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Virus infections are Universal

viruses JI 9o JUI lic microbe b oo (So gl byasSdl guslgo luals o ao
Al OWIL iz gl clalb JS3L 52U slguw oo JSH 839290 D lugysall
Introduction to Virology

. Avirusis an obligate
intracellular parasite containing

genetic material surrounded by

protein
obligate intracellular parasite y>| > IS Jols 85 a53 dil g du> OIS e Wlwgplall dil 8uslxe Job LuS>
ol OIS Ly 185 )2 Lo
9290 wamy 20 1939Sy Jumiime yuw DNA ol RNA (555 Lol gentic material sxic ugnlall 13
owgnlall 9o deio Sl Gisy virally encoded oo JUI g capsed aawl protein o blw genetic material JI 1ae

« Virus particles can only be observed by an electron
microscope
light microscope JUL lgdguind ja81 Lo g yuiS 8 s Oluwgplall

lgio 33 89S hN8 8pustio juiS lgid SIS Hline GIU > S lg> )9S5 a3 9.8 9 €lectron microscope assiuws pj3
Laba>5 Liso



Introduction to Virology

. Recognizing the shape, size, and structure of different

viruses is critical to the study of disease

. Viruses have an inner core of nucleic acid surrounded

by protein coat known as an casped

RNA gl DNA L go Ul inner core of nucleic acid gl wlwgplall LS Lo ()
casped oliuow protein coat w blsw g

. Most viruses range in sizes from 20 — 450 nanometers

Viral Proper’ries
. Viruses are inert (nucleoprotein ) filterable Agents

o isc lgumns pinall LleloadSy @b Lol Igils ooy wlal lgaiiiSy Lo Jub Lo
Lo a2y Olai Lo &l yoyiay SUI plgssd lgaasiy 9 disall Cumi asy g bywSl (55 85I DL yiey line »idé lguzu o
8l Lo )38 puta oo lall 53 o9l 136 iy (sgasll lail (IS 131 6S) dissll Liyald

. Viruses are obligate intracellular parasites

IS Gileins o 2l 95 Lo Jol s B3 o 9 Alals 0955 Slgiylal
. Viruses cannot make energy or proteins independent of

a host celbly 50y Jagi )a85 2l lad Dlogojgnly gan dsilhyg 3lo pu lgil Lay cilwgylall dun
host cellJ! g5 pojsnl b eig jiS Lo lus line

. Viral genome are RNA or DNA but not both.

vasy go RNA o DNA Lic 555y Jumiunn &l 35y 830 I sl
. Viruses have a naked capsid or envelope with attached

proteins
Llgrooun LUl dis)yladl dadall o LUl enviope 9 naked (yeSiw Lol olwgplall
i envlope adec (,sSs 5 envioped gl
Wlikdgp lade g lipid bilayer 0 dado » enviope JI
oo @b gl J515 90 g ywgplall Lisy host cell membrane Jl o &ua.u envlope mainly J! 4l las> dago dnsds
0 VST (S Wwlbilisuwl 8 oS genviope JI dg> oS host JI
host cell Jl g5 ER oo ol nuclear membrane JI

. Viruses do not have the genetic capability to multiply by

division.

. Viruses are non-living entities



Property VIRUS CELLS

Type of nucleic acid ., pNA or RNA - DNA and RNA

- Proteins - Few « Many
- = . Enveloped » cell membrane
- Lipoprotein membrane _
(present in (present in
some viruses) all cells)
. i m
Ribgsames « Absent » Present
v o « Present
« Mitochondria . Absent
in eykaryotic cell
« Enzymes « none or few « Many
- Multiplication by binary . No . yes (most cells)
fission

e (saie Dlwgplall liuigrll Gl b lS> )giSall dads
(Glycoprotem)Splkele Capsid (55 gwonlall cuSyn lgl> Sl structural -1
wgnlall scbwn enzymes e 8)le S cuS)idb J>a b Sl Non structural -2

DNA / RNA polymaresJ! )

Oloyiidl (o NONE OF feW oSy (S Gl lldy Jgaxdb dleds HleS
LoSou Sl g b .o 3 elgil g lgsd gloil L6 s

few LS clio (i dwoladl lesyil oaic 433 replication JI ddesy > x589 RNA dud g pulall oIS 151 5l 6)Sall
3 LS g Dleuil Lgad byusSh 8 whio Hline |, NONE LuS> wlie Hlise host cell JI go wlajidl 359 59 DNA oIS 131 Lol

