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2 23AY v FAsEe e Z xFAFNA ot &=V FELE FAV e
B2 AFAQ HE715E vole AN Alade dFsfge] aHo gttt

Hx, WAE, § - HEZF, receptor 5 AERLY Folut A S G4ER MY
Holz o} gd FAFo] AT NEAAHE AFY ¢ U FFe] Ao AFHFTH
o €47 ¢&71%5T vol2 A A2=Yd o ASEFE JFAL HEE 7 U= £
oFRZME olf F 89 ME #Y, HHY H&E HUl HFE R HFLRY ARA
(7, AEAE T REHEY, JEFF 24, AE/NF AVEY 839% Hoh A
#7te) @ Fol Y& F Jovt T AFAY LAR Fo|D L5FH, +HHF
g 2¥AEZT Z2ddA $AFeR ATFYRAYo] AVHE HofRE dFf Y F59
Axde] AA, URH #Astd FAAAH] e AL A4 FAFH5e 73
7] B4 AR F Qe HASE AA, 489 448 4 TRAN AeE E 7
Atk - AR FAL O MY 939 b A FHHEZ AEEYLE A
o] 59 EAYIY dolM FoF & Fo shtely trimethylamine (TMA)F 2
FHurgd 97184 (volatile basic nitrogen, VBN)E &A3ste 7|&9 #iL A7 ¥
AYi 2~3X7k9]) BEAAZke] 28 HE EAAF glenz Ax SFANLEE sHE
W2 g9&i5stn 83 F3970E 8715 wol A S s, Hde 4
ZERARL Y To dF A9 @dad F2 g2 gl FEHVNE FAAY #
&) o3 it 5o EAFo) EANE FUY FAS I FLAYEE AME A
datglon e el AFo] g FAA g AAHADR e AFAAY F
2% EA4L nesg AFAPAAY FABE LT vpo] A A2FE A
@3t

olg T3l A 209 A= FUHEAG WEY L 0] Fd, URH}
#AY Folwle) 2513 L FU] 2A 74T F Y& Ao A o R F
3 A44 Fe JHE4 A4A9 FAHHAE 58 ¥UUHN Sdg 4F 4FTAY
A58, FASE T AFAFY FAHHNG ol FUHE IW AFAA FAZ
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Ay AR gdch A - BEFozE RN GE INEE Tt =
AZ @ JEdud WE 734 FEst FUe F@ BAA F9 it HAeH E
B EYNE L o) & 25 9 ABYRY U &43 FHH A ALh o
o BLe Eae AR YA BEY £9¢ 4FY & Y= AN A2E FHE A
I 2793 Q. weA, oEd 2oz Abge] zHRm AR Hold ASF

Nz vol oA Axde] Ad Baye FFsHn Aok

m A7AE e 2 89
Log ¢ 2% Axe M. AGF A2 BelE A% oA AN2d A

b oS 2 % 27 AEAR ASE vl AN A=
1) AEAE fEA 7 (ATP 848, 314 ¢971€3, polyamines F)
2) ATP #3|4E A54 vlo]dM A=

U 37 AEAE ASE o]l AN Ax T AN EFEF A5HAT
1) TMA, biogenic amine¥ HAZ& wvho] 24X g |
2) AMea AN Alzde] 71EA4F D bufferd] FA2A &4

3) A% A s FAFH2AAN AL

th QA9 s, 4438 % 443E ¥ workshop

1) 449 ggst ASAEE T2

2) AMAEL 2ad ANeA ¥y AH

3) PC3 8 A2 AAHE (R BE FYHE 9% L $59 A=EH)
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4) 71E9Y (HPLC 5)d 9% EXxI9 ujm
5) /gd A2"E 43 workshop 71

2. AABSEL AEASE AT vl AN Aag A

7L AR E F 3F ASE vl AA Az
) A%4Es 37 ugRte 4uY 24
2) FF €48 AA g

. Al E 3o oAt ASE vlole MM Az
1) B4 ES} ot BF Wty 4BY 24
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D H&Ee] e Pug 2y

2) A4xd & GLU (22 ASP), ASN9 W3 24
3) %7 R ojvlxAte] Y& B pattemdt

4 A R Ue) HEE ASN2Y A

5) A%E N2d& B4 workshop 13
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2) Dual cathode Al29uFH el #AIY AY
3) A& Az Fo ARV B4
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2) AEAZ T AEWUS S

o A ZEA ol ES BA 4 € 33 3% workshop 7H

1) Multi-cathode 2&AF A=

2) FANTER Fd #7143 R BH FA &4

3) Multi-biosensor® ©| 4% FA/FFAEFY ¥4 2 71839 ¥
4) Multi-biosensor9] A4 ZA}

5) e Na2¥g 8T workshop M

4. wpoje AM o AFH FAEA 2T A
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V. @90¢ 23 2 &84 dig A9
Log 8 §5 A= A& - G ASH @eE AT volo A A2d A

45 R §59 HYH HEEZA B QTN ulol2 AN g oiibel ATP
e Y wE2 FIAFE Kigk, TMA, polyamines?] #%#E o] 205 o
FL2 o FA3F A o]Ee] AF % F89 7|9 F7) MEAFESA FET
;AR nz oo ZASY Kigt, TMA, polyaminesE N&3] &2AE 4 9& vlo
LAME AzsYo.

Diamine oxidaseE 2A3}t3le Axg TFFYEA (flow injection analysis, FIA)

A

3 9] biogenic amine AA+ polyamines ¥ putrescined] W& 714 & v ALE
& UEi e cadaverine®} histamined] WM E v|TE L ZSEE Ho FHY
o). Putrescine 04 mM T74A] ARLHE 78 4 glglon vlo] MM whge HF
LEE 35C, J3 pHE 72~75 Atk AANE Fo| ESAE ATP B64E x|
X} biogenic amine X147} putrescined] W& BHFE whg 3 X putrescine A
of A FEEF Ag B FEoINeH 08%) AQe AR F 0% FIE
a7k Yehs ofulxcdt At SSME Z4Esl % 27k 9 21t perchloric acid
q g% ANaANd i ol BA sFIHSrh 1A putrescine® THE amines
g @A 71 Axd 29 AREE §33%o ¥ Z putrescineo] EAE w9
549 195% WY WA Ao 7Hedtsivt

Batchd TMA AA ¢ AELAZE 7|de] izt $EENT MFNLE 285
Pseudomonas sp. DSM6342& 438 Y1 o]& 1ABH AxF TMA dxs B8
3 A & AEA L 29FUh 15 mMe TMA FE7A #3 A4 (quasi-linear)
9 AFAL 98 F AT vl AN wge) A =9 pHE 22 30T 76 ol
Ak A4t 28N mole’s EE vl EA 0|27 FFE Ay £ dH 005 M
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A WS FEES Y EHOm AU ATP RHNES AN A G o
AN ok TMA ANE obnlwdte] oste] A ete™ biogenic aminesel 1A
£ 94 9%e U%T DASEAE Be 4CAN AT 0974A 27 FEE T0%
o] 4& el AHEHE34E 4003 =4 4
K# 4% #d9 ATP #3489 hypoxanthine (Hy), inosine (H:R), IMPE =
4% $ & He 4M, H/HR 4N, HLRIMP ANE Azstn 2zt 734 ga
$HEHE AEHYY vhol oMM W8 AW #3497 pHE Hy A4, H/HR 4
A, H/HR/AMP A4 A4 22 005 M A4t @389 oH 75), 006 M &4 33
49 (pH 10.0), 0.06 M Tris-HCl €389 (pH 80)olx FF 25+ 30~40C Ak
ATP Baj2E& 243t o2 dME Agd g8td A Jgg @] ge wd
glucose, L-glutamic acidst @& 379} opvlxcdte] )ste] oizbe] JFg wgtch
ATP EA4E A2 A% BFAHFe vlo| el AN2de Azsr) 93
o WA Zax nANYP we W FLES 24T FAF Vet A¥Y w4
chitosan beads$¢l Chitopearlg €32 Al&3L v ZE=7 /B3 %o I % bead
470] Fe Chitopearl 25017 3001 AHERE We] ¥-84o] 7% 4sdch
Chitopear] 30018 HAM=Z st Hx AA, Ho/H:R A4, Hy/HiR/IMP ’ﬁl*‘]% AZR T
Y 9 SO g W 24ES Y5 AFHE IARYed 43 A& =
¥ 7% hypoxanthine, inosine, IMP9] dl® A&Y AlAage] WA= Azes 13~
6.2%%] E 339t} Hypoxanthine, inosine, IMPE Z}Zt &3 = &4 reactor® Y
2 Qa#e W Hy, HR IMP &2 comnd o|§ 15-12-7 cmZ a9 AW
columne] Eolwgo] SPHoE Joji} e columndl M ZHo| A FFg w3
A ggten ols ge duel wie ARY AEA2We] g8 PCYAA ALY &
$1315}. Hypoxanthine, inosine, IMPS] $%7 A2 the 29 A%E Hy HR MP &
£ column®) Aol7b 15-12-7 cmd) EEFUENY ATP B2 AZE vhol 0 AA
Azde] FU% A 2 QB 5 56% ol oAUNE ol B FPE 2
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Kol 7538t

W 2 Pselg 2054 FE9L BAT A Kghe 7.8~436% HAHAAN F
Aol MEAEZA FEHC] FAHURL FLAHA7 A4S TMA FF Tde A
ABAA (=0.804)7F EAHPA L 229 F biogenic aminesE FAHA &gk F5
Z9) ATP ReAES 243 A AFLEr} va AR #EFE Kol Ro}
A, TEFARAYY volo AN A2d FHF A9 3 =4 (006 M 4 &58
&, pH 75, 30C, column o] 16-12-7 cm)el A ol & 39 ATP 2aAES 34 2
3} Kigt& 26.0~67.6% W) AT

A Eers] BARHASLE FRse] “vojogM e Ast HFALAMY &
g0l ABow AFAYL Ao A} FLE AT vl AN HAg Fg 4
&#& Asg Adsgen AN EH 48 AEFE It

2. Y5 E AEASE AT vo]LdM Azd A

A4 e g8 23 fE oluxAe A4AR F FIFo] AHIHEE R A A
2o Wste] Ao pattemS THHY OJERYH AKEE AAHLE JSY 7
gtk ZUAt #A F F8F uF L AAFE A g ARE e {8 3 FAA
glucose$} sucrose, -8 o}u]x=At F aspartic acid®t asparagineg 4143 23 ¢+ A
£ Hole AN g AzFAT

Glucose oxidase I unitE bovine serum albumin, polyvinyl alcohol (PVA)# &7
cellulose acetate E}do]l ZASER o|F FHAss2ATd FFHee] glucose A4S
A Z3Y 3L invertase, mutarotase, glucose oxidase? 3 714 EAES Ap&so FYF
W o2 gycrose AME AZT F 01 M A G384 AR AFHS FEH

At} Aspartate 214 nonacting PVA %o A3 s grUELATE Azt

NEEX . ASMLHAM HIOIQAM AIAE 28D LA /sER



NEEX:

d7)0] aspartase® LASHEHA AZSHHCH 005 M Tris ¢899 (H 75)& A3
o AHHE T3t Asparagine ANE %R §o] Ao asparaginaseE FEAHA
A z38

A EF F Red fuii Fuiig 959 347 A% ¥97 979 ghez A
28 A%t FFS T vo|24Mdl sk AFARY glucose, sucrose, aspartic
acid, asparagine?] ¥HW3E AN x 2 AFHE HPLCY o3 £44d34¢ v
Qon e H4AE Foo Uz 2 EFL 459 Ao A4 FLAA FFe
NRE AzsD slo]edM R HPLCH 8@ ¥4g $ussich

A3hE, W&, Z9 glucose, sucrose, aspartic acid, asparagine 4 7kX| J¥o| wsh
o] A 22ty dAAMe U SHATE AW AHRHG SAS Tzades F4
2N (principal component analysis, PCA)& #H3te] A4 EE q=st Q). Alg 2 v
o $101A patten®EAHol @ HEE d2FIE YW Y= F IxHged o
47 data® $AHY 2o FFoln ARAN YFE 3] A5 Aoz sy
A4tk

3. 4Fe F2#d 2 FA4L 9% Multi-biosensore] 71

HEAGY ZE FHd AHLE § Y& multi-biosensorg AZd I o]F Agd}d
FANTAF T AEREY §FE 342 2 d3E HPLC, GC 59 9% £44
o} H) ma o,

AA & A9 anodest F 7N¢ cathodes FA ¥ dual cathode H2HF& AZst
ded F _cathdde 2‘1%‘2&94 AFYG A2EGTY) AudA= 0982 Yewth f-
Galactosidase, mutarotase, glucose oxidase® asymmetric couplingd}e] lactose$}
glucose® EA S 3 4 U= dual cathode A2 L A=t o] A28 37
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pHE 65~752 484 &4 9 I3 pHS 518t Ed AAAE F9 lactose T
% AGHA 33E 5 AT 2L A3 AR §9 lactoset glucose®] &
A =48 $93tgrt. Amyloglucosidase, glucose oxidaseE nylon netd]l 37 334
maltose$}t glucoseE A4 23 4 A+ dual cathode A12¥-2 AZA3H=d of A
2€9 HH 2x= 35C, 3 pHE 55 A1 °|2F F sucrose} mannose’} vho] 2
AXAe FeEd % FEFE vHY Maltose 53 A T dF 2AYLE PF F
A& oA 8 maltoses} glucosed] BA &AL P3iPgoern UV-H|4Yd 4§ SAEH
st Hay A L FAVAE €& 5 U Ethanol/glucose dual cathode A%
¢ FF L£EE 35T, F3 pHE 752 YEl o] A2"E& AMESY HF A9
ethanol® glucosed] B4 &4 Fdgon] £4AAE UV-HA4Y#H GCY 9@ £
NAweh T Re W B FRBA =094)7F e ¥E 24E A% 94
%’ﬁl/“]% Trichosporon brassicaest 242A3E& B4 W72 AHESIY A Z3}
td 2 H3 pHe 2~322 ey,

3 719 anodest 6 7M¢] cathodes® FA ¥ multi-biosensorg 3 7HA £d& FA
£4% 4 Q& ZAES asymmetric couplingdl 913 RATet] Aeta A A
29 &% pattem2 vl d YT}, Glucose/pyruvic acid/ethanol T4 53L& H ¥ triple
cathode Al2€¢] HF Lx& 35CE dela 3 pHE 700100 k&2 o247
Y lactic acid, succinic acid$} 2L #FATEERAY 9F¥FE FESHIUIA thiamine
pyrophosphate A7te]  Jate] FEAAANY EEsE SRS FAsTh. Triple
cathode Al2®d] & TETF ZA AdE {71t g% G3Fe] AFH| o] BA
sgom olZHE addition Wl o] 2d ANE F9 glucose, pyruvic acid,
ethanolel H& $A&3E FHsn GC, EFF=d ¢ 3D} M=
ApA%st 27k 0983, 09542 udEigth o W ZaAAY ARYE AW =W
pyruvic acid AME 30¥ At F 27 2= 84%7t FX¥ TW ethanol AN=

oA o] HjmA yrgtcl. Maltose, glucose, fructoseE EFAlYl $AY 4 U= tiple
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cathode Al2%& Azsta 2 sl L W Ad Fo B BME Yo 2 A
Z3T4E HH At

4. utole AN o) ZHFE HEA g AL

B AT vole X AFo2 o]8d ALAFH FAgFAATANAN dojA
€ 53438 FFdHA A7 A% JEAN29E $FFX, 5 ¥ multiplexer,
PC-Lab card, AFHE AH&349 TN 748 HEFAY &9 %o
AdvantechA}2] Genie 3.0 program® source program®.2 @43le] A% &3 ¢ A
Z, TARAG ARENE WA olF F3A Hlo)AXA HAAE F nAg
nAAEI FEIE AR 0~5 VY A2 AFE F 1wt AFH 99 AFHY
o 2 F A2ASY AARAY FAH( wpoldMd g® ASE-E Immobilon cellulose
nitrate %o 3174 3}t¥ xanthine oxidase® AHE3la hypoxanthine?] ¥EE PCAA
S35 YA FAHFFLATY AAY §Y R ASHYT o9 FYH wyoen
TPt

MEE vlo] AN Al2gg FAA Y &8} A glucose AME )87 EE
AAFTAY AFAE & Ze] P F, S5 IEE IHND F o«
amylase$} glucoamylaseE ZHEA1AH 3}, 37| 449 uvkeE 3= b
AZ3t micropumpE A5 WHEEREE 4R NEI SRz FYHAEE g
At} o] o buffer tanks] ¥ @ solenoid valve’t ZFdte] AR A|Zwit} 01 M Q4
4389 @H 7.0°] 4AA 422 &7 B glucose Al & 94 N &4
o] 4] 2 o] AFE AY AAHA A FAHo] B AR F94L &
Fx FF7 solenoid valverl 48 &8 Wgx & F oA 4340 5oz &
H g g2 &9 AodA A ol4Re AL AT P& § A= A
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g AA - Azt

B Q7AL A Qo3 of 2 59 AN, Fd9 ASEAN, HFY F
A P FARA AME A5FF3, PC A2t ojfoiza Adrle BEE A

workshopel AHD v ATk BAIEE BT F2719 S A5l AUHE A
Aoz ARHH ohgd ATATY HAUE 2 =BAAN 5& T AWee o
9 Tuselor & ez AU, ARwd 44 N2YY AF FAATIF FI4
9 dzg gEad, FAEPAAE SAA SUo14H S50 dF FAANe] ¥EA
sabe 2. 2020 WAAR o] EALS 452Y Sy BE5] AF AL
AR Beol AUHH Suside] ALFIAY BF Arddd F& A AEL F
Sole 44 R AA4 BEA ABHD % R & 242 ¥ WA 59 FH8
94 AzAY 29 AEas A4 B4E ¢ 9 AL d4uTh FANGE AA
Arge s AMEsA A S84/ BRY A% ATEoz Ao IYY
HeguE HEsed T80 Jdun HUASE AM A29d B EFHeR
Az Bae el edA e AsaA 94 Ex 44 FHRY A4 75
o Aelg + g8 Aoz AUt AFY 4 R FAUY AN A2Wd BEAF
& muid B0 ANE F8aY AEFY AALE, LTFZE I N3 Az Fe
Q0EER Z A4 ASHE o4 A BAA A& 3 & dons AYA
£8 2asdAe AR A4 FAAst R welol Tl A= ohgd 4
& Moz sudx Ge APAFE £4A 8T & 3 Ao Aydn A4
o sgAs P AEFFAAG 4F L HEQR BABY 989 olFo|AE
5w stoledd Aade ARALAA G A - FFHS FEY AE D

35z e
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SUMMARY

I. Title

Development of Novel Biosensor Systems for Food Industry

II. Objective and Significance

This study was done to develop novel biosensor systems .to provide a
fundamental technology needed for food industry. For this purpose, biosensor
systems measuring freshness of fish and meats and ripeness of fruits, and
multi-biosensors for quality control and food processing were developed, followéd by
PC interfacing of the developed systems. A workshop for dissemination of the

developed systems was also held.

Biosensor systems are efficient in quality evaluation and process control in food
industry. Until now, however, research activities and developments on biosensor
systems in Korea have been relatively poor owing to the shortage of information on
biomonitoring technology. Some key techniques such as selection of biological
components, immobilization of biological components, transducer preparation, sensor
optimization, and sensor miniaturization and automation needed for biosensor
development are well established in Korea. It is expected that good research output

will be obtained within 3~5 years after an intense research on biosensor systems.

-13-
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N2EX :

Moreover, key techniques in biosensor systems developed in Japan or U.S.A. are not
easily accessible because they are normally protected as patentship. Therefore,
research activities on biosensor systems in Korea should be promoted.

The main advantages of biosensor systems which exploit specific responses of
biological components such as enzymes, microorganisms, a’nimal. and plant tissues
and receptors are rapidity, convenience in operation, possible omission of samplel
pre-treatment and easy application to process automation. In food industry, there are
increasing needs for development -and application of biosensor systems in freshness
control of fish and meats, maturity evaluation of fruits, determination of shelf-life of
foods and food-stuffs, food process contral, evaluation of the effects of food wastes
on environment and objective determination of human senses. From these, the
developments of freshness sensors for fish and meats, maturity sensors for fruits
and biosensors for process control are urgently required, considering development of
domestic food industry, increase in net income of agricultural and fisheries sectors
and improvement in sanitary status of c;msumers from imported foods and food-
stuffs. As fish and meats are primarily evaluated by their freshness, freshness
determination is one important criterion in quality evaluation of fish. However,
conventional methods such as volatile basic nitrogen (VBN) determination are
cumbersome in sample pre-treatment and require 2~3 hr of analytical time. Hence,
biosensor systems which measure fish and meat freshness rapidly were developed.
Biosensor systems for fruit maturity evaluation were also developed to optimize the
picking-up time of ai)ples and pears. Taking into account that various food products
are manufactured by unique processes, which are main features of food industry,
biosensor systems for food process control were also developed.

It is expected that net increases in market size of food industry, and income of

14—
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agricultural and fisheries sectors will be expected by the -application of the biosensor
systems developed here. The enhancement of the value added by quality evaluation
and process optimization for fish, meats and domestic fruits, and the elevation of
competing ability in the international food market are also expected. From the social
and cultural aspects, the wholesomeness of foods and food-stuffs has become a
major concern of the people with the economoc growth in Korea, resulting in an
increased demand on easy and scientific assay methods on food-stuffs such as fish,
meats and fruits, and imported foods. Biosensor technology seems to be a competent

choice to meet this necessity.

III. Scope

1. Development of biosensor systems for rapid detection and management of fish

and meat freshness

1) Preparation of biosensor systems for early freshness index of fish and meats
(1) Confirmation of efficiency of freshness indices (ATP-related compounds,
volatile basic nitrogen, polyamines etc.)

(2) Preparation of biosensors for ATP-related compounds
2) Preparation of biosensor systems for late freshness indices, evaluation of sensor
properties and sensor optimization

(1) Preparation of biosensors for trimethylamine (TMA) and biogenic amines

(2) Confirmation of sensor properties and analytical conditions in buffer systems

_15_
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(3) Optimization of sensor properties and development of a multi~electrode

enzyme sensor for Ki measurement

3) Diversification of biosensars, real sample measurement and workshop on the
de{reloped systems
(1) Diversification of biosensors for improvement in reproducibility
(2) Establishment of minimal sample pre-treatment methods
(3) Real sample measurements with the developed biosensor systems
(4) Comparison with the analytical results obtained from conventional methods
such as HPLC

(5) Workshop exploiting the developed biosensor systems
2. Development of biosensor systems for measurement of fruit maturity

1) Preparation of biosensor systems for sugar analysis in apple juices
(1) Examination of a correlation between fruit maturity and sugar contents

(2) Development of biosensor systems for sugar analysis

2) Preparation of biosensor systems for amino acid analysis in apple juices
(1) Examination of a correlation between fruit maturity and amino acid contents
(2) Development of biosensor systems for glutamic (or aspartic) acid and

asparagine analysis

3) Preparation of the maturity measurement system for apples and pears

(1) Changes in the sugar contents during fruit maturation

_..16_.
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(2) Changes in the amino acid contents during fruit maturation
(3) Pattern analyses of sugars and amino acids during fruit maturation
(4) Development of the maturity measurement system for apples and pears

(5) Workshop exploiting the developed biosensor systems
3. Development of multi-biosensors for quality control and food process

1) Two component analysis with the dual cathode oxygen electrode
(1) Preparation of the dual cathode oxygen electrode
(2) Establishment of the relating equation for the dual cathode system

(3) Component analysis during sikhe production

2) Simultaneous determination of two components during food processing
(1) Simultaneous determination of two components with the dual cathode oxygen
electrode and construction of electric circuit

(2) Determination of component changes during food processing

3) Simultaneous determination of three components, process optimization and
workshop on the developed systems
(1) Preparation of the multi—éathode oxygen electrode
(2) Simultaneous determination of organic acids and sugars in the beverages
prepared from agricultural products
(3) Analysis of the agricultural products with the multi-biosensor
(4) Storage stability of the multi-biosensor

(5) Workshop on the developed biosensor system
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4. Construction of the computer interfacing systems on the developed biosensors

1) Construction of the computer interface and the operating software
(1) Construction of the computer interface

(2) Make-up of the operating software on the biosensor systems

2) Application of the computer interfacing system to the process control in bench
scale
(1) Construction of the automation system for biosensor optimization
(2) Make-up of the software for the process optimization
(3) Workshop on the computer control of food process with a developed biosensor

system

IV. Results and Opinion for Future Use

1. Development of biosensor systems for rapid detection and management of fish

and meat freshness .

Based on a preliminary analysis on the samples from various fish and meats, Ki
value which is expressed as a relative ratio of ATP-related compounds, and contents
of TMA and polyamines were confirmed as efficient chemical freshness indices.
Thereafter, biosensors for rapid detection of these indices were prepared.

A flow-injection-analysis (FIA) type biogenic amine sensor which utilizes

diamine oxidase as biological component showed the highest response on putrescine,
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followed by cadaverine and histamine. A calibration curve was obtained up to 0.4
mM of putrescine, and the optimum temperature and pH of biosensor response were
35C and 7.2~75. ATP-related compounds, such as hypoxanthine (PIIxj, inosine
(HxR), IMP, did not affect biosensor response, whereas the addition of sodium
chloride in 0.8% concentration decreased response by 20%. The presence of amino
acids also acted on sensor preformance slightly. The effects of sodium chloride and
amino acids were avoidable by sample treatment with perchloric acid. Model samples
which were prepared by mixing known amounts of putrescine and one other
polyamine showed 19.5% increase in response maximally, compared to the sample
having putrescine only.

The biological component of a batch type TMA sensor developed in our study
was Pseudomonas sp. DSM6342 considering cultivation time and sensor response.
The sensor which had the optimum temperature and pH of 30C and 7.6 showed a
good reproducibility and a quasi-linear calibration curve was obtained until 1.5 mM
TMA. Biosensor response was the most conspicuous at 0.05 M phosphate buffer, and
sodium chloride and ATP-related compounds affected response rarely. The sensor
was deficient in épecificity to amino acids and affected a little by the presence of
biogenic amines. The microbial membrane showed responses mare than 70% of the
original response at 4C until 70 days of storage and can be used 400 times after
cell immobilization.

Hx sensor, Hx/HxR sensor and Hx/HxR/IMP sensor which measure hypoxanthine,
inosine and IMP separately were prepared and evaluated for sensor response. The
optimum buffer solution and pH for Hx sensor, Hy/HxR sensor and Hy/H.R/IMP
sensor were 0.00 M phosphate buffer (pH 7.5), 0.05 M carbonate buffer (pH 10.0)

and 0.05 M Tris-HCI buffer (pH 8.0), respectively. The optimum temperatures of the
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sensors were in the range of 30~40C. The sensors were not affected nearly with
sodium chloride and affected a little by sugars and amino acids.

. For maximum  sensitivity of the FIA-type biosensor systems for ATP-related
compounds, micro—chitosan beads (Chitopear]) which have functional amino-groups et
al. were used as carriers for erizyme immobilization. Out of the types of Chitopear],
Chitopearl 2501 and 3001 gave the best sensor responses. Calibration curves for Hx
sensor, Hy/H;:R sensar and Hy/HR/IMP sensor which were prepared by immobilizing
xanthine oxidase or mixtures of xanthine oxidase, nucleoside phosphorylase and 5'-
nucleotidase onto Chitopearl 3001 were plotted against single and mixed substrates.
The response decreases of the sensors after 4 consecutive measurements against
hypoxanthine, inosine and IMP were in the range of 1.3~6.2%. When the lengths of
the enzyme reactors which measure hypoxanthine, inosine and IMP separately were
adjusted as 15-12-7 cm in a series connection, no interference owing to another
column reactor was found. All reactions occurred from the enzyme reactors
measuring ATP-related compounds were interfaced to a personal computer by using
a pre~amplifier, PC-Lab card and operating software. The contents of hypoxanthine,
inosine and IMP in the model samples were determined with the FIA-type biosensor
system'having the column lengths of 15-12-7 cm. The maximum error range of
individual compound was less than 56%.

The Ki values for 20 fish samples of cold storage or freezing were determined
as 7.3~43.6%. There was a linear correlation (r=0.894) between the contents of VBN
and TMA. The biogenic amines were not determined in the same fish samples. The
K; values for meats decreased when the storage temperature was lowered or the
storage period was shortened. The K; values for a different group of fish were

measured under the optimum conditions (0.05 M phosphate buffer, pH 75, 30C and
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column lengths of 15-12-7 cm) of the biosensor system for the measurement of
ATP-related compounds. The K; values were in the range of 26.0~67.6%.

A workshop on "Principles of Biosensors and Application to Food Industry” was
held under the auspices of Food Analysis Division of Korean Society of Food
Science and Technology for introduction and dissemination of the research output. A

good evaluation was given by the workshop participants.

2. Development of biosensor systems for measurement of fruit maturity

As the contents of free sugars and amino acids in fruits change during
maturation process, fruit maturity can be objectively predicted by a pattern analysis
for several components. Biosensors for rapid detection of free sugars (glucose and
sucrose) and free amino acids (aspartic acid and asparagine) in domestic apples and
pears were prepared.

One unit of glucose oxidase was immobilized onto the cellulose acetate
membrane with bovine serum albumin and polyvinyl alcohol, and the resulting
enzyme membrane was put on a hydrogen peroxide electrode to prepare a glucose
sensor. In a similar way, a sucrose sensor was prepared by using invertase,
mutarotase and glucose oxidase. Calibration curves for glucose and sucrose were
drawn in 0.1 M phosphate buffer. An aspartate sensor was prepared by immobilizing
aspartase onto an nonactin-modified ammonium ion-sensitive electrode. The reaction
buffer for this sensor was 0.05 M Tris-HCI (pH 7.5) and a calibration curve was
also made. An asparagine sensor was made by immobilizing asparaginase onto the

above ammonium ion-sensitive electrode.
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The contents of glucose, sucrose, aspartic acid and asparagine in two apple
species Red fuji and Fuyji were measured by the biosensors described above in one
week-interval. The results obtained was compared with those by HPLC. The
contents of the index . components during maturation of two species of pear,
Youngsan and Shingo, were also determined by the above two methods.

Principal component analysis (PCA) for predicting fruit maturation was done by
tracing the sensor responses for glucose, sucrose, aspartic acid and asparagine
during maturation processes of apples and pears. The data obtained were analyzed
with SAS program. The results of PCA analysis suited well to the empirical
expectation for fruit maturation. It was expected that more objective and scientific
prediction of fruit maturation can be done by collecting and analyzing accumulated

data for several years.

3. Development of multi-biosensors for quality control and food process

Multi-biosensors for simultaneous determination of several index components in
agric'ultural products were prepared and the analytical results were compared with
those by HPLC, GC, et al.

A dual cathode oxygen electrode consisting of one anode and two cathodes was
produced. The correlation coefficient between two cathodes was 0.998 with respect to
current response and oxygen partial pressure. A dual cathode biosensor system for
simultaneous determination of lactose and glucose was prepared by an asymmetric
coupling of B-galactosidase; mutarotase and giucose oxidase. The optimum pH of

this system was in the range of 6.5~7.5, which was considerably higher than 5.1 of
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the free enzyme. A correction equation needed for exact measurement of lactose was
used for a simultaneous measurement of lactose and glucose in the milk fartified

with sugars. A dual cathode biosensor system for simultaneous determination of
maltose and glucose was also prepared by immobilizing amyloglucosidase .and

glucose oxidase on nylon net. This system had an optimum temperature of 35°C and
optimum pH of 55. Sucrose and mannose from saccharides tested had a slight effect

on biosensor performance. After removing glucose effect in maltose determination, a

simultaneous determination of maltose and glucose in sikhe was done. The results
obtained by the biosensor method was compared with those by an UV-
spectrophotometry and a good correlation was obtained. The optimum temperature

and pH of an ethanol/glucose dual cathode system were 35°C and 7.5. By exploiting
this system, a simultaneous measurement of ethanol and glucose in takju was done
with comparative studies using the UV-spectrophotometry and GC (r=0.94). A
microbial sensor which uses Trichosporon brassicae and oxygen electrode as
biological component and transducer was prepared and had an optimum pH of 2~3.

A multi-cathode oxygen electrode which is composed of one anode and six
cathodes was produced, followed by enzyme immobilization by the asymmetric

coupling. The optimum temperature and pH of the multi-biosensor for simultaneous
determination of glucose/pyruvic acid/ethanol were 35°C and 7.0. The effects of ionic

strength, compounds of similar structure such as lactic and succinic acids and

thiamine pyrophosphate addition on sensor response were also studied. After
correcting organic acid effect on glucose measurement with a suitable equation, a
simultaneous determination of glucose, pyruvic acid and ethanol with the triple
cathode system was done by the addition method. The results obtained by the
correlated with those by GC (=0.983) and

well

biosensor method were
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spectrophotometry’ (r=0.954). The pyruvic acid sensor showed a good storage stability
even after 30 days, compared to the ethanol sensor. A triple cathode system for
measuring maltose, glucose and fructose simultaneously was prepared for process

optimization of sikhe.

4. Construction of the computer interfacing system on the developed biosensors

To interface the response signals from the developed biosensors to PC, an
interfacing system composed of a current pre-amplifier, multiplexer, PC-Lab card
and PC was constructed. The system was operated with a source program (Genie
30) from Advantech Co. Minute signals of several nanoampere degrees obtained

from the biosensor systems were first amplified to 0~5 V and then stored into PC

every one second. The stability of the response signals from an oxygen electrode
was determined and hypoxanthine concentration was measured with a xanthine
oxidase electrode interfaced to PC. The confirmation of stability and performance of
a hydrogen peroxide electrode were also done by the same method.

