
Cell Biology 

(2nd Semester) 

Prokaryotic and Eukaryotic cells 

The cell was first seen by Robert Hooke in 1665 using a primitive, compound microscope. He 

observed very thin slices of cork and saw a multitude of tiny structures that he resembled to walled 

compartments of a monk. Hence, named them cells. Hooke's description of these cells was 

published in Micrographia.  

The cell is smallest unit of a living system and fall in the microscopic range of 1 to 100 µm. They 

attain various shapes and sizes to attain variety of functions. One of most important characteristics 

of cell is ability to divide. A cell has evolved from an already existing cell and further it can give rise 

to a new cell. This was first stated by Theodor Schwann. Theodor Schwann, Matthias  Schleiden 

advanced the classical cell theory which states that 

1. All living things are made of cells.  

2. Cells are the basic building units of life.  

3. New cells are created by old cells dividing into two.  

In 1855, Rudolf Virchow added another point to the theory that  

4. All cells come from pre-existing cells,  

The cell theory holds true for all living things with viruses as exception. Because all cells come from 

existing cells, we can learn about all types of living things by learning about cells and how they 

function.  

 

Classification of cells:  

All living organisms (bacteria, blue green algae, plants and animals) have cellular organization and 

may contain one or many cells. The organisms with only one cell in their body are called unicellular 

organisms (bacteria, blue green algae, some algae, Protozoa, etc.). The organisms having many cells 

in their body are called multicellular organisms (fungi, most plants and animals). Any living organism 

may contain only one type of cell either A. Prokaryotic cells; B. Eukaryotic cells. The terms 

prokaryotic and eukaryotic were suggested by Hans Ris in the 1960’s.  

Prokaryotic cells  

Prokaryote means before nucleus in Greek. They include all cells which lack nucleus and other 

membrane bound organelles. Mycoplasma, virus, bacteria and cyanobacteria or blue-green algae are 

prokaryotes. Most prokaryotes range between 1 µm to 10 µm, but they can vary in size from 0.2 µm 

to 750 µm (Thiomargarita namibiensis).  

They belong to two taxonomic domains which are the bacteria and the archaea.  



Most prokaryotes are unicellular, exceptions being myxobacteria which have multicellular stages in 

their life cycles.  

They are membrane bound mostly unicellular organisms lacking any internal membrane bound 

organelles.  

Though prokaryotes lack cell organelles they have few internal structures, such as the cytoskeletons, 

ribosomes.  

Membranous organelles are known in some groups of prokaryotes, such as vacuoles or membrane 

systems devoted to photosynthesis or chemolithotrophy.  

In addition, some species also contain protein-enclosed microcompartments, which have distinct 

physiological roles (carboxysomes or gas vacuoles).  

A prokaryotic cell will have generally following components: 

Flagella:  

It is a long, whip-like protrusion found in most prokaryotes that aids in cellular locomotion. Besides it 

may functions as a sensory organelle, sensitive to chemicals and temperatures outside the cell. 

Capsule:  

Found in some bacterial cells and  protects the cell when it is engulfed by phagocytes and by viruses. 

Also assists in retaining moisture.  

Helps the cell adhere to surfaces and nutrients.  

The capsule is found most commonly among Gram-negative bacteria. Examples of gram negative 

bacteria are  Escherichia coli, Klebsiella pneumoniae Haemophilus influenzae, Pseudomonas 

aeruginosa and Salmonella etc.   

Examples of Gram positive bacteria are Bacillus megaterium, Streptococcus pneumoniae, 

Streptococcus pyogenes.  

 

Cell wall:  

Cell wall is the outermost layer of most cells that protects the bacterial cell and gives it shape. 

Mycoplasma lacks cell wall.  

Bacterial cell walls are made of peptidoglycan which is made from polysaccharide chains cross-linked 

by unusual peptides containing D-amino acids.  

Plants and fungi cell walls are made of cellulose and chitin, respectively.  

The cell wall of of Archaea, do not contain peptidoglycan. 

The cell wall is essential to the survival of many bacteria.  



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. Lysozyme enzyme can also damage bacterial cell walls. 

Two different types of cell wall in bacteria, called Gram-positive and Gram-negative, the way they 

react to Grams Stain.  

