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Moptlakr dtayvwon wwv
1. Boaowég apyéc Moprokng loloyiag - H moAvmlokdtnta TV UK®OV YEVOLITOV
(1 opa) (MapkovraToc)

o Yynuoatiopog likav Zopotidiov.

o XZvppetpio Kaydiov kot Apytrexktovikn lov.

e Elvtpopopor oi.

o Tpomopog.

e Ymodoyeic. Aeicdvon 1OV 6ToV EEVIOTY).

e ZuvappoAidynon 1ikod copatdiov, aneAevdiépmwon, mpitavor).

2. DNA 101 (1 opa) (MapkovrdTog)

e ot pe dikhovo DNA.

e loi pe povéxiwvo DNA.

o ot pe dikhovo DNA kot evordpeco RNA.

e Avtiypagn|, Metaypaer, Metdopaon, EAeyyoc tng YOVISIaKNG EKOPACTG TOV
Eevion.

3. RNA 101 (1 ®pa) (MapkovrdToc)

e ot pe dikhovo RNA.

e ot pe povéximovo RNA Oetikng moAkdtToc.

e Joi pe povoxiwvo RNA apvntikng moAkomrag.

e ot pe povoéxhovo RNA Oetikng moAtkdtntog Kot evorapeso DNA.
e 'EAeyyog g YovidloKNg EK@paong Tov EEVIOTN

4. TTootikd¢ Kot ToGOTIKOG TPOGdloptopds 1oV (1 dpa) (MapkovAidToc)

o Teyvikéc: KuttapokaAMEPyeleg, aviyvenon v, aviyvevon avTICOUATOV
EVAVTL TOV 1OV

e Real Time PCR, NASBA, LCR,bDNA
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Mopiakn diayvwon 1wV

2XNMATIOHNOG iKWV ZWHATIOIWV.
2uppeTpia Kayidiwv kol ApXITEKTOVIKNA lwv.
EAutpo@OpoOI 10i.
TpomiouoG.

Y1mrodoxeig. Aicioduon 1wV oToV EEVIOTA.
2UVOapPHOASYNnon 1ikoU cwpaTtidiou, atreAEUBEpWON, Wpipavon.
2. DNA 10i
loi pe dikAwvo DNA.
loi pe povékAwvo DNA.
loi pe dikAwvo DNA kai evdiaueoco RNA.

Avtiypaon, Metaypapni, Metdppaon, EAeyxog TnG yovidlaknG EK@PAOCNG TOU
SevioTh.

3. RNA 10i
loi pe dikAwvo RNA.
loi pe povokKAwvVo RNA B€TIKNG TTOAIKOTNTAG.
loi pe povokAwvo RNA apvnTIKAG TTOAIKOTNTAG.
loi pe povokAwvo RNA OeTIKRG TTOAIKOTNTAG Kal evOIdueco DNA.
"EAgyx0G TNG YOVIBIOKAG EK@PACNG TOU EEVIOTH
4. NMol1oTIKOC KAl TTOCOTIKOC TTPOCOIOPITUOC IWV

TexvikéG: KUuTTapOKOAAIEPYEIEG, AVIXVEUOT) IWV, AVIXVEUCT AVTICWHATWY EVAVTI TWV IWV
Real Time PCR, NASBA, LCR,bDNA




AEITOYPTIA KAI ZXHMATIZMOZ TQN IIKQN ZQMATIAIQN

H Baocikl AsiToupyia TOU eEWTEPIKOU TTEPIBARMATOS TOU OTEAEXOUG EVOG 10U Eival
va TTPOCTATEUEI TO EUOPAUCTO YEVWHA VOUKAEIKOU OEWG ATTO TNV PUOIKNA, XNMIKA
N evCUMIKA KaTtaoTpo®n. O 166 HOAIC a@PriOEl TO KUTTAPO SEVIOTI) EICEPXETAI OE
£Eva £X0pIkO TTEPIBAAAOV TO OTTOIO UTTOPEI YPRRYOPO VO OOPAVOTTOINCElI TO
ATTPOOCTATEUTO YEVWHA TOU . Ta VOUKAEIKA 0&€a eival eutradni o€ UOIKOUG
TTAOPAYOVTEG KABWG ETTIONG KOl OTNV XNMIKK TPOTTOTTOoiNON HECW TNG UTTEPIWOOUG
akTivoBoAiag ( nAiakr akTivooAia).

To @uUOIKO TTEPIBAAAOV TWV IWV Eival TTOAU QOPTWHEVO HE VOUKAEAOCEG
TTPOEPXOMEVEG ATTO VEKPA KUTTAPO 1 EKKPIVOUEVES ATTO TO OTTOVOUAWTA WG
AuUVa EVAVTIa OTNV AOipMwEn .

O1 UTTOHOVADEG TWV TTPWTEIVWYV OTO KAWidI0 EVOG 10U UTTAPXOUV O€ TTOAAATTAG
avtiypa@a. H KatTaoTpo@r o€ M1 1) OE TTEPICOOTEPEG UTTONOVADEG icwWG va KadioTa
OUTH TNV OUYKEKPIMEVN UTTOHOVADA HN- AEITOUPYIKE , AAAG OTTAVIO TTEPIOPICHEV
KATAOTPOPN 00NYEi 0TV ATTWAEIA TG 1IKAVOTNTAS AOINWENG TOU CUYKEKPIPEVOU
OTeEAEXOUG. H £SWTEPIKA ETIQAVEIA TOU 10U gival £TTioNg UTTEUBUVN yIA TV
avayvwpion Kal yia TnV TpwTn aAANAETTidpaon HE TO KUTTAPO EVIOTH HECW TOU
KaTadAAnAou utrodoxéa Tou. To Kayidlo £XEl ETTIONG CUMMETOXH OTNV £vapsn Tng
MOAuvong HEOW KATAAANANG TTOPOUCIAONG TOU YEVWHATOG OE TETOIO HOPPR WOTE
va gival avayvwpeioigdn atré To KUTTAPO SEVIOTH.



MNa va oxnuaTtiocfouv PHeETAOOTIKA OTEAEXN, Ol 10i TIPETTEI va eTTEPACOUV dUO
Baoikd TrpoBARuaTa. NMpwTtov, TTPETTEI VO CUVAPHOAOYROOUV TO 1IIKO CWHATIOIO
CWOTA XPNOILOTTOIWVTAG TNV JIA0ECIUN YEVETIKE TTAnpo@opia Kal SeUTEPOV, va
OXNMOTIOCOUV KOVOVIKA YEWHETPIKA OXAHATA, TTAPOAO TTOU Ol TTPWTEIVEG ATTO TIG

OTTOIEG CUVICTAVTAI Ol TTPWTEIVIKEG UTTOMOVADEG £XOUV AKAVOVIOTA OXAMATA.

O1 AUoeig kal ota duo avwTépw TrpoBARuaTa Bacilovral OTOUS KAVOVEG TNG

OUMMETpPIOG.
2YMMETPIA KAWIAIOY KAI APXITEKTONIKH TOY IOY

H TpI1TTAR} @UON TOU YEVETIKOU KWOIKA onuaivel 6TI Tpia VOUKAgoTidIa (R Tpia
euyn BACEWY OTNV TTEPITITWOT TWV IWV HE SiKAWVA YEVWHATA) Eival atrapaiTnT
Yia TNV KWOIKoTroinon £vog apivoiéwg. O1 10i dev ptropouy, BERala, va
XPNOIMOTTOINOOUV KATTOIOV £VOAAOKTIKO, TTIO OIKOVOMIKO, YEVETIKO KWOIKA OIOTI
auTOG Ogv Ba HTTOPOUCE VA ATTOKPUTTTOYPAPNOEi atrd To KUTTAPO eVIOTH. AQOU
TO KATA TTPOCEYYIOTN HOPIAKO BAPOS vog TPITTAOU VOUuKAgoTIOiou gival 1000 kai o
MECOG 6pOG TOU HOPIAKOU BAPOUG EVOS aMIVOEEWG gival 150, Eva VOUKAEIKO ogu
MTTOPEI MOVO VA KWOIKOTTOINCEI M1 TTPWTEIVN TTOU gival KATA PEyioTo TO 15% TOU
O1koU ToU Bdpoug. ETTopévwg, Ta Kawidla TOU 10U TTPETTEI VA PTIAXVOVTAI ATTO
TTOAAQTTAG AVTiyPAPA TTPWTEIVIKWY HOPiwV ( OOMIKA UTTONOVADO KATACKEUNG).
O1 duvapeig ol otroieg KaBopilouv TNV CUVAPHOASYNOT TWV TTPWTEIVIKWV
UTTOHOVAd WYV Kal cUMBAAAoOUV 0TO va KPpATAOOUV MAdi TIG TTOAAATTAEG
UTTOOVAdEG TTEPIAAMBAVOUV UDPOPORES KAl NAEKTPOOTATIKEG EAEIS Kal
omaviwg deopoUg oBévous. Ta 1IKA cwlaTtidia TTapoucidlouv Eva cUVOAO
EASEWV , TTPWTEIVNG- TTPWTEIVNG, TTPWTEIVNG- VOUKAEIKOU 0EEWG KAl TTPWTEIVNG-
AITISiwv.



EAIKOEIAH KAWIAIA
O 16¢ Tobacco mosaic (TMV) gival avTITTPOOWTTEUTIKOG MIAG aTTd TIC OUO PBACIKEC
OOMIKEC TACEIC TTOU €XOUV TTaPATNENBEI O€ 100G, 0€ AUTOUG PE EAIKOEION ouupeTpia. O
ATTAOUCTEPOG TPOTTIOG VA TAKTOTTIOINCEI TIG TTOAAATTAEG OUOIEG TTPWTEIVIKEG UTTOOVADEG
TOU €ival va XPNOIPOTIOINGEI N TTEPIOTPEPOPEVN CUMMETPIA KAl VO TAKTOTTIOINCE! TIG
OKAVOVIOTEC WG TTPOC TO OXNHUA TTIPWTEIVEC TOU YUPW OTTO TNV TTEPIPEPEIA EVOC KUKAOU
oxnuartilovrag €vav 0ioko. MNoAAatrAoi diokol uTTopouv TOTE va TOTTo6eTNOOUV 0 £vag
TTAVW OTOV AAAO Kal va oxXnuaTioouv €vav KUAIVOPO, JE TO YEVWHPA TOU 10U va KAAUTITEI
TO EOWTEPIKO TOU KUAIVOPOU.
Mia ENika pTTopEi va opIoBei paBnuatika atrd duo TTAPAUETPOUG: TNV DIGUETPO Kal TO
UYog (TnNv atréoTacn TToU KAAUTITEL IO OAOKANPWMHEVN TTEPICTPOPN KABE yUpou TNG
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270 TTAQICIO TWV TTPWTEIVIKWY UTTOMOVADWYV, Ol EAIKEG TTEPIYPAPOVTAI ATTO TOV
APIOUO UTTONOVADWY avd TTARPOUG TTEPIOTPOPNG TNG EAIKAG , WG M, KAl N auénon
UYoug ava utropovada wg p.

To UYog pIag TTARPOUG TTEPICTPOPNAS TNG EAIKOG , P, gival ETTONEVWG 1I00OUVANO UE:

P = (VIR o)

Na tov TMV, g = 16.3, dnA. uttdpxouv 16.3 TTPpWTEIVIKEG UTTOMOVADEG avd YyUupo
EAIkag, kail p = 0.14 nm. Etropévwg, To UYog Tou TMV ava éAika gival 16.3 x0.14 =
2.28 nm. Ta TMV ukd cwpartidia gival AKAUTITES, paBdocideic SopEG KAl ATTOTEAOUV

Eva eSAIPETIKA ATTAS TPOTTO CUVAPHOAOYNONG MIAG ATTARG TTPWTEIVIKAG
UTTOMOVADJAG Yia va oXnuaTioBei Eva 11ké cwuaTidlo.

MoAAoi 10i pUTWYV TTaPOoUCIAlOUV EAIKOEION CUMMETPIO TO HRKOG TWV OTTOIWV
owpaTidiwv TroikiAAel atrd 100 nm (Tobravirus) ewg 1000 nm (Closterovirus).

Y1rapyxouv TToAudpiOpuol 10i {wwV TTOU TTOPOUCIAloUV £TTioNG EAIKOEION) CUMHETpPIA,
aAAG 6Ao1 eTTITTAEOV £XOUV TNV TTPOCONKN EVOG EEWTEPIKOU AITTIOIKOU
TEPIBARMATOG .



TOBACCO MOSAIC VIRUS

nucleic acid

" l‘ - protein
7T >
~ adapled from:
# \ij ’ Klug and Caspar Adv. Virus Res. 7:225
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2TNV KATNYOPIO TWV IIKWV CWHATIOIWYV HE EAIKOEION dOUR KATATAOOOVTAl O 160G TNG
pitrrng (influenza-Orthomyxoviridae), o1 10i TG MapwrtiTIdag ( Mumps )kal TG
INapdg ( measles-Paramyxoviridae) koai o 166 Tng Avocag (Rabies-Rhabdoviridae).
OAol éxouv povokAwva, apvnTiKAG TTOAIKOTNTAG (negative-sense ) RNA yevwpuara.

To VOUKAEIKO 0SU TOU 10U OUVOEETAI ME HIO BACIKN TTPWTEIVN KAl oxXnpatifel To
eEAIKOEIOEG  VOUKAgoKawidlo.To oUMTTAOKO TPWTEIVNG-RNA egutrnperei TNV
TMPOOTACIA TOU €EUBPOAOTOU YEVWHATOS TOU 10U OTTO @QUOIKOUG KOl XNMIKOUG
TTAPAYOVTEG.

To TrepifAnUA TOU 10U KOl Ol CUCXETIOMEVEG HE AUTO TTPWTEIVEG TTPOEPXOVTAI ATTO
TIG MEMBPAVEG TOU KUTTAPOU EVIOTH KAl TTPOOCBETOVTAI OTO VOUKALoKaWidlo TOU
100.



Ta K& cwpatidia Twv papdoiwyv (
Rhabdovirus ), éxouv éva eoCwTEPIKO
EAIKOEIOEG VOUKAEOKOWidIO TTOU
TePIBAAAETAI ATTO Eva £SWTEPIKO AITTIOIKS
TEPIBANUA KAl ATTO YAUKOTTPWTEIVEG.
To yévwpua Twyv paBdoiwv (
rhabdoviruses ) givai trepitrou 11000

ipid bilayer membrane voukAeoTtidia (11 kilobases, 11 kb) . To
RNA yévwpa Kal n BaoiKi TTPWTEIVN TOU
voukAgokayidiou (N)
helical nucleocapsid (RNAplus ~ AANAETIOPOUV YIO VO COXNHATIOCOUV HIA
N protein) £AIKO€151) Soun UYoug TTepiTTou 5 nm, Ta
otroia, padi ue SUuo NN-OOUIKEG TTPWTEIVEG,
L ka1 NS (o1 otroieg oxnuari{ouv Tnv
TTOAUMEPAOCN TOU 10U) oXNUaTi(oOuVv TOV
TTUPRVa Tou 10U. Anuioupyouvral
mepiTrou 30-35 TTEPIOTPOPES TNG
VOUKAEOTTPWTEIVIKAG EAIKOG OTOV
TTUPAVA TOU CWHATIOIOU , TO OTToio gival
pAKoug 180 nm kai diapéTpou 80 nm . Ta
TTPWTEIVIKA povouepn N gival katda
TPpoofyyion 9 x 5 x 3 nm Kol KaBéva
KOAUTTTEI TTEPITTOU EVVIA VOUKAEOTIOIO TOU
RNA yevwHaTOoG.




O p6Aog TnG N TTpwTEivng gival va otadepoTroigi To RNA Kal va TO TTPOCTATEUEI
aT1TO XNHIKNA, PUOIKA KAl EVJUHIKE KATAOTPO®@I. OTTWG ME TOUG TTEPICCOTEPOUG I0UG
ME ESWTEPIKO TTEPIBANHA, TO VOUKAEOKAWiOIO TTEPIBAAAETAI ATTO £EVO AUOPPO
ETICTPWHA TO OTTOi0 AAANAETTIOPA TOOO ME TOV TTUPAVA TOU 1IKOU CWHATIOIOU 600
KOl ME TO UTTEPKEIMEVO AITTIOO-TTPWTEIVIKO €EWTEPIKO TrEPifANUa . H doun autn
gival yvwoTh Kal wg uATpa. H pwreivn Tng uRtpag (M) gival cuvROwg n 1o
a@oovn TTPWTEIVN OTO OTEAEXOG TOU 10U: Yia TTapadelypa, utradpyxouv trepitrou 1800
avtiypaga tTng M mrpwrtEivng kai repitrou 1250 avriypaga tng N pwrteivng otov 16
VSV .

loi pe MIKPA YEVWHATA XPNOIMOTTOIOUV OUTAV TNV APXITEKTOVIKA YIO VO
TTPOCTATEUCOUV TO YEVWHA XWPEIG TNV AVAYKN KWOIKOTToinong TToAAATTAWY
KOWIOIOKWY TTPWTEIVWYV



EIKOZAEAPIKA KAWIAIA

‘Evag evaAAOKTIKOG TPOTTOG YIA VA KATOOKEUAOTEI Eva Kayidlo 10U gival va
OUVOPHOAOYNOOUV OI TTPWTEIVEG TWV UTTONOVADWY UTTO MOPPRSE MIOG OXEOOV
oPaIPIKAG OOMNG OTO KEVTPO TNG OTroiag Ba , TrEPIKAEIETAI TO YEVWHA. OcwpnTIKA,
TTOAAG OoTOBEPA OXAMATA HTTOPOUV VA KATOOKEUAOOOUV aTTd £TTaVAAOMBAVOMEVES
UTTOMOVADEG, OTTWG TT,X. £EVA TETPAEOPO (TECOEPIG TPIYWVIKEG ETTIQPAVEIES), EVAG
KUBOG (£€1 TETPAYWVEG ETTIPAVEIES), EVA OXTAEOPO (OXTW TPIYWVIKEG ETTIPAVEIEG)
K.A.TT.. Eva ge1Ikoodedpo atroteAcital atrd 20 TPIYWVIKESG ETTIPAVEIEG Ol OTTOIEG
TOTTO0eTOUVTAI YUPW OTTO TNV ETTIPAVEIA HIOG CQAIPAG .

ICOSAHEDRAL SYMMETRY

5 FOLD 3-FOLD 2-FOLD




2 & APKETEG TTEPITITWOEIG, N AVAAUCH ATTOKOAUTTITEI OTI TA EIKOOAEOPA KAWidIa
TTEPIEXOUV TTEPICOOTEPN ATTO 60 UTTOOVADEGS. EVva Kavovikd 1koodaedpo TTou
atroteAgiTal atrdé 60 OOIEG UTTOHOVADEG €ival pIa TTOAU oTaBep OoMN ETTEION OAEG
Ol UTTOMOVADEG KATEXOUV TOV idIO XWPO KOl KAOEUia EUPICKETAI OTNV KATACTAON
TNG €AAXIOTNG £AeUBePNG evépyelag. OTav To Kawidlo £XEl TTEPICOOTEPES AT 60
UTTOMOVADES €ival OUOKOAO va TOTTO0eTNOOUV Ol UTTOMOVADES ME ATTOAUTA
OUMMETPIKO TPOTTO KAl OTNV TTEPITITWON auTh dnUIoupyouvTal UYNASTEPNG TAENG
EIKOOAEOPA KAl N CUMHETPIA TOU 1IKOU CwMaTIdiou opileTal atrd Tov apiOpud T (
triangulation number )Tou g1IKOCAsdpou .

O apiBuég, T, opifeTal wg
T=f2xP
To f2 gival ETTOPEVWG O APIONOG TWV UTTO-TPIYWVWYV O€ KAOE ETTIPAVEIO KAl TO T
Taipvel TINEG 1,3, 4, 7,9, KTA. Otav P =1 4 3 oxnuartidetal €va KaAvoviko
£IKooAedPOo. OAeG o1 AAAEG TIMEG TOU P dnAwvouv OTI Ta UTTO-TPiyWVA TTOU
OUVIOTOUV TO EIKOOAEOPO OEV €ival 1I000KEAN .

Ta kawidia Twv picorna iwv (Picornaviridae) rapéxouv pia KAaAR atreikéovion tng
KOTOOKEUNG  TOoUu €lkoodgdpou . Ta  TeAegutaia £T1n KPUOTAOAAOYPOPIKEG
OTTEIKOVIOCEIS TNG OOMNAG TWV KAWIdiwv TTOAAWYV dIA@QOPETIKWY picorna Iwv £Xouv
mpoodiopioBei. Autég mepIAaupBdavouv Toug TUTTOUG 1 KaI 3 Twv [loAloiwv (
Poliovirus , PV1 kai PV3), Tou 10U TG VOOOU TOU OTOHATOG Kal Tou TTod6¢ (FMDV)
Kal Tou pivoiou 14 (Human rhinovrus 14 \HRV-14) . ‘'OA&g autég O1I OPADEG IWV

EXouv gIKoodaedpa kayidia diapérpou Trepitrou 30 nm e triangulation number
T=3.



& Academic Press, 2000.

H atopikil dounl Tou TroAloioU TUTTOU 2 OF€
KpuoTaAAloypagia akTivwv-X. Eival gp@avig
ol aUAaKwoelg (canyons) trou TrePIBAAAouV
TIG ETIPAVEIOKEG Trpoefoxég (star-like) oTo
KEVIPO TOU KAOe Ttrevrapgpoug dagova
OUMMETpPIOG



To kawidi1é Toug atroteAcital amrd 60 avriypa@a KAOE HIag aTtrd TIG TEOCOEPIS OOMIKEG
mpwreiveg VP1, VP2, VP3 kai VP4. Autég o1 TPpWTEIVEG €ival TTPOIdVTA
TTPWTEOAUONG TNG IIKAG TTOAUTTPWTEIVNG.

