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Abstract : The planar-type amperometric creatinine biosensor employing an additional enzyme
layer containing creatine kinase and adenosine triphosphate was developed to eliminate severe
interference from creatine. In the additional enzyme layer, an interfering substance, creatine is
converted to noninterfering product, phosphocreatine. Furthermore, the carbon electrode elec-
troplated with Pt black(Pt-B) was employed to fabricate creatinine biosensors with improved
sensor performance(e.g., sensitivity, reliability, and reproducibility). The creatinine levels in an
unknown sample were determined within less than 5% errors using creatinine microsensors
equipped in a flow-cell cartridge.

Keywords : Creatinine biosensor, Creatine interference, Creatine kinase
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e to rr

creatinine amidohydrolase

(creatininase; CA)

creatinine + H,O

creatine

creatine amidinohyrolase

(creatinase; CI)

creatme  + H,O

sarcosine oxidase (SO)

sarcosine  + urea

sarcosine + H,O0 + O,

formaldehyde + glycine + H,0,

Fig. 1. Schematic of a series of enzyme reactions employed for a common amperometric creatinine biosensor.
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creatine kinase (CK)

creatine phosphocreatine (1)

adenosine triphosphate (ATP)
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2.1. Alet

AolEld 7153l & A (creatinine amidohydrolase;
creatininase, EC 3.5.2.10., 600 units/mg), Z@o}El
7} &5 @ Ax(creatine  amidinohyrolase; creatinase,
EC 3.5.3.3., 14.2 units/mg), Ab=A AgE A
(sarcosine oxidase, EC 1.5.3.1., 31.6 units/mg), =
lo}el <1 Ak3} & A~(creatine kinase), =L@ oFEld
(creatinine), Z@|°o}€l (creatine), ©}=FZE 2}(ascorbic
acid), 82k(uric acid), P Eo}0]| =3 (acetaminophen),
ol =41 3<l4k(adenosine triphosphate; ATP)+=
Sigmarh(St. Louis, MO, USA)2| A|&S ARSIt
EtA AT EHo Pt-BS =438 Y ARg3 93
ulF4k(chloroplatinic acid; H,PtClg)3} oFAEAF &
(lead acetate; Pb(CH;CO,),)2 AldrichAH(Milwaukee,
WI, USA)Q] AEL, TAE o]-x%z%i 7%4/\] 7171 $
st yAuo 2 ARS-E X144 Fg]e-el|ekS Thermedics
AHWoburn, MA, USAH xi E(AR-ZS-SOA)E Abgst
Atk Poly(vinyl alcohol)(PVA, MW. 8000-9000)3}
anion exchanger?l polyethyleneimine(50 wt%
solution in water), cation exchanger%! Nafion
(5 wt% solution in lower aliphatic alcohols/water
mixture, contains 15-20% water)= AldrichA}2] A&
= *F‘-’*ﬁ"i‘:‘r o]ele] Ayl AMEH AFe AT
7ol Fale AL ARSI, BRE 8] Az
= o218 MW-em)S AHE3FiTH.
2.2. FX|
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£ ARSI A= 9ol 4%, 84 HES 5 &

ol o] == EFDAK(East Providence, RI, USA)
9] air fluid dispenser(Model 2000XL)E A}&-3}it).
A FH (voltammetry), 79 (amperometry)S ©]
83t M9 718484 B4 CH InstrumentsAt
(Austin, TX, USA)9] Potentiostat/Galvanostat(Model
600B)S A&t S48kt
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o] 4 % Fx+= Fig. 30 L]'E}LHOiE]' AZ Y =
7hks] Avgshd, Z7] o2 (polyester; PE) 713 ¢
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)2 (multilayered sensing membrane)e] A2t &
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Qlell "ol 108 7F A sk 4% B9
< 93l 0.05M NaCle] %7l 0.05M phosphate
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40°C 2204 20 7& ﬁiA]ﬁ A A ZAF(Ist
enzyme layer)S JASIATE 84F HIE 95 =
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Fig. 2. The concept of an amperometric creatinine biosensor with reduced interference from creatine: CK, creatine
kinase; ATP, adenosine triphosphate; CA, creatininase; CI, creatinase; SO, sarcosine oxidase.
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Fig. 3. A schematic drawing of a planar-type ampero-
metric microsensor used in this study.
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Fig. 4. A schematic drawing of a flow-cell cartridge
equipped with a planar-type creatinine biosensor.
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Fig. 5. Calibration curves of the planar-type electrodes
towards H,O;: a) bare carbon electrode and b) Pt black-
modified carbon electrode.
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Fig. 6. Calibration curves of the creatinine biosensor
towards creatinine in the range of 0 to 1000 mM (A) and 0
to 100 mM (B). The inset represents the dynamic response
curve for each range.
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Fig. 7. (A) Dynamic response and (B) calibration curves of
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creatine.
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Fig. 8. Determination of creatinine concentration in a
sample solution with a creatinine biosensor equipped in a
flow-cell cartridge.
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