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We have previously studied purified human myeloperoxidase-hydrogen peroxide-halide ion systems as 
models of possible singlet oxygen production by granulocytes. While myeloperoxidase could efficiently 
produce singlet oxygen, the yield of singlet oxygen at a physiological pH with Cl- was very small due to 
enzyme inactivation. In that Bolscher et al. [(1984) B&him. Biophys. Acta 784, 189-1911 observed that 
micromolar concentrations of ascorbic acid prevented inactivation of myeloperoxidase and increased the 
production of hypochlorous acid, we examined whether ascorbic acid would augment singlet oxygen pro- 
duction by the myeloperoxidase-hydrogen peroxide-halide ion systems. Ascorbic acid, however, fails to 
increase the singlet oxygen yield, suggesting that it does not augment singlet oxygen production in the intact 

granulocyte by a myeloperoxidase-dependent mechanism. 

Ascorbic acid Mye~o~rox~d~e Sing/et oxygen 

1. INTRODUCTION 

The biochemical oxidizing system consisting of 
myeloperoxidase, HZOZ and Cl- has been exten- 
sively studied as a model for the production of 
microbicidal and cytotoxic oxidant species by the 
human neutrophil [1,2]. While recent reports have 
emphasized the importance of HOC1 as a major 
mediator of this system [3--X?], whether another 
highly reactive species, singlet oxygen (‘02) is also 
produced in significant quantities has been much 
debated [7-151. In a recent study, we detected the 
characteristic 1268 nm ‘02 emission band in the 
myeloperoxidase-H202-halide systems and quan- 
titated the yield of ‘02 under a variety of condi- 
tions [16]. At acid pH, the production of ‘02 was 
stoichiometric with Br- and modestly efficient 
with Cl-, but at the more alkaline pH 
characteristic of the phagocytic vacuole, the pro- 
duction of ‘02 was very small 116-181. Enzyme in- 
activation was a major factor limiting the yield of 
‘OZ. The recent study of Bolscher et al. [I91 caused 

us to question the validity of the purified 
myelop~roxidase model. They demonstrated that 
the presence of micromolar concentrations of 
ascorbic acid protected the myeloperoxidase from 
inactivation. This raised the optimal pH for HOC1 
formation and produced a 3-fold increase in the 
HOC1 yield 1191. Since the concentration of ascor- 
bic acid in the human granulocyte is 150 gM 
[20,21], we undertook a study of the effect of 
ascorbic acid on the ‘02 yield of the 
myeloperoxidase-H202-halide systems. 

2. MATERIALS AND METHODS 

Details of the construction of the infrared 
chemiiuminescence spectrometer, method of quan- 
titation of ‘02 production using the Hz02 + HOC1 
reaction, purification of human myeloperoxidase 
and source of the reagents used have been reported 
previously [l&22,23]. The sample of myeloperox- 
idase used for this study had an &O/A280 = 0.7 

and an activity of 98 units/mg defined using 
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4-aminoantipyrine as a hydrogen donor [24]. 
Ascorbic acid was obtained from Sigma (St. Louis, 
MO). 

3. RESULTS AND DISCUSSION 

Fig. 1 shows the effect of the addition of various 
amounts of ascorbic acid to the myeloperoxidase- 
HzOz-halide systems under conditions where the 
yield of ‘02 was low due to enzyme inactivation 
[ 161. No significant increase in ‘02 production was 
observed at any concentration. High concentra- 
tions of ascorbic acid decreased the yield of ‘02. 
Fig.2 demonstrates the effect of ascorbic acid on 
the kinetics of ‘02 production at p2H 4 with Cl-. 
Here the reaction rate is slow, but enzyme inactiva- 
tion is less important. Increasing concentrations of 
ascorbic acid caused a progressive delay in the 
onset of the chemiluminescence. 

