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The molecular architecture



Cell wall :
All fungi and bacteria posses cell wall except 

Mycoplasms in bacteria and Myxomycetes in 
fungi. 

The cell wall lies outside the cytoplasmic 
membrane and lends structural support and 
rigidity to the cell. The wall represents the first 
structural component of the microbial cell that 
reacts with the external environment. The fact 
that microorganisms can be found in extremely 
harsh environments such as high temperatures, 
acidity or alkalinity areas and arid areas of 
deserts suggest that the wall is a formidable 
structure.



The cell wall represents 20% of the bacterial 

dry weight and 0.01-0.02 micron in 

thickness. 

It composed of peptidoglycan (murein) layer, 

it forms  a sac or meshwork that covers 

the surface of the cell. The glycan portion 

of peptidoglycan is network of linear 

strands of disaccharides that consist of 

repeating units N- acetylglucosamine and 

N-acetyl muramic acid. 



The strands are linked randomly to adjacent 
strands by tetrapeptide branches that are 
covalently attached to N-acetylmuramic 
acid residues. The peptide branches are 
linked by interpeptide bridges that may be 
direct and involve the amino acids of the 
branches. The grater the degree of cross 
linking the more rigid the glycan strands 
and their peptide branches. Secondary 
polymers such as teichonic acid and 
teichuronic acid may also covalently linked 
to NAM.



Peptidoglycan

glycan backbone

muramic acid

glucosamine

peptide side chain

peptide cross-bridge

D- and L- amino acids

diaminopimelic acid
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Teichoic and teichuronic acids

Metal ion uptake

Direct autolytic enzymes

holes punched in cell wall 

allows insertion cell wall (synthesis) 



Fungal cell walls are composed of polysaccharides 
with relatively small amounts of proteins, lipids, 
and inorganic ions. 

The polysaccharides occur in two major types of 
structures: 

Microfibrils                                 matrix

Strands of polysaccharides chains are embeded in 
the matrix (smaller polysaccharides, protein and 
lipids which appears amorphous and granular.

Wall resembles concrete with microfibrils 
functioning as steel rods and matrix the 
surrounding cement          mechanical rigidity & 
strength of the wall.



In fungi quantitative analysis of wall 

composition for several fungi 

show wide variations between 

fungi. Chitin while an important 

fibrillar component of the wall of 

many fungi is not always a major 

one. In yeast for example chitin is 

found only in the septum dividing 

mother from daughter cells.





Celluloses, the other principal 
fibrous polysaccharides of the 
fungi, is found primarily in 
Oomycetes, where it occurs 
instead of chitin in members of 
saprolegniales and 
peronosporales, but with chitin in 
leptomitales. Chitin and cellulose
are also found together in 
Hyphochytridiomycetes and a few 
scattered examples of other 
fungi. 



A β glucan with β 1,3 linkage and β 1,6 

branched is widespread among the fungi 

and forms an  amorphous but highly 

insoluble, resistant portion of the wall. It 

has been proposed that the occurrence of 

xylose in C.W of yeasts indicates affinity to 

Basidiomycetes.



As already intimated with chitin and 
cellulose, the distribution of various 
wall polysaccharides is not uniform 
among the various fungal taxa, and 
some use of these may be made as 
taxonomic criteria at various levels. 
It is proposed the use of distinctive 
pairs as well polysaccharides to 
indicate phyletic relationships 
among the fungi.

–



Cell wall chemistry and fungal 

taxonomy

Fungi                 Key components     

AcrasiomycetesCellulose & glycogen

Saprolegniales, peronosporales &

leptomitales
Cellulose,  & glucan

Oomycetes & 

leptomitales

Cellulose, chitin & 

glucan

HyphochytridiomycetesCellulose & chitin

ZygomycetesChitosan &  chitin

Cytridiomycetes, Ascomycetes & 

Basidiomycetes
Chitin & glucan

HemiascomycetidaeMannan & glucan



The lipid component of C.W is not clearly 

understood. The cell wall lipids of the yeast 

Nadsonia consist primarily of saturated fatty 

acids. Fungal wall lipids characteristically are 

composed of saturated rather than unsaturated 

fatty acids and phospholipids are common. 

