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IVM-AFF UMM LT VAT 3+ -+ (GOT), 7
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BM#EY 4 7Y v 7ICHWS NADH EXRK: 0.1 M b
) A-ERBE TR (pH 8.0) %, MDH /A (30 U/ml) i&
0.1M ) Y E4ERFMW (pH7.5) %, ADH A (20
U/ml) i 0.4M YOV v BEREEG®K (pHB8S) %,
NAD' (5mM)/MDH (12U/ml)/ 7V % 3 ~ B (25
mM) BABBIL 2-T 3 /7 2-2Fv7asx ) — Vs
W (pH9.9) ZHOTHM L. A FH UMM (2mM)-
¥ /=) (1.2M) BEBHKIE 0IM +) R-EME
& (pHS8.0) W THARNL 2. G6PDH 1WEHERIE I
B W2 G6P iAH (1.2mM), NADY EHBAK (1
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(pH8.0) ZHWCHARL .

L FEREICH O A IL BE (1.2X1074 M) &
08M KEIEEHHK (pHI5) ZHAVTHBL 1.
MPMS YA #k (5X107°M) & ¥ m-POD A # (1X107°
M) 3EEBEKEHOTHEARLU.
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2+4 {LERAMEL

2¢4°1 BEY LIV JT%RBVS NADH DL ER
XMEE  NADH FRHEAM 2ul, ADH AH 10l
MDH /A 10, A ¥ ¥ oMM/ /- VEREHBHK
0w 237045 AHKREICED, BRLT +°C, —
RIS S8, ROTHEKOS 3 SHENE L TBRR
EEIEX ¢ 5. %A%, NAD'-MDH-GOT-7 )%
IVEBRAARE 200p A, 20°C 10 SRS & ¢
. CORIGH 40pl % &0, MPMS A 500 pl % i
Z, 80 BPRAZEBICKIE L, IL-m-POD RAEK% 500
pnx 7z, EHIKVIA vty RAY—-F—iZAh,
15 Bigh 5 6 OB EZRIET S

2+4+2 G6PDH &t MEX G6PDH B 5
ul, G6P /AW 50 ul, NAD* H 50l 2327045 2
HEBEICED, 30°C 30 FRMRE S ¢, 035M
NaOH 7AH 5ul 20%, 75°C, 20 SH/KiBFTHERT
5. CORIGE 2 &0, 2-4-1 ICHEU THIFL,

Vol. 38 (1989)

LEHANES 5.
3 BRRUOEE

3.1 WERE

BEF 41 7Y v 72 & B NADH O{LEFEAIE SR
0" G6PDH EMRIEED R % Fig. 1 IZR7.

AFFOREIE MDH Kk V2L A Y BICKYD, £
DOEE#RE#R NADH X NADT 1259, RWTLY / —

WA ADH ICED T R T AF R RISk 5B NADY

12 NADH ICEE5. CORISHBORI A (4270 Y
7), LA vEISEREhD, MALTHA2Y YT
RiG#EIEURE, v LA vBBRFICima 8 g
NAD" & MDH X & 04 ¥ aff& /s, NAD' »S
NADH ~ZE#ftxh 5. Ll EiC &0 NADH »#iE 3 h
5. '

CORISDOFE & ERAUICR S € D 12dis, —RIS
e K3V UvBSHVSNTWV S, NADH O{LEKIE
EHETHIHDICHOWA I EMNTELRL, T, ik
TIEBRLLAFFOMEE VY I VB/GOT I &
Va-r bhITNgIVvBELUTRMIRET S.

4R L1 NADH 28D AEY &S50 T IL/m-
POD IZ K B{LERKETANET S LIk, BRIIO
¥ NADH A8 USRS ICBIE 3 5.

3.2 EHMERAOHKRN
3+2¢1 NADH D{t¥RXMEEX NADH OFF
HA4 2y IRIGIKBY 5 8ERS, BEHOEHERE .

Oxalacetate\/—NADH c\/-—Acetaldehyde
Malate .-/\-» NAD+ -/\ Ethanol

MDH

Malate + NAD* =—— Oxalacetate + NADH + H+

GOT

Oxalacetate + Glutamate s=——= Aspartate + a-Ketoglutamate

NADHX 1-MPMS+ on , H20;
NAD+ 1-MPMSH,

G6PDH
G6P+NAD* GSFDH, 6PG+NADH
cycling

Fig. 1
G6PDH

Isoluminol
m-POD
Light

Principle of enzyme cycling reaction for NADH and
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Fig. 2 Effects of various concentrations on enzyme Fig. 3 Effects of various concentrations on enzyme
cycling reaction cycling reaction
-(a) MDH ~concenlralion; v(b) oxalacetate (a) NAD* concentration ; (b) MDH concentration ;
concentration ; (c) ADH concentration; (d) etha- (c) glutamate concentration ; (d) GOT concentra-
nol concentration ' tion
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Fig. 2(a) IR 3 & 51X MDH OMREORINICHE-> TH $ 104 104 104},
0 (]
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. . g
BotzdT40U/ml &L, 3 oRE8IL Fig. 2(b) 2
AT ES I 2mM TRAERED SN HIERAES  fod gl o gl
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D, BICRESMATEEETULUL. -7, 2mM #
FFORRAKRERVS I EE L. RBIC, Fig 2
(c), 2(b) IKRF £HIZ, ADH RULY /= NVHLBE
DEIMICRE->T S/IN KB BRAELE-1-DT, ThEh
20U/ml, IMBHEEHWVWAZEE LT, :

