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[TaBoyévean twv v otov dvBowmo

TdEn xava Baltimore

YrevOuvog 16g AcBévera Kvpta doyave mov polvvovron 0T 0ol0. aVIjXEL O LOG
Polio [ToMopvehinde Bhevvadec emibiho eviépov, Aepginol IV
adéveg 1o %eVTQUO VEVOLLG oo
Rubella Eovbpd Kupiwg déppa IV
Influenza [olmom Avamvevotix xohdmra \'%
Mumps Nopwtitda Mopwudoeldels adéveg, Goyels, Wiviyyes \'
Respiratory syncytial ~ Avamvevotnd ovyxiTo Avamvevotix xothdma \%
Measles Thaod Avamvevoriu xodtnra, déoua \%
Rabies Avooa Kevipuxd vevpund ovomuo \'%
Hepatitis A, B #Am. Hrorinda "Hmop, vepod ®ou omhjvag IV, 1
Pox Evhoyid Kuoimg déopa I
Rhino Kot xguordynua Avamvevonix xothdmyta IV
Adeno Kowvd xpuohdynua Kvpiwg avamvevor] xohdmta I
Corona Kowd %puohdynpue Avomvevonrn ®ohdmra IV
Herpes [owhic. aoBeverdv Kupiwg phevvardels pepfodves [
(nouonmﬁgy)\dmwg
AvoooavendoneLag AIDS Alpa, #evroud vevouud ovompa VI
HTLV 1 %o 2 Agvyaupio Afpa VI




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 iImmunodeficiency retrovirus) (+)
syndrome (AIDS) virus (HIV)

ass, 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.



* OLloi amoteAoUV TNV KUPLa attia acOevelwyv

* OL ol armoteAoVV CNHAVTILKA HOVTIEAQ ocuoTAHATA TN Hoplakn BloAoyia
* Eudavion vEwv Lwv

* OLoil emnpeadovuv TNV OLKOAOYLKA opoléotaon

* OLuKoli popeic amoteAoVV Yla véa TNy OpamevTIKWYV epyaAeiwyv otn

yovidLakn Oepamneia kat tnv avantuén egpoAiwyv



OvopatoAoyia 1wV

H ovopaTtoAoyia Twv 1wv 0gv AKOAOUBEI TO KAQOIKO gUOTNUA, OUTE Hid CUYKEKPIUEVN
gvidia TAKTIKN.

O1 10i AauBdvouv 10 é6voud Toug aTréd:

a. aoBéveiec e TIC oTToieg oxeTiovTal (poliovirus, rabies virus, HIV, measles virus)

B. CUYKEKPIUEVO TUTTO A0BEVEIQC TTOU TTPOKAAOUV/ dpyava 1Tou BAATTTouv (hepatitis virus)
Y. KUTTOpa/ 6pyava atmmd Ta oTroia ammouovwenkav (adenovirus, enterovirus, rhinovirus)

0. yewypaikn mepIoxn atnv otroia evrotrioTnkav apxikd (Rift Valley Fever - Africa, Sendai
virus - Japan, Coxsackie virus- New York)

€. EMIOTNOVES TTOU TOUC avakAaAuywayv (Epstein-Barr virus)

OT. MéOW TNC “UTTOTIBEUEVNCG oAuouaTikii¢ odou (dengue — 1IoTTavikr AéEn dinga - Swahili
phrase Ka-dinga pepo 1rou anuaivel “evil spirit”, influenza — Aaikr ITQAIK €K@paon TTou
ATTOdIdElI TA CUNTITWHATA OTNV ETTIOPACN TWV ACTPWV)

(. BloxnuiKa xapaktnpIioTika (retrovirus, picornavirus)
N. ouvouaouo Tmapayoviwy (Rous sarcoma virus)



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




METAAOzH TQN IQN
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OPIZONTIA METAAOZH I0Y
Ala TNG OVOTIVEVOTIKAC 0600
YOLOTPEVIEPLKAC 060U
OUPOYEVVNTIKAC 060U
ToU eruunedpuKoTa

HNXAVLIKAC 060U (m.). Tpaupatiopdc oto Séppa)

KAOETH METAAOZzH IOY

Ano untépa o€ rtatdi (Rubella, HIV, CMV, HSV, HPV)



Human to human infection

Respiratory

o
\%
Saliva

Blood transfusion/injection Fecal - oral Venereal

Zoonoses (infection acquired from animals)

g ;;
Vertebrate reservoir/

Biting arthropod vector Vertebrate reservoir arthropod vector



Viral Pathogenesis

Viral pathogenesis is an abnormal situation of no value to the virus - the vast majority of virus infections are
sub-clinical, i.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 Skmzai‘_gﬁji%r& —
sophisticated immune defence mechanisms, as well as ! /
non-specific inhibitory mechanisms (cilliated epithelium, Urogenital tract
mucus secretion, lower temperature) which viruses must overcome. Az .
* 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




2) Primary Replication
Having gained entry to a potential host, the virus must
initiate an infection by entering a susceptible cell. This

DAY:
frequently determines whether the infection will remain Small Intestie:
. . . 0 Primary infection,
localized at the site of entry or spread to become a systemic replication

infection, e.g:
Mesenteric 1ymph nodes:
Replication

Localized Infections:

Virus: Primary Replication: 2 Bloodstream:
us. Sloodsteany
Rhinoviruses U.R.T. | e
Rotaviruses Intestinal epithelium 3 Cents] 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.




Mouth -

itis
“HSV

Herpangina, hond-foot-and-mouth.

-HSV

Varicella-zoster virus
-Poxvirus

Coxsackievirus and echovirus
-Measles virus

‘HHV6**
Liver

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

Heart
Myocarditis

-Coxsackievirus

The average human body
contains approximately
10"3 cells but these are
outnumbered 10-fold by
bacteria and as much as
100-fold by virus particles



ot aKUTTAPEC BLOAOYLKEC OVTOTNTEC

FEVETIKA oTOoLXELO TTOV avTlypadovTol aveédpTNTO OO TOL XPW OO W LOLTOL
TWV KUTTAPWYV aAAd e§apTwvTal oo To ouTA Kabautd ta KUTTopo ITov

HOAUVOUV.

MapaoLTLIONOC OE YEVETLKO ETtinedo



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.



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



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



ATTO T1 e€apTaTal n €EEAIEN TNC 10YEVOUC AOiHWENG;

MNa va emiTeuyBei n HOAUVOT O 10€ TTPETTEI
a. va £I0€ABEI OTa KUTTAPA TOU EEVIOTH ETTITUXWIC

B. va avamapayBesi oTa KUTTAPA TTOU PUTTOPEI VA JOAUVEI
V. VO ITaPaKauWel TV auuva Tou EEVIOTN . ac ible
0. va peradobei og véa KUTTapaA/ opyaviopoug

H emITUXNC 10YEVAS AOIHWEN EEapTATAl ATTO:
a. MV moooTnTa ToU 10U
B. TN Aoipoyovo duvaun Tou OTEAEXOUC
Y. T KUTTAPA OTO ONUEIO TNC HOAUVONC — EMIOEKTIKOTNTA (permissive)
0. IKavoTnTa IMPOOKOAANGNC OTOUC IOTOUC TOU EEVIOTA

- Ol ETTIPAVEIAKOI TIAPAYOVTEC TTPOOKOAANCNC Eival CUVABWC AITTOTTPWTEIVEC TOU 10U
(susceptible - resistant) TTou mpoobévovTal o€ uBATAVBPIKOUC, AITTIBIKOUC 1 TTPWTEIVIKOUG
UTTODOXEIC TWV KUTTAPWV EEVIOTWV
€. AQvATTTUEN €1I0IKAC/ KN EI0IKNC auuvac

- Ol TOTTIKOI QVTIIKOI TTApAyOVTEC TOU AVOCOTIOINTIKOU ouoTAUAToC (IgA) va gival
QVUTIGPKTO! i) TTApODIKA QIIEVEQYOTIOINUEVO]

suscepti issive



XapaktnploTika TwWV Wwv

Animal cell

e OLuKPOTEPOL LOL EXOUV
dtapetpo 20 nm (MIKpOTEPOL |

amo £va plpocwua).

