Virus e Viroides
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Vacinas Sabin e Salks

Edward Jenner, 1789: primeira vacina
Erradicada década de 1970
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Edward Jenner, 1789: primeira
vacina contra variola
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752: Poema amarelo do Eupatorium lindleyanum
"Tobacco leaf curl virus"

Asteraceae



1600 - 1660: "Tulipomania” na Holanda
("Tulip breaking virus”, 1926)

Fig. 1. Tulip Planting in Spring by Pieter Brueghel, the Younger. Reproduced with per-
mission from Scala/Art Resource, New York.

Fig. 9. Negatively stained virions of Tu-
lip breaking virus. The particles are
fil I8, L Iy fi 18, 750 to 775

nm long and 14 nm wide. Reproduced
from http://www.ncbi.nim.nih.govICTVdb/
Wintkey/Images/a1.gif

Fig. 10. Flower-breaking symptoms in
Tulip breaking virus-infected tulips
(Madame Spoor). Light and dark break-
ing symptoms can be observed. Repro-
duced from Brunt et al. (9).



VALORES DE MECADORIAS = TULIPA RARA

(Semper Agustus) Panfleto de 1636

Guilders (Dutch florins)

8 porcos gordos 240
4 bois gordos 480
12 carneiros gordos 120
24 ton. de trigo 448
48 ton. de cevada 558
2 barris de vinho 70
4 barris de cerveja 32
2 ton. de manteiga 192
~500 Kg de queijo 120
Um copo de prata 60
Um “pacote” de roupas 80
Uma cama, colchao e roupa

de cama 100
Um barco 500
TOTAL 3000

Lesnaw & Ghabrial, 2000 3000 Florins = US$ 900.000,00

(Hull, R., 2009)



1886: ADOLF MAYER

Transmissdo agente causal
mosaico do fumo por injegoes




1886: ADOLF MAYER

Transmissdo agente causal
mosaico do fumo por injegoes

1892: DMITRI IVANOWISKI

Agente do mosaico do fumo passa

por filtro que retém bactéria -
CONCLUSAO: doenga bacteriana. il

1898: MARTINUS BEIJERINK

Repetiu testes. Agente difundiu-seigin —

em gel de agar.
FLUIDO VIVO CONTAGIOSO



1935: STANLEY

Purificou TMV, —

continha proteina
PREMIO NOBEL

1935: BAWDEN & PIRIE Na TV - 1960
TMV continha RNA Infeccioso

1939: KAUCHE ET AL
TMV no Micros-
copio eletronico

HE
L]

1T 263/38.
Fig. 3. Kollodiumfilm mit niedermolarem Eiweifl und
Tabakmosaikvirus beschickt. el.opt. 19000 : 1.



- International Committee on Taxonomy of Viruses - 2022:
~ 10.434 espécies de virus (290 em 1971);
42 espécies de viroides
~ Milhares de virus ainda ndo caracterizados

- Infectam:
- Vertebrados: homem e outros animais

- Inver’rebradosw

- Bactérias, fungos, algas, leveduras e protozodrios

Anticarsia gemmatalis
multiple nucleopolyhedrovirus

- Plantas
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https://talk.ictvonline.org/taxonomy/p/taxonomy_releases

Virus - o virion

Virion = particula viral em sua forma extracelular
Acido nucléico Capa protéica

Acido nucléico
RNA ou DNA
Fita simples
Fita dupla

- Capa protéica

- Envelope (alguns)

- Espiculas (alguns)

. . apsomero
- Replicagdo na hospedeira

- Parasitas obrigatorios Espiculas —>

- Visualizados somente no microscopio eletronico



1. Helicoidal: rigido ou flexuoso Potyvirus
com ou sem envelope

Nucleic acid

Capsomere .
r Capsid

FLEXUOSO

Capsomere

Nucleic acid Envelope

Influenzavirus

ISOMETRICO (Esférico)




2. Poliédrico: Icosaedrico (maioria)

Nucleic acid Envelope

Nucleic acid

Capsomere s

Sem envelope Com envelope
Capsid (head)

3. Complexa

Sheath




o Acido nucléico pode ser fita dupla ou simples
RNAfs: RNAfd; DNAfs e DNAfd

o RNAfs: positiva ou negativa
o O acido nucléico pode estar segmentado
o Genoma varidvel

o Genes codificam proteinas:
o Estruturais = capa protéica
o Ndo estruturais = RNA polimerase;
transcriptase reversa (HIV);
lisosima (bacteriéfagos); etc



A. Virus de animal

a) Adsorcéo: contacto com a celula
Proteinas ou glicoproteinas da particula.
Receptores na superficie da célula.
(glicoproteinas ou lipoproteinas)

b) Penetracao: entrada no citoplasma
- Virus sem envelope: translocacao por endocitose
- Virus com envelope:
Endocitose: Particula é presa numa invaginacao
da ceélula, e liberada dentro desta na forma
de vesicula.
Fusao: envelope viral funde-se com a membrana
e 0 virion passa diretamente para dentro.