A process automation of glucose production was done as follows. Gelatinized
corn starch was liquefied and saccharified consecutively with a—amylase and
glucoamylase treatments. Samples from the process line were added into a
measuring device with a micropump. Simultaneously, a pre-determined volume of 0.1
M phosphate buffer (pH 7.0) flowed into the measuring device by the action of
solenoid valve. The output from a glucose sensor was stored into PC. After
measurement, the residual solution in the measuring device was withdrawn by

flushing with the same phosphate buffer. A total system for the above processes
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was manufactured.

As the output of this research, the biosensor systems for freshness and maturity
measurements, and for food process control were developed. The systems developed
were interfaced to PC for easy control and analysis of the data. A workshop was
held for introduction and dissemination of the research output. It is expected that the
biosensor systems of this study have a strong potential of technology transfer to
domestic companies. The presentation of the results and paper submission are also
required to expedite the utilization and dissemination of the research products. The
biosensor systems for freshness measurement seem to find applications in freshness
management of raw materials, quality control of imported fish and meats,
establishment of prediction model on deteriorative changes during cold storage, on—
site freshness management in supermarkets, inspection of instant foods such as
hamburger during production, etc.

The biosensor systems for fruit maturation are expected to be utilized in the
determination of harvest time and selection of fruits of equal quality during fruit
processing. The technology accumulated regarding maturity sensor can do a bridge
function for construction of new biosensor systems which will be used in total
management in agricultural and food sectors.

" Multi-biosensor systems for food quality and process control can be exploited in
simultaneous rapid analysis of multi-components in fermentation products such as
traditional alccholic beverages, kimchi, yogurt and sikhe. These systems can be
applied for rapid quality evaluation and management in small or medium-scaled
companies without much expenditure and skill. It is strongly recommended that the

biosensor systems of our study be used publically.

_25_.

NSEXN: ASAAUAL HHOIQUA AAR 88D HEAR /SR



NEEM: ASLHAUAM HOIQUAH AIAE BE)|s HEAT/ SEER



Chapter 1.

Chapter 2.

Chapter ‘3.

Chapter 4.

Chapter b.

CONTENTS

Inuvo duc ﬁon ------------------- T

Development of biosensors for rapid detection and management of

ﬁsh and meat freshness ----------------------

Development of biosensor systems for measurement of fruit

matu_rity---. -------------- * s = s 9 = v s & e s

Development of multi-biosensors for quality control and food

process ------------------------------

Construction of the computer interfacing system on the developed

biosensors ---------- # s = = ¥ & ®B = = ¥ = ®= B = = = = »

-27—

N2EX: AEMANAHS HIOIQUAM AIAR 888 HEHP /s8R



_28_

NBEXM: AEMAUAL HIOIQUAM AIAE 82D WEHTF /SER



A g £

R - R I R R L 1
SUMMARY * ¢ + + « + s s /@ s s sfms 3 @s@masfsas sos 13
CONTENTS + o ot wmimm wiwia gom o o ion i fws & < o @ iss o0 0 ax o & s ® 0 om0 27
2 2 S T I B R R PR 29
A1A A B ovoems sms voan nme wa e ms s m S N E S 31
AT QATY BIA o o v v e s e s e e s e et e e e s e 33
A28 ATFALY WRA W EF v v v e e s aa s wee e e e 34
A3 FIEY - » s 0o et e e e s e s e e 39

A2z oF R FHUEY JE - 3T AS5H ALE %?}Iﬂ}"li»ﬂ"i

@ 2 ) 49

A 1A A A v v s e e s e s s s e e e e e e e e 51
A 24 'zﬂg_ oL o B T T I 55
A 3A A D FF . s v v e v s e s e e e s e e e e e s e s 79
A4 FIEYP -+ v ¢ v s e e e e e s e e e s e e e 138
A3 A FANSEY ASASE AT vole AN N2 AL - - - e 143
b I > . I I I T T R N 145
A2A AME D s s s e e s s s e s e e e e e 146
D R - L - T 150
—-29—

NBEX AZMANA HIOIQUAM AIAE 3/ HEHR /S8R



Al 44

A 4% 9EFNEaRa) 48 9¢ Multi-biosensors) AL - - v v 171

A 14
A 24
A 34
A 43

A5 A
| A 14
| Al 23
i A 34
A 44

M e e e 173
AE W H e e e e e 179
BI W TB e v e e 191
BITER - o o v e e 231
Hlo] @ A9 AFEH FEAEY ML - - 0o 235
T R 237
AE B e v o e n e e 238
P A B E T e e e e e 241
R I 9254
—30—-

NBEH: AZNANAL HIOIQMA AIAE 82D LA /s8R



H18 M &

_31_

N2EX  AENHUAS HIOIRHA AIAH 88| HEAHT | sBR



2018/04/18 10:30- @@ AWM/ 2 W18



NEEX :

Al 12 d7¢) W73

BYSE P9 W A8 ANl Gud 4F L NEL=A AT LU
9 877} 92 F%E 93 old wet clgd W A& - AT BAA e Aol
D884 I, vole A AR HAoE FUAEHD Aso] FAE SA A
29 AYHe] $rsn Y= ANeAHY Qo= APAS] Asse] FA, v)Ls
g % 90 ASHF ASE A0 ASPIR 4F L HEARY U4 . ARY F
AnFto] AGE Aol oheel el AN AFE AA FEH AF Fol 20004
o zole ANAHLZ of 509$e] AFFEE YAY Ro2 24y 0 F JF &
SUSAAY AFTFEA o} [060] o1F AT 4FW Bopolmz BT ) B4
99 DHVHG PANAHE QM J1eFHe) Waw AT Lot 91 Ytk

SW T AR HE JEIAANG NF ¥ JEQRY N5 - AGE EA
o, Hd SRS ABY Woh 2§ L olge HEwed, HEIR Lob 5o Aol ¥
871540 & AEAA (biomonitoring) BAFE AFe] 7 FHA HFo] W
0] Yenz ol BAY A&ALe] AEHoZ oFolHel & 4F] Utk E@
A WARHoE 2APT Yt F4LE HETE ANAGE BLHOE FYs
ANALE Hrdahs A0 BAANE EEs7] AGAE HEARC] A VRE
AR olFoiAok ] OB P& HHY AN F9 Hst v LA A2Y
o,

A2t URY AE $54 dA} Solvl 2SZAE Aste] Tut 4F 2 4
FURd 9% ARHo|n A& FABY JeY F£871 3A FUHL YE AE B
a79 WAel H1 god E £UARs Be 2uARE AANNE SAHEH
NEQRA U A& - ARHT 2AF FARS A9 ALe] £AHT Ak,

_33_

AZMAUAMS BIOIQHIA AIAE &)= LT /s8R



AAZEH: A

A 24 AFMNEe] 28 W X

1. d7ge] 984

7t 71€4 &9

alo] QAL AENYGe] F43F AG ASAN F9 Aol IHAME AE7%
A o] Hopo] BiF QAR Zo T AU ATAL R F8o] I AU dES
A$E 198690 AEANGY FEI e vole AN ATE FAE AFAUNAMS
Sensing System”sl ¥ ATFHHA7F FEFAY FRoE AYH} ¥ -F -4 TF
A7 AAZ AE vole AN AFE FI%T YT I F AFE APEHF] Ao

Hlo] e AA AW Ag) WeH FEAT] AL AELL HE, JE8L A
%, AT L AN AzJ%, AT AFAVE, AHAS R AN 4, A5 57
& $eusty Hegd $5¢ nHHE 9 FF 5~108 FE JFTAT A AAAH
Fzd o8 4 Y& Aoz FuHEZ ATAEY JHAH ARXE VA F A E

B AE, 0F S ATIRXAY AL FA vtel L AN N2PL A8 AN 94X

A9 A3 2 A4 AZE 59 Hd7ee S6A9 YU vEsAY WTA%
Sol gud B wBAYA FOET GAEY BES WAL 9= AHolth WA
gAY S4He AFRLE AEnEFIE IRa su A4 GFAE w8
A gE7ee FRAYAY (mid-term entry strategy) & HEA AT 44
s Aurles ARG AF ER o} ok,

dlo] @ MM o] oF AL FA, VAR, F- B2, receptor F9 AEQES
SoWeRS BEHEE A& - AUHT e Aol AN ARAADE Y
s ogr AWl U3 EF AEHEFRN SAA S8R QATEE A% A4S
o lsthe %A S7& Adeh BoledAd 9% AF N2EE HFIYD ¢
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NEEAH

Al 1A A A

FgAAE o R F5 WEwe WeAe IAYH ARG BeA, K97,
228 AEPS ZeALd] B BE AT oFolA %3 2 HEE S43E o
3 ),

Queiroz 5 (1993)& &0l BF 32 o1F9 A=HE AW 124 WES 34
@712 (total volatile basic nitrogen, TVBN), pH, W% % 934d, &, A=
W gH $& meEshe] AU on Sakaguchish Koike (1992)% o} % fillets] MEA

E2ZA Torrymeterd] 9§ FHEA (dielectric properties)d H{AFAEA S WA E 1}

BUyE= K#tg AAEQth Alatonen 5 (1992)2 iron agar$}t trimethylamine oxide

(TMAO) agardlA] H:SE& A8 TMAOE 9A7lE ¥¥8e°l IE Pseudomonas$t
Aeromonas®t L Y54 bacteria 79 $3E T A=9] 7I¥E AEIHAx
Malle? Pezennec (1992)% test-strip g9l 9l Kgg 432 TMA, TVBN, 5
AdF, #5554 299 2y F AXY o/ F9 A5 Kt TVBNe|, aAH ofF
9 A4t Kiol £ dEAEe Busdcy.

Elias®} Krzymien (1990)& ©]$9 MEXEZA headspace TMA FEE GCE &
At #5AA Ao} vl A $L& FBAYE Ao Isono (1990)F nucleoside
phosphorylase9} alkaline phosphatase %¥H8-& o438l Hl A 939 Kighd 543
1 o)8 MEAERA 8439tk Yamanaka (1990)e NEAEZA polyaminesF &
B33 cadaverine® agmatine©] 22 olf B 709 #8% AEANEYE wHon
Udagawa 5 (1989)& W¥%ol%9 3% L A5 F9 g Ao HE=EAEZA Kg
o] W3E FAF F LAZHNY K& F77F 40% JHrke] o]Fo] A& BT
Malle®} Poumeyrol (1989)& TMAS} TVBNE % 169F9] sigold tiate] A7zt
we} £432 TMAo @ TVBNS H&Z EAHE Pgte] M5 $4AEYE F
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3gow TMA dehydrogenase®} T A <1 3-(N-morpholino)propane sulfonic acid”}
A4S sipg 12FEN FANAE @ A4FE A SARAHA TMAO 5
o BABAT NHol &8 AfE4 fo) AEAEA TMAE B 38 (Wong
£ 19895 A3 itk Barassi 5 (1987) & w4 (total non-volatile
free fatty acid) @3 JSAEe F5FH Fd: LHE AT A& BadHL
d Ng 5 (1989)E ol Buke A4 K@ TMA §Fo) ASUEY FEAHY
W&o A%E pHS bacteria 4= NEAEZA ZHH0x 988 EasU3L Uchiyama
9} Kakuda (1980) o] 2u A A &&= inosine (HxR), hypoxanthine (Hy) %9l
ATP Bt e 28 ¥ 250 imoIA Y FFEE SA3E FHo e oj§d=
AE KFe TaAt
Shahidi & (1994) AHEAA 9 EAS9A nucleotides ¥ 2 EHUAES
HPLCA 93] BNsn A=AE2A K K, K, PAe 3% 23 43712 &
| zto] AdA oz ZAF%e #59.n Bergann Kleemann (1994)& B x| strip
| ¢ A8 HR+H+ AMP+IMPE 2 £3% & EE29E Katg 7ahe] A=A
l‘ E2 &1 o8 ALY 2 HAarld AEANA 5F 2HE AU Lebron (19942

it

[o)

ARSA T A8 €99 AESAH muramic acidsh cadaverined HEF vk EF, ¢
S AWES Z5A cadaverined] F& AEJ LS HARPLH Sayem El Daher T
| UBHE 86 folds) MEAED AHAFFS amined HEE AF putrescine,
cadaverine, spermidinest ® T4 Aeld: #9% AuuAL AR WA
Nakatani S (1986)€ $-$ ® E71%9 A% ATP £&4Ee #goziy A=AR
24 Kate At o] gl BE 7Y 5%, o8, FAFFE B HAFY ¥=Z
A= o¥e Busg Usd 1979 o4 AEAE Kite vielr)go 24
#3 VBN 24, H5AAE RS F oF g Atoldl FRA ol Y3 Kzkol 60%E ¥
ow 194 Piades Eustgdon Savran 5 (1976 E789 AEE #5HL
= 230 494 AR O A5 vTstd NHs R HEAATAL T3] A
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A=

[

2&Ae fexFetan Baddoh Cantoni 5 (1974)& 383 A=dAdyS Heirt
9 mAEAY A%t HEET free ~SH ! free tyrosine H1&, TVNe] 249 HE
E2A by F3dn Las.

W Ivashov 5 (199 YAT WAGoz 3 F B glojAe] Aoz
280 AEE BARE 7122 AUHAD Masahiko (199DE S50 $& 24 A %
B 0 ANEdL BNt A2IF A5 AT o2y HES AYHE
o] gatel wastdeh, @ ARzl WE IWolA2S phase angle§ S}l
ME® BA8E 99 (Kristinsson, 1966), 7hE el oA £ Aes pH W8 &
A= WY (Giaccone 5, 1985), UV raydl oid 33 Ax € FAAFEZRY §
% $AE) HEE BAHE B9 (Butov, 1969E B3 Yok

% 9 %9 MEWE Fus, ABRHA A8 Kakd TMA $9 $83 5
g4 YEARS ASHL ARAA A7) A5 w2 AN N2Wg BhIAE A
7 2GelA Gokeal A1 Qov] oF aokd B ok

Li 5 (1994)& A3 mould) Penicillium decumbensE Al&3s EEFY

-

A
(flow injection analysis, FIA)3 2 TMA AAME L3 AEd vlo]Q e %
EH3AFHE GCol o3 ENZAAY uudte F& FVAHE N2 Lee T (1992)2
chilipepper rockfishell $1¢] o1& Axe] F71NE2A TMAS NH; FFAE viole
AN 7oz &38%3 Luong 5 (1991 1992)% Luong® Male (1992)& Ao}, Ul ¥,
$o}, o] 5& Yoz ZAF A7 EH amperometric probed e LASRE
AR 9dte] HEAE HEES T3 o] gtol 7I€9 Katdt & A& o8 FAE
d&elN AF FA RE oFAAN AR/ ue} F/ER Avdn ZaEAth
Chemnitius & (1992)¢ w23 9] polyamine AN E H@3stn AN 71AF4E A

¢ ¥ dANRA F83te] 2 A3hE HPLC BA4Qssh wzatged Yao 5 (1989)

it

2 3A3} alkaline phosphatase column® purine nucleoside phosphorylase/xanthine

oxidase column& ©°] &% FIAY ulo]2AA AAgd] 93l o AEE FHFHA.
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Ohashi 5 (1991)& TMA gas A9 dlst AFA AMutgo] W7, Aol T o
% F TMA 5x9 FAAd4o2 njAgE FAFA

Nomoto$} Ohno (1987)& YEAIA Al F9 15, Ao, Ao F9 #EHAA
Z9 HEAFE Kite WIE vlo]QAMNE AHEd AU Watanabe 5 (1984a;
1986, 1987)€ HIABAA, HAFEAAN 5-& Aeae) o4 HEAEY K@te &
Asn ofed Mxwsed BAY Hiwd O AAHNA ML Ayt ¥4
Hlavay 5 (1994)2 3832 o]83d inosined} hypoxanthined AHFY F AE
fiber-optic A A|2¥& 4893 Watanabe 5 (1984b)% inosined} hypoxanthine
& EA 2AY F YE TLAME AR olE 150 TY AdolFd disty 3
£ A A Lol vS FEsta BHARE 108JHE [~2A1T e VS
e v& A 458E ZadAoh

Kress-Rogerssh D'Costa (1986 3% HEAZe] &89 4 3t glucose 4
Mg ALHAT Kress-Rogers 5 (1999) o] & WANAN FFEo2¥E 2~4 mm
B9l glucose FHFE AT 589 HEE A43] SFY 4 AT Hol2AM
array & A2 o]E DB A% R, A T WeEEE, 59 FHE A
A A& AEY ¢ Qe FAY stz AL #¥H 8¢ XEIHE FHAA
AEAEEZH putrescine, cadaverine Z& diaminesdt ATP E#4EQ inosine
hypoxanthine® 243 24 4 & w2 AN AN2gd #F 7= BEasia 3l
t} (Edwards %, 1983; Ohashi®} Karube, 1993; Watanabe, 1988).

Hy AUBAd = ME AMZE &9 79 K& 5H8E columnd A
E A7t Bio-Fresh@ o]§o2 N&so] 1n (KR, 1994) Oriental YeastAtE 7]
5ty Qe 93 FFHE oK R F59 g Ax AAE Adssa o
(Wagner$} Guilbault, 1994). DKK 4Ak$} Toyo JozoAlT && R FH713 3 did

A% B bacteria AAME ALstz At} (Ohashi®t Karube, 1993).
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A 24 Ax 2 B
1. Biogenic amine 4]

7k wbol R A A9 4
B A oF 2 &89 7] AEARY sh1E biogenic amines (polyamines)
& Hole A g3te EAs A dPgen o ASFAN2PeR ATP E&4E 53
AH49 uke} e galvanicd e 44AF (Model BO-G, ABLEA, Japan)g AH8-3tc
FIAY A2gg &85

Y. 238 &4 reactor ¥ AZ Al2d AF

o8 P =g AxAFEY 3¢ biogenic aminesS A3 7] 4% vlo] L AME
b3t o] Ak Chitopearl bead (Fujibo, BEL##KA &L, Japan) 4 mLE
005 M A4 ¢354 (pH 759 ¥ A3tk M YT bead® 25% glutaraldehyde
g4 stata 30CAA 2AE ¢ ZeksAA AR, o F, FFTY T &
Zgodoz 283 NojFE ¥ diamine oxidase 5 units/mge& 4 mLe ¢1d &F& )
L3A A BAL9L A =33, glutaraldehyded] &4 3E beadst ¥71 30CAA 2413,
4T A 2403 wwtsls] @8-AZA 143 B4 beadE FEH7] HEtY A 3 mm
] glass tube® microcolumn® & A&ttt 448 AF N2 FHEE Fig. 19
A nE ket g dA £59 fEoz 4349 2 /|AL9E d&Fer 9 F
71 $139 GilsonA} (France)®] Miniplus 3 pump® ©]#3t3 Rheodyne injector
Supelcort (USA)SIA T3 AL AHEE 3Tl PumpE injector®} A3 2AS} &
2 bead® ZFAF columng A2 Ak o] W, A& A=" & FE9 4
2L &7 0.8 mm? capillary tubing (19-0041-01, Pharmacia, Sweden)& AH&3t3th
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Flow cell] MAHNZE ¥3, microsyringeS ol&3te] 20~100 xLe) AREHE
injectors] AT, HAS 7|AHY $glH LRHE HrFe ALV adaptor
(ABLEA}, Japan)ol ¢3¢ polyrecorder (TOAAL, Japan)ol 71E7bed Ai2 WEA
AT o] W, LEFG ¥ peakt ¥l Ex WAL ALY data® o] &3HeATh

Fig. 1. Schematic diagram of the FIA system with immobilized enzyme
reactor. a: buffer solution, b: peristaltic pump, ¢ injector, d: immobilized

enzyme reactor, & oxygen electrode adaptor, £ DO converter, g: recorder,

t. A48 A reactor Al2¥e HAHEA
pH 40~857tA4 94, 24}, Tris-HC|, carbonate &3§%4& °|&ste pHE Ed gy
gasen RadNY FLEE 24 AE, e¥ $439 LES I5TAM 0T
A 5C gAez zAsn d4des A4 23898 EY FUN Ra9ge 33

LEE ALY
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2 FAER R AEHAY 9%

BZoS E 8¢ EA7HEE hypoxanthine, inosine, inosine 5'—mono§hosphate
(IMP), ‘adenosine 5'-monophosphate (AMP), adenosine 5’'-diphosphate (ADP),
adenosine 5'-triphosphate (ATP)$} 2& ATP E&AHE, TMA, opvrxdt 2 o did
QgL A4 F=E 2esty 7129 putrescine® A F7EAAM ZAAAMZL el
= 8 FFEE &4 Hafh

7l Polyamines®] HA#FJH R AMEAHE 9¢ RINE 534 ,

~ Diamine oxidase®} polyamine®7} ¥-83t9 WYeElE Ztzke] polyamined 2] 4%
A FHAG. o ®W AZE g} %59 WARY F B polyamines
% putrescine, cadaverine, histamine, tryptamine, spermidine, spermine-& & % %<&
8 27 AEXEEH F9 &9 hypoxanthine 0.2%9% #F3= molesxEQ 147
mMe] HEE hEo] AH&EHP o, ol59 FEE 74 st IR EE FIHY
t}, =3 putrescine Y% X4 cadaverine, histamine, serotonine, tryptamin, tyramin,
spermine, spermidine®] ¥XE ZtZ 005 0.1, 02%= 2839 F7IF T putrescine
Z¢x9 uwstgdet. 42 polyaminesi7t 41¢) RHA|E7} putrescine A FTA-L
o] &3t &AY & J=AE 49 2yt

2. TMA Al§-§ Hio] eA1A
7t Blo] L AN A=Y A
TMAE Q9o ol ¢ Sl MAYES AELALZE J3 galvanicd AH4LAS

& WB7|2 S batch® N2WE THH] TMA ASE vjole AN N2gg 74
et
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1}, TMA ZFu %

TMA E&#lF32A Pseudomonas sp. DSM63428} Penicillium decumbens 1AM
72758 2319k Pseudomonas sp. DSM6342¢9] w8 ¥iAl= 1.36 g KHPO4, 2.13
g Na;HPO4, 05 g (NH4)2S04 0.2 g MgSO4, 6 mg CaCly, 3 mg FeSOs 1 mg MnSOsq,
15 mg NasMoOs, 3.38 g methylamine - HCl, 0.1 g yeast extract® FHF< 1 Lo &3l
A7 ¥ 1 M NaOHEZ AH&3l] pH 742 EAT F 121CeA 1683 27 A=z
9t Agar slant & gAujA ] B& F #FAE 2% qAuA AN FHET
F g g 2% Ruu2 dad AR FFHn 30CTAN I
o}

P. decumbens IAMT72759] %4 #ixE& 001% TMA - HC|, 0.1% KCI, 0.05%
MgS0s, 0.05% K:HPO4 0.001% FeSOs, 3% glucoseE FF< 1 Lol &8N * pH
6002 ZA® ¥ 121CAA 1583 B el A=k Pseudomonas sp. DSM6342
8] Ao nt@AAAZ FHFE AH GANAANA AgHSFSAL o # WIFLEES
20C Kt

o nAERAsg Ax 2 71 ¥ $EEA

P. decumbens 1AM 72758 74$-°l= 4Y, Pseudomonas sp. DSM63429] A $-d =
29zt wjoFe FAWMYNE AAF Astd A7 47 mme) Immobilon cellulose nitrate
9o] A3d Miliporerts] AFAAZNE Sl FAdAsS nPES FAAI)L
005 M A4gE49 pH 7.6)22 Aol FAt. wAEnPsGe A4 27] (4 6
mm)Z &e Teflon 93 FAg Abold] ¥3 O-ringg °l 843 F2AFd 243
A ANE AZHT 4CAA BFRBAFEA ALAATE AHEsL FE wPEDA
goe Feddes BFREsd] AxsA FEF Ach o #, 712A TMAE
2 9 289 27] MEAEEA F9 S+ hypoxanthine 0.2%] 3= moles =

d 147 mMe] HEE Wi A&

s
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NEEX M3

Pseudomonas sp. DSM6342¢] Z$-dl= A% 10, 15 20 mLE, P.
decumbens TAM7275¢] 7 §-dl= TAMEY 5, 10, 15 mLE AFAFAs Axd A4
EXAELE ALE AxE TMA AX7 7|12%EY F7td wel B4R : $95
42 AU

. #4349 % LE9 9
TMA #A&§ vpole MM e pHel W& #$EE Yolur] $15e] Pseudomonas
sp. DSM6342¢} FAM G 15 mLE AFjFete] nABANE AZE ¥ pH 6~8
M99 006 M 94 S8 SFENE G5z LES BTAA 0C%A
5CHF o2 2ARUN Z =0 uPEANY 98 B2 7Hie] B FAFA W
82 SAsq |

Pl o} ZAl7ld] & 7
AAZANA TMA AAM7F @389 o] 2A7e] oF Y& W go} w7
Aste A 899 moleFEE 002~02 ME Ge3dA B¢ F¢EF HEZHY
o

vl NaCldll o]& 4%
oF FoEe A9 ATF EARY) W A=l oz AMGo] FdFL ¢
& AR FAARS. d¥Hoz A Hded APHE ¥ED 085% WA
NaCle] #=& @E3taN 449 g FEEg AR

AL ATP B8 o8 9%

W3S 2 FKo EA7M5H hypoxanthine, inosine, IMP, AMP, ADP, ATPs$}
22 ATP £34HE] g% 98 43 27 8o o8 SFFES AAANE F9 J
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A=

M

HZ EAZET % 4 FE 0284%)7 HES Az T 71”9 147 mM TMA
F93 §7 Wg celldl st TMA AA9 FEEo] HXE 9% Fojugith =
#, hypoxanthine, inosine, IMP, AMPE & £@&9¢ Azste] TMAS @7 +¢)
@ Fo] TMARHE UL 99 F4E9 wzagct

of, ohmlxite] G

% ZAA A& YHELL UIE vud 0z AT Yo o F

o wHde A% 100 g% 109~283% AEA B350 U ALE wuHT YO

B2 TMA 5% A ofnlxite] s4BAAd A 9F& Lo Bt AHNFF

olmxat 01%¢] 97R FEWE W celildl FUF ASG 347149 TMA 147
mMst B 9 B8 4 ugio.

2}, Biogenic amines®] 9]% <&
% % %9 WA F Y75 E polyamineso] & FFE W=A dopd
27 o)EY FEE 0001%S} 001%= 4% AxE F o]AWE W3 cellidl FAT
249 £47149 TMA 147 mM# g4 FAE F4E 249 =i

2, AF7I1Zre] wE TMA AA Y 34
Pseudomonas sp. DSM63428 297t ®l¥d FAuFA2 Immobilon cellulose

nitrate ¥o] AT TMA AN E47H53FE Fotrr] Aste 4TAA 01 M
A4 §38d FFRBINAN AM 9 FEES ASE FAIHAUT

3. ATP ¥ 48 A&E nlo] 2N
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7k AN A" A
B ATANE batch¥ 3 flow celld AHE3E A5 vlol N A2de 74
SQed o W A8H bach¥ ol vl AN flow cell& A4t FIAY Al2de)
FAL ol 2ol st

1) Batch type
F4 32339 @ dialysis membrane
enzyme membrane
Teflon membrane
A4 AF : platinum cathode
lead anode
O-ring
1% NaOH, 1% NaCl (A3]3)

2) FIA type
buffer solution - peristaltic pump - Rheodyne injector -
enzyme electrode recorder — waste solution
flow cell

enzyme membrane —

v BAWNEY) A 3 340 Az
ATP E34E F d30S% 2 550 F2 A8 IMP, inosine, hypoxanthine
o) BRAZE 5T Zr) weA, ot 37MR] BEAE 9F F& ERFHoE nA
@ FAnAHRE AMEEE olEY FEE SAY & dh
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5'-nucleotidase nucleoside phosphorylase  xanthine oxidase
IMP ——— > H\R > Hy —— > uric acid

ATP E384dE A4 AHEdE EAAAZR xanthine oxidase (EC 1.1.322, 50
units/mg solid, XOD), nucleoside phosphorylase (EC 2.4.2.1, 500 units/mg solid, NP),
5’ -nucleotidase (EC 3.1.35, 250 units/mg solid, 5’-NT)& Sigmarl (MO, USA)ZFH
T3 A A _ |

Hx AAMe] AH2E E43339L2 XODE 005 M 14 4589 (pH 7.5) 125 uL
o 23271 ¥ Immobilon cellulose nitrate =& 7lste] 2442 B¢ 4T WAL
Ao 14 F o]F IARAFAAN AT Hv/HR AA Axd AH8d &
£3274%%¢ XODS NP¥ 005 M Q48 9349 (oH 75 200 Lol @4 844
F o7)e) cellulose nitrate & 7}8te] XOD A 8e] 799 FL&A Aot
H/H:R/IMP A X848 ELNA39L XOD, NPS 5'-NTE 005 M A4 ¢3&
9 (pH 75) 200 uLel A &8N F o] BAE N cellulose nitrate =2 718t
XOD A& A9 FLstA A

o9} o] Az FZe] T4 1AsEE Teflon®d F45 Alo]d| A O-ringS &
AAAFY LAY HLAAMNE ARFI 4CTHN FABBIAN AL o] W,
ATP E&AE AZE wojoAM9 $EEAHL W celldtd] €358 7 mLE B3

ZA53A 3= ATP E34E (02% hypoxanthined] #3FsteE 147 mM FE)9 EE
£ 20 IWE L W, T4 g3ty opr|EE A2 Fad mE AFAY
A28 2A8g} o Hx Axel 71AZE 147 mM¢ hypoxanthine& AH8-31%11L,
Ho/HR AA 9] 71A2 Z+Z} 147 mM#2 hypoxanthine, inosine®} 7 7|29 EF-L RS
Aesdvh H/H.R/IMP XA 9 3% Z+ZF 147 mM9 hypoxanthine, inosine, IMP}

Al 7tA 1A 8 EFEGE A3
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NEEX:

o He AN Az $954

Immobilon cellulose nitrate & A3t XODE nAstste] He A4 E AZ3
g Nagg TSt o2 ARY He A9 Heoll U@ $TEA L batch A2¥
A4 AR}

Z. H/H:R Aﬂid Az +E54
XOD¢ NPE Immobilon cellulose nitrate ®o Ao A3 Ho/HR AA
g AzxsAc Axd 2ASTE He AA9 2] galvanic® F2ATd FId &
Hv/HR AAM ] A7]54513 EA& batch N2 AESFA.

ol Ho/H:R/IMP A4 A=z $954
H/HR/IMP AMe] Azxe w&3% Zo] P53 XOD, NP+ 5'-NTE A
1383 H/H:R/IMP ANE AZT F A7|8%4 54 & batch A=FIN JESH
et

o, @349, pH 2 259 F53
pH 2 ¢354 S50 g E24MY FSEE Tohir] 45t 005 M A4
@28902 pH 6~874, 005 M 24 $38902 pH 4~67H4, 005 M Tris-HCI
#38902 pH 8~97H4, 005 M @i #389402E pH 9~107k4 =A% ¥ 2
TAAAS ARNLE wwatdch
Jesze) LEE I5CIA 4574 5C ¢80z zusEA 2 LxdM 54
AR 9% 2AF gao] vE AFAY 2AE S4sA

A}. NaClel o1& g3
o] & Fo|= Ago] A Ay W&o FxEe] 98] MAukge] g W
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ANEEX A

SMUMAME BIOIRQUEA AIAE 8801 Y

< A2 AT ATP EA4E SHAMT dd 93 & @=x Folr7]
95t Hy A2 A$oAM 0~20%7A NaClel H2& g3idA My w8 33
=g FA3s%Th

o} BF B oluj:xAte] ¥

ATP EHAE &3 A BF 2 olFxig AUIEd o8] EA AN AFUS
o TAE g dorrgttt. &A47]ARE hypoxanthine® AHE3%Lw  addition
method2 2] F7F9 2759 opvlxitg At 29 Aol FAsAT. o d,
A7te ZFHFZE D-glucose, D-fructose, D-sucrose, D-maltose, D-sorbitol, D-
mannitole] YPLH, A7AFEL oS F9 FEFo] 03~65 g/100 g9 HE 123
AANE F9 4 FFY EE o 2%2 FAFAL, 79%9 T 9L FF4 A=
of o] g9 100 pLgt 7[A<¢ 29 mM hypoxanthine &} 100 ILE 6.9 mL9] A4t &3
Lo Frlste AFHow HME FFY =S #F celloA FAA Y 487t H
=2 39t} olmxAto2E L-89) alanine, aspartic acid, arginine, glycine, glutamic
acid, histidine, lysine * HCI, proline, serine, threonine, tryptophan, valine& AH&3%&
o), ofmlacite] AS oS F g FHgol JHAR 100 g9 109~233%< A& 13
o AANE Z9 Z opnxAe] FEE ¥ 1%2 FANAL, 4% o=t &L
Z}z} Alzste] o] €9 100 uLe} 718 29 mM hypoxanthine €< 100 HLE 6.9 mL
o A% @F L Atste HAFHo= HJE ohvxAY FEI W8 celltol A F
AA 9 4u)7t HEE UG

4. ATP BA4E $4¢ A8 459 vl 2 A29 A

7t 449 wpele A Al&Y AF

K
oy
O
o
it



NEEXM: A

A&y upolAA A9 AR AdtY AHEE pumpt Gilson?l (France)®
Miniplus 334 Cole-ParmerA} (USA)9l model 7618-30¢]%1.2.%, Rheodyne injectore
SupelcoAl (USA)OIA 7#4& A& AMEE3th PumpE o]&3ted 473 x4 {&L
2 4389 9 7FL9E AEF o8 &9 BUE F U=F s PumpF injector
9} 4433 microsyringeE ©]83te 20~100 L9 A B &9 injectord]l FAsIA Tl
BARESL columnd °o]43= A$dE injectorst column® AAIHY Fow, 13
FEALYNE o) &F3E APAE ALAFE Oringl2 A4S nAGTE o A, &
£ Nxde Z 22 dZe A% 08 mmdl capillary tubing (19-0041-0L,
Pharmacia, Sweden)& A3t A2 F Aol 45 cmA ) Flow celld 443
& 93 549 712 @M ARHE ALFLS ALAS adaptor (ABLEAL
Japan)ell 2)3td polyrecorder (TOAA}, Japan)dl]l 7|&7}5% A2 W@} o o,
et W8peaks 0, $A £t WF & AN dataR o] 85T

u B4 3Py HEe

1) Cellulose nitrate 9% ©] 83 133}y
XODE 005 M 4 4389 (pH 75) 125 puld £3jA 7 480 A4LAZ
9] A7) A AE cellulose nitrate S @71 4TolA 24X AR & 13 331 o).

