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HBThV, REBELZELLHETES. X BERC
EERGICH N, BEEICEN, BEORIGO S Z i
B r0T, HERNsHCAAINTETVS. B
FRISERIFA L LE8EE, FBREELY I
A xh, BEERC L LEREYSZDORENZHIT
HoBY. —FH, “OOBERESHHVIZEERIG LA
HRISERSESDET )Y A4 7 VRIS & H(LFEEIRO

BHEAS, Sua—2¥Y NADY YY), LAMYOBE LY

Y ITEAIRTETNS. UL, BREYH—d—
BicHORGE (BEE) 2H0T0i0T, {L¥EREE
AR ZIEHICTHERBROBREEZRFBLTIVS LEIEV
<, WRKICRAGH Y, MEDN HDTIE/AL.
—%, BREYT 75— 3nBE+HsBOBRERETE
50T, BEL Y —ICHRTARELEBREZELS L
PRIETE S, LhL, COKIRBRYT V5 —%H
Wz LB OHE I, BEY-IAF—2HVL L-
IBOTEVCEOINTVLDOHKERTHSH. ABIRT

* BRI TR TG LA - 591 KBRAPRT A
. EBKEHAT 4-804

X, 2L OBKERZEOHBERE U CERES-OF VT
IRFF= VYR LA F FEOLERIRIC X A%
glizE v, {b¥EEi) 727 5 — & LT OBREDORRIC
SNT, 7Ty y—h—KEMmEMZLIZ FIA g%z
O CRBIRNZMA DO THRES 5.

2 X B

2.1 & E

SV a— Z-6-") v EEBKFEBESR (EC 1.1.1.49; 397 IU
mg !, from Leuconostoc mescenteroides ; L' G6PDH & B
), Y7AI—+ (EC 1.6.4.3;100IUmg ', from
Clostridium kluyoeri), D-7° ) 31— 2-6-1) ~ B (G6P), B-
—aFry7IFFF=sIXsLAFF (NADY) &
Z0O&7TH (NADH) RO B-=aF»T7TIFTTF=>
YRy LAF KU VB (NADPY) & Z 0 & T H
(NADPH) AV 7 VIEROBDOEHWVL., 7
2F Ty A rFALT2— b (PMSY) ETNVI VT VT
v F(20% KEH) M EHMETLERObDEH V.
ZOMOREI T X THESFZEMEZO T THV.

2.2 BETMEV77 52—

LiChrosorb-NH, (Merck 87 3 / B&EE&Y V) #, b 312
F4E 10 pm) ~NOBEROBEELIE, BRERYOTERICEL
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THRD EHITfTHoT2. 2EKDAT > L AEE S 5 4 (N
£ 4mm, £ X 12mm) X LiChrosorb-NH, % 7£ T A
U, 5% (v/v) ZVFZLTFTILTE R (0.1 M REKFES
k) ABK) 10ml 25 2 REREERL T, AX—H—
ERAERIC AN INELBEA L. BEEAKT 15 FFEGESR
Utzig, 1 KO H F A2 G6PDH (1000U) & V7 &
S—¥ (300U) OERABRAK (0.1 M, pH 8.0 KEE
EHW) 10ml%E, #hdAH 5 412 GPDH (2000U) #
FHEERICIARR L rBRBER 10ml ZZh£h 2 R
wELUCT, BEEEE(TAIEICEST, 2BHOM
RVT 7y —%EBUE. X, RRIGOANVIVEEB
FOEEE, 01M 7)) ¥ VEHK (pH 8.0) 250 ml
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Fig. 1 FIA system with immobilized enzyme reac-

tor for amplified detection of nicotinamide-
adenine dinucleotides

A : carrier solution; B : pump; C :injector; D:
stainless-steel tube (50 cm long, 0.25 mmid.); E:
G6PDH (glucose-6-phosphate -dehydrogenase) im-
mobilized reactor or G6PDH/diaphorase co-im-
mobilized reactor; F : flow-through glassy carbon
electrode; G : potentiostat; H : recorder; W : waste

G6P . GL6P G6P GL6P
:::G6PDH/; \\G6PDH:::
NAD* NADH NAD* NADH

Diaphoruse
PMSH PMS* Fe(CN)s" FolCN)s
A B

Fig. 2 Scheme of chemical amplification of nicotin-
amide adenine dinucleotides

A : G6PDH immobilized reactor system; B : G6P-
" DH/disphorase co-immobilized reactor system.

G6P : D-glucose-6-phosphate; GL6P : D-glucose-0-

lactone-6-phosphate; G6PDH : glucose-6-phosphate

dehydrogenase; PMS™ : phenazine methosulfate;

PMSH : reduced form of PMS™; NAD™ : nicotin-

amide-adenine  dinucleotide; NADH : reduced
form of NAD™
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THETHIEICEVBRELRL. ChHoDOBERY TV
¥ —3MFRALEVE X, EEICHAWZESERFICR
LT, BEEANIZ 4~6°C TRIEL 2.

