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SUMMARY

Five enzyme systems, PGM;, PGM,, ADA,
6-PGD, and AK, were examined by electro-
phoresis in over 4000 samples from Hiroshima
and Nagasaki for the frequencies of common
and rare variants. In the PGM; system, the
PGM? allele and PGM] allele were found in
polymorphic proportions. In addition, five
kinds of slow variants and three types of fast
variants of PGM,; were detected. The
PGM; NGS 1 gllele was found in five individuals
from Nagasaki, but was not observed in samples
from Hiroshima. There were no variants of
PGM,. Three kinds of fast variants of 6-PGD
were detected. No variation in AK was observed.
The 6-PGDC allele had a frequency of 0.084 in
Hiroshima and 0.093 in Nagasaki. There were
no rare variants of ADA, but the ADA? allele
had a frequency of 0.025 in Hiroshima and
0.032 in Nagasaki.

INTRODUCTION

The present paper will describe the variants
encountered in Japanese adults from Hiroshima
and Nagasaki with respect to the following five
erythrocyte enzymes: phosphoglucomutase-1

ERELTHERKADSNIERE, BLUEhRT
REOHE W20, EHBLUEKIZE
VT A000f5 L £ o [ % & &z, PGM,, PGM,,
ADA, 6—PGD kL (FAK o 5 fi 8500 B 3 0 Ak
BiRE® T PGM; T, PGM3H LU PGMI 1
VHIEFFEMEZ L AHEETROENA, X512
PGM | Tl, B I EORVZERES M E B0ED
MOEREIMBEA R S A PGMS NS Lyfsrg
BT, REOMRESHIZRO 5 AN, EBT
B BN,/ PGM,OERKIIE £ o - 1.
6 —PGD T, #ImE @ 2Rk 3 MR E &
. AKITRZEFRIRDShE 4. ADAG
FNAEREE L7 6—PGDC UM ETO
B, BET0.084, EBWT0.093, ADAZ#t
WEFORER, EHT0.025, Bi<C0.082T
H - 7.

&
FRTIE, ERPLIUEBOHERABAIZED SR
EFEABROERMEOI L, Ko 5 MO &M EREE 2,
+ 7% bH H, phosphoglucomutase — 1 (PGM,, EC
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(PGM,;, EC 2.7.5.1), phosphoglucomutase-2
(PGM,, EC 2.7.5.1), 6-phosphogluconate de-
hydrogenase (6-PGD, EC 1.1.1.43), adenylate
kinase (AK, EC 2.7.4.3), and adenosine deaminase
(ADA, EC 3.5.4.2). The first paper in this series
described the nature of the population and the
circumstances under which the collections were
made.  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

The preparation of the hemolysates for electro-
phoresis has been described in the second paper
of the series.” Vertical starch gel electrophoresis
at 4C employing Electrostarch (13.3%, lot Nos.
146, 371, & 303) was used for the routine
typing of all systems. The histidine-sodium
citrate discontinuous buffer system, pH 7.0, of
Fildes & Harris,® originally developed for the
study of AK, was used for the AK, ADA, and
6-PGD determinations. For the routine typing
of these systems electrophoresis was at 9 V/cm
for 4 hours; comparison of the rare variants of
6-PGD was at 5 V/cm for 20 hours. The citrate
buffer system, pH 5.0, of Spencer et al* was
used to confirm the ADA 2 phenotype. During
the first half of this study (2134 samples),
PGM,; and PGM, were also typed using the
histidine-sodium citrate buffer system mentioned
above, with electrophoresis at 5 V/cm for 20
hours. This permitted acid phosphatase deter-
minations from a slice of the same gel. How-
ever, a tris-maleic acid buffer, pH 7.4, was
found to give superior resolution of the fast
variants of PGM, and was employed for the last
1895 determinations.® The resolution was
further improved by using a 1:15 dilution of
bridge buffer as the gel buffer at 7 V/cm for
23 hours. The results of the two PGM; methods
will be presented separately.

Staining of the isozymes of PGM was performed
according to the method of Spencer et al.’
ADA, 6-PGD, and AK were typed from three
slices of a single gel using the staining methods
of Spencer et a1,4 Fildes & Parr,6 and Fildes &
Harris,? respectively. For the typing of ADA, a
cellulose acetate overlay technique was used
instead of an agar overlay technique.

Some comparison runs of PGM,; variants were
also carried out with horizontal electrophoresis

2.7.5.1), phosphoglucomutase — 2 (PGM,, EC
2.7.5.1), 6 — phosphogluconate dehydrogenase
(6—PGD, EC 1.1.1.43), adenylate kinase (AK,
EC 2.7.4.3) # & U adenosine deaminase ( ADA,
EC3.5.4.2)IzF a8 DizowTil~3. 2o
—HORPEBNE IR T TT I, MiEE+
OWEFThbh ZEFAOME & X RO KR IZ
WTHANLENT VS, FOEE & FEEC, BRmo i
EMEEIZE—HLAVWERKOG LI, BE, WH
e L UCRBIEFNICITY, L& HIR, & #id
NGS OBEgfr &+ Z 24 5.

M s LUHE

AL —ZOB2HRE T, WRIAMBREICH Y 2E
IR AEIBENENT WS, SHIFOBED
FTANTIZENT, AY, BOEE X Electrostarch
(13.3%, 9o F&HFS 146, 371 HLU303) #@u
T4 CTEREENyVERKME L >TIThI L.
TEd 2 AK O3kl o 2812 Fildes & Harris® A7 38
LAPpHT.0DEAF Y v—o 2 vBEF Y 94T
SRR TG E & T, AK, ADA £ L 0U°6—PGD
DEBEEIT- BEORREDNLZHIZEF IV /emnT
4 EH, BREMEITA Eh i 6 - PGDERK
OB H121%, 5V Sem T200EM R L. ADA
2 EWEIATEAY 57281213, Spencer, Hopkinson
+ & (f Harris® @ pH 5.0, 7 x> &% il i i & H
Wi, BREE(HREAMAN) O FE T, LD
CAFYr—r T BT N A E T,
5V em T200E i @ i) % 17 v PGM | & & U PGM, @
GHELIT-A. ZOHE, B-0rNVEA (A
LT, 9 1MHOMW/FEEBT, BE7+ 2779 —
YOMBEZITH>»ZE&EHKTEL. LAHL, bPUA—=
L4 By, pH7.45 w3 L, PGM D
WEREDFES LIV EH R EOT, IO
1895 D MR T X & DB IHTETIT - /2. 7 Vgl &
LT, 7Yy VimiEagnl: 5% WMo b o & FH v,
TV /emT23MEM kML A& 25, ZEREO SN
E5lzk o ZHIOBETREBOCHEL N
7~PGM Iz 28581, 5O BoRIZE~NS Ik
z4 3.

