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SUMMARY

Blood type A can be classified into subgroups A,
Az, and A;-A; intermediate (A;) on the basis of
serological criteria. An excess of A;B over A,,
noted in some black populations and among the
Japanese, though not in Caucasoids, is inconsistent
with the classical Mendelian mode of inheritance
of the allelic A” and A? genes. Characterization
of the enzymatic properties of blood group A and
B enzymes in the serum has shown that serological
type Ay B blood of some blacks contains A; enzyme
and a superactive B* enzyme. An excess of A;B
found in a study of more than 15,000 residents
of Hiroshima and Nagasaki prompted investigation
of the characteristics of the A and B enzymes
in 60 blood samples, 37 from individuals in 13
unrelated families and 23 from other unrelated
individuals in the two cities. Among 29 samples
unequivocally typed serologically as A;B, 15 were
confirmed as AzB enzymatically; 9 contained Ay
and B* enzymes, not Az or B enzymes, thus being
A B*; 2 contained A; and B* enzymes, thus
being A;,B; results from the remaining 3 were
ambiguous. Hiroshima differs from Nagasaki in the
frequency of the ApB serological type and also in
the occurrence of the B* enzyme, Nagasaki having a
higher proportion of both. Judging from those cases
where a family study was possible, the transmission
of the B* enzyme appears to be compatible with
the Mendelian mode of inheritance. The excess
of serological A;B in the Japanese appears to be
ascribable, at least in part, to the relatively high
frequency of a B* gene.
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INTRODUCTION

In the ABO system, blood type A can be subclas-
sified into A;, Ag, and A, based on red cell
agglutinability and other serological criteria. The
observed frequencies of blood types Ay, Az, A1 B,
and A,B in Caucasoid populations are generally
compatible with the Hardy-Weinberg equilibrium
for the Mendelian inheritance of the allelic A’ and
A? genes. However, an excess of A;B phenotypes
has been observed among blacks and certain other
populations.! To explain the high frequency of A;B
in black populations, the presence of a strong B gene
which would suppress the A, antigen activity was
postulated.?3

Following clarification of the synthetic pathways
of the A, B, and H substances and identifica-
tion of the direct gene products of the ABO
locus,*® biochemical distinction of the Ay, As,
and A, characters emerged.®7 Blood group A
and B substances are known to be produced from
a common H-substance precursor by the action
of N-acetylgalactosaminyltransferase (A enzyme)
or galactosyltransferase (B enzyme), respectively.
Examination of A-enzyme properties in A;-, Az-,
or A, -type plasma showed that three different
enzymes (i.e., Ay, Az or Ay ) are involved in the
expression of the A subtypes. These three enzymes
are clearly distinguishable from one another by their
Michaelis constants (K,,,) for sugar acceptor and
sugar donor and by pH-activity profiles.%:” Thus,
it is possible to determine the A subtypes on the
basis of distinct enzymological criteria.

Badet et al® reported that some serological B
black individuals had substantially higher B enzyme
activity in their plasma than average B. In recent
studies of plasma [rom serological A,B blacks,
some samples contained A; enzyme, not A,, and
also, B-enzyme activity in them was stronger than
that in control B and A; B plasma.?'1° Furthermore,
the superactive B enzyme exhibited unique kinetic
properties, clearly different from the control B
enzyme.? Since A; and B substances are produced
from a common precursor, the coexistence of a
superactive B enzyme (tentatively designated B* or
Bz enzyme) is thought to suppress the formation of
the A substance, resulting in (serological) expres-
sion of AzB in A;B* individuals.

A large excess of A;B compared to A, has
been recorded for some Japanese,'l'l? and re-

cently confirmed by a systematic blood typing
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program of well-defined populations in Hiroshima
and Nagasaki.!® In the present study, we determined
the A- and B-enzyme activities in blood samples
from selected individuals in these populations, in an
attempt to explain the excess A;B found in Japan.

