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Ecology



Ecology

Interactions Between Organisms and the Environment



Microbial Ecology: Viruses



Virology History



Viruses? What the hell?



“Viruses are the dark matter of biology — invisible, powerful, and everywhere.” 
E. Koonin, 2020

•  They are microorganisms that always replicate inside living cells;

• They use, to a greater or lesser extent, the host cell’s synthesis machinery;

• They can induce cellular differentiation, protein synthesis, and are capable of transferring

the viral genome to other cells.



We live and thrive in a cloud of viruses.

What are these genomes doing there?



The number of viruses that hit us is astonishing.

-
There are 10³¹ bacteriophage particles in the world’s water supply.



Why study viruses?

Because viruses are fundamental to understanding life itself.

They influence evolution, ecology, and global health.

Studying viruses helps us:

• Develop vaccines and antiviral therapies;

• Understand gene transfer and molecular biology;

• Use them as biotechnological tools, such as bacteriophages to control bacterial infections 

and biofilms;

• Explore how viruses shape ecosystems and biodiversity.

In short, viruses are not only agents of disease but also drivers of innovation and evolution.



History

d’Herelle F. Sur un microbe invisible antagoniste des bacilles dysente´riques. Comptes rendus de 

l’Acade´mie des Sciences–Series D. 1917; 165:373–375

Frederick Twort

(1877–1950)
Félix d`Herelle

(1873–1949)

Bacteriophages (also called phages, from the Greek φαγητόν phaguētón, meaning “food” or “ingestion”)
are viruses that infect exclusively prokaryotic organisms — that is, bacteria and archaea.



Characteristics

• A bacteriophage (phage) is a virus that infects bacteria (prokaryotes).

• Like other types of viruses, bacteriophages vary greatly in their shape and

genetic material.

• Phage genomes may consist of DNA or RNA and can contain anywhere from

5,000 to 500,000 genes.

• The capsid of a bacteriophage may be icosahedral, filamentous, or head-and-

tail shaped.



Bacteriophages



Bacteriophage Infections

• Bacteriophages, like other viruses, must infect a host cell in order to replicate (the phage life cycle).

• Some phages can only reproduce through a lytic life cycle, in which they lyse and kill the infected 

cells.

• Other phages can alternate between a lytic and a lysogenic life cycle, in which they do not kill the 

host cell, but instead replicate along with the host’s DNA each time the cell divides.





Dhulipalla, H., Basavegowda, N., Haldar, D. et al. Integrating phage biocontrol in food production: industrial implications and regulatory 
overview. Discov Appl Sci 7, 314 (2025).





Metagenomic







Resuming - Bacteriophages

•Viruses that infect and kill specific bacteria.

•Lytic phages replicate and cause host lysis.

•Naturally abundant in soil, water, and microbiomes.

•Co-evolved with bacteria for over 3 billion years.

•Phage–antibiotic synergy (PAS).

Segundo-Arizmendi N, Arellano-Maciel D, Rivera-Ramírez A, Piña-González AM, López-
Leal G, Hernández-Baltazar E. Bacteriophages: A Challenge for Antimicrobial Therapy. 
Microorganisms. 2025;



Problem

Solution

Frederick Twort

(1877–1950)
Félix d`Herelle

(1873–1949)



Understanding Biofilms

Figure 1 Steps to bacterial biofilm formation. (A) Reversible attachment. (B) Irreversible 
attachment. (C) Bacterial cells synthesize and secrete EPS. (D) Maturation. (E) Dispersal.

• Biofilms are structured bacterial communities enclosed in extracellular polymeric substances 

(EPS).

• Responsible for more than 80% of chronic infections (NIH, 2020).

• Biofilm cells are up to 1000× more resistant to antibiotics (Mah & O’Toole, Trends Microbiol, 

2001).

Examples:

Pseudomonas aeruginosa (CF lungs)

Staphylococcus aureus (catheters, implants)

Listeria monocytogenes (food industry)



Problem/solution/Opportunity



Why Biofilms Resist Antibiotics

•EPS matrix limits drug diffusion.

•Dormant cells avoid metabolic targets.

•Quorum sensing coordinates resistance.

•Genetic exchange spreads tolerance.