¢ AmoteAouvtal amno
VOUKAETIKO o0&V TTOV

nepBAAAsTaL ano eva

MPWTEIVIKO TEPIBANHA Kal
HEPLKEC POPEC KaL amo pia

HeUBpavn / Evav ¢akelo.




EEwkuttapikn dpaon IlkO cwpatio R Locwua

Evdokuttapikn ¢aon TMOAAQTTAQCLAGHOG

Ta loowpata dev emteAoUV HeTABOAKEG Aettoupyliecg!



FEVIKEC WOLOTNTEG TWV LWV - EVVOLEG

e MoAvuvon — n dtadikaoia etoaywyncg Kot ToAAAmAaoLaopoU VoG

LLKOU YoVISLwWHATOC 0TO KUTTAPO TOU EEVLOTH

e KuUttapa-£evIioTEC N EEVIOTIKA KUTTOPO — TOL KUTTOPO TIOU UTTOPEL
Vol LOAUVEL €EVOLC LOC KOIL OTWV OTIOLWV TO ECWTEPLKO UTTOPEL val

avarmnapoayOel



Ta&wopunon twv

e JUoTNHA TASLVOUNONC TWV LWV avaloya HE TouG EEVIOTEG
TOUG OoTtoioug HOAUVOULV:
lol Cwwv
lol puTwyv
lol Apxaiwv

loi BakTnpiwyv n Baktnplodayoln payot



ik yovidiwpata

: Viruses |
Genome: DNA — DNA
Types: ssDNA dsDNA ssRNA dsRNA ssRNA dsDNA
(Retroviruses) (Hepadnaviruses)
DNA RNA RNA < DNA
viruses viruses viruses
Genome ss RNA ds DNA
in virion 58BN dsiDIvA SHHNA ol (Retroviruses) (Hepadnaviruses)




Tagwvounon wwv

e JUotnuataévounong twyv wwyv tou Baltimore

Taélvopunon Twv lwv Pe BAaon to €id0¢ VOUKAEIKOU 0&E0C TOU

LOCWHATOC Kal Tn HeBodo avtypadng toug



Aopun Twv lwv

Parvovirus 3

& e
Bacteriophage MS2 &
Ppeens Bacteriophage M13

. c—— o
Adenovirus :@ Tobacco mosaic virus

Herpesvirus %
Bacteri ge T2
Chlamydia

I T A gt et
A ’ L 7] Tt
Npe

S 2

) o T

Escherichia coli (6 um long)

Human DNA viruses Human RNA viruses

Picornavirus

Reovirus

Togavirus
Coronavirus

Orthomyxovirus

| Rhabdovirus

Paramyxovirus




Baolkn doun €vog Lov (loowpatog)

DNA

Enzymes and Naked
Structural A .1 [ :
o + nucleic acid- = | Nucleocapsid |= | capsid
profeins binding proteins virus
Nucleocapsid Glycoproteins and | = | Enveloped
membrane virus

NoUKAgikO o0&V + mpwTteiveg = NoukAsokaidLo




dUVon Tou LLCWHATOC

e Kawido (kaAvppan mepiBAnpa): TEPIBAAAEL TO VOUKAEIKO 0L TWV

LOCWHATWYV

e Kayopepn AUTOCUYKPOTNON
e ALOKPLTIEG SOMLKEG UTIOHOVADEC, oL oTtoieg cuvdEovTal HETAEV TOUG
HE CUYKEKPLHEVO TPOTO Kal oxnuatidouv peyaAltepeg dratagelg

Moplakoi cuvodoi (molecular chaperones)

e NoukAsokalidlo: To TANPEC CUUTIAOKO TOU VOUKAEIKOU 0&E0C KAl TNG
TIPWTEIVNG TTOU cuokevadovtal oTo idLo Lowua
e Méoa oto LOOWHA CUVAOBWCG UTTAPXOULV, avaAoya HE ToV L0, Eva I TepLocOoTEPA

eldKa eéviupua



Baowkn dopun evog Lov (loocwpatog)

[ Nucleic

i 'YMNOZ IOz
| Capsid
(composed of
capsomeres)
B Naked virus

Nucleocapsid —

Nucleic 2 ‘-. -

acid ‘ ‘ . ENMENAEAYMENOZz

Capsid . 998000, P |OZI"||OZ ME

- ® o8 bAKEAO

Envelope

Enveloped virus



Nucleocapsid —

Baowkn dopun evog Lov (loocwpatog)

LALAL
.. -

[ Nucleic
acid

Capsid
(composed of

| Fabsoraciool Naked virus

Nucleic
acid

Capsid

Envelope

Enveloped virus

CDC/PHIL

P.W. Chobpin and W. Stoeckenius



duon Tou LLCWHATOC

f'uuvog og - NAKED VIRUS

Entevdedupevog og n tog ue pakero - ENVELOPED VIRUS
To KaPidlo TtepikAEieTal yeoa o pla hepBpavn, To ¢AKEAO (OL LLKEG

HepBpavec artoteAovvtal cuvnOwe aro pia dutAootolBada Autdiwy
HE ELOLKEC UKEC TIPWTEIVER) TL.X. LOC TNCYPITNC

Envelope
Nucleo-
Capsomers capsid _
e Capsid
Nucleic| , H pepBpavn anoteAei to SOMLKO
acid Nucleic
| acid CUOTATLKO TOU LOOCWHATOC TTOU
0o Capsid aAAnAeTdpA MPWTO HE TO
(c;omposed KOTTapOo Tou EEVIOTA
of capso-
mers)

Naked virus Enveloped virus



Haemagglutinin

Nucleoprotein

Influenza
Virus
Anatomy

SFs : L ‘ =0 — Neuraminidase
Lipid £h: e & (Sialidase)
Envelope 2 e

Ta Autidia tng yepppavng (tov pakeAov)
MpoEPXoVTAL Ano Th HEHBPAVN TOU
eviotn, ol MpwTeiveg IOV eivatl
EVOWHATWHEVEG OTN HEUBPAVN

KWOLKOTIoLoUVTaAL ATtO TOoV LO.




Baolkn dopun €vog Lov (toowpatog)

TOBACCO MOSAIC VIRUS
Naked capsid virus

nucleic acid

protein

adapted from:
Klug and Caspar Adv. Virus Res. 7:225

3%
——
——— e

LTI T T T LTI TS o

Glycoprotein J

Flowenrous

To kayidlo amoteAeital amo evav aAplOPo HEHOVWHEVWY TIPWTIEIVIKWY HOpPilwy

I
TWV Kayopepwy, Ta OTIola opyavwyvovtal YUPpw arto TO VOUKAEIKO 0&V PJE peyaAn
akpifela kat avotnpa etavaiAappavopeva potifa.



Membranous

RNA
@ Capsomeq envelope

P

»

R Capsomere 4
of capsid Glycoprotein  Glycoprotein

— —_— —
10 nm 50 nm 50 nm
(a)Tobacco (b) Adenoviruses (c)Influenza viruses (d)Bacteriophage T4
mosaic virus

Copyright © Pearson Education, Inc., publishing as Benjamin Cummings



I3L0TNTEC TWYV YUUVWYV 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.




I3L0TNTEG TWYV EMEVOESUHEVWYV LWV / WV JE paKeAO

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.




