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Regras de convivéncia pacifica

« Comeco da aula cercade5
min apos as 14h

« Evitar saidas desnecessarias
» Celulares desligados

: Live as if you were to
die tomorrow.

Mohandas K. Gandhi



DEFINICAO:

O gue sé&o virus?

“Virus: pequenos
que . Os virus
utilizam o aparato enzimatico da célula hospedeira para
sintese de seus componentes e sua perpetuacao na

natureza.”




“Os virus sao infecciosos e
potencialmente patogénicos; sao
portadores de um unico tipo de
acido nucléeico (DNA ou RNA);
reproduzidos a partir de seu
material genético; incapazes de
crescer e se dividir; e
desprovidos de sistema de
Lipman”







Possivel origem dos virus

POSSIBLE ORIGINS OF VIRUSES

1: From free-living 2: From host-cell 3: From complex
organisms genome polymers {coevolution
with cellular life forms)

cell Cell Paol of nucteotides

Polynucleotides

¥

Self-replicating RNAs

\

Maove imnta Paal ol RNA, DNA, proteins,
acell lipids, carbohydrates

Bactenal DNA genome Coevolution

Free-living bacternam

Cell

Muluple sell-replicanng
RNA (from host-cell mRNA)

Maove into
acell

|
Progressive loss of bacieral
aenetic infarmation and fnacions

Multiple sell-splicing
RNA (from seli-
replicanng RNA derived
Trony host-cell mRNA)

Virus
Vicus

1
Al three theories yieht both cellular lile tarms (hosis) and
viruses (obligate intracellular parasies)



Irus?

Ve

Por que estudar v




Os virus possuem maior diversidade biologica
do que bactérias, plantas e animais.

Mimivirus
Acanthamoeba polyphaga

Virus Influenza

Virus X4

ONDE HA VIDA, HA VIRUS



HISTORICO

+1876 Adolf Meyer: Mostra que a Doenca do Mosaico do Tabaco é contagiosa

+1892 Iwanowski: “Doenca do Mosaico do Tabaco é causada por um agente filtravel”

+1898 Martinus Beijerinck: Eluidum vivum contagiosum

1898 (Loeffler & Frosch): “fluidum contagiosum” da febre aftosa

+1901 (Walter Reed): “fluidum contagiosum” da febre amarela

1917 (Felix d’Herelle): Bacteriéfagos g 53
oo o
«1930: Invencgdo do Microscépio eletrénico R

*1950-1960: Necessidade de classificacdo e nomenclatura universal



http://images.google.com.br/imgres?imgurl=http://1.bp.blogspot.com/__pYw374gtKs/Smd8la12J1I/AAAAAAAAAL4/8AWlGGIzHA4/s400/H1n1.jpg&imgrefurl=http://profjonatas.blogspot.com/2009/07/o-virus-influenza.html&usg=__2LItLhyXKHVIbhh7eh5cP7An080=&h=288&w=300&sz=20&hl=pt-BR&start=33&um=1&tbnid=MclzARwDqQL2yM:&tbnh=111&tbnw=116&prev=/images?q=virus+microscopia+eletr%C3%B4nica&ndsp=20&hl=pt-BR&sa=N&start=20&um=1
http://images.google.com.br/imgres?imgurl=http://www.ufv.br/dfp/virologia/poty_files/image004.jpg&imgrefurl=http://www.ufv.br/dfp/virologia/poty.htm&usg=__U4O-eFpi8z1Ki_S2WMpTel0in9U=&h=259&w=330&sz=15&hl=pt-BR&start=39&um=1&tbnid=2UuNUzavozTAgM:&tbnh=93&tbnw=119&prev=/images?q=virus+microscopia+eletr%C3%B4nica&ndsp=20&hl=pt-BR&sa=N&start=20&um=1
http://images.google.com.br/imgres?imgurl=http://3.bp.blogspot.com/_-l9WcwNdCNc/SNrU22RPwuI/AAAAAAAAAGw/6IUh51prBTk/s200/bacteriofago.jpg&imgrefurl=http://suasaulasdeciencias.blogspot.com/&usg=__up0N9Ub9gCj9OhPedPf9ok_2ySw=&h=132&w=113&sz=4&hl=pt-BR&start=36&tbnid=aEh9RVdpHold7M:&tbnh=92&tbnw=79&prev=/images?q=bacteri%C3%B3fago+microscopia+eletr%C3%B4nica&gbv=2&ndsp=20&hl=pt-BR&sa=N&start=20
http://images.google.com.br/imgres?imgurl=http://www.vacinas.org.br/novo/imagens/hafig_4.jpeg&imgrefurl=http://www.vacinas.org.br/novo/vacinas_contra_v_rus/hepatite_a.htm&usg=__Ei9LaGhwC-oj5EsAX39sswSDPgE=&h=267&w=262&sz=33&hl=pt-BR&start=21&um=1&tbnid=-aUKQIXODdB6-M:&tbnh=113&tbnw=111&prev=/images?q=virus+microscopia+eletr%C3%B4nica&ndsp=20&hl=pt-BR&sa=N&start=20&um=1

