Unit IV

Virus attachment and entry into
host Cells



What is a virus?

‘Infectious particle’

Genetic material

— Protein coat




Properties of a virus

A virus is a very small, infectious, obligate
intracellular parasite

Virus particles are not living

Viruses are chemicals, and by themselves cannot
reproduce

A susceptible and permissive cellular host is
needed for viruses to reproduce

All viruses must make mRNA that can be
translated by host ribosomes
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Basic virus structure

Lipid membrane




Basic virus structure

Enveloped
Virus
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Attachment: tropism

Lock and key




Penetration

-~

2
)

E




Disassembly

-~

2
)

E




Disassembly




Transcription




Translation




Genome replication

.
F
l/mRNA—> ';:i |




Assembly




Assembly

/f N jj ;’;:o

° |
%* Viral

proteins




/

2y &

§
4\5 .




Viruses are obligate intracellular parasites
A

Virus particles are too large to diffuse across the plasma membrane

Virolody Lectures 2021 - Prof. Vincent Racaniello - Columhbia University @Principles of Virology, ASM Press



Finding the ‘right’ cell receptor

Cytoplasm

« Step 1: adhere to cell surface (random collisions & electrostatics)
- No specificity

« Step 2: Attach to specific receptor molecules on cell surface
- More than one receptor may be involved

« Step 3: Transfer genome inside the cell

Virology Lectures 2021 - Prof. Vincent Racaniello - Columbia University @Principles of Virology, ASM Press



Cellular receptors for viruses

« Essential for all viruses except those of fungi (no extracellular
phases) and plants (enter cells by mechanical damage)

= 1985: one receptor known, sialic acid for influenza virus

Virology Lectures 2021 - Prof. Vincent Racaniello - Columbia University @Principles of Virology, ASM Press



Criteria for identifying cell receptors for viruses

« Receptor binds virus particle

« Antibody to receptor blocks infeEtion

» Receptor gene confers susceptibility

- More than one receptor may be involved

« Disruption of receptor gene blocks infection S‘N’i%f:n‘:“zéﬁé’iﬁﬁ"“‘
express receptor

Virology Lectures 2021 - Prof. Vincent Racaniello - Columbia University @Principles of Virology, ASM Press



ACE2 is receptor for SARS-CoV-2

DAPI ACE2-FITC NP-Cy3 MERGE

Hela-hACE2

Hela cells do not
produce ACE2

Plasmid DNA
encoding ACE2

Hela that produce
ACE2
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Hela-bACE2

HelLa-mACE2

Hela

Virology Lectures 2021 - Prof. Vincent Racaniello - Columbia University https:/www.nature.com/articles/s41586-020-2012-7



Outside of cell
, Carbohydrate

Indirectly anchored
protein

ALY

Lipid-anchored
protein

Integral
membrane
proteins

Indirectly anchored protein

Cytoplasm
Herpes Influenza SV40  Poliovirus Human Foot-and-mouth HIV-1 Adenovirus
simplex virus virus herpesvirus disease p A \ P A “
8 virus

QO Galactose
® Sialic acid
@ GlcNACc
© GalNAc
@ Glucose

Cell functions!

Heparan sulfate  Sialic GM1 Integrin CCRS Integrin
proteoglycan acid ganglioside =~ CD155 DC-SIGN ayp3 cD4 CXCR4 CAR ayfi3 or avPs

Virology Lectures 2021 - Prof. Vincent Racaniello - Columbia University @Principles of Virology, ASM Press



Different viruses can bind the same receptor

» Adenovirus and Coxsackievirus B3 have common primary receptor

- The swine herpesvirus, pseudorabies virus, bind$ same receptor as
human poliovirus

Virology Lectures 2021 - Prof. Vincent Racaniello - Columbia University @Principles of Virology, ASM Press



Viruses of the same family may bind different receptors

= Rhinoviruses (R), retroviruses (16)

= One virus may bind multiple receptors

IRR AR,

Virolody Lectures 2021 - Prof. Vincent Racaniello - Columbia University @Principles of Virology, ASM Press



Entry into cells

Phagocytosis

Endocytosis

Macropinocytosis Receptor-mediated
endocytosis
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Virology Lectures 2021 - Prof. Vincent Racaniello - Columbia University @Principles of Virology, ASM Press



https:/#/ccsb.scripps.edu/goodsell/

The cytoplasm is crowded!

Movement of large protein
complexes will not occur by
diffusion!

@Principles of Virology, ASM Press



Fusion of viral and host cell
membranes mediated by
viral fusion proteins

Virology Lectures 2021 « Prof. Vincent Racaniello » Columbia University

@ Clathrin-

L dependent

Dynamin

Particle

dynein

Particle
carried by
kinesin

Early endosome

\ Cﬁzndomme

carried by

gl Clathrin-
k coated
45 vesicle

Nucleus

_ caveolin-independent

Centrosome

Clathrin- and

reticulum

) ._ caveolin-
dependent |

Endoplasmic

@Principles of Virology, ASM Press



Retroviruses

Virus particle
ss RNA

(two copies)
1. Entrance
@ 2. Uncoating
ss RNA inside
uncoated core
3. Reverse transcription
LTR
l:—:l ds DNA

Travel to nucleus

Host DNA

4. Integration into
host DNA

LTR Provirus LTR  Host

& 5. Transcription



Outcome of cellular infection
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Immune response

e Cell mediated immunity

— Important in the recovery from viral illiness

e Antibodies

— Important in the protection from repeat exposure






