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Microbial Ecology : Viruses



Virology History



Viruses ? What the hell ?



љéŔƖƨƚĲƚШċƖĲШƣőĲШĬċƖťШůċƣƣĲƖШŸŉШĤŔŸũŸŊǃШу invisible, powerful, and everywhere ЮњШ
E. Koonin, 2020

Å  Theyare microorganisms that alwaysreplicate inside living cells;

Å Theyuse, to a greateror lesser extent, the hostĦĲũũќƚsynthesismachinery;

Å Theycan induce cellular differentiation, protein synthesis, and are capable of transferring

the viral genometo 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 ċƖĲШΝΜЖДШĤċĦƣĲƖŔŸƓőċŊĲШƓċƖƣŔĦũĲƚШŔŰШƣőĲШƽŸƖũĬќƚШƽċƣĲƖШƚƨƓƓũǃЮ



Why study viruses?

Because viruses are fundamental to understanding life itself.

They influence evolution , ecology , and global health .

Studying viruses helps us:

Å Develop vaccines and antiviral therapies ;

Å Understand gene transfer and molecular biology ;

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

and biofilms;

Å Explore how viruses shape ecosystems and biodiversity .

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



Hist ory

dôHerelle F. Sur un microbe invisible antagoniste des bacilles dysenteËriques. Comptes rendus de 

lôAcadeËmie des SciencesïSeries D. 1917; 165:373ï375

Frederick Twort

(1877ï1950)
Félix d`Herelle

(1873ï1949)

Bacteriophages (also called phages, from the Greek͎͔͚ͣ͐ͭ͡ƓőċŊƨŁƣŹŰ, meaningљŉŸŸĬњorљŔŰŊĲƚƣŔŸŰњь
are viruses that infect exclusively prokaryotic organisms у that is, bacteria and archaea .



Characteristics

ÅAbacteriophage(phage)is a virus that infects bacteria (prokaryotes).

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

genetic material.

ÅPhagegenomes may consist of DNA or RNAand can contain anywhere from

5,000 to 500,000 genes.

ÅThecapsid of a bacteriophage may be icosahedral, filamentous, or head-and-

tail shaped.



Bacteriophages



Bacteriophage Infections

Å Bacteriophages, like other viruses, must infect a host cell in order toreplicate (the phage life cycle ).

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

cells.

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

host cell , but instead ƖĲƓũŔĦċƣĲШċũŸŰŊШƽŔƣőШƣőĲШőŸƚƣќƚШ? 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 Sci7, 314 (2025).





Metagenomic







Resuming - Bacteriophages

ÅViruses that infect and kill specific bacteria.

ÅLytic phages replicate and cause host lysis.

ÅNaturally abundant in soil, water, and microbiomes.

ÅCo-evolved with bacteria for over 3 billion years.

ÅPhageïantibiotic 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;
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Frederick Twort

(1877ï1950)
Félix d`Herelle

(1873ï1949)



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.

ÅBiofilms are structured bacterial communities enclosed in extracellular polymeric substances 

(EPS).

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

ÅBiofilm cells are up to 1000× more resistant to antibiotics ы~ċőШѼШ§ќÑŸŸũĲЯШÑƖĲŰĬƚШMicrobiol, 

2001).

Examples:

Pseudomonas aeruginosa (CF lungs)

Staphylococcus aureus (catheters, implants)

Listeria monocytogenes (food industry)



Problem /solu tion /Opportunity



Why Biofilms  Resist Antibiotics

ÅEPS matrix limits  drug diffusion .

ÅDormant cells avoid metabolic  targets .

ÅQuorum sensing coordinates  resistance .

ÅGenetic  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-resistantAcinetobacter 
baumannii. Front. Cell. Infect. Microbiol.14:1462620. doi: 10.3389/fcimb.2024.1462620



Phage-Derived Enzymes Figure3. 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 
againstA. baumanniibiofilms. 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-resistantAcinetobacter baumannii. Front. Cell. Infect. Microbiol.14:1462620. doi: 10.3389/fcimb.2024.1462620



Engineering Bacteriophages

ÅCRISPR-Cas editing : add or modify functional  genes.

ÅSynthetic  biology : modular construction  of phages.

ÅRecombineering : replace tail fibers to expand host range.

ÅDirected  evolution : select mutants for better biofilm penetration.

