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BACTERIAL  CLASSIFICATION: 
Introduction : 

Since the days of Koch and Pasteur bacteria were mainly classified according to 

morphological, physiological and biochemical criteria. These properties are usually 

counted equally and bacteria are grouped together as to how many of these features 

they have in common. This classical approach is also known as numerical taxonomy 

and the most widely used textbook in bacterial classification Bergey's Manual of 

Determinative Bacteriology depends heavily on numerical taxonomy. 

           More recently however it has become apparent that many of these original 

criteria have no bearing at all in defining a particular taxonomic group; this includes 

such important properties such as cell shape (apart from Spirillae), photosynthesis 

and to a lesser extent Gram-stain. Due to these shortcomings and the paucity in 

diversity within alternative techniques scientists were for a long time interested in the 

development of more useful classification tools. 

           Recent developments in molecular genetics and gene cloning provided exactly 

these tools giving rise to the new era of molecular taxonomy where a wealth of data 

can readily be  obtained from any microorganisms. 

  Taxonomy- 

                     the science of the classification of organisms: 

• Taxonomic categories are arranged to show degree of similarities among 

organisms-why  similarities?. 

 Three Domain System–Eukarya, Bacteria, Archaea . 

• Domain-System of classification above the five kingdoms. 

• Based on ribosomal RNA (rRNA) analysis . 

• Only two types of prokaryotic cells and one type of eukaryotic cell-all 3 from one 

common ancestor Taxonomic Hierarchy-Domain, Kingdom, Phylum, Class, Order, 

Family, Genus, Species . 

BACTERIA :- 
• Prokaryotes - lack a nuclear membrane (unlike eukaryotes) . 

• Single-celled . 

• Reproduce by simple division, i.e. binary fission . 

• Cells - small, ~1 μm (mycoplasmas as small as 0.2 μm; bacillus as large as 10 μm) . 

• Chromosome - single, circular, double-stranded DNA (borrelia - linear); up to 1 mm 

in length; 600 to 4500 kb in size. Smaller = more dependent on host/environment; 



 

 

larger can synthesize more of own constituents. 
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• Extrachromosomal DNA - plasmids may be present. In cytoplasm, replicate 

independent of chromosome. Usually circular, sometimes linear (Borrelia). Few to 

several hundred kb. 

• Most are free-living, a few (rickettsiae, chlamydiae) are obligate intracellular 

parasites . 

Classification Systems : 
           The classification of bacteria serves a variety of different functions. Because 

of this variety, bacteria may be grouped using many different typing schemes. The 

critical feature for all these classification systems is an organism identified by one 

individual (scientist, clinician, epidemiologist), is recognized as the same organism 

by another individual. At present the typing schemes used by clinicians and clinical 

microbiologists rely on phenotypic typing schemes. 

 These schemes utilize the bacterial morphology and staining properties of the 

organism, as well as O2 growth requirements of the species combined with a variety 

of biochemical tests. For clinicians, the environmental reservoir of the organism, the 

vectors and means of transmission of the pathogen are also of great importance. The 

classification schemes most commonly used by clinicians and clinical microbiologists 

are discussed below. 

 

1- Phenotypic classification systems:  

Gram stain and bacterial morphology: 

 Of all the different classification systems, the Gram stain has withstood the test of 

time. Discovered by H.C. Gram in 1884 it remains an important and useful technique 

to this day. It allows a large proportion of clinically important bacteria to be classified 

as either Gram positive or negative based on their morphology and differential 

staining properties. Slides are sequentially stained with crystal violet, iodine, then 

destained with alcohol and counter-stained with safranin. 

Gram positive bacteria stain blue-purple and Gram negative bacteria stain red. The 

difference between the two groups is believed to be due to a much larger 

peptidoglycan (cell wall) in Gram positives. As a result the iodine and crystal violet 

precipitate in the  thickened cell wall and are not eluted by alcohol in contrast with 

the Gram negatives where the crystal violet is readily eluted from the bacteria. As a 

result bacteria can be distinguished based on their morphology and staining 

properties. 

Some bacteria such as mycobacteria (the cause of tuberculosis) are not reliably 

stained due to the large lipid content of the peptidoglycan. Alternative staining 



 

 

techniques (Kinyoun or acid fast stain) are therefore used that take advantage of the 

resistance to destaining after lengthier initial staining.  

 

                                                             2 

Growth Requirements: 

 Microorganisms can be grouped on the basis of their need for oxygen to grow. 

Facultatively anaerobic bacteria can grow in high oxygen or low oxygen content and 

are among the more versatile bacteria. In contrast, strictly anaerobic bacteria  

grow only in conditions where there is minimal or no oxygen present in the 

environment. Bacteria such as bacteroides found in the large bowel are examples of 

anaerobes. Strict aerobes only grow in the presence of significant quantities of 

oxygen. 

