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(A) INTRODUCTION

The cell is the basic structural unit of living systems, as
glucose is the structural unit of starch and cellulose and
adamantane is the structural unit of diamond. The nutrients
absorbed by the human body are used by cells and most of
the chemistry which takes place in the body occurs within
cells. Thus in summary, the cell is the structural and
functional unit of biological activity. The cells of living
kingdom are basically of two types.

1. Prokaryotes
The prokaryotic cell is smaller and simpler and is typical of
bacteria. The E. coli cell is around 2 µm long and 1 µm in
diameter. The prokaryotes have typically:

1. A cell membrane
2. Cytosol (containing metabolites)
3. Cell wall and perhaps an outer layer

2. Eukaryotes
The eukaryotic cells are larger, more complex cells and are
found in plants and animals. These are 5 to 100 µm in
diameter with cell volumes thousand to million times larger
compared to those of bacteria. In addition to a cell membrane,
cytosol, and perhaps cell walls, eukaryotes have following
distinguishing characteristics (compared to prokaryotes):

1. A nucleus
2. Different membrane bound, organelles which have

specific functions (mitochondria, endoplasmic
reticulum, Golgi complexes and lysosomes)
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(B) DESCRIPTION OF ORGANELLES

The diagrammatic representation of a typical eukaryotic cell
is given in (Scheme 1.1). The structural components of the
cell are described in detail.
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SCHEME 1.1

1. Nucleus
Nucleus is the largest cellular organelle. It contains the genes
and it is here where the information required for cell growth,
division and maintenance is located. It is here where the
DNA of the eukaryote is found. DNA is associated with
proteins in larger structures termed chromosomes.
Chromosomes represent rather complex structures which
contain genetic material (DNA) and protein.

The nucleus is bounded by two membranes which fuse
together at the nuclear pores from which molecules e.g., mRNA
(messenger ribonucleic acid), proteins, ribosomes etc., can
move between the nucleus and cytosol.
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2. Nucleolus
It is a dense structure in the nucleus of eukaryotic cells. It
is rich in RNA and ribosomal RNA which enter the cytosol
through the nuclear pores.

3. Plasma Membrane (For Details See Chapter 6)
The plasma membrane is the cell structure which separates
the contents of the cell from the external environment.
The plasma membrane is not a rigid structure, it also is
not a passive barrier between the internal and external
environment. It is a selectively permeable barrier for
controlling the entry of nutrients and the departure of
waste products. The membranes are composed of lipids,
proteins and carbohydrates and these biological membranes
are relatively impermeable. These membranes provide a
selectively permeable barrier because of the presence of
specific transport proteins and the receptor proteins which
can only bind specific ligands. Thus one protein may be
involved in the transport of glucose while others are
involved in the transport of ions e.g., a sodium ion.

In summary considering only the two principal classes of
compounds found in membranes i.e., polar lipids and proteins, the
overall outlines of a membrane structure are in (Scheme 1.2).

Membrane structure: (I) Diagram of a section of a bilayer membrane
formed from phospholipid molecules. (II) Fluid mosaic model of

biological membranes with proteins embedded in the lipid matrix.

SCHEME 1.2
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The lipids prevent movement of polar molecules and ions
across the membrane while some membrane proteins act as
specific transport systems for these polar species. Considering
two common methods for passing substances through a
membrane one is facilitated transport while the other is active
transport. Facilitated diffusion (transport) is speeded up by
proteins which act as channels. Movement of the molecules or
ions is from a region of higher concentration on one side of
membrane to one of lower concentration to the other side. The
process occurs quickly because the proteins allow passage across
the nonpolar core of the membrane (Scheme 1.3). Facilitated
diffusion is independent of externally applied energy.

Facilitated transport: A membrane protein acts as a channel or carrier.
It is like a channel or pore in the membrane from which the

molecules or ions pass through

SCHEME 1.3

During the active transport external energy is needed.
This energy is provided by ATP or electrochemical gradients
(see Chapter 6). Active transport moves molecules against a
concentration gradient (from low concentration to high
concentration) (Scheme 1.4).

Active transport: This process requires energy when a substance is
pumped from one region to another even against its gradient.

SCHEME 1.4
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The free energy change (for details also see Sec. 2.8) for
transport through a membrane may be considered from the
following points:

� The free energy change during a chemical process
converting a substrate (S) to a product (P) is given
by (Eqn. I Scheme 1.5).

