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SUMMARY

Nine types of electrophoretic slow PGM4 variants
found in various Japanese populations by three
different laboratories were compared with each
other on the same gels using two buffer systems.
The order of the electrophoretic mobilities in
TEMM buffer system is as follows:

SIEG 3FFRES, HEZMn AF AEFRIZRER
LAGit 90 ERED EOE L PGM | ERENZ
SwnT, 2HFOREHELIACTEL4R OV L
TR L T, TEMMBEH:HVWAEED
TRZABLOBHEOIRFIACHEITH S,

GNGS 15 gNGS 2 = > GHIR 1 = GTAPAN > gHIR 2 > gNGS 1 = g+ > gNARA | gNARA 2

At least six different kinds of slow PGM;
variants exist in the Japanese, the slowest and
the fastest of them being the slowest and the
fastest of the slow variants hitherto reported in
the world.

INTRODUCTION

Erythrocyte phosphoglucomutase-1 (PGMy) is
one of the most useful protein systems for
studying genetic diversity in human populations.
Besides the PGM, ! allele, the PGM,* allele has
been found in polymorphic frequencies in almost
all populations hitherto investigated. Further,a
number of other rare alleles originally described

by Hopkinson and Harris' have been found
in other populations as well, Variants with
a pair of isozyme bands which migrate slower
than those produced by the PGM,' allele
are called “slow’ variants. In accordance with
the original description by Hopkinson and
Harris,'? the “slow” variant alleles were usually
classified as either PGM,® or PGM®.

HEAMEMAG L2 L b sABOERKH Lo
B PGM ZERBO S 5 2 L ARESH, ThE0
SLBHEORLBEVELELIVEE, BERHT
CARITUERREAABVWERMOBTCRLECE
TCHENTFERLEVERITHS 2. '

S
Fr Ifl £k & phosphoglucomutase — 1 ( PGM ) idk b
EAGEIEHERLFETRBCRLERL2EARD
—~2Th 5. PGM ' $IBEFOIEAIZ, PGM,?
HIBEFL, chitii@FEsh-EHARIREALY
Sz g s AHETEDLNTRS. ¥ 51T,
Hopkinson # k& Uf Harris! ##1H THEL AWV D
AOENLHIEETAAOERICLEBEDShE.
PGM ' WBIEFH SEEENEZT A VHFA LSV F
FTULELBHTAILIE—HOTA VYL LY ¥R
o kTR B ERRLIFITN 5. Hopkinson
& Harris ! 2 M R#IZfTF o S HIZHEV, “EBw”
FRALFRT 3 LEETF 1, —#kiz, PGM°
£ PGM v fhraMsht,
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Recently, Blake and Omoto® described hetero-
geneity in terms of electrophoretic mobility of
slow-variant-producing alleles encountered in
different populations from India. In Japan a
total of 11,680 individuals in 26 different
population groups were surveyed for phenotypes
of PGM;, and slow variants were reported in
several different areas.* Ishimoto and Yada®
found the PGM; 1-6 phenotype in a single
individual in a sample of 554 persons from Mie
Prefecture, Ishimoto® reported one example of
the PGM; 2-6 phenotype among 1740 persons
from Mie and Nara Prefectures. Shinoda and
Matsunaga’ reported the PGM; 1-8 phenotype
in two of 2642 persons from Tokyo and
Shizuoka and they found a single example of the
same phenotype, PGM; 1-8, among 586 persons
from Nagoya, Aichi Prefecture.® A similar
phenotype was reported by Omoto and Harada®
in a single individual among 584 persons from
Shibukawa, Gunma Prefecture. However, on the
basis of a precise comparison of the Shibukawa
PGM; 1-8 phenotype with the diagram of the
original PGM; 1-8 phenotype reporied by
Hopkinson and Harrisf Blake and Omoto?
concluded that the Shibukawa variant was dif-
ferent from PGM; 8 and named it
PGM, ¢JAPAN In a review of PGM; in
Japanese by Ishimoto,* all the slow variants
originally classified either as PGM; 6 or PGM; 8
were reclassified as PGM; GJAPAN, though as yet
direct comparisons of them have not been
performed. Recently, two kinds of slow variants,
PGM; 8NARA and PGM, 8%, were reported in
residents of Nara Prefecture.'® Satoh et al'!
found five kinds of slow variants in Hiroshima
and Nagasaki inhabitants. With this proliferation
of slow variants in Japan, it now seems necessary
to compare all those found in this country with
the standard “slow” variant. This paper is
concerned with a comparison of the Japanese
slow variants with a standard sample of the
PGM; 1-6 phenotype.

