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SUMMARY

This paper presents the results of an electro-
phoretic survey of approximately 4000 indivi-
duals from Hiroshima and Nagasaki for four
erythrocyte enzymes: isocitrate dehydrogenase,
peptidase A, peptidase B, and phosphohexose
isomerase. Also reported are the results for
erythrocyte acid phosphatase for a subset of
these individuals.  The frequencies for the
ACP{ and ACPP alleles of the ACP; locus are
in agreement with previously reported results
from Japanese populations. Rare variants of
ICDg, PEPA, PEPB, and PHI occur with fre-
quencies varying from 0.25 to 7.2 per 1000
determinations. The relatively high frequency
of the PHI 4y ; variant and some unusual
features involving the effect of reducing agent
on the electrophoretic pattern behavior of some
of the rare PHI variants detected during this
study are discussed.

INTRODUCTION

This paper presents the results of surveying for
electrophoretic variants the following five
erythrocyte enzymes: acid phosphatase (ACP,
EC 3.1.3.2), NADP-isocitrate dehydrogenase
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(ICDg, EC 1.1.1.14), peptidase A (PEPA),
peptidase B (PEPB), and phosphohexose iso-
merase (PHI, EC 5.3.1.9), utilizing blood samples
collected from Japanese adults residing in
Hiroshima and Nagasaki. Special emphasis is
placed on the rare genetic variants we have
observed, but data are given on the A-B
polymorphism of ACP. For a more complete
characterization of the nature of the population
sampled and the circumstances under which the
collections were made the reader is referred to
the first paper in this series.! As before, the
conversion in designating variants which do not
clearly correspond to previously reported types
will be by city and order of discovery, abbreviat-
ing Hiroshima as HIR and Nagasaki as NGS.

MATERIALS AND METHODS

All systems were studied by vertical starch gel
electrophoresis, employing Electrostarch (Elec-
tro-Starch Co., Madison, Wisconsin). PHI types
were determined using the electrophoretic and
staining methods of Detter et al.>2 A second
slice of the PHI gel was used for the ICDg
studies, the enzyme being stained as described
by Shaw & Prasad.> The classifications of
peptidase A and peptidase B were based on the
method of Lewis & Harris,* using the substrates
L-valyl-L-leucine and L-leucylglycylglycine re-
spectively; this choice of substrates was based
upon the high degree of substrate specificity of
the peptidase system. The acid phosphatase
electrophoretic conditions are those described
by Fildes & Harris®; the ACP bands were
visualized using the phenolphthalein diphosphate
method.® The procedures of sample preparation
and storage are described in an earlier paper in
this series.” During the course of this work a
number of isoenzyme patterns, for a variety of
reasons, did not yield patterns which could be
typed with sufficient confidence. For this
reason we have omitted these, designated ‘“‘no
types”, from the final totals.

RESULTS

Acid Phosphatase

Population screening for the acid phosphatase
polymorphism in Japan has been carried out on
a large scale and the work has recently been
reviewed.® The results of our screening of 2790
individuals are shown in Table 1. In both cities
there is agreement with Hardy-Weinberg pro-
portions.  The observed frequencies of the
ACP{ and ACPY -alleles fall well within the

citrate dehydrogenase (ICDg, EC1.1.1.14), pep-
tidase A (PEPA ), peptidase B (PEPB), # & O
phosphohexose isomerase (PHI, EC5.3.1.9) T,
MR, EE&RBHZEES 3 R AR AH 53RN
LicbnTha, EAIE, wahrsshs EED
D) MIZMEREIZH B35, ACPm A-B oMz
RN ML TLRBERL~. HRER
ORI TRBMEDRTOFM L T4
PN-—ZOFE LW 2BWE v, gimeR L <,
Pafiz&EshtwaBe bz oz oL Tn
TOVERMGBOMBIE, BT E L URBIERFED T
Vv, REIZIE HIR, BRW21E NGS OBSFR % 1 L 2.

MHESLUHE

T T o EE#F 3, Electrostarch (Electro- Starch
Co., Madison, Wisconsin ) % F v» /=, 2 208 8
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AT Detter 5 2 O Sk WIS M & @EE RV T
Tok, IO TrLE2HOATA 2 IZOD—K%
PHI Fli#eta U 27k, 05D A7 4 2 #ICDg o) 14
FH D12 Shaw & Prasad M FiEd TH@E L -,
Peptidase A & B D4 fH|d Lewis & Harris @ Ak
(243 &, L-valyl -L-leucine # £ UF L - leucyl-
glyeylglycine # 2 h Fh o T E: L TiFo4. 2h
6O, 2FED peptidase o) B 7 2 AR 1
12DV TEIEN 72O T H-72. Acid phophatase
DWAKI S (13, Fildes & Harris’ A%~ T w3
LD TH 5. ACP Y FiZ phenolphthalein diphos-
phate ¢ 2l VTR L 2, REOFEB & #1720
Hikic2w Tk, APV -XDFE287 Tk,
FRWEER D, WA UALHAT, W{22DT{ YV
FTA LDy -0 TIE, +90HELL-T
BIDRENTEL Lo, ZORD, RS 6
INEORIORENFTELZLO IZHIERL 7.
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Acid Phosphatase