Figure 2. Diagrammatic representation of antibiotic (drug)
tolerance in biofilms. Possible tolerance mechanisms at (A)
community and (B) cellular level.

Shrestha et al (2022). Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches. Pathogens, 11(3), 292.



Enzyme Target Function

Depolymerases EPS polysaccharides Break matrix to improve 
penetration

Endolysins Peptidoglycan Cause bacterial lysis

Tailspike proteins Surface polysaccharides Aid in adhesion and matrix 
degradation

Phage-Derived Enzymes

Islam MM, Mahbub NU, Shin WS and Oh MH (2024) Phage-encoded depolymerases as a strategy for combating multidrug-resistant Acinetobacter 
baumannii. Front. Cell. Infect. Microbiol. 14:1462620. doi: 10.3389/fcimb.2024.1462620



Phage-Derived Enzymes Figure 3. The illustration delineates 
the anti-biofilm mechanisms of 
phage-encoded 
depolymerases: (A) Phage-encoded 
depolymerases impede biofilm 
formation by degrading the 
extracellular polysaccharides that 
protect the bacterial cells within the 
biofilm. (B) The synergistic 
application of phage-encoded 
depolymerases and antibiotics 
enhances the bactericidal efficacy 
against A. baumannii biofilms. The 
depolymerases degrade the 
extracellular polysaccharide, 
rendering the bacteria more 
susceptible to antibiotic 
treatment. (C) A consortium of 
phage-encoded depolymerases can 
effectively dismantle biofilms by 
degrading the polysaccharide 
matrix. (D) Phage-encoded 
depolymerases sensitize bacteria to 
the host immune response by 
degrading the protective 
polysaccharide matrix of biofilms.

Islam MM, Mahbub NU, Shin WS and Oh MH (2024) Phage-encoded depolymerases as a strategy for combating 
multidrug-resistant Acinetobacter baumannii. Front. Cell. Infect. Microbiol. 14:1462620. doi: 10.3389/fcimb.2024.1462620



Engineering Bacteriophages

•CRISPR-Cas editing: add or modify functional genes.

•Synthetic biology: modular construction of phages.

•Recombineering: replace tail fibers to expand host range.

•Directed evolution: select mutants for better biofilm penetration.

Examples:
• E. coli CRISPR-phages remove resistance plasmids and biofilms (Citorik et al., 2014).
• Phage K reduces 90% of S. aureus catheter biofilms (J. Appl. Microbiol., 2021*).
• Depolymerase-overexpressing phages improve Pseudomonas clearance (Nat. Rev. Microbiol., 2022*).



Engineering Bacteriophages

Park, J., Moon, B., Park, J. et al. Genetic engineering of a temperate phage-based delivery system for CRISPR/Cas9 antimicrobials against Staphylococcus 
aureus. Sci Rep 7, 44929 (2017). https://doi.org/10.1038/srep44929



Problema/solución

Applications



Applications
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Inovation



Resultados
Aguas residuales del hospital (Rio de Janeiro Brasil)



Resultados
Aguas residuales del hospital (Rio de Janeiro Brasil)

Organism (VirNoG) Annotation (UniProt) Virus host

Enterobacteria phage P2 Replication gene A protein Enterobacteriaceae [TaxID: 543]

Organism (VirNoG) Annotation (UniProt) Virus host

Pseudomonas phage phikZ PHIKZ214 Pseudomonas aeruginosa [TaxID: 287]

Enterococcus phage phiEF24C Ribonucleoside-diphosphate reductase Enterococcus faecalis (Streptococcus faecalis) [TaxID: 1351]

Organism (VirNoG) Annotation (UniProt) Virus host

Vibrio phage KVP40 Putative uncharacterized protein Vibrio parahaemolyticus [TaxID: 670]

Organism (VirNoG) Annotation (UniProt) Virus host

Bordetella phage BPP-1 Probable portal protein Bordetella bronchiseptica (Alcaligenes bronchisepticus) [TaxID: 518]

Salmonella phage Vil RIIA protector from prophage-induced early lysis Salmonella typhi [TaxID: 90370]

Haemophilus phage HP1 Capsid assembly scaffolding protein Haemophilus [TaxID: 724]

Staphylococcus phage Twort ORF021 Staphylococcus phage Twort [TaxID: 55510]

