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Vinusess? Whatlthedelk!!?
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A Theyare microorganisms that always replicate inside living cells;
A Theyuse, to a greateror lesser extent, the host H 1J Usiyinthésis machinery;
A Theycan induce cellular differentiation, protein synthesis, and are capable of transferring

the viral genometo other cells.




We live and thrive in a cloud off vinuses:.

What are these genomes doing there?




The number of viruses that hit us Is astonishing.
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Viruses drive global cycles
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Why study viruses?

Becauseviruses are fundamental to understanding life itself.

They influenceevolution , ecology, andglobal health .

Studyingviruses helps us:

A Developvaccines and antiviral therapies ;

A Understand gene transfer and molecular biology ;

A Use them asbiotechnological tools , such as bacteriophages to control bacterial infections
and biofilms;

A Explore how viruses shap&cosystems and biodiversity .

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




History

Bacteriophages (also called phages, fromthe Greeke = = "G 4§ ¢ D e, mepditg/on Y BB UN It qRY
areviruses that infect exclusively prokaryotic organisms y that is, bacteria and archaea.

Frederick Twort Félix d Herelle
(18771 1950) (18731 1949)

d Berelle F. Sur un microbe invisible antagoniste des bacilles dysentekiques. Comptes rendus de
| AbadeEmie des Sciencesi Series D. 1917; 165:373i 375




Charactensti¢ss

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

A Like other types of viruses, bacteriophages vary greatly in their shape and
genetic material.

A Phage genomes may consist of DNA or RNAand can contain anywhere from
5,000to 500,000 genes.

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

tail shaped.
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Bacteriophage Infections

A Bacteriophages, like other viruses, must infect dost cell in order toreplicate (the phage life cycle).

A Some phages can only reproduce through lytic life cycle , in which theylyse and kill the infected
cells.

A Other phages can alternate between dytic and alysogenic life cycle , in which theydo not kill the

host cell , butinsteadl IJG 0 RHEC¢ qlJWe G Y U N Wedetotithéltedcd didided. o k + L2
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Phage genome injected
into bacterial host cell

Bacterlal Chromosome

Host Bacterial Cell

l._ - —,;—L—l Phage injects DNA

Cell lyses, releasing of Phages ‘ Occaslonally a prophage
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Dhulipalla, H.,Basavegowda N.,Haldar, D.et al. Integrating phage biocontrol in food production: industrial implications and regulatory
overview. Discov Appl Sci7, 314 (2025).



Bacteria host-virus interactions
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Translational Research

284 Wylie et al October 2012
« Definition of integration « Effects on human health
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system and other
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Resuming - Bacteriophages

Aviruses that infect and kill specific bacteria.

Replacing antibiotics 4
in aquaculture Modulates
micorbiomes

A ytic phages replicate and cause host lysis. " Veterinary

treatment

ANaturally abundant in soil, water, and microbiomes. matmemof

Replacing antibiotics MOR et
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ACo-evolved with bacteria for over 3 billion years.

Phage-derived
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APhagei antibiotic synergy (PAS). | Lty
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Replacing antibiotics
in agriculture

Segundo-ArizmendiN, Arellano-Maciel D, RiveraRamirez APifia-Gonzalez AM, Lépez
Leal G, HernandezBaltazar E Bacteriophages AChallengefor Antimicrobial Therapy
Microorganisms. 2025;
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Frederick Twort Félix d Herelle
(18771 1950) (18731 1949)




Understanding Biofilms

A Biofilms are structured bacterial communities enclosed in extracellular polymeric substances
(EPS).
A Responsible for more than80% of chronic infections (NIH, 2020).

A Biofilm cells are up to1000x more resistant to antibiotics bl ~ ¢ § WCALUE k N ¥iréabidia WN 1 .

2 O O 1) . — == _— o= -~ Planktonic bacteria ¢ =—

= - Biofiim cell =

% R Persistent cell =

Examples: % EA Dead cell [

- Y,
I/ / N Polysaccharide

) 4 of . (0 &’ %0%‘ N
Pseudomonas aeruginosa (CF lungs) NS V2% X0 -

/ hoes ) liemell

A B C D E

Listeria monocytogenes (food industry)

Figure 1 Steps to bacterial biofilm formation. (A) Reversible attachment. (B) Irreversible
attachment. (C)Bacterial cells synthesizeand secrete EPS (D) Maturation. (E)Dispersal.
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Why Biofilms Resist Antibiotics

AEPSmatrix limits drug diffusion .
Mormant cells avoid metabolic targets.
Auorum sensing coordinates resistance .

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

Shresthaet al (2022).Recent Strategiesto Combat Biofilms Using Antimicrobial Agentsand Therapeutic Approaches. Pathogens 11(3), 292.



