Infekcni cyklus viru



Prvni kontakt virus-bunka 'short distance electrostatic interactions' s nabitymi
molekulami. koncentrovani viru na povrchu bunky a tim lepsi specifické interakce

s receptory bunky

PERMISIVITA BUNKY - definovana mimojiné pfitomnosti receptord na membrané,
které umozni vazbu viru na bunécny povrch a interakci viru s hostitelskou burikou. V
burfice musi byt pritomny i dalSi 'prerekvizity' nutné pro replikaci viru nebo musi byt

inducibilni (enzymy, transkripCni faktory).

Replikace DNA virt pfevazné v jadre
(kromé& napf. poxviru, iridoviru)
Replikace RNA virt pfevazneé v

cytoplazmé (kromeé napfr.
orthomyxovird, retroviru)
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Faze infekéniho cyklu viru

(1) ADSORPCE (Attachment)

(2) PENETRACE (Entry, Penetration)

(3) OBNAZENI GENOMU (Uncoating)

(4) STRATEGIE REPLIKACE GENOMU (Genome transcription,
translation and replication=biosynthesis)

(5) SESTAVENI INTAKTNI VIROVE CASTICE (Assembly)

(6) MATURACE A UVOLNENI VIR. PARTIKULI Z BUNKY
(genome release, Maturation and EXxit)
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Possible targets in the coronavirus life cycle
This simplified coronavirus life cycle shows the processes and proteins that
could be therapeutically targeted with existing drugs that have the potential
to be repurposed for the treatment of COVID-19.

1 Attachment
and entry

2 Uncoating

N

Chloroquine,
hydroxychloroquine,
azithromycin

)

Transcription

gRNA

L

3 gRNA replication

Proc€ je dulezité
znat jednotlivé
faze infekCniho

cyklu viru?

RdRp
Remdesivir,
Favipiravir

Polypeptide

chains
hiony #
Ribosomes

1

‘ sgRNAs
4 Translation
in ER and Golgi
Replicated Nonstructural Structural and
gRNA proteins coat proteins 6
L

COVID-19. coronavirus disease 2019; ER. endoplasmic reticulum; gRNA, genomic RNA: RdRp.

RNA- dependent RNA polymerase; rhACE2, recombinant human angiotensin-converting enzyme 2;
SARS-CoV-2. severe acute respiratory syndrome coronavirus 2; sgRNA, subgenomic RNA: TMPRSS2,
transmembrane protease serine 2

GRAPHIC: V.ALTOUNIAN/SCIENCE

Poznavame
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Specificka vazba mezi hostitelskou bunkou a virem

viruses M ACE2-
RBD

In Silico, In Vitro and In Cellulo Models for Monitoring
SARS-CoV-2 Spike/Human ACE2 Complex, Viral Entry
and Cell Fusion
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Prichyceni viru k bunce (1/2)

— zpocatku vazba sIabé-REVERZIBILNi-eIektrostaticky charakter (pH, iontova sila, hydrofébni interakce, VW

sily) - nemusi dojit k infekci

_ dale pfipojeni virionu pomoci vazebnych mist (VYSOCE SPECIFICKYCH) na receptory hostitelské buriky
(vétsinou glykoproteiny, cukry, lipidy)

— proces adsorpce typicky pro zivocCisné viry a bakteriofagy (nevyskytuje se zpravidla u rostlin)

— vice receptoru-silngjSi vazby-ireverzibilita

— interakci viru s burikou ovliviiuje napf. pH, iontova sila, pritomnost séra

— néktereé viry vyuzivaji vice receptort nutnych k infekci host. bunky (napt. HIV heparansulfat-CD4-CXCR4/CCRS nebo virus
hepatitidy C je nutna soucinnost 4 molekul exprimovanych sou¢asné na infikované burice (CD81, SR-BI, CLDN1, OCLN)

— ruzné viry mohou vyuZzivat stejny receptor (adenoviry a coxsackie viry)

