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Virus :
[1 a set of genes

I1 composed of either DNA or RNA
[1 packages in a protein containing coat

The resulting particle >

Virus reproduction : virus particle infect a cell &
program the cellular machinery to synthesize the
constituents required for the assembly of new
virions = considered an




<= Different viruses can have very different
genetics structures > reflected in their
replicative strategies

<= Because of their small size, viruses have
achieved a very high degree oﬁeneﬁc
economy

functions > difficult to combat medically
| They do exhibit unique steps in their
W replicative cycles that are potential targets
for antiviral therapy

% <= Viruses depend to great extent on host cell
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<»Small, ranging from about 20 - 300 nm
diameter

<= Totally depend upon a living cell, either
eukaryotic or prokaryotic, for replication and
existence -

<=Some viruses possess complex enzyme of their
own : RNA or DNA polymerases but they
cannot amplify & reproduce the information in
their own genomes without assistance

<=Have a component a receptor-binding protein
. for attaching to cells




225 nm

Bacteriophage T4 Human red biood cell

10,000 nm In diameter

Bacterophage M13
800 = 10 nm

Chiamydia elementary body
300 nm \
Tobacco Mosalc wirls
Bacteriophages 250 = 18 nm
f2, WS
24 nm

Paoliovirus
30 nm Vaccinia virus
300 = 200 = 100 nm

s thla wirls b
470 nm -

E. colf Plasma membrane

(a bacterium) of red blood csall
3000 = 1000 nm 10 nm thick

Copyright 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Inc.

<=Length 20
nm
<=Much smaller than
bacteria -
ther&fore
filterable
(infectious agent
that could pass
through porcelain
filter; many
originated in. animals)

14,000




<=»To see the virus ~ electron microscope

<=Growth - need living cells/ tissues

<=»Can not growth saprophytic -

<=0nly have certain enzyme for metabolism and
energy

{=Easy mutated - changes antigenic

property

" =Multiplication different from bacteria
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" Virus structure & Morphology E
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The basic design of all viruses places the nucleic
acid genome on the inside of a protein shell

9
Two basic types of virions™

- have a nucleocapsid of nucleic acid
complexed to protein

> have a nucleic acid genome within a
protein shell
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Capsid
Core

Spikes

Naked capsid virus

Virus strucfurg & Mor'phology
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Enveloped virus

Schematic drawing of two basic type of virions




Two basic shapes of virions :

Some bacteriophages combine those 2 basic shapes

Functions of capsid or envelope of viruses :

1. To protect the NA genome from damage during
extra-celullar passage of the virus from
one cell o another -

2. To aid in the process of entry into-the cell

3. To package enzymes essential for the early steps

of the infection process
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Envelope:

Icosahedral phospholipid,
nucleocapsid glycoproteins
S 1 S
Capsid
Capsomeres
(proteins)
Nucleic
acid
A B
Helical Envelope:
= = nucleocapsid glycoprotein spikes
Basic viral st il ipid biayer

Nucleic Protein o7 XX
acid (monomeric
units)

. 7

Figure 31.2. Basic viral forms. A. Icosahedral, nonenveloped;
B. Icosahedral, enveloped; C. Helical, nonenveloped; D. Heli-

cal, enveloped. Inset depicts the nucleic acid-protein associa-
tion.




(8) Some DNA Viruses

Foxvirus - complex enveloped

Herpesvirus
leasahadral enveloped

100 Am

Flant geminivirus
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(b) sSome Helical RNA Viruses
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Some lcosahedral RNA Viruses

¢ Plant carmovirus,
tymovirus, sobeamovirus,
necrovirus, ate
(++) strand RAMNA
related (o picornaviruses

RHeovirus dsRHRMNA

Plant Reovirus dsRNA

Togavirus
{+) strand/envelopead

Flavivirus

Flcornavirus

Retrovirus
{+) strand

Enveloped/DNA step
{-+) Strand

)

The structure

and relative
sizes of a
number of
RNA
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VIRUSES
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Double — stranded Double — stranded Single — stranded

| |
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RNA VIRUSES

Single — stranded Double — stranded

Positive| —stranded (+)  Negative _ stranded (-)
' \
| |

Naked Enveloped Enveloped Naked
*PICORNA| FTOGA BUNYA *REO
*CALICI *FLAVI ORTHOMY XO
CORONA PARAMYXO
RETRO RHABDO
ARENA
FILO

* Icosahedral; all of the rest have helical symmetry



DNA viruses

dsDNA ssDNA
Parvoviridae
. . Iridoviridae
“African swine Poxviridae
fever-like viruses”
dsDNA (RT) Circoviridae
Hepadnaviridae Herpesviridae Adenoviridae




RNA viruses

dsRNA ssRNA (-) ssRNA (RT)

