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Queé samlodssvirusis?

- Son microorganismos que se replican siempre dentro de células vivas ;
- Utilizan (en mayor o menor grado) el sistema de sintesis de las células ;

- Inducir la diferenciacion celular, la sintesis de proteinas Yy son capaces
de transferir el genoma viral a otras células .
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Mondo globalizado con
CONTRASTES

Econdmicos
Sociales
Ambientales
VIRUS ?




Vivimos s y prosperamasios em unaa nubee dee viruss.

¢, Qué estan haciendo estos genomas alli?




La Virologia esffasoinante

ALos virus sonunaparteimportantedel ecosistema infectana todoslos seresvivos.

A Sin embargo,paralas personascomunes,los virus son "malas noticias envueltasen
algunaproteina’

Créame]jos virus puederhacermuchomasquecausarenfermedades




La cantidad deyinys;gue nosogelpean € asombrosa

103 particulagde bacteriéfagogn el suministrodeaguadel munda

Viruses drive global cycles
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Viral shunt
Viruses catalyze the

movement of nutrients
from organisms to the P-D-OM

DOM and POM pools < i\
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N

bacteria , ,

N s

Co,

1,000,000,000,000,000,000,000,000 infections/sec




¢Por gué estudiar virus?

Existeninnumerablegarticulaglevirus conunadiversidadsorprendente
-  Tamanodelgenomanaturaleza topologia

- Particulagxtranas

- Estrategiasle codificacionincreibles

- Tropismodetejidos/ células

- Gradosdepatogénesidebenignosaletales




Vinus buenos

Non-colonized

Dichanthelium
lanuginosum

Curvularia
protuberata

55°C

Nature Reviews | Microbiology

The panic grass Dichanthelium lanuginosum is found in geothermal soils in Yellowstone National
Park, USA, where it can grow at soil temperatures >50 AC. The plant requires a fungal
endophyte, Curvularia protuberata, to survive at this temperature. In turn, the fungus requires a virus,
Curvularia thermal tolerance virus (CThTV), to confer this thermotolerance effect.




YVivus buenos

Europe PMC Funders Group
Author Manuscript
Nature. Author manuscript; available in PMC 2015 June 04.

Published in final edited form as:
Nature. 2014 December 4; 516(7529): 94-98. do1:10.1038/nature13960.

An enteric virus can replace the beneficial function of
commensal bacteria

Elisabeth Kernbauer' 2, Yi Ding3, and Ken Cadwell'2
'Kimmel Center for Biology and Medicine at the Skirball Institute, New York University School of
Medicine, New York, NY 10016, USA

?Department of Microbiology, New York University School of Medicine, New York, NY 10016,
USA

3New York Presbyterian Hospital, New York, NY 10065, USA




An enteric virus can replace the beneficial function
of commensal bacteria
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Metagenomiica
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La metagenomica
nos da una idea




Nervous system

DNA viruses | RNA viruses Teguments
Herpesviridae | Bornaviridoe DNA viruses

Flaviviridae Herpesviridae

Blood
DNA viruses RNA viruses
Adenoviridae Hepeviridae
Baculoviridae Flaviviridee
Herpesviridae Bunyaviridae
Marseilleviridae | Paromyxoviridee
Myoviridae Retroviridae
Polyomaviridae
Papillomaviridae
Poxviridae
Siphoviridae
Unassigned
Anelloviridae
Inoviridoe
Microviridoe
Parvoviridae
Digestive tract
DNA viruses RNA viruses
Herpesviridae Picobimaviridae
Marseilleviridae Reovindae
Myoviridae Calicivindae
Popillomaviridae | Astrovindae
| Podoviridae Virgaviridoe
Polyomaviridae P
Poxviridae
Siphoviridae
Unclassified phages
Anelloviridae
Circoviridoe
Inoviridae
Microviridoe
Viral Groups
double stranded DNA viruses
single stranded DNA viruses
double stranded RNA viruses
(+) single stranded RNA viruses
(-) single stranded RNA viruses
Retroviruses

Myoviridae
Papillomaviridae
Podoviridae
Polyomaviridae
Poxviridae
Siphoviridae
Unclossified phages
Anelloviridae
Circoviridoe
Inoviridae
Microviridae
Paorvoviridae