Small amounts of glycolipids and sphingosines

have identified in wall of certain yeasts. Mannan 

that is covalently linked to fatty acids was 

identified in Candida tropicalis.



The protein component of wall has 

generated great interest. Most of the 

protein is associated with 

polysaccharides as glycoprotein. 

They are important as antigenic

agents, cellular contact interactions 

and as enzymes associated with the 

cell surface.



Peptidogalactomannans from 

dermatophytes, Trichophyton and 

Microsporum have been studied 

extensively. They act as allergens and as 

antigens. They contain 9% protein and 

galactose portion of the polysaccharides 

from 7-33%. Peptidogalactomannan from 

A. fumigatus (zoopathogen) contains 

galactose: mannan with ratio near unity, 

the peptide moiety contains no 

extraordinary quantities of acidic amino 

acids.



Quantitative as well as qualitative 

differences in wall composition 

can be seen for several 

components in different 

developmental stages of the 

fungus. Chitin for example, 

ranges from 2-18% and glucose 

from 0 - 43% of the walls.



Chemical differentiation of the wall of Mucor rouxii

Dry weight of wall

sporesSporangio-

phores

hyphaeYeastComponent

21898Chitin

10213328Chitosan

5129Mannose

430.100Glucose

169610Protein

10586Lipid

312322Phosphate

10000Melanin

2251212Glucuronic 

acid



The septa of Schizophyllum have a 

different compsition from the lateral 

walls.

It was found that mature wall was made 

up of regions each characterized by 

the predominance of particular wall 

polymers. These from the outside:



a- Amorphous glucan (80-90nm).

b- Glycoprotein as coarse reticulum (25 nm)     

embeded in a matrix.

c- Protein (8-10 nm).

d- Chitin  microfibrils (20 nm).



Plasmalemma

The Plasmalemma shows the typical three layered 
structure of all biological unite membranes.

In all microorganisms plasmalemma composed of 
lipid, protein as major components and 
moreover carbohydrates and nucleic acids.

The protein component gives the plasmalemma its 
hydrophilic tendency and elasticity but the lipid 
portion gives it lipophylic tendency. We may 
consider that fungal membranes have the same 
general structure as other biological 
membrane.  



1- Intracellular structures

The bacterial cell is surrounded by a lipid membrane, or

cell membrane

• Cell membrane

They are composed primarily of proteins and lipids

(principally phospholipids). Protein-to-lipid ratios of bacterial

plasma membranes are approximately 3: 1

The cytoplasmic membrane is composed of a

PHOSPHOLIPID BILAYER in which are embedded the

various proteins that control what goes in and out of a cell .

The cytoplasmic membrane is fluid (like a soap bubble) and

usually very DELICATE and easily ruptured if the

supporting cell wall is removed.

Structure

http://en.wikipedia.org/wiki/Lipid
http://en.wikipedia.org/wiki/Cell_membrane
http://www.slic2.wsu.edu:82/hurlbert/micro101/pages/Chap3.html


The inner portion of the cytoplasmic membrane is composed

of lipid or fat molecules that make it impermeable to

molecules that dissolve in water. This inner region is said to

be HYDROPHOBIC or "water hating".

Because the cytoplasmic membrane is a bilayer, the lipid

molecules face each other, placing the phosphate groups on

the outer edges of the cytoplasmic membrane. Phosphate is

HYDROPHILIC and likes to associate with water molecules.

Many of the proteins are embedded in the lipid bilayer, they

are TRANSPORT proteins that BIND specific molecules and

carry them into or out of the cell as required. The proteins

allow the cell to live in very dilute nutrient solutions because

they soak up the nutrients like a selective "sponge" and bring

in the rare nutrient molecules .

http://www.slic2.wsu.edu:82/hurlbert/micro101/pages/Chap5.html#Hydrophobic
http://www.slic2.wsu.edu:82/hurlbert/micro101/pages/Chap5.html#Hydrophilic




• The cell membrane also plays a role in providing shape

to the cell

• Production of energy.

• Specific proteins embedded in the cell membrane can act

as molecular signals that allow cells to communicate with

each other

 Secretion of enzymes.

a) Function

• Regulate cellular transport.