2ZUHHETPLA LWV

e OLpaBdopopdol ol EXouv EALKOELD CUMHETPLA

— T1.X. 0 16¢ TOU pwWoaikoL Tou KamvouL (TMV)

e OLodalplkol Lol £XOUV ELKOOAEDPLKN CUMHETPLA

— T1.X. 0 16¢ TOoV ONAwpatog tou avhpwmou (HPV)



Structural —
subunits

, , , (protein)
2UYKPOTNON TOL LOCWHATOC OTOV LO

Virus RNA
TOU HWOoAiIKoU TOU Kamvou 1

(dLataén Tou VOUKAETKOU 0EE0C KAL TOU TIPWTEIVIKOU

nepPBARHAtog)

To RNA tou 100U £xeL eAtkoeldn dtapopdwon

Kal mepBaiAstal arno tnv Kaydlakn mpwrteivn

TMV : Tobacco Mosaic virus
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Cluster of
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Elkooaedplkn cuppeTpila

T.X. O LOC TWV avBpwtiivwy OnAwpatwy - Human Papillomavirus HPV



M. Wurtz

MoAUTAoKoL Lol — Baktnplodpayol — sikooasdpiki/papdopopdn cuppetpia

T.X. Baktnplodpayog T4



NMoAUTIAOKOL Lol

loi Twv Baktnpiwv/Baktnplodpayot
€lKOoAEDPLKEC KEPAAEC KaL
EALKOELOELC OUPEC KaL LVidLa

Base plate

M. Wurtz



duon Tou LLCWHATOC

e TaloowpaTa MOKIAOUV GNHAVTLIKA O€ HEYEDOC Kal oXnpa

e MéyeOog: 20-300 nm
LO0¢ TNG eVAoylag 200 nm

LOC TNG MOALOHUEAITIdOAC 28 nm

e To peyaAUTtepo LKO yovidiwpa exel o Baktnplodayoc G: 670.000 bp



TABLE 1

GENOMES OF THE MAJOR VIRUSES INFECTING HUMAN

Group Family Example Genome
1 Papovaviridac Papillomaviruses (HPVs) § Kbp
(ds DNA genome) Adenoviridae Adenovirus 40 Kbp
Poxviridae Smallpox and Vaccinia 120 Kbp
Hespesviridae Herpes simplex 1 and 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
Togaviridae Rubella 12 Kb
Flaviviridae Hepatitis C (HCV) 10 Kb
Vv Rhaboviridae Rabies 11 Kb
(- ss RNA genome) Paramyxoviridae Mumps and measles 14 Kb
Orthomyxoviridae  Influenza (8 pieces) 12 Kb
Bunyaviridac Hantavirus (3 pieces) 18 Kb
Arenaviridae Lassa (2 pieces) 12 Kb
Filoviridae Ebola and Marburg 13 Kb
VI Retroviridae HIV 10 Kb
(RNA reverse transcribing) ;
VIl Hepadnaviridae Hepatitis B 3 Kbp

(DNA reverse transcribing)



Ta eviupa Twv LOCWHATWYV

e Baktnplodayol Auvcodupun

e Petpolol avtiotpodn petaypadaon

e Jol vaupaumadon (arteAeuBEpWON TOU LOU, TL.X. LOC YPITINQ)



MOAAN/ZMOZ TQN IQN / VIRUS REPLICATION

Assembly

:
1

°e . §§§

-- pne
Gene expression
and replication

“0-Y%—1i

Attachment

9 Release §

i

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
omitted for clarity.



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
host cell as new infected particle (assembly)



MOAA/ZMOZ TQN IQN / VIRUS REPLICATION

Antibody
®® Recognition Receptor

antagonists

Amonfodme \ ,"
Anldoned )
Rimantadine
Tromantadine 2 .8

@Transcripﬁoy (7) Replication

Nucleos;de

anal ues
!2:3{!2:122 ‘ ; g { ; ; Phos onoformate

< oligomers
e 3" Fusion
Tromantadine m

(8) Protein synthesis @ @ @

Interferon G @
(" ( i k(j@ Lysis and release

(8) Assembly proreos'e\l/nhubntors

Other major fargets:

Nucleotide biosynthesis and mutation: ribavirin
Thymidine kinase (drug activation): acyclovir, penciclovir
Neuraminidase: zanamivir, oseltamivir



MOAAN/ZMOZ TQN IQN

VIRUS REPLICATION

Virus ﬁ i

-— Capsid

Entry into cell and
uncoating of DNA

Cell I

3 | NCZCTR

Viral DNA AAAAAA

A

© Replication @ Transcription

AAVAAAA ANAAAA RNA
PAVATATAYAA
PRAAN YITRDRA Translation
PAYAAAAAY
PavaVaVaVaVal .

Capsid

proteins

/

© Self-assembly of new
virus particles and
their exit from cell
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Cellular and Viral Genomes

Tyvpe of Genome Number of Gene Equivalents*

Human cell (higher eukaryotes) 1,000,000
E. coli (bacteria) 5,000
Poxvirus, Herpesvirus (large DNA virus) 70-200
Influenza, human immunodeficiency virus  8-12
Papilloma, Hepatitis B virus 3-5
Potato spindle tubor "viroid" 1

*The number of average-sized genes assuming
that the entire genome encodes sequence
information for the synthesis of proteins.

Hunan

(6,000,000,600)
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Viruses replicate by
assembly of pre-
formed components
into many particles

Number of infectious particles

Make the parts,
assemble the final product

Cell number

Not binaryfission like cells

All cells infected

> Burst or yield
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IIKOZ MOAAANANAAZIAZMOZ

Baoika otadia tou kou ToAAAAQGLACHOU OTOUG

Baktnplodpayouc (5 otadwa) (1 kvkAog=20-60 min)

Movodaoikn KaumuAn avantuéng tng WKNg avilypadng o
KUTTAPOKAAALEPYELA HETA ATIO HOAUVON HE 1O

— 'ExkAewn

— AavOavouvoa mepiodog

— Mepilodog wpipavong

— AmeAeuBEpwon (1 kOkAog = 8-40 wpeg)



IIKOZ MOAAANANAZIAZMOZ

H povodaoikn KaumuAn avantuéng tng UKNg aviypadng

Movodaoilkn KaumuAn avantuéng tng WKNg avilypadng o

KUTTAPOKAAALEPYELA HETA ATIO HOAUVON HE 1O

‘EkAewpn
AavBavouvoa nepiodo
Mepiodog wpipavong

AmteAeuBEpwon

Relative virus count
(plaque-forming units)

Eclipse Maturation
I I I

Early Nucleic Protein
enzymes a7id /coats

Virus \

added Assembly

I and
release

Latent period

Time



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 genomeg

Growth Curve of a
Late Phase: Mammatian Virus
iv Replication of virus structural
components; M
0
3
\'; R.easse.mbly of the re!ollcated 3 i Comcentration of
pieces into progeny virus =] Latent period infected cells
particles; 2 PP

Eclipse period
vi Release from the host cell.

0 4 8 12 16 20 24 28 32 36 40

Hours after viral adsorption



O BLoAoYyLlKOCG KUKAOG £VOC BaKtnplakou Lou

|— Virus particle

=—ona

1. Attachment
(adsorption)

\— Cell (host)

4. Assembly
and packaging

Protein coat
remains .
outside
Viral DNA enters 5 Panetration
(injection)

5. Release
(lysis)

' Mature

virus
particles

3. Synthesis of
nucleic acid and
protein




BloAoylKOG KUKAOG BaKtnplakou Lou/Baktnptodpayou

e [IPOZKOAAHZH
e AIEIZAYZH
e ZYNOEZH NOYKAEIKQN OZEQN KAI MPQTEINQN
o 2YIKPOTHZzH KAI ZYZKEYAZIA

e ANEAEYOEPQzH (AYZH)

Protein coat
remains outside

Viral DNA enters

Virion
@ DNA
'f?'v ‘x_v‘
A\

1. Attachment 2. Penetration 3. Synthesis of 4. Assembly and 5. Cell lysis and
(adsorption of of viral viral nucleic acid packaging of release of
phage virion) nucleic acid and protein new viruses new virions

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.



O TheTs 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 :-- ﬂr&\#u © The empty capsid of the
E. coli /=" 5 . “ o ar A\

phage is left as a “ghost”
outside the cell. The cell’s
DNA is hydrolyzed.

I
DNA \\3‘3?