PGM® 7 4 V4 ADBEIZIE Spencer, Hopkinson
Harris® @ /i % B/, ADA, 6—PGD, AK
RA— L& 3OMHIZAFLALT, FhFh
Spencer, Hopkinson, Harris @7, * Fildes &
Parr® /%, ¢ % 5 M2 Fildes & Harris O3 &
3 A RHOTERORELT -7 ADAORORE
13, ERA—/L— () EoRb 0 cEREL L
e R Al kv i REFAS

PGM | ZBEAF O LA D 72 12, Connaught starch
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TABLE 1 THE DIFFERENT PHENOTYPES OBSERVED IN THE PGM{ SYSTEM
BY CITY AND BUFFER SYSTEM EMPLOYED
#1 PGMzROoNEMO XA, FEGHHN S & RO BEBENC R LA

Hiroshima Nagasaki Combined
Phenotype
His Tris His Tris His Tris
1 1078 497 222 592 1300 1089
2-1 594 293 114 338 708 631
2 103 52 12 52 115 104
1-7 0 23 0 16 0 39
2-7 0 4 0 9 0 13
7 0 0 0 2 0 2
1-3nGs 1 0 0 0 4 0 4
2-3NGS 1 0 0 0 1 0 1
1-3yas 2 0 0 0 1 0 1
1-6pR 1 1 1 0 0 1 1
1-6 1R 2 1 0 0 2 1 2
2-6HIR 2 0 0 0 1 0 1
1-6NGS 2 0 0 1 2 1 2
1-6NGS | 0 0 0 1 0 1
1-8NGs 1 1 0 2 0 3 0
1-9NGs 1 0 0 0 1 0 1
No type 3 2 2 1 5 3
Total 1781 872 353 1023 2134 1895
2653 1376 4029

See text for details regarding the differences between the histidine-sodium citrate

and tris-maleic acid buffer systems.

CAFY =Tyl b LR E ) A= L S BEBEREE DEIZMT S

ALz ow T AL E RN,

using Connaught starch gels (13.3%, lot No.
314-2); the gel buffer was made by diluting the
bridge buffer in a 1:15 ratio. In comparisons of
variant zymograms of PGM; a gel buffer made
by a 1:10 dilution of the bridge buffer was also
used for both kinds of starch gel.

In any study of this nature, there are always a
few isozyme patterns which for a variety of
reasons (low enzyme activity, indistinct patterns
which may be due to degradation, etc.) cannot
be typed with confidence. We omit these from
the figures for ‘number typed’, recognizing that
this group has a disproportionately high fre-
quency of containing poorly resolved variants.

RESULTS

Phosphoglucomutase-1

With respect to PGM,, the results obtained with
the two different buffer systems are presented
separately (Table 1). There were 8 specimens
not typed in the total of 4029. We consider the

A (13.3%, gy b HEE34 —2)EHATKTESR
RikIMEEZ T 2B ELI A ZOMETY) v ViE
i % 1: 150 E| & TR/ ML TG E- .
PGM | ZE8ADH 4 £ 7 F L (ki) Hlio 7= 1218,
ELLSOBImAILOEEIZL T v VBl 1 : 10
HMCE A Y VRO EEaELH 5.

IOMOHEETIE, BEGESF B, EAK
DRIl E 2 EBbNA2THMESNY - DS
WALERIZEY, MERXL-THHTELVWEI LT
{VHFL LRy =i, bFridsidBbohadd
TETH3. ZOLIL2LOOPIZIE, FHED XL
FVERKFTHEVIIHVWEETET ATV L
ROLsNL0T, ZThe# [BIOkE s 2 ik
DFRIZIEANEVWI &I2T 5.

w R

Phosphoglucomutase — 1

PGM 2w T3, 2FIEHOMBGTH A A T8~
RaEplLycmd (£1). G402k 5 &, B4
RETAZLEDOTEL D 2L DI MIETH 7.
L1y, eRAFVr—7 TV BF M) LGS
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TABLE 2 PGM; GENE FREQUENCIES IN 1892 JAPANESE BLOOD
SPECIMENS (TRIS-MALEIC ACID BUFFER SYSTEM)

#2 BRAOHARAOMAEIZASNZPCGMBEFOMAE (LY

A -7 LA R )

Gene Hiroshima Nagasaki
PGM! 0.7534 0.7578
PGM? 0.2305 0.2216
PGM; NGS 1 0.0000 0.0024
PGM3 NGS 2 0.0000 0.0005
PGM] 0.0155 0.0142
PGMS HIR 1 0.0006 0.0000
PGMS HIR 2 0.0000 0.0015
PGMS NGS 2 0.0000 0.0010
PGMS NGS 1 0.0000 0.0005
PGM§ NGS 1 0.0000 0.0005

histidine-sodium citrate system sufficiently un-
satisfactory that although we describe the
variants detected by its use, the calculation of
variant frequencies is based solely on the results
of the tris-maleic acid system.

The PGM, polymorphisms. Two alleles occur in
polymorphic proportions, PGM3 and PGM].
There are over 20 reports which describe the
PGM; polymorphism of Japanese; total samples
examined amounted to 11,680 from 26 different
populations.” The gene frequencies for PGM3
are in the range of 0.191 to 0.249 except in a
few isolated populations. The values obtained
in our studies fall on the high side of that range
(Table 2).

