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? California Encephalitis Virus
Coronavirus
Hantavirus
Influenza Virus (Flu Virus)
Measles Virus ( Rubeola)
Mumps Virus
Para influenza Virus
Rabies Virus
Respiratory Syncytial Virus(RSV) .
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Adeno-associated
Virus (AAV)
Adenovirus

B19
Coxsackievirus - A
Coxsackievirus - B
Cytomegalovirus
(CMV)

Eastern Equine
Encephalitis Virus
(EEEV)

Echovirus
Epstein-Barr Virus
(EBV)

Hepatitis A Virus
(HAV)

"2 Hepatitis B Virus (HBV)

I3

Hepatitis C Virus
(HCV)

v Hepatitis Delta Virus

(HDV)

Is Hepatitis E Virus (HEV)
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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
(WEEV)

Yellow Fever Virus



Complex viruses

? Have additional or special structures

?  Examples:

Comf:lex i G _sw
U=y sleos

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

Cross section



A bacteriophage
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% Virus Hat nfeck backeria
? A bacteriophage is onoy‘/" w'
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 N\
dsDNA ('ss-' or 'ds-' prefix

denotes single-strand or

double-strand) along with .\

either circular or linear
arrangement.




Phcge viruses have a polyhedral head, helical tail and
for attachment.
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Classificati
on of
Viruses

Tl 3G U 25 as
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Nucleic acid
Capsid

Presence of envelope

Replication strategy

21 (0
¥ J 3. diffrent replication f]:ral:eﬂs:

— Certien replication ﬂ:f‘qtegs b&‘onj b onB one Lirys
ohher ﬂrahﬁj afe chare by more thay one VIrus

Lrlal @ fus g




Ssnomtm‘- the virus has mulkible Prece pinb cak;

L7 506\ HAabar ¢V 2ubl -u.)ts Jo genckic makerial ) JO
Fragmented one Piece

CLASSIFICATION

NUCLEIC ACID
! B le DOR )
Sindle « Parwe \J;rlzgo\lbie i— AL it J°
ma—#bc.s's
sens ﬂ\':a Virus 1 doubl y .'.'m R J\’O‘d
ﬁ,,.,)rgp_m&w N sing le. u”:wl,youj sable e

-sens & ¢ isgeriome mRNA (+] sense or
complementary to mRNA [;) sense
RNB it 2pRiv ¢— Sense




ENVELOPE

OBTAINED BY BUDDING THROUGH
A CELLULAR MEMBRANE (except
poOXviruses)

POSSIBILITY OF EXITING CELL
WITHOUT KILLING IT

LOSS OF ENVELOPE RESULTS IN
LOSS OF INFECTIVITY

Like GI Hact Acidity




Properties
of naked

viruses

Stable in hostile environment
Can be quqﬂe

lisfectiReleased by lysis of host cells
Lysis g3 W 6155 Bye s

Can sustain in dry environment

Caninfect the Gl tract and survive the acid and

b'el_?uelapd I Jl=y chdi\-j N

Can spread easily via hands, dust, fomites, etc
aked  higher than envelopPe

Can stay dry and still retain infectivity

needed to)control the establishment of infection
Anti bedieS  generat against fhe Uikal Plokien
w ouber Pack of e uius: ( glyceprotein 4 spike)_, duedtde

Unc
Tamune P

s N
"2 Neutralizing mucosal and systemic antibodies are
Pake]
or

envelof
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? Adeno-associated \
viruses( Non- Virus (AAV)
( Adenovirus DUA |
Enveloped ) 319 OVA

Coxsackievirus - A RVA
Coxsackievirus - B R/
Echovirusk WA

Hepatitis A Virus (HAV) RMA
Hepatitis E Virus (HEV) R VA
Norwalk Virus R A



he Baltimore classification system

sased on genetic contents and replication
strategies of viruses. According to the Baltimore
classification, viruses are divided into the following

dosible  SHarel )
en classes: DVA Uius
1 ~SONA VIFUSSs: wnzy 2o
single . laclo
2.'SSDNA VIruses « & 8rve virus & uniqe.  kype Fr one Hype of
3. dsRNA(viruses« Reta
4. (+) sense ssRNA viruses (codes directly for profein)
5. (-) ense ssRNA viruses (1250 —share mere dhan - cre type of Vicus
| A reverse franscribing viruses H1Y

. DNA reverse transcribing viruses hepatitis B
Partial double stand D) Uifus

LVirus

Nere "ds” represents "double strand” and "ss” denotes

"sindle strand".



