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Development of electrode material catalyzing the oxidation-reduction
of NAD(P)" for composition of nitrate-biosensor
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The NAD(P) (Nicotinamide adenine dinucleotide phosphate) was electrochemically reduced to NAD(P)H
(Nicotinamide adenine dinucleotide phosphate hydrogen) without enzyme catalyst by using the special elec-
trode which functions as an electrochemical catalyst. The electrode was made from kaolin, graphite powder
and Mn-ion by baking at 1200. The neutral red was covalently bound to the electrode without Mn-ion. The
modified electrode with Mn-ion function as a catalyst for reduction of N&®DNADH and that with neutral
red function as a catalyst for reduction of both NAD+ and NADANADH and NADPH, respectively. Nitrate
was confirmed to be reduced to nitrite coupling with oxidation of NADH which was electrochemically reduced
or NADH which was commercially purchased as a chemical. Nitrate biosensor is possible to be made with the
catalytic electrode but without NABreductase or dehydrogenase.
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Fig. 1. Schematic structure of neutral red bound to
graphite electrode. The carboxy group can be
produced by heating treatment at 200 for 24 hr, to
which amine of neutral red can be bound by
covalent bond.'®
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Fig. 3. Elctrochemical reduction of NAD+ to NADH by
Mn(II)-graphite electrode that is cathode and
platinum wire was used as an anode. ImM NAD+
solution in Tris-HCI buffer (100mM, pH 7.0) was
catholyte and 100 mM NaCl and 100mM
potassium phosphate buffer solution in DDW was
anolyte. The spectrum 1 is for 0.5 mM NADH, the
spectrtum 2 of NADH which is treated with
Mn(I)-graphite electrode and the spectrum of
1mM NAD?' that is treated with non-modified
graphite electrode and was not reduced.

3. g3 & o

NAD*&= AAolA Gl gJairut giglo] 753k
Faiz Algddels s okt electron mediators
AHgsie] 3lel NADHE NAD'Z A3lEe Zlow
pyEs ekt 2oy o)k Akshukg- F )
oJs] #¥ NADHE 7[d= o]&3dlw vkl AgHs
7] wjZe]] NAD*9] $hls} #H¥ whgo] H83k 4
grhe= ©ie] 913, NADT/NADHY] recycling =3
At geiabest AR vhEU1E sk o8
T o EA47F Ak ol dEsr] dsiAe
NAD"/ NADH?] A} 89luhe-S 715 o Zx14]
7le AFE Mdele Zlo] desi A5 Sr=
A3l A ARslSrdago] Ak o] Atsle
I BAES I gagle]l A=A AlskA o &
A 715 o] Wi dWseeta ¥ v
A et FElditt. Fig 35 494 BE vl 7o) &
Agk Az wizfAv Segle] Mn-ons 7 A171
A=e] Fujzkgs} A7leAe] Shdeo] o] NAD*Y
£ NADH=Z #¢%%.9H, neutral redEs ZAAZI A
oM &= NAD*¢} NADP'= NADH¢}
NADPH= =it} o]Z1& 4150l 37+ Mn-ion
I} neutral red7} Z=te] A7leldR]e] 5] FHlH F

%7

T
&
i
=
jl:]
(ol

0.10 4

Absorbance

0.05 -

4

0.00 . - r - .
270 300 330 360 390 420 450

Wavelength (nm)

Fig. 4. Elctrochemical reduction of NAD" and NADP" to
NADH and NADPH by the modified graphite
electrode with Mn(IV) and neutral red (NR) which
was covalently bound to the electrode. The
modified electrode is an cathode and Platinum wire
was used as an anode. ImM NAD" or NADP*
solution in Tris-HCl buffer (100mM, pH 7.0) was
catholyte and 100 mM NaCl and 100 mM
potassium phosphate buffer (pH 7.0) mixture was
anolyte. The spectrum 1 is for 0.5 mM NADH and
spectrum 2 is NADPH reduced by the modified
graphite electrode with NR. The spectrum of 3 and
4 are for NAD* and NADP", respectively, which
are treated with non-modified graphite electrode.
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Fig. 5. Reduction of nitrate to nitrite coupled to oxidation
of NADH, whcih was catalyzed by cytoplasmic
membrane fraction isolated from Pesudomonas spp..
The electrochemically treduced NADH (@),
commercially purchase NADH (V) and NAD+ (D)
were used as a reducing powet, respectively.
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Fig. 6. Enzyme kinetics of nitrate reductase separated
from denitrifying bacteria. The Km and Vmax were
calculated by Lineweaver-Burk plot. The minimal
detection limit can be determined by the Km value,
from which the theoretical dectectable con-
centration of enzyme sensor can be estimated to
be 0.047 mg/L.
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