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Introduction

 Most of bacterial cells are surrounded by a thick rigid cell wall.

 The cell wall provided shape to the cell and protect the bacteria 

from changes in osmotic pressure.

 Based on characteristic of cell wall the bacterial cell are classified 

to gram positive and gram negative bacteria.
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Morphological classicication
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Cytoplasmic Structure

 Contains the DNA chromosome, messenger ribonucleic acid (mRNA), 
ribosomes, proteins, and metabolites.

 Most bacterial chromosomes are a single, double  stranded circle 
that(dsDNA).

 Plasmids, which are smaller, circular , extrachromosomal DNAs, also 
may be present.

 The bacterial ribosome consists of 30S + 50S subunits, forming a 70S 
ribosome
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Cytoplasmic membrane

 Lipid bilayer structure similar to the structure of the eukaryotic 

membranes

 But it contains no steroids (e.g., cholesterol) Mycoplasmas are 

the exception to this rule.

 The membrane contains transport proteins that allow uptake of 

metabolites and release of other substances.
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 These tasks include electron transport and energy production, 

which are normally achieved in the mitochondria.

 The inside of the membrane is lined with actin-like protein 

filaments.

 help determine the shape of the bacteria and the site of septum 

formation for cell division.
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Cell Wall

 The structure ,components, and functions of the cell wall 
distinguish gram-positive from gram-negative bacteria.

 Cell wall components also are unique to bacteria.

 Rigid peptidoglycan (murein) layers surround the cytoplasmic 
membranes of most prokaryotes.
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 The exceptions are:

1. Archaea organisms (which contain pseudoglycans or 
pseudomureins related to peptidoglycan) 

2. Mycoplasmas (which have no peptidoglycan).

 The peptidoglycan provides rigidity, it also helps determine the 
shape of the particular bacterial cell. 

 Proteins and other molecules may be attached to the 
peptidoglycan.

9



Gram-positive Bacteria

• A thick, multilayered cell wall consisting mainly of peptidoglycan 

surrounding the cytoplasmic membrane.

• Peptidoglycan (also known as murein) layer constitutes almost 

95% of the cell wall in some gram-positive bacteria.

•
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Peptidoglycan Layer

 As murein, mucopeptide

 Polymer layer consisting of sugars and amino acids

 outside the plasma membrane of most bacteria.

 The sugar component consists of alternating residues of β-(1,4) 
linked N-acetylglucosamine (NAG) and N-acetylmuramic
acid (NAM).

 Attached to the N-acetylmuramic acid is a peptide chain of 
four amino acids (tetrapeptide chain).
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 Tetrapeptide chain containing :

1. L-alanine

2. D-glutamic acid

3. L-lysine (gram positive) or mso-diaminopimelic acid(meso-
DAP  in gram-negative)

4. D-alanine

 The peptide chain can be cross-linked to the peptide chain of 
another strand forming the 3D mesh-like layer.

 5-glycine interbridge between tetrapeptides in the case 
of Staphylococcus aureus (a Gram-positive bacterium).
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 Peptidoglycan is one of the most important sources of D-amino 

acids in nature.

 The peptidoglycan monomers are synthesized in the cytosol and 

are then attached to a membrane carrier bactoprenol.

 Bactoprenol transports peptidoglycan monomers across the cell 

membrane where they are inserted into the existing 

peptidoglycan.

 Cross-linking between amino acids in different linear amino 

sugar chains occurs with the help of the enzyme DD-

transpeptidase. 14
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 This protein is also known as the penicillin-binding protein.

 Some antibacterial drugs such as penicillin interfere with the 
production of peptidoglycan by binding to bacterial enzymes 
known as penicillin-binding proteins.

 Mutations in genes coding for transpeptidases that lead to 
reduced interactions with an antibiotic are a significant source 
of emerging antibiotic resistance.

 The peptidoglycan can be degraded by lysozyme.

 Lysozyme cleaves the glycan backbone of the peptidoglycan.

 breaking the β-(1,4)-glycosidic bonds in peptidoglycan
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Special component of gram positive bacteria

1. Teichoic acids or teichuronic acid

• water-soluble anionic polymers found in Gram-positive 
bacteria

 made of polyglycerol phosphate or ribitol phosphate and  
carbohydrates linked via phosphodiester bonds.

 They can be covalently linked to N-acetylmuramic acid or a 
terminal D-alanine in the tetrapeptide cross linkage between N-
acetylmuramic units.
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 There are two type of teichoic acid:

1. Wall teichoic acid(WTA):

covalently bound to peptidoglycan

2. Lipo teichoic acid(LTA) or membrane teichoic aid

Lipoteichoic acids have a fatty acid and anchored to the lipid 

membrane or cytoplasmic membrane

Account for up to 50% of dry weight of cell wall and 10% of dry 

weight of total cell.
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Function:

1. molecules are common surface antigens that distinguish 

bacterial serotypes 

2. promote attachment to other bacteria and to specific receptors 

on mammalian cell surfaces (adherence). 

