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PROKARYOTIC & EUKARYOTIC CELL STRUCTURE 

PROKARYOTES AND EUKARYOTES 

"True" bacteria (which include all bacteria that infect man) are members of one kingdom (the 

eubacteria, bacteria). In addition, a group of organisms often found in extreme environments 

form a second kingdom (archaebacteria, Archaea). Morphologically, the two kingdoms of 

organisms appear similar, especially in the absence of a nucleus, and thus are classified together 

as prokaryotes. However, they have major biochemical differences. Most archaea live in 

environments such as hot sulfur springs where they experience temperatures as high as 80 

degrees C and a pH of 2. These are called thermoacidophiles. Others live in methane-containing 

(methanogens) or high salt (extreme halophiles) environments.  

 

Cells 

 The smallest units of life 

 Nothing smaller or simpler than a cell is considered alive 

 All living things are made of one or more cells 

 

 

Structures that all cells (eukaryotic and prokaryotic cells) contain: 

• Cell membrane 

• Cytoplasm 

• Chromosome(s) 

• Ribosomes 

 

There are two basic cell types: Prokaryotic cells and Eukaryotic cells. 

• Prokaryotic cells:  

 Cells with no membrane around the DNA(no nucleus). 

 Prokaryotic cells have no membranous organelles and are smaller than eukaryotic cells. 

 Bacteria and archaea domain species are prokaryotic cells. 

 

• Eukaryotic cells:  

 Cells with a membrane around the DNA(a nucleus). 

 Eukaryotic cells have membranous organelles and are larger than prokaryotic cells  

 Eukarya domain species have eukaryotic cells 

 

Organelles 

 Structures inside the cell. 

 Organelles carry out functions that keep the cell alive and operating. 



 Organelles can be membranous (made of a membrane (phospholipid bilayer)) or non-

membranous (made of other molecules) 

 

Plasma membrane (cell membrane) 

 The phospholipid bilayer (and its associated proteins) that surround a cell. 

 Its function is to act as a barrier and as a selective gateway (controlling the entry and exit 

of materials). 

 The hydrophobic phospholipids are barriers to most solutes 

 Transport proteins bring solutes through the membrane in a controlled manner. 

 Receptors detect molecules outside the cell. 

 

Cell wall 

 A ridged structure outside the plasma membrane used for structural support of the cell. 

 Made of cellulose in plant cells. 

 Animal cells do not have cell walls 

 

Cytoplasm/cytosol 

 The semi-liquid that fills the cell. 

 Organelles float in it and small molecules are dissolved in it 

 

DNA 

 The genetic molecule of the cell.  

 Chromosome = A long strand of highly coiled double helix DNA, wrapped around 

histone proteins. 

 Centromere = central region of the chromosome. 

 Eukaryotes have one or more linear chromosomes that are located in the nucleus. 

 Prokaryotes have a single circular chromosome located in the cytoplasm (prokaryotes 

have no nucleus) 

 

Ribosome 

 A protein-RNA organelle that constructs proteins by linking together amino acids 

 

DNA function 

 DNA contains the genetic information needed to operate the cell because it contains the 

instructions for making all the cell‟s proteins. 

 

Gene 

 A section of a DNA molecule that encodes one protein. 

 Genes encode the amino acid sequence of each protein using codons 



Codon 

 Three consecutive nucleotides. 

 Each codon represents one of the amino acids. 

 The genetic code = All 64 codons and the amino acid each one represents. 

 Three of the codons represent stop (end-of-gene) signals  

  

Steps from gene to protein: 

1) Transcription of the gene into an mRNA (a temporary disposable  

     RNA copy of the gene) 

2) Translation of the mRNA into the protein 

 

Transcription 

 Making an RNA copy of one strand of a gene. 

  The enzyme RNA Polymerase transcribes one DNA strand. 

 The enzyme uses complementary base pairing with one DNA strand to generate an RNA 

copy of the other DNA strand. 

 Messenger RNA (mRNA) = The single-stranded RNA copy of one DNA strand. 

 In eukaryotes, the mRNA moves from the nucleus to the cytoplasm after transcription   

 

Translation 

 When a ribosome constructs a protein from amino acids using an mRNA as the 

instructions 

 

Transfer RNA (tRNA) 

 RNA molecules that bring amino acids to the ribosome. 

