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SUMMARY

Immobilization of enzymesresults in more adequate reagentsto be used analytically. After immobiliza-

tion, the kinetic parameters of the enzymes are modified and nothing can be predicted abouttheactivity of

the heterogeneous system. In coupled enzymereactions with co-immobilized enzymes,this is even more

important owingto the kinetic dependence on each consecutive reaction. The determination of ethanol and

acetaldehyde is considered in this paper, using two different coupled enzyme systems. Some important

parameters, as the enzyme charged,the ratio of each enzymein the sequence and the immobilization yield,

are considered in terms of conversion efficiency finally determiningthesensitivity of the analysis.

INTRODUCTION

Enzymesareusedin chemical analysis becauseoftheir high degreeofselectivity andtheir catalytic ability

to speed upreaction rates. The number of compoundsthat can be enzymatically analyzed isliruited by the
physical or chemical propertiesof the substrates and products. Enzymatic reactions which require cofactors

open the possibility of monitoring the reaction via the transformed cofactor. In cases where none of the

substrates or products are measurable,it is often possible to determine one of these components by coupled

sequential or competitive enzymereaction [1]. This considerably increases the numberofanalytes that can

be measured enzymatically. Furthermore,by the use of coupled enzymereactions additional advantages can

be gained: i) compoundsinvolved in unfavorable equilibria mayalso be efficiently convertedbyshifting the

equilibrium constant with the subsequentreaction, resulting in a system thermodynamically favorable and

with an expanded linear responserange;ii) the selectivity of the analysis may be improved and therefore the

accuracy, diminishing therisk ofinterfering substrates;iii) inhibitory products may be continously removed

andiiii) the sensitivity is increased if any of the specimen(substrates, products or cofactors) enters in a cyclic
enzyme sequence with the possibility of signal amplification and recovering of cofactors.

Endogenous coupled enzymereactions occuring in subcellular fractions and microorganisms have been
used in biocatalytic electrodes [2]. These endogenous multienzyme systems mimic nature and drive the
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kinetic parameters in the wayofincreasing the reaction fluxes [3] and consequently offer ’natural” thermo-

dynamically favorable systemsto be used analytically. More often, the analyst establishes thecoupled enzyme

reactions according to the analytesin the sample anduseshighly active, purified and commercially available

enzymes. Theactivity in each successive step should be kept higher than in the precedingstep[4], in order

to drive the system towards the productside and to achieve complete conversion in the overall system. In

soluble systems, this is relatively easy to control, both empirical andtheoretically, after knowingthe kinetic

parameters (K,,, v,,,, and rate constant ) of the free enzymes. Therelative active enzymeconcentrationsin

the system can then be established. Frequently it may occur,unlike “natural” coupled systems,that optimum

conditions (pH,T,ionic strength, activators) for each enzyme are not the same and a compromise between

them hasto be made.

The use of enzymesas analytical reagents in flow system [5] is nowadays a frequentpractice, mostly in

the form of immobilized enzymes [6] owing to the advantages gained after immobilization [7]. By co-

immobilizing the enzymeson the same support, a closer couplingwill be achieved betweenthe reactionsites

resulting in a higher conversion efficiency than by mixing enzymes separately immobilized [8]. Co-

immobilized enzymereactors (CIMERs)have been described for the simultaneous determinationofdifferent

analytes in flow injection analysis (FIA) [9-11].

Unlike soluble systems, the use of co-immobilized enzymesin coupled reactions offers some variables

which maketheefficiency of the system unpredictable. Concerning the determination ofethanolandacetal-

dehyde and using two different coupled enzymereactions, some variables in co-immobilized systemsare con-

sidered.

