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SUMMARY

This paper presents the results of a survey of
Japanese for electrophoretic variants of CA I,
CA II, LDH, MDH, TPI, NP, HB A, and HB A,,
the number of determinations per system ranging
from 738 to 4029, Four similar variants of CA |
(designated CA Ig 1), one of LDH (designated
LDHyGgg 1), one of MDH (designated MDHg
THIR 1) two of HB A (one a reascertainment of
HB Hijiyama, the other not characterized), and
one characterized by the absence of HB A,
(6-thalassemia) were observed and are described.
The CA IHIR 1s LDHNGS 1» and MDHS 7H1R 1
variants have not been previously observed in
Japan. No electrophoretic variants were found
in the TPI and NP systems.

INTRODUCTION

The present paper will describe the electro-
phoretic variants encountered in Japanese adults
from Hiroshima and Nagasaki with respect to
the following erythrocyte enzymes and hemo-
globins: carbonic anhydrase I (CA I, EC 4.2.1.1),
carbonic anhydrase II (CA 1I, EC 4.2.1.1),

R TIHHAAAIZEITACAT, CAT, LDH, MDH,
TPI, NP, HBA & HB A, Ol Gk Loz Bikic
DWBWTEBLAAEOERZHELA. 1Y /40
DEEHIETBHAL» S99 TH 1. ZORET
CATIZESATRELZ 4B (CAIyp 1 FE),
LDH OZRF 1l (LDHyeg &M %), MDHOZE R
& 16 (MDHg 7y y & # %), HBA O % (K 2
(HB Hijiyama % BERERD L /= 1 & 850 RaEm LiH),
HBA, O RMEFHME+T 538D (d—FFt317)
Ifla@S il /2. CAlyg,, LDH ..,
BELUMDH T yp  t B S hAZEREKEIHETE
wEABEsnTw Y. TPI 5L UNP 212, &
ki Lo ERETAD S G L 5

#
KT, ERBLUVERBOHEARAZHRE
TAWMEILENT, T ~NE RMEREE S £ UA
T/ hIERESNATEREAD FOTEEKIZOW
TH#ET 5. HRMEkEEFE L, carbonic anhydrase [
(CAI, EC 4.2.1.1), carbonic anhydrase I
(CAL, EC 4.2.1.1), lactate dehydrogenase

]
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lactate dehydrogenase (LDH, EC 1.1.1.27),
malate dehydrogenase (MDHg, EC 1.1.1.37),
nucleoside phosphorylase (NP, EC 2.4.2.1),
triose phosphate isomerase (TPI, EC 5.3.1.1),
hemoglobin A (HB A), and hemoglobin A,
(HB Az). The circumstance under which the
collections were made and the nature of the
population were described in the first paper of
the series.! As before, the convention in naming
variants which do not clearly correspond to
known types will be by city and order of
discovery, abbreviating Hiroshima as HIR and
Nagasaki as NGS.

MATERIALS AND METHODS

In the preparation of hemolysates for electro-
phoresis, blood obtained by venipuncture was
collected in a sterilized tube containing am-
moniumtpotassium oxalate as an anticoagulant.
The cells were separated from the plasma by
centrifugation and washed three times with
0.85% NaCl. After the final wash an equal
volume of distilled water was added to the
packed cells and the mixture agitated. A half-
volume of toluene was then added and after
agitation for 1 minute the mixture was again
centrifuged for 20 minutes at 2500 X g. The
toluene layer was discarded and the solution
centrifuged for 20 minutes at 30,000 X g to
remove cellular debris, after which the super-
natant hemolysate was carefully collected.
In addition aliquots of washed packed red cells
were stored at —70C and in liquid nitrogen, and
processed as described above when needed.

