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Abstract Two new cases of Hb Hirose, 37 (C3) Trp—Ser, are reported. Hemoglobin
Hirose exhibits unusual electric properties, a high oxygen affinity and slightly increased
rates of autooxidation, heat denaturation and precipitation on mechanical shaking. These
unique properties of Hb Hirose seem to depend on the abnormal manner of association of
the aberrant § subunit with the « subunit and on the enhanced tendency to dissociate into
subunits. In spite of the abnormal functional properties and the molecular instability of the
hemoglobin, none of the carriers of Hb Hirose reported so far (only four unrelated Japanese
in the world) manifested erythrocytosis or a hemolytic disorder, presumably because the dis-
sociation into subunit is prevented iz vivo by the very high hemoglobin concentration in

the red blood cell.

Key Word: Abnormal hemoglobin

Introduction

Human hemoglobin is a tetramer consist-
ing of two @ and two B subunits. The
subunits are non-covalently bound chiefly by
van der Waals forces and hydrogen bonds
between complementary surfaces and by a
small number of salt bidges. Each subunit
has two complementary phases against the
unlike subunit, one extensive and the other
rather limited, and it combines firmly with
one unlike subunit (e;-$1, or a;-f- interface)
and loosely with another (ai~f: or as—f
interface) in constructing a tetramer. This

tetrameric structure is the major source of
the stability and reasonably low oxygen af-
fity of the hemoglobin molecule.
Hemoglobin Hirose or 37 (C3) Trp—Ser
is one of several abnormal hemoglobins with
a marked tendency to dissociate into af
dimers. This unique hemoglobin was first
identified by Yamaoka a decade ago".
Fujita? characterized it as a high oxygen
affinity variant, and detailed physico-chemi-
cal studies by Sasaki et al® disclosed that
its unusual functional properties depended
entirely, or almost entirely, on the markedly
enhanced rate of dissociation into subunits.
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In spite of the very high oxygen affinity in
vitro, decreased subunit cooperativity and
alkaline Bohr effet, carriers of the hemoglo-
bin did not manifest erythrocytosis. This
apparent paradox was explained by the fact
that the oxygen affinity of Hb Hirose depe-
nded much more on hemoglobin concent-
ration than that of Hb A. Recent clinical
investigation on the physiological implication
of this hemoglobin by Imamura et a/® de-
monstrated its efficient oxygen transport in
Viv0.

Only two unrelated Japanese carriers of
Hb Hirose have been reported in the world.
We add here two apparently unrelated cases
of heterozygosity for Hb Hirose. Stability of
the hemoglobin is studied from various as-
pects.

Materials and Methods

The abnormal hemoglobin was discovered during
random surveys of patients either by agar gel el-
ectrophoresis (pH 8.6 and 7.0)® or by starch gel
electrophoresis (pH 8. 6)%. Clinical observations of
the first and the second cases were performed in
Shimane Prefecture Central Hospital and Yamagu-
chi University Hospital, respectively, according to
their routine methods.

Hemoglobin fractions were quantitated by cellu-
lose acetate membrane electrophoresis (pH 8.6)".
Level of Hb F was determined by alkali denatura-
tion of cyanmethemoglobin®. The hemolysates were
studied by following stability tests: isopropanol
test”, qualitative heat precipitation test at 50°C'®,
quantitative observation of heat denaturation at 50
and 60°C'”’ and p-chloromercuribenzoic acid (PC-
MB) treatment'®’. Mechanical instability was studi-
ed by means of Hemoshake (TCS)'® on the puri-
fied hemoglobins. Heinz body formation test was
by the method of Beutler et al'*’. Subunit dissocia-
tion was studied by equilibrium gel filtration on
Sephadex G-75"’. The abnormal hemoglobin was
purified either by DEAE-cellulose column chroma-
tography'® or by the cellulose acetate membrane
electrophoresis.