Examples:
Å E. coli CRISPR-phages remove resistance plasmids and biofilms (Citorik et al., 2014).
Å Phage K reduces 90% of S. aureus catheter biofilms (J. Appl. Microbiol., 2021*).
Å 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 againstStaphylococcus 
aureus. Sci Rep7, 44929 (2017). https://doi.org/10.1038/srep44929



Problema/solución

Applications



Applications
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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 9ƴǘŜǊƻōŀŎǘŜǊƛŀŎŜŀŜ ώ¢ŀȄL5Υ рпоϐ

Organism (VirNoG) Annotation (UniProt) Virus host

Pseudomonas phage phikZ PHIKZ214 Pseudomonas aeruginosa ώ¢ŀȄL5Υ 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 ±ƛōǊƛƻ ǇŀǊŀƘŀŜƳƻƭȅǘƛŎǳǎ ώ¢ŀȄL5Υ стлϐ

Organism (VirNoG) Annotation (UniProt) Virus host

Bordetella phage BPP-1 Probable portal protein .ƻǊŘŜǘŜƭƭŀ ōǊƻƴŎƘƛǎŜǇǘƛŎŀ ό!ƭŎŀƭƛƎŜƴŜǎ ōǊƻƴŎƘƛǎŜǇǘƛŎǳǎύ ώ¢ŀȄL5Υ рмуϐ

Salmonella phage Vil RIIA protector from prophage-induced early lysis {ŀƭƳƻƴŜƭƭŀ ǘȅǇƘƛ ώ¢ŀȄL5Υ флотлϐ

Haemophilus phage HP1 Capsid assembly scaffolding protein IŀŜƳƻǇƘƛƭǳǎ ώ¢ŀȄL5Υ тнпϐ

Staphylococcus phage Twort ORF021 {ǘŀǇƘȅƭƻŎƻŎŎǳǎ ǇƘŀƎŜ ¢ǿƻǊǘ ώ¢ŀȄL5Υ рррмлϐ

Salmonella phage Felix O1 Lysozyme {ŀƭƳƻƴŜƭƭŀ ώ¢ŀȄL5Υ рфлϐ

Burkholderia phage BcepMu Gp29 .ǳǊƪƘƻƭŘŜǊƛŀ ŎŜƴƻŎŜǇŀŎƛŀ ώ¢ŀȄL5Υ нмсрфмϐ

Enterobacteria phage Phieco32 Thymidylate synthase thyX/thy1 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Clostridium phage phiCD119 Methyltransferase /ƭƻǎǘǊƛŘƛƻƛŘŜǎ ŘƛŦŦƛŎƛƭŜ όtŜǇǘƻŎƭƻǎǘǊƛŘƛǳƳ ŘƛŦŦƛŎƛƭŜύ ώ¢ŀȄL5Υ мпфсϐ

Halomonas phage phiHAP-1 DNA adenine methyltransferase IŀƭƻƳƻƴŀǎ ŀǉǳŀƳŀǊƛƴŀ ώ¢ŀȄL5Υ ттлфтϐ

Lactococcus phage c2 Recombination protein [ŀŎǘƻŎƻŎŎǳǎ όƭŀŎǘƛŎ ǎǘǊŜǇǘƻŎƻŎŎƛύ ώ¢ŀȄL5Υ мортϐ

Clostridium phage phiCD119 Putative uncharacterized protein /ƭƻǎǘǊƛŘƛƻƛŘŜǎ ŘƛŦŦƛŎƛƭŜ όtŜǇǘƻŎƭƻǎǘǊƛŘƛǳƳ ŘƛŦŦƛŎƛƭŜύ ώ¢ŀȄL5Υ мпфсϐ

Bacillus phage SP01 Probable portal protein .ŀŎƛƭƭǳǎ ǎǳōǘƛƭƛǎ ώ¢ŀȄL5Υ мпноϐ

Haemophilus phage HP1 Probable portal protein IŀŜƳƻǇƘƛƭǳǎ ώ¢ŀȄL5Υ тнпϐ

Enterobacteria phage P2 Baseplate protein J 9ƴǘŜǊƻōŀŎǘŜǊƛŀŎŜŀŜ ώ¢ŀȄL5Υ рпоϐ

Halomonas phage phiHAP-1 Putative baseplate assembly protein J IŀƭƻƳƻƴŀǎ ŀǉǳŀƳŀǊƛƴŀ ώ¢ŀȄL5Υ ттлфтϐ