Salmonella phage Felix O1 Lysozyme Salmonella [TaxID: 590]

Burkholderia phage BcepMu Gp29 Burkholderia cenocepacia [TaxID: 216591]

Enterobacteria phage Phieco32 Thymidylate synthase thyX/thy1 Escherichia coli  [TaxID: 562]

Clostridium phage phiCD119 Methyltransferase Clostridioides difficile (Peptoclostridium difficile) [TaxID: 1496]

Halomonas phage phiHAP-1 DNA adenine methyltransferase Halomonas aquamarina [TaxID: 77097]

Lactococcus phage c2 Recombination protein Lactococcus (lactic streptococci) [TaxID: 1357]

Clostridium phage phiCD119 Putative uncharacterized protein Clostridioides difficile (Peptoclostridium difficile) [TaxID: 1496]

Bacillus phage SP01 Probable portal protein Bacillus subtil is [TaxID: 1423]

Haemophilus phage HP1 Probable portal protein Haemophilus [TaxID: 724]

Enterobacteria phage P2 Baseplate protein J Enterobacteriaceae [TaxID: 543]

Halomonas phage phiHAP-1 Putative baseplate assembly protein J Halomonas aquamarina [TaxID: 77097]

Organism (VirNoG) Annotation (UniProt) Virus host

Bordetella phage BPP-1 Probable portal protein Bordetella bronchiseptica (Alcaligenes bronchisepticus) [TaxID: 518]

Salmonella phage Vil Gp61 DNA primase subunit Salmonella typhi [TaxID: 90370]

Vibrio phage KVP40 dTMP (Thymidylate) synthase Vibrio parahaemolyticus [TaxID: 670]

Pseudomonas phage phikZ PHIKZ235 Pseudomonas aeruginosa [TaxID: 287]

Pseudomonas phage LUZ24 Putative uncharacterized protein gp40 Pseudomonas aeruginosa [TaxID: 287]

Staphylococcus phage Twort ORF052 Staphylococcus phage Twort [TaxID: 55510]

Enterobacteria phage P1 DNA-invertase Enterobacteriaceae [TaxID: 543]

Organism (VirNoG) Annotation (UniProt) Virus host

Vibrio phage KVP40 DenV Endonuclease V Vibrio parahaemolyticus [TaxID: 670]

Bordetella phage BPP-1 Repressor protein cI Bordetella bronchiseptica (Alcaligenes bronchisepticus) [TaxID: 518]

Bacillus phage SP01 Gp31.2 Bacillus subtil is [TaxID: 1423]

Enterobacteria phage T5 Putative H-N-H-endonuclease P-TflIX Escherichia coli  [TaxID: 562]

Salmonella phage Felix O1 Putative uncharacterized protein Salmonella [TaxID: 590]

Enterobacteria phage T7 Protein 7.7 Escherichia coli  [TaxID: 562]

Pseudomonas phage LUZ24 Putative uncharacterized protein gp40 Pseudomonas aeruginosa [TaxID: 287]

Enterobacteria phage T4 sensu latoUncharacterized 17.5 kDa protein in tk-vs intergenic region Escherichia coli  [TaxID: 562]

Enterobacteria phage Phieco32 Appr-1-p processing enzyme family Escherichia coli  [TaxID: 562]

Lactococcus phage c2 Recombination protein Lactococcus (lactic streptococci) [TaxID: 1357]

Mouse mammary tumor virus Gag-Pro-Pol polyprotein Mus musculus (Mouse) [TaxID: 10090]

Vibrio phage KVP40 RIIB Protector from prophage-induced early lysis Vibrio parahaemolyticus [TaxID: 670]

Salmonella phage epsilon15 Structural protein Salmonella anatum [TaxID: 58712]

Staphylococcus phage Twort ORF063 Staphylococcus phage Twort [TaxID: 55510]

Burkholderia phage BcepMu Gp50 Burkholderia cenocepacia [TaxID: 216591]

Halomonas phage phiHAP-1 Putative baseplate assembly protein J Halomonas aquamarina [TaxID: 77097]

Mycobacterium smegmatis [TaxID: 1772]

Mycobacterium vaccae [TaxID: 1810]

