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PROPRIEDADES GERAIS DOS VIRUS
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Virus vivem no nosso organismo de maneira harmoniosa a milhares de anos

* Presentes em todas as formas de vida

* No&s comemos e bebemos bilhdes de particulas virais

* Virus sao partes do nosso material genético
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Corpo Humano

Baleias: comumente infectadas por Células: 1013
Caliciviridae: 10*3 particulas de virus por dia Bactérias: 1014 (10x)
Virus: 101> (100x)



CONCEITO: o que sao os virus?

e Os virus sao microrganismos de grande simplicidade:

— pequenos, de 20 a 300 nm de diametro
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CONCEITO: o que sao os virus?

e Os virus sao microrganismos de grande simplicidade:
— pequenos, de 20 a 300 nm de diametro
— possuem apenas um tipo de acido nucléico (RNA ou DNA)
— desprovidos de estrutura celular
— nao crescem, nao metabolizam
— nao sofrem divisao
— inertes fora de células vivas

— sao parasitas intracelulares obrigatorios.



CONCEITO

Os virus podem ser definidos como organismos acelulares, cujos
genomas sao replicados, obrigatoriamente, no interior de uma
célula hospedeira.

Com base no seu cadigo genético e utilizando parte do
maquinario metabdlico celular, sintetizam os seus componentes
(proteinas e ac. nucléico) que se agrupam formando novas
particulas (virions).

Os novos virions serao liberados da célula hospedeira e irao
infectar novas células, perpetuando a espécie.



virus influenza

poliovirus

I

virus herpes
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Dmitri Iwanowski
1864-1920

HISTORICO

> A virologia teve seu inicio no final do século XIX,
com o reconhecimento da existéncia de agentes
infecciosos capazes de passar através de filtros
gue retinham bactérias.

> A primeira descricao do virus foi feita por Dmitri
lwanowski que, em 1892, referiu que o agente
da doenca do “mosaico do tabaco”, poderia
passar livremente através dos filtros: definicao
de virus como “agentes filtraveis”

> Ao utilizar filtrados de plantas doentes como

inoculo em plantas sadias e susceptiveis, houve
o surgimento da doenca
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Filtracao de extrato de plantas

contaminadas com a doenca do

mosaico do tabaco utilizando €) Extracted sap @) Passed sap €) Rubbed filtered
. o, from tobacco through a sap on healthy
filtros bacteriologicos plant with porcelain tobacco plants
tobacco filter known
(vermelho), os virus passam mosaic to trap
disease bacteria

junto com o filtrado para o

frasco.

() Healthy plants

became infected
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™~ Bacteria + virus

Berkefeld filters have three grades

of porosities, two of which hold
back all bacteria. These filters are

made of diatomaceous earth.
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Wendell Meredith Stanley
The Nobel Prize in Chemistry 1946

Prize motivation: "for their preparation of
enzymes and virus proteins in a pure form."

HISTORICO

> Marco fundamental: Wendell Stanley (1940)
descobriu que o virus do mosaico do tabaco
podia ser cristalizado (assim como os sais
inorganicos e proteinas moleculares) e que
0s cristais inanimados, podiam produzir
doenca em plantas sadias.

> A controvérsia: organismos vivos ou hao?
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An Egyptian stele, or stone
tablet, from the 18th dynasty
(1580—1350 b.c.) depicting a
man with a withered leg and the
“drop foot” syndrome
characteristic

of polio.
Livro: Flint, 2015
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O virus @ um ser vivo?

Organismo acelular

v' “Um organismo é uma unidade elementar de uma linhagem com uma histéria evolutiva individual.”
(Luria, 1978)

v" “acelular = sem estrutura de célula (protoplasma circundado por membrana).”

Ser vivo

v' Apresenta capacidade de: nutricdo, respiracdo, excrecdo, irritabilidade, movimento,crescimento e
reproducao.

v' Apresenta capacidade de: estocar e replicar informacdes genéticas e potencial de atividade
enzimatica.

v Vida pode ser um fendmeno associado com a replicacdo de sistemas de informacdo auto-codificados.



ORIGEM

e Seriam componentes celulares que adquiriram um involucro
proteico e tornaram-se autbnomos (involucao)?

e Seriam formas primitivas de vida ou moléculas primitivas auto-
replicativas?

 N3o possuem origem unica, provavelmente evoluiram com seus
hospedeiros.



ESTRUTURA DA PARTICULA VIRAL

GLICOPROTEINAS

Envelope

Acido Nucleico
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ESTRUTURA

acido nucléico protegido pelo capsideo viral.