Poliovirus

Clathrin coated pit forms
Virion triggered by virion-receptor ICAM receptors

interaction
i /|

Fig. 6.2 Schematic of receptor-mediated endocytosis utilized by poliovirus for entry into the host cell. The endocytotic vesicle forms as a consequence of
close association between the poliovirus-receptor complex and the plasma membrane.



Attachment Fusion of viral and

cellular envelopes

Attachment

Fig. 6.3 4 The two basic modes of entry of an enveloped animal virus into the host cell. Membrané-aséociated viral glycoproteins either can interact with
cellular receprors to initiate a fusion between the viral membrane and the cell plasma membrane, or can induce endocytosis. The fate of the input virus
membrane differs in the two processes. 4. The fusion of pseudorabies virus with the plasma membrane of an infected cultured cell is shown in this series of
electron micrographs (the bars represent 150 nm). Although each electron micrograph represents a single event “frozen in time,” a logical progression from
the initial association between viral envelope glycoproteins and the cellular receptor on the plasma membrane through the fusion event is shown. The final
micrograph contains colloidal gold particles bound to antibodies against the viral envelope glycoproteins (dense dots). With them, the envelope can be seen
clearly to remain at the surface of the infected cell. (Micrographs reprinted with the kind permission of the American Society for Microbiology from Granzow,
H., Weiland, E, Jéns, A., Klupp, B., Karger, A., and Mettenleiter, T. Ultrastructural analysis of the replication cycle of pseudorabies virus in cell culture: a
reassessment. Journal of Virology1997;71:2072-82.)
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Fig. 6.3 Continued

Fig. 6.3 4 The two basic modes of entry of an enveloped animal virus into the host cell. Membrane-aséociated viral glycoproteins either can interact with
cellular receptors to initiate a fusion between the viral membrane and the cell plasma membrane, or can induce endocytosis. The fate of the input virus
membrane differs in the two processes. 4. The fusion of pseudorabies virus with the plasma membrane of an infected cultured cell is shown in this series of
electron micrographs (the bars represent 150 nm). Although each electron micrograph represents a single event “frozen in time,” a logical progression from
the initial association between viral envelope glycoproteins and the cellular receptor on the plasma membrane through the fusion event is shown. The final
micrograph contains colloidal gold particles bound to antibodies against the viral envelope glycoproteins (dense dots). With them, the envelope can be seen
clearly to remain at the surface of the infected cell. (Micrographs reprinted with the kind permission of the American Society for Microbiology from Granzow,
H., Weiland, E, J6ns, A., Klupp, B., Karger, A., and Mettenleiter, T. Ultrastructural analysis of the replication cycle of pseudorabies virus in cell culture: a
reassessment. Journal of Virology 1997;71:2072-82.)



B. Virus de bactéria (bacteriéfagos)

a) Adsorcéao
Fibras longas: reconhecimento e aderéncia na célula.
Glicoproteinas, lipopolissacarideos,

b) Penetracao

c) Retirada da capa protéica
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Fig. 6.4 Entry of T4 bacteriophage DNA into an E. coli cell.
Initial attachment is between the fibers to the ompC
lipopolysaccharide receptor on the bacterial cell wall (). The
binding of protein pins on the base plate to the cell wall leads to
contraction of the tail fibers and sheath proteins, leading to
insertion of the tail tube through the cell wall. As shown in the
electron micrograph (4), phage pilot protein (arrow) allows the
highly charged viral DNA genome to penetrate the bacterial
plasma membrane and enter the cell. Phage DNA can be seen as
shadowy lines emanating from the tail tube. (From Dimmock,

N.]., and Primrose, S.B. Introduction to Modern Virology, 4th edn.

Boston: Blackwell Science, 1994.)



C. Virus de plantas : inoculacao por ferimento

a) Adsorcao

- Nao ha evidéncias de que a capa proteica tem funcao de
reconhecimento ou adsorcao.

