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SUMMARY

A total of 16,835 children, of whom 11,737
are unrelated, from Hiroshima and Nagasaki
were examined for erythrocyte cytoplasmic
glutamate-oxaloacetate transaminase (GOT1) by
starch gel electrophoresis. A variant allele named
GOTI*2HR1 which seems to be identical with
GOT1%*2 was encountered in polymorphic
frequency. Five kinds of rare variants, 3NGI,
4NG1, SNG1, 6HR1, and 7NG1 were encounter-
ed in a total of 109 children. Except for 7TNGI
for which complete family study was unable,
family studies confirmed the genetic nature of
these rare variants, since for all instances in which
both parents could be examined, one of the
parents exhibited the same variant as that of
their child. Thermostability profiles of these six
variants were normal. The enzyme activities of
five were decreased, while the value of one was
normal compared to that of GOTI1 1.

INTRODUCTION

The first paper in this series describes the purpose
of the study and circumstances under which the
study was perfurmed_l The present paper,
continuing a series reporting results of electro-
phoretic studies, describes variants of cytoplasmic
glutamate-oxaloacetate transaminase (GOT1, E.C.
2.6.1.1; aspartate aminotransferase) encountered
in a total of 16,835 children of atomic bomb
survivors from Hiroshima and Nagasaki; a
preliminary report of this work was presented
earlier.?  Glutamate-oxaloacetate transaminase
occurs under independent genetic control in two
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separate forms, cytoplasmic (GOT1) and mito-
chondrial (GOT2), both forms sometimes occurr-
ing as genetic polymorphisms in humans. The
alleles GOT1*2 and GOTI1*3 were observed in
polymorphic or appreciable {requencies in
Japanese, Chinese, Fillipino, and Amerindian
populations, while they were very rare In
European and black pnpulatiuns.3'4 The allele
GOT2*2 is present in polymorphic frequency in
European populations and in appreciable fre-
quency 1n black pnpulatiuns,s’f' in a Japanese
pmpulﬂtimn,,']r and in Malay and Chinese
populations.® GOT2*3 is polymorphic only in
black populations. 26

MATERIALS AND METHODS

The populations, the method of family studies,
and preparation of the hemolysates for electro-
phoresis were described earlier.! A total of
16,835 children (age 13 to 38) of A-bomb
survivors and controls were examined. Ap-
proximately 30% of these children are siblings.

Vertical starch gel electrophoresis and gel staining
for the first screening were performed basmally
following the method of Chen and Giblett.?

Electrophoresis was conducted at 4°Cand 9 V/cm
for 18-20 hours employing 13.3% Connaught
starch gel and 0.1 M tris-citrate buffer, pH 7.5,
as bridge buffer and a 1/15 dilution solution
(pH 7.5) as gel buffer. The staining mixture
consists of 10 ml of 0.1 M tris-HCI buffer, pH
7.8, 350 mg of L-aspartic acid (Na-salt), 30 mg
of a-ketoglutarate, 10 mg of NADH, and
100 units of malate dehydrogenase (MDH).
Using the filter paper overlay method, gels were
incubated at 37°C for 30 minutes. De-
fluorescent dark bands of GOT1 appeared against
a fluorescent background of NADH,. For
comparison of variants, a discontinuous buffer
system (pH 7.5)° as described below was also
used. The bridge buffer contained 0.44 M boric
acid, 0.04 M tris, and 0.04 M LiOH. The gel
buffer contained 0.0124 M tris, 0.0036 M boric
acid, 0.0033 M citric acid, and 0.00033 M LiOH.

GOT1 activity was determined spectrophoto-
metrically using 10 ul of 1:20 diluted hemolysates
made from packed red cells preserved in liquid
nitrogen. QOur procedures in general follow the
methods of Beutler et al'®and the International
Committee for Standardization in Haematology."!
Final concentrations of the assay mixture
components (500 ul) were the same as those of
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Beutler et al,'® pyridoxal phosphate always

being added in a concentration of 0.02 mM.
Using an Aminco Rotochem 1la/36, a centrifugal
fast analyzer, decrease of optical density of the
system at 340 nm and at 30°C was read every
1 minute for 10 minutes after a lag time of 10
minutes. Enzyme activity was expressed by
international units per gram of hemoglobin
(IU/gHb). Details of sample preparation and
data management were as those described by

Satoh et al.!?

Thermostability profiles of variant enzymes were
examined as previously described®® using 1:20
diluted hemolysates prepared from packed red
cells preserved in liquid nitrogen. Percent
remaining activities were determined after heating
for 10 and 20 minutes at 60°C.

Variants were named according to the method of
Ferrell et al'® except that abbreviations for
Hiroshima and Nagasaki are HR and NG,
respectively.

RESULTS

Of 16,835 examined children, 9,040 from
Hiroshima and 7,779 from Nagasaki totaling
16,819 children, were clearly typed, employing
the tris-citrate buffer system of Chen and
Giblett.* Numbers of children with various
phenotypes are shown in Table 1. When the
phenotype could not be read clearly, ‘no type’ is
indicated. Since approximately 30% of the total
children comprise siblings, the same variant was
encountered more than once. The figures in
parentheses are numbers of variants excluding
those detected in siblings. The ‘Representative’
population composed of unrelated children was
selected from the total children by the method
previously described' and the allele frequencies
are calculated from this population. Since the
first child among the siblings to undergo the
test was selected as a member of this population,
children having variants may not necessarily be
members of this population.

