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The cell was discovered by Robert Hooke in 1665. The cell
theory, first developed in 1839 by Matthias Jakob Schleiden
and Theodor Schwann, states that all organisms are composed
of one or more cells, that all cells come from pre-existing cells, that
vital functions of an organism occur within cells, and that all cells
contain the hereditary information necessary for regulating cell
functions and for transmitting information to the next generation of
cells. The cell is the basic structural, functional and biological unit of
all known living organisms. Cells are the smallest unit of life that is
classified as a living thing, and are often called the “building blocks
of life”.

Cells consist of protoplasm enclosed within a membrane,
which contains many biomolecules such as proteins and nucleic
acids. Organisms can be classified as unicellular (consisting of a
single cell; including most bacteria) or multicellular (including
plants and animals). While the number of cells in plants and animals
varies from species to species, humans contain about 100 trillion (1014)
cells.

PROK ARYOTIC CELL
The prokaryotes are a group of organisms whose cells lack a
membrane-bound nucleus (karyon). The organisms whose cells do have
a nucleus are called eukaryotes. Most prokaryotes are unicellular
organisms, although a few such as myxo-bacteria have multicellular
stages in their life cycles or create large colonies like cyanobacteria.
The word prokaryote comes from the Greek "pro" before and "karyon"
nut or "kernel". Prokaryotes do not have a nucleus, mitochondria, or
any other membrane-bound organelles. In other words, all their
intracellular water-soluble components (proteins, DNA and
metabolites) are located together in the same area enclosed by the
cell membrane, rather than separated in different cellular
compartments.

C e l l
CHAPTER
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Prokaryot ic Cel l  Structure
1. Flagellum
2. Glycocalyx
3. Cell wall (except Mycoplasma)
4. Cell membrane
5. Cytoplasm
6. Ribosome
7. Nucleoid
8. Inclusions

A Prokaryotic Cel l has three Architectural Regions
1. On the outside, flagella and pili project from the cell's surface.

These are structures (not present in all prokaryotes) made of
proteins that facilitate movement and communication between
cells.

2. Enclosing the cell is the cell envelope generally consisting of a
cell wall covering a plasma membrane though some bacteria
also have a further covering layer called a capsule. The envelope
gives rigidity to the cell and separates the interior of the cell
from its environment, serving as a protective filter. Though
most prokaryotes have a cell wall, there are exceptions such
as Mycoplasma (bacteria) and Thermoplasma (archaea). The
cell wall consists of peptidoglycan in bacteria, and acts as an
additional barrier against exterior forces. It also prevents the
cell from expanding and bursting (cytolysis) from osmotic
pressure due to a hypotonic environment. Some eukaryotic
cells (plant cells and fungal cells) also have a cell wall.

3. Inside the cell is the cytoplasmic region that contains the
genome (DNA), ribosomes and various sorts of inclusions. The
prokaryotic chromosome is usually a circular molecule (an
exception is that of the bacterium Borrelia burgdorferi, which
causes Lyme disease). Though not forming a nucleus, the DNA
is condensed in a nucleoid. Prokaryotes can carry extra-
chromosomal DNA elements called plasmids, which are usually
circular. Plasmids encode additional genes, such as antibiotic
resistance genes.

Morphology of Prokaryot ic Cell s
Prokaryotic cells have various shapes;

The four basic shapes are:
• Cocci- spherical
• Bacilli - rod-shaped
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• Spirochaete - spiral-shaped
• Vibrio - comma-shaped

Rep r od uc t i o n
Bacteria and archaea reproduce through asexual reproduction, usually
by binary fission. Genetic exchange and recombination still occur, but
this a form of horizontal gene transfer and is not a replicative process,
simply involving the transference of DNA between two cells, as in
bacterial conjugation.

DNA Transfer
DNA transfer between prokaryotic cells occurs both in bacteria and
archaea, although it has been mainly been studied in bacteria. In
bacteria, gene transfer occurs by three processes. These are

(1) Transduction, bacterial virus (bacteriophage)-mediated
(2) Conjugation, plasmid-mediated
(3) Transformation

Tr a n s d uc t i o n
Transduction of bacterial genes by bacteriophage appears to reflect
an occasional error during intracellular assembly of virus particles,
rather than an adaptation of the host bacteria. The transfer of bacterial
DNA is under the control of the bacteriophage's genes rather than
bacterial genes.

