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Unit 2       Cell Biology 
 
The cell, which is also known as the basic unit of life is the prime element of which all organisms are composed 
off. Some of them are called as unicellular and some are being known as multi cellular. A cell is a fundamental 
structural and functional unit of all living organisms because anything less than a complete structure of a cell 
does not ensure independent living. The unicellular organisms are capable of (i) independent existence and (ii) 
performing the essential functions of life. 

Anton Von Leeuwenhoek first saw and described a live cell. Robert Brown later discovered the nucleus. The 
invention of the microscope and its improvement leading to the electron microscope revealed all the structural 
details of the cell.  

Theodore Schwann (1839), a British Zoologist, studied different types of animal cells and reported that cells had 
a thin outer layer which is today known as the ‘plasma membrane’. He also concluded, based on his studies on 
plant tissues, that the presence of cell wall is a unique character of the plant cells.  

On the basis of this, Schwann proposed the hypothesis that the bodies of animals and plants are composed of 
cells and products of cells. Schleiden and Schwann together formulated the cell theory. This theory however, 
did not explain as to how new cells were formed. Rudolf Virchow (1855) first explained that cells divided and 
new cells are formed from pre-existing cells (Omnis cellula-e cellula). He modified the hypothesis of Schleiden 
and Schwann to give the cell theory a final shape. Cell theory as understood today is: (i) all living organisms are 
composed of cells and products of cells. (ii) all cells arise from pre-existing cells. 

A plant cell has a distinct cell wall as its outer boundary and just within it is the cell membrane. The cells of the 
human cheek i.e. an animal cells have an outer membrane as the delimiting structure of the cell. Inside each cell 
is a dense membrane bound structure called nucleus. This nucleus contains the chromosomes which in turn 
contain the genetic material, DNA. Cells that have membrane bound nuclei are called eukaryotic whereas cells 
that lack a membrane bound nucleus are prokaryotic. In both prokaryotic and eukaryotic cells, a semi-fluid 
matrix called cytoplasm occupies the volume of the cell. The cytoplasm is the main arena of cellular activities in 
both the plant and animal cells. Various chemical reactions occur in it to keep the cell in the ‘living state. Besides 
the nucleus, the eukaryotic cells have other membrane bound distinct structures called organelles like the 
endoplasmic reticulum (ER), the golgi complex, lysosomes, mitochondria, microbodies and vacuoles. The 
prokaryotic cells lack such membrane bound organelles. 

Ribosomes are non-membrane bound organelles 
found in all cells – both eukaryotic as well as 
prokaryotic. Within the cell, ribosomes are found 
not only in the cytoplasm but also within the two 
organelles – chloroplasts (in plants) and 
mitochondria and on rough ER. Animal cells 
contain another non-membrane bound organelle 
called centriole which helps in cell division. 

Prokaryotic cells  

The prokaryotic cells are represented by bacteria, 
blue-green algae, mycoplasma and PPLO (Pleuro 
Pneumonia Like Organisms). They are generally 
smaller and multiply more rapidly than the 
eukaryotic cells. They may vary greatly in shape 
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and size. The four basic shapes of bacteria are bacillus (rod like), coccus (spherical), vibrio (comma shaped) and 
spirillum (spiral). 

The organisation of the prokaryotic cell is fundamentally similar even though prokaryotes exhibit a wide variety 
of shapes and functions. All prokaryotes have a cell wall surrounding the cell membrane except in mycoplasma. 
The fluid matrix filling the cell is the cytoplasm. There is no well-defined nucleus. The genetic material is basically 
naked, not enveloped by a nuclear membrane. In addition to the genomic DNA (the single chromosome/circular 
DNA), many bacteria have small circular DNA outside the genomic DNA. These smaller DNA are called plasmids. 
The plasmid DNA confers certain unique phenotypic characters to such bacteria. One such character is resistance 
to antibiotics. In higher classes you will learn that this plasmid DNA is used to monitor bacterial transformation 
with foreign DNA. Nuclear membrane is found in eukaryotes. No organelles, like the ones in eukaryotes, are 
found in prokaryotic cells except for ribosomes. Prokaryotes have something unique in the form of inclusions. 
A specialised differentiated form of cell membrane called mesosome is the characteristic of prokaryotes. They 
are essentially infoldings of cell membrane.  

