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tecnoldgica
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VIRUS

Doencas

Aspectos ecologicos
Ambiente aquatico

= Particulas de 0,2 a 200 ym

= Elevadas Concentracoes:

106 partl’CUIaS/mL (oceano profundo)

10° partl’CUIaS/mL (regido costeira)

= Estima-se nos oceanos: 4 x 1030 virus




Hospedeiros

Detalle de los esporangics. Galicia, @ lgnacio Barbara

« Algas macroscopicas * Algas unicelulares * Cianobacterias

 Bactérias

 Archaea

 Protozoarios



' 2 S h 0,8a1,5
Cianobactérias ynechococcus (0,8 a 1,5 ym)

Prochlorococcus (0,5 a 0,8 um)

Organismos unicelulares,
fotossintéticos.
10° cels/ mL

"

AhundaM

Diatoms Flagellates  Synechococcus ~_ Prochloroc

0 mmolPm? & 0 mmolPm® & 0 mmolPm? 5 0 mmolPm?

MAGE: MIT DARWIN PROJECT, ECCO2,
MITGCM/OLIVER JAHN (MIT), CHRIS HILL

g\ﬂm(I'\IE/I\ll(\/:I}é;(()l\li:_T?V\lglsl\ﬁll\'Argl)sSl\;lrEEl\ITEIGEII\IEL|S http://www.sciencemag.org/news/2017/03/meet-obscure-microbe-influences-climate-ocean-ecosystems-and-
(JPL) ' perhaps-even-evolution?utm_source=sciencemagazine&utm_medium=facebook-
text&utm_campaign=pennychisholm-11726



Virus de cianobactérias

Fagos DNA fita dupla

Podovirus P-SSP7

Myovirus P-SSM2
P-SSM4

Courtesy M. Sullivan/MIT



Virus de algas

Familia Phycodnaviridae
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» Infectam algas eucari

ambientes aquaticos

» Tamanho 100 a 220 nm de didmetro
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Virus de algas

Geénero Chlorovirus

PBCV-1
(virus Chlorella de Paramecium bursaria)

Hospedeiro: Algas verdes unicelulares
Tamanho em torno de 200 nm do género Chlorella

Simetria icosaédrica

* vida livre
 zoochlorella ou Chlorella-like
(simbiontes de paramécios)

Sem envoltorio

. _"Dense material”

Capsid
‘Cement”
protein

Genamic DNA

Inner membrane

Chlorella NC64A - 16 tipos virais

Chlorella Pbi - 5 tipos virais



Virus de algas

Género Prasinovirus

Virus: MpV-1 Micronomas pusilla
(Prasinophyceae, Género Micromonas, alga unicelular)

Género Raphidovirus

Heterosigma akashiwo RNA virus (HaRNAV)

Heterosigma akashiwo nuclear inclusion
virus (HaNIV)

Género Phaeovirus — membros presentes em ambiente marinho

Virus: EsV-1 -Ectocarpus siliculosus
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Virus de algas

Género Prymnesiovirus

Phaeocystis globosa virus 1

Hospedeiros:

Phaeocystis globosa - aguas de clima temperado e tropicais
Phaeocystis. antarctica - aguas da Antartica

P. pouchetii — aguas articas

http://www.gtresearchnews.gatech.edu/single-celled-

transformers/ (Matriz polissacaridica)




Virus de algas

Género Coccolithovirus

Coccolithovirus 86 (EhV-86) Hospedeiro: Emiliania huxley i

Maiores virus marinhos em termos de
genoma conhecidos — “virus gigantes)

Genoma DNA fita dupla codificando 472
proteinas

10 espécies e sO 2 sequenciadas - EhV- Floracdo - 2004
86 e EhV-203



, , i Virus de Protozoarios
Megavirus (Virus Gigantes)

Hospedeiros: amebas de vida livre (Acanthamoeba )

Genoma DNA fita dupla com
cerca de 1.000 genes e
1.259.197 pares de bases

Pithovirus
sibericum

Mimivirus de
A. polyphaga

Capsideo icosaédrico - cerca
de 390 a 440 nm

Recobertos por camada de
fibras

~75 nm (Mega)
~120 nm (Mimi)

Pandoravirus dulcis

Megavirus
chilensis
Tupanvirus P salinus

Genomas de 1,5 a 2,5 megabases



Virus que infectam Bacteria

Bacteriofagos

« Mais numerosos
. Tamanho de 30 — 70 nm

. Causam 40 a 75% das mortes

Familias
Siphoviridae caudas longas e flexiveis;
Podoviridae cauda curta;

Myoviridae cauda contratil
(maioria dos cianofagos)




Virus de Archaea
Estrutura

Genoma A Fusefloviridae STSV1, APSV

DNA ds ou DNA ss
Tamanho de 14 a 50kb
Linear ou circular

Formas variadas

Envoltorio

Presente em algumas espécies




Biomass Abundance

[ Prokarvotes

B rrotists
. WarLses

Mature Reviews | Microbiology

VIRUS

Concentracao 15x maior do que as

bactérias e arquéias

> Por que tao
* numerosos?