MATERIALS AND METHODS

Blood Sample Sources. Data for the ABO blood
group distributions (Tables 1 and 3) were obtained
from Hiroshima and Nagasaki residents during
studies of offspring (Fy) of A-bomb survivors for
genetic effects of ionizing radiation in the two cities
(sce Beebe and Usagawa,’* and Kato et al'S for
descriptions, respectively, of the survivor or Adult
Health Study (AHS) and F; cohorts; see Satoh et
al'® for a description of the genetic study). Of more
than 15,000 samples that were blood-typed, some
8,000 were from Hiroshima, and the remainder were
from Nagasaki.

Blood Samples. Blood was obtained from the F;
during a clinic visit in connection with the genelics
program described above. Blood groups were
determined by the standard red cell agglutination
and plasma agglutinin tests. Subtypes of A were
determined with anti-A; lectin (Dolichos biflorus),
using the following criteria: A, immediate ag-
glutination; Ap (more precisely non-A;, which
includes Aq, A, and other weak A subtypes),
no agglutination after one minute. All typing
was performed in the two cities separately, by the
same technicians in each laboratory, using the same
serological techniques. Within each laboratory,
tests were read independently by two technicians. In
questionable instances, a test was repeated. Intercity
exchanges were done occasionally; samples were
transferred from one city to the other, hand-carried
on the day the sample was drawn, for testing by
technicians in the other laboratory.

Plasma was stored in liquid nitrogen, shipped by
air in dry ice and kept at —60°C until assay
for enzyme activity was completed (within one
month of receipt). Selection of samples for enzyme
assay was based on a single criterion — the known
presence of A, B, encountered during routine blood
typing: 27 such samples from the F; were available
for enzymological study. From this group, family
studies (one or both parents) were possible for a
limited number of the total, among whom two more
samples of A;B were found. A random selection
of A; and B samples from the F; population served
as controls.
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Enzyme Assay. Plasma, dialyzed for three
hours against 0.01 M Tris-Cl pH 7.0, contain-
ing 2 mM EDTA, was used for enzyme as-
say. A- and B-enzyme activities were determined
by measuring the incorporation of radio-labeled
N-acetylgalactosamine (GalNAc 3H) from UDP-
GalNAc ®H into 2’-fucosyllactose, or the incor-
poration of radio-labeled galactose (Gal 3H) from
UDP-Gal 3H into 2’-fucosyllactose, respectively.
Details of the method and sources of substrates are
reported elsewhere.!” The enzyme activity (unit)
is expressed as nanomoles of the sugar transferred
by 1 ml of plasma for one hour at 37°C. The A-
enzyme subtypes (i.e., A;, Ay or A;)) and the B-
enzyme subtypes (i.e., B or B*) were differentiated
according to the following criteria®: A, activity
at pH 6.0 is >0.2, and/or activity ratio pH 8.0/pH
6.0 is <1.0; Ao, activity at pH 6.0 is <0.1 and/or
activity ratio pH 8.0/pH 6.0 is >2; A, ,, activity at
pH 6.0 is <0.1, and/or activity ratio pH 8.0/pH 6.0
is about 1.2; B, activity at pH 6.0 is <0.1, and/or
activity ratio pH 7.0/pH 6.0 is about 3; and B*,
activity at pH 6.0 is >0.2 and/or activity ratio pH
7.0/pH 6.0 is about 2. The serological blood types
were unknown to the analyst.

RESULTS AND DISCUSSION

Previous studies of several Japanese populations
have shown that in the ABO system, there is a
relative excess of A;B phenotypes as compared
to A,. Further, the frequency of the A? gene is
considerably lower than in either Caucasoids or
blacks. Distributions of the A, and A;B phenotypes
in the defined Hiroshima and Nagasaki populations
also exhibit these characteristics (Table 1). Thus,
in Hiroshima, the proportion of A, to A; is 0.17%,
whereas the proportion of A;B to A;B is 1.14%;
for Nagasaki, the proportions are 0.08% and 2.44%,
respectively. It is also evident from the table that the
two cities differ from each other in the frequencies
of the two phenotypes, Nagasaki having a higher
proportion of A;B than Hiroshima: 0.26% vs 0.12%
respectively, but a lower proportion of A,: 0.03 vs
0.06. The implications of these intercity differences
are dealt with below.

