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Introduction

Acatalasemla, a rare congenltal abnor-
mality characterized by an apparent lack of
the enzyme catalase, was first discovered
by Takahara in 1947. 2 The lack of cata-
lase aectivity in this disease was initially
no ted in whole bleood, but sobsequent
studies of the tissues of other organs such
as the nasal cavities, the
pharynx, bone marrow and llver have re-—
vealed a similar absence of activity far
this enzyme. 2 Since the initial de-
seription of this disease, & total of 38
cases In 17 families have heen found and
reported in Japan up to Apreil IBEH;E_IH as
¥et no reports of acatalasemlas
appeared from any other countries of the
world.

and oral

have

Shortly after the discovery of acata-
lasemia 1t became apparent that the con-
dil tion probably resul ted from homozygosity
' Because of the
widespread Interest in the hiochemical
fdenti Ffieation of genetie earrier states,
we undertook a study of persons presumed to
be heterozygous for this pene.
preliminary report from this lalworatory has
shown the
families of acatalesemic subjects have nor-—
mal eatnlase acrtlivity In the peripheral
blood, others have low values (hypocata—
lasEmia].ml It was shown further that
Individnals who from thelr position in the
family should be genetie earriers (hetero-
zypotes) are hypocatalasemle.
aof thls paper

for a recessive gene.

A recent

that while ecertaln members of

The purpose
ls to review the clinical
aspects of thls disease and {ts carrier
state, to desceribe in some detall the
bioechemieal procedures vtilizea in the
estimation of the catalase values,
present certain genetiec considerations
concerning hypo- and acatalasemia.

and to

Method of Study

The study team was divided into (a) a
fleld investigation unit composed of two
members of the Okayvama Universlty group and
(b} four members of the Atomie Bomb

#® 8
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Casualty Commission. The field investlga-
tion group was responcible for the AT D ge-
ment of all contacts with the families
under study, for reviewing the genealogl cal
relationship among thelr members, and for
the physical examinations. This Eroup
collected all Llood specimens and delivered
them vnder refrigeration to the lalwratory
in Hiroshima within & few hours after
obtaining the samples. The families
presently investigated are those in whieh
seatalasemla cases were Previously detected

and have been the subject of enrlier re—
Pﬂrts.l"ﬁ’ 15, 18

The standardization and the establishment
of notmal blood catalase values were per-
formed on subjects at the medieal clinle of
the Atomle Bomb Casual ty Commission in
Hiroshima and Nagasaki. The individuals
tested were of both sexes and ranged In age
from 11 years to over 70.

Blood, collected in a dry syringe, was
Immediately heparinized, und unless assay
was performed shortly thereafter, was kept
under refrigeration. Speeimens collected
from various areas in Juapan were shipped to
the laboratory in iced vacuum containers,
since storage at 4% for 3 or 4 days was
found to have no significant effect on
catal ase activity.

Hemoglobin was determined by the eyanome—
themoglobin method of Drabkin®l as modified
by Croshy, et |':|;1.._,22 using a Coleman Junior
Speetropho tometer.

The assay of catalase activity, Lased
on methods developed by Von Euler and
Josephson, 23 Bonnischen et al,, 24 apg
Herbert, *® was performed as follows: an
appropriate aligquot of whole blood was
diluted to 500 ml. with distillead water to
make a final hemoglobin concentration of
0,14 gn/ml, and mixed gently. Using a
blow-out plpette, one ml. of the diluted
hemoglobin solution was placed iunmediately
into each of five test tubes containing &
five ml. solution of 0.D1 K hydrogen per—
oxide and 0.01 M phosphate buffer, pH 6.8,

prewarmed to :?n'"ﬂ In a eonstant tempara-
ture water bath. After exactly 15 seconds

Emiﬁ%ﬁﬁL.ﬂﬂﬁﬁ%ﬁmTacafa
qt.:@ﬁm¢wmeﬁﬂ¢%HML,mm
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*Although no =ignificant difference was no ted
batween the mean catalase value among those
exposed to significant radiation and those whe
wore not, the former have been excluded From
the normal cenérol group,
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ineubation timed YWy a stopwatch, the re-
action in one tube was stopped by the
{pmediate addltion of approximately two ml.
of @ sulfuriec acid from a beaker; similar-
1y, Aapld was added successively to three of
the remalning tubes at intervals of a0, 45,
and 60 seeconds. The fifth tube, to which
aeld was added before the diluted blood
sample, was used to determine the initial
hydrogen peroxlde concentratlion; the per-
oxide conecentration in each tube was deter-
mined by titration with 0.005 N potassium
permanganate. Under these condltions the
disappearance of poroxlide follows first
order kineties, and the veloelty constant
1{1, whieh may be used as a measure of cato-
lase activity, 1s calenlated for each time
interval from the equation

1 % i
Ky = g log;g3° (sec™)

whers L is the initial peroxide concen-
tration expressed as ml. of permanganate
and x is the concentration at time t. 1In
this report, the mean of the four values
times 1n3, hereinafter referred to as Koats
15 used to express erythrocyte catalase
activity. Table 1 shows thedata from &
typieal determination.