Chain anomaly was studied by PCMB method!”
and by hybridization with canine hemoglobin'®.
Globin chains were isolated by urea CM-cellulose

column chromatography'®. The B chains were di-
gested with trypsin and studied by filterpaper
fingerprinting?®’. Tryptophan was detected by spe-
cific staining of fingerprints with Ehrlich’s aldehy-
de reagent. For a large scale preparation of BT4,
the soluble tryptic peptides from the 8 chain were
fractionated by Sephadex G-25 gel filtration?"’ and
the relevant fractions were further subjected to
fingerprinting. Beta T4 was digested with constant
boiling HCl for 20 h at 105°C, and the amino
acid composition was determined by an automated
amino acid analyzer. :

Results

Case Report

The first case was discovered in Septem-
ber 1970, during a survey by agar gel elec-
trophoresis at Shimane Prefecture Central
Hospital, in a 51-year-old Japanese woman
who was suffering from a psychiatric disease.
She had no known relatives. The second
was a 64-year-old Japanese woman (discov-
ered in a survey by starch gel electrophore-
sis at Yamaguchi University Hospital in
October 1979) who underwent total hysterec-
tomy for the treatment of prolapsus uteri
with cystocele and rectocele. Although she had

Table 1| Hematological Data of the Propositi and
the Normal Daughter of Case 2.

1 Case 1 l Case 2 1Daughter

RBC x10"%/1| 4.32 4.55 4.65
VPRC 1/1 0. 420 0.386( 0.399
Hb g/dl 13.5 12.7 13.4
MCV fl 89. 6 87.9 85.8
MCH pg nd | 28.5 | 28.8
MCHC g/dl 31.7 32.7 33.6
Reticulocyte % nd 1.8 0.6
WBC X10°/1 8.2 9.5 5.8
Thrombocyte /10 OIF | 78 288 196
Total bilirubin mg/dl {normal*| 0.5 | normal*

Each value is the median of several determina-
tions.

OIF: oil immersion field. nd: not determined.

* Jcteric index, 3 to 4.
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had five children and one still birth, only
one daughter was alive and she did not
inherit the variant hemoglobin. The two
propositi had never had any hematologic
problems. They were neither anemic nor
erythremic (Table 1), and were free from
clinical and laboratory evidence of accelerat-
ed hemolysis. Both showed a slight aniso-
poikilocytosis with mild ovalocytosis. Results
of routine chemical analyses of serum were
also within normal ranges. An. abnormal,
slow-moving hemoglobin comprised 37.7 and
37.8% of total hemoglobin in the first and

the second cases, respectively; Hb A, 2.6
and 2.8 %; Hb F, 1.1 and 0.6%.

Electric Property
Starch gel electrophoresis (pH 8.6) of the

hemolysates revealed a major abnormal band
migrating intermediate between Hb A and
Hb G (Fig. 1). A minor abnormal band,
which is usually accompanied by an & chain
abnormal hemoglobin, was absent. The ab-
normal band separated also in agar gel and.
cellulose acetate membrane electrophoresis
at pH 8.6. The abnormal hemoglobin was
retarded like Hb S in agar gel electrophore-
sis at pH 7.0. The abnormal hemoglobin
eluted from the DEAE-cellulose column just
in front of Hb A.

An attempt to establish the chain anomaly
by starch gel electrophoresis of the PCMB
treated hemoglobin was unsuccessful because
both a and § subunits showed normal mo-
bilities. Hybridization of the abnormal hemo-
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Fig. 1 Schematic drawing of the starch gel electrophoretograms (pH 8. 6). The samples were applied
on the line at the bottom .and run towards the anode (top).

Columns 1-4 and 9: hemolysates. 1. Normal adult. A: Hb A. A;: Hb A.. (Hb A,, or Hb A3, is omitted.).
2. Carrier of Hb Shimonoseki (a54 Gln—Arg). There is a minor abnormal band behind Hb A:. 3. Carrier
of Hb G Coushatta (822 Glu—Ala). 4. and 9. Carrier of the abnormal hemoglobin in question.

Columns 5 and 6: hybrids between human and canine hemoglobins.

