
Lecture 1: Introduction to Microbiology. Microbiology. 2nd Biology ARA 2013-2014 

LECTURE 1. INTRODUCTION TO MICROBIOLOGY 

1. What is microbiology? 

2. A short history of microbiology 

3. Taxonomy and systematics 

4. Classification of microbes: the three domains 

 Phylogeny based on molecular clocks 

5. Evolution of microorganisms 

6. Abundance and relevance of microbes 
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< 1 mm 

 

  

 

  Microscopic animals 

  Microscopic algae 

  Microscopic fungi 

  Protists 

  Bacteria 

  Archaea 

  Viruses 

  Viroids, Prions 

Epulopiscium fishelsoni (0.2-0.5 mm) Thiomargarita namibiensis (0.1-0.7 mm) 

1. CONCEPT OF MICROBIOLOGY 

Eukaryotes 

Prokaryotes 

Cellular 

Acellular 
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Why does only one science include the study of so many 

organisms? 

COMMON METHODOLOGY: 

- Microscopes 

 

- Cultures 

 

- Sterility techniques 



Lecture 1: Introduction to Microbiology. Microbiology. 2nd Biology ARA 2013-2014 

1. CONCEPT OF MICROBIOLOGY 
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2. A SHORT HISTORY OF MICROBIOLOGY 

- PRE-SCIENTIFIC AGE (5.000 B.C. - 1.675) 

- OBSERVATION AGE (1.675 – 1ST½ XIX) 

- CULTURE AGE (2ND ½ XIX) 

- PHYSIOLOGICAL STUDY AGE (XX - .....) 

- MOLECULAR AGE (1.975 – …) 

-Neolithic: food conservation and other hygienic 

measures  (drying, use of salt, corps burning) 

-Ancient Egypt: wine, bread, beer                                                                  

(ferment transference) 

-Roman Empire (Ciceron)                                                                                     

(disease causing “tiny organisms”) 

 

2.1. PRE-SCIENTIFIC AGE 
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2.2. OBSERVATION AGE 

Robert Hooke (1664): compound microscopes, cell theory, fungi fruiting bodies 

Antonie Van Leeuwenhoek (1632 - 1723): the discovery of microorganisms 

- Better microscopes (50 – 270x) 

“animalcules” 

-Basic lab techniques 

-Development of histology 
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2.2. OBSERVATION AGE (Spotaneous generation/0rigin of infectious diseases) 

Which is the origin of microorganisms? 

“The spontaneous generation controversy” 

ABIOGENESIS 

Spontaneous generation 

BIOGENESIS 
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2.2. OBSERVATION AGE 

Lazzaro 

Spallanzani             

(1/2  XVIII) 

Louis Pasteur (1st ½ XIX): swan neck 

flask experiments 
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2.3. CULTURE AGE 

A) Development of culture media 

 
DILUTION METHOD 
 
SOLID MEDIA: 
 
  POTATO 
  
  MEAT EXTRACT + GELATINE (LÍQUID AT 28ºC)   
 
  MEAT EXTRACT+ AGAR(*) 
 

Schwann (1837): alcoholic, “microscopic plants” 

Louis Pasteur (1/2 XIX): lactic fermentation, “little rods”                               

B) The fermentation as a biological process 

Ciceron 

Joseph Lister (end  XIX): antiseptic surgery 

C) The microbes as disease causing agents 
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(*) 
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C) The microbes as disease causing agents 

Robert Koch (1877): Anthrax 

Bacillus anthracis 

1 

2 

3 

4 



Lecture 1: Introduction to Microbiology. Microbiology. 2nd Biology ARA 2013-2014 

2.3. CULTURE AGE 

C) The microbes as disease causing agents 

Koch established the foundations of Medical Bacteriology (Koch Institute, Germany) 

Infected body 
fluid 

Filtration    
0,45 mm 

Inoculation in 
healthy 

individual 

Iwanosky (1892)                      

Tobbaco mosaic virus 

Birth of Virology 

Beijerinck:                       

enrichment cultures   

isolation from soil and water 

Winogradsky:              

biochemical agents 

chemiolithotrophy                   

nitrogen fixation (N2) 

D) The microbes as biogeochemical agents 
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2.4. PHYSIOLOGICAL STUDY ERA  

INFECTIOUS DISEASE TREATMENT 

Paul Ehrlich (1910): Chemotherapy 

Alexander Fleming (1928): Penicillin 



Lecture 1: Introduction to Microbiology. Microbiology. 2nd Biology ARA 2013-2014 

2.5. MOLECULAR AGE 

ADVANCES IN MOLECULAR BIOLOGY 

Genetic engineering and molecular biology 

applications in: 

 

Clinical microbiology (vaccines, sera, 

interferon, antibiotics, etc.) 

