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[TaBoyéveon Twv 1y arov dvBowmo

TdEn xavd Baltimore

Yrevi0uvog 1og AcOévera Koo dgyava mov porivovrot 0TV 00L0, aVIjXEL 0 L0G
Polio IToMopwehitida Bhevvaddec embiho eviéoov, Aepgpurol IV
adEveC o REVTQLUG VEVQLKG CUomUC
Rubella Eopufpd Kvplmg d€ppa IV
Influenza Cotmn Avomvevotix xodma \%
Mumps [Nopwtinda Mopwudoedels adéves, Soyels, Wwiviyyes \%
Respiratory syncytial ~ Avomvevotxd ovyxito Avamvevotxi xodmro. v
Measles Thagd Avamvevorxi xodenra, déoua v
Rabies Avooa Kevrpuxd vevpixd ovompa \'
Hepatitis A, B x#A. Hrorlnda "Hro, veped %ot omhjvog V,
Pox Evhoyud Kvpime déppa I
Rhino Kowa xpuohdynua Avamvevonr] xodmra IV
Adeno Ko xpuohdynua Kvpimg avamvevoux xohdmra |
Corona Kotvé %ouohdymua Avamvevorr] xohdmra I\%
Herpes okl c.oBeverdv Kuoiwg fhevvaddels pepufodves [
orouatmﬁgy)»émrag
AvooooveTAQHELNS AIDS Al %eVToue vevpurd ovompua VI
HTLV 1 % 2 Agvyaupio Afpa VI

KAQG. AIK. XAIXAIA TMBI AII®



TABLE 8.2 Representative viral diseases of humans

Genome
Disease Virus DNA or RNA?  Size®
Cold sores/genital Herpes simplex dsDNA 152,000
herpes
Smallpox Variola major dsDNA 190,000
Polio Poliovirus sSRNA (+) 7,500
Rabies Rabies virus ssRNA (—) 12,000
Influenza Influenza A virus ssRNA (—) 13,600
Measles Measles virus ssRNA (—) 15,900
Ebola hemorrhagic Ebola virus sSRNA (-) 19,000
fever
Severe acute SARS virus ssRNA (+) 29,800
respiratory
syndrome (SARS)
Infant diarrhea Rotavirus dsRNA 18,600
Acquired Human ssRNA/dsDNA (a 9,700
immunodeficiency immunodeficiency retrovirus) (+)
syndrome (AIDS) virus (HIV)

3ss, single-stranded; ds, double-stranded. +, plus-strand virus; —, negative-strand virus (Section 8.1).
In bases (ss genomes) or base pairs (ds genomes). These viral genomes have been sequenced and thus
their lengths are known precisely. However, the sequence and length often vary slightly among differ-
ent isolates of the same virus. Hence, the genome sizes listed here have been rounded off in all cases.
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OvoparoAoyia 1wV

H ovopaTtoAoyia Twv 1V 0gv aKOAOUBEI TO KAAGIKO oUCTNHA, OUTE Hid CUYKEKPIUEVN
gvidia TOKTIKN).

O1 10i AappBdvouv To 6VONd TOUG ATTO:

a. aoBgveieg ue TIC oTroieg oxeTiCovtal (poliovirus, rabies virus, HIV, measles virus)

B. CUYKEKPIMEVO TUTTO AoBEVEIAC TToU TTPOKAAOUV/ dpyava tTou BAATTTouV (hepatitis virus)
Y. KUTTapa/ épyava atrd 1a otroia amouovweénkav (adenovirus, enterovirus, rhinovirus)

0. yewypa@ikn mepioxn oTnv otroia evrotrioTnkav apxIkad (Rift Valley Fever - Africa, Sendai
virus - Japan, Coxsackie virus- New York)

€. EMOTHMOVES TTOU TOUC avakaAuway (Epstein-Barr virus)

OT. MEOW TNC “uTToTIBEPEVNC” HoAuouaTikng odou (dengue — 1IoTTavIKr AEEn dinga - Swabhili
phrase Ka-dinga pepo tmou onuaivel “evil spirit”, influenza — Aaikn 1ITaAIKr €K@paon TTou
ATTOdidEl TA CUUTITWHATA OTNV £TTIOPACH TWV ACTPWV)

(. BloxnuIika xapaktnpIoTIKG (retrovirus, picornavirus)
n. ouvouaouo TTapayoéviwy (Rous sarcoma virus)

KAQG. AIK. XAIXAIA TMBI AII®



Comparing the size of a virus, a bacterium, and an
animal cell
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METAAOzH TQN IQN

AVOITVEUOTIKO
FaotpevrepLko
OupoyevvnNTIKO

Aépuoa (tpavuatiouog)
Eruneqpukotag

EvéopAéBia (toiuntnua)

Mepikoi toi mapapgvouv oto onueio etocodou, evw aAdol eéamAwvovral.

Conjunctiva
f" 3
— 7 _ Gt \

Mouth, nose / l

Sgratch Resplratory \ Wi Arthropod
Injury ,
tract \
Needle stick t
Capillary
AI|mentary
tract
Urogenital

tract
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OPIZONTIA METAAOZH IOY

Ala TNG OVOMIVEVGTIKAG 0600
TOU YOOTPEVIEPLKAG 060U
TNG OUPOYEVVNTLKAG 080U (m.x. ceovalikrig 0800)
ToU enunedpukoTa

TNG UNXOAVLIKAG 080U (m.x. Tpaupaticnds oto Sépua)

KAOETH METAAOZzH IOY

Ano pntépa o€ maidi (Rubella, HIV, CMV, HSV, HPV)

KAQG. AIK. XAIXAIA TMBI AII®



Human to human infection

Respiratory

—y
m
Saliva

Blood transfusion/injection Fecal - oral Venereal

Zoonoses (infection acquired from animals)

@Qj/ g
&7

Biting arthropod vector Vertebrate reservoir arthropod vector
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Viral Pathogenesis

Viral pathogenesis 1s an abnormal situation of no value to the virus - the vast majority of virus infections are
sub-clinical, 1.e. asymptomatic.. For pathogenic viruses, there are a number of critical stages in replication
which determine the nature of the disease they produce:

1) Entry into the Host

The first stage in any virus infection, irrespective of whether the virus is pathogenic or not. In the case of
pathogenic infections, the site of entry can influence the disease symptoms produced. Infection can occur via:

* Skin - dead cells, therefore cannot support virus

replication. Most viruses which infect via the skin require a breach in

the physical integrity of this effective barrier, e.g. cuts or abrasions. Eves (conjunctiva)
Many viruses employ vectors, e.g. ticks, mosquitos or vampire bats Mouth

to breach the barrier.

* Respiratory tract - In contrast to skin, the . _ Respiratory tract
respiratory tract and all other mucosal surfaces possess sm:mg& —
sophisticated immune defence mechanisms, as well as /
non-specific inhibitory mechanisms (cilliated epithelium, Urogenital tract 5
mucus secretion, lower temperature) which viruses must overcome. Anus :

* Gastrointestinal tract - a hostile environment; gastric

acid, bile salts, etc

* Genitourinary tract - relatively less hostile than the

above, but less frequently exposed to extraneous viruses (?)

* Conjunctiva - an exposed site and relatively unprotected

Alimentary canal

KAQG. AIK. XAIXAIA TMBI AII® 10



2) Primary Replication

Having gained entry to a potential host, the virus must
initiate an infection by entering a susceptible cell. This
frequently determines whether the infection will remain
localized at the site of entry or spread to become a systemic
infection, e.g:

Small Intestine:
Primary infection,
replication

Mesenteric Iymph nodes:
Replication

Localized Infections:

Virus: Primary Replication: 2 Bloodstrean:

. . Primary viraeyia
Rhinoviruses U.R.T. |
Rotaviruses Intestinal epithelium 3 Ciont foons

of replication

Papillomaviruses  Epidermis

Systemic Infections:

Virus: Primary Replication: Secondary Replication:
Enteroviruses Intestinal epithelium Lymphoid tissues, C.N.S.
Herpesviruses Oropharynx or G.U.tract Lymphoid cells, C.N.S.

11
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Varicella-zoster virus

“Poxvirus
Coxsackievirus and echovirus
-Measles virus
“Rubella virus
-B19 porvovirus**
-Papilloma virus
“HHVS**
Liver

Hepotitis
Hepoitis A, B, C, D, E, G virus
Yollow faver virus
CMV
-EBY

Heart
Myocardilis
-Coxsackievirus

KAQG. AIK. XAIXAIA TMBI AII®

The average human body
contains approximately
1013 cells but these are
outnumbered 10-fold by
bacteria and as much as
100-fold by virus particles
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[o] aKUTTaPEC BLOAOYLKEC OVTOTNTEC

FEveTIka otoyeia tov avtiypdadovtal aveéapTnTa oo Ta XPWHOCWOTO
TWV KUTTAPWV aAAd e€aptwvTot armo to T Kafowtd ta KUTTtopa ov

HOAUVOULV.

NopaoLtloOC o€ YEVETIKO EMtinedo

KAQG. AIK. XAIXAIA TMBI AII®
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Simple structures

Virion=Infectious particle

Consist of a tightly packaged
nucleic acid genome (DNA or
RNA ) enclosed in a coat of
protein (capsid).

In some cases may have an
additional layer / a lipid
membrane (envelope)

Cannot reproduce
independently from living cells
nor carry out cell division

But can exist extracellularly

Viruses are metabolically inactive but exhibit two

properties uniquely associated with living organisms:

the capacity to self-replicate and to evolve.

