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ABSTRACT

Metal dispersed carbon paste electrodes were fabricated, and their electrochemical properties were in-
vestigated. Among various metal dispersed carbons, platinum-dispersed carbon paste electrode showed
most efficient electrocatalytic characteristics. The overpotential for the oxidation of NADH was signifi-
cantly lowered in the platinum-dispersed carbon paste electrode, and catalytic current was also en-
hanced. Based on these electrocatalytic observations, L-lactate biosensor using L-lactate dehydrogen-
ase was constructed to evaluate its performance in terms of sensitivity and stability.
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NAD(P)*-dependent dehydrogenase+= A}3}3}
E40% 7 FH R B RS AP B3
3L Hpolo Al Moo S4-2 A Yh(1). 2 o]
e 2A A 7R E o] B 4 olnk AR, de
hydrogenase& o| &3 &4 75-_1—?,'-3 I HkLo) 48
Ao zi47 B4Ho)7] PR o]F HFEH
a9 A FFIAAE F ool k. EAE,
NAD*/NADH 43} 34 %2 W& redox poten-
tial(SCE thu] pH 7.0e4 —560mV) (2)o 2}
o &, NAD*¢9 & 23l (oxidizing power) 2
2 o Sebt SAE 3ol wpdes A9
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o] 7l¢ths Zolth. wetd AAHE 4
H(3) e oA EAE Hrlste] whgo]
S FAs ool grh(4). EER‘J', NADH®| #A71H
G518 24 A29e gt Aedlie L
< 53t AAd== NADH7F Gub-sof] o]4-5
7] gl 45 4 JET 8224 3a7e) A
25 A fAFe R st ek vheg f
Zatofob g}, npxjzte g, NAD*/NADHSE u|7}
QHel W7) Hebd B4 ol B2 A1}, B A
o 875+& =& overpotential, 231 o]z|3 =
< AYHAA dofbs A7|sheh Fukgo] ok &
ARE £ 7 UtG).
o]23g¢k NAD'-dependent dehydrogenased o]
&3 vlole AlMe FAHE A e vhoA
= (carbon paste electrode) 2] f&Ajo] A A|=g]

HEE AA
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t}(6). Carbon paste electrode(CPE)+= =b4(gra-
phitex} activated carbon)E HAIFEZZA| %t o}
Uzt g4l 2349 wAEAZN o]fdtm o
7] mineral oil, liquid paraffin £2} ZAgA4E A
7k8ted paste Hel2 ghEo] o]F AFEYoE ¢
2k Z1& i), olzigt YAl AIE FIle
B4 HAAQ FFo| 7hedta, a49 A=5E3
o) A7k AHFel oJstey 4AH NADHE &3
Ao R ASHA|A whE-9 FHE dste Wgow
¢ 9lowy, w3l AzxAG w7 H) (electron transfer
mediator)u} E4 A F& E-iste] AT 7
& FAAE g otk B3] HIole AR H
Aol gt A7) @is] FAET e, 8),
o|2]gt mediated electrode= AzFE ufr) ]2
leakage 2. 2latod upo]o AA 2-Lof F9% 279
etgAe]l HolAle A AAAL =i ok
SAeo] s As o & FAHE Holdrh(9, 10).

£ AdATedMde d FAHEES AR elec
trocatalytic activityS z+= F4o] 2AlE] 9)=
carbon paste electrodeo] gt A7] 3Fstd AFLE
Tastd, AR H3eAq NADHS] Atzlol] ot
A7) kA B4 B3 AFE Pt =3
WAAADT A~ = FHatolA Fede] F7hE )
£ L-lactate®] &4& $#8lo] L-lactate dehydro-
genaseS o|43 nlole AIME sidatx Aztd w}
ol dlx el B 5ol i ATE sk