Six kinds of variants were detected. The most
common variant phenotype was named 1-2HRI1,
since its pattern, both mobility and intensity of
three bands, is very similar to that of 1-2 shown
in the photographs of Chen and Giblett* and
[shimoto and Kuwata,® though no direct
comparison was performed. It was encountered
in a total of 459 children and, in addition, a
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TABLE 1 VARIOUS PHENOTYPES OF GOT1 AND ALLELE FREQUENCIES AMONG
JAPANESE FROM HIROSHIMA AND NAGASAKI

1 EBRUEBOBEAIZETAGOTIORZEFREE LB {EFDOEE

Total children Representative
Phenotype Bt A P -
' . , : ; ele frequencies
Combined Hiroshima  Nagasaki ¥or the combined
1 16,250 11,341 6,450 4,891
1-2HR1 459 322 205 117 GOTI*I] = (0.98309
2HR1 1 1 1 0 GOTI*2HRI=0.01380
1-3NG1 50 (36) 30 20 10 GOTI*3NGI =0.00128
1-4NG1 50 (42) 36 22 14 GOTI*4NGI =0.00153
1-5NG1 4 ( 3) 3 1 2 GOTI*5NGI =0.00013
1-6HR1 4 ( 3) 3 2 1 GOTI*6HRI =0.00013
1-7INGI1 1 1 0 1 GOTI*7NGI =0.00004
No types 16 0 0 0
Total 16,835 11,737 6,701 5,036

*Figures in parentheses are number of variants excluding those detected in siblings.
BEAROBFIRRIIBREEAZLDER(ERYOH

homozygous phenotype, GOT1 2HR1 was
encountered in a Hiroshima child. The fre-
quencies of GOTI*2HR1 were 0.015 and 0.012

in Hiroshima and in Nagasaki, respectively.

Five other rare variants designated 3NG1, 4NGI1,
5NG1, 6HR1, and 7NGI1 were encountered in a
total of 109 children as phenotypes heterozygous
with 1. Figure 1 shows the patterns of hetero-
zygous variant phenotypes obtained by electro-
phoresis using the tris-citrate buffer system of
Chen and Giblett* and Figure 2 shows them
diagrammatically. Electrophoretic characteristics
of variants are described below on the basis of
patterns obtained with this buffer system unless
otherwise described. All of the heterozygous
variants are composed of three bands, one
corresponding to the major band of 1, and two
additional bands. These two additional bands,
one considered to be a variant homodimer and
the other a variant-normal heter:}dimer,4 in
1-3NG1, 14NG1 and 1-5NG1 migrated cathodal
to the main band of phenotype 1, while those in
1-6HR1 and 1-7NG1 migrated anodal to the band
of 1. One or two secondary bands appeared to
the anodal side of the variant homodimer bands
of phenotypes 1-6HR1 and 1-7NG1, and to the
main band of phenotype 1. These secondary
bands are diagrammatically shown in broken
line in Figure 2.

1A THEASDERRGOT] 2HR1 b s /-,
GOT1*2HR1 8 E (3 15 5 0.015, & #E0.012 T
h o7

Z D%, 3NG1, 4NG1, 5NG1, 6HR1 B U*7NG1
EALAESHEOEThEERIY, GFT109AH I
lénnTuEasRRMELTED AL K13,
Chen & Giblett* @ b)) A-7 = v B4 HE % A\ /-
BRAMEIZL->THBSN AT ORAERAEZRE
D35 —v%ml, M2IEZ20EAXTHS. EEE
DEZRZI EOFEHELUTICHENSD, T 5IEFIC
A ZThE, COBRBRERVWTEHEL/YYF—VIC
KOSV EEDTHE. TXRTOATOESEREL,
SAT1IDEENYFE, BIL2EFDNNY FHPLETET
WA, 594 71D 2EDNN Y FD ) 518
FREFEFf~v—, O 1 FRERER-TERD
AFayfv—tEI50THEN, ThoDNAY FI
1-3NG1, 1-4NG1 R U'1-5NGl iz VT, &K
R1OFEN Y FED MM, 1-6HR1, 1-7NG1
iZHEWTiX, 1oAY FoBEEEIIE#HL 2. 15X
2ED K/ FH, #EEI-6HR1 RUF1-7TNG1
DERRKESA=—23Y FOBERAI L, RRE1O
FEAAYFOBERMICERLE. Zh6DTRKAAYE
13, X2 TRABETRARIIFENTVS.
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1 1-7ng1 1T-6Hp1 1-24R1 1-3yg1 1-9nGg1 1-Bnai
24r1—3NG1

-

Figure 1. Patterns of normal and seven variant phenotypes obtained from children and one of
their mothers by electrophoresis using the tris-citrate buffer, pH 7.5. Mother of a Nagasaki

child having 1-3NG1, showing ZHR1-3NG1 (fifth lane from the left).
X1 pH7.SDFPVA-7xvBEEHEAVIERZBEICETIEREREY L, FHREVZOHH
DIAPsRBoNLZLODOEREZREVD Y -2, 1-3NGl 2 oEWMOFH#HoE#HIE, 2HR1-3NG1 %

Ty (E»5%55H).
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Figure 2. Diagram of seven variant phenotypes on starch gel using the tris-citrate buffer

system, pH 7. 5.
X2 pH7V.OD M A- 01 BEBHEEzACIELESVERZI T3 Lo0FEREEHBO/RH.
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Mobilities and intensities of the two variant
bands of 1-3NG1 and 1-4NG1 were similar to
those of 1-3, in which the middle band (the
heterodimer) was less intense and the slowest
band (the variant homodimer) was the least
intense, as reported by Chen and Giblett? and
Ishimoto and Kuwata.® The middle and slowest
bands of 1-3NGI1 migrated slightly cathodal to
those of 14NGI1, respectively. 1-3NGI1 was
encountered in 27 Hiroshima children (21
unrelated children) and 23 Nagasaki children
(15 unrelated children). 14NGI1 was found in
28 Hiroshima children (24 unrelated children)
and 22 Nagasaki children (18 unrelated children).
The frequencies of GOTI*3NGI in Hiroshima
and Nagasaki are 0.0015 and 0.0010, respectively,
and those of GOTI1*4NG1 are 0.0016 and
0.0014, respectively. Since difference in
mobility of the variant homodimer band between
3NG1 and 4NG1 and that in allele frequency
between GOTI*3NGI1 and GOTI*4NGI were
very slight, and we did not directly compare
them with 1-3, it is difficult to determine which
of them is the same as 1-3 or whether both of
them are different from 1-3. In a family study
for a Nagasaki child with 1-3NG1, father was
type 1 and mother showed 2HR1-3NG1 in which
the position of the middle band was very slightly
cathodal to that of the main band of phenotype
1. The same phenomenon was observed in the
photograph of 2-3 in the report of Ishimoto
and Kuwata.>