Retroviridae

Reoviridae

Arenaviridae
Paramyxoviridae
Bunyaviridae
Filoviridae
Birnaviridae sSRNA (+) @ 0 0
Caliciviridae Astroviridae Picornaviridae

100 nm Coronaviridae Arterivirus Togaviridae Flaviviridae
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Virus mul’rlpllca’rlon byel'e consist of 6 phases

1. Attachment/ adsorption to the host cell
2. Penetration or entry
3. Uncoating to release the genome
4. Viirion component production/ symthesis
5. Assembly/ maturation
6. Release from the cells

- B Viral infections maybe productive/lytic response or
nonproductive response (lysogeny) °

i | Lysogeny may be associated with oncogenic
transformation by animal viruses

e




The outcome of the infection depend on :

the particular virus-host combination.
other factors: -
- the extracelullar environment
- multiplicity of the infection
- physiology & developmental state of the cell




ADSORPTION

Adsorption is the first step in every viral infection.

Adsorption involves :
- virion attachment proteins
- cell surface receptor proteins

Examples of Viral Receptors

Virus RECEPTOR CELLULAR FUNCTION
Influenza A Sialic acid Glycoprotein
Reaviruses Sialic acid Glycoprotein
EGF receptor Signaling
Adenoviruses Integrins Binding to extracellular matrix
-_f.‘.:;:stﬁ:in—Barr CR2 Complement receptor
Herpes simplex Heparan sulfate Glycoprotein
Himman herpes 7 Ch4 Immunoglobulin superfamily
HIV CD4 Immunoglobulin superfamily
CXCR4 and CCRS Chemokineg receptors
Human coronavirus Aminopeptidase N Protease
Human rhinoviruses ICAM-1 Immunoglobulin superfamily
Mt_uslc& Chds Complement regulation
Paliovirus PVR Immunoglobulin superfamily
Rabics Acetvlcholineg receptor Signaling
SV4n MHC 1 Immunoglobulin superfamily
Vaccinia EGF receptor Signaling

Abtreviations: EGE, endothelinl growth fector; HIY, human immunodeticiency vimos; IKOAM, miercel-
Il pdhesion molecule; MHC, major histocompatibility complex; PYR, poliovirus recepror

Examples of viral receptors



<= For some viruses co-receptors are involved in adsorption
- HIV-1 : CD4 & chemokine receptors

<= Viral spikes & phage tails carry attachment proteins

<= In some case, a region of the capsid proteigserve
the function of attachment |

<= Adsorption is enhanced by presence of multiple
attachment & receptor proteins.

<= A particular kind of virus is capable to infecting only
a limited spectrum of cell types > st,
Differences in host range & tissue tropism due to
presence or absence of the receptors
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= Some enveloped viruses enter cells by
of plasma membrane & envelope, release the
nucleocapsid directly into the cytoplasm.
- Paramyxoviruses (eg. measles) réfgoviruses
(eg. HIV-1) & herpesviruses

= Other enveloped & naked viruses are taken in by
(viropexis).
> orthomycovirus (eg. influenza viruses),
togaviruses (eg. rubella viruses), rhabdoviruses
(eg. rabies) & coronaviruses




Heceptor medlated fusnon of an enveloped virus with the plasma membrane

Fusion of viral and
cellular envelopes

The two basic modes of entry of an enveloped animal virus

into the host cell




MNucleocapsid

Envelope

Spikes @
Receptors Host cell
T T e

Adsorption
Entry by

l direct fusion
Membrane fusion

l Nucleocapsid
* + + release into
cytoplasm




Nucleocapsid

Envelope
Spikes
Receptors

Host cell
plasma membrane

T —

¢ Adsorption

Endosomal
vesicle

Membrane fusion

Nucleocapsid release
into cytoplasm

Viropexis



T Naked capsid viruses (eﬁx»llovnrus reovirus
adenovirus) also appear to enter by viropexis, but
in this case, virus can't escape the endosomal
vesicle by membrane fusion

IE For poliovirus : acidified endosome expose
hydrophobic domains - result in the binding of
the virions to membrane & releases nucleocapsid
to cytoplasm

l!:_if_'?ﬂFor' reovirus : the content of the endosome are
transferred to a lysosome > the lysosomal




Clathrin coated pit forms

Virion triggered by virion-receptor ICAM receptors
interaction
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(b) Viral envelope

//,f glycoproteins
L

MNucleus

Synthesis of
/ viral glycoproteins

(c) B
Glycosylation :iﬂ :mapsm
starts in rough
endoplasmic

s Migrates to
reticulum virus-modified

/ membrane
y'd Vesicle containing

viral glycoproteins

()
Insertion of
Glycosylation continues
in Golgi apparatus Bud glycoprotein
into the cell’s
(e) membrane structures
Viral glycoproteins .
@ transported to membrane and formation of
RHES the viral envelope

