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GAS DETECTION BY MEANS OF ENZYME-BASED GAS DETECTION TUBES

Klaus-Peter Rindt

Drägerwerk AG Lübeck (FRG)

SUMMARY: Redox enzymes have been immobilized on polyacrylamide supports, packed into

detection tubes, and equilibrated with reactants allowing for the coupling of the

enzymic conversion of a gaseous substrate to a colour reaction. In preliminary ex-

periments it was shown that formaldehyde, carbon monoxide, and hydrogen peroxide

could be detected at concentrations in the range of the corresponding "MAK" values.

1 INTRODUCTION

Conventional gas detection tubes contain organic colour reagents, and/or catalysts,

or pH indicators. After a definite volume of air has been sucked through the tube,

the presence of the gaseous or vaporous compound is quantified by the colour formed.

According to its chemical nature the reaction is poorly selective. As with biosensors

in aqueous solution, the use of enzymes should largely improve the selectivity of de-

tection tubes. Detection of gaseous compounds suffers from a number of difficulties:

- Compounds of interest are more or less toxic; they have to be detected at very low

concentrations, often substantially lower than 1 ppm;

- The solubility of many gas molexules is low in water but, in general, enzymatic

reactions require water and the substrate to be solved in it;

- Most enzymes have a comparably low affinity for their (gaseous) substrate their Kn

often being several orders of magnitude higher than solved substrate concentrations

that appear at partial pressures in air in the range of maximally tolerable concen-

trations as prescribed by law (e.g. "MAK" values);

- Enzymology of most gaseous compounds is at its very initial stage or not devel-

oped at all. Only for a small fraction of gaseous compounds of interest enzymes

practicable for analytical purposes are available.
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2 MATERIAL AND METHODS

Carbon monoxide dehydrogenase (E.C. 1.2.99.2) from Pseudomonas carboxidovorans,
formaldehyde dehydrogenase (E.C. 1.2.1.46) from Pseudomonas putida C-83, and horse-
radish peroxidase (E.C. 1.11.1.7) were covalently bound to a polyacrylamide carrier
(Eupergit C), to a concentration of 5 to 20 units per g dry weight, packed into glass
tubes, and equilibrated with reagent solution. The tubes were temperated (30° C), and
an air stream containing 1-50 ppm of the corresponding gas was sucked through it with
constant flow. Reagent solutions contained, besides Phosphate buffer (0.05-0.1 M,
pH 7.2), for formaldehyde detection: NAD (2 mM), methoxyphenazine methosulfate
(0.05 mM), and p-iodonitrotetrazolium chloride (0.2 mM); for CO detection: same com-
position but NAD omitted; for H,0, detection: citrate (0.1 M), aminoantipyrine, and
N-ethyl-N-sulfopropyl-m-toluidine (1 mM each).

3 RESULTS

When the gaseous substrates are supplied to the tubes in aqueous solution (volume
1-2 mL), complete substrate conversion and colour formation occurs within a few
seconds in the upper layer of the tube. From the gas phase, a complete conversion of
lipophilic gas species like CO is difficult to achieve, also if the enzyme has a
favourable Kn (in the case of CO dehydrogenase about 2 x 107m CO). With One lair
containing 30 ppm CO a recognizable colour formation is achieved which, however, is
diffuse and incomplete. The CO concentration in water sony. 22 08% io° M in this
case which means that less than 1 % of the enzyme molecules are catalytically engaged
at a given time.

Mainly as a result of its better solubility in water, formaldehyde conversion from the
gas phase is complete at a concentration of 10 ppm and less although the Kn of the
enzyme for formaldehyde is 0.17 mM. But as the gas stream removes much of the water
from the gel complete colour formation occurs only if after gassing the tubes are pro-
vided with additional reaction mixture (about 0.5 mL). In the case of H505 1 ppm in
0.5 L were detectable. Again, complete colour formation is only achieved after
"development" with reagent solution.

4 DISCUSSION

Although it has been shown that gas conversion in enzyme-based detection tubes can be
achieved, many practical problems have to be solved. At very low concentrations pre-
collection (e.g. adsorption) of gases seems to be unavoidable. A carrier material
with optimum properties has to be developed. A prerequisite for extending detection
possibilities to other gaseous substances is the search for new enzymes and for en-
zymes with higher affinities as it is impracticable, also from a financial point of
view, to increase the enzyme concentration on the carrier ad libitum to achieve a
complete conversion.


