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Structure of Bacterial Cell 

Introduction: 

The  cell  is  the  basic  structural  and  functional  unit  of  all  known  

living organisms.  It  is  the  smallest  unit  of  life  that  is  classified  as  a  

living thing,  and  is  often  called  the  building  block  of  life.  Some  

organisms, such  as  most  bacteria,  are  unicellular  (consist  of  a  single  

cell).  Other organisms, such as humans are multicellular. (Humans have 

an estimated 100  trillion  or  10 14   cells,  a  typical  cell  size  is  10μm  

and  a  typical  cell mass  is  1  nanogram.)  The largest known cell is an 

unfertilized ostrich egg cell. Cells are mainly of two types: Prokaryotic 

cell (e.g. bacteria, virus) and eukaryotic cell (e.g.  Plant cell and animal 

cell). Bacteria are Prokaryotic, unicellular that do not contain chlorophyll. 

Size of bacteria may range from 0.2-1.5 micrometer in diameter and 3-5 

micrometer in length. 

 

Structure of Bacteria: 

• All cells have 3 main components: 

- DNA („nucleoid”) 

* Genetic instructions 

- Surrounding membrane (“cytoplasmic 

membrane”) 

* Limits access to the cell‟s interior 

- Cytoplasm, between the DNA and the 

membrane 

* Where all metabolic reactions occur 

* Especially protein synthesis, which occurs on 

the ribosomes. 

 

• Bacteria also often have these features: 

– Cell wall 

• resists osmotic pressure    

– Flagella 

• movement 

– Pili 

• attachment 

               - Capsule: protection and biofilms 
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Cell morphology:  

Perhaps the most elemental structural property of bacteria is cell 

morphology (shape). Typical examples include: 

 coccus (spherical) 

 bacillus (rod-like) 

 spirillum (spiral) 

 filamentous 

Cell shape is generally characteristic of a given bacterial species, but can 

vary depending on growth conditions. Some bacteria have complex life 

cycles involving the production of stalks and appendages (e.g. 

Caulobacter) and some produce elaborate structures bearing reproductive 

spores (e.g. Myxococcus, Streptomyces). Bacteria generally form 

distinctive cell morphologies when examined by light microscopy and 

distinct colony morphologies when grown on Petri plates. These are often 

the first characteristics observed by a microbiologist to determine the 

identity of an unknown bacterial culture.  

 

Cell Envelope: The cell envelope is all the layers from the cell 

membrane outward, including the cell wall, the periplasmic space, the 

outer membrane, and the capsule. 

 

 

http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Morphology_(biology)
http://en.wikipedia.org/wiki/Morphology_(biology)
http://en.wikipedia.org/wiki/Coccus
http://en.wikipedia.org/wiki/Bacillus
http://en.wikipedia.org/wiki/Spirillum
http://en.wikipedia.org/wiki/Filamentation
http://en.wikipedia.org/wiki/Caulobacter
http://en.wikipedia.org/w/index.php?title=Myxococcus&action=edit&redlink=1
http://en.wikipedia.org/wiki/Streptomyces
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Microscopy
http://en.wikipedia.org/wiki/Petri_dishes
http://en.wikipedia.org/wiki/Microbiologist
http://en.wikipedia.org/wiki/Bacterial_culture
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- All free-living bacteria have a cell wall 

- Periplasmic space and outer membrane are 

found in     Gram-negatives 

- The capsule is only found in some strains 

 

 

As in other organisms, the bacterial cell wall provides structural integrity 

to the cell. In prokaryotes, the primary function of the cell wall is to 

protect the cell from internal turgor pressure caused by the much higher 

concentrations of proteins and other molecules inside the cell compared 

to its external environment. The bacterial cell wall differs from that of all 

other organisms by the presence of peptidoglycan (poly-N-

acetylglucosamine and N-acetylmuramic acid), which is located 

immediately outside of the cytoplasmic membrane. Peptidoglycan is 

responsible for the rigidity of the bacterial cell wall and for the 

determination of cell shape. It is relatively porous and is not considered to 

be a permeability barrier for small substrates. While all bacterial cell 

walls (with a few exceptions e.g. extracellular pathogen such as 

Mycoplasma) contain peptidoglycan, not all cell walls have the same 

overall structures. Since the cell wall is required for bacterial survival, but 

is absent in eukaryotes, several antibiotics (penicillins and 

cephalosporins) stop bacterial infections by interfering with cell wall 

synthesis, while having no effects on human cells. 

