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Enzymtechnologie, Mascheroder Weg 1, D-3300 Braunschweig, FRG

Summary

The determination of L-malate was based on its oxidation by NADt cata-

lyzed by immobilized malate dehydrogenase (MDH, EC 1.1.1.37) in a flow

injection system. The NADH produced in an enzyme reactor was detected

fluorimetrically. Malate dehydrogenases from different sources were

immobilized on aminoderivatized controlled pore glass by glutardial-

dehyde. Hence the equilibrium of the MDH catalyzed reaction is far in

favour of L-malate only little response could be obtained by malate

injection. To achieve higher substrate conversion, aspartate amino-

transferase (AST, EC 2.6.1.1) was coimmobilized to transform the

reaction product oxaloacetate. Enzyme reactors with and without AST

were compared and optimized. With the bienzyme reactor, malate con-

centrations between 5 and 500 uM could be monitored.

Introduction

Flow injection analysis based on immobilized enzymes has proved to be a

powerful tool for repetitive substrate measurements and can be applied

to areas such as food analysis /1/ and fermentation control /2/. In

enzymatic FIA the enzyme offers the substrate selective part of the

analysis and the flow injection system enables fast and automated

sample treatment.

NAD*/NADH dependent enzymes are widely established for analytical
detection /3/. The appearance or disappearance of NADH can be measured
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amperometrically, spectrophotometrically or fluorimetrically, as

described below. The enzyme we used for malate determination , malate
dehydrogenase (MDH), belongs to a class of enzymes that catalyzes
reversible reactions. These are reactions which do not necessarily
favour the reaction direction being observed. The equilibrium of

reaction (1)

MDH

L-malate + NAD+ —— oxaloacetate + NADH + Ht (1)

lies far towards the side of the reduced substrate and can be driven to

the product side by raising the pH or increasing the NAD+ concentra-

tion. Another possibility to achieve higher substrate conversion is to

remove oxaloacetate from the equilibrium. This can be accomplished by

adding trapping reagents (e.g. hydrazine), or under milder conditions,

coupling a second enzyme step to reaction (1) /4/. This article deals

with the improvements due to coimmobilization of MDH with AST which

catalyzes the following trapping reaction of oxaloacetate (2).

oxaloacetate + L-glutamate = L-aspartate + @-ketoglutarate {2}

Moreover malate dehydrogenases from different sources (from mesophiles
and thermophiles) with or without coimmobilized AST are compared.

Experimental

Enzymes:

MDH from pig heart mitochondria, bovine heart mitochondria and Thermus

flavua were immobilized with or without AST (from pig heart) on amino-

derivatized controlled pore glass (CPG) using glutardialdehyde. 60 U

MDH and 45 U AST respectively were attached to 100 mg CPG. The coupling

efficiency was 90% + 5% , estimated from the unbound protein before and

after immobilization. The enzyme-charged CPG was packed into 70 Bl

plexiglass reactors.

Flow system: >W
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Figure 1: FIA configuration for malate measurement
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For all measurements a flow injection system according to figure 1 was

used. NAD*-solution (and L-glutamate-solution if MDH/AST was used) and

the analyte sample were injected simultaneously into two carrier

streams (Cl und C2) which were mixed together before passing the enzyme

reactor. NADH produced in the reactor was detected fluorimetrically.

With this configuration 30 samples per hour could be assayed.

Results and discussion

Depending on the enzymes used and the choice of pH, a 5 - 10 fold

increase in NADH production was obtained by coimmobilization of MDH

and AST as compared to seperately immobilized MDH (Fig.2). An overall

conversion of L-malate to NADH of 25% for MDH (bovine heart)/AST, 12%

for MDH (pig heart)/AST and MDH (Thermus flavua)/AST and approximately

3% for MDH (bovine heart) without AST was observed. The linear range

for L-malate determination with the coimmobilized MDH from bovine

heart mitochondria and AST, which give highest conversion rates,

stretches from 5 - 100 uM L-malate (Fig.3). The system can be used for

L-malate measurement up to 500 uM. The most favourable NAD+ injection

concentration is found to be 2 mM NAD*. The optimal L-glutamate

concentration required for the use of coimmobilizates was 50 mM L-

glutamate. Higher glutamate concentrations causing substrate inhibi-

tion. On consideration of temperature dependency of the different MDHs

a higher thermal stability of MDH from Thermus flavua was obvious

(Fig.4). A disadvantage of this thermophilic enzyme is the adsorption

of some reaction ingredients onto the enzyme reactor and therefore the

need to extend the washing time between injections.
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Fig.2: pH dependency of MDH from Fig.3: Linear ranges of different
bovine heart mitochondria MDHs with and without coimmobilized
(open symbols: without AST, AST (0.1 M tris buffer pH 9, 2 mM
filled symbols: with AST; NAD*, 50 mM L-glutamate)
2 mM NAD*, 50 mM L-glutamate,
10 mM L- malate)
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Fig.4: Temperature dependency of different MDHs (0.1 M glycine buffer
pH 10, 2 mM NAD*t, 10 mM L-malate)

Conclusion

For sensitive L-malate measurement enzyme reactions having almost

complete substrate conversion are required. The attempt to increase the
substrate conversion of the MDH catalyzed reaction has been carried out

successfully by coupling this enzyme reaction to a second oxaloacetate

consuming, AST catalyzed reaction. The coupling has been realized by
coimmobilizing both enzymes onto the same porous support. NADH produc-
tion rates up to 25% of the full transformation value have been
achieved.
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