  Each tRNA has an anticodon for the amino acid it is carrying. 

 Anticodon = Three nucleotides complementary to an amino acid‟s codon. 

 The anticodon binds to the mRNA‟s codon by complementary base pairing. 

  This process matches each of the mRNA‟s codons to the correct amino acid, thus 

correctly assembling the protein 

 

Nucleus 

 A double membrane (two phospholpid bilayers) organelle that contains the 

chromosomes. 

 Nuclear pores = Holes in the membrane to allow materials in and out of the nucleus 

 

Endoplasmic reticulum (ER) 

 A series of membranous compartments that is an extension of the nucleus‟ outer 

membrane. 



  The rough ER (closest to the nucleus) is where the ribsomes make new proteins. 

 The new proteins go inside the ER and travel to the smooth ER. 

 The smooth ER (farther from the nucleus) is where new lipids are made and where 

harmful substances are detoxified. 

 The newly made proteins and lipids leave the ER in vesicles that bud off from the smooth 

ER  

 

Vesicles 

 Small membranous spheres that transport materials inside the cell 

 

Golgi apparatus 

 A stack of membranous sacs that is the cell‟s protein and lipid sorting and distribution 

center. 

 The Golgi receives new proteins and lipids in vesicles from the smooth ER. 

 They are modified and sorted as they move through the Golgi. 

 They are distributed to other organelles in new vesicles that bud off  from the Golgi  

 

Exocytosis 

 The expelling of substances from the cell by fusion of a vesicle with the plasma 

membrane 

 

Endocytosis 

 The formation of a vesicle by the budding inward of the plasma membrane. 

 Example: Food vesicles bring macromolecules into the cell  

 

Lysosome 

 A membranous organelle used for the digestion of materials.  

  Lysosomes bud directly from the Golgi. 

 They have an acidic internal environment and contain digestive enzymes. 

 Example: Lysosomes fuse with food vesicles to digest the vesicle‟s contents 

 

Vacuoles 

 Membranous spheres used for storage and other purposes. 

 Central vacuole = A large vacuole found in plant cells that usually takes up most of the 

cell. 

 

The Endomembrane System 

 The membranous organelles that share materials with each other (by sending or receiving 

vesicles). 



 Organelles of the endomembrane system are: 

  • The nucleus 

  • The endoplasmic reticulum 

  • The Golgi apparatus  

  • The cell membrane 

  • Lysosomes 

  • Vacuoles  

 

 The following three membranous organelles are not part of the endomembrane system 

(They do not share materials. They do not send or receive vesicles) 

 • Peroxysomes 

 • Mitochondria 

 • Chloroplasts  

 

Peroxysome 

 A membranous organelle that digests fatty acids using O2  

 

 

Mitochondria 

 A double membrane organelle where ATP is made from the energy in glucose 

 

Chloroplasts 

 A triple membrane organelle where photosynthesis (making glucose using sunlight 

energy) occurs. 

 Only present in the cells of plants (and some protistans) 

 

Non-membranous organelles 

 Organelles not made of membranes 

• The cytoskeleton 

• Centrioles 

• Ribosomes 

 

Cytoskeleton 

 A system of protein fibers that form a network throughout the entire cytoplasm. 

 Holds organelles in place. 

 Controls the shape of the cell. 

 Example: Cilia and flagella. 

 Forms “railroad tracks” for moving vesciles. 

 Microtubules and actin filaments are examples of cytoskeletal fibers 

 



Cilia and flagella 

 Whip-like protrusions used for movement. 

 Flagella = one long whip. 

 Cilia = many tiny whips. 

 Formed from microtubules inside cell 

 

Centriole (basal body) 

 A short cylinder made of microtubules. 

 Centrioles anchor and organize microtubules. 

 Example: Microtubules in cilia and flagella are anchored to a basal body 

 

  

DIFFERENCES BETWEEN EUKARYOTIC AND PROKARYOTIC CELLS 

The difference between the structure of prokaryotes and eukaryotes is so great that it is 

considered to be the most important distinction among groups of organisms.  

 The most fundamental difference is that eukaryotes do have "true" nuclei containing their 

DNA, whereas the genetic material in prokaryotes is not membrane-bound.  

