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GENETIC HETEROGENEITY IN HUMAN ACATALASIA

BEENICHFEZABOEL 2T —EtHEOREM

INTRODUCTION

A significant recent trend in the study of the
many inherited biochemical defects now known in
man has been the demonstration, in a number of
instances, that what were once considered as
single entities are in fact genetically hetero-
geneous. This communication will submit evidence
for the heterogeneity of still another biochemical
defect, acatalasia, an inherited deficiency of the
enzyme catalase, originally recognized among the
Japanese (Takahara and Miyamoto, 1948) and
later in Koreans (Yata, 1959) and the Swiss (Aehi
et al, 1961). Studies in 1958 et seq of catalase
activity in the kindreds of several acatalasics
showed a trimodal distribution of assay values,
resulting in a clear distinction between normo-
catalasics or nonaffected homozygotes, hypo-
catalasics or presumed heterozygous carriers, and
acatalasics or affected homozygotes, with no over-
lap between the 3 groups (Nishimura et al,
1959; Takahara et al, 1960). These investigations
thus confirmed and extended the initial hypothesis
that this form of acatalasia was transmitted by an
autosomal recessive gene (Takahara et al, 1952),
the extension being the recognition of a clearly
defined carrier state. A kindred is described in
which a gene responsible for acatalasia is segre-
gating but where the heterozygote manifestations,
clearly unlike those heretofore reported, are
characterized by a considerable overlap with
normal values. The problem of accurately defining
carrier values under these circumstances will be
explored by 2 different approaches.

o
il

Aiza 6 3£ OBIBELMFNRMEIZEL
T, ET—o20OFRBEFELLN TV AEDOOHIC
i, BUHBREENIIRETOLOEL-TWE LT
HEENBLEDHE VT EABELEYIZRA PN T
B, ZTOMEETIE, TO—DonEbEMNRET
HOEA Y S -V, TALLERY Y 7T -l
ERRZETRTIREIZE, BREMZREEY S22
EARTHERERMELTVS, KEIR, BOICEE
N@ER, EA1948E) 22 W TG S h, 0 #kiE
A REI1959F ) & 'R { & A(Aebib, 19614 )12 %
LN TWA., 19585FLIE, &H ¥ 5 — FIEHM
DERBIZOVWTH Y - FiEMOPEELT L - T &
=, MEMEIZ3 >O¥—2 2 29HEARD LA,
Fhitkat Ry S —FYoETahbbBHRLT
VhEALEBEAEK, EBErsrs Yoo bR
BEnREELRMENLE, bLUEIYy 5 —¥
O#, ThabLRAMNEADKEE3 AOMIZEHEL X
MAEHY, ZhsoMICENEBOERIZEL 5 R
72wy ( Nishimura 5, 19594F; @EE 5, 19604 ).
ZOMEORERIZEY, Cofl0ES ¥ 5 —EREIR
Witk EEREF L LTRET S L0 BRUOK
A (EE S, 19524 ) AHERR& h, x5z Fm kM
b L REIRBED LFEE A, L2 AR BTERE
TARRTIE, BAS5S5-VYEORETTH 2 8ETF
ZoWTHMTILTWwAY, HEFTRELALD
SUXEAL A IcR g, BRIBEAMEIZE T AHEIERH
EEBELPZNEHE LTI I LFEHTHS.
DEILHBECFOTHREFONEE & EHEICER
TE3EDIZKRDLODHEEZERET S 2 &1L 7.



METHODS

The family was ascertained through an 18-year-
old female. When, during a minor surgical pro-
cedure for chronic sinusitis, hydrogen peroxide
was applied to the operation field, foaming failed
to occur and the area turned black, a good indi-
cation that catalase was absent. Investigation
of erythrocyte catalase activity was undertaken to
obtain sufficient data from the immediate family
to confirm the usual genetic pattern, but when
several unexpected assay values were obtained it
became apparent that a larger study was in order.

Many members of the extensive sibship reside
in 1 of 3 more or less contiguous farming areas
west of Hiroshima City in Central Japan. Most
of the others live in the city or neighboring
suburbs. The field investigation was performed
by 1 of 2 trained laboratory personnel who
interviewed all family members for pertinent
geneological data and obtained approximately 5 ml
of heparinized blood which was transported as
rapidly as possible to the Atomic Bomb Casualty
Commission (ABCC) clinical laboratory for ABO,
MN, and Rh blood group determinations and assay
of erythrocyte catalase activity (Keat activity)
The assay method has been described elsewhere
(Takahara et al, 1960).