MATERIALS AND METHODS

Originals and the tentative names of the samples
used in this study are summarized in Table 1.
All the samples except for PGM, 1-8NARA 3pd
PGM; 1-8* were kept as packed cells in liquid
nitrogen and sent on dry ice to the Hiroshima
RERF laboratory; the PGM; 1-8NARA ang
PGM; 1-8* samples were sent as hemolysates on
dry ice. Hemolysates were prepared by adding
an equal volume of water to the packed cells

#3F, Blake & Omoto® 13, 4 ¥ FlzswT, Rio
rEFATCRER ARG RS ES WRET
o, FEMOTSRRGBESHE ML TE-TEEY
CEERERLEL, BETIE, i 3268HAr5%5
#EH11,680% oW T PGM, o ZHBOTEHFITH
h, w(o»rOHETRERFrHEshL.
Ishimoto & UF Yada® i3, —HEMHERHE 5544
D35 1%IZPCGM, 1 —6HFMEBH -, 7,
Ishimoto 8 I ZBEFIUVERBOMEFL THED
2 PGM, 2 — 6 #HE 16l & M L 2. Shinoda
HLU Matsunaga 7 11, HESICBRENFAEHRE
92,6428 M3 5 2 %12 PGM, 1 —8FHMLMWEL,
BUERBEREnE0&HFENTOERE 86R12
LiEn .2 ShE ks BRI Omnote & LU
Harada® [k - THRERENOHEE S84ED I &
Ol1ERERERE. Ll EH5, Blake HRU
Omoto ® {1, #JIl» PGM, 1 — 8 #RE » Hopkinson
£ & UHarris? P RMICEEL £ PGM, 1 — 84481
BIOBEARE HEMICEEL AR, BNoTRY:
PGM, 8 & 3B% 5 L OHRIZEY PGM, 6IAPAN o
%Lk, ORADPGM ZMF 3HH0 T,
Ishimoto ! {f, ¥ PGM, 6% 213 PGM, b h
AUSHEATOBCERNE, BEMAG R
$AAbRATUEVIIE DA b 5 PGM, 6IAPAN 1=
BRMLE. BoE, 2HBE0EVERT, T4bb
PGM, 8NARA » PGM, 8* HE RIL ML R v 12§
Eni.0 Satoh 5N, RBELVEWOEESR
CHHEOBLWEFRULZALL, IO LICHEFD
EZHTEVERAAFREEINAT V0T, IFTH
HERATRTOBOERYE, “Bo"E£REOHE
HEfEAR L i 5 2 e AHETHILEDN S,
EEFETE, HREALZER SN LD ADEY
LAY PGM, 1 — 6 HRUDFEEEA & OB
SWBTHNS,

BEHBLUHFE

CORECHEMALAEAONN B LUETEMIZFTS
NEMiEELIzE L0, POM;1— 8V g 5 Rz
PGM,1—8* &< 2841, RO L HFER
DR CRELTE-E2LDEFFL 74 AFDIZLT,
HERBFOMEEIINS i, PGM, 1—gNARA
HEUPCGM, 1 —8*iERIy, FMBEELLTFFA
TAAHHIILTCES R, BMTEILATHCERAEC
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TABLE 1 SAMPLES EXAMINED IN THIS STUDY
#1 WEMBROEF

Tentative name Locality Reference
YEH 2 dvegice 2%
6 Lie-Injo et al'®
g APAN Shibukawa City, Gunma Prefecture Omoto and Ha:acla9
gNGS 1 Nagasaki City -‘
gNGS 2 Nagasaki City
GHIR 1 Hiroshima City
¢HIR 2 Hiroshima City Satoh et al!!
Nagasaki City
gNGS 1 Hiroshima City
Nagasaki City i
gNARA Yoshino-cho, Nara Prefecture
8% Yoshino-cho, Nara Prefecture Horai'”
gNARA2 Yoshino-che, Nara Prefeciure B

followed by treatment with toluene, the precise
procedure being that previously reported.'?
Vertical starch gel electrophoresis was performed
at RERF mainly on Electrostarch (13.3%, lot
No. 371) according to the method of Smithies"?
using the tris-EDTA-maleic acid-MgCly (TEMM)
buffer system (pH 7.4) of Spencer et al'* at
7.0 Viecm for 23 hours at 4C; a minor change was
the use of a 1 in 15 dilution of bridge buffer as
the gel buffer, according to the recommendation
of Blake and Omoto.> The histidine-sodium
citrate discontinuous buffer system (pH 7.0) of
Fildes and Harris,'® originally developed for the
study of adenylate kinase was also used at
5 V/em for 20 hours, for the characterization of
certain kinds of slow variants. Visualization of
the isozyme pattern was carried out by the
method of Spencer et al.!*