Virus
Classification

- the Baltimore
classification

where ‘ds' represents "double strand' and 'ss’ denotes "single (& (o
strand'. ‘RNA reverse lnmmblng viruses * s ja:‘_.h

wlapl ouhml....&;t.h& NA.) e DNA lpmar Slgulall Joia es
&lal l,.alun;uu,mzl, iruses ‘,....,abg,aub DNA reverse Ji Ll

2451 Wi g o3 0 Wl e S pgaSall
B siai, . Virus Classification

S - the Baltimore classification

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

> = T e = :
WET IV Y mRUR J1 gbar Cpadl Thamsaton oW
+ A complementary strand of nucleic acidis (- )sense

e e s complemertary J S ol i i ] LS5

[olu omplementary I e JU ,,-a
Y azeli camrnmen ry Jossu (4]

+ The Baltimore classiﬁcatlon 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

n

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

A complementary strand of
nucleic acid is (=) sense

The Baltimore classification
has + RNA as ifs 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 I
own right

Plicq{'ion) mR UA ,_3’ lo=lin (-,..1- )'DUPI, RM\) s slsw (')L/“)J;_'s‘ =3 /
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DVA (%) = 2h, UP 1q Papeloma Pglom
? dsDNA (herpes popova
Viral adeno, pox)

? SSDNA (parvo)

? dsRNA (reo, rota)

strcﬂegle ? sSRNA (+) (picorna, toga,

S flavi, coronaq)

? SSRNA (-) (rhabdo,
pAramyxo, orfthomyxo,
bunya filo)

v :5*F'H~°J|Ow «—

<? SSRNA (+/) (arena, bunyaq)
? SSRNA (+RTase) (retro, lenti)

genome

a



Sub-viral
agents

| Satellites

e Contain nucleic acid

* Depend on co-infection with a helperyi‘ru\sﬁ
I * May be encapsidated (satellite virusk: ™, oo

Cw it oapy b

* Mostly in plants, can be human e.g., = L5 .5

v;rus' CJ:U’P\I-‘
* If nucleic acid only = virusoid 23N (i 36
)3 . e © A

pallic B 4o
Viroids

* Unencapsidated, small circular ssSRNA
molecules that replicate autonomously

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

* Depend on host cell polll for replication,
no protein or mMRNA

* No nucleic acid

 Infectious protein e.qg., BSE
Protein Oﬂ!j mfectiol's qSen,-

hepatitis delta virus ( delta agent)




Viroids
& Prions

yiform encepahltits (BSE) “mad covwv disea
384 e OIS s Sl e sl P

human Jlg animals JU 59290 on o =
Ol Jasil wauS b LU cobokadl (sasl .
Cablgamll lgalas IgilsS  dal<zll lgaasy Slis lgils Zap_,;‘

Cwanlall laad OIS 5 Cuile LU blsall

zfeld-Jakob Disease (CJD) in humans

-
”.

o

* 5s RNA genome and the smallest
known pathogens.

e Affects plants

e Infectious particles that are entirely
protein. (o LsBlt) vezp a6 ks e
* No nucleic acid . PR‘“:S Pas GRS
» Highly heat resistant ‘s (30 el Sle Wl
* Animal disease ’rﬁd’r'ofre’c S Nervous
tissue
— Affects n?{.}.@?&%“iﬁ&,@,&?nd results in 1Pecl

239 SR ovine spongiform encepahltits— . ;<

(BSE) “mad cow disease”» ‘::;
e scrapie in sheep ‘
e kuru & Creutzfeld-Jakob Disease
(CJD) in humans




? 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.

T Their replication strategy like

[ TR that of viruses - they are
' ' obligate intracellular parasites.