Budding virion

Host glycoproteins
in plasma membrane

29



Cell membrane

+Spikes
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Matrix protein
Spikes

+Matrix protein i
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MULTIPLICATION



i Structure of influenza virus. The diagram illustrates the main structural features of the virion..The surface of the particle
| contains three kinds of spike proteins: the hemagglutinin (HA), neuraminidase (NA), and matrix (M2) protein embedded in a
lipid bilayer derived from the host cell and covers the matrix (M1) protein that surrounds the viral core. The
ribonucleoprotein complex making up the core consists of at least one of each of the eight single-stranded RNA segments
associated with the nucleoprotein (NP) and the three polymerase proteins (PB2, PB1, PA). RNA segments have base pairing
between their 3” and 5° ends forming a panhandle. Their organization and the role of NS2 in the virion remain unresolved.
(From Fields Virology, 4th ed, Knipe & Howley, eds, Lippincott Williams & Wilkins, 2001, Fig. 47-2)
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‘"1 Electron micrographs of influenza virus. A-C: The structure of the internal components; (D) the external view. A substantial fraction (up
to 50%) of influenza virions contain large helical internal components (A, B), which may contain individual ribonucleoprotein (RNP)
segments (C) linked together. The individual RNPs each contain a binding site for the viral polymerase, as seen by the immunogold

I labeling of the end of the RNP segment (C). The external view of the virions (D) illustrates the pleomorphic appearance and the surface

spikes. Bar in all figures equals 50 nm. (From Fields Virology, 4th ed, Knipe & Howley, eds, Lippincott Williams & Wilkins, 2001, Fig. 47-2)




~~—"Orthomyxoviridae

PRE& HK

Some viruses have e = Biren
segmented genomes:

|

Allows “assortment”
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NS1, NEP/NS2
NS1, NEP/NS2
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Protein Function

PB2 Polymerase component

PB1 Polymerase component

PA Polymerase component

HA Hemagglutinin, viral attachment protein, fusion protein, target of neutralizing antibody

NP Nucleocapsid

NA Neuraminidase (cleaves sialic acid and promotes virus release)

M, Matrix protein: Viral structural protein (interacts with nucleocapsid and envelope, promotes assembly)
M, Membrane protein (forms membrane channel and target for amantadine, facilitates uncoating and HA
production)

NS, Nonstructural protein (inhibits cellular messenger RNA translation)
NS, Nonstructural protein (important but unknown function)

*Listed in decreasing order of size.
‘Encodes two messenger RNAsS.




((+) RNA)s

(Cap-mRNA-pcly A)1o

/@

® Rapllcuhon

Protein

@ Budding
exit
Replication of influenza A virus. After binding to sialic acid-containing receptors, influenza is endocytosed and fuses (2) with
the vesicle membrane. Unlike for most other RNA viruses, transcription (3) and replication (5) of the genome occur in the
nucleus. Viral proteins are synthesized (4), helical nucleocapsid segments form and associate (6) with the M, protein-lined
membranes containing M, and the HA and NA glycoproteins. The virus buds (7) from the plasma membrane with 11 nucleocapsid
segments. (-), Negative sense. (+), posmve sense; ER, endoplasmlc reticulum. (From Medical Microbiology, 5™ ed., Murray,
=2005 _Figure 60
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birds are the m
ited from wilc etfowl to poult isk=Tanley
and hurna and from poultry to humans. Equine in
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Alchicken/HK/258/
97(H5M1)-like

AJHK/156/97(H5N1) A/HK/1073/99(HIN2)




JrnE = ° °

Bt Mechanisms of genetic change &
Iﬁ". F_r._' . 3 = :li i_ R ——

L 3

Many DNA viruses use the host DNA synthesis machinery
for replicating their genomes

However the largest animal viruses code for their own
DNA golymerases, & these enzymes ar@snot as
effective at proofreading as the cellular polymerases

The resulting higher error rates in DNA replication
endow the viruses with the potential for a high rate
of evolution, but 1'he¥ are partially responsible for
the high frequency of defective viral particles

High mutation rates permit adaptation to cha;'lged
conditions




There are 2 mechanisms :

1. Which is unique to the viruses with segmented
genomes, involves reassortment of the segments
during a mixed infections involving 2 d@ren’r viral
strains. .

2. Exemplified by the genetic recombination between
different forms of poliovirus
Recombination occurs during replication by a "copy
choice” type of mechanism :
Poliovirus replicase switches templates fo gener'aTe
recombinants




MON ETHODS OF ﬁgﬁ” TIV ==z
JSES FOR VARIOUSEERRO:
Virus may be inactivated for :
<»Sterilize laboratory supplies
Sterilization : steam, dry heat, ethylene oxide,
v-irradiation
<=Disinfect surfaces or skin |
Surface disinfection : sodium hypochlorite,
glutaraldehyde. formaldehyde,
eracetic acid
Skin disinfection : chlorhexidine, 70°/o ethanol,
; iodophores
@VGCCIHQ production :
" for'maldehyde B- pr'opuolac’rone psor'alen + UV




INACTIVATION OF VIRUSES i R
VIRAL STRUCTURLE .

