Bioinorganic chemistry is a fast developing branch of nrmﬂqu which n%w.ohww %mu_m.m%mﬂowww_ﬁﬂm
- i in biological systems. We shall, however, confi ussion to
(and some non-metallic) elements in bio . et In blologion
i Na, K, Ca, Mg, whose ions are pr :
role of only the metallic elements. Metals such as Na, K, Ca, e N
i iti Ik metals and metals such as Fe, Cu, Co, Zn, Cr, Mn, Mo, W, Ni,
systemns in bulk quantities, are called bu O o
ions i ts, are called trace metals. Both the categ met
etc., whose ions are present in trace amounts, ( 1 h o Atieh oo
i ining li i f biochemicals containing metaf jon hp
essential for sustaining life. There is a large :E.:cﬂ 0 . y
significant role in Eo_waoa systems. The most important amongst these are myoglobin and hemoglobin,

the compounds containing iron.

MYOGLOBIN AND HEMOGLOBIN -
in i : i i in the ‘heme’ group in their
lobin and hemoglobin are metal EG@:.E. ,.i_._.o__ contain >
22%%“ %«.mm:w-hm group no:mmmma of an iron atom which is coordinated to four nitrogen atoms of
porphyrin-1X, as shown in Fig. 1.
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Fig. 1. Structure of the heme group present

Fig. 2. Coordination of coiled polypeptide
- chain with the heme group.

in myoglobin and hemoglobin: -

In myoplobir; the-heme-group-is ¢
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and myoglobin coil in a similar manner to produce crevices for accommodating the heme group. Each sub
unit of hemoglobin contains a polypeptide chain and a heme group coordinated through the N atom of the
histidine group of its polypeptide chain. The four sub units of hemoglobin are linked with one another
through salt bridges present between the four polypeptide chains. These salt bridges are formed due to
electrostatic Interaction between the -NH} and -COO~groups present on all the four polypeptide chains
of hemoglobin, Each polypeptide chain consists of 2 peptide backbone with various side chains having a
number of cationic groups (such as ~NHj3), anionic groups (such as -COO0") and nonpolar aliphatic and
aryl groups. It is now believed that these salt bridges between the polypeptide chains of hemoglobin
introduce strain in the molecule, y

e ’ . {from histidine)
The oxygenated hemoglobin is called oxyhemoglobin. Hemoglobin which N
has not taken up oxygen is called deoxyhemoglobin or simply. hemoglobin, : N7,
The five-coordinated high spin  Fe(lI) present in myoglobin and g

hemoglobin lies about 0-5 A above the plane containing the four coordinated
nitrogens of the porphyrin ritfg and the coordinated N atom of the histidine
group.

The approach to the sixth coordination site of Fe(ll) is sterically
overcrowded by groups from the side chains attached with the main coiled
polypeptide chain surrounding the heme group. The probable structure of. -
the heme group present in hemoglobin and myogtobin is shown in Fig. 3,

Both myoglobin and hemoglobin are paramagnetic due to the presence  Fig. 3. Probable structure of the

of unpaired electrons in Fe(II). :Mwm unit _v%wna in myoglobin
and hemoglobin.

Role of Myoglobin and Hemoglobin in Biological Systems

Oxygenation. Hemoglobin picks up oxygen from the lungs and carries it to the muscle tissues via the
circulatory system. The oxygenated hemoglobin then transfers this 0Xygen to the myoglobin present in

Oxygenation of myoglobin may be represented as
Mb+0, — MbO,
Myoglobin Oxymyoglobin
[MbO, ] (D)
[Mb][0, ]

If fis the 380.: of myoglobin molecules bearing oxygen and p is the equilibrium partial pressure of
oxygen, then, Eq. 1 may be written as

so that K=

= .\.
K :~M r . -2
. = P . oy
or f= T+Kp w3

containing 150-160 amino acid residues. The polypeptide chain is coordinated to iron atom of the hiemie
group through the N atom of one of its histidine groups, as shown in Fig. 2. © caled
The molar mass of myoglobin is about 17000. Myoglobin which has not taken up oxygen is calle
deaxymyoglobin or simply myoglobin. i e gt
i i i four myoglobin-like (not my
lobin, which has a molar mass of about 64500, comprises of
sub ﬂmﬁoﬂwﬂw oﬂz_o polypeptide chains of these sub units has exactly n.ﬁ‘mmam ..mgcgﬁw ﬂ mnoz_vmcw“
are Enmm.a in the polypeptidt of myoglobin. Nevertheless, the polypeptide chains of both hemoglol

1064

The constant X is called the binding constant of myoglobin for oxygen.
Hemoglobin, with its four myoglobin-like sub units, exhibits more complex behaviour. It approximately

follows Eq. 4 :
K < [Hb(0y),] (@
[Hb][O, " _
‘sothat T f= .5‘__‘ T I
1+ Kp" :
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