2 — oAy v'JE al\:\|
/ [ : | G oy “2)
/// 4 \ l"“"\\t 3 AN ’_-,//"'"'I
=  ®
\:\ :::::::___ %{‘\ \— § |ll u[ul
A @ :
The phage then directs
production of lysozyme, O 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 ,
phage particles. form phage heads, tails, and tail fibers. Head Tail Tail fibers
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MOAYNZH TOY KYTTAPOY TOY ZENIZTH
NMpoopodnon (LPS yua T4)

Mn avtiotpent) MPOoKOAANGCH

2V0TOARN TNE ONKNG TOU ouPaioU OTEAEXOUC

Aweioduon tou DNA



Awadopa Baktnprodaywyv Kat twv WKWV Kuttapwy (SOS)

Baktnplodpayot Aweioduon tou DNA oto kUttapo tou éevioth

(e€aipeon ¢6)

loi Zwwyv Arleiocduon 0AGKANPOU TOVL LOCWHATIOU



TABLE 8.1 Some bacteriophages of Escherichia coli

Virion Genome Genome  Size of
Bacteriophage structure composition® structure genome®
MS2 lcosahedral ssRNA Linear 3,600
&X174 Icosahedral ssDNA Circular 5,400
M13, f1, and fd  Filamentous  ssDNA Circular 6,400
Lambda Head & tail dsDNA Linear 48,500
T7 and T3 Head & tail dsDNA Linear 40,000
T4 Head & tail dsDNA Linear 169,000
Mu Head & tail dsDNA Linear 39,000

3ss, single-stranded; ds, double-stranded.
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.



MPO2ZKOAAHZH

e YMNOAOXEIZ (MOopLa emidpaAvVELAC TOU KUTTAPOU TOU EEVLIOTA)

e Ymodoxeag ¢payou T1 nMpwTteivn TpoocAnyng owdnpovu
e Ymodoxeag ¢ayou Aauda nMpwTteivn TpoocAnYng pavolng

e Oulumodoxeic kaBopidouv To Qv Eva KUTTAPO £ival EMOEKTIKO HOAuvon !
T.X. UTtodoXEac ToL oL TNG YPInNg (otaAko o&u), uttodoxeag tou HIV (CD4)

_ Chi

Flagellum T1 il

transport
g protein

R S S S o R Ry ']
) Cytoplasmic membrane

Peptidoglycan

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.



AIEIZAYZH Tovu locwpuatog

Emitpentika KuTtTtapa (0oa KUTTtapa EMITPETOUV TEALKA TOV

TOAA/ GO KATTOLoU LoV)

Elcaywyrn Tou Llocwpatog oAOKANPOU O0TO KUTTAPO TOU EEVIOTH UE

gvdoKuttapwon

Mepikn N oAk adaipecn Tou LKou KaPdiov N anekduaon



Mnxaviopoti mtpodpuAaéng/aviiotaong

e Amouoia tou uTtodoxea

e [leploploPOC TOU LOU (katactpodn tou dikAwvou DNA tou 10U pe

MEPLOPLOTIKA EvIL Q)

e Tpomomoinon tou DNA tou &evioth pe peOuAiwon

Avtiotaon tou LoL: Tpomomnoinon tovu koL DNA pe yAukoZuAiwon

(amokAeLoTIKA OTOUCG ApTLoug payoug) Kat HeBUAiwon
(n Tpomomoinon AapBavel xwpa tavia peta tnv aviypadn)

e oLpayolT3 kat T7 mapayouv nmpwTteiveg mov avacteAAouv Tt dpaocn

TWYV MEPLOPLOTIKWYV EVIUHWV



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 (@ Section 11.12).

CRISPR : clustered regularly
interspaced short palindromic repeats

- OHAJOTIOLNHUEVEG TAKTIKA SLOKEKOMMEVERG
Bpaxeieg maAlvdpopikeg emavaiAnyelg

CRISPR-Cas9

Immunization Interference

Cleavage
complex of
Cas proteins

Viral DNA ~ Memorizing
P complex of
rotospacer

—_— Cas proteins
p
PAM

Binding of crRNA to viral
DNA and cleavage of duplex

- = & =9
Insertion of new spacer /’

Transcription and
processing of crRNA

Repeat Spacers  Spacer Bacterial/archaeal

chromosome

@ (®)

Figure 10.28 CRISPR defense against viruses. (3) Inmunization. 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 complementary
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: mpokapuwTtiko cuoTnua avooiag

To ovotnpa CRISPR eivat evac RNA-eaptwpevog pnxaviopog mpootaciag Tou
TIPOKAPUWTIKOU yovidlwpatog ano popla-stocBoAeic DNA 1ou tpokUTITouY amo poAuvon n
ouleuén. Otav pikpa popla RNA mou mpogpxovtal amo TIg dlaxwPLoTIKEG aAAnAouxieg tng

teploxnc CRISPR mpocdeBbouv oe eloepXOUeEVO CUUTIANPWHATIKO DNA, tote ol mpwTteiveg
Cas kataotpePouV To «OLUEPEC» VOUKAEIKO 0&.

Immunization Interference

Viral DNA Memorizing  Cleavage

Protospacer COmplex of complex of
P Cas proteins Cas proteins

PAM

Binding of crRNA to viral
DNA and cleavage of duplex

Transcription and
processing of crRNA

1 ) BN

IR
Repeat Spacers  Spacer Bacterial/archaeal
chromosome

Insertion of new spacer
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ss(+) @ MS2 ds @ $6 ss(+) ‘ Poliovirus

Reovirus Rhabdovirus Coronavirus Retrovirus

ssDNA
(+) 0t $x174

(+) ® Parvovirus
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Hepatitis B
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IIKOZ MOAA/ZMOZ - TAZINOMHZH

e 2Y2THMA TAZINOMHzZHZ2 TOY BALTIMORE

Baoilletal otn oXE0N TOU YoVvIdLwHATOoC evog LoU pue to mMRNA tou

I ......................................... Type of genetic material in @ Virus -,
DNA virus groups RNA virus groups Retro-transcribing virus

Group 1 Group Il || Group III || Group IV || GroupV || Group VI ||Group VII

ds DNA +/- || ss DNA + ds RNA +/- || ss RNA + ss RNA - Reyerse Reverse

[ R I

ss RNA - everse ss RNA +
transcription |
ds DNA +/- (DNA/RNAphybrid) I

) Revers::.
ranscripton
ds DNA  (pNATRNA hybrid)
> -
> MRNA g ds DNA




IIKOZ MOAA/ZMOZ - TAZINOMHZH

Pathways of Information Flow
for RNA Viruses

(-): Virion RdRp

mRNA <C=====m ssRNA(-)
(+): Viral RdRp

RdRp leRp
ribosomes

proteinﬁ ssRNA(+)

ol | rem
G Co0lUler process P

e Vielprocess dsRNA




2uotnua taéivopnong tou Baltimore

IV

Vi

Vil

ds DNA

ss DNA

ds RNA

ss RNA +

ss RNA -

ss RNA + (DNA)

ds DNA (RNA)

A, T4, epninTtoioc, LOC EVAOYLAG

$X174, 106G TNC AVOLULOG TWV TTOUAEPLKWV
$6, peoiol

MS2, 16¢ TnG MoALOpUEATIOOC

LOC TNG YPLNNC, LOC TNG AVoOoAC

petpoiol

LOC TNG Nratitidac B




Class | & VII Class Il
dsDNA (+) virus ssDNA (+) virus
Examples Phage T4 (l) $6X174
Hepatitis B (VII) Parvovirus
Transcription of Synthesis of the
the minus strand minus strand
§ ¥
2 dsDNA intermediate
§ - (replicative form)
c
o
=
c DNA Viruses
g -] Class | classical semiconservative
o3 - Class Il classical semiconservative,
C .= .
[T discard (-) strand
Cpg Class VII transcription followed by
reverse transcription

@

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
NN\ \N\N\/N\ \N\N\/\
Transcription of Used directly Transcription of Reverse
the minus strand as mRNA the minus strand transcription

\4

‘ dsDNA intermediate
| |

e (+) Transcription of

/,\A//f\ the minus strand

RNA Viruses

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

ClassV 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 (a) 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.



dsDNA (+) virus ssDNA (+) dsRNA (+) ssRNA (+) ssRNA (-) ssRNA (+)
Class | virus virus virus virus retrovirus
Class VI Class I Class lll 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\ NN\ \ N\ N\NY\ | Transeription dsDNA intermediate
of minus strand

Genome Genome
replication: Class I, classical semiconservative replication: Class Ill, 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 VII, transcription followed by Class VI, make ssRNA (+) genome by transcription of (-) strand of dsDNA
. reverse transcription .
DNA Viruses RNA Viruses
@ (b)

Figure 9.11 Formation of mRNA 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.