Phage-Derived Enzymes

Enzyme Target Function

Depolymerases EPS polysaccharides Break mlatnx 10 Improve
penetration

Endolysins Peptidoglycan Cause bacterial lysis

Tailspike proteins Surface polysaccharides Aid in ad_hesmn and matrix
degradation

@ C- terminal domain for
®

~-»Neck Central - helical domain
for enzymatic function

V- N-terminal domain for
attaching to the phage tail

Hydrolase o . (0)
u@ J o
--»Base plate —_—
-»Tail fiber/spikes \:4/ /m‘ u@ m‘

Islam MM,MahbubNU, Shin Wand Oh MH (2024Phageencodeddepolymerasess astrategyfor combatingmultidrug-resistantAcinetobacter
baumannii Front.Cell Infect Microbiol.14:1462620doi: 10.3389/fcimb.2024.1462620




Phage-Derived Enzymes

Depolymerase
enzymes
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Islam MM,MahbubNU, Shin W8ndOh MH (2024Phageencodeddepolymerasess astrategyfor combating
multidrug-resistantAcinetobacter baumanniFront.Cell Infect Microbiol.14:1462620doi: 10.3389/fcimb.2024.1462620

Figure3. The illustration delineates
the antibiofilm mechanisms of
phageencoded

depolymerases(A) Phageencoded
depolymerases impede biofilm
formation by degrading the
extracellular polysaccharides that
protect the bacterial cells within the
biofilm. (B) The synergistic
application of phagencoded
depolymerases and antibiotics
enhances the bactericidal efficacy
againstA. baumannibiofilms. The
depolymerases degrade the
extracellular polysaccharide,
rendering the bacteria more
susceptible to antibiotic

treatment. (C)A consortium of
phageencoded depolymerases can
effectively dismantle biofilms by
degrading the polysaccharide
matrix. (D) Phageencoded
depolymerases sensitize bacteria to
the host immune response by
degrading the protective
polysaccharide matrix of biofilms.



Engineering Bacteriophages

ACRISPRCas editing : add or modify functional genes.

ASynthetic biology : modular construction of phages

ARecombineering : replace tail fibers to expand host range.

crRNA selection

Donor insert design

"' T4 phage

NanoGlo screening

ROH Reporter ROH Bacteria host
~1kb gene ~1 kb
@ N
Lyss
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\.____/ Newly engineered phages

pCRISPR pCAS9 \
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‘__\//N
* Modified phage DNA

/

Mirected evolution : select mutants for better biofilm penetration.

Examples:

A E. coliCRISPRphagesremoveresistance plasmids and biofilms (Citorik et al., 2014).
A PhageKreduces 90%of S. aureuscatheter biofilms (J.Appl. Microbiol., 2021%).

A Depolymerase-overexpressingphagesimprove Pseudomonasclearance (Nat. Rev. Microbiol, 2022%).




Engineering Bacteriophages
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Park, J.Moon, B., Park, &t al. Geneticengineeringof atemperatephagebaseddelivery system for CRISPR/CasfimicrobialsagainstStaphylococcus
aureus SciRep7, 44929 (2017). https://doi.org/10.1038/srep44929
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Resultados

Aguas residuales del hospital (Rio de Janeiro Brasil)
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Figura 5.7 Frequéncia relativa das subclasses das B-lactamases classe A
presentes nas amostras de esgotos hospitalares ZS (Zona Sul) e ZN (Zona
Norte) classificadas a partir da base de dados ARDB.




Resultados

Aguasresiduales del hospital (Rio de Janeiro Brasil)
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Halomonas phage phiHAP-1 Putative baseplate assembly protein J Il Ff2Y2ylFa FldzZl YENAYI ¢




Resultados

Aguasresiduales del hospital (Rio de Janeiro Brasil)
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Methods and Results

Sample )
Sequencing

Reads,

Study Area and Sample Collection sample A

AW \

. Contigs, nassembled reads,

(Hospital wastewater and lagoon waters) _umieh ety
. - - )29 2 5 kb contigs,
Filtration: 0.8, 0.45, and 0.22 um filters Qo) =0 e &
Step 3

Master table, sample A

Isolation: Indicator bacteria

Filteringl Steps 4-7

Metagenomic viral
contigs, sample A

Lysis Test: Pathogenic bacteria i !

( Database with all metagenomic viral contigs (from IMG/VR) )

SequenCIng lSTEDsa—H lSteps1Eand13

Viral groups, Low abundant
sample A viruses, sample A

Com puta‘“onal An alyses Figure 1 | Overview of the computational workflow. General pipeline of the

protocol, showing the different steps required for the detection of abundant
and low-abundant metagenomic viral contigs, as well as their classification
into viral groups. Viral protein family models (VPFs) and all metagenomic
viral contigs from IMG/VR are available through the aforementioned FTP site.
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Clinical Applications

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

' Bacterlophages '
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