When the first unusual Kgat values were
obtained in the present study, the assay method
was checked using fresh blood samples from several
of the family members as well as from other
previously known normo- and hypocatalasic
individuals. The average variation between paired
determinations was 0.11 K¢at units, well within
the limits of error of the determination, con-
firming previous studies here and elsewhere
demonstrating the constancy of erythrocyte cata-
lase activity in individuals over considerable
time intervals (Richardson et al, 1953; Takahara
et al, 1960; Wyngarden and Howell, 1960). Hence,
the Keat values reported below are considered
representative of -the true state of erythrocyte
catalase activity and not spurious values caused
by technical errors or laboratory ‘drift’.

7E

CORRITIEF DL L ERHEE L LTHRE A
oo ARMERI B E 2 O NIRRT AR E R R R
DT AR, BEROBEN L, ZOHMIEG
Lo, TOIERHFFT—EFRMLTVAZ
LERSEDERLTVS. ZORKIZDOVTHRM
BAy 5 -CEEZHENTEROREBHERE &5
D EFERELA. 2ORE, HEOTFHL 2 Wi
EEPBLENADOT, KO ABRELREELTL S~
ETHBLELS.

CORELZFERIZBELTVAHEDELL L, B
MEAICES 33 0B IFEATED, £
DMOFEOREBFTILEBHAE 7212 7 0IEIZEA
TWwa., BHLABEHMAZ Aodhon 1l A,
HRAECHLY, TRTOFRKBLABELTRRIEC
DWTOULELEREE A/ CINM RS mld 2 5
o, MHWEEARITES LA R(RABHEREEES
(ABCC)BRFRMAER 1238 0 B+ T ABORA, MNF i
2 Rh RMmMERBE S & FHRmEky 45— €5
% ( Keat i) OMEEZITE - 2. 20X
DVTEBITHELTH S (HESG, 19604).

AFEHFEIC BV THRIZEE 42 Keat EAFELN
BRI, CoORKRBHRLEFIZZ0boOBHNOEE
hET—EHLIUPE Y T—YOHEL» LI L
BEMFEEATFER LT ZoREBEE LRI LA M-
BEARIZDVWTHRES 2EFERL S, 2 20HER
MOFEZE 0.11 Keat B4 T, Zhid-+aicillE
MEOMEAMNICL S, H—AoFiMEks 5 7 —EiF
P2 OMBEFVTRELLZHEGTE—ET
HHEVIABCC H LU Z DM REMIZET 5
LIgT oA R 43R+ 2 2 & » T %7~ ( Richardson
5, 19534 ; W 5, 19604 ; Wyngarden ¥ & OF
Howell, 19604 ). L 7= "5 7, #%ik? Keat {H(3FE
gEoHmmiky 7 5 —EEEEFERLTLOT, RAEL

MEFLEHRELO “EHT 020 OME S 2
BHTEL2weELLNS.



RESULTS

Table 1 gives the Kcat values and other pertinent
data for each person from whom a blood sample was
obtained. Figure 1 shows the pedigree for the entire
kindred. Ke¢at values were determined for a total
of 110 related individuals in the kindred, 58 males
and 52 females, and from 6 unrelated spouses. The
individuals designated as hypocatalasic on the
pedigree all had Kcat values below 3.81; the range
of normal in this laboratory is 8.90-7.50 units.
ABO, MN, and Rh blood groups were not unusual
and conformed to the expected inheritance patterns;
there were no paternity exclusions.

m ®

RLIFRMETL 57220 Keat flib kU2
O OMFER4TFL, @1 it ZoFESLED
FERLTVE. ZORZOPTCMBEMED S 5 =
Gat110 A (BIESS, XH52) B L CMED 4 WE
BEB6AZDVT Keat EHEELA. FEE LIz
ﬁﬁ&'?——ﬁﬁkfﬁﬁéﬂf:%ﬂi, W g Keat
EA3.8LLUTTh o, UMEZICH TS EEiEH
1£3.90-7.50T# 5. ABO®, MNE# L (f Rh &
M WET, FHEAIRERRE—B LT
N, BIrAGROTEshALDIE LD o 1.

TABLE 1 ONO-HARA KINDRED K4t VALUES
F1 KF-FEFEF® Keat fi
Ped.ig.,ree Sex Age Keg Pedig.gree Sex Age Kegt Ped‘igree Sexr Age Keat Ped.ig.ree Sex Age Ko
Position Position Position Position
FREOMR £ £ FREoME # F6 FHEofil # £ FhEo®E 4 £k

V1 F 92 3685 17 F 37 5.20 47 M 32 480 Proband 18 F 18 0
2 F 83 3.23 18 F 54 445 48 M 20 403 FRE 0 M 15 583
5 F 86  4.31 19 F 51 4.35 49 M 26  2.93 20 M 13 5.92
6 F 82 4.18 20 F 46 5.85 50 M 23 3.06 21 F 9 5.09
10 F 79 5.46 21 M 56 5.33 51 F 27 571 22 F ‘15 5.76
13 F 71 4.14 22 F 47 5.85 52 M 56 5.74 23 F 12 5.42
14 M 74 4.62 24 M 42 5.56 53 M 41  5.53 24 M 11 5.80
15 F 63  4.53 25 F 39  4.97 54 M 37 6.12 25 M 7 5.51