2) Nylon ¥& °]-4@ 2389

Nylon 9 (150~214 threads/cm)& At4&AF9 A7) #=ZF 373 5 mm= Fe
78 slided] TAANZ F, o] & BAHEHATN7] 93 dimethyl sulfate & H B} 55
ZAA 58T WA dSEAAH HEE& AAANZ F anhydrous methanol®] 30%
o 28 @/} AWt f8 slidedl A nylon =& wuie] L-lysine (0.5 M, pH 9.0) &
Ao 2A1ZHESE B2 F 125%9] glutaraldehyde (pH 85, borate &3F&<¢ &) 45
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B @7 Ade] @3 8de= AFIHct XODE 0.05 M Q2 2389 H 75)
125 pLol A T4AE9E THED 7] BAAEHAZ nylon T3 B7F 4CAMN 24
AN AN F Z@HAA AR

3) Chitopear] beads& ©o]&% T3y

Chitopearl beads (Fujibo, &A@ #A &7, Japan) 4 mLE 005 M QA+ @34
GH 7501 ¥ AAsUT. AHE beads® I glutaraldehyde $Ao) etz 30T
A 2AZtEL TEEA SEARHY 1 AF FFSY TEE gFEJeos FEY
NolZE F XODE 4 mLY A4 g8 dd BN BxdAd Yo 30TAA 243,
4CHA 2447 Agste] wkeA Y 288 Ed beadsE FTAIN7] 3 HA 3
mm¥] glass tubeZ ZAolE @ dd A& AL micro-columno 2 AHE-3tHTh

4) Aminopropyl-glassE o] 43 31334

Aminopropyl-glass (80~120 mesh, SigmaA}) 02 g& st AT &F& (0.05
M, pH 759 87t 4CAA 3% 95 AAA F, Chitopear] beads& ©l &3 23
3 dys 2o wios §AE nAIIA

o} A&y ATP 234E ASL 4% AT 5444 g
ATP Z&4E F olF Ld) 22 ZA3= IMP, inosine, hypoxanthine®] A
AR wel §A2E 9Y == B

o AM Nz=EE TASHA.

[

2 2R A reactor®: AZdHL A5

5'-nucleotidase nucleoside phosphorylase
MP > HiR > Hx

xanthine oxidase
Hy + O > uric acid + H20z
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AA A2 AHgd Eid e XOD, NP, 5'-NTo| 8t} Chitopearl 3001 5 mLE 0.05 M ¢
4 @58 (pH 75) 12 mLo} Y3 4CAA 3329 FAAAZ £ 25% glutaraldehyde
E4E ¥ 30CAAH 243 AEF F FHFY FL9ez Ao FYdh
Hypoxanthine &g 9% &4 reactort XODE 005 M 4 &34 (pH 7.5) 2.3
mLe] o §4 L8048 PE F o]7)9 glutaraldehyde® A 2]3}F Chitopearl beads 2.5
mLZ 23 30CAA 2431, 4TAA 24N WA T microcolumnol F73te] A
£ 3A ok Inosine $3& A& & reactor AIZE XOD ¢ NPE 005 M ¢4t ¢34
4 (pH 75) 2.3 mLol #7] %°l3, IMPEA& AW E reactord A& XODS}
NPE 005 M 4 &34 (pH 75) 23 mLe) 30| 5'-NTE %< Ha§ 100
uLE FA7tstd L F Zzte] 2894 glutaraldehyde® A 23 Chitopearl beads
25 mLE Y3 XOD &4 unA3se 22 Wyos sy

AEY vl MM A2de] FAHL WA U F4502 qFL0) 3 F Y=
% flow linedl peristaltic pumpE VZAHHAR NEFYL 919 injectors AAsAch
& 7]e] Hy reactor$} 4tA:ATE 923t H,R reactorsd At A = IMP reactor9t AbZ
ASE 474 A4z dZ8q9 (Fig. 2). 349 #4£3394 UYL HAAFE DO
converterg ¥ AYXZ ulF 3 multirecorderd] A2t}

g}, &4 reactor? column Zo)d WE &
ATP E34E $3E 4% FIAY 9dAZ 54244 299 HHE 9si9 2
R4 reactor?] column Zeold] wg g Ftgch

vl PC3HE AA Al&)9] 2§
Bl AN 2R E doiAE SAVEE AR A7) 94F 29 THHA

k-3
% ol AN AEQ LS} 7]AA) WozRY 2uH X A2 Fo whe} @
Aste YAAFE pre-amplifier (model 5182, EG&GAL, USA)E E39 ZEXJa
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MNEEX : 4

multiplexerg AXAE £ A< card (model 818 HG, 98 AW)E AM&3sto ¢=d A
d2HE oA analog NEE digital 432 W@ HAFHA YeltxEE
o]&7 3l Y& datax Excel ZT2aez Af$utol EAd I

i, vpol 2 MM Al2dld] @ 2l AR E4
&2 reactor® 3/ME QAFsY A ATP £3UE SAS I dAF 524
Ao A% NS B8] 95te) ATP ¥9E 24 hypoxanthine, inosine 2 IMP7}
oz EodE 2d ARE Axsd AT F AA €3 e 71F9 FEH}H Y
F3Yth Model AlEE 4719 A A& F 5/ AEL Y99 F=2 nR%a &
X AERE FEE F/HAA AxFHHAC

5. AN Wi 3Y 3 AR

glo] @ AA ¢ g SAA e} vRL3] AT vIENYE AA KA 2 F
ulo] e A el A& AEAEE PR AREHE P

7t ATP E&48 &3¢ 98 "9ZEAY : HPLC ¥4

ol% 10 g€ WH BEY 10% HCIOS ¥4 £4% F 308 I3 AL 44E
g3 A5 FHdn IFEL FYaA A= FF 94 Fd ol ¥F 2
29 5 M KOH&90o2 pH 652 @& ¥ 10% HCIO&L 922 100 mLE &85 At
308 B F AXNE ALg3e AP F q Y& 045 pL syringe filterE THAMNA Ki
F B2HE NS Azdged AR FIFLS 10 pLAck E449 AR HPLC=
Waters 501 (WatersAl, MA, USA)¢l3. ZA&7]= 484 Tunable Absorbance Detector
(WatersAD .25, o] W 254 nmel A ¢] FHE=WEE SARARL FFEWS (AUFs):
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Fig. 2. Schematic diagram of apparatus for the ATP-related compounds

using an FIA system with immobilized enzyme reactors.

@ Buffer solution ® Enzyme reactor 3 (XOD+NP+5'-NT)
@ Pump @ Oxygen electrode 1
® Injector Oxygen electrode 2

@ Enzyme reactor 1 (XOD) ® Oxygen electrode 3
-® Enzyme reactor 2 (XOD+NP) @@ Multirecorder
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N=2EX:

052 3t ZYL xBondapak Ciz (3.9 mm id X300 mm, WatersAh)& AH&3& 81
EXA 40TC2 HFAdAG. #4L £9 20 mLE P31 o|FHFLZE 1%
triethylamine (HsPO42 pH 6.5 Z3)2 AH&3d.

1}, Biogenic amines &73-& & v ZEAY : HPLC ¥

o5 2 g& 04 M HCIOs 10 mLe| do] dd3A3 F 3,000 XgolA 10&3¢ 44l
#estd 4g 9 AU AFEL FUdAA AR F A5IE 2oem 04 M
HCIO; #9922 25 mL2 A43Uc. Biogenic aminef®] EEELE B -phenyl-
ethylamine, histamine, serotonin, cadaverine, spermine, spermidine, putrescine,
tryptamine, tyramineg 2}2Z+ 70, 80, 60, 90, 130, 120, 90, 60, 60 mg¥ H3d FFH5l
5 £& EFstd SAAY 4zt AE R FEF 1 mLol 2 M NaOH 200 #L
¥3} sodium bicarbonate 300 pzL¥ 71& F acetonedl 1% FEZ -83€ dansyl
chloride §9-& 2 mL A7 % 40CHA 4683 F=3 &3-S JAPA2 F, 100
#L9 ammonia ¥ %<& 7t&te 3083 AAAZE Acetonitrile 5 mLE 37tsta 2,500
XgdlA 583 Q4ESY FF54L AR o)Ae HPLC #4448 Asz Iyo
Biogenic aminess] &3l A48 28719 Y, BHELEE K 24 At FUstash
0.1 M ammonium acetate$} acetonitrile EF-&7E Al&5te] SujxAE vi¥rby 4
#3 23, 0.1 M ammonium acetate$} écetonitrile°] 40 : 60 (v/v)9] vl &Y w EelF
o] 714 ¥33d o|F oFFez ALt #4L 10 mL/min Ho NE R E
FE FYFL 10 «L 33, 254 nmolAN Y FREUHRE SASUG.

. TMA &3& 9% vZEAY : Conway micro-diffusion
Zzte) o]$ 5 g€ 3t 4% trichloroacetic acid (TCA) 20 mLE& o
homogenizer2 °F 30%3+ TASF F 3087 4CoA BAFAY. o F filter

membrane (Whatman No. )2 d#51n @2 AL Agdez 3t Conway unit®l
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WAslE 17150 N HCI 1 mLE Y3 4o 23 KoCOs¢ formaldehyde® 24z} 1
mLy ¥ NEY F 1 mLE 339 conway unite] #de Y2 37CA 90
7+ W89t o] ¥ 1/70 N Ba(OH):2 HAs At o o, 439 mLEFH R
TMAY FEE o33 o] 733t

B-A 14(4a + aW)

TMA (mg%) = — X F X X 100
B 150a

B : Blank®] A3 % (mL)

F : N/70 Ba(OH):9] factor : 1
150 : HCIY &%

a . Sample?] ¥

14 : N9 23

4 : 3 A4

W : Sample] &%

194 A71Aze BA AE g46 T KCOE Atn TMAY %9 $U& 3
A& AR BAET ARAE 99 BSs T

3 AAENS 9% NRAe 2 By
ulol o Mol @ NEAE AL BN st o}F B@Th F, ol%
5 g% A 005 M Q4 9389 (pH 75) 20 mLE ¥ homogenizerZ ¢F 30%3t
FARAA T A2 oJ3@ 4L microsyringe 045 pm)E ATt FL AL AA
248 Nadez syt

=21
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A 32 A4 9 1%
1. Biogenic amine AA

7b 71324 A% $7EA

Diamine oxidase®] &4 ¥§2 ojd £A 7]Ad disiet gr&sie A3 Fo
A& e Ao] ol YWrH o2 polyamineFol Wdte] A& Jeliz Aok 2
#4}, diamine oxidase™ ¥ amines F A XE 53] puirescine 1 gmoled At3HAA
o 1 unito]e}z A3 v}, Diamine oxidase?d 7|AF =] i@ FHEAH L Golr
7] $15t9 putrescine 8 9& 20 4L A&AVE S AFAE ¥ E, putrescine
04 mM F7HA AFFAE 78 F AAT (Fig. 3). £, o] Foly 559 AHfI}A
% AA71&¥ polyamines % putrescine ©]#]¢l cadaverine, histamine, tryptamine,
spermidine, spermine® % % %89 Z7] AE=AEERD F9 Y hypoxanthine
| 02%) AFHE moleFEY 147 mM FEZ FUR F, putrescines] FEFEE 100%
2 e we vasty FdF FEEE SANYT Table 164 Ee upsh o]

cadaverine®} histamine®] 69% ©]4¢] & W3 AIFEE YEIAH.

v €389, pH R 259 9%
Diamine oxidase®E Q3§ T reactor® o4 AF A2¢9 &8, pH
2 24 g Fex W3E ZAHYY (Fig. 4). Putrescine® 7|22 & H& =, pH
729 759 A4 $FHAL ALY A FEEV A dEwth 4z x4 T
2449 Ba% P2 BE B YLEE AT A HHLEE HCIE ¢ F
AN (Fig. 4.
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4 r=0.999

Current (uA)

0'0 L 1 s 1 i 1 L 1
0.0 A 2 .3 4

Putrescine (mM)

Fig. 3. Calibration curve of putrescine by the polyamine sensor. The enzyme
electrode was immersed into the ‘water-jacketed glass vessel (25+17C) filled with 7
mL of 0.05 M phosphate buffer (pH 7.2). Magnetic stirring ensured homogeneity of
the solution. A successive 20 #L addition of 147 mM putrescine was done and the
steady-state current responses were measured. Recorder sensitivity and chart speed

were 5 mV and 60 mm/hr, respectively.
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Fig. 4. Effect of pH and temperature on the current responses of the polyamine
sensor with immobilized diamine oxidase (@: acetate buffer, O: phosphate buffer, A:
Tris-HCl buffer, A: carbonate buffer).

._74_

NEEM: ASAAUAM BIOIRMM AIAE #2015 LA/ SEBF



AA=EX

Table 1. Selectivity of the biogenic amine sensor against the response on

putrescine. The added concentration of biogenic amines was 147 mM

Compound Relative response (%)*
Putrescine 100
Cadaverine 87.2x35
Histamine 69.2+0.1
Tryptamine 14004
Spermidine 18.6+0.0
Spermine  116%04
2 MeantSD.

o. ATP £33E 2 TMAS 9%

AHE 24N AHAA {fEHE dAdSE 2 F% Fd F2 EA%E
hypoxanthine, inosine, IMP, AMP, ADP, ATP &2 ATP £&4E&3 TMAY s o
FE AV A5 olE AFEL AANE Fo AUz EAIEY FY ) F=
(0.284%)2 Al=¥ F 100 LE 7139 o #, 7122 putrescine €9 (147 mM)
100 ¢ LE A7ME A-5-9 A71eA &L 79 biogenic amine A7 1] JEE| o
st B F= ZFEEE I $Ad. Table 2914 veld AAY ATP £AE
7 TMAE @522 &A% 9 putrescined] W# AFuE) 100~781%E YEsle
¥, putrescined} FEE WdlE 7.9~375%9 F7HAA AFEEE B FU o9z
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& HAAL A EAFE ATP EaH4EFY TMAY Txith @A & v=5=2 4
Yagldd 2 900) e ez BT ATP E&IES 9FE no Al +
Was] 9] Z42e) ATP £HAEL AR Fo] EAZFT HA9) A 2 A
59 1 Zgd #ARdE FEZ ATP B89 EFE9E Axsa, 7|A2 A
29 putrescine® ¥4 .77 FYE T T4£AM9 FEEE putrescineTS M
A2 vlmatglch (Table 2). ©] 9, AANE Fol SAde ATP 342 A
biogenic amine A7} putrescined] e BoFE FEFEE putrescine A
ALEG A9 2e $2UL ¢ F AU 2HEE, AANR AF A ATP B3NS
o] biogenic amine AA 9] 713 $BA A 9FE 71AA F&& 2o FU

g o, otmlxAte] oid ¥
& FoE Ago] AYF EAY] wWEd FrEd o AAMuEE nwF ok
&% Aog Azett agstd, NaCle] ¥=§ 93ds Axe FEEs AT 2
e Jgde APHE Y 08~08%7A AR BF 20%9 FIE Ha
2 JEuigl, 1.0% o4 A4 A$ @ RS Ws- 2oiFE & F AR
(Table 3), o1& FIA A2FFEAL YE G Y2 SAS =Y diyer
o] % Zo WAL Z1NHE 100 g3 109~233%. A= FHHo] AE Ao By
i goemz o ZFF9 omxi d4F FE (01%)E 547122 putrescine (147
mM)F A FU Ao v FSEE 4w B3t (Table 4). Polyamines 3 44
ol &e. AFFAY FAM 7% FAY 9% FE dEFAY ALY histamined
histidines] g@@iutge] oste] A= &, histidinedl S# WX FE= IFL 18%
i JolMZ e, 1198 o Fko] wlmE H&g e FATh Gl ol g% 9%
i g #4337 98 Wwgoez AANE &3 Ade qaFd AN AL AAH @
Aoz AL
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Table 2. Effects of ATP-related compounds and TMA on the current
responses of the biogenic amine sensor. The added concentration of

biogenic amines was 14.7 mM

Relative response (%)*

Campond Putrescine not added Putréscine added
Control® 100 100
Hx 385*0.1 137.5+0.6
HxR 21.4%0.0 131.8+1.6
MP 10.0+0.0 113.8%0.7
AMP 26.3+0.1 123.8+0.8
ADP 78.1%01 1169+04
ATP 481+0.0 107.9x2.7
T™MA 149:+0.1 | -
ATP-related compound mixture
0.0036% == 96.0+0.3
0.0374% - 103.0£05
0.0711% ~° 103.6+1.4
* Meant SD.

P Putrescine was used as the control.
¢ Not determined.
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Table 3. Effect of NaCl concentrations on the current responses

of the biogenic amine sensor

Added NaCl concentration Relative response

(%) (%)

0.2 M Putrescine . 1000
02 84.4+44
05 | 85.0t7.1
08 800£00
1.0 58.7£9.2
15 | 457192
20 304100
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Table 4. Effects of various amino acids on the current responses of

biogenic amine sensor. The added concentration of amino acids was 0.1%

Compound Relative response (%)
Control (putrescine) 100
Alanine 188*+14
Arginine 36%1.0
Aspartic acid 70+26
Glutamic acid 54136
Glycine 123+04
Histidine 1.8%09
Proline 71136
Serine 9.8%+3.0
Threonine 43%19
Tryptophan 1.8+25
Valine : 6.8+26
* Mean*SD,
—79—
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o RY AR N | y
Biogenic aminef 4459 AN F¥E gudes AN F7) AZe
£, ABIE 93 2 35§ & st HPLCH €% #Me 9@ @3
biogenic amineFE SAHA FFOnT ofF o449 AMES hs FTYL B F
71l o] Fo] EA reactor A|AHE o] &3 A AFLTE BEdo &9 dAx
AE2H biogenic amined) FF WHE FAH WuA @k zesa, B AWM=
A AFE EE reactor NAVLE biogenic aminess] THHTE EHa7) 91ste)
7189 putrescine? THE amine@ ¥ A7HE A& NEZ Az oge B F
= 9¢ Ze¢EE &A% Q) Diamine oxidase™ putrescine 7] A¢] i3] b4 2
$$4E UEHIE o2 amines] el WHE EHTE putrescines] ¥3Hd
FRHSE A7) uEe] Y ARel ¢ 34& putrescined) AFI Mol wmste] &
A%t Table 5514 BE nish 2o] 98 £79 polyamined] A7+Y 29 N2
diamine oxidaseE IARAZFT FA reactor A2Hd oIl AN B AH,
putrescine®re] EAY el WS 195% BA WA FHol s AL & >
AT,
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Table 5. Determinations of polyamines by a biogenic armne sensor with

diamine oxidase

Added ployamine
concentration (%)

Relative response (%)?

putrescine concentration (%)

0.10 0.25 0.50
0.05 103.3 100.0 100.0
Cadaverine 0.10 1133 103.3 105.7
0.20 126,7 112.2 108.6
0.05 811 80.0 . 85.4
Histamine 0.10 83.8 75.9 83.3
0.20 83.8 72.0 82.3

0.05 104.0 975 102.1
Serotonin 0.10 108.0 97.8 104.2
0.20 1200 104.3 106.3
0.05 94.1 08.2 98.0
Tyramine 0.10 941 99.1 241
0.20 97.1 100.0 941
0.05 100.0 98.1 - 1000
Tryptamine 0.10 103.3 98.8 100.0
0.20 110.0 994 103.1
0.05 102.4 104.3 106:1
Supermine 0.10 1195 104.3 112.2
0.20 1195 107.1 112.2
0.05 106.0 102.0 100.0
Supermidine 0.10 1120 104.7 101.1
0.20 1180 106.6 104.4

a Arbitrarily taken as 100% when putrescine was only added into the reaction

mixture.
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AASEX

2. TMA A &% ulo] A

7t 714e] d# $E54

P. decumbens 1AM 7275¢] 7$-9l& 44, Pseudomonas sp. DSM63429] 7%=
oozt vk FAMIYor FLMANE AZRY F Pseudomonas sp. DSM6342¢] 73
Sl FAM Y 10, 15 20 mLE, P. decumbens IAM72759] 7 S-ol& FAuIFY 5
10, 15 mLE AF93sd Axd | AERQ}LE ALt AT TMA Hho|24M
b J1AsEe] ZF7kd W BAFE $9EHL Fig 5% &Y. P decumbens
IAM72758) WFEAE AELEZ ALY A4 TMAY A LAWY AIFET
Pseudomonas sp. DSM63429) W F# A& AELLZ AMSE AEY A3 %’i‘ﬂll v
B9 X5 P, decumbens IAM7275 @5 % Zee Azte] A3 EAE FAH
A5} A cellulose nitrate BHoll FYFA dFAHA e A 3 Fo) 44
ANE Pseudomonas sp. DSME342 FF8 AT

Table 6= TMA AZ§ ol JEBAANY HESH A9 AP 24EH Table 6
o NSO dE ANY nAEnAsY A=xd ITAE Wl AHEIHE HESFA
Ao AR Tolde & 4 ARNew E3) 10~15 mL oj4e] MEFTFAE AT A
$ wo] 47} 5% ola 2 vehl, £ 479 TMA #lol2 X7 AHHE Ad U&A
z2egos E5Y ASE ARHAG

Pseudomonas sp. DSM63428) ZA ¥ 15 mLE JFqse] A=d njAden
Qgiate] F2%E TMA Hlo]2 N7t 714¢l TMAY FEF7H wtel BaFE e
o Wl Fig. 65 zon 15 mMe TMA 57X #3434 (quasi-lineay H#HA
& HAFT
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Current 1A)

| | |
00 2 4 6 8 1.0

Trimethylamine (mM)

Fig. 5. Calibration curves of trimethylamine by the microbial sensors. A.

Pseudomonas sp. DSM6342. B. P. decumbens IAM7275. (A: 5 mL, A: 10
mL, O: 15 mL, @: 20 mL). |
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Table 6. Reproducibilities of the trimethylamine microbial sensors

Addition of a ol

microbes (mL) Response (1A) CV (%)
Peouds 10 0.13610.0096 71
sepsﬁé’g"ﬁ SB 15 0.2750+0.0117 43
20 0.3584+0.0118 33
. 5 0.0506£0,0042 83
Fenisitn 7‘;?”"1’9"3 10 0.2611£0.0096 37
LA 15 0.3250+0.0117 36

* Measurement was done in triplicate.

b Coefficient of variability (SD/mean X 100, %).

5 -
//
.
®
4 - r=0.8977
g af
>
c
[
g
5 2f
o
1
0.0 M 1 . 1 i
0.0 5 1.0 1.5

Trimethylamine (mM)

Fig. 6. Calibration curve of trimethylamine by the microbial sensor with

Pseudomonas sp. DSM6342,
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' pH % 259 4%
TMA #HZ&& uo]lQdAe pHY W& #HEEE Doty 3t Pseudomonas
sp. DSM6342¢] FAMEFY 15 mLE JAFGHAsdA PAEAME AZE ¥ pH 68
WAL 005 M AT &FE M9 SEEAYE FASA (Fig. 7). 2 @3} pH 75~
7694 7173 ZFEE7 =& ALE eyt
g5z 2EF BTN 0CTAA 5C BFez =-IUN Z+ LEA 14
AN} HoiFE AFNEE 24 A3 FYLEE Pseudomonas sp. DSME342)
HFExe 30T Aoz eyt (Fig. 7).

o} o] &A7d 7 I
TAEMANAQ TMA AM7E &F&q o]2A7]d o FFL TeX| Gof B
95t Aa 4L M) moleFEE 0.02~02 MZ 230A u¢ =S v HY
o} 0.05 M8 #4389 FEIA g FeEE M € FS Hepden 02 M7HH
A9 43 FE&EE Bo F3U (Fig. 8).

2. NaCle] o3& 9%
olg Fde Aol 3FF A3N7] WE He=o A3 AAwo] YFE ¥
& ALE FAHUY. dwF ez Y Jggd HFde dFEY 085% oA
NaCl9) Fx& @8star AAM9 g ZExE 538 3 NaClel #A7tHA &L
379 66% AxY g FEE AolE Eo NaCle HAAREEd A9 9L vAx
#E ALE YeyY (Table 7).

‘al, ATP &84 84 9§ g
Fgol s P &84 SA 715 % hypoxanthine, inosine, IMP, AMP, ADP, ATP$} 2
< ATP E343Ed] 9% 932 49 Br] 9439 o] FHFEL AAANE F9 IO
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Fig. 7. Effects of pH and temperature on the current respenses of the
trimethylamine sensor with Pseudomonas sp. DSM6342,
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Fig. 8. Effects of molar concentrations of the phosphate buffer solution
on the trimethylamine sensor. '

2 EA5E X9 4 (0284%)7F HES A2 F 712 147 mM TMA £
3 FA g celld] JFdh ol HFEY g% FFL 38% oz e TMA
X9 gexEd AAE 4FL I3 AL ¢ F QAT (Table 8). EH,
hypoxanthine, inosine, IMP, AMPE 412 #8948 A=xdd TMAY &4 U F
o TMAZE F43AE W9 FE&=9 wuddrh A48 ATP E2duEd] EUE
FEAA D AE A4 FEEE TMA AAd d3d 3= A 2e FEYS ¢
F At} (Table 9).
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Table 7. Effects of salt concentrations on the current responses of the

TMA sensor. Relative responses against the control were measured

Sodium chloride (%) Relative response (%)*
0.00 100 .
0.02 854+30
0.05 96.6+5.7
0.08 934*1.3
0.10 - 1005+4.1
0.15 ' 102.3%+1.1
0.20 102.7+0.4
0.50 101.2+38
0.80 : 102.510.6'
1.00 102.8+3.8
150 102619
2.00 101.9+48
* Mean=SD.
—88—
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Table 8. Effects of ATP-related compounds on the current responses of
the TMA sensor. Relative responses against the control were measured.
Each ATP-related éompound was respectively added as 0.284% in the
TMA substrate solution |

Compound Relative response (%)*
Clontrolb 100
Hx 103.8+1.8
H:R 101.3+21
IMP 101.8+25
AMP 103.0+0.1
ADP 101.1£0.3
ATP 102.0+1.0
* MeantSD.

® TMA was used as the control

Table 9. Effects of various ATP-related compound mixtures on the
current responses of the TMA sensor. Relative responses against

the control were measured

ATP-related

. ona
compound mixture (%) Relative response (%)

Control” 100

0.0036 1043117
0.0374 +109.2+21
0.0711 1185*+0.3

® Mean*SD.
® TMA was used as the contral.
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AEEX :

o}, oAbl @

0% ZAN ALTFEAL URE vue Yoz AN dudez 4% F
o SMAL AR 100 g% 109~233% AES FHHo] 3= Ao HuFP3 Yo
22 TMA &3 A ojulxdte] ol 4EANG FlAE 9% Tob ugth 94 FF
Elt 01%¢] 97 FETL BE celldl FITF A4 FH7)AA TMA 147
mM3} 7] FU% ASE 49 Bt (Table 10). oot FYSAE ANWE
o] TMA 147 mM€& F9&9 vehd w8 3 o9 #E velde 4= AN
on], TMAE ¥ 98 A% %64%7HH 458 ZSE & Bel FUth ol& Ut
Aoz mABANE AN Hdte Hdg Soqe) Tt WolAE A& HARE
Aol AABEANE RYSY TAEY GRS D ZF4E0 o5 B 22
e g go] ARHoz 2HHE A7 WEl, ofrlxite] TMAS 22 UFe
A=A Axsle] nAsE T PRY dAEe] % o]SHUA HAYBANS @
TMA 24 Z¢E @ 9%¢ nxe Aoz AZan,

A}, Biogenic aminesd] <% 9 &

o€ ¥ =29 WHHAA F AA7/IS T polyaminesd] ¥ FHFE VEA YolH
327 o]BY FEF 0.001%%} 001%2 4Z Axd F o)AWE W cellWidl FUT
A%9 3713 TMA 147 mM#% @4 FUF A$E 4% 240 (Table 11).
Putrescine?& F¥ ALdxE ¢ 3BA%7A F5E FEE #FE B FUI,
histamine® TMA 7123 &7 A7 A4+ 312%7%A AMREo] F7hstHnt. ol
biogenic amines®] 9HMME TMA ANE 9FE ti e g drshvd 2 A==
ofm ke 740 wlE) HAFA Wk
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Table 10. Effects of various amino acids on the current responses of the

TMA sensor. Each amino acid was added as 0.1% in the TMA substrate

solution
Relative response (%)*
Compound

added not added
Control® 100 ‘ 100
Alanine 182.0+19 131.0£5.6
Aspartic acid 182.7+32 123.9 1.7
Arginine 150.8+£52 732138
Glycine 149.2£49 114.6+49
Glutamic acid 196459 135.3%£7.8
Histidine 172.0+45 75.6%6.1
Lysine-HCl 1179£29 63.9+05
Proline 162.5+5.1 98.4+54
Serine 175723 129.2+1.2
Threonine - 172.8+04 121.7£0.5
Tryptophan 131.5x45 57731
Valine 1544+6.1 123.3%81

* Mean*SD.

® TMA was used as the control.
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Table 11. Effects of various biogenic amines on the current responses of

the TMA sensor

Biogenic amine Relative response (%)*

(%) not added added
Control” 100 100
Putrescine 17404 108.8+4.2
Cadaverine 22.9%31 126.3+7.8

0.001 Histamine 23.0%05 125.3%9.8
Tryptamine 9.0£15 1022£1.6
Spermidine 7.6£0.1 114.8+20
Spermine 59t1.6 117.7+37
Control 100 100
Putrescine 334%23 1275%6.6
Cadaverine 231140 131.0+53

0.01 - Histamine 262106 131.2+82
Tryptamine 149%25 ; 105024
Spermidine 22804 1269+34
Spermine 18.0+2.8 1222%+1.0

* Mean *SD.

b TMA was used as the control.
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of. AA7|3tel| W& TMA AN AFA :

Pseudomonas sp. DSM6342E 293 w4 TA o9& Immobilon cellulose
nitrate 9 RFRF TMA AN EX47153058 Folrr] A5 4THAM 01 M
A 38 JARAFNAA A FEE9] WsE BAIAYYL AE nPsiee
Az F 2094714 A9 9§ 3=/ X718 333% AE F/kete AL B
fev O F2& vud dFY HEE @& B FUD ol nAH o] Fo WA
£ Aol dAZIAAA A 8¢diAE AL gudd I nQZHE AEY
o ABAHL 0LA7R AXgge] 2719 T0%01 8 FAHE Ao wFo ¢ F
& Aoz Holn o W ALLI5ASTE 4008 A=Y (Fig. 9).

.6
L) .4 — -
3 .. .. '..
5 1 : =
E s
e | - .
0 .2 | e o,
0.0 ] | | | |
0 20 40 60 80 100

Time (day)

Fig. 9. Storage stability of the trimethylamine sensor.
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N=2EH

3. ATP ¥ 41E A58 nlo] oA

7t He AM Azt 75

Immobilon cellulose nitrate 9-& AH839 XODE A4S s AxH Hx 449
$E54 e A Fig. 10). AFAeM & + J=AAH™ 366 «Mojste 7|2%
EME He AM9 AFREE AHHoIa 7|AF=E9 7t BE AFweo 37
HAE B Ao eyt offo vt &§ Fo EAe 44 ATP 329 ¥
=7t % pmol/g sample ] YL A8 FET IHN& P3}A Fu= Axd) 27t
A&E P& F Aok He A9 84L& & 0l A4 (steady-state)dl] ol=2%
g &£85E AHe 10~208 AE2A batch N2YRTY flow cellE AHE-3h= FIA A
29¢ EQE AS ASANLE @FANZE § Atk He AAY & AF N9 24
3 dolASsE 27%2 YeEd & ARLE BFAUTh

o)

U H/H:R A Az $25A4
XOD$ NPEZ Immobilon cellulose nitrate el $Xol 23 3ste] Ho/H:R AA
g A=zste A7)55HH ZA4L batch A2dojA AEHAT (Fig. 11). HW/HLR AN &
= 280 #4258 23897 W&o hypoxanthines}t inosines] 3te] FAe] AF
¢e Ve AFuSe AEE 29 7]22A hypoxanthine& AHE¥ Z$sh, 2

€ mole’s£¢ hypoxanthine® inosine®] mixtuwreE AHEE FS-dE Zze 7|Ae=
M A 2L AFWSL Yetiide 336 #M 7|A%E7A hypoxanthined] ¥ d
FH¢S 10023 ¥EAY 9 hypoxanthined} inosine®] mixtured] Wi AFHEL 97~
103%2) 8916l AR Et inosines] dF wpo] 24149 AFWEE hypoxanthinee] o
3 ABL9 60~67% o HERL YA Ho/H:R AAE hypoxanthine, inosine
9 hypoxanthine® inosine®] mixtureg ASE A4 £ g WolAs= A7

46, 70, 5.4%=2 e AdAC] & ALZ PJrsAH

ASMHYNAML HIOIQEAM AIAE 38Dl WEHI/SER
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' |
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Fig. 10. Calibration curve of hypoxanthine by the Hx sensor. The enzyme
electrode was immersed into the water-jacketed glass vessel (25£17TC) filled
-with 7 mL of 0.05 M phosphate buffer (pH 7.5). Magnetic stirring ensured
homogeneity of the solution. A successive 20 u#L addition of 14.7 mM
putrescine was done and the steady-state current responses were measured.

