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MicroBiology Lecture 16

Introduction to viruses

Done By : Mariam Almahrooq

Virus infections are Universal.......

First : viruse infections are universal , the most
common evidevce of that is corona viruse is now
global pandemic .

41 _ can we see the viruse in culure plate in the lab as
bacteria ?

No we can not , because viruses are obligatory
intracelluler living .
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2 where can viruses live ?



In any living cell such as ( water , animals
,plants,human)
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Water: hepatitis A
Animals: pestivirus
R aad ) (g il Sl
Human : covid_19, HIV
Plant: luteoviruse
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Keep in your mind !! viruses that infect humans are
separated from viruses that infect animals .but it maybe
make jumping .
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MERS : Middle East Respiratory Syndrome
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SARS: Sever Acute Respiratory Syndrome
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COVID _19: SARS COV2



.......

®» A virus is an obligate intracellular
parasite containing genetic
Introduction to material surrounded by protein

irology

®» \/irus particles can only be
observed by an electron
microscope

together & they surrounded by protein called capsed.
L virus J) (e oS Ue B AS) gl 7 (5 0 GlaS

U £ 5 agds8 capsed J) gdsh « sl agaalliaa)l (s 58 : Enveloped
(naked virus + protein envelope) : envelop agewd clisi g ) (a

. capsed s 95 uaes o« b 1 Non enveloped ( nacked virus)

Infroductio

n to

Viro I o gy = Recognizing the shape, size, and structure
of different wviruses is critical to the study of
disecse

= ‘“iruses hawve an inner core of nucleic acid
surrounded by protein coat knowwn as an
envelope

= fAost viruses range in sizes from 20 — 450
nanometers .

Note : Genetic material of virus is DNA or RNA never both :
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Note : Viruses are very small to be seen by LM.

Viral Properties

= Viruses are inert (nucleoprotein ) filterable Agents
= Viruses are obligate intracellular parasites

= Viruses cannot make energy or proteins independent
of a host cell

= Viral genome are RNA or DNA but not both.

' = Viruses have a naked capsid or envelope with
attached proteins
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\- Viruses do not have the genetic capability to multiply :
by division. :
-vruses are non-living entities :
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Viral properties :
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Nucleoprotein: genitic material surrounded by protein .
Filterable :
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Obligate : depend on the host cell to replicate

Why virus can live only inside the living cells ?



Because it can not make energy ( it dosent have
mitochondria ) + synthesis proteins which are required to
replication.

Note : DNA viruses are usually are more dependent on
celluler machenary than RNA viruses .

A<y RNA viruses J! Ll 315y S 7 ) DNAviruses J) s
. using its own enzyme > sl

= Property Viruses Cells

®» Type of nucleic acid DNA or RNA DNA and RNA

= Proteins Few Many

®» |ipoprotein membrane Enveloped Cell
membrane

- present in present in

- some viruses all cells

®» Ribosomes Absent Present

» Mitochondria Absent Present in

eukaryotic cells

Enzymes None or few Many

Multiplication by binary fission No Yes (most cells)

1saall property s bl e Js¥) 3 gandl Hay clalslly shift 2 adbadl g S
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We have 2 type of proteins in viruses :

structural proteins : such as capsed , attached protein .

_ non structural proteins : such as enzymes like RNA
polymerase , DNA polymerase .

In general , when we talk about envelop protein, it is usually
aquired from the cell membrane protein of the host cell.
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NOTE:
DNA viruses replicate in the nuclues of the host cell

RNA viruses replicate in the cytoplasm of the host cell.

Viruses are Ultramicroscopic

HERPES VIRUS INFLUENZA VIRUS POLIO VIRUS

Kone! et al. Color Atlas and Textbook of Microbiology 5th Ed. 1997

Remember : Viruses can not be seen by LM it only can be
seen by EM.

NOTES :
_ Viruses defferes in its shape & size

_The largest virus is Pox virus



Keep in your minds :

Viruse is smaller than bacteria & larger than proteins

The size of viruses
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VIRAL STRUCTURE -
TERMINOLOGY

virus particle = virion

protein which coats
the genome = capsid

= capsid usually

symmetrical .
= capsid + genome =
nucleocapsid }iy o
= may have an
envelope

o
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I Virion

®» The complete infectious unit
of virus particle

» Structurally mature,
extracellular virus pardicles.

Virion : itis the infectious unit of mature virus .
¢ mature viruses & immature viruses Ls Ual (&
¢ agin B8 odcuh B

Mature viruses : can cause infection & its proteins in its
correct site .

al Structure - Overview

Nucleic acid
Nucleocapsid

Capsid

S _ ﬁ Envelope protein
U " ) Viral envelope®®
<~ Membrane protein
~— Spike protein

Fig 1. Schematic overview of the structure of animal viruses

** does not exist in all viruses



LSl g ol ¢ £ 5 Ga S (e G 9%a 45l envelop ) S ) gl (g ) (Saa

Spike protein :glycoproteins act as a ligand not as a
receptors , recognise certain receptors in certain host cells.

receptors gk o5 Wl LAY (e d3aa £ il daiada clug pb Us B ey
e 33504

I ) by s gl Us Jaryg Lesd basi s T cells J) 2 HIV Virus J) S
- hepatic cells J = hepatitis B virus

Distinguis f!ln.g Obligate intracellular
characteristics parasites

of viruses
* Extreme genetic simplicity

e Contain DNA or RNA

» Replication involves
disassembly and reassembly

* Replicate by "one-step
growth”

Notes:
Extreme genetic simplicity : very simple gentic material .
Replication involves disassembly& reassembly :

L sl ) glad) @ paalaally agy G e Ul
One step growth :
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Naming viruses

+ No taxa abowve Family (no kingdom, phylum, efc|

+  Classified based on structures, size, nucleic acids, host
species, target cells.