EX:
RNA Cowpea chlorotic mottle virus (CCMV) em capa proteica de Brome
mosaic virus (BMV). Ambos género Bromovirus. Infeccédo em caupi.

- Nao ha evidéncias de que ha receptores de virus nas células
da planta.

o &

AW/l RNA - CCMV

b) Penetracao

CP - BMV

- Dano na parede celular: entrada direta.

c) Retirada da capa protéica

- Acido nucleico é retirado da capa em alguns minutos.



INOCULACAO POR FERIMENTO

Transmissao mecanica experimental

Buffer
Absive Wounded cell

Viral nucleic acid

Virustakeninby  Viral nucleicacid  Viral nucleic acid replicates in

wounded cell freed from coat cell. Some move to adjacent [
protein cells through plasmodesmata |
Virus

In phloem, viral nucleic acid or Viral nucleic acid or virus Viral nucleic acid multiplies in new cells and
virus is carried with the photo- reaches phloem vessel spreads to adjacent cells. Some of the early
synthate throughout the plant through plasmodesmata formed nucleic acid is coated with protein

of parenchyma cells and forms virus
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Organizagdo do genoma viral
~ Modelo: Tobacco mosaic virus (TMV)

Replicase

Proteina capsidial

Proteina de movimento

6.395 nt



Tobacco mosaic virus - TMV

RP = replicase
CP = capa protéica SACATA
MP = Proteina de movimento

Drawing courtesy Vickie Brewster



ETAPAS DO CICLO DE REPLICACAO DO TMV

1. O TMV entra na celula por ferimentos;

2. A capa proteica é retirada e a0 mesmo tempo os ribossomos traduzem
0 RNA para sintese das replicases (RP);

3. As replicases transcrevem o RNA viral (fs+) produzindo copias
complementares (RNAfs-);

4. O RNAfs- serve de molde para gerar RNA viral (fs+);

5. Ao mesmo tempo o RNAfs- serve de molde para gerar RNAs
sub-genbmicos, que serdo usados para sintetizar as proteinas de
movimento (MP) e capsidial (CP);

6. Parte do RNA viral (fs+) é encapsulado pelas proteinas capsidias;

/. Parte do RNA viral € “protegido” pela proteina de movimento para
mover-se para a célula vizinha e novo ciclo de replicacao.



6 min

2-3 min

3-5 min

10 min

20-30 min

25-35 min

30-40 min

45 min

REPLICACAO DO TMV
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parental virion

5'-t0-3' uncoating (cotranslational?;

3'-to-5' uncoating {coreplicational?)

all coat protein subunits removed

initiation of assembly

progeny virus particle

Fig. 7.6 Bidirectional
disassembly of TMV
particles in vivo. Coat
protein subunits are
removed ina 5" > 3’
direction from c. 75% of the
viral RNA in the first 2-3
minutes after inoculation of
protoplasts. Uncoating the
3'-end of the RNA begins
shortly thereafter and is
completed by removal of
subunits in the 3" = 5’
direction. From Wu et al.
(1994), with kind
permission of the copyright
holder, © The National
Academy of Sciences, USA.



ROTAS PARA A EXPRESSAO DE GENOMAS VIRAIS
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Fig. 7.1 Routing of viral genome expression through
mRNA. Route I is transcription of dsDNA usually by
host DNA-dependent RNA polymerase. Route II is the
transcription of ssDNA to give the dsDNA template for
I (e.g. geminiviruses). Route III is transcription of
dsRNA, usually by virus-coded RdRp (e.g. reoviruses).
Route IV is replication of (+)-strand RNA via a (-)-
strand template by virus-coded RdRp—the viral (+)
strand is often the template for early translation (the
(+)-strand RNA viruses). Route V is transcription of (-)-
strand virus genome by virus-coded RdRp (e.g.
tospoviruses). Route VI is reverse transcription of RNA
stage of retro- and pararetro-viruses leading to the
dsDNA template for mRNA transcription. From
Baltimore (1971), with permission.



