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EXPERIENTIA 2710

Heat and Urea Stability of Blood Catalase of Catalase-Mutant Mouse Strains?

The development of acatalasemic and hypocatalasemic
mouse strains® has permitted an indirect study of the
combination of catalase subunits and has led to some un-
expected conclusions regarding the nature of heterozy-
gote enzyme molecules. The mutation is a structural one?;
the amount of blood catalase protein appears to be un-
changed by the mutation. In such a situation, it would be
expected that the heterozygote catalase would display
more than one molecular species. Since catalase is a tetra-
mer 3, the most probable composition of the heterozygote
would be 5 molecular forms¢®, one of each parental species
and 3 different species combining subunits from both pa-
rents in varying ratios. In fact, Scanparios? has demons-
trated exactly thisresult in a study of maize strains bearing
catalase of differing electrophoretic mobilities.

Unfortunately, the catalase of our mutant strains does
not differ from normal catalase in its electrophoretic
meoebility®. Because of this fact, we have laid emphasis on
the characterization of blood catalase by stability to urea
and to heat; these have proven to be sensitive, reprodu-
cible parameters®?, Using these techniques, we earlier
demonstrated® that blood catalase of a hypocatalasemic
heterozygote differs from that of both parents and con-
sists of a single molecular species. As explanation of this
unexpected finding, we suggested that the combination of
subunits is non-random; by some unknown mechanism, a
certain specified number of subunits of each parental form
are combined to form an invariant heterozygote molecule.

We now wish to report that we have performed similar
experiments on other heterozygotes, including the mixed
heterozygote between the acatalasemic and the hypocata-
lasemic strains, and all results are the same: the hetero-
zygotes produce single molecular species of blood catalase,
and this species differs from both parental forms. It is of
further interest that the stability of a heterozygote mole-
cule is not directly related to its level of catalatic activity.
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Fig. 1. Urca stability of blood lysates. For definition of mouse
strains, see text. x -— x, CsaCs®; O—11, CseCsd; m———M, CsaCsp;
8@, Cs2Csd; and O~ O, CsPCsd,

Materials and methods. The following strain designations
are employed: Cs* Cs? is the normal, wild type homo-
zygote; CsbCsP is the acatalasemic homozygote (this
strain was not used in the experiments here reported,
because its blood catalase activity is already so low as to
limit the accuracy of assay of further degraded samples);
CsdCst is one of the hypocatalasemic homozygotes;
Csa(Cs® and CsaCs?® are the heterozygotes of the acatalase-
mic and hypocatalasemic strains, respectively; and
CsPCsd is the mixed acatalasemic-hypocatalasemic hetero-
zygote. Blood was drawn from the orbital sinus’® into
heparinized tubes and lysed by 50-fold dilution (for the
urea experiments) or 100-fold dilution (for thermal stu-
dies) with cold distilled water. Lysed bloods were stored in
an ice bath until use. For the urea experiments, a series of
small test tubes, each containing 1.0 ml of water or of a
given urea solution, was warmed to 37°C. Small aliquots
of blood lysate were also brought to 37°C. At zero time,
1.0 ml of blood was added to 1.0 ml of urea {or water, as
control}, the tube was briefly mixed, and the mixture was
incubated at 37 °C for exactly 10 min, at which time 1.0 ml
of the mixture was pipetted directly into a flask of per-
borate for catalase assay!l. For the heating experiments,
small empty test tubes were pre-warmed to the desired
temperature. At zero time, about 1.5 ml of blood lysate
was added to the test tube and was then incubated at that
temperature for exactly 10 min before being plunged back
into the ice bath, where it was stored until assay. Changes
in catalase activity during this period in the ice bath have
been shown to be negligible.

Resulis, Urea and heat stability curves of the 5 sorts of
blood tested are shown in Figures 1 and 2, respectively. It
is clear that the normal homozygote, Cs2Cs?, is most stable
in both respects. Blood of the 2 heterozygotes carrying the
Cs® gamete, namely Cs*CsP and Cs2Cs9, are less stable than
Cs2Cs® but very similar to each other. Of least stability are

Table 1. Distinguishing between similar urea stabilities

Strain Urea Activity Student’s P
concen-~ remaining t-test
tration (%)
()
Cs2Cst 2.0 3.7+ 0.3
CsaCsP 2.0 6.2 1+ 0.4 4.87 < 0.001
Csb(Csd 1.25 129 + 1.8
CsaCga 1.25 4.4 4 0.2 4.70 < 0.001

For definition of strains, see text. Urea concentration is that in the
final mixture of urea solution and blood lysate. Figures for %
activity remaining are mean -+ standard error, They are based on
6 completely separate blood samples of each strain.