NOVOS conceltos

Nonvous sysles

oo pesionres L sy
Virus sao os agentes intracelulares . :
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Desafios em Virologia

Estudo dos
mecanismos
de interacao

virus-célula
Estudo do Estudo do
controle das papel
Infeccbes ecologico

virais dos virus



Sy

;\', AW

a

The Nobel Prize in Physiol
e les T Grandes
imoidehs ety nomes da
viruses" hormonal treatment

virologia

of prostatic cancer”
The Nobel Prize in Physiology or
Medicine 1965

ST

"for their discoveries concerning genetic control of enzyme and
virus synthesis"

Peyton Rous Charles Brenton
Huggins

@ 1/2 of the prize @ 1/2 of the prize

USA USA

Frangois Jacob André Lwoff Jacques Monod
® 1/3 of the prize ® 1/3 of the prize ® 1/3 of the prize
France France France

Institut Pasteur Institut Pasteur Institut Pasteur

Paris, France Paris, France Paris, France



“h% The Nobel Prize in Physiology or
8y Medicine 1969

“for their discoveries concerning the replication mechanism and
the genetic structure of viruses"

b

Max Delbriick Alfred D. Hershey Salvador E. Luria

® 1/3 of the prize ® 1/3 of the prize ® 1/3 of the prize

USA USA USA

Descricao do
pimeiro oncovirus
humano em 1964

A. Epstein Y Barr

The Nobel Prize in Physiology or
Medicine 1975

“for their discoveries concerning the interaction between tumour
viruses and the genetic material of the cell”

Howard Martin
Temin

David Baltimore Renato Dulbecco

® 1/3 of the prize ® 1/3 of the prize ® 1/3 of the prize

USA USA USA
Universty of Wisconsin

Massachusetts Institute Impenal Cancer



@ The Nobel Prize in Physiology or Medicine 1989
J. Michael Bishop, Harold E. Varmus

Share this: FIEIEIEL 1+ |2

The Nobel Prize in
Physiology or Medicine
1989

J. Michael Bishop Harold E. Varmus
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 1989 was awarded jointly
to J. Michael Bishop and Harold E. Varmus "for their discovery of the

cellular origin of retroviral oncogenes”

The Nobel Prize in Physiology or
Medicine 2008

“for his discovery of "for their discovery of human
human papilloma immunodeficiency virus”
viruses causing

cervical cancer”

.

Phota: U, Montan Phote: U, Montan Photor U, Montan

Harald zur Hausen Frangoise Barré- Luc Montagnier
Sinoussi
@ 1/2 of the prize ® 1/4 of the prize ® 1/4 of the prize

Germany France France



CLASSIFICACAO

e Inicialmente: virus eram classificados de acordo com o quadro clinico

e 1966 - International Committee of Nomenclature of Viruses (ICNV)

e 1973- International Committee on Taxonomy of Viruses (ICTV)

ORDEM

FAMILIA

SUB-FAMILIA

GENERO

ESPECIE

__virales

__viridae

virinae

_Vvirus

vVirus

Mononegavirales

Paramyxoviridae

Paramyxovirinae

Morbilivirus

Virus do sarampo




Caracteristicas utilizadas para classificacao
pelo ICTV

Classificacao viral
Acido Nucléico DNA ou RNA
Fita-simples ou fita dupla
Nao segmentado ou segmentado
Linear ou circular
RNA polaridade positiva ou negativa
Genoma dipldide ou haploide
Estrutura viral Simetria do capsideo
Envelopado ou ndo envelopado
Numero de capsémeros
Estratégia de replicacao

