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Flow-Injection Analytical System for Simultaneous Determination of
Acetylcholine and Choline by Use of Immobilized Enzyme Reactors and

Enzyme Electrode
Toshio Yao, Yoshihiroc Matsumoto, and Tamotsu Wasa

Department of Applied Chemistry, College of Engineering, University of

~ Osaka Prefecture, Mozu-Umemachi, Sakai-shi, Osaka 591

Acetylcholinesterase and choline oxidase were immobilized by reaction
with glutaraldehyde onto alkylamino~bonded silica. They were
incorporated in parallel as the enzyme reactor in a flow-injection
system which was based on the splitting of the flow after the sample
injection and subsequent confluence before reaching the peroxidase
immobilized electrode. Because each channel has a different residence
time, two peaks were obtained for choline and total of cheoline and
acstylcholine. The first and second peak-current were linearly related
to choline in the range 5x10-° - 5x10°*K and to total of choline and
acetylcholine in the range 5x10-¢ - 1x10-*M, respectively. The detection
limits were 4x10°7¥ for choline and 2x10-5¥ for acetylcholine when a 10-

4l sample was injected. The assay speed was about 15 samples/h.
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1. #8

TEFha) yREERT#EEZEMEL LIRS, MEMEIISITL A
ERECHEATHE AHMREIILDRME LTI eIt onizahn
20BN, TEFLaU ErOKBEHMETHEIZIOY L OMAER, HRE, WHHIR
W2 BIWHEOHBLEFANTETNS,

FIT, BEEOoWR T EF LY vEa) vASHERSIIBET A HIELLT,
FRFRIIAEINOCERTE7LF LY v XTI —+ (LT AChE & RBEAC
TH)ea)odF Y-t (LIFChOEMIET 5) 2 EFbL AN FUT 9%
—~ VDB EEER AHARAAFRE IO NS 7 ~FIAAI Y AT LIZDWT
Bt L, BMIZEWEL 2. AHARTIE, IBALARAEZ/ O 2R THAMNERFIAL
BrAY, SEASLeLELLZWEIDARAELOMELZERRICOWTERL,
B LERAB-ZOTHET 5.

2. ¥8
2. 1 H#

AChE(EC 3., 1. 1. 7)3Sigma#t®¥8 (140010 mg"',
Type V-S, from Electric Eel)%, ChO (EC
1. 1. 3. 17) @E##% (14. 31U mg', from Alcal
igenes sp. )&%, "NAFFHSY-L(EC1, 11. 1. 7, POD
LRETA) WA - UL H - vy NLAlLEZAHY (Gradell, 100U
mg ', from Horse—-Radish)oOsDrFniA. TtFLal
v E Y UiEeiE, MAHEYHOLOARML) Y ETHITERL TD
B,

2. 2 BELBRHZEVTIY-LPODEBNEY

BEBEEYF72%-: LiChrosorb-NH: (Merck##%7
TOBEAYUN, NFR 10un) AT ULAMATL (RF4nm, B
X5mm) ICHEBEL, Svol, % ZUIYALTAFLR (0. | MEMKSE S
FUDLER) #1. 0ml min'OFBT1, SHMERTI-LICLED,
AN = - BEBICHNLIAEEZEALE, ZTh%20., 1MUY VEEBEER (pH
8. 0) TH®L, AChE 2801U¢ChO 43I1UDRABRBETG
(pH 8. 0, 0. 1MV vHME&GR) *2HMEMTZ2L2&D, ACh
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A —IBAEL, BAoMBBLAE, ZOBRIOul B#H OFETT
UNMELZAEKR (20 x 1 0Omm) OFTICEHL, BRFMTERbIcRE TS
T, B BAERIERE, ThBMBS TRLAETVO - ALIZESEL, T
OD-AN-HOBEERE LTAVWE. 252 LB8IE1, 6 vl THE-E.
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Fig. 1 FIA manifold for the simultaneous determination

of acetylcholine and choline.