Cell Envelope and significance in Laboratory 

Most prokaryotic cells, particularly the bacterial cells, have a chemically complex cell envelope. The cell envelope 
consists of a tightly bound three layered structure i.e., the outermost glycocalyx followed by the cell wall and 
then the plasma membrane. Although each layer of the envelope performs distinct function, they act together 
as a single protective unit. Bacteria can be classified into two groups on the basis of the differences in the cell 
envelopes and the manner in which they respond to the staining procedure developed by Gram viz., those that 
take up the gram stain are Gram positive and the others that do not are called Gram negative bacteria. 

Gram Positive bacteria 

Gram-positive bacteria are the genus of bacteria family and a member of the phylum Firmicutes. These bacteria 
retain the color of the crystal violet stain which is used during gram staining procedure and these bacteria give 
a positive result in the Gram stain test by appearing purple-colored when examined under a microscope. 
Actinomyces, Clostridium, Mycobacterium, streptococci, staphylococci, and Nocardia are a few examples of 
gram-positive bacteria 

Pros Side of Gram +ve Bacteria 

 These species of bacteria are non-pathogenic which resides within our body including the mouth, skin, 
intestine, and upper respiratory tract. 

 They are an essential ingredient in producing Emmentaler or Swiss cheese. 
 The species of Corynebacterium are used in industrial production of enzymes, amino acids, nucleotides, etc. 
 Various Bacillus species are used in the secretion of large quantities of enzymes. 
 Few species of gram-positive bacteria are also involved in the cheese aging, bioconversion of steroids, 

degradation of hydrocarbons, etc. 
 Bacillus amyloliquefaciens of gram-positive bacteria are the good source of a natural antibiotic protein – 

Barnase. 

Cons side of Gram -ve bacteria 

 The substantial increase in skin and mucous infections in all humans are caused by staphylococcal species.  
 These organisms are mainly transmitted through skin contact, fomite contact, by inhaling of infected 

aerosolized particles, by pets, etc.  
 Other risk factors include food poisoning, Respiratory Diseases, tooth cavities, Diphtheria, Mycobacterium 

tuberculosis, etc. 
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Gram Negative Bacteria 

Gram-negative bacteria are the genus of bacteria family and a member of the phylum Firmicutes. They are the 
group of aerobic bacterium which does not retain the crystal violet dye during the procedure of Gram staining 
and they appear pink in color when they are examined under the microscope. 

There are many gram-negative bacteria of medical significance. The most important of these are members of 
the family Enterobacteriaceae. Further genera of Gram-negative bacteria include Vibrio, Campylobacter, 
Pseudomonas, and other bacteria which are normally found in the gastrointestinal tract. 

General Characteristics of Gram-Negative Bacteria 

 Free-living 
 Rod-shaped, the non-motile bacterium. 
 Reduce nitrates into nitrites. 
 Ferment glucose with acid production. 
 They are good decomposers and bioremediations. 
 Abundantly found in soil, sea water, fresh water, in colonizing plants and animals, and in the intestines of 

humans and animals. 
 The diseases caused by gram-negative bacteria are diarrhea, inflammatory disease of the large intestine, 

infantile diarrhea, kidney damage, typhoid fever, bubonic plague, cholera etc. 

Bacterial cells may be motile or non-motile. If motile, they have thin filamentous extensions from their cell wall 
called flagella. Bacteria show a range in the number and arrangement of flagella. Bacterial flagellum is composed 
of three parts – filament, hook and basal body. The filament is the longest portion and extends from the cell 
surface to the outside. 

Eukaryotic cells  

The eukaryotes include all the protists, plants, animals and fungi. In eukaryotic cells there is an extensive 
compartmentalisation of cytoplasm through the presence of membrane bound organelles. Eukaryotic cells 
possess an organised nucleus with a nuclear envelope. In addition, eukaryotic cells have a variety of complex 
locomotory and cytoskeletal structures. Their genetic material is organised into chromosomes. All eukaryotic 
cells are not identical. Plant and 
animal cells are different as the 
former possess cell walls, plastids 
and a large central vacuole which 
are absent in animal cells. On the 
other hand, animal cells have 
centrioles which are absent in 
almost all plant cells. 

