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1. Introduction

A variety of acids react reversibly with catalase
(EC 1.11.1.6) to yield spectroscopically distinct and
inactive compounds [1—4]. These reactions are all
second order, involve the undissociated form of the
ligand, and generally do not require heme—heme
interactions [3,4]. Reactions of catalase with cyanide,
azide, formate, acetate, and fluoride have been
extensively studied [1—4] . However, there is no
previous information concerning the reaction of
catalase with chloride.

In this paper, the activity of bovine liver catalase
is shown to be significantly inhibited at low pH in
the presence of chloride. This inactivation results
from formation of a stable catalase—chloride compound
(K4 9.0 mM, at pH 4.4) with a stoichiometry of one
chloride per catalase heme. Binding of chloride to
catalase, as determined by difference spectrophot-
ometry (AERX=3%0MM 3 35}, does not involve heme—
heme interactions and requires the undissociated
form of HC!. This reaction may commonly occur
when catalase is present in physiological solutions at
low pH.

2. Materials and methods

Lyophillized, thymol free catalase from bovine
liver (Sigma Chemical Co., St Louis, MO) was initially
diluted to a concentration of 0.83 ug/mlin 0.1 M
potassium phosphate buffer of the appropriate pH
(fig.1). Catalase activity at room temperature was
measured immediately after adding 10 umol H,O,
(Mallinckrodt, St Louis, MO) by recording the loss
of absorbance at 230 nm. Catalase activity in the
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presence of chloride was determined in the same
manner (fig.1, fig.2). However, data in fig.2 were
plotted as described by Chance [5] where Ry and
Ry; represent the activities of enzyme in the presence
and absence of chloride respectively.

All assays of enzyme activity and difference spectra
were performed using either a Perkin-Elmer 356 or a
Cary 15 double-beam spectrophotometer. Data in fig.5
were obtained with a dual wavelength multichannel
spectrophotometer designed and built at the Johnson
Research Foundation [6] . Catalase concentrations of
between 4 uM and 5 uM were used in these binding
experiments.

3. Results and discussion

The present study was begun to account for lower
than expected catalase activity when this enzyme was
assayed in Krebs Ringer phosphate solution (KRPS)
at low pH. Since the buffer contained NaCl in excess
of 150 mM [7], chloride concentration and ionic
strength were first tested for effects on catalase
function. In this regard, pH profiles of enzyme activity
were run in the presence and absence of chloride
(fig.1). The pH profile without chloride agreed with
previously reported data on the pH dependence of
catalase [8]. However, substantially different profiles
were obtained when catalase was assayed in either
KRPS or phosphate buffer containing 200 mM NaCl.
Since the effect of NaCl was also observed by substitut-
ing 100 mM MgCl,, but not 100 mM (NH,),SO, (data
not shown), general ionic strength interactions were
ruled out as a cause of the catalase inhibition.

The relationship between total chloride concen-
tration and catalase activity was further investigated
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Fig.1. Specific activity of catalase as a function of pH at
different chloride concentrations. Assays were performed in
(@) 0.1 M potassium phosphate without chloride, (o) KRPS
which contained 150 mM NaCl, and (») 0.1 M potassium
phosphate plus 200 mM NaCl.

in phosphate buffer at pH 4.0 and pH 4.7. These
results, when combined in fig.2, demonstrated that
chloride concentration was inversely related to
Ri/(Ry — Ry). Therefore, both an apparent K
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Fig.2. Relationship between total chloride concentration and
catalase activity. Ry and Ry represent activities of enzyme in
the presence and absence of chloride, respectively.
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Fig.3. Difference spectra between catalase-chloride compound
and free enzyme. Numbers near each trace indicate millimolar
levels of chloride added.
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Fig.4. Perturbation of catalase absorption upon chloride
binding. Both %A (in A) and Y (in B) represent normalized
differences in absorbance at 405 nm minus 390 nm.
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9.5 mM and a binding stoichiometry a of 0.75 chlorides/

active site were calculated using the following equation

[51:
log Ry/(Ry — Rp =log K; —alog (CI7)