Organism (VirNoG) Annotation (UniProt) Virus host

Bordetella phage BPP-1 Probable portal protein .ƻǊŘŜǘŜƭƭŀ ōǊƻƴŎƘƛǎŜǇǘƛŎŀ ό!ƭŎŀƭƛƎŜƴŜǎ ōǊƻƴŎƘƛǎŜǇǘƛŎǳǎύ ώ¢ŀȄL5Υ рмуϐ

Salmonella phage Vil Gp61 DNA primase subunit {ŀƭƳƻƴŜƭƭŀ ǘȅǇƘƛ ώ¢ŀȄL5Υ флотлϐ

Vibrio phage KVP40 dTMP (Thymidylate) synthase ±ƛōǊƛƻ ǇŀǊŀƘŀŜƳƻƭȅǘƛŎǳǎ ώ¢ŀȄL5Υ стлϐ

Pseudomonas phage phikZ PHIKZ235 tǎŜǳŘƻƳƻƴŀǎ ŀŜǊǳƎƛƴƻǎŀ ώ¢ŀȄL5Υ нутϐ

Pseudomonas phage LUZ24 Putative uncharacterized protein gp40 tǎŜǳŘƻƳƻƴŀǎ ŀŜǊǳƎƛƴƻǎŀ ώ¢ŀȄL5Υ нутϐ

Staphylococcus phage Twort ORF052 {ǘŀǇƘȅƭƻŎƻŎŎǳǎ ǇƘŀƎŜ ¢ǿƻǊǘ ώ¢ŀȄL5Υ рррмлϐ

Enterobacteria phage P1 DNA-invertase 9ƴǘŜǊƻōŀŎǘŜǊƛŀŎŜŀŜ ώ¢ŀȄL5Υ рпоϐ

Organism (VirNoG) Annotation (UniProt) Virus host

Vibrio phage KVP40 DenV Endonuclease V ±ƛōǊƛƻ ǇŀǊŀƘŀŜƳƻƭȅǘƛŎǳǎ ώ¢ŀȄL5Υ стлϐ

Bordetella phage BPP-1 Repressor protein cI .ƻǊŘŜǘŜƭƭŀ ōǊƻƴŎƘƛǎŜǇǘƛŎŀ ό!ƭŎŀƭƛƎŜƴŜǎ ōǊƻƴŎƘƛǎŜǇǘƛŎǳǎύ ώ¢ŀȄL5Υ рмуϐ

Bacillus phage SP01 Gp31.2 .ŀŎƛƭƭǳǎ ǎǳōǘƛƭƛǎ ώ¢ŀȄL5Υ мпноϐ

Enterobacteria phage T5 Putative H-N-H-endonuclease P-TflIX 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Salmonella phage Felix O1 Putative uncharacterized protein {ŀƭƳƻƴŜƭƭŀ ώ¢ŀȄL5Υ рфлϐ

Enterobacteria phage T7 Protein 7.7 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Pseudomonas phage LUZ24 Putative uncharacterized protein gp40 tǎŜǳŘƻƳƻƴŀǎ ŀŜǊǳƎƛƴƻǎŀ ώ¢ŀȄL5Υ нутϐ

Enterobacteria phage T4 sensu latoUncharacterized 17.5 kDa protein in tk-vs intergenic region 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Enterobacteria phage Phieco32 Appr-1-p processing enzyme family 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Lactococcus phage c2 Recombination protein [ŀŎǘƻŎƻŎŎǳǎ όƭŀŎǘƛŎ ǎǘǊŜǇǘƻŎƻŎŎƛύ ώ¢ŀȄL5Υ мортϐ

Mouse mammary tumor virus Gag-Pro-Pol polyprotein aǳǎ ƳǳǎŎǳƭǳǎ όaƻǳǎŜύ ώ¢ŀȄL5Υ мллфлϐ

Vibrio phage KVP40 RIIB Protector from prophage-induced early lysis ±ƛōǊƛƻ ǇŀǊŀƘŀŜƳƻƭȅǘƛŎǳǎ ώ¢ŀȄL5Υ стлϐ