Gram-positive bacteria possess a thick cell wall containing many layers of peptidoglycan and teichoic 

acids.  

Gram-negative bacteria have a relatively thin cell wall consisting of a few layers of peptidoglycan 

surrounded by a second lipid membrane containing lipopolysaccharides and lipoproteins.  

These differences can cause differences in antibiotic susceptibility. Vancomycin can kill only Gram-

positive bacteria and is ineffective against Gram-negative pathogens,  

Peptide--- NAM --- NAG ( Peptidoglycan) 

 

   

 

 

Cell membrane:  

Cell membrane surrounds the cell's cytoplasm and regulates the flow of substances in and out of the 

cell.  

Cytoplasm:  

The cytoplasm of a cell is a fluid in nature that fills the cell and is composed mainly of 80% water that 

also contains enzymes, salts, cell organelles, and various organic molecules.  

Ribosomes:  

Ribosomes are the organelles of the cell responsible for protein synthesis.  



Nucleiod Region: The nucleoid region is possessed by a prokaryotic bacterial cell. It is the area of the 

cytoplasm that contains the bacterial DNA molecule.  

Plasmids:  

The term plasmid was first introduced by the American molecular biologist Joshua Lederberg in 

1952. A plasmid is a DNA molecule (mostly in bacteria) that is separate from, and can replicate 

independently of, the chromosomal DNA. They are double-stranded and circular. Plasmids usually 

occur naturally in bacteria, but are sometimes found in eukaryotic organisms. Their sizes vary from 1 

to over 1,000 kbp. The number of identical plasmids in a single cell can range anywhere from one to 

thousands under some circumstances and it is represented by the copy number.  

Plasmids are classified into the following types.  

 Fertility Plasmid: F- Plasmid 

They contain tra genes and are capable of conjugation. Plasmids can be considered mobile 

because they are often associated with conjugation, a mechanism of horizontal gene 

transfer.  

 Col plasmids:  

They contain genes that code for bacteriocins, proteins that can kill other bacteria.  

 

  Degradative plasmids:  

These plasmids enable the metabolism of unusual substances, e.g. toluene and salicylic acid. 

 

 Virulence plasmids:  

These plasmids enable the bacterium to become pathogenic. They can also harbour genes 

for virulence that help to increase pathogenicity of bacteria causing diseases such as plague, 

dysentery, anthrax and tetanus.  

 Resistance (R) plasmids:  

They contain genes that can build a resistance against antibiotics or toxins and help bacteria 

produce pili. They are also responsible for the spread of antibiotic resistance genes that 

ultimately have an impact on the treatment of diseases.  

 

Plasmids that encode their own transfer between bacteria are termed conjugative. Non-conjugative 

plasmids do not have these transfer genes but can be carried along by conjugative plasmids. 

Plasmids that can coexist within a bacterium are said to be compatible. Plasmids which cannot 

coexist are said to be incompatible and after a few generations are lost from the cell.  

The other types of plasmids are:  

1. Yeast integrative plasmid (YIp):  



2. Yeast Replicative Plasmid (YRp):  

 

Pili:  

Pili are hair-like structures on the surface of the cell that help attach to other bacterial cells. Shorter 

pili called fimbriae help bacteria attach to various surfaces.  

A pilus is typically 6 to 7 nm in diameter.  

The types of pili are Conjugative pili and Type IV pili.  

Conjugative pili allow the transfer of DNA between bacteria, in the process of bacterial conjugation. 

Some pili, called type IV pili, generate motile forces. 

 

Morphology of prokaryotic cells  

Prokaryotic cells have various shapes;  

 Cocci -   spherical  

 Bacilli -   rod-shaped   

 Spirochaete -  spiral-shaped  

 Vibrio -  comma-shaped  

Streptococcus or streptobaccillus: occurs in pairs or colonies  

Milieu  

Prokaryotes live in nearly all environments on Earth.  

Some archaea and bacteria thrive in extreme conditions, such as high temperatures (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.  

Sociability: 

Prokaryotes are believed to be strictly unicellular though most can form stable aggregated 

communities in a stabilizing polymer matrix called “biofilms”. Cells in biofilms often show distinct 

patterns of gene expression (phenotypic differentiation) in time and space.  