Table 11. Distinguishing between similar heat stabilities

Strain Tem- Activity Student’'s P
perature remaining -test
(°C) (%)
Cs2Cs® 48.0 18.04 1.2
Cs2(Cs® 48.0 163415 0.86 N.S.
CspCs? 42.0 65.7 + 2.4
CsaCst 42.0 75.54 1.8 3.23 < 0.01

For definitions of strains, see text. Figures for % activity remaining
are mean -+ standard error. They are based on 6 completely separate
blood samples of each strain.
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the 2 strains lacking the Cs* gamete, namely the hypo-
catalasemic homozygote, CsdCs4, and the mixed hetero-
zygote, CsPCsd; the members of this pair are also very si-
milar to each other. The 2 sets of curves, urea and heat sta-
bility, are in all respects extraordinarily similar. As in our
earlier work?®, all curves are smoothly S-shaped, with no
suggestion of separate denaturation of variant species
within a given blood. Again we conclude that each sample,
heterozygote as well as homozygote, contains but a single
molecular species.

The Cs2Cs? and Cs2Csd curves, though very similar, are
not identical; the same is true of CsdCsd vs CsbCsd. This
was demonstrated by selecting single urea concentrations,
and single temperatures, where greatest differences
appeared to exist in the curve pairs, and replicating these
points with 6 separate blood samples. Table I and 11 show
that these curve pairs ditfer significantly, though not
greatly, from each other; urea stability data are much
more conclusive than heat stability.

It was shown earlier® that a convenient figure for
characterizing heat stability of a given blood sample is the
T, that temperature at which 509, of the catalase acti-
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Fig. 2. Heat stability of blood lysates. Legend as for Figure 1,

Table 11I. Comparison of catalatic activities with heat and urea
stabilities

Strain Catalase Tso Use
activity (°C) (M)
{(PU/ml of blood)

CsaCs® 168 47.1 1.675

CsaCsd 94 45.8 1.325

CseCsP 69 46.0 1.350

CsaCst 16 43.0 0.800

CsbCst 8 42.6 0.750

For definition of strains, see text. Catalase activity is expressed as
perborate units1! per ml whole blood. Ty, is that temperature, in
degrees C, at which 509, of the catalase activity is lost under the
conditions of the experiment; Uy, is that urea concentration, in
molarity, at which 509, of the catalase activity is lost under the
conditions of the experiment.
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vity is lost. Of comparable convenience is the Uy, the
urea concentration at which 509, of the catalase activity
is lost. Table III lists the Ty, and the Uy, for the 5 strains
tested, as well as the catalase activity of the untreated
blood. The table makes 2 points evident: a) sensitivities to
heat and to urea are very closely related, and b) these
sensitivities are not related to the catalatic activity of the
untreated lysate.

Discussion. KREMER1? has recently presented evidence
that catalase hematins are equivalent and non-interacting
during catalysis. JoNEs and SuGGETT!® have suggested
that monohematin subunits of catalase are catalatically
inactive because in the catalase tetramer an amino acid
from a different subunit is co-ordinated around each hema-
tin iron atom. We have postulated !4 that the amino acid
modifications caused by mutation lead to an unstable
molecular configuration of the catalase. On these bases it
is understandable that the presence of the normal, Css,
gamete stabilizes the molecule, while its absence causes a
decreased stability to the next level, stabilized by the Cs¢
gamete, although at the same time there are considerable
differences in the blood catalase level of the several strains.
For the explanation of the existence of single molecular
forms of catalase in heterozygote blood, we again suggest
a non-random combination of subunits. We have no evi-
dence as to the nature of the mechanism bringing about a
non-random combination.

The possibility must beconsidered that one or more of the

strains examined does contain catalase of more than one

more molecular species, so nearly identical in their de-
naturing properties that they will not be detected by the
methods employed. However, the 3 parental homozygotes
(Cs2Cs®, CsaCs4, and CsbCsb) are so dissimilar in these pro-
perties that separate denaturation would almost cer-
tainly be evident, as demonstrated earlier® with mixtures
of homozygote blood.

Zusammenfassung. Normale und anomale Katalase-
Varianten mit identischer elektrophoretischer Wande-
rungsgeschwindigkeit konnten durch unterschiedliche
Harnstoff- und Temperatur-Wirkung voneinander unter-
schieden werden.
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