« 19 families of animal viruses (7 DNA, 13 RNA]
+  Family name ends in - viridae
+  Subfamily ends in — virinae
+ Genus name ends in - virus
+  Species
» Example
- Family - Herpesviridae
- Subfamily - Herpesviringe
- Genus - Simplex virus

— Common name - herpes virus {Herpes simplex virus |
(HSW-1)

— Disecse - fever blisters, cold sores

Notes:

_ the highest level of viruse name is family .
Viruse name is consest of :

Family -2 subfamily -2 Genus - species

13 RNA Viruses & 7 ) clugudll dlile 14 Us A1) cigisa adladly | siliay 1)
¢S ¥ la g seaall b cub ( DNA viruses

biia de gana lgde i) duwaluwdl dlall cdlle 1 ) 63 DNA viruses J) 4%
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Herps viridae --> 8 species
infection Jaw 431 158 01 5 aia o glada) calaMeally 5 gSdall (ug ) 1 daga Aiadla
Ll fever blester J) s ( above the chest ) sl (e 43 glal) (3hlia Y

w524 2a usually is not infection for the first time 4lls cla cigis
. nerve ganglia Jb iu s awal) Jay



Jay 131 acadly Adid) 3Ll jnfection Jaw da HSV = Il 0 s Yis
. sexually transmited disease
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Jg A @ils ) dudlad) Al co cidd) ) Lisa L dlal) 02 : Parvo virus
(Papo virus s¢el (S dlal) (wiipolyomavirus

Small box infection : one of the disease that occure due to
pox virus and now become completely eradicated by
vaccination )

Parvo virus: one of the smallest DNAviruses which is totally
dependent on target cells .

celluler machenary J ¢S Ssls phase J) il Y ey iy
replicaton J! 3l Las

s Jb Jusi Ll Adal) et e invading viruses (b cile il £) gl
replcation J«i Jzis phase
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HIV, Poilo ( which cause poilomylitis ).




MicroBiology Lecture 17

Introduction To virology 2

Done By: Mariam Almahrooq
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_virus is obligated intracelluler agent.
_ its genetic material either DNA or RNA not both of them.

_ genetic material is surrounded by protein coat called
capsid .

_ viruses maybe naked viruses ( un enveloped ) or enveloped
viruses .

_spike : glycoproteins on the surface of enveloped virus
which is the most antigenic part of virus & going to be
recognise by immune system .

A9 g Uil Lnalall 5 palaal) | gisall
What are the 8 species of human herpes viridae ?
A Ao e B palaal) (glge cilaglaa & Glde Sa il sl s )
Human herpes virus 1 -2 Herpes simplex virus | ( HSV-1)

Common cause of fever blisters ( circumoral lesions)
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Human herpes virus 2 --> Herpes simplex virus Il (HSV-1l)
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. ple A S5 L gw sexually transmited o=l sl ¢ gsia

Human Herpes virus 3 - varicella zoster virus
the cause of chickenpox and shingles .
CJUkY) e b ) 60 1 chickenpox
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Human Herpes virus 4 --> Epstein-Barr virus (EBV)

implicated in several diseases, including mononucleosis and
some cancers
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Human Herpes virus 5 --> human cytomegalovirus (CMV )
Conjuctivitis agie (a4l S cuy
Human Herpes virus 6,7,8 --> Kaposi's sarcoma
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- the disease they cause
poliovirus, rabies virus

H OoOwW are - the type of disease
Viruses murine leukemia virus
name d ? - geographic locations

Sendai virus, Coxsackie virus

- their discovers
Epstein-Barr virus

- how they were originally thought to
be

contracted

dengue virus (“evil spirit”), influenza
virus (the “influence” of bad air)

- combinations of the above
How do we name viruses?
D Gl (e aalg e alde Y
pJla gl A (b (el al Jo gl
Poliovirus : virus which cause poliomylitis

Rabies virus : virus which cause rabies

: type of disease _ ¥

murine leukemia J) S ) g g Jary g Baailly ug pdl) S o
L Ol Az o Jiih g leukemia Jew usd s virus

: geographic area _ ¥
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how they were originally thought to be contracted _ ¢
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influence of cuww aguual L 135 1N 45 (S84 1 618 Dia agod duald fatingy
influenza ssew (ugd 4w 41 ) g2 e Wl Cpaa s bad air

combinations of the above 1
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Adarwm Papovaviridae Hepadnaviridae Parvoviridae

DNA VIRUSES

Paramyxoviridae  Orthomyxoviridae Coronaviridae  Arenaviridae  Retroviridae

LD

Filoviridae
(L&

RNA VIRUSES

5 BASIC TYPES OF VIRAL STRUCTURE

icosahedral nucleocapsid nucleocapsid
L

YCW
lipid bilayer

ICOSAHEDRAL

helical nucleocapsid

Nucleic Protein
acid,  (monomeric units)

lipid bilay

glycoprotein spikes
= peplomers

HELICAL ENVELOPED HELICAL




_ One of the basic of classification of the viruses is type of
capsed .

We have 3 types of capsed :
A_icosahedral

B_ Helical

C_ complex

DNA viruses

Poxvirus : large enveloped DNA virus , only virus which have
complex capsid .

Herpesviridae : enveloped DNA virus , which have
icosahedral capsid .

Adenoviridae , papovaviridae , hepadnaviridae : naked DNA
viruses , which have icosahedral capsid .

Parvoviridae: very small naked DNA virus , whish have
icosahedral capsid.

Ad) las Ade dudalal) 5 pualaal) Lika
Totally dependent on target cell .
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RNA viruses :
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Retroviridae : enveloped RNA virus , which have icosahedral
capsid , the most common example of these viridae is HIV .

Reoviridae :naked RNA virus , which have icosahedral
capsid , the most common example of these viridae is
Retovirus.

‘Retovirus J » s cub




Retrovirus is virus which cause gastrointritis in newborn &
children ( <=2 years old) ,associated with continouse
vomiting & diarhea .