Vertical starch gel electrophoresis was performed
using the method of Smithies,® employing the
conditions developed by Tashian® for CA I and
CA II, Fildes & Harris* for LDH and MDHg,
Smithies® for HB A and A,, Edwards et al® for
NP, and Shaw & Prasad® for TPI, respectively.
Electrophoresis was carried out at 4C = 0.5C
except for NP which was run at room
temperature. CA I and CA II were concentrated
prior to electrophoresis by the chloroform-
ethanol extraction method.”  After electro-
phoresis the gel was sliced and one-half stained
with Amido Black 10B and the other with
a-naphthyl acetate. MDHg, NP, and TPI were
stained and typed according to the methods of
Leakey et al,® Edwards et al,’ and Peters et al,’
respectively. Lactate dehydrogenase was detected
by the method of Davidson et al.1 Hemoglobin
was stained for protein with Amido Black 10B,

(LDH, EC 1.1.1.27), malate dehydrogenase
( MDHg, EC 1.1.1.37), nucleoside phospho-
rylase (NP, EC 2.4.2.1), triose phosphate
isomerase (TPI, EC 5.3.1.1)7&1hH, ~%
7 0¥ »li, hemoglobin A(HBA ) & hemoglobin
A, (HBA,)T&H 3. MEONESES L UVHRE
ROHE#MIz> VTR, ZO—EO®REROFE1 B!
ICEEL 2. BRAOIERECE B uERKE
EmATAEAICE, E1BRTHY A LR HE
IZfE - T, # % (Hiroshima # HIR, Nagasaki
% NGS &89 ) t RADIEMEZ 2T TR T2 &
il &,

HEsLUTRE

WRAMEREICHO 3EMFEADOTHETHEL
. FEERE LT 29BT Y ESTL - VAT
AT LRAME AN EERRTIZ, BIRER
ko THML M %KD . MEREE 58S
Dk TmHEA»S5EEL, 0.85%RIH /KT 3 [BlikiF
L. fikfhoikigth, mMEkEREROERREMZ,
BEELA RZZ020010FEWMO F LT 2 &0
Z, LWL, Kot2500X g T, 204 M L5
BELZA, ML rRAEROVAE, 30,000Xg T, 2045
MELoELAREEEREL, LEXOBEME
FERECED A R L ARLERO—EIE—70T
2, fho—#irmiEEFRR Iy, $E Izl ki
DOFHETHREL .

EEEH T VERRENE Smithies 2 O FEEIE-TiT-
7. #OBECAL HEUCATIZ>»TIE Tashian? ¥,
LDH # & 'MDHgiz 2 2 Tld, Fildes & Harris*
#%, HBA & & (FHBA,!Z-D 2 T i Smithies? 77,
NP 125w T (& Edwards 5 % %, £/~ TPl 1221 T
It Shaw & Prasad® A2 nFnMELAAZELZAHY
7. BRE#E, 4TH0.5CTERL A, NP
IZ2OWTIEEERTIT-~. CAI L CATN IFFERKY
EFSMIz ookl A—Ty /- LRHET 0k
Tl L, BRIk, sUrEEBIaIlL, 1K
373F75 9 210BT, BOD1#IE, «a—F7
FULTEF— hTHEL L. MDHg, NP & X UF
TPI 13, %& 4 Leakey 5 8, Edwards 55 & & U
Peters 5% O A FEIIE->THRELHEDRE 21T 7.
LDH !, Davidson 5" O Hikiz &k » TRl L .
ANEFOEETIF7Z o 710BTERABELT



and for peroxidase activity with o-dianisidine.
LDH and MDHg were typed from slices of the
same gel, as were TPI, PGM;, and PGM,
(Satoh et al''). Throughout the course of this
study the biochemicals and reagents used in the
buffers and stain solutions were obtained from
the Sigma Chemical Co. (St. Louis, Mo., USA)
except for xanthine oxidase and nucleoside
phosphorylase which were obtained from the
Boehringer Mannheim Corp. (New York, N.Y.,
USA).

In any study of this nature, there will be a few
isozyme patterns which for a variety of reasons,
even with repeated runs, will not yield patterns
which can be typed with confidence. We omit
these from the figures for ‘number typed’,
recognizing that this group has a disproportion-
ately high probability of containing poorly
resolved variants.