Thirty-seven samples from 13 unrelated families
and 23 from unrelated individuals were assayed
for plasma A- and B-enzyme activities. The
results are compared with serological blood types
in Table 2. Excluding two ambiguous cases (P-6
and P-7) among the F; samples, 27 were classified

BFERE. 2mM EDTA 2 &% 0.01 M Tris Cl,
pH7.0 122 LT 3RFMIEN L - M2 H B
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FLik galactose (Gal *H) ODHLNA S 2R E +5 2 &
ZEDBREL 2. ZOHER IO AT EHOF M
oW TRl <5, T BEFEIE M (MAL) 3 1ml
DMz & D 37°C T LEFRHIZMLER 285 O nanomole
ELTEBTS. ABEER(T4b5 Ay, A, Xid
A RUBBEEL (T4b5BXix BY LT
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3, B*pH 6.0 TOifEA >0.2, X3 pH 7.0/pH 6.0
DEMLEAH 2., FHBICELENEms ¢4
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TABLE 1 FREQUENCIES OF A SUBTYPES IN JAPANESE
#1l HEAHT S AHEEOHE

Blood Types
Population Ay Az Ag/A1 (%) AB  AsB  AoB/AIB (%) Reference
Japanese 3578 22 0.61 495 14 2.83 Kuniyuki (1955)
Japanese 858 1 0.12 238 4 1.68 Toyama et al (1958)1
Japanese 17490 26 0.15 4165 45 1.08 Yamaguchil! (1967)
Japanese 3558 6 0.17 965 11 1.14 This study, Hiroshima
Japanese 2607 2 0.08 696 17 2.44 This study, Nagasaki
California white 2856 783 27.42 228 70 30.70 Mourant et all (1976)
Rhodesia black 784 225 28.70 61 77 126.23 Mourant et al’ (1976)

Data of Kuniyuki and that of Toyama are from Furuhata.!!
Kuniyuki B OF Toyama @ 7 — # I3 5M" 5 65 8 2.

TABLE 2 BLOOD TYPES AND A- AND B-ENZYME ACTIVITIES
#2 MEET L ARUBREEIEH

Plasma Enzyme Activity

Sample Blood Type (by criteria) A Enzyme B Enzyme
No. Remarks™
Serological Enzymological pH 6.0 pll 8.0 pH 6.0 pH 7.0
1P A2 A, B* 0.52 0.42 0.33 0.58
F B B - - 0.18 0.30
2P AqB A3 0.04 0.11 0.08 0.23
F AsB AqB? 0.006 0.02 0.06 0.11
3B ApB A B* 0.62 0.45 0.22 0.38
F B B* - - 0.25 0.36
M Ay Ay 0.51 0.40 - -
4Pp AqB AyB* 0.49 0.37 0.24 0.40
E AB AyB* 0.33 0.26 0.30 0.47
M Ay Ay 0.64 0.53 - -
5P AqaB AsB 0.04 0.13 0.09 0.32
3 AB AB 0.48 0.38 0.10 0.28
M Ay Ay 0.56 0.42 - - 1
6P AgB or AjB? A1B? 0.83 0.77 0.16 0.30 2
F Aq Ay 0.52 0.38 - -
M AB AB 0.34 0.28 0.06 0.17
P AgB or AjB? A B* 0.50 0.40 0.21 0.38
F AB AB 0.38 0.32 0.07 0.20
M B B* - - 0.25 0.38

(Continue #t < )
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TABLE 2 Continued #t %