(A) carrier solution (0.1M phosphate buffer, pH 8.3);

(3) and (H) pump; (C) injéctor; (D) AChE-ChO coimmobilized
reactor (@ 4mm, 5mm); (E) ChO immobilized reactor ( @ 4mm,
Smm); (F) delay coil (¢().Smm, 6.0m); (G) reagent solution
(0.3mM potassium hexacyanoferrate(IT) solution);

(I) mixing coil (@ 4mm, 6.0m); (J) POD electrode; (K)

potentiostat; (L) recorder; (W) waste.
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AChE

Acetylcholine + HZO ——> Choline + Acetic acid (1)
Choline + 20, + H.0 9% Betaine + 2 1.0 '
2 ) etaine 20, (2)
- h— + POD 3-
H202 + 2 Fe(CN)6 + 2H —— 2 Fe(CN)6 + 2 H20 (3)
3~ Au cathode 4—
Fe(CN)6 + e ;*% Fe(CN)6 (4)

(-0.03 V vs. Ag/ag )

Scheme 1

2. 3 HMELATLERIE

TEFLIY ) DAREFEF IAYZTLOBBAEF 1 g, 1IZRY.
FEIETEARFE I o b7 (MEAEREREL-5000), BF(LFEREE
(M ASEREVMD - 10 1), ElKY7 (MASERURP ~203)
MR (MAMEMRBYYR~-101A) 670 -AN-BPODEBEZENSH
HERTW 3,
Folb-BiHeLTO. IMY UMEER (pHS. 3) %, —FikH
(1. 5m1 min ') TEBTE. 12V 79-06FEAXRE (10
1) BERY - i, ZHFBEFTORBIIITZAE. Y75 - (d) TTE
Fhayreay v (1) & (2) OBFERIBICLAN ST, BMILKES
B A. —FH, A5L4L (e) T3 roand (2) 2L A > TRk
FEEEET BN, 7H¥FL2U LIZEERLZY. BRaq)0 (F) #EHORIEC
ANBIEIZEST, UT 2% - (d) 2o &MY - @Y7 2% (e) %
o FREY - I N, —EHMOBREF> TEEAICET S, FHX R
FEEYV - OBCRERAEFET, A7 (g) 2k > THBO0., Sml
min '"TEBRENAEANFHLT 28k () BAYYLAKBBE (O, 3mM) &
TXYUYALNATERAENS. PODEER () BREBRYT7 79 -TH KL
EFRMIEKEEZETHIEK(3) DEBRTAFY YT /8 (1) A IcEBRL,
BEREBPBTELAAXHY T /8% () M3 v 2EEBH (~30mV vs,
Ag/AgCl) TREMET 5.
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3. OERLEE
3.1 FIAYZRFLOMSEHRMESM
a) Fy Y -BilEopH

Bt EOEERVE EHE BRI AROPHIIKECEKET AT L0106
RT WA, LETOME TEELENEAChELChODEHp Hids
8. 0—8. 5OMIIHL - LHBELE., TITAMBIIBLTH, pHE, 3
O UEEER (0. 1M #F v UP-@BELUHATEI EITLE,

b)) B NVOEX _ :

BEIAVOEXE, BIE -V B2 - 70DWIILETE. Lo, &
DITETE 2L, FEIB LY, T4 LATOREY - OO rDH2
B - RGN, E- 2 %aANEL T AR, THEFHMEC RS, 22T,
SRR, BE, FEEELEFELT, HEO., SonEAEmOTIOUE LR
Ea e LTHWE,

) ANFHVT I EK (1) IEORE

AFIAYAFLTE, AChEEChODERMIZE» THML 7ML AKS
B, AFAZ = H L LTAFHYT /8 (1) MAF v ABCRED B EEN
CHBRICMABI EIZE 2T, ~FHY TP /8% () A4 LTPODAE
BTERMETIRBIESIVWTWS, XETE, BEMNTRETEL0T, &
MAEEWE I L2 ARANENZHEN DLW L LBEWX-2T (1 VHELTS
RO EHTEARMANS B, EIT, AFAL-F — BEIDWTRE LR
£, 0, 3nMOBETF T AL - 7 3BHEKBETLEOT, REFRE L
TO. 3mMAFHST /& (1) AT LAKRERER DI &L A
d) g o ;