Since Wurzinger and Mohrenweiser’ succeeded

in classifying two kinds of slow variants into five
subtypes with a discontinuous buffer system of
pH 7.5, we examined all the cases of variants
with this buffer system. Results are shown
diagrammatically in Figure 3. In addition to
ordinary three bands of 1-3NG1, 1-4NGI or
1-5NG1, two to three bands appeared to the
anodal side of the normal homodimer band but
no new class of variants were encountered
among them. Moreover, we found that the
difference in the mobility of the homodimer
band between 3NG1 and 4NG1 in this buffer
system is smaller than that in the tris-citrate
buffer system. On the basis of the migration
rate observed in this buffer system, 2HR1 and
3NG1 or 4NG1 seem to correspond to 2A and
3 A, respectively, of Wurzinger and Mohrenweiser”
encountered in individuals of Oriental ancestry,
the ratio of the distance between the homodimer
band of 2HR1 and the homodimer band of 1 in

1-3NG1 B U'1-4 NGl D 2 RDZE RNV FOFE H)EE

CH@EmeEL, 1-3OZERR Y Fo L IZHL
L T\ 7. Chen & U Giblett? if 1f {2 Ishimoto K U
Kuwata? A"8&E L Twa k51, ZOD1-3DIEHFD
Ny F(AFudf~—) DREEEITILPHL, Kb
By F(ZEERERESF,v—) ORAEEITIHRD
o7, 1-3NG1OEPBDONY FEUVREEV
Ny RIZ1-ANG1 O ZnF /sy FED LM
BEL . 1-3NG1 1%, EEOT-#27 A (21 A1 L
@A W) & Bl F 323 A (15 AlF & A
AW 12BN, 1-4NGLIZIE D28 A (24 A
FMABEMAE A L) & BBOF:22 A (18 Al I Fx
MiEsrzwW) @D EERUERIZSITS
GOT1%3NG1 DHIEIXZh 1 0.0015K% 1 0.0010T
HV, GOT1*¥4NGIDHBEILZ h £ 1 0.0016 & O
0.0014T % 3. 3NG1 £4NGl1 ¢ DO ZE R EFE
FAw—3y FOFBWEOZ, 3 CIZGOTI*3NGI &
GOT1%4 NG1 & DR O #f 57 8 {7 F 58 1 mﬁéti#nm
Ihxl, FEEFENSL1-3 LA BEBICEB LA,
m?,&%%ﬁbBaﬁU?%ém#,itﬁﬁkﬁ
1-3 ¢ RBE3pEIPERETIODERRETS 3.
1-3NGl2 "+ BEwoFH1IFIZHMITIEKEAE
T3, XBxv471%, HHIE2HRI-3NGI 2
T LA, ZORBAICEWTIREFON » FIE,
EHEFMIOFENRYFEDb T 2ICERBIICH - L.
[ 8 % 4 Ishimoto & Of Kuwata® O HEHF O H I
2-3 12O s -

Wurzinger % (f Mohrenweiser? &, 2 fiHl DE »
pH 7.5 fdidis i # AV TH D
HT 4TI ET A2 LIIRIILTWADT, #HL4
FERMOLHE OB REHTHREL L. Hxe
MAROF T3 IZFRT. @EN1-3NG1, 1-4NGl
YIt1-5NG1 D3I KDY FOEHNIIZ, 2K VL

3ADNY FAEHE A FRES L <w—32 FOBEERAZ
HnEA, HGLWEERMEFADshEIH . B
ZDEBHEIHE I HWT3INGlL EANGLEDHIZHA b1 D
FEFA -y FOBEDOXEL, M) A-7 1B
S EBVWEBSICRASh3EL DI EN
BlG Al -i. ZOEBHREAVLZEZIIEDLN
R LhiE, 2HRI RUS3ANGL X (34NG1 (3,
Wurzinger & (f Mohrenweiser? A FRXR DAL S
" AH-2ARUTIACZTNThLATA2LIICED
h3d., ¥4 hH51-2HR1 /%% —»{ZFIFTS2HR1D
FRESFA =Ny FE1ODKRETA =12V FHED
JEME L, 1-3NG1 X I31-4NGl/v% — Y12 FEIT S
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1 1-7hyg1 1-6yp1 1-2ygRq
2ur1—3NG1

1-3nG1

1-4nG1 1-5ne1

Figure 3. Diagram of seven variant phenotypes on starch gel using the discontinuous buffer

system, pH 7.5.
4 3

pH7.5D TiEisis a2 V5 BB rVERKMIZET 2 LoOERZRE O E KA.

the 1-2HRI1 pattern to that between the
homodimer band of 3NG1 or 4NG1 and the
homodimer band of 1 in the 1-3NG1 or 14NGI
pattern was the same as the ratio of that in the
1-2A to that in the 1-3 A shown in their diagram.
Since the difference in the mobility between the
homodimer band of 3NGI1 and that of 4NGI1 is
very slight in this buffer system, it is difficult to
decide which of them corresponds to 3A.

