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2 2k Pediococcus|Xl 2% lactate oxidase(LOD)Z poly(vinyl alcohol)(PVA)l 27 3}ste] 2717
Z 749 lactate H}O] LAME A 23} T Lactates LOD T4942] RESA A== H,0.5 2713}
A o2 F(Au)Plel FAAIZ Prblack FolA AFSIAA A7 & 4 AU PrblackS 2 FHE0]3] AlA|
= s dalA e A (+300 mV vs. Ag/AgCholl A 2 AHstAFE BS99 ascorbic
acid, acetaminophen, uric acid 53 7] 4t8l=7] 42 4l 59 FFS AAAAFTAL. YFRee
S 2= gkt F7o] A ZY S ALt AN E in vitro W02 S EAISL H|EEA B
T S Hrreidinh AZFE AAE 0.05 M NaCle E3H6h= 0.05 M 914k 91589 (pH 7.6)°)
A deE Al e, 0.1 mMelA 9.0 mM9] lactate =774 A F 28442 UERASIT 4
3t MM = 4°C G580l RAFI O, 25U o) 7S (sensitivity)7F AH<] WH3}EA] Ut
Abstract: Two electrode-based lactate biosensor was prepared by immobilizing lactate oxidase (LOD) obtained
from pediococcus species in a poly(vinyl alcohol). Hydrogen peroxide (H,O,) produced by the reaction of lactate
and LOD was detected on the Pt-black that was electrochemically deposited on the Au electrode. Sensors
fabricated with Pt-black deposited Au electrode provided a high current of H,O, oxidation at a substantially
lowered applied potential (+300 mV vs. Ag/AgCl), resulting in reduced interferences from easily oxidizable
species such as ascorbic acid, acetaminophen, and uric acid. An outer membrane is formulated by adjusting
water uptake of hydrophilic polyurethane (HPU). The sensor performance was evaluated in vitro with both
flow-through arrangement and static mode. The sensor showed a linear range from 0.1 mM to about 9.0 mM
in 0.05 M phosphate buffer (pH 7.6) containing 0.05 M NaCl. Storing the sensors prepared in this work at
4°C buffer solution while not in use, they provided same electrochemical performance for more than 25 days.
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2.1.1. A|2F

L-Lactate oxidase(LOD)<= pediococcus(EC  no.
2328416, 32 units/mg) A2l FEE2 Fluka AHBuch,
Switzerland) A3 <] ™, poly(vinyl alcohol)(©] 3} PVA,
M.W. 9,000~10,000)2 Aldrich AKMilwaukee, WI,
USA)9] A|ZES A& o™, L(H)-lactic acid(free
acid), hydrogen hexachloroplatinate(IV)(H,PtCly), lead
acetate, L-ascorbic acid, acetaminophen, uric acid<
Sigma AKSt. Louis, MO, USA)AIA Y43ttt B+
%2 Nissui Pharmaceutical AHTokyo, Japan)2] &2
AZ A7 AFS FY3FS T Blood gas/electrolyte/
metabolite/BUN control(249 QC 823)2 Bionostics A}
(Devens, MA, USA)9] #|&F& AL&3tTh 10, 16,
20, 25, 42, 60, LB 3L 100 wt.%2] F58L& 7Hd
hydrophilic polyurethane(©] 3} HPU)-> Thermedics A}
(Woburn, MA, USA)9] A|FS A3t 3-
aminopropyltriethoxysilane(Z-6011) Dow Corning A}
(Midland, MI, USA)2] A &FS& AH&-3lT) 7]ef 48
o] AHgE o8] 7HA] EF&olv &Y 5= 5
FA T EOIV AT F & e AlFS AR
sRoH, BE &4 Axds dol24(AF 18
MQ - c¢m; Pure Power & AR5 T

212, & %
Hlo] QAN 2 HE A AF7FFS d= dl= RS-
232 B4l AY TER AFE Y AdEo] AEHE

N4 potentiostat(=d cDAQ-0804)2 Elbio AHSeoul,
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Fig. 1. Schematic of the planar type amperometric microelectrode.