? Viroids do not encode any
proteins and unlike

satellites they are not .
dependent on the
presence of another virus ,

/

a



EXOBENOUS daguia uliiigns iy i Lal prions JI &l yuaw Sl
plaiy y mutation lg)yman 8 dusd Olisigp (eSin Sl endogenous (jeSis Lgl gl
structure J change

? Viroids utilize cellular RNA

T oolymerases for their
\4l[elle replication

(=ielllefefilon » Replication is performed
oy ‘rolling circle
N mechanism™

? The resulting long RNA
molecule Is cut In pieces
and ligated either
autocatalyfically or by
cellular factors o
(depending on a viroid) 0

? SO In asense, at least
some viroids are l

rbozymes...

a




« Examples of
plants,
infected

with various
viroids




Hepatifis
& VIrus —

chimeric
molecule,

alelli
Yiie]le}
alelli
satellite

? Viroid like

properties

Rod-like RNA
molecule

Rolling circle
replication

Self-cleaving
activty

? Satellite like

properties

Encodes a
protein, which is
necessary both
for
encapsidation
and replication

Dependent on
presence
another virus —
HBV

Genome larger
than for viroids
(1640 nt)
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? 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.




e 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 (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
\Jre believed to infect and propagate the conformational
changes of the native proteins into the the abnormally

srw’ru red form | infeckious diseasecds abrormal (o5 il (aRD"
-

direct contack Cuopp as ¥ nermal } J =, &S
abrermal  J\



Disease name Natural host Prion name PrP isoform
crapie Sheep, goat Scrapie prion OvPrpsc
ink Mink TME prion MKPrpPse
| athy (TME)
Chronic wasting disease Elk, mule deer CWD prion MDePrPse
(CWD)
Boyine spongioform Cattle BSE prion BovPrPse
ncephalopathy (BSE)
ine spongioform Cat FSE prion FePrpsc
\cepholopo’rhy SE)
Exptic ungua Greater kudu, EUE prion NyaPrPse
ncephalogathy (EUE) nyala
Kur / Human Kuru prion HuPrpse
Credfzfgldt-Jakob disease Human CJD prion HuPrpsc
(CJ
Gerstmonn-Straussler- Human GSS prion HuPrpse
cheinker syndrome (GSS)
Fatal fa ihgl insomnia (FFl) Human FFI prion HuPrpse




» Prion diseases: rare neurodegenerative disorders

W tont sl s bl g RS AN it e b sabi ) (one person per million)
Causes :
. | S « 1. Sporadic (85 %) Spontesousd muyhation
Lodkeas .\ﬂi L pulss L TIER TR S R HS O et . . .
LE AR B g « In the sixth or seventh decade, rapidly progressive
bl i aion W2 st el (death in less than a year)
PrPSC lgeal purs
e T R « Creutzfeldt-Jakob disease (CJD)
£ amino acids JI ¢ sequence ) dulb b b
amino acid Jl g wuoyill pss 2y Lo
immune system JI reaction ol ellasy Lo prion Jl el oliia - . .
i 2 * 2. Familial (inherited-15%)

« Mutations in the PrP gene that favour the
transition from the cellular form to the
pathological form of PrP — 3% ¢ 2¢#sus 151

abnormal Sc3 Esw bt Jf normal
. Gerstmann-Straussler-Scheinker disease (GSS),
fatal familial insomnia (FFI)

—in Certain ?omﬂ\cj

p 3. Transmissible (rare; a source of great concern) .

Propagation of kuru disease in New Guinea
natives (ritualistic cannibalism) l

» 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 /

o




h'ﬂ“\'j fesishance Sps = abnef ,J1 mal o5 Joow
ma ol ma] J o
to heal ard 'n?echon

Transmissible spongioform encephalopathy
(TSE)=prion disease

A group of progressive condifions that affect the
brain and nervous system of humans and animails
and are tfransmitted by prions

Spsngioperm

The pathology: vacuolar degeneration, neuronal loss,

astrocytosis and amyloid ploque formation
Liads , iny abnormal Ji pormal G ) sy w),.d
nen Lunctiona)