∆G = ∆Go′ + RT ln 
[P]
[S]

(I)

where R = gas constant

K and T is the absolute temperature

∆Gt = RT ln 
2

1

C
C (II)

∆Gt = RT ln 
 
 
 

2

1

C
C

 + ZF ∆ψ

where Z = charge on the ion

F = Faraday constant (96, 480 J/v. mol)

∆ψ = transmembrane electrical potential in volts

SCHEME 1.5

In case the reaction in a simple transport of a solute
from a region of C1 concentration to a region of C2
concentration, the standard free energy change ∆G°′ is
zero and then the free energy change for such a
transport is given by (Eqn. II, Scheme 1.5).

� In case the solute is an ion, the energy cost for its
transport is related to the electrochemical potential
which is the  sum of both chemical as well as electrical
gradients and is then given by (Eqn. III, Scheme 1.5).

4. The Mitochondrion (Plural—Mitochondria)

The mitochondria (Greek: mitos-thread; chondros-granule) are
regarded as the power houses of the cell where much of the
energy production of the cell takes place. This organelle
functions in the oxygen-requiring process (oxidative
phosphorylation) in which energy contained within electrons
is conserved in a form of energy usable by the cell, i.e., as the
nucleotide adenosine triphosphate (ATP). For this reason,
the mitochondria may be described as the power houses of
the cell. Mitochondria are therefore, generally located where
energy demand is highest in the cell. All mitochondria have
two separate membranes an inner and outer membrane which
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are chemically and functionally distinct. The principal features
of the structure of the mitochondrion are:

� Outer membrane
� Intermembrane space (or ‘O’ compartment)
� Inner membrane
� Matrix (or ‘M’ compartment) (Scheme 1.6)

The structure of mitochondrion with some of the enzymes

SCHEME 1.6

The outer membrane is freely permeable to small molecules
and ions and maintains the shape of organelle and contains
open pores which are generated by transmembrane protein
called porin. The diameter of the pore may be adjusted by
either positive or negative voltages across the outer membrane,
i.e., the channel of mitochondrial porin is voltage gated. The
‘O’ compartment separates the outer and inner membranes.

The inner membrane (cristae) is the site of oxidative
phosphorylation and members of electron transport complexes
and ATP synthesising enzymes are housed here.
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� The outer membrane of a
mitochondrion is freely
permeable to small molecules
and ions.

� The inner membrane is
impermeable to most small
molecules and ions including
H+.
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The inner membrane is less permeable to most small
molecules and ions including H+. The species which cross the
membrane need the help of specific transporters. The inner
membrane is folded to form cristae.

The central matrix which is surrounded by inner
membrane (Scheme 1.6) is a site of several metabolic reactions
including citric acid cycle and fatty acid breakdown. Within
the matrix is found discrete double helical strands of circular
DNA and ribosomes.

The mitochondrial matrix contains several enzyme
systems (Scheme 1.6):

� Pyruvate dehydrogenase complex
� Enzymes of the citric acid cycle
� The fatty acid β-oxidation pathway and
� The pathway of amino acid oxidation
All these systems are needed for fuel oxidation. Glycolysis

however occurs in cytosol (scheme 1.6a) and involves a series
of ten enzyme-catalysed reactions by which glucose is oxidized
to two molecules of pyruvate. β-oxidation involves a series of
four enzyme catalysed reactions which cleave two carbon
atoms at a time until the entire fatty acid chain is degraded
to acetyl CoA. Pyruvate, fatty acids and amino acids are
brought into the matrix by specific transporters to undergo
citric acid cycle (Scheme 1.6b). ADP and Pi then get
transported specifically into the matrix and newly synthesised
ATP is transported out.

βββββ-Oxidation of Fatty Acids
Fatty acids after their release from triglycerides are activated
in the cytoplasm by formation of thioesters with coenzyme
A and transport of activated fatty acids across the inner
mitochondrial membrane exposes them to β-oxidation
enzymes.

Glycolysis occurs in cytosol

SCHEME 1.6(a)
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In mitochondria the hydride ions (from NADH e.g.,) donate
electrons to the electron transfer chain (ETC) which
subsequently transfers the electrons to O2 to form water which
is an exergonic process and releases energy. This free energy
of oxidation (see, Scheme 1.7) is used for the synthesis of
ATP.