Korea)ol| 4] T3l AFE-3191 2™, National Instru-
ments AH(Austin, TX, USA)9A 7] 23k LabVIEW X
233 N A E A3 dlolEE FiFE 7]
2319tk Au 0l Pt-black Z& 4717 93]
4l EG&G PAR 273A Potentiostat/Galvanostat(Prin-
ceton, NJ, USA) FH| & AM&IATh S84 FU&
#3l Gilson A}(Villiers, LE, BEL, France)©] multi-
channel peristaltic pump((2d M312)E AR}ttt A
Fo| EAFo|Y YF BHEu 5o 8 A4S =Y
wjell= EFD Al(Province, RI, USA)2] air fluid dispenser
(29 2000XL)E A& 3tk AZE dolH=
WaveMetrics AH(Lake Oswego, OR, USA)¢] IGOR
Pro 4.0 & ©]-&ste] A8kt

2.2. Lactate HIO|2MAMe| XM=t

HHE AFY AMe ZHUYH7 S o835ty WA
SFuy 7 o] AT FAsta, 2 flo dAFES
wlate] AFFAT AME FAATFAy BE 0.5
mm?)3 71EAF(AgAgCl 3 0.7 mm)oZ 74
A AE Ag =& 0.1 M FeCl; £o2 10 &
7 A Fste] Ag/AgCIE B0 FAoh 3k 2 A
o] A=A Auell Pt-black & FAS7] flaiA 0.5
wt.% H,PtCl,9} 0.025 wt.% lead acetate 2] E3H& Y
o] 4 -100 mV(vs. Ag/AgCl) A9 E Zo|Fo] 1087
A s th £35S LOD(160 units)$} PVA 5 mgS
pH 7.6, 0.05M 14+41 2H2-8-94(F, 0.053 M Na,HPO,,
0.015 M NaH,PO,, 28] 3. 0.05 M NaCl) 160 uLo]l
oA A FEHE 5 FUT EA 42
2000XL T]Z=F 25 ARSSIA 718 AS(F, AFAF
I 71Z2AF) 9ol 30 um¢) FAE Lo,
Aol SHAE T4 ¥ 3 units7} HA AL,
84 43814 F(enzyme layer)> THAl F7 20-25 um
o] oJF Bouto g Yol 29 FATkelw, Aol

Alumina substrate

Reference electrode

A= 5 BoH G4 42 10 uLelAth(Fig.
1 #%). 9% 239 (outer membrane)] 73-%- 20 mg
9] HPU(Z, 10, 16, 20, 25, 42, 60, ZL2] 3L 100 wt.%
o] &48)E 500 uL CHCLOl 39 5, 3 uLe z-
60115 H7hste] et dA Aoz A e 718
AR} 4% 283, oY Beo g 374 Hoj