H#A AIZ# 1 5 acid phosphatase ¢ £ Bl |25\ T
W, SARESTTCURRBZITbRTHEY, 20
LE2—AEahTnsd. ® 2790 Ao THAD
To-HEORREELIIR Y. LE - BW/ET
& ¢, Hardy-Weinberg o8 4 5 1% 5 h % B iH1E
E—HLTWA. BEENnk: ACPY L ACPBoxtar
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TABLE 1 PHENOTYPE AND GENE FREQUENCIES FOR THE ERYTHROCYTE ACID PHOSPHATASE
POLYMORPHISM IN HIROSHIMA AND NAGASAKI

#1l EBPIUREMIZHIT 2 £8E R T HRIME acid phosphatase ¢ 3551 Bl 5 & 008 (2 1~ i
Phenotype Gene Freque
City Vi ne Frequency X2 "
A AB B Total pA pB
Hiroshima 81 701 1513 2295 0.188 0.812 0.0003 98 <P < .99
Nagasaki 32 173 290 495 0.239 0.761 0.8064 30<pr<.50
Total 113 874 1803 2790 0.197 0.803

range reported for other Japanese populations,
and our findings are very similar to those
previously reported for Hiroshima and Nagasaki
Prefectures.”'® There is no significant difference
between the frequency of the ACP{ allele in
Hiroshima and Nagasaki.  Although a few
isolated cases of acid phosphatase patterns
resembling the C-A and C-B types have been
reported by Ishimoto,® the apparent absence of
the C type in this study is in agreement with the
reports of others showing the extreme rarity of
this type in Japanese populations.

Isocitrate Dehydrogenase

We have encountered a single variant of isocitrate
dehydrogenase, in a Hiroshima resident, in a
sample of 3993 individuals typed. An additional
36 individuals could not be typed because of
low or absent ICDg activity in the standard
preparation. The one ICDg variant has been
designated 1-2yp ; the electrophoretic pattern
of this sample is shown in Figure 1A. This
pattern appears to be the same as that of the
type 1-2 reported by Chen et al'' in one
of 184 Japanese-Americans residing in Seattle,
Washington. The genetic basis of the variant
encountered in this study has been established
by the family study shown in Table 2. The type
1-2 ICDg phenotype has been reported in Japan
by Ishimoto & Kuwata,'® who observed two
examples in 606 blood donors from Nagasaki
Prefecture. Shinoda et al'*> have reported an
unspecified electrophoretic variant of ICDg in a
study of tissue enzymes from 98 individuals, and
from the information given by Ishimoto® it is
assumed that this variant also exhibits the 1-2
pattern. Thus far the type 2 ICDg variant has
not been encountered in non-Mongoloid popula-
tions.

Peptidase A

A total of six electrophoretically identical

=

WETOEE R, EArO0BFABEHIZOVT#HE
ENaEORPARCTFZALZLOTHD, £ 2L
BB B EURBBYORMETHRES AWM EIE
EAERICTH -7, E.Efl’ztﬁlﬁﬁ&ﬁ)ﬁi!{;tiACP’}
MAMZETOHEECOLTHEELZITRD RV
C-A+HLUC-BEIZ{/ acid phosphatase {§ &
RTHAZ ZHEE s hTiRwid, AT
CRINFEEL Ao, Zhid, OFARMzECR
PO TENTHEEV ) MO EDHE W &
—FHLTWw5.

Isocitrate Dehydrogenase

FWHE T, HOREET->23908 A0 R HEH,
[ E5@ 11412, isocitrate dehydrogenase 007 5 {#
HRH SN, FOIEA3GAE, OB

2 ICDg OiEEA R VWA EAEREBELTWALDLTID
REFTE L0z, TOICDg EEMKEIE 1-2 g1,

EwmEEh, ZOBRKMEERLALRST. 20

/8% — v 14 Chen 5" A" Washington JI| Seattle i

ICEESAHRKAIMAPOLAIZEL A 1-2 8
NDEOERLELITHS., APHTRDLLNIZZD
EREFBEMNZLOTHII LN, R2IIFENL

FHEATE L THERS N T3, BETIE Ishimoto
& U Kuwata ! A7 B i L o0 ik I 25 606 A v 2 1A 12
1- 2ICDg HFHRB #FWWEL T 5. Shinoda 5
i, BAZMEE LT AHHMPOBEFIIMT WA
T, BOMREL Tw iy ERiEH Lo ICDg &
REEFRDZEERELTHY, Ishimoto® 12X 3
&, ym%;sfﬁ, 1-28zRTEo oMM 3.
INETOLEZAICDg 2RIOERKEHE AL,
SO ERIZBRD SR TV AW,