A sample of PGM, 1-6 phenotype was kindly
provided by Dr. Lie-Injo, the electrophoretic
identity of which was confirmed by Dr. D. A.
Hopkinson. 16

The genetic nature of the aileles, PGM,5 HIR 1,
Mlﬁ HIR 2 PGM16 NGS 1 PGM16 NGS 2’

PGM 2 NGS 1 pgayr 5 JAPAN pGar,® NARA pys
already been confirmed by family studies.® ™!

gELALID,? R LTSRN,
E50z, P vTHELUBEANLE, BEFTR
Smithies® D H E 1Ty, KT L7 PORAY—F
(13.3% 0 v FES 37T 2 AVT, BEEAEHBTV
EBRAEETo 4. B LB EREE Spencer 51
o tris-EDTA-maleic acid-MgCl ,(TEMM), pH 7.4
THD, 7.0V m®E A TBREM 4TCTITo A
#27: L, Blake & & U Omoto ? M IRE-T, Ysiz
FRLE7TY  YREE I VRIGHRE LTERL L.
4 k& k adenylate kinase (7 F = VEFF—¥) D
RO =iz Fildes & Harris® 2{Z#L 7~ pH 7. 00}
histidine-sedium citrate TEEBEHEL, H5 MO
BOWERIOMESERTAADIL, 5V enT208:
MR L., TAVSFAL - NS —VEERT S0
OBl LTI Spencer 5 YO FHEERAWA.

PGM, 1 — 6 HAMOMA 1L, Dr. Lie-Injo @ Z#F
FrEnEmEshA COBEFOTRKMIZES

&% 1% Dr. D. A. Hopkinson 12 & » C{Th .1

MIMET, T2 bbb PGM SHIRL poy SHIRZ
PGMSNGS 1 PG pNGS 2, PGM SNCS 1 pGM SIAPAN
PGM1SNARAC’)i§ff{E'Jﬁﬁii , TrIcEREE
ko THEShTWVS,
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RESULTS

Nine out of the ten samples were examined in
the same comparison run; PGM; 2-8NARA 2 54
obtained after the comparison of the other nine
samples was completed. The mobility of
PGM; 8NARA 2 could be compared with all of
the slow variants except PGM gNARA since no
more of the latter (PGM; 8NARA) was available.
In all the samples examined, the variant PGM
isozyme were easily identified as a set of two
bands migrating more slowly than those of
PGM; 1 (i.e., thea and¢ bands). The third band
could sometimes be seen in a position between
the @ and ¢ bands in the samples of
PGM, 1-8NGS l’ 1-8%, 1-§NARA 414 2_8NARA 2.,
when present, its intensity was the weakest of
the three variant bands. Whether there were two
or three bands, the most cathodally migrating
band showed the strongest intensity in all the
variants examined and it was considered to be
the major band.

As shown in Figure 1, when the mobility of the
major bands of “slow” PGM; variants in TEMM
buffer system were compared, gNGS 2 migrated
as far as 6, gHIR 1 migrated as far as 6]A?AN,
gNGS 1 migrated as far as 8%. The order of the

Figure 1. Photograph of an Electrostarch gel
comparing the slow PGM; variants in TEMM
buffer, pH 7.4.

M1 pH7.40 TEMMiE#E it AL AHE0EY PGM1
TRUMORBEIRI L7 FOZ2 sy —F - ¥LOEIL.

Well s 1, 1-6VGS 2 el 2, 1-6; well 3, 1-6HIR 1.
well 4, 1-6VAPAN. \woi1 5, 1.6HIR 2. \pelt 6, 1-8NVGS I
well 7, 1-8%; well 8, 1.

& =R
10840 3 b 9 EEA LRI 12l U T Heiiiat L 7-.

PGM, 2 —8NARA 213 3 h o 9B RO B AR T
Ltz AF s hi, PGM, 8NARAZ Iz 5Ty,
PGM, 8MARA st T BOERE L B#IED
He#S A 75 2. PGM, 8NARA ik BRI R (L
TWwhtbkETE Lo, BRELAZEEERIIEL
CTPGM, mERENZ L, PGM, 105y K+ 4 b b,
e Bk Ve Ny FEDLBLBMT S 2480750 A
1l620T, BEICHRBTE~A. PGM, 1 —8NGS 1
1—8*% 1—gNARA & 1 1p g — gNARA 20y g 5k
Tk, ey Fee iy FORIZ, E30/252FH
RonaZEeERMEL 2 bofk, 2OV FHFEDLIL
BE, 2OREREIIFOERWOT A VH A 4
Ny Foh Tk §§h 7. Ny FP 2808 ATE,
3ADBAETE, RELZEERB I TRLM
{fgfaahny Fig, wbBEEU~FEHLZLD
ThY, ChHFESYFCHBEEELLNS.