Plasma Enzyme Activity

Sample Blood Type (by criteria) A Enzyme B Enzyme
No. Remarks™
Serological ~ Enzymological pH 6.0 pH 8.0 pH6.0 pH7T.0
8P Aol AB* 0.38 0.33 0.19 0.34
F B B* - - 0.22 0.41
M Ag Ay 0.61 0.52 - - 3
9P AsB Ao 0.02 0.06 - - 4
E B B - - 0.08 0.22
M Ay Ay 0.50 0.38 - -
10P A1B AqB 0.33 0.30 0.06 0.19 5
F B B - - 0.07 0.16
M Ay Ay 0.61 0.55 - B
11P AqxB AB* 0.45 0.40 0.30 0.52
F B B* - E 0.28 0.47
M Ay Aq 0.43 0.40 - -
B B B* - - 0.22 0.40
12P AaB AB* 0.55 0.46 0.32 0.52
F B B* - - 0.20 0.38
M Ay Ay 0.28 0.22 - -
13P Ao B AgB 0.032 0.12 0.08 0.22
F AsB AgB 0.024 0.07 0.08 0.20
14 AsB ApB 0.06 0.08 0.09 030
15 AsB AqB? 0.18 0.16 0.08 0.22
16 AsB AB* 0.22 0.19 0.28 0.44
17 AsB AsB 0.01 0.03 0.07 0.22
18 AnB AB* 0.16 0.14 0.24 0.33
19 AsB A B? 0.03 0.03 0.09 0.16
20 AzB AyB 0.01 0.02 0.07 0.22
21 AgB AB* 0.44 0.39 0.20 0.34
22 AzB AgB 0.02 0.06 0.09 0.30
23 AoB AsB 0.035 0.08 0.10 0.26
24 AsB AsgB 0.03 0.10 0.09 034
25 AnB AnB 0.04 0.14 0.11 0.28
26 ApB AsB 0.04 0.10 0.08 0.20
27 AoB ApB 0.03 0.12 0.07 0.21
28 AsB AsB 0.06 0.16 0.07 0.28
29 AzB AzB 0.03 0.06 0.12 0.25
30 AsB AoB 0.02 0.09 0.06 0.20
31 Ay Ay 0.38 0.30 - -

(Continue #t < )
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TABLE 2 Continued #t %

Plasma Enzyme Activity

Sample Blood Type (by criteria) A Enzyme B Enzyme
No. Remarks™*
Serological  Enzymological pH6.0 pH 8.0 pH60 pHT.0
32 Ay Ag 0.56 0.49 e -
33 Ay Ay 0.53 0.48 - =
34 B B - - 0.07 0.22
35 B B - - 0.11 0.26
36 B B - - 0.10 0.29

P: Propositus; F: Father; M: Mother; B: Brother. Nos. 1-10 and 14-21 are from Nagasaki, and
Nos. 11-13 and 22-36 are from Hiroshima, Nos. 31-36 are random Aj and B samples. The enzyme
activity is expressed as nanomoles of the sugar transferred by 1 ml of plasma for one hour at 37°C,
Enzymological criteria used for distinction of A-enzyme and B-enzyme subtypes are described in
Materials and Methods. Distinction of Ay, As, and Ajpe by the enzymological criteria is clear-cut,
and no ambiguity remains in the data. Due to possible partial inactivation of the enzymes during
storage (as observed in samples No. 2-F, 15, and 19), distinction of B subtypes is sometimes
ambiguous; thus, samples marked B? could be B*. More conclusive B-B* distinction can be made
by examining K, values; however, due to limitation of available plasma samples (less than a few
milliliters), detailed analysis was not performed.

P: &, F: LM, M: 848, B: B%. 1-10 F RV 14-21 F 12 Eag, 11-13 F R0 22-36 FizER O
ff. 31-364fit Ay B OB OBEMELEAR, BEFEEE 1ml OMBHIZED 37°C T LM IZHUIE A 385 ® nanomole
ELTHETYT. ABREBEETOSHIZH - 2B MBI HE R CHEOR TR L. BEFEFN IR
2&5 A Ap Apyy DANITMEETH Y, F— 2O THEEE L2V, BEROBEDLIN G HFE 2
ENZOT (B 2-F, 15, 19FIc> v THE), BENOSMEMITRHMECH 5. LAF-TB? &L
EEAFEB*OWEE A S S, K OMFIZ L O WICWIEEL B-B* M4 C & 5 40, FIH AL & M4 »7m
SERTVEDT(HEm LT, SFMZEFIEHEEL 427k,

*Remarks: fif #

1) Subject M could be heterozygous Ay A, (or A1 Ay, ) since stronger Aq-enzyme activity masks A,
(or A, ) character.
MG A BERE RIS A (A, VOB HZEBT 50T, HREHEMEREES AJA, (1F AA;, ) O Tl
Bhs.