TABLE 1

EHIOBRELARERE TR,

LIl B0 )6 (e T G| 7 S G =
Eete PEH T HBSEMCERD & | of &
%;<&«An&xu;##;%1¢¢tlﬂ

ORI EE -, 1+0XBERIZZINE
Eﬁ'ﬁﬁmﬁ'&lﬁ.buﬁﬂl r, Rt fElaes, [

i, BooHBREIARIZ, k430, SRR
OREECIERREE ML A, BBk AERE
LA 0T, HoEEORRE THNMmEL M
LAY AR TE . SREET oA
REBEIL, 0.006 Na@= A b)) EHVE
iz LoTHELE FEORETRELKRE
D%k, BhEoE—EIlzEy, 257
EHE o FLEE & LT e B B s TR R LK L
FHRoOFIZL - TEEIGHEIZ2VTHET S,

'y X =1
By = glog g (see7)

CORT, Xo |~y Ay EOnRIETHHLE
x LBt BERIZ B0
LimETHD, BEMERTE, HEE,, e80T 3
4 -HOMEROPEHE L0 FLZLOEHMER
Hrs—FitgsELtoEHLE FLIEE
BIgY 4 mEIl b - THAERERT.

DATA FROM A TYPICAL CATALASE ACTIVITY ASESAY

#1 (bR AH s —FiEtEETR TR AR

TiuE (secanosilu,0, AEMAINING (A5 w1 Ky 0 T'L_M ; x_ .

W B (#) |j,5-;r.zfrk$ﬁ;:ﬁ!{5?ﬁ|rr_L:'a b S A
B n.ar 0
18 5.07 0.0874 5.83
10 §.55 8. 1781 5. 94
45 T 0.2643 5.80

L. iy 4. 38 0. 3548 5. 91

T MEAN T4 5.89

The four K,.; values for ench determi-
nation agree clasely and do not inerease
with increasing reaction times up to one
miniite. Analysis of twenty-five sets of
four such readings (selected randomly)
yielded a standard deviation of 0.11 K.,
units for a single reading within any set
of four, the standard error of the mean of
the four readings which 1s taken as the

1MOFEECHITE 4208, MidFkA Pl

FlLouoT, RIKME 1 93 CiEELTHITIE
ALV, AR 4omlEiENHE LS EERD L

TR AT 2 - LEBR, —2—allEHIZHY
ARSI K i Th D, E-TEOMHE
AMI 2T OB, i E RS %4 DOHlE

il &7
FEE T S EEREIL, 0.065K  BLI2 4



Kcat value for the indlvidual thus bheing
0.055 Keat units. Other soureces of
laboratory error are minimized by eareful
control of the conditions under whiech the
agsay 1s performed. As noted by Maehly and
Chance® & first order reaction 1s obtain-
ed, provided 1) & short reaction time 1is
employed, 2} a low substrate coneentration
and a low lonle strength buffer are used,
and 3 the assay 1s carrled out immediately
after final dilution of the blood sample.
Temperature in a range between 0 and 607 ¢
has no significant effect on Kopp values
and 87° was found te bLe sultable and con-
venient for the present assay. Under these
condl tions, ecatalase activity was shown to
be lnearly related to enzyme concentration
nsing purl fled human ervthroeyte ecatalase
prepared aceording to the method of Herhert
and Pinsent. <’ There 1s also a linear
relationship between catalase petivity and
hemoglohin concentration in normal indi-
viduals, a finding previously reported hy
Funakl®® ana Miller, 29 nsing dil fferent
assay methods.

In addition to estimating the error of a
single reading at 15, a0, 45, and &0
the variation between duplicate
Assays on the same sample was a&lso studied.
For elghteen sueh duplieate determinntions,
the standard deviation of the differences
between the means of the four readings for
each palr was found to he 0.04. The two
sources of laboratory variation Ffor whieh
expliclt estimates are provided, combine to
produce a standard error of 0.07 for a Knat
determination on an indlividual. This esti-
mate of laboratory error may be compared
with the value 0.73 ecaleulated as the
standard deviation of the distribution of
individual Keat values, including both
laboratory error and individual variation.

seconds,

In establishing the range of normal
values, 1t was found that nelther age nor
sex appeared to have any signifleant influ-
ence on the level of blood catalase activi-
ty. Dally and weekly Pluctustions in nor-
mal individuals do not seem remarkable;
serial determinations In both males and
females showed variations not axceeding
five per cont.
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Clinical Consideration and Description of
Families Studied

There Is no gross difference in ap-
pearance between the hlood of an aeata-
lasende and a normal individual. However,
upon the addition of qug, in econtrast to
narmal blood which remains bright red and
foams exuberantly due to the action of
erythrocyte catalase, acatalasemic blood
immediately turns & black-brown color as
methemoglobin is formed, and no foaming
cecurs.,  On standing the black-brown color
gradually fades and abont thirty minutes
later & flocenlent yellow-white precipitate
containing denatured protein settles ont,
leaving a eclear colorless supernatant fluid
contalnlng propentdyopent, the Final
breakdown produet of hemoglobin destrietion
by hydrogen peroxide,