Pseudomonas aeruginosa, an opportunistic pathogen, is an example of a strict aerobe. 

Microaerophilic bacteria grow under conditions of reduced oxygen and sometimes 

also require increased levels of carbon dioxide. Neisseria species (e.g., the cause of 

gonorrhea) are examples of micraerophilic bacteria. 

      

 

Biochemical reactions: Clinical microbiology laboratories typically will identify a 



 

 

pathogen in a clinical sample, purify the microorganism by plating a single colony of 

the microorganism on a separate plate, and then perform a series of biochemical 

studies that will identify the bacterial species. 
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Serologic systems: Selected antisera can be used to classify different bacterial 

species. This may be based on either carbohydrate or protein antigens from the 

bacterial cell wall or the capsular polysaccharide. (Group A streptococcal M proteins 

or O and H polysaccharide antigens of salmonella). 

Environmental Reservoirs:  

When considering likely pathogens it is also important to know which of the different 

species are found in different locations. Environmental reservoirs are generally 

divided into those that are endogenous (i.e., on or within the human body) and 

exogenous (somewhere in the environment). When considering the likely cause of an 

infection the likely source of the infection is important in your differential diagnosis. 

For example, an anaerobic organism resident in the large bowel is the likely cause of 

an abdominal abscess that develops after large bowel surgery. 

  2- Universal Phylogenetic Tree :                        

Universal Phylogenetic Tree: 

 Woese has developed a “universal phylogenetic tree” for all living organisms that 

establishes a tripartite division of all living organisms– bacteria, archaea and eucarya. 

His work is based on a comparison of 16s ribosomal RNA sequences. These 

sequences are highly conserved and undergo change at a slow, gradual and consistent 

rate. They are therefore useful for making comparisons among the different living 

organisms. 

Ribosomal RNA (rRNA) sequence analysis:  

This has emerged as a major method for classification. It has been used (as described 

above) to establish a phylogenetic tree. In addition, it is now also used to rapidly 

diagnose the pathogen responsible for an infection, to help select appropriate therapy 

and to identify noncultivatable microorganisms. 

Molecular subtyping:   

Sometimes it is necessary to determine whether strains from the same species are the 

same or different. For example, if there is an outbreak of infections that appear due to 

the same bacterial species, the hospital epidemiologist will want to know if all of the 

infections are due to the same strain.  

                                                        

BACTERIAL TAXONOMY: 



 

 

           Classification - arrangement into taxonomic groups based on similarities and 

relationships. Realize that there is no "official" classification. Classifications are for 

our benefit and are frequently arbitrary and historical in nature. 

Nomenclature - assignment of names by International rules. Unlike classification, it is 

official. Latinized, italicized. Yersinia pestis, Y. pestis Change name if re-

classification warrants. Usually, maintain the species name for continuity, change the 

genus name.                                         
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Bergey's current classification of prokaryotes 

Recognizes 4 divisions (based on cell wall properties) .) 

I. Gracilicutes - gram-negative bacteria (thin CW ) . 

II. Firmicutes - gram-positive bacteria (thick CW ) . 

III. Tenericutes - cell wall-less bacteria (i.e., Mycoplasma or Mollicutes ) . 

IV. Mendosicutes - the Archaebacteria 

 

Official nomenclature Kingdom Prokaryotae . 

Division  

Class  

Subclass 

Order  

Family  

Tribe 

Genus  

Species  

Subspecies  

 

species = basic taxonomic unit.  

strain - specific isolate of the species . 

 

Means of classification (and identification) of bacteria . 

1. Structural traits : 

• Size - average 1 μm wide x 2 μm long (Escherichia coli 1 x 1 x 2 μm; 2 x10 -15 l 

volume) can be smaller (rickettsiae, chlamydiae less than 1/2) or larger (Bacillus 

megaterium ~10μm). 

• Shape - determined microscopically 

      spheres (cocci), rods (bacilli), spiral forms overhead 

      cocci - diplococci = pairs 

      streptococci = chains 

      staphylococci = clusters 

      sarcina = tetrads 



 

 

       bacilli - short or long 

      fusiform - tapered ends 

      filamentous 

      curved – vibrios                               

  • motility 

  • endospores 

  • staining properties 

  • colony morphology  
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2.Biochemical, physiological traits :   

determined by ability to grow on various  media under various conditions, e.g., 

different sugars, carbon sources, pH, temp, aeration, growth inhibitors. Growth 

indicators (color). 

3. Genetic relatedness: 

 a.   ability to exchange DNA – later  

 b.   G+C content of chromosomal DNA                                                                                            

                                                                   %GC + %AT =100% - refer to %GC •     

very different GC - reflects substantial %   GC has taxonomic implications for 

bacteria    

  divergence, unrelated. 

c. DNA homology 

d. DNA-RNA homology. 

e. rRNA sequence. most useful genetic taxonomic method. 

 

 

 

 

 

                                                            

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                            6 