We have previously used these highly purified 
myeloperoxidase systems as models of possible ‘02 
production by the intact granulocyte [16]. We 
reasoned that the purified myeloperoxidase system 
would set an upper limit to any ‘02 production by 
granulocytes via a myeloperoxidase-dependent 
mechanism, since the large concentration of 
biomolecules present in the granulocyte would 
compete with the Hz02 for any HOC1 produced, 
thus decreasing the amount of ‘02 formed 
[3,4,16,25]. An alternative hypothesis that we did 

Fig.1. Effect of ascorbic acid on the yield of singlet 
oxygen in the myeloperoxidase-HzOz-halide systems. 
(0) p2H 6, 100 mM sodium phosphate, 200 nM 
myeloperoxidase, 1 mM HzOZ, 100 mM NaCl, 
deuterium oxide solvent; (0) p2H 7, 100 mM sodium 
phosphate, 270 nM myeloperoxidase, 1 mM H202, 

100 mM NaBr, deuterium oxide solvent. 

300 

Fig.2. Effect of ascorbic acid on the kinetics of singlet 

0 60 120 
Time (s) 

oxygen production in the myeloperoxidase-H202-C1- 
system. Conditions: p2H 4, 100 mM sodium acetate, 
130 nM myeloperoxidase, 100 mM NaCI, deuterium 
oxide solvent. (A) No ascorbic acid; (B) 300 PM ascorbic 

acid; (C) 1 mM ascorbic acid. 

not consider was that the presence of ascorbic acid 
or other reducing substances would protect the 
myeloperoxidase from inactivation and increase 
the ‘02 yield. The data presented here demonstrate 
that this is not the case. Consistent with this study 
is the fact that we were unable to detect any 
1268 nm emission from human granulocytes 
stimulated with phorbol myristate acetate in 
Cl--containing buffers [26]. Unfortunately, in ex- 
periments with intact granulocytes, the anticipated 
luminescence is near the limit of sensitivity of the 
current spectrometer, so that small, but significant 
amounts of ‘02 may go undetected. 

Our myeloperoxidase system differs in an im- 
portant way from that described by Bolscher et al. 
[19]. The monochlorodimedone in their system 
prevented the accumulation of significant concen- 
trations of HOCl. In our Cl- system, moderate 
concentrations of HOC1 are required for the for- 
mation of ‘02, since the Hz02 + HOC1 reaction is 
relatively slow. Under these conditions HOC1 may 
irreversibly inactivate myeloperoxidase. Naskalski 
[27] has shown that 3 molecules of HOC1 are suffi- 
cient to destroy the heme group in myeloperox- 
idase and that this process cannot be reversed by 
ascorbic acid. This contrasts with the study of 
Bolscher et al. [19] where the major mechanism of 
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inactivation appeared to be the reversible forma- 
tion of Compound II. In our study, the most likely 
explanation for the decreased ‘02 yield caused by 
ascorbic acid is a direct reaction between HOC1 
and ascorbic acid. The kinetic data presented in 
fig.2 support this, since all of the ascorbic acid 
must be oxidized before any ‘02 is produced. The 
reaction of HOC1 with ascorbic acid may be fast 
enough to prevent the formation of ‘02, but not 
fast enough to prevent the inactivation of 
myeloperoxidase. Ascorbic acid is a well known 
quencher of ‘02, but in this study, the concentra- 
tions of ascorbic acid were too low to cause signifi- 
cant quenching. A concentration of 7 mM is re- 
quired to cause 50% quenching in deuterium oxide 
buffers [28]. 

ACKNOWLEDGEMENTS 

We wish to thank William Wardman for 
technical assistance in performing experiments and 
Tena Beavers for assistance in preparation of the 
manuscript. This work is supported by grants 

* GM-32974 and AI-20064 from the National In- 
stitutes of Health, the Veterans Administration 
Research Service and the Neutrophil Fund, Inc. 
J.W. is the recipient of an Arthritis Foundation 
Research Fellowship. 