Respiratory tract

DNA viruses RNA viruses
Adenoviridae Coronaviridae
Iridoviridae Picornaviridae
Herpesviridoe Orthomyxoviridoe
Mimiviridae Paramyxoviridae
Myoviridae
Papillomaviridae
Phycodnaviridae
Podoviridee
Poxviridae
Siphoviridae
Unclossified phages
Anelloviridae
Parvoviridae

Genito/urinary tract
DNA viruses
Adenoviridae
Herpesviridae
Papillomaviridoe
Polyomaviridae
Anelloviridae

Viroma Humano
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284 Wylie et al

« Definition of integration
sites and gene expression

and disease

« Effects on bacterial
community structure and
metabolic potential

« Association with health

Commensal
—— bacteriophage

« Effects on bacterial
community structure and
metabolic potential

» Association with health
and disease

Translational Research

= Effects on bacterial
community structure and
metabolic potential

« |dentification of genes that
may affect human health

October 2012
« Effects on human health
+ Interactions with immune
system and other
pathogens
« Effects on human health
« Interactions with immune
system and other
pathogens

efc.)

« Association with disease
* Virus characterization
(demonstrate pathogenic,
isolate and study in vitro,

« Epidemiology




Historico

Los bacteriofagos (también llamados fagos del gricgco G 8 dUfagu Usta lni ménthgée,st)i
sonvirus queinfectanexclusivamentalos organismogrocariotagbacteriay arqueak

Frederick Twort Félix d Herelle
(18771 1950) (18731 1949)
doHerelle F. Sur un microbe i nvHiguds.iCbneptesrentusdeoni st e des baci

o O

A draieddes Sciencesi Series D. 1917; 165:3731 375


https://es.wikipedia.org/wiki/Idioma_griego
https://es.wikipedia.org/wiki/Virus
https://es.wikipedia.org/wiki/Infecci%C3%B3n
https://es.wikipedia.org/wiki/Procariota
https://es.wikipedia.org/wiki/Bacteria
https://es.wikipedia.org/wiki/Arqueas

Caracteristicas

A Un bacteri6fagdqfago),esun virus queinfectaa lasbacteriagprocariotos
A Comootrostiposdevirus, los bacteriofagosarianmuchoensuformay materialgenético

A Losgenomasiefagospuederconstarde ADN o ARN, y puedercontenerde 5000a 500000
genes

A La capsidede un bacteriéfagpuedesericosaédricafilamentosao enformacabezacola



~Archaea and Bacteria
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Bacteriofagos

Fago icosaédrico
(corticovirus)
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Infeccionespor bactetiofagos

A Los bacteriofagoscomo otros virus, debeninfectar a unacélulahospederaaraque seareproducido
(ciclo de vida del fago).

A Algunosfagossolo puederreproducirsgoor mediode un ciclo devida litico, enel cuallisany matana
lascélulasinfectadas

A Otrosfagospuederalternarentreun ciclo devidallitico y un ciclo devida lisogénicg dondeno matana

la célulainfectadasinoquesecopianjunto conel ADN del hospeder@adavez quesedivide la célula
O
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GRAM POSITIVE
BACTERIA HOST

Flagellum

Cell membrane

Host-virus
interactions

Peptidoglycan

/

Capsule
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| GRAM NEGATIVE
i BACTERIA HOST
Virion ‘
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Replication,

transcription,

translation
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Lipopolisaccharide
(LPS)

Inner membrane
Peptidoglycan

Outer membrane
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[oma neGaTvE sacna | [ommwrosmvesacrena | | [ wowcuies |
|
Host cell lysis

-Endolysin/holin/spanin
-Cell wall biosynthesis inhibition Viral budding

Viral genome packaging Fiber/spike assembly

Procapsid assembly Tail assembly

iral genome excision




Ciclo litico o lisogénico

Viral attachment
to host cell

Viral attachment
to pili

Degradation 1," ~Viral penetration
: of host cell envelope Into host cytoplasm

Viral attachment
to flagellum

Circularization |——3| Integration |




Interaccionesvirus - Bacteria

Superinfection exclusion

Modulation of host
virulence

Restriction/Modification
system

CRISPR-Cas system

degradation

o) Host DMNA replication

Translation shutoff
by haost toxin

Toxin-antitoxin




Problema

Solucion

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



WHAT THE /@47

Problema/solucion
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Proyectode innovacion
Experimental design
Sampli:n_g
Sample frac’i:i&i‘a___ation
DNA extréctiég
DNA sequ:enciné‘;,_‘
Assemfbly oaBainning
Annotaécion ‘
Statistical analysis
Data storage «=» Me’;iédata