Katd tnv mpwrtedAuon, n Pl mpddpoun TpwTeEivn Tou Kaywidiou tepayifeTal oTa
Tpia mroAuTtremrtidia VPO, VP3 kal VP1 Ta otmroia aAAnNAemidpouv METASU TOUG Kal
oxnuatilouv Ta Tpwrtopepy (VPO, VP3,VP1). Kartémiv Ta TTPWTOMEPN
oucoWwMaTWVOVTal Ypiayopa kai divouv ta trevrapepn [(VPO, VP3,VP1)5]. TéAog Ta
TTEVTAMEPT) OUvVappoAoyoUvTal WOoTE va oxnuarioouv T1o Ttrpokaywidio [(VPO,
VP3,VP1)5]12.

Kartd To o1dd10 TG Kayidiwong 6mrou 1o RNA ""TraKeTAPETAI” OTA IIKA CWMATIOIA,
TTPOYMATOTTOIEITAI N «AVTIOPAON WPIiNAavVoNG» OTNV Ootroia n TPodpoun TTPWTEIvVN
VPO tepayiferal oTig VP4 kai VP2.

To kKawidlo xapaktnpifetal atrdé TRV UTTAPEN TPIWV ASOVWYV CUMMETPIAG. ZTO KEVTPO
TWV TTEVTANEPWYV BpiokeTal 0 TTEVTANEPNG (5X) GEovag CUMMETPIOG EVW METASU TWV
TTeEVTapEpwWYV Bpiokovtal o TpINEPAS (3X) Kal o dipepng (2X) agovag ouppeTpiag. Mo
OUYKEKPIMEVA, TrEvre Mopla Tng VP1 TtepifdAAouv TOV TreEVTOapepny dova
OUMMETPIOaG, evw o1 VP2 kal VP3 gevaAAdooovTal yUpw atrdé ToV TPIMEPHR dfova
ouppeTpiag. H VP4 rpwreivn BpiokeTal £ OAOKARPOU OTO ECWTEPIKO TOU KAWISiou



'+ Hogle, Chow and Filman
Science 229:1358

Radial depth cue rendering
J.Y.Sgro



ZXNMATIKA avatrapaocTaon Tou Kayidiou Twv tToAloiwv. Mapouoidalovral ol 2X, 3X
Kal 5X a§oveg CUPMETPIAG Kal ol BE0EIG TwV dOMIKWY TTpwWTEIVWY VP1, VP2 kai VP3
EVOG TTPWTOMEPOUG KAl N auAaka (canyon) n otroia trepiIfdaAAel Tov 5X dadova
OUMMETPIOG .



H emi@dveia Tou kawidiou atroTeAgital atrd 60 eravaAauBavopeva TTPWTEIVIKA
MOpIa , TTOU TO KaBéva TrepPIEXEl TPEIG BAaOIKEG uTTOpOVAdEG, VP, VP2 kai VP3
uttdpxouv OnA. 60 x 3 = 180 JovOoMEPR OTNV ETTIPAVEIN TOU IIKOU CWHATIOIOU TWV
picorna iwv.

O1 TpeIg auTég TTPpWTEiIvEG atroteAouvtal atrd 150-200 UTTOAEIPpATO AMIVOSEWYV Kal
TTapoucialouv TnV doun TTou €XEl TTEPIYpAPEi wW¢ ‘8- strand anti- parallel B- barrel’

External surface of virus particle

i )« helix
—_— '5 sheet
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© Academnic Press, 2(XX).



Autil n dopun TNG utTopovadag £xel Bpedei o OAa Ta T = 3 €IKOOAEOPA KAWiIdIA TWV
RNA 1wv. Emitrpoo0eTa oTIg TpEIS Baocikég TTpwTEiveg VP, VP2 Kail VP3, utrdpXEl
KOl MIO MIKPR TETAPTN TTPWTEIVN, N VP4. H VP4 BPIioKETAI OTO ECWTEPIKO TOU
Kawidiou Kal dev eKTiBeTAI OTNV ETTIPAVEIA TOU CWHATIOIoU. H VP4 oxnuaTideTal
a1rd Tnv didoctraon tTou VPO mTpddpouou TTpwTEIVIKOU Hopiou o€ VP2 + VP4 n

OTToia TPOTTOTTOIEITAI HETA TNV METAPPACN ME TNV OUVOECN TOU MUPICTIKOU 0EWG (
M KopeopéVo AITTapo ofu 14 atéopwyv avlpaka ).Mévre VP4 povouepn oxnpartiouv
OTO ECWTEPIKO TOU owHaTIOioU Eva udpooRo TrepIfaAAov , TTou KaBodnyei Tnv
OUVOPHOASYNON €VOG TTEVTANEPOUG.

l Rhinovirus (HRV14)

FDB:1DZ=I1



Rhinovirus (HRV16)

FDB:1QJX



Ta KapBouTeAIKG AKpa TwWV TPIWV TTPWTEIVWYV VP11, VP2 kail VP3 kaBwg Kai ol
TTEPIOCOOTEPEG ATTO TIG ONAIEG TOUG EKTIOEVTAI OTNV EEWTEPIKNA ETTIPAVEIA TOU
KaW1diou Kal TTEPIEXOUV TIG KUPIES avTIYOVIKEG BEoelg (N-Ags) Tou 100. YITAp)Xouv
TECOEPIG AVTIYOVIKEG B€oelg , ol N-Agl, N-Agll, N-AglllA ka1 N-AglIIB.

H N-Agl eival ouvexopevn Kal atroteAgital amrd ta apivogéa 90-105 tng VP1.
H N-Agll gival S10KOTTTOMEVN KOl ATTOTEAEITAI ATTO TA AMIvogEa 221-226 Tng VP1 kai
Ta apivogéa 164-172, 270 tng VP2.
H N-AglllA atroteAgital atré Ta apivoééa 58-60 kai 71-73 tng VP3 kai TEAog n N-
AgllIB atré Ta apivogéa 76-79 tng VP3 kal To apivogu 72 tng VP2.

AvTifeTa Ta apivoTeAIKA akpa Twv VP11, VP2 kai VP3 BpiokovTal OTO EOCWTEPIKO
TOU Kayidiou Kal oxnuartifouv éva TepitTAoKo dikTUuO ME TNV VP4 n oTroia gival
ouvOoedENEVN OTO AMIVOTEAIKO AKPO TNG ME TO HUPIOTIKO 0ogU. Mia Bafia
ETTIQPAVEIOK KOIAOTNTA TTOU €ival YVWOTIH WG aUAaka (canyon) TrepIBAAEl pia
TTPOELOX OXNHATOG ACTEPIOU OTO KEVTPO TOU KABE TTEVTAEPOUG Gova
OUMMETPIOG KOl atroTeAEi TN 0€on TIPSO dEC NG TOU 10U OTOV KUTTAPIKO TOU
utTodoYEa .



2YNOWIZONTAZ
Kagidia Twv Picorna 1wv
O1 aToHIKEG OOMEG TWV KAWISiWV TTOAAWYV SIA@OPETIKWY picorna iIwv £Xouv
TPOoodioplodei, cupTTEPIAQUBAVOUEVWY TWV TTOAIOIWY 1 Kal 3, TOU 10U TG VOOOU
TOU OTOMATOG Kal Tou TTod6¢ (FMDV), Kai Tou pivoiou 14 Tou avBpwTrou .
‘OAeg auTég 01 OpAdEG IWV £XOUV eIKooaedpa kawidia diapéTpou ~30 nm pE
triangulation number T =3.

Ta kayidia atroreAouvTtal atrd 60 eTTAVOAAUBAVOUEVEG UTTOHOVADES TTPWTEIVWY, I
KOBgpia Twv OoTroiwyv TrePIEXEl TPEIG BACIKEG DOMIKEG TTPWTEIVEG TIG , VP11, VP2 Kal
VP3, dnAadn 60 x3 = 180 povopEP OTNV ETTIPAVEIO TOU CWHATIOIOU .

OAeg auTég ol TPEIG TTPWTEIVEG BacifovTal € HIO TTOPOHOIN TTPWTEIVIKA OOMNA, N
otroia atroreAgital atrd 150-200 uTTOAEiPpOTA AMIVOSEWY , OOMN TroOU £XEI
TEPIypa@Ei wg ‘8- strand anti-parallel B-barrel’ kol n otroia cuvavraral oe SAa T
T=3 RNA &gikooaedpikd kayidia .

Ta kawidia Twv Picorna 1wv €mTPOoOETa OTIG TPEIG BACIKEG TTPWTEIVEG VP1-3,
TTEPIEXOUV KOl MIO HIKPA TTPWTEIVN TNV VP4 n otroia BPIioKETAlI OTO EOCWTEPIKO
Tou Kay1diou.H VP4 oxnuariletal amrd tnv didotracn tng VPO og VP2+VP4 Kai
TPOTTOTTOIEITAI META TNV HETAPPAOCN ME TNV TTPOOCKOAANCTH TOU HUPIOTIKOU OWEWG.
MNMévre VP4 povopuepn oxnuartifouv éva udpoofo trepIifaAAov TTou KaBodnyei Tnv
OUVOPHOAOYNON £VOG TTEVTANEPOUG.



OpIoUEVEG QVTIYOVIKEG BECEIC AVTIOTOIXOUV O£ CUVEXOHEVA OUIVOZEQ

( ETTITOTTOUG) EVW AAAEG , OE AMIVOEEA TTOU ATTEXOUV METASU TOUG OPKETA OTNV
TpwToTayr OO aAAG gupioKovTal TTOAU KOVTA KOTA TNV OIAuNOPPWOT TOUG CTOV
Xwpo ( etTiToTro!l d1IapudépPwong).

O1 €TTITOTTOI AUTOI AVTIOTOIXOUV KUPIWG O& UOPOPIAA auIvoEéa EKTIOEpNEVA OTO
XWPO , Ta oTroia eTTaVAAAMBAvVOVTAl O€ KABE TTEVTOMEPEG , KAl EUKOAO TTPOCRACIMA
aTTO TO EEOUDETEPWTIKA AVTICWHATA.



IOl ME E=QTEPIKO MNMEPIBAHMA

‘Tupvd’ IKA cwHaTiOIa €ival EKEIVA OTA OTTOIA Ol TTPWTEIVEG TOU Kayidiou
eKTIOEVTOI OTO EEWTEPIKO TTEPIRBAAAOV. TETOIOI 100, TTOPAYOVTAI ATTO MOAUCHEVA
KUTTOPO OTO TEAOG TOU AVATTOPAYWYIKOU TOUG KUKAOU, OTAV TO KUTTOPO TTEOAVEI
Kol AUETAl , aTTEAEUOEPpWVOVTAG TA LIKA cwpuaTidla. H digpyacia auty KataAnyel
OTOV TTPWINO BAVATO TOU KUTTAPOU KOl MEIWVEI ETTIONG TIS TTIOAVOTNTEG YIA HOVIMEG
N AavOdvouoeg HOAUVOEIG.

ETTopévwg, TTOAAOI 10i £XOUV ETTIVONOEI OTPATNYIKEG YIO VA ETTITUXOUV HIa £€§000
aT1TO TO MOAUOHEVO KUTTAPO XWPIS TNV OAIK] KATAOTPOPI TOU KUTTAPOU SEVIOTH).
OAd T EUKOPUWTIKA KUTTAPO KOAUTTTOVTOI OTTO MIO HEMBPAVN TTOU ATTOTEAEITAI
at1ré pia Aimidik d1ttAooToIfAda Kal n TIRiWOT TOU KUTTAPOU £EapTATAl ATTO TNV
AKEPAIOTNTA AUTAG TNS MEMBPAVNG. O1 10i TTOU EYKATAAEITTOUV TO KUTTAPO Ba
TTPETTEL, ETTONEVWG, VA ETTITPETTOUV OE AUTAV TNV HEMBPAVN VA TTAPAMEIVEI
avétra@n. Autd smmituyxaveral pE TV eKBAdoTnon ( budding ,extrusion ) Tou
OCWMATIOIOU NECW TNG HEMBPAVNG TOU KUTTAPOU LEVIOTH , KATA TNV SIAPKEIN TNG
otroiag d1ad1kaciag To CWHATIOI0 TTEPIBAAAETAI ATTO €va AITTIOIKO £EWTEPIKO
TEPIBANMA TTOU TTPOEPXETAI ATTO TNV HEMBPAVN TOU KUTTAPOU EEVIOTH .

H dopn 1Tou BpioKeTal KATW ATré TO £SWTEPIKO TTEPIBANMA MTTOPEI Va gival EiTE
eEAIKOEIONG €iTE €IKOOAEDPIKNG CUMMETPIAG KAl oXnuaTifeTal TTpIv 0 166 | KaBwg o
10G EYKATAAEITTEI TO KUTTAPO.



EKBAAXTHZH
Ta oTeAEXN TOU 10U pE eEWTEPIKS TTEPiIBANUO  oxnuaTti{ovral KATd TNV EKBAGOTNON
MEOW TNG MEMPBPAVNG TOU KUTTAPOU LEVIOTA KATA TV JIAPKEIO TNG OTTOiag TO
oTEAEXOG TTEPIBAAAETAI ATTO Mia AITTIOIKA S1ITTAOCTOIRASA TroU TTPOEPXETAI ATTO THV
MEMBPAVN TOU KUTTAPOU.

MNa pePIKoUg 100G, N ouvapuoAdynon Tng dopng Tou cwHaTIdiou Kal I
EKBAGOTNON YivovTal TAOUTOXPOVA, EVW Ot AAAOUG I0UG €éva TTPOCXNMATIOMEVO
VOUKAgOKOWidI0 ( | TTUPAVOG ) CTTPWYVETAI TTPOG TA £EW MEOCW TNG MEMBPAVNG.

2TNV TTAEIOYPN@Ia TWV TTEPITITWOEWYV, Ol 10i HE ESWTEPIKO TrEPIBANMA
XPNOIHOTTOIOUV BECEIG OTIC KUTTOPIKEG HEMPBPAVEG YIa v  KATEUBUVOUV TV
ouvapuoAdynon Toug. O oxXNUATIONOS TOU CWHATIOIOU , N WpPipnavon Kal n
atreAeUOEpwon gival piIa ouveXng dladikaoia. H Béon Tng ouvappuoAdynong
Ola@EPEl HETAEU TWV IWV. AgV XPNOIMOTTOIOUV OAOI TNV MEMBPAVN WG BEon
OUVOPHOAOYNONG OTNV ETTIPAVEIN TOU KUTTAPOU.

NMoAAoi XpnNOIMOTTOIOUV KUTTAPOTTAQOHATIKES HEMBPAVEG OTTWG TO cuoTnua Golgi
Kal aAAol, 6tTwg o1 Eptrnroloi (Herpeviruses ), o1 o1roiol avTiypa@ovtal OToV
TTUPAVA XPNOIMOTTOIOUV KOl TNV HEMBPAVN TOU TTUPAVA. Z& AUTEG TIG TTEPITITWOEIG,
0 160G oCUVNOWG £EEPXETAI TOU TTUPRVA UTTO pop®R £YKAEIOTOU (vacuole), kal To
OTTOIO0 METAPEPETAI OTNV ETTIPAVEIA TOU KUTTAPOU ATTO OTTOU KOl ATTEAEUBEPWVETAI.
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O1 10i TPOTTOTIOIOUV TA EEWTEPIKA KKUTTUAPIKA TOUGY» TTEPIBARMATA HEOW TNG
ouUvOEOoNG IIKWV TTPWTEIVWYV Ol OTTOIEG OUVOEOVTAl ME TO EEWTEPIKO TTEPIBANUA HE
gvav a1rdé Toug akOAouBoug TpEIG TPOTTOUG

Lipid envelope Transport channel

Matrix proteins

Nucleocapsid

Disulfide bonds\ s-sZ Transmembrane protein

External glycoprotein



O1 TTPWTEIVES TNG MATPAG OCUVOEOUV TO EEWTEPIKO TTEPIRBANHUA TOU 1IKOU CWHATIOIOU
M€ TO VOuKAgokawidio ( Trupva). O1 KWOIKOTTOIOUMEVES ATTO TO 1IIKO YEVWHA
YAUKOTTPWTEIVEG EVOWHATWVOVTAlI OTO £EWTEPIKO TTEPIBANUA. O1 EEWTEPIKEG
YAUKOTTPWTEIVEG €ival UTTEUBUVEG YIa TNV avayvwpeion Tou UTTodoxEa Kal TNV
ouvdeon HE auTdV , EVW Ol JIa-HEMPBPAVIKES TTPWTEIVEG dPOUV WG KavAaAla
METAPOPAG KATA MAKOG TOU TTEPIBARMATOG. OI TTPWTEIVES TTOU TTPOEPXOVTAI ATTO TO
KUTTOPO EEVIOTN BpioKovTal £TTioNG OUVOEOEUEVEG ME TO TTEPIBANMA.

MpwrTteiveg pATPag (Matrix): AuTEG €ival ECWTEPIKESG TTPWTEIVEG TWV OTTOIWV N
AgiToupyia gival va ocuvOEOUV TO VOUKAEOKOWiOIO ME TO £EWTEPIKO TTEPIBANHa. Ol
TMPWTEIVES aUTES Oev gival ouvhBws YAUKOOUAIWMEVEG gival TTOAU dgpOoveg Kai

ouvoéovTal ME TNV HEMPBPAVN HEOCW UdPOPOBWY EAEEWV N MEOW
OAANAETTIOPACEWY HE TIS YAUKOTTPWTEIVEG TOU TrEPIBARMATOG .



FAUKOTTPpWTEIVES: AUTEG €ival OIOMEUBPAVIKESG TTPWTEIVES TTOU DIATTEPVOUV ThV
MEMBPAVN HEOCW pIOG UdPOYORNG auIvogiKRG aAAnAouyiag (domain) kai
utrodlaipouvTal o€ Ouo TUTTOUS BACEI TWV AEITOUPYIWV TOUG:

1. To MEYOAUTEPO MEPOG TNG YAUKOTTPWTEIVNG BPICKETAI OTO ECWTEPIKO TNG
MEMBPAVNG, ME HIO OXETIKA MIKPA ECWTEPIKI «OUPA». ZUXVA, MOVOMEPN
ouvdéovTtal yia va oxnUatioouv Ta ‘kap@id’ (spikes) 1rou gival opatd oTO
NAEKTPOVIKO MIKPOOKOTTIO OTNV ETTIPAVEIA TTOAAWV IWV HE EEWTEPIKO
TePiBANUA. TETOIEG TTPWTEIVEG €ival KATA KavOva T KUPIA aAvTiyova Twv
IWV HE EEWTEPIKO TTEPIBANMA. O1 TTPWTEIVEG AUTEG Eival YAUKOOUAIWMEVEG
O€ TTOO0O0TO MEXPI KAl 75% Tou BApOUG TNG TTPWTEIVNG . AUTEG Ol
TTPWTEIVEG €ival cuvRAOWS Ta BACIKA AVTIYOVA TWV IWV HE EEWTEPIKO
TEPIBANHA KAl TTPOCPEPOUV TNV ETTAPN HE TO ESWTEPIKO TTEPIBAAAOY,
OUXVA TTPOCPEPOVTAG TTOAAEG ONMUAVTIKEG AEITOUPYIEG OTTWG YIdA
TTAPAdEIYHA, TV OUVTNEN TWV HEMRPAVWY , TV avAyvVWEICH TOU
utrodoxéa K.A.Tr.

2. MNpwTEiveG HETAPOPAG Ol OTTOIEG £XOUV EKTEVEIG UOPOPOREG DlaueEUBPAVIKEG
ETTKPATEIEG OXNHATIOVTAG £va KAVAAI HETAPOPAS HECW TOU TTEPIBARHMATOG.



NMEPINAOKEX AOMEX IQN
O1 SOUEG AUTWYV TWV IWV OEV ITTOPOUV VA TTEPIYPAPOUV ME HIO ATTAR) HOONUATIKI
ggiocwon O1TwWG o1 10i EAIKOEIOOUG I EIKOCAEOPIKNG CUMMETPIOG .
‘Eva Trapddeiypa piag TETolag ojadag 1wy givar o1 Pox 10i.

AuToi o1 10i £xouv woeldég oxAua pRAkoug 200-400 nm kai gival duvatov va
TTAPATNPNBOUV 08 PWTOVIKO MIKPOOKOTTIO UYNARG avaAuong .Ta cwuartidia autd
gival eSAIPETIKA oUVOETA KAl TTEPIEXOUV TTEPICOOTEPEG ATTO 100 SIAPOPETIKEG
TTPWTEIVES .

Outer envelope Lateral body

Core envelope
Surface tubules }

Pallisade layer

O Core Core fibrils
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Katd Tnv dIGpKeIa TS avTiypagpric TTapaTnPEouUVTal dUO HOPEPEC TOU OTEAEXOUG:
o£EW-KUTTAPIKEG HOPPEC, Ol OTTOIEC TTEPIEXOUV dUO HEHUBPAVEG,

eKQlI EVOOKUTTAPIKA OTEAEXN, TA OTTOIA €XOUV HOVO HIA ETWTEPIKN HEPBPAVN.

O! pox 10i aTTOKTOUV TIC MEMPBPAVEC TOUC HE OIQPOPETIKO TPOTTO ATTO TOUG
‘arAou¢’ 10U¢ pe €EWTEPIKO TTEPIBANMO OIOTI KATA TNV €KBAGOTNON QUTOI Ol
oUVOeTOI 10i gival AON TTEPITUNIYHUEVOI HE TO EVOOTTAQTMATIKO OIKTUO OTTOKTWVTAG
€101 OUO aTpwHATA MEMBPAVNG .