• It is the site of metabolic enzymes.

• Breakdown of nutrients.





• Transport Mechanisms - moving material in and
out of the cell

• Concentration gradient - the difference in the
amount of a substance inside and outside of the
cell

– 1. Going “with the gradient”- moving from
high to low concentration

– 2. Going “against the gradient”- moving from
low to high concentration

– 3. Equilibrium exists when the concentration
of molecules is the same throughout a space
(inside and outside the cell).

Movement across cell membranes



Types of Cellular Transport

• Passive Transport

• cell doesn’t use energy

• Going with the gradient

1- Diffusion

2- Facilitated Diffusion

3- Osmosis

• Active Transport

• cell use energy

• Going against the

gradient

1- Protein Pumps

2- Endocytosis

3- Exocytosis



A) Passive Transport
• Cell uses no energy

• Molecules move randomly

• Molecules spread out from an area of 

high concentration to an area of low 

concentration. 

high

low

Weeee!!

!



1- Simple diffusion (lipid diffusion)

• Random movement of gases or small

uncharged polar molecules across a

phospholipid bilayer membrane from an

area of high concentration to an area of

low concentration. (High to Low)

• Diffusion continues until all molecules are

evenly spaced (equilibrium is reached).

• Examples of gases include O2, and CO2;

examples of small polar molecules include

ethanol, H2O, and urea. • Animations of Active Transport

& Passive Transport

http://programs.northlandcollege.edu/biology/Biology1111/animations/transport1.html


2- Osmosis

Water potential

The physical property predicting the direction in

which water will flow, governed by solute

concentration and applied pressure.

• Rule

• Water always falls from a high to a low water

potential

•100 % pure water has ψ = 0 which is the highest

water potential. So all solutions have ψ >0



• Osmosis: diffusion

of water through a

selectively permeable

membrane

• Water moves from

high to low water

concentrations

• Water moves freely

through pores.

• Solute (green) too

large to move across.



Effects of Osmosis on Life

A cell can find itself in one of three

environments: isotonic , hypertonic or

hypotonic

I- Hypotonic Solution

The solution has a lower concentration of solutes

and a higher concentration of water than inside the

cell. (Low solute; High water)

Result: Water moves from the solution to inside

the cell): Cell swells and bursts open (cytolysis)!





II- Hypertonic Solution

The solution has a higher concentration of solutes

and a lower concentration of water than inside the

cell. (High solute; Low water)

Result: Water moves from inside the cell into the

solution: Cell shrinks (Plasmolysis)



III- Isotonic Solution

The concentration of solutes in the solution is

equal to the concentration of solutes inside the

cell.

Result: Water moves equally in both directions

and the cell remains same size (Dynamic

Equilibrium)

• Osmosis Animations 
for isotonic, 

hypertonic, and 
hypotonic solutions

http://www.tvdsb.on.ca/westmin/science/sbi3a1/Cells/Osmosis.htm


3. Facilitated Diffusion

Diffusion of specific
particles through
transport proteins
found in the membrane

a.Transport Proteins are
specific – they “select”
only certain molecules
to cross the
membrane.

b.Transports larger or
charged molecules

Transporters are

of two general

classes:

carriers and

channels.



• Channel Proteins

– Interaction with the solute to be

transported is weak.

– They form aqueous pores that extend

across the bilayer

• They allow specific solutes of specific

charge and size to pass through

usually inorganic ions.

• Most channels can be gated

(opened or closed), allowing the

cell to control the entry and exit

of ions.



High Concentration

Low 

Concentration

Cell  Membrane

Glucose molecules

Protein channel

Transport

ProteinThrough a 

Cellular Transport From

Low

• Channel Proteins

animations

High

http://www.stolaf.edu/people/giannini/flashanimat/transport/channel.swf


– Also called carriers, permeases or

transporters:

• Bind the solute to be transported

• Then undergo conformational changes

to transfer the solute across the

membrane.

• Carrier proteins



(1)

(2)



Alternates between

two conformations 

so that the solute 

binding site is sequentially

accessible on one side

of the bilayer and then 

the other 



B) Active Transport
• Cell uses energy

• Actively moves molecules to where they are 

needed

• Movement  from an area of low concentration 

to an area of high concentration

• (Low  High)

high

low

This is 

gonna 

be hard 

work!!