’

Data sharing




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

Aguas residuales del hospital (Rio de Janeiro Brasil)

Organism (VirNoG) |

Annotation (UniProt)

| Virus host |

Enterobacteria phage P2

Replication gene A protein

OYUSNROLI OGSNAI OSI S ¢l

Organism (VirNoG)

Annotation (UniProt)

Virus host

Pseudomonas phage phikZ

PHIKZ214

Pseudomonas aeruginos@a ¢ | Pd7]5 Y

Enterococcus phage phiEF24¢

Ribonucleoside-diphosphate reductase

Enterococcus faecalis (Streptococcus faecalis) [TaxID: 1351

Organism (VirNoG) Annotation (UniProt) Virus host
Vibrio phage KVP40 Putative uncharacterized protein +AONAKR2 LI NI} KFESY2f&idAa Odz
Organism (VirNoG) Annotation (UniProt) Virus host
Bordetella phage BPP-1 Probable portal protein .2NRSiGSt | ONRYOKAASLIIAOLF o!f
Salmonella phage Vil RIIA protector from prophage-induced early | {FfY2yStfl G(GELKA ¢l EI
Human immunodeficiency virus Gag-Pol polyprotein l2Y2 &FLASYya ol dzYlkyo od
Haemophilus phage HP1 Capsid assembly scaffolding protein | I SY2LIKAf dzd w¢l EL5Y
Staphylococcus phage Twort ORF021 {0 L)Kef 20200dza LKl IS ¢g2
Enterobacteria phage P2 Endolysin OYGiGSNROI OG4SNRAI OSIS w¢l
Salmonella phage Felix O1 Lysozyme {FfY2yStfl w¢lFEL5Y p
Burkholderia phage BcepMu Gp29 . dzNJ) K2f RSNA I OSy20SLJ OA I
Enterobacteria phage Phieco32 Thymidylate synthase thyX/thy1l 93 OKSNA OKAI O2f A ¢! E
Clostridium phage phiCD119 Methyltransferase | f 230NARA2ARSa RAFFAOAES 6t SLJ
Halomonas phage phiHAP-1 DNA adenine methyltransferase I Ff2Y2yla Fljdzt YIENRYI ¢
Lactococcus phage c2 Recombination protein [ Oli20200dza of | OGUAO &iiNS
Clostridium phage phiCD119 Putative uncharacterized protein | f 230NARA2ARSaE RAFFAOALES ot §
Bacillus phage SP01 Probable portal protein . OAftfdza adzoldAftAd ¢l
Probable portal protein | I SY2LIKAf dzd w¢l EL5Y

Haemophilus phage HP1

Enterobacteria phage P2

Baseplate protein J

9y i SNRG6I OGSNRI OSIFS ¢l

Halomonas phage phiHAP-1

Putative baseplate assembly protein J

I Ff£2Y2y Il a Fljdzt YINAYI @¢




Resultados

Aguas residuales del hospital (Rio de Janeiro Brasil)