Co n j ug a t i o n
Conjugation in the well-studied E. coli system is controlled by plasmid
genes, and is an adaptation for distributing copies of a plasmid from
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one bacterial host to another. Infrequently during this process, a
plasmid may integrate into the host bacterial chromosome, and
subsequently transfer part of the host bacterial DNA to another
bacterium. Plasmid mediated transfer of host bacterial DNA
(conjugation) also appears to be an accidental process rather than a
bacterial adaptation. Usually, the DNA is spread throughout the entire
cell, where it is readily accessible to be transcribed into messenger
RNA (mRNA) that is immediately translated by ribosomes into protein.
Sometimes, when biologists prepare prokaryotic cells for viewing
under a microscope, the DNA will condense in one part of the cell
producing a darkened area called a nucleoid. The prokaryotic
chromosome is intimately associated with special proteins involved
in maintaining the chromosomal structure and regulating gene
expression. In addition to a single large piece of chromosomal DNA,
many prokaryotic cells also contain small pieces of DNA called
plasmids. These circular rings of DNA are replicated independently
of the chromosome and can be transferred from one prokaryotic cell
to another through pili, which are small projections of the cell
membrane that can form physical channels with the pili of adjacent
cells. The transfer of plasmids between one cell and another is often
referred to as "bacterial sex".

The genes for antibiotic resistance, or the gradual ineffectiveness
of antibiotics in populations, are often carried on plasmids. If these
plasmids get transferred from resistant cells to nonresistant cells,
bacterial infection in populations can become much harder to control.
For example, it was recently learned that the superbug MRSA, or
multidrug-resistant Staphylococcus aureus, received some of its drug-
resistance genes on plasmids. Natural bacterial transformation
involves the transfer of DNA from one bacterium to another through
the intervening medium.

Tra n s fo r ma t io n
Unlike transduction and conjugation, transformation is clearly a
bacterial adaptation for DNA transfer, because it depends on numerous
bacterial gene products that specifically interact to perform this
complex process. For a bacterium to bind, take up and recombine donor
DNA into its own chromosome, it must first enter a special
physiological state called competence. About 40 genes are required in
Bacillus subtilis for the development of competence. The length of DNA
transferred during B. subtilis transformation can be as much as a third
to the whole chromosome. Transformation is a common mode of DNA
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transfer, and 67 prokaryotic species are thus far known to be naturally
competent for transformation. The development of competence in
nature is usually associated with stressful environmental conditions,
and appears to be an adaptation for promoting repair of DNA damage
in recipient cells.

Among archaea, Halobacterium volcanii forms cytoplasmic bridges
between cells that appear to be used for transfer of DNA from one
cell to another. Another archaeon, Sulfolobus solfataricus, transfers
DNA between cells by direct contact. Frols et al. found that exposure
of S. solfataricus  to DNA damaging agents induces cellular
aggregation, and suggested that cellular aggregation may enhance
DNA transfer among cells to provide increased repair of damaged
DNA via homologous recombination.

Evolut ion of Prokaryotes
The current model of the evolution of the first living organisms is that
these were some form of prokaryotes, which may have evolved out of
protobionts. In general, the eukaryotes are thought to have evolved
later in the history of life. However, some authors have questioned
this conclusion, arguing that the current set of prokaryotic species
may have evolved from more complex eukaryotic ancestors through a
process of simplification. Others have argued that the three domains
of life arose simultaneously, from a set of varied cells that formed a
single gene pool.