Clinieally, approximately B0 per cent of
the people with acatalasemla thus far
examined develop, 1in their childhood, a
pecullar progressive gangrenous dlsease
within the oral cavity (Takahara's dis-—
easel,  In many cases this disease develops
aft the roots of the teeth, but in some rare
instances, the original silte may be the
erypt of the tonsil. The daisease that
develops from the root of the teeth may be
elassified Inte three types according to
the symptoms: mlild, moderate or severe,

In the mlld type, repeatedly recurring
uleers with pain are noted in the dental
alveolil. In the moderate type (Fipgure 1)
alveolar gangrene develops, atrophy and
recession of the alveolar bone expose puch
of the necks of the teeth, which loosen and
fall ont spontaneously. In the severe
t¥ype, the moderate pangrene of bone aor of
the soft tissnes around the maxtlla, mandi-
ble or teeth, progresses to the polnt of
presenting a serlous pieture. 0OF the three
types, the poderate Is the most common
{about 50 per cent) while the mild and
severe types are seen with about equal
frequency.

The pathogenesis of the oral wleeration
may be related to the fact that various
bacteria (hemolytie streptococci BRON
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FIGURE 1

Moderate types of oral disease showing alveolar wlears and recession of the

alveolar bone af ter spontaneous loss of several testh from the lower Jaw,
sgan in the fitth child of the family | MA when sha was four years o age.

FE1 FFOTHENCMSEELSFCHTSHNEE RS0 ERE ST hREEOOmEER.
HEERINAORB L FA 4 oo Enshsdn,

them) normally present in the ginglwval
micosa, may under favorable clrcumstances,
rapidly proliferate so that excessive
amounts of HEBE are produced. Normal indi-
viduals have the capacity to destroy this
product, but persons with acatalasemia
ecannot and a vielous elrcle 1s established.
H202 oxidizes the hemoglobin of the red
blood ecells, therehy depriving the tissues
of the oxygen normally carried by the
erythroeytes, the hydrogen peroxide and
bacteria Invade the surrounding tlssoes,
general tissue bhreakdown oceurs, and
Fangrene supcrvenes.ﬁ

Treatment consists of extraction of the
diseased teeth or tonsil and the use of
antibioties to control the harmful effects
of the offending bacteria. There appears
to be no dil fference in the speed of wound
healing when compared with normal individu-
als, once treatment has been Instituted.

As noted above, about 40 per cent of the
acatalasemic patients are asymptomatic, and
never develop any form of oral disease,
Further, even those who have had some form
of disense of the oral cavity in their
childhood; are in other respects no diflfer-
ent from normal people, and apparently
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after punberty even those individonals who
had the severe type of oral disease hecome
symptom-Ffree. Among the twelve cases under
observatlion by Takahara for ten years or
more, aside from showing various mani fes-
tations of oral disesse in childhood as
deseribed above, none has developed any
particularly serious disease and all are
alive and well at this time.

Case Descriptions

The family numbers used here and else-
where in this report correspond to those of
Takaharn et. 31_’39331 who have tabulated
all acatalasemies known to date, listing
them in order of discovery. This effort to
keep the numbers consistent accounts for
the unusual numbering of Flgure 2. The
individuals discussed helow may be located
on the detailed pedigrees of Fimire 2 by
referring to the "pedigree position®, con-
sisting of a Aoman and Arabic number, the
former giving the generation and the later
the loeation in that generation.

Family 1 NA. The parents, first cousins
onee removed, are hypocatalasemie (II-1
and I1I=1}. Four of the seven siblings
are acatalasemie { IV-1,2,48,5 and re-
pentedly developed oral disease in
infaney and childhood; all are now ip
good health. OF the three remaining
slblings, one 1s hypocatalasemie ( IV- 7)
and the others are normal. All three
have always been heal thy.

The second child {Iv=-2) is the flirst
ecase diseavered by Takahara in 1946, when
she was 11 years old. At that time ex-
tensive gangrene originating at the roots
of the teeth of the upper law was oured
by opening the maxillary sinus and re-
moving a large part of the affected
maxilla and soft tisswe. Thereafter,
severe oral disease beginning from the
roots of the other teeth recurred several
times: in additlon gangrene developed
from the tonsil erypts in one epilsode,
This patient has developed normally,
married at age 22, has had one Ffull-
term pregnancy without inecident, and
at present 1s living a healthy 1ife.
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FIGURE 2 PEDIGREES OF FAMILIES WITH ACATALASEMIA IM WHICH HYPOCATALASEM|A HAS BEEM STUDIED™
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*The families are numbered according to Takahara, 2021 Each person described in the case histories

is placed within his sibship by the Foman numeral and Arabic number in the appropriate pedigree,
T?rus I NA IV-2 is the second individual in the fourth generation of family 1 NA.
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FIGURE 3 ABBREVIATED PEDIGREES OF FAMILIES WITH ACATALASEMIA NOT STUDIED FOR HYPOCATALASEMIA
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She uses a complete set of dentures. Her
child, now one year old, has developed
normally.