Chlamydia phage 1 Capsid protein VP1 Chlamydophila psittaci (Chlamydia psittaci) [TaxID: 83554]

Mycobacterium phage Bxz1 Gp137

Human immunodeficiency virus 1 Gag-Pol polyprotein Homo sapiens (Human) [TaxID: 9606]

Enterobacteria phage P2 Endolysin Enterobacteriaceae [TaxID: 543]
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Methods and Results

Study Area and Sample Collection

(Hospital wastewater and lagoon waters)

Filtration: 0.8, 0.45, and 0.22 µm filters

Isolation: Indicator bacteria

Lysis Test: Pathogenic bacteria

Sequencing

Computational Analyses



Methods and Results



Methods and Results



Field Example Status

Chronic wounds S. aureus, P. aeruginosa Clinical trials (PhagoBurn, 2019)

Respiratory infections CF patient therapy Compassionate use (2023)

Orthopedic implants Phage hydrogel coatings Preclinical

Catheter infections Biofilm-targeting phages Experimental

Clinical Applications







Current review—The rise of bacteriophage as a unique therapeutic platform in treating peri‐prosthetic joint 

infections

Journal of Orthopaedic Research, Volume: 36, Issue: 4, Pages: 1051-1060, First published: 02 October 2017, DOI: (10.1002/jor.23755) 







Current review—The rise of bacteriophage as a unique therapeutic platform in treating peri‐prosthetic joint 

infections

Journal of Orthopaedic Research, Volume: 36, Issue: 4, Pages: 1051-1060, First published: 02 October 2017, DOI: (10.1002/jor.23755) 







Stephen T. Abedon. Phage “delay” towards enhancing bacterial escape from biofilms: a more 
comprehensive way of viewing resistance to bacteriophages[J]. AIMS Microbiology, 2017, 3(2): 
186-226. doi: 10.3934/microbiol.2017.2.186 shu



Chegini, Z., Khoshbayan, A., Taati Moghadam, M. et al. Bacteriophage therapy against Pseudomonas aeruginosa biofilms: a review. Ann Clin Microbiol Antimicrob 19, 45 
(2020). https://doi.org/10.1186/s12941-020-00389-5



Chegini, Z., Khoshbayan, A., Taati Moghadam, M. et al. Bacteriophage therapy against Pseudomonas aeruginosa biofilms: a review. Ann Clin Microbiol Antimicrob 19, 45 
(2020). https://doi.org/10.1186/s12941-020-00389-5



Chegini, Z., Khoshbayan, A., Taati Moghadam, M. et al. Bacteriophage therapy against Pseudomonas aeruginosa biofilms: a review. Ann Clin Microbiol Antimicrob 19, 45 
(2020). https://doi.org/10.1186/s12941-020-00389-5

Anti-biofilm mechanisms of bacteriophages.

a Bacteriophages inhibit biofilm formation by
inhibiting quorum sensing and reducing cellular
communication.

b Combined treatments with sequential
application of phage and antibiotics have a killing
efficacy on P. aeruginosa biofilm.

c Combined use of bacteriophages with molecules
with anti-biofilm properties can help biofilm
destruction.

d Bacteriophages can penetrate the inner layers of
the biofilm through the biofilm void spaces
without destroying the external matrix and
replicate in the deeper-layer of biofilm



Romero-Calle D, Guimarães Benevides R, Góes-Neto A, Billington C.
Bacteriophages as Alternatives to Antibiotics in Clinical Care. Antibiotics.
2019 Sep;8(3). DOI: 10.3390/antibiotics8030138. PMID: 31487893; PMCID:
PMC6784059.

Wi YM, Patel R. Disease Clinics of North America. 
2018 Dec;32(4):915-929. DOI: 
10.1016/j.idc.2018.06.009.







Secor, Patrick R et al. “Filamentous Bacteriophage Promote Biofilm Assembly and Function.” Cell host & microbe vol. 18,5 (2015): 549-59. 
doi:10.1016/j.chom.2015.10.013



Secor, Patrick R et al. “Filamentous Bacteriophage Promote Biofilm Assembly and Function.” Cell host & microbe vol. 18,5 (2015): 549-59. 
doi:10.1016/j.chom.2015.10.013

The Filamentous Phage Pf4 Interacts With Host and Microbial Polymers To Spontaneously Assemble 
Higher Order Structures

(A) P. aeruginosa forms a flat confluent biofilm in vitro.

