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RESEARCH INTEREST

* Virology
* Visualization by electron microscope

» Proteins detection using analytical and/or immuno-
detection fechniques

» Nucleic acids detection and identification by
hybridization, PCR...efc.
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VIROLOGY

INTRODUCTION TO THE VIRUSES




EDWARD JENNER

* Vaccinations

« CoOwpox

* Cross protection against
small pox
Variola virus
* Major
Blisters
Blindness
Death
 Minor
Poxviridae
dsDNA
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Classification
« Group
NA
Family
-viridae
Genus
-Virus
Species
Name

VIRUSES

Summary figure: Schematic representation of the evolution of viruses and
evolutionary forces acting on them

Recombination
Mutation

Reassortment
Quasispecies

Ribozymes RNA viruses Retro viruses DNA viruses




HOST RANGE: ANIMALS

DNA viruses RNA viruses
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Enveloped VII’USES




DNA ANIMAL VIRUS EXAMPLES

TABLE 41-1 Chemical and Morphologic Properties of Animal Virus Families Relevant to Human Disease

Virion
Family Viral Genome: Type, Shape® Diameter Enveloped® Capsid Number of Site of Enzymes, e.g.
Configuration® and Number (nm} Symmetry Capsomeres® Capsid Transcriptase
of Bases per strand (x 10%) Assembly presentin Virion
Circoviridae SeDNA, circular; 0.6-1.2 s 17-22 4] lcesahedral 327 Nucleus Nene
Parcoviridae ssDNA, linear, sense or s 18-26 0 lcesahedral 32 Nucleus None
anfisense; 4-6
Papovaviridae dsDNA, circular; 5.1 /7.9 s 45/ 55 0 Icesahedral 72 Nucleus Nene
Aderovinidae dsDMNA, linear; 35-40 & 75-80 4] lcasahedral 252 Nucleus Nene
Herpesviridae dsDNA, linear; 124-235 3 120-200 + Icesahedral 162 Nucleus Thymidine Kinase
Iridoviridae dsDNA, linear; 170-200 s 125-300 + Icosahedral ca. 1,500 Cyioplasm  DNA-dependent
RNA polymerase
Poxviridae dsDNA, linaar, covalently X 240x300 + Complex - Cytoplasm DNA-dependent
closed, 130-370 RNA& polymerase
Protein kinasa
riepadnaviridac  dsDNA, circular, & 40-48 B lcesahedral 180 Nucleus DNA-cependant

1 ss-region; 3.0-3.3/2.0

DNA polymerase



VIRAL CULTURE

* Tissue Culture

» Chick Embryos
« Animal Cells/Tissue

* AssQys
* Hemagglutination
* Plague




VIRAL CAPSID

Capsomere Nucleic acid

* Function
 Protect NA
* Aids In fransfer to host

» Structure
* Protein coat

« Capsomere arrange
Helical
Polyhedral
Complex (a) A ot virs ) Ebota i m L

(a) A polyhedral virus (b) Mastadenovirus 40 nm

Nucleic acid

Capsid




CAPSOMERES ARE CAPSID
SUBUNITS

capsomere nucheic acid nucleic acid

capsid
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NAKED V5. ENVELOPED VIRUSES

Capsid
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VIRAL ENV

Presence

* Enveloped

« Naked (non-enveloped)
Location

« Surrounds capsid
Source

* Host plasma membrane
* Nuclear membrane

« Endoplasmic reficulum
Components

« Phospholipid

« Proteins

« Glycoprotein spikes (+/-)
Examples

« Influenza

« Rabies

* Herpes

o HIV

Envelope

ument

Nucleic acid
Capsomere

Envelope

(a) An enveloped helical virus (b) Influenzavirus B 50 nm



ENVELOPE GLYCOPROTEIN SPIKES

Hemagglutinin

Lipid
Membrane

MNeuraminidase



DNA OR RNA
Shape

e 5C Ievlan
e Linear

Number
« One
« Or more
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VIRAL CLASSIFIC