MEkBEHY 775 - CREGBRNERV{THLABE, 7€ FLay o
JyorhFhimol »o Rk AkE2mo l #ERT A, =27, & (1)
ORET7E2F a6 v 24K T2850BEERELA (2) OR
BTa) oo Bt KELERTIBAORBEREL, FYUY-BRESR
FELIETHMELE (BL, REBSHEHRBL—-F (0. 5ml min-) 2
FBok)., GEOMMICE-T, E- 238 nn, - 2@EE®ML 2,
2ml min ‘WUELOKBTEER-ELi-ok, FLAHBRELEEIE2, O
mlmin 'UTORETI00%THY, ERWICTLFLIY >80y Vi,
20 vERELREICERTELE, E2T, FYUT-BROFERE1. 5ml
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min-"ZHEELR.

REoBITOER, BRARERAGTHEONARYENZF IAY Y FILOHE
Fig. 277, MEORBIEIWT, XF1AVZFLTR, a3V vicn
LTBI -~ 7eB2- 20 86on3, 7eFlayvicgltizBle -
IDAEENI LIt THIIEFEOBREFEKICLALOTHD, F 1
ALBERIGLHBATEIXRERHEAD—2TH S, LEXNST, P7EFLaV Y
O UOREEMOBE, Bl -3V v OBREI, B2 -3y
ETEFLA) VOBRBRICETFESTHEOC, 2 ETEFILAY U D2EIH
FREBTAZEIARTHS. FATERHMIRKHIZANADELEBELT IO
T, Y7 YV I EEEIBER1IS5TH S,

3. 2 HES

= l)yz;7t=.f-)b:1')yt_:$ﬂr ;F—i—_év:’l "L_r_—_Zmin E
TAMEB®EAFig., 31077, ~§P——J §:t:f"—7
QYOI -71E5X st E@i::iﬁ
10-5—5x10 ‘MO E& s e
BTHMERO. 9986NHE il e
BMEETRLE, £, aYY 1] %——Tﬂﬁ—“
DHE2C - JRUT €F LY it = —
SEHTBEFIAY - 2125 x —ti= S
10°%—1x10 'MOBEE jr I —
B THMERO. 99980R 1 . B R
FoEREERLE, X612 = dm A\
Yy DB - ETEF AT L [
Y-y TS R choline ' acetylcholine
E{A-DESERLEDT, Fig. 2 Typical FIA signals
EFHMOMEORIZIE, 2 for choline and acetyl-
VORBBERAEBAWT, Bl choline.
—ormov—yIrTAME Injected sample: 0,5mM

(10 1)
BEEHTRTIEINW LIRS,
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Fig.3 Calibration curves for choline (@, 1st
peak; O, 2nd peak) and acetylcholine (0).
Sample size : 10 pl o

3.3 MEOHE

CFEFALAY LAY LOEEER, RUEOREEMEAVTFIAY -2
OMEOERBIZIOWTRIELE, 5x 10 *MOREEET, FIASLL -
SOMEOERMEEHEEEREE (n=10) TO. 37%THor. A2t -
ZIZRLTI3. 5% TH-k. 7, aUvereFlay vicd T sRIHET
RIS/ N=208, ¢th¥h4., 1x10-"M, 2x10SMTH> 7.

4. %8

FEZRPORERRMLZHAL, 25 LHHMY -V 08 -B&RF I AR
FAWAHI LT, BERMZ2HOARERSNZFIATARICLEATS S,
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Lin L, WATICHS LABERBENDI LALMASHEAHP L CEIZHANT,
BHETHEERRE > T AN, EEEEIRWI DI T L4 BELEN
FRB LR TITALA%, 2<OFELXALTWS., $LEELBEEASLEPO
DEE#ERIE, FHLAWHFICY JHEGH (0. 1M, pHB. 0) #®EL
THRBIZA-SCTHRELTSIHE, BOAOMBEHCHL S22 £2iC &
AL BERTAI L L IBBORELMLEREY - vhORBEEXBEHEDOFY ) ¥
-BMRECERIMBERTCELIEFEBRE ) 709 -OFHER, THOERE
MBRUBEETROATY LA TEETH 3.
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