The eldest child (IV-1) was flrst seen
at age 13 with severe manditalar gangrene
which began from the roots of the teeth.
The lesion of the mandible was execised
and replaced by bone tissue from the rib
with satisfactory recovery. He uses a
complete set of dentures. At present, 25
years of age, he is in good health.

The third child (IV-8) has occaslonally
developed mild gingival ulcers which have
been treated conservatively.

The fifth ehild (Iv-5) has develaped
moderately severe gingival inflammation
several times (see also Figure 1), tmt
not to the extent of requiring surgleal
Intervention.

In every Instance above, drainage or
removal of the lesion and the application
of penicillin were very effective in
eradleating the infection.

Family 2 FU. The parents were cousins
and the patient (V-1) 1s the only child.
The mother 18 hypoeatalasemie (Tv=-2).
The father was a easualty of the war; one
af his younger sisters (IV-3) and her
daughter (V-2) are hypoeatalasemiec.

At the age of 13 the patlent suffered
from recurrent bouts of severe oral
disease which developed from the tonsils
and teeth, but was eured after tonsil-
lectomy and extraction or spontaneocus
loss of the teeth. At present aged 24,
eqiipped with 8 complete set of dentures,
he 15 in good health,

Family 3 AB. The parents were cousinsg
the father 1s dead. The mother (IT-1) 1is
hypocatalasemie. Four of the ten child-
ren are acatalasemic and two of these
(IIT-2,4) freguently developed moderate
dental stomatitis in childhood, while the
ather two (III-1,8) were apparently
symptomless; all four are now over 40
years of age and in good health. 0OFf the
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remaining children examined, one (I11-7)
is hypoeatalasemic and the other normal.
A1l Fourth generation children examined
who are offspring of acatalasemlies are
hypoeatalasemic (1v-1, 2,9, 4, 5,6, 9, 10, 11) .

Family 12 NA. The parents are cousins
and Loth are hypocatalasemic (ILI-2, 3).
Two of thelr children (Iv-2,4) are acata-
lasemic but neither has suffered from
oral disease. Acatalasemia was discover—
ed when Holls was used in a surgical
procedure which did not Invalve the oral
cavity. Now aged 12 and 9, both are in
good heal th,

Of the remalning siblings investigated,
one (IvV-3) is hypocatalasemiec, the otherp
normal.  Several of the parent's 51iblings
(IT1-1,5,8) are hypocatalasemle as are
the maternal and paternal grandmathers
{11-1,a.

Family 13 MI. The parents, who are
cousins, could not be examined. The
affected individual ([II-2) and twe of
his offspring (IV-1,3) were reported as
acatalasemic by Yonemaru in 195817 on the
basis of a simple qualltative test nsing
only & small amount of blood available at
that time. Subsequent studies by the
present authors suggest that the father
has an asymptomatie form of acatalasemia,
but the obseryation that the two children
are acatalasemle has not Leen confirmed
by the quantitative test deseribed abave.
411 other members of this sibship who
have been tested are normal with respect
to catalase activity.

Family 14 KA. The parents are cousins
and both are hypocatalasemle (II-5,6).
One of the children (ITEf=-1) 15 acata-
lasemie and the other {(ITI-2) 1= hypo-
catalasemie. The affected individual,
four years old, 15 healthy and ASYmp—
tomatic. Acatalasemla was suspected
when hydrogen peroxide was nsed at the
time of treatment for pustular eruptions;
subsequent studies confirmed this
impression. The maternal grandmother
{I-1) and a maternal aunt (II-4) are
hypocatal asemic,
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Te elinfeal pleture in hypoeatalasem! es
appears to be no different from that of
normal indlviduals. There is, apparently,
no remarkeble susceptiblility to vnusual
oral dlseases and those hypoeatalasemics
who have been speecifi cally guestioned In
this respect deny any such illnesses,

Results of Labaratory Studies

As noted under "Methods", normal stand-
ards were established from studies on 280
individuals undergoing evaluation in the
Medical Clinie of the Atomic Bomb Casual ty
Commission. The distrilbution of Kot
values among these controls is well ap-
proximated by & normal probability curve of
mean 5,58 and standard deviation 0.73. The
85 per cent confidence Iinterval on the mean
15 5.20 to 5.47. The range of control
values 1s from 3.90 to 7.47. One would
expect only 2.5 per cent of normal values
to fall below the mean minus 2 SD (3.92
Kaopg units) and only 0.15 per cent below
the mean minus 3 SD (3.19 units).