The frequencies of the PGM] gene were 0.016
and 0.014 for the Hiroshima and Nagasaki
residents, respectively. Two persons with the
PGM; 7 phenotype were found in Nagasaki
residents. No presumptive homozygotes for the
PGM] allele were found in the routine samples
comprising the population study in Hiroshima.
However, in the course of a family study of a
middle aged, healthy woman who showed the
PGM; 1-7 phenotype, the PGM; 7 phenotype
was found in her first son, the PGM; type of
her husband, and that of the second son was 1-7.
In addition to this family,'limited genetic studies
were undertaken on 31 propositi who showed
the PGM; 1-7 and PGM; 2-7 phenotypes. The
results are shown in Table 3. In 23 cases other
members of the family were found to have the

AuiHE3 7 MBI IEREIBrLZVEER
A0T, TOFRERAVTHALAAZEFRFIZoOWTHE
Wiz 55, FREOBEIL - ES M) A—T L
{ Y EERBTREROTEAERCEIOTHET 5.

PGM, D 8. —-oOMIMIET, PGMiH LU
PGMUIx, £BILWFIENZHETHAD SRS, BHEA
123175 PGM D £ Bz 2w Tl ~ A 8 5132098 L)
BB U, #oss i ad BE T 26 [ T 1L, 680 A
OES.T PHOBEEESNZEFEBOT, PeME
OMAEFHEE, 0.191 » 5 0.249 2 TOREEANT
hoH., FHETELSALMIE, ZOEAANTHVE
IcBLTwi(%£2).

PGM| 0 fE THRE 1L, L8 - BWSERT, 2h%h
00165 L 1F0.014 Th 7. PGM, 7 FEM 4 £+
ZEN, BMEBEZEC2 AR LAA. PGMIA T
WIZTFOFEHEEGHREMHES NS LDE, KBOH
THREEFPIZIERB LR E S 4. L L, PGM,
1—7 £MEREZRL P EOREZ ML O %K
HWEICHWT, PGM 7T RERIFEFILHE DL
FKELURBOPGM | B 1 —-T7Tho7. ZOF
BolEs, PGM;1—7 5LUPGM, 2—7 (B A%
FRUASGIOEMEIZ>NT, BEh-B{ERHE
BEAThNA., TOERFREZERIRT. BHIZEY
THOFEEBIZLEREFBRD 6. TREI M



RERF TR 5-76

TABLE 3 SUMMARY OF THE RESULTS OF FAMILY STUDIES ON VARIANTS OF PGM; AND 6-PGD

#3 PGM 5L U6—PCDOZTRMEKIZMT 2 5ERELER
System  Variant City Pr;l?;i]?s Sex e €L
: Mother Father Sibs Children

PGM;  3nGs ) N M - - — *an
INGS 1 N M (] — - *MPD
INGS 1 N F — * [l -- O
INGS 1 N M - - O *[JO
INgs 1 N F - - — * (P
6NGS 2 N M - - - *OM
6HIR 1 H M - = [ =
6HIR | H F - — = * [
6HIR 2 N M = — - )
6HIR 2 N F - - = *0000
6HIR 2 N M - *[ = ~
6HIR 2 H M = = = ¢
8NGS 1 N M - = = +AO0I®
8NGS 1 N M - - — + @O0
INGS 1 N M - - - * WM
7 H F - - - *Od
7 H M — - = *O0
7 H M *C) - a -
7 H F = - = * @
7 H F - - - *O®
7 H F - - - *Hll
7 H F = = = *[
7 H M - - - *0
7 H F = - - *[1
7 H M - - - *O0
7 H F - - - *OmO
% H F = - = *O
7 H F - = = *0
7 H F - - - 0
7 H F = = = s
7 N F - = - *OJO
7 N F _ - ¢} *00
7 N F — — - *OM
7 N M — | O *0
7 N M - = - QMmO
7 N M - —~ - *@
7 N F — — - *OO®
7 N F - — e ¥0
7 N F = = 1 i [@) nlele)
7l N M - = - *O0
7 N F — = @ *O00
T N F > O e *O0
i N F = ™ * P oo

—
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TABLE 3 Continued # 3 # %
: : : Family Studies
System  Variant City  Propositus Sex
MF No. Mother  Father Sibs Children
7 N F 4] - @) * [0
7 N M = _ _ * O
7 N F - - *Pd -
7 N M - - — *OM
6-PGD NGS 1 N M _ _ _ * PO
HIR 1 H F = s - =0
HIR 2 H F - - - * @0
*First family member tested. FWRMHATWALRNOVREEEF+.  O- No variant, B Variant

Although the type 7 variant of PGM; has the frequency of a polymorphism, this was not apparent in the first
portion of the investigation, and the family studies of this variant are included.

PGM 0 7 R R k1L, 58
BEHMEOEREL KR BTT 5.

1 - Father of N ENEE 2 - Son of (.

variant. In most instances when the presence of
the variant was not confirmed, the number of
first degree relatives examined was quite small
(average 1.5).

In the studies of 26 populations throughout
Japan referred to earlier, the PGM] gene fre-
quency ranged from 0.0010 to 0.0026.7 The
present frequency is approximately ten times
greater. The difference could stem from the
nature of the populations sampled or from
technical reasons. In this connection we note
that Ishimoto et al,»® on the basis of 526
determinations, reported the PGM] allele to
have a frequency of 0.0019 in Hiroshima and, on
the basis of 608 determinations, a frequency of
0.0016 in Nagasaki. Although real differences
in the populations being sampled cannot be
excluded, the discrepancy between the results of
Ishimoto et al and ourselves forces us to consider
technical factors carefully. With respect to the
possibility that the difference rests in technique,
most investigators, especially Japanese, employ
Connaught starch and a gel buffer derived from
a 1:10 dilution of bridge buffer, according to
the original paper of Spencer et al.® We have
used Electrostarch with the gel buffer a 1:15
dilution of the bridge buffer.

When zymograms obtained with gels prepared
from Electrostarch and the Connaught starch
were compared, both made with a 1:10 dilution
of the bridge buffer, the separation of the a, b,
¢, and d bands associated with the PGM! and
PGM3 alleles and those produced by the PGM]
and PGM] alleles was better on Electrostarch.

BHLNAMETH LA ZORTE, WHEOMMIETHTE DT,

N TETREN DY

IOE R

DERPIZEBEEN L2 o 0TI, FEALYDE
Gy WANSNEIBEOAHEZChTE»TH- 1
(P 1.5 A).