Cell membranes and Organelles 

Cell membranes  

It is like a plastic bag with some 
tiny holes that bag holds all of the 
cell pieces and fluids inside the 
cell and keeps foreign particles 
outside the cell. The holes are 
there to let some things move in 
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and out of the cell. Compounds called proteins and phospholipids make up most of the cell membrane the 
phospholipids make the basic bag. 

The proteins are found around the holes and help move molecules in and out of the cell. Substances like Co2 
and O2 can move across the cell membranes by a process called diffusion. 

Diffusion is a process of movements of substance from a region of high concentration to a region where its 
concentration is low. Water also obeys the law of diffusion. The movement of water molecules is called osmosis. 

Endoplasmic Reticulum  

It is a network of tulsular membranes connected at one end to the nucleus and on the other to the plasma 
membranes. Endoplasmic reticular (ER) are two types:-  rough  endoplasmic reticular (RER) and Smooth 
endoplasmic reticulum (SER). 

Ribosomes  

It synthesis protein, and ER sent these protein in various part of the cell. Where as SER helps in the manufacture 
of fats. 

Golgi apparatus  

It is found in most cell. It is another packaging organelle like the endoplasmic reticulum. It gathers simple 
molecules and combines them to make molecules that are more complex. It then takes those big molecules, 
packages them in vesicles and either stores them for faster use or sends them out of the cell. 

Lysosomes 

It is a kind of waste disposal system of the cell. It helps to keep the cell clean by digesting any foreign material. 
Old organs cell end up in the lysosomes. When the cell gets damaged, lysosomes may burst and the enzymes 
digest their own cell. Therefore lysosomes are also known as the “suicide ways” of the cell. 

Mitochondria 

 It is known as the power house of the cell. The energy required for various chemical activities headed for 
life is released by mitochondria in the form of ATP (adenosine-tri-phosphate) molecules. 

 ATP is known as the energy currency of the cell. The body uses energy are stored in ATP  for making new 
chemical compounds and for mechanical work. 

 Mitochondria are strange organells in the sense that they have their own DNA and ribosomes, therefore 
mitochondria are able to make their own protein. 

 Mitochondria is absent in bacteria and the red blood cells of mammals and higher animals. 

Centrioles 

It is a micro-tubular structure; centrioles are concerned with cell division. It initiates cell division. 

Plastids 

These are present only in plant cells. There are two types of plastids:- chromoplastes (colour plastides) and 
leucoplast (white or colourless plastids). 

Plastids are found in all plant cells and in euglenoides. These are easily observed under the microscope as they 
are large. They bear some specific pigments, thus imparting specific colours to the plants. Based on the type of 
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pigments plastids can be classified into chloroplasts, chromoplasts and leucoplasts. The chloroplasts contain 
chlorophyll and carotenoid pigments which are responsible for trapping light energy essential for 
photosynthesis. In the chromoplasts fat soluble carotenoid pigments like carotene, xanthophylls and others are 
present. This gives the part of the plant a yellow, orange or red colour. The leucoplasts are the colourless plastids 
of varied shapes and sizes with stored nutrients: Amyloplasts store carbohydrates (starch), e.g., potato; 
elaioplasts store oils and fats whereas the aleuroplasts store proteins. 

Difference Between Prokaryotic and Eukaryotic Cells 
There are several difference features between Eukaryotic and Prokaryotic cells. The below table states the 
comparison between cell organelles and structures found in a typical animal eukaryotic cell and prokaryotic cell.    

Cell Structure Eukaryotic Cell  (Typical 
Animal Cell) 

Prokaryotic Cell 

Ribosomes Yes Yes 

Nucleus Yes No 

Golgi Complex Yes No 

Mitochondria Yes No 

Cilia or Flagella Yes (Complex) Yes (Simple) 

Cell Membrane Yes Yes 

Centrioles Yes No 

Endoplasmic Reticulum Yes No 

Peroxisomes Common No 

Cell Wall No Yes 

Cell Cycle and Cell Division 

During the division of a cell, DNA replication and cell growth takes place. 