The most cathodal band of 1-5NG1 showed the
same intensity as that of 1 and migrated to a
position slightly cathodal to that of the middle
band of 1-3NG1. The intensity of the middle
band of 1-5NG1 was stronger than those of the
other two bands. This variant was encountered
once in Hiroshima and three times (two unrelated
individuals and a sister of one of them) in
Nagasaki. In the forth variant, 1-6HR 1, the most
anodal band migrated slightly cathodal to the
position of the middle band of 1-2HR1 and its
intensity was slightly weaker than that of band 1.
This variant was encountered in two unrelated
Hiroshima children and two Nagasaki siblings.
The fifth rare variant phenotype of 1-7NGI1 of
which the most anodal variant band migrated
slightly cathodal to that of 1-6HR1 and to the
middle band of 1-2ZHR1 was encountered in a
Nagasaki child. Nevertheless, when electro-
phoresis of 1-2HRI1, 1-6HR1, and 1-7TNG1 was

ANGI X ZANGI1DFEEF A =—23 F L1 OFKE
A<= FEOHEEDEFEIE, Wurzinger & Uf
Mohrenweiser DX IZR &N 7-1-2A OFhE L 1-3A
DIEEL DHFELEIC Th-o7-. ANG1DFEST [ v —
WY FEANGLDFRESf <w—/30 FEDOM O B B
DXL, ZOHBMRIZENTIEERD T HhEa0VDT,
ELOoA3AIHY TALARETSIDIIHETH 3.

1-5NGl1 O b EfmFEIDOA L FlZ1 oy FERLE
FeEEEEMR L, 1-3NG1OHF DN Y F LD
ERRFEVIZEIL . 1-5NCGlLOEFO/N Y KOG
BEEE, LD oDy FOGEEME LD #Ep - 7=,
COZEEBBRIEE T, B30 (MixEED
ZV2lE, TO—FHnaitklfl) Boshi. EA4
NDEHET]I-6HRI TlE, HEBERFY DO Y FiIT,
1-2HRIDIEHDNS Yy FED L b T hIBERFNIZE
L, ZOREGEEITI NS FLE)RRH{ L4 20
ZRARIOBEGEOLZVIEED 26 & EBWOFE R
2flicktiahs-. E5FKHOFN A EEERRO
1-7NG1 ¥, BEWOFHIzZHs N, ZD1-TNG1
Dix & EMREIOZEREN Y Fi21-6HR1 i & I8 i
BNy FEDEbEricEmREIOLrZA1Z, -
1-2HR1DEF Oy FEDRREFBBOEZAIZF
L. L»2L, 1-2HR1, 1-6HR1 R U1-7NG1®
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carried out using the discontinuous buffer system
of pH 7.5, four to five bands appeared for each
of them. The difference in mobility of each of
the bands between 1-2ZHR1 and 1-6HR1 or
between 1-2HR1 and 1-7NG1 was smaller than
that observed using the tris-citrate buffer. In
addition, the order of migration from the anodal
side i1n the discontinuous buffer system was
2HR1>7NG1>6HR1 while that in the tris-citrate
buffer system was 2HR1>6HR1>7NG]1.

Results of family studies for rare variants are
summarized in Tables 2, 3, and 4. For all
instances in which both parents could be
examined, one of the parents exhibited the same
variant as that of the propositus. Even in five
cases (one case of 3NG1 and four cases of 4NG1)
where only one parent could be examined, the
variant was encountered in that parent. Thus,
the genetic nature of 3NGI1, 4NG1, 5NGI, and
6HR1 was confirmed in most of the cases.
Concerning 7NGI1, although the propositus
exhibited the phenotype 1-7NGI in two samples
obtained in two different occasions, its genetic
nature has not yet been confirmed since the
father showed phenotype 1 but the mother could
not be examined.

BWRREz, pH 7.5 D lK I % AWTIT ) &,
INTHAERLZVLSEDN Y FAHAE K. 1-2HR1
£1-6HR1 & O, Xi31-2HR1 £1-7NG1 ¢ OE D
BN FOBWMEILALSNSEEL, M) A-7 0 BE
e RAVEHEeL Lo, B, FEH
A RGeS, ZEMNIIERKEAEI A5, 2HR1 >
TNG1>6HR1IDIECHEL 24, P RA-7 T VB
Gl A v/ L 21213, 2HR1>6HR1 >7NG1 O
HTdh - 7.

FNAERBIIETIEERFAEOERIE, £2, 3
R4 E¢HTARLE. ABEIIRENFNTELEE
TN, AHO—FHPRIEELBICERRYZRL /-,
FBROKZICHEZ2ER TE25H (3INGL1A 1 4,
ANGLA 4 f5])IcH VT &2, COERTIZOHIC
5. ZokLkIH1Z, 3NG1, 4NG1, 5NG1 R ¥
6HRIDBMZ I ZERBI O KE 55 THEL & 1 7-.
TNGl 22\ TiE, ¥mElL, BlLADEE2IIBLAL
o0 TFNT, THREL-TNGl 23 L Tws D,
LRBITRHEBM]L 2RL, BBIEIRETEL»-> 12D T,
ZORIEHEITF LI SN TV,

TABLE 2 FAMILY STUDIES FOR GOT1 1-3NGI1
#2 GOT1 1-3NG1 It + 2 FHKEASN

Propositus
Mother Father
Combined Hiroshima  Nagasaki

1 1 0 b 4 3

18 11 7 4 3
11 6 5 Q@ )

1 0 1 ? Dead

3 2 NT NT

® . Homozygote for GOTI *3NGI

®. & Heterozygote for GOTI *3NGI
Q. & Homozygote for normal GOTI *I

NT Not tested



TABLE 3 FAMILY STUDIES FOR GOT1 1-4NG1
723 GOT1 1-4NG1 I+ 2 xKEHE

Propositus
Mother Father

Combined  Hiroshima  Nagasaki

1 0 1 ? d
15 9 ¢ ? 3
13 8 5 ¢ @

3 2 1 ? NT

1 1 0 ‘- Dead

8 4 4 NT NT

1 0 1 NT Dead

?.d Heterozygote for GOTI *4NGI
?,3 Homozygote for GOTI*I
NT Not tested

TABLE 4 FAMILY STUDIES FOR GOT1 VARIANTS
7c4 GOT1 ZEBIIIET 5 EKEKRFARE

Propositus
Mother Father
Variant Variant City ID Sest
No. Type No.
1 5NGI N 681657 F ]
2 5NG1 N 681659 F d
3 SNG1 N 718532 F ? ]
4 5NG1 H 918887 F NT NT
5 6HR1 N 705392 F ]
6 6HR1 N 705393 F = a
7 6HR1 H 402717 F ? 3
8 6HR1 H 919318 F NT NT
9 ING1 N 143543 M NT 3