Nucleocapsideo: Envoltorio:
Acido nucleico com o envoltério membrana lipo-protéica:
protéico lipideos - da célula
Proteinas : proteinas - virais
- protomeros
- capsoOmeros
- capsideo




ESTRUTURA

« A simetria icosaédrica

Modelos de virus icosaédricos
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Virus com

papilomavirus

simetria

rotavirus
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virus herpes
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ESTRUTURA

2 A simetria helicoidal
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Virus com simetria helicoidal

virus influenza

hantavirus
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ESTRUTURA

s Virus de simetria complexa
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Sao0 os virus os menores agentes infecciosos?

Particulas subvirais:

e virus satélite

Arrow points to an
adeno-associated

virus — v" Virus pequeno, defectivo,
& Tl v' Depende de outro virus para se
multiplicar
v Ex: dependovirus

e virdides

eeeeeee - mRNA:

Acido nucleico (ssRNA circular)

capaz de se replicar quando infecta uma célula
codifica ou ndao uma proteina

pode ou nao causar doenca

aaaaa

AN NI

nnnnnnn

N ® prions

v' Proteina (desprovida de acido nucleico)
v’ capaz de infectar células e causar doenca
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COMPOSICAO QUIMICA DOS VIRUS

» Acidos nucléicos - genoma

DNA
. fita dupla (ds)
. fita simples (ss)
. linear
. circular

RNA

fita dupla (ds)
fita simples (ss)
linear

circular

fita Unica

segmentado



COMPOSICAO QUIMICA

Proteinas

Codificadas pelo genoma viral

Estruturais Nao estruturais

- atividade enzimatica:

- replicacao do ac. nucléico
- protedlise

- modificacoes

- protecao do genoma
- reconhecimento da célula
- atividade biolodgica

- regulacao génica



* The Hershey-Chase
experiment

Viral protein
labeled with
radioactive sulfur

g

Viral DNA labeled with
radioactive phosphorus

Blending/separation Centrifugation/detection

¢ e
~(Ce )~

Radioactivity predominantly No radioactivity detected

in the supernatant fraction in next generation of phage

Radioactivity predominantly Radioactive DNA is
in the cell pellet detected in progeny phage




COMPOSICAO QUIMICA

Lipideos
- provenientes das membranas celulares
- compoem o envoltdrio ou envelope

Glicideos
- presentes nas proteinas de envoltério
- glicosilacao é feita na célula hospedeira



Early (1796-1930) Middle (1930-1954) Late (1957-1980) Recent (1980-2008)
1796: Cowpox virus used to 1931: Virus propagation in 1957: In vitro assembly of virus 1983: HPV causes cervical cancer
vaccinate against embryonated chicken eggs (TMV) (Fraenkel-Conrat, (zur Hausen)
smallpox (Jenner) (Woodruff, Goodpasture) Williams)
Interferon (lsaacs, 1983: Discovery of the AIDS virus
1885: Rabies vaccine (Pasteur) | |1933: Human influenza virus Lindemann) (HIV) (Barré-Sinoussi, Montagnier)

advances recognized
by a Nobel Prize

[ ] Medical breakthrough

E] Other important
landmarks

2008: Discovery of Sputnik- a satellite/virophage of a mimivirus (LaScola)

2013: Discovery of Pandoravirus salinus; 2.5Mbp genome.

2008: Successful gene therapy with AAV vector for incurable retinal degeneration (U.S.A.)

2010: Vertebrate genomes carry ancient non-retroviral genomes (Horie, Belyi, Katzourakis)
2011: Rinderpest virus eradicated: first animal disease to be eradicated by mankind and the second after smallpox.

2012: Gene therapy using an AAV vector for lipoprotein lipase deficiency approved for clinical use in the EU.