JukY) 2 dehydration cuw g saiul 13 4dly (ag pdl) da 3 gl (aSs
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General Rules :

If the virus is naked virus then it has an icosahedral capsid
with some exceptions .

Viral
Structure

|— Varies in size, shape and symmetry 4|
= 3 types of capsid symmetry: —_—

*Cubic (icosahedral)

*Has 20 faces, each an equilateral triangle.
Eg. adenovirus

sHelical

*Protein binds around DNA/RNA in a helical
fashion eg. Coronavirus

*Complex
*|s neither cubic nor helical eg. poxvirus

Dby Wte S0 a0 Aliadle (B L B sl S ade Uia L ) sa

Corona virus has a helical capsid .




VIRAL STRUCTURE (virion)

Nucleic acid
(2) Naked Nucleocapsid Virus

1.\ Protect genome during
ssage from one cell to
other

2. in entry process

3. P kage enzymes for

early steps of infection

(b) Enveloped Virus

What is the importance of capsid &envelop ?
1 _ protection
2 _aid in entry proses How ??

In enveloped viruses through the glycoprotein progection (
spikes) act as ligand to special receptors on the host cells .

In naked viruses , this occure by Antine - like - projection of
capsid protein act as aligand if it exist as in Adinovirus or
by grooves wiithin the capsid olso act as ligand .

S oY) i capsid JI e 4l s Ue b s Ll paked virus Jb iz
J ) ligand WHls Jiidi 4e5 capsid Jb grooves sis (g il
(ol 38 Jia a5 Jsian g2 capsid

NOTE :There must be interaction between virus & host cell

to initiate infection .

3 _ package enzyme for early step of infection & maintain the
structural integrity of viruses .

e capsid & envelop J) ¢ L 4kis Us enveloped viruses J) 2
naked Jb L (ugdl as structure J ald e Bélas L o tegumen
Cadde By L g capsid J) ol viruses




Morphological typ

BARSID STRUCTURE

lical capsid

Rod-shaped copso

. Capsomers.
Coilaround hollo

Notes :
_ The building unit of helical capsid is capsomer .
_capsomer : is rod - shaped protein .

nucleic acid J) < 2 4l J5f Ul glany L 2ad ) gready | sla; capsomers J)
. helical capsid Wslar 5 agra Cily Jua g JAI) (e agre day

What is the type of nucleic acid within the helical capsid ?
RNA

General rule : DNA viruses don’t have helical capsid .

Morphological typ

Capsid
Nucleocapsid

Nucleic acid

lical — capsid surrounds RINA like hollow tube

EX; Influenza ., measles, rabies (enveloped)
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enveloped RNA viruses which have helical capsid

Helical
symmeir
Y

sa b)) ey g edl) As s Tobacco mosaic virus J » 5ol o
helical capsid cais 4 45 ) g boa ) ¢3Sl Gy Gl

Morphological types

2. icosah&dral

= 20-sided with 12
Facet corners

Capsomers

PROTOM
@' T

=\ ary in the number of

capsomers
Vertex
»Each capsomer may

be made of 1 or
several proteins

»Some are enveloped

NOTES :
_ lcosahedral capsid contain 20 equilateral triangle.
_ The building unit of icosahedral capsid is protomer

_ protomer is either pentomer or hexamer




_ meating of heads of triangle --> capsomer

( pentamer or hexamer ) ¢s<i Wl clids » oe 3 s protomer J
capsomers J) Jariy geadl Clilial) (gl « clilia JS4 o pead

axa dilidn (ol cuha &illa Yo agll jsosahedral capsid J Js 4 Lisa
¢ il g yadl)

capsomers J 25 GBUAS Gy

protomer J ¢« hexamer s pentamer 42 058 7o cugpdll (i

capsomers J! 2% Al aaall CDEA rud gl 5 ) gall s

Icosahedral capsid under the EM




¢ EM Jt icosahedral capsid J < g cis

L o da Jia Ll e il gs JSE o 4d i

Hexon fiber : antine like structure act as ligand

icosahedral virus J JS: 835250 (1980 Ja pdi g LiSa

ICOSAHEDRAL SYMMETRY

CAPSOMER CAPSOMER
= PENTON HEXORN




Adenovirus/.

Adinovirus : naked DNA virus has icosahedral cabsid

sore throat, ) cale¥ s o Al g e ) 13 covid =19 Ll Jad ol
s9xd) 1)) ) 5h 0y | 638 (Sneezing,fever,coughing ,runny nose
A5 585 U s cued) QS I (£ g gl Jadig antibotic sk s

: commonisity J) s Gusi e J9 (O

AL rinitis Jew AN ¥ 3 ) a da o Jady (g il A : retro virus _
(a5l dmana A pall JS (ualy Ay AL Bad s ) Gal e AU

J) A (e ddg ma pled) € dda B 0l aa g w9 il 3 o) : cOrONA ViFUS

ougdl A3 g aall £ g3 23 Lo Wi covid =19 J) Jia b ahi ga ur Yo Y
. Lguss

influenza virus

(Cadl danile gl )conjuctivitis Jes 431 ety 2 - Adenovirus
- Tl WU 83 LY Gl e ) Js ddLayl,

A i (e Aall) gla WS gisal) (Sl cub
Adinovirus can cause common cold flu ,also it cause
infection of epithelial tissue in our body such as

pneumonia,gastrointritis,cistitis ( infection of urinary
bladder).




eloped helical virus Enveloped icosahedral virus

envelope spikes

nucleic
acid

capsomere
envelope

nucleic acid

differences between helical& icosahedral
iruses in shape

General Rule : naked viruses are icosahedral viruses but not
the opposite

$» icosahedral Js s« o« icosahedral s naked virus Js i
. naked

54 LSyl Wa aslas L capsid J) &jwéhajﬁéu.\ﬁwi@é\gw\ s
vas lacdgan S5 b e cuale Ulg Ura S ) g S5 b 158 a0 ag oy B
ASLd)

= California Encephalitis Virus
Coronayvirus
Hantavirus
Influenza Virus (Flu Virus)
Measles Virus ( Rubeola)
Mumps Virus
Para influenza Virus
Rabies Virus
Respiratory Syncytial Virus(RSV)




Icosahedr
al

NOTE :Helical viruses is only RNA virus .