Funcbes do virioplancton nos ecossistemas
aquaticos

+» Causam 40 a 75% das mortes

» Ciclagem de nutrientes

» Retencao de nutrientes na zona eufotica

» Influéncia direta sobre o clima global

» Manutencao do equilibrio populacional

dentre os produtores primarios
(Hipotese Kill the Winner)




1. Ciclo litico

https://www.youtube.com/
watch?v=Ms2xhuKgmDI

Fagos virulentos (T4)

v’ Estabelecem sd ciclo litico

v’ Infectam as bactérias hospedeiras, injetam seu acido
nucléico e progénie formada é liberada por lise

ADSORPTION PENETRATION
= - v C - }
- - e - - 4
REPLICATION AND MATURATION RELEASE




Funcgbes do virioplancton nos ecossistemas
aquaticos

Hipotese “Kill the Winner”

o

a populacao mais bem sucedida deve ser eliminada”



Fagos temperados (1) v’ Estabelecem tanto ciclo litico como lisogénico.

2. Ciclo lisogénico

%\ ADSORPTION PENETRATION

v/ Quando a bactéria hospedeira
estd em um ambiente de condicdes
nutricionais pobres optam pelo ciclo
lisogénico (s6 serdo capazes de

PROPHAGE FORMATION SPONTANEOUS INDUCTION produzir poucos virus).

v/ Podem ent3o incorporar no
genoma da bactéria ou formar um
plasmidio

REPLICATION AND MATURATION RELEASE v Quando saem deste estado,
passam a se multiplicar e progénie é
liberada por lise.

https://www.youtube.com/
watch?v=JhyBNdukhPE




RelacOes parasita-hospedeiro: controle de populacdes no meio
ambiente aquatico

2. Piggyback-the-Winner (PtW)

A lisogenia predomina em altas
taxas de abundancia e crescimento
microbiano
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Funcées do virioplancton nos ecossistemas
aquaticos
» Transferéncia horizontal de genes

* Variabilidade
genetica

Ciclo

lisogénico

Red Queen Hypotesis
(adaptar e proliferar para sobreviver,

coevolugéo)
:: > Evolugao




Manipulacao do

Género Coccolithovirus ecossistema por virus

The 'Cheshire Cat' escape strategy in
response to marine viruses

http://www?2.cnrs.fr/en/1294.htm

Station Biologigue
de Roscoff

Cocolito
Floracdo na costa da Diploide ‘ haploide (resistente)
Cornualha em 2004 vista do
espaco

http://WWw.nhm.ac.uk/nature-online/species-of-
the-day/biodiversity/climate-change/emiliania-
huxlevi/biology/index.html




Coccolithophond
phwtoplankion

Manipulacao do
ecossistema por virus

Ex. genes virais
para aquisicao
0o de fosfato sdo
5 O ativados no
Change of stage hospedeiro qdo
b este esta em
M| ambiente com
¥ baixa
- : concentracdo de
24 . fosfato

o <

Haplold, mofibke and
nar-mokile virus rasiEtanl

'‘Cheshire Cat’ effects on phytoplankton

MBSy P G reSSlon
In cyasobaciara

. &, Niche expansion,
R _':b new metabalisms

Horiegdtal
wena transher

Horlzontil
peni transtar

GTAs Eukaryotic Phage
Gene Transfer Agents  viruses
Lysts

‘QL Bacterial martality

Red Quean’ effects an phytoplankton
through predator-prey Interactions




Fatores que influenciam a producéao e a distribuicao
viral em ambientes aquaticos

» Produtividade e densidade das populacoes de hospedeiros,
especialmente de bacterioplancton

» Fatores fisicos: temperatura da agua, luminosidade e
profundidade

» Gradientes de salinidade

» Variacao sazonal




Fatores que influenciam a producéo e a distribuicao
viral em ambientes aquaticos

Infectividade, inativacao e decaimento viral

» Perda da infectividade: Luz UV

/
;‘S,NU“J"“‘M’/ infectividade restaurada por fotoreativacao (virus usa
= mecanismo do hospedeiro)

=y
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» Remocao dos virus da coluna d’agua

Sedimentacio por adsorcao em material particulado
Predacao por protistas flagelados

Desintegracao das particulas virais por moléculas bioativas
como exoenzimas, proteases e nucleases.