— viry ze stejné Celedi se mohou vazat k riznym receptoram (rhinoviry, retroviry)

pritomnost resp. absence receptori urcuje tropismus viru a je rozhodujici pro patogenezi onemocnéni (epitel respiraéniho
nebo zazivaciho traktu, hepatocyty, buriky imunitniho systému, bunky CNS); zalezi také na ontogenezi (coxsackieviry infikuji sajici
mysSKky, dospélé nikoliv), poliovirus infikuje buriky primatt, HIV naseda na lidské CD4 receptory T lymfocytl, naopak chfipka infikuje
mnozstvi riznych hostiteld...




Prichyceni viru k bunce (2/2)

(1) VAZEBNA MISTA VIRIONU - vét3inou jednoduché nebo sloZené bilkoviny (glykoproteiny)
Neobalené viry — na specializovanych strukturach (‘fibers', 'knobs'-adenoviry, 'spikes'-rotaviry)
Obalené viry — glykoproteiny v obalu virové Castice

napf. adsorpce na erytrocyty (HEMAGLUTINACE=virion se muze vazat svymi vybézky na nékolik

molekul erytrocytu-aglutinace-sérologie

Prestoze adsorpce viru na bunku je podminena geneticky, na jeji
ucinnost ma vliv fada vnéjsich faktoru (napf. fyziologicky stav
bunky, pfitomnost a koncentrace iontu (Mg, Ca, Na, K) nebo
kofaktoru (napfr. L-tryptofan) I




2) VAZEBNA MiSTA HOSTITELSKYCH BUNEK — glykoproteiny, glykolipidy, cukry
lipoproteiny — pro vazbu enterovird, herpesvirt nebo arbovirt
kyselina sialova — pro vazbu orthomyxovirl,, paramyxovird, rotavirl a reoviru

CD4 — lentiviry (HIV-1,2) — . —
Bunécné receptory nejsou primarné

MHC |, MHC Il — togaviry, herpesviry v p - - - rv -
urcene pro interakci s viry, spise viry

Receptor pro acetylcholin-rhabdoviry Si VYtVOFIly molekuly schopné
Aminopeptidaza N - koronaviry tyto receptory vyuzivat pro infekci
Integriny — adenoviry, pikornaviry bunky

Heparansulfat proteoglykan — pikornaviry, virus dengue

Receptor CR2 pro komplement - herpesviry (EB virus)

Receptor CD155 — receptor pro poliovirus (jen u ¢lovéka a primatua)

Globosid (glykosfingolipid, P antigen krevni skupiny, progenitorové erytroidni buriky, buriky endotelu) — parvovirus B19

IgA — virus hepatitidy B
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Penetrace viru do bunky

= vstup virionu do bunky

na rozdil od pfichyceni (adsorpce) penetrace vyzaduje energii — vyZad uje metabolicky aktivni bunku

(1) ENDOCYTOZA — nejéastgjsi zplisob pronikani viru do buriky

vchlipovani se do vezikul, invaginace plazmatické membrany (uzavfeni virionu,
hlavné u neobalenych virl

| . .
Clathrin-mediated VZNIK MECHYRKU POMOCI KLATRINOVEHO OPLASTOVANI

Caveolin-mediated

volné podjednotky klatrinového plasté

£ R ‘Q rozpad klatrinového plasté
Vysvétleni: J O

-snizeni rizika rozpoznani imunitnim systémem host. buriky

-nizké pH transport. vezikul — uvolnéni virového genomu a transport pocitek skladani “puceni” méchyiku hotovy transportni méchyiek

klatrinového plasté

na misto replikace
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Vstup do bunky — neobalené viry (‘naked viruses')

reversible

attachment irreversible
attachment
—p \

clathrin
coated

pit

A
>
N\

> clathrin

coated

vesicle
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Carter and Saunders, 2013
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Priklad endocytozy u neobalenych vird - adenoviry