Salmonella phage epsilon15 Structural protein {ŀƭƳƻƴŜƭƭŀ ŀƴŀǘǳƳ ώ¢ŀȄL5Υ рутмнϐ

Staphylococcus phage Twort ORF063 {ǘŀǇƘȅƭƻŎƻŎŎǳǎ ǇƘŀƎŜ ¢ǿƻǊǘ ώ¢ŀȄL5Υ рррмлϐ

Burkholderia phage BcepMu Gp50 .ǳǊƪƘƻƭŘŜǊƛŀ ŎŜƴƻŎŜǇŀŎƛŀ ώ¢ŀȄL5Υ нмсрфмϐ

Halomonas phage phiHAP-1 Putative baseplate assembly protein J IŀƭƻƳƻƴŀǎ ŀǉǳŀƳŀǊƛƴŀ ώ¢ŀȄL5Υ ттлфтϐ

aȅŎƻōŀŎǘŜǊƛǳƳ ǎƳŜƎƳŀǘƛǎ ώ¢ŀȄL5Υ мттнϐ

aȅŎƻōŀŎǘŜǊƛǳƳ ǾŀŎŎŀŜ ώ¢ŀȄL5Υ мумлϐ

Chlamydia phage 1 Capsid protein VP1 /ƘƭŀƳȅŘƻǇƘƛƭŀ ǇǎƛǘǘŀŎƛ ό/ƘƭŀƳȅŘƛŀ ǇǎƛǘǘŀŎƛύ ώ¢ŀȄL5Υ уоррпϐ

Mycobacterium phage Bxz1 Gp137

Human immunodeficiency virus 1 Gag-Pol polyprotein IƻƳƻ ǎŀǇƛŜƴǎ όIǳƳŀƴύ ώ¢ŀȄL5Υ фслсϐ

Enterobacteria phage P2 Endolysin 9ƴǘŜǊƻōŀŎǘŜǊƛŀŎŜŀŜ ώ¢ŀȄL5Υ рпоϐ
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Enterococcus phage phiEF24C Ribonucleoside-diphosphate reductase Enterococcus faecalis (Streptococcus faecalis) [TaxID: 1351]

Organism (VirNoG) Annotation (UniProt) Virus host

Vibrio phage KVP40 Putative uncharacterized protein ±ƛōǊƛƻ ǇŀǊŀƘŀŜƳƻƭȅǘƛŎǳǎ ώ¢ŀȄL5Υ стлϐ

Organism (VirNoG) Annotation (UniProt) Virus host

Bordetella phage BPP-1 Probable portal protein .ƻǊŘŜǘŜƭƭŀ ōǊƻƴŎƘƛǎŜǇǘƛŎŀ ό!ƭŎŀƭƛƎŜƴŜǎ ōǊƻƴŎƘƛǎŜǇǘƛŎǳǎύ ώ¢ŀȄL5Υ рмуϐ

Salmonella phage Vil RIIA protector from prophage-induced early lysis {ŀƭƳƻƴŜƭƭŀ ǘȅǇƘƛ ώ¢ŀȄL5Υ флотлϐ

Haemophilus phage HP1 Capsid assembly scaffolding protein IŀŜƳƻǇƘƛƭǳǎ ώ¢ŀȄL5Υ тнпϐ

Staphylococcus phage Twort ORF021 {ǘŀǇƘȅƭƻŎƻŎŎǳǎ ǇƘŀƎŜ ¢ǿƻǊǘ ώ¢ŀȄL5Υ рррмлϐ

Salmonella phage Felix O1 Lysozyme {ŀƭƳƻƴŜƭƭŀ ώ¢ŀȄL5Υ рфлϐ

Burkholderia phage BcepMu Gp29 .ǳǊƪƘƻƭŘŜǊƛŀ ŎŜƴƻŎŜǇŀŎƛŀ ώ¢ŀȄL5Υ нмсрфмϐ

Enterobacteria phage Phieco32 Thymidylate synthase thyX/thy1 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Clostridium phage phiCD119 Methyltransferase /ƭƻǎǘǊƛŘƛƻƛŘŜǎ ŘƛŦŦƛŎƛƭŜ όtŜǇǘƻŎƭƻǎǘǊƛŘƛǳƳ ŘƛŦŦƛŎƛƭŜύ ώ¢ŀȄL5Υ мпфсϐ
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Vibrio phage KVP40 DenV Endonuclease V ±ƛōǊƛƻ ǇŀǊŀƘŀŜƳƻƭȅǘƛŎǳǎ ώ¢ŀȄL5Υ стлϐ