 In eukaryotes, the mitochondria and chloroplasts perform various metabolic processes and 

are believed to have been derived from endosymbiotic bacteria. In prokaryotes similar 

processes occur across the cell membrane; endosymbionts are extremely rare.  

 The cell walls of prokaryotes are generally formed of a different molecule (peptidoglycan) to 

those of eukaryotes (many eukaryotes do not have a cell wall at all).  

 Prokaryotes are usually much smaller than eukaryotic cells.  

 Prokaryotes also differ from eukaryotes in that they contain only a single loop of stable 

chromosomal DNA stored in an area named the nucleoid, while eukaryote DNA is found on 

tightly bound and organised chromosomes. Although some eukaryotes have satellite DNA 

structures called plasmids, these are generally regarded as a prokaryote feature and many 

important genes in prokaryotes are stored on plasmids.  

 Prokaryotes have a larger surface area to volume ratio giving them a higher metabolic rate, a 

higher growth rate and consequently a shorter generation time compared to Eukaryotes.  

 Genes: 

 Prokaryotes also differ from eukaryotes in the structure, packing, density, and 

arrangement of their genes on the chromosome. Prokaryotes have incredibly compact 

genomes compared to eukaryotes, mostly because prokaryote genes lack introns and 

large non-coding regions between each gene.  

http://www.diffen.com/difference/Special:Information/Bacteria
http://www.diffen.com/difference/DNA_vs_RNA
http://www.diffen.com/difference/Area_vs_Perimeter


 Whereas nearly 95% of the human genome does not code for proteins or RNA or 

includes a gene promoter, nearly all of the prokaryote genome codes or controls 

something.  

 Prokaryote genes are also expressed in groups, known as operons, instead of 

individually, as in eukaryotes.  

 In a prokaryote cell, all genes in an operon(three in the case of the famous lac operon) 

are transcribed on the same piece of RNA and then made into separate proteins, 

whereas if these genes were native to eukaryotes, they each would have their own 

promoter and be transcribed on their own strand of mRNA. This lesser degree of 

control over gene expression contributes to the simplicity of the prokaryotes as 

compared to the eukaryotes.   

http://www.diffen.com/difference/DNA_vs_RNA


A BACTERIAL CELL 

ARCHAEA 

Based on DNA sequence similarities, it appears that the archaea and eukaryotes diverged from 

the eubacteria before they diverged from each other (see the figure given below) and in some 

ways, archaea are biochemically more like eukaryotes than they are the eubacteria. For example, 

the RNA polymerase of archaea is as complex, in terms of number of subunits, as the eukaryote 

nuclear polymerases and there is considerable amino acid homology with some of the eukaryotic 

subunits. Gene promoter structure in archaea is also more similar to that of eukaryotes than 

eubacteria, although, like the eubacteria, archaea have operons and transcribe these to 

polycistronic mRNA. Similarity also exists between the protein synthesis factors of archaea and 

eukaryotes suggesting that the overall protein synthesis mechanisms of eukaryotes and archaea 

may be similar. The 16S rRNAs of the eubacteria and the archaea are quite distinct in sequence. 

 

 

Eubacteria (with the exception of the genera Mycoplasma and Chlamydia) possess peptidoglycan 

(synonyms: murein, mucopeptide, cell wall skeleton). Peptidoglycan, contains a unique sugar, 

muramic acid, not found elsewhere in nature. Archaebacteria contain a pseudomurein that is 

different in structure from eubacterial murein. 

In view of the increasing number of similarities between the archaea and the eukaryotes, the term 

archaebacteria is no longer used. All other cellular forms of life (including plants, animals, and 

fungi) are referred to as eukaryotes. 



 

Members of the Archaea are not human pathogens and will not be discussed further.   

Similarities between Archaea and Eukaryotes 

  Eubacteria Archaea Eukaryotes 

Nucleus No No Yes:  membrane-bound 

Nucleosomes/histones No Yes Yes 

Operons/polycistronic 

mRNAs 
Yes Yes No 

Introns No No Yes 

TATA Box binding 

protein 
No Yes Yes 

Organelles No No 

Yes: mitochondria, 

lysosomes, endoplasmic 

reticulum etc. 