COUPLED ENZYME REACTIONSFOR THE DETERMINATION OF ETHANOL AND

ACETALDEHYDE

The most common enzymatic determination of ethanol is based on the use of alcohol dehydrogenase

(ADH,EC1.1.1.1) [12] in the presence of NAD*,see reaction (1).
ADH

ethanol + NAD* —«g————_ acetaldehyde + NADH + H* (1)

Becauseofthe unfavorable equilibrium of this reaction Ke= 8.0 10°M (phosphatebuffer pH 7.0; 20°C),

acetaldehydehasto be removedin orderto shift the reaction towards the product side. Aldehyde dehydroge-

nase (AIDH, EC 1.2.1.5) oxidizes acetaldehyde to acetic acid in the presence of NAD* in an irreversible

reaction (react. 2) which becomesthe thermodynamic driving force of the overall system,

AIDH

 

acetaldehyde + NAD* + H,O acetate + NADH + H* (2)

Moreover, by usingthis indicatorreaction the sensitivity of the analysis increases (one mole of ethanol

gives two molesof NADH)andsimultaneously allows the determination of aldehydes.
A second alternative is based on the use of alcohol oxidase (AOD, EC 1.1.3.13), catalase (CAT, EC

1.11.1.6) and AIDH.The addition of catalase removes hydrogen peroxide which mayoxidize the aldehyde
and recovers the molecular oxygen whichenters in a cyclic system:

CAT

ne
H,O +0,

_— AOD —_,

ethanol acetaldehyde NAD*

oO
ill

AIDH

\
acetic acid + H* NADH

1) Enzymecharged per gram of support. Four different amounts of AIDH were added to commercially

glutaraldehyde activated silica support (Serva, Si 500, pore diameter 500 A andparticle size 30 Lim). The

loaded supports were packed in 50 tl reactors and studied in the FIA modebyinjections of 50 ul of 2mM
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propionaldehydeinto the carrier stream consisting of2mM NAD*,4mM 2-mercaptoethanol, and 0.15 M KCl
in 0.1 M pyrophosphate buffer (pH 8.5). The flow rate was0.4 ml min". Fig. 1 showsthatat high amounts
of enzyme,the responsereaches a maximum level. A similar responsepattern has been found with enzyme
electrodes[1].
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Fig. 1. Effect ofdifferent amounts ofAIDH chargedper gram ofsupporton the activity ofthe resultant
immobilized enzymefor the conversion ofpropionaldehyde.

2) Study ofthe influenceof two different enzymatic ratios on the conversion of ethanol and acetalde-
hyde.

2.1 ADH/AIDHcoupled enzymesystem.250 IU ofADHand 2500IU ofAIDHpergram ofsupport were
co-immobilized. 9500 IU of ADH and 300 IU of AIDH were also chargedper gram ofsilica support. The
conversionefficiency was studied in the FIA modewiththe co-immobilized enzymespackedin 501 reactor
volume. 25 il injections of 125 1M ethanol or 125 UM acetaldehyde were made into the carrier stream
containing 2 mM NAD*, 0.15 M KClin 0.1 M phosphate buffer at pH 7.0. The conversion efficiency is
estimated in relation to injections of stoichiometric amounts of NADH.
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Fig. 2. Variation ofthe conversionefficiencyfor (m) acetaldehyde and (1X) ethanol with theflow rate ofthe
carrier and with different ADH/AIDHratios; (A) 250/2500 and (B) 9500/300.

Neither of these co-immobilizations resulted in a good conversion for ethanol. Thefact that theinitial
solutions (before immobilization) containing both enzymes presented activity for ethanol (measured at zero
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order reaction), and the % ofimmobilization were inall cases higher than 88 % indicate changesin the kinetic

parametersand/or an increased inactivationrate constant.It has been shown [13] for immobilized horse liver

ADHthatthe stability of the immobilized preparation depends on the quantity of bound enzyme.

2.2 AOD/CAT/AIDH coupled enzyme system. 10000 IU of AOD and 1000 IU of AIDH wereco-

immobilized per gram of CPG-10 (pore diameter 500 A, particle size 37-74 im) via glutaraldehyde as

reported previously [11]. 1000 IU of AOD and 2500 IU of AIDH were also co-immobilized under the same

conditions. In both cases 160000 IU of catalase were also charged per gram ofthe support. The experimental

conditions were the sameas that mentioned above for the ADH/AIDHsystem with thesole difference that

the carrier solution wassaturated with O,.
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Fig. 3. Variation ofthe conversion efficiencyfor (m) acetaldehyde and (0) ethanol with theflow rateofthe

carrier and with different AOD/AIDHratios; (A) 10000/1000 and (B) 1000/2500.

These results clearly show the importance of the enzymeratio in the efficiency of a coupled enzyme

system. With a surplus ofAOD (Fig. 3A) there is amplification for ethanol due to the cyclic regeneration of

oO2
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