RESULTS
Lactate Dehydrogenase

Only one electrophoretic variant of LDH was
encountered among 4028 determinations (2652
in Hiroshima and 1376 in Nagasaki). This
variant was designated as LDHygg 1 according
to our practice of designating variants by the
city and order of discovery; the pattern is shown
in Figure 1A. In the variant phenotype the
LDH 1 band exhibited a faster mobility and
appeared slightly broader than normal. The
LDH 2, 3, and 4 regions each had components
moving faster than normal. The LDH 2 region
had four bands close together; the slowest band
appeared to exhibit the same mobility as normal.
In the LDH 3 position, three components were
detected, the first two faster than normal; the
middle band showed a significantly greater
intensity of staining than the other two bands.
The LDH 4 region of this variant consisted of
two bands with almost equal intensity of stain-
ing, one in the normal position, the other
moving slightly toward the anode. These findings
indicate the variant involves the B subunit, and
the shifts in migration of the extra bands are
consistent with an increase in the net negative
charge of the variant molecules. A family study
was carried out; the same variant pattern was
observed in a daughter of the propositus (Figure
1A, Table 1). Thus far only one other LDH
variant has been reported in Japan, a slow-
moving type involving the B subunit.'>  OQur
variant clearly differs from their variant.
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OFEEFITV, L+ FL5F—FiFHEdto - V72
¥y TR L 2. LDH & MDHgI£ TPI, PGM,,
PGM , D 3 HFEZDH A ( Satoh 51 ) [ZHEL T 1 #
DT NVERGCUOWLT2HOATS A&ED, &4
ROREETH72. AFEIZHOT, BEHEPRETHE
AL 23S s L U3, Sigma Chemical
Co. (#[H Missouri I St. Louis i) » 5 AFEL /.
7= 72 L, xanthine oxidase & nucleoside phospho-
rylase X, Boehringer Mannheim Corp. (#:[E New
York il New York i) » 5 AF L 7.

IoBOPEIIECTE, BRERZIT-o-TLVRA0S
EHATHELZ L THORENFTEZVELEIET
AVHL LR -2 BB EdHB. ZHnI S
Y- aRTLDIIERNEOELAMEIITLI L
DTELE > LEREIFEENZTREESERIZE
woT, [MoREshAREN]OFRIZIZED S
Mo,

Er

Lactate dehydrogenase

402815 (15 5265215, & W1376/) % 7L T, LDH
DWARFM LD T REL X LFRD . TR,
R ICEFREEGET A0 I HLMB I
T ZNERMES LDHygg  EMBL, Z20/55—
YEBLAILRLA. ZOZEREORENLRS L,
LDH1 D2y Fix, EEOLOLDEBEIE,
AobTAICEERi/s LDH2, 3, 4 74 v+
ALTE, WThoBACLEELDLECBENT
B FAES 5N, LDH2 F HEWILE#ET 54 4
DAY ERSRED, SEHBvy FAEE & U B
ML TWA. LDH3 T, 3EKDNAY FAED S
h, 205350 2K TEEOMEL D LEIBHL,
FROAY FiEfho 2R L0 ok CPEBEN-.
COERMEOLDH 4 3, FLALRILEBEICRE S
hz2dkn Ay Fhrsih), 201ROMEIESE
TR 1FELTHIEBHEFV DTV, Zh
CORTRIE, ERPFLDHZHK T 2EATO S 5,
B BIZHER T B E Z 88 by EEITE
WA FUMNOAA Y FALOBEAIIBIML TWwS
CELREREQN S TE2FLELT, ADOWEA B
LTwaZEaERLTVE. FHEAZGERL-&
Zh, BEHEORUEDIIRILEREK Sy — v 7 H
mwxhA (1A, #1). BREITOLZAHET
X, LDHOZEEEKEMIZ1FHO&EHEETATV S
ZHBEBH T2y VOBEENENERKETT
H5.% RADHERLAERMEE, Boriizhe



RERF TR 4-76

=a

=

ORIGIN

Figure 1. A. Starch gel electrophoresis patterns
of the lactate dehydrogenase variant. Wells 1 &
4, normal LDH; well 2, propositus LDHNGS 1+
well 3, daughter of propositus (LDHNGS 1)
B. Starch gel electrophoresis of malate de-
hydrogenase variant observed in this study.
Wells 1 & 6, normal MDHg well 2, MDHg
I-7HIR | (proposita); well 3, the second
daughter of proposita; well 4, the first daughter
of proposita; well 5, younger brother of
proposita.