Class | & VII Class Il

dsDNA (+) virus ssDNA (+) virus
Examples Phage T4 (l) &X174
Hepatitis B (VII) Parvovirus
}ranscription of gynthesis of the
the minus strand minus strand
s \4
a dsDNA intermediate
§ - (replicative form)
c
i
DNA Viruses
c
“E’ 2 Class| classical semiconservative
o T - Class Il classical semiconservative,
[T discard (-) strand
Cpo Class VIl transcription followed by
reverse transcription

@



Class lll 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

M

dsDNA intermediate

| | .
mRNA (+) Transcription of
the minus strand
RNA Viruses

Class Ill 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

®)



TABLE 1

GENOMES OF THE MAJOR VIRUSES INFECTING HUMANS

Group Family Example Genome
1 Papovaviridae Papillomaviruses (HPVs) 8 Kbp
(ds DNA genome) Adenoviridae Adenovirus 40 Kbp
Poxviridae Smallpox and Vaccinia 120 Kbp
Hespesviridae Herpes simplex 1 and2, 150 Kbp
Varicella-Zoster, 125 Kbp
Epstein-Barr, 175 Kbp
Cytomegalovirus 240 Kbp
I Parvoviridae Parvovirus 5 Kb
( ss DNA genome)
11 Reoviridae Rotavirus (11 pieces) 22 Kbp
( ds RNA genome)
v Picomaviridae Polio-, Rhino-, Hep. A 8 Kb
(+ ss RNA genome) Coronaviridac Coronavirus 28 Kb
Togaviridae Rubella 12 Kb
Flaviviridae Hepatitis C (HCV) 10 Kb
Vv Rhaboviridae Rabies 11 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)
Vil Hepadnaviridae Hepatitis B 3 Kbp

(DNA reverse transcribing)



Viruses have Challenged the Central Dogma
iIn Molecular Biology

transcription translation

Central Dogma WOUOX, >N\ > Protein
DNA RNA

genomel
replication

SN
DNA

Modified transcription translatio )
Central Dogma \.’\’\,—’J\/\—g Protein

DNA ~ reverse RNA

transcription
genomel J( genome

replication replication

SOUON
DNA

RNA



Il ka VvV RNA-eaptwpevn moAvpepaocn tou RNA

Vi, VII aviiotpodn petaypadaon
ss DNA
virus

Class Il

ds DNA (+) Synthesis of other strand

virus
Class | (and
Class VlI) ds DNA intermediate

Transcription

Wption
mRNA Transcription Class VI
ss RNA (+) ss RNA (-) ds RNA (+)

ss RNA (+)
/\/- retrovirus
of — strand
Can be used (+ sense) Transcription
directly of — strand
S~ D A7\
virus virus virus
Class IV Class V Class Il
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IlKEQ MpWTEiveg

e Mpwiueg mpwrteivecg (early proteins) (ouviswe
gviuua)
— Anapaitnteg ywa tnv avilypadn Tou yovidLwHaTOoG

e 'OYpeg mpwrteiveg (late proteins)

— MpwTteiveg Tov UKOU TtEPBARHATOC



O KUploL TUTTOL BakTnplopaywv

RNA

ss O Ms2 ds(Q) 96
ss DNA
x 0X174
f fd, M13
ds DNA
% T3, T7 Mu
Lambda T2, T4




Tumol Baktnplopaywv

e EmiBetikoli (N dpLpelg, virulent) AUTIKN

AUGN TOU KUTTAPOU TOU EEVLOTH Kal Bavarto

M.x. o Baktnplodpayog T4, T2, T4, T6 KA

e Hrmotl (temperate) Aucoyovia

Aev mtpoKaAoUv AUon Kat 6Aavato Tou KUTTAPOU Tou EeVioTh



Baktnplodpayog T4 emOeTIKOC Baktnplodayog (E. coli)

locwpua ToUAQxLoToV 25 dLapopPETIKOUE TUTTOUE TPWTEIVWYV

Nvwiwpa ypaupiko dsDNA, mepimou 170 kb, > 250 mpwTteiveg

akpaieg emavaAnyelg = emavailaupavopeveg aAAnAovyieg 3-6 kb o€ kabe akpo

To yovidiwpa Kabe peoOVWHEVOU Lloowpatog dtadEpel
amno tnv aAAnAouxia aAAwv locwpuatwy T4

KUKALKA mapaAdaypevo DNA

10 £v{UpO TEPveLl otaBepa pnRKkn tov DNA

aveéaptnta ano tnv aAAnAovxia! Topn oe dtapopeTIKO onpeio!



Mapaywyn popiwv DNA ukoU pnkoug otov T4

HE KUKALKA TtapaAAaypeveg aAAnAouxieg

Mapaywyn T4 popiwv DNA ukoU pnkoug
He TtapaAAaypeveg aAAnAouxieg, amo pla
evOOVOUKAEAON, N oToia TEPvVEL &va
aAvoopepec oe otabepda pnkn DNA,

aveédaptnta aro tnv aAAnAouxia Touc.
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Site of NH,
glucosylation HOH,C

5-udpoéupebulokutooivn: n acuvnOlotn Baon tou DNA Twv dptwwv
Baktnptopaywyv T.
H 0€on tngudpoéuueBuiopadacg vdpiotatal y\ukoluAiwaon.

‘Otav auti n Baon YAukoluAlwoOei, to DNA tou T4 Baktnplodpdayou yivetatl
AVOEKTLKO OTNV eMiOECN TEPLOPLOTIKWYV EVIUHWV.



Mpwipeg mMpwrteiveg, evdlApeoeg Mpwreiveg, oPLlpeg mpwrteiveg

/\1
AN
‘ Tail, collar,

Nucleases base p.late, Mature phage particle

and tail fiber
DNA polymerase Phage head :
¥ Phage DNA : proteins
New sigma factors proteins T4 lysozyme
production

l | | ] | |
0 5 10 15 20 25

Minutes

H Xpoviki oepd Twv cuuBAVIWY Kata tn HoAuvvon pue payo T4 25 Asmtta

(duadoxikn Tpomomnoinon tng RNA moAvpepaong tovu Eevioth) 100 véa loocwpata



KUkAog toAA/coU Tou AUTLKOU ¢payou

Total | Extracellular
Phage Phage

/ Lysis

Intracellular

accumulation
/

phase ,

Eclipse

Number of Infectious Particles

‘EkAsewWPn

Time after Infection

Evdokuttaplkn cucowpeuon

Auvon kaw aneAsevOEpwon



Baktnplodpayogc Aauda: nmog paktnplopayog (E. coli)

AYZITONIA Auvolyova Baktinpla

Ta meplocotepa yovidia tou LoU dev ekppaldovtat, To yovidiwpua

TOU LoV avilypAadetal Tavtoxpova HE To XPWHOoWHA TOU EEVIoTN
TO KATAOTPOPLKO HEPOC elval N EKGPACTH TOL LLKOU YOVISLWHATOG
(o EAeyxog emiTEAEITAL ATO LA KATACTAATIKA TPWTEivN TOL dpayou

AMEVEPYOTIOLNON TOU KATACOTOAEQ = AUTIKN 030¢)

Ol ATTLOL LOL UTIAPXOUV OTO KUTTAPO TOU EEVIOTNA O€ pLa ATILA
AavOavouca popdn MPOIOZ R MPO®AIro:

(evowpatwvetal 0to BAKTNPLAKO XPWHOCWHA)