2TO NAEKTPOVIKO HIKPOOKOTTIO (PAIVETAI OTI N ESWTEPIKI) ETTIPAVEIA TWV POX 1WV
atroTeAEiTal amrd AITidla Kai TTPWTEIVEC T OTToIa TTEPIBAAAOUV TOV TTUPRVA TOU
IKoU owparmidiou . O TUPHVAG OATTOTEAEITAI ATTO HIA  «KOUUTTIEGUEVN»
VOUKAEOTTPWTEIVN N oTtroia TUAiyetal yupw atmo 1o dikAwvo DNA. Or1 pox 10i
PEPOUV OTO 1IKO owuatidlo Toug  TouAaxiotov 10 Odla@opeTikG  éviupa
EUTTAEKOUEVA OTOV HETABOAIOUO KAl TRV AVTIYPA®PN TOU IIKOU YEVWHATOG .



COMPLEX SYMMETRY

POXVIRUS FAMILY
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IOl ME E=ZQTEPIKO NMEPIBAHMA

A) O1 ‘atrAoi’ 10i Jg eEWTEPIKO TTEPIRANHA ATTOKTOUV £Va HOVO OTPWHA
TEPIBARMATOG KUPIWG HEOCW TNG EKBAAOTNONG OTNV ETTIPAVEIO TOU KUTTAPOU I
aT1Td KATTOI0 EVOOKUTTOUPIKA CUCTATIKA.

B) O1 ‘ocuvOeTolr’ 10i hE EEWTEPIKO TTEPIBANHUA ATTOKTOUV TTOAAATTAG OTPWHATA
MEMBPAVNG HECW TOU EVOOTTAAOHMATIKOU OIKTUOU I KOl GAAWV KUTTOPIKWV
MEMBPOAVWY .

Ta JEAN TOU YEVOUG TWV reo 1wV Ogv £XOUV eEWTEPIKO TTEPIBANMA aAAA
oxnMartifouv Eéva «TrePiBANUO» TTPWTEIVIKAG @UONG OITTAOU TOIXWHMOATOG HE
ouvleTn dopun . To eEWTEPIKS TTEPIBANHA TOU 10U £XEl OIAUETPO TTEPiITTOU 80 NM Ka
TO EOCWTEPIKO (TTUpAVAG) £XEl TTEPiITTOU 60 NM. To dikAwvo RNA yévwpua Tou 10U
€ival CUUTTIEONEVO OTO ECWTEPIKO TOU TTUPHVA.

REOVIRUS FAMILY

double stranded RNA genome

outer caps:id




AAANHAENIAPAZEIZ NPQTEINHZ- NOYKAEIKOY O=EOYZ KAI MAKETAPIZMA TOY
FTEENQMATOX

H apxikny Aeitoupyia Tou IKOU cwuaTIdiou gival va TTEPIEXEI KAl VA TTPOCTATEUEI TO YEVWHA
TIPIV TNV TTPOCROA Tou KATAAANAOU KUTTApou &evioTr. ETTouévwg, gival avaykaio ol
TTPWTEIVEC TOU KaWIdiou va aAAANAETTIOPACOUV HE TO YEVWHA TOU VOUKAEIKOU 0gEwc. lMNa
AAAN pIa QOPA OI PUOIKOI TTEPIOPIOHOI TNG EVOWHATWONG EVOC OXETIKA PHEYAAOU [Opiou
VOUKAEIKOU OCEWG O€ £va OXETIKA MIKPO Kawidlo TTapoucialouv onuavTika TTpoAnuara

TTOU TTPETTEN Va CeTTEPacOoUV. OTav TO YPAUMIKO YEVWHA TOU 10U EeQITTAWOBEI O€ £va
udaTIKO dIAAUPA €ival KATA KavOva TOUAAXIOTOV PIAG TAENG MEYEBOUC PEYAAUTEPO ATTO
TNV OIAUETPO TOU VOUKAEOKAWIDIOU.

Or 10i EeTEPVOUV QUTAV TNV OUOKOAIO JECW TOU TTOKETAPIONATOG TOU YEVWHUATOG TOUG
MEOW OETIKWV QoPTIOUEVWY Hopiwv (Na, Mg, K, TTOAUQUIVWY  Kal TTOIKIAWVY TTPWTEIVWY
TTOU TTPOCOEVOVTAI OTO VOUKAEIKO OCU) KAl TA OTTOIa €COUDETEPWIVOUV TNV apvNTIKA
POPTICHEVN ATTWONON TWV PWOPOPIKWY OUAdWV.

MePIKEC ATTO AUTEC TIC TEAEUTAIES TTPWTEIVEG KWOIKOTTOIOUVTAI ATTO TOV 10 KAl TTEPIEXOUV
AMIVOZEQ JE BAOIKEC TTAEUPIKEC OAUCIOEC OTTWC apYIVivn Kal Auaivn Ol OTTOIEC
AAANAETTIOPOUV HEOW NAEKTPOOTATIKWY OECHWYV UE TO IIKO YEVWHA (01 TIPWTEIVEC AUTEC
gival ouvrnBwcg ol aTTOKAAOUUEVEG WS VOUKAEOTTPWTEIVES -NP) .

[ToAAoi 10i pe dikAwva DNA yevwpata £xouv Bacikd popia TTou Holddouv JE 1I0TOVEG Kal
gival oteva ouvOedeuéva e To DNA. 2€ AAAEC TTEPITTITWOEIC O 160G XPNOIMOTIOIE
KUTTAPIKEC TTPWTEIVEC: yIa TTAPAdEIYUA, TO YEVWHPA TOU 10U polyoma uioBeTei pia doun
TTOU MOIACEl HE XPWHATIVI O€ OUVEPYQODia YE TEOOEPIC KUTTAPIKEC 1I0TOVES TIC H2A, H2B,
H3 kal H4, TTapOuoIEC JE QUTEC TOU YEVWMOTOC TOU EEVIOTN.



To deUTEPO TTPOBANUA TTOU O 160G TTPETTEI VA CETTEPAOTEI Eival TTWG Ba ETTITUXEI TNV
£¢e10ikeuon TTou atraITeital yia va €IAEEElI TO OIKO TOU pOVO YEVWHA KAl VA TO
TTOKETAPEI CWOTA OTO VOUKAEOKAWiIOIO TOU KAl OUTO METASU TWV KUTTAPIKWYV
VOUKAEIKWV OGEWV.
ETTopévwg, HIa 101K TTPWTEIVN TOU VOUKAEOKAWIBIiOU ATTAITEITAI VIO VO
ETITEVXOEI TO CWOTO TTAKETAPICHA TOU 10U KaI TTOAAOI 10i, KOO KOl AUTOI ME
OXETIKWG MIKPO YEVWHA , KWOIKOTTOIOUV AUTO TOV TUTTO TTPWTEIVNG.

O1 10i JE TEMAXIOHEVA YEVWHATO AVTIMETWITI(OUV £1TITTAéOV TrpOBARMaTa: OEV
TPETTEI VO MTTEI OTO KAWidI0 , HOVO , TO VOUKAEIKSO 0SU TOU 10U KOl VO OTTOKAEIOEI
TO VOUKAEIKO 0§U TOU KUTTAPOU EeVIOTH, AAAG Kal KABE TEPAXIO Ba TTpETTEl va
TTOKETAPICOEI HE TNV CWOTH @OPA TTOU ATTAITEITOI WOTE VA UNV Yivel AdBog
ouvapuoAdynon .

Av HeTPNOOUV OTO NAEKTPOVIKO HIKPOOKOTTIO TA IIKA CWHATIOIN KOI £V OUVEXEIO
METPNOOUV HECW TNG TEXVIKNG TWV OPIOKWYV APAIWCEWYV I TOU OXNHATICHOU
«TTAOKWV» TOTE OIATTIOTWVETAI OTI OTraVIiWG 1I0XUEI N avaAoyia gival 1/1 dnA. oTI
KAOg 11k6 cwpuaTidlo putropei va TTpooBAaAAel Eva kKUTTapo evioTth ( multiplicity of
infection-moi). Auti) n TINR ocuvROwG gival pETAU 10-100 nkwv cwpaTtidiwyv / ava
KUTTOPO EEVIOTH .



2AHA TTOKETOAPICHATOG

Eival ca@ég atrd apKeTEG MEAETEG OTI AKPIPBEG KAl ATTOTEAECHATIKO TTAKETAPIOHA
TOU YEVWHATOG ATTAITEI TTANPOPOPIEG OXI MOVO ATTO TIG YPAMMIKEG AAANAOUYiEG TOU
YEVWHATOG, AAAQ £TTiONG ATTO TTEPIOXES TOU YEVWHATOG OTTOU OI AVADITTAWOCEIG
OnMIoupyouUV deUTEPOTAYEIG DOMEG.

Katd ouveTTela, To KAEIDI YIO TO TTOKETAPIOHUA TOU YEVWHATOG O€ TTOAAOUG 10UG
gival n deutepoTayng OOUNR TOU YEVWHATOG.

‘Eva a1rd ta KOAUTEPA HEAETNMEVA TTOPADEIYMATA PNXAVICMOU TTAKETAPICHATOG
gival 0 166 RNA 0€TIKRG TTOAIKOTNTOG TWV QUTWV, Tobacco mosaic virus (TMV) kai
auTO AOYW TNG OXETIKNAG ATTARG OOMAS TOU 10U, O OTTOI0G £XEI MOVO HIa KUpPIa
TPWTEIVN TTEPIBARMATOG.
2TV TTEPITTTWON TOU 10U TMV, TO 11IKO CWHATIOI0 oxnuaTieTal atré RON
OXNUATIOHEVO CUMTTAOKA TTPWTEIVWYV UTTO Hop@n diokwyv yupw atrdé To RNA Tou
10U.

To RNA 10U 100 peTaél Twv voukAgoTidiwv 5440-5518 éxer Tnv aAAnAouyia OAS
(origin of assembly sequence) ka1 n cuvappgoAdynon ekiva otav Eévag dioKog
£pBel o€ eTTA@N PE TNV OUYKEKPIMEVN aAAnAouyia.

To k6 RNA (VRNA) «trayidgverai» atmd toug diokKoug ol otroiol TrpooTifevTal o
£vag TTavw oTov dAAov oxnuaTtiovrag pia EAIKO N OTroia KAOWG augaveTal QEPEI TO
RNA O0TO E0CWTEPIKO TNG.






YMNOAOXEIZ IQON- ANAITNQPIZH KAl ZYNAEZH

H avayvwpion oTnVv eSWTEPIKA ETTIQAVEIN TOU KUTTAPOU EVIOTH TWV KATAAANAWYV
UTTOOOXEWV YIA TNV KAOE oAda 1wV gival KABOPIOTIKAG ONUACiag yia TV €i0000
Kal ToV TTOAAATTAaCIa0 MO TOU 10U O0TO KUTTAPO EVIOTH. O pOAOG TOU Kawidiou yia
TNV KABE opada 1wv dev gival HOVO va TTPOCTATEUEI TO 1IKO YEVWHA, AAAG £TTioNG
va PEPEI O€ ETTAPN TO 1IKO CWHATIOIO NE TOUG UTTOOOXEIS WOTE O 106 va £10€EABEI OTO
KUTTAPOTTAaoMA Kal va EEKIVAOEl N d1adikacia Tou TToOAAaTTAacIacuou Tou. Ol
OMAOEG 1WV, Ol OTroiEg avadITTAACIAOVTOI OTOV TTUPAVA, PEPOUV OTO KAWiIdIO TOUG
aAAnAouyisg apIvogEwYV Ol OTToiEg avayvwpilouv CHMATA OTOV TTUPRVA TOU
KUTTAPOU EVIOTH, WOTE va 00NYNOOUV TO VOUKAEOKAWidIO TTPOG TOV TTUPAVA,
O1TOU O avadITTAacIaNog Ba AaBel xwpa.

Ta Ikd cwpatidla dev eival adpaveic OopéES. Ta KA cwuaTidia TTEPIEXOUV Eva iy
MEPICOOTEPA EVUHA TO OTTOIO EVEPYOTTOIOUVTAI MOAIG TO IIKO CWHATIOIO EICEADEI
OTO KUTTOPO SEVIOTH.

Mapadeiyparog xapiv, OAA Ta IIKA CWHATIOIO ME APVNTIKAG TTOAIKOTNTOG RNA
YEVWHA, pEpouv padi Toug pia RNA g€apTwpevn RNA tTTOAUpEPAON, HIO TTOU TO
EUKOPUWTIKA KUTTAPO OV dIAOETOUV UNXaVIOHO Yia TTOAUHEPIOHO RNA atrd uRTpa
RNA Kal KOTA CUVETTEIO O AVODITTAOCIOO OGS TOU YEVWHATOS OV UTTOPEi va AdGBEl
Xwpa, av auto To EVUHO O&V TTEPIEXETAI OTO 1IKO CWHATIOI0. TO CUMTTAOKO TNG
AVTIOTPOYPNG HETAYPAPAOTNS TOU IIKOU YEVWHATOG ATTOTEAEI £TTIONG £va OKOMN
TTOAPADEIYHA HETAPOPAG EVCUMIKOU OCUMTTAOKOU ATTd TO 11IKO6 CWHATIOIO0.

O1 peyaAol DNA 10i (eptTnTOIOil KO POX 10i) PpEPOUV HIa TTANOWPA VUMWY OTO 1IKO
aOIATIOIN TOLIC



2YNOWIZONTAZ
2TIG TTEPICOOTEPEG TTEPITITWOEIG, N CUMHETPIA TWV IIKWV CWHATIOIWYV gival €iTe
eAIKOEIONG €iTE EIKOOAEDPIKI) KOI ATTOTEAEITAI ATTO ETTAVAAAMPBAVOUEVEG MOVADEG
TTPWTEIVWV.

*H TTAé0oV OUVONG SOMN TWV TTPWTEIVWYV TTOU TTEPIRBAAAOUV TO 1IKO YEVWHA E€ival N
avTITTapdaAAnAn dopun B- BapeAiou, n oTroia CUVAVTATAI CUVROWG OTA
EIKOOUEOPIKA Kayidia.

*Ta KA cwpaTtidla dev gival adpavr). Ta TTEPICOOTEPA IIKA CWHATIOIA pEpouv Hadi
TOUG £€VCUMA TA OTTOIA Eival ATTAPAITNTA YIA TOV TTOAAATTAACIOCHO TOU 10U OTO
KUTTOPO SEVIOTN.

* 'Evag Baoikog pOAog Tou TTEPIBARMATOS TOU 10U €ival VA TTPOCTATEUEI TO
EUAioONTO YEVWHO VOUKAEIKOU 0EEO0G ATTO QUOIKOUG, XNMIKOUG Kal EVJUMIKOUG
TTAPAYOVTEGS. TO EEWTEPIKO TrEPiIBANHA TOU 10U TTaiIEl £TTIONG ONMAVTIKO POAO OTNV
aAvayvwpeIon TOU KUTTAPOU EVIOTH NECW TWV UTTOOOXEWYV TOU.

*O1 TTPWTEIVIKEG HOVADEG 01 OTTOIEG ATTOTEAOUV TO KAWidIO TOU 10U atroTeAOUVTAI
a1ro TTOAAQTTAG AVTiYyPA@PA HIOG 1 TTEPICCOTEPWYV TTPWTEIVWV.

“Eva 11k6 cwpaTtidlo yia va gival HOAUGHATIKO Ba TTPETTEI va gival CwWoTA
OUVAapHOAOYNHEVO.

*AappavovTtag Utr’ OWIv OTI Eva KWOIKOVIO £XEl MOPIaKO Bapog trepitrou 1000 Kai
OTI KAOE ApIVOEU KATA HECO OPO £XEI MOPIAKO BApog 150, dnAadr, KAOE KWOIKOVIO
MTTOPEI va KWOIKOTTOIEI MOVO TO 15% Kal OTI TO YEVWHA TWV IWV  €ival KATA Kavova
MEPIKEG XIAIADOEG VOUKAEOTIOIA, O 106G Yia AOyoug oIKovouiag Oev €&l AAAN eTTIAOYR
OTTO TO VA KATOOKEUAOEI TO KAWidI0 TOU a1TO TTOAAATTAG avTiypa@a pIag i
TTEPICOOTEPWYV TTPWTEIVWV.



*Ol1 10i OTO EKTOG KUTTAPOU TTEPIBAAAOV gival £CAIPETIKA EuaioOnTOI KOl HTTOPOUV VA
€MI{AOOUV HOVO YIO AiYEG WPEG, EKTOG KAl AV TTPOCTATEUOVTAI ATTO £va TTPWTEIVIKO
TEPIBAAAOV, OTTWG OAIKO aija
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RNA VIRUSES
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Nucleic acid

Virion structure

VIRAL CLASSIFICATION

RNA or DNA
single-stranded or double-stranded
non-segmented or segmented

linear or circular

if genome is single stranded RNA, can it function
as mRNA?

whether genome is diploid (it is in retroviruses)

symmetry (icosahedral, helical, complex)

enveloped or not

number of capsomers



Envelope

Virion polymerase

Comments and some

PARVOVIRIDAE

HEPADNAVIRIDAE

PAPILLOMA-
VIRIDAE *

POLYOMA-
VIRIDAE *

ADENOVIRIDAE

HERPESVIRIDAE

POXVIRIDAE

20nm

42nm

40-60nm

40-60nm

80nm

190nm

200nm x 350nm

examples

Include adeno-
associated virus,
human parvovirus B19.

DNA replicates via an
RNA intermediate.
Includes hepatitis B
virus which may
increase risk of
hepatocarcinoma.

some members cause
warts, some associated
with increased risk of
cervical cancer

SV40, some members
cause PML.

More than 40 human
serotypes

Latency common.
Includes herpes
simplex type 1 and 2,
varicella zoster virus
(chicken pox, shingles),
Epstein Barr virus
(infectious
mononucleosis),
cytomegalovirus.

Vaccinia, smallpox,
COWpPOX

viruses Cytoplasmic,
very complex.



RNA VIRUSES - POSITIVE SENSE

Envelope

Size Virion polymerase

Comments and some examples

PICORNAVIRIDAE

CALICIVIRIDAE

TOGAVIRIDAE

FLAVIVIRIDAE

CORONAVIRIDAE

RETROVIRIDAE

30nm -

35nm -

60-70nm -

40-55nm -

75-160nm -

100nm +

Includes enteroviruses,
rhinoviruses, coxsackie virus,
poliovirus, hepatitis A virus

gastroenteritis, Norwalk agent
probably a member

Alphavirus genus: includes
western equine encephalitis virus
(WEE), eastern equine
encephalitis virus
(EEE),Venezuelan equine
encephalitis virus, Chikungunya
virus, Sindbis virus, Semliki
Forest

virus Rubrivirus
genus: contains only rubella virus

Include yellow fever, dengue,
Japanese encephalitis, St. Louis
encephalitis viruses, etc. Have
only recently been given family
status (formerly classed with
Togaviridae).

Estimated responsible for 10-30%
of common colds

Have reverse transcriptase, some
members oncogenic in animals.
HIV is a member. Diploid
genome.



RNA VIRUSES - NEGATIVE SENSE

Comments and some
examples

Envelope Size Virion polymerase

These include rabies
RHABDOVIRIDAE H + 60 x 180nm N virus, ygsmglar

stomatitis virus, Mokola

virus, Duvenhage virus

Includes Newcastle
disease virus,
parainfluenza viruses,

PARAMYXOVIRIDAE H + 150-300nm + :
mumps virus, measles
virus, respiratory
syncytial virus
Influenza type A and B
ORTHOMYXOVIRIDA H N 80-120nm N viruses have segmented
E genome. They steal

mRNA caps

Over 86 members, most
have arthropod vectors.
Members include
California encephalitis,
LaCrosse, Crimean-
Congo hemorrhagic
fever, and Rift Valley
BUNYAVIRIDAE H + 95nm + fever viruses. Members
of the hantavirus genus
(includes agents of
Korean hemorrhagic
fever, human pulmonary
syndrome in USA) seem
to have rodent vectors.
Segmented genome.

Includes lymphocytic
choriomeningitis, Lassa,



RNA VIRUSES - DOUBLE STRANDED

Comments and some
examples

Envelope Virion polymerase

The reoviridae
include the reovirus,
rotavirus and
orbivirus genera.
Human reovirus
infections are apparently
asymptomatic.,
Members of this group
REOVIRIDAE i o * that affect humans
include Colorado tick
fever virus (orbivirus)
and human rotaviruses
(can cause
gastroenteritis). All of
these viruses have
segmented genomes.



FTENQMATA

AOMH KAl TOAYINAOKOTHTA TQN IIKQN TFENQMATQN
To VOUKAEIKS 08U a1Td TO OTT0io ATTOTEAELITAI TO 1IKO YEVWHA pTTOpPEi Va €ival RNA
N DNA povOokAwVo R SikKAwvo, EUBUYPAUHO , KUKAIKO N TEMOXIOHMEVO.
Ta JOVOKAWVO 1IKA YEVWHOTO MTTOPEI va gival:
0eTIKAG TTOAIKOTNTAG (+ ), ONAAdN TNG idIaG TTOAIKOTNTAG ME TO MRNA,
apPVNTIKAG TTOAIKOTNTAG (-),

N ap@oTepoonuo (ambisense) dnA. éva HeEiypa auTwy Twv dUO.
Aegdopévou OTI 01 10i ATTOTEAOUV EVOOKUTTAPIKA TTAPACITA IKAVA va
AVTIYPA@OVTAI HECO OTA KATAAANAQ KUTTAPO SEVIOTEG, TO YEVWHO TOUG Oa TTPETTEI
va TTEPIEXEI TTANPOPOPIES KWOIKOTTOINUEVEG OE TETOIO MOP@PI WOTE VA UTTOPEI va
avayvwpioOegi Kal va atroKwOIKOTTOINOEI aTré TOV CUYKEKPIMEVO TUTTO TOU KUTTAPOU
SEVIOTH TOV OTroi0 TTAPACITEI O 106 . O YEVETIKOG KWOIKAG TTOU XPNOIHOTTOIEITAl
atrdé 1oV 16 Ba TrpETTel va TaIpIAdEl | TOUAAXIOTOV va avayvwpileTal atrd 1o
KUTTAPO &EVIOTH.