[<1A. LDH % % (& o 8 8 7 vl ik o %,
KB L, 4, FELDH W2, K
LDHygs 1 AAfHS% 3, 585 AR (LDHygg 1) -
B. &AM T#My s n/AMDH 2 koL
Wik %, WRENE L, 6, 1R MDHg s B
2, .\[DHS T THI}{ 1 ¢ iy A FHES, g8
WA O Ly KENR 4, N A O LE ks WEE
5, BWmADH.

TABLE 1. SUMMARY OF THE FAMILY STUDIES FOR THE RARE ELECTROPHORETIC VARIANTS OF
CA1, LDH, MDHg, HB A, AND HB A,

#1 CAI, LDH, MDHg, HBA % S UHBA,OMA £ EFRKM Lo ZERE T 2 FHEMAEDO LR
: Family Studies
: . Propositus
System Variant City MF No. Sex
Mother Father Sibs Children
Carbonic Anhydrase CAlyp g H 215321 E - - - +00
Cacl s 3 H 326310 F - = @ 0
CA LR H 333701 F - - *OOPP -
CA Iyyp ¢ H 352003 M - - - *00
Lactate Dehydrogenase NGS 1 N 001422 M = = = #*(P
Malate Dehydrogenase 24R 1 H 214549 F — — = *O®
Hemoglobin At Hijiyama H 243765 B - -
Hemoglobin A, (F) §-thalassemia N 037528 F - — — *PD

TReascertainment of a variant reported by Miyaji et al. 2 (family studies positive)

*First family member tested. O — no variant,

@ - variant.



LDHygs | appears to be the first example of a
fast-moving variant of the B subunit detected
in Mongoloids.

Malate Dehydrogenase

A single MDHg variant was observed, in a
Hiroshima resident, among 4029 individuals
(2653 from Hiroshima and 1376 from Nagasaki).
The zymogram of the common type of malate
dehydrogenase has three components, one broad
main band and two additional weakly stained
bands, the latter two nearer to the anode than
the main band. The variant MDHg found in
this study consists of three distinct bands, one of
which corresponds to the normal major band
and the other two of which migrate slightly
cathodal to the normal major band. The middle
band shows the greatest staining intensity.

We are indebted to Dr. N. M. Blake* for a
comparison of this variant with several at his
disposal; he reports as follows: * ... your
variant is not as slow as the reference sMDH but
in fact has the same band spacing as a variant we
have found in Chinese from Singapore and
which we propose to call sMDH 7-1. However,
there is a difference in the relative activities of
the three bands between your variant and our
sMDH 7-1. In yours, the slowest band is very
weak compared to the other two which are of
approximately equal intensity.” Since the weak-
ness of our slowest band is reproducible, we
propose to designate the phenotype as 1-7THqR 1-
In a limited family study, the same type of
variant was detected in a daughter and a brother
of the proposita (Figure 1B and Table 1).
Although Shinoda & Matsunaga'® have screened
for MDHg variants in Central Japan and Omoto
& Harada'* in the Ainu from Hokkaido, no
previous MDHg variants have been reported
in Japan.

The first genetic variant of MDHg was reported
by Davidson & Cortner'® in a single Negro
woman among a sample of 1440 North American
Whites and 1479 North American Negroes in
Buffalo. Leakey et al® have summarized the
investigation of more than 9000 people from
many populations. Their work showed that
Davidson’s Buffalo variant migrates to the same
position as a variant which they designated 2
(observed in 3 persons during a survey of 298
Ethiopians).
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$#82 %4 5. LDHyggE#M@B AL sh BT
DFEOCEREDRTOF L EL SN 5.

Malate dehydrogenase

4029 % (1K 552653 %, BF13764) 03 b, IREDE
BIiz—2OMDHg ZEEAFHE & h /2. Malate de-
hydrogenase O IEHBOH( T7 7 LIZIZ =205
HHEL., Thbbs1EDRECENY FE2EOR
BENHVA Y FT, BTHEES Y P EEM
2h s, FWETHRR SN AZZERAFEMDHg 1,
Do N LAYy Frsmd, £01RIERE
FEoN FICHSEL, o2z L 0 bR
BEHLTwa, iRy FARLECRBEATVE.