, @ Heterozygote for variant alleles at GOTI locus
, 8 Homozygote for normal GOTI *I
T Not tested

Siblings

— Z 0+
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GOT1 activities of variants were determined
when blood samples were available from family
studies. Means and standard deviations (SDs) for
GOT1 activities obtained from propositi, affected
parents and normal parents from Hiroshima are
summarized in Table 5. The means and the SDs
for type 1 and type 1-2HR1 were obtained from
3,505 and 113 Hiroshima children, respectively,
examined in screening for deficiency variants of
red cell enzymes; a part of these data have
already been reported.'” Inasmuch as Wurzinger
and Mohrenweiser’ presented data that the level
of erythrocyte GOT1 1 activity of nonpregnant
females (five individuals) is 1.3 times higher than
that of males (13 individuals), we calculated the
means and SDs by sex: Mean*SD (IU/gHb)for
type 1 from 1,802 females and 1,703 males are
4.52%0.66 and 4.73%0.66, respectively; for type
1-2HR1 from 52 females and 61 males are
3.68+%0.49 and 3.81%0.50, respectively. In
addition to these values, we observed that the
differences in the means of the activities of
other variant phenotypes between the females
and males were less than 1SD (data not shown).

ZFEEUDO GOT1 EMEIZIMAEY » TV HF KRB EOPZIC
AFTELELEEZIIHELL. HEORIEE, EE0
HABMBUVIEE 2B »58-GOT1E SO FHIE
BRUBE%EZE=(SDs) 2FX5I1EHLA. 5471
BU'% 4 71-2HR1 Ok ORER =L, KMk
BEEOFEERBERUNOZA ) —=Z v U TREY
ZUEED 3,500 A (24 71) RULIBA (%4 7
1-2HR1) #68~-. CchsO7F—%#0O—83BkIC
HmEETNTWAS.!" Wurzinger & Uf Mohrenweiser ?
X, HBIREL T i (5 A) ORILEGOT1 iE#
EIEHEE (IBA) DELEY1I3EHEVEVI T—5 %
HELTVWEDT, HAZENOFE K CRERE
AEtH Lz ZA, ROLkH)ZEE2B~-. T4b5b,
1,802 ADEMR UL, T3NDBME»51EB-44T1
D EEEEERE (IU/gHb) 12 % h £ 4.52%
0.66 RrF4.73+0.66TH N, 2 ANDHMERU6ELA
DBEME»S5E-94 71-2HR1 Dffiilz FhF4 3.68%
0.49% 1*3.81£ 0.50TCH 5. ZHh 5 DEDIE D,
MOZERERZAMOFEEOFHHEIZAS W 2B LHD

TABLE 5 ACTIVITIES (IU/gHb) OF VARIOUS GOT1 VARIANTS ENCOUNTERED
IN HIROSHIMA CHILDREN AND THEIR PARENTS

%5 LEEBOFHEZoHIIEEaN-ZFOGOTIZEER D EM: (IU/gHb)
Propositus Affected parent Normal parent
Phenotype
Activity Activity Activity
Number zroon+§py — Number oons+gpy  Number o n i SD)
1 3505 4.63 +0.67
1-2HR1 113 3.75 + 0.49 10 3.05+0.33 10 4.12 + 0.41
2HR1 1 2.09 2*  2.53+0.20 0
1-3NG1 9 3.20 + 0.32 4 3.49 + 0.93 4 4.37 +0.42
1-4NG1 15 3.30 £ 0.51 1} 3.64 + 0.81 9 4.52 + 0.64
1-5NG1 1 4.56
1-6HR1 2 3.06 £ 0.10 1 3.64 1 3.258

*Both parents showed 1-2HR1.

Thus, our data show no difference by sex for the
activity of GOT1, and therefore the means shown
in Table 5 were obtained by combining values
from both sexes in Hiroshima. Activities of
propositi having heterozygous phenotypes such
as 1-2HR1, 1-3NG1, 1-4NGI1, and 1-6HRI1 as
well as those of affected parents were between
70% and 80% of the mean value of type 1, while
normal parents showed normal levels of activity.
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Mz 1-2HR1 & F .

ZIF1SDLD Azt b (F—FIERS
CDEIILHRADTF—ZIZLNITGOTL D
B LZE 2L, LEF->TERSIIALAEHHE
BEBDRLOT— 2GR LTHELZLDTH 3.
1-2HR1, 1-3NG1l, 1-4NGl1 R U'1-6HR1 % &£ D
ANTUBEGERUL L OERS, LWTIIRZEDH S
DIEHEIE Y4 71 OEBHEDOT0%H 580% O I H -

Ty,



The activity of 1-7NG1 in a Nagasaki child was
2.90 IU/gHb, or 66% of the mean value (4.38
IU/gHb) obtained from 427 Nagasaki children
having type 1. On the other hand, the activity of
1-5NG1 from a Hiroshima child was normal. The
activity of 1-5NGI1 in three Nagasaki children
(two siblings and one unrelated child) and their
carrier parents was also normal. These observa-
tions are consistent with those concerning
intensities of variant bands in the above described
variants where the band of variant homodimer
was the least intense of the three bands and that
of the heterodimer was less intense than the
homodimer band of 1, except for 1-5NG1 where
the intensity of the variant homodimer band
which is the most cathodal, was as strong as that
of homodimer band of 1.