=» Adeno-associated

Virus (AAV)
Adenovirus

B19

Coxsackievirus - A
Coxsackievirus - B
Cytomegalovirus
(CMV) Human Herpis virus 5
Eastern Equine
Encephalitis Virus
(EEEV)

Echovirus

Epstein-Barr Virus (EBV)
Hepatitis A Virus (HAV)
Hepatitis B Virus (HBV)
Hepatitis C Virus (HCV)
Hepatitis Delta Virus
(HDV)

Herpes Simplex Virus 1
(HHV)

Herpes Simplex Virus 2
(HHV2)

Human
Immunodeficiency
Virus (HIV)

Human T-
lymphotrophic Virus
(HTLV)

Norwalk Virus
Papilloma Virus (HPV)
Polio virus

Rhinovirus

Rubella Virus

Saint Louis Encephalitis
Virus

Varicella-Zoster Virus
(HHV3)

Western Equine
Encephalitis Virus

Hepatitis E Virus (HEV) (WEEV)
Yellow Fever Virus

Note : icosahedral viruses can be either DNA or RNA virus .

Complex viruses

= Have additional or special structures
= Examples:

~ = Poxviruses —lack normal capsid — instead, layers of
lipoprotiens and fibrils on surface

rface view cross section

Poxvirus : large , enveloped DNA virus & has complex capsid

B9 dale 3208 Uika dpalal) 3 pualaal)




DNA viruses replicate in nucleus using cell machinary
J) 52 Baslall slgd s glleLiEL)c exceptions 4 13 Uisa L w enzymes
815 JAy L3 La S deas 43 poxvirus

It replicate in cytoplasme using its own enzymes.

s ¥ 428 building unit J) 2 s mals s« S 1 Complex capsed
. lipoproteins & fibers on surface (s s s 4l

A bacteriophage

» A bacteriophage is any
one of a number of viruses
that infect bacteria. They
do this by injecting
genetic material, which
they carry enclosed in an
outer protein capsid. The
genetic material can be
ssSRNA, dsRNA, ssDNA, or
dsDNA ('ss-' or 'ds-' prefix
denotes single-strand or
double-strand) along with
either circular or linear
arrangement.

Notes :
Bacteriophage : virus that infect bacteria .
_ Its capsed s mixed of icosahedral & helical capsids

_ Its genetic material either RNA or DNA , Single or double
strand , linear or circular .




Phage - viruses have a polyhedral head, helical tail and
i for attachment.

Copynght © The McGraw-Hill Companies. Inc. Permission required 101 reproduction or dispiay

240~300 nm

Nucleic acid

Outer
envelope

Soluble
protein antigens

Base plate

it inchore its fiber on the surface of
bacteria after that it inject its genetic
material in the cell by tail pids.

- - I 2 DNA Virus
Nucleic acid S—

complex virus

Classificati : .
icosahedral virus
On Of helical virus

viruses Presence of envelope

R% tion s’rr

2

disassembly

reassembly

CLASSIFICATION
NUGLEE A b single-stranded or double-

Nigelgle=Ye|

if single-siranded RNA

sisgenome mRNA (+) sense or
complementary to mRNA (-) sense




NOTES:

_segmented : means each segment represent single gene &
each one translated into different protein . the most common
example is Rotavirus ( RNA virus belong to Reoviridea
&cause gastrointritis in children)

_ Non segmented : nucleic acid is one segment which

translated into one protein .

_ All DNA viruses have double stranded DNA molecule
except parvovirus , has single strand DNA molecule .

_ All RNA viruses have single stranded RNA molecule except
Rotavirus has double stranded RNA molecule .

single strand RNA viruses can pe cjassified according
to its replication to

¢ —

genome mRNA (+) complementary
Sense mRNA (-) Sense
going directly to J ;:A
H m
rl.bosgrr!es . ()43 pomonll o £ ol
g AR AL a2 pay J g ¥ oo
viral proteins RNA polymerase
g
complementary strand
T iy () Q588 o
Jatly p gl N
viral proteins

Note : all RNA viruses replicate in cytoplasme except HIV &
Influenza virus they replicate in nucleus .




OBTAINED BY BUDDING THROUGH
A CELLULAR MEMBRANE (except
poxviruses)

POSSIBILITY OF EXITING CELL
WITHOUT KILLING IT

ENVELOPE CONTAINS AT LEAST ONE VIRALLY
CODED PROTEIN

o AFASHMERTPROTEIRN X spike ( glycoproteins)
LOSS OF ENVELOPE RESULTS IN LOSS
OF INFECTIVITY

NOTES:

_envelope is aquired from the cell membrane of the host cell
except in the case of poxviruses.

45 envelope J! (2 (9 (e A eld o)) slad) 3 paladl Sai )

cell J) (re dakd 334 7 ) Lgia plls ga g (g s iliall 4030 5 ja JS g
¢ gale Sl 7 e qub e membrane

Cpra (s Al regeneration Jest 5308 LA ey ¢ ) A Y Gl gl
QA & gal €8 Cpan g

viral infection in upper respiratory tract b claii Ll Usga b Jula
ciliary J) 4 s gsd) slgmil (ha b b S0 2y ) 7 9558 0 Jg¥ Wty quaig
e g dl) (il S o) g g gadly ) ST Lis Jla o (e il oS5 Ca ) 0555 cells
Jaidd @ils b i) aa 5 W WANe coa a0 9l 8 Y s gud) Jus
Hiw (e chronic coughing Us ey digly 7 Bl aalid) adlst g duisal) Jia
. 690l e qubi L sy alad A

glycoproteins J' Jie envelop J) <lisign ¢ £65 (e fS) A4l L&s
attachment proteins s ow 43 g5l

. naked virus J) 4 & o585 attatchment protein J)




4] 5 palaall 490 (B LiSa Ua 3 pdY) 4Adadil)
It must be interaction between virus & host cell to initiate

viral infection

535354l spikes J ik (F £ sl 4l enveloped virus Jb 4 Lsa g
< envelope J A& ghall e

_ifenveloped virus loos its envelope , it will loos its ability to
cause infection 2it will die

4 ¥ Qs capsid Jb 054l grooves J) addiey iy Le aSlly jhd ok
as ligand Jiidd jshkia s« 423 capsid J!