Types of Active Transport

1. Protein Pumps -

transport proteins that 

require energy to do 

work

• Example: Sodium / 

Potassium Pumps.

Protein changes shape to

move molecules: this

requires energy in the

form of ATP



1- Three sodium ions from inside the cell first

bind to the transport protein .

2- a phosphate group is transferred from ATP to

the transport protein causing it to change shape

and release the sodium ions outside the cell.

3- Two potassium ions from outside the cell then

bind to the transport protein and as the

phosphate is removed, the protein assumes its

original shape and releases the potassium ions

inside the cell

Sodium / Potassium Pumps



• Sodium-potassium pump -

1.

2. 3.

4.

• Check out the animation of the Sodium – Potassium Pump

http://www.brookscole.com/chemistry_d/templates/student_resources/shared_resources/animations/ion_pump/ionpump.html




It has been shown that plasmalemma in S. 
cervisiae increased with age. 

The fungal plasma lemma thickness 7-9 nm 
comparable with green plants.

Carbohydrates are found in fungal 
membrane with variations.

The lipid portion reveals variation to 
environmental condition. Presence of free 
fatty acids is unique to fungi.



Spingolipids are reported only in C. albicans 
in yeast form.

Polyunsaturated fatty acids content varies 
with different fungi.

The lipid components of cell mem. in 
prokaryotic cell vary from eukaryotic in 
physical & chemical properties particularly 
fatty acids side chains permit some prok. 
to survive in extrems.



Function

•The cell membrane is said to be selectively 

permeable - which means that some 

substances can cross easily, while others 

cannot cross the membrane at all.

•In bacteria it contains respir.enzymes, 

permease for carrying molecules.

•In fungi it contains mannan & chitin synthetase, 

invertase, phosphatase, Mg dependent ATP 

ase & hydrolytic enzymes.



Cytoplasm

Mucilagenous, homogenous 

semitransparent. It is similar to other 

organisms but water in m.o ranges 70-80%.

semisolid (Gel), liquid (sol) 

Channel           cytoplasm flow



1- Cytoplasm and cytoplasmic component

CYTOPLASM : is the TOTAL OF EVERYTHING INSIDE of

the cytoplasmic membrane. It has a gel-like

consistency, but small molecules can move through it

rapidly; that is it only takes a few microseconds for a

molecule to move from one end of the cell to the other.

In the cytoplasm cell metabolism, protein synthesis and

DNA synthesis occure.

Constituent

• Proteins, mostly enzymes: There may be only a few

molecules of an enzyme or 1,000s of copies. Proteins

vary in size from 8,000 molecular weight to >1,000,000,

with the average MW being 40,0000

http://www.slic2.wsu.edu:82/hurlbert/micro101/pages/Chap7.html#Enz_work


Endoplasmic Reticulum



ER is represented as paired parallel mem.

It is pleomorphic .

It is prelevant in young and actively growing 

protoplast.

It is disconnected or connected sheets but 

vesicular form are also found.

Rough ER which coated with ribosomes.



There is evidence of direct continuity 

between ER and nuclear mem. Its 

structure is similar to c.m.



Function

Cell division

Linear hyphal growth



• Ribosomes

  ِ A- Structure and Composition

Ribosomes are composed of ribosomal RNA (rRNA) and

protein .Ribosomes are composed of two subunits with

densities of 50S and 30S. ("S" refers to a unit of density

called the Svedberg unit .The two subunits combine during

protein synthesis to form a complete 70S ribosome about

25nm in diameter. A typical bacterium may have as many

as 15,000 ribosomes .



B. Functions

Ribosomes function as a workbench for 
protein synthesis ,that is, they receive 
and translate genetic instructions for 
the formation of specific proteins. 
During protein synthesis, mRNA 
attaches to the 30s subunit and amino 
acid-carrying transfer RNAs (tRNA) 
attach to the 50s subunit



The Nucleus

Usually the most visible.

Surrounded by a membrane – nuclear 
envelope.

