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ABSTRACT

Cytochromes are the conjugated proteins consisting of heme as the prosthetic group. They can
undergo oxidation and reduction. These proteins are involved in the electron transfer chain which
is important in the process of respiration occurring in the mitochondria. There are three types of
cytochrome namely cytochrome A, cytochrome B, and cytochrome C. The primary function of
Cytochrome c is synthesis of ATP and it is also involved in intrinsic type 2 apoptosis.
Cytochrome P450 is another cytochrome which is present in the microsomes of the liver and
plays an important role in the detoxification. This review was aimed to highlight and discuss

these cytochromes.
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INTRODUCTION
Cytochromes are compounds consisting of
HAEM proteins. They can undergo oxidation
and reduction. These proteins are involved in
the electron transport chain which is
important in the process of respiration
occurring in the mitochondria. There are
three  types of

cytochrome  namely

cytochrome A, cytochrome B, and
cytochrome C. The primary function of
Cytochrome C is synthesis of ATP and it is
also involved in intrinsic type 2 apoptosis. In
cytochrome A, cytochrome B,cytochrome C,
heme A, heme B,heme C are the prosthetic
group respectively. Cytochrome P450 is
another cytochrome which is present in the
microsomes of the liver and plays an
important role in detoxification, drug
metabolism. The most abundant CYP
isoform is CYP3A4 in adult liver constituting
about 29% of total CYP protein and for
which reason it is the most important enzyme
in drug metabolism [1]. Charles A.
discovered the cytochromes in the year 1886.
Then they were rediscovered by David Keilin
in the year 1925 and he also discovered their
function in cell respiration [2]. Cytochrome
c oxidase is a molecular nanomachine that
transports energy derived from redox
reaction into proton motive forces across a

biological membrane [3]. Previously our

team has a rich experience in working on
various research projects across multiple
disciplines [4—18].
Respiratory chain

Cytochrome aa3 is also called cytochrome
oxidase. The function of cytochrome aa3 is
to convert ferricytochrome ¢ to the Fe** form.
Then it transfers the reducing equivalents
gained in this reaction to the molecular
oxygen and reduces it to water. The
cytochrome oxidase reaction utilises over
95% of the oxygen employed by the
organisms and gives energy needed for the
living beings. Hence it is the most important
reaction taking in the body. In the oxidation
process, energy released is utilised to pump
H+ protons actively from the mitochondrial
matrix through the inner mitochondrial
membrane into the inter membrane space
[19]. This leads to the creation of proton
gradient across the inner mitochondrial
membrane, lower proton concentration is
seen within the matrix space and the outside
having a higher proton concentration. With
the help of a chain of three large protein
complexes namely NADH-Q oxidoreductase,
cytochrome c oxidoreductase and

cytochrome ¢ oxidase, electrons are
transferred from NADH to oxygen. The high

energy electrons of NADH enter the
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respiratory chain at NADH Q
oxidoreductase. Ubiquitous is the entry site
for electrons from FADH2 of flavoproteins
and the electrons flow from ubiquinol to
cytochrome ¢ through Q cytochrome c
oxidoreductase. The transmembrane proton
transport is known as Q cycle [20].
Cytochrome oxidase

Cytochrome oxidase consists of 8 to 13
polypeptide subunits, two hemes, a and a3,
and two copper atoms. Cytochrome oxidase
or complex 4 is one of the largest
transmembrane protein complexes found in
bacteria and eukaryotes in the mitochondria.
This is the last enzyme in the electron
transport chain. This enzyme catalyses the
transfer of electrons from ferricytochrome c
to molecular oxygen and then to water. If the
cytochrome oxidase is inhibited,
cyanide,azide and carbon monoxide will bind
to cytochrome oxidase and inhibits function
of protein and leads to chemical
asphyxiation. The two main classes of
cytochrome oxidase are cytochrome c
oxidases, and quinol oxidases [21].
Cytochrome oxidase also acts as an
metabolic marker for neuronal activity. The
brain is composed of heterogeneous groups
of neurons. Cytochrome oxidase is used as a
metabolic marker for neuronal activity

because of the tight coupling between

neuronal activity and oxidative energy
metabolism. Cytochrome oxidase is also
called as cytochrome aa3 because the protein
bound harms are functionally and
spectroscopically different [22].
Cytochrome ¢