((envelope Ji st ) Ssss ¥1 la e Jiads o) el iy

Oa cilas LalS Blal) 02 b dlaghy ab eladal g dla gaks

I dasd g o) 1igy Caiua L gala Bl g Lpdlaa g Lglal

Lalda ) llan]g 83 gddall difle ) Juall ia agiald
L YACN PR L PRUgvIn




MicroBiology Lecture 18

Introduction To Virology 3

Done By : Mariam AlMahrooq
]

3 Uil g Jals J<& intruduction to virology J! Ul b palaall sl
viral cell cycle Ju

Stable in hostile environment

Not damaged by drying, acid, detergent, and
heat

Released by lysis of host cells

Properties

of naked
V irU SeS (b:"%n infect the Gl fract and survive the acid and

Can spread easily via hands, dust, fomites, efc

Can sustain in dry environment

Can stay dry and sfill retain infectivity

Neutralzihg mucosal and systemic antibodies are
needed to confrol the establishment of infection

Now we will take about properities of naked viruse :

1_ Naked virus is more stabil than enveloped virus , because
its capsid is not aquired from the host cell

2 _naked virus can tolerat the environmental factor sush as
drying , heat ,etc more than enveloped virus.

3 _ Released by lysis of host cell ,Naked viruses don’t pass
cell membran , so how it leave cells ?




sy replication Jew Gily LA JAy 4w naked virus J) _
aad Lglils a8) i Sy cell membrane J) e s be 43 5 40400 Jals cilug )
e 038 W cell lysis J) sy « LAl Jlatig jadis iy lysis W dew L
(W Cigal g A gt (g il e ) naturally o viral factor J

replication Jeu Jan 4180 JAy L ) oles 3a enveloped virus J) L _
D65 il g Al GALS a2, platue 3 deags L aad (IR A1 sase b g
Jhi e sl da 5 cell membrane J) ¢ dakd il adlby (g b JS g 4140

8 palaall £ gagalld o Jlia UsSa g, Cigaiy lgd Jua by (alil] (a gad a8 4041

4 _ Naked virus can sustain in dry environment . why 7?

_ Enveloped viruse aquire its envelope from cell
membrane ( with some exceptions) , so it contain
lipids , which is sensitive to dry & heat & once
enveloped virus loos its envelope , it loos its ability to
cause infection.

Naked viruses just have capsid whish is only protein.

5 _Based on this properity , we conclude this general
rule : virses that cause GIT infections are naked
viruses sush as , Rotavirus , Adenoviruse .

Ot b puSal) ga ) gl
6 _ can spread via hands , dust , fomites .

Fomites : objects or materials which are likely to
carry infection such as clothes , utensils & furniture .

8 Antibiotics are either:

A _ mucosal antibodies : antibodies found in GIT &
respiratory tract . usualy in viral infection we observe
increase in IgA .




B _systemic Antibodies : antibodies found in blood .

usualy in viral infection we observe increase in IgG

A9 o2l Lla L Jlal) 3k oo Wie S antibodies J) gl b
o g pdl) (g gl ey Lo L ) Badl (8 anally B3 g2 ga Lulif

” N

=» Adeno-associated \

viruses( Non- Virus (AAV)
Adenovirus %
Enveloped ) B19
Coxsackievirus - A
Coxsackievirus - B
Echovirus
Hepatitis A Virus (HAV)
Hepatitis E Virus (HEV)
Norwalk Virus

NOTE: All of these viruses can cause GIT infection
except B19 viruse .

he Baltimore classification system

ased on genetic contents and replication
strategies of viruses. According to the Baltimore
classification, viruses are divided into the following
. YR S/ssest
2. ssDNA viruses
3. dsRNA“viruses
4. (+) seénse ssRNA viruses (codes directly for protein)
5. (-) gense ssRNA viruses
6. RNA reverse transcribing viruses
NA reverse franscribing viruses

re "ds" represents "double strand” and "ss" denotfes
le strand".

iz sliagd g olid o 1)) baltimore classification system J
4s replication J) 4 (S (g b ) i




[Sinle strand] [Boubie Strand] l R I Single strand

complementary to
genome mMRNA (+) mRNA (-) sence
sence

Juan Lnalal) 5 pualaal) agie Uika aglS bk < 5 classes Js¥ s geils S
- Y Al e

RNA Reverse transcribing viruses :

. DNA template o+« RNA i 4ii lss transcribtion J! Ll
RNA J' ¢« DNA <l s reverse transcribtion Ju ¢!
. reverse transcribtase “w »: )l ixclus: template

0 da Jary (g ) (i s

A el O Aadil) &l paalaall b Lgd a7 ) culad Baad
DNA Reverse transcribing viruses :

Js@ (il reverse transcribtion 4 sa: 4 dalay 30 DNA ) 34 b
C A el o) L) il pdalaal) Jualilly lgde Sad 7 ) oW olaS § Cpilida cilu g il

NOTE: 2,3,6,7 are special viruses
: 34 oSl 7 ) human viruses J) (» 29 Jha 4le agia 3alg JS
2 _ss DNA -- parvovirus
3_ds RNA - Rotavirus
6 _ RNA Reverse transcribing viruse --> HIV virus