A. VIRUS DE PLANTAS

Tripes

Mosca branca

i
. -

Afideos (pulgdes)

Outros vetores: Acaros; Cigarrinhas; Besouros; Cochonilhas, Fungos; Nematoides;
Protozoarios

- Sementes: 1/5 dos virus, taxa variavel
- Pdlen

- Propagacao vegetativa e enxertia

- Mecanica: operacoes culturais



B. VIRUS DO HOMEM

VIRUS VETOR HOSPEDEIRO
Poliovirus Fezes humana (4gua/alimento) ~ Homem

HIV Injecao direta no sangue Homem

Catapora Aerossol Homem

Febre amarela Mosquito Macaco tropical
Dengue, Zica Mosquito Homem, mosquito,

Hepatite A
Hepatite Be C
Raiva

Rhinovirus/Coronavirus

Fezes humana (dgua/alimento)
Injec&o direta no sangue
Mordida animal infectado

Aerossol

primata
Homem

Homem
Vertebrado

Homem




Viroides



Viroides




VIROIDES
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Potato spindle tuber viroid (PSTVd): A = representacao
tridimensional da molécula; B = estrutura secundaria
proposta e C = sequéncia de nucleotideos (Matthews, 1991)
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Afilamento do tubérculo da batata



IMPORTANCIA DOS VIRUS
NA AGRICULTURA



TRISTEZA DOS CITROS
(Citrus tristeza virus - CTV)

- Brasil, 1937
11 milhdes de arvores;
9 milhdes mortas

- Américas, Espanha e Israel:
100 milhGes de arvores
mortas ou improdutivas

Pulgéo preto
Toxoptera citricida




Controle maioria de laranjas doce: tolerancia

Baia/Azeda Baia/Cravo



Controle laranja Péra: premunizacao (“vacinacao’)

Brasil, Australia,
Africa do Sul

Péra (Brasil):
1977 =7 milhdes
1980 = 8 milhdes
1987 = 50 milhdes
1992 = 80 milhdes
2008 = ~70 milhoes

Africa do Sul: Pomelos
1992 = 22,5 milhdes




Premunizacao de mudas de laranja Péra

Borbulha de
‘Péra’ premunizada

Porta enxerto
livre de virus

Mudas premunizadas



VIRUS EXOTICOS QUE PODEM
PREJUDICAR O AGRONEGOCIO




PLUM POX VIRUS - PPV

Potyvirus

Afideos, n persistente




PLUM POX VIRUS - PPV

- Infecta: pessegueiro, ameixeira, nectarina, etc.

- Na América do Sul, presente no Chile

(Rosales et al., Act Hortic. 1998)
(Detectado na Argentina)

- Vetores: 20 espécies de afideos

Aphis gossypii, nao coloniza Prunnus
Myzus persicae, coloniza Prunnus
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Plum Pox in North America: Identification of Aphid Vectors
and a Potential Role for Fruit in Virus Spread

Frederick Gildow, Vern Damsteegt, Andrew Stone, William Schneider, Douglas Luster, and Laurene Levy
Phytopathology 2004

TABLE 4. Transmission of Plum pox wirnes (PPY)}-PENN-T from infected
peach fruit o healthy peach seedlings by four aphid species during 3-day
unrestricted probing tests®

Aphid species Test 1 Test 2 Total  Percentage (%)
Myzus persicae S0 S0 1200 ]l
Aphis fabae L LT (200 0
A spiraecola 310 210 T 35
Brachyveaudus persicae Qf 10 (f 10 (/200 [

“ Data expressed as number of healthy seedlings infected over number of
secdlings infested with 50 to 100 aphids per seedling during a 3-day expo-
sure to PPV-infected fruit collected from PPY-infected trees in York County,
PA in 2002, Positive transmassions mmifially were venfied by enzyme-linked
immunosorbent assays of cach infested peach seedling =90 days posi-
inoculation. Systemic infection of seedlings then was vernfied by real-time
polymerase chain reaction following a “-day vernalization at 2°C and

regrowth of foliage. Gildow et al., 2004



Mudanca no procedimento para importacao de hospedeiros

do Plum pox virus
Defesa Vegetal 24/01/2018

Anteriormente, era exigido que os produtos estivessem livres da praga Plum pox
virus (PPV).

Agora, além desta declaracao adicional (DA), também é exigida a certificacdo de
gue os produtos nao apresentam risco quarentenario com respeito ao PPV (DA14).

Paises e produtos para os quais a DA14 passa a ser exigida: Argentina, Chile,
Espanha, Estados Unidos, Ird, Israel, Italia, Portugal e Turquia e os produtos sao
ameixa, cereja, cereja acida, damasco, nectarina e péssego.

Os estudos de analise de risco de pragas, bem como as medidas determinadas a
partir destes, fortalecem a protecéo da agricultura brasileira contribuindo para o
desenvolvimento e evitando prejuizos decorrentes do desequilibrio causado pela
possivel introducao de pragas.
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