 

Food microbiology (production improvement, 

transgenic produce, etc.) 

 

Environmental microbiology (molecular 

microbial ecology, biodegradation, water 

treatment, etc.) 

 

Industrial microbiology 

 

… 
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3. TAXONOMY AND SYSTEMATICS 

TAXONOMY: the science of biological classification 

 - Organizes organisms in groups or taxons (classification) 

 - Provides names to taxonomic groups (nomenclature) 

 - Establishes whether a new isolate belongs to a known taxon (identification) 

SYSTEMATICS: the study of diversity and relationships between organisms 

 Morphological 

 Staining 

 Physiological 

 Biochemical 

 Genetic 

Kinds of traits used for the classification and 

identification of microorganisms: 

 

Genotype 

Phenotype 
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3. TAXONOMY AND SYSTEMATICS 

UPPER ORDER TAXA 

GENUS: Taxonomic group defided by 

one or more species, clearly separated 

from other genera… 
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SYSTEMATIC COMPILATIONS 

3. TAXONOMY AND SYSTEMATICS 
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3. TAXONOMY AND SYSTEMATICS 

NOMENCLATURE 

Binomial system 

 Two names (ALWAYS in italics or underlined) 

  Genus: Capital letter (abbreviated after first use) 

  Species: lower case 

   Example: 

   Bacillus subtilis and Bacillus subtilis  

   B. subtilis and B. subtilis 

“INTERNATIONAL CODE OF NOMENCLATURE OF BACTERIA” 

 Keep them alive 

 In pure culture 

 Without genetic modifications 

   ATCC: American Type Culture Collection 

   DSMZ: Deutsche Sammlung von Mikroorganismen und Zellkulturen 

   CECT: Colección Española de Cultivos Tipo 

COLLECTIONS OF MICROORGANISMS 
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3. TAXONOMY AND SYSTEMATICS 

CLASSIFICATION SYSTEMS 

A) Classical and numerical taxonomy 

Classical: dichotomous keys. Outdated (useful in Clinical Microbiology) 

Numerical: mathematical analysis applied to Taxonomy. Coeficients. Phenons 

Cell morphology 

Cell size 

Ultrastructural characteristics 

Staining 

Cilia and flagella 

Motility 

Endospore traits 

Cellular inclusions 

Color 
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3. TAXONOMY AND SYSTEMATICS 

CLASSIFICATION SYSTEMS 

B) Molecular Taxonomy 

Protein comparison 

RNApol 

Proteome 

Tm 

G+C 

Nucleic acid composition 
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3. TAXONOMY AND SYSTEMATICS 

CLASSIFICATION SYSTEMS 

B) Molecular Taxonomy 

Nucleic acid composition 
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DNA-DNA Hybridization 

3. TAXONOMY AND SYSTEMATICS 

CLASSIFICATION SYSTEMS 

B) Molecular Taxonomy 
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Nucleic acid sequencing 

3. TAXONOMY AND SYSTEMATICS 

CLASSIFICATION SYSTEMS 

B) Molecular Taxonomy 
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Discovery of microorganisms 

Electron microscopy 

DNA sequencing 

Domain Archaea Eukarya Bacteria 
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Phylogeny of ALL living beings 

Karl Woese  

Molecular clocks:  

Ribosomal RNA 16S/18S 

4. CLASSIFICATION: THE THREE DOMAINS 
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4. PHYLOGENY BASED ON MOLECULAR CLOCKS 

MOLECULAR CLOCKS 
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Use of rRNA as a molecular clock: the methodology 

Alignment with other sequences in  

databases 

Converting differences into 
evolutive distances 

Phlogenetic tree 

Obtaining the sequence 

4. PHYLOGENY BASED ON MOLECULAR CLOCKS 

MOLECULAR CLOCKS 
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4. MOLECULAR CLOCKS BASED PHYLOGENY 

LUCA 

Last Universal Common Ancestor 

THE PHYLOGENETIC TREE OF ALL LIVING BEINGS 
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THE THREE DOMAINS 

Main differences between the three Domains

Bacteria   Archaea   Eukarya

Nuclear membrane No           No            Yes

Mitochondria and Chloroplasts         No           No            Yes

Peptidoglycane walls* Yes          No            No

Membrane lipids ester        ether        ester

Ribosome size 70S          70S          80S

Cirular chomosome*                         Yes          Yes            No

Initiator tRNA                                formil-Met     Met           Met

Genes in operons                     Yes          Yes           No

Bacterialprotein synthesis inh.*         Yes          No            No

RNA pol/ (subunit.)                           1 (4)       (8-12)      3(12-14)

Chemiolit./ N2 Fixation                       Yes          Yes           No
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2008 

2010 

4.  PHYLOGENY BASED ON MOLECULAR CLOCKS 

MOLECULAR CLOCKS 
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THE PROKARYOTIC SPECIES CONCEPT 

STRAIN 

Collection of strains with a similar G+C content and a similarity at least 
of 70% in DNA-DNA hybridization experiments. The similarity in the 

sequence of 16S rNA gene of two prokaryotes from the same species is 
at least 97%. 