Cell Membrane:  

• The cell membrane (often called the plasma membrane) is 

composed of 2 layers of phospholipids. 

• Phospholipids have polar heads and non-polar tails.   

http://en.wikipedia.org/wiki/Cell_wall
http://en.wikipedia.org/wiki/Prokaryotes
http://en.wikipedia.org/wiki/Turgor_pressure
http://en.wikipedia.org/wiki/Peptidoglycan
http://en.wikipedia.org/wiki/Cytoplasmic_membrane
http://en.wikipedia.org/wiki/Peptidoglycan
http://en.wikipedia.org/wiki/Mycoplasma
http://en.wikipedia.org/wiki/Eukaryotes
http://en.wikipedia.org/wiki/Penicillins
http://en.wikipedia.org/wiki/Cephalosporins
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- “Polar” implies that the heads are hydrophilic: they like to stay in an 

aqueous environment: facing the outside world and the inside of the cell. 

- “non-polar” means that the tails are hydrophobic: they want to be away 

from water, in an oily environment.  The tails are in the center of the 

membrane 

A pure phospholipid membrane only allows water, gasses, and a few 

small molecules to move freely through it. 

 

 

 

 

 

Membrane Proteins:  

• Proteins float in the membrane like ships on the surface of the sea: 

the fluid-mosaic model.   

• Peripheral membrane proteins are bound to one surface of the 

membrane. 

– Some attached to the cell membrane by a fatty acid 

covalently attached to one of the protein‟s amino acids 

– Others are attached by stretches of hydrophobic amino acids 

of the protein‟s surface 

• Integral membrane proteins are embedded in the 

membrane by one or more stretches of 

hydrophobic amino acids.  Many of these proteins 

transport molecules in and out of the cell.  The 

transport proteins are very selective: each type of 

molecule needs its own transporter. 
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Transport across the Cell Membrane: 

• Basic rule: things spontaneously move from high concentration to 

low concentration (downhill).  This process is called diffusion. 

– Getting many molecules into the cell is simply a matter of 

opening up a protein channel of the proper size and shape.  

The molecules then move into the cell by diffusing down the 

concentration gradient. Passive transport or facilitated 

diffusion. 

• To get things to move from low to high (uphill), you need to add 

energy: the molecules must be pumped into the cell.  Pumps are 

driven by ATP energy.  Active transport. 

 

Structure of the bacterial cell wall:  

There are two main types of bacterial cell walls, Gram positive and Gram 

negative, which are differentiated by their Gram staining characteristics. 

For both Gram-positive and Gram-negative bacteria, particles of 

approximately 2 nm can pass through the peptidoglycan. 

• Bacterial cell wall provides structural integrity to the cell.  

• The bacterial cell wall differs from that of all other organisms by 

the presence of Peptidoglycan  

• Peptidoglycan (Mucopeptide) is composed of alternating chains of 

.. 

http://en.wikipedia.org/wiki/Gram_staining
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• N -Acetyl Glucoseamine and N-Acetyl Muramic acid, which is 

cross linked by  Peptide chains 

 

 

 

 

 

 

 

 

• Peptidoglycan is responsible for the rigidity of the bacterial cell 

wall and for the determination of cell shape. 