Adenovirus

Clathrin Coated

Vesicle
Coated pit

A
-&5-24D)-g - -z
i +

Clathrin Coated .

pit

av integrin Nuclear pore

Coated vesicle Endosome Microtubule complex
CAR
Clathrin pH-independent; Dynem/dynactinjl Nup214/CAN @
Dynamin, Epsi5 others? and ? Histone H1 &
PI3K Impp, Imp7 @ Early Endosome
Pacl, Cdc42

Rab-5
Receptor-mediated Endosomal Cytoplasmic Disassembly
endocytosis escape transport DNA import \

//_‘:—.—_—%\‘

Fig. 6.5 The process of adenovirus entry into cells (see text for details). Beneath the diagram are Late endosome (pH 6.0) & lg
indicated some of the host factors involved at each stage. (Reproduced with permission from Meier, O. lysis » *
and Greber, U. Journal of Gene Medicine 5, 452-462, © 2003 John Wiley & Sons.) % ——



Mechanizmy endocytdzy u virll infikujicich zivociSné buriky

Macropinocytosis Phagocytosis
\ \ Novel \ |
CM L\ Caveolin/lipid raft Pathways L\ Y | IL-2 GEEC Flotillin Arf6
S— L . - - - v ) e iy . - . - - -
::( i J \ | 3 \ \
3 1 '» . . \ | ! | !
v z y |» I | : y .
VSV Vaccinia SVv40 SV40 LCMV Mimivirus Rota? |
SFV HSV-1 ”]Py Influenza A
Dengue Adeno 3 HPV-16
Rhino
Adeno 2/5
Influenza A
Plasma membrane TT Clathrin Dynamin - Caveolin ===f|otillin
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Ojedinéle prlichod pfimou penetraci (direct penetration) v
cytolazmatické membrané (reoviry) nebo pory v cyt. mem. (pore-
mediated penetration) u pikornavirll

Attachement Pore-mediated
: penetration
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Nucleic acid
ejection Cytoplasmic
viral genome
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Vstup do bunky — obalené viry (‘enveloped viruses')

@ attachment e chment g
/J

" - {@ > >

f e | P

membrane fusig

[

(2) FUZE - fuze virového obalu s buné¢nou membranou za pritomnosti

specifickeho fuzniho proteinu (zména konformace) o
hlavné u obalenych virtli ; N

membrane

fusion

o ) —\

Carter and Saunders, 2013

2 cesty vstupu do bunky:

1. fuze obalu viru s plazmatickou membranou (HIV)

2. endocytoza nasledovana fuzi obalu viru s membranou endozomu
(influenza)
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Priklad fuze u obalenych vird - HIV

©)

T T

Virus
membrane

©)

AT P AT OIS B T 18| 0 Tt
TRVAY

Co-receptor

®

Two Env trimers

e

@

Fusion pore

®

An HIV-1 virion
approaches a
target cell. A native
envelope trimer
(gp120-gp41). is
shown here

Gp120 binds the CD4
primary receptor,
resulting in exposure

of the co-receptor
binding site, and
conformational changes
ingp41 (HR1, HR2),

HIV may need to bind
several CD4 molecules
for successful fusion

Gp120 changes
conformation, allowing
another region of gp120
to bind the coreceptor,
thus drawing the
membranes closer
together; the
hydrophobic N-terminus
of gp41 is exposed and
inserts into the cell
membrane lipid bilayer

Further conformational
changes in gp41 (HR2)
bring its C- and
N-terminal hydrophobic
domains close together,
and with another Env
trimer forms a
hydrophobic channel

Viral and cell bilayer lipids
flow down the hydrophobic
channel and fuse together,
forming a fusion pore.