Sequéncia nucleotidica



Grupos de virus de acordo com critérios **

epidemioldgicos




DIMENSOES DA PARTICULA VIRAL

* Pequenos (20 a 250 nm de diametro)

m
Chlamydia l
cm 102m

1 micron

!
mm 103m
Pox virus l
!
= Herpes virus nm 10°m
m Influenza virus lA 10-1°m

Bacterium (Staphyllococcus
aureus)

Picornavirus (polio)



I | I | I | I | I

10° 10° 10" 10°* 10* 10" 10* 10° 10"
(1cm) (1mm) (0,1mm) (10pm) (1pm) (0,1pm) (10nm) (1nm) (1A)

Microscopia ética
Microscopia eletrénica

Fonle: adaptado de Flint et L.(2000)




“Definicoes sao baseadas em dados e ferramentas disponiveis
em um determinado momento.” (Karl Popper, Nat. Rev., 2008)

Capsid

Inner Membranes

Core
* DNA verus

* 0% coding copacity
 10% Junk DNA

* 1.2 mifon base poirs

* <911 protein coding genes

* odditional genes finc. amincactyl IRNA syrthetases;
wegr, kpid, ond omine ocid melobolism)

acanthamoeba
polyphaga mimivirus

Eukarya |

~ Bacteria Mimiviridae

Marseillovirus

Asco-lridoviridae

Phycodnaviridae

Archaea

Asfarviridae Pandoravirus Megavirus Influenza

salinus chilensis type A
NCLDVs | Base palrs: Base palrs: Base pairs:
— 2.5 million 1.26 million 13,500
Nt Length: Diameter: Diameter:
1,000 nm 500 nm 100 nm
Diameter:
500 nm

Nucleocytoplasmic Large DNA Viruses (NCLDV)



ESTRUTURA VIRAL

Estrutura basica dos virus:

Capsideo ' | Nucleocapsideo
Proteina Acido nucléico

DNA ou RNA

Capsomere Nucleic acid

> Capsid

www.classes.midlandstech.com



ENVOLTORIO LIPIDICO

» Bicamada lipidica (externa ao capsideo) originaria de membranas celulares
« Contém glicoproteinas virais — infectividade viral

* Nao conferem protecao extra — facilmente degradados

capsid containing Enve|0pe c/
viral chromosome "‘anlsmemlbrana

i viral envelope ) o
nzmpeD peoteins glicoptnas virais

‘\
. @

nucleocapsid induces
assembly of
envelope proteins

capsnd :
protein
o ’ 'l
Qé viral ;
chromosome ,.
({DNA or RNA)
lipid bilayer PP ML I WM DN O
progeny ‘
virus - '

www.klinikum.uni-heidelberg.de

(B)




VIRUS ENVELOPADOS X NAO-ENVELOPADOS

Virus nao envelopado Virus envelopado
Reids EXx: Rotavirus Ex: Herpesvirus
nuciéico Parvovirus Ortomixovirus
Adenovirus Flavivirus
Capsideo HAV Rhabdovirus

Papilomavirus

M.E: Papilomavirus

M.E: Rhabdovirus



CAPSIDEO VIRAL

- Composto de capsomeros (subunidades proteicas)

- Varias subunidades de uma mesma proteina ou

subunidades de diferentes tipos de proteina

polyomaviruses




TIPOS DE SIMETRIA DO CAPSIDEO

‘ Simetria icosaédrica:

Subunidades
estruturais
(proteina)

‘ Simetria helicoidal:

‘ Simetria complexa:




TIPOS DE SIMETRIA DO CAPSIDEO

« Simetria — Microscopia Eletronica

Icosaedrica Helicoidal Complexa



FUNCOES DO CAPSIDEO VIRAL

» Estrutura rigida que confere protecdo do genoma viral
Interacao de virus ndo-envelopados com as células

» Permitem o transporte viral no interior da célula
*Auxiliam a replicacao do genoma viral