Opoiwg, Ta onueia €AEyXou Ta OTTOIO KATEUBUVOUV TNV EKPPACT) TWV YOVISiWwV TOU
I0U Oa TTpETTEI £TTiONG va avayvwpifovTal a1Td TOUG NNXAVICMOUS TOU KUTTAPOU
gevioTn.



H épeuva TOU YEVWMATOG €VOG 10U Ba TTPETTEI VA ATTAVTHOElI OTA aKOAouBa
EPWTAMATA :
20vBeon - dnA. DNA R RNA, HovOKAWVO 1] OiKAWVO, YPAMMIKO 1] KUKAIKO.
MéyeBog Kal apiOuég Twy Tepayiwyv (segments)
TeAikég dopég Tou DNA R RNA
NoukA&oTIOIK) aAAnAouyia
IKavoTNTa KWOIKOTTOINONG- AVOIXTA TTAQiCIO avAyvwong
PuBuIoTIKG onueia TNG YOVIOIOKAG EKQPAONG - HETAYPAPN, ETTAYWYEIS , ETTAUSNTEG
, OOMEG KATAANENG TNG METAYPAPNAG KATT.

H dueon avaAuon HE NAEKTPOVIKO MIKPOOKOTTIO, AV gival BaOUOVNHEVO HE YVWOTA
TTPOTUTTA, HTTOPEI VO XPNOIMOTTOINOEi yia va eKTIMNOEI TO HEyEOOG TOU pOPiWV TOU
VOUKAEIKOU 0&£06. O1 nAekTpo@opnoelg Tou TUTToU pulse-field gel electrophoresis

(PFGE) ka1 polyacrylamide gel electrophoresis (PAGE) ytmropouv va
XPNOIMOTTOIN00oUYV YIa TNV aVvAAUOT) IWV PE TEHAXIOHEVA YEVWHOATA.

H KAQOIK YEVETIKA aVAAUOT TWV IWV TWV (WWV BacifeTal KATA HEYAAO NEPOG
oTNV ATTONOVWON KAl OTNV aVAAUCH METOAAAYHEVWY OTEAEXWYV , KOI ETTITUYXAVETAI
ouUVNOWGS XPNOIMOTTOIWVTOS TNV TEXVIK] «TOU KAOAPICHOU TWV TTAAKWV»
(BioAoyik KAwvoTtroinon).






2TNV TTEPITITWON TWV IWV YIO TOUG OTTOioUG OEV UTTAPXOUV KATAAANAO KUTTAPIKA
OUCTAMATA AVATTTUENG O10TI OEV TTPOKAAOUV KUTTAPIKEG AAAOIWOEIG N YEVETIKI
avaAuon TTPOAYMATOTTOIEITAI HEOW TNG MOPIOKNAG YEVETIKNG.

Bioxnuik avaAuon: AvaoToAgig Tng HeETA@PAoNG (6TTwg puromycin Kai
cycloheximide) ka1 Tng petaypa@ng (actinomycin D) yrropouv va
XPNOIMOTTOINOOUYV YIa VO ATTOKPUTTTOYPA@PNOoUV oI pUBUICTIKOI YEVETIKOI
MNXOVIOMOI.

‘EoTiakég avooodoKIpNEG — Focal immunoassays’ :e@appdfovTal yia TNV aviXveuon
IWV JE TNV BoRBgIa AVTICWHATWY OTAV Ol 10i AUTOI OEV TTPOKAAOUV ENPAVEIG
KUTTAPOAOYIKEG AAAOIWOEIG .

Mopiakn) BioAoyia: Kupiwg NECW TNG AVEUPEONG TNG VOUKAEOTIOIKAG aAAnAouyiag
Quoiki avaAuon: H xprion d1a@opwv peBOdWYV nAekTpo@dpnonNg UWnAng
EUKPIVEIOG YIO TNV TOUTOTTOINON YEVETIKWYV TToOAUpop@Iopwy (SSCP, PFGE, DGGE
, TGGE KATT).

Avixveuon eoTiwv peracynUatiopgou ( transformed foci): Trapaywyn €0TiWV
METAOXNHUOATIOMOU O€ KUTTOPO ATTO 10UG TTOU OV TTPOKAOAOUV KUTTOPIKEG
aAAoiwoeilg 6TTwg DNA kKalt RNA oykoyovol 10i.



eveTik6g XApTNG :
Avaouvouaopog HETAEU BUO YEVETIKWYV TOTTWV (YIA 10UG TWV OTTOiWYV TO YEVWHA
Ogv €ival TENAXIOHEVO) .
Avakatavoun (Reassortment) oToug 100G TWV OTTOIWV TO YEVWHA gival
TEMOAXIOMEVO .
XAapT1eG TTEPIOPICHOU HE TNV BoROEIa EVCUNWY TTEPIOPICHOU EIBIKWYV YId
oUYKeKPINEVEG DNA aAAnAouyieg Tou 1IKOU YEVWHATOG.
Ta RNA yevwpaTta JTTopouVv va avaAuBouv Je auTdv Tov TPOTTO £TTioNg META ATTO
TNV Onuioupyia cDNA.

XApTEG HETAYPAPNG: XAPTEG TTEPIOXWYV Ol OTToiEG KWOIKOTToIouV yia MmRNAS
MTTOPOUV VO Onpioupyn@oulv HeTd atrd uBpidiocud Twyv Trapayouevwy mRNAS.
XApTeEG HETAPPOAONG: ME TNV XOPAYNON T.X. padievepyouU 35S TrpIv KAl HETA TNV
XOPNYNON avaoTOAEWV TNG EVAPENG TG HETA@PAO NG OTTWG TG Pactamycin €xel
XPNOIMOTTOINOEI VIO TNV XOPTOYPAPNON TTPWTEIVWV.

OpoAoyia OXETIKN) ME TA OTEAEXN IWV :
2TEAEXOG : AIOQPOPETIKEG ATTOMOVWOEIG TOU idIOU 100, T.X. ATTO OINPOPETIKEG
YEWYPOAPIKES TTEPIOXEG ) ATTO DIAPOPETIKOUG 0OEVEIG
TutroI: AI0@OPETIKOIi OPOTUTTOI TOU id10U 10U (TT.X. OIOPOPETIKOI  «PAIVOTUTTOI»
ECOUDETEPWTIKWYV AVTICWHATWV).
NMapaAAayn (variant) : 'Evag 16¢ Tou OTToiou 0 @AIVOTUTTOS DIapEPEI ATTO TO APXIKO
OTEAEXOG AYPIOU-TUTTOU.



TYNOI METAAAAZEQN 22E ENAN 10O
O1 KaTWTEPW METAAAGEEIG HTTOPOUV VA TTPOKANBOUYV giTe HEOW QUOIKAG 000U &iTE
va TTPOKANOOUV TTEIPAMATIKA :
*ATTaAEiPEIS : OI AUBOPUNTES ATTAAEIWYEIG OCUXVA CUCOCWPEUOVETAI OE
TMANOUOHOUG eAaTTWHATIKWY OTeAeXWV ( defective- interfering -D.I.- particles ).
AuTd Ta PN HETAOOTIKA OAAQ OXI ATTAPAITATWG YEVETIKWG adpavh YEVWHOATA
TMIOTEVETAI OTI TTAIOUV ONMAVTIKO POAO OTNV EYKATACOTAON TNnG TrTaBoyévveong
OUYKEKPIMEVWYV AOCINWEEWY . OI YEVETIKEG ATTAAEIYEIS MTTOPOUV pNOVO va
eTavéEAOOUV OTO OTEAEXOG «aypiou TUTTOU» HECW AVOOUVOUOOHOU, O OTT0i0g
ouvnOwg cupBaivel o XOUNAEG OCUXVOTNTEG.
*Avepunveuoipeg (Nonsense): AuTég ol HETOAAAEEIG TTpoEpXOVTal ATTO TNV aAAayn
TNG AAAnAouyiag evog KWOIKOVIOU HE ATTOTEAECHA TNV METATPOTTI) TOU KWOIKOVIOU
o€ €va a1rd Ta aKOAouba Tpia TEPMATIOHMOU TG HETAPPAONS MIag TTPWTEIVNG (UAG,
UAA, UGA).

‘Mop@oAoyia «Tng TTAAKAS AUONG TWV KUTTAPWV»: O1 HETOAAGEEIS NTTOPOUV VA
OnMIoupyouUV oTeAEXN TTOU OXNHOTICOUV HEYAAEG TTAGKEGS ( Apa avTiypA@ovTal TTI0
ypryopa atrd 611 0 Ayplog- TUTTOG) , €iTE va oxNMATICOUV HIKPOTEPEG TTAAKES OE
oX€on HE ToV Ayplo TUTTO ( dpa avriypa@ovTal 1o apyd ).

To péyeBOG TNG TTAAKOG OUXVA OUVOEETAI ME TNV EvaioOnoia oTnv
@eppokpacia (t.s. phenotype ).
 EvaioBnoia otnv Oeppokpacia (t.s.): O1 ueTAAAAGSEIG TTOU gival EVaioONnTES
ouvnOwg TTpoépxovTal atrd Mis- sense HETAAAAEEIS OTIC TTPWTEIVES (ONAadR
UTTOKOTOOTAOEIG AMIVOEEWV), TTOU KATOARYOUV O€ TTPWTEIVEG ME TPOTTOTTOINHEVN
OTEPEOOIANOPPWOT) Ol OTTOIEG AEITOUPYOUV O XOMNAEG OEpUOKPOTiEg
(permissive) aAAG 6x1 o€ uPnAoTeEpEG BeppoKpaoieg (non-permissive).



2UVAROWG 0 Aypl10G- TUTTOG TOU 10U OVTIYPAPETAI YPNYOoPOTEPA ATTO OTI O
METAAAQYHEVOG .

*Cold-sensitive (c.s.): AUTEG o1 METOAAGEEIG ival O1 AVTIBETEG TWV t.S. HETOAAGEEWY
Kal gival XPAOCIMEG YIO TNV HEAETN TWV BAKTNPIOPAYWYV KOl TWV IWV TWV QUTWV
TWV OTToiWV TA KUTTAPO EEVIOTEG MTTOPOUV VA avaTTapaxX0ouv o& XapMNAEG
Oeppokpacies. AvtiOeTa gival TTOAU AIYOTEPO XPHOIMES YIO TOUG 10UG TWV (WWV
OI0TI TA KUTTAPA TWV EVIOTWYV TOUG YEVIKA OEV AVATTTUCCOVTOlI O€ CNMUAVTIKA
XOMNAOTEPES OEPUOKPATIEG ATTO OTI TA PUCIOAOYIKA KUTTAPA.

*AvTtioTpo@eg HETOAAASEIG ( Revertants): O1 TrepIocoOTEPOI ATTO TOUG TTAPATTAVW
TUTTOUG METOAAASEWY PTTOPOUV VA odnyRoouv o€ d16pBwon TG apXIKNAG
METAAAAENG MECW MIOG DEUTEPNG METAAAAENG N oTroia avTIoTAOMI{El Ta
ATTOTEAECHATA TNG TTPWTNG METAAAAENG.



KATAXZTOAH
H KataoToAn €ival n avaoToA] €vog METAAAAYHEVOU QAIVOTUTTOU OTTO MIa OEUTEPN
METAAAAEN KATAOTOANRG, N OTToia UTTOPEl va CcUMBEi OTO YEVWHA TOU 10U.
H KataoToAR PtTopEi eTTiong va gival BIOAOYIKWSG ONUAVTIKE, ETTITPETTOVTOG OTOUG
I0UG va SETTEPACOUV TA APVNTIKA ATTOTEAECHATH OPICHEVWYV HETOAAASEWV.
O1 petaAAayHEVOl 10i HTTOPOUV ETTOMEVWG VA ETTICTPEYPOUV OTOV APXIKO TOUG
@AIVOTUTIO NECW TPIWV TPOTTWV:

*Miag véag HETGAAAENG N oTToia AKUPWVEI TRV TTponyouuevn (back mutation) ko
ETTAVAPEPEI TOV 10 OTOV YEVOTUTTO/@aIVOTUTIO (genotype/phenotype) Tou aypiou
TUTTOU (0ANBIVA avTioTpo®n).

‘Mia 5eUTEPN, AVTICTAOMIOTIKA METAAAOGEN uTTOPEI VO cuuBei oTO id10 YOVidIo OTTWG
Kal N apXIK METAAAAEN Kal n otroia S10pOWVEI KOl ATTOKABIOTA TIG CUVETTEIES TNG
TTPWTNG METAAAAENG .

* Mia HETAAAAEN TTOU KATAOTEAAEI TIG APXIKES ETTITITWOEIG TNG TTIPWTNG O €va
O1a@OPETIKO YOVidIo TOU 10U.

Me1papaTIKWG, o1 YEVETIKEG AAANAETIOPACEIG HTTOPOUV VO avOAuBoUV pE Hia
MEIKTA MOAuvon (utreppubAuvon ) KUTTAPpWYV O€ KAaAAIEpPYEIQ.

Auo TUTTOI TTANPOPOPNONG HTTOPOUV VA ATTOKTNOOUV aTrd TETOIA TTEIPAMATA:
Tnv Katatagn Twv HETAAAGEEWY O AEITOUPYIKEG OMADES YVWOTEG WG ONADES
OUMTTARPWONG
H di1atagn Twv HETAAAGEEWYV O€ Eva YEVETIKO XAPTN HEOCW avAAuong Twv
OUXVOTATWY aVaoUvOUaOoHOoU.



2YMMNAHPQZzH

2 & M1 MEIKTH MOAUVON €vag 106 TTpounBeusl Eva AsIToupyikd yovidlio o€ KATTOIoV
GAAOV 10 0 OTTOIOG €ival EAATTWHATIKOG VI auTO akpIfwg To yovidio (AsiToupyia).
Edv Kai o1 duo HETAAAGEEIG ival EAATTWHATIKEG YIO TNV idla AsiIToupyia, augnon
TOU pUuBuOU avTiypa@ng dev cupBaivel Kal ol duo METAAAGEEIG AéyeTal OTI
BpiokovTal oTnyv idia opdada cupttAfpwong (complementation).
OeWPNTIKA, 0 APIBUOG TWV OHAdWY CUNTTARPWONG Eival iIC0G JE TOV ApPIBUO TwV
YOVISiwV TOU YEVWHATOG TOU 10U.

Y1rapyxouv duo midavoi TUTTol CUUTTARPWONG:

*AAANASpOp PN evdoyovidiak cupTttAfpwon (Allelic intragenic): étav
O10QOPETIKEG METAAAGEEIG £XOUV CUMTTANPWHATIKA EAATTWHATA YIA TV idIA
TTPWTEIVN, OTTWG T.X. Ot OIOPOPETIKEG UTTOUOVADEG MIOG TTOAUHMEPOUS TTPWTEIVNG.
*Mn aAAnAépopen evdoyovidiaky cuutrtAfpwon (Non-allelic intergenic) :
OUMNTTARpwWON OTaV OI METAAAASEIG ME EAATTWHATA TOTTOBETOUVTAI OE OIAPOPETIKA
yovidia. Autog gival o TIo ouvnBiopévog TUTTOG.

OTav n cupttAfpwon cudBaivel oTn UON TTPOKEITAI CUVABWGS yia TnV
TTEPITITWON EVOG 10U aypiou TUTTOU IKOVOU yIid avTiypa@r , 0 omroiog ‘cwder’
Evav eAATTWHATIKO 160 pn SuVvAPEVO va avTiypa@ei OnA. o EAATTWHATIKOG 166

AVTIYPAPETAI .
2 & AQUTEG TIG TTEPITITWOEIG, O 106 aypiou TUTTOU ava@EépeTal ws Bondbntikég 166 .



marker rescue

TK wt HSV




ANAZYNAYAZMOZ

O avaouvduaouog gival n QUOIKR AAANAETTIOpAON TWV YEVWHATWY 1WV KATA TV
OI1dpKEIO TNG UTTEPMOAUVONG, KATOARYOVTOG O€ OUVOUNOHOUG YOoVIdiwv TToU dev
UTTAPXOUV O€ KAVEVA OTTO TOUG KYOVEIG».

YTTapXouV TPEIG MNXAVIOHOI ME TOUG OTTOIOUG AUTO UTTOPEI VO CUMPBEI Kal Ol OTToiol
£CAPTWVTAI ATTO TNV OPYAVWON TOU YEVWHMATOG TOU I0U:
*EvOopnOopIakOG avaouvOuao oG NECW Bpauong Kal ETTAVOOUVOEDNG TOU 1IKOU
vyevwpartog (Intramolecular recombination by strand breakage and re-ligation):
AuTti n d1adiIkacia oupBaivel og 6Aoug Toug DNA kai RNA 100G Twv OTToiwV N
avTiypa®n mITuyxavetal pe evoidpeoco 1o DNA . MioTeleTal 6T pecoAaouv
KUTTAPIKA £vupa.

* EvOoUOpPIaKOG avaouvOUao oG HEOW «ETTIAOYAG avTiypd@ou» (Intramolecular
recombination by ‘copy-choice’): cudBaivel og RNA 100G, TI8avwg HEow eVOG
MNXOaVIOHOU Katd Tov o1roio N RNA TroAupepdon Tou 10U aAAddel HATPO KATA TNV
OI1dpKEIO TNG OUVBEONG TOU YEVWHATOG. OI HOPIOKEG AETTTOMEPEIEG AUTAG TNG
Ol1adiIkaoiag dev gival YVWOTEG .

EAAaTWpATIKG KA ocwpaTtidla (Defective Interfering particles ) mioteteTal OTI
dnuiIoupyouvTtal ouvhOwg HEoW TNG O1adIKACING AUTHG.






O gupUTEPA ATTOOEKTOG HNXAVIOHOG YIa TOV avacuvOuaouo Tou RNA Twv TToAIoiwY
gival o punxaviopog aAAayng pATpag (template switch mechanism) amwé tnv 3D
TTOAUpEPAON KATA TNV OIdpKela TNG (-) ouvleong véou RNA . Z0p@wva HE TN
fswpia auth, 0 avaouvduaouog AauBdvel Xwpa Katd Tnv O1adikacia Tng
EMMAKUVONG €VOG VEOOUVTIOEuEVOU Hopiou RNA (yI autd ava@EPETal KAl WG
aAvVaoUVvOUAONOG avTiypa@ikoU TUTrou). AvaAuTikdtepa, n 3D TToAupepdon, KaATA
TNV ouvleon Tou RNA, ouvavTd KATToI0 £UTTOdIO, ME ATTOTEAEOMO va OTAMATA N
O10dIKaCia TNG ETIMAKUVONG. ZTO ONUEio autd 10 £€viUMO aAAGlEl UTTOCTPWHA KAl
OUVEXi{El TNV avTIiypa@r, XPNOIMOTTOIWVTAG, WG MATPA, Eva eVOAAAKTIKO 11IKO RNA.
‘Exel rpotadei, 611 TOo £urddI0, TTOU CUVAVTA N 1K TTOAUJEPAON, UTTOPEI va €ival
MIa OguTEPOTAYNS OOMN QPOUPKETAG, N OTToia OXNUATICETOI ATTO TNV TTapoucia
AAANAOUXIWYV HE AVTIOTPOPN CUNTTANPWHATIKOTNTA .

To amrotéAeopa gival va JeTandd n 3D mToAupepdon atd 1o Eva HOPIO OTO AAAO.
H atmroyn autn evioXuOnke atrdé Tnv Traparnpnon, 6Ti 0 avaocuvOuaouOG TTPOAYETAI
OTA TTAICIO TWV HEIKTWV CUMUTTAOKWYV avTIypa@ng, Ta oTfroia gival TTOAUTTAOKA
OUCTHMATA AVTIYPAPNG ME TTEPICCOTEPA ATTO £Eva popia RNA.

To atmrotéAecpa PTTOPEI va €ival n dnuioupyia e€vog XIMaAIpIKOU popiou S2/S1
S2/S3, S3/S2 , S3/S1 kai oAU oTtaviotepa S1/S2 , S1/S3 R akéun Kail dITTAd
AVOOUVOUAOHEVA XIMAIPIKA NOpIa OTTWG OTTWG Tr.X. S3/S2/S1.
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O pnxaviop6g avacuvduaopou . OI CUVEXEIG YPAMMES AVATTAPIOTOUV T duo HopIa
RNA 1TOU, XPNOIMEUOUV WG MATPES avaouvduacuou. O1 duo avTioTPOPES
ETTAVAARYEIG Eival OI A KAl a’, EVW Ol CUHTTAYEIG TTAUAEG aTToTEAOUV TIG BEOEIG,
OTTOU TTPAYHOATOTTOIEITAI O AVOCUVOUAOHOG. H OIOKEKOMMEVN YPAMMA ATTEIKOVICEl TO
TTapayopevo avaouvouaopévo RNA Tr.X. TUTTOU S2/S3.



Avakaravoun (Reassortment) :0€ 100G TwWV OTTOIWYV TO YEVWHA €ival TEHAXIOHEVO ,
TO TEMAXIO TOU YEVWHOTOS MTTOPOUV «VA OVOKATEUOVTOI TUXAia» KATA TNV
OI1dpKEIa TNG UTTEPUOAUVONG.

O1 amoéyovol 10i AapBdavouv (TouAdxioTov) Eva atrd KAOE TEYAXIO TOU YEVWMATOG,
aAAG TIBavwg ox1 atrd Eévav poévo yovéa. MNa mapadeiyua, o 166 Tng MNpitrng A
(influenza virus) &€xel oXTw TEPAXIA (genome segments), ETTONEVWG CE HIO MEIKTNA
MOAuvon, NTTOPOUV Va uTTdpyxouv 2 8 =256 lavoi artréyovol 10i.

O1 pynxaviopoi autoi odnyouv TNV dnUIoUPYia YOVISIOKWY OVOKATOVOMWYV
(reassortants).