Chromosomes One Circular One Circular More than one 

RNA polymerase One (simple) 
More than one 

(complex) 
More than one (complex) 

Protein initiator amino 

acid 

N-formyl 

methionine 
Methionine Methionine 

Protein synthesis 

sensitivity to 

diphtheria toxin 

Insensitive Sensitive Sensitive 

Peptidoglycan Yes No No 

Protein synthesis 

 initiation factors 

 ribosomal proteins 

 elongation factors 

of Archaea are more similar to those of eukaryotes than eubacteria 



 

 

 

Any bacterial cell whether it is a coccus or a bacillus will have some structures common. These 

structures are cell wall, cell membrane, cytoplasm, ribosomes and the chromosome. Other intra-

cellular structures such as plasmid, inclusion bodies and extra-cellular structures such as capsule, 

fimbriae and flagella are possessed only by some bacteria. 

GLYCOCALYX/CAPSULE/SLIME 

A gelatinous polysaccharide or polypeptide outer covering of certain bacteria is called 

glycocalyx. These are the structures that surround the outside of the cell envelope. The 

glycocalyx is referred to as a capsule if it is firmly attached to the cell wall, or as a slime layer if 

loosely attached. The chemical nature of bacterial capsules is diverse but majority of them are 

polysaccharides. 

SIGNIFICANCE 

 Virulence factor. Capsules of pathogenic bacteria inhibit ingestion and killing by phagocytes. 

It can also prevent complement-mediated bacterial cell lysis. Capsules protect the cells from 

lysozyme. Strains lacking capsule are avirulent. 



 Permit bacteria to adhere to cell surfaces and structures such as medical implants and 

catheters. This is a first step in colonization and sometimes leads to disease. 

 Prevent cell from drying out (desiccation) 

 Toxicity to the host cell; capsule of Bacteroides fragilis induces abscess formation. 

 Capsules may protect cells from bacteriophages. 

CELL WALL 

The layers of cell envelope lying between the cytoplasmic membrane and the capsule are 

referred to collectively as cell wall. In gram positive bacteria, the cell wall mainly consists of 

peptidoglycan and teichoic acid while the cell wall in gram negative bacteria includes 

peptidoglycan, lipoprotein, outer membrane and lipopolysaccharide layers. Cell wall does not 

take up any stain and hence are not seen by light microscope. 

Most bacteria have a complex cell wall consisting of peptidoglycan (also called murein, 

mucopeptide). This complex polymer consists of three parts- 

 A backbone consisting of alternating units of NAG (N-acetylglucosamine) and NAM (N-

acetylmuramic acid). 

 Tetrapeptide side chain attached to NAM 

 Peptide cross-bridges, which are short chains of amino acids that crosslink the backbone. 

SIGNIFICANCE OF CELL WALL 

 Maintains cell shape, any cell that loses its cell wall, loses its shape as well. 

 Protects bacteria from osmotic lysis 

 Acts as a barrier, protects cell contents from external environment 

 Determines reactivity to Gram stain, cells become gram negative if they lose cell wall 

 Site of action of certain antimicrobial agents (E.g. Penicillins, Cephalosporins) 

 Bacteria may attach to surface, produce slime, divide and produce microcolonies within the 

slime layer and construct a biofilm. E.g. formation of dental plaque mediated by the 

bacterium Streptococcus mutans. 

 Confer specific antigenicity to a strain/species that can be exploited to detect and identify an 

isolate. 

SUBSTANCES ACTING AGAINST CELL WALL 

 Lysozyme, an enzyme found in tears and saliva breaks down a component of cell walls 



 Antibiotics that inhibits cell wall synthesis such as Penicillins and cephalosporins 

 Autolytic enzymes produced by some bacteria such as Streptococcus pneumoniae 

GRAM’S STAINING 

Bacteria can be divided into two groups on the basis of staining with the Gram stain; Gram 

positive bacteria remain stained by crystal violet on washing, Gram negative do not. 

It is based on the chemical and physical properties of their cell walls. Primarily, it detects 

peptidoglycan, which is present in a thick layer in Gram positive bacteria.
 
A Gram positive 

results in a purple/blue color while a Gram negative results in a pink/red color. 

