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A ddition o f alcohol oxidase to erythrocytes trea ted  with 
ascorbic acid reverses the vitam in C effect, as expressed by 
the appearance of the sem idehydroascorbate signal, and 
the increase in spin concentration. The original erythrocyte 
electron spin resonance (ESR) signal is, how ever, never 
restored completely, as it is in the case if ascorbate oxidase 
is used. Additional interaction between the enzym e alcohol 
oxidase and haem oglobin iron m ust occur, since both of 
the iron ESR signals at g = 4.3 and g = 6 d isap p ear and 
the erythrocyte ESR spectrum  at g ^  2 is changed charac
teristically. The spin concentration of the la tter spectrum  
increases again above a certain  concentration o f alcohol 
oxidase.

Introduction

Recently we could show that the electron spin 
resonance (ESR) signal at about g =  2.005, which is 
present in lyophilized native blood and its consti
tuents o f patients with acute lym phatic leukem ia 
(ALL) [1 -4 ]. is due to the sem idehydroascorbate 
(SDA) radical. From  this we concluded tha t the 
ascorbic acid m etabolism  is disturbed, at least in 
some types of diseases. This m ight be caused by 
changes in the concentration o f an enzym e which 
reacts specifically with ascorbic acid. A scorbate 
oxidase, when added e.g. to erythrocytes o f patients 
with ALL. produced a disappearance o f the SDA 
signal with a concom itant reduction in spin concen
tration [5].

In additional experim ents the m olecular m echa
nism of interaction could be determ ined [6], Its 
effect seems to be due to an oxidation o f ascorbic 
acid to its dehydro form in the presence o f oxygen. 
W hether or not this mechanism  is unique, is an 
unresolved question. O ther oxidases, e.g. alcohol 
oxidase, will generate labile radicals in the presence
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of their substrates. The presence of ascorbic acid 
will, however, reduce subsequent chemical events 
due to these radical interm ediates. For this reason, 
the effect o f alcohol oxidase on the SDA radical has 
been investigated by means o f ESR spectroscopy. 
Healthy erythrocytes treated with ascorbic acid 
were used as a model since their ESR spectrum  
exhibits the SDA radical, which is identical to that 
obtained in the cases o f ALL [2],

Materials and Methods

Erythrocytes were obtained from fresh 1:10 
ACD-blood (acid-citrate-dextrose anticoagulant 
solution) o f healthy volunteers and prepared 
according to a m ethod described previously [2], 
Alcohol oxidase from yeast (alcohol oxidase: oxigen 
oxido-reductase, E.C. 1.1.3.13; Phillipps Chem ical 
Com pany. Bartlesville, USA) was added in different 
concentrations (up to 280 IU) to 0.2 ml of ery thro
cytes treated prior with 0.2 m M  of ascorbic acid 
(Merck, D arm stadt. Germ any). Thereafter, the 
samples were lyophilized and their ESR spectra 
measured at room tem perature.

The ESR spectra were obtained with a Varian 
E-9, 100 kHz m odulation X-band spectrometer. The 
m odulation am plitude was ^ 0 .2  m T  and the m icro
wave power 5 mW  for all sam ples investigated. The 
spectra o f 50 mg samples each were recorded at 
different sensitivities m arked at the left-hand side 
o f each spectrum.

Results and Discussion

Part o f the ESR spectrum  o f healthy erythrocytes 
is shown in Fig. 1, upper curve. The different 
signals could not be assigned yet. Obviously, part of 
it must belong to a high spin ferric ion which 
exhibits signals between g =  2 to 6 depending on the 
ligands [7], The two signals located at g =  4.3 and 
g  =  6 are not shown in this figure. When ascorbic 
acid is added to these erythrocytes, the new signal at 
g  =  2.005 is produced which we could assign to the 
ascorbyl radical. In addition, the spin concentration 
is increased.

Addition of alcohol oxidase to an erythrocyte 
suspension treated with 0.2 m M  of ascorbic acid 
results in a decrease in spin concentration and dis
appearance of the ascorbyl radical as well. The 
original erythrocyte control ESR spectrum can never
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Fig. 1. The effect o f alcohol oxidase on the ESR spectrum  
o f healthy erythrocytes treated with or w ithout 0.2 mM of 
ascorbic acid. 5 ^  sensitivity factor.
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be obtained again since additional changes at the 
erythrocytes, e.g. at those which are responsible for 
the ESR spectrum , occur. At concentrations of 
alcohol oxidase larger than 35 IU, the signal which 
appears as a shoulder in the control spectrum  is 
much more pronounced and the spin concentration 
is increased again.

The effect produced by the enzyme is enlarged if 
the erythrocytes are not treated with ascorbic acid 
first (s. bottom  curve. Fig. 1). This effect cannot be 
explained yet. A pparently, the enzyme can penetrate 
the m em brane and will interact, then, w ith haem o
globin. This assum ption is supported by the fact 
that already at small enzyme concentrations 
(>  10 IU/0.2 ml) both o f the iron signals at g =  4.3 
and g =  6 disappear. This never happened when 
ascorbate oxidase was added to erythrocytes treated 
with or w ithout ascorbic acid. Thus, iron seems to 
be involved in the action m echanism  of alcohol 
oxidase.

Ack nowiedgemen ts
The excellent technical assistance o f Miss 

P. Bräunlich and Miss P. F erber is appreciated. This 
work was supported in part by the Bundesm ini
sterium  für Forschung und Technologie and by the 
Fonds der Chem ischen Industrie.

[5] W. Lohm ann. Z. N aturforsch. 36 c, 8 0 4 -8 0 8  (1981).
[6] H. Sapper, S.-O. Kang, H.-H. Paul, and W. Lohm ann, 

Z. Naturforsch. 37 c, 9 4 2 -9 4 6  (1982).
[7] N. J. F. D odd, in Metal ions in biological systems, 

vol. 10, pp. 9 5 -1 2 8  (H. Sigel, ed.), Marcel D ekker, 
Inc., Basel 1980.