According to the Center for Biofilm Engineering at Montana State University, biofilms 

form when bacteria adhere to surfaces in aqueous environments and begin to excrete a 



slimy, glue-like substance that can anchor them to all kinds of material – such as metals, 

plastics, soil particles, medical implant materials etc.  

Bacterial biofilms are often made up of approximately dome-shaped masses of bacteria and matrix 

separated by “voids” through which the medium (water) may flow relatively uninhibited and such 

system are termed microcolonies. The microcolonies may join together above the substratum to 

form a continuous layer, closing the network of channels separating microcolonies. Bacterial biofilms 

may be 100 times more resistant to antibiotics than free-living unicells and may be difficult to 

remove from surfaces once they have colonized them.  

Other aspects of bacterial cooperation like bacterial conjugation and quorum-sensing-mediated 

pathogenicity provide additional challenges to researchers and medical professionals seeking to 

treat the associated diseases.  

Colony of bacteria: 

 Most bacteria represent themselves in colonies. By colony we mean individual organisms of the 

same species living closely together in mutualism. All species in a colony are genetically equivalent.  

The shape of the colony can be circular and irregular. Bacterial colonies are frequently shiny and 

smooth in appearance.  

In microbiology, colony-forming unit (CFU) is a measure of viable bacteria in such colonies. If a 

bacterial cell like Escherichia coli divides every 20 minutes then after 30 cell divisions there will be 

1048576 cells in a colony.  

Reproduction:  

Bacteria and archaea reproduce through asexual reproduction known as binary fission. Binary fission 

is an asexual mode of reproduction. During binary fission, the genomic DNA undergoes replication 

and the original cell is divided into two identical cells. Due to binary fission, all organisms in a colony 

are genetically equivalent. 

The process begins with DNA replication followed by DNA segregation, division site selection, 

invagination of the cell envelope and synthesis of new cell wall which are tightly controlled by 

cellular proteins.  

A key component of this division is the protein FtsZ which assemble into a ring-like structure at the 

center of a cell. Other components of the division apparatus then assemble at the FtsZ ring. This 

machinery is positioned so that division splits the cytoplasm and does not damage DNA in the 

process.  

As division occurs, the cytoplasm is cleaved in two, and new cell wall is synthesized.  

 

Products/Application:  

 Prokaryotes help manufacture yogurt, cheese, sour cream, antibiotics etc.  



They are the store house of many industrially important enzymes such as lipases, proteases, 

amylases which find use in detergent, paper and leather industries.  

 

 

Eukaryotic Cell: 

 A eukaryotic cell consists of membrane bound organelles. They belong to the taxa Eukaryota. All 

species of large complex organisms are eukaryotes, including animals, plants and fungi and most 

species of protist microorganisms.  

Eukaryotes represent a tiny minority of all living things; even in a human body there are 10 times 

more microbes than human cells. However, due to their much larger size their collective worldwide 

biomass is estimated at about equal to that of prokaryotes.  

Eukaryotic genome is enclosed in the nucleus surrounded by the nuclear membrane. Many 

membrane bound organelles dwell in their cell cytoplasm. Cell division involves separating of the 

genome which is in the form of tightly packed condensed structure known as the chromosomes, 

through movements directed by the cytoskeleton.  

 

Classification: 

The eukaryotes are composed of four kingdoms: • Kingdom Protista • Kingdom Fungi • Kingdom 

Plantae • Kingdom Animalia  

Cell features  

Eukaryotic cells are much larger than prokaryotic cells. Range between 10 to 100 micrometers. They 

have a variety of internal membranes and structures, called organelles, and a cytoskeleton 

composed of microtubules, microfilaments, and intermediate filaments, which play an important 

role in defining the cell's organization and shape.  

Eukaryotic DNA is divided into several linear bundles called chromosomes, which are separated by a 

microtubular spindle during nuclear division.  

Eukaryote cells include a variety of membrane-bound structures, collectively referred to as the 

endomembrane system involved in various functions. Simple compartments, called vesicles or 

vacuoles, can form by budding off other membranes.  

Many cells ingest food and other materials through a process of endocytosis, where the outer 

membrane invaginates and then pinches off to form a vesicle. It is probable that most other 

membrane-bound organelles are ultimately derived from such vesicles.  