FROBARLEEIZHZZBEMIZ>TORET T
1k, PGMT3 £ F H A 130.0010—0.0026 T & - /.
FAOWETHLZHEERXZN@ONIED A S xT
Ho., 2oL, MREMOMET 2 3 4EHmH A
CHETIOPBEALZ V. ZOSIIoVLTIE, Ak
588 AR B5IZ 5T 526 Fh R & B o< R PGM |
SRR T OBEEL0.0019T H D, % 2 BT 608 i
% BT PGM | D7 F Bl FE120.0016 T & 5 &
LlTwazddNTthern. HREMCER
IZENFH LZUHEM A BRAETE A0, AERLOE
AN/ EOMIIASNZEIIOoVTI,
HATMERAZMECEEL 2V ITIZIZWH 4 0.
COENEMABERICERT 5L LML ATREM
CHLTIE, ZLALOIFRE, BCHKONEE
1%, Connaught starch # v % Z &, Spencer & 5
DOHEAOGFEXNEXTHEEEI L7 v VBRikHD
1: 10 s YVl s LTHYTLAEZ & &
HIFTHEL W, —F4, F 43 Electrostarch & L
U7y VBl 1l : I5H IR CIE- 2= LBl
FHOTWA.

T oy VBl 1 0F Ry S VBl LT
Connaught starch # 7={%, Electrostarch # 5 g -
EANVETOFAES 7L BT 5L, PGMs
LUV PGMItt S{EF IR T 5 a, b, c,d /57 Kk
5N PGMY B L U PGM T3 T8 {2 T 12 ik 4 5 /<
v FYHE M@ 4 1L, Electrostarch @A L h - 7.
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Figure [. Starch gel electrophoresis of phosphoglucomutase: A. Zymogram of
PGM on the Electrostarch gel (left] and B. Zymogram of PGM on the Connaught
starch gel (right). Well 1, PGM, 2; well 2, PGM | 2-7; well 3, PGM, 1-7: well 4,
PGM, 1-2; well 5, PGM, 1-3; well 6, PGM | 2-3; well 7, PGM, 2; well 8, PGM, 1.

[¥ 1  Phosphoglucomutase @ ¥ #54 L Sikifl{&: A) Electrostarch # IV F @ PGM
DH A E® 5 F L (FE), B) Connaught starch ') EO PGM O W4 £ 7 5 4 (). #
B L, PGM;2; #AEH#2, PGM 2—7; MM #3, PGM,;1—7; XHik4,

PGMy 1— 2 i 5, PGMy 1 —3; MB# 6, PGM,2—3; WH#k 7, PGM, 2;

WHHS, PGM,1.

The area between components d of PGM,; and e
of PGM, is wider on Electrostarch, so that the
variant bands determined by the PGM] allele are
more easily distinguished. Furthermore, a 1:15
gel buffer dilution results in clearer separation
between the variant bands and the normal b, ¢,
and d bands on Electrostarch as shown on the
left of Figure 1. Blake & Omoto'® also
recommended a 1:15 dilution of the bridge
buffer for the gel buffer on the Connaught
starch to produce better separation of the PGM;
1-7 isozymes. However, shown on the right of
Figure 1, using a 1:15 buffer dilution, are the
results obtained with Connaught starch, clearly
the PGM 2-7 phenotype is difficult to distin-
guish from the PGM; 2 phenotype on Connaught
starch, while these two phenotypes are easily
distinguishable from one another on the
Electrostarch gel.

In the case of the PGM; 1 and PGM; 1-3
phenotypes two very faintly staining bands in
addition to the usual bands were found on

PGM, 0 d /S¥ F & PGM,® e /5% FE DML, Elec
trostarch @ 4 AIEWOT, PGM | 338{E T 12 B
THERGN L FRINEZIIEHMNTES. 5515,
E1 izt X912, Electrostarch F¢lE, 1: 15
CHERL S VG EE S &, BEREOSYF
LEHD b, c,d Ny FEDGEEN LD E £ 5.
Blake & Omoto™ & £ 2 PGM,; 1 —7 D7 4 V4 A
DoMer LT a0z, FYLEilifies LT 7Yy
VikimHE D 1 157 R E A v 3 Z & % Connaught
starch # iV TIEWwaEd, #IHTWE. LHL,
HloflcmrLELdiz, 1: 15HFROEMHES A
WwT 4, Connaught starch ETI3PGM, 2—7 #H
BEPGM 2 ZH AL 2RI+ 52 LiEME 2 ICE
T H 5. —F, Electrostarch ¥ LTlEoh s =
DERERUEHEVIIRGITA3ZLIERTHS.

1: 15% Mo 33 1l % T1E 5 1172 Electrostarch 4" )V
#Muae, PGM,1 Hk01—3 BRETE, H%
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Electrostarch gels made with a 1:15 dilution.
One was located in the position of the d band,
while the other was located slightly anodal to
d and cathodal to e. Examination of the PGM,
1-2 or PGM; 2 phenotypes revealed only the
latter band, the former presumably being super-
imposed on the d band. The minor band
associated with PGM] is located intermediate
between these two bands. These minor bands
provide a useful clue in avoiding an erroneous
classification of PGM; 1-7 or PGM; 2-7 as
PGM; 1-2 or PGM; 2.

During the comparison of the PGM zymograms
on the two kinds of the starch, hemoglobin was
found to move cathodal relative to the origin on
the Connaught starch, while it moved slightly
anodal to or stayed at the origin on the
Electrostarch. When the pH of the supernatant
of a mixture of the starch and the buffer was
examined after 30 minutes of stirring, the pH
was 7.25 and 7.20 when Electrostarch (lot No.
371) was employed, at buffer dilutions of 1:10
and 1:15, respectively; however, it was 7.05 and
6.90 at the same dilutions when Connaught
starch (lot No. 311-1) was used. This suggested
that the difference in the zymograms obtained
with the two types of starch might have arisen
from the different pH of the starch gels. After
adjustment of the pH of the mixture to 7.25,
the PGM zymogram on the Connaught starch
was similar to that on Electrostarch. PGM; 2-7
showed four distinct isozyme bands even though
hemoglobin migrated cathodally. The acidity of
the Connaught starch was found to differ from
lot to lot (pH range 6.8 to 7.05 with the 1:15
gel buffer dilution). PGM; was the most
sensitive protein to the properties of the starch
gel used to screen the 22 systems examined in
our study. We believe that these slight technical
differences (i.e., the kind and lot of starch, the
pH, and the concentration of the gel buffer) are
a principal reason why we found the PGM] allele
more frequently than it has been reported
elsewhere in Japan (except in Okinawa, where
the gene frequency for the PGM| allele was
found to be 0.015 among a sample of 647
Ryukyuans'!).