Peptidase A

4009 A A5 % A FBEEE DI, W& A FE -
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Figure 1. A. Starch gel electrophoresis patterns of ICDg 1-2prp 7- wells 1, 2,5,
& 6 contain the ICDg 1-2yrR 1 variant; wells 3,4, & 7 contain normal controls,
B. Starch gel electrophoresis patterns of the peptidase A type 1-4gp | variant:
wells 1 & 5 represent the normal peptidase A pattern; well 2, a daughter of the
propositus showing a normal pattern; well 3, daughter of the propositus
showing the variant pattern; well 4, propositus (M.

B1. A. ICDg 1- 2y | OEE 7 VTG Sbk M (f: : 1, 2, 5HEU6, ICDg
1- 2y Z# 045 & B3, 4, BLUT, 1 7 WA B. Peptidase A
1= dyp  HEREORB Y VA AT MG AE L 5L 05 IEEH 4 peptidase
AREFRT; REN2 RO EEHRERT; REHK3 (REHOR) 4%

SORIE &R . MORHE 4 3SR E (MF

variants of PEPA, designated 1-4pyp ,, were
seen in our sample of 4009 individuals; three
among 2638 specimens from Hiroshima and
three among 1371 from Nagasaki. No genetic
relationship between the six persons could be
established. An additonal 20 individuals gave
an electrophoretic pattern for PEPA which was
too weak to type accurately. In addition to
those patterns too weak to be typed, a number
of specimens exhibited normal electrophoretic
patterns but with a substantially reduced staining
intensity. It is possible that this was due to the
presence of the quantitative variant of PEPA
described by Lewis!?®, but the studies necessary
to establish this point were not carried out.
Omoto & Harada'® have also reported the
presence of quantitative variation in PEPA, in a
sample of 125 Ainu.

The electrophoretic pattern of the PEPA variant
resembles that of a phenotype designated as 1-4
by Lewis & Harris.* The pattern is shown in
Figure 1B, wells 3 & 4; the observed pattern is

T 1-dyg &% &N~ PEPA OB RikH & it 6 i
W s, 3FIEERBO2638 APz, o 36
3RO I3TIMRIER Iz H 72, BRIEO ML & h s
6 ADBICHRAMMEE AL I L3 TEaLh oz,
FOMDATIE, HEEAHT ETERKI LoR
RECIRETE LD 27, ZOEDIIIVLCOALD
BAETHERE2BTARAKMEEZRLALODFEKER
PV EBLTWA. ZhiE, Lewis¥ AR L -
PEPA O RAIZEFAE D TFHEIZIET CAHEIE A H 5 27,
COEAMRT A CLEAREIThh AL /.
Omoto & Harada' %, 125 A7 4 X [z PEPA
NRHERELBD LI LEREL TV S,

PEPA ZREO0®WAukd{%iz, Lewis 3 kU Harris*
Al-drmBLAERFRBOGBELTNS, ZO/IE,
H1B, @3 prtfaicash s, fliEshik



consistent with the dimeric properties of this
enzyme. Limited family studies were possible
for four of the six cases, and the variant
phenotype was observed in additional family
members in three of these cases. The family
studies are summarized in Table 2, and the
starch gel results of one family study are
presented in Figure 1B.

The peptidase A type 1-4 appears to be quite
rare in all populations tested to date. This or a
very similar phenotype was first reported in a
sample of 2283 Europeans by Lewis & Harris.*
Ishimoto & Kuwata'® have reported one example
of the 1-4 phenotype in 1070 Japanese blood
donors from Mie Prefecture.

Peptidase B

We have examined 4028 individuals for red cell
PEPB variation (2652 from Hiroshima and 1376
from Nagasaki). In addition, one Hiroshima
specimen could not be typed. Two examples
(1 from Hiroshima and 1 from Nagasaki) were
observed of a variant designated PEPB 1-2y5q ¢,
and six individuals, three from each city, were
encountered with a pattern designated PEPB
1-3gr - The electrophoretic patterns for the
normal and variant PEPB phenotypes are shown
in Figure 2. The electrophoretic patterns of the
two individuals with the 2ygg  variant closely
resemble the 1-2 phenotype reported by Lewis
& Harris,"’ while our 1-3y;p | phenotype appears
comparable to the 1-3 phenotype demonstrated
by the same authors, who encountered these
phenotypes in a sample of 2197 Europeans.
[shimoto & Kuwata'® have reported two
examples of the PEPB 1-2 phenotype in a
sample of 1070 blood donors from Mie Prefecture
in central Japan. To our knowledge the PEPB
1-3 phenotype, or anything closely resembling
it, has not been previously reported in Japan,
We have conducted limited family studies for
these two variants and the genetic nature of the
2nGg 1 variant has been verified in both cases.
In two of three cases of the type 1-3y ; the
variant was detected in another family member.
In the third case, only a single child was available
for study; he exhibited a normal pattern. These
results are summarized in Table 2, and the
starch gel patterns of a family study for each
electrophoretic type are included in Figure 2.

