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THE FIRST INSTANCE OF HEMOGLOBIN E IN A JAPANESE FAMILY
BAARRICAEWEEhZDIAEBRHNOATIOEVE

SUSUMU SHIBATA, M.D. ( %M # ); IWAO IUCHI, M.D. ( #P%&EF* ); HOWARD B. HAMILTON, M.D.;

in collaboration with ZEFEFEH

INTRODUCTION

The prevalence of hemoglobinopathies is well
known in the countries of Southeast Asia.
Hemoglobin E is the most common abnormality,
occurring fairly frequently in Burma and
Thailand, and less so in Malaya, Indonesia,
the Philippines and Formosa. 1In the former
two countries the trait is often seen in
combination with thalassemia.l 1In Japan more
than 120,000 people have been examined for
hemoglobinopathies, and by these surveys as
many as 20 kinds of abnormal hemoglobins,2 as
well as thalassemia minor3 have been discover-
ed. However, until recently, not a single
case of hemoglobin E had been reported
in Japan.

METHOD AND RESULTS

In October 1963 a survey for hemoglobino-
pathies in the Nagasaki area of Kyushu was
begun. Over a ly-month interval, about 2000
blood samples were collected from Japanese
inhabitants in and around that city who are
participants in the ABCC-JNIH Adult Health
Study. In one of these samples a slow-moving
hemoglobin was found which was subsequently
demonstrated in the blood of several members
of the proband’s family. This hemoglobin was
studied in detail chemically and its identity
with hemoglobin E was established.

KICHIRO AMAMOTO, M.D. (KAFHFER)
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The proband, a 33-year-ald apparently
healthy man, showed no abnormality on routine
hematological tests. Agar gel electrophoresis
(PH 8.6)% of his blood hemolysate yielded two
hemoglobin bands, Hb A and a slow-moving
component whose migration was similar to Hb A
or Hb E (Figure 1). The slow-moving hemoglohin
could be easily separated electrophoretically
(either by agar gel, paper, starch gel or by a
starch block method)5.6 from Hb A in an
alkaline medium, but was difficult to separate
from the latter on the cathode side in a
neutral or acid medium. It followed Hb A on
Amberlite IRC 50,7 or carboxymethylcellulose8
column chromatography. Singer’s test9 for Hb
F was within normal limits (0.66%); the
sclubility of reduced hemoglobin3 was also
normal (101%). The content of abnormal
hemoglobin in the hemolysate was 24% in the
proband, with variation from 22% to 27% in the
other family members.

Hybridization test and urea dissociation
paper electrophoresisll of the abnormal
hemoglobin purified by starch block electro-
phoresis showed a §-chain anomaly (Figure 2).
In accordance with this finding, a fingerprint
mapl2 of the tryptic digest of the globin
showed the absence of spot No. 26 (8 Tp-3)!3
and the presence of two abnormal spots, namely,
spot "a" lying to the anode side of, and below
the position of spot 23, and spot "h' situated
in the center of a triangular area circum-
scribed by spots 15-16, 18 and 19 (Figure 3).
Spot bt was always clearly delineated, being
isolated from those surrounding it, but spot
"an fell partially on spot 23 on Ingram’s
fingerprint technique, 12 and could be complete-
ly dissociated from the latter only by
Baglioni's fingerprint method.13 Accordingly,
the peptides of spot "an and spot thu,
collected from Baglioni’s and Ingram's
fingerprints, respectively, were subjected to
acid hydrolysis and their amino acid composi-
tion was determined.

One dimensional high voltage paper electro-
phoresis and Brenner's silicate thin-layer
chromatographyl4 of the acid hydrolysate of
spot "a" peptide disclosed the presence of
Asp, Glu, Val, Gly, and Lys; no other amino
acid was demonstrated. Spot nbu peptide
consisted of Leu, Ala, Gly and Arg, exclusive-
ly (Figure 4); the presence of Arg was
confirmed by 8-hydroxyquinoline test.15
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DISCUSSION

From the results of the chemical analysis
described above, it was concluded that the
slow-moving hemoglobin has a B-chain anomaly
directly related to an amino acid substitution
in the third tryptic peptide (3 Tp-3).