Difference between Gram positive and Gram negative cell wall 

Gram Positive Gram negative 

Thick layer of peptidoglycan Thin layer of peptidoglycan 
Teichoic acid No teichoic acid 
No Lipopolysaccharide Lipopolysaccharide 
No Periplasmic membrane Periplasmic membrane 
No Outer membrane Outer membrane 
High sensitivity to penicillin Low sensitivity to penicillin 
Low sensitivity to streptomycin High sensitivity to 

streptomycin 

STAINING MECHANISM 

Gram-positive bacteria have a thick mesh-like cell wall made of peptidoglycan (50-90% of cell 

envelope), which are stained purple by crystal violet, whereas Gram-negative bacteria have a 

thinner layer (10% of cell envelope), which are stained pink by the counter-stain. There are four 

basic steps of the Gram stain: 

 Applying a primary stain (crystal violet) to a heat-fixed smear of a bacterial culture. Heat 

fixing kills some bacteria but is mostly used to affix the bacteria to the slide so that they don't 

rinse out during the staining procedure. 

 The addition of a mordant, which binds to crystal violet and traps it in the cell (Gram's 

iodine) 

 Rapid decolorization with alcohol or acetone, and 

 Counterstaining with safranin. Carbol fuchsin is sometimes substituted for safranin since it 

will more intensely stain anaerobic bacteria but it is much less commonly employed as a 

counterstain. 

http://pathmicro.med.sc.edu/fox/culture.htm
http://en.wikipedia.org/wiki/Cell_wall
http://en.wikipedia.org/wiki/Peptidoglycan
http://en.wikipedia.org/wiki/Peptidoglycan
http://en.wikipedia.org/wiki/Gentian_violet
http://en.wikipedia.org/wiki/Iodine
http://en.wikipedia.org/wiki/Ethanol
http://en.wikipedia.org/wiki/Acetone
http://en.wikipedia.org/wiki/Safranin
http://en.wikipedia.org/wiki/Carbol_fuchsin


Crystal violet (CV) dissociates in aqueous solutions into CV
+
 and chloride (Cl

−
) ions. These ions 

penetrate through the cell wall and cell membrane of both Gram-positive and Gram-negative 

cells. The CV
+
 ion interacts with negatively charged components of bacterial cells and stains the 

cells purple. 

Iodine (I
−
 or I−3) interacts with CV

+
 and forms large complexes of crystal violet and iodine 

(CV–I) within the inner and outer layers of the cell. Iodine is often referred to as a mordant, but 

is a trapping agent that prevents the removal of the CV–I complex and, therefore, color the cell. 

When a decolorizer such as alcohol or acetone is added, it interacts with the lipids of the cell 

membrane. A Gram-negative cell will lose its outer lipopolysaccharide membrane, and the inner 

peptidoglycan layer is left exposed. The CV–I complexes are washed from the Gram-negative 

cell along with the outer membrane. In contrast, a Gram-positive cell becomes dehydrated from 

an ethanol treatment. The large CV–I complexes become trapped within the Gram-positive cell 

due to the multilayered nature of its peptidoglycan. The decolorization step is critical and must 

be timed correctly; the crystal violet stain will be removed from both Gram-positive and negative 

cells if the decolorizing agent is left on too long (a matter of seconds). 

After decolorization, the Gram-positive cell remains purple and the Gram-negative cell loses its 

purple color. Counterstain, which is usually positively charged safranin or basic fuchsin, is 

applied last to give decolorized Gram-negative bacteria a pink or red color. 

CELL MEMBRANE 

Cell membrane or cytoplasmic membrane is a typical unit membrane composed of phospholipids 

(40%) and proteins (60%). It measures approximately 5-10 nm in thickness. It lies below the 

peptidoglycan layer of the cell wall and encloses the cytoplasm. The arrangement of proteins and 

lipids to form a membrane is called the fluid mosaic model. The membranes of bacteria (except 

Mycoplasma) do not contain sterols. It is a phospholipid bilayer with polar heads on either side 

of the membrane. Hydrophobic tails are oriented to the interior of the membrane. Specialized 

structures called mesosomes or chondroids are formed from the convoluted invaginations of 

cytoplasmic membrane. There are two types of mesosomes, septal mesosome and lateral 

mesosome. The bacterial chromosome is attached to the septal mesosome. During cell division, 

the septal mesosome participates in the formation of cross-walls. Mesosomes are more 

prominant in gram positive bacteria. They are believed to be analogous to eukaryotic 

mitochondria since they are rich in respiratory enzymes. 