5. Hb A (A) vis canine Hb ().

6. Purified abnormal hemoglobin (X) .vis canine Hb. «/: qetarinegyhuman 7. g,humangycanine,

Columns 7 and 8: PCMB treated hemoglobins. 7. Purified abnormal hemoglobin. 8. Hb A. @, 8 and
d: a, B, and § subunit, respectively, with p-mercuribenzoic acid attached to all cysteinyl residues. The
bands for the molecules containing the abnormal subunit (8%) are indicated by hatched lines.



24 Ohba et al.

globin with canine hemoglobin revealed, in an abnormal manner.
however, that the hybrid consisting of the
canine « subunits and the B subunits of the
abnormal hemoglobin (a;**"8;X)was slower
than the one consisting of the canine « and
the normal human g subunits (a:**"8:*) in
the starch gel electrophoresis (Fig. 1). It
was therefore concluded that the abnormal
B subunit (its homotetramer) carried the
same net electric charge as the normal S
subunit, but it rendered a slightly decreased
net negative charge to the heterotetramer The abnormal hemoglobin was eluted slo-
molecule because it combined with @ chains  wer than Hb A from the Sephadex G-75

Absorption Spectrum

The purified abnormal hemoglobin had a
normal visible absorption spectrum in the
oxygenated form, while it appeared to autoo-
xidize into methemoglobin slightly faster than
normal. It had unusually low ultraviolet ab-

sorption arround 275 nm and at 290 nm (the
tryptophan notch).

Subunit Dissociation
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Fig. 2 Equilibrium gel filtration on Sephadex G-75. The column (1%X60 cm) was eluted by successive
changes of the eluent at a flow rate of 15 ml/h, and the effluent absorbance at 415 nm was continuously
recorded. When the eluent was switched from a 5 gM solution of oxyhemoglobin A in an isotonic,
phosphate buffered saline containing 0.02 M KCN at pH 7.2 (A) to a solution of the abnormal hemogl
obin of the same concentration (X), solution A equilibrated the column (the first plateau of absorbance
at 100 %) before solution X emerged. Since the average molecular size of the abnormal hemoglobin was
smaller than that of Hb A because of dissociation into subunits, the abnormal hemoglobin was eluted
slower than Hb A and a gap was formed between the preceeding Hb A and the following abnormal
hemoglobin (a deep, V-shaped, negative deflection of absorbance) before the column was equilibrated
with solution X (second plateau). When the order of the eluents was reveresed, i.e. switched from solu-
tion X to solution A, the leading front of Hb A ran over the tail of the abnormal hemoglobin, forming
an upward deflection.
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column, causing a deep downward deflection
of absorbance at the interface from Hb A to
the abnormal hemoglobin and a high upward
deflection at the interface from the abnorm-
al to Hb A (Fig. 2). The retention volume
of the abnormal hemoglobin (relative to
myoglobin as a reference) was less concen-
tration dependent than that of Hb A in
hemoglobin concentrations from 1 to 50 M
(as heme), suggesting that the abnormal
hemoglobin had already dissociated to near
maximum at 50 gM, while Hb A progressi-
vely dissociated as the concentration decre-
ased.

Stability

Stability of the hemoglobin was tested in
various ways because it appeared to autoo-
xidize somewhat faster than normal, although
there was no evidence for increased hemoly-
sis in vivo. The erythrocytes gave negative
results in the Heinz-body formation test. The
hemolysate gave negative results (or equivo-
cal at most) in the routine isopropanol and

qualitative heat precipitation tests. Quantita-
tive observations of heat denaturation, howe-
ver, uncovered a slightly increased lability
of the abnormal hemoglobin (Fig. 3). There
was no difference between the abnormal and
normal hemolysates in the denaturation rate
at 50°C until 45-min incubation, when au-
tooxidation started to proceed slightly faster
than normal. Precipitation started after 2-h
incubation, and approached 2 % of total
hemoglobin after 4 h, while it was negligible
in the control. Denaturation of the sample
was slightly faster than normal from the
start of incubation at 60°C. The shape of
the precipitation curve of the abnormal he-
molysate was closer to normal, however, than
expected for an unstable hemoglobin.
Treatment of the hemolysate (1 g/dl, pH
6.0) with 12-fold molar excess of PCMB
overnight under CO at 4°C produced a trace
amount of precipitate, which contained ap-
proximately equal amounts of o and S chai-
ns of normal mobility in urea polyacrylamide
gel electrophoresis at pH 9.8 and at pH 4.6