Organism (VirNoG) Annotation (UniProt) Virus host
Bordetella phage BPP-1 Probable portal protein 2NRSGSE fF ONRYOKA&ASLIIAOI o!f
Salmonella phage Vil Gp61 DNA primase subunit {LfY2yStfl GELIKA ¢l EI
Vibrio phage KVP40 dTMP (Thymidylate) synthase +AONAR2 LJ NI} KFESY2f &ddA Odz
Pseudomonas phage phikZ PHIKZ235 t aSdzR2Y2ylFa | SNHzZAA Y24
Pseudomonas phage LUZ24 Putative uncharacterized protein gp40 t 8SdzR2Y2y Il a | SNYzZAA Yy 2a
Staphylococcus phage Twort ORF052 {01 LJK&f 20200dza LIKI IS ¢g2
Enterobacteria phage P1 DNA-invertase OYGSNROI OGSNALF OSIFS ¢l
Organism (VirNoG) Annotation (UniProt) Virus host
Vibrio phage KVP40 DenV Endonuclease V +AONAR2 LJ NI} KFESY2f &dGA Odz
Bordetella phage BPP-1 Repressor protein cl 2NRSGSEfF ONRYOKA&ASLIIAOI o!f
Bacillus phage SP01 Gp31.2 . OAf fdzA &adzoGAf AE ¢l
Enterobacteria phage T5 Putative H-N-H-endonuclease P-TflIX 93 OKSNA OKAIl O2f A ¢!l H
Salmonella phage Felix O1 Putative uncharacterized protein {I Y2y St fl we¢l EL5Y p
Enterobacteria phage T7 Protein 7.7 93 OKSNA OKAIl O2f A ¢!l H
Pseudomonas phage LUZ24 Putative uncharacterized protein gp40 t aSdzR2Y2y Il & | SNMzZIAyYy 23
Enterobacteria phage T4 sensu l@iacterized 17.5 kDa protein in tk-vs interge 93 OKSNA OKAIl O2f A ¢!l H
Enterobacteria phage Phieco32, Appr-1-p processing enzyme family 93 OKSNA OKAIl O2f A ¢!l H
Chlamydia phage 1 Capsid protein VP1 /| Kt F YER2LIKAE I LIAAGGHI OA o/ Kf
Lactococcus phage c2 Recombination protein [ O020200dza o6f F OGAO & iGNSI
Mouse mammary tumor virus Gag-Pro-Pol polyprotein adzd Ydza Odzf dzda 6 a2dza S0 w¢
Vibrio phage KVP40 RIIB Protector from prophage-induced early ONAR 2 LJ NI KFSY2f &dA Odz
Salmonella phage epsilon15 Structural protein {IfY2ySttl |yl ildzy wt¢l E
Staphylococcus phage Twort ORF063 {0 LK&f 20200dza LKI IS ¢ 62
Burkholderia phage BcepMu Gp50 .dzNJ K2f RSNAF OSy20SLJ OAl
Halomonas phage phiHAP-1 Putative baseplate assembly protein J I Ff2Y2ylFa |ljdzZl YENAYI ¢
. aeO020l OGSNAdzY aYS3AYI (A A
Mycobacterium phage Bxz1 Gpl137 26020 OUENR doy O OOr 3 wd




Metodologia

A

Area de estudio y coleta de muestras »
(Aguasresidualedospitalar e deaguna$

sample A

AW \

F||tragem (08, 045 y 022 um) Contigs, Unassembled reads,

sample A sample A

Step 1

Aislamiento (Bacterias indicadoras)

( VPFs )%S-I&b contigs,
sample A

Step 3

Master table, sample &

Prueba de lisiBacteriagpatdgenas) l
SeCuenClaClén Olt\)ﬂr?rti;g:e;:nn:;:l;ifl
¢ v

( Database with all metagenomic viral contigs (from IMG/VR) )
& - .
AnalisisComputacionales l [sors r2ara
Viral groups, Low abundant
sample A viruses, sample A

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.




Metodoelegiay resultados
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Menu Togue para defir
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medicine

https://doi.org/10.1038 /541591-019-0437-z

Engineered bacteriophages for treatment of
a patient with a disseminated drug-resistant
Mycobacterium abscessus

Rebekah M. Dedrick™®, Carlos A. Guerrero-Bustamante™, Rebecca A. Garlena', Daniel A. Russell,
Katrina Ford?, Kathryn Harris?, Kimberly C. Gilmour?, James Soothill?, Deborah Jacobs-Sera',
Robert T. Schooley?, Graham F. Hatfull®' and Helen Spencer®*
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Fig. 1| Patient status before and after phage treatment. a, Lung function as percent predicted FEV1 (blue) and forced vital capacity (FVC; red).

b.c, Whole-body (b) and cross-section (¢) PET-CT scans 12 weeks before and 6 weeks post phage treatment. Arrows show (1) the sternal area and
surrounding soft tissue, (2) abdominal lymph nodes at the porta hepatis, and (3) skin nodules. Arrow 4 indicates normal kidney excretion. d, Upper and
lower panels show the patient's left arm and sternal wound, respectively, immediately prior to and 6 months after phage treatment. e,f, Phage titers by

plaque assay (e) or dPCR (f) following phage administration (vertical arrow). Serum (black bars), sputum (purple bars), feces (green bars), and wound
swab (red bars) were tested on the dates indicated (asterisks).
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More Is Better: Selecting for Broad
Host Range Bacteriophages

Alexa Ross, Samantha Ward and Paul Hyman*

Department of Biology and Toxicology, Ashland University, Ashiand, OH, USA