16 F 61  6.16 26 F 41 6.73 55 M 37 6.23 26 M 1o
17 b 78 4.64 56 F 42 4.21 27 F 9 2.99
18 M 73 4.73 VI 27 F 35  6.07 28 F 4 2,98
19 M 65 5.41 28 M 44 4.46 29 M 26 5.46
20 F 84 5.11 29 F 37  4.65 VII 1 M 16 5.28 30 F 24  4.45
30 M 40 3.09 2 M 29 4.45 31 M 23 374
VI 1 M 60 5.15 31 F 51  3.64 3 M 28  5.05 32 M 14 5.05
2 M 57 3.56 32 M 48 5.31 4 M 23 5.29 33 F 16 5.95
3 F 50 4.78 33 M 46 3.75 5 M 20 3.80 34 M 14 5.50
4 F 60 365 34 M 44 347 6 M 17 4.83 3 M 12 6.22
5 F 55 5.14 35 M 40 5.04 7 F 13 5.00 36 M 18 6.13
6 F 65 3.50 36 F 49 5.30 8 F 15 5.64 37 M 14 4.41
7 M 62 3.34 37 F 47 5.58 38 F 11 4.70
8 F 55 5.15 38 M 45 5.45 VII 9 F 7 6.64 39 M 13 4.78
9 M 59  4.44 39 F 39 5.65 10 M 12 6.50 40 M 11 4.56
10 M 50 5.95 40 M 32 5.37 11 F 36 6.34 41 M 5 5.38
11 F 53 5.86 41 F 30 b5.44 12 F 20 5.51 42 F 14  5.95
12 M 50 5.20 42 F 40 5.95 13 M 19 6.36 43 F 10 5.36
13 F 52 5.45 43 M 43 3.10 14 M 15  5.43 44 M 15 4,52
14 F 47 4.03 14 F 31 544 15 F 12 535 45 F 5 5.65
15 F 58 5.42 45 M 39 5.01 16 M 24 0 47 M 10 5.65
16 M 53  b5.60 46 F 38 5.61 17 M 20 4.54 48 M 9 5.10
49 M 6  6.65

Spouses related to other kindred members by marriage only.

A0y 7k OFKRALEBTOHMFEO S 5RME R RT.



9t

Ly

6% 8%

9¢ &g vE EE 2E 1€ 0£ 63 8¢ Lz 92 ST

. % pOOPORPNQPMTO i 5o
L o 2%
pueqoig
@ 1€ (i3 mm?w? &w o
| @ % §§$\/
I °§ X
738

’ &
()
%w/ - i
[e] 11 X
&
& i : _
W =
= —ils-
-
=8 T
@ LEO m afviaew snosuindursuo) =—
o MWaA—< & LF -
WM‘I < Jise[RIEDY . B pea(q E ==y
b o AR |
b El J1se[ejED0d Ay ‘ X epewag O
. @[l A-CLUERT-HE .
= u_mu_ﬂnuoE._.”H_ pautwexy _HE & e D
@ E
= Sul
A=
B 8l -5
B Lo—0
E———=—n oo
= ATUANTH I 1 240914 N
©
2 —=
Al A 1A A




Three acatalasic individuals (Keat=0) were
encountered, the 18-year-old female proband
(VII-18), a male sibling (VII-16) and a male cousin
(VII-26). None had ever experienced the oral
gangrene that is reported to occur among about
half the acatalasic individuals thus far recognized
(Takahara, 1962). The proband’s parents are 1st
cousins, the mother is dead. The K¢at for the
father (VI-9) is not in the range of values of the

earlier reported carriers, but falls within the
range for normal individuals established by previous
studies (Nishimura et al, 1959; Takahara et al,
1960; Hamilton et al, 1961). Two paternal
sibs and a child of one have Kcat values below
normal (VI-6,7 and VII-5). The proband’s paternal

grandparents are 3rd cousins. The K¢at of the
grandmother (V-5) is in the lower normal range;

2 sibs and a niece and nephew of the dead paternal
grandfather (V-4) also have low Keat values
(V-1,2 and VI-2,4).