Phylogenetic tree showing the diversity of prokaryotes, compared
to eukaryotes.
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There is no consensus among biologists concerning the position
of the eukaryotes in the overall scheme of cell evolution. Current
opinions on the origin and position  of eukaryotes span a broad
spectrum including the views that eukaryotes arose first in evolution
and that prokaryotes descend from them, that eukaryotes arose
contemporaneously with eubacteria and archeabacteria and hence
represent a primary line of descent of equal age and rank as the
prokaryotes, that eukaryotes arose through a symbiotic event
entailing an endosymbiotic origin of the nucleus, that eukaryotes arose
without endosymbiosis, and that eukaryotes arose through a symbiotic
event entailing a simultaneous endosymbiotic origin of the flagellum
and the nucleus, in addition to many other models, which have been
reviewed and summarized elsewhere.

The division to prokaryotes and eukaryotes reflects two distinct
levels of cellular organization rather than biological classification of
species. Prokaryotes include two major classification domains: the
bacteria and the archaea. Archaea were recognized as a domain of
life in 1990. These organisms were originally thought to live only in
inhospitable conditions such as extremes of temperature, pH, and
radiation but have since been found in all types of habitats.

Relat ionship to Eukaryotes
The division between prokaryotes and eukaryotes is usually
considered the most important distinction among organisms. The
distinction is that eukaryotic cells have a "true" nucleus containing
their DNA, whereas prokaryotic cells do not have a nucleus. One
criticism of this classification points out that the word "prokaryote"
is based on what these organisms are not (they are not eukaryotic),
rather than what they are (either archaea or bacteria). Another
difference is that ribosomes in prokaryotes are smaller than in
eukaryotes. However, two organelles found in many eukaryotic cells,
mitochondria and chloroplasts, contain ribosomes similar in size and
makeup to those found in prokaryotes. This is one of many pieces of
evidence that mitochondria and chloroplasts are themselves descended
from free-living bacteria. This theory holds that early eukaryotic cells
took in primitive prokaryotic cells by phagocytosis and adapted
themselves to incorporate their structures, leading to the mitochondria
we see today.

The genome in a prokaryote is held within a DNA/protein complex
in the cytosol called the nucleoid, which lacks a nuclear envelope.
The complex contains a single, cyclic, double-stranded molecule of
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stable chromosomal DNA, in contrast to the multiple linear, compact,
highly organized chromosomes found in eukaryotic cells. In addition,
many important genes of prokaryotes are stored in separate circular
DNA structures called plasmids.

Prokaryotes lack mitochondria and chloroplasts. Instead,
processes such as oxidative phosphorylation and photosynthesis take
place across the prokaryotic cell membrane. However, prokaryotes
do possess some internal structures, such as prokaryotic
cytoskeletons, and the bacterial order Plancto-mycetes have a
membrane around their nucleoid and contain other membrane-bound
cellular structures. Both eukaryotes and prokaryotes contain large
RNA / protein structures called ribosomes, which produce protein.

Prokaryotic cells are usually much smaller than eukaryotic cells.
Therefore, prokaryotes have a larger surface-area-to-volume ratio,
giving them a higher metabolic rate, a higher growth rate, and as a
consequence, a shorter generation time than eukaryotes.

In 1977, Carl Woese proposed dividing prokaryotes into the
Bacteria and Archaea (originally Eubacteria and Archae-bacteria)
because of the major differences in the structure and genetics between
the two groups of organisms. This arrangement of Eukaryota (also
called "Eukarya"), Bacteria, and Archaea is called the three-domain
system, replacing the traditional two-empire system.

S i z e
The sizes of prokaryotes relative to other organisms and biomolecules

Most prokaryotes are between 1 µm and 10 µm, but they can vary
in size from 0.2 µm to 750 µm (Thiomargarita namibiensis).

E n v i r o n me n t
Prokaryotes live in nearly all environments on Earth. Some archaea
and bacteria thrive in harsh conditions, such as high temperatures
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(thermophiles) or high salinity (halophiles). Organisms such as these
are referred to as extremophiles. Many archaea grow as plankton in
the oceans. Symbiotic prokaryotes live in or on the bodies of other
organisms, including humans.