INCUBATION AT 50°C (min)

(%)

DENATURATION

AT 60°C
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Fig. 3 Heat denaturation of hemolysaye (1 mM heme-equivalent in 0.025 M Tris-HCI, pH 7.40). The
amount of precipitation was determined by subtracting the hemoglobin' concentration of the supernatant
(measured by a cyanmethemoglobin method) from the initial value. Autooxidation was expressed by the
sum of the amount of precipitate and that of methemoglobin in the supernatant. Solid line: abnormal

hemolysate. Broken line: control.
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The selective precipitation of the abnormal
subunit which is usual in unstable hemoglo-
bins was not revealed in this slightly unsta-
ble hemoglobin.

Mechanical shaking of the purified abnor-
mal hemoglobin (20-100 M cyanmethemo-
globin in 0.01 M tris buffer, pH 8.0) gave
a value for an apparent precipitation rate
constant, 1X1072/min (Hb A, 0.5x102).

Structure

Tryptic fingerprinting of the 8 chain from
the purified abnormal hemoglobin revealed
the feature reported by Yamaoka®: the ab-
normal spot for T4 with a smaller chroma-
tographic Rf value and with negative reac-
tion for tryptophan (Fig. 4).

The abnormal 8 chain did not separate
from the normal counterpart in the urea
CM-cellulose column chromatography of total

?~? % 3 . i >

globin from the unfractionated hemolysate.
Sephadex G-25 gel filtration of the soluble
tryptic peptides from the mixture of the two
B chains was characterized by reduction of
the absorption peak of T4 by almost a half
(Fig. 5). Fingerprinting of the relevant fr-
actions disclosed that the abnormal AT4,
which no longer had the high ultraviolet
absorption, had emerged together with ST13,
i.e. much faster than normal. Elution of T4
is retarded because of the high affinity of
its tryptophanyl residue to the gel matrix.
This would not be the case in the abnormal
BT 4 because it had lost the tryptophanyl
residue.

The amino acid composition of the abnor-
mal BT 4 after acid hydrolysis (Table 2)
agreed with that expected for ST 4 except
for the presence of a serine which was
absent in the normal control. Since tryptoph-

Fig. 4 Tryptic fingerprint of the abnormal (a) and normal (b) B chain. A vertical arrow

(a) points to the abnormal T4 and it also indicates the direction of movement from the
normal location. A horizontal arrow (b) points to the normal T4 which is faintly stained.
Electrophoresis: pyridine-acetic acid-water (500/20/4, 480, v/v, pH 6. 4), appr. 45 volts/cm,

90 min. The anode is to the right.

Chromatography: n-butanol-pyridine-acetic acid-water (90/60/18/72, v/v), ascending deve-

lopment from botom to top for 36 h.
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Fig. 5 Sephadex G-25 gel filtration of soluble tryptic peptides from the j chain.
The pH 6. 4 supernatant of tryptic digest from 15-20 mg B chain was loaded on an 1.8X145cm column
of Sephadex G-25 fine beads equilibrated with 0.2 M acetic acid. Flow rate, 30 ml/h.
Solid line: the total B chain containing appr. 38 % abnormal globin.

Broken line: normal 8 chain.