KAQG. AIK. XAIXAIA TMBI AII®
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Fundamental differences from a
living cell |

~~~~~

Viruses lack

* Protein synthesis machinery (Ribosomes*, tRNA and
associated enzymes/protein.)

- Enzyme systems to generate chemical energy (ATP)
+ Enzyme systems to synthesise the basic chemical
building blocks of life(aa, lipids, sugars, nucleotides)

Viruses contain DNA or RNA

KAQG. AIK. XAIXAIA TMBI AII®

15



To be successful, every virus must solve
four problems

how to infect its host

how to reproduce within its target cells
how to evade host defenses

how to be transmitted to a new victim

« Enough virus
« Cells accessible, susceptible, permissive

« Local antiviral defense absent or overcome

16
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ATTO T1 e€apTrartal n £€EAIEN TNC 10YEVOUC AOidWENG;

MNa va emiTeuxBei n HOAUVON O 10C TTPETTE!
a. Va EI0EABEI OTa KUTTAPA TOU EEVIOTH ETTITUXWC
B. va avamapay6si o1a KUTTAPA TTOU UTTOPET VA JOAUVEI

V. VO ITapaKauer Tnv auuva Tou CEVIOTN . ac ible
0. va peradoBei o véa KUTTApQ/ opyaviopuoug

H emITUXNG 10YEVAG ACIHWEN eEapTATAl ATTO: ) _
a. TNV T000TNTA TOU 10U Suscepsl Issive
B. TN Aoipoyovo Guvaun Tou OTEAEXOUC
Y. T0 KUTTQPQ OTO ONUEIO TNC HOAUVONG — EMOEKTIKOTNTA (permissive)
0. IkavoTnTa TTPOOKOAANGNC OTOUC ICTOUC TOU EEVIOTN

- Ol ETMIPAVEIAKOI TTAPAYOVTEC TTPOOKOAANCNC Eival CUVNBWC AITTOTTPWTEIVEC TOU 10U
(susceptible - resistant) mou TpogdévovTal o LdATAVEPIKOUC, AITTIBIKOUC 1) TIPWTEIVIKOUC
UTTODOXEIC TWV KUTTAPWV EEVIOTWV
€. avamTugn €1I0IKNG/ KN elblKr']g apuvag

- Ol TOTTIKOI QVTIIKOI TIaPAYOVTEC TOU avooonounnxou ouoTnparog (IgA) va givai
QVUTIQPKTOL 1} TTApodIKA QITEVEQYOTTOINUEVOI

17
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XopOLKTNPLOTLKA TWV LWV

e  OLUKPOTEPOL LOL EXOUV Animal cell

Siapetpo 20 nm (pkpotepor - s Nucleus

oo Eva pLocwpa).

e AmnoteAouvTtal oo VOUKAELKO
o€V nov nepBarAetal ano

Eva MPWTEIVIKO MePIBAnpQ

calir 4~ .
g/ |
\

.
.

KOl LEPLKEC POPEC KAl Ao pia

MepBpavn / Evav ¢pakelo.

KAQG. AIK. XAIXAIA TMBI AII®



E¢wkuttapikn ¢aon ILk6 cWHATLO | LOCWHL

Evéokuttapikn ¢paon TOAAQTTAQLOLOLG LOG

Ta Loowporta v eniteAovv PeTABOAKEG Aettoupyiec!

KAQG. AIK. XAIXAIA TMBI AII®
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FEVIKEC LOLOTNTEC TWV LWV - EVVOLEC

MoAuvon — n Stadkaoia eLoaywyng Kot ToAAATTAQLCLAO OV EVOC

LLKOU YOVIOLWHLATOC OTO KUTTOPO TOU EEVLOTH

Kottapoa-EevioTtec N EevioTIKA KUTTOPOL — TOL KUTTOPOL TIOU UTTOPEL
va LOAUVEL €vac LOC KOlL OTWV OTIOLWYV TO ECWTEPLKO UTTOPEL vaL

avarnapoxOet

20
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Ik yovidwwpata

Genome: DNA
Types: ssDNA dsDNA
DNA
viruses
Genome |5 pNA ds DNA
in virion

ssRNA

Viruses

dsRNA

RNA
viruses

N\

ss RNA

— DNA

ssRNA dsDNA
(Retroviruses) (Hepadnaviruses)

RNA «— DNA
viruses

/ N\

KAQG. AIK. XAIXAIA TMBI AII®

ds RNA

ss RNA ds DNA
(Retroviruses) (Hepadnaviruses)
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Ta&wvopnon wwv

e Jyotnua taélvopnonc tTwv twv tou Baltimore

Taélvounon Twv wv pe Baon to doc voukAgikoU

0&€0C TOU LoowpaToC Kal Tt pEBodo avtlypadnc Toug

KA®. AIK. XAIXAIA TMBI AIIO®
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Ta&wvopnon wwv
e JUotnua TaélvOUNoNC TWV LWV OVAAoya HE TOUC

EEVLOTEC TOUC otolouc pHoAUVOULV:

lot {wwv
lol puTtwv
lot Apxaiwv

lot Baktnplwv N Baktnplodayol n ¢ayot

KAQG. AIK. XAIXAIA TMBI AII®
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Aopn TWV LWV

Human DNA viruses Human RNA viruses

Parvovirus & 8 Picornavirus
Bacteriophage MS2 Reovi
Papovavirus &3 M13 o
Bacteriophage Togavirus
. ——D
Adenovirus ﬁ Tobacco mosaic virus Coronavirus
Orthomyxovirus
Herpesvirus '
Poxvirus f/
Chlamydia

ot Y
S Lo A

ot

Escherichia coli (6 um long)

KAQG. AIK. XAIXAIA TMBI AII®
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Baowkni Soun evog Lov (Loowpatog)

DNA Enzymes and Naked
Structural e e .1 | :
: + nucleic acid- = | Nucleocapsid |= | capsid
proteins I ; :
binding proteins Vvirus
Nucleocapsid | + | Clycoproteins and | = | Enveloped
membrane virus
NovkAgikd oy + mpwteivec = NovkAeokayiolo
KA®. AIK. XAIXAIA TMBI ATI® 25



®Uon Tou LOoCWUATOC
Ko idro (kaAvppa r mepiPAnpa): meptBAAAEL TO VOUKAEIKO 0EL TwV

LOCWHUATWV

Kayopepn OLUTOCGUYKPOTNON
* ALOKPLTEC SOULKECG UTIOHOVADEG, oL omoieg ouvdéovtal HeTaf Toug
HE OUYKEKPLUEVO TPOTIO Kol oXNHATi{ouVv peyaAUTEPEG SLatAgeLg

Mopiakoi cuvodoi (molecular chaperones)

NoukAcokaidLo: to MAAPEC CUUTTAOKO TOU VOUKAELIKOU 0EEOC Kl TNC

NMPWTEIVNC TTou cuokeualovtal oto (6o Lbowpa
e Méoa oto LOoCWHA oUVAOWC UTIAPXOUV, OLVAAOYO LLE TOV L0, £VaL 1] TTEPLOCOTEPQ

eldka evivpa

26
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Baowkni Soun evog Lov (Loowpatoc)

[ Nucleic
acid

N'YMNOz 102

Capsid
(composed of
| capsomeres)

Naked virus

Nucleocapsid —

Nucleic - % A\ o
acid | . EMENAEAYMENOZ 102
Capsid . 000000 P n 10 ME ®AKEAO

Envelope

Enveloped virus

27
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Baowkni Soun evog Lov (Loowpatoc)

[ Nucleic
acid

Capsid
(composed of
| capsomeres)

CDC/PHIL

Nucleocapsid —

Nucleic
acid

Capsid .‘ Q l. ..... ®

Envelope

P.W. Choppin and W. Stoeckenius

Enveloped virus

KAQG. AIK. XAIXAIA TMBI AII®
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®Uon Tou LPoWUOTOC

fuuvoc toc NAKED VIRUS

Ensvéedupnévog 1o N 16¢ pue dakeAo ENVELOPED VIRUS

To Kaidlo mepikAeietal pEoa o€ pLa pepuPpavn, To dakeAo (oL WKEC pLepPPAVEC
aroteAouvtat ocuvOwe amo pa SuthootolPado AUTtdilwy Ue ELOKEC LLKEC TIPWTEIVEC)

TLX. LOG TNG YPIUTNG

Envelope
Nucleo-
Capsomers capsid _
g Capsid
I;lcuiglelc Nt H pepBpavn anoteAeil to SOULIKO
 acid OUOTATIKO TOU LOGWHATOG TTOU
OoF= Capsid aAANAemISpA MPWTO HE TO
gﬁgggﬁ?d KUTTOPO TOU EeVioTn
mers)
Naked virus ) Enveloped virus

29
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Haemagglutinin

Nucleoprotein

.
-
‘‘‘‘‘
=

Influenza
Virus
Anatomy

e
AL
)

34 _'"7"'"

. . ¥ _" .
(RS
-
34

O 106 tn¢ ypinnc (Influenza virus)

Ta Autidia tn¢ pepBpavne (tov pakéAov)

TLPOEPYOVTAL OO T HEUBPAVN TOU evioTh,

Ol TIPWTEIVEC IOV Eivoll EVOWHOTWHEVEG OTN

MEUBPAVN KwSLKOTIOLOUVTOL ATIO TOV LO.

30
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Baowki Soun evoc Lov (Loowpatoc)

TOBACCO MOSAIC VIRUS

Naked capsid virus
- ™ nucleic acid
ST
e 0= S
® 2) <—— Nucleocapsid — 5 (/ PP
— : l‘ protein
3 ® o¢ ™ '
Al 7 - > ‘ ‘
/ adapted from:
} Klug and Caspar Adv. Virus Res. 7:225

S P

s '3
——
7

LTI T TS o

Glycoprotein

Teosanedca Filamentrous

To kaidlo amoteAeital anod €vav aplOpod UEUOVWHEVWY TIPWTEIVIKWY HOPLWwY, TwV
Ko OULEPWV, TOL OTIOLOL OPYOLVWVOVTOL YUPW OTTO TO VOUKAETKO 0€U pe peyaAn akpifela
Kall auoTtnpa eravaAapavopeva potipa.

31
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Membranous

RNA
@ Capsome< envelope

¥

-

- 323
aE

Capsomere . O
of capsid Glycoprotein

Wﬂ W 50 nm
(a)Tobacco (b) Adenoviruses (c)Influenza viruses (d)Bacteriophage T4
mosaic virus
Copyright © Pearson Education, Inc., publishing as Benjamin Cummings
32
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1510TNTEC TWV YUUVWV LWV

Component

Protein.

Properties

Is environmentally stable to the following:
Temperature
Acid
Proteases
Detergents
Drying
Is released from cell by lysis.

Consequences

Can be spread easily (on fomites, from hand to hand, by
dust, by small droplets).

Can dry out and retain infectivity.

Can survive the adverse conditions of the gut.

Can be resistant to detergents and poor sewage treat-
ment.

Antibody may be sufficient for immunoprotection.

1610TNTEG TWV EMEVOESUNEVWIV
vV /wwv pe pakelo

Components

Membrane.
Lipids.
Proteins.
Glycoproteins.
Properties
Is environmentally labile—is disrupted by the following:
