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A
f chemistry which explores the role of metallic

joinorganic chemistr is a fast developing branch 0 [ ‘
(and Eo(zue( gﬁi-metallic) elgments in biological systems. e shall, however,.conﬁne our dlstcpssl;gn to ‘the
role of only the metallic elements. Metals such as Na, K, Ca, Mg, whose 1005 ;re gresle\:,;l ult'l 1010glca}l
systems in bulk quantities, are called bulk metals and metals such as Fe, Cu, Co, Zn, C1, MIL, 0, W, Ni,
etc.. whose ions are present in trace amounts, are called trace lpetals. Both the categories of metals are
essential for sustaining life. There is a large number of biochemicals containing metgl jons which play a
significant role in biological systems. The most important amongst these aré myoglobin and haemoglobin,
the compounds containing iron.
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Role of Myoglobin and Haemoglobin in Biological Systems

Oxygenation. Haemoglobin picks up oxygen from the lungs and carries it to the muscle tissues via
circulatory system. The oxygenated haemoglobin then transfers this oxygen to the myoglobin present

the . : ;
le tissues where it remains stored as such till it is transferred to other oxygen acceptors for

in the musc : ' '
- metabolic actions in the biological system. Apart from acting as oxygen carrier, haemoglobin

rforming
has an additional function of carrying CO, from worked up muscle tissues to the lungs. This is done by
certain side chains present on the polypeptide chains of haemoglobin. The heme groups of haemoglobin

are pot involved in flushing out CO, from the muscles.

Oxygenation of myoglobin (Mb) may be represented as
Mb + 0, = MbO,
Oxymyoglobin

_[MbO, T ()

K =

Myoglobin

If f is the fraction of myoglobin molecules be librium partial pressure of

oxygen, then, Eq. 1 may be written as ,
K = / @
a-1p
&7 e
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or
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The exponent n is called the Hill constant. Its exact value depends upon the p H of the biologicy;

system. If the value of nis 1, it would mean that the oxygen intake by one heme group of haemoglobip j
totally independent of the oxygen intake of its other three heme groups.

If the value of 7 is 4. it would imply that only Hb and Hb(O,)4 remain as the ultimate participants jp
the oxygenation of haemoglobin. The value of n ranging between 1 and 4 means that t.he attachment of
oxygen to one haeme group of haemoglobin progressively increases its tendency to bind with the subsequen
heme groups of haemoglobin.
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to the other haeme groups of haemoglobin is
known as cooperativity effect. Thus, a value
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A graph showing percent oxygen saturation & “°’ ’
of myoglobin and haemoglobin as a function of &
artial pressure is given in Fi 0 20-
p p of oxygen is given in Fig. 4. O 20 l«— Partial pressure [<— Partial pressure
It can be seen from the graph that at the & in museles e
partial pressure of oxygen prevailing in the 0 r ' ' 0 140
lungs (which is around 100-120 mm Hg), both ~~ ° 2,0 O e oroxver
haemoglobin and myoglobin are almost ion of lobi
completely saturated with ox . Fig. 4. A plot of percent oxygen saturation of myoglo in and
pletely ygen. However, haemoglobin vs partial pressure of oxygen.

at the low partial pressure of oxygen prevailing

in the muscles (20-40 mm Hg), haemoglobin is a much poorer oxygen binder compared to myoglobin,
Hence in the muscle tissues where myoglobin is already present, oxygenated haemoglobin passes on its
oxygen to myoglobin. The working muscles consume this oxygen to produce energy and carbon dioxide.

The binding power of haemoglobin with oxygen is pH-dependent. This is called Bohr effect. The
binding power of haemoglobin decreases with decrease in pH. Hence, the transfer of oxygen from
oxygenated haemoglobin to myoglobin is more efficient in the working muscles where the CO, concentration
is higher than that in the resting muscles. CO,, being acidic, decreases the pH.

Explanation for Cooperativity Effect in Haemoglobin
The following explanation is generally offered for the cooperativity effect in haemoglobin.

In hemoglobin, the haeme group is dome-shaped having the iron atom about 0-5 A out of the porphyrin
plane and the Fe—N bond of histidine residue of polypeptide chain about 8° off the perpendicular to the

porphyrin plane, as shown above in Fig. 3.

When an oxygen molecule binds to the iron atom of a haeme group through its vacant sixth
coordination site, the iron atom becomes low spin and, therefore, becomes smaller in radius (the low spin
Fe(Il) as well as Fe(IIl) have smaller radii than that of the high spin Fe(Il)). As a result, the low spin
iron moves towards the porphyrin plane and just fits in the hole generated by the four coordinating
nitrogens of the porphyrin plane. This automatically pulls the coordinated histidine to move by about 0-5
A towards the plane thereby making the Fe—N (histidine) bond vertical. These changes in the heme unit
due to its coordination with O, form the trigger of cooperativity phenomenon.

The movement of iron atom and the coordinated histidine towards the porphyrin plane results in the
movement of the whole polypeptide chain of which the histidine group is a part. This results in the
breaking of some of the interpolypeptide salt bridges. As already mentioned, the presence of salt bridges
introduces strain in the haemoglobin molecules. Hence the rupture of these salt bridges relaxes the
constrained haemoglobin molecule. Conformational changes that subsequently occur in the polypeptide

chains of the relaxed molecule increase the sizes of the crevices engulfing the remaining haeme groups
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Boih oxygenated haemoglobin [Hb(O,),] and oxygenated myoglobin [MbO,] are diamagnetic in character.
iis observation can b_e explained el_ther by formulating that in the heme group of both oxyhaemoglobin
and OX)’mYOglObm’ a Slpglet OXYE?H is bOl.lnd to low spin iron(II) or by assuming that each heme group in
tese compounds cc_)ntams an Fe'—0," link in which the only unpaired electron of low spin Fe(III) and
odd electron on 0, are strongly coupled antiferromagnetically. However, none of the two explanations
re universally accepted.

It is interesting to note that a haeme group, which is without a polypeptide chain, takes up an oxygen
golecule to finally yield a stable p—oxoproduct, as shown in Fig. 6.
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This reaction is irreversible-
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