Lgdle 3S) )9Sl 43S doglen L8y25 Uy suo
POX Virus I o LUl 3o1g £oi 31 8laill lo> maniis 130 DNA dd (3655 LUl wg wlall ail
Aol lg> @uudiy small pox Jl yére e Sl
Blaill By yady Lo clid Hliio HuSIl dox> oy 130 o

23Ngtal o> eudiny RNA Waie U1 LSl doatlly Lol
8lodl lg> euusiy influenza Jl o HIV JI g U slisiwl Licgusn

3 8y0 (yo 381 LIS 55383l 5 5435 dago doglaall slo



Viruses are Ultramicroscopic
mﬂ:’%f POX VIRUS
BODY
STAPHYLOCOCCUS
@ < :
HERPES VIRUS INFLUENZA VIRUS POLIO VIRUS
Jlabdl JLb Josy

herpes virus has 2 types
above the waist and below the waist

il ol solall 501 Lol Jl lgrpuas racsi Lgll sy

The size of viruses

Bacteria Poxvirus  Viruses Proteins S?;II Atoms
l Ribosomes molecules
T TN R T AT TR T T .
102 102 104 105 106 107 10+ 1 10-10
(| em) (1 mm) (1 pm) (! nm) (1)
Light microscope
Electron microscope

X ray

NMR



VIRAL STRUCTURE - SOME TERMINOLOGY

. virus particle = virion

. protein which coats the genome = capsid
. capsid usually symmetrical

. capsid + genome = nucleocapsid

. may have an envelope

infection Jesy 4l jal> g 7ol Gisy mature gugnlall 4ud (59 pwgnlell ge B form o virionJi

Virion
. The complete infectious unit of

virus particle

. Structurally mature, extracellular

virus particles.

host cell JI (o duiy dil LS 493 not encoded by virus gg9 envelope JJ duwill




Viral Structure - Overview

Nucleic acid“
Nucleocapsid
Capsid

i — G—-— Envelope protein
L B L Viral envelope™*
Membrane protein
f +—— Spike protein

Fig 1. Schematic overview of the structure of animal viruses

** does not exist in all viruses

wgplall ;e encoded y9Sw glycoprotein JI
host Jl &5l o e3>l yie o
a0 oS (ALXBJ egic k,(..:x.\ Cl)

Dis’rinauishina characteristics of viruses
OBLIGATE INTRACELLULAR PARASITES

EXTREME GENETIC SIMPLICITY

CONTAIN DNA OR RNA

REPLICATION INVOLVES DISASSEMBLY AND
REASSEMBLY

REPLICATE BY "ONE-STEP GROWTH”

‘::l_\ﬁJ e L,S.m Cl) Ouwibadi y5l



Namina viruses

. No taxa above Family (no kingdom, phylum, etc)
clio (55 H9Sy pasial g family JI g wluguall ol Llel
Family -> subfamily -> Genus -> species

. Classified based on structures, size, nucleic acids, host

species, target cells.

. 20 families of animal viruses (7 DNA, 13 RNA)
6 1555 DNA Jl 453 dble 19 lgsls
i) il ABle 3 S
. Family name ends in — viridae

. Subfamily ends in — virinae

. Genus name ends in — virus Family 1 5o lusgeily bl lel W Lo s
viridae o i o

- Species 510 lugyd Al (s LS Ul herpesviridae Jio (So1 Lol isy
subfamilies J lgewan family J!
> Example virinae o e Sl
— Family — Herpesviridae Lt gugnlall oo li-genus JI Juogi te 5=

smpliex vrius ade Jlo o
— Subfamily - Herpesvirinae

— Gienus — Simplex virus

— Common name — herpes virus (Herpes simplex virus | (HSV-I)

species 8 dio ;8 herpes I
B99 aliyS> (uil eal
waist JI §s8 can SUI HSVL
waist Jl e e SUTHSV2

— Disease - fever blisters, cold sores

aule 1935) Jlially SUI gyl 130



How are viruses named?