Acid
Detergents
Drying
Heat

Modifies cell membrane during replication.
Is released by budding and cell lysis.

Consequences

Must stay wet.

Cannot survive the gastrointestinal tract.

Spreads in large droplets, secretions, organ transplants,
and blood transfusions.

Does not need to kill the cell to spread.

May need antibody and cell-mediated immune response
for protection and control.

Elicits hypersensitivity and inflammation to cause
immunopathogenesis.

33
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JUMMETPLA LWV

e OLpaféopopdol Loi £xouv EALKOELON CUMUETPIL

— M.X. 0 106G ToV pwoaikov tou Karvou (TMV)

e OLodoalplkol Lol EYOUV ELKOCOESPLKN) CUMUETPLO

— M.X. 0 106G Tov BnAwpatog tou avBpwmnou (HPV)

KAQG. AIK. XAIXAIA TMBI AII®
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Structural

’ ’ ’ subunits
ZUVKpOtI]Gr] TOU LOOWHMOATOG OToV L0 (protein)

TOU HWOoAikoU Tou Karmnvou Virus RNA W &
(6Lataén Tou voukAgikoU 0€€0¢ Kol TOU TTPWTEIVIKOU !

nepApatoc)

To RNA tou 10U €xeL eAtkoeldn dtapopdwon

Kot TtEPLBAAAETON atd TNV Ko LdLoKN MPWTEivn

TMV : Tobacco Mosaic virus

35
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[ 5-Fold 3-Fold 2-Fold
| Symmetry

@ (b)

Cluster of
5 units

(d)

Eltkooaedplk) CUMUETPLO
T..X. O LOG TOU OnAwpaTtog tou avBpwrmou  Human Papillomavirus HPV

KAQG. AIK. XAIXAIA TMBI AII®

Tim Baker and Norm Olson
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Base plate

D
M. Wurtz

MoAuntAokol Loi — Baktnpiodayot — sikocaedpiki/pofSopopdn cuppeTpio
r.X. Baktnptodayoc T4

37
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lot Twv Baktnpiwv/Baktnplodpayot

NMoAuUTtAoKol Lot

ELKOOOESPLKEC KEPAAEG KaL
eAKOELOELC OUPEC KaL LVidLA

Base plate

Ta;iil flbers Sk

M. Wurtz

38
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dUon TOU LOLOWHATOC

e To looWHATO TTOLKIAOUV ONUAVTIKA O€ HEYEDOC Kol oXAOL
e MeéyeOog: 20 -300 nm
LOG TNG eVAoyLd¢ 200 nm

LOG TNG MoALopueAiTLdag 28 nm

e To peyaAUtepo LUKO yovidiwpa €xel o Baktnplodayoc G: 670.000 bp

KAQG. AIK. XAIXAIA TMBI AII®
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TABLE 1

GENOMES OF THE MAJOR VIRUSES INFECTING HUMAN

Group Family Example Genome
I Papovaviridac Papillomaviruses (HPVs) 8 Kbp
(ds DNA genome) Adenoviridae Adenovirus 40 Kbp
Poxviridae Smallpox and Vaccinia 120 Kbp
Hespesviridae Herpes simplex 1and 2, 150 Kbp
Varicella-Zoster, 125 Kbp
Epstein-Barr, 175 Kbp
Cytomegalovirus 240 Kbp
I Parvoviridae Parvovirus 5 Kb
( ss DNA genome)
I Reoviridae Rotavirus (11 pieces) 22 Kbp
( ds RNA genome)
v Picomaviridae Polio-, Rhino-, Hep. A 8 Kb
(+ ss RNA genome) Coronaviridae Coronavirus 28 Kb
Togaviridac Rubella 12 Kb
Flaviviridae Hepatitis C (HCV) 10 Kb
Vv Rhaboviridae Rabies i1 Kb
(- ss RNA genome) Paramyxoviridae Mumps and measles 14 Kb
Orthomyxoviridac  Influenza (8 pieces) 12 Kb
Bunyaviridac Hantavirus (3 pieces) 18 Kb
Arenaviridac Lassa (2 pieces) 12 Kb
Filoviridae Ebola and Marburg 13 Kb
VI Retroviridae HIV 10 Kb
(RNA reverse transcribing)
v ARG ITATK . X ATXATA TMBT ALI@ 3 Kbp

(DNA reverse transcribin

40



Ta EvIupo TWV LOCWUATWV

e Baktnplodayol Avcoluun
e Petpoiol avtiotpodn petaypadaon
e |otl VEUPOULVLOAON (aneheuBépwon Tou oU, TLX. LOG ypimng)

41
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MOAA/IMOZ TQN IQN / VIRUS REPLICATION

Release

0-

0
2

FIGURE 3.1 The life cycle of virus. The virus life cycle could be divided into six steps: attachment, penetration, uncoating, gene expression and
replication, assembly, and release. The viral capsid (blue) and genome (brown) are schematically drawn for the purpose of explanation. The nucleus is

Gene expression
and replication

>,

Infectious cycle
All viruses reproduce via three basic steps.
1. Viruses deliver their genome into a host cell (entry)

2. Viruses commandeer the host cell transcription and
translation machineries and utilize host cell building
blocks to copy viral genomes (replication) and
synthesize viral proteins (translation)

3. Viral genomes and proteins are self-assembled and exit 42
host cell as new infected particle (assembly)



MOAA/ZMOZ TQN IQN / VIRUS REPLICATION

Antibody
@@Recognition Receptor

antagonists

9’ Budding
and release

2' Attachment
@ Uncooﬁng\

Amantadine\,_ J
sxnldoned 9
imantadine
Tromantadine - g
S (7) Replication
@Tronscnphoy \ S i

onol ues,

Z‘:ﬁ:ﬁg;‘:: { ; g { ; g Phosp onoformate
. oligomers
e 3' Fusion

Tromantadine m

(6) Protein synthesi 8®
Wit . ) 0 @
I r r i (9 Lysis and release

.Assambly protease mhubafors

Other major targets:

Nucleotide biosynthesis and mutation: ribavirin
Thymidine kinase (drug activation): acyclovir, penciclovir
Neuraminidase: zanamivir, oseltomivir
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VIRUS REPLICATION
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Entry into cell and
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IKOZ NMOANATNAAZIAZMOZ

Baowkda otadia tou kol moAAanAaoctoaopol otou¢ Boktnplodayouc

(5 otadia) (1 kOKAOG = 20-60 min)

Movodaoiki KapumuAn avantuénc tng WKAG avilypadng oe
KUTTOPOKOAALEPYELOL LETA OTLO MOAUVON UE O

— ‘EkAswdn

— AavOavouoa nepiodog

— Mepiodog wpipavone

— AnelevOépwon (1 kikAog = 8-40 wpeC)

46
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IIKO2 NOAAANAAZIAZMO2
H povodaoiki KopmUAn avantuéng tne WKAc avilypadnc

Movodaoikn KomUAn avantuéng tng KRG avilypadng oe

KUTTAPOKOAALEPYELOL LETA OLTTO MOALVON ME LO

‘ExkAewdn
NavOavouoa repiodog
Nepiodog wpipavonc

AneAevBépwon

Relative virus count

(plague-forming units)

Eclipse Maturation
I I I

Early Nucleic Protein
enzymes a7id /coats

Virus \

added Assembly

I and
Latent period release
Time
47
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Virus Life Cycle

Early Phase:
i Attachment to and entry of the virion into the host cell;

ii Disassembly of the infectious particle;

iii Replication of the viral genome; Grovth Curve of 2
Mammatian Yirus
Late Phase:
iv Replication of virus structural g
components; 2
E : - Concentration of
=] Latent period infected cells
v Reassembly of the replicated z lfnnosocnsonsonclin
pieces into progeny virus Felp® period
particles;

0 4 8 12 16 20 24 28 32 36 40
vi Release from the host cell.

Hours after viral adsorption
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O BloAoyikoc KUKAOG evoc BaktnplakoU Lov

I— Virus particle

=——>bna

1. Attachment

4. Assembly
(adsorption)

and packaging

\— Cell (host)
Protein coat
remains .
outside
: P |
Viral DNA enters 5 Panotration
(injection)

5. Release
(lysis)

T wva
8 virus

particles

3. Synthesis of
nucleic acid and
protein
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BloAoylkac¢ KUKAOG BaktnplakoL ou/Baktnprodpayou

e MPOIKOAAHZH
e AIEIZAYZH
e IYNOEZH NOYKAEIKQN OZEQN KAI MPQTEINQN
e IYTKPOTHZH KAI ZYZKEYAZIA

e ANEAEYOEPQZIH (AYZH)

Protein coat
remains outside
Viral DNA enters

1. Attachment 2. Penetration 3. Synthesis of 4. Assembly and
(adsorption of of viral viral nucleic acid packaging of
phage virion) nucleic acid and protein new viruses

Figure 8.7 The replication cycle of a bacterial virus. The virions and cells are not drawn to scale. The burst
size can be a hundred or more virions per host cell.
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5. Cell lysis and
release of
new virions
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© The T4 phage uses its @ The sheath of the tail contracts,

tail fibers to stick to thrusting a hollow core through the
specific receptor sites wall and membrane of the cell. The
on the outer surface of phage injects its DNA into the cell.
an E. coli cell. t T4 DNA E\
//z_::--——-—\T ‘ ——N0 /:7.: = .fL—n_ :::'\\\ e The empty cap@ld of the
E. coli -ﬂf—(ig_ﬂ:; Py [ ofol Sy ) phage is left as a “ghost”