2) Both Aj- and B-enzyme activities are elevated in subject P.
HBEPTI A, KUBBAEEF LR LTV S,

3) Subject M is definitely Ay, not Ag, on enzymological criteria.
BER MR L 5 L REMIIY S 22 A THYD, A, THAL,

4) Subject P could be "acquired B"; subject M could be heterozygous A Ag (or Ay A, ), since stronger
Aj-enzyme activity masks Ag-(or A; ;) enzyme character.
HREPBAEB " THELE L hav. v A BEEET A A BERoSTsRET 30T,
A REMIEREES A A, (UL AJA,,) DT S 5.

5) A family set of controls.
HEEOERK.
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serologically as AgB: 15 contained Az- and normal
B-enzyme activity (i.e., presumed genotype A2B); 8
contained A;- (not Agp-) and super B*-enzyme ac-
tivity (presumed genotype A/B*); 2 contained A -
and B-enzyme activity (presumed genotype A*™ B);
one (P-15) contained A; activity but assay for B
activity was not clear, though it was suggestive of
B* activity; and another (P-9), though serologically
A, B, contained only As-enzyme activity and might
be an instance of "acquired B."3

In family studies of all six unequivocal (serological)
Ao B propositi who were shown to have plasma A, -
and B*-enzyme activity, B* enzyme was found in
one parent’s plasma (Table 2: P- 1, 3, 4, 8, 11,
and 12), as well as in the brother of one (P-11).
Although few families were available for study and
family size was small, expression of B*-enzyme
activity in all six families nonetheless appears to
be consistent with transmission by straightforward
Mendelian inheritance of a B* gene allelic to the
more common B gene.

The difference between the two cities in the fre-
quency of serological type AsB noted above is
also seen for the B* enzyme, where the ratio of
B* to B is 1:2 for Nagasaki (among nos. 1-9,
14-21, 7 A1B* out of 15 serological A,B, or 14,
if P-9, a possible "acquired B” is excluded) as
compared to 1:6 for Hiroshima (among nos. 11-
13, 22-30, 2 A,;B* among 12 serological A;B),
these ratios are derived from the data in Table 2 for
the probands only, excluding family members. The
difference between the cities, though the numbers
are small, and Fisher’s exact test for difference
in significance returns a P>1, nonetheless would
appear to be consonant with the postulate that super
B* alters the expression of A in AB heterozygotes:
the "conversion” of A;B to AyB in the presence
of super B* results in a falsely inflated frequency
of the latter, so that the large excess of serological
type A;B in these two populations is to some degree
due to the presence of the superactive B* enzyme
controlled by a B* gene.

In Table 3, distributions in the two populations
of ABO phenotypes are grouped first according to
Hardy-Weinberg expectation using the four “con-
ventional” alleles, A, A2, B, and O (upper left for
cach city) and then in a five allele system including
super B* (upper right). Observed and expected
numbers of each phenotype are shown with X s for
deviation from expectation (calculated according to

AMAFEMIC AB eFEEnz. 15601 A-R T
IEHZ B-BERELE A b Tw (BIEFE A*B &
Ezxohd). 84 A-(FF Ay-) B UHE B+-BER
AR LA GRIEFRIAB*EEXLNS). 2
I Ajye- RV B- BEEMATLZ GRIEFL AMB
LEZLSND). 1HI(P-15) 1T A, IEEE EATSE
D, BIEMEDQRIE TIE B*iH 1k & Ak L 72 AR5 H L
AHHFETH - . b 1 (P-9) OMFEENT A,B
Th-o724, A, BERFEEOAEEATEY, “#BXK
MBI THLIAELAEN.