& Based on: fox/ rats / racons / dogs )les> duac (1o yuan rabies Jl aic
G e 1 S} FLP S rabies Jb wlay z1) IS oo pasi las sl Gie lads
Wolosy Ul el ol diclisaliva Jb dol> gugralh wlas 9s$h pi3 olgsdl 43
- the disease they cause SRS

rabies vaccine Jl dubsi 23 plgu> diac oic las Ll dl> 6 Lo

poliovirus, rabies virus Ul

0aelb 0ju0d Hlire diwad LI 10 (o s28) rabies JI 43
polio virus Jl Waie S Jlo SSil)
paralysis cuuw peripheral J Jaiy ¢ replication locally Jasy rabies JI
- the type of disease rEn/es

CNS JI Juogy oo

. o sady 7l dzp pasil b o e Hlie CNS JI o diledl digzg is

murine leukemia virus aulmal 35 okl b o Lol glea | Lod it aligk 5as Jupalial
murine leukemia JI clic iy g0l 0)985 830 (195 dogy 21y

(murine) ohiall Gl Ge Jain o leukemia Joz Oex Olite ucornd gormnl a2dy CNS JI Juogy Lo a2y

- geographic locations
Sendai virus, Coxsackie virus
830 Jol uorall lasd xgbs U Yl >
- their discovers
Epstein-Barr virus
830 Jol U el lgsd S SUI Gasil] s
- how they were originally thought to be contracted
dengue virus (“evil spirit”), influenza virus (the “influence”
of bad alr) nfuence oS s s S fiiomas e

logls> L influence dolS ¢ lgladl> wgyud Lgil lsdye Lol o
influenza

- combinations of the above

Rous Sarcoma virus

virus sarcoma rous Jl Jio (g9 @1)S3 b Ol (0 doroxnd



VIRUS PARTICLE = VIRION

nucleascapsid

lipid bilayer

ICOSAHEDRAL ENVELOPED ICOSAHEDRAL
capsid Jl pe S vl 2y

helical nucleocapsid lgio gloil 3 Lic
e helical
et Proswn .
e, mesemecunty ICOSahedral
complex COMPLEX
pox virus JU ddguinis Lin
nucleocapsid
lipid bilayer
glycoprotein spikes
= peplomers
HELICAL ENVELOPED HELICAL
dole aclgd dygiy S 2

ow Ol leds Sl e enveloped (e Lals naked 0959 S Lie helical wgyus) lic HlS 131
) icosahedral WL ¢ 151 naked Luwgyull oS 131
enveloped ¢l naked ()sSi ;Swwo icosahedral JI isy
< enveloped Jl 35 naked JI cuusl oo clis 131 abs
target cell e receptors ¢ attachment Josy ol egesiwy glycoproteins ale enveloped JI
sl o0 pugplall) mewn 2l SUI
ddadle J> &l 6)38 280y 21,5 naked J Jg= g envelope Jlasay pugnlall See Gisy 1035 oS envelope Jlow
naked icosahedral (sSi Gl Jl el lwguall i



Viral Structure

. Varies in size, shape and symmetry
. 3 types of capsid symmetry:
— Cubic (icosahedral)
. Has 20 faces, each an equilateral triangle. Eg.
adenovirus
— Helical
. Protein binds around DNA/RNA in a helical fashion eg.
Coronavirus
— Complex

« Is neither cubic nor helical eg. poxvirus

.- Matnix
A
- <

Capsid

Nucleic acid

.
=

-

(2) Naked Nucleocapsid Virus

1. Protect genome during passage from one cell to another

2. Aid in entry process

3. Package enzymes for early steps of infection




CAPSID STRUCTURE

1. HELICAL CAPSID O —

Muckaic acd

. Rod-shaped capsomers

. Coil around hollow center
. Nucleic acid is kept inside — wound-

up within tube

(Helix )

Capsid begins
_~armning hekx

48 building unit Jl g dlSus 49 lingy helical Jl g5 Jol lic
Ve 2o iy capsomers JI Lo oxic building unit JI
ring Josi Hliv
Lo ring g al3d ring (sxic yuaud |)ol g aladl lglob 3035 juan loas) i
helical Jsub sic gl
genetic material (saic cluin zl) formation of ring JS go
RNA yoSiw_helical JI Lails : 53eld

capsomers Jl doa clyaall JSuis3l g cross-section lia

— Nucleocapsid

Helical — capsid surrounds RNA like hollow tube

Ex: Influenza , measles, rabies (enveloped)