Phosphohexose Isomerase
During the course of typing 4027 individuals
for red cell PHI, we have encountered 35
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B, COBBF_RETHI L0 L -
6D 5 4fFlIzo>VWTIE, H2BED
52 ENTET, 4R IMTIE, f
DFEHRALCLEREFIAH SN, FHEATOHERE
F2IZENsNTHY, MIBRIFAOFEKRAET
Fonwpr VESREMOZERERLTWVA.

Peptidase AD 1-4 8k, S THEBTE AT
TORAPTCHERE CEADLITHS. 1-4 BB
HAIVIEZNEIERIZECPAEREL, Lewis &
& U Harris* 272283 A D FERERA 12 #1 THE L /=
LOTHS. A LUHE®1Z, ZTROBIME
L070AIZ 1- 4 REBE 1HIMEL TS,

Peptidase B

SR, #RIMERO PEPB &K IZ2501 T, 4028A0
KR E A BN (EB2652A, BW1376 ). 20
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Bol BB LE, Ew1Ho&F 26121L, PEPB
1-2ygs  EMABLAZEREIFRDS N, mdish
FNIWF 2, A E6MIZIEPEPB 1-3 5, & # %
LAZREMIFBO N, F213, EERsLU
ZRIOPEPBOERIAMBERLALOTH S,
2nos | EEMAER TS 2HOWRIEKMDE L, Lewis
B LU Harris* A L2 1- 20 B RICIEHIC
S THEN, E5121- 3y HRBIE, [EES
AT2197 Aok A SR hicileh 7= 1- 3 #I B 12 Pk
TA53&I1Bbh3. AEBFLIUHAS I, ZHE
T ook #1070 A1z PEPB 1- 2 #8814 2 {5l 8§
HLTWwa, 40 mMdEZ2ATIlE, PEPB1-3#%
BWE, 23 Zhick{laboix, ZhETHK
TRB|EshTwEY, SAROMETIE, cho 2f
HOZEREFIOWTRANAMHEAOERBELT-T
BH, 2602 EREIVTRY, WIEHD
HHZEHFMERENT WS, 1- 3y B 3
2T FER ICLEREIHmBE N, B3
DETIE, THIAOEELZG LA TELP21H
FONRY—VIIEETH- 1. THEDFEREE?2
CEHL, FERRIS>WTOFKRFAETHSNA
B s VERRMEER 2 (LRT.

Phosphohexose Isomerase
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BFET, SHHMORL - LEBAKNNE T T 2ER
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Figure 2. Starch gel electrophoresis patterns obtained during family studies of

the peptidase B variants. A. Peptidase B type 1-3grg - wells 1 & 6, normal

controls;, wells i ic iI two sons showing the normal PEPB pattern; well 3,
e

propositus (MF

propositus. B. Peptidase B type 1-2NGS

showing the variant pattern; well 4, daughter of the
1 wells 1 & 5, normal controls; well 2,

propositus (MF - wells 3 & 4, two sons of propositus showing the variant

pattern.

[ 2. Peptidase B 2 F1ED % 5 TR MBSy VESRKME. A, Peptidase

Bl-3yp  %: AHEB1ILU6, EMLHBE; KE@2LL0s, |
PEPB (& 51 2 A0 B MEH#3 EEREERTEEE (MF ERER
4 FEEEOR. B, Peptidase B 1- 2yqq B BUEHE L &k 075, IEH & 6

s i

) .

iy Bk 2 mwm«w-; KEEIF LU 41T, BEEO2AORTT

ERERETT.

variants, comprising five distinct electrophoretic
types. The patterns of two additional persons
could not be typed. The most commonly
encountered variant, designated PHI 1-4yp o,
is electrophoretically similar to the type 1-4
first reported by Detter et al® in two of 441
samples from Thailand. We have seen 26
examples of the l-4yp | phenotype in our
survey, 11 from Hiroshima and 15 from
Nagasaki. The genetic transmission of the
4yr ¢ Vvariant was confirmed in 12 of 19
limited family studies; these 19 family studies
are summarized in Table 2. An electrophoretic
comparison of this and the other PHI variants
encountered in this study is shown in Figure 3,
and summarized in Table 3. We have also
detected, in a single individual from Hiroshima,
a phenotypic pattern which we have designated
1-341r - The mobility and intensity pattern of
this variant are indistinguishable from a standard