=

Dr. N. M. Blake *0 B L i 12fi-> T, #DFEET
COEEFLIMOTRFLOREBLZIT-TE L1
TEEBAFEBEL VLN, TOHRERRDED
ZHEOTHo5 [COFEEFIFLBIIHCZER
R sMDHIZ LI B X v, HaAed L v HE-1
OFRENZERL, sMDH7—1 SR & 28 F
LT3R LERIZRLC/NY FEABEZRL TV
B, LAhLAd»s, THOEEMEKE K4 D sMDH
T—1 =205y FOMMMEEIZE SH Y
1. MAOEREKETIE, BRLBLAY P, TE
FEniEs s b2Mo > i L T FIH 2
ETF. BAOEREOLE BV Y I )
ET S TLEWIIHVEERERTOT, KrB3ET0x
A% 1 —Typ ¢ WET AT LEBETS. RS
NG TEERELZT >R ZARBEDIRL A
LRso l AZRMOERE» s hz (1B &
L U#F1). MDHg Z & {RIZM L Tk Shinoda &
Matsunaga ® (2 EiH#4(2% 12T, Omoto & Harada™
BILEEDNTA RAEIIEVWTHELLY, BERTIE
I FE TIZMDHg ZERFDHEHIL & 1.

Buffalo 12& 17 2 bk A A1440 A & AL KRB AL4TIA
3B IZHFZE L 72 Davidson & Cortner™ 2, 1 A®
BEAWMAIIMDH OBANOBEMEREF LR L H
#£1 . Leakey 58 |3fli # o [ 12 J§ 4 29000 A
DEoAsoBEEHEEEHLL. ZRIZENE,
Davidson A# % L 7- Buffalo % % {f1% Leakey &5 #°
2L BBELETRF(ZFAEYT A298 £h3 AL

RRLELD) EBHEIFA—-TH - .

*Department of Human Biology, John Curtin School of Medical Research, Canberra, Australia.
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1 2 3

5 © 7

Figure 2. Starch gel electrophoresis comparison of the Japanese carbonic anhydrase
variants with CA If London. Wells2& 6, normal CA I well 3, CA If London; well 4,

CAlgg 1o well 5, CAIHIR |-

%2, HAADCAZE ik E CA If London & MFH; 4 WAl AikIikiz &2 . a2,

6, E#CAT; Xki%3, CAIf London

Carbonic Anhydrase [

Four variants of CA I were observed in Hiroshima
residents in a survey of 3969 persons (2604
from Hiroshima and 1365 from Nagasaki). In
addition, there were 3 untypable specimens.
The first two variants to be encountered were
electrophoretically identical and have been
briefly described under the designation of CA Ih
Hiroshima.'® Figure 2 illustrates a comparison
of the two additional examples of the variant,
now termed CA lyjp | with normal and CA Iy
London.'” All the Japanese variants appear to
have the same electrophoretic mobility, migrat-
ing in this system close to the position of CA IL
Family study has confirmed the genetic nature of
the variant in one case (Table 1). CA IR 1
moved significantly slower than CA I ndon @8
shown in Figure 2. In another comparison
CA Iy 1 migrated slightly slower than
CA IMichigan-m CA IR | appears identical in
mobility to the CA Ithgm first described in a
Micronesian in Guam although a direct
comparison could not be carried out because the

B4, CA IHIR 13 KFEHES, CA IH[R 1 -

Carbonic anhydrase [

39694 (172552604 %, FFl365%) OMEIZE - TILE
OEFEHAALL CAIOEREAI»HESNEZ. 20D
SHIZRIDRETEZVRENSH S -/ D2 A
1S s h-ERKE, BREMWICER—-TH -
7, CA Ih Hiroshima ¢ @& ENT, X HBEL
KEEATVAE.® [M21F, ToRIIERsZCA
DERELFEER, CAI; London &IFIIN 2R
Bl sl 24D TH3AH, CAITh Hiroshima (&
LTRHEDEHIIE-> TCATyp & e 5.
A, AAACRRENZZO0FRFKIVTALE
SEEAC R CBNELTL, ZoBEBREAV
EHAZCANOMBORC B L T0d. Fik
WEIZFPOVTEREFEIFHIBENEZLEOTHEI L
AHERL A (FL). CAlggpid, B2 WY &9
ZCA L un s DEERBIZECEBH LA, 205
Wi %7 - 20T, CALpg 17 CA T yihigen &
NeEhTFAIZBBWML A CAlyg i3, Guam @
3T OFYTAIRMBBRENZCALG,,” + ¥
EAR—DL I Thokh, CAlgumPH > 7N H



original sample of CA I, has been exhausted.
Variants with very similar mobility have been
described in Filipinos'® and Indonesians.?® The
reader is referred to a comprehensive review by
Tashian & Carter’ for details regarding the
relative electrophoretic mobility of several of
the rare carbonic anhydrase I variants.