Helical sx/mmeJrry

90 WLl Caway pugall slag Virus mosaic Tobacco J o 8)gall slo
capsid helical ssic 4ii 45)0u0 o> 5giSl Gy Ll

2. ICOSAHEDRAL

« 20-sided with 12 corners

» Vary in the number of capsomers

« Each capsomer may be made of 1 or several proteins

» Some are enveloped

disglay.

icosahedral ¢» capsule ¢45 JU
dygly 12 O pasy go lgblén Clio d>g 20
protomer ;g0 building unit JI

Facet
meeting e 9sSa zl) owgmall d>g g ol corner JiLle
Capsomers protomer (o ,iS3
Ao diw gl dues eS8 Seo Meeting Jl dws
capsomer

) ! Vertex
capsomer Jlg sl capsomer JI u lgkyss @b Ig s
helical JI ccl
(b)
Slepdl iy g 293l sae iy bo Gwgyrall 1S LalS duss
capsomers Jl g protomers Jlsac ap g

12



leydl g G dze3l dac i Lo Gugyeall 1S LalS dus ool dud JSub 448 130> yau03llgha>yi o)
capsomers Jl g protomers Jl sac xj g ’ cabsomer J‘ o dosil gly

rota virus J! dewl jwg sl 3o
JlebM dols g cliidl Juasd 6 gastroenteritis
diarrhea ¢ vomiting J.u;qjl wsolyel o g
dehydration € (saic jua zl) 9 Jéb go yolyedl slo 8 dil L g

‘,‘-nhln.w-r

{m} k)

Gl J infection Jesy Guwgyeall 132
naked / icosahedral

(orally 03>g1 polio Jl pgeho g0y ) orally Jalall 03>g) pgelao 4l
worall caww o ng@@djleg&ha]”ﬁé
4le immune system Jl W2y G

1



Cubic or icosahedral symmetry

ICOSAHEDRAL SYMMETRY

CAPSOMER CAPSOMER
= PENTON = HEXON




Adenovirus /

LN 12 PENTONS

HEXONS

adeno Virus dowl 333> Gwgyd e LS
icosahedral / Naked
el Lgig) Wileyai dle 8 8)9.all
envelope Jl ,le embedded oS5 53 spikes Jl 43 spikes i Jsdo
projection in the capsid Jgio»
S by b b
spike Jl @ab ;e target celll g vluin zl) <l LS> emveloped JU lgég
grooves or slips eglly 8 0sS ol projections Jl Jods Gayb e wluin naked JI
Sl $polell dhsl 7] Eou dle b 953l adeno JI

Enveloped helical virus Enveloped icosahedral virus

envelope spikes

nucleic
acid

capsomere
envelope




8aclall LuS> 433 RNA @glS helical Ji e diol Jga

RNA ;S helical (sl il g9 LUl Helical
- California Encephalitis Virus Mumps Virus
Coronavirus Para influenza Virus
Hantavirus Rabies Virus
Influenza Virus (Flu Virus) Respiratory Syncytial Virus(RSV)

Measles Virus ( Rubeola)

Iciogahedral | | F BRi ]

o y5b abisl 211, adeno Jl ge cazly cl 5gisall
- Adeno-associated Virus e Herpes Simplex Virus 1 (HHV1)
(AAV) Herpes Simplex Virus 2 (HHV2)
Adenovirus Human Immunodeficiency Virus
B19 (HIV)
Coxsackievirus - A Human T-lymphotrophic Virus
Coxsackievirus - B (HTLV)
Cytomegalovirus (CMV) Norwalk Virus
Eastern Equine Encephalitis Papilloma Virus (HPV)
Virus (EEEV) Polio virus
Echovirus Rhinovirus
Epstein-Barr Virus (EBV) Rubella Virus
Hepatitis A Virus (HAV) Saint Louis Encephalitis Virus
Hepatitis B Virus (HBV) Varicella-Zoster Virus (HHV3)
Hepatitis C Virus (HCV) Western Equine Encephalitis Virus
Hepatitis Delta Virus (HDV) (WEEV)

Hepatitis E Virus (HEV) Yellow Fever Virus



8 Le capsid &JG
CO P‘ex Vlruge;%x virus Jb o lgdgan SUI complex i
Jl e oS 948Ul e 83na0 HoSi lawiny I

- ; lipoproteins and fibril
- Have additional or special structures ] ol ) S

- Examples:
- Poxviruses — lack normal capsid — instead, layers of lipoprotiens

and fibrils on surface

\ o
surface view 3 3 cross section

LSl lpuslna Lo LS
Can gugpld e dHle o Gl g .
Sl A bac’rerlophage
(ss 9 dsJ) RNA Jlg DNA Jl gle3 dueuill

590 LS 045 1y bgiSall
- 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 ssRNA, dsRNA, ssDNA, or dsDNA ('ss-' or 'ds-' prefix

denotes single-strand or double-strand) along with either

circular or linear arrangement.