23 RELXTFLERERE

RE S AT LOBEMEZ Fig. 1 1KY, BBEIXRERK
thkoa<w b7 Ry 7 (MABYWERS L-2000), K7
vya Ay b (ABYERS VMD-101), aC&at
(AMBIEFREL 056) E 70— AN—BIT S vy —Hh—
RYER (WARERSE) 2EroBRahTHY, B
BTHEFNESIE 351£0.2°C I LI EHBKEICE S
nNTVas. ¥+ Y—iBmKE LT, G6PDH BEELY 7
75— EFZBAVNDHEEICTIE, 2mM G6P & 0.2mM
PMSt &l 0.1 M REEEBER (pH 8.5) ZHWL 7.
G6PDH/ V7 A&7 —YREENY T 7 5 —DHEITIE, 2
mMG6P & 05 mM NFH4 37 8 (1I1) A ) 7 L%
001 M RBEERK (pH 7.5) AV, 4 vV x
gy—porEAINERB Y- (low) YBRYT
74 —NTHET B &I, Fig. 2 IR L 72 NAD™ -
NADH )% 4 7Y v J{LZEBEIBET VIR - T,
G6PDH ") 7 7 # —DIHBE 1L PMSH (PMS™ DETT
®) %, GG PDH/ V7 A5 —FH YT 75 —DHEITIE
Fe(ON)+™ %4 5. = hoOHIES Wit ERY %
55y y—h R BECERMEST ST, ZaF Y
FTIFT7F=vIR7LAF FEICHU TBIRS WIS
BEB/BDHIENTES.

3 REREEE

3.1 *+UV—FHMEEE pH

3¢1°1 G6PDHEEEVT7IV4—2AFL  Fx)
Y- RO BE S AR E pH KOV TR L. 1 mM
G6P & 02mM PMST 2 &4 OEBEBE B (Tris-
HCl, ') v 8, REEEK; pH 8.5) £% ¥ ) Y —1AK
EULTHOWTREFLVIIER REZEHHROBSIC
NAD'& NADH KM U TR AKDOBENIF oI, B
12, REEEKICHANYT 5 G6P & PMST ORERE
IO NWTRETL I2#ER, G6P & PMST OBEMNZILZ
h2mM, 02mM M ECIEEBRIIRALLD, 20
LlEo@ETIiiZiF—EE 2 -172 (Fig. 3). X, BHK
® pH BEZERIGEECXETSDT, ¥+ Y-8
WD pH 12D W TRRES U 728558, pH 8.5 TRAREN
Bont: (Fig. 4A). 22T, DIBEOEERTW, 2mM
G6P & 0.2mM PMS*' %2 &t 0.1 M jKEZEHR (pH
85) ZF 4 VY —BREUVUTAHWSZEIZUT.
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Fig. 3 Effect of PMS™ and G6P concentration on
amplified current of NADH obtained by us- Fig. 5 Effect of hexacyanoferrate(III) and G6P
ing G6PDH immobilized reactor system concentration on amplifilied current of
Carrier solution : A, 0.1 M carbonate buffer (pH N_ADH obtai.med by using G6PDH/
8.5) containing 2 mM G6P; B, 0.1 M carbonate diaphorase co-immobilized reactor system
buffer (pH 8.5) containing 0.2 mM PMS™. In- Carrier solution : A, 0.1 M carbonate bufler (pH
jected s_ample: 1.5 nmol NADH. Flow rate : 0.5 7.5) containing 2mM G6P; B, 0.1 M carbonate
ml min ™" buffer (pH 7.5) containing 0.5 mM hexacyanofer-
ratee(IIT). Injected sample : 1.5 nmol NADH.
Flow rate : 0.5 ml min '
o [
3 o
3 A/° WIT /() BAA VA MATHBLDLENS 50
E (o T, EBKE LT 0M REESKEMLD, Chdd
= ~, ~ ——
2 osf -Jﬁh&¥ BOEME IS O W CRE U RER % Fig. 5 IORT. X,
£ pH OEBIZ OV TRE LR % Fig. 4B ITRT. 2
£ A B NHOFERD 5, LUEOERTE, * v )Y —EHKEL
T 2mM G6P & 0.5mM ~¥4 3 7 / (1I1) A Y
VAZEL 0.1 M KEEEK (pH 7.5) 2HVWE &
0% 9 7 8 9 Ut |
pH pH
3.2 HinEE
Fig. 4 Amplified current of NADH(O) and NAD* ﬁ = 3 .
ENENDILEBIRR) 77 ¥ — it LT, BELS

(&) as a function of pH of carrier solutions in
G6PDH immobilized reactor system (A)
and- G6PDH/diaphorase co-immobilized re-
actor system (B)

Carrier solution : A, 0.1 M carbonate buffer con-
taining 2 mM G6P and 0.2mM PMS*; B, 0.1 M
carbonate buffer containing 2 mM G6P and 0.5 mM
hexacyanoferrate(III). Injected sample : 1.5 nmol
each of NADH and NAD* . Flow rate : 0.5 ml

min~!