The actual Kagt Velues for the 99 members
af the six acatalasendie families studied in
detail are shown im Table 2; the column
"pedigree posltion® refers to the detailed
pedigrees in Flgure 20 When the 99 values
are arrayed in order of magni tude, 55 are
found to 1ie well within the range (3,90 to
T.47) of ABCC elinic controls and within
the range of the observed control mean +
two standard deviations (3,92 to 6.84); the
lowest of the 55 values is 3.896. The next
value in the array is 2.87, which lies more
than three standard deviations below the
chserved control mean. There are 31 values
in the range 2.87 to 1.48. All other
individuals are acatalasemie, with O Kont
values. ‘Thus 1t appears that there are at
least three different groups of individuals
within the acatalasemie families: the
essentially normal, the hypocatalasemie,
and the acatalasemle. The means, ranges,
and standard deviations for the Kogt values
of these three groups, as well as for the
eontrols, are shown in Table & The hypo-
catalasemle values are definitely outside
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TABLE 2 DATA FOR FAMILIES STUDIED IN DETAIL
#2 HMCMELAFEETELEH

FANILY 1 NA | FANILY 2 FU | FAMILY 3 AB | FAMILY 12 WA | FAMILY 13 WI | FANILY 14 XA
HH 1 NA ¥ 2 FU HEE 3 AB | EE 12 NA[ B 13 MI| %S 14 KA
PEDIGREE PEDIEREE PED|GREE PEDIGAEE PEDIGREE PEDIGREE|
POSITION POSITION FOSITION POS|TION POSITION BOSITION
w5k (Mear| ®RLE [Foay| FRE |foar| mml |Poat| mpre [Mear| wgr | Fem
@i it o i o i o o &
i eaE] ey R v Besewl i Feae| g [ooas 1.1 |14
il fr.anf rr.2 [acs4] 1001 |00 1.2 [a.08| 1101|847 1.2 |a.1
iv.r (ooo | aerea s8] ne.2 [ooe 1ea [zore:| tiz [o.e T ERT
1v.2 |o.t ivot (e8| dra |moan] oot Jzozs| tia |87 11z fa.es
1v.3 |00 iv.z [t.o8| tie.4 [o.0 | gin.z |2.88] 101.4 |4.03| (1.3 |5 38
Ivo4  |4oar| awea [2ovz| nees [e.2o| tee.3 [zove | 10r.s |4.87] 11,4 |2.55
Iv.5 |0.10 V.4 |4.74| 10108 |0.0 | (10,8 |5.10] t11.0 |5.84] 11.8 [1.%0
ivoa |43 av.s  [4.78) 0007 |z.2s| tenos [z.at| eero7 |4.88] i1.8 l2oom
T EET .1 [o.o | win.s [5 8&] d0i.8 |4.t3| tir.8 4. 04| 11.7 |4 12
- V.2 |2,.45| (01, B |5.082] 1107 |mea| 1100 |soa| 1.5 |4.50
- v.a [4.71| av.r [2.31] 111.8 |2.33| iv.1 |s.03| (16,1 0.0
2 Vvor (5.4 oz [moo] aver  [ss] vz |aazolair.z liae
R v.5 [5.07] uv.3 [z.oi3]_ 4v.z [o.n 1v.3 |5.83] 411.3 |5 88
~ e - tv.4 [2.30] (v.3 [1.57| tv.4 |4.82| 111.4 |a4.08
0 . : 3 1¥.5 |z.23] iv.4 |o.0 1.8 |3.96| 111.5 |4.88
» E - iv.6 |2.at| 1v.s [a.e3a]| vee Je.an| aiiig (4,52
BES ? R 1v.7 |s.40] av.e a2t 1v.7 [4.40 . .
- - - tv.8 |9.31| 1v.y |s.86| iv.s |4.0s% - -
. £ . - iv-8 |2.32] v.a fe.or| 1v.e |e.1n s .
- - - . v, 10 |2.28 = = Iv.10 |85, 43 - -
- - - - 1v.11 | 2. 40 2 ! : ¥, 11 |4.78 - =
TABLE 3 rll:nt YALUES IN CONTROLS AND IM ACATALASEMIC FAMILIES
#3 HMHEBRRUKS Y - CMEERLIET K, il
e “cat YALUES K m
URECE AND TYPE OF PATIEMTS NUWBER DF |NDIYIOQUALS 414
L T MEAM |STAMDARD DEVIATION| RANGE
1 ] i i H
ABCD {:Llu:E It.‘ﬂHTFIl]LS .-\H-CG#‘II.EE;IH-;Q 754 5,38 0.73 3.90-7.47
ACATALASEMIC FAMILIES iR 5— 47 fn % Bk«
"HORMALS' _-""J‘E.T"ﬁ.ff” 55 4.87 D.E1 3.0G-6.47
HYPOCATALASEM|CE fE# 3 —+ fIFE 31 217 0.35 1.48-2.87
ACATALESEMICS EAy 5 —H0E 13 a - -
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the normal range. However, when the 55
values within the normal range are compared
with the 259 ABCC e¢linie controls 1t 1s
found that the means of 4. 97 and §.38 do
differ significantly (P<l.01}. The dis-
erepancy 1s thus not readily attributable
to chance or sampling variation. A& possi-
bility to be consldered 1s that a slight
loss of engymatle activity, not detected in
the standardlizetion studles, occurred in
the blood specimens from acatalasemisn
family members, since these samples were
analyzed on the average, some twenty-four
hours after withdrawal, whereas the control
samples were analyzed on the same day.