Phage - viruses have a polyhedral head, helical tail and fibers for

attachment.

capsid head lasic
helical like body aic o
s LI tail fibers I aic
to catch the bacteria
tail pins aic g
injection of genetic d)> (o Josi LI
material i

LSl lo=




Classification of viruses

DNA or RNA icosahedral / heliacal / complex

enveloped / naked

PRESENCE OF
ENVELOPE

REPLICATION
STRATEGY

Baltimore classification of replication strategy duouwis ol 9
caio 3519 995 21 Gl Hluddl el Slwgplally strategies 7 dos
single stranded DNA replication g double stranded DNA replication %
single stranded RNA replication ¢ double stranded RNA replication Us 9
negative sense o positive sense J lgowuis single Jlgbpg
el egic (So0 7l dun

CLASSIFICATION
NUCLEIC ACID

RNA OR DNA

SEGMENTED OR NON-SEGMENTED

rotavirus Jl g influenza Jl dliel ygil 9 calido uion i zh ez JS 9 Wluad dewndo iy segmented JI
a>ly g 9 32l Gu> Sy 83>g dakad dlsll sslall JS HsSud non JI Lol

LINEAR OR CIRCULAR

All RNA viruses have single All DNA viruses have

strajid SIRNETEEE e SINGLE-STRANDED OR DOUBLE- double stranded DNA

Rot 'exc;:ptd bl molecule
Ghads\ga it Uey STRANDED except parvovirus, has

! RN s
S e i T | single strand DNA molecule

IF SINGLE-STRANDED RNA

— is genome mRNA (+) sense or complementary to mRNA (-) sense

Jreplication Jl cuws> doundis SSRNA JI
mRNA positive sense and mRNA negative sense
Osion Jesy g 8blie Dlogignbll Gle zgx yad  positive JI
RNA polymerase )b e complementary strand guas zgxd Josy )3 Lo negative JI
gl Jewi jasn g positive (jeSiw complementary strand I

dsDNA / sSDNA / dsRNA / +sSRNA / -ssRNA ¢lgil 5 ;ye (581> byl clsa
18 E8iE S (3 (el Jub



cell Jl ¢ envelope Jl 4l dole dacld LiuS>
host cell JI g5 memebrane
] g e A e ENVELOPE

nuclear membrane

OBTAINED BY BUDDING THROUGH A

CELLULAR MEMBRANE (EXCEPT POXVIRUSES)

S il ¢h Je cellmembrane JI Le;.oua.nu zh asdl il dwe cub
Osse 3ad g PG 2l e 3 L
Olwg ol cackais zl) dblyg 83l olyg wlyn ais) ddsll g Gl 5L Lo g0 gl g Gugnlall wsd) Lol
OleS enveloped Slwgyd saic min zh 9 ddsdb JUI recourses JI JS 1gSdgi lgpan 1) Sl
cell membrane lose will be unrepaired JI g Joxi jxii> lo ddsl >3l

POSSIBILITY OF EXITING CELL WITHOUT
KILLING IT

recouses JI ;o lgius G 8)lusl mhias )adi g ddsll o gllay enveloped JI Lus> Lo (55
83900 ke Lasd SUI Sloglall JS plbas 21, Lalisy dundi Gug plall ol Cges 5 Joni 385 Jlass uny oS)

naked

CONTAINS AT LEAST ONE VIRALLY CODED
PROTIEN

— ATTACHMENT PROTEIN spikes or glycoproteins
sl 9o Gugplall un Ul i

d|9;u& goxo9all Gwoplall Juog um| Lo Ldls> degono g ywgpld degoswo lic i random event o)
woalb Llas el Llel JlA.L)‘ P euadle cdss Jl ugplalil ccls dose JN ol LelS Gisy