FUNCTIONS OF CELL MEMBRANE 

 A selectively permeable barrier: substances that pass through the membrane are limited by 

pore sizes and the hydrophobic nature of the membrane. 

 Integral (transmembrane) proteins form channels and act as carriers. 

http://en.wikipedia.org/wiki/Crystal_violet
http://en.wikipedia.org/wiki/Mordant


 Peripheral proteins can act as receptors and as enzymes for metabolic reactions. 

 Electron transport and oxidative phosphorylation: cytochromes and dehydrogenases of 

respiratory chain are located in the cell membrane. 

 Excretion of hydrolytic enzymes. 

 Site of attachment of the chromosome. 

 Bear receptors and proteins of sensory transduction system. 

SUBSTANCES ACTING ON CELL MEMBRANE 

 Detergents that contain lipophilic and hydrophilic groups disrupt cytoplasmic membranes. 

 Antibiotics such as Polymyxin B and Gramicidin selectively damages membrane. 

 Ionophores (E.g. Valinomycin) are compounds that permit rapid diffusion of cations through 

the membrane. 

 Chemical agents such as alcohols and quaternary ammonium compounds. 

CYTOPLASM 

The cytoplasm or protoplasm is the portion of the cell that lies within the cytoplasmic membrane. 

It is gel-like in consistency and includes the procaryotic chromosome and ribosomes. 

Constituents of cytoplasm include proteins (including enzymes), vitamins, ions, nucleic acids 

and their precursors, amino acids and their precursors, carbohydrates and their derivatives, fatty 

acids and their derivatives. The cytoplasm does not exhibit any internal mobility (cytoplasmic 

streaming). The cytoplasm also lacks organelles such as mitochondria, golgi apparatus or 

endoplasmic reticulum. Cytoplasm stains uniformly in young cultures.  

CHROMOSOME 

The chromosome in bacteria is typically a single, closed circle DNA that is concentrated in a 

nucleoid region. It is not membrane bound as in eukaryotes. Some bacteria possess smaller 

extrachromosomal pieces of DNA called plasmids. Plasmids replicate independently of the 

chromosome and carry genes that are not essential for cell survival but may give some advantage 

to an organism. The chromosome is attached to an invagination of the cytoplasmic membrane 

called mesosome. Mitotic apparatus and nuclear membrane are completely lacking. The length of 

E.coli chromosome is approximately 1.4 mm but is condensed inside the cell by supercoiling. 

DNA is mainly negatively charged hence bind readily to basic dyes. It can be demonstrated by 

Feulgen stain or by electron microscopy. 



RIBOSOMES 

Bacterial cells can contain thousands of ribosomes, which are the sites of protein synthesis. The 

distinct granular appearance of procaryotic cytoplasm is due to the presence and distribution of 

ribosomes. Often they aggregate to form structures known as polysomes. Bacterial ribosomes are 

termed 70 S (Svedberg units) and eukaryotic ribosomes are termed 80S. The difference between 

bacterial and eukaryotic ribosomes is often exploited during antibiotic therapy. 

INCLUSION BODIES 

Intracytoplasmic inclusions can be vacuoles, crystals or storage bodies. Bacteria often store 

reserve material in the form of insoluble cytoplasmic granules. Inclusions accumulate when a 

cell is grown in the presence of excess nutrients and they are often observed under laboratory 

conditions. Various examples of these bodies are: 

 Starch/Glycogen granules - blue-greens and enteric bacteria 

 Poly-ß-hydroxybutyrate granules - Azotobacter and Rhizobium 

 Nitrogen-reserve granules - blue-greens 

 Sulphur inclusions – Thiotrix 

 Lipid inclusions 

 Volutin granules – Corynebacterium diphtheriae 

The inclusion bodies can be appreciated using phase contrast microscope or using special stains 

such as Albert‟s stain (volutin granules) or Sudan black (lipid inclusion). 

FLAGELLA 

Some bacteria are motile and some are not. Almost all motile bacteria possess flagella as the 

organ of locomotion. Such bacteria tend to move towards or away from the source of stimulus. 