(Smith et al.) ) )

1892: Description of filterable Rabbit papillomavirus 1963: Hepatitis B virus (Blumberg) | 1983-1985: Development of screen for
infectious agent (TMV) (Shope) 1967: Phage ) repressor (Ptashne) HIV infection (Montagnier, Gallo)
ot R 1989: Hepatitis C vi hton et al

1935: TMV crystallized (Stanley) . Hepa' rus (Houg etal)

1898: Concept of the virus as 1970: Retroviral reverse )

a contagious element 1938: Yellow fever vaccine transcriptase (Temin, 1994: Kaposi's sarcoma virus (HHV-8)
ga’_‘_t "_'“'IS()WV) (Theiler) Baltimore) LTI

eijerinc
Animal virus (FMDV) 1939: One-step growth cycle for 1972: Recombinant DNA 1997: HAART treatment for AIDS
(Loeffler, Frosch) phages (Ellis, Delbrack) (phage A, SV40) (Berg) S——

1901: Human virus (yellow i ) 1973: MHC presents viral antigens syndrome (SARS) worldwide
fever virus) (Reed et al.) 1941: \ﬁms—asocneted enyma to lympt tes outbraak and amant

(influenza virus) (Hirst) (Doherty, Zinkernagel) conta

1903: Rabies virus (Remlinger, | (1948 Poliovirus reproduction in 2005: Hepatitis C virus propagation in
Riffat-Bay) l nonneuronal cell cultures Lt g:gmr::gcceu g“senes L cultured cells (Chisari, Rice,

1908: Leukemia-causing virus {Endars, Weller, Robbiny) (Bishop, Varmus) Ln L) .
(Ellerman, Bang) 1955: Human single cell culture 1977: RNA splicing di - zf“:\mgui(:\';l :re‘:zs:errﬁ;‘:enﬁom

(HeLa) (Gey et al.) : ; Soovel
1909: Poliovirus (Landsteiner, Optimization of cell growth (Tad:'og‘s"u?;)r g;':eg;é Sharp) (Palese, Tumpey, Taubenberger)
Po, medium (Eagle - .
ppen (agle) (SV40) (Levine, Crawford) | 2006: Vaccine against human
1911 Sold tumorvius (V) | 1952 Poliowius laque 53y | | 1078 Vial genomes sequenced S
San
Viral genome is nucleic SIirusg:rr))vstal structure the hepatitis B vaccine
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CLASSIFICACAO/Taxonomia

* Segundo o hospedeiro
The International Committee on Taxonomy of

— Virus de vertebrados Viruses Universal System of Virus Taxonomy = ICTV
— Virus de invertebrados (Committee of the Virology Division of the International

) Union of Microbiological Societies)
— Virus de plantas

— Virus de bactérias (Bacteriéfagos) Genera: -virus
, . , Subfamilies: -virinae
— Virus de fungos (Micovirus) Families: -viridae

Order: -virales

* Segundo o tipo de acido nucleico
— virus de DNA
— Virus de RNA
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CLASSIFICACAO/Taxonomia

Presenca ou auséncia de envoltorio:
envelopados
nao envelopados

Estrutura e simetria do capsideo

Composicao quimica

Homologia nucleotidica



CLASSIFICACAO

Virus de vertebrados

Q
w
Q.
Togaviridae (o)
Coronaviridae Paramyxoviridae 8unyavmdae Retroviridae Poxviridae, -
Rhabdoviridae Chordopoxvirinae g
* . i
-
Torovirus  Orthomyxoviridae  Arenaviridae Filoviridae Heriridae Hepadnaviridae
100nm 0
Flaviviridae dsDNA E
&3 :
d
ssRNA >
@ Papovaviridae Adenoviridae Iridoviridae E
& ssDNA $ 5
Picornaviridae  Caliciviridae Reoviridae Birnaviridae Parvoviridae Z

Fig.5 Diagrammatic representation of the families of viruses infecting vertebrates, grouped according to
the nature and strandedness of their genome and the presence or absence of an envelope. Reproduced
with permission from Springer-Verlag.
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CLASSIFICACAO

Virus de bactérias

RNA DNA
dsRNA dsDNA
oD > =
Cystoviridae Plasmaviridae SSVI group Lipothrixviridae
100nm
ssRNA ssDNA dsDNA  Corticoviridae Tectiviridae
o | X 1O
Microviridae profile section profile section
@ | Myoviridae, isometric head
Leviviridae (G /
Inoviridae,
P;Z:::‘rrévic;zs | Myoviridae, elongated head

Inoviridae, Inovirus

T

Podoviridae

) Siphoviridae

ENVELOPED

NON-ENVELOPED

Fig. | Diagrammatic representation of the families of viruses infecting bacteria, group according to the
nature and strandedness of their genome and the presence or absence of an envelope. Reproduced with
permission from Springer-Verlag.
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CLASSIFICACAO