Chromatin is found inside DNA + 
Proteins.

Stores heredity –genes  DNA!!

Nucleolus – dark spot – ribosomes are 
synthesized. 





Nuclei are usually small .

The majority of range from 2-3µm in 

diameter but 25µm in zygomycetes.

No true nucleus in prok. DNA is free 

floating



Nucleoid (or Bacterial Chromosome)

Since the bacterial cell is prokaryotic, a 

true nucleus is absent. . The nuclear 

material is represented by DNA which is 

not associated with histones. It is identified 

as a nucleoid or bacterial chromosome. It 

is a circula ring . It is attached at a point to 

the plasma membrane.



Plasmids

Apart from the nucleoid, certain bacterial cells 

contain additional rings of DNA called plasmids. 

The plasmid DNA replicates independently. It 

has certain genes like fertility factor (F-factor), 

resistance factor (R-factor), nitrogen fixing genes 

(Nif-genes). Some plasmids may temporarily 

become associated with nucleoid DNA and are 

known as episomes. 



Bacterial chromosome



Golgi Apparatus
Associated with E.R – membranes

Modifies proteins for export 

Out of cell.

Processes, packages 

and secretes for cell.

It is composed of paired wall of tubular smooth vesicles connected to 

ER and nuclear mem





In Oomycetes it is recognized as stacks of 

flattened cisternae with vesicular margins 

called dictyosomes but in Zygomycetes, 

Ascomycetes & Basidiomycetes 

dictyosomes are not present as such, it is 

reduced to one or few elements of ER with 

associated vesicles. They always occurred 

in hyphal tips and contain protein, 

polysaccharides and phosphatase.



Mitochondria



Produce ATP.

ATP is a molecule cells use for energy.

Contain their own DNA.

Numerous in cell.



Mitochondria of fungi are remarkable both 

for their size and changing shape. They 

range from small, spherical structures and 

capable of elongation to unequally 

thickness structures resembling a row of 

beads on a thread. 



Mesosome

They are membranous structure that appear to be 

invaginations of mem of bacteria.

They like sac structure and associating with 

developing cross wall of dividing cells. They 

include oxidation reduction reactions, DNA 

replication and separation, photosynthesis, N 

fixation, secretion of enzymes & other proteins 

and cross wall formation during cell division.



Lomasomes:

An invagination that occurs in the cells of 

fungal hyphae and sporing 

structures.These membranous structures 

are found in a matrix between 

plasmalemma and cell wall. They may 

have a membrane proliferation and wall 

formation, glycogen synthesis  .



Vacuoles and lyosomes

Vacuoles contain phosphatase and volutin.

They appear to accumulate pigments, amino acids 
& hydrolases.

They are separated by a membrane.

Their numbers are different with fungal age

In bacteria they are found but they disintegrated if 
cells are put in hypertonic solution.

Lyosomes are derived from golgi cisternae, their 
presence is correlated with extra cellular 
hydrolase enzyme production



•Carboxysomes are intracellular structures found 
in many autotrophic bacteria such as 
Cyanobacteria, Knallgasbacteria, Nitroso- and 
Nitrobacteria. They are proteinaceous structures 
resembling phage heads in their morphology 
and contain the enzymes of carbon dioxide 
fixation in these organisms (especially ribulose 
bisphosphate carboxylase/oxygenase, 
RuBisCO, and carbonic anhydrase). It is thought 
that the high local concentration of the enzymes 
along with the fast conversion of bicarbonate to 
carbon dioxide by carbonic anhydrase allows 
faster and more efficient carbon dioxide fixation 
than possible inside the cytoplasm. 

http://en.citizendium.org/wiki?title=Carboxysome&action=edit&redlink=1
http://en.citizendium.org/wiki?title=Autotrophic_bacteria&action=edit&redlink=1


Magnetosomes

Magnetosomes are intracellular structures found in 

magnetotactic bacteria that allow them to sense 

and align themselves along a magnetic field 

(magnetotaxis). The ecological role of 

magnetotaxis is unknown but is it hypothesized 

to be involved in the determination of optimal 

oxygen concentrations. Magnetosomes are 

composed of the mineral magnetite and are 

surrounded by a nonunit membrane. The 

morphology of magnetosomes is species-

specific. 

http://en.citizendium.org/wiki?title=Magnetosome&action=edit&redlink=1
http://en.citizendium.org/wiki?title=Magnetotactic_bacteria&action=edit&redlink=1
http://en.citizendium.org/wiki?title=Magnetosome&action=edit&redlink=1






Culture media

Historical review:

Micheli (1679-1737).Melon

Bulliard (1791). Bread
Robert Koch (1843 - 1910)

Pasteur (1860).