Genetic Considerations

The "recessive” inheritance of acata-
lasemia, first postulated by Takehara,
Sato. Dol, and chnra,lﬂ has heen amply
confirmed by all subsequent family studies.
In the 17 segregating sihships thus far
reported (Figures and 3), the ratio of
affectad to normal 1s 36 to 57, with males
and females affected in equal numbers.

o

=

This corresponds perfectly to expectation
for a recessive tralt, on the assumption of
ascertalinment through A single affented
individual for each segregating sibship, an
assumption which, while not strictly
Justified, provides o reasonable working
approach to the data.

With respeect to hypocatalasemia, a
detailed consideration of the pedigrees
shown 1n Flgure 2 (ignoring for the moment
family 13 MI) brings out a number of
gene tieally significant facts: Hypo-
catalasemic values have been found in every
instance where 1t has baen possible to
study one or both parents of an acata-
lasemiec individual; the children of an
acatalasemic and presumed normal non-
related individurls are hypocatalasemic;
the sihlings of parents of affented indivi-
duals are found to be either normal or
hypocatanlasemie; the sex distribution among
the hypocatalasemics 1s 17 males and 13
females; in three families (2,12,14) it has
heen possible to trace the defect for three
generations. All these findings indieate
that hypocatalasemia 1s the heterozygous
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carrier state for the gene whiech when
homozygous is responsible for acatalasemia,

Family 13 MI, 1s anomalous with respeect
to the ohservatlons noted above. In this
family there is one acatalasemie; all ather
members in the kindred who were tested
{among whom are the affected individual's
children, several of his siblings and their
children, including the offspring of a con-
sanguineons marriage between a sister and
eousin) were found to have normal bhlood
catalase activity. In this group, the
acatalasemle Iindividual and several others
were retested six months later with similar
results. [nder carefully econtrolled condi-—
tlions, such an observation would seem hest
interpreted as indleating a genetle
heterogeneity of the acatalasemia pheno-
type, with the resul tant conclusion that
there are two {or more) recessively in-
herited types of acatalasemla, one assocl-
ated with a definite decrease in catalase
actilvity in heterozygotes, the other not.
However, the uncertalntles of research in
human geneties are such that until satis-
factory ecorroboration of this finding,
complete with blood group studles is
available, we shall consider this disease
as a single entity.

The elinfeal significance, 1f any, of
hypocatalasemia remains to be elucidated.
As noted earller, there are certainly no
obvious 111 effects. Despite the rarity of
(homozygous) acatalasemiecs,
af (heterozygous) hypocatalasemics 1is
sufficient to make studies on this point
both feasitle and, 1n viewof the poorly
understood functions of this enzyme, di-
slrable. Thus Figure 4 illustrates the
location of the 17 Japanese Families in
whom acatalasemia has been reported.
Negleeting for the moment the earlier
disenssed possibility that acatalasemia is
genetically heterogeneous, a possibllity to
which we shall return later, then Flpure 4
reveals that aeatalasemia 1s not restricted
to any one portion of Japan, with the
eorollary that the responsible gene is one
of eonsiderable antiquity which has become
well dispersed throughout the country.

the fregquency
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FIGURE 4 DISTRIBUTION OF SEVENTEEN ACATALASEMIC FAMILIES IN JAPAN
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nder these elrcumstances, the frequency of
the gene can be approximated from the
relationship

e(l - Kk
G k- 15 ¢ - ek

Q=

where q = the frequency of the repessive
gene responsible for acata-—
lasemia,

k = the proportion of flrst cousin
marriages among the parents of
affected persons, and

¢ = the proportion of first cousin
marriages among the population as
a whole.

In the determination of k, the authors of
case reports on materlal not available to
ourselves have been reguested to checok
thelr earlier observations concerning
consanguinity; Iin so far as rechecks have
been possible, the initlal reports have
been confirmed. Qur own material has heen
carefully investigated on this point.
Referring to Figiures 2 and 3, 1t ean he
seen that, for the 17 sibships so0 far
recorded as segregating for acatalasemia,
consanguinity of some degree has heen
recorded ln every single instance lut one.
Ten of the 17 marriages involve first
ecousins, while two involve not only first
cousins but additional degrees of relation-
ship. The treatment of these latter in the
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present context 1s uncertain, simply
because most studies on the frequency of
consanguineosus marriage fail to record the
details In such Instances, and control
population figures are not avallable.
Disregarding these two marrliages, the value
of k becomes %%—: 0.5. The value of ¢ 1s
mieh higher for Japanese populations than
European or American, approximating B.Dﬂ.aa
The value of g 1s thus approximately 0.003,
The frequency of heterozygotes 1s given by
the expression 2q (1 - q) (1 - &), while the
freguency of homozygotes 1s ag + (1 - a]qa,
where o« represents the mean coaffieient of
inbreeding for the Individuals comprising
the population. In Japan, the value of a
approximates [I.ﬂl’!r;.‘q2 The frequency of
homozygotes with manifest disease should
thus approximate 0.000021, while the
freguency of heterozygous carriers is
0005358, In A& country such as Japan, with
88,000,000 inhabitants, 1t would follow
from the foregoing ealeulations that there
are approximately 500,000 to 550,000
persons wlth hypoecatalasemla and 1,800 to
1,900 with acatalasemia (assuming a normal
11fe expectancy for hoth groups).