RICBESA 7V VI TCHEBR LI LA VB
MDH/NADY/GOT/ 7 V% I vEEEMA THIET 5
NADH K £ #4 5 RIE4& #1220 T, NADT,
MDH, 7 V¥ I VB, GOTRE2ZhEFhELx
TEB#EH#ERDT. NADY, MDH, 7 V% 3 VBIX
FRNFRBENSPAT I ONTRABSAELY,
S/INHb& K& B, NADT &7 V% 3 ML, Fig. 3
(a), 3(d) KIRT &HITENFN 5mM, 25mM T
k& /&0, MDH & 30U/ml i U #2. GOT & 0.3
U/ml LETEEF D S/NHERLIZOT, IMEA
BWEHOWBZ L& L.

3+2+2 GO6PDH BMOLHRAMEZE  BIEY
LT 242 DMERGEOEHD G6P RU MM K
NAD' B DOMEE =BT L /2. Fig. 4(a) Fig. 4(b) i
RT LI, KETIEERY OLBERMEBETRE

G6P/mM NAD/mM Reaction time/min

Effects of various conditions on G6PDH en-
zymatic reaction

Fig. 4

(a) G6P concentration; (b) NAD concentration;
(c) reaction time

9, G6P i 1.2mM, NAD* & 1 mM T& - 7z. Fig.
4(c) IRT LI ICRICHMIERL 551X > TLESR
KR SR LD T, 180 FICED .

33 BRERRURMEME

32 CHREINL 2241 RU 242 DREEIC LD
NADH K U G6PDH OB ZIERK L 7. Fig. 5 IZ/R
4 & 52 NADH D& 12 30 fmol~6 pmol/assay T
0, RHBAIL 30 fmol THo7z. ZFETORMEMOD
By RZE (RS.D.) X 3.1~105% CREfFTH-
ro. BESA 270 T2HOGOEERY © NADH 01t
ERAAEEDOKRHRAIL 10poml TH Y, - TA
Bk 300 FSREBE DS L U 72, Table 1 K84 0
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Fig. 5 Standard curves for NADH obtained by X L _
various methods
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Table 1 Detection limits of NADH obtained by
various methods

Method Detection limit/M

Spectrophotometry 107Y
‘Fluorophotometry 1071
Chemiluminescence 1071
Bioluminescence 1o~
Proposed method 3x107"*
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Fig. 6 Standard curve for glucose-6-phosphate de-
hydrogenase
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Ultrasensitive chemiluminescence assay for hy-
drogen nicotinamide adeninedinucleotide using en-
zyme cycling and its application to determination of
enzyme activity. Masako Marpa, Harumi Ishizawa and.
Akio Tsup (School of Pharmaceutical Sciences, Showa
University, 1-5-8, Hatanodai, Shinagawa-ku, Tokyo 142)

A highly sensitive assay system for NADH was de-
veloped by coupling with the enzyme cycling method us-
ing alcohol dehydrogenase (ADH) and malate dehy-
drogenase (MDH). This enhanced chemiluminescent
assay of NADH has been applied to the determination of
glucose-6-phosphate  dehydrogenase (G6PDH). The
method is as follows; To an assay tube, add 2pl of
NADH solution, 10 ul of ADH solution (20 U/ml), 10 pl
of MDH solution (30 U/ml) and 20pl of oxal-
acetate/ethanol solution (2mM/1.2 M) and then incu-
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bate at 4°C overnight. After heating in boiling water for
3 min, 200 ul of enzyme cycling solution (5nM NAD™,
12 U/ml MDH, 1 U/ml GOT and 25 mM glutamate in
2-amino-2-methyl-propanol buffer, pH 9.9) was added to
the assay tube, and then incubated at 25°C for 10 min.
After standing 80s, 40 ul of the reaction mixture was
mixed with 500 pl of 1-methoxyphenazinium methyl sul-
fate (5X107"M), 500ul of isoluminol (1.2X107*
M)/microperoxidase (1X107®M) (1:1) solution was
added and then chemiluminescent intensity measured for
a 6s interval from 15s to 21s after addition of the
chemiluminescent reagent. The calibration range for
NADH was from 30 fmol to 6 pmol/assay and the detec-
tion limit was about 3X 10~ '* mol/assay. The proposed

enhanced chemiluminescent assay for NADH was ap-
plied to the assay of G6PDH, in which excess NAD"
was destroyed by adding NADH and heating at 75°C for
20 min. The generated NADH was assayed as de-
scribed above. The detection limit was 3X107%

mol/assay.
(Received May 11, 1989)
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