Recorder sensitivity and chart speed were 5 mV and 60 mm/hr, respectively.
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1.0

Current (nA)

"0 100 200 300
' Substrate (pM)

Fig. 11. Calibration curves of the Hx/H:R sensor.
(O: Hy, @: HiR, A: Hx+H:R).

o Hy/HR/IMP A4 AZs SHEA
XOD, NP, 5'-NT& $A6 238 H/LRIMP A& AZE ¥ 7158
E48 batch N2HoH AESUT (Fig 12). W/HR/IMP AAE Al £59 £48
2858l hypoxanthine, inosine, IMPA] diate] $Al0] AFLLE Hehd + At
AFeSe AEE 7]122A hypoxanthine® inosine, &€ mole¥ X2 hypoxanthine,
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inosine, IMP®] mixture®& A}§-# ZA{des &zt 7|AFEdA Hl=# A{FHES o
e Z138% =71 293 pM7A 3718 9 hypoxanthined] oid AFWHEE 100%2
E A8 inosined] Wd AFuL-S 85~115%, hypoxanthine, inosine, IMP2] mixture
of dY AFEEL 85~96%2] AU At ol dxF o= IMPY di@ wlo]
244 WRFWEE hypoxanthines] T AFWES] 32~40% 43 T1EL A
AFA9 479 7|AsEd wWE AFEY FuAL AL 7129 FRge T
A 4 & Aoz YERT > 0998).

0.0 L L 1 1 L
0 100 200 300

Substrate (M)

Fig. 12. Calibration curves of the Hy/H:R/IMP sensor.
(@: Hy, O: H:R, A: IMP, &: Hy+H,R+IMP).
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MEEN:

Al
al

=4
=

o, 9289, pH R 59 HHs

PH 2 g2899) FRe) BE H2AMY FLEE Tolur] H5d 005 M A4
#2890% pH 6~87H4, 005 M 24 838402 pH 4~67H4, 005 M Tris-HCI
438902 pH 8~074, 005 M B4 938d02% pH 9~107H 289 F 7
Z2AMY AFVLE VTR (Fig. 13).

Fig. 13014 Bt vhsh Zo] Hy AMY A% Q4 9389 pH 759 W 7% &
=7 £t H/HR AN A$os &4 ¢389, pH 1094 713 & Z¢ES ¢
& % At ¢| #Y4HY XOD, NP, 5-NTH #3 pHE 22 75, 74, 9024,
o A ZAE ¥ DAY HALRIMP 449 4§ Tris-HCl 2384, pH 800
A % & peEE dehilch

gesze LEE 15T 45074 5C 2oz zA4uN 2 LEdA 12
AR 9% B42F gad BE ARA %2E AU Fig. 14). YeHoz &
b Agel UE BANSEEE Zobdg paded, R0 2ASE 29 Ta
AAY AAE B3RS LEgEdol BAF H A4 B¢ HHLEE BHTE
ebsteh, Hy/HR AA0] SlelA: hypoxanthine® 7142 AREE A$ole 35THA,
inosine® 7142 A AlE 0CAN 43 & ZEES BAFATh H/HR/IMP
AAE hypoxanthinet inosine® 22 7142 A8HANE @ BCAA A% 2 BEE
g Ued wd IMPE 7122 A4ae delE 30TAN FeEA b Bgc |
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Fig. 13. Effects of pH on the current responseés of the biosensors measuring
ATP-related compounds. A. Hx sensor. B. Hy/H:R sensor. C. H¥/HxR/IMP -
sensor, (@; acetate buffer, O; phosphate buffer, &; Tris—-HCl buffer, A;

carbonate buffer).
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Fig. 14. Effects of temperature on the current responses of the biosensors
measuring ATP-related compounds. A, Hx sensor. @; Hx B. Hv/H:R sensar.
®; H,, O; H:R. C. H/HR/IMP sensar. @; Hy, O; HiR, A; IMP.
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Hx AlMet feldeie) XODY H# pHS 58 va@ A3, 5 H$ 2% 35C,
005 M Q4 &34 OH 759 v 7 & AFHEE dehude) o] o, xawg
9 FEE AQHTNA Fe A4EY & Aoz eyt o] AL Helywe) FAS
AR dde] AS AxAIY FLEF FAF] A8 EAFE ®ol ALHPAY

/A Aoz JARL,

wh, NaClel @ %

ATP BHl4E 348 vl QWNE Ngo] 98 98& B Lo} ur) Askd
He 449 A4 NeCle) ¥58 QHaA 449 &8 F$EE wastdch. NaCl 5
E§ 0-20%7H4 FAAA B Fsh Aol tha 9FE Utou e 45 ¥
E oA E Z$E B2t A9 QAT (Table 12).

vl BF R opneite] G

ATP 842 4 A 3F 2 o g Asste olgo] a2 4MY AFTS
of WA 9%E dolrgith. EA7|A2E hypoxanthineE AH2EQ.0®  addition
method2 ¥ FF] FF} oprcitE Astsle] F8xE9 Holg AT o ),
718 9FEZE D-glucose, D-fructose, D-sucrose, D-maltose, D-sorbitol, D-
mannitole] AANH, J7MFEL ] § F9] FEF] 03~65 g/100 g2 A& nHF 3}
AANE 9 7 FFY FEE F 2%2 FARAL, 79% T L9498 A4 Az
o o] &9 100 uLet 7]dQ 29 mM hypoxanthine £ 100 uLE 6.9 mLe] ¢14r¢ks
B At AFHo2 FE BFHY 2 g cellHolH FHX ¢ 4uir} T
EE SISt olrlxite2E L-3 9| alanine, aspartic acid, arginine, glycine, glutamic
acid, histidine, lysine + HCI, proline, serine, threonine, tryptophan, valine& Al43l8%:
H, obr)eqte] g ol f F elld ko] /1R 100 g3 10.9~23.3% A& 33}
o AANE T 7} ojul:ite) FEE F 1%2 FHHAUT, 4%9) ofulat 98 27t
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INI=3

X

Table 12. Effects of salt concentrations on the current responses of the

H; sensor. Relative responses against the control were measured

Sodium chloride (%) Relative response (%)

0.00 100

0.20 97.9+2.2
0.50 95.8+1.5
0.80 94.0£3.7
0.85 929*1.0
0.90 95719
1.00 92.4+44
1.50 886*29
2.00 86.210.5

# Mean* SD.

A zsto] o] 29 100 uL 7} 29 mM hypoxanthine €9} 100 ULE 69 mLe] &
A gxadd HArsled JFAHoz FAAE olvjxAe FEI WS cellAM FRA
o] 4u7t H=E

359} o}n|icAbe] 3L Table 139 Table 149] EANE ule} Zo] BF FAM=
glucose, sorbitol, sucrose S°¢] Hy M9 AFwEd 9Fg 7zed L=
butter milks} FAE ##H9 XODE wad FAE FH A% 9F A== A9
H2a gt B AFAA FRY AEELE olf Fd EANSE JdFEy 4= 3
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Table 13. Effects of various sugars and sugar alcohols on the current

responses of the Hx sensor

Relative response (%)%

Compound Xanthine oxidase
from butter milk from microorganism
Control® 100 100
Glucose 146.7£0.7 1444%11
Fructose 130.8+1.4 125611
Sucrose 139.3+05 118.3+2.1
Maltose 108.3%0.8 110002
Mannitol 1143*1.1 114.3+1.1
Sorbitol 144.0%0.1 140.0£0.2
® Mean+ SD.

P Hypoxanthine was used as the control.

7t e aed £ d, AA ofF Fo EAdE FHY FEAAA o€ BRI He A
A9 AFWEA nAE FEL oA Y ¥g ALE qAHER HAAE A FFH
o FHFLE v]§ F& Ao2 HAR opnxit Fo|AE L-glutamic acid® 9 3Fo] 7}
7 =oF Hx AA 9 AFRTEEA oF 37%9 9FE wHoy 7Ig ojvjxide 35 %
9 AEE 20% #WoIAT. AF FTHAA ALHFREZL dFE 2 FHE EA
e HA frE oAty FVMEEE 9HA Ve o T ESANETE FES
42 H7He AE e £ o, dA ofF T SAFE #E olvjxite FEAA

°|£°] Hx A9 AFILLA WA= YFL 5% o3ty ¢ ALz 4AZH.
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Table 14. Effects of various amino acids on the current responses of the

Hx sensor
Compound Relative response (%)®

Control® : 100

Alanine 117.8x1.1
Aspartic acid 113.9+04
Arginine 1143104
Glycine 107404
Glutamic acid 137.6%+1.1
Histidine 110.8+0.4
Lysine - HCI 105.0%0.2
Proline - 109.7x£0.1
Serine 119.3+0.7
Threonine 116.6=09
Tryptophan 103.6+09
Valine 1191£0.8

? Mean+SD.

b Hypoxanthine was used as the confrol.
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NI

3

X ASNY

4. ATP 848 &4 € fH% 458 vio] A Al2¥

7t A4 RARASHEEA WE d5Y vol2dA AAHY ¥HE AeE

D %g o] &% nASWY WE FEE

Cellulose nitrate ¥ ¥ nylon %& |43t XODE LA A& Teflon 3 ¥
Mt Abele] ¥3 O-ringg 7149 A2AFd 2AFA 0.06 M2 4 4389 (H
75)0& 04 mL/min®] #4222 EFEN 44 $x9 71289E FY& Fo et
EAATY W AEEE AMEgth dutdozg J1AE FYja o 3% B
A ghgpeast HEIUY] AFEon, & o) AEE E4IE dde o 2080 &
LEYT BAwgoz JegtE HSEE cellulose nitrate 9E o]8-& Z$7F nylon

rlr

ohg o] 4-¥ BFEY peak? EoI7l £33 HWelv A UElY peak®] EolE Hu 3t

WatA Argadel Asgen Fig 15), o A% 714A%E 15 mMAA AFIHE
7% 47t AT (Fig. 16). B, peake) Holtk FAF 6143H peake] EOIE o4
de ASuT ¥ & /AFEAA AFTHE 2g 47 UM nylon o2 AT
3% hypoxanthine 3.0 mM FE7A AA49 AFFHe] Yelgtt (Fig. 16).

2) Chitopearl beads& &% RAYY| e A=
Chitopearl< 712t ®o] A3t chitosand FAl (carrien) & 8% 4+ =2
aminoZ| ¢} Z& #%7] (functional groups)& =Y ¥ F beadFel= Al&3td] Az
Aoz ELEW ol MAE, ZAME F& nAFGGEY ALY T de R A
Az A=A A o]t
Chitopear] beadsZ 13 8}% 9| WgA-EEE v w37 Y& beadd] FH L Y
Aty ®d9 #5771 44 9 Chitopearl 2501, 3001, 3501& 2zt 4 mLy 3o
EAE 3ASE ¥ A7 3 mm, 4°] 7 cm® microcolumnd] F&3 F333ct 235
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Fig. 15. The current response peaks of hypoxanthine using the Hx FIA sensor
system. The enzyme was immobilized on cellulose nitrate membrane, The
flow rate was 0.4 ml/min and recorder sensitivity and chart speed were

10 mV and 20 mm/hr, respectively.
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Peak height (cm)

Peak weight (g)

Hypoxanthine (mM)

Fig. 16. The responses of hypoxanthine using the FIA system with

immobilized enzyme membranes. (O; cellulosé nitrate membrane, @;

nylon net).
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& ¢ beads® A& Chitopearl®] FFol w2} 2tz 254, 74, €L HolA s
UeEith o] W, %L 04 mL/mineE YAFA AL, A2 AF adaptorst
recorderol 19 ¥+3 A4 @e AFAY e AFY wWEpeakd B7] A3t 1R}
A columndl Wt Zd g zdsdq Fdh 712 FY Fo WAL S
o AW IARELHE RN SAYF FLET bi ZA deyged, 71289
F9stn o 480 AFHsW whgpeakst UEtbH DRl AIEE & A9 NEE E
g 4 gtk 2859 H3A% 2 ubg FEEE IASEL beads7t TAH] A
= columnd] Zojd] FFL P& AL Yo o diFd YL HeAM ABAA
tl. 9utA 02 hypoxantine 7|13E #¢& W 15 mM¢ FEAA AFFHE A
& 4 213, Chitopearl 250154 3001& AH&3 BF wWg #FEE7ZF =A YERT
(Fig. 17).
34, beadd A o] Z2t o} e Chitopearl® AHE31S 249 2AFALE dof B
7] 9)8t4 Chitopearl 2501, 2503, 2505 R 3001, 3003, 30058 42 4 mLY s nF
3894, o] A$¢E FEIZHAL hypoxanthine 20 mM7HA €& 4 ANUR, Chitopearl
9] beadB A o] S48 FA A TE-L Ho|A Chitopearl 25051t 30068 AHE3HA
& o et A WA dEE AL @ 5 AT (Fig. 18). b 840 5
4% AL Chitopearl 25017 3001-& A& A-9-A.

3) Aminopropyl-glass& °¢]4& TAHWY4] e FE=E

Aminopropyl-glass®= glass®] amino7]7t ¥8712 #43ld T4 E glassdl 233}
NA Fr, dutgo 2 1B beads o9 o184 F A& FHF FFE 2B AA
Aojr}. Chitopearle o] &3t HAE IASsHE W wA/AE 1ARE F
microcolumn®] A FA glass® 2. o W, vEd BE HAIEE
Chitopearl 2501011} 3001 ol&3sled AT ARt ¥ ew, hypoxanthine 2.0
mM7HA AFZHE & F UM
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Fig. 17. Responses for hypoxanthine of the FIA systems with immobilized
enzyme reactors of various Chitopear]l beads (@; Chitopearl 3001,
O; Chitopearl 2501, A; Chitopearl 3501).

Y 7A=Y BE EEFHA F[A

XODE :nAR3% Hy AA9 7S5 hypoxanthine®] &Xx7} 0.005 001, 0.02, 0.05,
008%% 7124& AHg3te] EEFME AARAT (Fig. 19). o] W, ¥-&peaks] Fo] %
ZAE data® o4 ¥ A$ ZF 30 mM7IA EEFHL veld § U

Hypoxanthine® inosine®] ¥ 7}A A¥& &A37] 9% H/HR A9 3¢
XOD 3 units &< 5 units& 3t NP}t &7 1A 38313, inosined hypoxanthine
3 Ze molerEE REDL £ TL molesEY F 7129 EFIL TFUAZ A
£33k o] A% 6 mM 39 JAFEqA 71A9 FHo met AMY B FHA
28 AEFZAE A& F Uslen XODY F& Bl AHE® AS, s AEET
inosine& 71A2 ARE® Ao Zol7t i1y hypoxanthinest EF7]A& AHE¥
¥l 25~60% HAWNAA =A Jedth (Fig. 20).