1R+ &9z, TEMM#ES s Hwv T B0
PGM | ZEREDENY FOBWMER L LT3,
SNGSZ& 6, GHIRI&: 6JAPAN, 8NGSlt S*Ci

Ha, ACHBETTCHEMHL A, ChoERROT A



Figure 2. Photograph of an Electrostarch gel
comparing the slow PGM, variants in TEMM
buffer, pH 7.4.

M2 pH7.40) TEMM# iz & A 2850 Bu PC‘:M1
FREOELR+TIL 7 bO0Ay—F - FYLOEL.
well 1, 1-2; well 2, 1-6VGS 1. wer 3, 1-6NGS 2.

well 4, 1.6, well 5, 1-6HIR 1. yei 6, 1.6JAPAN.
well 7, 1-6HIR 2; el g, 1.§NGS 1

mobility among these variant isozymes of this
band was:

RERF TR 9-76

1 % 3

Figure 3. Photograph of an Electrostarch gel
showing the slow PGM; variants in TEMM
buffer, pH 7.4.

B3 pH 7.4 TEMM # i % & [l 7235 & 0 v PGM,
FRBMETT LY FPOAY—F - YULOEIL,

well 1, 1-8VCS 1- el 2, 1-8" well 3, 1-8NVARA,

VHA LD LEEN Y FOBMEDIEIZRDBED T
Hor-.

GNGS 2 = 6> gHIR 1 = gJAPAN > gHIR 2 > gNGS 1 = g

A second comparison, shown in Figure 2 con-
firmed not only the electrophoretic identity of
6NGS 2 with 6, and 6HIR 1 with 6JAPAN py¢
also the relative mobilities of the variants shown
in Figure 1. Among the 10 samples of slow
PGM; variants examined, eNGS 1 migrated
closest to the @ band, and this is also apparent in
Figure 2.

As reported previous:ly,10 and again shown in
Figure 3, gNARA migrated more slowly than
8* or 8NGS 1. Thus the electrophoretic identity
of the three pairs of PGM; variants and the
order of the mobility among the nine samples

2R+, HeEHokETI, 6N6S2y
6, e eHR 1l gIAPAN ik £, A—o
LOTHBEEERINAEIDTEL, H1ITRLE
EREUOHMOBME LR s L. BREL 2BV
PGM, ZREBI0EAOFT, NS 1 o /iy F
VZBMLAZEAR2EREh TV,

UgiictBEash,” M3csmahsdkdiz,
gNARA |3 g * 5 13 gNGS 1 r R BEL 7-. 34
O PGM ZRBAFEREKM LIE4RA—Th 52
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confirmed by these comparison runs are sum-
marized as follows:

Figure 4. Photograph of an Electrostarch gel
showing the slow PGM; variants in TEMM
buffer, pH 7.4.

[ 4 pH7.40> TEMM #% i #% & /1l v 72 B (o 0 PGM,
FERBARTIL Y POy —F - TLOH,

=

well 1, 1-6NGS 2. ell 2, 2.8NARA 2. ey 3, 1.68IR I
well 4, 1-6HIR 2- spelr 5, 1-8NGS 1 el 6, 1.

L, ST 9B A OB ONEIT AR & A,
FREAODESIZERNTE S,

GNGS 1> ¢NGS 2 = ¢ > gHIR 1 = gJAPAN  HIR 2 > gNGS 1 = g > gNARA

It is clear then, that at least six kinds of slow
variants are occurring in the central to western
part of Japan. The migration of the major band
of PGM, gNARA 2 (Figure 4) was slower than
that of PGM; 8NGS 1| the mobility of which is
the same as that of PGM, 8% (see above). The
minor, more anodal band of PGM; gNARA 2
migrated as fast as the major band of PGM;
6NGS 2 the mobility of which is the same as
that of PGM, 6.