LOSS OF ENVELOPE RESULTS IN LOSS OF

INFECTIVITY

naked ¢l enveloped Ll nature Jl swgulall
replication Jes )38 Jlaw 1) enveloped virus Jl <l (i) 1369
90 Sl g target cell Ju bls)l Josy ya8) Jlaw zl) 43 ade SUI glycoprotelns s 13 olL
bl ol

8y 0ll pgic LS projections gnb o yuas pid e2i ¢ naked J ploS byl yuay 253 Jo
duslall

naked ,uau e envelope Jl s L) enveloped JI Jlgw oleS cub
grooves J| gl projections JI @b o by o i
as ligand Jsiuiny <l d>)a) jekis Gire des capsid Jl go 43
Wao UL g 5K b JWL g attachment  Josy Lad

19



Properties of naked viruses

« Stable in hostile environment

- Not damaged by drying, acid, detergent, and heat

enveloped JI (o s98l ey naked JI gline 81yl g Blaxll (55 bgyls Josis yasn naked JI
acidity J!I cwws naked dawos Lsls Gl tract JI il LS o

» Released by lysis of host cells
lysis Joy ow 8359 8y0 glhy naked JI Lol Job Jsl glkay enveloped JI

- Can sustain in dry environment

« Can infect the Gl tract and survive the acid and bile
- Can spread easily via hands, dust, fomites, etc

« Can stay dry and still retain infectivity

- Neutralizing mucosal and systemic antibodies are needed
to control the establishment of infection
glycoprotein Jb eluiw SUI antibodies glhy gugplell >3 W) immune system I
neutralization lgaow ddesll sl

receptors Jl ¢ sy &l gugnlall cusio antibodies S Lal
G)38 Gwgpdl a8y clis g

Naked viruses( Non Enveloped )

» Adeno-associated Virus (AAV) icg-ahedraficely
Adenovirus DNA

GIT J infection lglesy lgyads Wlwgpulall Jgda JS
B19 DNA B19 Jllac lo
Coxsackievirus - A RNA
Coxsackievirus - B RNA
Echovirus RNA

Hepatitis A Virus (HAV) RNA
Hepatitis E Virus (HEV)  rna
Norwalk Virus  RNA

2



251 dlodl g L9y0 il aigo IS Hgisall

zh
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The Baltimore classification system

Based on genetic contents and replication strategies of
viruses. According to the Baltimore classification, viruses

are divided into the following seven classes:

1. dsDNA viruses
2.ssDNA viruses ssDNA sl g parvovirus
3. dsRNA viruses rotavirus (reoviridae)

4. (+) sense ssRNA viruses (codes directly for protein)
Oeess hbs glsil 5 I Ggé lis s

| A RNA reverse transcribing viruses
S. ( ) sense ssRNA viruses DNA reverse transcribing viruses

6. RNA reverse transcribing viruses Hv virus

7. DNA reverse transcribing viruses Hepatitis B virus

where 'ds' represents "double strand' and '"ss' denotes "single

strand' RNA reverse transcribing viruses
i Oloyyil 8aclwey dowsSe didoc 55 RNA JI po DNA lgaiay wlugplall Jodo oo
YLl lpslwll dic L9yei zl) DNA viruses oo yols g9 98 DNA reverse JI bl

s Virus Classikication

e - the Baltimore classification

« All viruses must produce mRNA, or (+) sense RNA

OB lemuay l9)38) Hlie

« A complementary strand of nucleic acid is () sense

Shodl GuSe 59y complementary JI 4l §)Sall duolb doo dousuo Line saclall slo
(+) el complementary JI 9s () JI Gis
(-) el complementary Jl oS (+) JI Lol

» The Baltimore classification has + RNA as its central point

« Its principles are fundamental to an understanding of virus
classification and genome replication, but it is rarely used

as a classification system in its own right
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Viral genome «;+r'a+eﬂies

- dsDNA (herpes, papova, adeno, pox)
» ssDNA (
* dsRNA (reo, rota)

parvo)

+ ssRNA (+) (picorna, toga, flavi, corona)

- ssRNA (-) (rhabdo, paramyxo, orthomyxo.bunya, filo)

(
(
« ssRNA (-I-/-) (arena, bunya) Ampiviruses: RNA viruses which are( + & -) sense at
.the same time
(

- ssRNA (+RTase) (retro, lenti)

- OS) o) Dlwgysd oo uisy 98 slge Jodo
Sub-viral agents Slgyed o gl lsaitis]
sub-viral agents esgaw