DNA: DNA and RNA | Recombinant DNA 

All these processes, i.e., cell division, DNA replication, and cell growth have to take place in a coordinated way 
to ensure correct division and formation of progeny (offspring) cells containing intact genomes (the complete 
set of genetic material of an organism). 
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The sequence of events by which a cell duplicates its genome, synthesizes the other constituents of the cell and 
eventually divides into two daughter cells is termed cell cycle. 

Although cell growth (in terms of cytoplasmic increase) is a continuous process, DNA synthesis occurs only 
during one specific stage in the cell cycle. The replicated chromosomes (DNA) are then distributed to daughter 
nuclei by a complex series of events during cell division. These events are themselves under genetic control 
[DNA]. 

Cell Cycle – Phases of Cell Cycle 

A typical eukaryotic cell divides once in approximately every 24 hours. 

Eukaryotic vs. Prokaryotic Cells/Plant Cell vs. Animal Cell 

However, this duration of cell cycle can vary from organism to organism and also from cell type to cell type. 
Yeast for example, can progress through the cell cycle in only about 90 minutes. 

Basic Phases of Cell Cycle – Interphase and M Phase or Mitosis 

Interphase == Phase between two successive M phases. 

M Phase [Mitosis phase] == Actual cell division or Mitosis. 

 

In the 24 hour average duration of cell cycle of a human cell, cell division proper lasts for only about an hour. 
The interphase lasts more than 95% of the duration of cell cycle. The M Phase or Mitosis starts with the nuclear 
division or karyokinesis [separation of daughter chromosomes]. 

It usually ends with division of cytoplasm [cytokinesis]. 

Interphase is called the resting phase. It is the time during which the cell is preparing for division by undergoing 
both cell growth and DNA replication. 
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Interphase 

The interphase is divided into three further phases. 

G1 phase (Gap 1) 

S phase (Synthesis) 

G2 phase (Gap 2) 

G1 phase 

 G1 phase == interval between mitosis and beginning of DNA replication [initiation of DNA replication]. 
 During G1 phase the cell is metabolically active and continuously grows but does not replicate its DNA. 

S or synthesis phase 

 S or synthesis phase == DNA synthesis or replication takes place. 
 During this time the amount of DNA per cell doubles. 
 If the initial amount of DNA is denoted as 2C then it increases to 4C. 
 However, there is no increase in the chromosome number; if the cell had diploid or 2n number of 

chromosomes at G1, even after s phase the number of chromosomes remains the same, i.e., 2n. 
 In animal cells, during the S phase, DNA replication begins in the nucleus, and the centriole duplicates 

in the cytoplasm. 

G2 phase 

During the G2 phase, proteins are synthesized in preparation for mitosis while cell growth continues. 

In the S and G2 phases the new DNA molecules formed are not distinct but intertwined. 

Quiescent stage (G0) 

 Some cells in the adult animals do not appear to exhibit division (e.g., heart cells) and many other cells 
divide only occasionally, as needed to replace cells that have been lost because of injury or cell death. 

 These cells that do not divide further exit G1 phase to enter an inactive stage called quiescent stage (G0) of 
the cell cycle. 

 Cells in this stage remain metabolically active but no longer proliferate unless called on to do so depending 
on the requirement of the organism. 

Mitosis Phase or M Phase 

 This is the most dramatic period of the cell cycle, involving a major reorganization of virtually all 
components of the cell. 

 Since the number of chromosomes in the parent and progeny cells is the same, it is also called as equational 
division. 

 Though for convenience mitosis has been divided into four stages of nuclear division, it is very essential to 
understand that cell division is a progressive process and very clear-cut lines cannot be drawn between 
various stages. 

 Mitosis is the process in which a eukaryotic cell nucleus splits in two, followed by division of the parent cell 
into two daughter cells. 
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 The word “mitosis” means “threads,” and it refers to the threadlike appearance of chromosomes as the cell 
prepares to divide. 

 Early microscopists were the first to observe these structures, and they also noted the appearance of a 
specialized network of microtubules during mitosis. 

 These tubules, collectively known as the spindle fibres, extend from structures called centrosomes — with 
one centrosome located at each of the opposite ends, or poles, of a cell. 