At

23. Lactate HIO|2MAMe| M& I}

B AT 53 At AE HAE I A=
Hho] QA Bt A& gt M A AN E
B S EAI(F, aq7] AdellA vlo]7A o] 588 A
£ lactate?] FEZ 300% 7HHC R W3 AA F)
oA A3t 2.2 Hol| At Az} 7o) thegst
FrEE /e 7 $ 79 HPU 2He Au 2ol
=3t +800mV(vs. Ag/AgCl) 9 ZAolA
lactate 7873 W8Tt 7 /9 HPU & 5 7}
S BHFE H25wt%e F5Y
e =) A Pr-blackS 2%
o2 &= AAC =gl HUeH, olwf, +300
mV(vs. Ag/AgCl) A& 7|E- Sl 713t vaE
A(F, 2RE7] Aol A vlo]Ad F&NE A3
lactate’} W3FES] FE=& W3} AlA F)9F S5
(Z, multi-peristaltic pump <} syringeE AF&-3}4] cell
o 54 %9 lactate FFEN3 3 1283, QC
823 HFENE Yol F)ollM At 2 48
2 0.05 M NaCl 233} pH 7.6, 0.05 M A4S
FEgaoM o]FojH T} AR &S wWE AME
4°C E-&-ol| BaAstslt.
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24. Control A|l2 3 &3 Az 24
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Fig. 2. Schematic of flow-through arrangement for serum and
control sample measurement.
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QA =Y HAT. o= 5, cellulose acetate,’
poly(vinyl chloride),'? polycarbonate'> =22] 32, polyure-
thane' S-olt}h. Ly} 7o AAgE EFELS A
2oz HAeo] s, Bt AA 8] wAFE 7]
7F 44 0}741 gom, T 71Fo Figol] 4Ids @
< 7FAAL k. 2814 polyurethane®] 73
= E—‘?—(hard-segment)-‘l} A& B (soft-segment) 2] H]
&5 2 FHEs 24 F doe FHE Ut
AL glof ThgsE Fofell A 2 27 Bew 53,
Aol Fofolx @ HAES Wolgthb 53,
hydrophilic polyurethane(HPU)S &l 54U && &
S F7Y F Y= AEF(IE E9, poly(tetra-
methylene oxide), poly(ethylene oxide), poly(ethylene
glycol), 22| 3 poly(propylene glycol)EZ 4 = o
noem 53], ALGE AAFE9] B&3 Add wet
Al =& FFhe 8 = ARG mAlEE 2717t
T2, vhget aA el e HERE S Aok,
A Aol S-etal, AA7E AREET] 98] 2
Sk QEA S} A 7ol Ml w A Fre At ol gt
HPU®| S o] &3 MM ARHE ol &3 =
oLEI AlA° FFRM|O]E A0 4 o] HelA]
A7 85 kA A8 Fol T

E A Fo| A& aliphatic A1 ] HPUS ¥ H &5
O 2 =951 lactate AAo] g AF+E 35t}
SFAT). Fig 3 Au 2350 Ag/AgCl 71350l
Al +800 mvel A 9E ZojE Z71dA, HPUZL
AEE MM EE voj7A ] ZH38t lactated] F=E

24 o]

400
300
<
c
E 200
5
O
100
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| | | | | I
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Lactate, mM
Fig. 3. Calibration curves of the lactate biosensors with HPU

outer membrane of different water uptake; 4 100,
A, 60,V 42, % 25, A 20, W 16, and @ 10 wt.%.
Applied potential: +800 mV (vs. Ag/AgCl).
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Lactate2} LODS] &4 WHs-0 2 A7 FAlsleis
=437 94 & +700~800 mV(vs. Ag/AgCl)-J =
2 Absh 97F 8Eh SEAIRE o] Aol = A
A& el EA)3}= ascorbic acid, uric acid 52 3
E3 oS B8998 wlo] N E2)3}+= acetamino-
phen 59| A S 50| AFeA AkstE| o] 47t
& 24 oy} GurEThE ThE S JFATHAS B o
T = ]‘7]«] Xﬂ)‘]% WSl EEe TS A
34} Ptblack & Au AAAF 9ol ¥ AA FE
Ry E%’é‘}‘ﬁﬂ— Pt-black> #4tst4=429] 4HshA §
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—L
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Current, pA
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Fig. 4. Linear sweep voltammetry of 8 mM hydrogen
peroxide at the Au and Au/Pt-black electrodes; - -
Au and — Au/Pt-black.
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Fig. 4= Au A=A 9} Auell Pt-blacko] ‘:?JQ A
FollA AgAgCle 71EHFo2 98 o, Fitsls
8 mMoll thgt A3 AP (linear sweep voltammtry)
o & ZPo|th Ptblack Zo] EYo] HAL o,
Fakslr g Akt Al71E Dadh A7t < +300
mV(vs. Ag/AgCl) 7}HA] ""Ol—xlt e 1% 4 9l
Pt-black =& A 7]3}st# <l WHOE Ao £ o]
dr}. olnf FHFe % E%bﬂ wraw A5l &8
= Pt-blacke] o] AA AT = A g A(-100
mV vs. Ag/AgCloll Al AlZke| whE} P-black T-&
A3keE Wl A= Ptblack FAA 7S - e
o] AlXe] HAslE AL FS F U= 7|E 8
7 ok wEbad B AFdA e AR,
mV(vs. Ag/AgCN2l Aol 5, 10, 15, 2] 2L 208
7+ A e ztzke] A E e H, 2l +300
mV(vs. Ag/AgC)e] ALIE 71l Fo] Hiksla4 0.1
mME B NS 1 UE AFHE vagozs
AA o A5S YehA 3= Ptblack FAA7ME A
A a2} a}aau}. Fig 52 Ml 7FA] A=, 10, 15, 21
2|3l 20 7 Pt-black & FA AlAT A=)l 4t
32 0.1 mMoll thEk ZHA171E Hlasske] Hd 7+
SA7NE 71502 Atslste] vlwst datolrt. 1He-
A71E Ptblack & B AlA F= AlZke] 10 o]
2 7t e 2 =7 7HeEA AAGIE 10 £ o
Fo] NZFEEE 9 o) A8A71 7 S ERA] sk
th &, #HA 9 AXE A= fEixE 10 #7F A
g3tz Aol 7P axA ot A8S 98 F U