3. Teichoic acids are important factors in virulence. 

4. Lipoteichoic acids are shed into the media and the host .

5. although weaker, they bind to pathogen pattern receptors and 

initiate innate protective host responses similar to endotoxin.
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Special component of gram negative bacteria

 Gram-negative cell walls are more complex than gram positive 

cell walls, both structurally and chemically.

 Immediately external to the cytoplasmic membrane is a thin 

peptidoglycan layer that accounts for only 5% to 10% of the 

gram-negative cell wall by weight.

 There are no teichoic or lipoteichoic acids.

 External to the peptidoglycan layer is the outer membrane, 

which is unique to gram negative bacteria.
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1. Outer membrane

 found in gram-negative bacteria.



 Its composition is distinct from other biological membrane.

 It is a bilayer structure.

 The inner leaflet of the outer membrane similar to cytoplasmic 
membrane

 The outer leaflet of the outer membrane consist of 
LPS(Lipopolysaccharide)
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LPS(Lipopolysaccharide)

• LPS consists of three structural sections: 

1. lipid A,

2. core polysaccharide (rough core),

3. O antigen
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Lipid A

 Lipid A is a basic component of LPS and is essential for bacterial 
viability.

 Lipid A is responsible for the endotoxin activity of LPS.

 It has a phosphorylated glucosamine disaccharide backbone with 
fatty acids attached to anchor the structure in the outer membrane.

 β-Hydroxymyristic acid (C14) β-HMA is the most abundant saturated 
fatty acid in the lipid A complex in most toxic gram-negative 
bacteria.
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 The core polysaccharide is a branched polysaccharide of 9 to 
12 sugars.

 The core region contains an unusual sugar called 2-keto-3-
deoxy-octanoate (KDO)and is phosphorylated.

 The O antigen is attached to the core and extends away from 
the bacteria.

 It is a long, linear polysaccharide consisting of repeating 
saccharide units of 4 to 7 sugars per unit.
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 LOS, which is present in Neisseria species, lacks the O-
antigen portion of LPS.

 LPS structure is used to classify bacteria.

 The basic structure of lipid A is identical for related bacteria 
and is similar for all gram-negative Enterobacteriaceae.



 The core region is the same for a species of bacteria.

 The O antigen distinguishes serotypes (strains) of a bacterial 
species.
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Periplasmic space
 The area between the external surface of the cytoplasmic 

membrane and the internal surface of the outer membrane.

 Compartment containing components of transport systems for 
iron, proteins, sugars and other metabolites.

 A variety of hydrolytic enzymes (the breakdown of large 
macromolecules for metabolism.)

 proteases, phosphatases, lipases, nucleases, and carbohydrate-
degrading enzymes. 

 Pathogenic gram negative species, many of the virulence factors, 
such as collagenases, hyaluronidases, proteases, and β-lactamase, 
are in the periplasmic space.
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External structure

• Capsule

 Gram-positive or gram-negative

 Closely surrounded by loose polysaccharide or protein layers called 
capsules 

 Sometimes referred to as a slime layer or a glycocalyx.

 Bacillus anthracis, the exception to this rule, produces a polypeptide 
capsule.

 The capsule is hard to see in a microscope.

 but its space can be visualized by the exclusion of India ink 
particles.
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Functins:

1. Capsules are unnecessary for the growth of bacteria.

2. But they are very important for survival in the host. 

3. The capsule is poorly antigenic and antiphagocytic and is a major 

virulence factor (e.g., S. pneumoniae).

4. Act as a barrier to toxic hydrophobic molecules, such as detergents,

5. Can promote adherence to other bacteria or host tissue surfaces.
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Indian ink staining
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Flagella

 composed of helically coiled protein subunits (flagellin).

 anchored in the bacterial membranes.

 Bacterial species may have one or several flagella on their surfaces.

 Flagella provide motility for bacteria,

 allowing the cell to swim (chemotaxis) toward food and away from 

poisons.
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Flagellar arrangements

 Monotrichous bacteria such as Vibrio cholerae have a single polar 
flagellum.

 Amphitrichous bacteria have a single flagellum on each of two 
opposite ends.

 Lophotrichous bacteria have multiple flagella located at the same 
spot on the bacterial surface such as Helicobacter pylori,

 Peritrichous bacteria have flagella projecting in all directions 
(e.g., E. coli).
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• Fimbriae (pili) 

 hairlike structures on the outside of bacteria 

 they are composed of protein subunits (pilin).

 Fimbriae can be morphologically distinguished from flagella.

 because they are smaller in diameter (3 to 8 nm versus 15 to 

20 nm).
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 Fimbriae promote adherence to other bacteria or to the host.

 fimbriae are an important virulence factor for colonization and 

infection of the urinary tract by E. coli.(P Fimbriae)

 F pili (sex pili) bind to other bacteria and are a tube for transfer 

of large segments of bacterial chromosomes between bacteria. 

These pili are encoded by a plasmid (F).
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