The viral genome enters
the cell when the pore
enlarges

Fig. 6.2 Model for the fusion entry of the genome of an HIV-1 virion into a target cell. (Adapted from
Moore, J. and Doms, R. The entry of entry inhibitors: A fusion of science and medicine. Proceedings of the
National Academy of Sciences of the USA 100, 10598. © 2003 National Academy of Sciences, USA.)

=
(N —
i



Uvolnéni viru z endozomu

Acid-trigger >

Cytoplasm
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FUzni protein u obalenych vir(

LS ﬂﬂﬂ&:ﬂﬂﬂﬂ ARRREARAR
HHHHULY HHHEHEEY
pH-independent fusion (herpesviry, »
HIV, paramyxoviry, poliovirus) e o
acid-trigger fusion )
(orthomyxoviry, togaviry, flaviviry, - § o
bunyaviry, adenoviry, rhabdoviry) e P emiucich
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Shrnuti
(od penetrace
az k replikaci...

Non-enveloped
virion

Attachment

Host receptor

Host receptor

Endocytosis

Fusion __ENGoCytosis: - Pore-mediated Cell-to-cell movement
at plasma membrane -Receptor mediated . penetration -Plant plasmodesma
.Clathrin -Fungus hyphal

anastomosis

PV el et 7,

. -Macropinocytosis
‘ Fusion

Permeabilization
at endosomal
membrane :

Intracellular transport
__-Actin-dependent
-Microtubule-dependent -

Viral entry
into host nucleus

Integration of viral genome
into host chromosome

Non-encapsidated
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Transport virove castice uvnitr hostitelské bunky

plasma membrane

nucleocapsid

microtubules

nuclear pore

A

herpesviry
TN adenoviry
parvoviry
retroviry

centrosome

Figure 5.5 Transport of a nucleocapsid along a microtubule. The nucleocapsid is transported from the plus end of a microtubule.
near the plasma membrane, to the centrosome, w hich is located close to the nucleus.

NUCLEAR PORI

nuclear

basket

NUCLEUS

inner nuclear
membrane

NUCLEAR
ENVELOPE : 5
outer nuclear

membrane

Carter and Saunders, 2013
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Obnazeni genomu

posledni Cast penetrace je uvolnéni virového genomu (UNCOATING)

jde o ¢astecné (tvorba pdru) nebo uplné rozruseni kapsidu a uvolnéni genomu do bunky
(u ziv. vira se tak déje v cytoplazmé, nebo na jaderném poru nebo v jadre)

kyselé prostfedi endozému zpUsobi konformaéni zmény na kapsidu, vysledkem je tvorba

pord a nasledné uvolnéni do cytoplazmy (napf. pikornaviry)

kapsidy obsahuji proteinove sekvence, které jsou zodpovedné za pfichyceni ke strukturam

cytoskeletu a zabezpedi transport do blizkosti jadra-uvolnéni v blizkosti jadernych pora-
nahé nukleokapsidy nebo NK putuji do jadra

‘The mechanisms by which virions, or their

genomes, are released from endosomes are not
fully understood.'
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Co se déje po vstupu do bunky?

Viriony vstupujici do bunky ovliviiuji bunécné funkce

(1) Inhibice syntézy bunécné DNA

interakce virovych proteint s bunéénou DNA (naruseni regulaénich mechanizmu)

(2) Inhibice syntézy bunecné RNA

pusobeni virového inhibitoru na bunéc¢nou RNA (potlaeni transkripce RNA v bunce)

(3) Inhibice syntézy bunécnych bilkovin

potlaeni tvorby NK (rozpad ribozomu) nebo pusobenim specifickych virovych inhibitoru

Zahajeni syntézy virové mRNA (transkripce) a bilkovin (translace), replikace

Alternativa:

NEBO obranné mechanizmy hostitele (napf. lysozym) inaktivuji virus NEBO

dojde k latentni infekci misto zahajeni replikacnich pochodu '

S

UNI
C1



Life cycle -influenza (animation)

https://www.Xxvivo.net/animation/influenza-a/

Pekné ilustracni
video
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Centralni dogma molekularni biologie
vcetne jeho modifikace