A L

NEE

L-lactate dehydrogenase(L-LDH, EC 1.1.1.27,
Sigma type X, from rabbit muscle, 850 Units/
mg), L(+)-lactate(lithium salt), Snicotinamide
adenine dinucleotide( 3-NAD, grade M )2} Anico-
tinamide adenine dinucleotide, reduced form(A-
NADH, grade [)& Sigmar}2%& F43teleH
Holael AAAA glol AHE3tdch. Graphite,
activated carbon, platinum dispersed carbon, ru-
thenium dispersed carbon, palladium dispersed
carbon, mineral oil& Aldrichel| A T8)3}o] o]&-3}
g}, o)9jol] A}43F BE x|oke analytical grade
olglom, Adel o] 8H TE AL oAFHSTE
ARg-3kod A Z39tt. Supporting electrolyte 2=
potassium phosphate buffer(0.05M pH 8.20)& o]
$3tsich.
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Voltammetry ¥ amperometry 2432 EG & G
Princeton Applied ResearchA}¢] Model 362
Potentiostat - o]|&3}le] 4=815}9th. Potentiostat
o B HES £¥& peripheral interface card(PC-
LabCard, PCL 812, Advantech Co., Taiwan)& #}
#3} IBM-PC compatibleg o]-&3fs] 42 4+ 9}
glor, interface card= —1Vel|4 +1V 2] signal
& 9% 4 9)+= 16 channel A/D converter& 74
b Alagle] 752 dFANA C-d4E AA
Az softwared o]&-3s}¢ich.

Carbon paste electrode2| M=t

Carbon pastet carbon®} mineral oilg& &%3
o] A|ztgltd., 94 carbon®} metal dispersed car-
bon& Zt7t & metal Ffo| HEE TPt o
719 mineral oilg F7FEF 3 1087 o}r]) &3st
of #Ae] pasteg ZA3kct o1F WA 2 me
nylon Zol} ¢z 7 EHL emery paperE oiv}
3ot Nylon #9] @& Felle 97 2 e T2
B g Aste o]E o FRel dAsgd.
Lactate vlo]2 4149 A= sAdlide A9 A3
£3}Eo] lactate dehydrogenase?} NAD*E A7}
stk 7t FAAEY 2L o3 Ao $4 5
mg2] lactate dehydrogenaseS 9 mge] NAD", 80
mgo} carbond} & EFI}F F, of7)d) AFAEZH
mineral oil& 90/ H7IRF & ohA] & T3
CPES =¥ 9 ddvl= o 7|&d dE #3849
ovf, 2u1R sloledAE Aasks &, 4A 4%
o 4 E33}sict.

Electrochemical measurements

Cyclovoltammetry2} amperometry= 3 mL vol-
ume?] AP A== electrochemical cell W
o4 ¢t APL AATAE o]t 3
Helew 7]EHZFToZ2=  BASAH Bioanalytical
system, USA) 9] Ag/AgCl 71Z4=(3M Na(Cl) &
o]-2-3-9] 2 counter electrode 2= w2 ML AlL3}
ek ZE AYELE Ao 3 F T supporting
electrolyte2+= (.05 M potassium phosphate buff-
er(pH 8.2)& o]&3}¢ltt. Amperometry A&
A He A=) Ag/AgCl tiu] 480 mV e} A&
7}8t2 background current® ¢FAI}A|Z T TF
L-lactate £9-& micropipette® F4J3t1 wulgh
F olw) B39 AFAR Y ARATE A
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Fig. 1. Cyclovoltammograms for 1mM NADH recorded at the plain carbon paste electrode (a), platinum
dispersed CPE (b), palladium dispersed CPE (c), and at the ruthenium dispersed CPE (d). Condi-
tions: scan rate SmV/sec, 0.05M potassium phosphate buffer of pH 8.25.

L-lactate dehydrogenaseZ o]-&3} L-lactate u}o|
QA &Aukg-e o}-2) 2t

LDH
L-lactate+ NAD* —— Pyruvate+ NADH+ H*

Working Electrode

NADH NAD* +2e + H*

Voltammetry A#dAe 248 mulstA] 93
linear sweep®] 2702 AR — A FAE FA3}
ok, AHEH FEEHL ujd AR A2FY o] &
&t

K
()