Raulin (1869).         Formulator (Zapek’s -Sabourand’s-Martin’s                                                                                              

schopfer)

Nomenclature

C-N sources (glucose-peptone,  sucrose-

nitrate)

Sucrose-nitrate Czapek’s



Classification

1- According to their use:

Routine lab. Media

They are with certain complex raw materials 

of plant or animal origin e.g. malt extract-

yeast extract-peptone. They are employed 

for routine cultivation and maintenance of 

a wide variety of microorganisms.



Selective media

They  are used to enhance growth of 

particular types  of microorganisms. 

These are particularly useful for the 

isolation of particular types of 

organism(s) from a very mixed 

population e.g. the use of a medium 

containing brilliant green (a dye) which 

inhibits gram +ve bacteria, for the 

isolation of gram -ve types.



Selective Media

Suppress unwanted

microbes and encourage

desired microbes



Differential media

They are used to distinguish particular 
types of organisms in a mixed population.
MacConkey medium, which contains bile 
salts and crystal violet dye, is used to 
differentiate Enterobacteriaceae 
(Salmonella, Shigella and Escherichia) from 
other gram -ve bacteria. 

Example Blood Agar  



Differential Media

Make it easy to distinguish colonies of different microbes.



Cystine Lactose electrolyte deficient (CLED)

is differential medium for renal bacteria e.g    

yellow E.coli lactose fermenting and coloureless

Non-lactose fermenting e.g Acinetobacter as a 

result of Bromo-thymol blue.



Xylose lysine deoxycholate (XLD)is 

differential and selective

Differentiate between Shigella and 

Salmonella. Salmonella colony takes rose 

colour with black spot at centre resulting 

H2Sfrom the lysis of some substances to 

while Shigella colony takes only rose colour.

http://school-labs.com/up/
http://school-labs.com/up/
http://school-labs.com/up/
http://school-labs.com/up/


Enrichment media

They are used to selectively isolate 

organisms with a particular nutritional 

requirement of function. For example, if 

organisms that can  hydrolyse  chitin are 

required in samples of natural material e.g. 

soil are spread on a medium containing 

chitin. Only chitin degrading organisms will 

grow.



Enrichment Media

Encourages growth of desired microbe

Assume a soil sample contains a few phenol-

degrading bacteria and thousands of other 

bacteria

Inoculate phenol-containing culture medium with the soil 

and incubate

Transfer 1 ml to another flask of the phenol medium and 

incubate

Only phenol-metabolizing bacteria will be grow.



Assay media

They are employed for the assay of 

vitamins, amino acids, antibiotics etc.

and are of definite composition.



Biochemical media

They are used for the differentiation of 

microorganisms on the basis of their 

biochemical activities, and are helpful in the

study of their metabolic processes.



2- According to chemical composition

1- Natural  (Complex media)

Contains extracts (beef heart, yeast extract, etc.) whose 

composition is complex and often changes

2-Semisynthetic

3- Synthetic  (Defined media)

All components known



3- According to physical state

1- Liquids – Broths

2- Solid

3- solid reversible to liquid media

4- Semi-solid media



A pure culture contains only one species or 

strain

A colony is a population of cells arising from 

a single cell or spore or from a group of 

attached cells

A colony is often called a colony-forming unit 

(CFU)



Agar
All media can be used in liquid or solidified 
form The latter include agar as an ingredient. 
This is a complex polysaccharide extracted 
from marine algae. It is normally added at a 
concentration of 1.5%. Agar has important 
properties being liquid at 100oC but 
solidifying at 40oC. This allows the 
incorporation of bacteria into the medium as 
an alternative to spreading on the medium 
surface.