Eukaryot ic Cell s
Components of a typical cell:

1. Nucleus
2. Nucleolus
3. Ribosome (little dots)
4. Vesicle
5. Rough endoplasmic reticulum
6. Golgi apparatus (or "Golgi body")
7. Cytoskeleton
8. Smooth endoplasmic reticulum
9. Mitochondrion

10. Vacuole
11. Cytosol (fluid that contains organelles)
12. Lysosome
13. Centrosome
Plants, animals, fungi, slime moulds, protozoa, and algae are all

eukaryotic. These cells are about fifteen times wider than a typical
prokaryote and can be as much as a thousand times greater in volume.
The main distinguishing feature of eukaryotes as compared to
prokaryotes is compartmentalization: the presence of membrane-
bound compartments in which specific metabolic activities take place.
Most important among these is a cell nucleus, a membrane-delineated
compartment that houses the eukaryotic cell's DNA. This nucleus gives
the eukaryote its name, which means "true nucleus." Other differences
include:

1. The plasma membrane resembles that of prokaryotes in
function, with minor differences in the setup. Cell walls may
or may not be present.

2. The eukaryotic DNA is organized in one or more linear
molecules, called chromosomes, which are associated with
histone proteins. All chromosomal DNA is stored in the cell
nucleus, separated from the cytoplasm by a membrane. Some
eukaryotic organelles such as mitochondria also contain some
DNA.

3. Eukaryotes can move using motile cilia or flagella. Eukaryotic
flagella are less complex than those of prokaryotes.
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CELL WALL OF PROKARYOTIC CELL
Around the outside of the cell membrane is the bacterial cell wall.
Bacterial cell walls are made of peptidoglycan (also called murein),
which is made from polysaccharide chains cross-linked by unusual
peptides containing D-amino acids. Bacterial cell walls are different
from the cell walls of plants and fungi which are made of cellulose and
chitin, respectively. The cell wall of bacteria is also distinct from that
of Archaea, which do not contain peptidoglycan. The antibiotic
penicillin is able to kill bacteria by preventing the cross-linking of
peptidoglycan and this causes the cell wall to weaken and lyse. The
lysozyme enzyme can also damage bacterial cell walls.

There are broadly speaking two different types of cell wall in
bacteria, called Gram-positive and Gram-negative. The names
originate from the reaction of cells to the Gram stain, a test long-
employed for the classification of bacterial species.

Gram-positive bacteria possess a thick cell wall containing many
layers of peptidoglycan and teichoic acids. In contrast, Gram-negative
bacteria have a relatively thin cell wall consisting of a few layers of
peptidoglycan surrounded by a second lipid membrane containing
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lipopolysaccharides and lipoproteins. Most bacteria have the Gram-
negative cell wall and only the Firmicutes and Actino-bacteria
(previously known as the low G+C and high G+C Gram-positive
bacteria, respectively) have the alternative Gram-positive
arrangement.

Showing the arrangement of N-Acetyl glucosamine

Showing arrangement of N-Acetyl muramic acid

Cel l Wal l  of  Eukar yot ic Cel l
The cell wall is the tough, flexible but sometimes fairly rigid layer
that surrounds some types of cells. It is located outside the cell
membrane and provides these cells with structural support and
protection, in addition to acting as a filtering mechanism. A major
function of the cell wall is to act as a pressure vessel, preventing over-
expansion when water enters the cell. Cell walls are found in plants,
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bacteria, fungi, algae, and some archaea. Animals and protozoa do not
have cell walls.

Plant cell wall structure

The material in the cell wall varies between species, and can also
differ depending on cell type and developmental stage. In bacteria,
peptidoglycan forms the cell wall. Archaean cell walls have various
compositions, and may be formed of glycoprotein S-layers, pseudo-
peptidoglycan, or polysaccharides. Fungi possess cell walls made of
the glucosamine polymer chitin, and algae typically possess walls made
of glycoproteins and polysaccharides.

The walls of plant cells must have sufficient tensile strength to
withstand internal osmotic pressures of several times atmospheric
pressure that result from the difference in solute concentration
between the cell interior and external water. Plant cell walls vary
from 1/10 to several µm thick.

L a ye r s
Up to three strata or layers may be found in plant cell walls:

• The middle lamella, a layer rich in pectins. This outermost
layer forms the interface between adjacent plant cells and glues
them together.
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