Binding of chloride to catalase heme was verified
by measuring the increase in Soret peak absorption
of the catalase-chloride compound relative to the
free enzyme (fig.3). Taking absorbance change
between the maximum at 405 nm and the isosbestic
point at 390 nm as an indicator of reaction, these data
yielded a K4 of 10 mM for chloride at pH 4.4 (fig.4A).
These data also indicated that little, if any, coopera-
tivity occurred during the binding process (fig.4B), and
subsequently, an extinction coefficient for the catalase-
chloride compound minus free enzyme was calculated
(AER=° ™™ 2 25). This value was employed along
with a Scatchard type analysis [9] to determine a
binding stoichiometry of 4 chlorides/catalase tetramer.
Binding affinity and stoichiometry were further
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investigated as a function of pH using dual wavelength
difference spectrophotometry [6] . Data from these
studies, presented in the Scatchard plots (fig.5A),
indicated that the apparent pK4 chloride binding was
inversely proportional to pH (fig.5B). This relation-
ship was also found for the binding of other acids to
catalase and was interpreted to mean that the proton-
ated ligand, rather than conjugate base, was the actual
reactive species [1,3,4]. Assuming the pK, of HCl to
be zero, binding of HCl to catalase would occur with
a constant K4 of (4.8 £+ 1.4) X 1077 M at these pH
values (fig.5B).

Moreover, the above results should caution against
the use of physiological buffers when determining
catalase activity in the pH range 3.5—7.0. Practically
all such buffers contain high isotonic levels of
chloride and are commonly employed during cell and
culture in vitro. In vivo conditions for catalase
inhibition by chloride are probably quite rare. However,
they might exist in specialized cells or tissues which
contain both high levels of chloride and regions of
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Fig.5. Binding of chloride to catalase at different pH values. Dissociation constants, derived from Scatchard plots (in A), are
plotted verses pH (in B). L equals chloride concentration, and 7 represents the molar ratio of bound ligand to total catalase

heme.
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low intracellular pH. The polymorphonuclear leuko-
cyte, which contains up to 120 mM chloride {10,11]
and which has intravacuolar pH 3—5 [12,13], satis-
fies both of these criteria. Thus, leukocytes might
conceivably inactivate endocytosed bacterial catalase
through this mechanism. Such action would prevent
competition between bacterial catalase and leukocytic
myeloperoxidase for H,0, and would increase the

steady-state levels of H,0, needed for antibacterial
function of the myeloperoxidase—~H,0, —chloride
system [14—16].

Acknowledgements
This study was supported by a grant from the US
Public Health Service, HL-SCOR-15061. The author

wishes to express his gratitude to Dr Britton Chance
for his valuable discussions and criticisms.

284

FEBS LETTERS

November 1977

References

[1} Chance, B. (1952) J. Biol. Chem. 194, 483-496.

[2] Hershberg, R. D. and Chance, B. (1975) Biochemistry
14, 3885-3891.

[3] Nicholls, P. and Schonbaum, G. R. (1968) in: The
Enzymes, 2nd edn, vol. VIII, pp. 147-225, Academic
Press, New York.

[4] Schonbaum, G. R. and Chance, B. (1976) in: The
Enzymes, 3rd edn, vol. XIII, pp. 363- 408, Academic
Press, New York.

[5] Chance, B. (1943) J. Cell. Comp. Physiol. 22, 33-41.

[6] Chance, B., Legallais, V., Sorge, J. and Graham, N.
(1975) Anal. Biochem. 66,498 -514.

[7] Altman, P. L. and Dittmer, D. S. (1968) in:Metabolism,
p- 180, Fed. Am. Soc. Exp. Biol. Bethesda, MD.

[8] Chance, B. (1952) J. Biol. Chem. 194,471 -481.

[9] Scatchard, G. (1949) Ann. NY Acad. Sci. 51, 660—681.

[10] Wilson, D. L. and Manery, J. F. (1949) J. Cell. Comp.
Physiol. 34,493--519.

[11] Zglicynski, J. M. and Stelmaszynska, T. (1975) Eur. J.
Biochem. 56, 157-162.

[12] Sprick, M. G. (1956) Am. Rev. Tuberc. 74, 552-565.

[13] Pavlov, E. P. and Soloviev, V. N. (1967) Biul. Eksp. Biol.
Med. 4, 78.

[14] Klebanoff, S. J. (1968) J. Bacteriol. 95, 2131.

[15] Klebanoff, S. J. (1970) in: Biochemistry of the Phago-
cytic Process, (Schultz, J. ed) pp. 89—-110, North-Holland,
Amsterdam,

[16] Agner, K. (1972) in: The Structure and Function of
Oxidation—Reduction Enzymes, Proc. Wenner—Gren
Symp. Stockholm, 1970 (Akkeson, A. and Ehrenburg,
A. eds) pp. 329-335, Pergamon Press, New York.