It is noteworthy that no variants have been
found among the Nagasaki residents. This
contrast between the two cities is heightened by
the findings of a small pilot study on the
children of atomic bomb survivors and controls,
concerned with the measurement of mutation
rates at the protein level. Thus far 884 persons
have been examined in Hiroshima and 658 in
Nagasaki. There are three additional cases of
CA Iyjg 1 in the Hiroshima samples and none in
Nagasaki. Family studies have revealed an
affected parent in two of the three cases; in the
other instance it was not possible to examine
both parents. The fact that the variant was
shown to be inherited where suitable studies
could be carried out of course eliminates the
possibility of radiation-induced mutation. Gene-
alogies covering at least the proximal three
generations have been constructed for all seven
of these propositi. No ancestor common to any
two families has been detected. Suvama &
Umeda®' have also examined 2034 Nagasaki
individuals without finding any electrophoretic
variants of CA 1. There are no other reports
from Japan. As will be discussed later in this
series (Neel et al®?), this appears to be the type
of variant which should be useful in reconstruct-
ing population movements within Japan. Because
of the similar electrophoretic behavior between
CA Iyp 1 and CA Ic Guam additional bio-
chemical characterization has been undertaken.

CA Iygr 1 was subjected to tryptic digestion
and fingerprinting with the finding, to be
reported in detail elsewhere,®® of an additional
peptide fragment. Inspection of the amino acid
sequence of normal CA suggests a Trp-Arg
substitution at position 16 in CA Iyp ;. Thus,
despite the electrophoretic similarity, this is a
different variant from CA Ic Guam. The latter
results from a Gly-Arg change at position 25 9 48
It will be of interest to determine whether the
variants encountered in Indonesians and Filipinos
correspond to the Guam or to the Hiroshima
variant or if they result from yet a different
substitution.
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BUIffuR<sh T 2O THEHERET 221
TE bl 74VEZAY R, Y FAYTAY
FILEBHEOETIZL HUAEREIREENT
W3, CAIEh 4 EEROHMMIZo>VT, £h
5O EHEOFEME 7 — 4 A Tashian &
Carter’” D#HRIZH DI D THEE v,

REBEOBEFES CEEERI b shar A iRE
Bizfiwt 3. EAHLAXLIZHTIERTRED
HEZTA0IiThbhz B L F0RED £
ST 20 HE A ABHAENER L ZOKE - B
maiEoOMEE, SSCHMATIZEILE-A F
thHbE45HETESTIIEM &, W TIL658 &4
BELEDTHEH, KBTI, CAlyg 28512
IFRERL, BB CRHIHeRREh L -7 F
EAEOER IO IFPh 2RI EEKEHEL,
OIFIZ2WTHEERERET S ZEHFTELL
. TOEIICHEYZERAESNThh, BEMNE
ERFETHIIEFWEEN-DOT, HHBEIZL-
THERENEERERTH SRS VB ES A L.
INETAOEEHEL2BO L L IMLIZHA
AFMEMERL AN, wTFhoZo0FRICH @
O EEREsN Lo, Alls LUHERHIE,Y
EWERO0M LA, CAI DT RKH Lo
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Carbonic Anhydrase II

No variants of CA II were encountered in a
total of 3969 samples (2604 from Hiroshima
and 1365 from Nagasaki). There are no other
studies of CA II variants in Japanese.

Hemoglobin A

We have encountered two variants of HB A, both
in Hiroshima residents, among the 4029 Japanese
surveyed (2653 from Hiroshima and 1376 from
Nagasaki). One variant had been observed in an
esrlier survey and designated HB Hijiyama
(8 120 Lys=Gluy py Miyaji et al.?* They found
the variant in one relative of the propositus. The
propositus was reascertained during the course
of this study.