ZER

80| 274 BRI HI(siaE £4

A xuk-g-o] A7 AtslEA9l NADHe| i3 A
713kt ql BAS Feotslr] flate F40] #H7kd
eI FEo] ArtEA 42 'S dis
o} cyclic voltammetry® <83ttt Fig. 1&
plain carbon paste electrode®} platinum, palladi-
um, rutheniume] 2zt A7} carbon paste elec-
trode¢] NADHe| %l cyclovoltammogram-$& -}t
eldich, z+2+9) metal dispersed carbonel| A F4-2
ol 27 dio ol FHol =HEE plain
carbon®} &3Fsle] AIFE Aztslgdcl. A#d] o4
% NADHY %%+ 1 mM& 393 scan rated 5
mV/sZ 3}gct. Plain CPES] 7#A$-o|4= NADH
of g AEARE Ag/Agll 7IEAHT oulz
300 mVelARe sty ARtsielen, Hdf
peak& 660 mVelA A&z 1 mM NADHq
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i3t peak ) F7)= & 3 Ao ol V&Y o
TF7A3e} dX|g= Aolth(11)(Fig. la). Platinum
dispersed CPES] A9, AFsAHZE= 100 mV ol A%
B slr] A2t 1 peaks 520 mVollH &
Egom peak Z7)= 4.5 pAZ4 plain CPEe| H)
gl 140 mV 2] overvoltage lowering2 vFe}uigl
t}. =3 Platinum CPE) 4= plain CPE2} §-A}3H
=719 background current® Jelisich(Fig.
1b). Palladium CPES] ZH$olle At R+ 200
mVMF-E ddsly] Aaslgdz Ak peak
550 mVel|A] &3=5]9lom peak current= 6 AR
# plain CPEo}} 8]3}o] overvoltage?} 110 mV
ol Mt} (Fig. 1c). n}x|2te & Z A% ruthenium o]
#7149 CPE9 7golle AMAR7E 100 mVe)
< Al e wesly] ARkl A3l peak-2
520 mVollA 73&5%1e peak current= 7 pAZ
71 ZA el =3 plain CPEY| djs}e
overvoltagex= 140 mV A Jolx]= A}E JE}
yick(Fig. 1d). Z2]Y ruthenium CPEdA=
background current7} 20 pA=Z 3A PdEte
NADHe} =&+ 4F3} peak o] 7d& 0] o8] chrono-
amperometry &4 o]2]3F capacitive current
£ AT d g Ate] 2aFHen, ®
3l kX35 background currentd] 7= AMd) A
22 77| diel vpolAMZ ] HLof] offgo]
w2 A "o}, o)2gl FA A overpotential 9] 74
7} 23 background current2] Z7)7} 2+ plati-
num dispersed carbong lactate upo]o Ao A
SEAEA A =dch F4o] Frld shaA
ol A overpotentiale] wo}x]= FAFE electroca-
talyticg @A4<¢ Z3 9= EAE metal micro-
particled] 7]¢lgt 7o 2 Azt=c)

Carbon paste electroder 7 ZH=Exo] A=A
o2 AZIAEAL YA =9 supporting electro-
lyte W¢] A% carbon paste® &3l M2 T
Hol| A5E k& o 2 FakEle] SojeA 1 NAD*
= NADHZ= 3hsisich o]2jgt Ao HA| vlo]
SAIA 2] 28] paste] Wil HAE & e
NADH®| A7|d 45t #Estr] fste] EH
analyted] NADHE pasted]t-o] x| 4]z1 Abefol
49} cyclic voltammetryE <83}tk Fig. 2}
7o) paste W] $|%5 NADHE supporting
electrolyte W9 NADH&= #rolglk  cyclovol-
tammogram-g el gt Paste el U3
+4t® NADH| 744 NADHE: AZ&4ds}
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Fig. 2. Cyclovoltammograms for NADH incorpo-
rated in the paste (5.1% w/w) recorded at
the plain CPE (a) and at the platinum dis-
persed CPE (b). Conditions: as in Fig. 1.

FA AR AZ o]&F= carbono]yt metal
dispersed carbonef AltjA o 2 spgA 9 x3H4 2
t}. aetA E&5%E cyclovoltammograme 44
~+e] NADHe|| 9i&} cyclovoltammogramel] B|3}+d
o1& 2 Ao A 4k} peakr} JEhiH t& F
< peakd] FAE el Fig. 204} 7ol
plain CPE2} 7§ 413} peak potentiale] Ag/
AgCl 71243 dirl2 550 mVeld yehir,
platinum dispersed CPE2] 7%= 410 mVeiA
peak7} wda}A| Hch. o9} zFo] pasterfoll ¢)3]s}
= NADH¢ #$-ex plain CPE$} platinum
CPE2] 7+9) overpotential 8] z}ol= ZtE 8=
S FEE & St} =F Fig. 2bollx= BAbEojgl
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Fig. 3. Cyclovoltammograms for 1mM NADH
obtained at the plain CPE/LDH/NAD*
and at the Pt-CPE/LDH/NAD". Condi-
tions: as in Fig. 1.