WARNING! The species definition for “upper” organisms is not 

valid for prokaryotes 

 

 Population of microorganisms descending from a 

 single microorganism or from an isolate in pre culture  

 (clon/clonal population). Types: 

   

  Biovar 

  Serovar 

  Morphovar 

 Type strain:   

  The first one to be studied; gives the name to the 

  species.                                                              

  Normally, the best characterized  

  (although not necessarily the best representation 

  of the species)  
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Pangenome: core and accesory genomes 
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THE PHYLOGENY OF UNCULTURED MICROORGANISMS 
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THE PHYLOGENY OF UNCULTURED MICROORGANISMS 
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5. THE EVOLUTION OF MICROORGANISMS 

-The planet Earth, in the way it is now, is a product of (micro) biological activity 

- During most of the Earth’s history (3000 million years) it was inhabited ONLY by 

microorganisms 

stromatolites 
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5. THE EVOLUTION OF MICROORGANISMS 

Lynn Margulis (1981-2011) – The Endosymbiosis Theory 

Eukaryotic cell:                                            

microbial community 

The eukaryotic cell is not “primitive” but miniaturized 

The term “prokaryote” lacks phylogenetic meaning. There 

are two independent lineages of prokaryotes: Bacteria and 

Archaea. 
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6. ABUNDANCE AND RELEVANCE OF MICROBES 

6.1. ABUNDANCE 

4-6 x 1030 prokaryotes in the Biosphere 

1031 viruses on Earth 

 

“There are more than 5000 viral genotypes per 200 liters of seawater and 

more than a million per kilogram of sediment…. To put the sheer abundance 

of viruses in context, we note that they contain more carbon than 75 million 

blue whales and, if such viruses were joined end-to-end, they would stretch 

further than 100 times the Milky Way  (Suttle, 2005)”. 

Biomass Abundance 

Prokaryotes 

Protists 

Viruses 
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2.9 1029 instead of 35.5 1029 

6. ABUNDANCE AND RELEVANCE OF MICROBES 

6.1. ABUNDANCE 
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6. ABUNDANCE AND RELEVANCE OF MICROBES 
6.2. CLINICAL RELEVANCE 
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6. ABUNDANCE AND RELEVANCE OF MICROBES 
6.2. CLINICAL RELEVANCE 
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Aprox. 50 million deaths each year; more 
than 20 caused by infectious disease 

Different impacts on children and adults 

6. ABUNDANCE AND RELEVANCE OF MICROBES 
6.2. CLINICAL RELEVANCE 
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6. ABUNDANCE AND RELEVANCE OF MICROBES 
6.2. CLINICAL RELEVANCE 
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6. ABUNDANCE AND RELEVANCE OF MICROBES 
6.2. CLINICAL RELEVANCE 
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http://www.poodwaddle.com/clocks/worldclockes/ 

6. ABUNDANCE AND RELEVANCE OF MICROBES 
6.2. CLINICAL RELEVANCE 
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6. ABUNDANCE AND RELEVANCE OF MICROBES 
6.2. INDUSTRIAL RELEVANCE 
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Wastewater treatment 

6. ABUNDANCE AND RELEVANCE OF MICROBES 
6.3. INDUSTRIAL/ENVIRONMENTAL RELEVANCE 
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6.4. FOOD 

Useful microbes (food production, etc.)… and pathogens 

6. ABUNDANCE AND RELEVANCE OF MICROBES 
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6.5. MICROBIAL ECOLOGY AND ENVIRONMENTAL MICROBIOLOGY 

6. ABUNDANCE AND RELEVANCE OF MICROBES 
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Most marines microbes 

cannot (so far…) be 

cultured by traditional 

methods 

Very abundant prokaryotes, very widely distributed, practically unknown. 

SAR 11, marine Archaea, etc… 

6.5. MICROBIAL ECOLOGY AND ENVIRONMENTAL MICROBIOLOGY 

6. ABUNDANCE AND RELEVANCE OF MICROBES 

MARINE MICROBIOLOGY 
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6.6. MOLECULAR BIOLOGY AND GENETIC ENGINEERING 

6. ABUNDANCE AND RELEVANCE OF MICROBES 
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