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URGENT!!!!

• It is important for you to review the 

powerpoint lectures on Bacterial Cell 

Structure and Bacterial Metabolism from 

first year before coming to class for this 

lecture.



Objectives

• Review the criteria for bacterial classification and 
identification

• Discuss the principles underlying the biochemical, 
staining and molecular techniques used for 
classification, identification and diagnosis

• Illustrate the clinical applications of these 
diagnostic techniques

• Emphasize the clinical implications of proper 
identification in the diagnosis, source monitoring 
of bacterial diseases and antibiotic resistance



MICROBIAL  DIVERSITY

• Taxonomy (science of classsification)

• Classification (evolutionary relatedness)

• Nomenclature (naming systems)

• Binomial System (Genus / species)

• Identification ( for correct diagnosis and 

treatment)







Classification Criteria

• Include:

- Cell wall structure  (peptidoglycan,   

mycolic acid)

- Cell membrane structure (phospholipid, 

lipid A)

- DNA base composition

(guanine, cytosine, adenine, thymidine)



Review of Bacterial 

Structure  & Function





Most Clinically Relevant Methods

for ID and Diagnosis

• Gram Stain   (cell wall)

• Acid Fast Stain   (cell wall)

• Biochemical Tests   (cell macromolecules)

• Serology & Latex Agglutination (surface agns)

• Western Blot  (cell proteins)

• ELISA   (cell proteins, CHOs)

• Plasmid Fingerprinting  (plasmid DNA)

• Nucleic Acid Hybridization (DNA, RNA)

• Polymerase Chain Reaction ( PCR) (DNA)







Gram Stain

• Based on cell wall 
composition and 
peptidoglycan 
thickness

• Gram positive cell 
wall

• Gram negative cell 
wall



Morphological Characteristics
Colony Isolation & Gram Stain



Gram- Stained Rods and Cocci



Morphologies of Bacilli

• Diplobacillus

• Streptobacillus

• Coccobacillus

• Vibrio

• Spirillum

• Spirochete



Bacterial Nomenclature

(Genus  /  species)

• Streptococcus pyogenes

pharyngitis, impetigo, cellulitis

• Streptococcus pneumoniae

pneumonia, meningitis, otitis media

• Streptococcus viridans

dental caries, acute endocarditis



Streptococcus viridans

• Streptococcus mutans

- tooth enamel, dental caries

• Streptococcus mitis

- pharyngeal epithelium

• Streptococcus salivarius

- surface of tongue



Acid Fast Stain

• Also called Ziehl_Neelsen stain

• Used for :

- Mycobacterium tuberculosis

- Mycobacterium leprae

- Nocardia species

- Actinomyces species

- Cryptosporidium species





CELL WALL OF ACID-FAST BACTERIA

• Mycobacterium tuberculosis, Corynbacteria diptheriae, and 

Norcardia asteroides contain complex lipids in their cell walls     

( mycolic acid, lipoarabinomanan, arabinogalactan). These 

bacteria respond poorly to the Gram stain. They resist the action 

of acid alcohol due to their complex lipids (acid-fastness )

• The complex glycolipid allows M. tuberculosis to survive the 

degradative effects of the phagolysosomes in unactivated 

macrophages. They also render the bacterium difficult to study 

by molecular biology techniques

• The glycolipid is also the active ingredient in Freund’s Adjuvant



Acid Fast Stain

• Red dye basic 
carbolfuchsin is the 
principal stain

• Background is 
counterstained with 
methylene blue

• Stain based on the mycolic 
(glycolipid) acid content 
of the cell wall

• Mycobacterium species is 
stained red, while 
background is stained blue



Other types of Stain

• Capsule stain with 

India ink

• Endospore stain with 

Schaeffer-Fulton stain

• Flagella stain with 

carbolfuchsin dye

• Giemsa stain for 

protozoan pathogens



Biochemical Tests

• Coagulase enzyme production /incubation of 

bacteria with plasma / (+) if plasma coagulates

Staphylococcus aureus vs Staph epidermidis

• Oxidase enzyme production

(cytochrome c oxidase activity)

aerobics (+), anaerobics (-)

• Nitrate reductase production

gram neg enterics (+), nonenterics (-)



Oxidase and Nitrate  Tests Derived from ETS

• Oxidase for presence of cytochrome oxidase 

enzyme

• Nitrate test for presence of functional nitrate 

reductase enzyme



Catalase Test

• Hydrogen peroxide 

reduced to oxygen 

bubbles

• Gram positive cocci

• Left (+) 