DNA 1\ 0¥ty iR NGB AR T outside the cell. The cell’s
N = R DNA is hydrolyzed.
~J L~ =
e —— 7= A
j% o _ll s’ X l“:' l,\;* s\:f
/ ~ - I‘.l‘| W\ " \
= B g/
\':- _::::::I:::::;; [~ \ If§:"| /
| { Py .I.'

The phage then directs
production of lysozyme, © The cell’'s metabolic machinery,
an enzyme that digests directed by phage DNA, produces
the bacterial cell wall. phage proteins, and nucleotides from
With a damaged wall, the cell's degraded DNA are used to
osmosis causes the cell make copies of the phage genome. The
to swell and finally to phage parts come together. Three
burst, releasing 100 to 200 separate sets of proteins assemble to i
phage particles. form phage heads, tails, and tail fibers. Head Tail Tail fibers

©1900 Addison Wesley Longman, Inc.
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Baktnptodpayog T4 - E. coli
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MOAYNZH TOY KYTTAPOY TOY ZENIZTH
MNpoopodnon (LPS yia T4)

Mn avTLOTPENTA MPOOKOAANCN

2UO0TOAN TNG ORKNC TOU OUPALOU OTEAEXOUC

Aiteioduon tou DNA

KAQG. AIK. XAIXAIA TMBI AII®
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Awadpopa Baktnplodpaywv Kot Llwv Iwikwv Kuttapwv (SOS)

Baktnptodayol Aileioduon tou DNA oto KUTTOPO ToU EVIOTN
(e€aipeon ¢6)
lot {wwv Aleioduon 0AOKAnPOU TOU LOCWHOTIOU
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TABLE 8.1 Some bacteriophages of Escherichia coli

Bacteriophage
MS2

X174

M13, f1, and fd
Lambda

T7 and T3

T4

Mu

Virion
structure
lcosahedral

lcosahedral

Filamentous
Head & talil
Head & tail
Head & tail
Head & tail

dss, single-stranded; ds, double-stranded.
PIn bases (ss genomes) or base pairs (ds genomes). These viral genomes have been sequenced and thus
their lengths are known precisely. However, the sequence and length often vary slightly among differ-
ent isolates of the same virus. Hence, the genome sizes listed here have been rounded off in all cases.

Genome
composition®

ssRNA
ssDNA

ssDNA
dsDNA
dsDNA
dsDNA
dsDNA

KAQG. AIK. XAIXAIA TMBI AII®

Genome  Size of

structure genome
Linear 3,600
Circular 5,400
Circular 6,400
Linear 48,500
Linear 40,000
Linear 169,000

Linear 39,000
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MPOzZKOAAH2ZH

e YMNOAOXEIZ (popLa emipAVELOG TOU KUTTAPOU TOU EgvioTn)

* Ynodoxsag payov Tl npwteivn mpooAnync owdripouv
e Ynodoxéag payouv Aapda npwteivn mpooAnyPn¢ pavolng

e OLunodoyeic kaBopilouv to av £va KUTTOPO Eivol EMOEKTIKO pOAuvongc!
TL.X. UTtodoXEaG ToU LoU TG ypinne (otaAko ofu), unodoxéac tou HIV (CD4)

_ Chi
Flagellum & T1  lron
transport
& @ protein
P y
L]

...............................................

Figure 8.11 Bacteriophage receptors. Examples of the cell receptor sites used by different bacteriophages that infect Escherichia
coli. All phages depicted except for MS2 are DNA phages. 56



AlIEIZAY2H

Emitpentika kuttapa (6oa KUTTApO EMITPEMOUV TEALKA TOV TTOAA /OO

KArotlov ov)

Elocaywyn Tou Loowpato¢ 0AOKANPOU 0To KUTTOPO TOU EEVLOTN HE EVOOKUTIAPWON

Mepkn ] oAwkn adaipeon tou wkov kapdiov N anékduon
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Mnyxaviopoi npodpUAaénc/avrtiotaonc

e Amnovuoia tou urltodoxEa

* [Meploplopocg tou ov (kataotpodn tou dikAwvou DNA tou oV pe
NEPLOPLOTLKA EvIvua (T.£.))
e Tpomomoinon tou DNA

Tou &eviotn e pebuliiwon

Avtictaon tou oU: tpomonoinon tou wkou DNA pe yAukoluAiwon

(amokAewlotikd otouc aptiouc payoug) kat peBuAiwon
(n tpomonoinon Aappavel xwpa rntavra HeTd tnv aviypodn)

oL T3 kot T7 mapAyouv npwTteiveg tou avaoTtEAAOUV T SpAon TWV Tt.E.
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The Antiviral System of Bacteria and Archaea: CRISPR

A major antiviral defense of both Bacteria and Archaea is
CRISPR, the clustered regularly interspaced short palindromic
repeats found in the chromosomes of many species that help
protect them from bacteriophage infection (@a Section 11.12).

Immunization Interference

CRISPR : clustered regularly interspaced

short palindromic repeats -
OUOSOTIOLNEVEC TAKTIKA SLOUKEKOUUEVEG
Bpaxeieg TaAVOpOULKES emavaAPeLg

Viral DNA  Memorizing Cleavage
B . complex of complex of
P Cas proteins  Cas proteins

PAM

Binding of crRNA to viral
DNA and cleavage of duplex

: = & =9
Insertion of new spacer /

CRISPR-Cas9

Transcription and
processing of crRNA

Repeat Spacers  Spacer Bacterial/archaeal

chromosome

@) (b)

Figure 10.28 CRISPR defense against viruses. (a) Immunization. Incoming viral DNA is targeted by the
memorizing complex of Cas proteins. This complex selects a protospacer region based on protospacer adjacent
motif (PAM) sequences located on the virus genome. Once the protospacer is excised from the viral genome, the
memorizing complex inserts the protospacer into the CRISPR region of the chromosome, resulting in a unique
spacer region. (b) Interference. The chromosomal CRISPR region is transcribed and processed into crRNAs that
correspond to the individual spacer regions. Cas proteins bind to these crRNAs and search for§dgnplementary
DNA. If a crRNA binds to the DNA of an invading virus, forming a crRNA:DNA duplex, the endonuclease

activity of the cleavage complex is triggered and results in the degradation of incoming viral DNA.



CRISPR : mMpoKapUWTLKO ocUCGTNO AVOGLOC

To cuotnua CRISPR eivat évag RNA-e€apTWHEVOC LNXAVIOUOG TIPOCTACLOG TOU TIPOKAPUWTLKOU
yovibLwpatog amno popla-eloBoleic DNA mou mpokumtouv amnod poAuvon f ouleuén. Otav pKpa
HopLa RNA mou mpogpyovtal armod TG StaxwpLotikéC aAAnAouyiec tng eploxng CRISPR

npocbeBouv oe eloepXOUEVO CUUMANPWHOTIKO DNA, tote oL mpwteiveg Cas KataoTpEPouV To
«SLUEPECH VOUKAETKO OED.

Immunization Interference

Viral DNA  Memorizing Cleavage
complex of complex of

Protospacer ~_o proteins  Cas proteins

—

PAM

Binding of crRNA to viral
DNA and cleavage of duplex

- = & =9
Insertion of new spacer /

Transcription and
processing of crRNA

e

Repeat Spacers  Spacer Bacterial/archaeal
chromosome
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IIKOZ MOAA/ZMOZ - TAZINOMHZH

e 2Y2THMA TAZINOMH2zHz TOY BALTIMORE

Baoiletal oTn OXECN TOU YOVIOLWHATOG EVOC LOU HE To MRNA tou

I ......................................... Type of genetic material in a Virus - eveeeniiiinininiinninnns
DNA virus groups RNA virus groups Retro-transcribing virus

Group 1 Group II || Group III || Group IV Group V Group VI |[Group VII

ds DNA +/- || ss DNA + ds RNA +/- || ss RNA + ss RNA - Reyerse Reverse
[ Revd I
ss RNA - everse ss RNA +
transcription [
ds DNA +/- (DNA/RNAphybrid)
. Reverscta.
ranscripton
dsDNA  hNAJRNA hybrid)

mRNA

YY

ds DNA

AA

KAQG. AIK. XAIXAIA TMBI AII®
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RNA ss(+) @ MS2 ds @ $6 ss(+) @ Poliovirus

ds @ ss(-) («««««(««««««( i

Reovirus Rhabdovirus Coronavirus Retrovirus

ssDNA
(+) @ $X174

(+) ® Parvovirus

dsDNA

13, T7

Hepatitis B

Adenovirus Pox virus Herpesvirus

(b) |100nm I

62



Zuotnpa taélvopnong tov Baltimore

IV

Vi

Vil

ds DNA A, T4, eprinToiodc, LOC EUAOYLAC

ss DNA $X174, 16¢ TNG OVALULOC TWV TTOUAEPLKWV
ds RNA $6, peoioi

ss RNA + MS2, 16¢ TnG mMoAlopueAitidag

ss RNA - LOG TNC ypLING, L0¢ TNC AVGoOC

ss RNA + (DNA) petpoioi

ds DNA (RNA)

LOG TNG nroctitidac B
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Class | & VII
dsDNA (+) virus

Examples Phage T4 (l)

Hepatitis B (VII)

Class Il

ssDNA (+) virus

$&X174
Parvovirus

Transcription of Synthesis of the
the minus strand minus strand
s \ 4
2 dsDNA intermediate
§ - (replicative form)
g
=
c DNA Viruses
“E’ ) Class | classical semiconservative
g S Class Il classical semiconservative,
Q3 discard (-) strand
Cpo Class VIl transcription followed by
reverse transcription

@

Class Il Class IV Class V
dsRNA (+) virus ssRNA (+) virus ssRNA (-) virus