- Satellites

— 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

— If nucleic acid only = virusoid {0 Lhegion ol g dan
Jle ol lglasy (Sae HSI
hepatitis B deo ()5S W hepatitis D
ouan infection lglasy) co-infection Jasy pjds infection Josy )as Lo dls) 453
infection =w ¢ Jo3l e infection Waic 49$1) superinfection gl (gl

(e JoS i
— Unencapsidated, small circular ssRNA molecules that replicate

« Viroids
autonomously capsid baic b
— Only in plants, e.g. potato spindle tuber viroid

— Depend on host cell polll for replication, no protein or mRNA

« Prions
— No nucleic acid  tc 00 o

— Infectious protein e.g. BSE



Viroids & Prions

VIROIDS

* ss RNA genome and the smallest known pathogens.

» Affects plants

PRIONS

« Infectious particles that are entirely protein.

* No nucleic acid

« Highly heat resistant

Prion lgwas b poballl e Loy las pasd i &z dilac lslasy L el
JolS JSuty lgalil o lgualiy

- Animal disease that affects nervous tissue

« Affects nervous tissue and results in

« Bovine spongiform encepahltits (BSE) “mad cow disease”,

il Gye OlS 4 Sl Lo Jsl - prions I
human Jl g animals JU 39>90 92 o
Ol Jasl CaS yundsy Ul Syl sao1
s scrapie in sheep OUlgusdl lgaley 1gilS dalSil lgaasy olie lgilS
owgnlall lgud oIS o cile Sl bilgaad

« kuru & Creutzfeld-Jakob Disease (CJD) in humans

3
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Viroids

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

. . . 13> 84800 Olwg b oludl Lo viroids JI
obligate intracellular parasites. eaohid e Lo o) - BNAlLe sk

PS5 385 Hline du> dds lg> (19S5 253 980 9 ENVELlOPE g

Viroids do not encode any proteins and unlike satellites they

are not dependent on the presence of another virus

Viroid re plication

Viroids utilize cellular RNA polymerases for their replication

Replication is performed by “rolling circle mechanism”
P P Yy g

rolling circle lgowl ddac (8)b (e replication lg)yuay
lgowl I9d)cl g a8 (o Giso Uil

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

viroid)

So in a sense, at least some viroids are ribozymes...
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. Examples of plants, infected with

various viroids

Hepatitis d virus - a chimeric molecule, half
viroid, half satellite

Viroid like properties . Satellite like properties

- Rod-like RNA molecule - Encodes a protein, which is

necessary both for encapsidation

- Rolling circle replication and replication
- Self-cleaving activty - Dependent on presence another
virus — HBV

- Genome larger than for viroids

(1640 nt)



Liowiszd Ul sigyll o 55 90 Elors

oguiniy o) ()SI Yo re0 ire R g (sle ugn HeSy LLE
il Ogiz B9 LS Lo (55 Olsandl ol HLuwssl) Golyal o

26

Prions are rather ill-defined infectious agents believed to
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 diseases
such as Creutzfeldt-Jakob disease in humans, scrapie in sheep &

bovine spongiform encephalopathy (BSE) in cattle.

€X08enous dagiro WliuigrS Iy go i ol prions Jl &l yuan S
elen 9 mutation lghuan oS e Oliign HsSo I endogenous ;eSw Lgil gl
structure J change

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

spongioform encephalopathy)

« A prion (proteinaceous infectious particle, analogy for virion) is
a type of infectious agent that does not carry the genetic

information in nucleid acid!

- Prions are proteins with the pathological conformation that
are believed to infect and propagate the conformational
changes of the native proteins into the the abnormally

srtructured form Jlow sile contact (8 yuay 4l J3s o lasac wjo prions JI
olall 39yl g abnormal protein

oS abnormal J Je= SUI
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Disease name Natural host Prion name PrP isoform
Scrapie Sheep, goat Scrapie prion OvPrPse
Transmissible mink Mink TME prion MkPrPse
encephalopathy (TME)

Chronic wasting disease | Elk, mule deer CWD prion MDePrpse
(CWD)

Bovine spongioform Cattle BSE prion BovPrpse
encephalopathy (BSE)

Feline spongioform Cat FSE prion FePrpse
encephalopathy (FSE)