Staphylococcus sp 

Right (-)

Streptococcus sp



Bile (deoxycholate) solubility 

test

• Left tube (+) lysis of

Strep pneumoniae due 

to autolysins activated 

by bile (sodium 

deoxycholate)

• Right tube (-)

alpha Streptococus

(no lysis)



Fermentation /mannitol test

• Yellow  (+)

Acid production

E. coli, Staph aureus

• Pink  (--)

Staph epidermidis

Pseudomonas



Motility Test for Flagella

Motile

• Salmonella typhi

• Proteus mirabilis

Non-motile

• Shigella dysenteria

• E. coli



Entero tube carry 12 biochemical 

tests for ID of gram negatives



Microtiter plate for bacterial ID and 

antibiotic sensitivities



Triple Sugar Fermentation 

by Gram Negatives

• Glucose

• Sucrose

• Lactose

• Ferric chloride

• Hydrogen sulfide

• Black precipitate

• E. coli, Salmonella, 

Shigella



ELISA Procedure



ELISA Readings



ELISA Applications



Western Blot

• Includes:

- gel electrophoresis

- electroblotting with nitrocellulose paper

- incubating with antigen-specific or

patient’s antisera

- additional incubation with enzyme-conjugated 
secondary antibody and enzyme substrate for color 
production and antigen identification

• Used for diagnosis of HIV and other microbial 
infections



Western Blot



Western Blot / HIV Diagnosis



Immunofluorescence



Nucleic Acid Hybridization

• DNA-DNA  w ssDNA for 

closely related organisms

• DNA-RNA for distantly 

related organisms

• Two organisms w at least 

80% homology and < 5% 

difference in Tm would be 

considered same species



Restriction Enzymes (BamHI, EcoRI) in DNA 

Digest & Hybridization



Principles of Nucleic Acid Hybridization



Cloning & Nucleic Acid Hybridization 

for Bacterial ID



DNA Probe Analysis of Virus-

Infected Cells



Pulsed field Gel Electrophoresis:

Clinical Applications

Identifying source of an 

infection



Principles of Flow Cytometry

• Cells of interest are labeled (e.g. with 
flourescent markers) and suspended in 
solution. 

• The cells are forced out of a small 
nozzle in a liquid jet stream. 

• A beam of laser light of a single 
frequency is directed onto the stream. 

• Each suspended particle passing 
through the beam scatters the light in 
some way. 

• Several detectors can pick up the 
scattered lights and the fluctuations in 
brightness at each detector is analyzed. 

• The data from the light scattering can 
be plotted on a graph to visualize 
different cell populations in the sample.



Flow Cytometry Protocol

• Used to measure:

• volume and morphological 
complexity of cells 

• DNA and RNA 

• detection of lymphomas as 
well as in determining the 
subpopulations of CD4 + 
helper T lymphocytes in 
AIDS and other diseases. 

• cell surface antigens (also 
known as CD markers) 



Flow Cytometry /CTLA-4 

Expression in Sickle Cell Disease



Principles of  PCR & Applications

• Used in:

• Forensic DNA detection

• Identify source of an 

infection

• Determine incidence of 

new infections

• Determine strains of 

bacteria and viruses

• Monitor antibiotic and 

drug resistance



PCR and DNA Fingerprinting



PCR & Pulsed field Gel Electrophoresis:

Clinical Applications

Identifying source of an 

infection



Home-Work Exercise

• List organisms that may be associated with the following conditions

• 1. Bacteremia

• 2. Endocarditis

• 3. Meningitis

• 4. Pharyngitis

• 5. Pneumonia

• 6. Conjunctivitis

• 7. lntra-abdominal abscess

• 8. Gastroenteritis

• 9. Urinary Tract infections

• 10. lmpetigo

• 11. Cellulitis

• 12. Sepsis



Reading References

• Chapters 2,3,16,17 in Medical MICrobiology , 6th 

edition by Patrick Murray et al. Mosby Inc., 2009.

• Chapters 8 -10 in Medical Microbiology, 3rd

edition by Cedric Mims et al. Mosby Inc.,2004.

• Chapters 6-9 in Mechanisms of Microbial 

Diseases, 3rd edition by Moselio Schaechter et al.

William & Wilkins, 1998.