Summary Characteristics of Vertebrate Virus Families

Family Nucleocapsid morphology  Envelope  Virion morphology Genome* Host*
dsDNA viruses
Adenovindae lcosahedral No lcosahedrd 1 ds linear, 26-48 kb v
Alloherpesviridae Icosahedral Yes Spherical, tegument 2ds linear, 135-294 kb v
Asfaviridae lcosahedral Yes* lcosahedrd 1 ds linear, 165-190 kb V.l
Herpesviridae lcosahedral Yes Spherical, tegument 1ds linear, 125-240 kb Vv
Iridoviridae lcosahedral No? lcosahedral 1 ds linear, 140-303 VI
Papillomaviridae lcosahedral No lcosahedrd 1 ds circular, 7-8kb v
Pdyomaviridae lcosahedral No lcosahedral 1 ds circular, 5kb v
Paxvindae Ovoid Yes Ovod 1 ds linear, 130-375 kb V.l
ssDNA viruses
Anellovirus Icosahedral No lcosahedral 1 — circular, 2-4kb v
Circoviridae lcosahedral No lcosahedrd 1-or £cicular, 2kb v
Parvoviridae lcosahedral No lcosahedrd 1+, —orxklinear, 4-6kb V.|
dsDNA reverse transcribing viruses
Hepadnaviridae lcosahedral Yes Spherica 1 ds circular, 3-4kb v
ssSRNA reverse transcribing viruses
Metaviridae Spherical Yes Sphericd 1 +linear, 4-10kb F.LPV
Retroviridae Sphericd, rod or cone shaped Yes Sphericd 1+ linear dimer, 7-13 kb V
dsRNA viruses
Birnaviridae lcosahedral No lcosahedrd 2 ds linear, 5-6kb Al
Picobirnavindze lcosahedral No lcosahedral 3ds linear, 4 kb v
Reoviridae lcosahedral No lcosshedrd, layered 10-12 ds linear, 19-32kb V. I.P.F
Negative sense ssRNA viruses
Bornaviridae ND* Yes Sphencd 1—linear, 9 kb v
Deltavirus' Isometric Yes Sphericd 1—circular, 2 kb v
Filoviridae Helical filaments Yes Bacilliform, filamentous 1 — linear, 19kb v
Onthomyxoviridae Helical filaments Yes Pleomomhic, spherica 6-8 — linear, 10-15kb v
Paramy xoviridae Helical filaments Yes Feomorphic, sphericd,  1-—linear, 13-18 kb v
filamentous
Rhabdoviridae Coiled helical filaments Yes Bullet shaped 1—linear, 11-15kb V.I.P
Positive sense ssRNA viruses
Antenviridae Linear, asymmetric Yes Sphencd 1 +linear, 13-16 kb v
Astroviridae lcosahedral No lcosahedrd 1 +linear, 6-8 kb v
Caligviridae Icosahedral No Icosahedral 1+ linear, 7-8 kb v
Coronaviridae Helical Yes Sphenicd 1 +linear, 26-32 kb v
Flaviviridae Spherical Yes Sphericd 1 +linear, 9-13kb (Al
Hepevirus® lcosahedral No lcosahedra 1 +linear, 7kb v
Nodaviridae lcosahedral No lcosahedral 2+lineaxr, 45 kb Al
Picomawindae lcosahedral No Icosshedrd 1 +linear, 79 kb v
Togavindae Icosahedral Yes Spherica 1 +linear, 10-12kb V.|
Ambisense ssRNA viruses
Arenaviridae Filamentous Yes Sphericd 2tlinea,11kb v
Bunyaviridae Filamentous Yes Sphencd 3-ortlinexr, 11-19kb V. I.P
Subviral agents: prions
Prions — — — — V.F
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CLASSIFICACAO

Group| Grouwp Il Group Il Group IV GroupV Grouwp VI Group VIl
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DNA(+/-) DNA(+) RNA (+/-) RNA(+) RNA(-) RNA(+) DNA(+/-)
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FIGURE 2.1. The Baltimore classification, a virus classification scheme based on the form of nudeic acid
present in virion particles and the pathway for expression of the genetic material as messenger RNA'
The onginal scheme contaned growps | through VI and has been expanded to accommodate DNA-containing, reverse
transcnbing viruses. Viruses containing ambisense single-stranded RNA genomes are grouped under negatve sense
single-stranded RNA viruses. (Reprinted from Hulo C, de Castro E, Masson P, et al. ViralZone: a knowledge resource
to understand virus diversity. Nucleic Acids Res 2011;39 Database issue):D576—-0582; ViralZone, Swiss hstitute of
Bioinformatics, http:fwww.expasy.ch/viralzone/, with permission.)
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