• Based on the composition of cell wall & Staining  bacteria are 

classified into “Gram positive” and “Gram Negative‟ 
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The Gram positive cell wall: 

Peptidoglycans (mucopeptides, glycopeptides, mureins) are the structural 

elements of almost all bacterial cell walls. They constitute almost 95% of 

the cell wall in some Gram positive bacteria. The murein  may consist of 

as many as 40 layers (15–80 nm thick) and as little as 5-10% of the cell 

wall in Gram negative bacteria. Peptidoglycans are made up of a 

polysaccharide backbone consisting of alternating N-acetylmuramic acid 

(NAM) and N-acetylglucosamine (NAG) residues in equal amounts. The 

cell wall of some Gram positive bacteria is completely dissolved by 

lysozyme, as this enzyme attacks the bonds between GA and MA. In 

other Gram positive bacteria, e.g. Staphylococcus aureus, the walls are 

resistant to the action of lysozyme.  

The matrix substances in the walls of Gram positive bacteria may be 

polysaccharides or teichoic acids. The membrane lipoteichoic acids are 

anchored in the cytoplasmic membrane, whereas the cell wall teichoic 

acids are covalently coupled to the murein. Within the macroorganism, 

teichoic acids can activate the alternative complement pathway and 

stimulate macrophages to secrete cytokines. Examples of cell wall-

associated proteins are protein A, the clumping factor, and the 

fibronectin-binding protein of Staphylococcus aureus or the M protein of 

Streptococcus pyogenes. Teichoic acids form receptor sites for 

bacteriophages, and at least some of them are located on the surface of 

many Gram positive bacteria. 

http://en.wikipedia.org/wiki/Gram_positive_bacteria
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The Gram negative cell wall 

Unlike the Gram positive cell wall, the Gram negative cell wall contains a 

thin peptidoglycan layer adjacent to the cytoplasmic membrane. This is 

responsible for the cell wall's inability to retain the crystal violet stain 

upon decolourisation with ethanol during Gram staining. In addition to 

the peptidoglycan layer, the Gram negative cell wall also contains an 

outer membrane composed by phospholipids and lipopolysaccharides, 

which face into the external environment. As the lipopolysaccharides are 

highly-charged, the Gram negative cell wall has an overall negative 

charge. The chemical structure of the outer membrane 

lipopolysaccharides is often unique to specific bacterial strains (i.e. sub-

species) and is responsible for many of the antigenic properties of these 

strains. 

 

 

 

 

 

 

 

 

 

Summary of bacterial cell wall: 

• Gram-positive vs Gram-negative are defined by the structure of the 

cell wall 

– the Gram stain binds to peptidoglycan 

http://en.wikipedia.org/wiki/Peptidoglycan
http://en.wikipedia.org/wiki/Cytoplasmic_membrane
http://en.wikipedia.org/wiki/Gram_staining
http://en.wikipedia.org/wiki/Peptidoglycan
http://en.wikipedia.org/wiki/Bacterial_outer_membrane
http://en.wikipedia.org/wiki/Phospholipid
http://en.wikipedia.org/wiki/Lipopolysaccharide
http://en.wikipedia.org/wiki/Lipopolysaccharide
http://en.wikipedia.org/wiki/Lipopolysaccharide
http://en.wikipedia.org/wiki/Antigen
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• Gram-positive: many layers of peptidoglycan, which is anchored 

to the cell membrane by teichoic acid. 

• Gram-negative: 1-2 layers of  peptidoglycan = thin 

– The periplasmic space is between the cell membrane and the 

cell wall.  It contains enzymes and other proteins, such as 

chemoreceptors for sensing the environment. 

– Outside the peptidglycan layer is the “outer membrane”.  It 

is pierced by porins: protein channels and it's out surface is 

covered with lipopolysaccharides (sugars linked to 

membrane lipids), which are often antigenic and or toxic. 