Frequencies of the PGM] allele comparable to
those of this paper have been encountered in
several other populations in the Western Pacific
Region: a frequency of 0.059 among 382
Micronesians in the Western Caroline Islands, a
lesser frequency of 0.011 among 88 Chinese-
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Indonesians in Indonesia, and of 0.010 among
920 aborigines from the west of Malaysia, 101214
Thus the allele, if it is identical throughout its
distribution, appears to be widespread in the
Pacific Islands and of considerable antiquity.

The PGM; rare variants. Six samples from
Nagasaki showed a variant band on Electrostarch
gel, the electrophoretic mobility of which was
similar to that of the major isozyme of the
PGM; 3 phenotype found by Hopkinson &
Harris,'® that is, slightly cathodal to the d band.
For five of these six samples, the intensity of
the major variant band was stronger than bands
a and ¢. When the specimens were examined on
Connaught starch gel, a minor variant band could
be seen slightly cathodal to the middle of the
area between bands e and f. Although gels made
from Electrostarch have been found to be better
than those made from Connaught starch for the
detection of variant isozymes which appear
around band d, the minor isozyme band
mentioned above could not be seen when these
five samples were processed on an Electrostarch
gel. We suspect this minor band is superimposed
on isozyme e in the Electrostarch preparations.
The minor isozyme band was also not seen in
runs on gels made from certain lots of Connaught
starch. On the other hand, the sixth sample,
even when it was very fresh, showed weak
activity of the major variant band in combination
with normal activity of ¢ and ¢ isozymes, but
the minor band described above could not be
recognized at all, even on a Connaught starch
gel.  After one week of storage at —70C the
major variant band of the sixth sample could not
be seen, although it still showed strong activity
in the other five samples. Although it has the
same electrophoretic mobility, this labile variant
seems different from the five other stable
variants.

Studies on the families of two propositi who
showed the stable phenotype in combination
with the PGM; 1 phenotype and one propositus
who exhibited the stable phenotype in combina-
tion with the PGM; 2 phenotype confirmed
that this phenotype has a genetic basis (Figure 2
and Table 3). We propose to designate this
phenotype as PGM; 3nGs 1 and the responsible
allele as PGM; NGS 1 Family studies have not
been performed on the labile variant, which we
shall designate as PGM; 3jgg 5. Since in any
case it is an activity (rather than additional
electrophoretic) variant, we shall not count it as
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Figure 2. Starch gel electrophoretic patterns
of normal and variant phosphoglucomutase on
Connaught starch gel. Wells 1 & 2, PGM, I;
well 3, PGM, 1-3NGs 1 (propositus); wells 4,

d 5, & 6, PGM, I3ngs 1 (first daughter.

second daughter, and first son of propositus);
wells 7 & 8, PGM, 1-2.

Connaught starch %* ) ¢ Phosphogluco-
mutase @ 1E 3% B & OF % BB o) 9 Rk W iE,
MEE1HLU2, PGM{1; M3,
PGM 1 =3y (EM#H); KB #4, 5b 4
6, PGM | 1 —3yqg ) (RMEOEL, Kih
FUERRB) WHBTHLU8, PGM 1—2.

an additional variant in the statistical considera-
tions of our summary paper.'®

Hopkinson & Harris!'® first encountered the rare
PGM,; 1-3 phenotype in a single individual in a
sample of 2115 English persons; another rare
phenotype, PGM; 2-5, was found in a single
individual in this same sample. The major
isozyme of PGM; 3 had a mobility slightly
slower than d and the minor isozyme had a
mobility slightly faster than e. On the other
hand, one of the isozymes of PGM; 5 had a
mobility intermediate between ¢ and d and the
other a mobility intermediate between d and e.
There is in our opinion some uncertainty in the
identification of the PGM; 1-3 and PGM, 1-5
phenotypes reported for the Japanese popula-
tions. Ishimoto & Yada,!” Ishimoto,'® Omoto
& Harada,' Shinoda & Matsunaga,®® and
Harada et al ! have all reported low frequencies
of the PGM? allele in the central and eastern
part of Japan (0.0007-0.0010). Shinoda &
Matsunaga®® reported the PGM; allele to occur
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in low frequency (0.0005 and 0.0003) in Tokyo
and Shizuoka. Finally, Omoto et al'! found a
PGM3 gene frequency of 0.0039 in Okinawa.
When the diagrams or the photographs presented
by these authors were compared, the position of
the major isozyme band in the pattern identified
as PGM; 5 was similar to that of PGM; 3 while
the position of the minor band was not clearly
shown.

Recently, Blake & Omoto!® have discussed the
possibility of heterogeneity in the PGM? alleles
which have been detected in different popula-
tions. They proposed that the PGM; allele
found in Okinawa should be named PGM3 Okinawa
because the major and minor isozyme bands
associated with it were located slightly cathodal
to those associated with the PGM3 allele found
in New Guinea. They also proposed that the
PGM; allele type found in Japan should be
named PGM; 120 pecause the minor isozyme
band associated with it was located in the e
position, thus distinguishing it from the PGM3
allele reported in an English person by Hopkinson
& Harris.'® The gene frequency of PGM3 NGS 1
in Nagasaki was found to be 0.0024. This value
is less than that found for pGp; Okinawa py,¢
higher than that obtained in the central to
eastern parts of Japan for the PGM3I or PGM;
alleles. A precise comparison of the several
kinds of PGM; 3 and PGM; 5 phenotypes
occurring in Japan will be presented in a
separate paper.??