dsDNA

* POX

» Herpes
« Papilloma
sSDNA

« Parvo
DsRNA

« Reovirus
« Rofavirus
SSRNA

* Polio

* Rhino

« Corona

* Measles, mumps

« Rabies
* |Influenza

« Parainflenza
e Retroviruses

Families of Viruses That Affect Humans
Characteristics/ Important
imensions Viral Family Genero Clinical or Speciol Features
DNA i Ho 819 Filth disease; anemia in immunocompromised
) poient. Refer 1o Chopler 21
18-25 nm
bl sranded DNA ized viruses that couse various
ovel 1 respiratory infections in humans; some
70-50 am ;J cause tumors in animols.
40-57 am Papovaviridoe  Papillomavirus [human Smoll viruses that induce fumors; the human
P wart virus) wart virus {popillomo) and certain viruses
@ Pobmiri thot prodice cancer in onimols (pckyomo
‘and simian) belong o this family. Refer 1o
Chapters 21 ond 26.
Doublestranded DNA  Poxviridoe Orthopoxvirus (vaccinia V-vy lorge, complex, brickshaped viruses
enveloped and smallpox viruses) hot coue dincies such o snlfpo o
200-350 nm i o) {wortike skin
lesion), und ‘cowpox. Refer 1o Chapter 21,
150-200 nm Herpesvididon  Simplexvirus (HHV-1 ond 2)  Medium sized viruses that couse vorious
Voricellovirys (HHV:3) human diseases, such os fever blisters,
Lymphocryplovirus (HHVA]  chickenpox, shingles, and infectious
Cylomegalovirus [HHVS)  mononucleosi; causes a fype of human
Roseolovirus (HHV-6] cancer called Burkitr's lymphoma. Refer
HHV7 Yo Choplers 21, 23, and 26.
Kaposi's sarcoma (HHV.8)
Double-stranded DNA
en
420m Hepadnoviridoe  Hepadnavirus Abier protein synihesis, hepolits B virus uses
{hepolits B virus) reverse Wranscriptase fo produce its DNA
from mRNA; causes hepatits B and liver
tumaors. Rofer to Chapler 25.
Single-siranded Enterovirus Atleast 70 human enteroviruses are known,
RNA, + strand Rhinovirus including the polic-, coxsackie-, and echo-
nonenveloped {common cold virus) viruses; more than 100 rhinoviruses exist
28-30 nm Hepalits A virus and are the most common cause of colds
Refer to Chapters 22, 24, and 25.
35-40 nm Caoliciviridoe Hepatitis E virus Includes causes of gastroenteritis and one
a7 Norovirus cause of human hepatitis. Refer to Chap-
o tor 25,
Singlestranded RNA,  Togaviridae Alphavirus Included are many viruses transmitied by
+ sirand enveloped Rubivirus rubella virws)  arthropods [Alphavirus); diseases include
60-70 nm eastern equine encephalits (EEE) and
western equine er s (WEE). Rubela
virus is fransmitied by the respiratory route.
Refer to Chapters 21, 22, and 23
40-50 v Flaviviridoo Flovivirus Can replicate in arthropods thot transmit
Pestivirus them; diseases include yellow fever, dengue
@ Hepotits C virus and S1. Louis and West Nile encephalits
Refor to Chopters 22, 23, and 25
Nidoviroles Coronaviridoe ~ Coronavirus Associated with upper respiratory troct
80-160 om P infections and the common cold; SARS virus
{ﬁ Refer to Chapter 24
e thobdovirid i (vesicular lletshaped viruses with @ spiked envelope;
- siand, one stomatatis virus) cause rabies and numerous animal diseoses.
strand of RNA MMM ) 1yssavirus (robies virus)  Refer to Chaper 22
70-180 nm
80-14,000 nm Filoviridos Filovirus Enveloped, helical viruses; Ebolo and
’ Morburg vites oo lovise. Roo o
Chapler 23,
150-300 am cause
Morbillvirus [mecsleslike  mumps, ond Newcastie dlnow in chickens
o viros) Refor to Chapters 21, 24, and 25
~ strand, one Deloviridoe Hepatits D Depend on coinfection with hepadnovirus.
sirond of RNA Refer to Chapler 25
o O
stand, mubiple  Orthomyxoviridos  Influenza virus Envelope spikes can agglutinoe red blood
strands of RNA A.Band C cells. Refer fo Chapler 24.
80-200 nm 3
90-120 nm Bunyovirus (California Hontaviruses couse hemorrhagic fevers such
encephalfs virus) s Koreon hemorthogic fever and Honto-
Hantovi virus pulmonory syndrome; associated with
rodents. Refer o Choplers 22, 23,
110-130 nm Arenoviridoe Avenavirus Helicol capsids contain RNA<onkaining
granules; cause lymphocytic choriomeningitis,
Venezvelan hemorrhagic fever, and Lasso
) fever. Refer to Chapler 23,
Produce DNA Retroviridoe Oncoviruses Includes ll RNA tumor viruses. Oncoviruses
100-120 nm Lentivirus [HIV) couse lekemio and tumrs in animas; the
Lontivirus HIV couses AIDS. Refor to Chap-
tor 19.
Doublesiranded Reoviridoe Reovirus tavolved in mild respiralory infections and
RNA Rotavirus gostroenterits; an unclassified species
nonenveloped causes Colorado tick fever. Refer o Chap-
60-80 om ter 25.