INACTIVATING AGENTS o ENVELORPE .
CAPSID »
NUCLEIC ACID .
ETHYL ALCOHOLWL 4 FORMALDEHRYDIE
cH, Ve HEAVY .
d = Ag 47 - f
e / Silver ,
/ 107.868 F

Hg 8O

Mercury m—
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Chorigallantoic

membrane v .
Air sac Shell Amniotic # Chorioallantoic E Irus
cavity > membrane g .
& inoculation ! nJ eC"'e d | n'l'O

G "e9ion
<=Method
widely used
. < Allantoic
N / &= e for
e N pr'od!.nc'rlon of
vaccines

= _%f\!f“ — _‘ appropriate

e,

Yolk sac

Shell Albumin  Allantoic »‘ :
inoculation

membrane cavity "'x
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in cell cultures

Loi el

A Mormal  Transformed
celis cells
— s
—_—  —— =

- = A S et GFf  (Weas o)

n A tissue 15 treated with enzymes a Cells are suspended 0 Normal cells or primary cells grow in @ monalayer across
to separate the celis. in culture medium. the glass or plastic container. Transformed cells or
continuous cell cultures do not grow in @ monolayer.

Copyright B 2001 Benjamin Cummings, an imprint of Addison Weaskey Longman, Inc.
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<=Cytopathic effect - normal monolayer
structure is disrupted by viral
infection
«=Cell lines developed from embryagic
tissue
<=Continuous cell lines (immortal) - HelLa
<=Maintenance of cell culture lines is
g technically difficult: must be kepf free
of microbial contamination.




droplet/aerosol
> influenza virus
> morbilli virus
> smallpox virus

> en’cerovi rus
epatitis A, E virus
> po omyehtls virus

. rabies virus
deng ue virus

: Hepatitis B, C virus, HlV




interaction of viral and host factors
leads to disease production
Virus pathogenic if : can infect and cause signs of
disease of the host
Virus virulent : produce more severe disease
STeps in viral pa’rhogenesm
<=-Viral entry & primary replication
<=Viral spread and cell tropism
<=Cell injury & clinical illness
<=Recovery from infection
<=Virus shedding
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1. Clinical symptoms
2. Laboratory diagnhosis

Typical clinical symptoms

<=Polyomyelitis

- <=Chicken Pox
E <=Measles
| <=Mumps
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“——morphology
> special staining
~ type of virus
Variola virus inclusion bodies
Gispen staining—+
Rabies virus specimen  whrain
Sellers staining= inclusion bodies in nerve cells

o
e

1. Electron micr'osco
2. Light microscope

Molluscum contagiosum virus skin nodule
Lugol staining : inclusion-bodies in cytoplasm
of epithel cell
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3. Culture
specimen : depend on the diseas
In vitro, in ovo, or ih vivo

4. Serology

> Raise of antibody titer

> Antigen detection from the spe.
% > Viral type identification :

““-—-"’j

agglutination, precipitation, complement
fixation test, neutralization, inhibition
haemagglutination, FAT, ELISA, RIA,
LTA

e — e




1. VIRAL VACCINES

Killed-virus vaccines
Attenuated live-virus vaccines
Future prospect :

- attenuation of viruses by enetic
mapping
- avirulent viral vectors
E - purified proteins pr'oduced using
; cloned genes X
- synthetic peptides
- subunit vaccines
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2. INTERFERON

IFNs :

¢ host-coded proteins of large
cytokine family,

¢ inhibit viral replication

& pr'oduced by intact animal or cell
culture in response to viral mfec'rlon
or other inducers -

¢ first line of defense against viral
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3. ANTIVIRAL CHEMOTHERAPY

A. Nucleoside

analogs Ribavirin
<= Acyclovir & Stavulline (d4T)
valacyclovir Trifluridine
& Didanosine Vidarabine
& Gancyclovir Zalzitabine (ddC)
Idoxuridine Zidovudine (AZT)

<= Lamivudin (3TC)




Ve C euml»: -
inhibit s viral DNA polymerase
C. Nonnucleoside reverse transcriptase inhibitor
Nevirapine : inhibit reverse transcriptase of

HIV -
D. Protease inhibitors
Ritonavir, Saquinavir . HIV

Ef Other types

.~ Amantadine & rimantadine
Foscarnet
Methiasone




Absorption

0

Release

Schematic life cycle of viruses showing the steps at which replication can be inhibited by
representative drugs. The gray arca shows the intracellular space.
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Figure 2. The possible interruption of viral repiication by various antiviral agents.