A phenotype similar to that of PGM; 1-7 was
encountered in a single individual in Nagasaki.
After repeated electrophoresis, it was concluded
that the major isozyme in this pattern moved
slower than the ¢ band but faster than the major
isozyme of the PGM; 7 phenotype whereas the
intensity of the minor isozyme was so weak that
it could hardly be recognized (Figure 3). The
phenotype is designated PGM; 9nGgs 1- One of
the daughters of the propositus showed the same
phenotype, PGM; 1-94gg . as that of the
propositus and another daughter showed a PGM,
2-95Gs 1 phenotype (Table 3). The allele which
can be inferred from these studies is designated
PGM? NGS 1

Five kinds of slow PGM, variants, in which the
major variant band migrates cathodal to band a,
were found in a total of 4029 samples from
Hiroshima and Nagasaki (Table 1). As mentioned
earlier, 1895 samples (872 from Hiroshima and
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1023 from Nagasaki) were examined in the
tris-maleic acid buffer of Spencer et al.® The
remaining 2134 samples (1781 from Hiroshima
and 353 from Nagasaki) were examined in the
discontinuous histidine-sodium citrate buffer of
Fildes & Harris® as described in the section on
Materials and Methods. Although we found this
latter system unsatisfactory for the detection of
fast variants, it did yield a number of slow
variants, all of which could also be seen with the
tris-maleic acid system. The slow variants found
in both buffer systems were tentatively designat-
ed as PGM; 8NGS 1» PGMl 6H[R 2, PGM1 6HIR 1>
PGM[ 6NGS 2 and PGMI 6NGS 1: listed in the
sequence of the delay in the migration of the
main isozyme band in tris-maleic acid buffer at
pH 7.4 The corresponding allele symbols
would be PGMTNGS1 pgy§ HIR2 pGar§ HIR 1
PGM§ NGS 2 and pGmP NGS 1 The patterns
are shown diagrammatically in Figure 4 and
photographs of typical determinations of the
various phenotypes are shown in Figure 5.
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Figure 3. Starch gel comparing the phenotypes
of PGM, 1-9NGs 1 & PGM, 1-7: well 1, PGM,
1-2; wells 2 & 4, PGM 1-7; well 3, PGM, 1-9.
M3 PGM;1—9y;q & PGM, 1—7 o)
DLW EIT 28w %1, PGM, 1—
25 MES 2 5L 04, PGM 1 —7; 1%
3. PGM;1-9.

VT UL Spencer 55 M b Y A— L A ¥ EE T
TEIT 2. T 0213407 (15 E 17816, £ W 353 1))
ZonTiE, MBI UFEOEH T NL LI I,
Fildes £ X ¥ Harris® Ok 2F ¥ v —2 v EEH K
Vo A TGHEMAR TR L 2. B K, H<
o+ 2ZREEKEHRET AR LIOHETIZEOH,
ENTHRBOERFLFHYMMET 2 2L 2T A,
INEOBVWERKEFTNT M) A—7 L 4 »EiE
TH T A LA TEL. LIEO 2 MO ST
rHOTHREERZBOERMKL M) A—F 1L VB
PRI pH 7.4 THRB L 2L EDETA v HA L5
FOMET, BOIAAS 5 PGM 8ygs 12 PGM, 65 2»
PGM, 64z ;v PGM, 6ygg 2, PGMy 6ygg & 8 5E
Boicdm g L. ZHIZHIGT 2 4 lEFoit 5L,
PGM?NGSI’ PGM?HIREI PGM?"”M, PGAI(]SNGS 2,
PGMINB e 3. 20— T4 TT T4
(FEE) # B304 (om L, &R 500 RAY 7% 5k
BOBERAZES IR L 7.
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Figure 4. Diagram of a composite starch gel showing the various phenotypes of
PGM, found in the present study (NGS and HIR are abbreviated as N and H).
M4 KRPETRELENAZPOMOEEBBOBMAR,: Bh - -BHSL Eiz#s
NLLOERFMRLTRLAZLO (NGS L0 HIR BENRFNANEXUCHEREL ).
The minor isozyme band of the PGM; 8yqg | A=A YEEMBERE RO, $207 4

pattern clearly migrated cathodally to the « band
in tris-maleic acid buffer, while that of the
PGM, 6nGgs | and PGM, 6nGs 2 batterns
clearly moved faster than ¢ band. The minor
isozyme of the PGM, 6prr 1 Phenotype migrated
slightly anodally to the ¢ band and that of the
PGM; 641r o phenotype overlapped the ¢ band.

When the electrophoretic resolution of a PGM;
2"6HIR 2 phenotype was particularly sharp, the
minor isozyme associated with the PGM? HIR 2
allele could be seen to be very slightly slower
than band a. The minor isozyme bands associat-
ed with PGMS NGS 2 gng pom$ HIR 1 4jjeles
could not be recognized in a 1:10 dilution of
bridge buffer. As reported previously, the
mobility of the isozymes associated with the
PGME NGS 1 444 PGMS HIR 2 gijeles changed in
the histidine-sodium citrate buffer.?*** In that
system the order of the migration of the
isozymes from the cathodal side is PGMy 6yy1p 5.
PGM; 8ngg 1, PGMy 6yiR 1, PGM; 6nGs o,
and PGM; 6NGs 1+ This phenomenon is useful
for the characterization of PGM, bR o and
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VAL LY FIZPGM, Byes B CUE, WS A1z o
AV FEDLEREDICBD L 24, PGM, 6yqs,
HEUPGM,) Byes B TIE, MIBA1Za3y FhNY
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FREDZN I a Ny FEER - 1.

PGMI 2~ 6|”R3:ﬁfﬁ£!‘7)fﬁdﬂ.(ﬂ(iﬁ”f, YR i
HIEHIZE A Iz, PCGMTMR2 4 vz 11
MEFTEIHE2OTAVHFS LRy FikaSy FED
LI hTFIIBELWZ EXABH LN
HHED L 10/ Wi a2 Y Ligilidie L THOASBA
&, PGMINCS2y k 0 PGMEWR Y 4 w3 (2 742
KTEH2OTAIVHFA LNy FEBADHIZ LT
ERboks SEEHELELE] 2,065 payiNos
BEUPGMSHR et S B(EF 1o+ 37 4 v 4
LOBWMEL, CAFY v—2 T FF Y AL
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TAVYHA LOBET B0EFE G, By, s,
PGM, 6ypy PGM) 8ygs 1, PGMy 6y 4, PGM,
Bngs 2 BHLUPGM) bygg ) & % 2. 2 OFHIE AW T
T3HEUS, PGM; 6yp s & PGM, 8ygg #ikAI4 2

7)oy ViR
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The validity of the distinction

between the phenntypes attributed to the
PGMY NGS 1 pGy§ HIR 2 pgpyé HIR 1 454

pGM§ NGS 2 illeles has Been confirmed by

family studies. A family study for the
PGM6 NGS 1 gjlele has not been carried out.*
A detailed comparison of the differences and
the similarities of these slow variants with the
other slow variants reported thus far in Japanese
is presented in a separate paper.?®

Phosphoglucomutase-2

No variants of PGM, were detected in the total
of 4029 samples examined with either histidine-
sodium citrate discontinuous buffer or tris-maleic
acid buffer, the actual numbers being as shown
in Table 1 for PGM;. None of the other studies
in Japan have detected variants of PGM,.”