These stimuli can be chemicals (chemotaxis), light (phototaxis), air (aerotaxis) or magnetism 

(magnetotaxis). 

STRUCTURE 

Procaryotic flagella are much thinner than eukaryotic flagella and they lack the typical 9 + 2 

arrangement of microtubules. Over 40 genes are involved in its assembly and function. They are 

approximately 3-20μm long and end in a square tip. Since flagella are very thin (20-30 nm in 

diameter), they are below the resolution limits of a normal light microscope and cannot be seen. 

The bacterial flagellum is a non-contractile, composed of single kind of protein subunit called 

flagellin. It is anchored to the bacterial cytoplasmic membrane and cell well by means of disk 



like structures. A flagellum comprises of three parts, filament, hook and basal body. The 

flagellum is attached to the cell body by hook and basal body. While the hook and basal body are 

embedded in the cell envelope, the filament is free. If a flagellum is cut off it will regenerate 

until reaches a maximum length. This is so because the growth is not from base, but from tip. 

The basal body bears a set of rings, one pair in gram positive bacteria and two pairs in gram 

negative bacteria. While the rings named S and M are common to both, the rings names P and L 

are found only in gram negative bacteria. Rings in the basal body rotate relative to each other 

causing the flagella to turn like a propeller. The energy to drive the basal body is obtained from 

the proton motive force. Bacteria move at average speed of 50μm/sec, the fastest being Vibrio 

cholerae that moves 200μm/sec. The numbers of flagella, as well as their location on the cell 

surface are characteristic of a species. 

Flagella arrangements are 

 Monotrichous - a single flagellum at one pole (also called polar flagellum) E.g. Vibrio 

cholerae 

 Amphitrichous - single flagellum at both poles. Eg. Spirilla 

 Lophotrichous - two or more flagella at one or both poles of the cell E.g. Spirillum undula 

 Peritrichous - completely surrounded by flagella E.g. E.coli. 

Other mechanisms of bacterial locomotion include gliding and motion by axial filament 

contraction. Gliding is movement of bacteria along solid surfaces by an unknown mechanism. 

Spirochetes have internally-located axial filaments or endo flagella. Axial filaments wrap around 

the spirochete towards the middle from both ends. They are located above the peptidoglycan cell 

wall but below the outer membrane. 

 



Significance of flagella 

 Primarily function is motility (chemotaxis, aerotaxis, phototaxis etc). Positive taxis is 

movement toward a favorable environment whereas negative taxis is movement away from a 

repellent. 

 Flagella can help in identifying certain types of bacteria. For example, Proteus species show 

„swarming‟ type of growth on solid media. 

 Flagellar antigens are used to distinguish different species and strains of bacteria (serovars). 

Variations in the flagellar H antigen are used in serotyping. 

FIMBRIAE AND PILI 

Fimbriae are short, hair-like structures made up of protein pilin and are present in many gram 

negative bacteria. Even though pili arise from plasma membrane they are not considered part of 

the plasma membrane. They are anchored in the membrane and protrude through the cell wall to 

the outside of the cell. Fimbriae are shorter and straighter than flagella and are more numerous. 

They are 0.5μm long and 10 nm thick. Since they are made up of protein, they are antigenic. 

Bacteria from different genera may possess common fimbrial antigens. Fimbriae are usually seen 

in young cultures and lost on subcultures on solid media. While some authors use the two terms 

(fimbriae and pili) interchangeably, some restrict the term pili to denote sex pili. Sex pili acts to 

join bacterial cells for transfer of DNA from one cell to another by a process called conjugation. 

SIGNIFICANCE 

 They act as adhesins and allow bacteria to colonize cells. For example, Neisseria gonorrhoea 

uses its fimbriae to attach to the lining of the genital tract and initiate an infection. 

 Fimbriae can also detect chemical signals and are important in bacterial cell communication 

and biofilm formation. 

 Fimbriae also act as receptors for bacteriophages. 

 Fimbriae of Streptococcus pyogenes are coated with M protein, which acts as an important 

virulence factor by adhering to host cells and resisting phagocytosis. 

 Fimbriated bacteria form surface pellicle of liquid media. 

 Some fimbriae can agglutinate RBC of guinea pigs, horses, pigs and fowls. This 

haemagglutination may or may not be inhibited by mannose. 