The acatalasic cousin (VII-26) of the proband
has 2 sibs with abnormally low K¢at values (VII-27,
28). Their parents are 1st cousins; the Kcat
of the mother (VI-29), an aunt of the proband, is
in the lower established range of normal while
that of the father (VI-30) is below normal. Among
the father's sibs are 3 with low Keat values, 1 of
whose children also has low catalase activity
(VI-31, 33, 34 and VII-31). The maternal grand-
mother (V-10) of the 3 acatalasics has Keat well
within the normal range, very close to the
previously established normal mean of 5.38
(Hamilton et al, 1961). Her husband, the ma-
ternal grandfather (V-9), who is also her 3rd
cousin, is dead; so far no unusual K¢at values have
been found among the offspring of his sibs.

Further right on the pedigree are 3 individuals
with low Keat values (VI-43, 49, 50); the parents
of these 3 are 3rd cousins and the Kcat values
of both are within the lower normal range (V-14,
15). A paternal aunt (V-13) and all her offspring
so far tested have normal K¢t values; similarly,
a search among relatives of the maternal
grandfather has not revealed abnormal Kecat
values (eg: V-17 et seq).

BAHYT7—¥EE36 (Keat =0), +45b
LEBETHS18F 04L& (M-18), 20Ro1l
A(M=-16) BEUHER LA (M -26) %R LA
HWEETCUCRRENAESL ¥ 5 — CEREOHEY
ERETIEMESh TV AOBBEEIIZD3 AL
BeFhi@Boshniz e n (HE, 19624).
RimFEOWMB I EZRAET, BREIEECLTV S
X (VN-9) ® Keat 12, LIBICHE L~ 5
HEOHMEOBEMNIZIE 4 <, FEEOREokH
Pz # % ( Nishimura 5, 19594 &E 5, 19604 ;
Hamilton &, 19614 ). ¥#HoRAK2 AL 070
FO1IADTHTIAD Keat HIZEELUTFTTHLS
EFGF o (M-6, THEUFWM-5). i E O
XAOHEKBE T AvEcHlLcHE. HB
(V=5) ® Keat {2 EHEHO FRR 125 5.
FRCLARBOERL (V-4) oA 2 As L UFE
LAEETA®D Keat fEEEWN (V -1, 2L
-2, 4).

RmEOWE I THAMD ¥ 57— ¥RERSE (M -
26) oFEME2 A (W —-27, 28) 1228 12{Ev Keat
AR, 2o@BEVECFET, LB
( M-30) @ Keat fHIZIEHL.FTH 52, ik
DFEZH 2 288 (VT -29) @ Keat i (3 1E %
EOTRFICH3., WHORMOEIZ1E Keat D
BVWEFIAHY, 20001 AOTH1 AIZE S
77 -EEEAEZ L AR R (VM -31, 33,
MELUTWN-31). ZoO3ADOEY Y S5 — EiERE
OREHFOME (V-10) @ Keat fili 13, IF % 5
Wizdh b, LIBTIZIRE S h s E¥E 0 TYEs. 38
( Hamilton &, 19614 ) (2fR® TiFV. ZoMf
DR, TLbsBAOEL (V-9) dErsrn
EZTHY, BELTWAY, 20RO TFHOH
ICIERE L Keat IZRELICOL BB LNT
WA Zp s,

2612, ZOFRH EoHMIZ1E, Keat i
EvEH3IAHE. (V1 -43, 49, 50). 203 A0
MMl E~s vt oEET, 20 Keat EIZER
FEEOTRRIZHS (V-14, 15). LHOME (V -
B) IANBIUREEZTHREL S AZ20FESL
o Keat BIZERTH 2. iz, BAHoHLD
MBEIZOWTITZ - 2FAETIR (Fl 2 1EV -170
) BE %L Keat fiiz&<{Bvohitsro .



FIGURE 2 DISTRIBUTION OF K¢atVALUES, KINDRED
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The pedigree shows three 3rd cousin marriages
in generation V and four 1st cousin marriages in
generation VI. Consanguinity was also said to
but the exact

have occurred in generation I,

relationship is unknown.

Figure 2 shows the K¢at values arranged in
order of magnitude. These data do not correspond
to the non-overlapping trimodal distribution of
Keat values earlier reported in the families of
acatalasic individuals. Here, in contrast, is a
broad continuum (zero values aside) ranging from
the lowest,- 2.98, to the highest, 6.73, with a
distinet peak at 5.40-5.59, corresponding to the
previously established mean of 5.38 for a group of
randomly selected individuals. The lowest Keat
values in the present report (aside from those for
the acatalasics) are at the upper limit of values
reported previously for hypocatalasics (Nishimura
et al, 1959; Takahara et al, 1960; Hamilton et
al, 1961). The following tabulation summarizes
these comparisons:

Hfr

Keat Units

CORZTIRBEVIRMRIzE AT 0L DEED
3MHn, BUMMKIzwE ZRKEN4#Hb3. 0 b
BIMMRITHEEN S5 ThHHH, F0OIF
MAEEDIEE LT HTH 5.