RAfBHEZR0 2. HOREOTEEVLON
fiiz2fibd-7. b 2{BOLLNLLDIEPH
1-dyp  ERELAERKETH -2, Thid
Detter 5 2 %% 4 EI1Z4 175 44l AD P 2 A L2
BRL, MO THELAL- 4 B EBRKME M
LTWwa, AAOWMETIE, 1-dyg, PEHBE
2610 (5 1110, FW156E) EDTwns. RS NAH
MOFEEBAELTHNAZ19H0 I 5 1200 T 4y
FREOWMEMEAER s N, 261940 5 kN
FIZoWTEE2ZEHLA, ZTOERKEFRE
TiWH 7O o PHI 25 42 i 0 W Aok ) {§ & thlk L
TE3IZRL, MEHEEERICEHLA. BEBOD
11z, 1-3yg ¢ @BLARRBLHREL TV,
COEREKOBME L L CIEED/YY — 1%, Dr.
Eloise Giblett 7 5 & fit & 41 7= i PHI 1- 38 &



RERF TR 6-76

PHI type 1-3 provided by Dr. Eloise Giblett. A
limited family study confirmed the genetic )
nature of this variant (Table 2. *L, & a)ﬁiﬁi’ HC(D\I&.{I\VL #H&ﬁ’:} shi=( 2( 2.)

RgTA2h%v, [RohAHBEOFKENELITH

TABLE 2 SUMMARY OF THE FAMILY STUDIES FOR THE RARE ELECTROPHORETIC VARIANTS
OF ICDg, PEPA, PEPB, AND PHI

#2 FNLGBERIKMERMKICDg, PEPA, PEPB LU PHL 125w T O ¥ EEE O B

Family Studies

System Variant City Propositus  Sex
MF No. Mother Father Sibs Children
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Furthermore, we have seen three examples, all
from Nagasaki, of a variant, designated 1-25Gs 1>
which has an electrophoretic pattern similar to
the type 1-2 first reported by Detter et al®> ina
single sample of the 441 Thai bloods which they

examined. This pattern is shown in Figure 3
and the result of the single family study that was
possible is included in Table 2. In addition, we
have encountered three examples (2 in Hiroshima
and 1 in Nagasaki) of a variant which, when the
hemolysate is very fresh, has an electrophoretic
pattern resembling the type 1-5 phenotype
shown by Detter et al.> However, our variant
has properties which may distinguish it from the
previously reported PHI 1-5 type, and we shall
term this variant 1-5yyp . The genetic nature
of the variant has been confirmed in a family
study (Table 2). In their original report of the
PHI phenotypes, Detter et al®> noted that the
1-5 pattern seen in a fresh hemolysate was
difficult to distinguish from that usually seen in
the most frequent PHI 1 phenotype; the typical
PHI 1-5 pattern. appeared after 1 to 2 weeks of

Figure 3. Starch gel electrophoresis of the
phosphohexose isomerase variants showing the
effect of 2-mercaptoethanol. A. Without the
addition of 2-mercaptoethanol to the samples,
B. After the addition of 2-mercaptoethanol:
well I, normal PHI type 1 control; well 2,
1-2-like variant obtained from the Department
of Human Genetics, University of Michigan;
well 3, type 1-2NGgs i well 4, type 1-3
standard (see text); well 5, type 1-3grr 17
well 6, type 1-dgrp 1: well 7, type 1-5§Gs 1
well 8, type 1-5H1R |.

3. Phosphohexose isomerase 25 5 (40 B f54 L
WRAMBIHTE, 2-A08 7 bz sy /=1
NDEE. A Bkiz2-ALH Ty /-0
EMAZVHE. B, 2-ALAFhny /-0
A G KRB, %4 PHL 1% &0

BAFUAL- 2 BRI WHK3, 1- 2ys
B M4, 1-3EEIEE R A MBM);
WEBS, 1-34p , B REHB6, 1-4,,,

B OWEHET, 1-5yeg, B MEHES, 1-

Spir 1 2

LlEdiz a1z, RFETIE, Detter 52 A7 441A D
FABEANIIHT 3WET, 1HECZHNH TR TH
BUa1- 2B e S UABARKMIE LR 1- 2465,
ZREIFEVT R REOMERIZRD -, 20
My — VIR ILmeh, EfTEL1H0FER
HEOHRER2ZIZRIATVWS, 8512, ALK
EHWIZHEETH 2B G101, BAGKI & H Detter
SEARULA -5 ERM LM+ 3 RE & 34
(IR 24, BW1H)EBOTwE, LAL, AHFE
TERO TR IZIE, aiciEshs PHI 1- 58
ERBITE3HMEANHD, ZOBBEE 1- 5y, &
WHT S, TOEREIBVIEEOLOTHZ 2 L1
FHRMETHR N TNS (£2). Detter 5 2 (3,