REASSORTMENT
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Attenuated Donor
Master Strain

Attenuated Vaccine Strain: Codt
of Virulent strain with Virulence
Characteristics of Attenuated
Strain

New Virulent
Antigenic Variant
Strain



2TO AVWTEPW TTAPAdEIYUA Eva EMPBOAIOKO £cacBevnuEVo {wvTavo OTEAEXOC YPITING A (
OTO APIOTEPO AKPO WE TOUG avTiyovikoUug kaBopioTEC HA kal NA pe TTOPTOKAAI KAl KOKKIVO
XPWHa avTioTolxa ) MOAUVEI TO idI0 KUTTAPO UE Eva OTEAEXOG aypiou TUTTOU ( OTO OECi
AKPO ME TOUG avTiyovikoug kaBoplioTEc HA kail NA e KiTpivo Kal TTpAoIvo Xpwua
avTioToixa).MeT1d Tnv avakatavoun Twv 8 yovidiwv TTPOKUTITEI EVa VEO OTEAEXOC YPITTNG A
ME 6 yovidia aTrd 10 eUPOAMIOKO e€aoBevnuévo (wvTavo OTEAEXOC ( ME BaAaoai Xpwua )
aAAG JE TOUG QVTIYOVIKOUG KaBoploTéC aypiou TUTTOU HA Kal NA pe TTopTOKaAi Kal
KOKKIVO XpWHa avTioToIxa.

Ol avaKATOVOMEG TWV YOVIBiwv oToV 10 TNG Mpitrng A £€Xouv odnynoel O& TTAYKOOUIES ETTIONMIES 1) KAl
TTAvONMIEG Ol OTTOIEG £XOUV ETTIPEPEI TOV BAVATO O EKATOMMUPIA AVOPWITOUG.

ONOMA ETOZ @ANATOI TE EKATOMMYPIA YHOTYIOI
POTIKH HAZIATIKH TPIMTH 188990 1 mBovire H2N2
ISMANIKH 1918-20 40 HIN1
AZIATIKH 1957-58  1-15 H2N2
T'PIITH TOY 1968-69 075 H3N2
Hong Kong

MANAHMIEZ Ol OMOIEZ MPOKAHOHKAN AMNO ZTEAEXH IQN I'PIMHZ A


http://www.answers.com/topic/h2n2
http://www.answers.com/topic/h1n1
http://www.answers.com/topic/h2n2
http://www.answers.com/topic/h3n2
http://www.answers.com/topic/h3n2

OpOBopvéoroi

I'évog OpoTvmor 1] vréTVTOL EEVIOTEG

HINI, HIN2, H2N2, H3N1, H3N2, H3NS8, H5N1, H5N2, AvOpomog ,
Influenzavirus A HSN3, H5N8, H5N9, H/N1, H7/N2, H/N3, H/N4, H/N7/, Yoipog, mtnvd,

HION2, H10NY aroyo

Influenzavirus B Kvping

avlpommog

Influenzavirus C AvOpomog , yoipog



http://www.answers.com/topic/influenzavirus-a
http://www.answers.com/topic/h1n1
http://www.answers.com/topic/h1n2
http://www.answers.com/topic/h2n2
http://www.answers.com/topic/h3n1
http://www.answers.com/topic/h3n2
http://www.answers.com/topic/h3n8
http://www.answers.com/topic/h5n1
http://www.answers.com/topic/h5n2
http://www.answers.com/topic/h5n3
http://www.answers.com/topic/h5n8
http://www.answers.com/topic/h5n9
http://www.answers.com/topic/h7n1
http://www.answers.com/topic/h7n2
http://www.answers.com/topic/h7n3
http://www.answers.com/topic/h7n4
http://www.answers.com/topic/h7n7
http://www.answers.com/topic/h9n2
http://www.answers.com/topic/h10n7
http://www.answers.com/topic/influenzavirus-b
http://www.answers.com/topic/influenzavirus-c

AMNEIKONIZH THZ OPOAOrI'IAZ H OMNOIA XPHZIMOMOIEITAITIA TON
XAPAKTHPIZMO TQN ZTEAEXQN IPIMNMHZ A

Type of nuclear
material

S ' Neuraminidase
im

Hemagglut
A/Fujian/411/2002 (H3N2)

RN

Virus Geographic Strain Year of Virus
type origin number isolation subtype


http://en.wikipedia.org/wiki/File:InfluenzaNomenclatureDiagram.svg

The genetic change that enables a flu strain to jump from
one animal species to another, including humans, is called “"TANTIGENIC SHIFT."
Antigenic shift can happen in three vways:

The nevv strain
may further
evolve to spread
from person to
Prerson. If so, a
flu pandemic
could arise.

&> without
undergoing
Bird influenza A strain\ genetic change.,
a bird strain of
influen=za A can
jump directly
from a duck
or other aquatic
bird to
humans.

Human influenza A strain

antigen antigen

@ A duck or other

aquatic bird passes a bird
strain of influenza A to
an intermediate host
such as a chicken or pig.

©©

Without
undergoing
genetic change.
a bird strain of
influenza A

can jump
directly from a
duck or other
aquatic bird to
an intermediate
animal host and
then to humans.

@ A person passes a HA
human strain of @nt:gen antigen

influenz=za A to the
same chicken or pig. (Note that reassortment can
occur in a person who is infected with two flu strains.)

VWhen the viruses infect the same cell,
the genes from the bird strain mix
with genes from the human

strain to yield a nevv strain.

Viral entry
intermediate host cell/

The nevv strain
. can spread
Nevt_/ influenza from the

strain intermediate
host to
humans.

Intermediate
host cell

Genetic miixing
for NIAID

Link Studio

Intermediate
host (pig) S




2XEAIAZMOZ ETHZIOY EMBOAIOY KATA TQN IQN THZ I'PINMHZ A&B
H oUvBeon Tou guoAiou katd 1o £€Tog 2008-2009 ( BOPEIO NMICPAiIPIO) CUNPWVA
ME TIG 0dnyieg TnG Naykoéopiag Opyavwong Yyegiag (MOY) ATav:
A/Brisbane/59/2007 (H1N1)-like virus;
A/Brisbane/10/2007 (H3N2)-like virus;
B/Florida/4/2006-like virus (B/Florida/4/2006 ka1 B/Brisbane/3/2007 )

H cuoTaon Tou gpoAiou kaBopiletal KABE atrd YeyYAAO apIOPO ETTOXIAKWY OTEAEXWYV TA
OTTOiIa ATTOOVWONKAV TO TTPONYOUMEVO £TOC KAI XOPAKTNPIoBNKav avTiyovikd . ETol o€
947 etroxiak& oTeAEXN YPITTNG A €up£On OTI Ta OTEAEXN QUTA TTpooouoialay JE TO
eMBoAIakS aTEAexocC influenza A (H1N1) (A/Brisbane/59/2007). 2 162 etToxiaka
oTeAéXn influenza A (H3N2) cup€Bn opoiwg oT11 TTpocouoialav e To ENPOAIAKO OTEAEXOC
A (H3N2) (A/Brisbane/10/2007). EiTTAéov atropgovwOnkav kai xapaktnpiobnkav 84
oteAéxn influenza A (H1N1) ta otroia Trpocopuoialav avTiyovIKwG HJE TO OTEAEXOG
A/California/07/2009 (H1NL1.



2XETIKA JE TNV YPITIN B Ta 0TEAEXN TA OTTOIO ATTOPOVWONKAV KAl XapaKTNpiodnkav kata
TNV idla XpovIkn 1TePiodo avkav oToug utroTuTtoug B/Yamagata/16/88 and
B/Victoria/02/87 . E¢ autwv 61 o1eAéxn influenza B avrkav atov uttétutto B/Yamagata
Kal TTpocouoialav e 1o epBoAIakd oTéAexoc B/Florida/04/2006 kai yia Tov Adyo autd 1a
oT1eAéxn B/Florida/4/2006 kan B/Brisbane/3/2007 cuptrepIA@OnKav oTo €UBOAIO .
Opoiwg akoAouBwvtag TNV idia yeBodoAoyia n MOY kai yia To VOTIO NUICPAipIO
OuvEOTNOE va OUPTTEPIANPOOUV Ta akOAouBa oTeAExn katd Ta £t 2008-20009.
A/Brisbane/59/2007 (H1N1)-like virus;
A/Brisbane/10/2007 (H3N2)-like virus;
B/Florida/4/2006-like virus

Kara ta £€tn 2009-2010 n MNOY cixe mrporteivel Tnv 12 @eRpouvapiou Tou 2009 To
gMBOAIO va TrepIAAUBAVEI TO OTEAEXN :

A/Brisbane/59/2007 (H1N1)-like virus;
A/Brisbane/10/2007 (H3N2)-like virus;
B/Brisbane/60/2008-like virus.

Acdopévou Ot To oTéAexoc A/Brisbane/59/2007 (H1N1)-like virus, dev dnuioupyei
IKQVOTTOINTIKA avoaoia EvavTl TnG VEAC YPITING TwV X0ipwv, N OTToia TTapouUCIAcBnKe Tov
MapTio Tou 2009 kai éAafe TTaykOopia eCATTAwon , £va vEo gUPOAIo influenza A véou
uttoTuTIoU ( HIN1T) TTaOpaoKeuAoONKE TO OTTOIO AVAMEVETAI VA TTAPEXEI IKAVOTTOINTIKNA
avoaia.



http://en.wikipedia.org/wiki/Influenza_A_virus_subtype_H1N1
http://en.wikipedia.org/wiki/Influenza_A_virus_subtype_H1N1

MH- TENETIKEZ AAAHAENIAPAZEIZ METAZY IQN

H pn- yeveTikp aAAnAetTidpaon n otmoia cuviOwg TrapaTtnpEeital HETAEU 1WV Eival
n apeutrodion ( interference). Auti n d1adIKaCia TTPOEPXETAI ATTO TV AVTIOTACN
oTNV UTTEPMOAUVON a1TO £vav 10 TTOU TTaPATNPEITAI OE ON MOAUCHEVA KUTTAPO
a1roé aAAov 16. Avaloyn Trapeptrodion (dnAadn, evavria otov idio Tov 10) cuxva
TTPOEPXETAI ATTO TNV TTApoucia Twv D.| oTeAexwyv Ta oTToia avraywvifovTal yia Ta
ATTOPAITNTA KUTTOPIKA CUCTATIKA Kol EYTTOOICOUV TNV AVTIYPA®PK).

Ta @aivoTtuTrika peiypata (Phenotypic mixing) Miropei va TroikiAouv atrd
OKPAIEG TTEPITITWOEIG, OTTOU TO YEVWHA EVOG 10U gival EVTEAWG EYKAWPRIOHEVO HECT
OTO KAWidIo ) 0TO EEWTEPIKO TTEPiIBANMA evog GAAou 10U (pseudotyping),

PHENOTYPIC MIXING
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(4 :
) .
e - PSEUDOTYPE



MEXP!I O€ TTI0 OUODIAKPITEG TTEPITITWOEIG OTTOU TO KAWidI0/ eEWTEPIKS TTEPIBANHQ
TWV atroyovwy (viral progeny) repIEXEl £va HEIYHO TTPWTEIVWYV AaTTd TOV KAOE 10.

PHENOTYPIC MIXING
< Cr

~ e

) r—.\.

s ' 4
J\ § N Z - No changes in genome

possibly altered host range

possibly resistant 1o antibody neutralization

Autd TO pEiypa divel OTOUG ATTOYOVOUG 100G TO @AIVOTUTTIKA XOPOKTNPIOTIKA |,
OTTWG TOV TPOTTIOMNO O OTroiog ELAPTATAI ATTO TIC EVOWMATWHEVEG OTO I1IKO
owpaTidlo TPpwTEiveg . AuTi n dladikacia UTTopEi va cuuBei EUKOAO OTOUG 10UG ME
« YUMVA Kowidlo»  (Xwpig £EWTEPIKO TrEPiBAnpA) , Ta oOTroia €XOouv OTEVN
QUAOYEVETIKI) oX€0on METASU TOUG TT.X , O1A@OpPa OTEAEXN EVTEPOIWYV .



‘MEFAAA’ DNA TENQMATA
AUTOI 01 10i €ival YEVETIKWG TTOAU OUOIOI JE TA KUTTAPA TWV EEVIOTWY TA OTTOIA MOAUVOUV.
[Mapdadeiyua atmroteAouv T1a HEAN TwV olkoyevelwv Adenoviridae kal Herpesviridae.
EPIMHTOIOI (Herpesviridae)

Herpesviridae €ivail pia JeyAaAn olKoyEVEIQ TTOU TTEPIEXEI TTEPICOOTEPA aTTd 100
OIa@OPETIKA MEAN.YTTAPXOUV OXTWw avBpwTrivol eptrnToloi (herpesviruses) , 6Aol
holpAdovTal MIA KOIVI) YEVIKA OOMN YEVWHATOG, N OTToIa DIaPEPEI OE KAETTTOUEPEIECH TNG
OpPYAVWONG TOU YEVWHATOC KAl O€ €TTITTEDO TNG VOUKAEOTIOIKAC aAAnAouyiac.

H oikoyévela dlaipeital O€ TPEIG UTTO-0IKOYEVEIEC OO0V aPOopa Ta BIOAOYIKA TNG
XOAPOKTNPIOTIKA .

Alphaherpesvirinae: Latent infections in sensory ganglia; genome size 120-180 kbp

Simplexvirus » Human herpesvirus 1, 2 (HSV-1, HSV-2)
Varicellovirus Human herpesvirus 3 (VZV)

Betaherpesvirinae: Restricted host range; genome size 140-235 kbp

Cytomegalovirus Human herpesvirus 5 (HCMV)
Muromegalovirus Mouse cytomegalovirus 1
Roseolovirus Human herpesvirus 6, 7 (HHV-6, HHV-7)

Gammaherpesvirinae: Infection of lymphoblastoid cells; genome size 105-175 kbp

Lymphocryptovirus Human herpesvirus 4 (EBV)
Rhadinovirus Human herpesvirus 8 (HHV-8)



O1  epmnroloi  (herpesviruses) €xouv TTOAU peydAa yevwuata ( pEXPl 235 kbp)
YpaupikoU, dikAwvou DNA kal atmroteAouvTtal ammd peydAa kal ouvleTa k& cwuaTtidia
TTOU TTEPIEXOUV TTEPICOOTEPA ATTO 35 1IKA TTOAUTTETTTIOIO. OAa KWOIKOTTOIOUV HIa TTOIKIAIO

evCUPWV Ta OTTOI0 EUTTAEKOVTAI OTNV AVTIYPA®n , METAYPOA®N KAl JETAPPAOT .

HERPESVIRUSES

glycoprotein spikes
= peplomers

tegument

lipid bilayer



Mepika aAAG Ox1 OAQ T YEVWHATA TWV EPTINTOIWV ATTOTEAOUVTAI ATTO QUO YEVWHMIKES
TTEPIOXEG , MIa «hovadikny pakpid (UL) kar pia povadiki kovtr) (US) mrepioxn». Kabeuia
TTEPIOXN TTEPIBAAAETAI ATTO QAVECTPANMEVEC VOUKAEOTIOIKEG ETTAVOANWEIC OTA AKPA TNG .
O1 emmavaAYEIC ETITPETTOUV OOMIKEGC QVOKATATACEIC TWV HOVADIKWY TTEPIOXWYV Kal,
ETTOMEVWG, AQUTA TA YEVWHATA UTTAPXOUV WG £V MEIYMA TWV TEOOAPWV ICOUEPWY, T
OTTOia €ival OAQ  AEITOUPYIKWG IOOTIMA . TA YEVWHATA TWV EPTTNTOIWV ETTIONG TTEPIEXOUV
TTOAATTAEG eTTAVOAQPBAVOUEVEG aAANAOUXiEC Kal, avaAoya HE TOV QPIOUO QuTwv, TO
MEYEBOC TOU YEVWHATOC TWV TTOIKIAWY ATTOUOVWOEWV EVOC OUYKEKPIMEVOU 10U UTTOPEI va
TTOIKIAEl péEXp1 kai 10 Kbp.

HERPES GROUP
possible genome structures

unique long - U, unique short - Ug



To TTPpOTUTTO PEAOC TNG OIKOYEVEIAG TwV EptrnToiwy €ival 0 16¢ Tou ATTAoU £pTTnTa (
Herpes simplex virus - HSV). To yévwua Tou atroteAgital atro trepitrou 152 kbp
dikAwvou DNA , Tou oTroiou N VOUKAEOTIOIK aAAnAouyia eival TTAeov TTARpwG yvwoTr). O
16 HSV Tmrepiéxel epitrou 80 yovidia, Twv OTToiwyv Ta AVOIKTA TTAdioIA
avayvwong oAAnAokaAutrTrovral. QoTdo0, KAOe yovidio ek@pAaleTal atrd Tov O1kd
TOU £TTOYWYEQ .

Ta yevwuaTa Kal TwWV UTTOAOITTWV €PTTATOIWY TOU avBPWTTOU £€XOUV TTAEOV
artroocaenVvioBei TTANPwWC.



Molecular weight 50 million 100 million 150 million

VSV 2isoforms

-
:
1

UL: unique region S: short L: long
IR: inverted repeat DR: direct repeat

oG] or [IGER Y ok OR [B[% | EBV 1isoomn

| HSV 1 and 2 4 isoforms

RIRIEMSENR| | CMV 4 isoforms

HH6 1 isofom




Adenoviridae

To yévwpua Twv adevolwy atroTeAEiTal atrd ypaupiko, dikAwvo DNA 30-38 kbp, 10
aKPIBEC pEyeBOC TOUu OTToIoU dIaPEPEI METAEU TWV dlIaPOpwWV TUTTWYV TOU YEVOUuG . Ta
vevwpata Twv Adevoiwy TrepiExouv 30-40 yovidia .

Immediate
Terminal 3rly genes Late genes
protein '\ ' '
5@ 3! r strand
3’ @ [ strand
L | | L Terminal
Early genes Early genes Early genes  protein
| 1 | 1 1 | ] J
0 5 10 15 20 25 30 35 36-39

@ Academic Press, 2000,



H teAikri aAAnAouxia Tou KGBe KAwvou DNA eival uia aveoTpappévn eTavaAnywn atrod
100-140 bp. Autég o1 dopég cival onuavTtikEG atnv DNA avTiypagry, KabBwg n Tpwreivn
55 kDa, yvwoTt wg TEAIKN TTPpWTEIVN, TTPpoodéveTal OTA 5 TEAIKG AKpa Tou KABE KAWVOU.
Katd tnv didpkeia TNG avTiypa@ric TOU YEVWMATOG, AUTH N TTPWTEIVN AEITOUPYEI WG
EKKIVNTAC , apxilovtag Tnv ouvBeon Twv véwv KAwvwyv DNA . INapoAo TTou Ta yevwuata
Twv adevoliwyv €ival KATA TTOAU MIKPOTEPA ATTO aUTA Twv gpTTNToIWY (herpesviruses), n
EKQPACN TNG YEVETIKNG TIAnNpoopiag eivar TTOAU 1o ouvBetn. Ouadeg  yovidiwv
ekQpalovtal atro Evav TTEPIOPICHEVO APIOPO KOIVWYV ETTAYWYEWVY KAl JECTW EVAANAKTIKOU
daTtiopatoc Ta MRNAs ek@palouv pia TTOIKIAIa TTOAUTTTESIWY aTTO KABE  eTTaywyéa .
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‘MIKPA’ DNA TENQMATA
O1 10i {wwv, parvoviruses kail polyomaviruses.

Ta yevwpara Twv Parvovirus €ival eubuypapua , un Tegaxiopéva ( non- segmented),
MovOokAwva DNA trepittou 5 kb. O1 repIoocdTEPOI KAWVOI €VTOC TOU 1IKOU OCWHATIOIOU
gival €ivai (-) TTOAIKOTNTAG (Sense), aAAG JEPIKOI parvoviruses cuoowpPEUOUY i0€g
TTO0OTNTEG TWV (+) Kal (-) KAwvwy (strands), kai Aol gpavidovral va CUCCWPEUOUV
TOUAQXIOTOV €va apIiBuo BeTIKWV KAWVWY (+). AKOUN Kail o1 IKAVOi yia avTiypaen parvo
l0i TTEPIEXOUV OUO POVO Yovidla : rep, TO OTTOI0 KWOIKOTTOIEI TTPWTEIVEC TTOU EUTTAEKOVTAI
oTnNV avTiypagry, METAypa@r], Kal cap, To OTT0i0 KWOIKOTTOIEI TIC TIPWTEIVEC TOU
voukAgokayidiou. QOTOOO0, N £EKYPACN AUTWYV TWV YOVIDIiwV gival TTIo ouveeTn, BuuidovTtag
o€ TTOAAG onegia TNV €k@pacn Twv AdEvoIwy .

Ta TEAN TWV YEVWHATWY £XOUV TTAAIVOPOUIKES aAAnAouxieg Trepitrou 115 nt, TTOU
oxnuatidouv dopn « @oupkETa -‘hairpins’» . AUTEC o1 OOUEC ival ATTapaiTNTES yIa TNV
Evapecn TNG avTIypa@nS TWV YEVWHATWY, ATTOOEIKVUOVTAG KAl TTAAI TV ONUOCia TwvV
aAANAOUXIWV OTA AKPA TOU YEVWUATOGC.
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To yévwpua Twv polyoma 1wv artroteAeital atrd dikAwvo, KUKAIKO DNA uopio Trepitrou 5
kKbp. H apXITEKTOVIKI) TOU YEVWHATOG Twv Polyoma 1wv €xel HEAETNOEI AeTTTOUEPWG O€
MopIako eTTiTredo. Eviog Tou 11kou cwpartidiou , To DNA Tou 10U TTapouaiadeTal
TTEPIEAIYUEVO ATTO KUTTAPIKEG 1I0TOVEG TIG H2A, H2B, H3 kal H4.

H yEVWUIKI OpYyAVWOT QUTWYV TWV 1LV EXEI ECEAIXBEI yIa vO OUYKEVTPWVEI TV PEYIOTN
TTAnpo@opia (£€1 yovidla) oTo MIKPOTEPO dUVATOV Xwpo (5 kbp) uéow TNG
XPNOIMOTTIOINONG KAl TwV OUO KAWVWVY PE AAANAO-ETTIKAAUTITOUEVA YOVidIa .