Phage phi6 Phage MS2 Rabies virus

Rotavirus Poliovirus Influenza virus

NINININ NNNSN\

Used directly
as mRNA

Transcription of
the minus strand

Transcription of
the minus strand

\/ﬂ\l,{)\//\\ ——

Class VI

ssRNA (+) retrovirus

HIV
Mouse leukemia virus

\N\/\/\

Reverse
transcription

\

dsDNA intermediate

NN

Transcription of
the minus strand

RNA Viruses

Class lll make ssRNA (+) and transcribe from this to give ssRNA (-) complementary strand
Class IV make ssRNA (-) and transcribe from this to give ssRNA (+) genome

Class V make ssRNA (+) and transcribe from this to give ssRNA (-) genome

Class VI make ssRNA (+) genome by transcription of (-) strand of dsDNA

(®)

Figure 10.2 The Baltimore classification of viral genomes. Seven classes of viral genomes are known. The
genomes can be either (@) DNA or (b) RNA, and either single-stranded (ss) or double-stranded (ds). With the exception
of classes V and VI viruses, where the only known examples infect eukaryotic hosts, the top example listed is a
bacterial virus and the bottom example an animal virus. The path each viral genome takes to form its mRNA and the
strateqy each uses for replication is shown.
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dsDNA (+) virus ssDNA (+) dsRNA (+) ssRNA (+) ssRNA () ssRNA (+)
Class | virus virus virus virus retrovirus
Class VII Class I Class Il Class IV Class V Class VI
Synthesis of I I
other strand Used directly Reverse
. as mRNA . transcription
dsDNA intermediate Transcription Transcription
of minus strand of minus strand

Transcription
of minus strand

A VAVAVAN N\ Transcription dsDNA intermediate
of minus strand

- Fa 7% Fa'
Genome Genome
replication: Class I, classical semiconservative replication: Class lll, make ssRNA (+) and transcribe from this to give ssRNA (-) partner
Class ll, classical semiconservative, Class IV, make ssRNA (-) and transcribe from this to give ssRNA (+) genome
discard (-) strand Class V, make ssRNA (+) and transcribe from this to give ssRNA (-) genome
Class VI, transcription followed by Class VI, make ssRNA (+) genome by transcription of (-) strand of dsDNA
. reverse transcription )
DNA Viruses RNA Viruses
@ (®)

Figure 9.11 Formation of mMRNA and new genomes in (a) DNA viruses and (b) RNA viruses. By con-
vention, mRNA is always considered to be of the plus (+) orientation. Examples of each class of virus are
given in Table 9.2.
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Class | & VII Class Il

dsDNA (+) virus ssDNA (+) virus
Examples Phage T4 (l) &X174
Hepatitis B (VII) Parvovirus

7Transcription of 7Synthesis of the
the minus strand minus strand
§ \ 4
! dsDNA intermediate
§ - (replicative form)
c
g MRNA +)
_ DNA Viruses
g 2 Class| classical semiconservative
QT - Class Il classical semiconservative,
[T discard (-) strand
Co Class VIl transcription followed by
reverse transcription

@
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Class Il Class IV Class V Class VI

dsRNA (+) virus ssRNA (+) virus ssRNA (-) virus ssRNA (+) retrovirus
Phage phi6 Phage MS2 Rabies virus HIV
Rotavirus Poliovirus Influenza virus Mouse leukemia virus
Transcription of Used directly Transcription of Reverse
the minus strand as mRNA the minus strand transcription

v

dsDNA intermediate

MRNA ) : _

<Transcription of
the minus strand

——

RNA Viruses

Class lll make ssRNA (+) and transcribe from this to give ssRNA (-) complementary strand
Class IV make ssRNA (-) and transcribe from this to give ssRNA (+) genome

Class V make ssRNA (+) and transcribe from this to give ssRNA (-) genome

Class VI make ssRNA (+) genome by transcription of () strand of dsDNA

(®)
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TABLE 1

GENOMES OF THE MAJOR VIRUSES INFECTING HUMANS

Group Family Example Genome
1 Papovaviridac Papillomaviruses (HPVs) 8§ Kbp
(ds DNA genome) Adenoviridae Adenovirus 40 Kbp
Poxviridae Smallpox and Vaccinia 120 Kbp
Hespesviridae Herpes simplex 1and2, 150 Kbp
Varicella-Zoster, 125 Kbp
Epstein-Barr, 175 Kbp
Cytomegalovirus 240 Kbp
I Parvoviridae Parvovirus 5 Kb
( ss DNA genome)
I Reoviridae Rotavirus (11 pieces) 22 Kbp
(ds RNA genome)
v Picomaviridae Polio-, Rhino-, Hep. A 8 Kb
(+ ss RNA genome) Coronaviridae Coronavirus 28 Kb
Togaviridae Rubella 12 Kb
Flaviviridae Hepatitis C (HCV) 10 Kb
v Rhaboviridae Rabies i1 Kb
(- ss RNA genome) Paramyxoviridae Mumps and measles 14 Kb
Orthomyxoviridae  Influenza (8 pieces) 12 Kb
Bunyaviridac Hantavirus (3 pieces) 18 Kb
Arenaviridac Lassa (2 pieces) 12 Kb
Filoviridae Ebola and Marburg 13 Kb
VI Retroviridae HIV 10 Kb
(RNA reverse transcribing)
VII Hepadnaviridae Hepatitis B 3 Kbp

(DNA reverse transcribing)



Viruses have Challenged the Central Dogma

iIn Molecular Biology

transcription translation

Central Dogma SO, >\ \———> Protein

DNA RNA

genomel
replication

NV N

DNA
Modified transcription translation .
Central Dogma SONIN >\ > Frotci

DNA = reverse RNA

transcription
genomel J( genome

replication replication
\‘/\/\ RNA
DNA
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Il kot V RNA-e€aptwpevn moAvpepdon tov RNA

Vi, VIl avaotpodn petaypadaon
ss DNA
virus
Class I
ds DNA (+) Synthesis of other strand
virus
Class | (and
Class VII) ds DNA intermediate

Wption
mRNA

Can be used (+ sense) Transcription
directly of — strand

ss RNA (+)
=~ e O NAVANVA

Transcription

retrovirus
Transcription Class VI
of — strand

ss RNA (+) ss RNA (-) ds RNA (+)
virus virus virus
Class IV Class V Class lll
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2TPATNYLKEG avTlypadng TwV Lwv

VIRUS Viral genome reproduction

fype mRNA  Protein t DNA — |

PO#RNA
papova i —=RNA 7=
rilerio e P Proein B |
erpes by "
on?e DNA \I &
epadna — @
/{ 2 m >
rvo o
i DNA |—»
Template Progeny
piiorno ~—
calici
\\

- "**’%‘*““‘ -1~ Il
avi o
corona —
rhabdo
paramyxo
orthomyxo —-RNA Y __ l._. -
ilo

|—>&

- R O-0
l —'&
Retio Retro ". e | | | |



ILKEC MPWTEIVEC

e Mpwipec mpwteivec (early proteins) (ouvidwe éviupa)

— Anapattnteg yia tnv avitypodr Tov yoviSLwWHOTOoG

e OYpec mpwrteivec (late proteins)

— Npwteiveg Tou ukoL MepBARATOC
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OL kUplotL Tunot Baktnpropaywv

RNA

ss Q MS2 ds(Q ¢6
ss DNA
X 0X174
cﬁﬁ::: :::ﬁjjjjifjj::J
ds DNA

13, T7

i Lambda

12, T4
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TOmol Baktnplodpaywv

e EmiBetikoli (R 6pLueic, virulent) AuTikn

AUon Tou Kuttdpou tou Eevioth Kat Bavarto

N.x. o Baktnprodayog T4, T2, T4, T6 KA

e Hmuol (temperate) Auvcoyovia

Aev mpokaAoUv AUon Ko OAvaTto Tou KUTTAPOU Tou EEVioTN

KAQG. AIK. XAIXAIA TMBI AII®
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BakTnpilopdyoc T4 eMOETIKOC PakTNplopdyoC (€ coli)

Toowpa TouAdxioTov 25 81apopeTIKOUC TUTTOUC TTIPWTEIVIUV

Fovidiwpa  ypappiké dsDNA, mepimou 170 kb, > 250 mpwreiveg

akpdaie¢ emavaAnyeic = emavaAaupavopevec alAnhouxicc 3-6 kb oe kaBe dkpo

To yovidiwpa kaOe pepovwiévou 1oowpatoc diagépel
amoé Tnv dAAnAouxia dAAwv locwpdTtwy T4
KUKAIKA TtapaAAaypévo DNA

10 év{Uupo Tépvel otaOepd phkn Tou DNA

ave€dpTnTa amé Tnv aAAnAouxial Topn oe diapopeTikd onpeiol
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A G
, ’ ’ ’ B A ~— Enzyme
Mapaywyn popitwv DNA ukov pnkouvg octov T4 g g acts o
1 4 4 14 E D C
HE KUKALKA TtapaAAaypEVEG AAANAOUXLEG F E D
G F E
A G I
Alll B A G
14 I I 14 D h
MNapaywyn T4 poptwv DNA wWKou LnKoug £ E g
He rtapaAAayuevec aAAnAouxiec, amo pa F c C
evOoOVOUKAEAON, N OToLa TEUVEL EVal g’ G F
14 14 14 A A G
aAuoopepPEC o€ otaBepa unkn DNA, 2 B B A
aveéaptnta ano tnv aAAnAouyia Ttouc. C 8 (B;
D
£ E P D
, = 3 E
OLAUCOMEPEC A G =
B|[|B A
e < B
Nearly D D C
replicated | £ — E — D
infecting | £ Recombination F E
DNA G G|} «—— 0
A G
A B
| B
Long DNA Molecules
molecules generated
