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For more than one hundred years, it has been known to the hematologist that
new-born - babies (or fetuses) have in their blood a  peculiar hemoglobin, more
resistant to alkali denaturation than the normal adult hemoglobin.> This alkali-
resistant hemoglobin is characterized spectroscopically by a distinct tryptophan notch
at 289 nm, owing to the amino acid (Try, Tyr and Phe). It makes a sharp
- contrast with hemoglobins (Hb Ai1=az82 and Hb Az =a202) which show obscure
bending of the absorption curve (tryptophan inflection) at 291 nm.2 Therefore,
the human hemoglobin produced in the fetal stage of growth is called fetal
hemoglobin (Hb F).

Hemoglobin is a chromoprotein of heme (prosthetic group capable of combining
oxygen molecules reversibly) and globin (the protein portion carrying the prosthetic
group). The latter is a tetramer of two pairs of polypeptide chains; the a and
the non «, expressed as (a); (non a)2. Hb A: (az282), the major fraction of
human adult hemoglobin, possesses an a8 chain in its non-a polypeptide, while
‘Hb A: (az202) the minor fraction, has a d-chain as its non a.® Hb F (azy2) shares
the same @ chain with human adult hemoglobins, but it contains a unique non-
. a chain which is called the y chain. The 7 chain is a polypeptide with an amino
acid sequence apparently different from those of f and & chains. In addition,
recent study by Schroeder and his associates# revealed the presence of two types
of y chains, (°y and *y) which can be distinguished by only one amino acid
residue, ie. the 9y chain contains Gly at the 136th site from the N-terminal, and
the *y chain contains Ala at the same site.

Evidence for the theory that the abnormal variants of human adult hemoglobins
(af B2 or azB;, where a* and BY denote abnormal a or 8 chain) are the product
of a one-point mutation of the amino acid sequence of the a or the  chain has
been accumulated in abundance since 1959, when Ingram5 successfully established
the amino acid substitution of the abnormal B chain of the hemoglobin of sickle
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cell anemia (Hb"S). Similar examples supporting the view of a one point mutation
of the y chain are gradually .increasing, although abnormal Hb F’s (azrf, where
7% refers to the abnormal y chain) are de51gnated as abnormal fetal hemoglobins.

The abnormal fetal hemoglobins show the principal characteristic properties of
normal “Hb F, namely the strong resistance to alkali denaturation and the salient
tryptophan notch. Gillespie:(1959)6> is credited with the presentation of the first
instance of an abnormatfetal hemoglobin, and since then about 10 examples have
been’ recorded over the world. In this country, two variants of abnormal fetal
hemoglobm Hb F Akashi”® and Hb F Fukuoka® have been reported from
Kyoto and Fukuoka. :

In 1969, in the course of 8creen1ng by agar gel electrophoresis the hemolysates
prepared from the cord blood specimens collected in Ube, we found a hemoglobin
stripe which migrated separately after Hb F to the anode at pH 8.6. We purified
this slow moving hemoglobin in order to examine its light absorption in the ultra-
violet range and its alkali denaturation. We analyzed its globin by fingerprinting
and -by amino acid analysis of the peptide spots visualized on the fingerprint map.
On the basis of these examinations we presumed this hemoglobin to be a new
abnormal’ fetal hemoglobm and named it Hb F Ube after the city where it Was
dlscovered

- The purpose of this paper is to present the result of our study made on th1s
hemoglobm

MATERIAL) AND METHODS

i Hemolysate was prepared from the cord. blood and blood ‘collected from the
femoral vein of a male baby by the conventional techniqué;3 10> and was subjected
to ‘agar gel (pH 8.6 and 7.0)1> and cellulose acetate membriane (pH 8.6)10
¢lecttophoreses to detect abnormal hemoglobin. Portions of the stripe of abnormal
hemoglobin which appeared on the cellulose acetate“membranes were cut out,
collectedsand -eluted with an*adequente amount of “water- to-purify the solution.
. The solution of purified abnormal hemoglobin thus obtained %as examined for al-
kali,denaturation by Jonxis’s method,12> and studied spectrophotometrically (effective
band width 1 nm) over the ultraviolet range for the tr')/'pfophai‘n:notch It was
also treated by Anson Mirsky’s procedurel® . to separate the globm from the ab-
normal hemoglobin by removing the Lieme. Eo :

- The: globin of -the abnormal hemoglobm ‘was dlgested ‘with trypsin and finger-
printed’ by Baglioni’s method.19 “The abnormal peptide - spot-“appearing on ' the
fingerprint map was elute'd with' 6 N'HCI; and hydrolysed in-a sealed glass tube
at 105°C for 24 hours.” The hydrolysate was' analysed for ammo acid compos1t10n
by an automatic amino acid ‘analyzer.19 : S
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The residue, or insoluble core, of the trypsin digest of the globin was collected
and washed with distilled water (pH 6.4) several times, and suspended in about
20 ml of 0.1 N NH4OH solution. The suspension was digested at 37°C for 4
hours with chymotrypsin (0.4 mg).1®>  The digestion was stopped with addition
of 1 N HCL. The digested material obtained in this manner was fingerprinted
(Baglioni’s method14’).  Its fingerprint map was compared with that of the core
of the globin in normal Hb F, which has been treated in the same manner.