Light absorption at 280 nm in peaks 3, 4, 5 and 6 is due to a tyrosyl residue of 8T13, a tryptophanyl
of T2, a tryptophanyl (and a tyrosyl) of 8T4, and a tyrosyl in BT15, respectively.

an was not detectable by the specific stain-
ing and its absence was indicated by the
spectroscopic property and by the Sephadex
G-25 chromatogram, it was concluded that
the only tryptophan in AT4, namely at posi-
tion 37 of the B chain, had been substitut-
ed by serine. This abnormal hemoglobin is
therefore identical with Hb Hirose or £37
(C3) Trp—>Ser.

Discussion

Functional properties of Hb Hirose have
been studied in detail and correlated with

its enhanced tendency to dissociate into
subunits'™®. Oxygen equilibrium studies on
our cases by Hayashi and Kidoguchi and
by Iuchi and his associates (personal com-
munications) confirmed the previous results.
An oxygen equilibrium curve (OEC) of the
erythrocyte (pHe 7.4, 37°C)
revealed a slightly increased oxygen affinity
with a Pso value (the oxygen tension at 50%
saturation) of 23.0 mmHg (control, 25.1)
and subnormal intersubunit cooperation
(decreased sigmoidity). OECs of the purified
Hb Hirose (60 #M heme in 0.05 M bis-

suspension
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Table 2 Amino Acid Composition (molar ratios)
of T4

Case 1 | Expected | Case 1 | Case 2

Normal | Normal | Abnormal | Abnormal
Thr 1.0 1 1.0 1.1
Ser — 0 10 10
Glu 1.2 1 1.1 1.2
Pro 0.6 1 0.4 1.1
Val* 1.9 2 1.9 1.6
Leu 2.2 2 2.3 1.9
Tyr 0.9 1 0.8 1.0
Trp# ) 1 =) [,
Arg 0.7 1 0.8 1.1

Partial loss of Pro in case 1 is due to ninhydrin
staining of the fingerprints. Fingerprints were
stained by fluorescamine in case 2.

* ‘Contained in a Val-Val sequence which is sub-
ject to incomplete hydrolysis.

# By staining of a fingerprint with Ehrhchs
reagent.

tris-0.1 M NaCl) gave Psy values of 4. 42,
3.43 and 3.05 mmHg (Hb A: 19.19, 14.09
and 10.79) at pH 6.5 6.8 and 7.0, res-
pectively, i.e. an oxygen affinity approxima-
tely 3.5-4.4 times higher than normal. The
discrepancy between the result on the ery-
throcytes and that on the purified hemoglo-
bin is a characteristic feature of Hb Hirose
because the very high oxygen affinity of this
hemoglobin in vitro depends largely on its
dissociation into af dimers in a highly
diluted solution (from 9,000 #M in erythro-
cytes to 60 #M in the purified hemoglobin
solution). Hb A remains mostly in a8, tetr-
amers in such a diluted solution.

The results of stability tests characterize
Hb Hirose also as a slightly unstable hemo-
globin. Its mechanical lability is comparable
to that of Hb Hofu, a clinically insignificant,
slightly unstable hemoglobin®, Iuchi (per-
sonal communication) estimated, from his
results of stopped flow experiments, the
activation energy for oxidation of Hb Hirose
with ferricyanide as 8.59 Kcal/mol (Hb A,
13.44), i.e. Hb Hirose was oxidized slightly

more easily than Hb A. He also showed that
the precipitation curves of methemoglobin
Hirose at 45, 50 and 55°C were comparable
to, or slightly steeper than, those of methe-
moglobin A at 5°C higher temeratures, res-
pectively. »

The PCMB precipitation is selective to the
abnormal subunit in all unstable hemoglobins
we have studied so far. This selectivity is
realized even in clinically insignificant, very
slightly unstable hemoglobins, e.g. Hb Koku-
ra??, Hb Miyashiro® and Hb Hofu'V. Hb
Hirose is an exception in this regard. Pre-
sumably, the instability of Hb Hirose resides
in the abnormal manner of association of af
dimers in constructing the tetramer molecule.
Hb Hirose would render a less pronounced
stabilizing effect than normal Hb A.