Funcoes do virioplancton nos ecossistemas
aquaticos

EQUILIBRIO

no ambiente aquatico e na Natureza




Metodos para deteccio de virus

Cultivo de algas
Chorella e ensaios de

_ Ensaios quantitativos
plaqueamento viral

Microscopia de epifluorescéncia
com SyBR green

Meétodos moleculares



Bacteriofagos

Metodos para deteccao de virus
Metodo de plaqueamento

.l ml 0.1

v' Deteccao
v Isolamento e A
v Quantificagao

(b) Lytic plaques

o .
ST At o 2 —v 3 3
| ] {*l’_:l-'_‘"_,' ;J- ol g

e .f.r :;r:._"' M '-.':IE..".. r_.-:]-"_.—'.r""l_':;- '-.--I-"rf;::"r

o R T g N

QRN

o ’

sl

No. Unidades formadoras de placa
(UFP/mL)



Legend (Ponto de Coleta):
Wi Manancial BSL Manancial ISL Fsgote TS Fsgoto

- Lo
o
E
>
_§ 50
B
E
=]
H
10
]
o
Familias
1,000
e
g
E
E s00
z

100

un

=

Familas




Sempre considerar que as interferéncias no ambiente
macroscopico podem ter repercussdes no microscopico...

...que sO serao observadas com o passar do
tempo e gdo estas se manifestarem ja podem
ser, muitas vezes, irreversiveis.




Fagos
aspectos ecoloégicos com
aplicacao tecnologica




Controle biolégico de
floracoes de algas

Available online at www.sciencedirect.comr

science (oineer:

ELSEVEER Virology 341 (2005) £0— 90

http-hwanw livescience.comi/47489-viruses-kill-algae-blooms. htmil

Viruses Deflate Huge Algal
Blooms at Sea

Laura (Geggel, Staff Writer | August21, 2014 01:57pmET

Pinit | p sarallite image of an algae patch, with diamonds
representmg sample sites.
Credit: Cutrent Biology, Lehahn etal.

Gobs of microscopic organisms called algae may have met theirmatch in

viruses that can invade their cells, ultimately leading to death, new research
suggests.

The findings may help researchers refine models that forecast algal blooms and
the influence these microscopic plants have on the climate, experts say.

VIROLOGY

www.clscvier.comflocate/yviro

Characterization of different viruses infecting the marine harmful algal

bloom species Phaeocystis globosa

A.-C. Baudoux, C.P.D. Brussaard®

Depeartment of Blological Oceanography, Roval Netherlands Instinge for Sea Research, PO Box 58, NL-1700) AB Den Burg, The Netherlands

Received 6 April 2005; returned to suthor for revision 3 May 20035; scoepred 5 July 2005

Available online 2 August 2005



Controle de floracoes de algas

Cyanophage-Biotechnology Innovation

Sample collection

Cyanophages Isolation

Develop cyanobacterial kits
1. SMART rapld dlagnostic ,
2. Bio-contfol,

Production of smart phages
1.Efflcacy.

2. Kinetic

3. Characterizatlon,

4. Reprogramming

5.Blo-safety.

i. Banking.

Marine & Freshwater
Environmental Applications



Aditivos alimentares

: ; .| 2006 - FDA regulamenta uso para controle
BaCtefla'Eatlng Virus bacteriano em alimentos: Listeria
.y monocytogenes. LMP-102 (ListShield by
ApprDVEd as FOOd Addltﬁ\'e Intralytix) para carnes vermelhas e de ave

industrializadas.
ot &l viruzes harm people The Food and Drug
N Adrrnistration kas spproved a msture of whoses &S
a food additee to protect people. The additive can
b usad in processing plants Tor spraying amo ready-to-e3

http://undmedlibrary.org/images/users/dawn.hackman/597f2869435caf64709d849021509a49.pdf

Pathogen

Escherichia coli
O15T:H7

Salmoneila

Campylobacter

Listeria monocytogenes

Enterobaclier sakazakil

Staphyfococcus aureus



Aditivos alimentares

Letters in Applied Microbiology ISSN 0266-8254

UNDER THE MICROSCOPE

Bacteriophages and their application in food safety
P. Garcia, B. Martinez, J.M. Obeso and A. Rodriguez

