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In 1958 Ager, Lehmann, and Vella reported that they
had discovered a family in Norfolk possessing a new
abnormal haemoglobin — haemoglobin Norfolk. To
determine the incidence of this haemoglobin in the
County of Norfolk 1,000 unrelated inhabitants were
examined for the presence of abnormal haemoglobins
(Huntsman, 1963). Though no further examples of
haemoglobin Norfolk could be traced two Norfolk
families with other abnormal haemoglobins were found.

HAEMOGLOBIN GNmm.k

Propositus—The propositus (W. A.), a young married
man with two children, was at the time attending the
Norfolk and Norwich Hospital for a routine follow-up
of tuberculosis of the spine. He was fit and all physical
and laboratory examinations yielded normal results.
In particular there was no anaemia and all haemato-
logical examinations were within normal limits.

147/63




2

Examination of Haemoglobin

No haemoglobin F was found, but on paper electro-
phoresis at pH 8.6 and 8.9 a slow-moving fraction was
seen to separate from haemoglobin A ; it amounted
to about 209 of the total pigment (Fig. 1). The exact
position was at all times between haemoglobin A and
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Fic. 1.—Filter-paper electrophoresis, pH 8.9, TRIS buffer

(Cradock-Watson, Fenton, and Lehmann, 1959). Haemoglobin

G Norfolk MOVeSs behind haemoglobin A but faster than haemo-
globin S.

haemoglobin S controls and corresponded to that of
haemoglobin G controls. On column chromatography
at pH 6 (Huisman and Prins, 1955) with IRC-50 the
position was again the same as that of haemoglobin G,
between A and S. No separation from haemoglobin A
was obtained on paper electrophoresis at pH 6.5 or pH 7.

When the isolated abnormal fraction was “hybridized ”
with haemoglobin C (an abnormal 8-chain haemoglobin)
two additional haemoglobins were formed at alkaline
pH, on paper and on starch-gel electrophoresis. One of
these migrated in the position of haemoglobin A and
the other moved behind haemoglobin C, indicating that
the new haemoglobin had its mutational change in the
a-chain (Fig. 2).
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Fic. 2.—Hybridization of haemoglobins C and GNm(-”lk' After dissociation and

recombination, electrophoresis on starch gel clearly shows two additional haemo-

globins, haemoglobin A and haemoglobin Gy o /C. For details of technique see
Raper, Gammack, Huehns, and Shooter (1960).

On the basis of its electrophoretic, chromatographic,
and hybridization properties the new haemoglobin can
be described as haemoglobin G, Norfork.

Family Study

Two other relatives of the propositus were found to
possess the same abnormal haemoglobin (Fig. 3), but it
was not seen in any of the other 999 blood samples in
the Norfolk survey, nor was it possible to trace any
living parents or cousins on the mother’s side of the
propositus, from whom the haemoglobin had been
inherited. The mother is of East Anglian stock.

el
Lo

Pl [] HbA only
S g HbA+HDG
[__[}_‘ /1 PROPOSITUS
Fic. 3 —Norfolk family with haemo-
globin G

HAEMOGLOBIN D_

Propositus.—The propositus (R.J.H.), an elderly
married man with one child, was attending the Norfolk
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and Norwich Hospital for routine control of anti-
coagulant therapy following cardiac infarction. He is
now well and laboratory investigations showed no
evidence of anaemia ; all haematological examinations
were within normal limits.

Examination of Haemoglobin
No haemoglobin F was found, but on paper electro-
phoresis at pH 8.6 and 8.9 a slow-moving fraction was
seen to separate from haemoglobin A, amounting to
about 309 of the total pigment (Fig. 4). The exact
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FiG. 4.—Filter-paper electrophoresis pH 8.9, TRIS buffer.
Haemoglobin Dyorforc  MOVES behind haemoglobin A at the
same distance as haemoglobin S.

position was at all times identical to that of haemo-
globin S or D. However, repeated attempts failed to
produce red-cell sickling and the haemoglobin solubility
test (Itano, 1953) was normal. On column chromato-
graphy at pH 6 with TRC-50 the position was again the
same as that of haemoglobin S or D.

When the isolated abnormal fraction was “hybridized ”
with the original a-chain abnormal haemoglobin Norfolk
an additional band of haemoglobin was formed on starch-
gel electrophoresis at alkaline pH. This fraction migrated
between haemoglobin Norfolk and the haemoglobin
under investigation in the position of haemoglobin A.
As in other ‘ hybridization” experiments between
abnormal “ fast ” and ““ slow ” haemoglobins the doubly
abnormal hybrid would also move in the position of
haemoglobin A because the opposed negative and
positive charges of the two abnormal «, and 8, subunits
tend to cancel each other out. This indicated that the
new haemoglobin had its mutational change in the
B-chain (Fig. 5). As one would expect, no additional
haemoglobins were formed when the haemoglobin under
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