VP1

H VP1 kwdikoTtroigital amrd éva
aVvoOIKTO TTAQiolIo avayvwong
(ORF), aAAd ta yovidia VP2 kai
VP3 aAAnAokaAutrtovral £101
woTe 10 VP3 mrepiéxeral yéoa oTo
VP2. H apxfi Tng avtiypa@nig
TTEPIBAAAETAI ATTO UN
KWOIKOTTOIOUOES TTEPIOXEG Ol
otroieg eAéyxouv Tnv petaypaen Ol
polyoma 10i &Triong KwWoIKOTTol0UV
Ta ‘T-avriyéva’, Ta otroia givai
OYKOTTPWTEIVES TTOU AVIXVEUOVTAI
ME TOV 0pO OpoBeTIKWYV polyoma
{wwv TTOU PEPOUV OYKOUG. AUTEG
Ol TTPWTEIVEG TTPOCdEVOVTAI OTNV
aAAnAouyia Tng apxnsg TNG
avTIypa@ng Kal eppavi¢ouv
ouveeTEG OPAOTNPIOTNTEG PUOMIONG
NG AVTIYPAPNAS KAl TNG
METAYPAPAS TWV YOVISiwV TOU 10U



HPV

O110i Twv BnAwudTWV (papillomaviruses) cival pikpoi DNA 10i TTou TTpoKaAOUV OYKOUG
Twv emONAiwv. Ytradpyouv ~130 10i TTou TTpocBAAAouv Tov dvBpwTtro (HPV, Human
papillomavirus) av Kkai, o1 TTEPICOOTEPOI dNUIoUPYoUV KAAONBEIC dykoug, OTTWG T
KOVOUAWMOTA, OPICHEVOI £XOUV OUCXETIOTEI HE KOKONOEIC VEOTTAACIEC KOl CUYKEKPIUEVA
ME KAPKiIVOUC Tou TpaxAAou TNG MRTPAG. AUO 1IIKA TTPOIOVTA TTOU £X0UV Bpebei ot
KapKivoug Tou TpaxnAou (ol TTpwTeiveg E6 kai E7) gival iIkava va aBavoTtotroifjoouv  1a
KUTTOPQA-OTOXOUG.

MExpl OANEPO €XOUV XAPAKTNPIOTEI oTOV AvBpwWTTo TTEPIOCOTEPOI aTTO 130 UTTOTUTTOI EVW
TTEPI TOUG €iKOO1 TTPOCRAAAOUV TO oUpOoYEVVNTIKO TOU ouoTnua. MeTagu auTwy opliouEvOl,
oTTw¢ ol Tutrol HPV High risk : 16,18,26,31,33,35,39,45,51,52,55,56,58,59,68,73,82,83
TTOU OUVAVTIWVTAI 0€ QUOTTAACIEG Kal ETTIOEPUIKNG TTPOEAEUONG KAPKIVOUG
xapaktnpifovral WS «UWNANG ETTIKIVOUVOTNTAG», AAAOI OTTWG
HPV Low risk: 6,11,40,42,53,54,57,66,84 110U BpickovTal KOTA KUPIO AOYO O€
KaAonBeic BAGRBeg, ocuTevy kovOuAwpuata (condyloma acuminata) kol oxeddv TTOTE O€
KAPKIVWHATA, XapakTnpeidovTal W «XAapNANG ETTIKIVOUVOTNTACY» Kal TEAOG HIa TPITN
KAaTnyopia «evolAueonG TTIKIVOUVOTNTAG» TTEPIAAUPBAVEL 1I0UC, OTTWGS ol TUTTol —35, -39,
TTOU UTTOPEI VO AVEUPIOKOVTAI O€ OUCTTANCIEG.



To DNA Twv 1wv HPV gival dikAwvo, KUKAIKO Kal £x&l pEye0og trepi Ta 7900 euyn.

1. To DNA 1wV 1wv HPV uywnAAg emikivouvoTnTag aveupiokeTal oto 90% Twv
TTEPITITWOEWYV KAPKIVOU TOU TpaxnNAou TnNG NATPAOG.
2. 2TIC TTEPICCOTEPES TTEPITITWOEIS KAPKIVOU TOU OUPOYEVVNTIKOU CUCTAMATOG, TO IIKO
DNA Twv 1wv upnAAGg emmikivouvotnTag (HPV-16 kal —18) BpiokeTal EVOWPATWHEVO OTO
YOVIQiWHA TOU KUTTAPOU EeVIOTH. AUTO £XEI WG ATTOTEAEOUA KATA Kavova TN OIAKOTTH TNG
aAAnAouxiag Tou TTAaiciou avayvwons ORF E2 oTtoug 100G auToug.

3. To 1kO yévwua TTEPIAANBAVEI TTEPIOXEC TTOU OVOUACOVTAl «aVvOIKTA TTAdioIa
avayvwone» 1 ORF (Open Reading Frames) kai ol oTroieg dlakpivovTal o€ TTpwiheG E
(Early) ka1 kaBuoTtepnuéveg L (Late).

Alakpivoupe TiIc E1-E2, E4-E5-E6-E7 110U TTEPIEXOUV TNV TTANPOPOPIa YIa TO
OITTAaciacud Tou 10U Kal TaUuTOXpova gival UTTEUBUVEC Kal YIa TO KAPKIVIKO
METAOXNUATIONO TOU KUTTAPOU-CEVIOTH.

O1 reproxég L1 kal L2 KwdIKOTToIoUV yia T OOUIKA TTOAUTTETTTIOI TOU KaWIdiou Tou 10U.
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2TIC TTEPIOOOTEPEG TIEPITITWOEIC KAPKIVOU TOU OUPOYEVVNTIKOU CUOTHMATOG, €XOUUE
EK@PAON IIKWV YOVIOiwV TTOU XaPaKTNPEi(ouv TOUG 10UG UYWNANG ETTIKIVOUVOTNTAG. 2’ QUTEG
TIC TTEPITITWOEIC aAVIXVEUOVTAI METAYPAPA TwV TTEPIOXWV ORF-E6 kai ORF-E7.

| Genome (M.B. circular)
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E2:

MpwTeivn Tpdodeong 1o DNA o€ £€IOIKEUPEVES OAANAOUXIEC KOl OTPATOAOYNON
NG E1 otnv agetnpia Evapgng avriypa@ng = dnuioupyia oupttAdkou =
oTpatoAdynon DNA 1ToAupepdong Kal GAAWYV TTPWTEIVWY JE OKOTTO TNV £€vapcn TNG
avTIYPaPNG
POAo oTn pUBUION TNG METAYPAPNG TOU IIKOU YEVWHPATOG ATTO TOV TTPWIMO
ETTAYWYEQ..

E1:
ApaoTikétnTa 3’-5’ eEAIKAONG
ApaoTikotnta ATPAong
E6 ka1 E7:
Oykotrpwreiveg otoug HPV uwnAou kivouvou aAAd Ox1 otoug HPV xaunAou
KIvOUVOU.
E4 ka1 E5:
PUBuion Twv OWIMWYV IIKWV AEITOUPYIWV
L1 kai L2
Exppdalovral kata TNV OWIun ¢aacn kai oxnuati(ouv ta kawidia.

2 & MOAUVOEIG XaunAoU BaBuou 1o Yévwua Twv HPV upnAou Kivduvou gival ocav
ETICWHA EVW KATA TNV TTPO0O0 0€ KAPKIVWHUA EVOWHOATWVETAI OTO YEVWHO TOU
KUTTApou (ouvhBwg oto E2 ORF) pye atroTéAeoua TRV UTTEPEKPpPAOT Twv E6 kai E7
yovidiwv.



OETIKHZ MNOAIKOTHTAZ RNA IOl
Ta RNA yevwparta €xouv uypnAOTEPOUC puBuouc JETOANGEEWY aTTd OTI Ta DNA dI16TI
AVTIYPAQPOVTAI JE MIKPOTEPN TTIOTOTNTA . ATTOHOVWHEVO BETIKAG TTOAIKOTNTAG (+) RNA
gival aueca HOAUOHATIKO OTav POAUVBOUV euTrabr] KUTTAPA TOU CEVIOTH Qv Kal €ival
TTEPITTOU £VA EKATOUMUPIO POPEG AIYOTEPO JOAUCHATIKO aTTO £va TTANPES  1IKO CWHATIOIO.

PICORNAVIRUSES
To yévwpua Twv Picorna 1wv atroTeAgiTal atro €va JOVOKAWVO, (+) TTOAIKOTNTAG RNA
,7.2 Kb oTouc TTEPIOOOTEPOUC 10UG ( EvTEPOIOI , pIvoloi ) , 8.5 kb oTtov 16 foot-and- mouth
disease viruses (FMDV).
Ta KoIvA XapaKTNPIOTIKA yia OAOUg TOUG picorna 10Ug gival :
 pia pakpid (600-1200 nt) yn petagpacuevn ) un KwdikoTrolouoa Treploxn (UTR A
NCR) o10 5 TEANIKO AKPO TTOU €ival OCNUAVTIKA VIO TNV METAPPOON KAl TNV EVOWUATWON
Tou RNA 010 11IKO ocwuaTidlo
*KQI PIa MIKPOTEPN OTO 3’ PN pETa@pacopéEvn trepioxn (50-100 nt) atrapaitnTtn yia 1NV
ouvOeon Tou KAWVOU apvNnTIKAG TTOAMIKOTNTAG (-) KATA TNV JIAPKEIQ TNG QVTIYPAPNG.
*To 5 UTR TtrepiExel Eva TTAEYyPa deuTEPOTAYWY DOUWYV YVWOTEC HE TNV ovopaadia IRES
(Internal ribosome entry site - eowTePIK B€on TTPOCdEONG TOU PIBOCWHATOC).
To UTTOAOITTO TOU YEVWHATOC KWOIKOTTOIET YIa uévo  TTOAUTTPWTEIVN TTEPITTOU 2100 -
2400 apIvoZEwyY
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eKai Ta SUO GKPA TOU YEVWHATOG £ival TPOTTOTTOINMEVA, TO 5’ atrd pia
MIKPR, Baocikh TTpwTEivn VPg (23 apivoééa) kai To 3’ gival
TTOAUAOEVUAIWMEVO .

IRES

GENOMIC (+ SENSE) RNA

start codon stop codon
for translation for translation



TOGA 10l
To yévwpa Toug ( Togavirus) artroteAeital atrd BeTIKNAC TTOAIKOTNTAC (+) , N TEMAXIOUEVO
(non-segment) RNA trepitrou 11.7 kb.
‘Exel Ta akOAouBa XapaKTNPIOTIKA:
Moiadel ue KuttapikO MRNA 01611 €xel yia 5’ peBuhiwpévn KaAuTTpa (methylated
cap) kal oTto 3’ akpo uia poly(A) oupd .

H ékppaon emmTuyxaveral Je OUO YUPOUG HETAPPACNG, TTAPAYOVTAS TTPWTA U OOUIKEC
TTPWTEIVEC KWOIKOTTOIOUMEVEC ATTO TO 5’ TOU YEVWHATOC KAl KATOTTIV ATTO OOMIKES
TTPWTEIVEC KWOIKOTTOIOUPEVES aTTO TO 3° TOU YEVWMHATOC .

FLAVI 10l
To yévwua Twv Flavi iwv atroteAgital atmd povokAwvo RNA BeTikA¢ TToAiIkoTnToC, 10.5 kb
ME Ta akOAoOUBa XapaKTNPIOTIKA:

270 5’ 10 RNA €ival JeBUAIWPEVO, AANG OTIC TTEPICCOTEPEG TTEPITITWOEIC TO 3’ OEV PEPEI
TNV poly A oupa.

O1 OOUIKES TTPWTEIVEC KWOIKOTTOIOUVTAI ATTO TO 5’ TOU YEVWHOATOGC Kal Ol Un- OOMIKES ATTO
10 3'.

H ékppaon Tou YEVWHATOC OMOoIAleEl JE EKEIVN TWV picorna 1wv dnA. PHEow MIOG
TTOAUTTPWTEIVNG.



CORONA 10l
To yévwpa Twv corona 1wV atroTeAEiTal atrd povokAwvo RNA BETIKNC TTOAIKOTNTOC , uNn
Tepaxiopéevo, Trepitrou 30 kb to otToio €ival kail To peyaAuTepo Twv RNA 1wv. INapouoiadel
Ta akOAouBa XapakTnPEIOTIKA:
To 5’ Tou VRNA egival peBulhiwpévo, 10 3’ @épel poly A oupd kail AsiIToupyei atreubeiag wg
MRNA.
O1 20 kb Tou 5’ TuuaTog Tou VRNA petagppdadovTal TTpwTa yia TV TTapaywyn Mg 1IKAS
TTOAUPEPAOCNG, N OTTOIA JETATPETTEI TO YEVWHA O ApvNTIKAGS TTOAIKOTNTOG. To apvNnTIKAG
TTOAIKOTNTOG YEVWHA XPNOIMOTIOIEITAI WG MATPA YIia TNV TTapaywyrl MRNA, uiag ogipag
MRNAS Ta o1T0i0 OAG £XOUV £V TTAVOUOIOTUTTO ' AKPO TO OTTOIO ATTOTEAEITAI ATTO HIA
aAAnAouxia 72 voukAeoTidiwv n otroia dev peTappaletal Kal KataAnyouv o€ pia 3 poly A
oupq.
KaBe mRNA gival JOVOKIOTPOVIKO.



Picornaviruses:
5 UTR Structural  Non-structural 3° UTR

5 | proteins proteins /3
@gmm
Togaviruses:
5" UTR Non-structural Structural 3 UTR

5 |  proteins proteins /3
D | —(——————— |
Flaviviruses:

5" UTR Structural Non-structural 3" UTR

| proteins proteins

iﬂ

Coronaviruses:
Non-structural
5’ proteins
.—_ .
IR oty (A
Structural
proteins
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APNHTIKHZ TMOAIKOTHTAZX RNA IOl
Ol 10i auToi £XxoUV OXETIKA £Eva HEYOAUTEPO YEVWUA, TO OTTOI0 OUVARBWG €ival TEJAXIOUEVO
Kal EPOUV OTO 1IKO Toug owuaTidlo pia RNA e€aptwuevn RNA tToAupepdaon. Opiauévol
l0i AUTNG TNG KATNyopiag OtV gival auaTnped apvnTIKAGS TTOAIKOTNTAG, AAAG DITTANG
TTOAIKOTNTOC (ambisense), YIag TTou €va JEPOG TOU YEVWMPATOG  €ival  ApVNTIKAG
TTOAIKOTNTAG Kal TO GAAO €ival BETIKNG.
BUNYA [Ol
Ol 10i autoi arroteAouvTal atté HoVOKAWVO RNA apvnTIKNG TTOAIKOTNTAG , TEUAXIOMEVO.
To yévwpa atroteAgital atrod Tpia popia: L (8.5 kb), M (5.7 kb) kai S(0.9kb).
Ta popia autd ival eubuypaupa, av Kal JEoa oTo KO cwuaTidlo TTapoucialovral wg
KUKAIKG AOyw ouleuinc Baoswv.

To 5’ Tunua Tou VRNA dev gival peBuAiwpévo kai To 3’ dev pépel poly A oupd.
2TOUG 10UG e DITTAR TTOAIKOTNTA (ambisense) 1o 5’ Tou KABE TUAUATOG €ival BETIKNAG
TTOAIKOTATAG KAl TO 3’ apvnTIKNG.
2TOUG TOSpO 10UG Povo To THAMAa M TTapouaiddel DITTAN TTOAIKOTNTA.

ARENA 10l
To yévwpua Toug gival povokAwvo eubuypapuo RNA kai atroteAgital atrd duo TuruaTa L
(5.7 kb) ka1 S (2.8) kb, Ta otroia  £X0oUV opyAvwaon JITTAAG TTOAIKOTNTAG WGC AVWTEPW.
PARAMYXO IOl
To RNA Toug €ival apvnTIKAG TTOAIKOTATAG KN TEMaAXIOPEVO pRkoug 15-16 kb. To yévwua
TOUG €ival opyavwuéVo o€ 6 yovidia o€ pia euBuypapun aAAnAouxia he TNV akGAoudn
ocipa (3’-NP-P/C/V-M-F-HN-L-5") .K&B¢ yovidio @épel pia poly A aAAnAouyia oT1o TEAOC
TOU , Mia aAAnAouyia (GAA)  ueTatlu Twv 6 yovidiwv
( intergenic region) kai pia aAAnAouxia «oApa» yia TNV Evapen tng JETAPPACNS oTNV
apxn k&Be yovidiou.



RHABDO 10l
To yévwpa Toug gival RNA apvnTIKAG TTOAIKOTNTAG WN TEPaXIoPEVO prkoug 11 kb, To &
TOU YEVWHATOC QEPEI Mo aAAnAouyia 60 voukAgoTIdiwv un petagpalduevn (UTR). OEpel
5 yovidia o1Tou oTo TEAOC TOU KABE yovidiou uttapxel pia poly A aAAnAouyia kai n
aAAnAouyia GAA peTacu Twv 5 yovidiwv.

Bunyaviruses
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ORTHOMYXO IOl
O1 Orthomyxo 10i atroteAouvTal ard 8 RNA TuAuarta oTtov 10 TNG ypittng A kai B kai 7
TMAMaTa oTtov 10 TNG ypIiTNG C. To RNA gival uoOvOKAWVO apvnTIKNG TTOAIKOTNTOG.
Ta 8 TuRuaTa €xouv KoIvEG aAAnAouxiec o1o 5’ kal 3’ Tou KAOE TUNuaAToG. Ta akpa Tou
KAOE THAMATOC dNUIoUPYyOUV OUCEUCEIC BATEWY E TO ETTOPEVO TUAMA. TO TTAKETAPIOUA
Tou RNA yivetal ye Tnv BorBeia TG VOUKAEOTTPWTEIVNS N OTToIa KWOIKOTTOIEITAl ATTd TO
THAMA 5 TOU YEVWHATOG. KABE TUNUO CUUTTEPIPEPETAI WG MIA YEVETIKWG AVECAPTNTN
Movada. O1 ouleucelc BACEWY OI OTTOIEG TTAPATNPOUVTAI HETACU KABE TUAMATOG
OUVTEAOUV WOTE TO TTAKETAPIOUA TOU YEVWHATOG VA YIVETAI PME  XAMNAO TTOOOCTO
AGBouc. To yévwua Tou 10U TN 'pitrng atroteAcital atrd  12000-15000 voukAeoTidia (nt)
Ta OoTToia KaTavEPovTal o€ 8 Tepaxia.unkous atmo 800-2500 voukAeoTidiwyv.To yéEvwua
TTAPOUCIAlEl TEAIKEG ETTAVOANWEIG OTA AKPA TOU KABE Tepaxiou 12-13 vOUKAEOTIOiwY OTO
5'- dkpo kail 9-11 voukAgoTIdiwv aT1o 3 AKpO.

ORTHOMYXOVIRUSES

helical nucleococapsid (RNA PLUS
N protein)

M1 protein 58



O TEPAXIONOC TOU YEVWMPATOC €ival ATTapaiTnTO¢ MIAC TToOU TO POoVOKAwvo RNA  gival
eCAIPETIKA £UAICONTO O PUOIKOUC Kal XNMIKOUG TTAPAYOVTEG JE aTTOTEAEOMa TOo VRNA va
UNV UTTOPEI va avTIypAQEi, VO HETAYPAPEI KAl VO METAPPAOTE OWOTA. O TEPAXIONOC TOU
VRNA artmo@euyel Ta avwTépw TTPORAAMATA MIAC TTOU KABE TEUAXIO AEITOUPYEI WG
aveEAPTNTO YOVIidIo AUuZAvovTaC ME QUTOV TOV TPOTTO TO OUVAMIKO KwOIKOTTOINONG TOU

VEVWUATOC.
, mRNA
> A G (15-22 nt shorter than vRNA) .
B ) KA oY & ~CAGG 7% L AAAA -
N 3-AGC AAAGCAGG vy AAAA
[ J A
Cap sequence from cellular mRNA

vRNA
(8 genome segments)

¥ -
UCGE UUUCGUCC // /ﬁ GGAACAAGAUGA ~

cRNA
(replicative intermediate) 37

PPPAGCTAAAGCAGG / /. CCUUGUUUCUACU
¢ ]




Segment  Size (nf) Polypeptide(s) ~ Function (Location)

L e B o G e I

2341
2341
2233
1778
1565

1413
1027

890

PB
PB
PA
HA
NP

2

l

Transcriptase: cap binding

Transcriptase; elongation

Transcriptase: (¢)

Haemagglutinin

Nucleoprotein: RNA binding; part of transcriptase
complex

Neuraminidase

Matrix protein: major component of virion
Integral membrane protein - ion channel
Non-structural (nucleus) function unknown

Non-structural (nucleus + cytoplasm) function
unknown



A6yw TnNG XapunAng avrtiypa@ikng mototnTag TG RNA- e€aptwpevng RNA
TTOAUNEPAONG CUMPBAiVEI TOUAAXIOTOV pIa AGBOG EVOWHNATWON VOUKAEOTIOIOU KABE
10.000 Baoeig OnA. o€ KABe KUKAO avTiypa®ng 6a dnuioupyeital TOUAAXICTOV MIO
METAAAAEN / 11k6 oTéAeXOG. AauBdavovTag utrowiv Tnv doun Tou VRNA yevwaTog
MIO HETAAAOQSEN O€ OTTOIOONTTOTE TEMAXIO TOU YEVWHATOG OTaV dUO OTEAEXN
MOAUVOUV CuyXpOVvwG TO id10 KUTTAPO MECW TNG TTIOAVHAG AVOKATAVOUNRG TWV
TEMa)iwv (reassortment ) iowg véeg HETAAAGEEIS va g10axBoUv oTa likaA
CWHMATIOIO TA OTTOIa EVOEXOMEVWG VA TTAPOUCIACOUV VEO TPOTTICHO /KAl VEEG
OVTIYOVIKEG 1I010TNTEG ( AVTIYOVIKE HETATOTTION) KAI VA NNV €EOUDETEPWVOVTAI
TTAEOV TA ITKA CWHATIOIA ATTO TA TTPOUTTAPXOVTA AVTICWHATA € £va OEOOMEVO
TTANGUOO.