Hb Kansas?® is the only abnormal hemo-
globin in which we have observed an unsel-
ective PCMB precipitation similar to Hb
Hirose. This is another variant with a mar-
kedly enhanced subunit dissociation compar-
able to Hb Hirose, but- its oxygen affinity
is so low as to cause a marked cyanosis to
the -carriers under the atomospheric oxygen
tension of 120 mmHg. The preliminary resu-
Its of stability tests (unpublished) are also
similar to those we have decribed in Hb
Hirose. It is interesting to note that both
of the two abnormal hemoglobins exhibited
a markedly enhanced tendency to dissociate
into subunits and a slight instability in a
similar manner, even though the abnormality
of oxygen affinity is to the opposite direc-
tions.

Ozxidation, heme loss and subunit dissocia-
tion are claimed to be the three major fac-
tors which trigger irreversible denaturation
of hemoglobin®. Hb Hirose exemplifies,
however, that subunit dissociation is not by
itself an important factor in denaturation of
hemoglobin in vivo because it is suppressed
by the high hemoglobin concentration in the
red blood cells.



Hemoglobin Hirose

29

‘The authors are grateful to Drs. A. Hayashi and
K. Kidoguchi of Osaka University and Dr, .I. Iuc-
hi-and his associates of Kawasaki Medical College
for oxygen equilibriumi and kinetic. studies. This
work was in part supported by Research Grant-in-
Aid No. 448389 from the Ministry of Education.

References

1)

2)

3)

4)

~—

5

6)

7)

8)

9)

10)

Yamaoka, K.: Hemoglobin Hirose: a28:37 (C3)
tryptophan yielding serine. Blood, 38 : 730-738,
1971,

Fujita, S.: Oxygen equilibrium characteristics
of abnormal hemoglobins: ‘Hirose (az8:37S¢") L
Ferrara (a:'"6%B,), Broussais (a:%°4"8z), and
Dhofar (az8:%%7¢). J. Clin. Invest., 51: 2520~
2529, 1972.

Sasaki, J., Imamura, T., Yanase, T., Atha, D.
H., Riggs, A., Bonaventura, J. and Bonaventura,
C.: Hemoglobin Hirose, a human hemoglobin
variant with a substitution at the a.f8: interfa-
ce. J. Biol. Chem., 253 : 87-94, 1978.
Imamura, T., Sasaki, J., Yamaoka, K., Yanase,
T., Hamilton, H.B. and Furumoto, F.: Physio-
logical implications of increased oxygen affinity
for carriers of hemoglobins Hirose and Hiro-
shima. Acta Haematol. Jpn., 43 : 30-36, 1980.
Shibata, S. and Iuchi, I.: A simple technique
of agar gel electrophoresis for rapid separation
of hemoglobins. Acta Haematol. Jpn., 24 : 51—
58, 1961.

Yamaoka, K., Ohta, Y. and Seita, S.: Thin
layer starch gel electrophoresis (in Japanese).
Jpn. J. Clin. Hematol., 13 : 800-804, 1972.
Shibata, S., Miyaji, T. and Ohba, Y.: Evalua-
tion of precision of procedures for estimation
of Hb A; and Hb F in hemolysates. In: Sch-
midt, R.M. (eds.), Abnormal Hemoglobin and
Thalassemia, Academic Press, New York, San
Francisco and London, 1975, p. 25-32.

Betke, K., Marti, H.R. and Schlicht, I.: Esti-
mation of small percentages of foetal haemo-
globin. Nature, 184 : 1877-1878, 1959.

Carrell, RW. and Kay, R.: A simple method
for the detection of unstable hemoglobin. Br.
J. Haematol., 23 : 615-619, 1972,

Ueda, S., Matsuoka, M., Miyaji, T., Ueda, N.,
Aoki, K., Izawa, M. and Shibata, S.: Heat
denaturation test for unstable hemoglobin, with
a note on its application to hemoglobin survey
in Japan. Acta Haematol. Jpn., 33 : 281-290,

1D

12)

13

=

14

~

15)

16

~

17)

18)

19)

20)

21)

1970. .