PHI 2B 2T 3 {RIOMEHWT, 1-58 L
WL ERGERELEDEPT, AR £

CRWens PHI 1 #B|E E O AREETH 2 &
LTw5, MmuEgys PHI 1-5/54% — 12 1-2 @R
REORIZED SN LBRTVEFEEOHEIL
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TABLE 3 SUMMARY OF PHOSPHOHEXOSE ISOMERASE VARIANTS
IN HIROSHIMA AND NAGASAKI

#£3 LEBBLIUEWIZH TS phosphohexose isomerase TRFDEH

Type Hiroshima Nagasaki Combined

1 2637 1355 3992
1-2nGs 1 0 3 3
1-341R 1 1 0 1
140R 1 11 15 26
1-5nGs 1 0 2 2
1-StR 1 2 1 3
No types* 2 0 2
Total 2653 1376 4029

*These samples gave patterns which stained too weakly to be typed

accurately,

IHEOMABATRLEAY - 213, REFHTETERATORENTEL 1.

storage at an unspecified temperature. They
were able to reverse this storage-dependent
change in electrophoretic pattern by the addition
of 2-mercaptoethanol to the sample. Hopkinson'®
has also reported detailed experiments which
show that the PHI 1-5 pattern can be generated
by the reaction of oxidized glutathione with a
free sulphydryl group in the variant through the
formation of a disulfide bond.

Our three samples, exhibiting the PHI 1-5-like
phenotypic pattern when a fresh hemolysate is
used, also demonstrate an aging affect; after
storage the pattern closely resembles the PHI
1-6 pattern reported by Detter et al.> Storage
of the sample for 1 to 2 weeks at 4C is sufficient
to produce the effect. This storage-generated
1-6 pattern can be restored to the original
1-5-like pattern by treatment of the sample with
0.02M 2-mercaptoethanol, as shown in Figure 3.
Following the argument of Hopkinson'® this
suggests that, in this variant, a positively charged
amino acid has been replaced by a cysteine, and
that the 1-6 pattern arises from the reaction of
that cysteine with oxidized glutathione in a
manner analogous to the PHI 1-5 reported by
Detter et al. The effect of this would be to give
the variant molecule a negative charge increase
relative to the normal molecule. This proposal is
completely consistent with the starch gel
patterns shown in Figure 3. Ishimoto & Kuwata'”
have recently reported a single example of a
PHI variant which shows the same pattern and
behavior towards thiol reagents as 1-5yp 4, and
we presume it to be the same variant. Regrettably

Bu, fES1E, B 2-ANA Ty /- Nk i
My 3212V RFICZE - TEL 2Tk
RHBEAREORIZE Y2 L AT & /2. Hopkinson '
b, FERADOWEME sulphydryl BEAFLT L8 F 4
ERIE LT disulfide 2EA7EM T 5224124k, PHI
1-5 R (AR AR U3 2 L S 3MIZ B L TR

LT3,

FHEEO I BERHMELBELELZ BV ABEGCLE
MO PHI 1- 5 MBRBOGERT A, ORI,
E5IZEMIZE->THEILL A, ¥4 b5 Detter? 5
AEHELAPHL 1-6/%8 — oIk R %
T LIk, COFBICLABEIHEL 4T
T1—2BMEFT 2 TEHbAS. Z0lFEIC
koTHhUEL1-6/84—213, BiE%0.02M 2 —
AWHAT b2y /) —NTHRETZE, MIIZKELT
HAEIICRMD1I-58 8y — vz 4L
T& 5. Iz~ /= Hopkinson' A HEEIZ &k - T
rEERE, COERGBAEHTAE, oz,
COEREBTIHBEIIWE LTI/ BA AT
L@ ENTED, TOY A5 »H Detter 5 2
WELAPHL 1-5THULAREBEREE D 12, B
TNy F4 v ERIGLT, 1-6287 -3
ZEETRELTWASE., ZOEILTI/ BBERYL S
EERBOGFIFERO ST &0 R K
THI LIS, COLIBERAIE, H3l12&5h0
LSBTV EEEII—FL TWS, #iF, Ishimoto
HLU Kawata 7 13, F4— VR IH L T1- 5y,
tRUCEIEZEBL, BLEI2BoEETT
PHIZZ£#F % 1S LTHn, M4k, 2hz
1-5yp, ERAICERETHELELS. BITH( 2-
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it is not known what the effect of reducing
agents might be on the original sample Detter
et al designated as a type 1-6.