Comparison of the amino acid composition of
smt"b"pwtﬁe(ﬂa,Lw.Gh,amng)wuh
the amino acid sequence of the normal B8 Tp-3
(Val-AspNHz-ValoAsp-Glu-Val-Gly-Gly-Glu-Ala-
Leu-Gly-Arg)l6 shows that this peptide
corresponds to the tail-end of 8 Tp-3, which
is composed of the 27th through the 30th
residues. In addition, it seems likely that
spot "al peptide is a fragment of 3 Tp-3 made
of the 18th-25th amino acid residues with Lys
attached at its tail end, since the "a"peptide
possesses only those amino acids necessary to
make up this fragment (Val-AspNH, - Val-Asp-
Glu* Val' Gly* Gly) plus Lys. These findings are
summarized in Table 1,

£ B

LREDOEGHOER S S, & D EREnEREL,
BRRBEHL, CAHERLI3BBD LY 75 24
BATFF (BTo—3) OT I/ BEBLEMELS 2 =
ERMLITHE.

%ﬁbNT%FﬂTi/ﬁmﬁ{Mme, Gly
H&UAW)&EﬁﬁTw—WT?i/&EﬂKWLAth
Val-ASp-Glu-\/'al'Gly-G!y-Glu-A]a-Leu-G]_\,r-I’xrg)'E %
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TABLE 1 COMPARISON OF AMINO ACID RESIDUES IN NORMAL PEPTIDE 8 Tp-3
AND PEPTIDES OF SPOTS "a'! AND "pt
#*1 Eﬁ&ﬁm—3&¢+kkﬁﬁaﬁiwb&T+F
IR AT I /Bl

Amino Acid Number
T RS 18 19 20 .21

Normal 8 Tp-3

£

Spot a + + + +
HE

Spet b

B g
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23 24 25 26 27 28 29 30

\’al'AspNHz-Val-Asp-Glu-VaL Gly-Gly .Glu-Ala -Leu-Gly-Arg

+ + + Lys(+)

It is evident from this table that, if Lys
is substituted for Glu (26), the resultant
abnormal 8 Tp-3 could give rise to two peptide
fragments corresponding to the spot mat and
spot "bt peptides on tryptic digestion, since
by this treatment a longer peptide composed of
these two fragments would be split at the site
of lysine, exposing its C terminal. No other
conceivable substitution is consistent with
the formation of the peptides of spot tat and
"b". Tt is therefore concluded that in the
B-chain of this slow-moving hemoglobin, Lys is
substituted for Glu (26), and the hemoglobin
may be expressed by the formula agﬁgéLYs,

which corresponds exactly with the formula for
Hb E established by Hunt and Ingram (1959).17
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Since separation of Hb E from Hb A2 in the
hemolysate is difficult, contamination of
purified b E with Hb A2 may occasionally take
place, and on a fingerprint map the spot man
peptide may be mixed with No. 26 peptide
(8Tp-3) of Hb Ag. In our experiment, however,
this possibility was excluded, because Ala,
which characterizes the head fragment (Nos.
18-25) of $Tp-3,18 but is absent from 3 Tp-3,
was not demonstrable in the acid hydrolysate
of spot ma". The absence of Ala also contra-
dicts the likelihood of a 5-chain anomaly for
this hemoglobin. Spot "b" is characteristic
of Hb E. A few years ago, a slow-moving
hemoglobin closely resembling Hb E was
discovered in Kyushu and named Hb Miyada. The
chemistry of this hemoglobin, however, seems
to be different from that of Hb E.19

The pedigree of this family is shown in
Figure 5. For the last three generations all
individuals in the kindred have lived in the
Nagasaki area but the possibility of earlier
non-Japanese ancestry cannot be excluded,
particularly in view of the fact that Nagasaki
was open to foreign trade for several
centuries in the past.20 The discovery of
additional instances of hemoglobin E would
lend support to the introduction of the trait
from elsewhere in Southeast Asia. However the
possibility of an independent mutation cannot
be definitely excluded at this point, though
the probability of such an event seems
unlikely. 2l For the present no clear choice
can be made between this latter explaration
and that favoring introduction of the gene
into Japan in the remote past.
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SUMMARY *

In a survey for hemoglobinopathies in
Nagasaki, Japan four members in two generations
of a Japanese family were found to have an
abnormal hemoglobin, which on detailed chemical
analyses was demonstrated to be hemoglobin E.

The question of prior introduction of the
gene into Japan from Southeast Asia versus
independent mutation is briefly discussed.
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