+ metal microparticled] 2J3F background cur-

rent?] 718 FFE 4 Aok AP AFAE

ehd cyclovoltammogram$ AHA| 3| #23le] B,

0mV 2o Are AR 4998 AL 5

ot

olzx|eto 2 AA| lactate wlo] 2 AlAe} e 24

9] HZojl4] NADHe| tigt cyclic voltammetryS

<33tsdct. Plain CPE9] 7%+ 1 mM NADH

of tg At} peak7} 700 mVeld #HEEgeH
peak ] F7|= 3 pAgith. =3 platinum dispersed

CPES] 7|4 4k3} peak: <k 480 mVellA4 7

593 peakd] 7= 4 pAch(Fig. 3). ol¢}

2 A%RE EQE ¥ 4, platinum CPEE 4

& 7% plain CPERt} & A (480 mV)olA

Hlo]Q MM E o848 F 3T, wetd HAEAY

FgE o= Ax A" 5 g Ao, w3 F7}

%l peak currentdl] &J3} sensor sensitivitye] 7}

£ 719g 4 ¢)7) 9&e platinum CPEE L-lac-

tate ol e AlA o] A=EAE A3}t

L-lactate  B}0|QMIA (Pt-CPE/LDH/NAD" )|
SE &4

Operating potential

ulo] 9 M Aje] A A9 (operating potential) o
w2 CPE9} Pt-CPE lactate ulo]eAlie) A%
okibe Fig. 49} 2l Aol g nlole A4 Al
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Fig. 4. Dependence of biosensor response to
10mM L-lactate on the applied potential
at the plain CPE/LDH/NAD" and at the
Pt-CPE/LDH/NAD*. Each experiment
was conducted with a freshly prepared
biosensor. Other conditions as in Fig. 1, ex-
cept the electrolyte temperature was 26C.

%9 Z7}= sigmoidal curveZ o}z oo plain
CPEE o|43 L-lactate nlo]ealH o] A9 A%
£ Ag/AgCl 7)1E4= dtiy] 400 mV A
B AE57] ARt 550 mVelARE FH3] F
74sted 800 mV ol e T3Pl o]2& 3
g8 Heglon platinumo] #7}% lactate ulole
Ax e 7%= 10 mM lactated] gt Alz 7}
200 mVo A& HEE7] Ajzste] 350 mVel 4
FH F43] 3718t 600 mVel A E3} e
o]Z23ich. ol 4949 NADHe| #F cyclic
voltammetry®} f-AFgE kg el Flojdh
s wpole Al A AAHE AT HY
Aol Az 27] F, AA sensitivity FH o A
£ 600 mV o]Atel| 9] operationo] #-2sich. 2
b wloloAlAe] FEAH o]&& 8] back-
ground current®] grAo] w2, cyclovoltammo-
gramo| 4] NADH 4t82] peak potentialql 480
mVE EAAHE AAsd Ag/AgCl 71&4=
tiu] 480 mVoll4e Axg89 79 charging
current?] <tAste} A|E e F9l, AlMAZ9 A
I EA-o 2RHE A7 F 3ES A UEE

T 4 A%l
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Fig. 5. Dependence of biosensor response to
10mM L-lactate on the solution pH. Con-
ditions: as in Fig. 4.

A 243 9 292

Pt-CPE<¢] #=g7#4<] platinum dispersed car-
bone| H7|HEAE FRsl, 83 7AA A=
£ 7HH, 239 AAELY 2A3E YME
paste 4] H¥A 2} carbon®] ®lgo] Fasir).
A A o) F3Fo] FU1gel we} Az A7)+ &
Ex o] #EE¢ o o]+ mineral oil9] dielec-
tric SAo] 012 A BHe) Yo 7|5k Ao
2 goEh aelx Ao Al gk 46 %
(w/w)o2 fa=E9lem of ZZ3}e|A response
surface analysisE 3o 229 ¥ap& HAAsY
o}, AA" AL platinum dispersed carbon(46
% w/w), mineral 0il(46 %), lactate dehydrogen-
ase (2.9 %), NAD*(5.1 %)qloH o|%9 AgL
o] 274 F=gc}. o|3A ZAH platinum
CPE lactate ®v}o]l9 AlA9] A3} A ¢ (work-
ing potential, 480 mV vs Ag/AgCl)s}el|A] sup-
porting electrolyte®] pHel] @& AAAF 2] #H3}
£ A9 B3kt}h(Fig. 5). 13 549 A$d=
ol AL e wAME Y] Hslel o8 Fouke
o] g¥g Al o). wlebd FapAql wlo] @ Al
o] &5 $sted olzid Ade| amperometryE
B3t st whEAql AYde F3)4 pH 7.2
~10.87}219) amperometry’} 8% Az e
pH 2&EAe] Yehgom nlojedlxe o) sensi
tivitys pH 9ol HAE=Sic}. ol 4o Wol4]
9] lactate dehydrogenaseo| thgt &4 pHel 9.2
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Fig. 6. (a) Typical calibration curve of the Pt-
CPE/LDH/NAD" for L-lactate. Condi-
tions: applied potential, 480mV, tempera-
ture, 26C, electrolyte, 0.05SM potassium
phosphate buffer (pH 8.2). (b) Hans-Woolf
plot for the calibration data of the L-lac-
tate biosensor.