Bl2izi, Kecat iz ks ZDIEIZEF L 25
ARLTHE. ZOREHE, BH 55— FELE
OFRIZDTLIATIZ#WE S Keat fEOEBO
TW3oDY - 2428 ME Iz —F L 7w %o,
ZZTIE (M0 EME LT) BIEEIRRE2.98
D6 T3ETHOLEVERICE -, THEBKELTH Y,
L2 LEiicEgInBIRan-Fo—FHizon Tk
E SN FHES.381 ST 55.40-5.590 & 2 3
THLAPIIRROE-—ERLTVWS. RiREHT
REF BH|ED Keat i (BH 55— FEIFHE L
T) 13, BA &7 —FEI>OTUMIRE LA
fifH o LIRS I2H 3 ( Nishimura 5, 19594 ; &
[ 5,19607; Hamilton 51961¢F). Ko FEIZh
COBAEABNLELDTH S,



ABCC Clinic Controls

No.  Mean  Range
Pl FHE @

ABCC ZZ# 5 259 5.38 3.90-7.47

HEA A REE
Hypocatalasia &4 57— € 37 2.51 1.94-2.98
Present Report A s 113 2.98-6.73
GENETIC ANALYSIS R aY R

The genetic analysis of this extended kindred
presents a number of interesting problems. In all
previous studies on acatalasia in Japan, the
catalase values in the heterozygous parents were
clearly outside the normal range. However, in this
kindred there are 2 instances of an acatalasic
child whose (heterozygous) parent has a value in
the normal range. It follows that other hetero-
zyvgotes in the family may also have values in the
normal range, thus creating difficulties in the
evaluation of the carrier state in this kindred.

In this situation 2 alternatives are obvious.
Each possible carrier could be assigned a weighted
probability that he is in fact a carrier and a
picture of the carrier state developed, based on
this weighted probability and the catalase values
observed for that individual. This method will be
dealt with elsewhere (Hamilton and Hashizume in
manuseript). An alternative approach will be
pursued in this paper by attempting to reduce the
observed distribution of catalase values in the
kindred to 2 subdistributions. This may proceed
in either of 2 ways. In the first, more empirical
approach, the normal members of this kindred are
assumed to have a distribution of catalase values
similar to and perhaps identical with those
encountered in previous studies of normal individuals.
A further assumption which will be supported later
is that no heterozygote has a catalase value
exceeding the normal mean. The previously ob-
served mean and standard deviation for normal
individuals was 5.38+0.73 units, in 1 series of
observations (Takahara et al, 1960) and 5.30£0.53
units in a 2nd series of observations (Hamilton et al,
1961). A 3rd set of normal values (T akahara et al,

ZOKRELFRROBZEFEOEM I IEHEE S SR
Ehr%O>» bbb, HRIIPIZES ¥ 5—EHEIZM
LTSETIT bR T3 NTOMETIE, &1
BEERTHI2EEO ¥ 5 —CHIEH S 2 12EHGE
sz, LAL, COFETEENYS—F
Ef o (RIHEEETH S) B2 Keat A %6
ERNCH2EP2ZAEY, s TZOFRRIUE Keat
fill 2 IEHHEEEAN I b 5 BEEAEIMIZE W3 Th
B5EBbNE. FITIOERRIZOWTIRERE
Z0 Keat D& D SFFMi+ 52 & 13AMTH 5
:tiﬁ“lﬁ‘") 1z

ZOREIZOWTIE, 2o00HENEIZGRS.
Lo Hikly, REZFETH308EMED & 2 E L5
DVBTENEFAAFREE THAMEMEEL KD, =
OMEMREBEIN Ay 57— EFIZETV TR
EREL2ZEETI2LTHE. ZOHiEENORE
2<% ( Hamilton # & OGN, #Fid). 2o
RRIULODOWTHEEIN -7 47 -VHOFHE X5
IZHEAC 2012 L L5 &4 30 A RS CHY
D EF2HETHE. Zhizlk2>0FEA s 3.
EFE—OHZL I VBN L HETHS. 20K
FOLEEEOH Y 7 - EHEPLUMOAZTIZS T2 E
WEOAS T —FHEE#HOD B L, Thigl
—HyoraMmemnTeDLMEESS. X5 cRAEESL
fRod s 5 —YETEEFEOFSHEE LI 22213 %
WERETS (ThE AT 3 EB DTk
T3). 52— 0% (HES, 19604) TLE
HIZDOVWTUHNIZHE 2 W72 FE & L k(R =
&, 5.38+0.7T3HAL T, Bl —EDHiE ( Hamilton
5, 19614) I2HWT5.30+0.53 Tk - /~. &
SHEOEREOEE (@EH, 19604) T14.97+



1960) yielded an estimate of 4.97 +0.61 units, but
these were obtained after some of the specimens had
been stored for several days; it was pointed out
at the time that these values were very likely
too low; and subsequent experience has confirmed
this impression. The present data (Fig. 2) show
a sharp mode at 5.40-5.59 units, suggesting that
in the normal members of this kindred the mean
might be somewhat greater than 5.40. A certain
measure of arbitrariness becomes necessary - 2
calculations will be made, 1 assumes a mean of 5.40
and a standard deviation of 0.70, and the 2nd
assumes the same mean but a standard deviation of
0.50.