~109-

2015/04/15 10:43- 22 1 8
NEEXN: ASALUAMS HIOIQUIAH AIAR 8D LA/ s8R



.020

L A

.015 -
010

~~~

o =

S

= .005 |-

(2

- ;

; 0.000 i ] L 1 1

E

« 012

[}

o

.009

.006

.003

0.000

Hypoxanthine (mM)

Fig. 18. Responses for hypoxanthine of the FIA systems with immobilized
enzyme reactors of various Chitopear] beads with different bead diameters.
A. Chitopearl 2500 series, B. Chitopearl 3000 series (@; Chitopearl 2501, 3001,
O; Chitopearl 2503, 3003, A; Chitopearl 2505, 3005).
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Fig. 19. Responses for hypoxanthine of the Hx FIA sensor systems
with immobilized enzyme reactar of Chitopear] 3001.
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Fig. 20. Calibration curves for hypoxanthine and inosine of the Hx/HxR FIA
sensor system with immobilized enzyme reactor of Chitopearl 3001. A. Hx,
B. HxR, C. H/HxR. The amount of enzyme used for immobilization were
XOD 3 units (@) and XOD 5 units (O).
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E&343 columnd AHEH A45¥ Al2®e AAAYE dob 27| Hsted Al A<
47 R38HY AE columnd A L molewxe ©Yr|AR} ERVAL
Zzt d&Hor FAF Fo] WAL EE Al Table 1594 B ups} o]
43] Q&3 FAF 79 hypoxanthine, inosine, IMPY] thd WEFAE Afe 13~
62%= Jeben, 53 SAY A 32~101% Hwe] ZEAolE Ho §4EHET]
4o vuy F {fAH7] g LAR o]Fe ATP £ IEF B YEL=2 o
7o AMx 714 #¥e] @2 hypoxanthine, inosine, IMP AE#& A&¥ oz £33
td 77 9le AL v A A4F LAY AZE H/HR/IMP Aol F
#3771 A3t 2L mole’s =9 hypoxanthine, inosine, IMP8- %3} moles X9 #o| 7
Zte) 71349 moles =9 2L EF7|EAE Ag o W, vebd w3 peak: Fig.
2194 B wiegp o, Z4zbo] ddr|dAs EFVIAS AHES] AP AFFHL
Fig. 2294 R+ vpe} &4

Table 15. Reproducibilities of the current responses of the FIA system. The
responses after successive Injections of the same ATP-related compounds were

analyzed
Current response (peak weight, g)
XOD  ATP-related Assay number *Response
amount compound i

1 9 3 4 5 difference

(94)

Hx 0.157 0.156 0.156 0.156 0.152 3.18

3 units HiR 0.004 0.004 0.004 0.004 0.004 0.00

Mixture 0.108 0.106 0.105 0.090 0.083 231

Hx 0.129 0.123 0.122 0.121 0.116 10.1

5 units HR 0002 0002 0002 0002 0002 000

Mixture 0.008 0.008 0.007 0.007 0.007 125

* The values were response differences between responses of 1st assay and 5th assay.

-113-

NEEX ASHANAS BIOIQAM AIAS E8D1= HEHT/ SER



1) G xR IMP HxilHMP

Response peaks
i.
1]

Fig. 21. The current response peaks of Hx, HxR, IMP by the Hx/HxR/IMP FIA
sensor system. The flow rate was 0.4 mL/min and recorder sensitivity and

chart speed were 10 mV and 20 mm/hr, respectively.
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Fig. 22. Calibration curves for ATP-related compounds of ‘the

Hx/H:R/IMP FIA sensor system with immobilized enzyme reactor
of Chitopearl 3001 (O: Hy, @: H:R, A: IMP, A: Hy/HR/IMP).
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NEEX: A

. &4 reactor®] columndole] we 9%

B a9 EA reactorg AMEdE A4Y ulo]l2 MM AA¥F& hypoxanthine,
inosine, IMP &%-& A4 SAY 5 Ache FAe] Uk o =, £44 4= 72
o] injectors] %= o] Hx reactord F#3W A& columndl FX¥ 1A XOD7}
hypoxanthine®+& &8 37] W&o multirecorderdl & A|&E Fo €418t hypoxanthine
peak?te] WvElA @k o] F A B/ HiR reactorg TH3AA NP9 XOD| 93]
o]n] &#]¥ hypoxanthine® A& inosine®] ®#EAA recorderdl= A|Zte] Ao]&
%3 inosine peak’} Webdth o] & A& %9 hypoxanthine ¥ inosine °]n] &35
Qo= 5'-NT, NP, XOD¢| &84 IMP7} £3l5o] IMP peak’l whAlefe 2 viehd
th. 28 2g, 4o & reactord AXY W 7MY FAF AL &9 A reactord A
1A T 4G BEubge] &A3] dojuel griE el olF AA3INT] e
B d7NME 429 &2 reactor® AHEE LAZEA columnd] ZolE Bty 3
1}e] 7]do] E&He] e F & A reactordld F7IE WEFHEAY qRE 4Y
Bteh, a83d, Hy, HyR, IMPEA column® Zo]E 2t} 10-10-7 cm, 12-10-7 cm,
12-12-7 cm, 15-12-7 cm2 @& dd & EF AASRALE &4 columnd %‘_
Aste] AzsQch Table 16€ 228 &4 columnd] ZolE 2833le 9 vetye
Hh8 peakZHE ATP E4ES #3& 4T Aotk Hx &4 column®] Zol7t
#¢ wWxd 2 vl hypoxanthined] ¥-8peak Eolt IA YetdE AL & F AU
%3, hypoxanthine ¥+gpeak’} YEhd F Hx &4 reactordl A &A3] BalSHA 4&
hypoxanthine®] Fe} 1A Ho] 71do] HR &4 reactors] XODol oj& 3= 1
& wh8peak’t H:R &2 reactor® recorderd] YElE RAE B FATh o] peak
& inosine AFITH & A4S B 9 01 mMel P gFoe2M o Ay
inosine % X=9| hypoxanthine ¥%=7t F7t€ gke] inosine ¥=2 &€ 754l A
B ol= AHY inosine®d] FEHZ B T 2 Al A€ AL A 14
column®) Zol7} 15-12-7 cmY A$ $9) FL reactorodl A @A s EauE3-o] Loy
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1p]

7] wi#e] HyR &4 reactord]*] &9 hypoxanthine peak?} A& eElA| growi
inosine 9 Al IMP &4 reactordl X inosine peak7} A ¢ YehiA &+ A& By
F9o (Fig. 23). 283te), Al A% reactor AZ A column®) Z¢]E Hx-HxR-IMP
reactor®] 7§ Z7} 15-12-7 cmZ o 1Y AL E FRdY ALEI AT

f
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Fig. 23. Response peaks of A; Hx, B; HxR and C; IMP on the FIA sensor

system with three enzyme reactors after injection of substrate mixture,
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Table 16. Effects of column length of Hx, HxR and IMP enzyme reactors on

the performance of the FIA biosensor system with three erizyme reactors

Peak height (cm)

Column length 3674 mM H, 1.864 mM H,R
m)  Main peak  Tailed peak  Main peak  Tailed peak
H, 10 870 (315" _ |
H.R 10 = 3.30 (0.58"
IMP 7 = -
38 12 9.90 (3.35%
H:R 10 - 0.60 (0.37) 400 (1.62°)
IMP 7 - - - 0.70 (0.05%
Hx 12 10.20 (357
H:R 12 - 040 (010" 520 (L799)
IMP - _ - = 0.30 (0.02%
Hx 15 11.40 (373"
H:R 12 - 0.20 (0.00" 5.05 (1.83°)
IMP 7 ~ - - 0.05 (0.00%

? Calculated from Hx calibration curve.
® Calculated from Hyx calibration curve.
¢ Calculated from HxR calibration curve.
¢ Calculated from HyR calibration curve.
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2t PC3tel AX Al2¥9 A4
MEe whe] 2 A A2 PCHE BT F AMSHLS AFHFA s Pot
Fig. 24= ATP £34E % hypoxanthine® £33 batchB ] vlo] & MA A2 9]
249 AX¥tgE PCR A dH#E HoFEt) Hypoxanthine 99 % & 2z}
23 W celld] YA PCEB N2de) o3t AFE A digitalst Ho] Abx
9 &£RFo] ARZ W@Ho UFHD o]F Excel TEIPCE Aol YA

d hypoxanthine ¥ X W& ¥W3AFo WeE 3 & & YA

-
Q

-
[¢]

-
N

©

Current (pA)

o

0 30 60 90 120 150 180
Time (sec)

Fig. 24. Current time recording of the responses on the different

hypoxanthine concentrations.
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o), vpo] @AM Axge] o =Y AR BY
XOD& %7¥ Hy reactor, XOD/NPZ %3 ® HiR reactar, XOD/NP/5'-NTZ %
AE IMP reactor® Q@se] ALd A&y AT B2AN ASF AHYL FA
71 %) ATP 28489 hypoxanthine, inosine 2 IMP7t 4¢)2 Bo] iz = A)
E 39 3 429 §%& 2489 o] W, & & column®) FelE 12-10-7 cm)
A7 15-12-7 cmQ A& AHE3 71d AR F 54 8L Y999 v=2 uFs
L WA AEVE FEE FANAYEN AT &4 columnd] Dol 12107
emE & A& hypoxanthined FYHHE A9 He reactord] ] Havkeo] ¢As Yol
WA %o} HiR reactort)A] hypoxanthine®] peak’t 4% yelrz] wlEd o9 %
9] inosine &3 A wo)2AMZ FAY go] AR ¢ T FEERT FA ALY
of A2 & % YT (Table 17). VAR inosine EEE 2L A% inosined
H%HE A5d #o2 Ueen, IMPY $E8 BUSie 2% IMPE 384%%
2 #2d o= Yeyth 9¥, T4 coumnd] 27 15-12-7 cm W 2zt &
& columol N E2¥Hgol GASA dopdr] WREe FU 74 AR Fxel ur

S2 56% o5t LAWAE B S YUY Aol FFsFAT (Table 18).

5. HlzEHY B HoleAA¢] o AwEY

7t o1 %%29) ATP £&§4E &4
ATP 2§45 EAste WyPoes HPLCE o438+ 7§ Zobax ODS ZHE
AH4@ B3} pBondapak Ci S AMESIY AFstes wWhol EaHI ot}
Zobax ODS Z¥& AH&ste A9 HETFHE dokste oj8fe] 13, pBondapak
Cs Z¥& AHg3ts 93 ATP, ADP, AMP7} 3 R &n WFEF AL
(retention time)o] 71 @A e] sivh. ¥ APAME= pBondapak Cis & AHE3ta @
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Table 17.. Simultaneous determination of Hy, HyR and IMP by the FIA biosensor

system with three enzyme reactors. The column lengths of Hy, HxR and IMP

enzyme reactors were 12, 10 and 7 cm, respectively

Concentration of ATP-related compound (mM)

Standard component FIA biosensor system Difference (%)
Hx H:R IMP Hx H.R IMP Hx H:R IMP
0184 0932 0637 0104+0.031 24600000 2.624+0.110 -43.448+16.738 163.908% 0.000 181530+ 2.638
0.367 0932 0637 0281140044 228110089 253810115 -23.4061+11.836 147.164% 9166 172.280+12.334
0.735 0932 0637 0830*0.031 2162%0103 23M+0.110 15575+ 4183  131.995+11.055 156.862+11.809
1.837 0932 0637. 2066+0.092 213210052 2174+0.176 12439+ 5021 128803+ 5528 133221+18.841
3674 0932 0637 341010335 2237+0.189 213510163 -7.179% 9120 139.973+20,310 129110:+17.443
0735 0093 0637 0761+0000 013610052 1922+0085 351110000  45928+55919 2016681334
0735 0186 0637 077410023 0347+0074 1862%0170 532433140 85962439541 185.042+288%
0735 0373 0637 078810023 0685+0086 165110228  7.137%3140  83783+23183 141.911%10.8%5
0735 0932 0637 077410023 152010074 1.934+0.066 5.324+3.140 63104+ 7.908 198523:+10.895
0.735 1864 0637 0.854+0.023 3.025+0104 1801+0085 16203t8140  62.265% 5592 182.797+13.344
0735 0932 0084 071530072 0592410053 0.088:£0.023 ~2.763% 9849 -0.86915674  38.487+36.448
0735 0932 0128 07860029 095410000 0.169+0.023 3987+ 30939 24070000 32.270+18.210
0735 0932 0255 0.789+0.033 0909%0.000 0.330+0.023 7335+ 4432 -2.507+0.000 23,231+ 9106
0735 0932 0637 0.710+0007 0985%0053 0.638+0.046 -3.459%+ 0985 5.683+5.674 0.127+ 7290
0735 0832 1275 0.832+0.022 0939%0026 1.18710.000 13.255+ 2.855 0.769+2.837 1.055% 0.000
0735 0932 2040 0.738+0.091 0909+0.046 1.650+0.028 0371+12311 -2507+4914 -19.113+ 1,394
~121-
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Table 18. Simultaneous determination of Hyx, HxR and IMP by the FIA biosensor

system with three enzyme reactors. The column lengths of Hx, HxR and IMP

enzyme reactors were 15, 12 and 7 cm, respectively

Concentration of ATP-related compound (mM)

Standard component

FIA biosensor system

Difference (%)

H« HR IMP Hx H.R IMP Hx HR IMP
0184 0932 0637 016710.002 0.933+0.006 0.63310.017 -9,127+0.881 0.0491+0.588 ~0.6461+2.638
0367 0932 0637 035410003 093410007 061530042 -3.795+0881 0188+0784 -344+65M
0588 0932 0637 05760007 09360004 0.647+0.036 -2100+1101 043720431  1499+5671
0735 0932 0637 075410065 093310016 0.652%0.027 2581 £8.807 0.049*1.764 2.338+4.220
1837 0032 0637 184840058 083310007 0.62720.025  0596+3171 0.132+0706 -L578+3.957
3674 0932 0637 3526%0.029 09849+0015 0.654£0.046 -4.041+0.793 1.851 £1.568 2618+ 7256
0735 0093 0637 0712%0025 00660015 061550042 -3148+3.347 -29.637::15.683 -3.444::6.594
0735 018 0.637 072210019 0.186%0.002 0.621£0.050 -1.778+2.642 -0.361*+0.980 -~2511+7.913
0735 0298 0637 072410023 0288+0001 0.631+0014 -1.467+3083 -3351::0245 -0926::2.242
0735 0373 0637 0.72110.018 0.3731:0.026 0.637+0.022 -1.803*+2.466 006916861 ~0.086+3.429
0735 0932 0637 07211+0.024 0.923+0.051 0.635+0.014 -1965+3259 -0921+5489 -0.366%2.242
0735 1864 0637 O724%0022 1838+0073 0.633+0017 -1529%29%4 -1390+3821 -0.646:+20638
0735 2983 0.637 072430022 2.916%0.099 0.634+£0.032 -1.498+3.039 -226113307 -0.459*5.012
0735 0932 0.084 0.70710.031 0.89510.055 0.058+0.008 -3.771*4227 -3971k5881 -9.169::13.188
0735 0932 0128 072010023 091110004 012010014 -2000+3963 -2252+0471 -5.700+11.201
0735 0932 0204 072010028 0.907-+0.088 0.199+0.042 -2.090+3963 -2.640+9.488 -2.319%205%4
0735 0832 025 072010020 090310073 024710025 -2.09+268 -3138+7.841 -3220+9.885
0735 00832 0.637 072310021 0.203+0.088 0.633+0.017 -1.688+2.862 -3.13919410 -0.643::2.638
0735 0932 1275 072410022 091130001 1274+0034 -1529+2934 -2307:£9.802 -0.028::2.636
0735 0832 2040 071510035 0511+0.040 1.863+0.126 -2.744+t4800 -2307+4.313 -8.686E6.178
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U2 HEF £ 25U HCIHAN 22& 3o AR F9 ATP EHAEL B35
I K@ ® HgtS 735k o] o, Kigtst Ha L &3 Zo] A8

H.R + Hjy
Kigk (%) = X 100
IMP + H,R + H,

Hx
HZ: (%) = X 100
IMP + HyR + Hjg

Table 195 A9 A&8 o F 2039 F&4L HPLCE £43] A& ATP B
e FFH oJEE2FE T4 KiFt R HEE 2dF3 o) Table 1994 B 5
AE AAY, ATP 848 F IMP/L b3 Bol #4590 U7, oA Ea= A
¥t inosine® hypoxanthine®] %<& 22 0.078~2500 xmol/g, 0.078~4.883 umal/g
L2 IMPY Hl3 Wit o]RAL ALFE 24A7 U9 AMF RN E IMP7L EA 3
Fhdge V1€ 2agE X Yok gol, AR, Ao, AFURY Ao
Kigt& Z7F 0~10, 10~20, 20~50, 35~60% A el o8, Kigtol 60%E ¥oud 1
©@A FodeHEtn 2usa gk & AFM A8E AREY g Kghe 7.8~
43.6% WAdAM FRHAL. 28y, Loy F9 A4 IMP FFo] g ojFd v
st WA W7 HEd FdFeR Kigtol 0% oo A FAFYEH, o
e 2oy 29 AA=ESt ol A& duste Aol ol olg olFY A
ATP #8339 dAlgA o] w¢ GLF AL ou|sin] EF 230 Folg 2L 4@
AFE ATP £33 204 IMP/E A9 $AHA Fede 7)€y BagE dA3n
Atk ol Afde ATP E3AE ol9e] Aoz E&/5H AL HUEXEI
e Ao B3E Rez AN £, dvtAQd ATP Esi@go e Eajage 4
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AEEX : AS

AU A S HIOIQUA AIAE 82012 HEH2 /s

HAgHE & ATP/t 2dss ¥ 53 inosine®l S35 inosine ¥4 ©1F 0
e, q7ld &&= o]FdE UlF, LT, snapper, skipjack F°] . wERA, o)
d FEL K@t¥de UE AE2A JUEE deis Aol Ao HaG0)L
[H/(IMP + H,R + Hy) X 100]22 EAHEH 9 o]F 9 HpoN A=AREAN &
49 5 Ao AA2 d7Y K A 43 85%= W4 wA dEstey HaE
23.8%0°] E3atget, ol & AL o7 inosine mol¥] 7} 745%0]9 THE o|F
H8to] inosine #Fol Wl Ed 71AFE Aotk E9 A$-X inosine®] mol¥] 7t

639%2 & olF el ¥ste] H|iLF inosine FFo L L= eyt

1}, o] 429 TMA ¥ biogenic amine® &73

Biogenic amine®= AASo)A nAE 099 AEZA BEHY 5 glow, 53,
cadaverine® &%, $%, AWZZNN F& AFH I 5 AdE Bt Y Y,
Sayem El Daher 5€ %o glo] HEAZZ oz £F¢ amineRE JEE 23}
putrescine, cadaverine, spermidine® & 24 Aleldl: A JABAs AT
2 Radgch & AFqA A2 AHEE 9FY YEARZA biogenic amineFE F
A% u] HPLCEME 93 FFEoE ALEF AL tryptamine, A -phenylethylamine,
putrescine, cadaverine, histamine, serotonin, tyramine, spermidine, spermine] 2™,
o] 59 HBE AL Z+z 7.26, 840, 9.40, 1047, 1155, 1564, 19.66, 23.65, B30 2
UElstth. Biogenic aminefE AAAR 3 dumon MM Fler] Azse
5ol Rolelst 2e AYJo]Fo)A histamine 20 mg/100 gold FE@AAFA
2% 4 glou, B AYAA AHEE of% 3&9d dstd HPLC £4g 9% 2%
biogenic amineRFE EAHA ZE A= yeuth oF 20544 FHE TMA %
VBNS] &332 Table 20014 B& ulst 24, gwt3 o g VBN A #7}F 5~10 mg%°]
slo]d ofF AAXFA 20 mg%oldtdAE MY ARA A 50 mg% o] ol H
2o @ 499n Buga ok & A9 TMARSE 015~674 mg% oI,
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Table 19. Determinations of ATP-related compounds in various fish extracts, and the

resulting Ki and H values

o . i Hx H.R IMP AMP ADP Ki H
?::: SEiSESename English name (p#mol/g) (pmol/g) (xmolg) (umolg) (”:)mv (%) (%)
1 Tvichiurus lepturhs Hairtail 1535 0.078 2794 0.050 B 366 3438
2 Scomber japonicus® Mackerel* 0.356 1.780 4473 - - 323 79
3 Scomber japonicus® Mackere!” 0.400 2500 6.900 0260 0400 296 41
4  Limanda herzensteini  Flatfish 0539 e 6.338 0057  0.180 78 78
5 Ostrea denselamellosa  Oyster 0.078 0.345 0117 ° 0256 0160 784 14.2
6  Cololabis saira Pacific saury 0881 0.862 4298 0081 4298 2895 146
7  Thunnus thynnus® Tunz" 0.161 0529 - 0172 - .18 23.3
8 Thunnus thynnus® Tuna® 0.180 0.650 6.900 0373 037 107 23
9  Gadus macrocephalus  Pacific cod 0.650 2.030 0.045 0149 0397 985 238
10 Pleuronichthys Frog flounder 1.780 0.186 2.857 0.074 0.220 40.8 36.9
11 Oplegnathus fasciatus  Rock bream 0.653 0266 6.888 0135 022 118 84
12 Anago anago Conger eel 0.240 0.370 2.300 0231 0880 209 82
13 Scomberomorus Spanish 0.324 0.837 3.926 0,079 - 22.7 6.4
niphonius® mackerel®
14 Scomberomorus Spanish 0.130 0.850 6.200 0179 0310 136 18
riiphorius® mackerel®
15  Nibea albiflara Yellow drum 4883 - 0.270 0044 0200 948 W8
16  Todarodes pacificus® Common squid® 1729 - 0.168 0.284 - L9 o1l

17 Todarodes pacificus® Commen squid® 2500 0.220 0.230 0337 0360 922 847

18  Epinephelus tauving Black-spotted 1720 1935 0.364 0029 0138 909 428
grouper 93

19  Pagrus major Red sea-bream  0.220 0210 1.930 0.196 - 182

20  Lorimichthys polyactis  Yellow croaker  0.860 1770 3.400 0170 0530 436 143

P Fish brought from different places.
¢ Not detected.
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_Table 20, Determinations of biogenic amines, TMA and VBN in various fish

extracts

Sample Scientific name English name I:;g::: TMA VBN P’
rmol/) (mg%) (mg%) %)

1 Trichiurus lepturhs Hairtail -* 0.82 20.81 39
2 Scomber japonicus" Mackerel® = 372 2458 15.1
3  Scomber japonicus® Mackerel” - 1.36 1871 7.3
4 Limanda herzensteini Flatfish = 134 30.63 44
5 Ostrea denselamellosa Oyster - 0.15 4,42 34
6 Cololabis saira Pacific saury - 179 2334 7.7
7 Thunnus thynnus" Tupna" - 1.38 21.96 6.3
8  Thunnus thynnus® Tuna” - 410 2163 190
9 Gadus macrocephalus Pacific cod - 4.24 18.41 230
10 Pleuronichthys Frog flounder - 551 2777 " 19.8
11 Oplegnathus fusciatus Rock bream - 4.03 2341 17.2
12 Anago anago Conger eel .- 2.64 6.35 416
13 Scomberomorus niphonius"  Spanish mackerel® - 3.89 18.29 213
14 Scomberomorus niphonius®  Spanish mackerel® - 6.74 8.78 76.8
15 Nibea albiflara Yellow drum - 531 24.36 21.8
16 Todarodes pacificus’ Common squid® - 402 14.54 217
17 Todarodes pacificus® Common squid” - 143 150 9.0
18 Epinephelus tauvina Black-spotted grouper 6.47 32.00 20.2
19 Pagrus magjor Red sea-bream 147 18.36 8.0
20 - Larimichthys polyactis Yellow croaker . 2.85 16.43 174

*> Rish brought from different places.
® Not detected.
4 TMA/TVBN X 100, %
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VBN #3#& 442—32.00 mg% Y2 veistch, 23 ¥3o]= TMA, VBN #% 2%
AL FAE Ugdoy, die AsdM TMA %o oW VBN FE 2 Ao
2 Yt F X Alold] dAFEY FBEAV AL ¢ 5 YA (Fig. 25). 2A
2 Malle?} Poumeyrol2 ™, &t (whiting), ZF5Y} L ofFdqA A7
el TMASH TVBNS SA® 23 43T ZFFAL o] olge AudF ug
(TMA/TVBN X 100, %)& P#o= Asn HEAE FHd @&3Hth o o,
TVBNE ARZz7de A ANHA ggon, oFd wtel TVBNQ W7t Fasix
#& Ao e oA oF L Yukz e uAAL P43 o)FojgE wust ok E
&, AAY 79 4§ TVBN@tel & A=AFetn 21 v vk AHE g7}
A Az tﬂﬁ}"’% AZe YA FouiM X £ HHAAE EX9) 2L % 2
Ad oFE AYGdd o8 Flt AMe FuwA (=08%4)71 AUt wepA,
TMAE VBNAH fEF A=A FALZ 4AXEZ ule|edrd o5 TMAS
&A% 1 FAE Conway micro-diffusion %dd] 9§ &R A7} v 2snx @}
¥, Ag AHAANZ g9 AEY g2 1059 o5& A Conway micro-
diffusion W}l &3] TMAE A3ttt (Table 21). o}Fol wa} ot Aol AN
=dl, 3| (flat fish)$k AZX (big-eye)= TMAZ} H|EE & gt Bo FHow,
UdutA o= 326~8.23 mg% ‘Y At
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VBN (mg%)

TMA (mg%)

Fig. 25. Correlation between trimethyamine and volatile basic nitrogen

contents for various fish.

th 28 39 ATP &34 E &4
Ha7)e g37]o1A ATP £&14tE<¢] hypoxanthine, inosine, IMP& HPLCE &4
gt o] w, £uulAN T w2 A A, 7Y F 4CAA 1Fd AP
£ YT AL, T F 20CAN 179 AR F AN A5, IR F 200
A 259 A & AYF A$ 5 4/ A2 Ul BN AN T
qd@ F v2 HAF 247 Kgkol 74 2A degEd ole IMP#Rl 713 ®el
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Table 21. Determination of TMA in various fish extracts

. ' . . s TMA
Sample English name Scientific name
(mg%)
1 Flatfish Limanda herzensteini 0.61
2 Big-eye 0.62
3 Seabass 3.26
4 Frog flounder Pleuronichthys 5.80
5 Rock bream® Oplegnathus fasciatus® 7.08
6 Rock bream® Oplegnathus fasciatus® 6.62
7 Conger eel Anago anago 5.98
8 Common squid Todarodes pacificus 540
9 Black-spotted Epinephelus tauvina 5.29
grouper”
10 Black-spotted Epinephelus tauvina . 8.23
grouper’

P Fish brought from different places.

EAd P& on¥Tl (Table 22). 20CNA AF F HAHHL o, 259 AFs
AFEo 159 A 297 Kigk € Hgkol ¥ vehgt} (Table 23, 24). 18] 11,
4CAM 154 AF F A3t E4 39 Kgkd Hatel 718 &4 ekt (Table
25). ol AR7I F ATP £33 29 w2} IMP7} inosine ¥ hypoxanthineo 2 ®o]
s FUHoz o8 FxE7 wolAE S B #v B, durjig Hurle
A5 A vl Kgtd 98t 24 veld $89 $59 we A3 9
3 9% ¢ AR GES G 5 I
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Table 22. Determinations of hypoxanthine, inosine and IMP in various meat
extracts. The samples were delivered from a market and treated immediately

S Hx HiR MP K; value H value
(gmol/g)  (u#mol/g) (¢ mol/g) (%) (%)
Loin® 1.149 0.198 0.994 49.1 57.5
Loin® 1.258 0.194 1.158 482 55.6
Loin® 1.536 0.290 1.306 49.0 58.3
Loin® 1.265 0.182 0573 62.6 716
Chicken® 1.139 0.473 1.834 32.6 461
Chicken" 0.718 0.335 1.655 26.6 389
Chicken" 0.637 0.349 1.882 22.2 344
Chicken? 0.890 0.368 1.632 308 435

abed Trested from different samples.

Table 23. Determinations of hypoxanthine, inosine and IMP in various meat
extracts. The samples were treated after storage for 7 days at —20C

Hx HxR IMP K; value H value

Sample

(umol/g) (gmol/g) * (zmol/g) (%) (%)
Loin® 1.025 0.162 1.153 50.7 43.8
Loin® 1.011 0.201 0.811 59.9 50.0
Chicken® 0.644 0.541 1.695 41.2 22.4
Chicken® 0.851 0.470 1.480 472 30.4
Chicken® 0.729 0.308 1.240 456 32,0
Chicken® 0.744 0.574 2.161 379 214

abed Treated from different samples.
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Table 24. Determinations of hypoxanthine, inosine and IMP in various meat extracts.
The samples were treated after storage for 14 days at -20C

Sampls Hx . H_xR MP Ki value . H value
( 2 mol/g) ( #mal/g) (umol/g) (%) (%)
Loin® 0.899 0.120 0.852 545 480
 Loi® 0.674 0116 0371 68.1 58.1
Chicken® 0.912 0.305 1.038 54,0 405
Chicken® 1.008 0.407 1.344 51.3 36.6
Chicken® 0.772 0.333 1.077 50.6 354
Chicken® 0.617 0.199 0.590 58.0 439

*<9 Treated from different samples.

Table 25. Determinations of hypoxanthine, inosine and IMP in various meat extracts.
The samples were treated after storage for 7 days at 4'C

Sarsle H;x H:R IMP Ki value H value
(zmol/g) ( # mol/g) (zmol/g) (%) (%)
Loin® 2.156 0.222 1.248 65.6 59.5
Loin® 2.033 0.210 1.050 68.1 61.7
Loin® 1.203 0.134 0.382 77.8 70.0
Loin® 2.005 0.225 0.328 ]72 784
Chicken® 1,308 0.741 1185 63.4 40.4
Chicken” 1.938 0.332 0.570 79.9 68.2
Chicken® 3.164 0.480 0.806 81.9 71.1
Chicken® 1.980 0.259 0.206 91.6 81.0

b4 Treated from different samples.
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NEEX: AE

2. upo] e AA o o F Al ZEA
ATP 2538 £3& A% A4y voje AN Alxge 3 234 (005 M a4
@389, pH 75, 30T, column Z9o] 15-12-7 cm)el A oj% F9] ATP £54ES &
A&t Hypoxanthine, inosine, IMP EFZMd| 239 Al&5o] 2 o]§ Fo
hypoxanthine, inosine, IMP2] ¥%5% Table 26814 B.x uls} g}, o] S iz} ohix
Zols 9loy dnty o= hypoxanthined 22.8~57.6, inosine 32.1~77.6, IMP+ 89.
9~189.7 umol/g?] T YRew, olduwE Kigtd 260~67.6% 1At

Table 26. Determinations of hypoxanthine, inosine and IMP for various fish extracts

Sample English hame Scientific name Hx H:R IMP  Ki value H value

(umol/g) (umol/g) (pmol/g) (%) (%)
1 Flatfish Limanda herzensteini 2283 32.18 - 156.48 26.0 10.80
2 Big-eye 3199 38.38 113.71 sz . 1738
3 Seabass 35.66 71.66 94.70 545 17.14
4 Frog flounder Pleuronichthys 52.12 66.25 146.97 444 19.72
5 Rock bream® Oplegnathus quciatus' 46.64 38.38 17549 326 17.90
6 Rock breamn® Oplegnathus fa.s‘ciatu.\i'h 33.82 61.12 189,74 334 11.88
7 Conger eel Anago anago 35.65 6732 "~ 14697 412 14.26
8 Commom squid Todarodes pacificus, 57.62 T7.66 89.95 60.1 25.58
9 Black-spotted Epinephelus tauvind’ 151.00 37.32 104.20 07.7 46.82

grouper”
Black-spotted Epinephelus tauvind® 110.72 59.05 94.70 (4.2 41.86

[
o

groupe.rb

2P Fish brought from different places.
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NEEM: A

6. ulo] 24 workshop

£ AFAAQ “AERGANM Y vlo] A A" EE7E AEATFE FIHF
ALdT, Az, ALAAdgn, AFdee] TF Fqsoq 4z “olF 9 5
AEe A& FEF A5 BeE 4G wpe| oA A2y AL, “‘FAHSEY A&
A&L g% oo AN Nag AW, “AF9 FAWY F FAL AT Multi-
biosensord] 7Y, “do]eAAe] HFH HEANEY ALold AFATHA ot
19959 129 %5 AA7A 34t A7/t £HH2 Yo
ole] “FZAFHE3] ENEHAAY” FHste] 4 AFHAM AL vol AN E
At o)e /S 95te vle]2 MM workshopS AAAY. /N3E workshope
79 B A&E Aso dAggen, A4 $£P5n Y weledA A7 F2 AE
S 2% % &L vlo] @ 1A workshop®] W8]t}

ME ¢ el AA 9] A2 AFALAAMY &8
qA : 19989 8¢ 13U Hed
& #=43IALET Y

7b 7 Au&
- vl A Y e & (Add, EAHE)
- AFAYAA 9 Fej o vpo] 2 AA G ALE o (MEofd], xEBF)
- PCE ol &% ol i) T4 3 R A°] system (ATUE, HF=
- vl MM 9 AFEEH o8 B8P =L EH7IN
(BFHFALATY, A"F)
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1, ol o AN A%
- FIAY o]$HE 24 N2d
: ATP 2848 5744 44

Biogenic amine Al

- Y HEE 34 AL

:#E 3, ok At AlE AlA

- Mult'lple.cathod electroded °]&3 AEFAEY FASF
: 6 cathode electrode 47l

: Glucose, pyruvate, ethanol A &3¢ AA

- PCE |43 vlo)oAMe FAHEA % Ao

: Glucose A

Workshopsl 718 Q9 2% 1590|9R vlo]eAM e dwF At A

S0 B 3 ARFAA YR FAE AYHALH, Zhge “Hpo] 2 A 9

Qe EIPA S £470]eHs A B upo] £ WA workshop EEF o2 @FHTh

Agig FoE A FA5H F ALY vl LN GFF BEE 5[ A

Fo @A Z APAFAA AL wel2AM e delE aARAeH, AN A2 4

| 22 o] A% procedured] Wt AAZ AFIE A REE ¥ T FYR EEL
| S5t #7H% AL ES workshop B/t A% AAFYLE warkshops] AAFE0] &k
o1 workshop LAY FAHAE 248HR ZAES] 79 2 AF8A Age] Z

Qo Ago) e 24t WAS AT B, vole AN deze) 343

Ade] A Mad Ao & A Judgen, AE FAWs 2 FARY
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7 olgm, gt H3me EAE ZE FHES 80 Fast THEL FHA
whe} ghah EAo) 3A AolFt UA, FANNE £4Hs 8 FP EY B Huy
0% dasx ZRL Ao WA ATANE FRE 2uAE AT T FAL
FF A RHoH AFANE FQ T A8YE A4 @4 dehioh wet
A, A9 AEES ABFLE A% AGAA ASE 5 AT Yrvles Age As
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%5 FGH AR AW 7148, 48D A7 A FYo] LolsT A}
$ol g, Amel g dxg AAAHAe] Qo] ARl AEHT, FUE F U
£ u)as gojo} ¥ Holth AuksAAdA old@ 71719 Aol ssscid nED
9 A S| clfojFezH 5L 2Y ¢ Utk ABIAE A4E A
o2 RFAS ARE ASgo2A AEY A% BHY 5 Atk |
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AIEX NS

Adez ngsh AY & Yok A HEEE AFT F Ax DAY AL v
JedNs AL A5 4 gk ulo]e ANE AENY B ohieh, JFIEFY,
BAVYOE Yel AREE nFVIERA AATe] gFe] AdFHT Y& Eololrw
st webd, weleAA 7149 Age 1 AAVORE 4EE ¥t AR Aol
g 2 gtk ARoA FTF 35D Y= FAE ASTEAN AYL HAEHoE 3
#32, AALE Hasste BAANE TR dOAE JEQE AP IELH
A7t ol Fold 4 Yojok Wk,
Ao} u) 5 By FoE 8 23 ojuxAte] U FTHE An A&wdl w