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 PrPse) ,

There is no cure  'wl WY b LEl Py

Z_LL‘ 4} o /
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Normal protein
(folded structure)

Conformational change

—————

Qb\ofmq]
Disease-associated protein
(misfolded structure)

Aggregation
Gain of toxic Loss of biological

activity function
AN~ AN~



PrF‘@

Pr@

The normal protein

is called PrP¢ (for cellular)

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

s dominant/secondary structure a-
helix

Is easily soluble

onomeric and easily digested by
proteases

oded by a gene designated
ocated on the chromosome 20

The abnormal, disease-producing

protein
Animal ),

is called PrPSc (for scrapie)

has the same amino acid sequence
(primary structure)

has dominant secundary structure -
sheets

is insoluble

is multimeric and resistant to
digestion by proteases

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



Molecular models of the structure
of:

PrP<. normgl abhormal  PrPSc_
Predominantly a-helix (3) B-sheets (40%), a-helix (30%)




b_L,_., (&) Jle (B_) Abnormal 3

B
* Replication cycle™

*The presence of an
initial PrPs<: exogenous
(infectious forms) or
endogenous (inherited
or sporadic forms)

* This first prion will initiate
PrPs¢ accumulation by
sequentially converting
PrP¢ molecules into PrPsc
in replication cycle

* PrP5¢ molecules
aggregate




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
obnormqu conformations (PrPs¢) are insoluble, resistent to digestion and
aggregate

The PrPsc attacks the native prion PrP<, 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
Re ’rron)sml’r’red; this mechanism is not clear (e.g. fransmision of BSE o
uman

Onedpogr’rhof the prion protein can cause apoptosis, or programmed cell
ed

Prions induce no immune reactions within the human
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DNA
VIRPSES
I | |
DOUBLE STRANDED SINGLE STRANDED COMPLEX
NON-ENVELOPED ENVELOPED
|
| | | |
ENVELOPED NON-ENVELOPED | PARVOVIRIDAE POXVIRIDAE
l I
ERPESVIRIDAE
PADNAVIRIDAE
CIRCULAR LINEAR

PAPILLOMAVIRIDAE ADENOVIRIDAE All families shown are
POLYOMAVIRIDAE icosahedral except for
(formerly grouped together as poxviruses

the PAPOVAVIRIDAE)




A viruses

DNA
l | l
lcosahedral Helical Complex
| |
Enveloped Naked/Env. Enveloped Enveloped
(cytoplasmic) {(cytoplasmic)
ds ds ds ds ds
circle linear linear circular linear
gapped {x linked)
I |
I I I 1 ) |
Hepadna
)
42 150200 1 25—300
3.2 120—200 |50—-350 |00 |30—280

Naked
I |
ss linear ds ds
(+) ar ()} circular linear
Il 1 | I
. T8
Parvo Papova Adeno
(T) ) (l—)
i826 4555 70—90
5 58 36—38
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RNA

" VIRUSES

ICOSAHEDRAL

FLAVIVIRID

TOGAVIRIDAE

SINGLE STRANDED SINGLE STRANDED
positive negative
sense sense
| ' ! I
ENVELOPED NONENVELOPED ENVELOPED
. ' ! I I
HELICAL ICOSAHEDRAL HELICAL
| I I I
CORONAVIRIDAE PICORNAVIRIDAE ORTHOMYXOVIRIDAE
CALICIVIRIDAE PARAMYéOVIRIDAE
RHABDOVIRIDAE
ASTROVIRIDAE FILOVIRIDAE

BUNYAVIRIDAE
ARENAVIRIDAE

DOUBLE STRANDED

NONENVELOPED

ICOSAHEDRAL

I
REOVIRIDAE



Classification criteria

Properties

A viruses

Nucleic acid RNA
I |

Symmetry lcosahedral Helical
of capsid | |
Naked or Naked Enveloped Enveloped
envelaped |

I | | | | | I I
Genome ds ds (+)ss (+)ss (+)ss (¥)ss (+)ss (+)ss ()ss ()ss ()ss ()ss ()ss  ()ss
architecture 10-18 2seg. cont. cont. cont. cont. 2copies <ont. cont. cont. 3seg. 8seg cont. 2 seg

Seg.
ol

Baltimere class 111 111 v v

W

o i
B I = €

Family name Reo Birma Calici Picorma Flavi Toga Retra Corcna Filo Rhabdo Bunya Ortho- Para- Arema
o [ IEE s S

Yirion ;

polymerase (‘I‘) (T) (I) (I) 6 o (*I') (I) (‘i‘) (’lf) ("") ¢ S . B 0.