VIRAL REPLICATION DIFFERENCES

W VIDBEREN  Bacteriophage and Viral Multiplication Compared

Stage Bacteriophages Animal Viruses
Attachment Tail fibers attach to cell wall proteins  Attachment sites are plasma membrane proteins
+ and glycoprofeins
Entry Viral DNA injected into host cell Capsid enters by endocytosis or fusion
Uncoofing Not required Enzymatic removal of capsid proteins
Biosynthesis  In cytoplasm In nucleus (DNA viruses) or cytoplasm (RNA
v viruses)
Chronic infection lysogeny Latency; slow viral infections; cancer
Release Host cell lysed Enveloped viruses bud out; nonenveloped viruses

rupture plasma membrane



Number of virions

VIRAL INFECTIONS

Acute infection

Eclipse
period

Time (days)



REPLICATION OF ANIMAL VIRUSES

» Aftfach |

* Entry 0
« Direct Penetration guwem. —9; " © s,
« Membrane fusion / | \ iiiiiii
- Endocyftosis 22 . s

* Uncoating <

» Synthesis

.+ Assembly O vraommsmmens i g,

* Release




VIRAL ATTACHMENT

HIV Particle

CD4 Cell (T-cell)

tokine receptor
(CCRS5 | CXCRA4)

= :. CHF

rigure 2 Viral Attachment
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herpesviruses, paramyxoviruses, HIV



ENDOCYTOSIS VS. MEMBRANE
FUSION

(a) Entry of togavirus

100 nm

(b) Entry of herpesvirus



RELEASE OF GENOME (UNCOATING)

Adenovirus uncoating

Influenza Virus

Endosome formation

pH drop due to H+ pump
Fusion peptide to PM
Conformational change
Release of NA



NA SYNTHESIS

dsDNA: usual replication (for
mMost)

sSDNA

« complementary strand
« Normal replication
dsRNA

* + strand = mRNA
 Template and copy
+SSRNA

* + stfrand = mRNA

« Complimentary strand for
template

-SSRNA

* Viral enzymes make + strand
« Template for mRNA and -ss
Retroviruses

* +SSRNA (MRNA to make DNA)
* Reverse transcriptase

* DNA is template for new
+SSRNA

MATURATION
9 : .-"l
I :

ATTACHMENT
e oo (RELEASE
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Viral Nucleic Acid

Virus Family

Special Features of Biosynthesis

DNA, single-stranded
DNA, double-stranded

DNA, reverse transcriptase

RNA, + strand

RNA, — strand
RNA, double-stranded

RNA, reverse transcriptase

Parvoviridae

Herpesviridae
Papovaviridae
Poxviridae

Hepadnaviridae

Picornaviridae
Togaviridae

Rhabdoviridae

Reoviridae

Retroviridae

Cellular enzyme transcribes viral DNA in nucleus

Cellular enzyme transcribes viral DNA in nucleus

Viral enzyme transcribes viral DNA in virion, in cytoplasm

Cellular enzyme transcribes viral DNA in nucleus; reverse
transcriptase copies mRNA to make viral DNA

Viral RNA functions as a template for synthesis of RNA
polymerase which copies — strand RNA to make mRNA
in cytoplasm

Viral enzyme copies viral RNA to make mRNA in cytoplasm

Viral enzyme copies — strand RNA to make mRNA in
cytoplasm

Viral enzyme copies viral RNA to make DNA in cytoplasm;
DNA moves to nucleus



DNA VIRUS BIOSYNTHESIS

:,- > o Host cell

3 Nucleus
—~O;

o Virions mature. ) Cytoplasm

©) virion enters
cell and its DNA
is uncoated.