attacked 76
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Site of NH,
glucosylation HOH,C

5-udpofupeBulokutooivn: n acuvRBiotn Baon tov DNA Ttwv dptiwv
Baktnplodpaywv T.
H 0€on tnc vudpofuueBulopadoc vpiotatatl yAukoluAiwon.

Otav auti n Baon YAukoluAwwOei to DNA tou T4 Baktnplodpdyou
yivetol avOeKTIKO otnV eMiOson NMEPLOPLOTIKWV EVIUUWV.
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MPpWLHEG MPWTEIVEC, EVOLANETEC MPWTEIVECG, OYPLUEC MPWTEIVEC

NG 1
A
‘ Tail, collar,
Nucleases base p.IaFe, Mature phage particle
DNA pol Ph s and tail fiber
pojnanase Phage DNA g0 hioe proteins
New sigma factors proteins T4 lysozyme
production
‘ |

|
i = it s |

|

0 5 10 15 20 25
Minutes
H xpovikn oepd tTwv cupfaviwv Kata tn poAvvon pe ¢ayo T4 25 Aemntta
(6radoxikn tporomoinon tng RNA moAupepaong tov eviotn) 100 véa Loocwpatia
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KUkAo¢ moAA/opoU Tou Autikou ¢payou

Total
Phage

| Extracellular

Phage

Intracellular

ExAswpn

Eclipse

Number of Infectious Particles

phase ,

accumulation /

/ LySiS

Evéokuttaplki cuocowpeuon

AOon kat aneAsvBépwon

KAQG. AIK. XAIXAIA TMBI AII®

Time after Infection
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Baktnptodpayog Aapda: Ao Baktnprodpayog (E. coli)

AYZITONIA Auvcyova BoktipLa

Ta neploootepa yovidia tou Lov dev ekdppalovral, To yovidiwpa
TOU LoV avTLlypAadETOL TOUTOXPOVA LE TO XPWHOCWHA TOU EVLOTH
TO KATooTPOodLKO HEPOG Eival N EKHPACK TOU LLKOU YOVISLWHOTOG
(o éAeyxog emtteAeiton amd pa KATaoTAATLKN TPWTEiVN Tov pAyou
OLTTEVEPYOTOLNGN TOU KOTAOTOAEQ = AUTLKE) 060¢)
Ol ATLOL Lol UTIAPYOUV OTO KUTTOLPO TOU EEVLOTH OE Mo Tl
AavOdavouaca popdn NPOIOZ i} NPOMAIOz

(evowpatwveton oto Baktneloko XpwHoocwua)

Kpurmtikog 10¢ (BokTtneLoKA XPWHOCWHOTOL: THAOTO LKWV YOVISLWHATWV)
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Baktnptodpayog Aapda: Ao Baktnprodpayog

loocwpa
Novidiwpa  ypappiko ds DNA, tepinov 50 kb
oto 5‘ akpo kaBe kKAwvou ss oupa 12 nt (koOAAwWSN akpa)

- levydpwpa, KUKALKO ds DNA

ZXNHUOATLOUOC KUKALKOU XpWHOCWHATOC (KOAAWON akpa)

r Cohesive Ends
Lygase

Linear Double Stranded Opened Circle Closed Circle
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OL ouVERELEC HOAUVONG Ao

£€vav Amo Baktnpiodpayo

AUtk 060¢
(avtiypadn ko aneAevBepwon tou
wWpPLHOoV oL pe AUon)

Auctyovikn 060¢
(evowpdatwon touv ukov DNA oto DNA
Tou &eviotn - To ko DNA avtiypadetou
pe to DNA tou gvioTtn Kata TV
KUTTOPLKN diaiipeon)

Temperate virus

- Host DNA

Attachment of the
virus to the host cell

Lysogenic pathway

Viral DNA s
. l Cell (host)
- Injection of viral DNA
Lytic pathway I

are initiated.

\ Lytic events

|

(2a>2)-

Phage components
are synthesized
and virions are
assembled.

(290y)

Lysis of the host
cell and release
of new phage
virions

Induction

=
OE

Viral DNA is
integrated
into host DNA.

Lysogenized

ceII
Prophage

Viral DNA is
replicated
with host DNA
at cell division.

Cop

=

Figure 8.16 Consequences of infection by a temperate bacteriophage.
The alternatives upon infection are replication and release of mature virions (lygs) or
lysogeny, often by integration of the virus DNA into the host DNA, as shown here.
The lysogen can be induced to produce mature virions and lyse.



Phage attaches Occasionally, a prophage exits
: to host cell and the bacterial chromosome,
Phage DNA 7 injects DNA. initiating a lytic cycle.
- —_— s
7 7N Y e— N

;

\ @)‘ '\&//\\9,“ Many cell divisions

/
AL —
e ' T A 17 AN
R\ J% LYTIC CYCLE e || | LYSOGENIC CYCLE \\ /w ))
== ”\\-’I:—_'/j //
Cell lyses, Phage DNA Bacterium reproduces normally,
releasing phages. circularizes copying the prophage and

transmitting it to daughter cells.

OR
Prophage /
/;::.:_\\F‘ //,_;: ::-,\.
71 \ o8| = \
”&gj &‘%_?%ié/; \ C¥j—/

—

New phage DNA and Phage DNA integrates into

proteins are synthesized the bacterial chromosome,
and assembled into phages. becoming a prophage.

©1000 Addison Wesley Longman, Inc.
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= = S produce a colony of
Bacterial bacteria infected
chromosome with prophage.
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Baktnplrodayoc Aapda: Avon  Auoyovia

e [EevVeETIKOC SLaKOmTNG:

lovidio cl: kataotoA£ac Tou A (n mapaywyn tou odnyei o

KQTOLOTOAR TG OUVOECONC OAWV TWV MIPWTEIVWYV TTOU KWSLKOTIOLOUV TO YOVISiwHa
Tou Aapuda)

glval anapaitntog yia tnv eykadidpuvon tng AYZIFTONIAZ

glval n povadiki MPWTELVN IOV TTAPAYETAL KATA TNV EVOWHATWON Tov A 6To
XPWHOOWHA TOV EEVIOTH

EvowpAtwon VO aVTLTUTOU TOU YOVISLWHOTOC TOU AQUd oL 0TO XPWHOCWHLA TOU

Eeviotn
€vOeon o€ pia ko povo B€on, O€oeilg npookOoAAnon¢ att (attachment)

nopovoia tng evowpataong (int, integrase)

84
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O YEVETIKOC Kall LOPLAKAC XAPTNG TOU Adpuda

KAQG. AIK. XAIXAIA TMBI AII®
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2ovoyn: Aopn, Tavopunon Kat avanopoywyn

AOMH
— NOUKAEIKO 0€0 o MPWTEIVIKO EPiPANMaL, +/- AUTLOKOC PAKEAOG
— H dopn avravakAd tic BLOAOYLKEC LOLOTNTEC

TAZINOMHZzH

— OLKOYEVELEC LWV, OPYOVWHEVEC HE Baon tTn Sdoun Kat TG BLOAOYLKEG

LOLOTNTEC
ANAMNAPAITQrH
— Teviko mpotumo

— MoAAaA£G oTpATNYLKEC avAAoya LLE TO VOUKAEIKO o€0

KAQG. AIK. XAIXAIA TMBI AII®
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MeA€tn Twv WV ({WIKWV LWV) 0E KUTTOLPOKAAALEPYELEC

KA®. AIK. XAIXAIA TMBI AIIO®
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MoGOTIKOC MPOCOLOPLOUOC TWV LWV

e  Movada kA LoAuvong 1 KN poAvopatikn povada (n HiKpoTepPN povada
TIOU UIMOPEL v TIPOKAAECEL OLVLXVEUOLLAL ATTOTEAECLLOTO OTOV AVOLULELXOEL e

€val SEKTLKO KUTTOLPO)

e TitAodOTNON TWV LWV OO TO OXNUOTIOUO TTACKWV
Zwvec AVon¢ R avaotoAnc tng avénonc (dtavyeic meploxec)
MAdako: n Stavyng eploxn (dnuiovpyeitat pe to dStadoxiko

TLOAA /OO EVOC HOVOV LOCWHATOC)
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MNocoTtikA HETPNON MAAKWY EVOC
BaktnplokoU LoV HECW TNG SOKLHAOLOG
OXNUOTIOMOU MAQKWVY, HE TN HEBO0SO NG

eniotpwon¢ ayapolng

NAakeg Baktnplodpayou

7 ow N

Molten
Phage top
\_/ dilution agar

Pour mixture
onto nutrient agar plate

Nutrient agar
plate

Sandwich of
top agar and
nutrient agar

(@



Aokipaoia Autikov ¢payou

AoKipaoia MAOKwVY

e Plague assay (
— Method
— Plague forming unit (pfu)

— Measures infectious
particles

KAQG. AIK. XAIXAIA TMBI AII®

Phage

Bacteria
+

Phage
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Movootifada KuttapoKaAALEPYLEQC

MAakec WKWV LWV

Endavion nAakwv

Paul Kaplan

Confluent monolayer of tissue
culture cells

T.D. Brock

Viral plaques

Figure 8.10 Animal cell cultures and viral plaques. The animal cells support
replication of the virus, and lysed cells result in plaques. o1



MoooTIKNA METPNON TWV ECTLWV HOAUVONG

Oykoyovol oi HETOLOXNHOATIOMOG

MovooTtifada {wiKwV KUTTAPWYV O€ Lol KAAALEPYELOL AGYW TOU
dawvopévou tneg avaotoAnc emadnc (otapoatda n avénon otav ta

kOttapa €AOouv o€ enadn To Eva Le To AANO)

MetaoxnpUotiopéva KUTTapa s0TieC aUEnonc 1N E0TLEC LOALVONC
(cuoowpeloelg KUTTAPWV AOYW AAAOLWHEVWV OLUENTLKWV

OLTLALTAOEWV)
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ATMOTEAEGHATIKOTNTA TNEG AVATITUENC LWV o€ TPLRALO

e AmnoteAeopatikotnta tTNG KoAALEpyeLac o€ TPLBALo (efficiency of
plating)

N AMOTEAEGUOTIKOTNTA HE TNV OTOLO TOL LOCWHATA LOAUVOUV T

kKUTTtapa tov Eeviotn onavia $¢Oavel to 100% !

Baktnplodpayot > 50%
nplopay

(wiKol Lot ouyva 1%, punopei ko 0.1%

AplOpoc povadwv oxnUaATiopol MAAKwWV
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ATOTEAEGUOTIKOTNTA TNEG AVATITUENC LWV o€ TPLRALO

e AplOpOGC povadwv oxnuaticpol mAakwv (plate forming units pfu)

= TITAOZ

o)L aroAutoc apLlOioc LOCWHUATWV

TITAOAOTHZH IQN ANO TO 2XHMATIZMO NAAKQN

