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CARRIER STATE IN HUMAN ACATALASEMIA
The Genetic Control of Enzyme Activity
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In 1949 Takahara and Miyamoto'! reported
four siblings with progressive gangrenous
Zingivitis in whom catalase activity was
not demonstrable in the peripheral bloed.
In this and subsequent communications?-§
the authors described and elaborated upon
the syndrome and coined the term, acatala-
semia, since the level of catalase activi-
ty in the tissues other than blood could
not be ascertained.

At the time of our preliminary report®,_
thirty-eight cases of acatalasemia in
seventeen families had been documented by
various investigators in Japan’. 1In all
but three families, two or more siblings
were affected. A history of consangui-
neous marriage was obtained from sixteen
families. Apong the parents of acatalase-
mic individuals are ten first cousin
marriages and two involving not only first
cousins but additional degrees of rela-
tionship as well; three are more remotely
related and information on the others is
uncertain. Takahara, et al® have sug-
gested that the disorder is transmitted as
a monogenetic recessive character;
however, in these previous studies, the
genotypic characteristics were mnot
investigated in the related family members
in whom definite catalase activity has
been demonstrated.

After reviewing the levels of catalase
activity reported by Takahara® it oc-
curred to one of us (E.T_N.) that the mean
value of blood catalase activity smong the
positive catalase reactors of the acatal-
asemia families seemed to be lower than
that noted for the control group. This
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was interpreted to indicate that certain
members of the acatalasemia family prob-
ably possessed catalase activity of sig-
nificantly low levels, while others had
higher values comparable to the coatrol
series. TJTo investigate this possibility,
heparinized blood samples were obtained
from five families previously studied by
the Okayama University grosp. A sodifi-
cation of the method used by Herbert® was
employed for the determimation of bleod
catalase activity. The activity, which is
expressed as the reaction velocity com-
stant, Kear, (K} x 107) was determined for
randomly selected Japanese subjects in
Hiroshima and Nagasaki: mean value 5 .54,
range 3.91-7.10, in 206 individuals®. In
Figure |. of the 66 cases of positive
catalase reactors in the five acatalasenia
families examined, 30 had Kcat values
which were definitely below the controls:
mean 2_15, range 1.48-2.89, and mith no
overlap of control values. This phe-
nomenos of low blood catalase activity
will be referred to, hereinafter, as
hypocatalasemia. Ome can, apparestly,
with thais biochemical technigue, resdily
separate the hypocatalasemic fros the
mor=s] and the acatalasesic states.
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FIGRE 1. DISTRIBUTION OF CATALASE VALUES FUR MEMRERS OF THE FIVE ACATALASEMIC

FAMILTES AND COMPARISON WITH A PERCENTAGE DISTRIBUTION CURVE OF
VALLES FROM A NOFMAL CONTROL GROLP.
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Figure 2 shows that certain members of
the famlies of acatalasemic subjects are
hypocatalasemic while others possess
normal blood catalase values. It appears
that g, the parents of acatalasemic chil-
dren are hypocatalasemic, 2, the siblings
of acatalasemic individuals may be either
hypocatalasemic or normal, and 3. an acat-
alasemic parent has hypocatalasemac
children when mated to a normal individ-
ual. The possibility of an acatalasemic-
hypocatalasemic parent combination pro-
ducing acatalasemic and hypocatalasemic
children has not yet been demonstrated.
Genetically the hypocatalasemic state may
be thought of as a carrier state for acat-
alasemia. Sawin and Glick'®have described
a similar genetic pattern for the enzyme,
atropine esterase, in rabbits. They
ascribed the difference in the amount of
enzyme activity to incomplete domimance,
i.e., the ability to produce the enzyme is
dominant over the absence of this abiliry.
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FIGURE 2. GENFALOGICAL RELATIONSHIPS IN THREE OF THE ACATALASEMIC FAMILIES
B2 Er27—¥Yr=FEOEE%

0

Q Q
l:l_,!a_‘_ﬁ m__

- S

gggfoogpgmfo

a

$O30 &__ O

0

¢ 00 ge

i oo

of Te

Omi= = {}L_.-l--— R ]
t—.-t—u-—-l"ll E®

L] o] .Tele] .T.T Jslelelale] TululT.T.] g

nl—'umlﬁf'-‘l' B — @ = Ceengiess scrisg B W8 B

Fi= ELT’.-
O Feie i W o, i pe—w g U=t vralnac: AR §-Berr— TR E S iplen = il -r{;

P 4R




Mur own study closely resembles the data
reported by these investigators and sug-
gests that in this respect the underlying
genetic phenomenon may be similar.

It appears that acatalasemia may be a2
‘molecular disease' mot umlike certain
disorders of hesoglobin. Ingran''bhas de-
monstrated that sickle cell hemnglobin (S)
differs by only one of nearly three hun-
dred smino acids in the half molecule as
compared to that of normal hemoglobin (A).
A similar defect in the synthesis of the
catalase snlecule might east in hypo- and
scatalassmics. In the former, the basic
enrymic components may be partially modi-
fied in compoasition or structural configu-
ration so that the altersed catalass moiety
is capable of supporting only subnormal
enzymatic activity; in the latter, com-
pounding the defect leads to absence of
enzymatic activity.

We are aware of the interest in these
findings to geneticists and biochemists,
and propose in the immediate future to
present in more extensive form a report on
their genetic and biochemical implica-
tions,
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