The wse of these varlous formulae s
Lbased on the assumption that all acata-
lasemia 1s due to & gene change at the same
genetie loeus, and the further assumption
of an essentially uniform distribution of
the gene throughout Japan. Sinee it is the
history of genetics that what appeared at
first to be discrete clinical and genetle
entities have repeatedly been shown to he
heterogeneous, and sinee the distribution
of & rare genea in a stable population can
only approximate uniformity, these as-
sumptions can only be justified on the
grounds that they permit a first approxi-
mation of the frequencies of these entities
that eannot readlily hbe accomplished in any
aother way. A further assumption underlylng
the use of these formulee is that of
genetie equilibrium in the population. In
view of the likelihood that inbreeding
levels in Japan have heen decreasing over
the past ecentury, here too 1s cause to view
the foregolng ealenlations with some reser—
vations. Most of the sources of error in
these assumptions and caloulations are such
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as to give inflated estimates of the
fregqueney of hypo=- and acatalasemia.
However, even 1f, as 1s guite possible, the
true value of g 1s of the order of 0.0015,
the number of homozygotes still approxi-
ma tes T00, or with half normal 11 fe
expectancy, 350, and the number of hetero-
zygotes, 260,000. If as discussed earlier,
there are actually twoe types of acata-
lasemia, only one of which 1s associated
with an ldentifiable carrier state, then
the frequency of hypocatalasemia 1s of
eourse lower. The development of a rapid
sereening method for the deteetion of
hypocatalasemin would make it possible to
cheeck directly on the ecorrectness of the
agssumptions whiech have entered into this
caleulation of carrier frequencies.

Since the discovery of acatalasemla in
Japan, there has been a vigorous, continu-
ing search for new cases of the disease.
On this hasis, there would seem to he a
real diserepancy between the number of
cases estimated by gene frequency techni-
ques to oceur in Japan, and the numher
aetually ohserved. A clue to this apparent
discrepancy may be found in Takahara's
elinical observatlon that some individuals
with acatalasemla exhiblt 1ittle in the way
of 111 effects. For instance, the dis—
covery of acatalasemia Iin family 12 NA wes
quite fortultous. Thus 1t 1s eonceivable
that in many sibships in which the trait is
sepregating and in which one or nore
affected individuals ceeur, the conditlon
i3 80 mild In {its manlfestations as to be
aof no clinical significance,
escapes detection.

and hence

There remalns to be considered the ap—
parently restricted distribution of scata-
lasemia. Although the discovery of this
disease In Japan has sparked an enthusi-
astie gquest for additional eases in that
country which far exceeds the effort belng
expended in other countries, 1t seems
unlikely that this 1s the entire answer to
the lack of case reports from Furope or
America. The possibility exists that the
gene responsible for acatalasemia will he
found to have just as restricted a distri-
bution as genes responsible for hemoglobins
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C and ¥ In the Afriecan XQgro.33’34 0ne in-
Ference from these somewhat analogous situ-
atlions is that although mutation generally
tends to Le repetitive In nature, these
partieular trailts owe thelr oceurrence to
mutations of great rarity, whieh by chance,
in some instances alded by selection, have
become establlished in some populations but
not in others. oOnly Mirther researeh will
tell whether acatalasemia Is strictly a
Japanese gene or whether, like the genetli-
cully econtrolled Mego factor, 1t will he
found in all representative Mongnlian
popul ations.

Discussion

When Sir Archibald Garrod first proposed
his econcept of ®"inborn errors of metabo-
lism®™ in 1908 he included four hereditary
metabolie defects as 1llustrations of hls
thestis. 35 with lnereasingly refined
technlques of blochemieal investigation
foensing attention on the biochemieal
activity of genes and their influence on
molecular strueture and enzymatle proe-
esses, Blr Archibald's fundamental concept
has been expanded to ineclude the ldea of
"molecular dysfunetion®. A number of
heretofore ill-understood diseases have now
been defined blochemically; inm a recent
summary more than Ffifty diseases have heen
added to Garrod's original list. 0

An aneillary step in the study of hered-
itary metabolle disease has heen the
successfu]l detection of the ecarrier or
heterozygote. By the applicatlon of
appropriate laboratory tests to relatives
af individuals who exhibit some biochend cal
abnormality as the expression of a hered-
1tary disense, it 1s possible to deteect
elinieally unapparent variations from
normal that are clearly part of an al tered
genetie pattern., Thus far, laboratory
tests capable of contributing with regu-
larity to the detection of the hetero-
zygous earriers of nominally recessive
genes, exlst Ffor approximately a dozen
entities. 7~ pogever, for only one other
group of diseases, the hereditary hemo-
globinopathles, s there the precision and
ease of diagnosis of the ecarrier state
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which appears to exist for acatal asemias.
In most other Instances, there appears to
be substantial overlapping of results
hetwesen carriers and normal s.