Cytochrome c is a hemoprotein located
between the inner and outer mitochondrial
membranes. It is a single polypeptide chain
consisting of 104 to 112 amino acids, heme is
the prosthetic group. Cytochrome c has a
major role in oxidative phosphorylation and
apoptosis. Apoptosis, or programmed cell
death, involves the maintenance of cell
homeostasis by the elimination of damaged
cells. Lack of regulation of apoptosis may
lead to diseases, such as cancers, immune
diseases, and neurodegenerative disorders.
The execution of apoptosis requires caspases,
which are a subfamily of cysteine proteases.
In caspase activation pathway, a variety of
apoptotic stimuli cause the release of
cytochrome c¢ from mitochondria, which
results in induction of a series of biochemical
reactions and leads to caspase activation and
subsequent cell death [23]. In eukaryotes
cytochromes ¢ plays a vital role in cell
respiration and aerobic energy production.
Even though the surface area at which the
reaction occurs is less than 1% of the total

surface of the protein, electron transfer takes
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place very efficiently. The amino acid
sequences of the cytochromes ¢ of
eukaryotes have provided a very interesting
association between the structure of protein
and the evolutionary relatedness of different
taxonomic groups. Cytochrome c¢ is also
involved in the catalysis of several redox
reactions such as hydroxylation and aromatic
oxidation. Bacterial cytochrome c¢ also
functions as a nitrite reductase. Cytochrome ¢
also acts as an antioxidative enzyme in the
mitochondria. It is also used to find out the
peroxide production in biological systems
[24].
Cytochrome reductase

The cytochrome reductase complex is an
integral membrane protein system. There are
multiple  subunits, composed of two
cytochrome b molecules, one nonheme iron
protein, and one cytochrome cl. The two
cytochrome b hemes are chemically identical
as in the case of the oxidase, but they differ
in their protein environments. The
cytochrome reductase complex is reduced by
reaction involving the reduced form of
lipophilic coenzyme Q, dissolved within the
inner mitochondrial membrane. Coenzyme Q
gets reduced by the NADH dehydrogenase,
succinate dehydrogenase, and other systems
[25].

Other cytochromes

Apart from the cytochromes of
mitochondrial respiratory chain, animals
have a heme protein, known as cytochrome
P450, present in the liver and adrenal cortex.
In the liver it act as an integral part of a
mono-oxygenase system that can utilize
oxygen and the reduced form of the
coenzyme NADPH, to hydroxylate a large
variety of foreign substances and drugs and
hence be involved in the detoxification
reaction. In the adrenal it is involved in the
hydroxylation of steroid precursors in the
biosynthesis of hormones of adrenocortex
[26].
Cytochrome P450

Cytochromes P450 enzymes constitute a
large superfamily of haem-thiolate proteins
participating in the metabolism of a wide
variety of both exogenous and endogenous
compounds [27]. These proteins were first
discovered in 1955 in rat liver microsomes
and the characteristic feature include the
intense absorption band at 450 nm in the
presence of carbon monoxide [28]. The
cytochrome P450 or otherwise known as
mixed function monooxygenases are situated
on the smooth endoplasmic reticulum of
cells, but predominantly found in the liver
and small intestine. They are responsible for
the oxidative metabolism of a variety of

compounds, including many drugs [29]. They
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convert the lipophilic drugs to more polar
substances which can be easily eliminated by
the kidneys. The metabolites are normally
less active compared to the parent compound,
however some drugs are biotransformed to
pharmacologic active agents. Sometimes the
metabolites can be toxic, teratogenic or
carcinogenic [30]. The P450-containing
monooxygenases can be divided into two
main types, bacterial/mitochondrial which is
type I and microsomal which is type II.
Mitochondrial P450 systems contain three
compounds: a FAD containing flavoprotein
(also known as NADPH or NADH-
dependent reductase), an iron-sulfur protein
and P450. The eukaryotic microsomal P450
system has two components: NADPH:P450
reductase, a flavoprotein containing both
FAD and FMN, and P450. CPR is a fusion
protein consisting of domains which are
homologous to  ferredoxin:  NADP+
reductases (FAD domain) and flavodoxin
(FMN domain) [31]. All the P450 containing
monooxygenases explained so far share
similar structural and functional domain
architecture. A domain is a polypeptide that
exists as an independently folding unit and
possesses a certain function. Hence there are
no basic differences between the protein
individual

domain and the protein

component. All the P450 systems can be

considered as three-domain systems: NADH-
or NADPH-dependent FAD containing
reductase, an iron-sulfur protein (in a three-
component system) or FMN-binding domain
(in a two- and one component system) and
P450 domain (haem domain) [32] Our
institution is passionate about high quality
evidence based research and has excelled in
various fields [33—-39]. We hope this study
adds to this rich legacy.

CONCLUSION

Cytochromes are the conjugated proteins that
contain heme as the prosthetic group. The
principal biological function of cytochromes
in cells of plants, animals, and
microorganisms 1is to participate in the
conversion

energy processes such as

respiration  and  photosynthesis.  The
cytochrome c¢ plays an important role not
only in oxidative phosphorylation, but also in
apoptosis. Cytochrome ¢ release from
mitochondria induces a series of biochemical
reactions that result in caspase activation and
subsequent cell death, which represents the
intrinsic  pathway of apoptosis. And
cytochrome P450 enzymes constitute a
family of proteins which are involved in the
metabolism of a variety of both endogenous
and exogenous compounds. Thus these heme

proteins play an integral role in the energy

IJBPAS, August, Special Issue, 2021, 10(8)



Hema Vet al

Review Article

metabolism and in the elimination of toxic or
forein substances as well.
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