o 2 el WAtk GoA, oF B3t ofFlxy 3 A e dwate Aol
WE FBUSES SAHW o5 A¥e WNZRH HYLEF AVHOE 5% F 3
qHE 68 FoZ glucose® sucroseE, 8 ofmlxil FAANE
aspartic acid} asparagine 44 W3x, o8 EHE & Yt uwel2ANE Awst
Aok AL o] MM E o)dte] HAY AEE W} oF 4 A FFo] %
A WHHENE 2F5T, o5 U pattend EH A JSEE dFsnA Bl

e
2 -
4

A 22 As % P

#F4 FoE &8 2F F8 olmxite] T FfrFHel Qo A5l AW we
2 #Fo] wstwth wekd, B sHA AEL 98] Y&y F EFASE 2AE
W o]lE AR WnRERH ALEE ABes 45 & UA Aok AR FF A
&5 WA glucosest sucrose®] #Fo] ZFrHta He oln| x4t F aspartic acide F7t
83 asparagine ZaHE oz F¥A Utk @A, FE T FAAE glucosest

sucrose® #W#3, felolu|xilt F6ME aspartic acid®} asparagined 3] °JEE
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EME & It ulo]o MM E BERL, o] 4 FFe| YA 76 utet o®A Wl
71E ZARD o] o] L% patternBEA & 495 YEEE dSaan o).

1. 4=

7. Aksh

A YT £AT HISFAN FHA} (Red fuidsh A} (Fuj) EF) 557
o AHoHE, 109 69 #8 12 94 19 74X $47] AF 455 150 AP 797
& 2% 339t ANRE L4983 o8 ddad AR ALHHT

1}, )

Ad €3N MU A E FAAN Hua (Shingo)st 94 (Youngsan) 5 27
o] WE, 9¥ 14 ¥H 1149 249 7AA W) £87] AF 4F 5¢ 15Y Fdo=z 797
E 59 /AR E B8 olg dq3dd gz g

2. AEy
7}, Glucose A4 .
Glucose= glucose oxidase (GOD)o| ¢J3te] 2359 gluconic acid®} 342
%

2 9k M, drlsgen Y FRsLE SHHY glucose FES AT
% Aok
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GOD
> gluconic acid + HxO2

Glucose + Oz

Glucose ANE WFE 0]4¢ FAR4E2HT 49 GODE RAHAELZHA BE &
. xae nASE PVAS 4RHUE 2% 39 890 ft w99 GODE %
z712 1403 Aestd P,

;9‘

R

casting 3 ¥ glutaraldehyde %

1}, Sucrose AA]
invertase (IVT)e] &3t 7R 5o a-D-glucoseZ2 WA}

@ -D-Glucose® mutarotase (MTR)d] 93l AB-forme 2 A#HT, A-D-glucoses
glucose AA o] e} o] GOD Aeldl o3te] HArsigart R, o] FIeFLE

Sucrose=

A3 sucrose FEE ¢ F Uth

IVT
Sucrose + HxO > a-D-glucose + fructose
MTR
a -D-Glucose > B -D-glucose
GOD

B8 -D-Glucase + Oz > gluconic acid + H:02

wehA, ﬂ’.‘l’ﬂ“’r‘iﬁﬁ'ﬂl IVT, MTR, GOD A7Al Z4F FA° 127333 sucrose
AxE #HE F Atk

A71] glucose, sucrose A4 ¥E amperometric sensor2A AfF] A717t T ¥
dlgth. FuFe] glucoses} sucroseE EAE F gE AME TE AAF &9 =
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e #e e SR ASHA

t}. Aspartic acid AA

$8 opmxAt F aspartic acid$t asparagine® FAY F dT AAFAA
(potentiometric sensor)& TEIL 1 EA& ZAEATE ookl deaminased] €3t
o 4o GEULo2E FIAANNERE FRYFo|2AFY AMFELE FHNA
ANE BET, |

Aspartic acid aspartase (AST)el Q&4 ¢RYLo| &S A Aspartasest
R go]le AT BHAA aspartic acid AX&E A=A

AST .
Aspartate + H,O ——————> fumarate + NHy'

2}, Asparagine AlA]

AsparagineS asparaginase (ASPN)¢] ¢]3to] t&-3} o] Madr}

ASPN
Asparagine + HyO ———————> aspartate + NH4

welA], asparaginase® URUY ol 2AF o] 1AEEHA asparagine AA 7 At F

719 ¥ oln x4t AMA FAHE A dF (og) FE ¥ T,

vl 445X patterng _
7164 ALd glucose, sucrose, aspartate, asparagine AAE o] &3t A9}
o] A&71E AZFIY AN AL FFST F 9 4 /A ARG A 3H
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pattern® AUTh A%l wel Weirls 89 patternd ol &3te] FAHEEA (principal
component analysis, PCA)4 ¢& BAXNEE APFo2A HF PYH7]E A&

patterni-4-& 3l

A 32 Az 2 3@

1. Glucose A< 4

Glucose oxidase 1 unitE polyvinyl alcohol (PVA), bovine serum albumin (BSA)
3} 8 cellulose acetate ©te]l nAZHT o] F A4y AFo nA 8 glucose
AME FEQUT 01 M Q94 &34 (PBS)S AHEdd 4§ AFIHL Fig. 19
A BE bks} A
2. Sucrose A9 &4

Invertase, mutarotase, glucose oxidase®] 3 7}A] &4 & glucose AA A2 79

2] B nAQHY G (AHFL AT 1P Fig 29 FFIAHE AN
ok 48L& 01 M Q4 8389 H 65)& AH&3e] 30TAAN WA

3. Aspartic acid AA 9] E4
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NEEN

Aspartate AA & aspartic acidZ2#H &3 AAHT dEZYEoI2E HSHLEN
aspartic acidE 43t FEL 93ich wA, qRYFoL S AEs= A5 &
Ho] Folok HEE nonactined PVCH Fo] nAsteld FEgoleaFE BEYTH
o). AFL potentiometric L2 Nemnst& wEw 2 7]1€7= 26T 59 mV/
decadeclt}. o] W, 71&7|7} o] ¢ JAELFE FL AFAd £ PN A
dEULoleA=2e] J1&7]E 58 mVEA FL EAE Bt

A719) etm o] A | aspartased ABEH aspartic acid AA7F vt
Aspartase I unit® cellulose acetate %ol PVA, BSAS &7 A3}t 005 M Tris
&349 (pH 7.5) FoA A3 AFFHE Fig. 39 Jdehdido.

4. Asparagine AA 2] 4

Asparagine asparaginase®] <3t EdHo] £49 FAAN RIS #7
s2z dmUgo)2A I3 asparaginased AFAFW F$dE A7 Ak A4
AZ A asparaginase 1 unitS cellulose acetate 2ol 2A3stx o] F 4R gel LA
2o A71s} 2ol ARAAT 005 M Tris #3249 (pH 75)& A&t 9 A2
A& 47) Fig. 361 SA etk

5. AshES 24
Aste) H&EE 4357 Aste] £337 A% ¥ 95t AFY yHe=

AAE AASFI ol F v, A3 AFE AT AHEF A EFL Red fuiish
Fyji gk
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0. M PBS 20 mLol 4719 AM& 93 GAHN F, #F 20 WLy Hoj=g
2 495 RSP W NEht 3 U8 Arstn 2 $RAEE BFS AR
Stk AFAL oledd T A% FEE Fig. 4, 5 6 73 2. 284, & 47
M AH e AKEF o&d+= Ao|BE glucose, sucrose, aspartic acid, asparagine
59 2 19 FEE B FERTGE, o]F $HUE AAE JH o4 F
HEENE Aoz HEEE 3 Ao AN V& @St o] Ps
w55 ch,

ANE o148 BAR 7]&9) W¥e HPLCE o489 Fujist Red fuii T 79
At @ G2 GH opeit& BAsto Table 1, 201 242 ek Glucosesh
sucrose®) A&7 WE VAP ANE A A3} HPLCE o1 4% T ¥y
Az gL ARS Molm 9ert HPLC WA aspartic acid®} asparagineo]
column Aol EelHA geng o T o] Faela Foz ENH

6. W& £

w9 A% Youngsand Shingo 2 FF7& Hid ZAIHA F&HH7H AFF 144

& Ystn 4Fd AFoz A AEFE A% AFL FFVE FFER A}
o ARl Aol A9} wrEslAZ 20 mL PBSel #5F 20 uLy 3 AY FHrbEn
Haatd ALYt Glucose, sucrose, aspartic acid % asparagine®] W@ #j&FS &
MZAAE Fig. 8, 9, 10, 11¢] ehigich o4, AM9 BHALEE Fopu7] 93t
HPLCE ol&3e] £4% 3§ Table 3, 49 LEHUKITh o H$E aspartic acidsh
asparagine® FEHA ghol e Fo2 FHHYCH
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AAZEX: A

7. Pattern®-4 o] oJ§ A5 45

A, wlE F9 glucose, sucrose, aspartic acid, asparagine 4 714 &9 W3
o) 3-&3tE Zzhe] A A $HANZE A AHL3to SAS =rafow F4
FENE il YKEE 4550

7t AT ARE A5

459 A4 Fyji®t Red fui 4Ze] oi¥ PCA Z#E Fig. 12, 139 Z+zr yetu
At AAZ, FAAN H72 g3 3= 2717 AJAE #4E AFS AT
ol FALEME A uwad #4471 1474 AAFAd O ARG FEE F A
3, ol AFHA A&5ES A& dASa gk webA, o= AFqA A e A
o] ¥ thdzte) data® AU AHHoln AAHLE H5EE AFE g5
T ok A

v e AeE 45

]9 A4 Youngsan® Shingo 2 F7FE Y3stod AP Glucose, sucrose,
aspartic acid, asparagine 4 A& @ uloleAAe JSEddAE AlHAGg vk
patterng Hola ok o€ FFAUIZE o]8F FHEEHE TV FH= Fig 14
159 YERIEE FrtlME APAR 45, 6 A7l £833 3l o1& FHEEN 2
o} vlwstd AN ) 5, 680 SPA oz 13A YA P Y57E FE
i ok wEkA, wle] AL-E Aty 54 g hd3e] 4F datag FH¢
W Eg 4@Fez JYKAZIE AE G458 ¢ J& AL= Ho I, wEA, &
AFo] 3 4 AL EHo2 HEEE 53 E AL F& WHoE A AF
FEAAAk gfrtn Bl £, B FYANE 4 7HA] AR FEE & F Ao F
A& o] &3 JHFALANE O {48 o848 ¢ A& Atk F, visHY A
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T+ AgId A7 e AEY FE SAY & JOoRE o|F EISAY =AY +
Aol & d5¥ FAE AAE F AL A4

Table 1. Changes of glucose and sucrose contents in apples during npemng

Sample Red fuji (%) Fuji (%)

picking

(date) glucose  sucrose glucose  sucrose
1 (10. 6) 129 3.74 0.50 3.62
2 (10.13) 1.24 3.89 1.22 3.96
3 (10.20) 1.40 425 137 431
4 (10.27) 2.94 453 2.84 433
5 (11. 3) 272 427 2.87 412
6 (11.10) 2.32 464 - 2.65 4,30
7 (11.17) 219 455 2.34 4.82
8 (11.24) 2.08 4.87 248 4.80
912 1) 1.91 5.27 1.99 497
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Table 2-1. Changes of free amino acids in Red fuji during ripening

Red fuji (mg%)

. SNo. 1 2 3 4 5 6 7 8 9

AA. (10. 6) (10.13) (1020) (1027) (11.3) (11.10) (11.17) (1124 (12. 1)
Asp 11811 12177 13469 157.29 16429 15298 16412 167.99 15523
Thr 5325 6058 5708 6198 6290 6663 7010 6933 6029
Ser 6252 6808 6559 69.90 7355 7871 7823 7847 7729
Glu 6169 5733 6142 5290 4859 6808 5513 5345 50.72
Pro 1032 1645 1831 2172 1774 1746 1240 1488 976
Gly 250 226 192 079 159 300 28 28 234
Ala 1825 1644 1583 1835 2332 3875 3770 3241 3058
Cys 107 097 129 028 075 119 153 269 301
Val 921 976 82 88 900 893 840 999 7.4
Met 1259 1283 1753 1221 1472 590 514 459 135
Tle 1438 1422 1561 1509 1407 1864 1883 1561 1392
Leu 550 492 350 378 412 375 550 559 427
Tyr 132 103 191 109 177 192 141 118 206
Phe 28 196 277 138 124 139 147 131 111
His 1778 1901 2443 2709 3726 4529 4726 4642 42.39
Try 14,60 15 1427 1732 1710 1928 2233 2073 2324
Lys 606 428 594 435 424 569 65 763 625
Arg 1804 1874 2024 4251 3910 4528 3712 4299 3933
Total

) . 430.13 44562 47064 51680 535635 58286 576.02 57811 536.38
amino acid
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Table 2-2. Changes of free amino acids in Fuji during ripening

Fuyji (mg%)

~._S.No. 1 2 3 4 5 6 7 8 9

A.A\ (10. 6 (1013) (10.20) (1027) (11. 3 (11.10) (11.17) (11.24) (12. D)
Asp 11492 141 13679 15114 14661 15998 160.30 170.86 149.87
Thr 5148 6509 6420 6500 7010 6321 7042 6822 6723
Ser 60.45 7642 7846 8154 8668 8414 8658 8343 80.29
Glu 59.94 6606 6377 4816 5113 5559 4734 bLL25 5379
Pro 922 1178 1300 2374 2108 1570 2411 2215 1033
Gly 1.9 294 281 453 245 232 268 289 240
Ala 1692 1767 1888 2430 2460 2355 2549 2422 2697
Cys 057 08 023 110 106 366 339 315 401
Val 864 751 663 728 753 747 89% 83l 824
Met 1044 991+ 893 981 1147 1100 1038 977 932
Ile 1542 1242 - 1181 1462 1734 1600 1692 1203 1743
Leu 476 233 277 611 37 416 6504 225 375
Tyr 0.31 137 157 15 194 08 140 248 049
Phe 316 228 148 091 084 124 014 140 193
His 1712 2143 2019 3116 4298 4375 4341 4564 39.38
Try 1276 1763 2121 2062 2969 2144 2407 2657 1792
Lys 314 38 429 48 38 3491 527 578 504
Arg 1474 20689 1721 3410 4116 3907 4266 4561 4036

anu"Ir‘i(:)t?;ci d 40598 48124 47422 53051 56420 55714 57855 586.00 538.80
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Table 3. Changes of glucose and sucrose contents in pears during ripening

Sample Shingo (%) - Youngsan (%)
picking
(date) glucose  sucrose glucose  sucrose
10 D 2.70 133 321 0.44
20 8 27718 1.79 3.14 0.52
3 (9. 15) 3.40 221 3.46 0.63
4 (9. 22) 331 2.38 3.30 1.50
5 (9. 29) 342 324 3.67 167
6 (10. 6) 325 2.88 2.95 1.77
7 (10.13) 249 313 272 175
8 (10.20) 2.20 342 247 1.78
9 (10.27) 2.02 310 2.26 171
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Table 4-1. Changes of free amino acids in Shingo during' ripening

Shingo (mg%)

S.No. 1 2 3 4 5 6 7 8 9
AA 9.1) 3.8 (9.15 (9. 22) (9.29 (10. 6) (10. 13) (10. 20) (10. 27)
Asp 379 3739 419 5012 5257 6655 7014 7653 9120
Thr 2068 288 3175 3221 3634 3434 3394 3816 3812
Ser 348 3388 3728 3782 4265 4032 3984 4480 4475
Glu 1609 1627 1282 1443 1619 1770 1415 1597 16.14
Pro 177 17 154 031 019 125 031 1.68 063
Gly 129 100 132 123 159 158 110 108 140
Ala 1132 1048 1059 1044 1137 995 95 1079 1005
Cys 043 033 037 040 041 030 034 031 025
Val 1234 1163 1217 1250 1427 1402 1337 1324 1336
Met 481 492 526 59 635 909 897 98 1091
Ile 470 503 474 520 571 682 724 798 1083
Leu .15 118 168 25 267 276 303 361 536
Tyr 015 133 178 14 128 111 160 154 174
Phe 204 297 195 209 28 278 202 29 341
His 1757 2635 2285 2590 1752 1850 2253 2757 3653
Lys 058 168 171 343 193 170 261 299 546
Arg 1423 1336 1392 920 138 1174 1047 1323 1465
Total

] ] 19095 19842 203.68 21526 22771 24051 241.21 27230 304.79
amino acid
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Table 4-2. Changes of free amino acids in Youngsan during ripening

Youngsan (mg%)

™~ SNo. 1 2 3 4 5 6 7 8 9

A.A\ ©.1) 9.8 15 (9 22) © 29 (10.6) (10. 13) (10. 20) (10, 27)
Asp 3500 3914 4476 4457 5132 5325 5761 6399 6553
Thr %48 2506 2837 2759 3008 3277 3516 4124 4484
Ser 31.08 2941 3330 3373 3531 3721 4122 4842 5264
Glu 1672 1631 1787 2047 2327 2149 2060 2040 19.82
Pro 043 252 271 202 239 201 28 225 14
Gly 152 237 189 215 247 214 146 230 247
Ala 790 1006 1123 1056 1242 11.02 1024 1142 11.89
Cys 031 024 039 028 042 053 013 017 031
Val 171 1321 1237 1295 1383 1329 1224 1353 1283
Met 58 558 570 554 664 79 78 755 809
Ile 542 571 593 617 803 851 897 731 1002
Leu 163 207 252 310 376 379 357 418 513
Tyr 016 020 023 034 030 065 192 102 162
Phe 059 152 097 116 121 143 248 166 136
His 1647 2302 2635 2998 3107 3074 3143 3L73 3528
Lys 137 234 161 15 174 204 275 261 318
Arg 1.06 1307 1019 1276 1319 1342 1455 1519 1361
Total

i nciq 17367 19183 20639 21493 23745 24224 26501 2749 29006
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Fig. 1. Glucose sensors] &34,
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Fig. 2. Sucrose sensor®] AFIF4.

-160—

NEEH: AEZNHUAS BIOIQUAM AIAE EE)8 HEHT /SER
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Fig. 3. &2 ¥o]L, aspartate ¥ asparagine sensor®] HFFA.
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~@— Aspestsie response
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Concentration (10-9M)
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Sampling date

Fig. 4. Fuji A}5+e] 446 B aspartate$} asparagine?] F=H3}
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—@~ Asparagine raspanse
—@— Aspariude raspoies

Concentration (10°W)
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Sampling date

Fig. 5. Red fuji A%< A< wE aspartatest
asparagine?] X W3},

Current (nA)

P L
Sempling date

Fig. 6. Fuji A% %4 @& glucoses}
sucrose?] FE¥3},
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Fig. 8. Youngsan 2] X&) W& glucosed}
sucrosed] =W 3}

-163-

NBEH: ABSAANMY HIOIQUA AIAE 820/ LU/ SER



—o— Asparsgine
«ule-s Aspartio sid

Fig. 9. Youngsan 9] 449l w& aspartates}
asparagine?] FX W3}

\r4

Cumreni(nA)

Sampling data

Fig. 10, Shingo M) A%l w& glucosest
sucrosed] X W3},
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S L T
Sampling data

Fig. 11. Shingo "¢ A& W& aspartates}
asparagine®] FX¥3},
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The SAS System

18:24 Thureday, February 19, 1908 66
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Fig. 12. Fyji A58 FH82H,
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The SAS System

18:24 Thursday, February 19, 1998 66

aRed fufl apple>
Piol of FACTORTFACTOR2. Bymbnl |svalus of TIME

FACTOR1

- 0 ik 2
PACTOR 2

Fig. 13. Red fuji A+38] FAEEA.
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GROUP=singo
Plot of FACTOR1*FACTOR2. Symbol is value of TIME.
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A
o

0005
FACTOR2

Fig. 14. Shingo ®l & F4EEH.
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GROUP=yungsan
Plot of FACTOR1+FACTOR2. Symbo! is value of TIME.
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Fig. 15. Youngsan ¥]9] F4EEH.
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NEEAH

A1 A A

H&3 EAHA Qe A £HL AT EoF R AUAF EclAME #5858
P Ado e, o= FA 1A AdEd Zle&or T ol ol

7
@ ol AN 71&9 ¥ a7 Jow AEAYA YINE B= q9d 5
st

AART FAYe] BEY AE P JEY=d g ETARASE ug A&sn 2
Aam %A 32, % R 559 A%, FA ASE 5& ARHo2 s A
e g Fast, od wd AF FARCr S & A5yl T ABAR
(biomonitoring)#& 71&9) Hge] HERo 2 o|FolAot & A% 3,

AA AR 23532 e FFAE FETZAA AQY 583 $902 A7)
AQ9e F2HHTH FA0l BANY ALAAE JELRA Uy 4 FAAAL ¢4
Hojof & Aelth. T $23ho] o) dF $5H At FoIW 45 FUE
G S NF L NFdad dF ARFo)n A4F EARY 7149 $871 27
FUHT e QT wut ol AENY HoplA A&THoY AFHE A4
EAPeE 2o AGSD A&aA 9 5 e ol 2FE.

dudos FAYZ ARE AR WRAHA 2APYE] ol 9 A4
3 e, 4 S0, 2HYH WYY el AEY £7, @93, AT 5& F
Aol &4 4 AT (McFarlane, 1983). 8@ $¥e N2E &3A71A Fod 44
Hol7le A Ho]A (specificity)olU ZEE (sensitivity)7t EolA $EE A3
A= 7 AEoi B9 wA] Huel AT By ohal, on) Ao g=Y A
EE 5% ARsIRe B8 dEsx H8E @siEc] dojdnh g,
A 9ANAAY EA S F= AE (maker chemica)g RT3 SHdA #
7% (shelf life)& ASate J E@ S £ Yoo, A==, gy Sojd A
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NEEH . NE

$ole} YA HH5T U4¥ on-line monitoring®] 7H5 ¥ S WHe] 2w 3l
 AAelt od EARES AT & Qe B FU=A BANNAE A8 A
248 & Q= dAZIEE ol gst, SREAY AXSH S48 HF) A F
o sbeA vhele A A29e A4E & gk |

dol e ANE AX BABAL Po| TZ EE 1ARFA (Bowers 5, 1980;
Kierstan 5, 1985 Woodward 1985) 22€ A7setgx¢) Q@A F2A4 243
a7 e ARE QAU FASd BEAE Y4 0 ol s, WY
Huwe So] 95 YAYE A4 Bx AF, 742 (05 COy NHs 5), 52 0%
E, 9 5& 9% 432 AN 4Y, $EIAE 59 JoNA A18A, A& 5
od s AFT 5 JAES BER FA ol (Baker 5, 1987; Guilbault, 1982).

dlol o AN E A EAE] OB A 4 /X FAL Y 4 Aok AA,
oo ANE BA e BRE ol gda FABHo) FHoj SR U Aol
=q5] e, A&sA ANe A 4UZ FAE & YAk 58, 4FY AAE
2 A48 olH F AES SANE © JEVE 54 5 Yok =, B 7
2 alcohol, A%e] A% aldehyde, 59 7% putrescine, cadaverine, *J¥¢ 7%
trimethylamine, hypoxanthine, inosine, ok&l Fx¥9 A% A4, /Y FAFS A2
52 2t Y29 EAAAR olf5q HY VT A& JHES A8 L F
Stk BA, A&HA EHo] st B WETAN A BN FAHAE e
A% 53 Ade) APstn, TL2ANE ol4dE S A Ba: AFEAE HAY
4 guh A, $dHA #e AYE A4 BAY & do ez 59d AN
FAe SFHA Gobd] Mast EARAY TGP AR A5 BEE A% AS
A e A4 F4L 6 A2 BAoh} EHEAL AAY Wast gons A%
@ =A40] s, AEANY) B¢ GFF A=Y FHe] At

Clark} Lyons (1962)] S8 ZaAZe] 2748 ¥ BE F59 ALAAE] A
£85 9t (Adamowicz 5, 1987, Baker 5, 1987; Kang %, 1993; Kim ¥, 1993; Park

-174-

ASHUAS HHOIRMAA AIAR &)= HEHF I SBF



=, 1992). AAZ BN Mat £225HE AxY FASFL YYHE BEE
Az2 sl Wd ¥HE TEY, 29, 2L, A, AHEL L, uric acid, choline
& L-lysine 59 £4-& 9% uel2 MM} oln] FE3H A%, gAEIME
gg o] 453 et (Tumer 5, 1988; 1989) AFEoffxE B &80] o]Fo{XA
23 AAolct, AEHop 49 A$E A¥EY, JFFY LEANF T lysineH
tyrosine A&AZE 7 wol AN g BF AT (Skogberg, 1979; Havas$}
Guilbault, 1982)7t B35 o] g3, Hlo]RA2HE o] &3 FHAg H&E AFL o
B4 AU 12 EE /158 F49 ASE AAE $HF}E 7led B A&
3 ARdHnz Fe=d o9 @A} D’Costa (1988)% glucose 4AAME AME-3o
Wue) A4uAe A& d3HE 7eg ATHYH Schmidsh Kittsteiner-
Eberle (1986)= amino acid oxidase®} lactate dehydrogenase® A& L AZE AME83L A
A2RAT 5& ATHEHIZ AMREE ot ASE vel ANE AxII ojE°l 5
A o] AFE Weg BHFE Badch vlele AN Aagd] 4F FdF T4
L-glutamate® &34 A58 T2 ¢dH1 YoH (Scott®} Robertson, 1985;
Yao %, 1990; Luong 5, 1991; ¢]9& %, 1997) Haginoya % (1992)& whid, 714,
LAY HEE ASL A wo] 24N N2De] ddte] ATFE H Uk 2R FRE
B EEEY (1999 ALASE T ASel AT E ARILAE AHEse o
3¢ A LAY ANE ALsn AYsE FAFD U AM Y AEd ZEHA
A3 AELTAAA LY F Jx W$AFel 2AH7 ANFHHUEH, Appelgvistet
Hansen (1990)& graphite A3 < AH43E FIAY AT L Axsy YIxeF YEFTA
ZFeo ¥x% NS on-line Aolst=d AHSEH Y Mitsutani®h Asai (1990)= 4
2 A2 glucose oxidase, mutarotase, invertase 522 thAAE A&3td nASF
T ¥ERH A3 FFE FEU FASAE ¢ AT A & AME AL
t}. Swindlehurst®} Nieman (1988) XX, A3, Wotd, 33, #d 5L I3
A9 gt ASdE= FIAY AME Agstz 449 3997 0.003~1 mM ¥4

-175-

NEEH ASAMAUAN HIOIQMM AIAE )|z LA/ SsBR



el 1< YESH v glow Schmidt § (1986)2 lactate dehydrogenase® Ah-83te]
2AF %9 L-lactate® A &3HE amperometric probeE 7|23 A Mitsutani 5 (1991)
L ALAFE o)Lty TEF F9 L-lactates} L-malate® FASAE 5 A& vle]
LANE Az o AN ZAWH/E 0002~05 mM FHud Atzm ¥Hx
Mason & (1983)& ¥XxF¢} 9F F9| ethanol #%FS alcohol oxidaseZ AFd 4
A2AF02 ASHn A9 4Rl 109 oF #FAEE RI3AUeH, Belgith &
(1987)% alcohol oxidased AME3le XEFE, 9F, ciderd@ i F 9. ethanol® methanol
AHE Y F qAueny o] AMZ 50038 o4 AHEHAE AAFE AFHEE Y
< ¥z gl
ojg} o] ulo]ANE AFAP F&¥ A ASFH F FHolA v I
ME AF7A o] Eoldl q# AYRFo2 FPY A7AY L 8o nFIH AA o
o 3 F (19918 YEYolAIE o] 83te] urease ELE NAGH & AHESHA 8
A2AME AL = F (1992)34 Q4 F (19932 FAgF2ATd 2R
glucose oxidased] 913 FYAE HAAF4E S FYS Fod TEFE 54
F gt TEZAANE Agsgon oddx FAsFLAFE AHESHY Ty AN
& MEsdaT (& 51990, 1993). 281, Park 5 (19952 pH meter$} oxidoreductase
AAE AEEY TE bl AME ZEFOY AFE FAY & AU E, AT
B gsd A&3Ad AL EAE AF Budded, FAUAS 5~50 ¢/L, 70
gLAA &R F 1o w2 ANHA gun uE 440 F3Y F d= WS
- AABYT B, Kim 5 (199519968 93§ L-RATAAME A471He L8 A
A% & A7198E 548 T, ohgd A4 pAATY FAsF2ATE A
. 23 7]9] 3-layer membranes] RAY HAEF L ALt BAATE AT o]
g AEAEY A&EEAC EEeT
AgAA ALY BEAF 712 £47]71€L dlFE one-parameter: devicel

o 28y A3 42 m@A gu e o948 FFY EAE FA A= A

-176-

NEEX: ASMHMAHL BIOIQUAA AIAER 88| HEHR /s8R



o Tt upgA s ojoh FAR HTOE HAW Yo SPHOE AFHE RN
1% A%E PUE Ut EE, GEAA chipd] U ¥l N Fol@ TiE
1A 384 microelectronic element?) thF A7 &o] &8 4 vt

@4, NE} 2ol 1 T4 ARl GUHT BIAD 4§ U Y2 pyvems
Fawde $78 23477 e Hol Atk 2deE @ A o4 ¥ F

Ad] 2Rz Fe AFE] AERHR 9. e HHEOEE enzyme reactors
odg 7| AR AAFHeR HAEVE FHE YHLE RS SATHAA AES

3 9o} (Morishita 5, 1986; Matsumoto %, 1988; Swindlehust 5, 1988) @Y Al&
doz oA AE (7, #710)& FAd A&7 9e oz £A47F o &3,

HPLCY A$A¥Y #2714 column, 8 2 column 5 34 we 42 MY columns
gaz 3t BEAWYH GCY A B3 A& W 47 9E columng 2=

de BAMEE UAE & It e AE U ez fdscr @ Foplh o

A, @744 olde AEE BAN FASE AFEC] AYHAR =¥l Masoom T
(1988)& A3 84 E o]E3d 44 EFY FA £4& A= Ln, Matsumoto

£ (1990} TAS E4 reactor BT TEF, TR, AV THAAT EE,
Jobst 5 (1995) integrated biosensor array® AME3le] ¥ 7kA] ol AEE FA

o 233 47 dH4E X v 3.
g e @51A oY HAEE A &3 & EF dual cathode systemo =

ulo] 2 MM ] AFFAd wal ©7)%3¥ multi-functional ¥le] L AA Al2¥ 7
FAE ALASTE A2z, o|lF ALY TR AEL FAY SAE 4 A 3, of
€% multiple cathode system®] A2AF A2 MLdy 3 71A o4 JEL &

Ao AFFAHY FARY € FR9Y JHNE FFHOR o{¥ ¢ YT mulki-
biosensor Al&€& AEHnA P 9L FFe TAMA A2F M o]Folz

LS AL 4@ Ao,
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1 29 AA

mutarotase
@ -D-Glucose - > B -D-glucose

glucose ‘oxidase

B -D-Glucose + Qg —— > gluconic acid + Hz0z .
2. Wol AN
amylogucosidase
Maltose + H20, > 2 D-glucose

glucose oxidase
D-Glucese + Oz > gluconic acid + Hz202

3. A3AA

B ~galactosidase
Lactose > a-D-glucose + galactose

mutarotase
@ ~-D-Glucose > B ~D-glucose

glucose oxidase

B -D-Glucose + Oz > gluconic acid + Hz0z
4, A% AA
lactate oxidase
L(#+)-Lactic acid + Oz > pyruvate + Hz02
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NEEM:

5 F28A AN
pyruvate oxidase
Pyruvic acid + Pi + O2 > CHs0POsH; + CH:COOH + CO2 + Hx0:

6. &¢3E AA
alcohol oxidase
Ethanol + Oq > acetaldehyde + H202

B gNE AN Te X weNe E4 Jde 7Y AHEAZ ASAA
2U9E 22y Aae F& BN 2AS 8 A JEE SN FFaAE Aol
H5ES @ N2UE AL S 228 1A% 52F dual D multiple cathode
systemel $&%A, 2 7R AR A& 9P oo AN Y =3 ¥ JFAA
$ 43 w3, okgd o Wi AN ol sl 24 W F RAYEWH
HPLC, GC S 9% £Nzstste] 4RRAS Avusn AAQE) 2HRE oh
N8 249 AR AsHe ANFES A0

A 24 Ax 2 Y

1. 84 2 A .
TEF &L Y8 AL glucose oxidase (EC 1.1.34.,, 23,900 units/mg solid)&

Aspergillus nigerd)lA) E2]€d AHol:, a-glucoseF A-glucoseZ APJA T = BFo =2

A& mutarotase (EC 5.1.3.3., 3,000 units/mg solid)= porcine kidneyolA #eld 3
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oigict. A3 FA A AFE XEFOE EAII7] st Escherichia colidlx £
§ B-galactosidase (BC 32.1.23, 1,050 units/mg solid)® AH&-stglom] obge) &7

. & 339 A nigerdld £e]¥® amyloglucosidase (EC 3.2.1.3, 51 units/mg solid)& A}
433, #7143 T AL FAL A lactate oxidase (EC 1.1.32, 34 units/mg
‘solid)7} AHEHULH, WFEEY £ Al AHEE EAE pyruvate oxidase (EC 1.2.3,
3, 26 units/mg solid)® F 7|9 &L EFJ} Pediococcus sp.2 H8 £2d Aol
NS 5L AsiA= Candida boidiniil 4] £ alcohol oxidase (EC 1.1.3.13, 14
units/mg solid)$} A. nigerdlA] £el¥® catalase (EC 1.11.1.6.,, 77,880 units/mL)7} AM-&
H3A. oA JdFF EAE Sigmarl (St Louis, MO, USA)dlA T3S &4 3
Asle) A18® 50% glutaraldehyde® SigmaAlelAl FU3%3, dimethyl sulfate=
Shinyo Pure Chemical Co. (Osaka, Japan)®] R °|%itt,

FAE 2R o AAAZA AHEE nylon ¥ (150-214 threads/cm, ZLF F4
FADE FIFYFAAAALE AR 7FF KSK 0905 ok EEFE HRF A
FHS L(H)-34, AFEAE ¥XE 78 /{7135, 4F ¢3eF R ¢R F4 A4
He o8 548, agn SH2HER F2HoE {AY EZAAU ergosteral, £-
sitosterol, stigmasterol, A -carotene, squalene %<& reagent grade2A SigmaAls}
Duksan Pharmaceutcial Co. (Korea), Fisher Scientific Co. (NJ, U.S.A)olA F4% A
g AHEEEd ¥, YRR SA4E A% 4389 Axdez aFHE TPP
(thiamine pyrophosphate), MgSOs ¥ 28] A ¢%EL SigmartelA 74 A& AHE-3)
Aok, 293, AAASY AxE A% £4% MW.CO. 12,00003% AHFH#4 Teflon
membrane (0,001 inch thickness, YSI 5775)2 SigmaAl$}t Yellow Spring Instrument
(OH, USA)elA Ztz+ 743ttt |
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NEEA

2. 349 3133

Hornby$} Morris (1975)0] & W& ¥#s o nylon T 54F 1353
Nylon £& #2339 Z7]¢ $EE 10 mm2 e} -8 slided] BAA o1& &4
gA7)7 948te] dimethyl sulfate §4ol 7t FE&2AN B ey AR 582
e d&xdA g ARAAZ F, anhydrous methanold] 30~40% AX 7 d
97} Add. o] 9, anhydrous methanol §%¢] $#%-& a¥A g2 3, nylon £
3 gt e Ao Arled oA 18 #AN F A2 slidedl A wulo],
lysine &9 (0.5 M, pH 9.0)¢f 2A1t F< @715F9H 8474 lysinee] €4 €. Fig.
16l4 BE uls} o] lysine® AAEXS nylontR Abold] spacer=A 283 1A
& Fr 9€2 HAh oJAS 01 M NaCl g3 8902 383 Ao njdd 4=
lysine@ AASHHT. Lysines) #% amino groupel EAE A4 246-trinitro-
benzenesulfonic acid®} ¥H-3-3te] FHME JeENEE, lysine®] nylon ¥eo Z 2Hs
A AY ARE GAY 5 YUtk ©]A & glutaraldehyde &9 (125%, 0.1 M barate
$5&9, pH 85)9 % 462 ¢ FHFAH Al Adio] Qi F 8 g2 Ay
AzANFAY. F8 Ex=3E S E A9 glucose oxidase AXEFLE AT A
o (200 units) nylon ¥°] & ZWHd FAY F £ (100 L)Y &3849E 718y
143} A A F mutarotase 1000 units 89 100 xLE HE F W doj=a ¢Fd
Z}7] 9&. A4l 2ABEEE d+E asymmetric coupling WHOoE nAYIAHG
(Bertrand 5 1981). R4ta} M= u e AL M= Z7 lactate oxidase, pyruvate
oxidase 100 units7t ZL¥¥€ £ 100 xLo nylon £& Fao] A AR, deg
A4E A 50 unitse] F3A= FE& A3t glucose oxidasedt 2ol AxEE 4
B2 nREsh f44 FaAY E4F P ¥ nylon $E IARAA {2
¢t HAANA nY5rt 445 nylon ¥E 49 2 3F pHel ¢3fdez
AL F 33 38 @7t 4CoA 2@s A
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Nylon cloth

HI\I*=J)—NH—CH(COO')—(CHz)4-N

(Activated (Lysine) I
nylon) CH
(LHz)s (Glutaraldehyde)
|
Enzyme --N=CH

Fig. 1. Immobilization of enzyme by the method of Hornby and Morris (1975).

3. A4AT A%

7}. Dual cathode system
F A AEE FA9 53 4 AT dual cathode systeme 3] A= FA4
i FFH FA9Y &FE /AT Y9, §9 F¢ F A AES TN S T A=
. systemelth. Dual modee] €)@ 3748 A% 05 N NaHCOs% KCIZ 74 daladg