SPORE 

In poor growth conditions some bacteria such as Bacillus and Clostridium produce resistant 

survival forms termed endospores. This process is known as sporulation. Bacterial spores are 

endospores in contrast to fungal spores, which are usually exospores. Unlike the spores of fungi, 



bacterial spores do not serve reproductive function. They are resistant to extreme environmental 

conditions such as high temperatures, dryness, toxic chemicals (disinfectants, antibiotics), and 

UV radiation. Once the endospore is formed, the vegetative portion of the bacterium is degraded 

and the dormant endospore is released. The endospore is able to survive for long periods of time 

until environmental conditions again become favorable for growth. The endospore then 

germinates, producing a single vegetative bacterium. Spores can be killed by sterilization 

methods such as autoclave and hot air oven. Some chemical disinfectants such as formaldehyde 

and ethylene oxide can also kill spores.  

SIGNIFICANCE OF SPORES 

 Since they are resistant forms of bacteria, they can survive unfavourable conditions for long 

period. 

 Since spores occur in soil, wounds contaminated by soil can lead to infections like gangrene 

or tetanus. 

 Since spores survive ordinary disinfection, they may contaminate surgical wounds. 

 Since spores are everywhere, they may contaminate bacterial culture media. 

 Since they are highly heat resistant, they can be used to monitor the efficacy of sterilization 

process in autoclave (Bacillus stearothermophilus) and hot air oven (Clostridium tetani var 

niger). 

 

  



PAST GATE QUESTIONS 

GATE BT 2010  

 

Q.1 Which one of the following DOES NOT belong to the domain of Bacteria? 

 (A) Cyanobacteria 

 (B) Proteobacteria  

 (C) Bacteroides  

 (D) Methanobacterium  

 

Q.2 Match Group I with Group II 

 Group I   Group II 

 P. Staphylococcus aureus    1. Biofilms 

 Q. Candida albicans   2. Bacteriocins 

 R. Mycobacterium tuberculosis 3. Methicillin resistance  

 S. Lactobacillus lactis   4. Isoniazid     

 

 (A) P-1, Q-4, R-2, S-3  (B)  P-2, Q-3, R-1, S-4 

 (C) P-3, Q-1, R-4, S-2  (D) P-1, Q-2, R-4, S-3 

 

GATE BT 2011  

 

Q.3 The lipopolysaccharides present in bacterial cell wall has lipid A which is connected 

 to 

 (A) O – Polysaccharide 

 (B) Core polysaccharide 

 (C) Both with O – polysaccharide and core polysaccharide  

 (D) Rhamnose – mannose disaccharide 

 

Q.4 Match the products in Group I with their respective organisms in Group II 

 Group I    Group II 

 P. Glycerol     1.Corynebacterium glutamicum 

 Q. Glutamic acid   2. Alcaligenes faecalis 

 R. Curdlan     3. Dunaliella salina 

 S. Amphotericin B   4. Streptomyces nodosus  

  (A) P-2, Q-1, R-3, S-4  (B)  P-4, Q-2, R-1, S-3 

 (C) P-3, Q-1, R-2, S-4  (D) P-2, Q-1, R-4, S-3 
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Q.5 Match the organisms in Group I with the entries in Group II 

 Group I     Group II 

 P. Clostridium    1. Rods with teichoic acid in the cell wall 

 Q. Escherichia    2. Rods with endospores 

 R. Vibrio     3. Helical rods with flagella 

 S. Bacillus     4. Rods with LPS in the outer membrane  

      5. Curved rods with polar flagella 

 (A) P-2, Q-4, R-5, S-1  (B)  P-2, Q-1, R-5, S-4 

 (C) P-5 Q-4, R-2, S-3  (D) P-3 Q-2, R-1, S-4 
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Q.6  In nature, the horizontal gene transfer across bacteria is mediated by 

 

(A) gene cloning followed by transformation  

(B)conjugation and transformation 

(C) conjugation only  

(D) transformation only  

 

 

Answer: 

 

 

 Q.1 – A. 

 Q.2 – C. 

 Q.3 – A. 

 Q.4  - C. 

 Q.5 – A. 

 Q.6 – B. 

 

 

 