KpUTTIKOC 10¢ (BAKTNPLAKA XPWHOCWHATA: THAMATA WKWV YOVISLWHATWYV)



Baktnplodpayog Aauda: nmog pfaktnprtodayoq

locwpua

Nvwiwpa ypaupko ds DNA, tepinou 50 kb
oTOo 5° AKpo KABe KAwWVOUL ss oupa 12 nt (KOAAWSN akpa)

- Zeuydpwpa, KUKALKO ds DNA



ZXNHATOHOC KUKALKOU XpWHOoOoWHATOC (KOAAWSN akpa)

r Cohesive Ends

Linear Double Stranded

Lygase

Opened Circle

Closed Circle




2UVETIELEC HOALVONC ATTO

gvav Nmo Baktnplodpayo

AuTKn 080¢
(avtiypadn kat aneAevOEpwon Tou
WPELHOU LoU pe AVoN)

Auolyovikn 0806¢
(evowpatwon tou ukou DNA oto
DNA tou &eviotn - To uko DNA
aviypadetal pe to DNA tou Eeviotn
KATA TV KLUTTAPLKA dtaipeon)

Temperate virus

s Host DNA

Attachment of the
virus to the host cell

Viral DNA —
‘ l Cell (host)
— Injection of viral DNA
Lytic pathway I

Lysogenic pathway

Lytic events
are initiated.

|

(?a™2)-

Phage components
are synthesized
and virions are
assembled.

Lysis of the host
cell and release
of new phage
virions

Induction

E
—————

Viral DNA is
integrated
into host DNA.

Lysogenized

ceII
Prophage

Viral DNA is
replicated
with host DNA
at cell division.

P =

=

Figure 8.16 Consequences of infection by a temperate bacteriophage.
The alternatives upon infection are replication and release of mature virions (lysis) 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.
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injects DNA.
$ \

circularizes

OR

Occasionally, a prophage exits
the bacterial chromosome,
Inltlatlng a lytic cyele
'\W/“ Many cell divisions
S produce a colony of
bacteria infected
with prophage.

g

LYSOGENIC CYCLE

(=20

Bacterium reproduces normally,
copying the prophage and
transmitting it to daughter cells.

Prophage /
4;_:: —:_\_\\“
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'.‘.\\::_ g -;//),l"!

Phage DNA integrates into
the bacterial chromosome,
becoming a prophage.



Baktnpltodpayog Aauda: Auon i Avoiyovia

e [EVETIKOG dLAKOTTNG:

Novidio cl: kataotoA£acg Tov A (n mapaywyn tov odnyei e

KATAOGTOAN TNG oVVOEONC OAWYV TWV MIPWTEIVWY MOV KW3SLKOTTOLOUV TO
yovidiwpa tou Aauda)

elvalL anapaitntog yta tnv eykadidpuon tng AYZITONIAZ

glval n povadikn TPWTELVN TTOU TAPAYETAL KATA TNV EVOWHATWGN ToU A oTo
XPWHOCWHA TOU EEVIOTA

EvowpATWOoN €VAC aAvILTUTIOU TOU YOVISLWHATOCG TOL AAuda oTo XpwWHOoWHA
ToL EeVIOTN
€vOeon oe pia Kat yovo 6€on, O€oeig TpookOAAnong att (attachment)

mapovoia tng evowpataong (int, integrase)



O YEVETLIKOC KOl LOPLAKOG XAPTNG TOU Aduda




2uvoyn: Aopn, taglvopnon Kat avanapaywyn

e AOMH
— NOUKAEIKO 0&U o€ MIPWTEIVIKO TtEPIBANMAQ, +/- ALTILOLKOC PAKEAOC
— H dopun avtavakAd tig BLOAOYLKEG LBLOTNTEG
e TA=ZINOMHZH
— OLWKOYEVELEG LWV, OPYAVWHEVEC HE BAON TN SoUNA Kat TIG BLOAOYLIKEG
dLotntTEQ
e ANAMAPATQrH
— Tleviko mpotumo

— MoAAamA£g oTpaATNYIKEG AvAAoya HE TO VOUKAEIKO 0&L



[MOCOTIKOC TPOGALOPLOHOC TWV LWV

e Movada K¢ LoAuvong n WK LOAUOHATLKA povada (n HIKpoTEPN povada
TLOU MTOPEL VO MPOKAAECEL OLVIXVEUOLULOL OLTLIOTEAECLOLTO OTOV OLVOLULELXOEL pLE

€va HEKTIKO KUTTOLPO)

e TitAodOTNON TWV LWV ATO TO CXNHATIONO TTAAKWYV
Zwvec Avong N avaotoAnc tnc avénonc (dtavyeic mepLox£c)

MAako: n duavyng meploxn (dnpuiovpyeital pe to StadoyLko
TtOAA /GO EVOC LOVOV LOCWLOLTOC)



NMoooTikA HETPNON TAQKWY EVOG

BaktnplakoL LoU HEGW TG doKlpaoiag e Moter
\__/ dilution agar

OXNHUATICHOU MAAKWYV, HE T €G0S0 TNG

emiotpwong ayapolng |
Sgtug ::m:m agar plate

NMAakeg Baktnpltodpayou

Nutrient agar
plate

J| Sandwich of
4| top agar and
nutrient agar

@



Aokipaocia Autikou payou

AokKilpaoia TAaKWwV Phage
e Plaque assay U
_ Method Bacteria
. . +
— Plaque forming unit (pfu) Phage

— Measures infectious
particles




MeAEtn TWV LWV (WIKWV LWV) 0€ KUTTAPOKAAALEPYELEG



Movootifada KuttapoKaAALEpYLEQG

NMAakecg WKWV LWV

Epdavion mAakwyv

Paul Kaplan

T.D. Brock

Confluent monolayer of tissue
culture cells

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.



[MoCOTIKA HETPNON TWV ECTLWYV HOAUVONG

Oykoyovol Lol - HETAOXNHATLOMOC

Movootifada WKWV KUTTAPWYV o€ Hla KAAALEpYELa AOYW
TOU pawopeEvVoU tTnNG avactoAng emadncg (otapata n avénon

otav ta Kuttapa EABouv oe emadn To £va HE To AAAO)

Metaoxnpatiopeva KUTTAPaA: e0Tieg avénongn eotieg
HOAUVOoNC (CUCOWPEVOELG KUTTAPWY AOYW AAAOLWHEVWV

AUENTIKWYV anattnoewyv)



AmoteAsopatikotTnTa tTng avantuéng wv o€ TPLBALo

e AmoteAsopatikotnta tng KaAAtepyeiag o€ TtpLBALo (efficiency of

plating)

N AMOTEAECHATIKOTNTA PE TNV OToia Ta locwpata HoAUVoUV Ta KUTTapa Tou

&eviotn omtavia ¢Oaverto 100% !

Baktnplodayot > 50%

Jwikol ol ouxva 1%, propei Kat 0.1%

AplOHOC HOVAS WYV OXNHATIGHOU TTAAKWYV



ATtOTEAECHATIKOTNTA TNCE AVATTTUENG WV o€ TPLRALO

e AplOpog povadwyv oxnuatiopovL mAakwy (plate forming units

pfu) = TITAOZ

OXL AmOAUTOC APLOHUOC LOCWHATWYV

TITAOAOTHzH IQN AINO TO ZXHMATIZMO NAAKQN

(n MoocooTIKOTIOLNON TWV LWV HE TN doKLlpaoia oXnHATIGHoU

TMAAKWV)



MeBodotL poAuvong {wwyv

ALadOXIKEC APALWOELG
‘Eveon oe dektika {wa
Enwaon

YToOAOYLOHOG TNG avaloyiag Twv VEKPWYV {WwV TPOo¢G Ta
Jwvtava lwa

YTOAOYLOHOG TNG TEALKNC APALlWONC (=N CUYKEVIPWGH OTNV

omoia medaivouv ta HLod TwV evEOpEVWV WWV)

Lethal dose 50 = LD,



Katataén {wikwv wwv

Nonenveloped

& ss DNA
Parvovirus

&5 ds DNA

Papovavirus

ds DNA

Adenovirus

Iridovirus

Enveloped
partially
ds DNA

Hepadnavirus

Herpesvirus

' 100 nm

(@) DNA viruses




Katataén dwikwv twyv

Nonenveloped Enveloped all ss RNA

(e

& ssRNA
Picornavirus

@ ds RNA | | Bunyavirus

Reovirus
|

|
100 nm '

Paramyxovirus
Arenavirus Retrovirus

(b) RNA viruses



Moaveg emmtwoelg Twv WKWV LWV ota KUTTapd mov HoAUVouv

Formation of proviral
state and transformation

into tumor cell :
Transformation

Tumor cell
division

Death of the

cell and release Lysis
of the virus o P
2 N
. — . ‘\am
Virus \ ‘qﬂ} .
multiplication S e~ !
%%, 1
oe® |
1
Slow release of Persistent !
virus without infection :
causing cell death e p
1
1
1
L .
Virus present g ; May revert to
but not . : i lytic infection
replicating infection .
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.