 As mitosis progresses, the microtubules [spindle fibres] attach to the chromosomes, which have already 
duplicated their DNA and aligned across the center of the cell. 

 The spindle tubules then shorten and move toward the poles of the cell. As they move, they pull the one 
copy of each chromosome with them to opposite poles of the cell. 

 This process ensures that each daughter cell will contain one exact copy of the parent cell DNA. 

Mitosis consists of five morphologically distinct phases: 

1. prophase, 
2. prometaphase, 
3. metaphase, 
4. anaphase, and 
5. telophase 

Each phase involves characteristic steps in the process of chromosome alignment and separation. Once mitosis 
is complete, the entire cell divides in two by way of the process called. In animals, mitotic cell division is only 
seen in the diploid somatic cells. But plants can show mitotic divisions in both haploid and diploid cells. 

 

[Diploid == containing two complete sets of chromosomes, one from each parent]. 

[Haploid == only one set of chromosomes from one of the parent]. 

[Somatic == the parts of an organism other than the reproductive cells]. 

Prophase 

Prophase is the first stage in mitosis, occurring after the conclusion of the G2 portion of interphase [see cyclic 
image above]. 

During prophase, the parent cell chromosomes — which were duplicated during S phase — condense and 
become thousands of times more compact than they were during interphase. 
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The chromosomal material becomes untangled during the process of chromatin condensation. 

Because each duplicated chromosome consists of two identical sister chromatids joined at a point called 
the centromere, these structures now appear as X-shaped bodies when viewed under a microscope. 

The mitotic spindle also begins to develop during prophase. 

As the cell’s two centrosomes move toward opposite poles, microtubules [spindle fibres] gradually assemble 
between them, forming the network that will later pull the duplicated chromosomes apart. 

 The centriole, which had undergone duplication during S phase of interphase, now begins to move towards 
opposite poles of the cell. 

 The completion of prophase can thus be marked by the following characteristic events: 
 Chromosomal material condenses to form compact mitotic chromosomes. 
 Chromosomes are seen to be composed of two chromatids attached together at the centromere (the point 

on a chromosome by which it is attached to a spindle fibre during cell division.). 
 Initiation of the assembly of mitotic spindle, the microtubules, the proteinaceous components of the cell 

cytoplasm help in the process. 
 Cells at the end of prophase, when viewed under the microscope, do not show golgi complexes, endoplasmic 

reticulum, nucleolus and the nuclear envelope. 

Prometaphase 

 When prophase is complete, the cell enters prometaphase — the second 
stage of mitosis. 

 During prometaphase, the nuclear membrane breaks down into 
numerous small vesicles [a small fluid-filled sac]. As a result, the spindle 
microtubules now have direct access to the genetic material of the cell. 

 Each microtubule is highly dynamic, growing outward from 
the centrosome and collapsing backward as it tries to locate a 
chromosome. 

 Eventually, the microtubules find their targets and connect to each 
chromosome at its kinetochore, a complex of proteins positioned at 
the centromere. 

 A tug-of-war then ensues as the chromosomes move back and forth 
toward the two poles. 

Metaphase 

 As prometaphase ends and metaphase begins, the 
chromosomes align along the cell equator. 

 Every chromosome has at least two microtubules extending from 
its kinetochore — with at least one microtubule connected to each pole. 

 At this point, the tension within the cell becomes balanced, and the 
chromosomes no longer move back and forth. 

Centriole == each of a pair of minute cylindrical structures near the nucleus in eukaryotic cells, involved 
in the development of spindle fibres in cell division. 
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 The complete disintegration of the nuclear envelope marks the start of the second 
phase of mitosis, hence the chromosomes are spread through the cytoplasm of the 
cell. 
 By this stage, condensation of 
chromosomes is completed and they can be 
observed clearly under the microscope. This 
then, is the stage at which morphology of 
chromosomes is most easily studied. 
 At this stage, metaphase chromosome is 
made up of two sister chromatids, which are 
held together by the centromere. Small disc-
shaped structures at the surface of the 
centromeres are called kinetochores. 
 These structures serve as the sites of 
attachment of spindle fibres (formed by the 
spindle fibres) to the chromosomes that are 
moved into position at the center of the cell. 
 Hence, the metaphase is characterized 
by all the chromosomes coming to lie at the 
equator with one chromatid of each 

chromosome connected by its kinetochore to spindle fibres from one pole and its sister chromatid 
connected by its kinetochore to spindle fibres from the opposite pole. 

