101 OXYGEN UPTAKE PROTEIN

The four Oxygen- uptake Oproteins for transport and storage of oxygen in biological systems.
These are Hemoglobin, Myoglobin, Hemerythrin and ilemocyanin. Hemoglobin and
Myoglobin are fe (@@)-heme proteins but Hemerythrin is a non-heme fe(@@) protein,
Hemocyanin contain Copper at its Oxygen binding site. -

The important functions of the heme-proteins are

(i) Transport and Storage of dioxygen (Hb & Mb)
(ii) Electron transport(Cyt-Bs)
(iii)  Catalysis in redox reactions (Catalase, Peroxidasc etc.)

Hemogiobin:

Hemoglobin is the iron-containing oxygen-transport metalloprotein in the red bioed
cells of all vertebrates with the exception of the fish l"am(!\ Channichthyidae as well as the
tissues of some invertebrates. Hemoglobin in the blood carries oxygen from the respiratory

organs (lungs or gills) to the rest of the body (i.e., the 1.1swe.-.) where it releases the oxygen to
burn nutrients to provide energy to power the functions of the organism, and collects tiae
resultant carbon dioxide to bring it back to the respiratory organs to be dispensed from the
organism.

Hemoglobin is a tetrameric protein, Hbs, (MW=64300daltons,), consisting of two o and two
B peptide chains, interlinked through hydrogen bonded CO0™ . .N"H; interaction. In Hb due
to these salt-bridge interactions, the peptide clnm in deoxy Hb4 is constrained.
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blood. The mammalian hemoglobin molecule can bind (carry) up to four oxygen molecules. .

Our blood stream contains

about 150 g/L of the protein known as hemoglobin (Hb), which is

so effective as an oxygen-carrier that the concentration of O, in the blood stream reaches 0.01
M — the same concentration as air. Once the Fb-Oz complex reaches the tissue that
consumes oxygen, the O, molecules are transferred to another protein — myoglobin (Mb)

— which transports oxygen through the muscle tissue.

Hemoglobin is involved in the transport of other gases: it carries some of the body'.s
respiratory carbon dioxide (about 10% of the total) as carbaminohemoglobin, in which CO; is

bound to the globin protein. The molecule also carries the important regulatory molecule
nitric oxide bound to a globin protein thiol group, releasing it at the same time as oxygen.

Myoglobin:

Myoglobin and hemoglobin are hemeproteins whose physiological importance ?s
principally related to their ability to bind molecular oxygen. Myoglobin is a Monomeric
heme protein found mainly in muscle tissue where it serves as an intracellular storage site
for oxygen. During periods of oxygen deprivation oxymyoglobin releases its bound
oxygen which is then used for metabolic purposes. Mb is a monomeric pritein (MW =
17100 daltones) having a single polypeptide chain that is not conductive of self

association.

OH -O

Fig: Protoporphyrin IX (PIX)
L. At

Scanned by CamScanner



STRUCTURE OF Hb AND Mb:

Hemgglobm has a quaternary structure characteristic of many multi-subunit globular
pro.tems. Most of the amino acids in hemoglobin form alpha helices, connected by short non-
hellcal_ Segments. Hydrogen bonds stabilize the helical sections inside this protein, causing
attractions within the molecule, folding each polypeptide chain into a specific shape.
Hemoglobin's quaternary structure comes from its four subunits in roughly a tetrahedral
arrangement. -

The active sites of both Hb4 and Mb contain the heme group in which Fe(Il) is equatorially
coordinated by the four purrole nitrogen atom of protoporphyrin IX (PIX). [The porphyrin
ring consists of four pyrrole molecyles cyclically linked together (by methene bridges) with
the iron ion bound in the center]. The fifth position is coordinated by imidazole nitrogen atom
of a Histidine residue of the protein chain Le, globin. The sixth position in deoxy-Hby or
deoxy-Mb is vacant but hydrophobically shielded by the protein chain. As a result, only non-
polar neutral molecules such as 02, CO etc can bind to the sixth position by a coordinate
covalent bond, completing the octahedral group of six ligands. In absence of the protein
(globin) the sixth position is readily coordinated by polar water molecules and Fe(ii)-heme is
irreversibly oxidised by oxygen of the air to Fe(iii)-heme, Hematin. The later, because of its
residual positive charge, is reluctant to bind uncharged ligand such as O, but readily binds

charged ligands such as CN", S, OH" etc, which inhibit oxygenation.
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Fig: Structure of a heme unit in Hb and Mb
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Funchion ob Himaglokin !

The primary function of hemoglobin (Hb) is to transport oxygen. Since oxygen is not very
soluble in water (the major constituent of blood), an oxygen transport protein must be used t
allow oxygen to be 'soluble'. Hemoglobin (Hb) is the oxygen transport pr(?tem.use'd in the
blood of vertebrates. It is composed of 4 polypeptide chains (represented ll’l.thlS dlagram,
Each chain contains one heme group (colored orange), each of which contains one 1ron 1on
(not shown). The iron is the site of oxygen binding; each iron can bind one O, molecule thu

each hemoglobin molecule is capable of binding a total to four (4) Oz molecules.

Hemoglobin exists in two forms, a taut form (T) and a relaxed form (R). Various factors st
as low pH, high CO; and high 2.3 BPG at the level of the tissues favor the taut form, whicl

has low oxygen affinity and releases oxygen in the tissues. The opposite of these
abovementioned factors at the level of the lung capillaries favors the relaxed form which ¢

better bind oxygen.
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In Hb, the four . ) ‘
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se or T-form). On oxygenation, the above interactions are weakened and it att

Sorm (relaxed form).
h the heme-heme

steps leading to

7 operales throug
and the key
[b, I (1) remain in high-

; genation fe(Il) attain the low
spin state (12g6 ¢40). This spin state change acts as the trigger. The Te(l) —-N bond length
(H.S)is 2!3 pm. The eg electrons directly interact with the ligands and thus (he removal of ¢g
electrons in attaining the low-spin state reduces the bond length. The size of the porphyrin
Gy allows the sitting of the metal having the corresponding M- =N bond length about 200-
2[03 pm. Th_US the high-spin Fe (II) in deoxy-Hb (Fe-—N bond length -218 pim) cannot sit in
ttlu: 59,’~ph,y”“ Caing. 10 fact, Fe (II) in deoxy Hb, Jies above the porphyrin planc by 70 pm in
e nec_tlon of proximal histidine (F8). But on oxygenation, due to the change of spin statc
(high spin to low spin) the radius of Fe (II) decreases by about 17 pm. Thus Fe (I1) in oxy-

hemoglobin can be accommodated in the porphyrin cavity.
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pin state (log" ¢,* assuming octahedral geomelry),but on oxy

The evidence to support this fact in the oxygenated form of SR
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Oy (lOé?gﬁlej)O(\T[iz)'FZg gb;erved 0-O stretching frequency -1106 cmS-l ?sgcll;(s]:cli )loatl[:dlozl'
to Fe(Ill ) in his O 1 t- " 0{1d angle is closs:d to 1200. in fact fe(ii) is 'rcvcrs:igwly oxic?i ?d
state through deox 2e pt_a ke process and the site of delivery of O, it again attaind the ft SIL[
deoxY-Hb.’?hus thl ygenetion. The radius of Fe (Il ) in oxy-Hb is less than tl i

e model also accounts for the shrinkage in size of iron due lo](a)t\-}(l);, fc(:!) in
xygenation,
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