The other hemoglobin variant had a mobility
slightly faster than HB A, migrating anodally
between the position of A and the I variants.
An electrophoretic comparison of this variant
with HB AS and Hiroshima (8146 His=Asp)
which was also found in the Hiroshima araa,f"s‘26
is shown in Figure 3. Our variant shows

Figure 3. Starch gel electrophoresis of the
HB A variant found in this survey. Well I,
normal HB A; well 2, HB Hiroshima; well 3,
HB A variant; well 4, HB AS.

3. AMETHMLA-HBAZREOEY TV
TAaskME. K¥El, ERHBA; WHE#K2,
HB Hiroshima ; ¥ 3, HBAZ W fk; KA F
4, HBAS.

Carbenic anhydrase Il

Fof #5 $03969 (15 552604, £ wFl365) (2HWT, CA
DEBKIRATEE 2. CAIOEREE H K
AT FHIIEH» 1270,

Hemoglobin A

MRPE L 7240292 M H AR A (IRE2653%, 1376 4)
N5, EHEOERCHBADZH»NDERELZAD
. 2O HEO—1F Miyaji 62 OLIRTO# AT %
&#, HB Hijiyama (81200 ~C0l) p &y xh gy
NDTH=. FOFEOFERFAFE LSV TREENH
O lLANZLRUCERRI BB ERL. RFAKCE
WTHIORKEE X BHERL .

MO~NEFOE > ERKEIE, HBA L0 L BHE &
$, A JERKREOMEBERMIBHL VA IO
TRIELHBAS b RILK ERBE TEREALDS
HB Hiroshima (8146 His = 4se) b i & sl 12 &
Hibid, M31ZHmL A e 0T EKE, HB



essentially the same mobility as HB Hiroshima,
but is much slower than HB AS. The appropriate
genealogy failed to reveal any genetic relation-
ship between our propositus and the family in
which HB Hiroshima was found. Unfortunately,
further studies were impossible since the indi-
vidual and his family moved out of the city
shortly after ascertainment. The question of
whether this is a further ascertainment of HB
Hiroshima or whether this is a different variant
must thus be left open. From the results of this
survey, the phenotype frequency of variants of
HB A is 0.050% in the Hiroshima and Nagasaki
residents. JTuchi®? has summarized the results of
the extensive screening for abnormal hemoglobins
carried out in Japan: 35 variants have been
found in 279,680 examinations (0.015%), and
detailed biochemical studies have shown 26
different amino acid substitutions among these
35 variants.

Hemoglobin A,

Although no electrophoretic variants of HB A,
were observed, one Nagasaki resident, among
4029 individuals (2653 from Hiroshima and
1376 from Nagasaki), was observed upon electro-
phoresis (pH 8.6) to lack A,, apparently
completely. This woman exhibited an increased
component in the position of hemoglobin F.
Only two relatives were available for study, a
daughter and a son; both exhibited a decreased
amount of A, and a lesser increase in the
component migrating as F. These results,
including a comparison with a normal, are shown
in Figure 4A. There were no significant hemato-
logical abnormalities in the proposita at the time
the specimen was obtained (RBC, 5,020,000/
mm®; Hgb, 14.9 g/100ml; Ht, 44.0%; MCV,
87.7 microns® ; MCHC, 33.9%; MCH, 29.7 micro-
micrograms; and blood film appeared normal).
A second hematological examination yielded
essentially similar results. No consanguinity of
the parents of the proposita has been established.

Additional hematological studies of the proposita
gave a fetal hemoglobin level, by alkaline
denaturation, of 7.8%. Figure 4B illustrates a
comparison of the propositus with a subject
with hereditary persistence of fetal hemoglobin
(electrophoresis carried out in EDTA-borate
buffer, pH 8.6, on cellulose acetate, staining
with Ponceau S). The component in the position
of F in the proposita comprises 7.5% of the
total. Note again the absence of A,. The
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Hiroshima & A MIZE UB#HE LR L T34,
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A B C

Figure 4. Electrophoretic characterization of the combination of absent HB Ay —
high hemoglobin F. A. A comparison by starch gel electrophoresis of the proposita, her
daughter, & two normal individuals. Wells | & 4, normal; well 3, the proposita; well 2,
daughter of proposita. Note diminished Ay and slight increase F in the daughter.
B. Electrophoresis of specimen from propositus on cellulose acetate, pH 8.6, benzidine
stain. Note absence of Ay. C. Electrophoretic comparison (cellulose acetate, pH 8.6,
Ponceau S stain) of proposita with an individual with hereditary persistence of
hemoglobin F (25% hemoglobin F); proposita on right.