 

 

Lipopolysaccharides (LPS): The LPS present on the (G-ve) negative 

cell wall consists of 3 regions: 

• Polysaccharide determining O antigen 

• Core Polysaccharide 

• Glycolipid portion /Lipid A 

• All the three factors are responsible for the endotoxic 

activities……… 

• LPS Endotoxin causes a form of Septic Shock for which there is no 

direct treatment.  
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The bacterial cytoplasmic membrane 

The bacterial cytoplasmic membrane is composed of a phospholipid 

bilayer and thus has all of the general functions of a cell membrane such 

as acting as a permeability barrier for most molecules and serving as the 

location for the transport of molecules into the cell. However, channels 

called porins are present in the outer membrane that allow for passive 

transport of many ions, sugars and amino acids across the outer 

membrane. 

Mesosomes:  

• Vesicular, convoluted invaginations of the plasma membrane 

• Prominent in (G +ve) bacteria 

• Principal sites of Respiratory enzymes 

• Analogous to mitochondria in Eukaryotes 

Nucleus: 

• Bacterial nuclei “have no nuclear membrane“or the nucleolus. 

• Genome consists of a single double stranded DNA. 

• Might be a Circular form or may be open under certain condition to 

form a long chain. 

Plasmids: 

• Extra chromosomal DNA 

http://en.wikipedia.org/wiki/Phospholipid_bilayer
http://en.wikipedia.org/wiki/Phospholipid_bilayer
http://en.wikipedia.org/wiki/Cell_membrane
http://en.wikipedia.org/wiki/Porin_(protein)
http://en.wikipedia.org/wiki/Passive_transport
http://en.wikipedia.org/wiki/Passive_transport
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Sugar
http://en.wikipedia.org/wiki/Amino_acid
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• Circular capable of autonomous replication. 

• Transferred from one bacterium to another. 

Importance of Plasmids: Their presence confers certain special 

characters…… 

• Toxigenicity 

• Antibiotic Resistance 

• Ability to use certain unusual components as nutrients 

 

Structures external to Bacteria (Other bacterial surface structures): 

Capsules and Slime Layers 

Many bacteria secrete extracellular polymers outside of their cell walls. 

These polymers are usually composed of polysaccharides and sometimes 

protein. Capsules are relatively impermeable structures that cannot be 

stained with dyes such as India ink. They are structures that help protect 

bacteria from phagocytosis and desiccation. Slime layer is involved in 

attachment of bacteria to other cells or inanimate surfaces to form 

biofilms. Slime layers can also be used as a food reserve for the cell. 

• Most bacterial capsules are composed of Polysaccharides 

Eg: Klebsiella pneumoniae 

• A few capsules are Polypeptides: Eg: Bacillus anthracis 

Quellung Reaction:  

• Described by Neufeld (1902). 

• Serological method of demonstrating the capsule. 

• Suspension of capsulated bacterium is mixed with its specific 

anticapsular serum & examined under the microscope, capsule 

appears prominent & swollen. 

• Used to type Pneumococci. 

 

 

http://en.wikipedia.org/wiki/Polysaccharide
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Bacterial_capsule
http://en.wikipedia.org/wiki/India_ink
http://en.wikipedia.org/wiki/Phagocytosis
http://en.wikipedia.org/wiki/Desiccation
http://en.wikipedia.org/wiki/Slime_layer
http://en.wikipedia.org/wiki/Biofilm
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Functions of Capsules: 

• Antiphagocytic, thus contribute “Virulence”. 

• Protects against “Lysozyme” 

• Promote attachment of bacteria to surface (Eg: Streptococcus 

mutans). 

• Permits bacteria to adhere to Medical Implants & Catheters. 

• Toxicity to host cell – Eg: Bacteroides fragilis. 

• Provide protection against temporary drying. 

• Block the attachment of Bacteriophages. 

Applications: 

• Used in serological typing 

• Detection of capsule in Blood, CSF provides a rapid method of 

diagnosis 

• Used in preparation of vaccines Eg: H.influenzae 

Flagella 

Perhaps the most recognizable extracellular bacterial cell structures are 

flagella. Flagella are whip-like structures protruding from the bacterial 

cell wall and are responsible for bacterial motility (i.e. movement). The 

arrangement of flagella about the bacterial cell is unique to the species 

observed. Flagella are complex structures that are composed of many 

different proteins. These include flagellin, which makes up the whip-like 

tube and a protein complex that spans the cell wall and cell membrane to 

form a motor that causes the flagellum to rotate. It does not have any 

ATPase activity. 