V_i'”i°" 60-80 60 3540 28-30 40-50 60-70 80-130 80-160 80X 70-  90-120 90-120 [50-300 50-300
diameter (nm) 790-14,000 85X ‘

| I30-|-380
Genome size o5 57 8 7284 10 12 359 1621 127 13-16 13521 136 1620 10-14

(total in kb)

From Principles of Virology Flint et al ASM Press



(@) Some DNA Viruses

Herpesvirus
lcosahedral enveloped

I TIY = =
5 \;\\ “TTTITIILY A

@ @ 100 nm

Plant geminivirus
5SS DNA (some need two
capsids to contain full genome

W

Papovavirus X174
lcosahedral ssDNA
Adenovirus
Icosahedral
Fiber

VR R R R R R

R R R R R R R

Poxvirus - complex enveloped

Parvovirus
88DNA, Icosahedral

T4 Phage
Elongated icosahedral head

Plant caulimovirus
(related to hepadnavirus)

U

Icosahedral enveloped

Insect baculovirus complex

(b) Some Helical RNA Viruses

Topsovirus
plant bunyavirus
(-) strand/enveloped
Bunyavirus
(-) strand/enveloped Orthomyxovirus Arenavirus
(-) strand/enveloped (<) strand/enveloped

Coronavirus
. (+) strand/ Para fru
. myxovirus
enveloped {+) strand/
envoloped
100 nm
€. 909.90 9.8 9890 .9 8 @ ¢
" Filovirus

B

Lo i A 6 6 4 6 6 4 6 6 46 4 08 & )

O swaralalal
\ Y \ { (
< Vv, Wi\ 9N

O OO O OO OO

Animal rhabdovirus
(+) strand/enveloped

LR
b i o i ol i s o ol i o o s B

-
-
@
-
-
-
-
-
-
-
-
-
-

@ o

e &

Plant rhabdovirus
(-) strand/enveloped

Some Icosahedral RNA Viruses

\ /N, Plant carmovirus,
w tymovirus, sobemovirus,
necrovirus, etc.

(+) strand RNA
related to picomaviruses Togavirus Flavivi
: rus
R dsRNA
R (+) strand/enveloped
Picornavirus NG| Retrovirus
(+) strand . O) o/ Enveloped/DNA step
A e
o\ 4‘ (*) Siraﬂd

()

Plant Reovirus dsRNA .



RNA Viruses

Picornavirus Astrovirus Calicivirus Flavirus Togavirus
Caosid Envelaope
Goenarms: / 2 /
C =32 C =327 C = 32 (holes) Icosanhedral lcoSsahadral
22-30 nm S0-35 nm 35-32 Nnm 45-50 i TO nm
Coronavirus Retrovirus Reovirus Bunyavirus Orthomyxovirus
.-[llkl
+ s = __' S—
== £ B
1012
sSagmaenis
Fisomorphic lcosanaedral - =132 Helical, Pleaomarphic
120-160 nm 20120 nm E0-820 nm SO-120 mim 80-120 nm
Arenavirus Filovirus Rhabdovirus Paramyxovirus
Fleomorphio Halbcal Helecal Heliczl, Plecmorphic
110-330 nnm LOXBOO-2500 v S0x180 nm SO-3500 mrm
DNA Viruses
Circovirus Parvovirus Hepadnavirus Papovavirus
..-
cosahaedrs) C =12 C 180 Icosanoedral =72
17-22 nm 18-26 nrm F0-48 457585
Adenovirus Herpesvirus Poxvirus
lcosarhadron
ao MD
C = 252 o
= C =182 Complex
£=00 M 150-200 Nm ZA0Xx3CO nm
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