(a) Central Dogma

transcription translation
DNA > RNA —> ]‘r!‘lk"’.ﬂ
genome
replication
DNA

(b) Modified Central Dogma
transcription giua
transiation

DNA RNA > protein

-
-
senome
replication
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Strategie replikace genomu viru

ustredni role mMRMA klasifikace dle Baltimora

~~ . . . P
Genetic material present in the virion

Group | Group I Group lll Group IV GroupV Group VI Group VIl
DOBOOOBBLC NN/ BOOGOGGRGC NS AN NSNS NSNS DO\
DNA(+/-) DNA (+) RNA (+/-) RNA(+) RNA(-) RNA(+) DNA(+/-)
J l Reverse l
transcription
BOOBOABC INININS NS NS NSNS
RNA(-
DNA(+/-) ) Reve‘rse_
transcription
l VAWAN (" |
y y BPOOOOORNBC
mRNA -

K

proteins
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Syntéza a intracelularni transport molekul

mRNA b

NUCLEUS nuclear
pore

doplasmic
reticulum

protein O

Q Golgi
transport vesicle @
plasma membrane

\"'\"\r\;~||—r"f"r

cell protein

virus glycoprotein

Figure 6.11  Synthesis and intracellular transport of molecules. Some proteins translated on free ribosomes are transported via
nuclear pores to the nucleus. Some proteins translated in the rough endoplasmic reticulum are transported via the Golgi
complex to the plasma membrane.
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'Viral factories' nebo 'Viral replication complexes’

— vnitfni bunééné kompartmenty, které zvysuji efektivitu replikace a sestavovani virové ¢astice (organizace pochodu
replikace a sestavovani virionu)

— skryvaiji virus pred obrannymi mechanizmy hostitelské bunky (pred degradaci)

— umisténi v jadre, perinuklearnim prostoru nebo cytoplazmé

— formovani viral factories vyzaduje mnozstvi komplexnich interakci a zapojeni fady signalnich drah

oooooooo Chloroplasm

Cytoplazmatickeé: @ C\
20 &

Tombusvirus Togaviridae

Viroplazma (cyt. inkluze-poxviry, asfaviry, iridoviry, reoviry) P N Spherules
o » i NR—
‘[" g:cm orine f] Spherules

Sféruly (mem. invaginace-endozémy) (togaviry)

Mitochondria

Vezikuly s dvojitou membranou N

;:'1(::;‘: Flaviviridae Poxviridae, Asfarviridae
7 Spherules Iridoviridae, Reoviridae
(mem. struktury ER a GA) (pikornaviry, koronaviry, flaviviry, bunyaviry-GA) O — % )

Double membrane vesicles Tubes

soucasti je i cytoskelet
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Jaderné: replikaCni kompartmenty, bakuloviry-virogenic stroma bakuloviry, herpesviry, polyomaviry
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Virus-Induced Aggregates in Infected Cells

Jsou jedinecne

Adi Moshe and Rena Gorovits

» Author information » Article notes » Copyright and License information
This article has been cited by other articles in PMC.

Abstract Go to: ¥

During infection, many viruses induce cellular remodeling, resulting in the formation of insoluble
aggregates/mc]usmns usually cont ining.i gins..1d pnﬂﬁ catlon of aggregates has become

mechanisms may involve sequestration ofvirus-e ollowed by their neutralization
as toxic for the host cell. The diversity of virus-induced aggregates in mammalian and plant cells is the
subject of this review.

Keywords: plant virus, mammalian virus, aggregation

diagnosticky znak
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Vystavba novych éastic

KOMPLETACE (SELF-ASSEMBLY) NOVYCH VIRIONU

ze slozek virionu syntetizovanych de novo
in vitro demonstrovano napf. u viru mozaiky tabaku, viru Sendai, rhabdoviru
komponenty se tvofi na mistech vystavby (uplatnéni transportnich mechanizmu-systém bunécnych

cisteren (GA, ER) pohybujicich se v cytoplazmé pomoci cytoskeletu)
Bilkovinne podjednotky
se k sobée spojuji

- transport polarizovany (hromadéni sloZek virionu v jedné ¢asti mem.)