Regarding the thermostability of GOT1 variants,
we have already reported that phenotypes
1-2HR1, 1-3NG1 and 1-4NG1 have normal or
increased thermostability.!®> Family studies for
these variants confirmed the genetic nature of
this characteristic,shownin Table 6. In addition,

RERF TR 13-85

A, EEABIZIEE ZiEMHzRL 2. REFOF3
D1 AIZEADSN-1-TNGL D iEM: 1 2.90IU/ glb ,
Thbb5 4TI 2ETI2REBEOFHRAZIAD G1FL
SEHE (4.381U/gHb) M66% ThH-7-. —H, LS
DFHELADPSEB-1-5NGL DIEHIZIEHE TH- -,
EWOFMHEIA (2 AEFERE, 1 AZmsEBEEZ L)
RUF+)T7T—ThAEc0BD1I-5NGLEHLIEY
Thot. ThoOBELERIE, HbEREIZH S
TRURTETFA - Ny FOREBHEES, 1OFE
Y4 v—Ny FOREEELRL THS1-5NG] =
BnwT, FRRoZERBMIFVTIE, BREEKESA
2 =N FIE3&ADS Y FOH TR EEEE AT
{, SNTOFL - FE1OFEL{ 7" F
ENREEBEIFroE V) BIEERE BT 5.

GOTI1Z 2B o#MEEMIcH>VWTIERER1-2HRI,
1-3NG1 R Uf1-4NG1 L EMIE, EHXUTIEHS
HEYEWMALTWAZEEZBICEELA.D R6 12
T LI, ChoDBERBIIMTI3EEARIILL
T, COBMIPBRIZENELOTHII L 2R L .

TABLE 6 THERMOSTABILITY PROFILES OF VARIOUS GOT1 PHENOTYPES ENCOUNTERED
IN THE CHILDREN AND THEIR PARENTS

#26 FHEzogI P EsN-&HGOTIZEFEDOMLEEN

Propositus Affected parent
Phenotype Number Remaining activity (%)* Number Remaining activity (%)*
Sex of : of _
samples 10 min 20 min samples 10 min 20 min
(Mean = SD) (Mean + SD) (Mean + SD) (Mean + SD)

1 Male 460 83+ 8 81 +10

Female 481 84 + 82+ 9
1-2HR 1 Male 21 91 + 7 01 + 10 Father 5 89 + 01+ 4

Female 21 890 + 8 89 £13 Mother 4 89 + 89 + 5
1-3NG1 Male 2 87 +11 88 + 22 Father 1 89 85

Female 2 85+ 6 84 + 6 Mother 3 83 + 84 + 4
1-4NG1 Male 2 94 + 3 90 + 1 Father 3 96 + 97 + 16

Female 4 92 + 2 96 + 9 Mother 2 94 + 9O 102 + 26
1-SNG1**  Female 2 92+ 6 902 + 1
1-6HR1 Female 2 85+ 4 77 + 7 Mother 1 94 99
1-7TNG1**  Male ] 87 79

“The activity remaining in the hemolysates after heating for 10 and 20 minutes at 60°C were compared with
and expressed as % of that of the unheated hemolysates.
50C CL0S M B U204 MiMee . 2HOENBEPICERET 2@, MALZVWFONEOFE LWL % TRL L.
#*Data are mainly from Hiroshima children and their parents except for two phenotypes labeled with two
asterisks, where only Nagasaki children could be examined.
Fe— It EL L TEBOFHEZFOE»SBA, 2L, 2OEHE 2L _20F£HEIIDO0TIE, EEOfHOL S

MNDZENTEI.
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normal or increased thermostability has been
encountered 1n three new variants, 1-5NGI,
1-6HR1, and 1-7NG1.

Since Wurzinger and Mohrenweiser’ observed the
difference in thermostability of GOT1 1 pheno-
type by sex, though they did not show examina-
tion numbers, and were able to subtype electro-
phoretic variants on the basis of thermostability
profiles, the means and SDs of the percent
remaining activities after heating for 10 and 20
minutes at 60°C of various phenotypes en-
countered in our populations were calculated by
sex, and the thermostability profiles of samples
in each variant class were carefully compared,
though our conditions for determining thermo-
stability profiles were different from those of
Wurzinger and Mohrenweiser.” In addition,
thermostability profiles of small number of
samples were also examined under their con-
ditions (10 males and 10 females of phenotype 1,
three samples of type 1-2, two each for 1-3NGl1
and 14NG1). Neither sex difference was
observed in the data shown in Table 6 obtained
under our conditions and those under their
conditions nor subtypes were observed for
phenotype 1 or the electrophoretically vatriant
phenotypes. With regard to subtypes, it is
worth noting that the variants of Wurzinger and
Mohrenweiser® were present in a heterogeneous
American population composed of different
ethnic groups, while our variants occurred in
polymorphic or appreciable frequencies in two
Japanese populations which are much more
homogeneous. It seems likely that rare variants
encountered in different ethnic groups are
products of different alleles arising from dif-
ferent mutations and that the Japanese variants
are products of identical alleles caused by single
mutations which subsequently spread in the
population.

DISCUSSION

Wurzinger and Mohrenweiser® reported that cord
blood erythrocyte GOT1 activity was 1.3 times
the activity in erythrocyte from pregnant
females, 1.5 times the activity in nonpregnant
females, and 2.0 times the activity in males. The
cord blood-adult blood disparities were thought
to be related to cell age,’>'7 while those between
pregnant females and normal adults were related
to increased vitamin B6 (pyridoxine) intake of
the pregnant females, which intake would raise
the GOT1 levels,m‘lg since pyridoxal phosphate