PGM; gNGS 1 ghowed the fastest mobility
among the variants examined, and its major
band is only slightly more cathodal to and not
separated from the ¢ band. The minor band of
PGM, 6NGS 2 4nd PGM; 6 clearly moved faster
than the « band, while that of PGM, 6HIR 1 gng
PGM,; 6'APAN migrated slightly anodally to the
a band, not being separated from the ¢ band.
PGM; 6HIR 2 showed a mobility slower than

Lzad-T, UEopgmraobiizbal et
BHMOBOERMOEAETIILNNS A THS.
PGM, 8¥ARA 2 (171 4 ) o /8% FoOBlhRE L, PGM,8*
AR -0 PGM, 8 S T Lasm) o &
Sy FOBMIE LD bEL., PGM | gNARA 20y
Ry FTREEM oS> Kz, PGM, 6NCS 23 143
PGM, 6 DE/NY Kot & THML -,

PGM, 6V6S 1iz, ML A ERBOB TR LHEL
BEEEDRL, FOESY FlRe Y FLOHOP
BEENTHEHN, a/iy Kb @il 2rar.
PGM, 686521 PGM | 6 Dl /¥ Flta /%% F&D
LS CBHLA. oo, PGM, 61IR 152
G PGM, 69APAN 8y i3 e 2Ty MO R T
Mol A, ey FhshEL sk,
PGM, 6HIR 2 iz LR ERBOBMEL Y &
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Figure 5. Diagram of a starch gel showing the various slow variants of
PGM in TEMM buffer, pH 7.4

45 pH7.40 TEMMEE fia oAl GoMe 0RO
PGM | Z 9 A £ 03+ Ba 7 v O BIA K.

those of the above mentioned variants, the minor
band overlapping almost completely with the
a band. The minor band of PGM; gNGS 1 4nd
PGM; 8% clearly migrated cathodally to the a
band. The minor band of PGM; 8NARA
migrated slower than that of PGM, gNGS 1 op
PGM; 8*. The intensity of the major bands of
these slow variants was almost the same as that
of the ¢ band, except that the intensity of the
major band of PGM, 6HIR 2, PGM, gNARA 4nd
PGM; §NARA 2 wag glightly weaker than that of
the ¢ band. Nevertheless, in the photograph of
Horai,'® the intensity of the major variant band
of PGM;y §NARA s obhserved to be stronger than
that of the a band. Accordingly, a slightly
weakened intensity of the variant band of
PGM; 8NARA gpserved in the present examina-
tion may be caused by instability of the variant
protein. It was usually observed that the distance
between ¢ and ¢ is the same as that between the
major and the minor bands of the slow variants,
except for PGM; gNARA and PGM; gNARA 2
where the distance between the two bands of
these variants was approximately 85% of that
between g and ¢ bands. The results obtained in
TEMM buffer system are shown diagrammatical-
ly in Figure 5.

B, Z0RIY Flde Y FEFEALERIIHES
7. PGM, 8NG5S 15 1 1f PGM, 8* 0l /3> iz, WY
Shiza Sy FROEMAEML A, PGM, gNARA
ol 5> Fiz PGM, 865 1 £ 2 13 PGM, 8* il
Ny FEWLBECR#MLE., ChosBOuZRMOT
Ny Fltaniy FRitr ALEREOE S T s
nr. =71, PGM, 61R 2, PGM, gNARA, 1
FPGM, 8N¥ARA 2 (n s 8y iz e /9% FIZHANT
R BN R SO

PG TlL PGM | 8

LAL#AAS, Horai"®

NARR ) 205y Kot

!
"~

FEda iy FOZRED LY., LAKFHT, 2H
D ETEE sh PGM, 8NARM R ko
REEHFFTHELIRRE, TRAMENNO
FEEHIERT I N, L AL, a2y F &
ey Fooliid, MEBECERYUD AL K
Ry FONREE R LTHBA, PGM, 8NARA 5 Ly
PGM, 8NARA 2 nisig, Zon Yy Fo Mo B
B asSy FEe Ry FORBORHSE%TH- 22,
B 5213, TEMM#RIE & O TS Lz R
REELTHRLTH S,
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a

When electrophoresis of these slow variants was
carried out in the histidine-sodium citrate dis-
continuous buffer system, the electrophoretical
identity of the three pairs of variants,
PGM,; 6NGS 2 and PGM; 6, PGM; 6HIR 1 and
PGM,; 6’APAN and PGM, 8NGS ! and PGM, 8*
was again confirmed by the run shown in Figure 6
and by another comparison run not shown here.
On the other hand, the order of mobility of the
six kinds of slow variants was different. The
mobility of the bands of PGM 6HIR 2 ang
PGM; gNGS 1 changed (Figure 6) as reported
prev10usly Lttt PGM; cHIR 2 migrated so
slowly that its minor band clearly separated
cathodally from the ¢ band. The major band of
PGM; gNGS 1 op PGM; 8* migrated faster than
that of PGM;, gHIR 2 3nq slightly slower than
that of PGMI GHIR 1 or PGM; 6JAPAN, it
sometimes migrated slightly faster than that of
PGM, 6HIR 1 pGM; 8NARA and PGM,
gNARA 2 m1grated most slowly in this buffer
system. Accordingly, the order of the mobility
of the slow PGM; variants in histidine-sodium
citrate discontinuous buffer was:

Origin

Figure 6. Photograph of an Electrostarch gel
comparing the slow PGM; variants in histidine-
sodium citrate discontinuous buffer, pH 7.0.
6 pH 7.00 histidine- sodium citrate A<l # 4% fif §% %
AV ZBA0EL PGM, ERUOKEERT L 7 b O
2H—F - FLOEBETL.

Well 1, 1-6NGS 1. well 2, 1-6; well 3, 1-6VGS 2;
well 4, 1-6HIR 1. el 5, 1-67APAN . el 6,
1-8NGS 1. el 7, 1-6HIR 2 yyell 8, ]-§NARA 2,

Histidine - sodium citrate 4<ill &¢ 4% #lif % % ] v T,
INSBOERBOQRKME Tl 25, KR
n3bM 3, TabL, PGM, 652 PGM, 6,
PGM, 6HIR 1 . PGM, 67APAN, 5k 0¥ PGM, 8“051
& PGM, s*:ﬁfﬂs’ﬁonmm CREFA-OERYTH 2
ZEAMHGITRL AL ) IZHERR s h, ESLEBRLT
FurV, BT REBOEDOEICHV T
BB sns, ZhizRL, 6HEOEBVERRD
BMEOEFERE->T A, PGM, 6HR 24 r
PGM, 8NCS 1ty Koo @i s (R 6), LI
gHEahfkigELAE " PGM,; 6"R 2 i
fmadmr Burzy, FORMASY Fiie iy K55

SIZ58E L TREMIZS 7. PGM, 8NS5 13 21y
PGM, 8*®m E/3> Fix PGM, 6MR 2 140 iy
L < RMmL, PGM, 6HIR 13215 PGM, 64PN ¢
ENY RED LT LLEBCBHL . fi}éﬂ-; S
i PGM, 6HIR I £ /30 FEN L b 2l BT
THZ b hok. ZOFBET, PGM, gNARA o
PGM, 8NARAZ i MU BBIL A, LAd T,
histidine - sodium citrate Zhﬂ:‘ﬁlﬁiﬁdﬁ’i’f‘fm LAs
OiEL PGM, Z R BIOF §) B OIAIF I ADEN ThH 3.

GNGS 1> gNGS 2 = g > gHIR 1 = gJAPAN ~, gNGS 1 = g+ > gHIR 2 > gNARA gNARA 2

Considering that the mobilities of PGM; gNARA
and PGM, 8NARA2 are the slowest of this

EUERMOHh T PGM, gNARA - pGM | gNARA 23



group in both buffer systems, that the distance
between the major and minor bands of them is
narrower than that between g and ¢, and that
both samples were collected from the same
region of Nara Prefecture, it is possible that
PGM; 8NARA and PGM,; 8NARA 2 yre identical
and possibly derived from the same mutation,
although there was no evidence of relationship
between two individuals from whom these
samples were taken.

DISCUSSION

Two alleles, PGM® and PGM 8, which determine
the slow PGM; variants were originally
named by Hopkinson and Harris."'?  Since
then, these alleles were reported to exist in
many populations, mostly from Asia. Recently,
Blake and Omoto® pointed out the heterogeneity
of the slow PGM; variants. From direct
comparisons of slow variants obtained from
various populations with a reference sample
of PGM; 6 provided by Dr. Lie-Injo, they
concluded that the order of the mobility of
the slow PGM; variants was as follows;
6KADAR > gMAL > 5 > gJAPAN PGM, cJAPAN
was originally classified as PGM; 8 by Omoto and
Harada® based on the position of the minor band;
in the paper of Hopkinson and Harris? the minor
isozyme band of PGM; 8 was illustrated in the
position of the ¢ band when the gel buffer was
a 1 in 10 dilution of the bridge buffer. Similar
slow variants were found in Tokyo, Shizuoka,
and Nagoya.”® Blake and Omoto® observed
PGM; 6IAPAN 5 migrate slightly slower than
the reference PGM; 6. Moreover, they con-
cluded that PGMy 6JAPAN a5 different from
PGM; 8. In the present comparison runs, the
minor band of PGM; 6VAPAN migrated slightly
anodally to the @ band. The minor band of
PGM, gHIR 2 usually overlapped the a band in
our system. The minor band of PGMy gNGS 1
PGM; 8* clearly migrated cathodally to the a
band in our system where Electrostarch gel and
a gel buffer made by a 1 in 15 dilution of the
bridge buffer were employed. Though the
electrophoretic mobility of a certain PGMy
variant was different on Electrostarch gel
compared with that on Connaught starch gel, !
the relative mobilities of the nine slow variants
examined did not change on Connaught starch
gel; PGMy gNARA  could not be examined.
Nevertheless, when a 1 in 10 dilution of the
bridge buffer was used as the gel buffer, the
minor band of PGM; gNGS 1 migrated slightly
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QHBMOBWHE MW TAOBA L 2O
EARLBGIE, £ FEEISY FHORES
ey FEeiy FHIOBEBELY LIV &, W
FARBROAMMR »5B5NnLEELBL,
PGM, 8NARA » pGM, gNARA 2 —tyr T, R L
RAERIIBEAT LD THEURIENHS. LEL
Zhs2BAES A 2 AOMIZ, NBRMEHNH S
EVIEERIT R v,