. LL i '§7Capsid proteins g;%EtAﬁ'. %
] . '2- Og . mRNA
© i o 3 /

are synthesized. O O ‘-'O
L

) viral DNA is replicated and
some viral proteins are made.

-

€) A portion of viral DNA is
transcribed, producing mRNA
that encodes “early” viral proteins.



Nucleus

‘ ‘ ——— Cytoplasm
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or sense strand;

mRARNA is transcribed Picornaviridae
WOH e ~aumnd. The + strand (MRNA) must first
be transcrided from the « viral
genome before proteins can
be synthesized.
Capsid
W/prohln 3
ST
0.‘.
=/ (b) sSRNA; - or
/ antisense strand;
- strands are Rhabdoviridae
:'|=; 'II'"' Additional - strands are
e transcribed from mRNA.
RNA poly initiates production of mMRNA is produced Inside the
- strands. The mRNA and ~ strands form the capsid and released into the

dsRNA that is incorporated as new viral genome. oytoplasm of the host.
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viral genome
59 = single-stranded




RETROVIRUSES

Reverse Copsid / Envelope

transcriptase
Virus . Two +
- 4 stands of RNA
1 2 S o
o Retrovirus enters by fusion
@ 2 il between attachment spikes
< and the host cell receptors.
€ Mature retrovirus
f leaves host cell,
acquiring an DNA of one )
envelope and of the host cell's o Uncoating releases the
spikes two viral RNA genomes
as it buds out. and the viral enzymes
reverse transcriptase,

integrase, and protease.

Reverse
transcriptase Viral DNA

v

: N

- ) viral proteins are processed Viral RNA-—S —>gﬁ/
by viral protease: some of the
viral proteins are moved

N
f to the host plasma membrane. ﬁ

©) Reverse
transcriptase
copies viral
:::luim Wentical strande RNA to produce
oERNA e double-stranded
\ DNA.
X ©) Transcription of the provirus
S may also occur, producing ©) The new viral DNA
}ff RNA for new retrovirus is transported into
genomes and RNA that the host cell’s nucleus,
encodes the retrovirus where it is integrated into
capsid, enzymes, and ﬁ a host cell chromosome

envelope proteins. as a provirus by viral
integrase. The provirus
may be replicated when

the host cell replicates.



VIRAL ASGEMBI Y

- DNA

* Nucleus
* Moves to cytoplasm

* RNA
» cytoplasm

uncoating of DNA DN A

Capsld
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Selt-assembly of
new virus particles

e and their exit from cell



USE OF ER AND GOLGI

Herpes



VIRAL RELEASE

* Types e o @\
- Budding BRI /e D
- Acquire membranes ____‘/ o _.\..‘_
- envelope ———

-
L mRNA +
>
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* Exocytosis #
e Lysis et () s « Had

* Latency D \?mé—J
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BUDDING

NewHIV =
Particles

é Viral capsid ¥ &\
~— Host cell \ ¢ /-

2 plasma
* membrane

Viral protein

Structural Protein ‘
Assembly @

i
-n-.:'q

reures. Viral Assembly / Budding

[a) Release by budding (b) Alphavirus



VIRAL EXOCYTOSIS




VIRAL LYSIS

DTN
R o Rﬂ’, :
Specific recognition

<

Cytotoxic effector T-lymphocyte o

0

Virus infected cell
with viral antigens

NK cell {natural killer cell)

> s
Activated macrophage Cell lysis \V—V)



VIRAL DAMAGE

TABLE 15.%

Cytopathic Effecis

of Selected Viruses

Virus (Genus)

Cytopathic Effect

Poliovirus (Enterovirus)

Papovavirus
(family Papovaviridae)

Adenovirus
(Mastadenovirus)

Rhabdovirus
(family Rhabdoviridae)

Cytomegalovirus

Measles virus
(Morbillivirus)

Polyomavirus

HIV (Lentivirus)

Cytocidal (cell death)