REFERENCES 

I11 

I21 

131 
[41 

[51 

161 

Klebanoff, S.J. (1980) in: Immunology 80, ~01.2, 
Progress Immunology IV (Fougereau, M. and 
Daussey, J. eds) pp.720-736, Academic Press, 
London. 
Clark, R.A. (1983) Adv. Inflammation Res. 5, 
107-146. 
Thomas, E.L. (1979) Infect. Immun. 23, 552-531. 
Weiss, S.J., Klein, R., Slivka, A. and Wei, M. 
(1982) J. Clin. Invest. 70, 598-607. 
Foote, C.S., Goyne, T.E. and Lehrer, R.I. (1983) 
Nature 301, 715-718. 
Harrison, J.E. and Schultz, J. (1976) J. Biol. 
Chem. 251, 1371-1374. 

171 

PI 

PI 
1101 

Ull 

1121 

iI31 

1141 

1151 

1161 

v71 
1181 

1191 

~W 

1211 

WI 

v31 

[241 

1251 

WI 

1271 

1281 

Badwey, J.A. and Karnovsky, M.L. (1980) Annu. 
Rev. Biochem. 49, 695-726. 
Allen, R.C., Stjernholm, R.L. and Steele, R.H. 
(1972) Biochem. Biophys. Res. Commun. 47, 
679-684. 
Krinsky, N.I. (1974) Science 186, 363-365. 
Allen, R.C. (1975) Biochem. Biophys. Res. Com- 
mun. 63, 675-681. 
Rosen, H. and Klebanoff, S.J. (1977) J. Biol. 
Chem. 252, 4803-4810. 
Held, A.M. and Hurst, J.K. (1978) Biochem. Bio- 
phys. Res. Commun. 81, 878-885. 
Harrison, J.E., Watson, B.D. and Schultz, J. 
(1978) FEBS Lett. 92, 327-332. 
Foote, C.S., Abakerh, R.B., Clough, R.L. and 
Lehrer, R.I. (1981) in: Bioluminescence and 
Chemiluminescence (DeLuca, M.A. and McElroy, 
W.D. eds) pp.81-88, Academic Press, New York. 
Cheson, B.D., Christensen, R.S., Sperling, R., 
Khoehler, B.E. and Babior, B.M. (1976) J. Clin. 
Invest. 58, 789-796. 
Kanofsky, J.R., Wright, J., Miles-Richardson, 
G.E. and Tauber, A.I. (1984) J. Clin. Invest. 74, 
1489-1495. 
Cech, P. and Lehrer, R.I. (1984) Blood 68, 88-95. 
Jacques, Y.V. and Bainton, D.F. (1978) Lab. 
Invest. 39, 179-185. 
Bolscher, B.G. J.M., Zoutberg, G.R., Cuperus, 
R.A. and Wever, R. (1984) Biochim. Biophys. Acta 
784, 189-191. 
Bigley, R., Gerhardt, N.B., Eigner, T., Dehlinge, 
A., Niedra, J. and Stankova, L. (1978) J. 
Reticuloendothel. Sot. 24, 1-7. 
DeChatelet, L.R., McCall, C.E., Cooper, M.R. 
and Shirley, P.S. (1974) Proc. Sot. Exp. Biol. Med. 
145, 1170-l 173. 
Kanofsky, J.R. (1983) J. Biol. Chem. 258, 
5991-5993. 
Kanofsky, J.R. (1984) J. Biol. Chem. 259, 
5596-5600. 
Matheson, N.R., Wong, P.S. and Travis, J. (1981) 
Biochemistry 20, 325-330. 
Thomas, E.L., Grisham, M.B. and Jefferson, 
M.M. (1983) J. Clin. Invest. 72, 441-454. 
Kanofsky, J.R. and Tauber, A.I. (1983) Blood 62 
(Suppl.), 82. 
Naskalski, J.W. (1977) Biochim. Biophys. Acta 
485, 291-300. 
Chou, P.T. and Khan, A.U. (1983) Biochem. Bio- 
phys. Res. Commun. 115, 932-937. 

301 