M#E A, BU B*BEREME &R L 2054 (Mt 5)
ABOEBELZCHOFHRMETIE, B*EELF M
oM (&2: P-1, 3, 4, 8, 11, 12) R U 1 #Ho
R (P-11) @b s hi. PHETRAEEI DL
{, PO2NEETREH-1D, 6FKKRTNTIZHEVT
B*BE G FEIE, BH O BBEESICHTT S
B*MZFOEREN A YT NVMEHN & —HT 3 L9
icBlbh 3.

LR OMFE A,B OFEICE T AMMTHMO 2R
B*E¥EIIo0wTL@EHE N, B* L BOEHAIE
T1:2(1-9, 14-21 %D 3 HMHEE A,B 156, X i
"HMEMBTOTRMEA H D P-9 2R L UHO S B,
AB* 7THl), EET1:6(11-13, 22-30F D 5 %
i & A,B 12fflfh A\B* 21l ) Th 7. Thso
AR EREAEs B BBEORINT AR 2D
Ty Ao RML A FBES LS (FAERE
? Fisher DM EMETIE P>1TH 2H), 2o
WM OERE, BB*Y ABREIEAKIIEIT S
ADEHIIENZ2EZ3LVIRHES—FHT 3L
ZBbNS. TOREICEINGE, BB*HREHETTO
AB# 5 A BAD“EHRTIZLD, HBEOHEEN
BMoTHELE20T, A SWEMIZHT 3 MR
A,B D KIS %% X, B* li{EF 10HE & nig
MEB*EEOHEEIHAEERRAST A2 L124 5.

HITHE, FTWU>OERD” 5L MBIET A1, A2
BEUGOEH (BHIzHowTkELE), KwTil B
FEUCHOONIB/EF L AF L EBAVE(AL)
Hardy-Weinberg M7 fi 12 & AW #[H O ABO #EB
Moafik B 2, & BBAOESME L OCWE G
B, MEM>» 5 OMZED X (Reed BT Schull® @



TABLE 3 ABO PHENOTYPE DISTRIBUTIONS AND GENE FREQUENCIES IN THE ABSENCE

AND PRESENCE OF SUPER B*
#3 HEB*OFHETRUFFETIZHT S ABO ZHRE O 510 R U (EF 5K
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Hiroshima Nagasaki
Exp o Exp Exp Exp
Phenotype  Obs  no B* X with B*  x?2 Obs  noB* x*  withB*  x?
Phenotype Distribution
Ay 3558 35800  0.136  3587.4 0.240 2607 26088  0.001  2621.0 0.075
Ag 6 128 3.591 6.1  0.0004 2 142 10.480 2.0 00001
B 1902 19313 0445 19334  0.510 1427 14394 0107 14419 0.155
A1B 965 9382  0.767 9295 1357 696 693.9  0.006 6793  0.411
AsB 11 43 10.488 106 0015 17 48  30.635 166  0.010
0 2489 24644 0245 24641 0252 1823 18109  0.081 18111 0.078
Total 8931  8931.0 15672 89310 2374 6572 65720 41310  6572.0 0.7291
P<0.001 P>0.1 P<0.001 P>0.1
Gene Frequencies
Hiroshima Nagasaki

Gene No B* With B* No B* With B*

Al 2977 2977 2955 2962

A? 0014 .0006 0021 .0003

B 1766 1748 .1786 1745

B* i 0016 - 0041

0 5245 5253 5238 5249

Obs: Observed; Exp: Expected; based on Hardy-Weinberg genetic equilibrium
Obs: %M, Exp: WE; Hardy -Weinberg #E{ZAFHrIZIE-— <.
From enumeration of F; populations (see text) of Hiroshima and Nagasaki,

No sibs included.
IR -

the method of Reed and Schull!?). In either city,
the departure from expectation is highly significant
(P<0.001) in the four allele system, Ap;B being
the major contributor to the large x> Adding the
fifth allele, B*, (presumed frequencies 0.0020 in
Hiroshima and 0.0039 in Nagasaki), reduces the X2,
bringing the distribution closer to expectation. An
analogous situation was recently reported for two
Brazilian populations where some rare serological
variants in the ABO system were thought to be
associated with an atypical B gene. When entered
into gene frequency estimates good agreement with
genetic equilibrium was obtained.?°