| A9-3, 233} ALYE Teflon membraned £48 Alejo] FolA & F O-rings
o] &3t} LAAN AT AZE dual cathode systeme 233 ¥XETF, HolFd ¥FET,
dagsd TEFAFoZN BF 3 7449 dual cathode system ©)Rth. Ao F-%
He] 91%= dual cathode system® electrical circuite] 22} @433, personal computer
(IBM compatible)s} QZ@3e] 7o) AJoAN @g=Ho] 2¥HE AIT §E8449
nEFE S
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ANZEX NS

1}. Multiple cathode system

Dual cathode system?] €2l& 2ot §FAZ, 6 714 AEE FAd F38 + 3
¥ multiple cathode systeme 349 AF EAd 1749 3% 6719 E5& 7IAn
glol, 49 Zol 6 714 &L TN 3¥ & Ak o system] 7 cathoded]H &
o HANSOTHE ARHE £E449 FEE WY anodett ¥ A A H
o] £Aje} &AW}l Multiple cathode systeme] £A & ZLAHAIZ nylon ¥ AL%4E
Aelxy 427<) Teflon membranedt FAJ8 Atoje] ¥e|i & vhe, O-ring® A3
o ARNA EAANE AzsAch

FA2AZTL &3 #8282 (Jeio Tech. Co. Korea)E o] 839 #8429 22§ 4 &
29 HALE (35+01C)N AAFsA ARG o ), cell o) F3899] Ry
£ 30 mLE 9A8A AAANRLH, air bubbling kit® ¢l §ENLE FTHAR
T Ae8An, AFEHE 59 9olA polarogram}2§ F3e & systemo] A%
A FAGEA FAF F 02 mLY ARE FUSHAT EF, cell HolH FYQ N2
FAG FAL 94 stiming bard] AAEEE YARA FASFAN WHHE AYAE
&R ed, o 9 system AA7 AFo] WP AFHER stirring bar A FA 1
mm, 41 cm 0|9 vHeg o] &3%th.

o G AE A9 A

24 M PAEAMSY TFE Trichosporon brassicaed® ®¥jgs & F3Ho
o8 ZARAA MAEANE ARsATh |

—-133-

AHUAMS HIOIQAA AIAE 8D L /s8R



4. 9455 154 A9 H3 =3 o¥

7l &x

&8 $HEE 085 $839) LEE SCAN HCAX sCRALR ZANY
A Ge3 madde] DASY F A9 SE4L ANFY WHE SHsd AL
£2 A4aRA At ol BANeT AGRY UHFE FR%Rd & eEdz 4
Ao BeES HmaYT

4. pH

pH 9 g3 §d99 FFHd 43 tgF 2449 FEEe Aol& Dotrr] A3
of Aax¥Ael 713 HH ¢E AN 01 M 4 ¢F&Jo= pH 50~85F A
z3gh o] 3N 2E4L 20 USFE NIFHIA 4 SFoA e AR W
FE 4 S48 AMY REEE vudtd A pHRIL FIATh

o} o] & A7

G E2ANTL o] 2A7) e g8 FFE TE AXE GotEr] Ay ELEA
ol 7 Egd HAH Lx9 FyF AF L9 pHE FH3q &8 QY o|2ATE &
glatdA] AAe WEFE A o] LAV IS ¥ A3}

2 714 x4 AF

sA%nA S 7 429 TE S8 02 mLE Ao 2389E 30 mLE o
Ao §AAD cell Mol FLHTL, FUL & ARE A2 Hel RABLAN &)
ge gENATE AR 98 2Pk EFFUE Lotus 1-2-3 program o|&
sl @) NG A BTl Fud F2 €7 (4V/At: mV/sec)E Toho]
E289 FEGS WA BAZYY Faach

-184-

NEIEX  ASMHUAHL HIOIQUE M AIAE 88D HEHF/SEF



5. A A o ¥

FeE9H F714 AN SAFA e AR} FRALE fAR #U R F
2 I%E @hstd EaAMC PIAE 9¥& gobugith Addition method2 FBA
29 ¥4 98 FF9 TF ¢ A7AFE CATY AUEt ST A wEF
€ &4 vzsgd. o] | AN FIALRE A, L-ok2zm=2ry, A4, DL
(1)=&, T, ¢4, 229 L, {4048, JFEAL Agsen, 3R2s XX,
#3, 29, AP, Hold, ZHEL 2 F AL A

ol A7} 2 ethanol &R o] E addition method® methanol, n-propanol,
iso-propanol, iso-butanol, iso-amylalcohol ¥ Y& Fo ARHE o8 FAEQ
ethylacetate, diacetyl, acetylacetone® A7}t Hch o|&f ¥ AEES SAYES 84 F
Z pHe] @389 5 F, cell o] FY3F}o LS4 WHFE SH TEHE
Hg FANAE W9 AN AFES v A.

6. TPP A& &5}
Pyruvate oxidase®] activator2A] @389 02 mMdA 1.0 mM7A TPPY ¥
T8 9339 F/AIIEAN E444 FEEE v BN HoYg FSEE UE

£t TPPY #x& F3Ach oh&# 08 mM# TPP, 5 mM9 MgSO& A7sto 3
ZVetA] gte Wel BaAMe FHeES HwEHH.

7. & AN 9 AL e 43
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27l 2AGY BAAFE Grht LAFY ASY & YSAE Tobusl st
4CAA 01 M 94t @380 30U PHEAFEN AR5 HE v L AA Y
FRHe SMERA A2 HE SRR

8. A15&A

7t AE 3R 53

Dual cathode system® °]43%d 713+ R AFL AxdHo -5, A4, &5 &
HRY g3 L &8 Fo EATE AY/EET, WI/EER, dBE/EETY J&&
33

U 29 Aag Az &3

Muiltiple cathode system& ©oj&3te] Al 71A AEE FA §Anz 4 HE9
EFEZA 7R AZEE 71AY FE L9 A=A oh2E F A AEL IR
A ANIL G & AEY FE=eE 2EsEA addition methoddl 93 FxW
so] w2 Fexe) 38 G F Y=ES AT
9. £ Ixyd 9% 534

Hlo] o MM o] oF &Y T3] A5t 7€ 2wy vlEs

7k L(+)-34
&4 kit (Boehringer Mannheim GmBH, Germany)d] <% £3%4=9& °] &3t
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A L(+)-34 &34 A NAD'$} L-lactate dehydrogenase (L-LDH)Zte] ¥+8- 3 A4
¥ NADHSY %€ diode array £33 54 (Hewlett-Packard 84524, USA)E o] &35
340 nmolq &A43 A0k (BM, Cat. No. 139084).

L-LDH
L-Lactate + NAD* ————> pyruvate + NADH + H'
<_-..-_.--_-_

GPT
Pyruvate + L-glutamate ——— > L-alanine + 2-oxoglutarate

Glycylglycine $3-89 (pH 100, 30 mL)%| L-glutamic acid (440 mg)7} *¢ A& &
4g 1.0 mL, NAD'7} E01%lE €9 (210 mg)€ 02 mL A3 FF+ 09 mLE ¥
Attt 79 glutamate-pyruvate transaminase (GPT : 7,700 units/mL)7} £8]=<] 31
49 002 mLE Y1, Au49e 01 mL 99 & ERHAC 58 F A 1% F3F
% (AD)E &73383, L-lactate dehydrogenase (25,600 units/mL)4 % 0.02 mLE& 7138,
20~25Col A whg-o] &3] dojd 208 Fo A 234 FRE (A)E FAF, o34
oz25E L(+)-349 F=EF AR

VXMW
C(g/L) = X 4A
e X dX .vX 1000

V: AF 49 (mL)
v:i AR 75 (mL)
MW : 24 EZY BAF (g/mol), (lactate; 90.08 g)
d : light path (cm)
€ 340 nm°l X 9] NADPH® #3344, 6.3 L/mmol/cm
4dA A - A
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of W, L(+)-3it FxEE ZIZ efste] Al88Y 1 mL W L(+)-3te F=7F 2~
3H pgd WYt HES FFRLE TEUY.

v} 284 (pyruvic acid)

&4 kit (Sigmarhdl 9% E2FBEYE oj43o W22 Y o NADHS
L-lactate dehydrogenase (L-LDH)3t9] kg A] 43t € NADH94 %& diode array #
B3xEA (Hewlett-Packard 8452A, USA)& ©]&3t9 340 nmolq F5A3 At (Sigma
A}, Cat. No. 726).

L-LDH
Pyruvate + NAD_H + H' ———> L-lactate + NAD’

Trizma G-£9 (1.5 mol/I, sodium azide 0.05% X3 2.20 mLE NADHJ} 128 ¢ M
TEZ B0l 8719 Fo] F ERSt AN 9 05 mLE 3] 340 nmoA
%27] 3= (ADE 2R3, lactate dehydrogenase (1,000 units/mL)-2 9 0.05 mL&
43 FrMee, 37CAA 2~58 AE WEAIA ¥hgo] §dE F (N8d A ¥
= ¥&7t 0.001/min) A 2% FFE (AJE FATY, dEHeeyy Q224 XS
A2kt Y.

C (mg/dL) = dAsw X 637

o] W, JEBA =& Z2t sty AFE49Y 1 mL WY W28t Fx7}t 05~30

mg/dLY) @47l =8 FEIAL BEUT
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10. ZzrtEady $Ydq 4 33

Zl@e BEAgygon AZHnA RET =D, 3P, Ho}F& HPLCY 94,
JEaLL GCE ol L3td Aggse Pyl TAANZ AT A viw BN

7}. HPLCHl 9% X =39 &F

2299 E£EF 23 A HPLCS) A& Table 13 Agkew, SANEA EES
doz Azd Aclol BIE ANAAL AFAh

Table 1. Operating condition of HPLC for determination of free sugars

Contents Conditions

HPLC pump LC-9A (Shimadzu)

Column (Waters) Carbohydrate Analysis Column
Size 39 mm X 300 mm
10 zm p/n 84038

Solvent 83% Acetonitrile (CHzCN)

Flow rate 2.0 mL/min

Injection volume 10 L

Detector RI-Detector : RID-6A (Shimadzu)

Integrator C-R6A integratar (Shimadzu)
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. GCol 9% d e &3 _ :

dEE $3E 9% GCY =38L 47 Table 29 &Agten, SR B EFFLHL
2 Az g EXT AAHE A Gk AEee) B vl diethyl etherg
AHEEtglen, V¥ EE 822F n-butanold& AHH .

Table 2. Operating condition of GC-FID for determination of ethanol

Contents Conditions
Instrument Shimadzu GC-174
Column . Fused silica capillary (CBP 20)

« Length 25 m

- 1.D. . 0.22 mm

» Film thickness 025 ¢m
Temperature

» Injector 210C

» Detector (FID) 210C
Oven program

» Initial temperature - 40C

» Initial time 5.0 min

- Rate 5.0C/min

- Final temperature : 200C

* Final time 5.0 min
Gas flow rate(Ng) 1.5 mL/min

- Split ratio 1:67
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Al 34 A5 % 1%

1. Dual cathode system A%

& 719 anode®t F M9 cathodeZ FAHE A& A42AFE Fig. 2% 2ol AF
%] cathodeBol 22t 2 71X BAE BAY 4 T HLEE asymmetric coupling™
Wog 1A dual cathode system A28k 2 /49 cathoded A YEE A
T} dae] BRI RAE 5 cathode AF3H FAWAZ vebd 23 09982
Bt (Fig. 3) 214 2 7HA AEE FA4se Ao 7158 Aoz AdEi

a——— Electrolyte

Cathode

Fig. 2. Schematic diagram of a dual cathode electrode.
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18

® : Electrode A
12 O :Electrode B
~~ | .
S o
=
el
| 59
s 61
(&)
3 -
0 T T v T —~ T

0 10 20 30 40
Partial pressure of oxygen (%)

Fig. 3. Sensibility of dual cathode system with lab—made between current
and partial oXygen pressure.

2. 33/X 5 F dual cathode system

7t €%, pH, 3F7t 2449 ZeEd nAe 89

Asymmetric coupling® 2 2335} $l= B -galactosidase, mutarotase, glucose
oxidased] A &2} glucose oxidaseZ FAHO) AF} FEFE FA AT 4 3
= dual cathode system® 2$ 7133 TASe whg oA ZAFAY 48FHE
induction periodd] #33tE Azko] thk AolE BHth oL HTo] J|AR 857
JENE A xA7 TR QE F ALY HE FHAIFEA EHoE WS o}
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7] wEdd], &dure o|F3 & glucose oxidasert 7|A3 WS HFSEGY
induction perioddl SBEHE AZte] & 158 o] 4l dEYE A& B4 F3 3o,

Dual cathode system$& )83 A3 ¥ I=FE& SAF7] YA AA e
AT (&) o188 nARALTY g A= 3899 FHV AT ¥
A1 B A}, glucose oxidaseE: £FE Y S84 F44HAME A3 pHL blojy
AAREF AAYL pH 65~752 A3 pH A7 $AABA d4sHE T Heoid
28 g F AUk =, glucose oxidase= A -galactosidase®. T} HR WL HH 9 pHl
A ARAFE 29 FUT (Fig. 4).

NEFA SEY FAFdE 33 B ojy X523, AT R EnTol &% F
F5l A= 47t g, stdtRde 4433, 94" 2 el 4F 2~5%
oJUZ FfHol Utk F3Y A=A A dFE [ AL ABe=A A3 BF
°] 05~2.0%7F E¥H Ax B4 333%9 Aolg JEIHATE (Table 3). E&]1F 9
S EEnd e =A% FHEY TF L ¥Fel 474 ded, o] F &fnTY =
el B T P o ETEFAFAN FEE Fol FeH HENTh

50
4 —@— : lactoss/K-phospale
1 —4&— :LadoseMNa-phosphste
—9— : LuctioseMNu-acalale
404 o 1 Glucose/K-phosphats
—A~ : Glucosa/Ne-phosphate
1 —o— :GlucosaNa-acetute

1 —o— :Lactose
—e— ; Glucose

0 2 2 © 5 4 5 6 7 8 8
Temperature (°C) pH

[~
1

-h
1

Rate of oxygen consumption
(ppm /min)
N
Rate of oxygen consumption
(ppm / min )
S

Fig. 4. Effects of temperature and pH on the response of lactose/glucose dual

cathode system.
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Table 3. Effects of various sugars on the determination of lactose by lactose/
glucose dual cathode system

- Addition of Rate of oxygen Differences
Sugars amounts consumption
(mM) (ppm/min) (%)
Control® 58.4 1.20
Fructose 217 122 - 167
| 565 121 0.83
1110 121 -+ 0.83
Galactose 217 ' 1.20 0.00
55.5 119 -0.83
1110 1.21 0.83
Sucrose 146 1.24 3.33
202 - 1.24 333
584 122 1.67
Fructo- 0.2g/100mL 1.21 0.83
oligosaccha- 0.5g/100mL 119 -0.83
rides 1.0g/100mL 122 1.67
2.0g/100mL 121 0.83
4.0g/100mL 119 -0.83
* Control is glucose.
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U 71d%Ed wE BEFHY &Y

TEEE AFE FUNY EEFHE FIA FF/EET dual cathode system
< °18Y B ABATIME EEFY FEFHE T F7 A[t )AL 23A
o o]&HE Al B F glucose oxidase’t XEF 71A#} w83 AL 2uF)
HEd Ex39 FE& THAHLE FAY & 7] WEoIY. AFAFTE o4 E
E3E &3 & 2F, TEZAINAY AMAZE 29 FE 015 M7 39
EEZAE 78 F A0S TEFATH JAZATAA 78 EEFHY 21 e7E Hu
3 & A3, ExF FEC A¥ 71&7] @] A we Aeolrt dAew 2FASF
M TFE XEG FEEY Fhol ¥A YEldd (Fig. 5.

10.0

Clyeote

1277

8.0

0¢od4p0O o

(ppm / min )

Rate of oxygen consumption

———— s
000 .05 10 A5 20 25
Concentration of lactose (M)

Fig. 5. Effect of concentration of glucose and lactose on

response of glucose/lactose dual cathode system.
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EEgo) B EAstE A APAIODE ¥EB SRo] Auaty] W ¥
£33 2% $E§ 274 FANEA A9 Mgt TEHAIY A 239 FE
7 FhSE TEDE ol $4E 9WE dAY FE #¢ B4 Fgon; 3gAZ
o2 FWE SR A3} yRWe) ABHE TEDY FEVI BLEA B4 et
(Fig. 6). AAZ o549 71&¢7]|& vius] & a3, Jo 1.85% oJUe] Aelg Bo F¢
o, TEYE FUHA gn 7o A3 FEIH 71¢709 vjud 2 o F2g
718719 A¢) Ao} dual cathode system® o4 B¢ TEDAIoET TEY
F& S4HY APATOD AT oSNy YA 4 gons LY W A% 5
A & Belst gee o BT

1 ® : Glucose electrode
8o © : Lactose electrode

20 +

Rate of oxygen consumption
(ppm/ min)

00 ————
0.00 .05 10 15 220

Concentration of glucose (M)

Fig. 6. Standard curve of glucose and lactose.
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TEgo] AEe EAE A9 FFAIAM T2 239 FIE RIE 2P o9
o EEGY SEE Wl THHT Yonz Az ojn] FHTe dx TEel 4
WeRFE @ W Folok dAlY %) BEE FE 4 Utk WA, TEFATAN T
¥ TERY BIE ROZVE TEQY FEF T¢ U, o EET g
(Re’/Ag')% dual cathode system®] AFAFOZHEH T XE39 EEJHGA =
T AEE @& (AX Ry/ANLE BAS] ARTOEH, AFAZAN AR T
zEgyse o8 UEuE 449 TED FLE e € ¢ UUT o AEE HL
2A9s BEIAA Heaad A9 FE COE ST & YT o)AT BAF Jo
2 Fesd e ol verd 4 gtk |

R\, 1
A X A

Co=(R - Ag X

Co: A8 AZETE (mM)

R : A3 A4 FEE (dppm/Jsec)

Ag: F3ATFAN =9 F =9 FEAF (Jppnv ImM)
Ay P ZEFATON EEF FE9 FEASF (dppm/ 4mN)
Ry : EE3AFANA ExF 34 E 3 (Jppm/ Jsec)

Ar: AZAFOAN G FE9 FBASF (4ppm/ 4mM)

ok 7t fdAAMe A7 R X2 FA 53
ANEH D Qe 71F5fd FfHel de dF R TxFY AL A ddlM 7
 EEFH U Aoz 39 % ExP F28F FAY F A AR FA AL
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Fre) FGUFL 3705~4.671 ¢/100 mLo|lon T ¥FL 2879~3675 g/100
mLoIgltt (Table 4). 61714 §3¥ XEDFEE A4/ Ax A A9Foz Frtst
E EET o)9dE Ggago|} HY, &nge] YR EHPo2N XxFo] X
o] Yehd ge2 B4, ¥, &L 71F3¢FfE& £FF=AZ AFsA ¥ 44, 339
FX7} 3685~4.785 .g/100 mL, £=F9] ¥E7} 2550~3.830 g/100 mLE v}E}RtT),

Table 4. Determination of lactose and glucose by lactose/glucose dual cathode system

Dual cathode system(g/100ml)  Spectrophotometry(g/100mL)
Milks

Lactose Glucose Lactose Glucose
A 4,162 +0.160 3.675+0.038 4157 +0.434 3.058 +0.229
B 4.671 £0.267 3.647 +0.063 4478 £0.225 3.830+0.118
C 4087 £0.276 3.658 +0.065 3.986 +0.079 3.542 +0.158
D 4237 +0410 - 3537 0,096 4235 +0.200 2.673+0.198
E 3706 £0.375 2.879+0.088 3.685£0.376 2.547+0.105
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A=zEX:

3. Wo}3/¥E %P dual cathode system

A& Az goH FHEEL ool YA o]Fo|A & o] W JYH= F

& Holga TEgroltl, M oty FAL AT ol R £xFE FHL 4
do BaAYe UG FAANEE 4% 5 Aok dRFo=m HopF g AT ¥
¥ DNS (dinitrosalicylic acid ¥)el ¢ £3&A4Y, HPLCA 9% FAEY 5ol
Ao} dolFutg &) H¥ BWUFE EAERlol 2 UE Ac] AMdolnh Eawt
S8 ol 43 Aol AdAely FHEE WA Hojur] WEd &o] o] &HX 3t €
AYa e amyloglucosidase, glucose oxidase® nylon metd]l LASF A} BVE=R
glucose oxidase® Q53] HolF ¥ 53 FA FAY F A& ALATE 9]
4% dual cathode system& A&, JEES FAd A7) A% 3 =4 A
4 Fo §FE SFARAT

7t €%, pH, BF7F 24449 FExd vE 8

Amyloglucosidases- BTN & ASEE Ueigion], o LEE glucose
oxidased] A A LX) LX) YY. Amyloglucosidaser F8&4 A YA 55°C
A A Lxou A/ APHAN 2353 HF L7t Bt Aoz YEyTh
Amyloglucosidase®] 84 ZEadHolA e 3 pHE % 4524 A4A 2AFA
e °], EL Zdolth. Amylogucosidased] 7§ 24t 4F 84L& AHEE A9 ¢
A AFLE AL ASEY g FSES =4 Jdebgth ¥, vlady 449 pH
45~552 HHdA BEEAP0] ¥A vEser, pH 5094 718 F& W8 AEEE
o F9)c}, vhA, glucose oxidase: HILZA AAH FAL HHA YL pH BHAA
E #EE9 Aolrl HstA L Welgley, pH 65~75% 4 pH HHAANA L2
=8 YUY Fig. 7). 28U, Yol TxFE FAd A7 AF dual
cathode system& T&7] HdlAE WL pH HSAME #Agx9 Aol& HE ved
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ANEEA: A

A %%+ glucose oxidase BTt AAY YN HF FHEE YEMNE amyloglucosidased]
BHE FEEE 1 F x4 HF YHE 923y FAY wEd= pH 558 IF
pHEZ A9gsdrt ¢34 =3, F 5471 durg oz uEsidolgt oz Q4 43
492 A&} Table 54 B vl o] o|FHFAAM v FFL v 7T
& A9% mannose JEW, A7 % 270~473%¢] FSE AolE UG 29w,
e nFL 405~541% W2 Yol FAT 9] g FF& WA= Aoz e

et

30 : 0 —a— ;Na-acelale

(ppm/min)

Rate'of oxygen consumption
5
Rete of axygen consurrytion
- N
o

00 —r—y—r———r——
10 20 3 4 5

Termperature ( °C) pH

Fig. 7. Effects of temperature and pH on the response of maltose/glucose dual
cathode system.

-200-

SCHUAL HIOIQUEM AIAE EED|2 HLHR /s8R



Table 5. Effects of various sugars on the determination of maltose by
maltose/glucose dual cathode sysem '

Amounts of Rate of oxygen Differences

Sugars addition(M)  consumption{ppm/min) (%)

Control® 0.029 148

Fructose 0.055 150 1.35

0111 151 2.03

Sucrose 0.029 1.52 270

) 0.058 155 473

Arabinose 0.067 148 0.00

0.133 148 0.00

Xylose 0.006 148 0.00

0.012 149 0.68

Mannose 0.055 151 2.03

0.111 151 2.03

Fructooligo-  1.0g/100mL 153 : 3.38

saccharide 2.0g/100mL 155 473

Maltooligo— 1.0g/100mL 154 4,05

saccharide 2.0g/100mL 1.56 541

? Control is maltose.
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. Hopd &4 A EETY BH

ot TEFE F AIFIM FAA Bl ¥ FFE LopI] A 2T
FTEE AL F/NIIEA HolFy = §HAl FAAAE Wl ol AT veids
FEEE Hold FEWSY HFuQlo] T Fxd ©WE FAIZE=wFolen, ol
@ BEAA EEY 5EE FAAAS Ut EEge ANt FEVS ¥4 veR
ot (Fig. 8). AAZ ¢]g9 71&7|& v=s| & 3, 7]1€7]E 62~627 Jppm/sec At
ol AA TEZFE FJNHA %& Yoy FEJFAY 71 €79 11%Y Aolg U
Elo] AY dAFE B FUt) AFH EXF9 dual cathode systemdl] HE-& #
AN & A7lGHE B4 & gk

CM=(Rt'AGX%)X ‘AiM

Cu : AR9 YolFeE (mM)

R: : Hol3AFolNe 8= (dppm/dsec)

Ag : HolFAZN X7 ¥ ABASF (Jppm/ImM)
A¢ P EEFAFON XETF FE9 ABAF (dppm/ 4mM)
Re' : $EFATNM XEF #$E # (Jppm/dsec)

Av @ Hol AT A HolF ¥ £ FBASF (Jppm/JmM)

. QAN Welg R EEF FA &3
AZAA $EHT JE AHAE F9) Wiy TEFE S B3} ol
& 1.301-1.859 /100 mL olw, EEFS) F& 0477~0509 g/100 mL o]tk T,
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25

]l Glucose (mM)
114

1277

2.0

o4po

Rate of oxygen consumption
(ppm / min)

0.0 ¥ T Y T ¥ T Y
0.0 A .2 3 4
Concentration of maltose (M)

Fig. 8. Effects of concentration of glucose and maltose on
the response of glucose/maltose dual cathode system.

E4drgor L ARE Fid 54 undE W dual cathode systemezE &3
 dopdst £x=ge] gho] WA wA dEgted, ot HYeld ¥ £x7 F IS
A Y oE Fo 4 A3ERo] dojy ALt £RFHY wE FEEA gF FE
R0 A vehd Aoz AP (Table 6). 28]k, HPLCY &3 2L ARE
F33 & 29, 99 F 9yEy g4 H& goz FASHJUY (Table 7). HPLC £4
A, AR 489 A FEE 7] %9 AVt AFY §Jo| A B ez
Yo, |
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Table 6. Determinations of mal_tose and glucosq in commercial sikhes

by maltose/glucose dual cathode system and UV spectrophotometry

(Unit : g/100 mL)

Spectrophotometry

Dual cathode system
Sikhe
Maltose Glucose Maltose Glucose
A 1.859+£0.091 0490+0.014 1.834+0046 0444 +0.008
B 1.301 £0.120 0.508+0.018 1266+0.007 0.410+0.005
C 1.569 £0.074 0477+0015 15630005  0.473+0.002
D 1.767+0.112 0509+0.029 1731+0.002  0.444 +0.002

Table 7. Determinations of maltose and glucose in commercial

sikhes by HPLC
Free sugars (g/100mL)
Sikhe
Maltose Glucose Sucrose Fructose
A 1733 0459 9878 0529
B 1.240 0.423 10.746 0.389
C 1.587 0.468 7.321 1.414
D 1.750 0.464 10.465 0.443
-204—
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NSEXM: NS

4. 4@ L/¥5xF dual cathode system

7h 2%, pH7t 84449 3= AAE 29

gd A4 Al2YdA g alcohol oxidase?] A &x+& 30C2 YElWE, dual
cathode systemd]A¢] 3 &% & 35CE eyl (Fig. 9). £3, glucose oxidase:®
3BCTAA HFH EAHE B9 FAtt. Nylon netdl 2432121 alcohol oxidase= pH 7.5,
01 M g4 &3F849A 713 FL BAYE& YL (Fig. 9) glucose oxidase®] 3
A pHE 752 el F &4 9% dual cathode systemd)A ¢ H3 pHE 752 2
At

50 40

—o— : Ethanal 1 —¢ :Bhand
404 —0— : Qucose | —0— :GQucose

Fig. 9. Effects of temperature and pH on the response of ethanol/glucose dual
cathode system.
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1}, 7| AEES BE EEIH %Y

Glucose oxidase’} AR} g AFNA TEFY x| Hat Az 2 Fe
Folg HHULY. & TEF FEUL AT $E4: 2uUHFS SR EET
A& TEYOH 02 MAX FHRAE YERASIT

ol g§Fox Y ded % 23 FA §F

g5 Az F AT AHoE NRE AA A€ R 2279 $FE 53
Aok 9R 2d¢] AYAAN &L ¥IFL 3984 g/100 mLE FF3] TG
(Table 8). ¥¥, EEFE $F 2~6Y Alojdl FAT F2E B4 FUH AL ¥F
o o dast APHAA §F Fo F §FL g3 e LE 7|A= o 8Ho XX
3ol AH|7l H7] wW&oltk, Dual cathode systemoZ S dgd R 3o F§FS
7Z1&9 o& EAYH vas 27 Y45 du8EE GCE o183 FA}L XET
€ BAFEYL o83 Zz A Table 84 He ubsh ol 4z ¥y
oA 2% u&d o2 FFH H2AME o]&F ENUHA g% FAE AT
4 Atk FE SAE ¢HE AEL GCY 98 449 #A ¥ENE 9 Fig. 10
dA BE ug 2ol ¥ A® #A r = 0.94)E YHeEAH.

o3 7lEs 24 PPoz A3

gl AFE AYZAAN dual cathode system® o183l FFE gt A&
2A9¥e RRBEPOS 538 AHE MAHAT (Table 9. AFl Boj=E 24
A% a7=Ed JEE WELF Ash, o} EAA HE v} gol T wuze) Aol
£ %ol 2 veElgt (Table 10).

pc)
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Table 8, Determinations of amounts of ethanol and glucose in takju
by dual cathode system, UV spectrophotometry and GC

(Unit : g/100 mL)

Fermentation Dﬁal cathode system Spectrophotometry GC

Time

(Day) Glucose Ethanol Glucose Ethanol
0 73%0+0001 0123+0035 7505:0.003 007810023
2 6.003+0.005 0502+0.048 6.6056+0.103 0.346+:0.004
4 5404+0.003 3984+0.088 5534+0.048 4.002+0.035
6 0330+0004 7672+0303 0282+0021 6.693+0.043
8 0230+0.012 8501+0.058 0242+0.032  8.368+0.028
10 0280+0.007 8442%0.192 0.298+0023  8.113+0.027
12 0490+0.007 7.811%0194 0491+0031 7.494+0.016

Ethanol (%) by GC

0 . 2 4 6 8 10
Ethanol (%) by enzyme sensor

Fig. 10. Correlation of ethanol/glucose dual cathode system and GC.
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Table 9. Determinations of maltose and glucose by dual cathode system and

spectrophotometry
(Unit : g/100 mL)

Dual cathode system Spectrophotometry
Samples®
Maltose ‘Glucose Maltose Glucose
A 1.859+0.091  0.490+0.014 1.834+£0.046 = 0.444 +0.008
B 1301+£0120  0.508+0.018 12660007 0.410+0.005
C 15690074 0477+0.015 1563+0.005 0473 +0.002
D 1.767+0.112  0509+0.029 1.731+£0.002  0.444 + 0.002

? Commercial -products : Dusan, Jeiljedang, Hanhwa, LG.

Table 10. Determinations of lactose and glucose by dual cathode system

(Unit : g/100 mL)

Dual cathode system Spectrophotometry
Sample® Lactose Glucose . Lactose Glucose
Liquid
A 4133+0.19% 418410219 4.138%+0.001 4.271+0,002
B 4.026+0.234 4501£0.170 4.088%0.002 46181£0.004
C 3.917+0.188 3.933%0.707 3.873£0.008 4,038+0.006
D 3.493+0.169 3.956+0.934 3.494+0.024 3.871£0.007
Semi-solid
E 3.651+0.081 1.161£0.125 3.606*0.099 1.161+0.299
F 3.915+0,104 1.382%0.010 3.949+0.012 1.382+0.004
G 3.841£0.112 1.008%0.053 3.815%£0.001 1.008£0.003
H 463410.192 1.701+0.017 4.505%+0.005 1.701+£0.044

? Commercial products : Mail, Pasteur, Dusan, Bingurae,
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ASZEX :

5. 24 MAENA Ax

Trichosporon brassicae (KCCM 50289)% YM brothel A wekgt % o 45~60
cmHg? XF& HolgE A dA AFTHAYe] 93 vAEL filter-disc (Millipore MF
membrane : GSWP 04700, HAWP 04700, pore size; 022 um, 0.45 m)ol F2ARAT )
BEAT ARe HAAMS Be PPez mgBe] mAs%d T& Tefln
membrane (0.001 inch thickness, YSI 5775)% FA49 (M.W.C.O. 12,000) Alo]e]|
O-ring2 2 1A ew, ¢4FEdd 2ol {2 2@y F AL ed o &
T8 nAENZ JARJEE 3 7 EIE IVE wF7] Yol v@
Aol da 43E9eA 4°C YFAEASAND, FYY 249 FEo ue) A2 AR
Fe BEE A3 FEJFALE 4 F Aoy uE 3EH 54 53 A H3 pHAY
HAAS L 2~39 FAAM L ASEE voluZ FHA pH o] 5~79 o& JFiA

223 FAO At o4 A FEE FA A B/ s

rir
{lo

%

6. AF9 F4A#e 2 FAL 9F multi-biosensor?] 7Y

7t BaAA e A

& 79 anode®t 6 M9 cathodeZ FAE FUE A2AFE Fig. 1134 o] Az
&9 cathodeZ ol Zt2t 3 7HA E4& EZ4¥ 4 Y& T4LES asymmetric coupling
WHos 3AgEd AFE AFSAN2HYE o4 34 FHE dsH 2 (Fig. 12).
Multi-biosensor A9 $H patten 9534 2t (Fig 13). ZF 3¢ 949 AL
ZEste 7|3kl th2A YHEsen ANE FYF AGAF ol e 4 £ 9
ek
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LTo Measuring Device

m———— Electrolyte

Fig. 11. Schematic diagram of a multiple cathode electrode.

Giuoose  oxidase
Nylon cloth

Mutarotase

Fig. 12. Schematic diagram of the immobilized multi~enzymes on nylon cloth
and the electrode for determination of glucose. 1. Multiple cathode 2. Anode
3. Electrolyte 4. Electrical circuit 5. Micro—controller 6. Computer

7. Circulating system 8. Immobilized enzyme layer 9. Sitrring bar

10. Magnetic stirrer 11. Injection septor 12. Water bath.
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Voltage (V)

1F o —-‘_‘-""--._-._.
0 L] ¥ 1 L]
4] 50 100 150 200
Time (sec)
—e—:DO1 ——:D02 —— :lLactate

~—s— :Qlucose —— : Ethanol

Fig. 13. Determination of multi-components by the oxygen electrode with multiple
cathode system.

7. Triple cathode 4ZAS& o] 8% 3 714 A& (E=F/v284/U=8)9
A E4

7t TEY/HEBA/EIE M9 HAZ=A
D259 9%

Glucose oxidase, pyruvate oxidase, alcohol oxidase?] 3 X & Yolrn7z] 93
o 15CHAAM 45C7A 5C FFoz &3 v Pt (Fig. 14). 4y oz 2571 A4
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©
b3
S 120
E . --@- :Glucose electrode
< 400k —O— : Pyruvate electrode
il & : Ethanol electrode
£ B
2 80
o
o i
o
) 6.0 |-
o
©
=
o 4.0
>
. L
o
] 20 |-
© [
(14
0-0 1 1 L 1 (] 1 1

10 15 20 25 30 35 40 45 50
Temperature (°C)

Fig. 14. Effects of temperature on the response of glucose/pyruvate/ethanol

sensor with multiple cathode system.

ol mhe} BAAANS FEEE FA%E AR HFoH, NEy nL AN BS
X WA ZLES AolE HPEd, 0CHNE 15T BB H)so] 1.2v)
o 74E7 AR, BCANE 15T wsted 260t F7ksks Ao et o
& B2ANOIA Wse] SRRl FE FEE G| T Ao et TEF 4
M9 ASE TN BT Qe B F9e W 23%, &) A 45% F7beh
| £ AEE o geEd = 9%l Mu=a AMs wTAYE @ AU @ Fig.
44 HE e} o] 40T o) Folx 65% AES FEES FAT PaTeEH EE
3, A4 dge A4 AS AH GHLEE 0T ¥ & AL TETY, Aua,
e ANY AeE 35T/ 88 £xe ¥ + QA Zapata-Bacri S| ANE 2
sob MmHAS W AW LS8 BT ANE A& A3} 0CAA 35T 5C
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exaolst 25 FSE Aolt At A ¥e ASE e ol e AolE &
£% A%d §99] =] polypropylene flmdl LASNIE FH L Adeto} o) o
T 9% AA LEoTA UEY A0S HAT OB $F9) marixd oW o
2 A% s T R2BNA Aol BATE o AR o8 ReIe

o},
E 5.0
/)
S . @ : Glucose electrode
E —O— : Pyruvate electrode
+ 40 - ..a- . :Ethanol electrode
[}] L
&
= 30
)
v -
)
S 20 |-
© .
i
o 10}
[}
o i
(14
0.0 1 1 1 1 L 1 i |
5 6 7 8 9
pH
Fig 15. Effects of pH on the response of glucose/pyruvate/ethanol sensor
with multiple cathode system.
2) pHY 9%

e, Az2ut qags $4 3¢ A8 4 A5 ol 8d nARAELH
o] pHel did 9L 49 & Z3 A28 AN B¢ 49 pH 794 =7}
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< ALz Jeigten (Fig. 15), ol pHE 05 FHAMII= ¥Etd 93 3% = &
2849 FE Bole JoE XEZ, dEs AM9 ZFFEY 13% & #olT ¥
£%, s AMGAE vuF B FFE BolAw pH 794 Hd G4 welm
2 33 pHe 72 AR

3) ol A7 9%

BEANY FEE o] LAVt 9FE MAEAY 4RE Dolrua AN $3§
dg Heste o] 29 A7IE 02614 LOZAA eede] FARYD (Fig. 16). T=T 4
Ax 06, M2HA AAE 08, e AME 1022 27 o4& oAlZldA A 7
$EE 24t 29U, TEG ANE HZH o9 Arld hate dge] Ho| 087
X gAFOE 12% AE Wit de BN, W= ANE 06014 ud T
8% AE FE¢Et FAIY, dee ANE 27% F5FAch =Y, @ ANE
108 ol LAZAA A4 FA%E Sl wH EEF AN N2l ANE 109
ol eAM7IA 2zt Jul FLES 80%, 67%S] ke Lch WA, 3 AR 3¢ 9
F ZaAMN9) JF o]2A|le J2B3Y e Ad F3EE, 2T FF
ZEES 89%, oG AN B 85%Y e AT 082 I3

@ 1 Glusose electrode
" —O— :Pyruvats slectrode
codeee 2 Ethunol elestrode