Finally, two individuals, both from Nagasaki,
showed a PHI gel pattern essential identical to
the 1-4pyqp | discussed above. However, further
experimentation revealed this pattern occurred
only in the absence of 2-mercaptoethanol; when
2-mercaptoethanol was added to the hemolysate
there was a considerable difference in the
subsequent electrophoretic behavior of the two
Nagasaki samples relative to the other 1-4yp |
samples. These differences are clearly illustrated
in Figure 3 where it is shown that the pattern in
these two samples reverts to a normal type 1
pattern in the presence of thiol while the
l-411r | Ppattern remains unaltered. Based on
the electrophoretic shift in the present of the
reducing agent we have designated this variant
type as 1-5ygg ;. During such comparisons
only fresh samples were employed in making
this distinction between the 4y 1 and
1-5nGg 1 patterns since we have observed that
hemolysates  which initially showed the
shifting of the patterns failed to respond to
reducing agent following long-term storage.

The occurrence of PHI variants has been
reported in a number of studies of Japanese
populations, but their distribution seems
variable.® Ishimoto et al® have reported
results from the screening of 526 hospital
outpatients in Hiroshima. They observed six
examples of a phenotype resembling the PHI 1-4
and two cases resembling the PHI 1-6. It would
be of interest to determine the effect of reducing
reagents on this reported 1-6 pattern; no pattern
resembling the PHI 1-3 phenotype was en-
countered. Ishimoto & Kuwata'®'® have also
reported the presence of the PHI 1-4 and the
absence of the PHI “1-3 in Nagasaki and
Kagoshima Prefectures.

The limited data available suggest some local
differences in the frequency of occurrence of
rare PHI phenotypes in Japan. A phenotype
similar to the PHI 1-4 is seen in Kyushu and
southern Honshu, but not the PHI 1-3 type.” 118
The PHI 1-3 and 1-4 phenotypes appear together
in populations from central Honshu,'*'”! and
the PHI 1-3, but dot the 1-4, phenotype is seen
in northern Honshu.?°

The PHI 1-2 phenotype seems to be very rare in

10

ANAT Ty /=) H, Detter & A HE#Iz1- 6%
EWALEBRIIL T2 3HEL RITT 21
ELEPLSAHETH 5,

Bz, W FRLEBTHES LA 20T, Mido
-4y & Z<FAMA KM &BEY L EizRT

LOFBoI, LAL, SS5UIEBEELRLLDS
MRy —2iE, 2-ANAT IS/ — NP h i

BIDBELE LA DONA, ThbHL, 2-
ANAT VLS 2 — V& FEMTICMA TR E TS5 &,
IS 2O EWSSOMEEEOMD 1- 4., O
BREICHNTIHECREZ--BE2R LA, 20
WIZDWTIER3 2 RNWEMG 2 Th 3. T46hb,
IO REOBETIE, FA-LREN S 2 &
EHOIRRIIES S, 2000 1-4,5 DB
ZibL v, BTHI 35612, 2oL 12ER
PRI A ENTE2EEEIT, COFBREME 1-
Snes1 EWE LA |WIE, BEFICLE-TESKX
g2 ZEALL 72 1- Sygs o A ML A 5 HE 0 B3 i %
ICEEBTHIZHLTHE LB o2 2 MEBLT
WBDT, l-dyp & 1-Sygs XT3 2012
(B3 e RO AR

PHI DERMEE, 2E TN A2 DHFAE
MM+ 28WES THEEATVWEY, 20561
— T3 4w, Ishimoto 5° (3, KB & 11 5 Wl
IR BES OB EMER L HEE LTS, 15514,
PHI 1- 4 iFi{M+ 5 BB 6 & PHI 1- 6125l
TAH2HEMBEL L. EshAEzZDl-6/8—2
RIETETAOMBLEWMRLZ L IFB KOS 3 2
L THB., PHI 1-3RBEIZHMT /59— 1
B e NGH»os. Ishimoto & K U Kuwata® ' |4,
BB L UCERBRICIE, PHL 1-4138H 6 Rk
HPHI 1-3dBO s hhhohl b MEL TS,

AFLERBEAALENDS, BHRIZBIE22HL
PHI ZEA O REHEE 213, w s r0mEED &
B EAFRBEENS. M E L CARMNELE T PHI
1-4 123+ 2 XA FRO SN, PHI 1-3
o8z atoREHLATVE Y. EHM
PR oERATIE, PHL 1-3& 1-4 FERA A 4L
HEN DA, kWIS TIE PHI 1- 304 T,
1-4lE&H 5w, 2

PHI 1- 2 RBEBITEAALEFATIEI IS EhE LT



Japanese populations, having been seen in only
two other studies.!®!” Shinoda & Matsunaga?!
have also reported an unusual phenotype which
they designated 6-1J, but its behavior upon
treatment with 2-mercaptoethanol seems to
distinguish it from the 1-541r 1 type described
here. Other reports of the 1-5-like phenotype in
Japan are available, but with the exception of
the case reported by Ishimoto & Kuwata,'” the
effect of treatment with 2-mercaptoethanol on
pattern alteration has not been described.

