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A highly sensitive and selective flow-injection system is proposed for amperometric determination of trace 
amounts of pyruvate. The enzyme reactor prepared by the coimrnobilization of lactate dehydrogenase and lactate 
oxidase was here employed to enhance the sensitivity of pyruvale as an on-line amplifier based on the substrate 
recycling. In addition, L-laclate 2-monooxygenase immobilized reactor was positioned in series before the 
amplifier reactor to remove L-lactate, because the cycle was also initiated with Llactale. When 0.1 M phosphate 
buffer (pH 7.2) containing 0.2 mM reduced nicotinamide adenine dinucleotide (NADH) was pumped at a flow rate 
of 0.3 mi min-1, a large amount of hydrogen peroxide was generated for trace of pyruvate in the amplifier reactor 
as a result of substrate recycling reaction. The osmium redox polymer / horseradish peroxidase modified electrode 
was used as an amperometric detector to detect hydrogen peroxide generated in the amplifier reactor. In the present 
flow-injection system, the peak current obtained for pyruvate injection (10 Ã§1 was linearly related to the 
concentratiopns of pyruvate between 1 x 10-8 and 1 x 10-6 M with a 200- to 250-fold increase in sensitivity, 
without any interference from L-lactate below 10-6 M. The detection limit was 8x 10-9 M (S/N=3) for pyruvate 
and the precision (coefficient of variation) was better than 1.8 % for the repeated injections (n=7) of 5 x M 
pyruvate. 



Fig. 1 Substrate recycling reaction 
S, P : substrate or product; 
S 1, S2 : cosubstrate of Enz 1 and Enz 2; 
P I ,  P2 : product of Em 1 and Enz 2 
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;Â¥ 50 u l ??, 14 II ~ H M a k q - b ~ b n Y  
R I R z 

s y 5 - h - / - t O W w  ( 1 2 x 1 2  mm) 1 
126 L, SZ-C-2 EIfa9$Eta^-Y-, 7kCTZ3f~ 

Acetate +H.O NALJ- L-lac 

?M%%@Eff5fS.2 Â¥y-rc Z tLGEEX<b̂ -b JL I: 

Fig.  3 Flow system and enzyme reactions used 
for selective and sensitive detection of pyruvate 

A: potentiostat; B: cromatocoder 21; C: carrier 
solution (0.1 M, pH 7.2, phosphate buffer 
containing 0.2 mM NADH), P: pump; I: 
injector; D: enzyme electrode for H202; W: 
waste; Ri : L-lactate 2-monooxygenase 
immobilized reactor, R2: lactate dehydrogenase 1 
lactate oxidase coirnmobilized reactor L-lac: L 
lactate; pyr: pyruvate. 

GC. 
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Fig.  4 Working principle of enzyme electrode for 
H 2 0 2  

HRP: horseradish peroxidase; 0s: Osmium redox 
site 
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Fig. 5 Removal of Llactate by reactor Ri at a 
variety of temperatures 
0: 1x10-4 M ?02, 8: 1x10-4 M L-lactate. 

carrier solution: 0.1 M phosphate buffer (pH 7.2); 
carrier flow-rate: 0.5 ml min-1. 
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Fig. 6 Removal of L-lactale by reactor R 1 a1 a 
variety of carrier flow-rates 
0: 5x10-5 M H202; Â : 1x10-4 M Llactaie 
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Fig. 7 Calibration graph for pyruvate obtained by 

the present FIA system 

0: pyruvate; Â¥ L-lactate 
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