6-Phosphogluconate Dehydrogenase
The prevalence among 4014 samples (2648 from

Figure 5. Starch gel showing the PGM,
phenotypes which have a major isozyme band
slower than the a band. Wells 1 & 2, PGM,

1-2; well 3, PGM, 1-6nGgg 1o well 4, PGM
16NGS 2 well 5 PGM 1- 6HIR 1 well 6
PGM, I- 6HlR 2 well 7, PGM 1-8NGs 15 well
8, PGM

B5 a8y FEDEETAVHSL L1y ki

BT AHMOME CPGM, 8 R 2 R+ Rg oL

DE I rncru 2, PGM;1—2; ®H

%B.PMMlﬁﬁmglhﬁH%4 PGM, 1 —

bngs 23 b FHIE S, PGMy1—6y 15 WHHH

6, PGM;1—6yp o3 M7, PGM, 1~

8ncg 13 AHEB, PGM 1.

@il'ﬁ'ﬁ'ﬁ(“%ﬁ- PGM?N(:S I, PGME\HIRZ. PGME;;HlRl
BEUPGMSNOS 2t i {ZF R T 5B RBA 4
POHDEMNT 522 BFNTHETENEHRNE
koTHEREN TV S, PGMSNOS gt vt (z 71z
BT+ 3 EBHELTFAPAT LY ZhE 0T &
OBVERMEL, ChETAFACHESATL S
FOMOBOERMEE OMOE L & OHPE DR L
Tk, MOWEL CHLL BT EFETH 5.

Phosphoglucomutase — 2
CAFVr—r TS by AT RE R E
EhJA—7 L4 YEBRIBEHEOVT 20 L TH
FLAEF029A DK SR P Iz 1E, PGM, o D % FF
RO SN Ed -2 H HIEPGM LT H1
KCARLALDLE—~THE. BFEIZEH2MMOBE
THPGM,DERFRIHEREAT g7

6 — Phosphogluconate Dehydrogenase
A ) 3k B 40140 (15 1 264817, 13661 ) 12

*The second son of the propositus who showed PGM 116G g 7 had the same variant pattern.
WAL G 5 TPGM ) 1—6Ngs | 2R L 2 RIBEORBIRILERE Ay — & HEb 5 hr.
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TABLE 4 PHENOTYPES AND GENE FREQUENCIES FOR THE 6-PGD
POLYMORPHISM IN HIROSHIMA AND NAGASAKI

#4 ERBEEWMIIHENTS 2842R+T6—PCGDOERME &1
W A% F-HH RE

Phenotype Hiroshima Nagasaki Combined
A 2213 88 3330
A-C 419 242 661
@ 14 6 20
Variants 2 1 3
No type* 5 10 15
Total 2653 1376 4029
PGDA** 0.916 0.907 0.913
PGDC 0.084 0.093 0.087
x? 1.534 3.483
P 20<P<.30 .05 <P<.10

*These samples gave a 6-PGD pattern which could not be typed accurately.
INEDFEFIE, EMCRENOEENTELVLI L6 —PGD Ay — > 2R L /.
**Calculation of gene frequencies excludes “no types” and variants.

WIEFHEDREIZIZ,

Hiroshima and 1366 from Nagasaki) of the
phenotypes of the A-C polymorphism of 6-PGD
obtained in the present study, and the gene
frequencies, are summarized in Table 4. There
were, in addition, 15 untypable specimens. The
frequencies for the pGpC allele were 0.084 and
0.093 in Hiroshima and Nagasaki residents,
respectively. Ishimoto et al® reported a pGDC
frequency of 0.11 among 526 samples in
Hiroshima and Ishimoto & Kuwata® observed a
value of 0.10 among 608 samples in Nagasaki.
In a recent review by Ishimoto,7 the gene
frequency of the pGpC allele in 7221 Japanese
is estimated to be 0.086, when all the data
except for the isolates and the Ainu are combin-
ed. Thus, the allele frequency values obtained
in the present study fall very close to the mean
value for the Japanese.

We have encountered three different fast variants
of 6-PGD, each in a single individual, one in
Nagasaki and two in Hiroshima, all three in
combination with the normal A phenotype. As
shown diagrammatically in Figure 6 each of the
variant patterns consisted of three bands; the
slowest band of the triplet was seen at the
position of the normal ¢ band, and the middle
band was placed in the center between the a
band and the most anodal band. As we have not
yet compared these variants with any other
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Figure 6. Diagram of a starch gel showing phenotypes of 6-PGD variants.
Electrophoresis was carried out for 20 hours in the histidine-sodium citrate
discontinuous buffer system,
6 Hfio 6—PGD Z R (ko) M &R Bk FUOBAR. BRKxME 2T
Yr— 7 L RS R ATGERAR IS £ D, 20MER T b
known variants, they are tentatively named as g1z, MEMIZ6—PGDNGS 1, 6—PGDHIR 2
-PGD N -PGD : ' ’
6-PG GS 1, 6-PGD HIR 2, and 6-PGD HIR 1 5EU6—PGDHIR1 @47 6—PGDAM S

in the order of the migration toward anode.
With respect to the intensity of the three bands,
in the 6-PGD A-NGS 1 pattern, in which the
variant band is the most rapidly migrating
observed in the present study, the intensity of
the ¢ and the middle bands was equal, while the
most anodal band stained only faintly. In the
6-PGD A-HIR 2 and 6-PGD A-HIR 1 patterns,
the three bands stained with equal intensity
after gel electrophoresis for 20 hours, but the a
band stained most intensely when electrophoresis
was limited to 4 hours. Under either electro-
phoretic condition, all three of these variants
differed from the intensity pattern of the C
phenotype of the common polymorphism (the
“Canning” variant), in which the most cathodal,
¢, band is the most intense, the middle band is
intermediate in intensity and the « band is faint.
No change was observed in the pattern when
these three variants were treated with 2-
mercaptoethanol.