Rate of voitage decrement (m V/sec)
»

0.0 2 “ K 2 1.0 1.2
lonic strength

Fig. 16, Effect of ionic strength on the response of glucose/pyruvate/ethanol
sensor with multiple cathode system,
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D #AFE B AT 9T

9 TuY, qee AANA FEHeE FAT QU4 BA Fad ool N2
Ha AN $ATE BRG] BEEe] URE FEAY 4PE 49 MgTh Table
119 A%HE AHEY A2ue BeE A= A8 44 R FHE 2 FE
AN AARRE W A= A4 FEES W 79 WA Fl, lactic acidsh
succinic acid M ZEAte] 349 FUF $AHEQ acetylphosphated BY#7) W
=g EAAMY A8 Be4 0 EAUAY 9%E BEAE 4¥ RN,
succinic acid?t 8%01e] eA2 AMAEL Hu Ao itk ola® Ass
Zapata-Bacri $°0] B ulel dXd, ¢ ExQ R UE dIHFY B+ JFo
A9 e AL Ueh} P 52AMY 34 P &3 A B4t 8E A
o2 wdg. aey TEY ANAAY MREd &7 9% AAE Aoz &4
9w, ol HSRAE HASE BANE o Fo AN,

5) TPP #A7l°] wte &= g

Hager$} Lipmannd] €89 3 ZHAko] pyruvic acid oxidased] ZEo2 &3
sl8i" TPP, FAD, Mg?s ¥gz @tia €84 slth. Pyruvate oxidase®] Zgo2
A2 F AH|HA acetyl phosphoric acid, %4}, o]&derA:, AT -4 E AP = v
¢ ANEW Qo] YFHoz TG o) 7|89 A4 $F 4 A2Y FLow
2ol A/A Fn AFEE £ dod, TPPE F/Istd J2Bide gaitse
Ehzgo] Bl s HSo] ALrMMe FExd %S FA At wbAy, &
AP ME Zapata-Bacri 0] E2# 0.7~08 mMe TPPS 5 mM MgSO.& 3H7}3l
o olg& AA ¥kE W ALAMY Fx=S I HyYy, o df, 05
g/100 mL9] A&E 7|Eo2 AWESS W TPP A7/HA 62%v F38E € &+ AN
o welA, TPPS Mg” 7t #A7tse A4 A4 FEES) A 45 Ho|ng TPP
9 AR FEF goluy] 3o TPPY HX8 02~1.0 mM7ZIA 02 mM HF ez g
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Table 11. Effects of various organic acids and sugars on the determination of pyruvic
acid by using biosensor with multiple cathode system

Organic acid Amounts of Ra(;::cgn?;lltage Differences
“ . Q,
or sugar addition (mM) (mV/sec) (%)

Control® 30.33 2.06

Acetic acid 30.33 1.99 - 339

60.67 202 - 194

Ascorbic acid 30.33 2.05 - 048

60.67 2.04 - 0.97

Citric acid 30.33 1.99 - 3.39

60.67 2.00 -291

Lactic acid 30.33 197 _ - 436

} 60.67 2.01 - 242

i Malic acid 30.33 1.98 - 3.88

) 60.67 1.92 - 6.79

Oxalic acid 30.33 2.05 - 048

60.67 213 3.39

Propionic acid 30.33 203 - 145

60.67 2.00 - 291

Succinic acid 30.33 222 7.76

60.67 212 291

Glucose 30.33 214 3.88

60.67 2.10 1.94

Fructose 30.33 2.06 0.00

60.67 2.02 - 1.94

Galactose 30.33 2.05 - 048

60.67 205 - 048

? Pyruvic acid solution was used as a control.
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S#9e MY = WHE A uglt (Fig. 17). 2 A4, 08 mMoIA Hd 4L
Bger ol 02 mM A7t A Y 259y FAHUSE ¢ 4 AR Zapata-
Bacri 59 A7AHAINE 07~08 mMolA HU@RE BJE Aoz deh} & A2
golNE Aued 54 33 A TPPE 08 mM A7te] SA4s%. =Y, gu=4
3 oE Y& $A 3% o TPPS Mg*7t A/19d @t de =%, 34 44
o 9%e PAEAF 48 YT (Table 12). 2 I3}, 2 A2 AN AGF JFL
mXx e Aez Ueht vusist ¥4 FA5H A TPPS Mg/t A7td A
g28d Nage o) g3t

15.0

120} 2

o 0
o o
T 1 7 7 1 71
e
L

o
o
T 1 7

Rate of Voltage decrement (mV/sec)

I 1 L 1 I 1 i 1 1 1 1

0.0 2 4 8 8 10 12
TPP concentration (mM)

o
o

Fig. 17. Effect of TPP concentration on the response of pyruvate

sensor part.
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Table 12. Effects of TPP and Mg® on the rate of voltage decrement at ethanol,

glucose, and pyruvate sensor. part of biosensor with multiple cathode system -

Rate of voltage decrement (mV/sec)

Sample
Without TPP and Mg? With TPP and Mg®
Ethanol 6.0510.11 633031
Glucose 5.38+0.21 5.4510.22

4 22T &F A 7714 9% 24

Fig. 18¢ W28 =8 gsige W 7] T=ETF AN d284 A& &
& ZFEEe dstg AWE Re, T EAANA ¥ €F HEEAN R 7
S, M2Ed FEUSY we AL ZEE dgse #A7 JH BAE ZA
B 4% A L7 mV/secd 71&718 Hd Fon o o FAASFE 09772 ey
o weA, Maesds xEde] EAHY e N8 BF eF¢ XTETFY $HL
933 2L #ANE F3e AW goE ¥ 7 Al

1
GSc

CG = (Rt_Gpr
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R : XEZAFIAY ZEE 7 @mV/sec)

R, : J=HAATHNY A} ZEE G mV/sec)

Ca :AE 39 ¢5# Xx99 X ()

GS, : TEFATIAY vz FxY 7]€7] (mV/sec/p)
PS, : F=HAAZd M A2 FEY 7]$7] (mV/sec/g)
GSe : EEFATAMY XEF FEY 7127] mV/sec/g)

.0045

® : Pyruvic acid electrode
0040 1 © : Glucose electrode

.0035 ~
.0030 —
.0025 —
.0020
0015 —
.0010 — ®

Rate of voltage decrement

.0005 —

0.0000 T 1 T T
0.0 2 4 .6 .8 1.0

Concentration of pyruvic acid (g/100mL)

Fig. 18. Standard curves of pyruvate measured by pyruvate/glucose sensor.

t}, Addition ¥4 9% T3, JZEA qEL9 FA FF
Fig. 195 multiple cathode systeml.2 o]Fo|A EEF/FMZHA/EE 49
st SAHEE Z JEY Y FEITNE BAFEL A SASIEE AVA AES
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--
F-N
T

: Glucose sensor
: Pyruvate sensor
: Ethanol sensor

»
I
bo0

-
Q
T

Rate of voltage decrement (mV/sec)
[--]

(UM (NN O S TN SRS W ST N ]

00 2 A4 6 8 10 12 14
Concentration of sample (g/100mL,%)

Fig. 19. Standard curves of glucose/pyruvate/ethanol by using
glucose/pyruvate/ethanol sensor with multiple cathode system.

Z1% ETHD Qe A29E YA Az LS FA FHdH e, o
s F A AEL 9ASA 2AANIII e @ ALY =TS 2RduN NEE
AzTPY S HE F Y2EiE FA SAY A €3 492=2E TPP7L 3714
A g2 goo] ALHUL, ABRRE EETF, J2B, @S FA S33A[Y £
E3& 03, 1.0, 50 g/100 mL, =284 03, 05, 075 g/100 mL, J&&& 02, 04,
06%9 ¥=& Md3ld, addition methodE °]83lq F JE& 2L FEE AR
oA @ JEw W8 AA multiple cathode systeme 2 A& @3 Table 133 2
o @9, 23 AAMd 938 A A 283 v2F FVE 22T A
Aol %%—3— oY 71H AAE EETF e H284 §3Fd wE RPRAHE T
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sto] BAY gojth mr=Ate] FE7F 03 /100 mLe A$ SAHFHLS 0.287+0.035
g/100 mLZ veleon TE3e FE7 50 g/100 mLY 2§ 5.225+0.002 g/100 mL
2 eyt ¥2%0 FE7 10 /100 mLe) A s2uid qedd Mg 9 4
el ge 0.969~1.058 g/100 mL etk ¥, NEBite yrg ¥ 9 03 g/100
mLY A9 =Ago] 0287+0.035 g/100 mL o]lew, YE2B4E 075 ¢/100 mL 3
7Hek 4 0.75140.066 g/100 mLZ LFERRTE.

Table 13. Simultaneous determinations of glucose, pyruvic acid and ethanol by

biosensor with multiple cathode system

Concentration of component

Multiple cathode system

Glucose  Pyruvic acid  Ethanol Glucose Pyruvic acid Ethanol
(g/100mL)  (g/100mL) (%) (g/100mL) (g/100mL) (%)
1 ' 05 0.2 1.058+0.037 054710029 0.216+0.026
1 0.5 04 0969+0.088 0562+0.004 0.439+0.027
1 05 06 1006+0.071 051210040 0.599+0.046
1 03 04 1001+0.112 0287+0.035 0.389%+0.010
1 05 04 1003%0.103 0507+0.007 0.439%=0.027
1 0.75 04 0970+£0.050 0.751+0.066 0.42710.028
0.3 05 04 0314+0059 0507+0.007 0.453+0.010
1 05 04 1.036+0.090 0563%£0.004 0.439+0.027
5 05 04 5225%0.002 0547+0.049 0.420£0.030
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2 7I€9 SR F3va

Multiple cathode system22 &AF A& & 7€ ©& ENEYe= 53
@ g3 vz deee GC HEEAL EFRroR AT e vady
ouj o)E9 A#ASFE 47 0983, 09542 et (Fig. 20).

Model system(Pyruvate)

1.0

UV - spectrophotomatry
'S @
I |

* Fig. 20, Correlation of pyruvate multi-cathode system and UV
spectrophotometry.

ol HA44 e AHE R wE A3

Multiple cathode systemd] AT HEAHMME Avpset ALY 4 UEAE €
ol27] $189 4CoA 01 M Q4 ¢34 3093 JFRAFAA ALg3gd whe
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Ax e FEE9 uEE FF3 U

v=284 AA : Fig 213 Zo] A4E& 2ASY ALricte 8dA /M3 =& ¥
£ Botrt AF AFadgoH, 2719 &4 2RFE FASY 3049 AUE 27
BAEES 84% A= FAHAND, o W AHSA5E 2503 A=

Pyruvate sensor
5 4
@ -~
§ -
E -
- 3r
- L.
E i ™
@ T ® o
S 2L % o °
[ 5
o ®
g [ ® o ® o ®
b= e o
% .
£
° =
£ [
@ L.
o i ] L 1 i p 1
0 10 20 30
Time (day)

Fig. 21. Stability of pyruvate sensor.
9ag AN : Fig 29 o] EAE LAHE NEuTE 3UA 4 =& FHL B
oJtt TUMEE gaste AE Ueugon, 279 BN odANE & Eoz

dojx A% 20dA = Ad A A9 21%9 FEET EAEAH S HEUUR, °) F
A% 304H7AAE Aol o o3 FadA Fhew AH3TE 2003 FENH.
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V2uiy e S5 1351 EEGY FEF gl 2HHPT 9 9
2HAY ¥} 05 g/100 mLe A$- 0507~0563 g/100 mL Abe]e] oz yehge
H EFUAE 0049 o2 e} T AEY A A 2 UsE FA4 ¥ A
o2 vehygt, e 339 S 02% gl FHE AR A$ 0216:0026%=2
2R Ak olekge] FFo] 0.6%< AS$- 0599+0.046% °lglch TEFoY HE2HS
Al aA 2R84 e 9 2AFEY 04%9) d3te] 0.389~0.453% Abel9) grez 3
A HAT

Ethano! sensor

—_ 12

[4]

(1]

S 10

E [ e

£ | ®e

2o .

g -

%6- ...

> i ®

24T .

> T e %o

:2_ w’e ® o

2

& -
olllllllllll!l!ll
0 10 20 30

Time (day)

Fig. 22, Stability of ethanol sensor.
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8. 439 HA3s

N AzZAY HARSE W) A5t volL ANE LA AN H¥
o 24 s@e PPe BeAUR TEYH Yolgo] Fo AAZA F EH A F
AN JEY A 24 939 $43I9 |

7t B9 &
Q718 & A BY L£EE 40T, 50C F L -amylased] ¥ °] & 40CTE A
At} (Fig. 23) '
L 1]
40
]
8
2
|..
(B
- 18
" - 18
: —A— 1110
A T e T T 1 T T T
0 2 4 6 8 1 12 4 16 0 2 4 6 8 0 12 4B
Timethow) Timethaur)

Fig. 23. A -Amylase activity of sikhe.
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o F#EAZ, A718H 29 v e

FEANZL Q7189 B9 €] 16, 1:8, 1:10¥W ZF p-amylase ¢ ¢ o]
4 F7bHA g A eE AP 28R, 169 vl A 28l v %
719l 7183 &9 ¥&L 1622 ARSI (Fig. 24).

5
4
3 -
£
2
2 F\‘\m—‘
<
A -
—@— time vs 1:6
—&— time ve 1:8
—d— time vs 1:10
0.0 -
o 2 4 & 8 10 12
Time(Hour)
Fig. 24. #-Amylase activity of sikhe.
o, &9 F5F

FAAR P& FAM ZEAZ FANE W FEY FE7 =3k (Table 14).
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Table 14, Brix of sikhe

o FE  (Brix)
2E ik

1: 0.65 20.0 175
1: 0.50 175 16.1
1: 040 17.6 14.0
1: 030 13.8 137
1: 0.25 119 10.1
1: 020 11.6 8.7

2. w9 @

) 3=
YEE Ja8% we wgo Fohddl i Ikt ATE oM T, 4 A
A 2% 1065 ¥ Qa7 3= A3 B4

2 ¥§x .

§E 9A 2 vlAZAZ R H€e] wotd wel gxrt Eoled A
1:03 vl &9 A7 o A4 v gho] A3 *dn @4 J= 4 A& v
EF gxrl ¥ oz yEsth 1:02 &9 A4 A o] T2 uge FF 4
9} H&g 28 B9 (Table 15).
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Table 15. Turbidity of sikhe at various ratio of water and cooled rice

g% ( NTU)

A& B Y CK ik
10865 I73 10T
1:0.50 117 95
L % B
1:0.25 82 24
1:0.2 65 56

3) pH
pHE 9] At Y29 Asish gl 4AES Wel Fol vlgo] Bt A4 F7hE 2
C ozt GE F%e BAT (Table 16). 8 JANNE wel I JBgol JHE ¥l
5% pHE BYT @A 1049 WMol SRt EHOU 1065 H&e) A pHrt 7
3 w99 98 JAANE 1025 104 M&9 Y G2 vEng o wRey Fa
A5elAs shastAz 1065 W& 489 pHAt A4 SR

4 A%
e FE s 48 AE7 vxd F%e BAY (Table 17). 94 L (FE)e ¥
& Ag9 1:04 H&o] I EL AL A}TE HRAL a FYxR)E F2 JH9 B+
A yre] o] BE Ro] A=t ggAw @A AFHo] F¢d a2FA 3Th 1:05 ¥ &)
e ARt agte] xR YHAE -Go2 2544 sk ALeE YERT b (B4 E)
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NEEH

Table 16. pH of sikhe at various ratio of water and cooled rice

pH
FEEROER 4 A%
1:0.65 417 4,53
1:0.50 398 4.09
1:0.40 407 4,37
1:0.30 3.95 393
1:0.25 399 427
1:0.20 3% 3.94

Table 17. Color of sikhe at various ratio of water and cooled rice

B A
AHE: %) & L a b L a b
1:0.65 2675 +0.08 +036 2757 -006 - +058
1:05 2716 +0.056 +024 2646 +0.03 +0.42
184 £U OF By BY B BE
1:0.25 2390 +0.02 +032 2747 -001 +0,89
1:0.2 3120 -010 +002 3084 -0.16 -0.74
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NEEA

E U4 4E7E 3 HEEd 233 103 ¥ YHHdME ¥F A3 BEF -ge= A
AFd 778, 293, 102 99 JdAE JF& Yt +&%, 42 Hde -2 ¢
it 2 v HHE HoiE 4 A7t JE4& & T UM

o, vhol o MMl &g FEA

N L

. Maltose= 036~668%2 ©& Zol ¥l wzd Ech 2@z, ¥ %ol sE
e 1:065 ¥ AN 7% £ 668%E el Glucose: 2 W]go) et
026~1.081%9 #H&E Eded 1:025 v &9 A&7t 10812 Y& A y|d] =§t&
W gEAs 2 %7t AT Fructoses 006~033%7F ¥H#¥ Roz ehtw
1:025 ¥]&9 Aaoute] 033%2 714 ¥ &g e oA WA AN
= F43

2) W& 44
Maltose® 2.17~104% % YellEd ol F& A9 xn %<9 1:06594 2o
F 668%ETH A & Foldth FaH vFAR 104%E T Fol P ge
10659 Al debsteh o2 AF FAI W& ¥ wre] Fol 3 B& HlEd
A#7t ol FFol L AL HY W I wolgd AYol AWF FAN Y&E
g 4 AU} Glucose: 046~0.89%2 1:0.25 H] &4 0.89%2 B Aol opxw
& A Fo)E veEldlth Fructoses {4 29} v 011~-035%9] #%FE& B
A FAE Aol Ae] At o] 1:0250 M9 #Fo) 0.36%= 7+ Ekch

Aedoez N9 HHE 169 A7IEH 9 F& v &AM 40T 2 4N
B¢ 7B F2F F RS o431 HIAE e F& 1065 W EE 3o A
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AN2EM:

& BEQE W7t AN o]E ulo]AME o83ty FAE T AU F
E B AYPAA QoA dA}E E)2 response surface methodologye] & £4E& Al

E% o Aojt},
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A 12 A A

NENE TR 429 AN, 71T TR AEE RO oFRE: EAL
23 ok &, ATAAG 987 FUHDL wgo] ANHe NN AR T AE
S8, AFL e ©y FTHAN o)Fe A FE YA dAFE J8 FHL AA
ATSEY JR4H FAL 2 F4Y Yol By FE

dutd oz FA #ElE 4F sensorEN ASFH ARE ugez IR AYE
monitoring®3 2 Ao] whe} valved] 3] 5 AolE Bate] olFojath WM A
23749 Asse FAY ASH Aclrlge) AEAT/ &R 2¥L W 2 5L @
A 4 ATh AF AL BN B, 2FE0] 2 2799, 7154 Zledy ©
240 2 AL AEY YRS YIS Roj, JE AzFR] Belsts W5
A7t ol AFH AN LEY AEH7|¢o] asa®,

Hel 2 ANE Ago] AR BN A& JAPYo] S5 WE ARA Y
A fol AFASe] ASE FAZA Fuis, waBY & o, AL v AN
AFHE A& A2 54, 4, A4 Y3 JFNT FAA) BEH AE
2 NEQEY SRFD EAWAG o8 ATHE JETAY AA%E 2HE &
et

gteleAME 71A Solyd mE AR 4o fojstn 7189 7)71#A
AN PRETHE BYAZ Fol JATR 2o AR WslE wel 23 5+ U
£ ol el A?® wetq ANAAAY Ada gBo] MANAA FojF Nz E AFH
A& A2 $AR M ATHAE Ao WHHolW, $7€ 2ol BE T
AFHE T840 & Ao A"

we] o AN AL A Wad JIeNFE FAA AT JFsE, 449 T4
AEste] B8 & PC A29sst BFHolth, o] ANE SRR 249 29
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NSEXN

pH 50| UgetA J%& wivh Hetd o 248 AHFHZ AFAIHOZ B
2Azke 9 & A HI2ANY AL 33FES JAHA FABAE LelH
de A9 Bed, o8 24T & At HY 2A%AE A5 ASH FAd &
4 58 A3% 4 A B WA FAAC WS AR ARATYE FA9
S Aort AHestel L A5 & + Atk FA ALHFE monitor® F ko]
A&H HFol AT, |

A 22 A% R ¥

Mg Z4F ute]LAME AFEY & Ang +3, €4 R Y AzHe
FESH o]F AEAY E Y4 T2 JF /HEFRA H L3 T3 588 ¢
Ad=E Yo Y hardwared 849 softwareE L3t

o] M9 AFe 2 GE4HE H42AFH FARFLATE o] 4 AHFY 32
Bt % AATANA ¥4 oY ALE AFE SHZANM S4d WE§ A
FeHel A&uc) F&FNE T8 dold A& AFHA ABstn EHIHA A F
EAG Y E4HEE ) = A F FAAY 84 F UES A GE =
FAg FEE FRY AFAd L4} ESE systemE& FE39 o]& AFFH7] A4
Hag 489 programe FA ¥,

£ AFGMNE 53] vo]eANgA doAE AT AFATE THE9 FFH
dA AL sd £EY AEE ¥ AFE FAFE L F =% IANE 7
Astaol ) =% FA o8 849 dA4E EEANE KAV A AFFAY F
Fol gasia, os} 22 dde FA9 FAHE A=A
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L vtol2 AA 9 HFEH HE AL 74

7t. AFY A& A2¥ 9 Hardwared +4

gloje Mo AFo2 FEHE ALASTH FUARFLATE o &F
BF7b T4 BLIMSSRESE AEd AT FA2ANA AAE FANEE IFH
AH37] A A2dE o3 a9 Fol FH3U

spel e AN LEAA

Hol 2 AN QoRE AZE 4 nAd ol HlA@

PCL
-812

9 332

2

PCLD
Model -889
5182
TERA

ZZ @ multiplexer PC-Lab card

A

E

& #Fu®, o] AF

< AFEd AH YYAD ¢ g A2 FFo] add vLAFE noise T 9
F& B7] 431 A5 gAYl A Bl

ey B a7

A3 FEFZFXE EG & G InstrumentsAte] Model 5182

preamplifier® FY8Ah o] FEFA Hg o5 10° A/VE 10 nAE 1 VE A
2 4 A= 390 dow, 459 noised AAYL 5 U2, 5 /AN Y 2947}
o 10° 10 107 10® A/V). PCLD-889Q) 2% W multiplexers 30| 7% % 8

w4Ag ZZ (05, 1, 2, 10, 50, 100, 200, 1000)¢] 7F53tm, 16 M) SANTE YHG
T 3£ analog 998 portZ/t Utk =& WH B3R} glo], 5 F/F9 thermocouple
(T, J,E K R, 9)¢ A3 4439 softwared o2 A3 &x& AT F gt

NSEX  ABNMGHAMY HHOIQEM AIAY E2)= H
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£ dFdAME T type? thermocoupled ©] &35t

oz FFE JAEe FAFEA 29387 A8 analog NI E digital 2= A
#sta, 98€d S AR = AFEAA AAN g3 F7] H45o A
FEOM J3g Wol o] relaytt motar® TEE & Y= FEFA/ il
& d¥NAXE AdvantechAtolA FY# A& card (model PCL-812)& AH&-3t3ith. of
A% cardE 12bit A/D A#7) (HADC 574Z), 16709} analog 98 N9} analog &9
o2 AL JbEd WY Ade] i, 16709 digital 94 Ad3 16719 digital &€
Age] ZFolA Ag?,

. AFE HE$AEd £9 program
Gl FAT HAEAANE G437 YHME o8 LYY programo] Past
AdvantechA}€] Genie 3.0 program& T{3td 59 33 R AA, FAANYG AnE
Ao] 7% % souce programO 2 AH§HHUTH?. Genie 3.0 Das program& #8384 njo]
| L AMA AR 4 nAY AZ/t FEZE AA 0~5 VY Ui A¥H3, FF R
multiplexer& F3te] Z+ Aol ALATE o] upo] AN 9 WE7|F T =
9 &EE F4%, 12 v &4 45§ AFEHA 98 A F A=F 33, AF
¥ data® Excel programe2 A8E =2 &9FYcth

2. Glucose HHo] 2 A A2dg R4¢ VWY F2o T VT4 A58

r

A9 TR FEF AT P AFs A2FE AL} 3 AEE B
ez E AX3Y 45 ARS 38AH a-amylase (Brewers Diase, Gist-Brocades
A AEE e, 93NN 32 dAFY EHAER 7T mlY 01 M Qi
G384 £ EAzAA glucose 3EF SAEAU. ol glucose Hho] 2 AM
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= galvanic¥ ¢ A2 (ABLEAL, BO-G type)& - ARS8ttt SigmaAl (MO, USA)
9] glucose oxidase (180 units/mg solid)& Immobilon cellulose nitrate 9 (pore size,
04 m)ol FHNZD ¥, 44239 28T platinum cathoded] DA A2y,

Glucose Hlo]2 AN M FHE TETF FET AT AARF oz AFH 9s)
AFLE FAl HAFEHA AR, AR AFY s £AY aHZR e
WA sk, A=, 43z 2ASFS EAUSI FFEHA AF7IEHA Adventech

Abe] Genie 3.0& source program®. 2 &<« $4 program$ W&},

A3 d3 2 33
L deledA el AFE A&N2H 74

7t AFEH F4A 299 hardwared T4
 deledMY AT WENE A2ATH HAHLAATE 8T NFY ER
B7t Fl 8IS HES ALY AFY FAxANN QoA FANEE FFH
A7) A A2dE A .
ulo] L MM A PR E ABE nA FFY o}F HAY AFolt) o] AF ;e
AFEd AAH YA & Qe NZolBE FEo] YA UAAFE noise S
FYE 7] 43 dse] FAFAYo] A0 g wEA, B AFNNE NE ZEAX
2 Ao +58 EG&GAF (NJ, USA)S model 5182 pre-amplifiers A}-&3t 51t} o
FEZAY Hq o5 10° A/VZ 10 nAS 1 V2 AV 4 Y= o] gon A
%9 noise® AAY + A 5749 HE 29451 A (107 107 107 10 A/V).
PCLD-88991 3% % multiplexer: 8%tAl$) F& (05, 1, 2, 10, 50, 100, 200, 1000)

2
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of FHesta, 16749 EANEE YUY 4 Ut analog U porrh UTh EWF, WA
B2} 9ol 6 2FY thermocouple (T, J, E, K, R, )& 3AF QA3 software
Aoz Ase] LEE AW 4+ Utk ¥ ATFUME T type thermocoupled ¢ 43+
Rt |

geow 3EQ As: AFH A¥sy] A3 analog AEF digital VT2 A
otz 999 SAEH AdSAn st AR APAo) Do) F7] A A
EedA 438 o] BuUl9 relayyt motor € FFE F e AESAA/ H_3jH
E AYdAE AdvantechA} .(Taiwan)°ﬂ"'] T8 A4 card (model PCL-812)8 A&
9 o) W4 cards 12bit A/D AB7] (HADC 5742), 168) analog 9% A3}
malog 2902 AE7FEE 209 Adel U3, 1679 digital 99 AL 16719
digital &9 Aol ZFolA A,

v FFE A4S A" 9 program

gGeA FAF FEAFAFE 437 AAME olF €9 programe] Fasrt,
AdvantechA}2] Genie 3.0 program®& 743 A& &4 2 A4, FAAAS AL
Ao} 7}%$ source programO2 AHE3t3 Tt Genie 3.0 Das programs €830} ulo]
SAMA dojA 4 nAY W37 FEJNE AA 0~5 VY AEE A#H, TF H
miltiplexer® Fate] 7 Ade] BEATE lFT o)AMY WAL B WEE
o LEF AT, 12 vt} 33 AEE AFHA 99 AR, A dataF Excel
program$ AHg3te] 2T SHIHYH

oh AAATe] AR A R FAANE
1349s A¥e=re] AYH Immobilon cellulose nitrate ¥ (Sigma’h)-& AH8-3t4

F3gd o 542E nAYH ¥ &i?ﬂ%@”ﬂ EAAARENE FAE ulo] L AN
A2¥L FAAY =, Sigmarte] xanthine oxidase (0.066 units/mg solid) 5 units=

—242—-

RNEEM AZAAMAL BIOIQUM AIAR B/ HEHTA/SBR



AA=EH:

150 se] 005 M 14 €389 (pH 7.5)9] €321zl 5 Immobilon cellulose nitrate
£ Jlate] A DARE VHAYG. KA/ DAY G gas THA Teflon ol Wz
A7l 2 Y4 B9 AL F AAE O-ring2 1AAH hypoxanthine A& Al
289k o2 s A= ulo] S MM ¢ hypoxanthineo] e &HAE batch A2
ol 1ze) & A4 FFY AAGFH) AFNASG AFY 49 A5y ¥ Y=
9% 4 9% E¥ 2YILE FYE 5 3l Fig. 1€ hypoxanthine A4 30T
A 1208, 195.9, 267.2, 301.4 M ¥Xx9 hypoxanthine& IF7IAE o 72 FA9 W
$A%E 2Rz el Aol o] W wge) 80%E 3Fule] ottt wehA,
hypoxanthine AAE Z-gAe] 32 AYYH (steady-state)d] T3 Alzko] Fol
AFY ASA2YL BEHY UNL AR 4o Aedvie FeEs i
Hypoxanthine AAje] Q& A& Ao E4Xo] di§ WolA|7} olF WA vl &
AdYE Bl FHom Fig 1604 BE e go] 22y Fxold 27 HE5e
71€71 Fxo wWE AolE 2o 8t Fig. 2= hypoxanthine HA& 30THA
294 M 89 100 p8E& 7mL 0.06 M 4 &34 (pH 75 wHgxe] dA® A
2h0z FAPe WY AFHAALL AFH) J¥Hd AFHR o|F Excel
program< ©o]-83te X2 vepd Aot aMAM B ups}t o] 7]1A o] w
& AR B2WFL 02 A= AY 534 %48 ol xanthine oxidased) £
2 2uHE §E8829 F& 7139 Fo] FuHoZ MARE B & Yo AAY o
4 % &% MEE SA%E F& AXD LY $ Y& T 4 AN
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Fig.1. Curmrent -time recording of the responses of the
Hypoxanthine Oxidase Blosansor on the different Hypoxanthine

concentrations
12

8014 uM

1 101 201 201
Time (sec.)

Fig2Qurrent response of Hypoxanthine Hosensor. The enzyme electrode was immersed
into the waterjacketed giass veseel(302C ) filled with 7m of 005 M phosphate buffer . A
successive 100z addition of 294uM hypmmnthine was done
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2. ulo] QAN whgo] SEoEA

Hypoxanthine AlA¢] x4 wg wg54E 4927 A3 10, 20, 30, 40C 5
o] x4 $E5HE 005 M Q4 ¢354 (pH 75)% AHEdto SIS (Fig.
3). €27t ¥&€5E 27 AR #ol BA deEREd ot A2AZd AL Hae
Heexe o EHo2 oAAY, Fig 48 44 dE 2xdA dRZAL GE)FL
hypoxanthine& J713t1& W Yeves AFHALATS FFEH JAEN2=EE 439
2A4% AgAFo|t. o] w, 734 mM = hypoxanthine 40 ui¥ A7hstdct 40T
9] A4 271AFE ®A dEistoy 71d Fote) @E AR 22 01 4 A= &
2 Bgon 30CAME 014 MR, 0THHE 011 4, 0THME 005 A2 et
30C 294 utgo] 743 g¢¥EE ¢ F A

Fg. 3 Effects of the temperature on the response of the Hpoxanthine

Bosersor.
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ANEEH:

Fig.4. Effect of temperature on the response of the Hypoxanthine

Biosensor. The enzyme electrode was immersed into the water—

jacketed glass vessel filled with 7ml of 0.05 M phosphate buffer . A
successive 40uf addition of 7.34mM hypoxanthine was done

Current (zA

1 2n 401 601 801 1001 1201 1401 1601 1801
Tire (sec.)

vl HASFLAFY AAY §A R FAZNY

Immobilon cellulose nitrate %-& AM83td F3Ad] 3y B2 E nAZsA vt
1244 N2W& FAHAT ¥, Sigmarts) xanthine oxidase (0666 units/mg solid)
5 units& 150 p4¢] 0.05 M 214 #3289 (pH 759 45417 F Immobilon cellulose
nitrate %2 7139 §43238E P

EA7 233 9L FAFELATY dFATL 2 Hd FHEE 4 ¥ A
AZF O-ringe & 32AA|A hypoxanthine AAE AXsPY}, A= AM6 7] A%
£ 650 mVE do] F3 7.34 mM9 hypoxanthine 40 S 005 M QAF 549 7
mL7l A e §g2d FUSEN QoA AFE AFH FSA2Pgez A=m
3 F 719FA AR} QAL Excel programe® I E2 A A5le] Fig, 58 @2
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A3E AYch 71AE 7R o AHAA 006 pe] AFFHE BRI V1AL %L
e o 003 A AEY AFRA F7HE HERAT.

Fig.5. Qurent response of the Hydrogen Peroxide Hosensor on
the successive irjection of Hpoxarthine
( 7.340M, 40uf)
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2. Glucose WX & o] &3 XxTF JAFRP9 AF3t

7t A¥4d 729 FFH FAA Y AN29e hardwared T4

ExF AA3A AFsE 8 ALY EHAA T YA X=2IY ¥=E
AEEAH7] Agtd S5+ AL E TIANIA F a-amylaseE FEAA 4AIIR
gluicoamylaseg Z8AH TEDE AY3e Y989 I Y= WSXE U=
micropumpE ZE3HA Fe 32 YH 43T N8 A2 FAHEE FAG
o] w|, buffer tanke] ¥-2t¥ solenoid valve’t ZEF3e €A Avlc} 0.1 M U4 &3
£9 pH 7)7F 4ASA SAx2 EHEY glucose AM o] s AR AXFL 53
o] Ae=jo] 2 go] AFHY 4¥ AFHA AUch FHe] B FA=xY 44& &
Azxo] ¥-34¥ solenoid valve’t ¥ &8 vga & F tA] &F 8o AFe= &
g g @& 498 QoA sidh H9 HAe] wEAFo2 dojy IxFe] FEW
3g AFHeE EAY & Y& FAE Fig. 6% o] 44 - AFHAR Fig. 7& o]
g 4EAA

» PCLD
! zray .
? olanold
bufter Bva{;a
L | [Ee] opump model PCL PCL | i
Computer
i 512 780 bz e
3 | 2
esgn [] \ML o) PCLD
N ] B 786

N i Foly

Fig.6. Schematic diagram of the computer-aided autoconirol for the process of the
glucose production
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Fig. 7. Photograph of the computer-aided autocontrol for the

process of the glucose production

1}. Glucose B3R AFH FAA S A2 9 &9 program

g FAE AFH TAA A2 AFEH7] & ]F +9E programo] L
&t} Adventech Aol Genie 3.0 programe& T3] Task DesignerZ flow chartE
438 AL Fig. 89 2th Visual basic 412 Hol o} tool boxo A B&E icond
zol9} icon7lE] AME dA%E YR o] dojutil gk ETie 2942 3%
Azt GHAFE jconol™, PRGiE AFAZ] we ad =24% ¥ & A 9+
Zko] C Qo)1= programe ZrAJsHITh
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t=ET1:
y=t%600:

If ( (y>=15) && (y<=20) )
{a=1 : output (#1,a) : }
else

{a=0 : output (#1,a) : } /3

If ( (y>=0)&&(y<=Y) )
{b=0 : output (#2b) : }

If ( (y>=10 )&&(y<=12) )
{b=1 : output G2,Db) : }

If ( (y>=13)&&(y<=550) )
{b=0 : output (#2b) : } /¥4Z LA

If ( (y>=550)&&(y<=553) )
{b=1 : output #2Db) : }

If ( (y>=554)&&(y<=599) )
{b=0 : output #2Db) : }

If ( ( y>=1)&&(y<=5H45) )
{c=0 : output (#,c) : } //vent
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If ( ( y>=546)&&(y<=549) )
{c=1 : output #3,c) : }

If ( ( y>=549)&&(y<=560) )
{c=0 : output #3,c) : }
If ( ( y>=561)&&(y<=565) )
{c=1 : output #3,c) : }

$ programe 10%#vlt} 57t ONFz¢ 2839 PCLD 7866l %l relay& on3td¥
buffer tanke] e @FENe QY] FAZ AFLE #Y=HUL. 2 F, ONFsol
on A&7 ALHIT YA HF A7} solenoid valve?l F5Ho] dAF A2E AEFHL
2 &9 MU 9= micropumpd HME TN Bgze] IR ABst 22 AF
o2 FdHAQL o w, FAZA A= UE glucose Ml & FFFA
model 5182 %718 B3] AF WHFo] 10%) FEH2 of Az PCL 780& A
PCL-8122 A€o digital k22 ¢34 computers] hard diske] A&z gkol A=A
o AR AL & F FARY dE 9L &AX ¥F¥ solencid valve’l one
2 AFHY H8AA He FAZE Aozl A GA buffer tanke] € A&
solencid valve’t ono.2 7A5HW Sz g3 TYB 478 A F &%
Z9) solenoid valve’t g9 A& A& HIAEF SJch T8, gz LE&FL
TMP ol A §15 A" 2 gko] PCL 812& AA hard diskd]l AFH 3 ONFi8] 43 2%
Z349 wel PCLD 7869 relay’l on-off A45HEE 4 EXLE gl FAHA
sttt ¥gx9 pHE dAE A3 Fo2 FARAY. TS FAANASY AL
<€ 8T x4 ule]e MM 9 SAg FA ) Genie 3.09 source programd] &)
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s display designer2 S1Wo| ZH3E A= YeiAY 218 display® ¥ 5 3
Al program® AAHYT E, ZE ¥5E hard diskel AFHe] SRk BA A
34 A3 Azl B2 WHFE JolE 5 AT 99 BE ARL 1087 ol
A AFHEAY FEAAL A&d Rol9 108 wEAow AR R A9
9t 5% Aoz ¥4 ARE £ 4 AA € 7 AFE ARE Exe

program 2.2 #4{3}4 @}

ET1
l TMP 2 AVG 2

PRG 1

y \ 4 ﬁG 1 BBTN 1

TMP 1

ONF 2 ONF 3 ONF 4 |
AVG 1
PRG 2
J ONF 1 l

3494 Al 8 DO4 AL 1 AVG 3 DO 1

Y

Fig. 8. Flow chart of the computer-aided autocontrol for the process of glucose

production.
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o A¥4 FEo HFEH FAA N2dY 9

Az FAA] NAYE §88d 94 EY IEFANEE FYo Fx=AS
o g XS £4% A3 Fig. 99 & AAE Ak o] W, $$=AL 7 mLY
01 M & #2489 (H 7009 =7 B8 (1, 2, 5, 10%) glucose §49] FY4 o
£ glucose AA 9] WEEARE AME Aot FEI ¥LFE 274N F4F A
487 dojg g BAE ¢ AUt ol FL 7¢7) ¥wsE SAFAY HAFHA A
F B2E 3% EEIFHNE Qo AF Fo 2o ARE g4 AE £ &
A Fo XxF FEUSE ASY F A& FolH.

Fg.9. Qurrent response of the gucose sensor at the different
ducose consentration.(10 x£ )

12

08 |

Current («A
8
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