2XEZEIZ IQN KAI EYKAPYQTIKQN KYTTAPQN
AUTIKEC HOAUVOELG
EppEvouoeg HOAUVOELG
AavBavouoca poAuvvon
MetapopdwTtIKn HOAUVON
Akapmn poAuvvon

MeTaoXNMATIOHOG: AVEEEAEYKTOC HNXAVIOHOCG avénong KUTTapwyv
oykol KaAonBeig Kat kakoneig (FveomAaopyata, petaoctaon)



IIINAKAX 9
[010TnTES TOY UETAUOQPWUEVWY XVTTAQWY TE TUYXQLON
UE TA XAVOVIXA XUTTAQA

[TepLoOGTEQO OTROYYVAG ®aL O YoAaQE CUVOESEUEVQL UE TNV ETLPAVELL TOU
doyelov RaAMEQYELAS.

Tuyalog mEocavaTOAMOUSS nat awiela ™S WOLOMTAS “maoentddion emagic”.
AvamttiooovTal T0 €va Tavw OTo dALo (Sl WG HOVOOTOWUAT).
AvamtiooovTIaL Al G LU,

Avamtiooovtal LEYOL EELQETIRG PEYAAN TURVOTNTA QLPOU TTOOTLULOVY TO
Odvarto and my tavon avaTTtuEng.

Araxgivovral yio v eEAATTREVY] aTaiTtnon g IO TOV 0Q4 TTOV TEQLEYETAL
010 BQETTTLXG TOUS VITOOTOMUAL.

XapaxtnelCovral yia T UEYAAN Toug dtetodutirdmra.

To 0000t TOU TLXALROU 0EE0G TTOV TTEQLEYETAUL OTLS TTOWTELVES TNG ETULPAVELAS
TOUG €{VaL EAATTWUEVO.

Mua mpwteivn ™S emupavelag tov ®ruttdeov pwe MB 250.000 sEagaviCetal.

H petagood twv caxydowv oty ruttaguxy neufodvn avEdvetal.
ZUy*rOAOUVTAL TLO EVXOAN HE AEXTIVES QO QUTAL.

OL mpwtelveg TS EMLPAVELQS EIVAL TTLO EVRIVITEG.

Ta pepovnudatia axtivng eEagpaviCovral eve dtatneeital 1 drayvuévn axtivn.
Eupdvion eufouizmy avityovoy.

“Exxolom mowteaowy.




TOToL KapKivou oToVv AvOpwTo Tou guvdEovtal JeE Tt dpaon Ltwv

HTLV-1 Asuxapia T KUTTAPWYV TWV EVNALKWYV
Epstein-Barr Aepdwpa Burkitt

Epstein-Barr Kapkivwpa touv pwvodpapuyya
Hepatitis B Hratokuttapilko KapKivwua

Human Papilloma Kapkivoltou d€ppaATog Kat Tou Tpaxniou



Eidn poAuvong o
A\ e

21NV ogia Aoiwdén TTapayeTal I .
10¢, EuPAVICoVTal CUUTITWHATA KAl ¢ ' ' Perstusne Wiecon
0 160G KaBapileTal yéoa oe 7 €Ewg 3 / ‘ choriomeningitis virus
10 NUEPEC PMETA TN MOAUVON. s —

E — H H H Latent, reactivating infection
STV Emipovn péAuvon, n /.\ * Herpes simplex virus
TTAapaywyn 1wV cuvexiZeTal KATA /.\ /\
TN didpkela TG {wNE TOoU LeVIOTH. — H gowvirus infoction
Ta GUPTITWATA UTTOPET Va {IE = e /I e e odeficiency
EMPAVIOTOUV A va UnNVv vinss
gUPAvIoTOUV Aiyo TTpIV aTTd TO Time pecth
Bavaro, avaloya pe Tov 10. O H oxeTikr) rapaywyr 1w0v oxedideTal ws ouvaprnon Tou
MOAUCHMATIKOC 10C TTApAyETAl XpPovou uetd TN uéAuvon. O xpovos eUPAVIoNS Twv
ouvRBwcg KaB’ 6An Tn didpKela TN OUNTITWUATWY UTTOOEIKVUETAI ATTO TV KOKKIVI OKIAOUEVH

TTEPIOXN KAl N TTEPIOOOS KATA THV OTToia ATTEAEUBEPWVETAI
HoAuoLATIKOS 16€ (BlaBéoiuog yia va HoAuvel aGAAoug
éevioTég) utTodeIKvUETal aTTo 1O Bpayiova.

MOAUVONC.



Eidn poAuvong /i\

* |nfluenza virus

21NV Aavéavouoa Aoiwén, pia : :
apxikn o&eia Aoiwgn akoAouBeital / D
aTrd Mia APEPN @ACN Kal ‘

ETTAVAAANPBAVOUEVEC TTEPIODOUC L Death

-, H H — Latent, reactivating infection
gTTavevepyoTroinong. H « Herpes skplex virus
ETTAVEVEPYOTTOINGN EVOEXETAI VA /.\ T\

H

OUVOOEUETAI ATTO CUNTITWHATA AAAQ 1 Slow virus Infection

VEVIKG odnyei OTnV TTapaywyn - = : mﬁslmmﬁdm
MOAUCUQTIKOU 10U. virus

Death

Persistent infection

Virus production

Time

2TNV apyn Aoigwdén, uia Xpovikn
TePiodog TTapepfaivel ETAEU PIag  AvdAoya Pe Tov 16, N TTapaywyr] HOAUGHATIKOU 10U KaTd

TUTTIKAG TTPWTOTTAB0UG 0&giag TN MOKPd TTEPiI0do PETAEU TNS TTPWTOYEVOUC HOAUVONG Kal
AOINWENG Kal TNG TUVABWG TOU BavaTtn@Opou ATTOTEAECUATOC UTTOPEI Va gival
EUPAVIONG CUHTITWHATWY. OUVEXNG (TT.X. 16 avBpwWTTIVAG AVOCOAVETTAPKEIAG) 1) Va

atrouciddel (TT.X., UTTOEEIQ OKANPUVTIKI TTAVEYKEPAAITIOO
I0U IAAPACG).



Virus production

M\

General patterns of infection

Vi N, A, N

e

Death

Time

Death

Acute Oé&ela poAuvon
* Rhinovirus

* Rotavirus

* Influenza virus

Latent . AavOdvouoa
e Herpes simplex virus

Persistent: asymptomatic
¢ Lymphocytic choriomeningitis virus

e JCvirus E“iI-IOVI‘I

Persistent: pathogenic

¢ Human immunodeficiency virus
¢ Human T-lymphotropic virus

* Measles virus SSPE



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
heurones serving the area of infection. cells. CTL response kills
The immune response controls infected e pithelial cells..cold sore.

infection, but the virus persists in the

: : I - 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.