= =

S\ PGM | ZE 8% i+ 5 44 35{Z 713, Hopkinson
& Harris 12 £ - T, %% PGM,% PGM® L & %
.02 FRLR, CASOHTBEEFIEELD
$H, FLLTTYVTHEOLDICHEET S EHE
ENT & 7 A REHE, Blake & Omoto® (12N 5B v
PGM, ZRFRFRNOLOTHLZ L EBRHL 2.
Sk, 4 ERLSAFLABOERLE Dr.
Lie-Injo 7 5 f2{t & #1172 PGM | 6 O BEHERE 4 - B 5
L 28R, KOLIIGEOPGM ZREI OB
OUEFF % L 7x; GKADAR > gMAL ~ g ~ gIAPAN,
Omoto & Harada® I, #1%, PGM, 6/APAN £ z ¢
Rl FoR@A2» 6 PGM, 8 LML TuA. Ei
|13 Hopkinson & Harris? #E T, 7V v Vil
FaEhcFmRL Ty VEERE L2HE, PGM, 8
OF/y Flia Ay FOMBEILHZZEARERT VA
HPETH S, HEOENELRRA Tokyo, Shizuoka
+ & F Nagoya TEHR & /.7-8% Blake & Omoto?
ik, PGM, 67APAN 5 PGM | 6 EIHERIA L ) LET
BT A& BIEL, 5512, PGM, gIAPAN
X PGM, 8 2 3R LB LNDTHIEDMRITEL .
ASEORBHREIC SV TlE, PGM, 6APAN gy
Ny Fida Ny FEO R0 MMIcaL 2. ke
nFETIZ, PGM, 6 R 20 EI 5y i@ e SV F
L@, L7 POASY—F(EMB) TES
BTN T) oy SREEEE I/ TEa 27
WA MV A OFETE, PGM, 8N6S 1
PGM, 8*®EI/S> FIZBIS 12 a /3% Fd& 0 EEfaf
CHB L7z, PGM |\ OERADH L0, L7
bOzs—F O BRI VEBOAREE, 2>
J— FBBSVERGESSETERL 5 2B
ERLAEAT"HMELASHOBVWERI ¢, M
R EEE, 3y — FEBHESVERGTY, Tt
Li#-rk. PGM, 8NARA mpg L i3, B c
o THMENERT 22 ELRIRETE L, 2.
LAaLads, WloHmRLA7Y v VEiERE 7L
Bl LTHALEEE, S550BNTHE-
ZNERAWTS PGM, 8NG5S 1pglsv Mizae /S¥ F
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cathodal to but could not be separated from the
a band and the minor bands of PGM cHIR 1
and PGM; 6HIR 2 were overlapped and obscured
by the g band on both kinds of starch gel
Dr. D. A. Hopkinson confirmed "the electro-
phoretic identity of PGM,; 8NG5S ! with PGM, 8,
when we sent him a blood sample containing
the PGM; 1-8NGS 1 phenotype.

From careful comparisons of PGM; 6NGS 1 the
major band of which migrated very slightly
cathodally to the a band, with the PGM; 6KADAR
phenotype published by Blake and Omoto?
and the PGM, GAFRICAN phenotype’ shown
in the photograph of Hopkinson and Harris!
it seems safe to say that among the slow
variants hitherto reported, PGM; 6NGS 1 mig-
rates with the fastest mobility. PGM; gNARA 4
PGM; gNARA 2 i5 the slowest variant of all
reported until now. In conclusion, at least six
different kinds of slow PGMj variants occur in
the Japanese, the fastest and the slowest variants
of which are also the fastest and the slowest of
all the slow PGM; variants hitherto found in the
world.

