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INTRODUCTION AND AIM OF WORK

Hemoglckin F {Hb-F) is the major respiratory pigment
of the intrauterine life (Cooper and Hoazland,1%72). The
perinatal switch from Hi-F to adult hemoglopin {(Hb-A) is
never fully completed (Wood et al., 1977a). Residual HbL-F
is produced throughout life within a minority of red cells
called "F-cells" (Bover et al., 1975a)l. Ir normal adults

Hb-F constitutes less tha< 1% of the total hewoglobin

(Weatherall et al., 1975}.

Elevated levels of Hu-F are reported in various inheri-
ted and acguired hematologic discrders, certain malignan-—
cies and chronic renal disease (Bertles, 1374; Wood et al.,1975;
Abraham et al., 1977, Papayannopoulon et al., 1580). The
postnatal reactivaticn of Hp-F synthesis is attributed to
increased preduction of F-cells, or increased prodactiocn
cf IFb~F/F-cells {Dover et al., 1978a,k). Since only
slight elevations of Hb-F ceccur in most of these conditions,

accurate determiraticn of H--F is neesded to differentiate

between normal and elevated levels.

The standard routine methods of estimating Ho-F based
on alkali denaturation originally descrihed by Singer

t al. {1951k} were of low sensitivity aid not very
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religble in the low ranges {Konn and Payne, 1972). A
modified and more sensitive method was introduced by
Pembrey EE.EE: {1972). Until relatiwvely recently no
routine immunological method was developed for measur-
ing Hb-F, though a precipitin tube method was described
by Chernoff (1953h;. In 1974, Chudwin and Rucknagel
introduced an alternative metheod of Hb-F estimation
based on radial immunodiffusion {RID) which measured
specifically Hb-F in whole blood lysate and proposed its

use as an accurate method for screening for thalassemia.

Aim Of The Work

This study is carried ocut to evaluate the radial
immuncdiffusion method (Chudwin and Rucknagel, 1974} and
to compare it with the currently used method of Pembrey
et al. (1972} based on the alkali denaturation principle.
The reproducikbility and the accuracy of the method along
with its diagnostic atility are to be assessed in our

laboratory.
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REVIEW OF LITERATURE

Hemoglobhin Structure and Fanction

Hemoglobin (Hb) is an iron-coataining protein comp-
lex wnich, in all vertebrates, is enclosed in a sSpecia-
lized cell whose main function is the transport of oxygen

from the lung to the tissues. (Cooper and Hoagland, 1972}.

H: constitutes approximately ninety-five percent of
the erythrocyte protein. Most of the remairing erythrocyte
pretein consists of the wvarious enzymes that protect the
H> and sustain the wviability of the erythrocyte. {Harris

and Kellermeyer, 1970).

Humain Hks are tetramers with a molar mass of 64456g/mol.

The tetrameric mcoclecule measures 6.4 by 5.5 by 5.0 mm a=nd
consists of 4 subunits, each having one polypeptide c¢hain

and one heme group. The ferrcuas ion atoms of the heme

group have the special property of being able to combine
reversibly with oxygen without being oxidized to the

ferric form. This is pussible as the pulypeptide chains

fold around the heme groups eaclosing them by hydrophobic
pockets. The four polypeptide chains normally coansist of

; i ' nee. differ th the
two pairs, whegR AR SARCORVEREESTS veh ©



type of Hbx (Perutz, 1969; 1978). However, the hems is

identical in all typss.

The Hl> tetramsr exists in one of two alternative
forms, according to the interrelation of the 4 subunits,
and dependant on the state of oxygenation of the
molecule. Deoxygenated Ho has a T (tense) structure , the
subunits being tightly held together by salt bridges.

This form has a low affinity for oxygen. However, when
oxygenh binds to each heme group, the salt bridges are
broketn until a critical point is reached, and the Hb struc-
ture "clicks" cver toc the R (Relaxed) structure, wnere

the subunits are less tightly held together. This form

nas a nigh affinity for oxygen (Perutz, 1970).

The polypeptide chaizs of numan Hs are pasically
six, designated oty the CGreek letters: alpha (e€), Beta (B!}
gamma | X i, delta [5 Js+ epsilon (€ ) and zZeta {\EJ. The
amino acid sequences of o< E, Y and% chains are already
known (Braunitzer et al., 1961}. @< .Chain coosists of

141 amino acids, while B E/ 5 chains contain 146 amino-

acids {Konigsherg ad Hill, 196Z}.