The nucleus is surrounded by a double membrane (commonly referred to as a nuclear envelope), 

with pores that allow material to move in and out.  



Various tube and sheet like extensions of the nuclear membrane form what is called the 

endoplasmic reticulum or ER, which is involved in protein transport and maturation. It includes the 

rough ER where ribosomes are attached to synthesize proteins, which enter the interior space or 

lumen. Subsequently, they generally enter vesicles, which bud off from the smooth ER.  

In most eukaryotes, these protein-carrying vesicles are released and further modified in stacks of 

flattened vesicles, called golgi bodies or dictyosomes.  

Vesicles may be specialized for various purposes. For instance, lysosomes contain enzymes that 

break down the contents of food vacuoles, and peroxisomes are used to break down peroxide, 

which is toxic otherwise.  

In multicellular organisms, hormones are often produced in vesicles.  

In higher plants, most of a cell's volume is taken up by a central vacuole, which primarily maintains 

its osmotic pressure. 

Reproduction:  

Nuclear division is often coordinated with cell division. This generally takes place by mitosis, a 

process that allows each daughter nucleus to receive one copy of each chromosome.  

In most eukaryotes, there is also a process of sexual reproduction, typically involving an alternation 

between haploid generations, wherein only one copy of each chromosome is present, and diploid 

generations, wherein two are present, occurring through nuclear fusion (syngamy) and meiosis.  

Association/hierarchy:  

In the plant and animal kingdom, cells associate to form tissue, tissue to organs which finally makes 

the whole organism.  

Prokaryotes versus Eukaryotes: 

Characteristic Prokaryotes  Eukaryotes 
Size of cell Typically 0.2-2.0 m m in diameter Typically 10-100 m m in diameter 

Nucleus No nuclear membrane or nucleoli 
(nucleoid 

True nucleus, consisting of nuclear 
membrane & nucleoli 

Membrane-enclosed 
organelles 

Absent Present; examples include lysosomes, 
Golgi complex, endoplasmic 
reticulum, mitochondria & 
chloroplasts 

Flagella Consist of two protein building 
blocks Complex; 

consist of multiple microtubules 

Glycocalyx Present as a capsule or slime layer Present in some cells that lack a cell 
wall 

Cell wall Usually present; chemically complex 
(typical bacterial cell wall includes 
peptidoglycan) 

When present, chemically simple 

Plasma Membrane No carbohydrates and generally 
lacks sterols.  

Sterols and carbohydrates that serve 
as receptors present  



 

  

Phytoplanktons and Zooplanktons: 

Phytoplankton are photosynthesizing microscopic organisms that inhabit the upper sunlit layer of 

almost all oceans and bodies of fresh water and obtain their energy through photosynthesis. 

Interestingly Phytoplankton account for half of all photosynthetic activity on Earth 

Some phytoplankton are bacteria, some are protists, and most are single-celled plants.  

Among the common kinds are cyanobacteria, silica-encased diatoms, dinoflagellates, green algae, 

and chalk-coated coccolithophores.  

Zooplankton is a group of small protozoans and large metazoans.  

It includes holoplanktonic organisms whose complete life cycle lies within the plankton, as well as 

meroplanktonic organisms that spend part of their lives in the plankton before graduating to either 

the nekton or a sessile, benthic existence.  

Although zooplankton is primarily transported by ambient water currents, many have locomotion, 

used to avoid predators (as in diel vertical migration) or to increase prey encounter rate.  

 

Membrane Organization: 

Shall be discussed vide whatsapp  

voice messages on monday  

Cytoplasm  No cytosketeton or cytoplasmic 
streaming 

Cytoskeleton; cytoplasmic streaming 

Ribosomes  Smaller size (70S) Larger size (80S); smaller size (70S) in 
organelles 

Chromosome (DNA) 
arrangement 

Single circular chromosome; lacks 
histones 

Multiple linear chromosomes with 
histones 

Cell division  Binary fission Mitosis  

Sexual reproduction No meiosis; transfer of DNA 
fragments only (conjugation) 

Involves Meiosis 



Check caricature notes uploaded 

on whatsapp.  


