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i UMAN beings are exceedingly diverse. The variations are

& caused partly by the differences in the environmental con-

‘g dition in which they live. They are also dependent on the
inborn differences. Studies on a variety of different
enzymes and proteins in human populations have revealed
the presence of a considerable number of structurally
variant forms which are the results of gene mutations. - Many
of the alleles which determine these variants are rare. Bul
some occur sufficiently frequently to categorize populations
into distinct types depending on the manner in which they
synthesize the particular enzyme or protein.

The first direct evidence that a gene mutation can result
in the synthesis of an allered protein came from the work
of haemoglobin. In fact haemoglobin is one protein that
bas been so extensively studied that the various biochemical
and physico-chemical techniques used to resolve the hetero-
geneily of haemogolobins have later been extended to the
study of other proteins and enzymes. Informations obtained
from such studies have contributed immensely to the under-
standing of molecular genetics and even to some extent in
unravelling the genelic code.  Some of the polymorphic
proteins (other than haemoglobin) found in man which are
of potential value in population genetic studies are listed
‘in Table I.

Norman adult haemoglobin consists of a major com-
ponent, adult haemoglobin (Hb-A) and two minor com-
ponents, foetal haemoglobin (Hb-F) and haemoglobin As
(Hb-Ao). The structural formulae of these haemoglobins
are Hb-A (as Bs); Hb-F (ag Y:) and Hb-Ag (as 0:2), indicating
that the e-polypeptide chain is common for all of them. At
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least four gene loci are concerned in determining the structure
of these haemoglobins. It is therefore possible to have
mulational changes affecting any of these four polypeptide
chains resulting in abnormal haemoglobins. Most of these
haemoglobin variants can be described by the way they
difer in amino acid structure from normal haemoglobin.
Unlike the haemoglobinopathies, no abnormalities of
polypeptide chain, with amino acid substitution, have been
detected in thalassaemia. Thalassaemias are characterized
by reduced rate of production of one or more of the globin
chains. Defects that results in defective synthesis of
haemoglobin can thus be qualilative (abnormal haemoglo-
Lins), quantitalive (thalassaemias), or both.

It is not always possible to describe any clinical
syndrome common or specific to diseases caused by abnormal
haemoglobins (haemoglobinopathies). Clinical sigs, which
could be an indication are very poor or lacking—even in a
homozygous subject. Generally, the opportunity for a

discovery of haemoglobin abnormality is given by a
concurrent disease or survey in a population, during. which
the blood is examined. Limitation in clinical methods is
thus obvious and biochemical techniques are needed for
better resolution of the heterogeneity of these conditions.
I'igure 1, shows the sequence of events associated with
sickle cell anaemia starting at the molecular level. This
condition is a from of chronic haemolytic anaemia which is
characterized clinically by sympioms of anaemia, arthiritic
manifestations and features enumerated above and disting-
uished morphologically by the presence of sickle-shaped red
cels.

There are many clinical entities of varying severity which
arc associated with sickling. Table II shows some such
sickle cell disorders along with brief clinical findings.

Many biochemical and physico-chemical procedures are
available by which these and other related clinical entitles
can be characterized. Commonly used techniques for the
detection of haemoglobin variants including thalassaemia are
cnumerated below.
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Routine haematological examination

Sickling test-—including solubility test

Alkali-denaturation test

Acid elution test

Electrophoresis (Paper; Starch gel; Starch block:
Cellulose acetate; Agar gel; Acrylamide gel;
Isoclectrofocussing, ete.)

Chromatography. (CMC; DEAE-Cellulose; DEAE-Sep-
hadex, etc.)

Hybridization test

Finger printing (Peptide mapping)

Amino acid analysis of peplides (Sequential studies)

Globin chain synthesis

Immunological studies

Haematological examination : The resukt of mutation s
decreased production of one or more haemoglobin polypeptide
chains affecting the rate of synthesis of haemoglobin. Such
conditions are the thalassaemias, detection of which require,
besides others, haematological studies, as there are no elec-
trophoretically detectable structurally variation haemoglo-
bins.

Sickling test : Sickling test and solubility test of reduced
haemoglobin in concentraled phosphate buffer help to detect
the presence of haemoglobin S. Insoluble property of this
hacmoglobin in reduced state is the basis of these tests.
Haemoglobin S a B-chain variant, with valine residue at the
amino end of the chain forms a hydrophobié ring structure
with valine residue which substituted glutamic acid at the
position 6 of this chain. This interlocking arrangement
remains in an insoluble state as tactoids or liquid crystals
within the intact red cells giving the characteristic sickle
cell appearance.

Alkali denaturation & Acid elution tests : Alkali resistant
property of foetal haemoglobin is the basis of alkali
denaturation test. Haemoglobin A and its many adult
variants are readily soluble and eluted from red cells but
haemoglobin F remains precipitated inside the cell when
exposed to buffer (pH 3.3). This technique is useful n