4. HBA, Kill— Si~EFOE Y FOMlERH E - LHOTE ARG DI, A, Jai
fi, TORBIVIEHA 2 LORE Y VA kIR O i, RS 1, 4, IEW: KB 3,
D M2, AR, MTIEAOBRVEFOLTIrEME S5, B, imE
EOHML AMiEEANL LT —-R TE7— b EOERGKMikaH (pHB.6, ~Nv ¥y
YR ) Ay dRMNcEH. Co BIEKELHEEANE I OE P FHBEEA (AT FODELF
25%) WA KM (tro—2 75—, pH 8.6, K v —Sita); il

(T

absence of A, is also illustrated in Figure 4C,
a benzidine stain of a specimen treated as
described for Figure 4B.

We interpret the proposita as resulting from
homozygosity for the &-thalassemia trait, as
described by Ohta et al.?® Our proposita has
slightly more hemoglobin F than the average of
the five cases described by the Japanese group
(3.7%). It is in this connection noteworthy
that their proposita resided in Fukuoka whereas,
as noted above, ours was a resident of Nagasaki.
These are both cities on Kyushu, the south-
westernmost of the main Japanese Islands. Thus
far no.relationship between the two families has
been established.
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In the strict sense, this is not an electrophoretic
variant as the term has been used throughout
the paper, and we shall not score it as such. On
the other hand, in a system less well understood
than the hemoglobin complex, a variant of this
type might be confused with an electrophoretic
variant.

Nucleoside Phosphorylase

No NP variants were observed among 738
individuals (538 from Hiroshima and 200 from
Nagasaki). Shinoda & Matsunaga,13 in reporting
the results of a survey in Central Japan, mention,
but do not describe in detail, a single NP variant.

Triose Phosphate Isomerase

During this survey, no variants of TPI were
encountered in a sample of 738 (538 from
Hiroshima and 200 from Nagasaki). There are
no previous studies of TPI in Japan.

DISCUSSION

The most interesting fact to emerge from this
survey of six erythrocyte enzymes and the two
adult hemoglobins is the finding of four similar
variants of CA I (now designated CA Iy () in
2653 samples from Hiroshima residents, but
none in 1376 observations on Nagasaki residents.
This contrast is heightened by the finding, in a
small pilot study of children born to survivors
of the atomic bomb and controls, of three
additional cases of this variant in 884 children
in Hiroshima but again, none in 658 Nagasaki
children. As we have noted earlier, the presence
of the variant in one of the parents of these
children, in the two instances where parental
studies were possible, essentially eliminates the
possibility of a radiation effect. By chance, the
only other study of CA I variants in Japanese
was also carried out in Nagasaki. Suyama &
Umeda®' examined 2034 residents of that city
without finding any electrophoretic variants.
Thus far no genetic relationship has been
established between the seven persons with the
CA Iyp | variant. Although this variant has
the same apparent electrophoretic mobility as
CA lgyam- detailed biochemical studies have
revealed that the amino acid substitutions differ
in the two variants (see above). This degree of
regional localization in a country as hemogeneous
as Japan was unexpected; further studies to
define the precise pattern of geographic variation
will be of importance.
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Of the five remaining variants, two involved
HB A: one was a previously described beta-chain
mutant, but the other has not been characterized
biochemically., In addition, an instance of
delta-thalassemia was discovered. The remaining
two variants, one of LDH and one of MDH,
appear to be previously undescribed.

HA5B0TERFEDIL, 2MINBAGCERET
H 5. 1L, LMNcREshif— HERATRE
ThHald, o 1 FEIm-ownTiELFiys S
BoMlnaghTwhw., &8, d—% 3t z:7 14
HERsWL o 2HoFRE, +44H5, LDH
EMDHOZERFR, @R shTtuwzviantidh
ha.
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