao)7t gl
T AR yeyn mEA B AfeA Awdt isocitrate SHE A A
g2 AAAEY A B oA ¢ AHYUE HolEHE AFHE Ao
B agEdt. £% & dFeA A2 solid-state electrodet: 2% 3
FLEAN AN A2de 2¥gen R Hgog gFYAE sHFEA 8
M dtue] ol multiple sensor& EFE § glorng tAg BAjo] 7}
T FUE AN o] Jted Aoz BaHY

e B Q7o AgE malatest isocitrate %44 vho] L MM wh
231, ks, A4 de 2HE AN 5 A2 B4rrEA go
2 A743 d@FdA ol RV FEE FHsed f43A &89 7

A& Aoz 7lddn
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