In the present data, 47 individuals fall above
this assumed mean, all of whom are assumed to be
normal. If a symmetrical distribution of normal
values about the mean is assumed, then a similar
number should fall below that value: Thus leading
expectation of 94 normal individuals in the sample.
Figure 2 plots the normal frequency curves for:

1. A sample of 94 individuals with a mean value of
5.40 and a standard deviation of 0.70.

2. A sample of the same size and with the same
mean, but a standard deviation of 0.50.

That either set of assumptions is permissible is
indicated by the fact that in neither case is there
a significant difference hetween the observed
values in the descending limb of the curve and the
expected values (Case 1: X* =5.69, dfi=5,
.3<P<.5; Case 2: X* =3.60, df=5, .5<P<.7).
An estimated distribution of catalase values in
heterozygotes may be derived in both cases by
assuming that the excess of observation over
expectation on the ascending limb of the curve is
due to the heterozygous individuals.

A clear defect in this approach is that all
entries in excess of expectation at any point on
the ascending limb of the curve are assigned
carrier status, whereas in fact some of this excess
may be accounted for by random fluctuation, just
as there are intervals in which a deficiency of
entries is to be expected. With the 1st set of
assumptions, 23 individuals are assigned carrier
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status; the distribution thus derived is shown in
Figure 3a. Figure 3b shows the similarly derived
distribution on the 2nd set of assumptions, and
29 individuals are assigned carrier status.
The mean of the values in Figure 3ais 3.70, while
for those in 3b, it is 3.80.
interval of 0.30 catalase units separates the
highest carrier value from the mean for normals,
in the 2nd case the interval is 0.70.

The interval is sufficient to give some confidence

In the 1st case an

while

in the original assumption that no carrier value
was higher than the normal mean. Figure 3a has
no entry in the 4.60-4.79 interval, even though a
known (heterozygous) parent of an acatalasic child
was found to have a value of 4.65; this presumably
results from a deficiency of noncarrier entries in
this interval and represents another imperfection
in the approach.

A 2nd approach to obtaining the distribution
of carrier values stems from Rao’s method for
computing from a distribution assumed due to 2
overlapping normal frequency curves, the means

and standard deviations of the 2 curves involved
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(Rao, 1952). This method assumes the 2 distri-
butions to have the same standard deviation. Inas-
much as inspection suggests the carrier curve to
be more platykurtic than the curve of normals, this
assumption may not be entirely warranted. Further-
more, the total number of observations represents
the bare minimum consistent with the application
of this method. Be this as it may, this method
yields estimates of the 2 means of 3.76 and
5.46, while the estimates of the population
standard deviation (both populations) is 0.54.
Furthermore, the proportion in the carrier category
is estimated to be 0.25, or 28.1 individuals. The
agreement between these figures and those resulting
from the 2nd set of assumptions in the 1st method
pursued (which also yielded the better fit to the
observed distribution) is striking.

In the earlier study of the carrier state (Takahara
et al, 1960), a mean value of 2.17+0.35 units
was observed. This value was probably too low,
due to loss of catalase activity with storage.
A subsequent study (Hamilton et al, 1961), using
fresher blood (corresponding to the conditions of
the present observations), yielded carrier values
of 2.51£0.27 units. A comparison of the results
of these earlier studies with the carrier values
derived in the present study shows the latter to
have a flatter distribution curve which exhibits
no clear modal value, a higher mean value, a
greater range, but no single value falling below
the previously observed mean value for carriers.

Although numerous explanations of the unusual
findings in this kindred can be invoked, 2 possi-
bilities would appear to warrant particularly
serious consideration:

Hypothesis 1.