7_ DNA Reverse transcribing viruse ---> Hepatitis B

virus




HIV Virus : genome (+) sense ssRNA virus

z922 45 RNA J (+) sensed! 4 Lisa dualal) b jualaal) | g S350 13

4d Al Lka (leS (s € o translation 4says aswsyl e direct

o« + sense 4z exception J s HIV virus J) <« exception
s reverse transcribtion Jew Ll bl J8 o gugul Mo 7 90 L
. replication J 1: gl o BaY b2l il DNA

» All viruses must produce
MRNA, or (+) sense RNA

Virus » A complementary strand of

Classification nucleic acid is (-) sense
- the Baltimore

classification
» The Baltimore classification
has + RNA as its central point

®» |5 principles are fundamental
to an understanding of virus
classification and genome
replication, but it is rarely used
as a classification system in ifs ,

own right
aP

il 100% pgina sty Giilea Jl o 38, 5 palaally | gisal)
D oadd b A el Balall Gua il g )
DNA -
. asusl e 7 9 (uis RNA J Jsai transcribtion dex 4080 Jay
RNA-->

5kl o (+)sense ¢ 13 4 Lisa s« sSRNA (55 il g ) e

&a: (L) sense ¢S iy HIV virus J) sl o gu s e




(+)sense 058 new strand J) s complementary strand
translation Wl xa g agusul e 7 95

. JS) g gy Al pLE ) sl Bkl agd 23 exceptions J) sl JSd da

(+) sense RNA U s 41 Ll @l palaall A& gl 7 1 8 s daglra
Gssi strand J s complementery strand i< virus
. replication Jal Wiy ¥ agusnl e 795 Al 30 o ()sense

®» JdsDNA (herpes, papova,
Viral adeno, pox)

» ssDNA (parvo)
enome o il o
g » dsRNA (reo, rofa) reo-=ramiy

el * il = sskNA (+) (picoma, Toga,

S flavi, coronq) Hiv virus

®» ssRNA (-) (rhabdo,
paramyxo, orthomyxo,
bunyaq, filo)

®» ssRNA (+/-) (arena, bunyaq)
» ssRNA (+RTase) (retro, lenti)

a

Ampiviruses: RNA viruses which are( + & - ) sense at
the same time.

e Sai gl dsxd ampiviruses 3 Al g 4 glia Sl L A Js
L gale Adia) g Lgd 3 puallall g Ui ad agllaa (s Al 5 ya




* Contain nucleic acid
* Depend on co-infection with a helper virus
* May be encapsidated (satellite virus)

* Mostly in plants, can be human e.g.,
hepatitis delta virus

* |[f nucleic acid only = virusoid

Viroids

* Unencapsidated, small circular ssRNA
molecules that replicate autonomously

¢ Only in plants, e.g., potato spindle tuber
viroid

* Depend on host cell polll for replication,
no profein or mRNA

* No nucleic acid
* Infectious proLein e.g. BSE

Bovine spongiform encephalopathy

Subviral agents : they are not viruses but they are
very simmiler to it.

We have 3 example of subviral agents :
_ satellite :

_ The nearest to the virus in structure .
_ contain nucleic acid .

_ maybe have capsid.

_ mostly in plants , but it can cause infection to
human e.g : hepatitis delta virus , usually associated
with hepatitis B (specially it need surface antigenes
of hepatitis B)

_ If satellites don’t have capsid it called -2 virusoid




_ viroids:
_ It contain nucleic acid only , don’t have capsid .

_ Don’t cause infection for human , just in plant sush

as : potato spindle tuber viriod .

_ Depend on host cell RNA polymemerase in its
replication

_ prions:
_ No nucleic acid , protein only .

_ can cause infections for human , animals such as (
BSE) .

Viroids O

* 5s RNA genome and the smallest
known pathogens.

& P rio n S » Affects plants
=)

* Infectious particles that are entirely
protfein.

* No nucleic acid

e Highly heatresistant

* Animal disease that affects nervous
fissue

» Affects nervoustissue andresultsin

¢ Bovine spongiform encepahlfits
(BSE) “mad cow disease”,

e scrapieinsheep
* kuru & Creutzfeld-Jakob Disease
(CJD) in humans

Notes :

_ viroids don’t have proteins , cause infection only for
plants .




_ prions contain only proteins, no nucleic acid .

_ can cause human & animal infections .

I sy (2l 4l £ U g« prions J) Yo oal 4l o adlally Al Us B
- (kuru ; CJID ) a2 032 Y agia 43Sk (it prions

_ prions are heat resestant agents.

prion e (b o2l ¥ (e g2 clias padd ¥ dal Al | slary Ll Gl
. eSSy &l g (e ) gualdy

= Viroids are small (200-400nt),
circular RNA molecules with a
rod-like secondary structure
which possess no capsid or
envelope which are associated
with certain plant diseases.
Their replication strategy like
that of viruses - they are
obligate mtracellular parasites.

» Viroids do not encode any
proteins and unlike 0
satellites they are not
dependent on the
presence of another virus ,

V4

Notes :
_ viriods are obligate intracellular parasites .

_ They don’t cause human infections , only cause
plant infecton.




-Virc|>ids uftilize %:ellf%lqr RNA
o olymerases for their
Viroid rpep ication

replicatio = Replication is performed
by “rolling circle
N mechanism”

= The resulting long RNA
molecule is cut in pieces
and ligated either
autocatalytically or by
cellular factors o
(depending on a viroid)

= SO in a sense, at least
some viroids are
ribozymes...

Notes :

_ Viriod use RNA polymerase of host cell to replicate.

_ some viroids are ribozymes .

4 =
« Examples

of plants,
infected

with various
viroids




= Viroidlike = Safellite like

H epoﬁ’ris properties properties

1 _ Rod-like RNA Encodes a
8 virus—d molecule protein, which is

chimeric Rolling circle necessary both

Y for
replication encapsidation

molecule, Self-cleaving and replication

half aciivly Dependent on
presence

Iroi another virus —
viroid, ano
half Genome larger
than for viroids

satellite (1640 nt)

Hepatitis delta viruse : chimeric molecule molecule ,
half viriod & half satellite .