*Escape viral do S| Fig2.: Glicoptnas virais como alvos de Ac

Figl.: Entrada de virus ndo-envelopado na célula

hospedeira

Neutralizacao

Receptor



ENVOLTORIO LIPIDICO

Principais funcdes do envoltorio lipidico:
a) Adsorcao: glicoptnas se ligam aos receptores celulares

b) Penetracao do virus na célula

c) Escape viral do Sl Glicoptnas
de envelope

Envel Viral glycoproteins
nope @ remain in cytoplasmic membrane

b S Viral genome
Receptors on o=
cytoplasmic membrane

Uncoating
capsid



GENOMA VIRAL

DNA ou RNA O
* 0% coding capacity
* 10% Junk DNA
Hapléides ou dipléides (retrovirus) | <2011 i b
§ fromy = perforkoionyon
7 = _ . . 1)) 'y
Proteinas nao-estruturais: 74107
b) Assegurar a replicagao do genoma
c) Subverter funcdes celulares
) _ acanthamoeba
Proteinas estruturais: polyphaga mimivirus

a) Proteinas de capsideo

b) Glicoproteinas de envelope

Hapldide Diploide



B DNA GENOMAS VIRAIS RNA
RNA fita simples

DNA fita simples linear polaridade + ou -
SWAVAVAVAVAVAVAVAN
DNA fita dupla linear RNA Segmentado

w A W

RNA fita dupla segmentado

DNA
Circular
fita dupla ¥
ou simples



Virus DNA Virus RNA
Powvinidas Circovindas Wirus quarealizam Reovridae Paramyxoviridae Picomavirdae
Adenovindas Parvowviddas franscrigio reversa Birnavindae  Orthomyvovindae Flaviviridas
Hempesvridae (Classe |1} [Classa |11} Argnavirdas Caliciindas
gﬁj;nawr{q:;e Hepadnaviridse Retroviridas Rabdovindas Astrovindas
TV Bunyavirdae Comnavindae
(Classe 1) (Classe VII} (Classe VI r—mﬁm‘ae Artgnviridas
(Classe V) Togaviridae
(Classe V)
dsDNA ssDNA pdsDMA ssRMA dsRNA ssRNA ssRNA
i+) 14 ) (*)
ssDNA
1 dsDNA dsDMNA 4 5 [ 7
dsDNA
2 3
Tradugdo
Group| Group Il Group I Group IV Group V Group VI Group VIl
MADBONOLC NS\ S NSNS NANNST AN\ DOBODU\
DNA{+/-) DNA (+) RNA (+/) RNA(+) RNA(-) RNA(+) DNAI+/-)
u\'fﬁc
transription
/\m&/\/ PAWLN .7 \/
() Reverwe
DNA(+/-) transdription
¥ - SOOBOOOL
mRNA

B &

proteins



R
PARVOVIRIDAE

VIRUS DNA .

ei‘

. PAPILLOMAVIRIDAE ADENOVIRIDAE

‘/,
L 4

HERPESVIRIDAE

@*-.

HEPADNAVIRIDAE POXVlRIDAE




VIRUS RNA

tv;7¢\‘
‘AVAYA
\VA‘AV‘
SES L

TOGAVIRIDAE
FLAVIVIRIDAE AVAVA
N BUNYAVIRIDAE
REOVIRIDAE
PICORNAVIRIDAE

RHABDOVIRIDAE

K

CORONAVIRIDAE

PARAMYXOVIRIDAE

ORTHOMYXOVIRIDAE RETROVIRIDAE



REPLICACAO VIRAL

* O termo replicagdo viral se refere ao processo de multiplicacao dos virus que ocorre no
interior das células hospedeiras com a finalidade de produzir progénie viral
* Evento central da existéncia e perpetuagdo dos virus na natureza.

* Sintese dos componentes virais é altamente dependente da maquinaria celular.

Progénie viral

Célula hospedeira



REPLICACAO VIRAL

« Apesar da grande diversidade de genomas, as etapas do ciclo

replicativo sdo semelhantes para todos 0s virus

1. Adsorcao

1. Virus attaches
to a cell.

Mucleic acid (DNA& or RNA) 2. Penetracao

2. Wirus penetrates cell
. membrane and injects
. nucleic acid (DNA or
RNA) into cell.

EON )

;'- 3. Desnudamento

* 5
R

5. Montagem

4. New viral J
nucleic acids are ’
packaged into viral particles & . .
and released from the cell. RIS o 4 . Re p | ica g ao d o

The host cell may be
destroyed in the process.

