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2. Transduction: Virus-mediated (bacteriophage) transfer of DNA from one 

bacterium to another. 

3. Conjugation: Direct cell-to-cell contact via a sex pilus; transfer of plasmid DNA 

(e.g., F plasmid, R plasmid). 

 Gene Regulation: Allows microbes to rapidly adapt to environmental changes. 

o Operon Model: Coordinated regulation of genes (e.g., Lac operon for lactose 

metabolism, Trp operon for tryptophan synthesis). 

 Mutation & Evolution: High mutation rates and rapid generation times allow for quick 

evolution (e.g., development of antibiotic resistance). 

Isolation and Cultivation 

A. Cultivation of Bacteria 

 Principle: To provide optimal physical and chemical conditions (pH, temperature, O₂) 

and nutrients for growth. 

 Culture Media: 

o Based on Consistency: Liquid (Broth), Semi-solid (for motility), Solid (Agar 

plates - allows colony formation). 

o Based on Composition: 

 Defined/Synthetic Media: Exact chemical composition is known. 

 Complex Media: Contain extracts of unknown exact composition (e.g., 

Nutrient Broth, Luria Bertani (LB) Agar). 

o Based on Function: 

 General Purpose: Supports growth of many bacteria (e.g., Nutrient 

Agar). 
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Mode Mechanism Example Diseases 

Air Borne 

Inhalation of 

aerosolized droplets or 

spores. 

Bacterial: Tuberculosis (Mycobacterium 

tuberculosis), Diphtheria. 

Viral: Influenza, Common Cold (Rhinovirus), 

COVID-19 (SARS-CoV-2), Measles. 

Fungal: Aspergillosis. 

Insect Borne 

(Vector) 

Transmission via an 

arthropod vector. 

Mosquito: Malaria (Plasmodium), Dengue, 

Chikungunya, Zika. 

Flea: Plague (Yersinia pestis). 

Louse: Typhus (Rickettsia). 

Contact 

Diseases 

Direct or indirect 

contact. 

Direct (STD): HIV/AIDS, Syphilis (Treponema 

pallidum), Gonorrhea (Neisseria gonorrhoeae). 

Indirect (Fomites): Tetanus (Clostridium tetani), 

Ringworm (Fungal). 

VI. Microbial Diseases in Plants & Plant-Microbe Interactions 

A. Plant Diseases 

 Bacterial: Cause spots, blights, wilts, galls. Often enter through wounds or stomata. 

o Example: Crown Gall caused by Agrobacterium tumefaciens, which transfers a 

Tumor-inducing (Ti) plasmid into the plant genome. This is a cornerstone of plant 

genetic engineering. 

 Fungal: Cause rusts, smuts, mildews, rots. Largest group of plant pathogens. 

o Example: Late Blight of Potato caused by Phytophthora infestans (an Oomycete, 

not a true fungus), which led to the Irish Potato Famine. 
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 Mechanism: 

1. Signal Exchange: Plant roots release flavonoids. Bacteria respond with Nod 

factors (lipochitin oligosaccharides). 

2. Root Hair Curling: Nod factors cause root hairs to curl and entrap the bacteria. 

3. Infection Thread: Bacteria enter the root hair and form an infection thread that 

extends into the root cortex. 

4. Nodule Formation: Cortical cells divide to form a nodule, a specialized organ 

where bacteria differentiate into bacteroids (N₂-fixing form). 

5. Nitrogen Fixation: The enzyme nitrogenase (O₂-sensitive) in bacteroids 

catalyzes N₂ + 8H⁺ + 8e⁻ → 2NH₃ + H₂. The plant provides the bacteroids with 

carbon (malate, succinate) and maintains low O₂ tension via leghemoglobin (a 

pink pigment that buffers O₂). 

 Significance: Reduces the need for synthetic nitrogen fertilizers in agriculture. 

B. Mycorrhizal Symbiosis 

An association between fungi and the roots of over 90% of land plants. 

 Players: Mycorrhizal fungi (e.g., Glomeromycota) and most plants. 

 Types: 

o Endomycorrhizae (Arbuscular Mycorrhizae, AM): Fungal hyphae penetrate 

the root cortical cells and form highly branched arbuscules for nutrient exchange. 

Most common type. 

o Ectomycorrhizae: Fungal hyphae form a dense sheath (mantle) around the root 

and penetrate between cortical cells (Hartig net), but not into them. Common in 

trees (e.g., pine, oak). 

 Mechanism: The extensive fungal mycelial network acts as an extension of the root 

system, dramatically increasing the surface area for absorption. 

o Fungus to Plant: Provides water, phosphate (P), and other immobile minerals. 
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o Plant to Fungus: Provides photosynthates (sugars) and a niche to live. 

 Significance: Crucial for plant nutrition, especially in phosphorus-limited soils; enhances 

drought resistance. 

C. Plant Growth-Promoting Rhizobacteria (PGPR) 

A diverse group of free-living soil bacteria (e.g., Pseudomonas, Bacillus, Azospirillum) that 

colonize the rhizosphere (root zone) and benefit plants. 

 Mechanisms of Promotion: 

o Direct: 

 Nutrient Solubilization: Secreting organic acids to solubilize phosphate. 

 Nitrogen Fixation: Some fix N₂ (e.g., Azospirillum). 

 Phytohormone Production: Producing IAA (auxin) to stimulate root 

growth. 

 Siderophore Production: Secreting iron-chelating molecules to make Fe 

available to the plant, while depriving pathogens. 

o Indirect (Biocontrol): 

 Antibiosis: Producing antibiotics that inhibit pathogens. 

 Induced Systemic Resistance (ISR): Priming the plant's defense system 

for faster and stronger response to future pathogen attack. 