The findings are best explained by the occurrence
in this kindred of 2 different but allelic genes
for acatalasia, one the previously described gene,
the other new. With this hypothesis the presence
of a previously unrecognized gene is indicated from
the observed high catalase values in 2 proven
carriers. Against the additional presence of the
previously described gene is the fact that no
carrier value in this kindred falls below the mean
of the previously observed carrier value, whereas
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if, say, some 8 of the calculated 23 to 29 carriers
(a conservative estimate) possessed the previously
recognized gene, 4 should have values helow that
Since,
carriers for the previously recognized gene is by
actual survey only 1 per 1000 individuals in the
Hiroshima area (Hamilton et al, 1961), it would be
most unlikely that this gene was also present. This
improbability is underscored by the fact that both
of the sibships in which homozygotes are found
are the issue of 1st cousin marriages, and the
mothers of these 2 sibships are sisters and the

mean. furthermore, the frequency of

fathers 1st cousins.

Hypothesis 2

The findings are best explained hy the presence
of a previously undeseribed gene, which may or may
not be allelic to that already described, and with
manifestations apparently somewhat more sensitive
to modifying influences than the previously
characterized mutant. The complex pattern of
consanguineous marriage in this family provides
ample pathways for all the parents of the 2
segregating sibships to possess the same gene.
Further, 5 of the 6 lowest values are observed in
2 sibships, VI, 43-50, and VI, 26-28. While the
impossibility of identifying with certainty indi-
vidual carriers precludes an analysis of the
variance between and within sibships, the above
observations strongly suggest significant intra-
sibship similarities. The postulate of 1 gene
subject in its expression to important modifying
influences thus appears quite reasonable.

The nature of these modifying influences is
obscure. The ‘peaking’ on the upper end of the
distribution curve of carrier values raises the
possibility of a rather sharply segregating,
modifying mechanism, if the mechanism is indeed
genetic. In the present state of our knowledge,
a number of hypotheses are tenable regarding this
Thus, 1 postulation is that this
particular allele, as compared with the usual form

mechanism.

of the mutant gene, is more sensitive to the
action of genetic modifiers, which might be termed
‘partial suppressors’. Or, these variations might
be attributed to the effect on gene expression
of segregating isoalleles of the normal gene,
comparable to the ‘cubitus interruptus’ situation

11

HEEEZ6N223-29 N DR TF 213 8 A HEE50
DBEFERFH > TVwELETELE, < ARKIZEMH-
TAANDBERTFHEL T 258 THd3. 512
BRI BE T 120t + 5 REE OB, EHEEC
FIFEESBHE TIF00A I L ADEIZT E2 0D
T ( Hamilton 5,19614), TOMIEFEEEL T
WakjizEELIoNZ W, FARESEFED LA
Z2FBREVWThEVEZHEEBTHY, Lo
SHERICH I 5 BBk T, KB we oFLT
HI3DTIOAEEMRRETET LA 25,

RE 2

EREN O MR T & A — M £ A2 13 OER 24 %
TRRESM TV AV LLUBRIEFAFEFEEL, 74
PLUROERERE LIV LEBRFORELZIH
Wethil, ZOMREIERBIZEATS. ZOREZT
FHEEE L MREES T2 bhTw30T, FHORE
HENSG2FFEOMMO WFHIZ 8 F—olEZHEF
PEDSABEERFS IS B, S 5102, BEH6
OHEDEID2ODOFK (M, 48 -50% & OV,
26-28) @Y LENS, A IcHEEICHEEESLER
TAZEHFTEZVOT, ARMS L UCREEARDS
DML T & 4w A, IS o B miami i:m
S5PIHHUME S5 Z L EMTRB LTS, s
T, EERFORELZZTRVHEEFE2HRET S 2
L2 AHENTHEILSIIBEbNRS.

IN6OEERFILLZ2HEOEREIWHE LT
Tud, FLIOEFEAVERICRENOLOTHS
o, mEFoERSAREO LEich s -
7R ELGEEETIEERTOA S =
ZAHFERALTVATMEEEERLTwS. BeroF
BHOLLTECOBFEIIDWTHE YD »POREEEZ
BILHTES. fE-T, WHORREREEZT L
T, ZoOBREOSSLBREF I, 88589 2 5
B+ tdwinegEEREFOMEMIIFLTLY
MEEZIPLTVWERET A LENFTE S, —H,
THhEDERIETY 37 Y a v/ TiZH T 37 Cubitus
interruptus 7 @ IRHE ( Stern ¥ L UF Schaeffer ,



in Drosophila (Stern and Schaeffer, 1943). Inman,
a similar mechanism has been invoked to explain
variations in the amount of the abnormal hemoglo-
bins (Itano, 1953) or of pseudocholinesterase
(Kalow and Staron, 1957; Kalow, 1962; Liddell,
Lehmann, and Silk, 1962).