o} §A1% Agolch(12). B2 We pH g2y
E4 B B vlo|L ANE o4 5
& pH 8.2014 Sas}sict.

L-Lactate v}o] @A 9] 4%

A AFzAI SAHFEo] HA3E lactate
nlo] @ A€ o]&%} calibration curve® 319
t}. Calibration& 0.9 mMejl4 60 mM = $j9] L-
lactatedl] thale] s =gch. Fig. 6ast 7o) AA
Az E 89 529 get A3 Al Michaelis-
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Fig. 7. Operational stability of the Pt-CPE/LDH/
NAD* (a) and the response patterns (b).
Between each analysis, the biosensor was
kept in buffer solution at room tempera-
ture.

Menten kinetics& Jehfigich, §44k%o] 44
Al ZA# calibration curver Michaelis-
Menten kinetics® @t=2m, A2 HYE= 7 mM
7tA ok (r=0.995)(Fig. 6a). uto]le Al &3
g7 (detection limit) & signal to noise ratio(S/
N)E 322 & o 91 /Mo x ¥h3AI7H2 90 %
Az7IFo2 92 Wt oje ZHe ASuk3$
kgl g Ao g vepid ohg3) 3
ss:Imax”K;;%:g

A7 Lae Hd AFAEY 327, [se A
9 AFAZ9 =7], K,*= apparent Michaelis-
Menten 44+, St £AA89 FE& vehir). o
£ Hans-Woolf ploto 2 u}7o] vepia ofg) A
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3} Zr}(Fig. 6b).
S_K,*” §

ISS_ Imax + Imax

AL L= 341.3 nAolglon K, = 442 mM
o] c}.

EE wpoloAlM e AAHl o]&L daAs
A4 e} ek Aol S35} el lactate wlo] oAl
A1) operational stability] Z4< ¢t 3 7|
o] ANE dEHo R o]83lE XA 10 mM
lactateol] ozt Az o] WH3lE FAstr}. AP
Aol wHstelom zhzhe] SHajolols AME
HZ4-Ao A Bstolc}. Fig. 7a9} 2o 837}
2|9 ol&d e 27] AT 90 % $F9 A5 E
dg & Sldden 2537 o]4 Fox 55 %< Al
27F AEEHAUt. ARA, 1004, 2642 o] o
Ax AzeE Fig. 7be} ol WA o] Lo
Aol WHEAIZEE 52 olglem o] E HAY Rl
£t s 2ot gdebd Y AT E dEHe
A" S o 7~83)9 o]fo] st5stqn). &3
ozl AME-® A& thA] emery paper® dwujgh
Af 271459 Z719 wESAIHE o4 3EEe
Aoz FAEHGY =7 AT AR A
A3 AEE s A3, AN 4E, ALvlsst
M 47049 o4 vlole M9 AF7t 90 % o)A
frA o] A=A

#io} 22 AE 53+ platinume] #H7HE car-
bon paste electrode® ©]&-3l lactate u}o]Q AlA
F Estgien ole} 22 ZH#e ] ¢ de
hydrogenase type2] Ble] 2 A4 7o) o]L& 4
s AR A

2 o

Carbon paste electrode® 283023 L-lac-
tate 5482 A7|3tetA] nlo|Q AIME AT R
Mg 4 gk, £3] Hojyd electrocatalytic
activityE 7zt platinume] #A7}% platinum-CPE
E ol83to Y2 AYolHe] NADH H74 4
37t 7bsskedtt.  Enzyme(lactate  dehydrogen-
ase)?} NAD'E carbon paste®dAlo 2 A A=z
grozy L-lactate A& 943 AFAQl ol 24l
A8 o] shsdtddch. Het 2L pEdTE F
3l t}2 NAD'-dependent dehydrogenaseE =
43 nlo| e A2 8] Hgo] 7jrfEict.
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