H avakatavoun (reassortment) atmroteAEi KATA OCUVETTEIA £V ICXUPO HEOCO £EEAIENG
KOl YEVETIKNG TTOIKIAOMOP@IOG, YEYOVOG TO OTTOi0 AV KAl OXETIKA OTTAVIO
ouuBaivel oToug Tepaxiopévoug RNA 100G.



ANTIZTPOO®H METAIPA®H
To 1970 o1 Howard Temin kai David Baltimore dnuocicucav ouyxpovwg Tnv
TTaparipnon OTl Ol PETPOIOI OTO CWHATIOIO TOUC PEPOUV TO €VCUMIKO OUMTTAOKO
NG RNA etaptwpevng DNA 1mmoAupepdong — TNV avrtioTpo®pn HETAypa@aon.

Ta perpoTpavoTrolOvia HME HEYAAEC OMOIOTNTEC HE TO YEVWHA TWV PETPOIWV
gival aAAnAouxiec oI OTToiEC CUVAVTIOVTAI OTO YEVWHO TWV BNAQOCTIKWY Kal OTA AKPA
Toug evTtoTTidovtal JakpéC eTTavalauBavopeveg aAAnAouxieg (long terminal repeats,
LTRS).

O1 aAAnAouxiec auTEg euTTAEKOVTAl OF .

QaivopevIKA  «auBdpunTEC» METAANAEEIG
2.€ YEVWHIKEG  ETTAVADIATACEIC TOU KUTTAPOU EeVIOTH OTTWG eAAgippaTa (deletions) ,
AVvTIOTPOWYEG ( inversions ), dirAaciaocuoug (duplications) kai JETATOTTIOEIG
(translocations).

O pnxaviouog €vBeaong dnuioupyei €va PiIkPO dITAaciacuo (3-13 (euyn Bacewyv) oTnv
KABe TTAeUpd TNG €vBeonc.

Ta Akpa TWV PETABETWY OTOIXEIWV aTTOTEAOUVTAI ATTO AVTIOTPOPES eTTavaAqyelc 2-50
Ceuyn Bacewv.

Ta METABETA OTOIXEIA EAEYXOUV TNV PETABEDT) TOUG KWOIKOTTOIWVTAG VIO TTPWTEIVEC Ol
OTTOIEC AEITOUPYOUV EiTE Cis (ETTNPEAOVTAG TNV EVEPYOTNTA YEITOVIKWV OGAANAOUXIWY) EITE
trans (emrnpeadlovrag TNV evePYOTNTA ATTOMAKPUOMEVWY OTO YEVWHA AAANAOUXIWV).



TA XTOIXEIA Ty
Ta TrepiocoOTEPa OTEAEXN Saccharomyces cerevisiae TtrepiExouv 30-35 avriypaga
TOU OToIXEiou Ty TOU oOTToiou TO MAKOG €ival 6 kb Kal 010 KGABE AKPO TOU EXEI
emavaAnpeig 245-371 bp.

Ty
|LTR LTR

TYA (gag)

TYB (pol)

Retrovirus
LTR LTR

538

pol

env




EvTioc Twv eTTaVAAAWEWY TOTTOBETEITAI O ETTAYWYEAG O OTTOIOG ETTAYEI TNV PETAYPAPN
evog TuApatog 5,6 kb mRNA. lMNepiéxer 2 yovidia : 1o TYA TO OTT0i0 TTAPOUCIACE
OoMoAoyia PE To yovidlo gag Twv peTpoiwy Kal To  TyB tmou Trapouaiddel opoAoyia e To
yovidio pol. H mpwrTeivn n otroia KwoIKoTtrolgital atrd 10 TYA oXnuartidel pia
oxedov opaipiki doun dlapéTpou 60 nm “virus-like particle -VLP”. To 5,6 Kb
METAYPOAE@O MTTOPEI VA EICEADEI O€ pIa TETOIO QOUN SNUIOUPYWVTAG
EVOOKUTTAPIKEG OOMEG YVWOTEG WG Ty-VLPsS.

H 110 onUavTiKh S10popd METASU TWV PETPOIWV KAl TWV OTOIXEIwWV Ty
gival 011 o1 peTPOIOi €XOUV £va eTTIAéOV yovidio , TO env ,TO OTroio KWOIKOTTOIEI
yia TNV TTPpWTEivn ToUu TTEPIBARMATOG .H TTpwTEivn TOU TTEPIBARMATOG CUVOEETAI
OTOV UTTOOOXEA KOl £TOI ETTETPEYE OTOUG PETPOIOUG VA «ATTOOPACOUVY» ATTO TNV
OTTOKAEIOTIKA EVOOKUTTAPIKE WK TWV PETPOTPAVOTTOJOVIWYV KOl VA ETTEKTEIVOUV
TOV TTANOUO MO TOUG MECW TNG MOAUVONG KOl AAAWV KUTTAPWYV EEVIOTWV.

O1 peTpoloi xapakrnpifovral atroé Oti:
Eivai ditrAo1dgig
H avTiypa@n Toug XpnOIMOTIOIEl WG EKKIVNTH £€va  KUTTAapIKO tRNA
Av Kol TO YEVWMA TOUuG €ival BETIKAG TTOAIKOTNTAG OEV AEITOUPYEI ANECWGS WG
MRNA HETA TNV €i0000 TOU I0U OTO KUTTAPO EEVIOTA.
Av kai RNA 10i n geTaypa@n TOUg TTPAYHATOTTOIEITAI OTOV TTUPAVA TOU KUTTAPOU
SeEVIOTH.
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O1 peTpoioi £Xouv YEVETIKO UAIKS aTtroTeAoUpevo atrd duo avegaptnta poépia (+)
RNA aAucidwyv Kal xapaktnpifovral atrdé TnV rapoucia Tou evCUMIKOU CUHTTAGKOU
TNG AVTIOTPOPNG HETAYPAPAONG ,evOowWMATaons , RNAse H Kal TTpwTedong.

H avtioTpopn peTaypa@daon xpnoigotmroliwvtag éva tRNA wg évauopa £XEl TV
IKavOTNTa va avTiypd@el RNA mrpokeigévou va ouvBéoel DNA. To RNA yiveral
TTPWTA HOVOKAWVO DNA Kal oTn cuvéxela 1o id10 EvUMO CUVBETEI KAl TO
OUMTTANPWHMATIKO KAWVO, ME ATTOTEAEOUO VO £€XOUME OiKAwvo DNA. ZTn CUVEXEIX TO
OikAwvo DNA evowpatwveTal, Je Tn Bondsia tou ev(UpNOU EVOWHATAOT), OTO
KUTTOPIKO YOVISiwHa WG TTPOIOG.

H petaypa@n Tou apxifel HOVO OTAV QUTO EVOWMNATWOEI OTO YOVIOiWNA TOU EVIOTH).
‘ET0o1 n evOowpATWON gival atrapaitnTo oTddio 0TN (WK £€VOG PETPOIOU, KAl YI’ AUTO
N ouxXvoTnNTa EVOWHATWONG €ival TTOAU upnAn. Katd Tnv d1dpKEIa TNG avTioTpoPng
METAYPAPRS , TO OUO HOVOKAWVA BeTIKAG TTOAIKOTNTOG RNA HOpIa TOU 10U
peTaTpETTOVTAl OE OiIKAWVO DNA HOpPIO HEYOAUTEPOU MAKOUG a1md TO 1IKO RNA
ASYyw TOU JITTAOCIOOHOU TWV aKpaiwv eTTavaAQWewyV (long terminal repeats —
LTRS).

Na Tov ToAAATTAACI1AC NS TOU TTPOIOU, TTOAU ONHAVTIKO pOAO TTai{ouv ol
emavaAappBavopeveg aAAnAouyieg Trou UTTApXOUV oTa AKpa Tou RNA, Kal Kat’
ETTEKTAON KOl oTa AKpa Tou DNA TOU TrpOoiou, ol otroieg ovopadovtal LTR (Long
Terminal Repeats). AuTéG TTEPIEXOUV UTTOKIVNTEG (promoters) Kal EVIOXUTEG
(enhancers), TTou divouv Ta avayKaia CAMATA YIO TV HETAYPAEP TOU TTPOIOU O€
RNA. To teAguTaio £xel OITTAG pOAO KaB’ OTI XpNoIHeLEl aP’ evog ws MRNA yia T
ouvleon TWV ITKWV TTPWTEIVWYV Kl @’ ETEPOU WG YEVETIKO UAIKS yia Tn
OnuIoupyia VEWYV AaTTOyovWwY .



H dopn Tou 1ikoU yevwpatog evoég wpipou PeTpoiou

GAG  POL ENVY
cap IR M A

R US Leader U3 R

R Region: eravaAfyeig 18-250nt etravaAapuBavoleveS OTA 2 AKPO TOU YEVWHATOG.
U5: povadikn Un KwdikoTrolouod TrepioXn 75-250nt n oTroia HETAYPAPETAI TTPWTN
(reverse transcribed ), oxnuartifovrag 1o T€Aog 3' TOU TTPOIOU.

Primer Binding Site: 18nt cupTTAnpwWMATIKA TOU TEAOUG 3' TOU £101KOU tRNA TO
OTT0i0 XPNOCIHOTIOIEITAI YIO TRV APXN TNG AVTIOTPOPNS METAYPUAPAS .
Leader: oXeTIKA HeydAn aAAnAouyia 90-500nt , un peTa@paldpevn TTEPIOXN
OMECWG HETA TO ONMEIO EKKIVNONG TNG HETAYPAPNG KAl KATA OUVETTEIA TTOpOUCA
o010 5'T0U IIKOU MRNAS.

Polypurine Tract: gia gikpfy (~10 ) voukAegoTidiwv aAAnAouyxia A/G utredbuvn yia
TNV évapén TnG ouvOleong Tou BeTIKOU KAwWvVOU (+) KaTd TnV S1ApKEIA TNG

AVvVTioTPO@PNG METAYPUPNG.



H dopn Tou yevwparog evog Petpoiou utrdé popen DNA

TTPOIOU
8 O3 PO ENY
U3 Rk 1US Leader T3 B IT=
LTRKR I.TR

Integrated provirus

U3 R uUs _’,_ w3 R B ES

mRNA

R | US ey’ fe— U3 R |— poly(A)




O 166 poAUvel £va VEO KUTTAPO-EEVIOTI) HE OUVTNEN TOU PAKEAOU TOU HE TV
KUTTOPOTTAQOMATIKA MEMBPAVN TOU EVIOTHA KAl aKOAOUOEi N atreAseuBépwon Tou
TTEPIEXOMEVOU TOU 1IKOU CWHATIOU OTO KUTTAPOTTAOOMA.

MMucleary Incalzaton

Tnooating

RINA export

Genomic RINA I B_go Mndiﬁcmiﬂn%. Assemih Ly
S mmma Budding
o Translation _ o -
= --.

H petarporl Tou 11kou RNA o€ dikAwvo DNA gekivdgl &vrog Tou
VOUKAgoKayidiou Katd Tnv digpyacia amreAeufépwong Ttou RNA, €101 TO
«mAONUHa» TNG RNA ggaptwpevng DNA TTOAUNEPAONG OQEIAETAI OTO YEYOVOG OTI
n otepeodIapudépPwon Twv duo KAwvwy RNA gival TETola WoTE Ta SUo AKpa
EKAOTOU KAWVOU va gival TTOAU KOVTA €VTOG TOU VOUKAgoKaWIdiou .



H avriotpopn peTaypagpaon gival To EvCUMO TTou EUBUVETAI YIA T oUvBeon, ME
pATPea TN BeTIKA aAucida RNA (plus strand RNA), ev6¢ CUUTTANPWHATIKOU KAWVOU
DNA 1rou ovopadetal apvnTikl aAucida DNA (minus strand DNA). H avticTpo®pn
METAYPOAPAOTN KATAAUEI KOOI TO HETETTEITA OTAOIA TTAPAYWYRS TOU OikAwvou DNA,
KaOwg 01a0€Tel akOuNn evepyoTnTa DNA TTOAUMEPAONG, N OTTOIA TNG ETTITPETTEI VA
ouvBéoel éva OikAwvo DNA XpnoIpoOTTOIWVTOG WG HATPA TNV ApVNTIKI aAucida
DNA. O 6gUTep0og KAwWvVog DNA autoU Tou dikAwvou popiou ovopdadeTal BeTIKNA
aAucida DNA (plus strand DNA). H avrtiotpo@n HeTaypa@Aaon @EPEl ETITTAEOV KAl
evepyoTnta RNAdaong H, n otroia avayvwpifel wg utréoTpwua 1o UBpidio RNA-
DNA ka1 atroikodopuei To RNA Tou.

To 1kd RNA @£pel ota AKkpa Tou OOPPOTTEG ETTAVAANYEIC TTOU ovoudadlovTal TuApaTta R
(R segments, Tta otroia TroikiANAouv at1ro 10 wg 250 voukAegoTidia). H aAAnAouyia oto 5°
AKPO Tou 10U oupPoAiletal pe R-U5S kai n aAAnAouyia oto 3° dkpo pe U3-R. Ta tpiuara R
XpnoipotroiouvTtal Katd tn ouvBeon Tou DNA, woTte va dnuioupyndouv ol TTIO EKTETANEVEC
OMOPPOTIEC ETTAVAAAWEIC TTOU ATTAVTWVTAI O0TO Ypaupikd DNA ToUu 10U. 2TnV
EVOWNATWHEVN TOU pop@r], To dikAwvo DNA Tou 10U BpaxuveTtal o€ KABe Akpo KaTd 2 bp
TTEPITTOU , YEYOVOC TTOU ATTOTEAEI OCUVETTEIQ TOU UNXAVIOUOU EVOWPATWONG.

H avriotpopn peTaypapdaon xpetaletal Evav eKKivnTh. O @UOIKOG EKKIVNTHAG TNG
gival éva popio tRNA. ‘Eva apdptioto tRNA TOU {evioTH BpioKkeTal HECO OTO IIKO
cowpdatio. Mia aAAnAouxia 18 Bdoewv ato 3° akpo auTtou Tou tRNA Ceuyapwvel Pe pia
Béon tou amreéxel 100-200 Baoelg a1t 1o 5™ Akpo evog atro Ta KA popia RNA. To tRNA
MTTOPEI va euyapuwaoel Kal JE JIa GAAN B€on Kovtd oT1o 5™ Akpo Tou deUTEPOU 1IKoU RNA,
BonBwvTag £101 TO OXNUOATIONO BIPEPWY avAueoa oTa dUo 1IKA puopia RNA.



H avTtiotpo@n uetaypagacn apxilel va cuvBETel DNA atrd yia 8€on mmou atréxer 100-200
Baoeig kaBodika atrd 10 5” AKpPO.
NMwg 6pwg gival duvartov va ocuvtedei To DNA 1TToU avTITTpOOWTTEUEI TO AKEPAIO
yovidiwua Tou 10U;

H avTiotpopn yetaypapdaon YETATTNOA ATTO TN 5™ TTEPIOX OTN 3 TTEPIOXI), METAPEPOVTAG
1O apTiyevéc popio DNA. Meta tn ouvBeon Tou apvntikou DNA, n mrepiox) R oto 5° dkpo
NG uNTPag RNA aTtroikodopeital xapn otnv evepyotnta RNAdong H tng avriotpopng
METAypapaons. H agpaipeon auTthg TN TTEPIOXNS ETTITPETTEI OTO TUNUA R TTOU BpioKeTal
oTo veoouvTiBEueEvo DNA va (euyapwoel Je 1o TUApA R oto 37 dkpo. AKoAoUBwG, n
AVTIOTPOPN UETAYPAPN ouveyieTal, JEOW TNG TTEPIOXNS U3, OTO KUPIO TURMA TOU 1IKOU
RNA.

To amroTéAeoua TNG PETATTAONONG KAl TG ETTAKOAOUONC ETTINNKUVONG €ival va TTPO0TEDEI
éva TuAMa U3 oto 5° akpo. To TpApa tou RNA pe tn doury U3-R-US ovopaddletal pakpida
TepMATIKA eravaAnyn (LTR — Long Terminal Repeat).

To pAkog TnG LTR troikiAAgr atré 700-1.400 bp.
2TO ETTOUEVO OTAdIO XpelaleTal va oXnuaTioTei N BeTikA aAucida Tou DNA kal n LTR oTo
3" akpo. H avtiotTpo@n peTaypapacn KAVEI EKKivnon TNG ouvBeong TG BETIKNAS aAuaidag
DNA a6 éva TuAua RNA 1Tou £XEl TTapauEIVEl HETA TNV ATTOIKOOOUNON TOU apXIKoU
uopiou RNA. Otav 10 éviupo @T1doel 0To AKPO TNG UNTPAC, OAOKANPWVETAI N oUvBeon TNG
BeTIkNC aAucidac DNA. 21n ouvéxela, autr) N aAucida DNA petagépetal oto GAAO GKpo
TNG apvnTIKAC aAucidac. H BeTikA aAucida DNA xpnoipoTtrolei Tnv repioxy PBS yia va
Ceuyapwoel he 1o 3 akpo TG apvnTikAG aAuaidag DNA. AkoAoUBwg, autd TO YEPIKA
dikAwvo DNA u@ioTaTtal cupttAfpwaon Kal Twv U0 KAWVWY TOU, WOTE VA OXNUATIOTOUV
OikAwveC TTepIoxEC LTR o€ kGBe akpo.
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H avriotpopn peTaypa®n €ival gia digpyaoia XOMNARG METAYPAPIKAG TTICTOTNTAG
ME ATTOTEAECHUA VA EICAYEI OTO YEVWHO TWV PETPOIWV HETAAAASLEIS uE UPNAR
ouxvotnta ( 10-3 - 10-4) odnywvTtag O& YEVETIKN TrOIKIAOMOP@Ia .
ETriTAéov OeOONEVOU OTI TO YEVWHA TWV PETPOIWYV gival OITTAOEIOEG gival duvaTov
va CUMBEI avOoUVOUAO OGS METASU TWV OUO KAWVWY . 2TV TTEPITTTWON &€ TTOU Ol
Ouo KAwvol d1a@EPOUV HETAEU TOUG T.X. ATTO MIA HOVO METAAAAEN TOTE O€
TTEPITITWON AVACUVOUAOHOU O 160G O OTroiog Ba TTpoKUWEl Ba gival YEVETIKWG
OI0POPETIKOG Kal a1Td TOUG BUO YOVEIG.

Kard ouvétrela Kal 0 avaouvOuaoudg odnyei O€ YEVETIKA TTOIKIAOMOpP@Ia.
MeTd TO TEAOG TNG AVTIOTPOPNG METAYPAPNRS TO OikAwvo DNA MHETAVOOTEUEI OTOV
mmupnva .Ta rpoidvra Tou Yyovidiou pol gival éva CUNTTAOKO TTOAUTTETTTIOIWY ME
TPEIG €VIUUIKEG EVEPYOTNTEG
avriotpoPng  MpeTaypaaons, RNAse H ( evepydtnTeg Ol OTTOiEG
EMTTAEKOVTOI OTNV QVTIOTPO@N HETAYPAEPN) KOl EVOWHATAONG (integrase)
EVEPYOTNTA N OTTOIA EUTTAEKETAI OTNV EVOWHATWOT TOU diKAwvou TTAéoV 1IKOU
DNA O©OTO YéVWHO TOU KUTTAPOU &EVIOTH WG Trpolou.



H dopn Tou yevwpartog evog PeTpoloU utrd popen DNA 1TpoIou

GAG POL ENV
U3 R U3 Leader U3 R 15
LTR LTR

Integrated provirus

i
o)

R us _’~ U3 R — poly(A)




Q¢ HOVTEAO evOWHATWONG Bewpeital OTI :
Ta akpa LTRs BpiokovTtal TTOAU KOVTA TO £Va ME TO AAAO CUYKPATOUMEVA ATTO TO EVUHIKO
OoUMTTAOKO avTioTpo®ng MeTaypa@daons —RNAse H -Integrase . To ammoTéAeopa NG
EVOWHATWONG gival N atmwAegia 1-2 bp a1rd Ta akpa KABe LTRs ka1  n rpooOnkn
(ekaTépwBev Twv LTRS) emmimrAéov 4-6 bp tpoepxopeveg atrd 1o KUTTAPIKO DNA.
Motevetal 611 n evowpdtwon oto DNA Tou KUTTApOU &eviOoTH YiveTal o€ BEoEIg Aiyo
TTOAU TUXQiEg Kal TTAéoV O TrPOoIOG £SAPTATAI ATTO TO KUTTAPIKO OUCTNHA YIO TV
TEPAITEPW EKPPAC TOU. O HOVOG TPOTTOG YIA TOV 10 YIO VO EVEPYOTTOINOEI KOl VO ATTOKOTTEI
aT1TO TO YEVWMA TOU KUTTAPOU SEVIOTN €ival N METAYPAPR TOU MEOW £vOg TTARpoug ( full
length) MRNA peiov ta dkpa U3 kai US Twv LTRs. Auo avTtiypaga atrdé autd TO 1IKO
RNA (VRNA) 0a evowpatwbouv oTO VOUKAgOKOWidIo TOU I0U.
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H evowpatwon tou ypauuikou DNA kataAveTtal atrd Eva udévo 1rpoidv Tou 10U, TV
Ivteypaon. H ivreypdon dpa 1600 o1o ypauuikd DNA Tou peTpoioU 600 kal oto DNA-
0T0X0. KovTtd 010 AKPO KABE avAoTpopng eTTavaAnNWng UTTApXEl Mia OIVOUKAEOTIOIKN

aAAnAouyia CA, n otroia aT1ToTEAET TO KAAUTEPQ CUVTNPNHUEVO XAPAKTNPIOTIKO TWV AKPWV.
H ivreypdon @épvel KovTd Ta dkpa Tou ypauuikoUu DNA péoa o€ Eva
PIBOVOUKAEOTTPWTEIVIKO CUMTTAOKO Kal Ta HeTaTpETTel a1rd Agia (blunt ends) o€
UTTOAEITTOHEVA (recessive ends), a@aipwvTag TIG BACEIg TTOU BpioKovTal TTEPA ATTO
TO ouvtnpnuévo divoukAegoTidio CA.
To amrotéAeopa TNG avTidopaong auTng ival ouvnBwg N atTwAela 2 Bacewyv atrd KAOe
akpo. O1 BEoeig-oTOXOI ETTIAEYOVTAI TUXAia ATTO TTAEUPAS aAAnAouxiac.