DISCUSSION

We have presented data on the occurrence of 49
examples of rare electrophoretic variants of four
erythrocyte enzymes in a survey of 4029
individuals from Hiroshima and Nagasaki, Japan.
Perhaps the most interesting aspect of this
report is the occurrence of 35 variants of 5
distinct types in the PHI system. One of these
types, an unusual PHI 1-5-like variant, presumably
was previously seen in a single individual by
I[shimoto & Kuwata.!” It has properties which
seem to distinguish it from the PHI 1-6 originally
encountered in a single Negro individual by
Detter et al.? In fresh samples this variant,
designated 5¢yg , has an electrophoretic pattern
similar to the previously reported PHI 1-5, and
the 1-6-like pattern appears only after storage.
A recent review has summarized the rather
widespread occurrence of PHI 1-5-like pheno-
types in Japanese populations; in some of these
populations the PHI 1-6 phenotype was also
observed.® In order to gain a clear understanding
of the distribution of the unusual 1-5 type
variants, it is of great importance to determine
the response to storage in the presence and
absence of reducing agent prior to electro-
phoresis.

The distribution of PHI variants in Asia and
Oceania has been discussed by Omoto & Blake??
and in Micronesia by Blake et al*® and Neel
et al.?  The reported results suggest that the
PHI 1-4 phenotype may be widespread among
Mongoloid populations, but is absent in neighbor-
ing Asian and in Micronesian populations. Qur
findings of 26 cases of a PHI 1-4-like phenotype
in 4029 individuals substantiates the widespread
occurrence of this phenotype in the Japanese.
This work and the reports of others suggests an
uneven distribution of the PHI 1-4 and 1-3
types within the Japanese Islands.
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L0, EHrDZo0RAECVTTERDEAT VS M
T# 4. Shinoda & Matsunaga? 12, 6-1J & % fi
H‘f:?f?h")ﬂ@ﬁﬁﬂ%%E%LTb‘éﬁﬂ 2-4 1
AT LY /=Nt BRI & 5 TRETH®
N7 1 S R ERNTEBEITHS. ErIh
HARIZEWT 1- 582 2 BRI 5 3@

& % A, Ishimoto # & U° Kuwata'? 773 4 L /- (5] %
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REIETHEE Iz LWTHENSR T VAL,
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FRTIERG & L U RGO 84402 A1220T
AT,

%)
4O FRMERBEROERHN Fo: h 2
EREEZGHAOPED R F— s 4 5%HE L . FEE
PTRLBIRREC S, 5% 5<, PHLIZHES 22
B 5MPEOERGLIBMADLZETHS I
CNSDERBO 1, MO 1-5F L 1RE 3
1-58IT, ZNeERMUBMOERESE Ishimoto & L
U Kuwata A LIRTIZ 1IAGEBD A E53ThH2. 20
PEEL 1%, Detter 52 A 1 AOB AR E 22D ~
PHI 1- 6L BE%5XIThH3. Syp,e@mtansk
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LEa—%2kas, PHL 1-5 o HERIHAF A
WEHAPIZAZNESROENELITHE. Zh5
DEMO—HZE, PHL 1- 6 HHEE S 5 hs,

IO E L RE D 1-5RIOTRED S & HiE:
BT s, MFzEGFELAZEILLZESR
W EOELE, BRMOSEIEELLVE A
DVTRHANRZZ A ELOTIHETH 3.

PHIZEAEO SR IZo>nTid, 7V 7 H LU REN
TIld, Omoto & Blake®* #%, ¥~ 37043 7Tlk
Blake 5% & &k 1 Neel 5% 4, Th FhBRiLT
W3, iEFEsnERIzLNE, PHI 1- 4 EHB L
FHREFATHECEDENSZH, 2h sz
HEHLZMO 7TV T ALY I 70437 AIZIESS
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Although variants of ICDg, PEPA, and PEPB
were also encountered in this study, they were
significantly less frequent than PHI variants.
Among these variants, those of PEPB were more
frequent. However, there are only a few
preliminary reports of variation in the peptidase
system in the Japanese. This study and the work
of others suggests that none of the loci determin-
ing red cell peptidase in the Japanese are
polymorphic. Thus, this PEPB variant may be
widespread, though at a low frequency, through-
out Japan.

FHATIE, ICDg, PEPA £ LU PEPBOZ Rkt
RO LNTVAEA, FN6OMHEIL PHI 28R (k048
EEINLEBIILE oA, ChEOTREDS &
T, PEPBOLOA b £ -0, LaL, AEA
[Z#&1(7 % Peptidase DT ERKizownTlE, =, =@
THRMESEFE 212 &840, KEZTLEH»ORAE
b, HAEADOFHMER peptidase % 5 + 3 FE {7 (2,
FUTH 2V LEFRET S, LANF-T, 20
PEPB ZERMFIZHE LW Eb AR SE I H i
BB o2 0THEME D S 5.
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