Celuiar machimery. 9€NOMa e  produgao
de proteinas

Fonte: http://encarta.msn.com/



1, ADSORCAO

e Ligacao do virus ao receptor celular

e Receptores celulares: proteinas, lipideos ou carboidratos

presentes na membrana celular da célula hospedeira

Rhinovirus capsid
with capsomeres

Virus nao envelopado

Virus envelopado






Receptores e co-receptores virais

EBV

HSV |

Poliovirus

Influenza A

Rinovirus

Receptor Co-receptor

CD4 CCR or CXC receptores
de quimiocinas

complemento

receptor CR2

heparan sulfate immunoglobulina-like

familia das immunoglobulinas

acido sialico

ICAM-1



1. ADSORCAO

« Presenca do receptor determina o espectro de hospedeiros, 0

tropismo do virus e a patogenia
. , “l?i virus
Célula X: suscetivel .

receptor

& Célula Y: nao suscetivel

receptor




. ESTRATEGIAS DE ENTRADA
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(m) Entry of enveloped virus by fusing with plasma membrane

ool membiane

>
> Ax
S PN Satanial TN
., 7
- »
o
% %
X =
d ol
A
. “‘¢ C ¥ &
>3 o
=\ Coated ) Endioncrmn
pit
Virus's onvelope spilhes Indin to the receptor noreased acsdity
I ors recapltor medisted NEOws nucisocapsid to

escape from the endoscme

bind 1o recepions enriched
endooytosia
ancd sevilae the cytoplssm.
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(b) Entry of enveloped virus by endocytosis
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Direct penetration by naked viruses
Capsid
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Nucleic /
acid
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3. DESNUDAMENTO

* Separacao fisica entre proteinas de capsideo e o genoma viral
* Desnudamento total (ex.: Flavivirus) ou parcial (ex.: Reovirus)

* ApOs o desnudamento o genoma viral fica livre no citoplasma ou nucleo da célula

para o processo de replicacao viral.




Genoma viral

!

Transcricao dos genes precoces

Proteinas nao-estruturais
enzimas requeridas para a replicacao do genoma viral
regulam a expressao do genoma viral

Param a sintese de acido nucléico e proteinas celulares

!

Replicacao do genoma

!

Transcricao dos genes tardios

Proteinas estruturais




5. EXPRESSAO GENICA E REPLICACAO

Virus RNA Adsorgéo _

Penetracao

Liberacao

Virus DNA

Adsorcao
Penetracao

Liberacao




Replicacao de virus de RNA polaridade positiva

sshA + 3 gy
_ RNA synthesis , RNA synthesis
‘~\ N > l'
translation is direct. | g \ ~
=| RNA pol.RNA dep.
< | RNAdep. DNA pol. assembly @~




Replicacao de virus de RNA polaridade negativa

O,
: RNA synthesis translation
»> : jg B

RNA pol.RNA dep.

r

genome is antisense to mRNA.
RNA dependent RNA
polymerase must be carried to
synthesis mRNA.




MATURACAO E BROTAMENTO DE VIRUS ENVELOPADO
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Estratégias de obtencao do
envelope

APICAL (OUTER) SURFACE OF PLASMA MEMBRANE

Orthomyxo-, paramyxovirus

A\ /L

f
0 L] F

Viral nucleocapsid
7~

®
®* ENDOPLASMIC
~ RETICULUM

(corona-and

flavivirus)

NUCLEAR
ENVELOPE

(herpes) Bunya- and

coronavirus
@

Tight Tight
junction  Alphavirus Rhabdovirus HIV junction

BASAL SURFACE OF PLASMA MEMBRANE




Lise celular:ROTAVIRUS




Agentes subvirais

* Virus satélites/Virusoides
— Contain nucleic acid
— Depend on co-infection with a helper virus
— Mostly in plants, can be human e.g. hepatitis delta virus
* Viroids
— Unencapsidated, small circular ssSRNA molecules that replicate
autonomously
— Only in plants, e.g. potato spindle tuber viroid
— Depend on host cell polll for replication, no protein or mMRNA

* Prions
— No nucleic acid
— Infectious protein e.qg. BSE