- transport nepolarizovany (po celé bun. mem.) AUTOAGREGACi
Biosyntéza virovych obalovych glykoproteint (obalené viry) (energeticky V)'/hodn)'/
1. translace a inzerce proteind do membrany Proces s definovanou
2 skladba a oligomerizace polypeptidu Symetr“ a Stabi”tou)
3. tfidéni a modifikace syntetizovanych proteina pfi transportu k povrchu buriky
4 v€lenéni proteinu do virionu Il
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Sestavovani novych virovych castic
(‘genome packaging')

Carter and Saunders, 2013

Packaging signal

= virovy protein
rozeznavajici
specifickou sekvenci
virové DNA/RNA, ktera
ma byt zabalena
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Genome replication

Baltimore S ———
Class Virus enzymes
DADP/DADp' DNA-dependent DNA polymerase
I-11 DNA ; > DNA DNA —> DNA
" RdRp RNA-dependent RNA polymerase
-V RNA > RNA RNA > RNA
RdDp R DdRp y
VI RNA > DNA \ / > RNA RNA-dependent DNA polymerase
(reverse transcriptase)
RNA 4 > DNA
DdRp RdDp
vl DNA ‘ 2 —> RNA ‘ > DNA

Cell enzymes

/irus enzymes DdDp = DNA-dependent DNA polymerase

[/ RdRp =RNA-dependent RNA polymerase

DNA-dependent DNA polymerase
DNA > DNA

/RdDp =RNA-dependent DN A polymerase (reverse transcriptase

Cell enzymes . / DdDp = DNA-dependent DNA polymerase

¢ DNA-dependent RNA polymerase
/DdRp = DNA-dependent RNA polymerase (RNA pol IT)

: (RNA pol IT)
DNA » RNA

!Some dsDNA viruses use a cell DdDp, some encode their own.
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Lokalizace virového genomu béhem
transkripce v eukaryoticke bunce

Virus Enzymes

dsDNA Dak,
dsRNA "*“dkp\1

«RARP
RNA

\_\RL\R\“ A=t J

mRNA

(+) RNA

1 0
CYTOPLASM (R

NUCLEUS

Cell DdRp
dsDNA } (RNA polymerase 1I) _

—> mRNA
ssDNA )

Virus ssRdRp :
{—) RNA » MRNA

DdRp: DNA-dependent RNA polymerase
dsRdRp: double-stranded RNA-dependent RNA polymerase
ceRARn: cinole-ctranded RN A-denendent RNA nolvmerase

CYTOPLASM

* dsDNA (some)

+ dsRNA

(+) RNA

(—) RNA (some)

« retroviruses and pararetroviruses (RNA —DNA)

NUCLEUS

dsDNA (some)

ssDNA
(—) RNA (some)

retroviruses and pararetroviruses (DNA —RNA)

P ——
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Dozravani novych virovych castic (MATURACE)

— strukturni zmény virové Castice vedouci ke Stépeni kapsidovych proteind nebo ke
zménam konformace virovych proteind=vznik zralych funkénich produktu

— do procesu maturace jsou zapojeny virove proteazy a smes virovych a bunécnych
enzymu (napf. HA viru chfipky-posttranslac¢ni §tépeni na HA1 a HA2 nebo pusobeni

neuraminidazy-uvolnéni zbytkd kys. sialové)

Proces uvolnéni viru z hostitelské bunky

zmeny v permeabilité plazmatické membrany (zména iontové rovnovahy mezi vnéjSim a
vnitfrnim prostredim bunky)

Lyza — infikovana bunka se otevie, poruSi se jeji integrita a viry se dostanou do

extracelularniho prostoru (pfedchazeji zmény v cytoskeletu zpusobené virovymi proteiny
vedouci ke zmené morfologie bunky).