Neither of these suggestions satisfactorily
accounts for the higher mean values in these
heterozy gotes compared to those previously studied.
One postulate might be, in this connection that
the regulation of catalase production normally
involves feedback inhibition, which is decreased
in the case of this new mutant. More specifically,
it might be postulated that the usual (first recog-
nized) mutant gene results in the production of
a protein which although unahle to discharge its
normal enzymatic functions, can, like the normal
gene, regulate by feedback inhibition the amount
of enzyme-protein produced. However, in the case
of this new mutant, it could be that either no
catalase protein is produced or the enzymatically
inactive protein which is produced exercises its
regulatory qualities in a variable manner. While
this is an attractive hypothesis, it appears to
be compromised by the immunologic and electro-
phoretic evidence suggesting that in the (usual)
acatalasic, catalase-type protein either may be
absent or somewhat reduced in amount (T akahara
et al, 1962). Further speculation must await addi-
tional biochemical studies on all the types of
acatalasia.

DISCUSSION

Data from the present kindred appear to establish
the fact that there are at least 2 forms of
acatalasia in Japanese. In addition, data pre-
sented in an earlier report suggest that there
may be yet another variant: a single male acatala-
sic was found, all 3 of whose offspring had
catalase values well within the normal range,
suggesting completely recessive inheritance
(Hamilton 1961). Complete paternity
exclusion studies were not done. For these 3 off-
spring the mean value was 4.95 units, which, while
insignificantly below the normal mean, is well

et al,
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above the carrier values of the present paper.
Such limited data do not exclude the possibility
that this is an extreme (normal) manifestation of
the heterozygous state described in the present
paper, but it is thought unlikely. There are thus
already grounds for suspecting 3 genetic types
of acatalasia in Japan. The apparent variability
in the manifestations of the carrier state in the
Swiss kindreds segregating for a ‘recessive’ gene
resulting in acatalasia, and the overlap of carrier
values with normal (Aebi et al, 1962/1963), would
seem to relate the Swiss gene more closely to the
one described in the present communication than to
the more usual Japanese gene. Plainly, without
detailed family investigation, the various genetic
types cannot be distinguished one from another.

Because many carriers of the acatalasia variant
reported here would be missed with current screen-
ing technies, and, of course, carriers for the
completely recessive type if it exists, would not
be detectable at all, the figures in an earlier
paper (Hamilton ef al, 1961) concerning the fre-
quency of the carrier state in Japan are minimal.
However, the number of undetected (because
undetectable) carriers is unlikely to be sufficiently
great to upset the principal conclusion of that paper,
namely, the very uneven distribution of carriers
throughout Japan.

The methods utilized here to arrive at an approxi-
mation to the mean enzymatic values in carriers
would seem to have a rather general applicability’
where carrier and normal values overlap and a rare
trait is involved. Only a sample of normals and
a group of segregating kindreds are necessary.
Possibly the most important practical consideration
is that all determinations be done in the same
laboratory with the same technique.

Further refinements in the biochemical definition
of these diseases are necessary before the differ-
ences between the variants can be characterized
more precisely. The assay methods give a quanti-
tative measurement of catalase activity in the
blood, but no information with respect to quali-
tative differences. Electrophoretic studies
of partially purified blood extracts from the
most common type of acatalasia, with the readily
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identified heterozygote, have so far not demon-
strated unequivocally a genetically altered protein
(Takahara et al, 1962).
chemical studies do not permit one to differentiate
between the total absence of the catalase protein
and its alteration to the point where immunologic
specificity is lost (Kajiro, 1958; Otani, 1960), nor
do these studies permit a distinction between
carriers and normals (Nishimura et al, 1961).
Methods used in such studies apparently are not
sufficiently sensitive to make these distinctions but
other more refined immunochemical technic may
demonstrate differences hitherto undetected
(Higashi et al, 1960; Hirai et al, 1961). Cell
cultures have been developed from skin biopsies

The results of immuno-

donated by an acatalasic of the previously described
variety and a hypocatalasic relative.

Catalase assay of sonicates from these lines indi-
cate that the 3 phenotypes are distinguishable even
after the cells have grown in vitro for long peri-
ods of time (Krooth, Howell and Hamilton, 1962).
The ability to study the defect in autonomously
replicating cells under a variety of conditions
adds a new dimension to the characterization of
catalase abnormalities. When the above and other
technics are used to investigate further the kin-
dred presented here, differences between this and
the more common variant may be found that will
help to elucidate the as yet unknown fundamental
defect in acatalasia.

SUMMARY

Catalase values have been determined on the
blood of 116 members of an extensive kindred in
which 2 sibships are segregating for acatalasia.
In contrast to previous studies, in which a clear
distinction was observed between the values in
heterozygous carriers of the gene and normal
individuals, in this kindred carrier values over-
lapped with normal. To obtain an estimate of the
distribution of carrier values two methods were
employed. The best estimate appears to be a mean
of 3.70-3.80 catalase units (as contrasted to a
normal value of 5.40) with a range from 2.90-4.70
or, less likely, 5.10 units.
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