%uchalns are similar to Eichains in amino acid seguences

but differ conly in 10 places, while X-cnains show 39
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differences in sequence from ﬁ_ chains (Huenns aad Beavern,

1971; Kleihauer, 1977).

C- chains differ from B_chaiqs in 24 aminc acids.
This accounts for a 30% divergency frochhains. When
compared to B.chains, €-chains show difference in 18 amino

acids,accounting for apout 24% divergency.

5till there are porticns of the primary structure
{at sites 31-42, 60-66, 83-B7, and 145-146) that are common

in Bfn, Y and £ cnains (Gale et al., 1979).

The structure th'.chain is determined for about 90%
and found to diverge fromeccnain for about 35% of its
seguence (Kamuzora and Lehmann, 1975}. Of the 26 sites res-
ponsible for subunit contacts, 21 are aligned in both o
and in‘a: similarly, of the 15 Hb contacts, 12 can be aligned
i.e. the \E and e<.chai1as still have some limited features in

comon (Fantoni et al., 1%381].

Recently, it is concluded thatg andEcnains are the
embryonic counterparts of the adult o< and B, Sor \g.chains
respectively {(llegg, 1981l). During development, E and K
chains synthesis is turned off while the B and % chains
are activated (figure 1). At each stage o< . chain,
synthesis is synchronized with the other globin chains,
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so that no large excess of any subunit exists. This
occurs through a mechanism which controls the synthetic

rate of individual peptide chains (Nienhuis, 1978).
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Figure 1. Developmental changes in human
hem>globin chains (cited {from

Wimberley, 1982).
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Normal Human Hemoglobins {Table 1)

These comprise adult, fetal and embrycnic Hbs.

A. 2Adult Hemoglobins:

Many studies have revealed the hetercgeneity of
the Hb in red bloocd cells of normal adult (Huisman and
Meyering, 1960; Schneck and Schroeder, 1961; Jones and
Schroeder, 1963). Adult Hb is composed of a major frac-
tion,Hb-A and & minor fraction,Hbh-A

5+

1. Major Adult Hemopglobin or HbaA:

It comprises 96 to 98 percent of the Hbh of normal
adults and has a structural formula of 05 EZ (Rhinesmith

et al., 1957).

Its synthesis is activated early in fetal life, and
it forms abkout 5-10% of the Hb in normal fetus from six
weeks onwards to reacin a significant level at birth
{(Weatherall et al., 1974; Terrenatc et al., 1981} . After
kirth there is a rapid increase in Hb A 1eve1 so that by
nine to twelve months of age it reaches the normal adult

level (Lewis, 1974).

By column chromatography, the heterocgeneous nature

of HbA can he demonstrated (Allen EE.EE:' 1558: Huisman
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and Meyering, 1960).Thus, three minor components are
splitted and designated thla, HbAIb and HbﬂIc. These
minor components have lower iscelectric peints and faster
chromatographic mcbilities than the main band of Hb A and
are collectively referred to as fast Hbs. On zone electro-
phoresis at alkaline pH, these components appear as smear
{Called HbA3] running ancdal to the main component. They
have carbohydrate residues attached to their Ea—chainsand
50 referred to as glycosylated Hbs {Bookchin and Gallop,
i968}. HbA has glucose attached, while Hbﬂia forms a

Ic

complex with fructose and HbAI may have G&pD attached,

b

Hb-AIa+b and Hb—AIC are present in decreased amounts 1in
patients with hemolytic anemia while they are found in

increased quantities in uncontrolled diabetic patients and

those with myelocytic leukemia. Hb-A is increased in

Ia+b
some patients with iron deficiency anemia and perhaps in
poclycythemia vera. The Hb“Alc fraction decreases 1in
some patients with iron deficiency (Horton and
Huisman, 1965) and may show two fold increase in
uncontrolled diabetic patients whether they are
insulin or non dinsulin - dependant ( Rahbar, 1968,
Paulson, 1973}, I-lb—AIC estimation reflects the overall

level of hyperglycemia in diabetic patients during the

preceding one-two months and is thus used as an index of
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