X

Table 2. Main advantages of bacteriophages as biocontrol tools in food safety

i
History of safe use
Phage Ubiguitous in nature including food ecosystems
Matural commensals of humans and animals
Phagetherapy l I Biosanitation ] |Bloc0mroll M“’&“O"J Extensive clinical use in Eastern Europe
Highly active and specific
Disinfoct f C Mo adverse effects on the intestinal microbiota
Reduction of ISIn.eC 10NO arcasses Er—oroduct | 1 i ;
COIOnIZaiIOn equ|pment. Hawpro,ducts ina pr uc MANoCUous o mammalan cells
contact surfaces | | RTE products Autoreplicative
' Can be active against biofilms —
% {8\ w Genetically amenable
= @ Versatile use along the food chain
Phage therapy, biosanitation, biopreservation
Animals Foodstuff Storage and oo nsumer _
industry marketing Tools for detecting pathogens

Source of potent antimicrohials
“Farm to fork” ) .
D I I I Endolysins and other peptidoglycan hydrolases

Letters in Applied Microbiology
Volume 47, Issue 6, pages 479-485, 15 OCT 2008 DOI: 10.1111/j.1472-765X.2008.02458.x

http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2008.02458.x/full#f1




Fins terapéuticos

E. Scarpellini et al. / Digestive and Liver Disease 47 (2015 1007- 1012

1941 - Georgia POTENTIAL THERAPEUTIC APPLICATIONS

OF BACTERIOPHAGES
ANTIMICROBIAL PURPOSES | MICROBIOTA MODULATIQ@

Tratamento de infeccdes por
bactérias multi-resistentes

A) B) <)
Pure Antibiotics + Phages +
lytic phages || lytic phages healthy gut microbes |
Mono-phagic administration | Muiti-phagic administration ‘
Controle da microbiota - Clonalselecton —
5 Phiigs prebarion + Nutrients biosynthesis
i nte St| Nna | sitaration + Nutrients degradation
Rapid development | Synergistic action Host/microbiome benefit
of resistance
to phages Less resistance

High microbiota stability

to phages




Fagos “delivery”

Y

Solutions  Products&Services  Partners  About

PhagesBased Technologies The EpiBiome Process

High throughput phage
discovery against
pathogens

STEP 2 STEP 4

Collect natural phages Corculture the bacterial
isolate with phages

STEP S5

Isolate "lysing” phages

STEP 6

Create a phage cocktail

/www.epibiome.com/products-
services/phage-based-technologies/



Desinfeccao de sistemas de
nebulizacao: hospitalar, industrial,
agricola

Mobile phage fogging system

Cold fogger covers a large
y  area and can be used to
disinfect hospitals,
restaurants, classrooms,
greenhouses, washrooms,
and other public places.

Phage cold fogging system: Is a high speed aeroscl dioplets (less than 15 micron in
diameter) systems &is wireless connected with the target bacterial-alarm sy stem.

B[

Phage Technology
Overcoming barriers to optimize phage technology

Clean water from commercial-industrial
grey water

Our PhytoPhage solutions can be applied
to clean polluted water and for cleaning
and recycling commercial and industrial
wastewater streams

http://appliedbioresearch.co/Phage_Te
chnology.html



international Biodeterioration & Biodegradation 87 (2014) 66—74

Contents lisis available at ScienceDirect

International Biodeterioration & Biodegradation

journal homepage: www.elsevier.com/locate/ibiod

Microorganisms: Induction and inhibition of corrosion in metals
Kiana Alasvand Zarasvand, V. Ravishankar Rai’
Department of Studies in Microbiology, University of Mysore, Mysore 570006, India

K. Alasvand Zarasvand, V.R. Rai / International Biodeterioration & Biodegradation 87 (2014) 66-74

A Enzymatic degradation of Infection of bacteria and Bacterial cell Iysis

EPSby phage bacteriophage multip lication

Controle de souring por BRS
em pocos de producao de
petroleo

Paper No. »
B

11222 ﬁN Al " CORROSION 2011

ronn: CONFERENCE&EXPO

Phage of sulfate reducing bacteria isolated from high saline environment

ABSTRACT

Sulfate reducing bacteria (SRB) cause significant problems in the petroleum industry through
fouling, corrosion of metal pipelines and infrastructure, and by degradation of petroleum in reservoirs
(reservoir souring) and storage facilifies. Current control efforts include regular cleaning and the use of
chemical biocides that are both toxic to the environment and are not always effective. We are actively
investigating the potential use of phage for controlling SRB. Phage are natural, bacteriolytic viruses that
are highty specific for bacterial hosts and harmless to all other Iife forms, including humans. The use of
phage requires knowledge of the specific bacterial target. Here, we identify the bacteria present in an
oil brine and mud sample and report phage efficacy experiments combating the growth of these HyS