RESULTS

The abnormal hemoglobin that we detected in the cord blood was different from
the normal human fetal hemoglobin (Hb F). In contrast to Hb F, the abnormal
hemoglobin could not be distinguished from the normal human adult hemoglobin
(Hb A) by agar gel electrophoresis at pH 7.0, but developed at pH 8.6 a somewhat
indistinct stripe, extending cathode-wards from the main band, which was a mixture
of Hb A; and Hb F. Its cathodic end did not touch the Hb A stripe (Fig. 1).
By cellulose acetate membrane electrophoresis at pH 8.6, the abnormal hemoglobin
was ultimately separated from the main band (Hb A:i+Hb F) as a clearly
delineated slow moving stripe (Fig. 2)

Sk
Fig. 1. Agar gel electrophoresis of hemolysate.

© This technique (cellulose acetate membrane electrophoresis) enabled us to follow
the changes in the level of the abnormal hemoglobin in the neonatal period. The
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Fig. 2. Cellulose acetate membrane electrophoresis (pH 8.6) of hemolysate.
2-13-173 : Baby’s hemlysate, 2-13-173 mother : Mother’s hemolysate.

abnormal hemoglobin accounted for 15.5 per cent of the total amount of hemo-
globin immediately after birth (cord blood) and remained at almost the same level
for the subsequent 40 neonatal days. This level began to decrease on the 40th
day, descending to 11.2 per cent, and disappeared completely on the 100th day,
It deserves special mention that the content of Hb A2 of the cord blood of this
baby was apparently high (1.3 per cent of the total hemoglobin) in comparison
with that found in the cord blood of ordinary babies (less than 0.3 per cent).

The solution of the purified abnormal hemoglobin exhibited a salient tryptophan
notch (289 nm) in the ultraviolet region (Fig. 3). The same notch was also visible
in the hemolysate prepared from the cord blood of the baby, although it was less
distinct.

The abnormal hemoglobin was strongly resistant to alkali. The Jonxis method
demonstrated that the optical density (576 nm) of its solution did decrease very
slowly after addition of 1 N NaOH solution, but remained at a level as high as
78 per cent of the original even at the fifth second (Fig. 4).

Comparison of the fingerprint map of the globin in the abnormal hemoglobin
with that of the normal hemoglobin (Fig. 5) revealed an extra peptide spot lying
between the spot £14 (a Tp-10) and the spot 15 (y Tp-6). Amino acid analysis
of the hydrolysate of the eluate of this peptide spot indicated the proportion of
Leu : Gly : Lys to be 0.33 : 0.54 : 1.00=1 :1 : 1.

Analysis indicated that the peptides of other spots (including #7=y Tp-2, and
$5=7 Tp-9) were within the range of the corresponding spots of the normal Hb
F fingerprint. The chymotrypsin digest of the core gave too many spots to enable
us to identify individual peptides.

The baby possessing this abnormal hemoglobin was normal in physical examina-
tion, and no abnormality was demonstrable by classical routine hematological tests,
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Fig. 3. Ultraviolet spectroscopy of baby’s hemolysate (Hb F Ube A+F) and purified
fraction of the abnormal hemoglobin (Hb F Ube pure) in comparison with
that of the hemolysate of a normal adult subject (Hb A).
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Fig 4. Alkali denaturation test (Jonxis).
A: Hemolysate of a normal adult subject (Hb A).
B : Hemolysate of the baby (Hb F Ube+Hb A).
C: Purified fraction of the abnormal hemoglobin of the baby (Hb F Ube
pure).

133



134 Hisao OMURA, Takaoki Miyast and Susumu SHIBATA

' HbF Ube

S ’.ra
7l di?ﬁé %

Fig. 5. Fingerprint of Hb F Ube (right) in comparison with that of normal Hb F
(left).
Arrow indicates the abnormal peptide spot.

. DISCUSSION

It is apparent from the fore-going account that this abnormal hemoglobin belong
to the group of fetal hemoglobins which are characterized by alkali-resistance and
a salient tryptophan notch. Progressive decrease of the content of the abnormal
hemoglobin in the hemolysates with the advance of post-natal growth, and its
complete disappearance on approximately the 100th neonatal day are also
notworthy. These properties and attitudes of the abnormal hemoglobin evidence
its y chain anomaly.  Accordingly, the abnormal hemoglobin is warranted the
name Hb F Ube.

The abnormal fetal hemoglobin is slower than Hb F (normal fetal hemoglobin)
in the electrophoretic migration to the anode at pH 7.0 and 8.6. This suggests a
one-point mutation, concerning an amino acid substitution in the 7 chain gene
resulting in diminution of negative charge, such as displacement of a neutral amino
acid residue by a basic one or replacement of an acidic amino acid residue by a
neutral or basic one.