(n mtocootkomoinon Twv Lwv HE Th SoKLpaoiot oXNUATIOHUOU

TMAQLKWV)
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MéEOBodot poAuvvonc {wwv

AL0LOOYLKEC APALWOELC

‘Eveon o€ dektika {wa

Enwoaon

YMoAoyLoHOC TNG avaAoyilog Twv VEKpwV {wwvV Ipo¢ ta {wvtava
(wa

YMoAoyLloMOC TNG TEALKNG apaiwonc (=n cuykévipwon otnv onoia
nebaivouv ta HLOA TWV EVEOUEVWV {WWV)

Lethal dose 50 = LD,
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Katataén {wikwv twv

Nonenveloped

& ss DNA
Parvovirus

&Y ds DNA

Papovavirus

ds DNA

Adenovirus

ds DNA

Iridovirus

Enveloped
partially
ds DNA

Hepadnavirus

Herpesvirus

|
' 100 nm

(@) DNA viruses
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Katataén {wikwv twv

Nonenveloped

&3 ssRNA
Picornavirus

@ ds RNA

Reovirus
|

|
'100 nm '

Enveloped all ss RNA

=

Rhabdovirus

Bunyavirus

Arenavirus Retrovirus

Paramyxovirus

(b) RNA viruses
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MBavec eMMTWOELS TWV {WIKWV LWV oTa KUTTAPA ITOU LOAUVOUV

Formation of proviral
state and transformation
into tumor cell

Tumor cell
division

Transformation

Death of the
cell and release Lysis
of the virus ez

7
L ‘- =
\‘d‘}

Virus ! 1
multiplication N !
%%, 1
oe® 1
1
Slow release of Persistent *
virus without infection :
causing cell death - .
1
1
1
o . 1
\b/::: rs] gtr S Latent 1 ng e
Ll infection 1 lytic infection
replicating 1
1

Figure 8.20 Possible effects that animal viruses may have on cells they infect. Most animal viruses are
lytic, and only a very few are known to cause cells to transform and become cancerous.
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2XEZEIZ IQON KAI EYKAPYQTIKQN KYTTAPQN
* NAUTIKEC MOAUVOELG

 Eppévouoec LOAUVOELG

 AavOavouoca néAuvvon
 Metapopdpwrtikil HoAuvvon

e Akoprn poAuvon

METOUOXNUOTIONOC  AVEEEAEYKTOC NXOVIOUOC aENONG KUTTAPWYV
oykol kaAonOsLc ka kakonOelc (=veomAaopata, pETACTOON)
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Eidn poAuvong = Nnons
% N Sw

2Tnv oéeia Aoipwdén TTapayetal | .
106G, ENPaAVICoVTal CUUTITWHATA Kal - ¢ ' ' Persistenc infecion
0 160G kaBapiletal yéoa oe 7 Ewg & / ‘ choriomeningitis virus
10 nuépeg peTd TN pdAuvon. s -

E — H H H Latent, reactivating infection
STV €miovn HéAuvon, n /.\ * Herpes simplex virus
TTapaywyn 1wv cuveXiletal KaTa /.\ /\
TN di1dpKela TNG (WNAC TOU CEVIOTH. — H Slow virus infoction
Ta GUPTITWHATA UTTOPET VO /I\/w o eminodeficiency
EMQAVICTOUV ) VA PNV . _ vinae
gU@avioToUV Aiyo TTpIV AT To Time peerh
Bavaro, avaioya pe Tov 10. O H oxeTikn rapaywyn v oxedIadeTal wg ouvapTnon Tou
MOAUCHATIKOG 16C TTapayeTal XPOvou uetd T uéAuvon. O xpovogs UPAEvIoNS Twv
oUVABWC KaB’ 6An Tn didpKeIa TNG OUNTITWHATWY UTTOBEIKVUETAI ATTO TNV KOKKIVH OKIQOUEVH

TTEPIOXN KAl N TTEPIOOOS KATA THV OTToia aTTEAEUBEpLWVETal
HOAUCLIATIKOS 10€ (B1aBETiuog yia va [HoAUvEl dAAoug
EevioTéC) utTodEIKVUETAI ATTO TO Bpayiova.

MOAUvVONC.
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Acure infection
* Rhinovirus
* Rotavirus
* Influenza virus

Eidn poAuvong

21NV Aavéavouoa Aoipwién, pia
apxIkA o&eia Aoipwén akoAouBeital
atrd MIA APENN @ACN KAl
ETTAVAAANBAVOUEVEC TTEPIODOUC
gTTavevepyoTroinong. H
ETTAVEVEPYOTTOINCTN EVOEXETAI VA
OUVOQEUETAI QTTO CUNTITWHATA AAAd
VEVIKA 0dnyei oTnV TTapaywyn
MOAUCHATIKOU 10U.

Persistent infection
* Lymphacytic
choriomeningitis virus

Virus production

Latent, reactivating infection
* Herpes simplex virus

Slow virus infection

+ Measles SSPE

* Human immunodeficiency
virus

2NV apyn Aocipwdén, pia Xpovikn
TTEPiIOdOC TTAPEUPAIVEI HETAGU MIAG AvdAoya pe Tov 10, N TTapaywyn MOAUGUATIKOU 10U KATA

TUTTIKAG TTpWTOTTaB0UG ogeiag N HOKPA TTEPid0 PETAEU TNC TIPWTOYEVOUC HOAUVONC Kal
Aoipwng Kal TG ocuvnBwg Tou BavaTtn@oPoU ATTOTEAECHATOC UTTOPET Va gival
EUPAVIONG CUPTITWHATWY. ouveXN¢ (TT.X. 16¢ avBpwITIVNG AvVOCOAVETTAPKEIAG) 1 VA
atrouoiddel (TT.X., UTTOEEia OKANPUVTIKA TTAVEYKEPAAITIOO
I0U INQPACG).
101
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Virus production

A

General patterns of infection

i N, A, N

ad

Death

Time

Death

Acute

* Rhinovirus

* Rotavirus

* Influenza virus

Latent
* Herpes simplex virus

Persistent: asymptomatic
* Lymphocytic choriomeningitis virus
e JCyvirus

Persistent: pathogenic

¢ Human immunodeficiency virus
¢ Human T-lymphotropic virus

* Measles virus SSPE

KAQG. AIK. XAIXAIA TMBI AII®
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IIINAKAX 9
[010TnTEG TWY UETAUOQPWUEVWY XVTTAQWY T TUYXQLON
UE TA XaAVOVIXA KVUTTAQA

[TepLoodtEQO OTROYYUAG RaL 7O OAUQG CUVOESEUEVA UE TNV ETULPAEVELL TOV
doyelov rarlhéQyeLag.

Tuyaiog mEooavatolopds %ot atdiela mS LGS “raoeutddion emapng”.
Avantiooovtal To €va TAvw OTo GALO (Gl WG LOVOOTQWUATC).
AvarttiooovVTOL ZOL G ALOONUA.

Avamtiooovtal UEYOL EEALQETIRG PEYAAN TURVETNTA POV TOOTLUOVY TO
Bdvato and mv Tavon avamTuEng.

Araxglivovral yia v EAATTWREVY] ATaitnon WS TEOS TOV 0Q4 TOV TTEQLEXETAUL
010 HEMTLXO TOVG VITOOTOWULL.

XapaxmmelCovral yia T ueydin tovg dietodutirdmra.

To 1000016 ToU OLaAL#OU 0EE0G TTOV TEQLEYETAL OTLS TOWTELVES TNG ETLPAVELUS
TOUG elval eEAATTOUEVO.

Mua mpwteivn g empavelag Tov xutrdpov ue MB 250.000 eEapaviCetal.

H petagopd twv caxnydowy omy ®uttaoxny nepfodvn avEdvetal.
ZUYy*rOANOUVTOL TTLO EUROAX e AERTIVEG Tl QuTd.

Ou mpwrtelveg ™G empAveLag elval o urivnTeg.

Toa prpovnudrtia axtivng eEagpaviCovrat evd dramoeeltal 1 dragupévn axtivn.
Eugdvion epfouirdy avityovov.

"Exx®oLom mowteaowy.
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TOmol kapkivou otov AvOpwro nov cuvdEovtal PeE Th Spaon Lwv

HTLV-1 Agvyaupia T KUTTAPWV TWV EVNALIKWVY
Epstein-Barr Nepdwpa Burkitt

Epstein-Barr Kapkivwpa tov pwvodpapuyya

Hepatitis B Hratokuttaplko KapKivwpo

Human Papilloma Kapkivol tou d€ppatog Kat Tou tpoxnAou

KA®. AIK. XAIXAIA TMBI AIIO® 104



Evasion of immunity: Viral latency

Herpes simplex virus infects skin Virus travels down axons
epithelial cells, then spreads to sensory of neurone to reinfect epithelial
neurone s serving the area of infection. cells. CTL response kills
The immune response controls infected epithelial cells..cold sore.

infection, but the virus persistsin the

igemi ion i oy Non-re generating neurones e xpress
trigeminal ganglion in atranscriptionally
inactive, or LATENT, state until low MHC class | to pre vent damage
reactivate d by sunlight, by CTL. This makes them an ideal

infection, hormonal changes etc. site for latent viruses to persist.
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AMYNTIKOI NMPOZTATEYTIKOI MHXANIZMOI TOY =ENI2TH

Host defenses

Anatomical Intrinsic Innate Acquired
and chemical immunity immunity
CONTINUOUS IMMEDIATE MINUTES/HOURS HOURS/DAYS
| Time Post-Exposure :>

Physical Barriers Intrinsic Innate Adaptive
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O1 110 KOIVOi 10i TTOU TTPpOCBAAOUV TOV AVOpWITO

Hepadnaviridae

Adenoviridae

Reoviridae
Poxviridae
Retroviridae -
Herpesviridae
ds RNA RDSQB

iri Papill irid
Astroviridae ANA DNA apillomaviridae

DNA ds DNA N
Caliciviridae RNA Polyomaviridae

Hepatitis E virus (HEV)
S RNA 8 DNA F———a parvoviridae

Picornaviridae

Togaviridae Hepatitis delta virus (HDV)

Flaviviridae Rhabdoviridae e ----

--e Coronaviridae

Filoviridae @-====-====---

; Orthomyxoviridae Paramyxoviridae @----=------- '
; Arenaviridae Bunyaviridae E
1 1
fommmm » Nidovirales Mononegavirales ---
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KOPQNOIOI - CORONAVIRUSES

CDC/PHIL
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KOPQNAIOI - CORONAVIRUSES

Ot kopwvaiotl eival povokAwvol Betikot
RNA-woi, oL omtoiol avtiypddovtal oto
KUTTOPOTIAQO QL.

Tol LoOCWATA TWV KOpWVaiwv giva
entevdedbupeva Katl pEpouv otnV eTLPAVELA
TOUC YAUKOTIPWTEIVLKEC aKkidec (kopwvar).

AOYW Tou BETLKOV TOUC TIPOCAVOTOALOLOU,