The faect that the catalase values of
heterozypotes are very nearly intermedliate
between those of acatalasemics and normal
individuals has important implications from
the standpoint of biochemieal geneties.
Al though the moleemlar structure of catal-
ase has not yet been elucidated, it seems
reasonable to postulate that acatalasemia
involves either an alteration in the amount
of enzyme protein produced or In the mmber
of active sites on the molecule (e.g., an
al teration in specifieity). From the
linearlty of the relationship Letween the
amount of catalase and catalase activity as
measured by the technique deseribed above,
it would appear that the present test
provides a rather direct measurement of the
amount of active catalase present, and that
therefore in individuals heterozygous for
the acatalasemla geng, the smount of actlve
enzyme proteln seems to he very elose to
half of normal.

The most nearly comparable sltuation in
human genetlies thus Far explored in detail
pertains to inherited variations in the
hemoglobin moleeule. Hemoglobins 4, §, and
¢, whose production 1s under contrel of a
series of three allelie genes, differ from
one another with respect to only s single
amino aecld out of the 300 amino aclds
present in each of the two symmetrlieal half
moleenles whiech comprise human hemo-
g,lohin.4ﬂ’41 However, in individuals
heterozygous for the gene responsible for
hemoglobins S or €y only 00 to 40 per cent
of the hemoglobin 15 of the abnormal
type."g’ 43 [ndividuals homozy gous for
elther of these genes, with all the hemo-
globin abnormal, have a signifleantly
deereased hematopoletie reserve, 44,45 mys
leads to the eoncluslon that a prohable
qul te minor change in a gene, &0 small as
to result in a single amino acid substi-
tution in a protein, may at the same time
very significantly reduce what mey roughly
be termed "gene elffielency”, i.e., as
judged by the quantity of end product.®
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Otherwise stated, {If we envision hemoglobin
4s A falrly direet reflection of the
entalytle aetivity of & gene or gene-
produect, then in the case of the hemo-
Elobinopathlies it would appear that a
change so slight as to involve only a
single amino aeld in hemoglobin has very
significantly impaired the ecatalytie
effectiveness of that gene or gene product.
The same gene change seems to have both
qualitative and quantitive resul ts.

The situation in acatal esemia appears to
be potentially oifferent. The enzymatic
activity of the heterozygote 18 no more
than half of normal —— taken at face value
dctually 44 per rcent of normal, although a
large error attaches to this value of 44
From the results to date 1t 1s
not elear whether in acatalasemia
protein corresponding to the catalase of
the normal Individual 1s being Cormed, or
whether a closely related proteln which,
however, lacks enzymatie activity is
e#laborated. 1t may be possible, by tech-
niqes enrrently available, to distinguish
If it is the
then the possibility that the
remaining normal allele may be assoclated,
under these elreumstances, with less than
half the normal guantity of gene proouct is
a pungzling observation, sinece one must
assume that the mutant gene not anly
results in the absence of the end product
normally sassoclated with this loeus but
also seemingly depresses the activity of

per cent.
no

between these possibilities,
former,

its normal allele. If, on the other hand,
the alternative of the production of an
altered protein which was suggested above
is correet, then acatalasemin may he a case
where a mutation 1s responsible for a
change in the structure of a protein, but
does not alter the "efficlency” of the gene
Invelved, and indeed, If the data are taken
at faece value, may actwally inerease the
efflclency.

Summary

A eclinieal, blochemical and genetle study
has been made of a rare hereditary disease,
neatalasemla, characterized by the absence
of aetivity of the enzyme catalase from the
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blood and other tlssues. Clinieally, about
half of the acatalasemies suffer from a
pecullar type of oral gangrene (Takahara's
disease) in chlldboed. This disease,
sporadieally distributed throughout Japan,
15 as yet unreported elsewhere in the
world. To date 33 ascatalasemles in 17
sibships are known. The high ineldence of
consanpguineons marriages between the
parents of the affected persons, the
normality of the parents, and the ratio of
affected to normal in segregating sibships
indicate that the acatalasemia phenotype is
recesslvely Inherlted.

Heterosygotes for this disease have now
been identlfled using a biochemlcal assay
for red blood eell catalase activity; the
mean activity txc&t in this report) of a
normal control group 1s 5.38 unlts while
that of the heterozypotes is 2,17, and no
overlap in values hetween the two groups
has been found. The identification of this
carrier state would thus place the gene
responsible for acatalasemia in the
category of an inecompletely recessive (or
inecompletely dominant). In one of the
5ix families studied, no ecarrier state
could be demonstrated. There are ap-
parently no clinical manifestations
in the heterozygotes.
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