Chimeric : hybrid

J) 355 b sidy 4l s hepatitis delta J! ¢s WS Wl 5 5d @

G4 0 sy co - infection J) s s 43 Uisa s < hepatitis B
hepatitis J s hepatitis B Ju clas la (a4l : Co _ infection
.l il delta

e dke day hepatitis B Ju clas S 2 4 - Super infection
e Blad ¢ aldd ciliaa Al Cia 58 5 Clas (iiw A e chrroniic infection

zs2 very high fever , joint pain > acute symptom »iic
. hepatitis delta < 4ila) | pidis; Jullad A glaay Addwalle

 Aaga Jgaally b cid oA




Prions

® Prions are ratherill-defined
mfectious agents believed to l
consist of a single type of protein
molecule with no nucleic acid
component. Confusion arises from
the fact that the prion protein & the

gene which encodes it are also

found in normal 'uninfected' cells.

These agents are associated with L
diseases such as Creutzfeldt-Jakob

disease in humans, scrapie in sheep

& bovine spongiform \
encephalopathy (BSE) in cattle. ‘
a

_ Prions don’t have genitic material

GlasS 392 ga Wgadan b () g sl 3252 ga Clisi g 2 0 3 e A prion
il s 9 GhaS (al el il e g (al paY) G S qubs

» Prions

» Prions are proteinaceous tfransmissible pathogens
responsible for a series of fatal neurodegenerative diseases (in
humans, Creutzfeld-Jakob disease and kuru, in animals,
bovine spongioform encephalopathy)

« A prion (proteinaceousinfectious particle, analogy for virion)
is a type of infectious agent that does not carry the genetic
‘ informationin nucleid acid!

+ Prions are proteins with the pathological conformation that
re believedto infect and propagate the conformational

chgnges of the native proteinsinto the the abnormally

srir ure;:l form

PrP--> normal protein ( prion )




PrPsc-->abnormal protein

e prion J 45 normal J o«l abnormal protein J/ L 2
3 Sty G ) Ll e g ey A3lAy L 0 quh ¢ ()

isedse name

Natural host

Prion name

PrP isoform

Sheep, goat

Scrapie prion

OwPrpse

le mink
ncephalopathy
TME)

Mink

THME prion

MkPrPSe

Rronic wasting
secse (CWD)

Elk, mule deer

CWD prion

MDePrPse

gvine spongioform
cephdalopathy
SE)

Cattle

BSE prion

BowPrPse

ine spongiéform
cephdalopathy
F3E)

FSE porion

xatic ungudle
ngephiclopathy
EU

Greater kudu,

Nyl

EUE prion

Ny aPrPse

o\

Human

Kuru prion

HUPrPse

reUtzfeldt-Jakob
isecsg (CJID)

Human

CJD prion

HUPrPse

erstmann-Straussler-
cheinker syndrome

Human

GSS prion

HUPrPse

w« human / animals (A cuay 3dy ga sl di pd Ul qiglhaa
2y G prions J dued @l pase G

fatal familial insomnia ( fl)




causes of formation of PrPsc

+ Prion diseases: rare neurodegenerative disorders
[one person per million)

1.Sporadic (85 %] spontenous

In the sixth or seventh decade. rapidly progressive
[death in less than a year)

Creutzfeldt-Jakob disease [CJD)

2. Familial (inherited-15%)

Mutations in the PrP gene that fawvour the
transition from the cellular form to the
pathological form of PrP

Gerstmann-Straussler-Scheinker disease (GSS),
fatal familial insomnia (FFI)

3. Transmissible (rare; asource of great concern)

Propagation of kuru disease in New Guinea
natives [ritualistic cannibalism) ,

Recently, it has been discovered that BSE had
been transmitted to humans in Europe after
consumption of infected beef, producing a
variant of the CJD called wCJD

a
Notes :

kuru disease : no longer considered as prion disease
oadd (a1 gle 51908 Lal la ala ., dad Al ASY 4d g Ulhay (laS (i yal) Aa
abnormal proteins aglus Al g o 51Sh g 48 las | giaday g 0 o118y ) g2 9 0
Cra Al i Lalidd 1) g Alla dla i gl Joadinn puaidially Ay ¢ G pal) 3 agdlans
. o) agad cpls)
CSaa G81 Gl Lgaaedi b (o Al il gaall prions J) W b gl <Y _
O b A Geia pa e cliildly la W S jumping btw them <
A Q) iy A B Ggia 081, GlaS Gl sy Jla (81 ) gl

Variant of creulzfeldt - jakob disease (v CJD)




Transmissible spongioform encephalopathy
(TSE)=prion disease

A group of progressive conditions that affect the
brain and nervous system of humans and animals
and are fransmitted by prions

The pathology: vacuolar degeneration, neuronal loss,
asfrocytosis and amyloid plaque formation

The clinical signs: loss of motor functions (lack of
coordinafion, ataxia, involuntary jerking
movements), personality changes, depression,
insomnia, confusion, memory problems,
dementia, progressive tonic paralysis, death

Definitive diagnostic fest: biopsy of brain tissue
(histopathological examination and
immunostaining for Prpsel I

There is no cure

/

a
.ol signs JI A S5 ou 4kl s o S il La ) gisal)

V CJD J) Ga s agibal 4l (58 M A5 dpdi o gall) ) 180 ) gy cilaY) lagha
Aol 5 94 ) daall) (g gl Lal a AdY s hlA () i) ol oD, Gl (e S|
ASY L) G el Jii ) Abas Lgddal ae L 5Bl LS 1) (( Lgaads Le Jia ddia j3l
. 5,1l (e gie prions J) Lisa L Jia

-sheet
Conformational change

e

Normal protein Disease-associated protein
(folded structure) {(misfolded structure)

|

Aggregation

— TS

Gain of toxic Loss of biological
activity function

What is the results of connection btw PrP &PrPsc?

Conformational changes in prp lead to :




_loos its function.