9

BlZ, Z20O#MLWELRA 1-5NG1, 1-6HR1 B U
I-TNGLIZFWT L RAETERIZIEE XM AL TWVS
ZLELHFAD SN

Wurzinger % U Mohrenweiser?® |3, MEHIITFL T
WZWwh, GOTI1RRBEOBEEH I B LE£4
B, BREEETO 74— NIESHTEREH
ZRERUUIYEBIIY T YL TIHBTEL-DOT, £40
AEEMAICED s h-H4 DEHE260C T1045
BRU207EMBL 2%, REFEEEA DTG
RUBRERZZEMNICHAL, FERE s 5 2(C
BT TIVOBREEN.TO7 4 — VA IHEIZ
L7z, 2720, BADHWEREEE 707 1—01LD
il 7E Z£ 4 1& Wurzinger & 1f Mohrenweiser ® @) £ {f
ETRL 5TV, HIZ, Wurzinger 5 & [ U &%
THLEOHF Y TN (KRB OBLE1065, 547
1-2% 3, 1-3NG1 R U 1-4NG1 #& 2 f5l) D #%
EETa7 4—NVEEE. R6IIRTESID, BAD
=T THEA-7—% K1 Wurzinger 5OEMHET B
T 71l BLEEREDoNT, -FH/E]1 XiT
BRI EDEREZRBOGFIZ, 754 TELED
s zhrol=. 754712 L T, Wurzinger B Uf
Mohrenweiser® MZEERNZ, R AFFETHREN 3
-7 AVANERHIZBFEL, —FH, 40D
ZRIL, ZROFEXI»LZVEVEET, 15
IZE—Eogw_o0BFANEAP IR EE L
WHIZLZIERMLTHEL, BAHBBILEAT S
ENLERVBNADERERPLSE L 24D
SV BIEFOEWTHY, F-BFAIZHREEN
ZERUL, B—ORARERIZE->TELAR—D
ANBIEFD, TORBFEAEBRIIEF > DIC
£ o TIES N 7= HEME: A'ad o,

£ B

Wurzinger & U Mohrenweiser? |3, BE#: Il # M K
GOT1 @I EM ORI ERFEED 1.3, FEEEHD
HEDLSE, F-BHOBEHED2.0ETH- 72 &
WL/, BEM - e A MR o2 1340 e i 86 12 (%
HhHAP T ELEZONEY, BREIEERAEOH D
ZITEFEOEY I VB6 (K FEL ) BIROMINIC
BiEAH3L5hr. 2845, €F 3 B6 4B
ThIE, UYBEYY) F3:4ud GOT iFH o #iBhEF



serves as a cofactor for the activity of GOT.
These authors suggested that the differences
between nonpregnant females and males might
be connected to the fact that oral contraceptives
taken with oral supplementation of vitamin B6
increase erythrocyte GOT levels to a greater
degree than oral intake of vitamin B6 alone.?®
They also reported differences in thermostability
of erythrocyte GOT1 among samples from the
above-described four groups. We were unable to
confirm the differences in activity level and
thermostability of erythrocyte GOT1 between
Japanese males and females for either the normal
phenotype or the electrophoretically variant
phenotypes. The fact that oral contraceptives
are not available in Japan may explain the dif-
ferent observations concerning the activity level
and thermostability of GOT1 between the
Americans and the Japanese.

Activities of variant phenotypes other than
1-5NG1 were lower than that of phenotype 1,
while the thermostability profiles of variant
GOT1 were normal or stable. This indicates that
asymmetry in the triple-banded patterns of the
variants other than 1-5NG1 is not caused by
differences in stability but may be due to either
decreased synthesis or lower specific activity of
the variant enzyme proteins.

Polymorphic occurrence of GOTI1*2 and GOTI1*3
in Mongoloid populations were reported by
Chen and Giblett® though the population size
was small. They reported that allele GOTI*2
was observed in six populations, the highest
frequency being 0.056 observed in 188 Canadian
Indians. The allele GOTI*3 occurred in only
two Indian populations, Yakima and Peruvian,
the frequencies being 0.018 and 0.025, respec-
tively. Ishimoto and Kuwata® examined seven
different Japanese populations and the allele
frequencies of GOTI*2 and GOTI*3  were
reported to be 0.0092 and 0.0025, respectively,
for all the populations combined. Frequencies
of GOTI*2HRI] in Hiroshima and Nagasaki
children in this study were 0.015 and 0.012,
respectively. Though the frequencies of the

GOTI1*2 and GOTI1*2HR]1 alleles are similar to
each other, and the electrophoretic patterns of
the 1-2 and 1-2HR1 phenotypes closely resemble
one another, we are reluctant to conclude that
the two alleles, GOT1*2 and GOTI*2HR1, are
identical until the nucleotide sequences or the
amino acid sequences of the gene products are

RERF TR 13-85

ELTE%, GOTI A ERT226THS.%0
hoDEHIZ, EEMEBEHEORBOEEDZEIL,
Es3IvB6EEbIClRAs A8 OB, MR
GOT fi%, ¥ I vB6OA2&NFENT IHES LD
LEVESTI THAESHIBEYICMEIHD H 5
ZEEaRBELTWS, #H5I1xE, LEB4BOH TN
Micaoh3KMEkGOTI1DBEEEDOEIZH>VTE
BRELL. BATENRBREXIERFH LOER
ZREOVWTHhiio>nWTE, HEABLMIZHIT 3
FMEGOTIDEHE R VAL EHOELHER T 3
ZEIETELdho/. EOMTEIBAETIIAFTE
BWEWIRFER, TAVIALHBEALEDOHEIZAS
N53GOTIDERELALTER M TIHELERD
ErHAT IO »E LA 20

I-5NGI UM DEREZRVOFEHIIRHAR ] i
ENEIP-LH, BREIEGOTIOBREE 7o 74—
FIFEXITEINEETH-/~. ZOZ L, 1-5NGI
FRWT, ZRAOIED/NNY FIZRo K 3 itk E
DEIZLIESFHELR, ERUVUEBEZXEAQAHRHOELE
MDOELLLZDOTIEZL, EREUBEEARDAK
ETXEIEBHEY-YVOEFEHENMEToOTFALIC
FHoTELEIBZEERL TWAS,