Acidophilic inclusion bodies
in nucleus

Basophilic inclusion bodies
in nucleus

Acidophilic inclusion bodies
in cytoplasm

Acidophilic inclusion bodies
in nucleus and cytoplasm

Cell fusion

Transformation

Destruction of T cells



Viral Transmission

Avian virus (H7N7) Human (H3N,) virus
transmitted transmitted
to plg to pig

v

Bird Plig Human
Wild bird Human
infected Pig infected infected
with HTN7 with HIN1 with H3N2

Human virus

Avian virus

Genetic exchange
produces a new virus



Number of virions

ACUTE V5. LATENT

Acute infection
S

Latent infection

Persistent infection

Time (days)

Time (months, years)




Viral Infections

Acute infections
1. Cytolytic infeciio

e G —

Persistent infections

2. Chronic, e.g. steady
state infection

Beactivation
< - )
Reactivation iy \ @@
3 @ ®
O

4. integrated infection o _— © — @ <

e \Virus ~" Viral genome ® Intcgrated virus genome

3. Latent infection o —» @ <:




VIRUSES AND CANCER

- Definitions
+ Oncogenes
« Activation
- Mutation
- Transduction
* Tumor
sl eeEs
- Benign
+ Malignant
« Characteristics
« Examples
- DNA
- Adenovirus
» Herpes
- Poxviruses
+  Papoviruses
+ Hepadenaviruses
« RNA
- Retroviruses
 HIV
e HTLV

Nature Reviews | Cancer



IMMUNE RESPONSE

Humoral immune response Cellular immune response
B lyvmphocyte

- ¥ AntigenVirus
Dendribc call
- &
- — —
CcD= /Jb CcDs
4
1]

TCR TCR

activated ed
1 T helper (Th) cell l cytotoxic T cell (CTL})

CDs

‘\
=
-

Viral elimination =,

Adaptive Immunity




ANTI-VIRAL DRUGS

« Affachment antagonists

* Block attachment molecule
- Arildone

* Inhibit Uncoating : f
« Neutralize acid environment S X X
- Amantadine ‘;"dgu/\\}f e TR
* Rimantadine v“ : "r;& :mplbm
+ Inhibit DNA/RNA synthesis YR N0 Yo
« Activation by v @ ' Ay | o ¢
phosphorylation of drug by N AN o
viral kinases ¥ |
! Acyc|o\/|r Infection blocked Infection impaired

« Gancyclovir






TRIDIMENSIONAL STRUCTURE OF THE PRPC RICH IN ALPHA- HELICES (LEFT)
AND THE PRPSC RICH IN BETA-SHEETS PR

Normal Conformer Rogue Conformer
(speculative)




THE PRION IS AN AMYLOID PROTEIN WHICH INDUCES
ALONE DISEASES;

THETRANSMISSIBLE SPONGIFORM ENCEPHALITIS (TSE) ARE SUB-ACUTE, FATAL
INFECTIONS AND CHARACTERIZED BY THE PRESENCE OF VACUOLES IN NEURONS

EXp:
Scrapie in sheep& gaots, BSE in cattle, chronic
wasting disease in deer and Creutzfeld-Jakob

Disease in humans (CJD).



THE PRION PROTEIN (PRP):- PRPC &
PRPSC

» The cellular Prion protein PrPc is coded by the prnp
Gene situated on the chromosome 20 in humans,
13 in bovine and 2 in mice.

* This gene was found in all vertebrates and
invertebrates and is expressed mainly in the CNS
and the reticular-endothelial system.

* The gene product (PrPc ) is transported outside the
cell and anchored on the cell membrane and is
associated with signal transduction.

» The pathogenic prion protein PrPsc is produced
after conformational transformation of the PrPc
iInduced either by gene mutation or after infection
with a PrPsc.



PRION PRODUCTION

0 PrP° produced by cells e PrPS¢ may be acquired or e PrPS¢ reacts with PrP® o PrPS¢ converts the PrP°
is secreted to the cell produced by an on the cell surface. to PrPSe,
surface. altered PrPc gene.

©) The new PrPSc converts ) The new PrPS¢ is taken ©) PrPS© accumulates in ) PrPSe continues to
more PrP¢, in by endocytosis. endosomes. accumulate as the
endosome contents
are transferred to

lysosomes. The result
is cell death.
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