Ewso Py Mo BEtc &5 (F2ml). Maddshze,

FHiloko 25 IR, wFhoBEHE T,
MFEA» 5 DER TN O HITBEF Y AT LI
BLWTHOTHETHY (P<0.001), X2 filLH @
DI ABAFTELEEATH S, §5FH OlR
f B* (HEE # B AT IR EST0.0020, FeldT0.0039) %
BANT 2 & xP AR L, AR <
L ORI AL 207 7 VNV AERIZ>» TS
EhTHY, 2o @HEFTIE ABO ML #% B 55 o
TG MFEREOMES » A, FEMEIN L Bz
FiEET AL EL NS, BEFHEEOHEEMIZ
WAT A&, BEMTHEOH—HEFED S5
ol
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Including the hypothetical B* allele in gene-
frequency estimates for our populations, we obtain
0.001611 =+ 0.000628 for Hiroshima and 0.004086
=+ 0.001044 for Nagasaki. Taken at face value, the
gene frequency for Nagasaki appears to be about
double that for Hiroshima. Though the difference
is not statistically significant, it is consistent with
observations noted by others; for example, for the
rare gene acatalasia found in a higher proportion
of Hiroshima AHS subjects than in Nagasaki AHS
subjects,?! or in the F; for phosphoglucomutase-
1 (PGM-1), for which significant differences exist
in both kinds and frequencies of variants, the pro-
portion is higher in Nagasaki than in Hiroshima.1®
Taken together with other similar evidence for
ceruloplasmin,?? transferrin,?® glucose-6-phosphate
dehydrogenase,?® and cytoplasmic glutamate-
oxaloacetate transaminase (GOT),25 it is clear that
the populations of the two cilies are genelically
different. The implications of these findings with
respect to mutations and population migrations have
been discussed in detail by others.26—28

To fully account for the imbalance between A, B and
A, the frequency of the B* gene should be higher
than observed here, where, at most in our very small
number of cases, it seems to be about half that of
the common B gene, but is most probably lower,
given the somewhat biased method of selecting
cases in the present F; study. Moreover, as in
Table 3, the estimated frequency is somewhere
between 1%-2% of the normal gene. The additional
involvement of A; B among the A,B serotypes
cannot explain the great imbalance. In addition
to the commonly recognized technical problems in
serological distinction of A;B and A;B red blood
cells, other factors are likely to be involved. Some
red cell membrane component(s) at, or adjacent
to, the H sites may be genetically (or epigeneti-
cally) altered and thus experience more difficulty
in converting to A substance, particularly in AB
red cells, due to competition with the coexisting B
enzyme. Although not found in the present study,
other variant A enzyme(s) with diminished activity,
other superactive B enzymes, and other unusual
variant enzyme(s), such as Cis-AB could also be
minor contributors to the A,B imbalance. These
and other possibilities remain to be examined.

Distinguishing A;B and A, B by serological
methods is difficult, is known to produce ambi guous
results and is often not performed in blood-typing
laboratories. It is not surprising that samples 14 and

10

A2 [ 0 AE T B HE T A2 (R 0 B* AL R
FEEDHE, KB TIE 0.001611 £0.000628, £l
T3 0.004086£0.001044 & W I ZE R/, Z DA
HHEEVTHEEY BE, Kol {ZFHAE T
EBOX2ETH L. COERIMKHIMCHERET
L, thoOMEEOREHERE—FHL T2,
i, FhalfEToEI Yy 7 —YETEREL D
EEORAEBENENREI S TEHEIIED S
1, * phosphoglucomutase-1 (PGM-1) @ F, 7T
3, EREOMBRUHERCHEEEZ S, LB &
N W T @ T & - 2. Ceruloplasmin, # trans-

24

ferrin,® glucose=-6-phosphate dehydrogenase,

HIJET glutamate - oxaloacetate transaminase (GOT)*®
CHT 2o BUORBEER LAY TELE L,
T OEMABEHIZRLELZ L EWNEHTH S,
RAMERFUOCRMAOETE & Zh 5 OfFR oM
DVTIEMOFFREIFRL T p, 05