O1 10 KOIVOI 10i TTOU TTPOCRAAOUYV TOV AVOPWTTO

Hepadnaviridae

Reoviridae Adenoviridae
Poxviridae
Retroviridae B
Herpesviridae
ds RNA RNA
DNA

DNA ds DNA

Astroviridae Papillomaviridae

Caliciviridae Polyomaviridae

Hepatitis E virus {(HEV)

, . ?:)R;lcfl‘afity 5 DNA F———a parvoviridae
Picornaviridae

Togawndae Hepatitis delta virus (HDV)

Flaviviridae Rhabdoviridae e - - - -,
-- = Coronaviridae e Ikl i :
; Orthomyxoviridae 1 Paramyxoviridae @------------ :
E Arenaviridae Bunyaviridae

------ » Nidovirales Mononegavirales et



Host defenses

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

Physical Barriers Intrinsic Innate Adaptive



KOPQNOIOI - CORONAVIRUSES

CDC/PHIL



KOPQNAIOI - CORONAVIRUSES

@
Ol Kopwvaioi eivatl povokAwvol BeTIKOl
RNA-Loi, ot ottoiot avtiypadovtal oto
KUTTAPOTIAQCOHA.
Ta loocwpata Twyv Kopwvaiwy givat
emevdedupeva Kalt pEpouv otnv
eTLHAVELA TOUC YAUKOTIPWTEIVIKEG AKIOEG
(kopwva).

AOYw TOUL BETIKOU TOUG
TIPOCAVATOALCHOU, TO yovidiwpa Tou
KOpwVvaloL PTIoPEL va AeLltoupynoel
artevBeiac weg MRNA peca oto KUTTAPO.
Replicase — RNA avtiypaddaon: cuvBetel
OUHTIANPWHATIKOUC aApVNTIKOUCG KAWVOUG
XPNOoLUOoTIOlWVTAC To yovidlwpatiko RNA
wC¢ EKPayeio

==>mRNA - mpwrteivec kopwvaiol

Ta vea loocwpdAtia cuykpotouvtal peoa
otn ocuokeun Golgi
(b)

Infection; ssSRNA

Replicase
genome released

gene
5/ / 3I
Cap — S JAAAA)
Translation of l
replicase gene .
()~ (— Replicase
Replicase
Synthesis of
minus strand, 3’ 2

U

)

Synthesis of
monocistronic

mRNAs Q)
A N

Translation to l

yield viral
proteins

f
\ Viral assembly/

Synthesis of
genome copies

5’ 3’
: _ + JAAAA
5I 3'
— + JAAAA
5’ 3L

JAAAA

Golgi



PETPOIOI - RETROVIRIDAE

Surface envelope protein

Enzymes
(reverse

transcriptase,
integrase,
protease)

Lipid
membrane
bilayer

C v ”
Core shell ' Crref
protein 3 .

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).



Aopun Kat Aettoupyia evog petpoiov

Novwiwpa 2 opoila povoKAwva Betika popia RNA
HNKog 8.5 -9.5 kbp to KaBeva

gag EOWTEPLKECG SOULKEG TpwWTEiveg KaPdiouv )
pol avtiotpodn petaypadaon > MoAuTtpwTteiveg
env npwrteiveg pakeEAou (emevduTn)

Long terminal repeats akpaieg emavaAnPelg ota akpa,
KaBoploTiko poAo atnv aviypadn

Mnopei va ekppalouv Kal emimpocHetTa yovidia, T.X. yld HETAGXNHATIOHO
Rous sarcoma virus, src



Aopun Kat Asttoupyia evog petpoiov

Surface envelope protein

Avaotpodn petaypoadaon
DNA moAupepaon Enzymes

(reverse

transcriptase,

s , , ) ) integrase,
EKKLVNTAG €lval Eva €L0KO petadopLko protease)

RNA (tRNA) tou kuttdpou £evioti

Lipid
membrane
bilayer

Core shell
protein

Core protein

@

(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).



KUkAog dwng- Avarmapaywyn petpoiov

1. Entry and uncoating
of the retrovirus

2. Reverse transcriptase activity
(two steps)

4. Transcription by host RNA
polymerase forms viral mRNA
and genome copies.

5. Translation of mMRNA 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 integrates into 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.



KOkAog {wng- Avamapaywyn petpoiou

Eicodog
AmekduonN
Avtiotpodn petaypadn
Evowpatwon
Metaypadn tou ukov DNA
Kaydiwon
EkBAaotnon

AmteAevBOepwon

C

Virus particle
ss RNA
(two copies)

1. Entrance

2. Uncoating

ss RNA inside

&l e

LTR

" uncoated core

3. Reverse transcription

T JdsDNA

@ Travel to nucleus

LTR

& 4. Integration into
host DNA Host DNA

LTR Provirus @

LTR Host

@ 5. Transcription

Viral mMRNA

s RNA % and progeny

@ 6. Encapsidation

Nucleocapsid

ss RNA

=

viral RNA

7. Budding

{i}

Host cytoplasmic
membrane

Release

Virus
particle



Petpoiol
e Evowpatwon oto yovidiwpa tou Eevioth

e = gpyaleio eloaywyng EEvwy yovidiwyv otov Esviotn

— ®opeceic yovidlakng Oepamneiag

H evowpatwon pmopei va yivelr o ortotadnmote 6£on tovu

yovidiwpatog tou evioth (poiog)



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.

EPFAZTHPIA BIOAZ®AAEIAZ

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.



IOEIAH kat PRIONS

IOEIAH # PRIONS

RNA MPWTEIVIKA SOUR



IOEIAH (VIROIDS)

Mwkpa KUKALKA ssRNA (246-375 nt) TA HIKPOTEPA YVWOoTA Taboyova
Kuplwg putwyv

Acv dLaB£TOUV KavEVA YOVidLo yia Kwdlkomoinon npwrteivng!

aviypadn peocw tng RNA moAvpepaong tou eviotn

Aopun Twv LoeEW WV

MovokAwvo KUKALKO RNA dawvopevika dikAwvn dopun, devtepotayn doun

Oswpovvtal wg «dadpuyovia» LvTpovia



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.



MPION (prions) MPWTIEIVIKA AOLHWON cwuatidia

MPWTEIVIKA CWHATLA XWPILC VOUKAETIKO 0§V HOAUCHATIKA cwHATLA
Awakpltn eEWKUTTAPLKN HOopPN, AULYWE TTPWTEIVIKA

AcBéveleg oe {wa omoyywadng sykepaionadera, r.x. BSE

Creutzfeldt-Jakob otov avBpwmo

(neidov ATnpa vyeiag)

Mpwrteivn mapopola Pe Ta MPLiov OTOUG VEUPWVEG
TO MPIOV TPOTOTOLEL TNV MPWTEIVN TOU EEVIOTA KATA T oVVOECH TG R HETA

TpoTtomolnUEVN oTEPEOdLAHOPpPWON =2 ADSLAAUTH KAl AVOEKTIKN OE TPWTIEACEG
Mapaywyn MEPLOCOTEP WYV AVILTUTIWY THE TIAOOYOVIKNC TTPWTEIVNG

Y
4 g Yy
L1, 7 Yy

©1999 Addison Wesley Longman, Inc.



PRIONS

NOZHMATA 1tou adopouv Toug avbpwTtouC:

Nooog Kuru

Noooc Creutzfeldt-Jakob (CJD)

2uvdpopo Gerstmann-Straussler-Scheinker (GSS)

Oavatndopocg okoyevng avmvia (fatal familial
insomnia)

NOZHMATA tou adopouv ta dwa:
Nooocg Scrapie (mpoBata/aiyeq)
Metadidopevn omtoyywon eykepaiomabela
(transmissible
spongiform encephalopathy, TSE)
2moyywoncg eykedaionabela tTwyv Booeldwyv (bovine
spongiform encephalopathy, BSE)

Ta voonpata avtd ntpokaAouv BAABn oto KNZ pe
omoyywadn eKPUALoN, EXOUV HEYAAO XPOVO ETWACNHC ATO
HAVEQ HEXPL KA 30 Xxpovia kat £Xxouv Bpadeia mpoiovca
Oavatndopo mopscia.

FFI CID

- KURU

Neuronal cell \\

//

Y —— Prnp = :\
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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.