To yovidiwpa Tou Kopwvaiol pmopel va
Aettoupynoet ameuBeiac wg MRNA péoa
oTo KUTTOpPO.

Replicase — RNA avtlypaddaon: cuvOETel
OUMITANPWHATLKOUC apVNTIKOUC KAWVOUC
XPNOLLOTIOLWVTAC TO YOVIOLWHOTIKO RNA w¢
EKMOYELO

==> mMRNA - npwrteivec kopwvaiol

Tol VEOL LOOWUATLO CUYKPOTOUVTAL LESA OTN
ouokeun Golgi

(a) f,ﬁf'fﬁfﬁ'fiffffffffff::_’, —

Infection; ssSRNA

(®)

genome released AP IcaEE
gene
5 3
Cap — S + JAAAA)

Translation of
replicase gene

N\
\ l \
e | ~
(

~ (_— Replicase
~ Replicase g

Synthesis of
minus strand 3’ 5

0] = )
Synthesis of Synthesis of
monocistronic genome copies
mMRNAs E 5’ g’

5 p— - J— + JAAAA)

o 5 .

, i e + JAAAA
Translation to 5' 3’
yield viral + JAAAA)
proteins

\ Viral assembly/




PETPOIOI RETROVIRIDAE

Surface envelope protein

Enzymes
(reverse

transcriptase,
integrase,
protease)

Lipid
membrane
bilayer

Core shell
protein

Core protein

@

gag pol env

(b)

Figure 8.21 Retrovirus structure and function. (a) Structure of a retrovirus.
(b) Genetic map of a typical retrovirus genome. Each end of the genomic RNA contains
direct repeats (R).
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Aopun Kat Aettoupyio evog petpoiou

Novidiwpa 2 opola povokAwva Betikd popla RNA

pnRkog 8.5 — 9.5 kbp to kaBsva

gag ECWTEPLKEC SOMLKEC TpwTEeiveg, kaLdiov
pol avtiotpodn petaypadaon

env npwrteiveg pakéAov (emevdiTn)

Long terminal repeats  akpaieg emavaAnPeig ota akpa,
kotlO@oploTiko poAo otnv aviypoadn

TLOAUTTPWTEILVEC

Mrnopei va ekppalouv Kat enpocHeta yovidia, m.X. YLl LETAOXNUATIONO
Rous sarcoma virus, src

KAQG. AIK. XAIXAIA TMBI AII®
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Aopun Kat Aettoupyio evog petpoiou

Avaotpodn petaypodaon
DNA ntoAvpepaon

EKKLVNTAG €lval éva OLKO petadoplko
RNA (tRNA) tou kuttdpou £eviotn

Enzymes
(reverse

transcriptase,
integrase,
protease)

Lipid
mem brane
bilayer

Core shell/ 2 . " ‘

protein

Core protein

@

(®)

Figure 8.21 Retrovirus structure and function. (a) Structure of a retrovirus.

(b) Genetic map of a typical retrovirus genome. Each end of the genomic RNAZontains

direct repeats (R).

Surface envelope protein




KokAog {wng- Avanapaywyn petpoiov

1. Entry and uncoating
of the retrovirus

2. Reverse transcriptase activity
(two steps)

" 3. Viral DNA enters nucleus and
integrates into the host genome. |
- .
4. Transcription by host RNA
polymerase forms viral mMRNA

and genome copies.

5. Translation of mRNA forms viral
proteins; new nucleocapsids
assembled and released by budding.

Figure 8.22 Replication of a retrovirus. The virion carries two identical copies of
the RNA genome (orange). Reverse transcriptase, carried in the virion, makes single-
stranded DNA from viral RNA and then double-stranded DNA that integrdtes Fito the
host genome as a provirus. Transcription and translation of proviral genes leads to the
production of new virions that are then released by budding.



KukAoc {wnc- Avanapaywyn petpoiov

Eloodo¢

Anekduon

Avtiotpodn petaypadn

{m}

Virus particle
ss RNA
(two copies)

1. Entrance

2. Uncoating

ss RNA inside

U
{

@ Travel to nucleus

—! uncoated core

3. Reverse transcription

T 1 ds DNA

LTR

@ 4. Integration into
HosHPINA Host DNA

Evowpatwon

Metaypadn touv kol DNA
Kapidiwon
EkBAdotnon

ss RNA

LTR Provirus @

LTR  Host

@ 5. Transcription

B«

Viral mRNA

ss RNA % and progeny

viral RNA

6. Encapsidation

Nucleocapsid

7. Budding

AneAsuOEpwon

KAG. AIK. XAIXAIA TMBI AII®

{it

Host cytoplasmic
membrane

Release

Virus
particle
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Petpoiol
e Evowpdtwon oto yovidiwpa tov Egviotn

e > gpyaleio sloaywyng EEvwv yovidiwv otov fevioTn

— Mopeic yovidLakng Oepareiog

H evowpdtwon Hmopetl va yivel og ontotadninote B€on tou

yoviduwpartog tou §gviotn (rtpoiog)
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Classes of Animal Viruses




FIGURE 4.14 Biosafety facility. Researcher at US Centers for Disease Control working with
the influenza virus under biosafety level 3 (BSL-3) conditions, with a respirator inside a bio-
safety cabinet.

The biosafety level for a given pathogen is stipulated by government authorities (eg, Centers for Disease Control in
the United States). For instance, BSL-2 facility is required for studies of pathogens that cause only mild disease to
humans or are difficult to contract via aerosol in a laboratory setting, such as HIV, HBV, and influenza virus. BSL-3
facility is required for studies of pathogens that cause severe to fatal disease in humans but for which treatments exist,
such as SARS-coronavirus and West Nile virus. On the other hand, BSL-4 facility is required for work with dangerous
and exotic agents that pose a high individual risk of aerosol-transmitted laboratory infections, agents which cause severe
to fatal disease in humans for which vaccines or other treatments are not available, such as Ebola virus, Marburg virus,
and various other hemorrhagic diseases.
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IOEIAH kat PRIONS

IOEIAH #  PRIONS

RNA TIPWTEIVIKA doun
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|IOEIAH (VIROIDS)

Muwkpad KukAwka ssRNA (246-375 nt) TOL LLKPOTEPQA YVWOTA Ttafoyova
Kupiwe putwv

Aev dLaBEtouv kKavéva yovidlo yia kwdikomnoinon npwteivng!
avtiypadn péow tnc RNA ntoAuvpepaonc tovu Eevioti

Aopun TwV LOEWBWV

MovokAwvo KUKALKO RNA ¢pawvopevika dikAwvn doun, deutepotayn doun

Oswpouvtal we «dtaguyovia» LVTPoOvLaL

119
KAQG. AIK. XAIXAIA TMBI AII®



LH terminal Pathogenic Conserved central Yariable RH terminal
domain domain domain domain domain

CC CCGG

GG GGCC
U

Yijun Qi and Biao Ding

Figure 10.30 Viroids and plant diseases. Photograph of healthy tomato plant
(left) and one infected with potato spindle tuber viroid (PSTV) (right). The host range of
most viroids is quite restricted. However, PSTV infects tomatoes as well as potatoes,
causing growth stunting, a flat top, and premature plant death. 120



MPION (prions) MPWTEIVIKA AoLpwdn cwpotidia

MNPpWTEVIKA cwpATLA XWELC VOUKAEIKO 00U  MOAUOHOTLKA CWHLALTLOL
Awakpiti e€wkutTtaplki popdn, ApLyw MPWTEIVIKA

AcOéveiec os {wa onoyywdng sykeparonddeia, n.x. BSE

Creutzfeldt-Jakob otov avBpwmno

(neilov {Atnpa vyeiag)

MNpwtegivn mopopoLa Le Ta TPLOV OTOUC VEUPWVEC
TO NPLOV TPOMOTOLEL TNV MPWTEIVN TOU EEVioTA KOtA Tt oUVOEON TNG } HETA

Tpomnonownpévn otepeodlapopdwon = adtdAutn Kat AVOEKTIKT) OE TPWTEACEC
Noapaywyn MEPLOCOTEPWV AVTLTUTIWY TNE MABOYOVIKAC TIPWTEIVNC
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PRIONS

NOZHMATA mtov adopouv touc avBpwrouc:

Nooog Kuru

Noooc Creutzfeldt-Jakob (CJD)

YUuvdpouo Gerstmann-Straussler-Scheinker (GSS)
Oavatndopoc owkoyevnc avrnvia (fatal familial insomnia)

NOZHMATA mou adopouv ta {wa:
Nooocg Scrapie (mpoBata/ailyec)
Metadldopevn onoyywdn eykepalomnabeia (transmissible
spongiform encephalopathy, TSE)
2rtoyywdnc eykepalornadeia twv foosbwv (bovine
spongiform encephalopathy, BSE)

Ta vooriuata outd ntpokaAouv BAAPN oto KNI pe ormoyywdn
eKPUALON, £XOUV HEYAAO XPOVO EMWAONG OTIO UIVEG LEXPL KOL

30 xpovia ko £xouv Bpadeia npoiovoa Bavatndopo nopeia
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Figure 10.33 Prions. (a) Section through brain tissue of a human with variant
Creutzfeldt—Jakob disease. Note the spongy nature of the tissue (clearings, arrow) where
neural tissue has been lost. (b) Mechanism of prion misfolding. Neuronal cells produce
the native form of the prion protein. The pathogenic form catalyzes the refolding of
native prions into the pathogenic form. The pathogenic form is protease resistant,
insoluble, and forms aggregates in neural cells. This eventually leads to destruction of
neural tissues (see part a) and neurological symptoms.



