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iii. Microbial Diversity and Physiology

Microbes—spanning viruses, bacteria, archaea, fungi, algae, and protozoa—display extraordinary diversity in their
genetics,  physiology,  and ecological roles. Some are essential for life (e.g., nitrogen fixation, digestion), others can
cause disease if they become pathogenic, and many thrive in extreme environments once believed uninhabitable.
Below is an in-depth look at (I) microbial diversity across domains, and (II) key physiological roles, particularly in
human health.
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Microbial Diversity

Viruses

Acellular Entities1.
Viruses are not independent living cells; they rely on host cells for replication.
Genetic material can be DNA or RNA, single-stranded (ss) or double-stranded (ds).

Replication Cycle2.
Attachment to host cell → entry → genome replication, protein synthesis → assembly and release of
new virions.

Pathogenic Impact3.
Some  viruses  (e.g., influenza, HIV) cause mild to severe diseases, while others (bacteriophages) target
bacteria, with emerging applications in phage therapy.

Bacteria

Prokaryotic Simplicity, Enormous Diversity1.
Unicellular organisms lacking membrane-bound organelles.
Classified by shape (cocci, bacilli,  spirilla) or genetic lineage, e.g., Gram-positive vs. Gram-negative based
on cell wall structure.

Physiological Range2.
Some are obligate  pathogens (must infect a host to replicate), while many are facultative  or
opportunistic (pathogenic under certain conditions).
Harmless or beneficial bacteria form an essential part of the normal human flora.

Archaea

Distinct from Bacteria1.
Prokaryotic but genetically and biochemically unique (e.g., no peptidoglycan in cell walls).
Often inhabit extreme environments (high temp, salinity, acidity).

Key Groups2.
Methanogens: produce methane, e.g., in ruminant guts; extreme halophiles:  salt-loving;  extreme
thermophiles: high-temperature environments like hot springs.

Fungi

Eukaryotic Heterotrophs1.
Ranging from unicellular yeasts to multicellular molds (hyphae-based).
Cell walls typically contain chitin; some pathogens exhibit dimorphism (yeast form in the body, mold form
in the environment).

Pathogenic Fungi2.
Can cause mycoses (e.g., candidiasis, dermatophytosis) especially in immunocompromised hosts.
Many are opportunistic (e.g., Candida albicans causing thrush in HIV patients).
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Algae

Photosynthetic Eukaryotes1.
Once included cyanobacteria under “blue-green algae,” but now restricted to eukaryotic lineages.
Play major roles in oxygen  production and aquatic food webs. Some can produce toxins (e.g.,
dinoflagellates in red tides).

Pathogenicity2.
Relatively few algae are human pathogens; however, certain prototheca  species  can  infect
immunocompromised individuals.

1.6 Protozoa

Unicellular Eukaryotes1.
Complex life cycles, often requiring multiple hosts or vectors (e.g., Plasmodium  species  in  malaria,
Trypanosoma cruzi in Chagas disease).

Gut-Brain Axis Interaction2.
Emerging research suggests some protozoa or their metabolic byproducts might impact the enteric
nervous system (ENS) and modulate the central nervous system (CNS).

Physiological Roles and Relevance

Normal Flora (Human Microbiota)

Human Body–Microbe Ratios1.
Approx. 10¹³ human cells vs. 10¹⁴ microbial cells, representing a vast array of species—predominantly in the
gut.

Health Benefits2.
Digestion: Certain gut bacteria ferment otherwise indigestible fibers.
Immune Development: Microbial exposure “trains” the immune system, reducing hypersensitivity or
autoimmune risks.
Disease Protection: Competitive exclusion of pathogens, production of bacteriocins.

Pathogenic Mechanisms

Virulence Factors1.
Genes and proteins that enhance infection, survival, and disease within a host. E.g., toxins, adhesins,
capsules, biofilms.

Host-Pathogen Interplay2.
Tissue damage can arise from direct microbial activity (toxins) or from the host’s immune response
(inflammation).
Balancing an effective immune defense without overreacting is key for host survival.

Integrative Perspectives in Ayurveda and Biomedical Science
Ayurvedic Correlation1.

Kṛmi rogas in Āyurveda parallels microbial infections. Some references to “invisible enemies” (dirghakālikas)
or infiltration by foreign microentities.
Herbs with antimicrobial properties (neem, tulsi) often used prophylactically or in synergy with allopathic
antibiotics.

Lifestyle and Microbial Homeostasis2.
Balanced diet, good hygiene, doṣa equilibrium contribute to a stable and beneficial microbiota.
Overuse of broad-spectrum antibiotics can disrupt normal flora, leading to secondary infections (like
candidiasis).

Future Research3.
Investigating synergy of Ayurvedic rasāyana with modern probiotics for gut health.
Using advanced multi-omics (metagenomics, proteomics) to explore how specific diets or herbal
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formulations shape microbial communities.

Key Takeaways
Microbial Diversity1.

Viruses, bacteria, archaea, fungi, algae, and protozoa exhibit a staggering range of biology, from beneficial
symbionts to lethal pathogens.

Microbial Physiology2.
Host factors (immunity, environment) and microbial virulence modulate disease outcomes.

Normal Flora3.
The human microbiota is essential for digestion, immunity, and overall health.

Pathogenesis4.
Pathogens employ virulence factors, while the immune system attempts to contain or neutralize them.

Ayurvedic Integration5.
Traditional concepts of kṛmi rogas, doṣic synergy, and herbal immunomodulators complement modern
infection control and antibiotic stewardship.

Conclusion: Microbial diversity underpins much of ecological balance and human health—most are harmless or
beneficial, while a fraction are pathogenic. By combining modern  microbiological  insights  (virulence  mechanisms,
immune response, microbiota benefits) with Ayurvedic perspectives on maintaining a balanced internal environment
(doṣa equilibrium, appropriate dietary-lifestyle practices), we enhance our ability to prevent  and treat  infections,
ensuring a harmonious coexistence with the microbial world.
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