The distance between the @ band and the most
anodal band of 6-PGD A-HIR 1 is slightly
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greater than that between the ¢ band and the
most cathodal band of the common variant
(phenotype 6-PGD AC). The mobility of the
most anodal band of 6-PGD A-HIR 1 is the
same as that of the middle band of 6-PGD
A-NGS 1. In the photographs of Blake et al%?
and Blake & Kirk,”® the same relationship
between the “Richmond” wvariant and the
“Elcho” variant can be seen. Nevertheless, we
are reluctant to classify the variants we have
designated as 6-PGD A-HIR | and 6-PGD A-NGS
I as electrophoretically identical to the
“Richmond” and “Elcho” variants respectively
until confirmed by a direct comparison. Limited
family studies for these variants showed the
same variant pattern in a child of each propositus
(Table 3).

Neither rare electrophoretic variants nor patterns
with a deficiency in the activity of 6-PGD have
been reported in the Japanese populations listed
in the review of 6-PGD in Japanese.”’

Adenosine Deaminase

The prevalence among 4021 samples (2651 from
Hiroshima and 1370 from Nagasaki) of the
phenotypes of the well-known polymorphism of
ADA, and the gene frequencies for ADA' and
ADA?, are summarized in Table 5. There were
eight untypable samples. The frequencies for
the ADA” allele were 0.025 and 0.032 for
Hiroshima and Nagasaki residents, respectively.
No rare variants of ADA were encountered.

Ishimoto & Kuwata®® observed an ADA?
frequency of 0.028 among 448 samples in
Hiroshima, and these same investigators obtained
avalue of 0.021 among 608 samples in Nagasaki.’
Ishimoto” concluded in his review of ADA that
there are no marked regional differences in the
frequencies for the 4DA' and 4DA4? alleles in
the Japanese. The estimated frequency for the
ADA? allele from the combined total of 5754
non-Ainu Japanese is 0.024.

Adenylate Kinase

A total of 2250 samples (1098 from Hiroshima
and 1152 from Nagasaki) were examined for
AK. All the samples showed the AK 1 pheno-
type. All Japanese individuals so far examined
are of phenotype 1.7

DISCUSSION

The principal finding of this paper is the high
frequency of rare variants of the PGM; system,
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TABLE 5 PHENOTYPES AND GENE FREQUENCIES FOR THE ADA
POLYMORPHISM IN HIROSHIMA AND NAGASAKI

#5 EBERMIIBPITALR4RTADADER B L

A T R
Phenotype Hiroshima Nagasaki Combined

1 2523 1286 3809
2-1 126 79 205
2 ) 5 7
No type* 2 6 8
Total 2653 1376 4029
ADA *# 0.975 0.968 0.973
ADA? 0.025 0.032 0.027
¥ 0.155 9.634

P 50<P<.70 001 <p<.01

*These samples gave an ADA pattern which could not be typed accurately.

ChoOBEFIE, EHIIGHOREN CE4VADANY — &R L 7.
**Caleulation of gene frequencies excludes “‘no types.”

BETHEOHE T, [EOREFTELZVLO] #BIL L.

especially in the face of a lack of variation in
the PGM; system, despite their possible common
origin through gene duplication.>° Furthermore,
a greater number of different PGM; variants,
and a higher frequency for these variants, were
encountered in the population of Nagasaki
compared to the population of Hiroshima.
Thus, in the tris-maleic acid buffer system, an
allele designated PGM3 NGS 1 which produces
isozymes electrophoretically similar if not
identical with those produced by the PGM?
allele of other authors, was detected in five
individuals in 1023 samples from Nagasaki
though no such allele was detected in 870
samples from Hiroshima. The gene frequency
for the PGM; NGS 1 allele is 0.0024, which is at
least five times higher than that for the PGM3
allele observed in the central part of Japan
(Tokyo 0.0005 & Shizuoka 0.0003). Further-
more, four kinds of rare alleles which are
associated with slow wvariants, designated
PGM§ NGS 1 pgp§ NGS 2 pgpy§ HIR 2 apg
PGMS NGS 1 totaling in number nine, were
found in 1373 samples from Nagasaki. Two of
these four kinds of rare alleles, PGM$ NGS 1 3¢
PGMS NGS 2 were detected only in the Nagasaki
population. In the population of Hiroshima,
three kinds of alleles which produce slow variants,
namely PGM§ NGS 1 pgy$ HIR 2 and
PGM‘I’ HIR 1, totaling in number four, were
detected in 2648 samples, PGMS HIR 1 peing
found only in Hiroshima. As mentioned pre-
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viously, the calculation of the variant frequencies
should be based on the results of the tris-maleic
acid system. The combined frequency for the
alleles associated with slow variants in Hiroshima
is 0.0006 and that in Nagasaki is 0.0030. The
value obtained in Nagasaki is about ten times
higher than that (0.0003) which is calculated by
us based on the review by Ishimoto’ of a
combined sample of 10,851 Japanese.

The occurrence of the PGM] allele in poly-
morphic frequencies (0.016 for Hiroshima and
0.014 for Nagasaki populations) is reported.
Although the frequencies for the allele
PGM? NGS 1 4nd the alleles which produce slow
variants were different in Hiroshima and Nagasaki
populations, the frequencies for the PGM] are
almost the same in the two populations. Though
the PGM] allele has been previously observed
in the Japanese population, such a high fre-
quency has not previously been encountered.

It should be mentioned that the Japanese studies
have employed the tris-maleic acid buffer
system, which we found best for the detection
of fast variants. We believe the difference in
our results with respect to fast variants is due
to the starch and the gel buffer (a 1:15 dilution
of the bridge buffer) employed. It will be

interesting to extend the study of the PGM;

system to populations in the eastern part of
Japan, in order to determine whether this high
frequency is unique to these two populations.
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