Ohba, Y., Matsuoka, M., Fuyuno, K., Yama-
moto, K., Nishijima, S. and Miyaji, T.: Furth-
er studies on Hemoglobin Hofu, 5126 (H4)
Val—Glu, with special reference to its stability.
Hemoglobin, 5 : 89-95, 1981. :
Ohba, Y., Hattori, Y., Yoshinaka, H., Matsuo-
ka, M., Miyaji, T,, Nakatsuji, T. and Hirano,
M.: Urea polyacrylamide gel electrophoresis of
PCMB precipitate as a sensitive test for the
detection of the unstable hemoglobin subunit.
Clin. Chim. Acta, 119:179-188, 1981.
Asakura, T., Segal, M.E., Friedman, S. and
Schwartz, E.: A rapid test for sickling hemo-
globin. JAMA, 233 : 156-157, 1975.

Beutler, E., Dern, R.J. and Alving, A-S.: The
hemolytic effect of primaquine: Y. An in vitro
test for sensitivity of erythrocytes to primaqui-
ne. J. Lab. Clin. Med., 45 : 40-50, 1955.
Chiancone, F., Gilbert, L.M. and Kellett, G.L.:
Dissociation of hemoglobin into subunits. [.
Human oxyhemoglobin: gel filtration studies.
J. Biol. Chem., 243 : 1212-1219, 1968.
Abraham, E.C., Reese, A., Stallings, M. and
Huisman, T.H.J.: Separation of human hemo-
globins by DEAE-cellulose. chromatography us-
ing glycine-KCN developers. Hemoglobin, 1:
27-44, 1976.

Ohba, Y., Miyaji, T. and Shibata, S.: A simple
method for determination of chain anomaly of
abnormal hemoglobin in hemolysate without
preliminary purification. Acta Haematol. Jpn.,
29 : 14-20, 1966.

Robinson, E.A. and Itano, H.A.: Identification
of the recombinant products of canine and
human haemoglobins. Nature, 188 : 798-800,
1960.

Clegg, J.B., Naughton, M.A. and Weatherall,
D.J.: Separation of the @ and § chains of hu-
man haemoglobins. Nature, 219: 69-70, 1968.
Ohba, Y., Matsuoka, M. and Miyaji, T.: Iden-
tification of abnormal hemoglobins. I. Finger-
printing-technic and limitation (in Japanese).
Ann. Rep. Protein Chem. Yamaguchi Univ.
Sch. Med., 7+ 71-78, 1978.

Ohba, Y., Matsuoka, M. and Miyaji, T.: Iden-
tification of abnormal hemoglobins. ][. Sepha-
dex G-25 column chromatography of the tryp-
tic peptides (in Japanese). Ann. Rep. Protein
Chem. Yamaguchi Univ. Sch. Med., T : 79-84,
1978.



30 Ohba et al.

22) Ohba, Y., Hattori, Y., Matsuoka, M., Miyaji, 24) Bonaventura, J. and Riggs, A.: Hemoglobin

T. and Fuyuno, K.: Hb Kokura (a47 (CE5) Kansas, a human hemoglobin with a neutral
Asp—Gly]l: a slightly unstable variant. Hemo- amino acid substitution and an abnormal oxy-
globin, 6: 69-74, 1982, gen equilibrium. J. Biol. Chem., 243 : 980-991,
23) Nakatsuji, T., Miwa, S., Ohba, Y., Hattori, Y., 1968.

Miyaji, T., Miyata, H., Shinohara, T., Hori, T. 25) Winterbourn, C.C. and Carrell, R.W.: Studies
and Takayama, J.: Hemoglobin Miyashiro (523 of hemoglobin denaturation and Heinz body
(B5) Val—Gly), an electrophoretically silent formation in the unstable hemoglobins. J. Clin.
variant discovered by the isopropanol test. Invest., 54 : 678-689, 1974.

Hemoglobin, 5 : 653-666, 1981.