On the basis of the number and position of flagellum bacteria are divided 

into the following  forms: 

 

(i) Atrichous:  Bacteria without flagella.  e.g.,  Pasteurella. 

(ii) Monotrichous:  One flagellum is present at one end, e.g., Vibrio, 

Pseudomonas  thiobacillus. 

(iii) Lophotrichous:  Two  or  more  flagella  are  present  at  one  end,  

e.g., Spirillum  serpens. 

(iv) Amphitrichous: Flagella are present at both the ends, e.g.,  

Nitrosomonas. 

(v) Peritrichous: Flagella are found in whole body, e.g., E. coli, 

Clostridium tetani. 

 

http://en.wikipedia.org/wiki/Flagella
http://en.wikipedia.org/wiki/Flagella
http://en.wikipedia.org/wiki/Motility
http://en.wikipedia.org/wiki/Flagella
http://en.wikipedia.org/wiki/Flagellin
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Flagellum
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Each flagellum consists of 3 parts: Filament, Hook and                      

Basal body. 

 

Fimbriae and Pili 

Fimbriae are protein tubes that extend out from the outer membrane in 

many members of the Proteobacteria. They are generally short in length 

and present in high numbers about the entire bacterial cell surface. 

Fimbrae usually function to facilitate the attachment of a bacterium to a 

surface (e.g. to form a biofilm) or to other cells (e.g. animal cells during 

pathogenesis). 

Pili are similar in structure to fimbriae but are much longer and present 

on the bacterial cell in low numbers. Pili are involved in the process of 

bacterial conjugation. Non-sex pili also aid bacteria in gripping surfaces. 

 

Endospores: 

• Highly resistant stages of bacteria 

• Spores germinate to form a single Vegitative cell. 

• It is formed inside the cell. Eg: Bacillus, Clostridium 

• Core contains the Nuclear body 

• Surrounded by a Spore Wall. 

• Outside this is a thick Spore cortex 

• This is covered in turn by a tough Spore coat. 

• Exosporium is additional outer covering, which exhibits ridges and 

grooves 

•  

http://en.wikipedia.org/wiki/Proteobacteria
http://en.wikipedia.org/wiki/Bacterium
http://en.wikipedia.org/wiki/Biofilm
http://en.wikipedia.org/wiki/Pathogenesis
http://en.wikipedia.org/wiki/Pilus
http://en.wikipedia.org/wiki/Pilus
http://en.wikipedia.org/wiki/Bacterial_conjugation
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Position of Spores: 

• A = oval, terminal;  

• B = rectangular, terminal;  

• C = rectangular, sub terminal, 

• D = rectangular, central;  

• E = circular, terminal;  

• F = circular, central;  

• G = terminal, club-shaped.  

 

Pleomorphism and Involution forms:  

• Process of exhibiting variation in the shape and size of individual 

cells – Pleomorphism, Eg: H.influenzae 

• Certain bacteria exhibit swollen and aberrant forms in ageing 

cultures – Involution forms 

• This may be due to defective cell wall synthesis or due to Autolytic 

Enzymes, Eg: Yersinia, Gonococcus 

 

Protoplasts, Spheroplasts and L-Forms: 

• Removal of bacterial cell wall by hydrolysis with Lysozyme or 

antibiotics like Penicillin liberates. 

• “Protoplasts” from Gram positive cells 

• “Spheroplasts” from Gram negative cell 

• When Protoplasts and Spheroplasts are able to grow and divide 

they are called the L-Forms. 

• First observed by Kleineberger-Nobel 

• Named it as L forms after Lister Institute London.Eg: 

Streptobacillus moniliformis 
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