The abnormal peptide spot visualized on the fingerprint map of this hemoglobin
was composed of Leu, Gly and Lys. Probably, substitution of Lys for a neutral
or acidic amino acid residue has occurred in the abnormal 7 chain, because this
would cause a diminution of negative charge which is consistent with the elec-
trophoretic properties of this abnormal hemoglobin. Scrutiny of the amino acid
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sequence of the y chain!” with special reference to the sites where Leu and Gly
lie adjacent discloses the following 3 loci.
- 26 27 28 29 30 -
1) ... Glu Thr « Lcu . Gly Arg......
70 73
) ...... Gly Ser . Leu Gly « Asn......
104 105 106 107 108
_ 3) ...... Arg - Leu «» Leu « Gly « Asn......
No. sites in y chain other than loci (1)~(3) can produce the relevant abnormal
peptide spot (composed of Leu, Gly and Lys) on the fingerprint map by one-
point mutation. :
According to the triplet code theory,1® Thr (RNA code: ACA, AGG) may

be displaced by Lys (RNA code: AAA, AAG) due to an error in taking the
26 27

bases (C—»A) If this occurs ‘at locus (1) an amino acid SequeHCC‘ ..Glu « Lys«

28 29 29 30

Leu « Gly - Arg ., which would produce an abnormal peptide Leu + Gly « Arg
by tryptic digestion will result. However, this abnormal peptide differs from the
one actually obtained by having Arg at site 30 rather than Lys. Lys can not
substitute for Arg. Therefore, locus (1) should be abandoned as a possible site
of one-point mutation for the abnormal y chain of Hb F. Ube.

‘ “At locus (2), residue Ser (RNA code: UCA, UCC, AGU, AGC) may be
replaced by Phe (RNA code : UUU, UUC) or Arg (RNA code : AGA, AGG).
Substitution of Phe for Ser does not cause the diminution of negative electric
charge, but dlsplacement of Ser by Arg will result in the decrease of negative
charge However, the pcpt1de (Leu Gly and Lys) cannot be ‘released by trypsin

71 72

digestion (Leu » Gly « Asp s ...will come forth instead). Asp is not replaced by
Lys. As a corollary, the mutation at locus (2) is inconsistent with Hb F Ube.

However, at locus (3), the. Asn (RNA code : AAU, AAC) residue can be
displaced by Lys (RNA code: AAA, AAG), and this will result in diminution
of the negative electric charge in the relevant y chain. Because trypsin splits a

polypeptide in such a way that carboxylic acid redicals may be exposed at residues
105 106
Arg and Lys, this substitution of Lys for Asn will produce a peptide Leu « Leus
107 108

Gly - Lys from the abnormal 7 chain by trypsin digestion. This peptide is composed
of three amino acids, namely Leu, Gly and Lys, all quite similar in composition

to the abnormal peptide actually observed.on the fingerprint map. Unfortunately,-
109 110 m 116 117 118 119 120
the peptides Val « Leu « Val ...Jleu « His » Phe « Gly « Lys which one would expect
105 106 107 108
to be released from the abnormal y chain (7 Tp-12: Leu » Leu » Gly » Asn—
108 110 111 112 113 114 115 114 117 118 119

Lys + Val « Leu - Val « Thr » Val « Leu « Ala « His « His « Phe « Gly » Lys) could
not be located on the fingerprint map. Perhaps, these might have been lost together
in the core. Amino acid analysis of the abnormal peptide is not exactly consistent
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with Leu « Leu « Gly » Lys, but lacks one Leu residue.

It is presumed that Hb F Ube is most likely to be an abnormal fetal hemoglobin
which has a substitution of Lys for Asn (y 108) in its y chain. The properties
of this abnormal hemoglobin are adequately accounted for by this amino acid
substitution.

Heretofore, several abnormal hemoglobins with a y chain anomaly have been
recorded in the United States and Europe. They are Hb Alexandra (y 12 Thr—
Lys)1920 Hb Texas I (y 5 Glu—Lys)2> Hb Texas II (y 6 Glu—Lys)22, Hb F
Malta (7 17 His—>Arg)?® and Hb Hull (y 121 Glu—Lys)29. It is interesting
that they are all slow moving. Hb F Ube (y 108 Asn—Lys ?) should be classi-
fied in the same category. Amino acid substitution has not yet been suggested
for Hb F Akashi and F Fukuoka. It may be worth-while to mention that the
Hb A; content of the hemolysate of the baby with Hb F Ube was relativel
high. '

CONCLUSION

During the course of electrophoretic screening of the hemolysates prepared from
cord blood samples collected in Ube, an alkali-resistant slow-moving hemoglobin
was discovered. It had a salient tryptophan notch (289 nm) in the ultraviolet
region. The fingerprint map of the tryptic digest of the globin of this abnormal
hemoglobin is characterized by an abnormal peptide spot (composed of Leu, Gly
and Lys) which was visually distinctive in the cathodal area between the spot (a
Tp-10) and the spot (y Tp-6). From the results of the amino acid analysis of
this abnormal peptide, it was concluded that this hemoglobin (Hb F Ube) had a
substitution of Lys for Asn (y 108) in its y chain.
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