ko
% s

. 100
]
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=
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Fig. 5. Normalized current-signals versus the deposition time
of Pt-black on Au electrode.
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uric acid 458 pM. Applied potential: +800 mV (vs.

Ag/AgCl).
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o o 21s) 2918

o] el el FES o
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£ Zof FA]5h ascorbic acid$} 7o) AslA 97} ui
T 92 o] TS S AAN FA= K=
Aoz dulA Arh! meEpr] 2 Ao A% Pt-black
5 =45t AZE MM W Fol tdk dFES
ZAFS Bkt o] & flElA] ol BsE glo] Pt
black &°] =%% AlX(bare Pt-black)2} Pt-blackol

HPU-25 SjFrEeo] =dd AME
114 uM, acetaminophen 132 uM, ZL2]3L uric acid

ascorbic acid

458 HM é, oul)\]-ff_]—?(—] I:H O]oﬂ;q 7].;<L =20 xpE 2
AA 0 2 WA thFig. 6 ). AlA "ol gle
Pt-black AIA¢] A$-0ll&= ascorbic acid’7} AA 2] A%
of & FFE 73tk Ag g = AT sHA
9k HPU-25S =3t AlA <] 7-$-ol= ascorbic acid®]

FFo] A FoE @}OJ B ‘i“ii‘:} Al ’\‘] s
o] $1& Pt-black %

8- 719 tisiA HPU- 257]- =% AlM 2 ascorbic
acid 114 uMe] Z-8Al71= 04% 522 ascorbic
acid®] @&o] vi¢ Fadt= AL ¢ 5 AT Wk
oftel HPU-257F =€ AlAMelA wWa(,
ascorbic acid 114 uM, acetaminophen 132 uM, L]
3L uric acid 458 uM)E2] G AA o] gle Pt-
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AstE | EAo tisiA Fahgo] wr] wiolct’
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Fig. 7. Dynamic response (A) and calibration curves (B) of
the lactate biosensor based on Au/Pt-black electrode
with HPU-25 outer membrane toward lactate and
interferents: (a) ascorbic acid 114 puM, (b) aceta-
minophen 132 puM, and (c) uric acid 458 uM.
Applied potential: +300 mV (vs. Ag/AgCl).
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Fig. 8. Calibration curve of the planar type lactate biosensor
at low lactate concentrations.

AE GolrAthFig 8). A=
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Fig. 9. Lifetime of the lactate biosensor based on Au/Pt-black

electrode with HPU-25 outer membrane; ordinate is
the percentage to the initial response.
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Fig. 10. Measurements of lactate in serum sample: lactate
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serum sample. Applied potential: +300 mV (vs. Ag/

AgCl).
Table 1. Determination of lactate levels in serum and control
samples™®
Serum type Manufacturer's Lactate value
P specifications determined
Serum sample® 3.0 29 £ 0.2
Control sample® 27+ 03 26+ 03

4[n mM. "Number of samples: n = 5. “Control human serum sam-
ples (Model Suitrol A) from Nissui Pharmaceutical (Tokyo, Japan).
9Blood gas/electrolyte/metabolite/BUN control (Model QC 823)
from Bionostics (Devens, MA, USA).
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