Chen K UF Giblett* |3, HEHBEE I/ T T0 LY,
EryTuq{ FEFIZHEWTGOTI*2 RUGOT1*3 #*
ZRIOBETHFELAEZLZEMELE. 2h2L3 L,
*ALBIZTF GOT1*213 5> EMIZED s h, 20
EHBEIX AT Y - AT 4 718 AILEDH SR
0.056 TH-»7-. 3L B|EFGOT1*3 (% Yakima & UF
Peruvian O " 2D 4 » 74+ 7 B HIZOATFEL,
BFEIZIZNZTN0.0184 0.025T & - 7.
& U Kuwata® (FLOOHFAEHZHAEL, ZOEH
28 ait L T GOT1*2 & GOT1*3 O %t 3L 8 {x 8
EH#EHETAE, 40 0.0092L 0.0025 & 2 - 7= &
RELZ. XM EICFIIEBRUEBOFH#O
GOT1*¥2HR1 DHEIZFh £ 0.015& 0.012TH-
72. GOT1*2 R U GOT1*2HR1 @ %t 3 ¥ {5 B RE

BWIGEWETHY, £41-2%BHEL1-2HR1 £
BOBERKM/ N9 — 2 EVIZIEFIZE LTV S P,
GOT1%#2¢& GOT1*2HRID X 7 L 4+ F FECHI, X
TNLBMIETFDEYO T I /EBERRFIAPEICL TCHZZ L
AL AIZ% B F T, GOT1*2 & GOT1*2HR1

Ishimoto
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shown to be identical. Since electrophoretic
patterns, that is, mobilities and intensities of
three bands, of 1-3NG1 and 1-4NG1 are very
similar, 1-3 phenotypes encountered in other
populations may include phenotypes identical
with 1-3NG1 and/or 14NG1. The combined
frequencies of GOTI*3NGI and GOTI1*4NGI
are 0.0031 and 0.0024 in Hiroshima and
Nagasaki, respectively. These values are similar
to the frequency of GOTI*3 obtained by
[shimoto and Kuwata® from seven Japanese
populations combined, who noted that GOTI*3
allele may occur at a lower frequency in the
southern localities of Japan, though they did not
have sufficient data to make this conclusion
wholly convincing. We were unable to confirm
their observation in our study, since differences
between Hiroshima and Nagasaki in the fre-
quencies of GOTI*3NGI (x*=1.12, df=1, 0.20
< P < 0.30) or GOTI*4NGI (x*=0.24, df=1,
0.50 < P <0.70) or in the combined frequencies
of these two alleles (x2=1.16, df=1, 0.20 <P <
0.30) are not statistically significant even though
Nagasaki is located southwest of Hiroshima.
Nevertheless, populations from Hiroshima and
Nagasaki have been considered to be genetically
different on the basis of significant differences
observed in the frequencies of certain types of
variants of phosphoglucomutase-1 (PGM1) and
glucose phosphate isomerase (GPI) between the
two cities.'*! To explain the discrepancy in

frequency of GOT1 variants compared with PGMI
and GPI, one may speculate that mutations
producing GOTI*3NGI and GOTI1*4NG]1 alleles
as well as GOT1*2HR] allele probably occurred
and spread among Mongoloid populations, and
some of them subsequently migrated to the
Japanese Archipelago, while mutations producing
rare alleles of PGM1 or GPI might have occurred
among peoples who migrated at later times to
the Japanese Islands from southern Asia or
southern Pacific area. Differences in frequencies
of some alleles of PGM1 and GPI in Nagasaki
compared to Hiroshima were considered to
express the stronger influence of the southern
migration stream into 1‘~I.?egasaki.1'22
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W) ZODMIMBIEFIZIEFELTHEILERZET T
T EIEEETF v, 1-3NGL R U1-4NG1 0 TR Kk H)
INZ—Y FThHhPLEIKDNSY FOBTEE L emihEE
FIEEILEL LTV E0T, o roEHICEE S
7-1-3FEBA31-3NG1 R U/ XIE1-4NG1 & £ <
FRLEZHRM2ELL8FE2605. GOTI*3NGI
B UGOT1*4NG1 O Gt ERL, LB RV EBGT
FhFN0.0031%UF0.0024 Th-7. ZhoDHEIT
Ishimoto & ¥ Kuwata?® At 2O HAAHEHDAEE
PSR GOTI*3DEELFUL Tna. K6 I,
GOT1%3 xS EFIE H A 3247 < (2HE-» THIEED
B ZoTwnadhELhhwntdixTwnadd, Z0&EH
rr2llB8fTa3 2Tt ->T VL iz,
R IAEOEAIZMIEL TWwaillerdrbsd, ILE
¢ B OMEHRRIZ VT GOTI*3NGI DHEE (X2 =
1.12, df=1, 0.20<P< 0.30), GOT1*4NG1 D
BE (X2=10.24, df=1, 0.50<P< 0.70), &3
WEZOZ OO BETFOAFMEE (X2=1.16,
df =1, 0.20<P<0.30) 2L THIFHICHE
LERLES1-OT, BEADHEIZFVWTIE, 5D
BIEmMAA2HRITIZLETELI /. LAL,
ARARTNTLY —E-1(PGM1) R U7 Va—RY) /B
AV A57—F (GPl) O & 2HOEEBIOHREIZIE, Wi
MTERELZEIADNS DI, ILEEEHOER
IRIEMICEE L EATHEZEEZS T WS 'E
PGM1 B U'GPI & Fe#g L /2 & &, GOT1ZEFREEIHFARE
121k, MM, FEEATVEVIA—B & B
T 50, ROXHIZHN T2 L5 ThHS.
T4 bb,GOTI*¥3NG1 B U GOT1*4 NG1xtiL¥n
F- ' IZGOT1*2HRI xS B{E % & 72 6§84
TRIIEZ5{EvyTuf FERIZEEL, BHAIL
WL T, 20O—5IzZ20FEBEFENHE- L
», PGM1 X | GPl o h I BEF 287267
TEREBRIZOBET7T YV 7TXIEHEAKFERED S
HEFEBABEH L - ALIEUZOTEZOALE V)
HBlTHs. EWmLLEDMIZASL N SPCGML KU
GPI DR O »r DX BEEFHEDEIE, EMA»LD
BEHomhAEHIZHL TENEVWEREEZSE LA
TR LTWVEEER SR
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