Exocytéza — po splynuti mem. vacku (vezikulu) s cyt. mebranou
Puceni (budding)- vychlipovani smérem ven z cyt. mem.
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Viry s helikalni symetrii (sestaveni virionu a exit z hostitelské bunky)

taken from cell by

a vector, e.g. an aphid

plasma membrane
NAKED VIRUSES
protein

\ _
-1

sSRNA

ENVELOPED
VIRUSES

budding

huddmg/

Carter and Saunders, 2013

exocytosis
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Viry s ikosaedralni symetrii (sestaveni virionu a exit z hostitelské bunky)
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VIRUS BUDDING (ENVELOPED
VIRUSES)
specificka mista v hostitelske

bunce

- respiracni,
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FIGURE 2.11 Sites of budding of various enveloped viruses. Viruses
that bud from apical surfaces are in position to be shed in respiratory or
genital secretions or intestinal contents. Viruses that bud from basal sur-
faces are in position for systemic spread via viremia or lymphatics. Some
viruses, such as flaviviruses, bunyaviruses, and coronaviruses, take a
more circuitous route in exiting the cell (see specific chapters in Part II).
Viruses that do not bud usually are released only via cell lysis.
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Uvolnéni viru z bunky (shrnuti)
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Prehled (dle Celedi):
« vstup do bunky
 misto replikace
« misto maturace

Poxviridae
Asfaviridae
Iridoviridae
Herpesviridae
Adenoviridae
Polyomaviridae
Papillomaviridae
Parvoviridae
Hepadnaviridae

Retroviridae

Reoviridae
Paramyxoviridae
Rhabdoviridae
Filoviridae
Bornaviridae
Orthomyxoviridae
Bunyaviridae
Arenaviridae

Coronaviridae

Arteriviridae

Picornaviridae

Caliciviridae

Astroviridae

Togaviridae

Flaviviridae

Uptake Route

Variable

Clathrin-mediated endocytosis
Variable

Variable

Clathrin-mediated endocytosis
Caveolar endocytosis
Clathrin/caveolar endocytosis
Clathrin-mediated endocytosis
Clathrin-mediated endocytosis

Plasma membrane fusion or clathrin-
mediated endocytosis

Clathrin-mediated endocytosis
Plasma membrane fusion
Plasma membrane fusion
Plasma membrane fusion
Clathrin-mediated endocytosis
Clathrin-mediated endocytosis
Clathrin-mediated endocytosis
Clathrin-mediated endocytosis

Clathrin-mediated endocytosis/plasma
membrane fusion

Clathrin-mediated endocytosis

Caveolar endocytosis/plasma membrane
insertion

Caveolar endocytosis/plasma membrane
insertion?

Caveolar endocytosis/plasma membrane
insertion?

Clathrin-mediated endocytosis

Clathrin-mediated endocytosis

Replication
Cytoplasm
Cytoplasm
Nucleus/cytoplasm
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus/cytoplasm

Nucleus

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Nucleus

Nucleus

Cytoplasm
Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Site of Nucleic Acid

Site of Maturation
(Budding)

Cytop
{Plasma membrane)
Cytoplasm

{Nuclear membrane)
Nucleus

Nucleus

Nucleus

Nucleus

(Endoplasmic reticulum)

(Plasma membrane)

Cytoplasm

{Plasma membrane)
(Plasma membrane)
(Plasma membrane)
(Plasma membrane}
(Plasma membrane)
(Golgi membrane)
(Plasma membrane)

(Endoplasmic reticulum)

(Endoplasmic reticulum)

Cytoplasm

Cytoplasm

Cytoplasm

{Plasma membrane)

(Endoplasmic reticulum)
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