Exotic unguale Greater kudu, EUE prion NyaPrPs
encephalopathy (EUE) nyala

Kuru Human Kuru prion HuPrpse
Creutzfeldt-Jakob disease | Human CJD prion HuPrps«
(CID)

Gerstmann-Straussler- Human GSS prion HuPrP*¢
Scheimnker syndrome

(GSS)

Fatal familial insomnia Human FFI prion HuPrpse
(FF1}

00 1)) oglasy g dilos lgiubay 1> Igsey ey Lol IilS bl &l s OIS @36 Loxe kuru I

Ao o @S ¢ 38U @29 plad LUl Sl @gas oline G dus
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- Prion diseases: rare neurodegenerative disorders (one person
per million)

source of infection :

« 1. Sporadic (85 %) spontaneous mutation occurring

« In the sixth or seventh decade, rapidly progressive

(death in less than a year)

» Creutzfeldt-Jakob disease (CJD)

+ 2. Familial (inherited-15%)  d.l)s ;S mutation sl»

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

» Gerstmann-Straussler-Scheinker disease (GSS), fatal familial

insomnia (FFI)

3. Transmissible (rare; a source 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 vCJD

obiio 13> flos JSe5 ilS ol KUTU J1 gbpe (55 ol 3aian ¢y 4d olios ail sla
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Transmissible spongioform encephalopathy (TSE)=prion disease

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

The pathology: vacuolar degeneration, neuronal loss, astrocytosis

and amyloid plaque formation

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

progressive tonic paralysis, death

Definitive diagnostic test: biopsy of brain tissue (histopathological

examination and immunostaining for PrPSc)

There is no cure L p-sheet
Conformational change -
T
Normal protein Disease-associated protein

(folded structure) (misfolded structure)
/ ! \

/ Aggregation A

- % L

Gain of toxic Loss of biclogical
activity function




Prp¢

The normal protein
is called PrP¢ (for cellular)

is a transmembrane glycoprotein
(neurons, lymphocytes); its function
is unknown; it binds Cu?* (regulation
its homeostasis)

has dominant secundary structure a-
helix

is easily soluble

is monomeric and easily digested by
proteases

is encoded by a gene designated
PRNP located on the chromosome 20

Prpac

The abnormal, disease-producing
protein

is called PrPS¢ (for scrapie)

has the same amino acid sequence
(primary structure)

has dominant secundary structure B-
sheets

is insoluble

is multimeric and resistant to
digestion by proteases

When PrPSc comes in contact with
PrP¢, it converts the PrP¢ into more of
itself These molecules bind to each
other forming aggregates

Molecular models of the structure of

PrPC

Predominantly a-helix (3)

PrPSc

B-sheets (40%), a-helix (30%)
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Keplicaﬁon cycle

» The presence of an initial PrPSc:
exogenous (infectious forms) or

endogenous (inherited or sporadic forms)

« This first prion will initiate PrPSc
accumulation by sequentially converting
PrPC molecules into PrPSc in replication

cycle

« PrPSc molecules aggregate
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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
animals; their abnormal conformations (PrPSc) are insoluble,

resistent to digestion and aggregate

The PrPSc attacks the native prion PrPC, changes its
conformation into an abnormal form and causes an exponential
production of insoluble proteins; they aggregate and form the

fibrillar structure
Prion disease are rare fatal degenerative disorders; a portion
of them can be transmitted; this mechanism is not clear (e.g.

transmision of BSE to human)

One part of the prion protein can cause apoptosis, or

programmed cell death

Prions induce no immune reactions within the human
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DNA viruses
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RNA viruses

RNA VIRUSES
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Togavirus
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BAsSIC sTEPS IN VIRAL LIFE CYCLE

+ ADSORPTION

* PENETRATION

+ UNCOATING AND ECLIPSE

* SYNTHESIS OF VIRAL NUCLEIC ACID AND PROTEIN
+ ASSEMBLY

* RELEASE

092l dio 2 (Sww 8> i8Sl adenovirus Jleelg
adenovirus

are a group of viruses that cause respiratory / GIT /
urinary infections

there are about 60 serotype of the virus divided into 7
subgroups from A to G

it is a dsDNA virus with linear DNA and it has icosahedral
capsid and it is naked

on respiratory it can cause sore throat / common cold /
pneumonia

in GIT it cause diarrhea as the most common ailment
adenovirus type 11 is the most common serotype that
cause cystitis

gastroenteritis due to 40/41 types of adenovirus
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