_ resist proteases.

_ accumalated in the cell & cause toxicity.

BIPS

The normal protein

PrP=c

The abnormal, disease-producing
protein

|
|

| is called PrP¢ (for cellular)

a transmembrane glycoprotein
neurons, lymphocytes); its function has the same amino acid sequence
nknown; it binds Cu?* (regulation (primary structure)
its hgmeostasis)

is called PrPsS¢ (for scrapie)

has dominant secundary structure -
secundary structure a- sheets
helix

is insoluble

is multimeric and resistant to
digestion by proteases
proteases

coded by a gene designated

When PrPs¢ comes in contact with
ocated on the chromosome 20

PrP¢, it converts the PrP¢ into more of
itself These molecules bind to each
other forming aggregates

AL agale L hlEl e 3608 adludl sla e le L gisal)

Molecular models of the structure
of:
PrP¢ Prpse
Predominantly a-helix (3) B-sheets (40%), a-helix (30%)




« Replication cycle

» The presence of an
initical PrPse: exogenous
(imnfectious forms) or
endogenous (inherited
or sporadic forms)

» This first priomn will
initicate PrPss
accumulation by
sequentially converting
PrPs molecules into PrPss
in replication cycle

« PrPie molecules
aggregate

Replication cycle:

Jid aali 3 b ) (e o Y abnormal protein 2535 Ll g

b O g O A sy ( Spontenous or inheritence ) ¢s<
c oAl ) g g aS) i Al Gl g e il Al gay Jual g

\ Summary

The prions are proteins that carry information for self-reproduction
[contradict the central dogma of modern biology)

The prions are expressed in cells of healthy humans and animails; their
obnormotl conformations [PrP®e) are insoluble, resistent to digestion and
aggregate

The PrPse attacks the native prion PrP¢, changes its conformation info an
abnormal form and causes an exponential Produciion of insoluble
proteins; they aggregate and form the fibrillar structure

Prion disease are rare fatal degenerative disorders; a portion of them can
Ee tron]smMed: this mechanism is not clear [e.g. fransmision of BSE to
uman

One oriihof the prion protein can cause apoptosis, or programmed cell
ed

Prions induce no immune reactions within the human




DNA VIRUSES|

{
DOUBLE STRANDED

1]

\

\

\

SINGLE STRANDED
NON-ENVELOFPED

COMPLEX
ENVELOPED

NON-ENVELOPED |

| I

CIRCULAR

PAPILLOMAVIRIDAE
POLYOMAVIRIDAE

[formerly grouped together as
the PAPOWAVIRIDAE)

A viruses

LINEAR

PARVOVIRIDAE

POXVIRIDAE

ADENOVIRIDAE

All families shown are
icosahedral except for
poxviruses

lcosahedral

Naked

|
I | |
ss linear ds ds
(+) or (—) circular linear

I I

Pﬁplova
(G (R
I I

45-55 70-90

&3

Adeno

Enveloped

| l
Naked/Env.

120-200 150-350

| ]

Helical Complex
Enveloped Enveloped
(CYtOPIh-tmh)

ds
linear




U T T
SINGLE STRANDED SINGLE STRANDED DOUBLESTRANDED
positive sense negative sense
| = | l abdablabdctor |
] | |
I ,COSA"ED”\LI | HELICAL | | ICOSAHEDRAL | HELICAL ICOSAHEDRAL

|
FLAVIVIRIDA CORONAVIRIDAE PICORNAVIRIDAE ORTHOMYXOVIRIDAE REOVIRIDAE
ITOGAVIRID, CALICIVIRIDAE PAIIAM\'(})(\?I\;:RDI‘I‘)EAE
ASTROVIRIDAE FILOVIRIDAE
BUNYAVIRIDAE
ARENAVIRIDAE

A viruses

35-9 1621 127 13-16 135-21 136 16-20 10-14

From Principles of Virology Flint et al ASM Press




Picornavirus

Cronarmo
5 +

C =32
22-30 nm

C =327
20-35 om

Coronavirus

Psoornorph-c
120-3680 nMm

Arenavirus

Freomornpnic
110-130 nm

Circovirus

@ +

icosahadeal
V7-22 non

Adenovirus

loasahodron
v Rao MD

< = 252
75-80 nm

Astrovirus
c-J‘)SIU

@4—

Retrovirus

sp kuu*

lconanodr sl
S0-120 nm

RNA Viruses
Calicivirus

=) +

= 32 (hotas)
1=. ==

Flavirus

D+

icosanedral
45-50 rwn

Toagavirus
Envelopo

/
-
fooSsanadral

7O nm

Reovirus Orthomyxovirus

Bl - LF-

sagmanis

Bunyavirus

Hetlical, Pleamorphic

weo ey SO-1 20 nm BO- 120 nern

Filovirus Rhabdovirus Paramyxovirus

—~——

Helical, Plecmorphic
1S0O-300 N

ebical
BOXBOO-2500 rvim

Hetcal

BOx1B0 nm
DNA Viruses

Parvovirus Hepadnavlrus

=

»- 180 K‘( satreciral
-30 A8 rwr

Herpesvirus

&5-

C = 162
IS0-2C0 nm

Papovavirus

‘+
< =72

ALSES rvmy

Poxvirus

T

Comaiex
2490300 nm

=
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BASIC
STEPS IN
VIRAL
LIFE
CYCLE

B ysalaally W S3 s cila plaally ¢palliag g

attachment of spike

BN @) @) Figlycoproteins) to celluler

receptor of host cell

PENETRATION
UNCOATING AND ECLIPSE

disassembly of capsid & release of genetic material

SYNTHESIS OF VIRAL NUCLEIC
ACID AND PROTEIN

SSEMBLY genetlc materlal& viral proteins

L Le 33
replication

Note : HIV virus is doubloid virus, that mean it has 2

copies of ds RNA molecule.




sl one copy of its genetic material s s giad Clag pdl) JS
. HIV virus J
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