AB & A, OFBWE TS HMT 2121, BYl(ET
DHEERIAPEOBBEMEL OS2 IEE 5 &
P AR CL R ORBEESRTE, Suel
THLBEED BMEAS Oy EEbh s, HEDF,
HHEMBREOERFZIZEIR bt R
W, BSLKERLUTTHA ). B2, HILZFT
oz, HEEBEREY2RETFD1%— 2%
THAH. ABMERIZH T2 A, BOMY £H(:
FERIZANTE, ZOAEZRHWILHMTE 40,
AB B U A,B RIEROMIEFAFHIZo>wT, —h
FHZES T S HATM BB N2 T, o BWH L
BlE L TwaBbhsd, HXIEZ Nzt 28000
12 & 0T 5 R ERA B AR 55 A% 3l AT 9 { 2R ) 12
ZEibL, #FETI2BEELOHAD D, I AB
FRMERATAE I 50T, AMEAOERY L0 FEEE
2HZLLEIONS. FAETCRMETE Lo A
A, EEAEO LA TR AR, thodiE
BEX, 2 AR ABA XOMOM@YE TLWER
BERG, ABTHWI LT A2 I2HEL T3 ThEM
HHD, IS RUFZOMOTHEMEIZ DT IE4H
BHETRETHAI.

LA,

MGFEI ALY AB & ALBAKRAT 22 1
HEET, Boh28BLTUMETH A2 &5 1
THH, OFBVWSBEITIOMRECECOFES



19 were scrotyped as A, B, though they were A, B
by enzymological criteria.

Another discrepancy between serological type and
enzymological identification is subject M-8 who
was serolype An, but by enzyme assay was Aj.
Whether this was due to technical or transcriptional
error or some other factor could not be determined.
Similar typing errors in paternity testing laboratories
occasionally cause legal disputes.?:29

Subjects P-6 and P-7 were originally typed as A5B,
but a few years later were typed as A;B, though on
this second examination, mixed agglutination field
was noted and serological type was uncertain. In
both cases, A-enzyme activity was found; for P-6,
the presence of super-B* was ambiguous, but was
definitely present in P-7. Whether both are actually
additional instances of A;B* remains uncertain,
though one may suspect that they are.

In conclusion, the variant B* gene, which controls
expression of the superactive B* enzyme, exists in
fairly high frequency in both blacks and Japanese.
The excess of serological blood type AzB in these
populations is partially due to suppressed synthesis
of A, substance by the coexisting B* enzyme in
heterozygous AB individuals. Other unidentified
factor(s) also contribute to the great imbalance of
serological A subtypes.

11
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Wo BV EAE ., BARMI14 & 195 8 2 5509 AL s
T ALWB Thallb b s, MKE A,BT
HolDEWLITHb6n 0,

Mma & RPN R —RLah o
L3 s M-8 T, METEIE A, Th -7 HBEHE
WETIE A EVIRRTH- . AP
R EOMY IRERT A 0L, H250EMOERI:
LBEDHIETHTH L. EXHERTLITOMAES
LETARBOMOMESH EOMY Iz k- T, HEW
i TR E T s, 0

KHEE P-6 U P-7 01 AB &ML, HE
BRE2HEHOMESIToA LA, REMERIGY
RO LNMEETRI L TN TH -2, ABETHL &,
M AR A BERIGU AR SN P-6 Tl B
DHEEZTNHETH 75, P-7T TEW S »I2HE
LCwA, Ml %I AB*ICET2E£2 5
ZLWRWRETH B A, ZOIBIEHLE »TH V.,

LEm e LT, HBEME B HEORE & HIEH T TR
H B*lETPRARUCHAR AN @GBS CIFET 5
ZEAHEBAL 2. Zh s OEHOMIKE AB OBE
i, BAEES ABOMAICHF AL BrBEICL S
A MBEOEREN—HREET S, oMo RHER
BHEE, MTFMATRMOKE 2R HHIIHFS LT
Vw3,
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