The combined frequencies of the slow variants in
Hiroshima and Nagasaki populations were 0.0006
and 0.0030, respectively for 870 and 1022
persons.’’  The overall frequency of the alleles
for the slow variants in Japanese is roughly
estimated as 0.0003-0.0016.'7 These values are
higher than that (0.00014) obtained in
Caucasoids of the British Isles studied by
Harris et al.?°

We were able to identify six kinds of slow
PGM; variants found in Japanese using electro-
phoresis with TEMM buffer system. Ina second
buffer system, histidine-sodium citrate, the
mobility of certain slow variants changed. This
phenomenon is a useful aid in characterizing
the variants. Nevertheless, in the future, for

ENLLPBEMECEMULAN, a8y FAGE
S, PGM, 6HIR 12 PGM, 6HIR 2ogiis 1
B, e Ny FEBEE-L2HICBWEL, 2589
LfAor, PGM, 1 — 8NGOS gui f % 7+ i ke
4 % Dr. D. A. Hopkinson 12341, PGM, gN¢S 1y
PGM, 8 " WokEh LR —0 bt 0TH 3 2 L & FER
LTEBL2 L.

FAv EAa Y PR b T CBERMCEHL
7- PGM, 6 NCS 1 % | Blake & Omoto® AR # L £
PGM, 6KAPAR 233 5 &5 & Of Hopkinson & Harris!
OB LI & AT b PGM, 6AFRICAN eyt
FERECHBLALZS, 5ETIREENLEBVE
REIOPT, PGM, 6805 Lz, frtnBEEs
ALE-THELEZEVEITHE. PGM, gNARA
£ 7:13 PGM, 8NARA 23 S piiEshiER
RMOBTRLBVLOTHS. BRELTE, 25
EHMMORL S 6HOEY PGM ZERIAHAA
OEIZEHSN, 20 L TRLBHEOEER
B, RLBOVERME, REFCLHRTRRLS
AFEOPGM, ZEREULHO L, T, b # VAR
A EURLBUERETSH 3.

B, BEMo®EIIc& s h A BoERE oS HHE
13, 2RF 0 870 & 124 L T 0.0006, 1022% (2% LT
0.0030TH-7." HEAZASNHBEOEREE
5l n TO&GHEIL, 0.0003—0.0016
L EshTwA.Y ZhsmfEiE, Harris 5247
PHELAAF) ZAOHAD SFEAME(0.00014) &9
&,

TEMM i % Fl v 2 ki k-7, HDARAL
ZLh36HMMOEYPGM, ZERRAFET 5 2 &
HTEA, H20MEETE, 74 b b histidine-sodium
citrate SR EHFHL~HE, d5HMOBVEREAY
OBWEFELA. ZORRE, ERUOENZ
RETABIIAERETEREES. Lol ads, R,

T Blake and Omot03 introduced a personal communication of Dr. Hopkinson acknowledging that in his original
‘r.';f;qner,‘r two different kinds of slow variants were designated as PGM; 6. He proposed that two separate

designations be used for the alleles: PGM] 64

FRICAN for that shown in the photographic representation in the

report of the 6-1 phenotype, and PGMI‘s for the diagrammatic 6-1 phenotype shown for a Turkish-Cypriot.

PGM, 6AFRICAN migrated faster than PGM; 6.

TBlakekOmom]!i Dr. Hopkinson @ #L{F % # 4t L 7= £ ® # T Dr. Hopkinson i, 2FEEORE-ABVWERBN
96 EDRMOBL DR TR, PGM 6 HHENTVRLZ I L 2EDL. irchooalizF i Z>0RE D
LHEOUBLIRELE. T4bb, 6— 1 RBMOREORIERTRE AL (KRBT 5) HILBETE
PGM SAFRICAN | 5y 22 7o 2 A2 5 nBAMB ISR S h e 6 — 1 #BUAE POM, Pl s L &lRRL L.
PGM, 6 ATRICAN 13 PGM ) 6 & 1 bV RIETHIL 2.
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clearer identification of the variants, not only E5ICMREA ERBMOMBE LT A0k, EREM
comgaratwe electrophoretic molblhty .but also CEBBMEDREATTEL, T4 YA LORES
reaction constants and other biochemical cha- _ )
racteristics of the isozymes should be determined. FEHPEFOMOEFNEE S RETILENH S,
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