(B) P. aeruginosa supplemented with 5 mg/ml HA forms morphologically complex biofilms in vitro.

(C) The addition of P. aeruginosa biofilm supernatant to HA (5 mg/ml) results in the spontaneous 
formation of higher order structures.

(D) Purified, fluorescently labeled Pf4 (green, 8.8 × 109 PFU/ml) mixed with 5 mg/ml DNA 2 kbp in size 
(HMW) forms large, interwoven structures while DNA <0.3 kbp in size (LMW) does not (inset).

(E) Purified, fluorescently labeled Pf4 (green, 8.8 × 109 PFU/ml) mixed with 5 mg/ml alginate forms large, 
interwoven structures.

(F) Visualization of structures formed from Pf4 and HA by AFM semi-contact topography. The color scale 
indicates height.

(G-I) Pf4 (8.8 × 109 PFU/ml) and HA (5 mg/ml) were suspended in: DI water, 1× PBS, or 10× PBS.





Bacterial Defense 
Systems Against 

Phages – Overview 
of the MacSyFinder

Pipeline Main 
content

“Overview of bacterial defense systems and MacSyFinder pipeline for detection and classification (adapted from Gao et al., Nature Microbiology, 2022).”



Bacterial Defense Systems Against Phages – Overview of the MacSyFinder Pipeline Main contente

•Bacteria and archaea possess a diverse arsenal of defense systems against bacteriophages and mobile 
genetic elements.

•Over 60 distinct defense systems have been described, including CRISPR-Cas, BREX, DISARM, CBASS, DRT, 
Abi, and Shedu.

•These systems act through DNA degradation, abortive infection, signaling molecules, or membrane 
modifications.

•MacSyFinder enables systematic identification and annotation of these systems by combining:
• Hidden Markov Models (HMMs) for defense proteins
• Rule-based operon architecture detection
• Automated genome scanning and annotation

Key takeaway:
MacSyFinder provides a standardized bioinformatics framework to map bacterial antiviral defenses across 
genomes, revealing the complexity of phage–host interactions.



Slide 12 – Advantages and Limitations
Pros:
•High specificity
•Eco-friendly
•Self-replicating
•Synergy with antibiotics
Cons:
•Narrow host range
•Resistance development
•Stability and regulatory barriers
Image placeholder: [Pros vs Cons infographic]
Speaker notes: Summarize balance between efficacy and 
limitations.



Slide 13 – The Future of Phage Therapy
Content:
•AI-assisted phage design and host prediction (Ramesh et 
al., Nat. Biotech., 2023).
•Smart phage libraries for personalized treatment.
•Integration into nanomaterials and biosensors.
•Programmable phages for precision medicine.
Image placeholder: [AI + CRISPR futuristic concept 
graphic]
Speaker notes: Inspire forward-looking discussion.



Slide 14 – Discussion
Questions:
1.How can engineered phages overcome resistance?
2.What biosafety concerns exist for synthetic phages?
3.How might AI and CRISPR expand their potential?
Image placeholder: [Group discussion or seminar visual]
Speaker notes: Open class dialogue, 10 minutes 
discussion



Understanding Biofilms



Key Takeaways & References

Key Points:
•Phages are natural and programmable biofilm disruptors.
•Genetic engineering enhances specificity and efficiency.
•Integration with AI and nanotech shapes the future of biofilm therapy.

Quote:
“Where antibiotics fail, phages prevail.”

References:
1.Lu & Collins, PNAS, 2007.
2.Citorik et al., Nat Biotech, 2014.
3.Nobrega et al., Cell Reports, 2020.
4.Abedon, Front Microbiol, 2019.
5.Chan et al., Nat Rev Microbiol, 2022.
6.Knezevic et al., Front Microbiol, 2021.

Speaker notes: Conclude with message on phage innovation for public health



How about the future?



The future.....

.....Knowladge



The Future



Eduardo de Mello Volotão
Senior Research Scientist

volotao@ioc.fiocruz.br

Obrigado

Thank you

Gracias
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