 The plane of alignment of the chromosomes at metaphase is referred to as the metaphase plate. 

The key features of metaphase are: 

 Spindle fibres attach to kinetochores of chromosomes. 
 Chromosomes are moved to spindle equator and get aligned along metaphase plate through spindle fibres 

to both poles. 

Anaphase 

 Metaphase leads to anaphase, during which each chromosome’s sister chromatids separate and move to 
opposite poles of the cell. 

 Upon separation, every chromatid becomes an independent 
 At the onset of anaphase, each chromosome arranged at the metaphase plate is split simultaneously and 

the two daughter chromatids, now referred to as chromosomes of the future daughter nuclei, begin their 
migration towards the two opposite poles. 

 As each chromosome moves away from the equatorial plate, the centromere of each chromosome is towards 
the pole. 

 

Thus, anaphase stage is characterized by the following key events: 

 Centromeres split and chromatids separate. 
 Chromatids move to opposite poles. 

Telophase 
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During telophase, the chromosomes arrive at the cell poles, the mitotic 
spindle disassembles, and the vesicles that contain fragments of the original 
nuclear membrane assemble around the two sets of chromosomes. 

Climax results in the formation of a new nuclear membrane around each 
group of chromosomes. 

At the beginning of the final stage of mitosis, i.e., telophase, the 
chromosomes that have reached their respective poles decondense and lose 
their individuality. 

The individual chromosomes can no longer be seen and chromatin material 
tends to collect in a mass in the two poles. 

This is the stage which shows the following key events: 

 Chromosomes cluster at opposite spindle poles and their identity is lost 
as discrete elements. 
 Nuclear envelope assembles around the chromosome clusters. 
 Nucleolus, golgi complex and ER reform. 
 Cell Organelles: Cell Organelles 
 Cytokinesis – Actual Cell Division 
 Cytokinesis is the physical process that finally splits the parent cell into 
two identical daughter cells. 
 Mitosis is the process of nuclear division, which occurs just prior to cell 

division, or cytokinesis. 

Mitosis accomplishes not only the segregation of duplicated chromosomes into daughter nuclei (karyokinesis), 
but the cell itself is divided into two daughter cells by a separate process called cytokinesis at the end of which 
cell division is complete. 

In an animal cell, this is achieved by the appearance of a furrow in the plasma membrane. The furrow gradually 
deepens and ultimately joins in the center dividing the cell cytoplasm into two. 

Plant cells however, are enclosed by a relatively inextensible cell wall, therefore they undergo cytokinesis by a 
different mechanism. 

In plant cells, wall formation starts in the center of the cell and grows outward to meet the existing lateral walls. 

The formation of the new cell wall begins with the formation of a simple precursor, called the cell-plate. 

At the time of cytoplasmic division, organelles like mitochondria and plastids get distributed between the two 
daughter cells. 

In some organisms karyokinesis is not followed by cytokinesis as a result of which multinucleate condition arises 
leading to the formation of syncytium (e.g., liquid endosperm in coconut). 
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Significance of Mitosis 

Mitosis or the equational division is 
usually restricted to the diploid cells 
only. However, in some lower plants 
and in some social insects haploid 
cells also divide by mitosis. 

Mitosis usually results in the 
production of diploid daughter cells 
with identical genetic complement. 

The growth of multicellular 
organisms is due to mitosis. Cell 
growth results in disturbing the ratio 
between the nucleus and the 
cytoplasm. It therefore becomes 
essential for the cell to divide to 
restore the nucleo-cytoplasmic ratio. 

A very significant contribution of 
mitosis is cell repair. The cells of the 
upper layer of the epidermis, cells of 
the lining of the gut, and blood cells 
are being constantly replaced. 

Mitotic divisions in the meristematic 
tissues – the apical and the lateral 
cambium, result in a continuous 
growth of plants throughout their 
life. 

 