Nex v )Y —BRET Ty —H—-KyElRrBHS
& UTHW, NADH %2FEALBEORE LR INE
HEZH>WTKRE L. G6BPDHBZEY T 79—V AT A
T3 PMSH #%, G6PDH/V T A5 —~Y¥BREVT 75—
VAT ATEANTH T /8 (1) B4 & ¥ PERICKR
HanaMEE 55, Fig 6 ERBORERICH LT
0.0 V(us. Ag/AgCl), BHFEDRERITHL T 04V (us
Ag/AgCl) WERBILSBEMBEETH S & %2R,

NADH OERRIC & 5 BEN B EICIX 08V YD
MEEZABEETHILEHBUT, IhsDL¥EE

3e142 G6PDH/}‘77#<5—€§§')779—°/1
T4  Fig. 2B DILEWBET AL SO 8 &
I, CORTEHF Y)Y —BRIZESED G6P &~ F

FCRHEEN T, NESREICRETE 25D 5.

NI | -El ectronic Library Service



~ The Japan Society for Analytical Chemistry

112 - BUNSEKI KAGAKU

Vol. 38 (1989)

Table 1 Calibration graphs and detection limits for nicotinamide-adenine dinucleotides obtained by using

G6PDH immobilized reactor system

Amplified response

No amplified response’

Fig. 6 Amplified current of NADH as a function of
applied potential, £
A : G6PDH immobilized rteactor system; B:
G6PDH/ diaphorase co-immobilized reactor system.
Injected sample : 1.5 nmol NADH. Flow rate : 0.5 ml
s -1
min

33 2 B
— R, BEOEN IS SEEE CIHEED FR

IcHEnd 5. KRR TCHVWHIEBREY T2 —IIB0T -

b, BEOLFEIITEEIHALLY, 40°C LT
BMEYT 75— ORMEEENSE 20, I 45°C L
LTBRIEBMICKIE L. 22T, $RXTOBER
35+0.2°C TfTH 2 &iT L.

34 XrV—BRABEKRER

v )YV -—BRRBIMRY T 75 —HNTOHAM Y/ —
v OEERRE (RIGKRE) ICBRT 5. #-T, %
BOTHLEEVT 7 I—RTOHY A7) v IRIED
F—vA—N—EMBEINL, Fig. 7 ITRLIZED ICHEE
RIZELLLHXALL. X, 22 THWI G6PDH &
NAD* Oft1iz NADP* 1 b/Ef 4 % DC, NADP* &

NAD™ NADH NADP™ NADPH NADH NADPH
Linear range (pmol)  20~1X10* 20~1X10* 20~1X10* 20~1X10* 5X10°~1X10° 5X10°~1X10°
-Slope (nA/pmol) 0. 552 0. 550 0. 498 0. 489 0.0291 0.0289
Intercept (nA) 3.1 2.3 0.6 2.1 —5.9 —=5.1
4 . 0.997 0.998 0.999 0. 996 0.999 0.999
D. L. 6.1 5.9 6.8 6.5 188 165
1" In the absence of G6P in the carrier solution. 7 : correlation coefficient ; D. L. : detection limit
1.0} ﬁor
<§_ 40F A
=
g A &
. 05} 5
s . Q
& B g 0 — J
—_— o
2 &
L 2 b
E R
< 10
0 1 1 L L L 5 -
—04 —0.2 0 0.2 0.4 0.6 \g\
E/V(vs. Ag/AgCl) 0 . H
0 1 2

Flow rate/ml min—!

Fig. 7 Effect of carrier flow rate on amplification
factor for NAD" (&) and NADH( Q)
obtained by using G6PDH  immobilized
reactor system (A) and G6PDH/diaphorase
co-immobilized reactor system (B)

Injected sample : 1.5 nmol each of NAD" and
NADH

NADPH iZxf U C b RIRDILEBIBIOE2BH &0
T&El, ¥+ VY —BREEN 05mlmin™! D& &1
Bont:ZE@=—aF v T7TIRT7F= v IXILAFFiIC
XY REBBROMITER%, G6PDH BRI T 75— %
HWIzBEIZ2W\WT Table | iIZ, G6PDH/ YV 7K 7 —
YtBRVT 75 —2HVIEEICOWT Table 2 IR
3. HEIRERIFIEDOV T 79T 17~19 £%, HB#EDY
T75—-TH6FECTH-7. X, RHTRIZS/N=3
DL E, AIFEDRTH 6 pmol, %EDFHTH 20 pmol
TH-1z.