Conversion of food energy into ATP in mitochondrion. Oxidation of
the major food stuffs leads to the formation of reducing

equivalents e.g., NADH. Electrons from these sources are collected
by ETC for oxidation and coupled formation of ATP

SCHEME 1.6(b)
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As discussed above a major role of the inner membrane is
that it is the site of oxidative phosphorylation. It houses the
electron transport chain and ATP synthesising system. One
may consider the energetics of oxidative phosphorylation.

The transport of two electrons from the redox pair NAD+/
NADH to the redox pair ½O2/H2O can be written as (Eqn. I,
Scheme 1.7). This net reaction is highly exergonic.

For details of energetics of oxidative phosphorylation see
Sec. 2.8 and Table 2.2.

O + NADH + H2

+1

2
H + NAD + (exergonic) (I)2O

+

ADP + Pi + H
+

ATP + H (endergonic) (II)2O

NADH transfers two electrons (through the respiratory chain) to
molecular oxygen in an exergonic process. This free energy of
oxidation is used in the synthesis of ATP (Eqn. II) which is an

endergonic process

SCHEME 1.7

The redox  potential difference ∆E0′ between these two redox
pairs in 1.14 V [NAD+/NADH (E0′ = – 0.32 V) while for the
pair O2/H2O (E′0 = +0.82)]. Thus when NADH is oxidixed
most of the energy released is trapped to form ATP. The
standard free energy change for the reaction (I, Scheme 1.7)
is given by Nernst equation (Scheme 1.8, for details see
Scheme 2.30).

∆G0′ = –nF ∆E0
′

= –2 (96.5 kJ/V. mol) (1.14 V)

= –220 kJ/mol (of NADH)

SCHEME 1.8

Thus in summary electrons flow from NADH to molecular
oxygen (Eqn. I, Scheme 1.7) is an exergonic process to release
energy. This free energy of oxidation is used for the synthesis
of ATP (Eqn. II, Scheme 1.7) which is an endergonic process.

5. Endoplasmic Reticulum (ER)
It is a complex network of membrane enclosed spaces and
some of these thread like structures extend from the nuclear
pores to the plasma membrane. It is often studded with
ribosomes leading to granular appearance which is than called
rough endoplasmic reticulum. Ribosomes are the sites of
protein biosynthesis.
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The smooth endoplasmic reticulum which is not studded
with ribosomes is the site of biosynthesis of lipids
(triacylglycerols, phospholipids, sterols) and is where several
detoxification reactions (e.g., of drugs) take place. The smooth
endoplasmic reticulum besides its involvement in metabolism
of drugs also supplies Ca2+ for the cellular functions.

6. Golgi Apparatus
It represents a complex membranous organelle of eukaryotic
cells. It acts as the sorting and processing centre of the cell.
The Golgi apparatus catalyses the addition of carbohydrates
lipids or sulphate moieties on the newly synthesised proteins.
These modification on the proteins are necessary for the
transport of proteins across the plasma membrane or
incorporation into the plasma membrane.

Golgi apparatus also encloses some proteins and enzymes
which are secreted from the cell after appropriate signals.

7. Lysosomes
Lysosome is a membrane bounded organelle in the cytoplasm
of eukaryotic cells and is regarded as the digestive tract of
the cell. It contains several hydrolytic enzymes (hydrolases)
and lysosomes are involved in the digestion of cellular
substances like lipids, carbohydrates, proteins and nucleic
acids. The internal pH of lysosomes is mildly acidic (pH = 4–
5) than the cytosol (pH = 7). The mildly acidic pH of lysosome
is maintained by integral proteins which pump H+ ions into
them. This mildly acidic pH of lysosomes makes the hydrolases
optimally active to facilitate the degradation of different
compounds. Proteases degrade proteins, lipases degrade lipids,
phosphatases remove phosphate groups from nucleotides and
phospholipids and nucleases degrade RNA.

8. Peroxisomes
Peroxisomes are also microbodies have a single boundary
membrane and contain the enzyme catalase. The enzyme
catalase protects the cell from the toxic hydrogen peroxide
(H2O2) by converting it into harmless H2O and O2 (Scheme
1.9).

2H O2 2

Catalase
2H O2 2+O

Toxic Harmless

SCHEME 1.9
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