Bordetella phage BPP-1 Repressor protein cI .ƻǊŘŜǘŜƭƭŀ ōǊƻƴŎƘƛǎŜǇǘƛŎŀ ό!ƭŎŀƭƛƎŜƴŜǎ ōǊƻƴŎƘƛǎŜǇǘƛŎǳǎύ ώ¢ŀȄL5Υ рмуϐ

Bacillus phage SP01 Gp31.2 .ŀŎƛƭƭǳǎ ǎǳōǘƛƭƛǎ ώ¢ŀȄL5Υ мпноϐ

Enterobacteria phage T5 Putative H-N-H-endonuclease P-TflIX 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Salmonella phage Felix O1 Putative uncharacterized protein {ŀƭƳƻƴŜƭƭŀ ώ¢ŀȄL5Υ рфлϐ

Enterobacteria phage T7 Protein 7.7 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Pseudomonas phage LUZ24 Putative uncharacterized protein gp40 tǎŜǳŘƻƳƻƴŀǎ ŀŜǊǳƎƛƴƻǎŀ ώ¢ŀȄL5Υ нутϐ

Enterobacteria phage T4 sensu latoUncharacterized 17.5 kDa protein in tk-vs intergenic region 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Enterobacteria phage Phieco32 Appr-1-p processing enzyme family 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ώ¢ŀȄL5Υ рснϐ

Lactococcus phage c2 Recombination protein [ŀŎǘƻŎƻŎŎǳǎ όƭŀŎǘƛŎ ǎǘǊŜǇǘƻŎƻŎŎƛύ ώ¢ŀȄL5Υ мортϐ

Mouse mammary tumor virus Gag-Pro-Pol polyprotein aǳǎ ƳǳǎŎǳƭǳǎ όaƻǳǎŜύ ώ¢ŀȄL5Υ мллфлϐ

Vibrio phage KVP40 RIIB Protector from prophage-induced early lysis ±ƛōǊƛƻ ǇŀǊŀƘŀŜƳƻƭȅǘƛŎǳǎ ώ¢ŀȄL5Υ стлϐ

Salmonella phage epsilon15 Structural protein {ŀƭƳƻƴŜƭƭŀ ŀƴŀǘǳƳ ώ¢ŀȄL5Υ рутмнϐ

Staphylococcus phage Twort ORF063 {ǘŀǇƘȅƭƻŎƻŎŎǳǎ ǇƘŀƎŜ ¢ǿƻǊǘ ώ¢ŀȄL5Υ рррмлϐ

Burkholderia phage BcepMu Gp50 .ǳǊƪƘƻƭŘŜǊƛŀ ŎŜƴƻŎŜǇŀŎƛŀ ώ¢ŀȄL5Υ нмсрфмϐ

Halomonas phage phiHAP-1 Putative baseplate assembly protein J IŀƭƻƳƻƴŀǎ ŀǉǳŀƳŀǊƛƴŀ ώ¢ŀȄL5Υ ттлфтϐ

aȅŎƻōŀŎǘŜǊƛǳƳ ǎƳŜƎƳŀǘƛǎ ώ¢ŀȄL5Υ мттнϐ

aȅŎƻōŀŎǘŜǊƛǳƳ ǾŀŎŎŀŜ ώ¢ŀȄL5Υ мумлϐ

Chlamydia phage 1 Capsid protein VP1 /ƘƭŀƳȅŘƻǇƘƛƭŀ ǇǎƛǘǘŀŎƛ ό/ƘƭŀƳȅŘƛŀ ǇǎƛǘǘŀŎƛύ ώ¢ŀȄL5Υ уоррпϐ

Mycobacterium phage Bxz1 Gp137

Human immunodeficiency virus 1 Gag-Pol polyprotein IƻƳƻ ǎŀǇƛŜƴǎ όIǳƳŀƴύ ώ¢ŀȄL5Υ фслсϐ

Enterobacteria phage P2 Endolysin 9ƴǘŜǊƻōŀŎǘŜǊƛŀŎŜŀŜ ώ¢ŀȄL5Υ рпоϐ

Resultados
Aguas residuales del hospital (Rio de Janeiro Brasil)



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
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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