35 BRUTII—DREM
MRILE < DGHE, BELT 3 & TREEIHRES
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Table 2 Calibration graphs and detection limits for nicotinamide-adenine dinucleotides obtained by using
G6PDH/diaphorase co-immobilized reactor system

Amplified response

No amplified response’

~

NADPH

NAD™ NADH NADP* NADPH NADH
Linear range (pmol)  50~1X10* 50~1X10* 50~1X10* 50~1X10* 5X10°~1X10° 5X10*~1X10°
Slope (nA/pmol) 0. 360 0. 354 0. 345 0. 341 0. 0631 0.0618
Intercept (nA) 0.8 0.6 0 0.6 —2.9 —2.1
T 0. 999 0. 999 0. 997 0. 999 0. 999 0. 999
D. L. 18.5 17.9 16.8 20. 1 78 70

T In the absence of G6P in the carrier solution.

N5H, KFRTES LI >OBE) 77 5 — bIAK
REOBRICENT, REMESELLGLEIN. W
FRUT - 3 AMEAFEAL TS, BIELK
IKEONIBIERZ#EEL 1205, 2 DREERIIBRLIC
ﬁ&b.%ﬁ%ﬁﬁﬁﬁu¥ﬁbt\ ’

AR RN I-BEYV T 7 7 —DOEFEER, V775 —
NTBERIC/MEERIEY A7) v 7FH 20 I3BEKR
S/BRRIEV A7) vy 7 fTbesl ET, =aF
YTIRTTF=ZVIR7 L4 F FEOLERERY) 7o
-+ UTHRET A & THB. LML, NADH O F
BERHEDO—D ThH 2B NEELEHLAT, HRTI
BEMIZEEDOWLS HDTIERWVD, ZOL> R
T 7 5 —IZ & BLFEBIEOREIL NS WS 2 BRRIGR
ICHEAS 5 ENTEETH B DT, SEBOH 2B
WRETE 5. X, KR TR &Iz, (LEBEIER I
FYUY-—BABRRBIIEUSEELILDT, Aby T K
70— FIA VAT LE2HD, D53 L.HATCOERB V-V
DOHHEBMAE< T5I &0k, Bio kX aliER%
BBEZLELARETHD. COEHIBALy T RF7u—
FIA WEEZ R W IALEBIBEORRIC DV TE, RICH
&3 5.
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Chemically amplified detection of nicotinamide ade-
nine dinucleotides in a flow injection system with
immobilized-enzyme reactors. Toshio Yao, Yoshihirp
Marsumoto and Tamotsu Wasa (Department of Applied
Chemistry, College of Engineering, University of Osaka
Prefecture, 4-804, Mozu-Umemachi, Sakai-shi, Osaka
591)

The glucose-6-phosphate dehydrogenase (G6PDH)-im-
mobilized reactor and G6PDH/diaphorase co-immobil-
ized reactor were used to increase the detectability of
nicotinamide adenine dinucleotides in a FIA system with
a glassy carbon electrode as the amperometric detector.
In the former reactor, the amplified response was
obtained by enzyme reaction/chemical reaction recycling,
in the presence of 2 mM D-glucose-6-phosphate (G6P)
and 0.2 mM phenazine methosulfate in the carrier solu-
tion (0.1 M carbonate buffer, pH 8.5); in the latter reac-
tor, the amplified respones was similarly obtained by en-
zyme reaction/enzyme reaction recycling, in the presence
of 2mM G6P and 0.5 mM hexacyanoferrate(III) in the
carrier solution (0.1 M carbonate buffer, pH 7.5). - The
amplified currents were linearly related to the injected
amounts of the nucleotides in the range of 20~ 1 X 10*
pmol in the former reactor and in the range of 50~1X
10* pmol in the latter reactor. The amplification factors
of the former and latter reactors were dependent on the
carrier flow rate; at a flow rate of 0.5 mlmin™ ', they
were ca. 17~ 19 and ca. 6 and the detection limits were
ca. 6 pmol and ca. 20 pmol, respectively. However, at
lower flow rates (<0.5 ml min~') the amplification fac-
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tors increased remarkably. In conclusion, these enzyme Keyword phrases
r.eacto.rs were fou“d_ to be u§efu.l for .chemical.ampl?ﬁca- chemical amplification; nicotinamide adenine dinucleotides;
tion in the detection of nicotinamide adenine dinuc- flow injection system with immobilized-enzyme rezctor;

enzyme reaction/chemical reaction recycling; enzyme

leotides, particularly in a stopped flow FIA system. I C
‘reaction/enzyme reaction recycling.
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