H vteypdon dnuIoupyei ACUPTITWTIKEG EYKOTTEC 0T BEon-0TOX0. H atmrdéoTtaon Twyv
QOUMUTITWTIKWY EYKOTTWYV KAl ETTONEVWGS TO WAKOG TNG aAAnAouxiag TTou etTavalaupBaveral
eKATEPWOBEV TNG BEONG-EvBEONC TOU TTPOIOU ECAPTWVTAI ATTO TO CUYKEKPIMEVO PETPOIO KAl

MTTOpPEI va gival 4, 5\ 6 bp.
Ta 5" akpa 1Tou oxnuaTifovtal atmd 1n Bpauvcon Tou DNA-O0TOXOU EVWVOVTAl OPOIOTTOAIKA
ME Ta UTTOAEITTOMEVA 3™ akpa Tou 1IkoUu DNA.

Ta duo 3° akpa Tou 1iIkou DNA ouvdcovTal he Evav atrd Toug KAwvoug tou DNA-oToxou.
2TN CUVEXEIQ, EVCUNA TOU KUTTAPOU-EEVIOTH ETTIOIOPBWVOUV TIG HOVOKAWVEG
TTEPIOXEG.

Kartd tn d1dpKela TG avtidpaong autig a@aipouvTal ol 2 TTPOESEXOUOES BACEIG
a1ré Ta 5° dkpa Tou 11IKOU DNA, pg aTTOTEAEOHA TO EVOWMNATWHEVO 11IK6 DNA va
Xxaoel 2 bp amwd kabe LTR. Autoé onuaivel atrwAeia 2 bp atrdé 1o apiotepd AKpo Tou
5 TeppaTikoU U3 kai 2 bp atrd 1o de&i dkpo Tou 3™ TeppaTikou U5.

To 1Kk6 DNA evOWHATWVETAI OTO YOVISIWMA TOU EVIOTNA O€ BECEIG TTOU ETTIAEYyOVTAI
TUYAIO.
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*KaBe LTR @€pel Evav utrokivnTr TTou evToTTileTan otnv TepIoxn) U3. O utrokivntg oTnVv
apiotepn LTR guBuveTal yia TV évapén TNG METaypA®Pnic Tou TTPoIou.

*H LTR @é£pel ettiong évav evioxuTtry (enhancer) otnv trepioxry U3, dnAadn pia aAAnAouyia
TTOU EVEPYOTTOIEI UTTOKIVNTEG O€ YEITOVIKEG ME AUTH TTEPIOXEG KAl MTTOPEI va Opa TOOO O€
KUTTOPIKEG OO0 KAl O€ IIKEG AAANAOUXIEG.



2 & avTiBeon peE Toug peTpoIoug o 166 TG nTraTtitidag B (HBV- Hepatoviridae,
hepadnaviruses ) XpnOIMOTIOIEI TNV AVTIOCTPOPN METAYPAPAOT OXI OE APXIKO
oTAdIO TNG aAVTIYPAPRSG OAAAA Aiyo TTpIV TOV OXNHATIOHO TOU 1IKOU cwpaTidiou.

e Caumovises  Hepadnavruses ~ Refrovirse

Cenom DM DM (VA
Pimeor(-ptandonbess RN Poen (WA
Terinal e (LT \o \o l
pecic ntegaion of vis genome Mo \o I



O 16¢ HBV atroteAcital amd o@aipikd cwpatidia diapéTpou 42-47 nm eviog Tou
OTTOIOU TTEPIEXETAI MEPIKWGS OikKAwWvVOo DNA ( TTapoucialovtag Keva - gapped DNA)
KaBwcg etriong kai 10 éviuuo RNA  etaptwpevn DNA  troAupepdon OnA. n avtiotTpopn
MeTaypagpdon. To yévwua Tou 10U HBV atroteAeital atrd Evav apvnTikO KAWVO
Mnkoug 3,0-3,3 Kb kai €va BeTikd KAwvo pnRkoug 1,7-2,8 Kb . O 10¢ TTapayel Tpia
METAypaga pnkous 3,5 , 2,4 kal 2,1 Kb mRNAs Ta otroia €xouv Tnyv idia TTOAIKOTNTA (
METAypAPovTal atrd ToV idl0 KAWVO ) Kal To id10 3° AKpo , aAAG JIa@OPETIKA &' akpa
OnA. dIO@OPETIKA oNnUEia €kKivnong TNG YETAYPAPNAG.

O 16¢ pépel 4 yovidia :

To yovidio C 1O OTT0i0 KWOIKOTTOIEN VI TNV TTPWTEIVN TOU KawIdiou
To yovidlo P TO OTT0i0 KWOIKOTTOIET YIO TNV TTOAUPEPAON
To yovidlo S 710 OTT0I0 MEOW EVAAAAKTIKOU MATIOPOTOC KWOIKOTIOIEI YIa Ta avTiyova
gm@aveiag pre-S1, pre-S2 kai S
To yovidio X TO OTT0i0 KWOAIKOTIOIEI YIa WA TTPWTEIVN trans-evepyoTroiNTA TG METAYPAPNG




10 IOOWHA TTEPIEXEI TOUAAXIOTOV EVA OAOKANPO MHOPIO TNG P (TTOAUMEPOAONG) TTPWTEIVING.
270 KAPPBOSUTEAIKO AKPpO BpioKeTal MIa TTEPIOXK) HE EVEPYOTNTA piBovoukAedong H (RNase H).
H P éxel eriong evepydtnTta DNA- e€apTwpevng DNA tToAupepdong.
To kKawidlo, To OTToi0 £XEI EIKOCAEDPIK CUHMHETPIA, EiVal KATOOKEUOOMEVO aTTd JIEPN
TNG C (core) mpwreivng. To kapBouTteAiké akpo Tng C TTpwTEivng €ival TTOAU BaciKo Adyw
TNG TTAPOUCIAg KATAAOITTWY apYIVivng (aUTK n TTEPIOXT OUVOEETAI OTO IIKO YEVWHA).

O @AKEAOG TOU I0CWHATOG TTEPIEXEI TPIO €ION TTPWTEIVWV: HIKPA TTPWTEIVN (S), pecaia
mTpwreivn (M) kau peydAn mpwreivn (L). O1 rpwreiveg M Kai L gival 1TIo JOaKpIEG EKOOXEG TNG S
TTPWTEIVNG , N oTToia gival N 1o dPOovn. O1 ETIPAVEIOKES TTEPIOXES TWV TTPWTEIVWYV TOU
QAKEAOU ATTOTEAOUV £va AVTIYOVO YVWOTO WG AVTIYOVO ETTIQPAVEING TNG NTTATITIONG B
(HBsAQ).

Mn HOAUOHATIKA CWHATIOIN
‘Eva aocuvBioTo XapakTnpIioTIKO TG MOAuvong ue HBV eival n rTapouacia oTo aipa
OX!I MOVO I00WMATWY, OAAG KOl HEYAAWY TTOCOTATWY UN MOAUCHATIKWY CWHATIOIWY, Ta
otToia atreAeuBepwvovTal atrd Ta JoOAUauEVa KUTTAPA TOU ATTATOC . AUTA Ta owuaTidIa
OEV TTEPIEXOUV VOUKAEOKAWIdIa Kal ATToTEAOUVTAI TTO AITTIdIO KOl IKEC TTPWTEIVES TOU
@akeEAoU. Mepika atrd Ta cwpaTidla auta gival oav iveg Kal AAAa ival o@aipika. Ta un
MOAUCUATIKG OCWHATIA, EIOIKA TA TPAIPIKA, CETTEPVOUV APIBUNTIKWGS KATA TTOAU Ta
loowparta. ‘Exel rpotabei 611 Ta PN HOAUCHATIKA CWPATIA dpouv oav OOAwPa EvavTi
TWV AVTIOWMPATWY TOU CEVIOTH , KAl JE AUTOV TOV TPOTTO TTAPEXOUV OTA IOCWHATA €va
€id00¢ TTPOOTACIOC ATIO TO AVOCOTIOINTIKO CUCTNMA TOU CEVIOTH.

Madi Je Ta I00WPATA KAl TO JN-MOAUCUATIKA CWHATIOIQ OTO Qia JEPIKWYV
MOAUCHEVWY aoBevwyv BpiokeTal Kal Yia SIOAUTH TTPWTEIVN. AuTr N TTPWTEIVN €ival
YVWOTH w¢ avTiyovo e Tng nmratimidag B (HBeAg). Eival TrTapouola pe tnyv mTpwreivn C,
aAAG €xel 10 eTITTPOOBETA KATAAOITTA AUIVOZEWY OTO AUIVOTEAIKO AKPO Kal TNG AgiTtouv 34
aa atrd 10 KapPoguteAIkO akpo. H Asitoupyia Tou HBeAg cival ayvwaoTn.
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2UVTOUQ META TNV MOAUVON OTOV TTUPNVA TWV KUTTApWYV gupiokeTal To DNA TOU 10U
UTTO TNV MoP®Pr] KAEIOTOU KUKAIKOU DNA Kal TTioTeveTal 0TI oxnUaTideTal W €ENG :
2UMTTANPWVETAI O KAWVOCG BETIKAC TTOAIKOTNTAG
H évapén TnG avTiypa®ng YiveTal HECW MIAG TTPWTEIVNG N OTToIa AEITOUPYEI WG EKKIVNTAC
OTOV APVNTIKO KAWVO Kal JEOW €VOG OAIlYOVOUKAEOTIOIOU TO OTIOIO AEITOUPYEI WG
EKKIVNTAG OTOV BETIKO KAWVO Kal 01 QUO AUTOI EKKIVATEC apaIpouvTal.
2Ta AKPA TOU apvNTIKOU KAWVOU UTTAPXOUV ETTAVAANWEIC Ol OTT0IiEG agalipouvTal
Evwon Twv akpwv Twv duo KAwvwy ( ligation).
H dpacoTikOTNTA avTioTpoPng MeETaypapaong n otroia petatpetrel TO RNA og DNA
TTPAYMATOTTIOIEITAI OTO 1IKO CWMPATIOI0 KABWC auTtd oXNUATICETAl OTO KUTTAPOTTAQC Q.



ANTIFPAOH
FENIKH ENIZKOMHZH THZ ANTIFPAOQHZ
KaBw¢ augaveTal o apiBudc Twv 1wV TTOU ATTOUOVWVOVTAI KAl Ol TEXVIKEC avaAuong
BeATiLOvovTal, £yIVE €QIKTO KaTA TNV diapkeia Twv dekaeTiwv 1930-1950 va tagivoundouv
Ol 10i JE BAonN TNV OOMN TwV CWHATIOIWY TOUC.
YT1rdpxouv akoua TTpoBAAuaTa dIAKPIONG METACU IV TTOU Eival JOPPOAOYIKA TTapOuOIO!
OAAG TTPOKOAOUV EVTEAWC aVOUOIa KAIVIKA CUUTITWHATA (TT.X. Ol TTOIKiAOI picorna 10i).

Katd tnv idia xpovikr TTepiodo N avatrtucn Twv opoAoyikwy HeBSdwYV (serology ) £€dwoe
onUavTIkr Borbeia oTnv TAgIvOUNoN TWV 1WV, Kal N Hop@oAoyia Tou cwuaTidiou
ouveXilel va atroTeAei Eva onuavTikG BApa oTny Tagivounon Twv 1wV (MoPPOAOYIKI)

Tagivounon).

210 TTPOCPATA XPOVIA, TTEPICOOTEPN EPPaon £xEl O00ei oTnV oUVBeon KAl OTNV
OOMN TOU YEVWHOATOG TWV IWV KOl OTOUG TTEPIOPICHOUG TTOU UTTOKEITAI N
AVTIYPAE@N TOUG OTO KUTTAPO SEVIOTH (AEITOUPYIKN TASIVOUNOTN)).

H poplaki avaAuon TOU YEVWHOATOG TWV IWV ETTITPETTEI TV YPRYOPN avayvwpeion
TWV {EXWPICTWYV EI0WV TWYV IWV KAl CUYXPOVWG ETTITPETTEI TNV TTPORAEYNn TWV
IOIOTATWYV KAl TNV CUYKPION EVOG TTPONYOUHEVWG AYVWOTOU I} VEOU 10U ME MIa RdN
YVWOoTH OON YEVWHATOG.



Yo jia TeAeoAoyiKf €vvold, 0 HOVOG COKOTTOG TOU 10U €ival va avTIypPAYEl TIG
YEVETIKEG TTANPOPOPIES TOU KAl Eival N GUOT TOU YEVWHATOSG TOU 10U I OTToia Kal
0a kaBopicel TTol0 BRAMATA g€ival ATTAPAITATA YIO VA ETTITUXEI TOV OKOTTO TOU.
MNa Toug 10UG TWV TTPOKAPUWTWY, N AVTIYPAPL AVTAOVAKAA o€ KATTO10 BAOuS ThV

OXETIKN ATTAGTNTA TWV KUTTAPWYV LEVIOTWYV .
Na Toug 10UG TWV EUKAPUWTWYV OTTOU Ol DOHESG gival oUuXVA TTI0O OCUVOETEG, KABE
YEVOG ETTIAEYEI TNV OTPATNYIKA TOU YIA TNV AVTIYPOA®PN.
To yévwpa Tou 10U PTTOPEi va gival TTOAU MIKPO Kal 0 106 KWOIKOTTOoIEi HOVOo TNV
aTrapaiTnTn TTANPOo@oOpPia yia Aiyeg TTpWTEIVEG, Tr.X. parvo 1oi.

AvTiOeTa , peyaAa Kal OUVOETA YEVWHATA, OTTWGS OQUTA TWV POX 1WV, KWOIKOTTOI0UV
a1Té HOVOI TOUG TNV TTEPICOOTEPN ATTAPAITATN YIA TNV AVTIYPAP TOUG
TTAnpo@opia, Kal o 10§ BacileTal HOVO OTO KUTTAPO SEVIOTN YIO TV TTAPOXN TNG
ATTAPAITNTNG EVEPYEIOG KOl TWV PIBOCWHATWY.

O1 10i pg RNA 1p6T10o {WNG KAl éva RNA yévwpua TTou MTTOpPEi va AEITOUPYROEL Kal
ws¢ MRNAS, dgv £XOUV PAIVOMEVIKA TNV AVAYKN VO UTTOUV OTOV TTUPRVA, TTapOAOo
TTOU KATA TNV OIAPKEIA TG AVTIYPAPAS, TTOAAOI TO KAVOUV.

O1 ‘DNA 10i’, 6TTWG avapEéVETaAl, KUPIWG, AVTIYPA@POVTAlI OTOV TTUPRVA OTTOU TO
KUTTAPO SEVIOTAG avTIypda@El Kal To 81K6 Tou DNA Kai 61Tou n BIOXNMIKA HNXAVIKE
yia auTtiv TnV dladikacia gival d1a0£o1un .

QoT1600, HepIKOI 10i ug DNA yevwpuata (Tr.X. poxviruses) O6mwg rpoava@Eépdnke
£XOUV AVATITUSEl €TTAPKNA BIOXNMIKA MNXOVIKH EVTOG TOU IIKOU CWHATIOIOU WOTE
va g€ival IKAVOi va avTiypa@ouVv OTo KUTTAPOTTAOO MO, ME HNOOaMIVA aTTaiTnon aTtrd
TIG AEITOUPYIEG TOU KUTTAPOU EEVIOTH.
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RETROWIRUSES

Sernorme DA - Imfectiwity of Imitial evernt imn
cdependant R A el
RN A
Ppolytmerase
(=reversea
transcriptase)
i wiricom
Plus-stranmnded S MO M—infectious Ravaerse
[l B tranmnscripticn
Need to make mRNA Need to make mRNA

PLUS (POSITIVE) SENSE RNA GENOMES

proteins
I

* (+vel sense MENA ARA

MINUS (NEGATIVE) SENSE RNA GENOMES

protfeins

»* (+ve) sense mENA

|

(-ve) sense genomic RNA

AAA

O1 10i pg RNA 1p6T10o {WNG KAl éva RNA yévwpua TTou PTTOpPEi va AEITOUPYROEI Kal
ws¢ MRNA , dev £XOUV QAIVOUEVIKA TNV OVAYKN VO MTTOUV GTOV TTUPARVA, TTOPOAO
TTOU KOTA TNV OIAPKEIA TNG AVTIYPAPNG, KATTOIOI TO KAVOUV ( pETPOIOI).



Need to make mRkRINA

RETROWIRUOSES

Reverse transcriptase must
be packaged in wirionrn.

Ta évqupa Ta otroia EUTTAEKOVTAI OTO HATIONA TOou MRNA gupiokovTtal oTov
TTUpfiva Kal kKabwg o1 RNA 10i avadItTrAaci1a{ovTal 0To KUTTAPOTTAAo O OEV
MTTOPOUV VA ETTWPEANBOUV BEWPNTIKA TOU HATIOCHATOG.

Etol o1 RNA 10i } 0a TTp€1TEl va JETAVOOTEUOOUV OTOV TTUPAVA TOU KUTTAPOU
gevioth) i) 0a Tpétrel va peTa@pdacouv To MRNA Toug wg pia JEYAAn
TTOAUTTPWTEIVN KaI N OTToia 00 KWOIKOTTOIEI IO MIO TTPWTEACN N OTroia 0a TréWel
TNV TTPOOPOMO TTOAUTTPWTEIVN OE HIKPOTEPEG WPIHMES TTPWTEIVEG TT.X. EVTEPOIOI.



Ofocig avTiypa@ng Tou YeVWHATOS TwV RNA & DNA 1WV OTA EUKAPUWTIKA KUTTAPO

Virus genome Cytoplasm Nucleus
dsDNA Some Some
ssDNA All
dsRNA All

(+) RNA All

(—) RNA (non-segmented genome) All

(—) RNA (segmented genome) All

Retroviruses [(+) RNA]
Pararctroviruses [dsDNA]

|

SSRNA — dsDNA

dsDNA — ssRNA




Ev{upa 1IKAG Kal KUTTAPIKAG TTPOEAEUONG TA OTTOIO CUMMETEXOUV OTOV
KUKAO avTiypa®is Twv RNA & DNA 1wV OTO EUKOPUWTIKA KUTTAPO

Wirus ENZVINesS

IP™WA-dependent DNA polyvmerase
DN A = DMNA

RN A-dependent RINA polymerase
RNA =  RIMNA

RNA-dependent DN A polvmerase
(reverse transcriptase)

RMNA » DN A

Cell enezyvmes

IPDMNA-dependent DN A polvmerase
DMNA » DN A

IDMNA-dependent RINA polyvmerase

(RN A pol IT)
DN A - RMNA
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auBaipeteg diaipéceig ( BApara), TTou

XPNOIMOTToIoOUVTAl €0W Yia TNV OIEUKOAUVON TNG ETTECHYNONS TOU KUKAOU TnG
AVTIYPAPNG EVOS TUTTIKOU 10U TWV OTTOVOUAWTWYV YEYOVOS TTOU UTTOONnAwvel OTi
Oev gival 6Aa Ta avwTépw BARHATa SIAKPITA 0€ OAOUG TOUG 10UG.



NMPOZKOAAHZH
H 1TpooKOAANGN TOu 10U atroTeAEl pia €101k (eUEN MIOC TTPWTEIVNG TTPOOKOAANGCNC TOU
10U O€ £va KUTTAPIKO YOPIo , TOV UTTOO0XEQ TOU KUTTAPOU EEVIOTH.

Ta pépia oTOXOI-UTTOOOXEIS OTIC ETTIPAVEIEG TWV KUTTAPWYV SEVIOTWYV Eival KATA
KOVOVO YAUKOTTPWTEIVEG 1) KAl YAUKOAITTIOIA.
O1 uTTodOXEIC TWV IV KATATACOOVTAl BACIKA O€ 3 HEYAANEC OPADEC HOpiwV :
a) immunoglobulin-like superfamily ( uTtodox€ig 1-4 KATWTEPW) ,
B) utrodoXEig TTOU OXETICOVTAI ME TNV MEMBPAVN Kal
Y) OIOMEUBPAVIKOI HETAPOPEIS .
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1.Poliovirus receptor (PVR)
2.CD4: HIV

3.Carcinoembryonic antigen(s): Coronavirus

4.ICAM-1: yia Toug TTepIocOTEPOUG ECho 100¢6
5.VLA-2 integrin: Echo 10i

6.LDL receptor: yia karroioug rhino 100g
7.Aminopeptidase N: coronaviruses
8.Sialic acid (on glycoprotein): influenza, reoviruses, rotaviruses
9.Cationic amino acid transporter: murine leukaemia virus
10.Sodium-dependent phosphate transporter: gibbon leukaemia virus



O1 10i TWV EUTWV AVTIMETWTTI(OUV £0IKA TTPORARHATA KATA TRV MOAUvon. Kade
KUTTOPO TTEPIBAAAETAI OTTO £va TTAXU OTPWHO KUTTAPIVNG TrOU KOAUTTTEI TV
KUTTOPOTTAQCMATIKA HEMBPAVN. MEXPI OAMEPA, KAVEVAGS 106 QUTWYV OEV Eival

YVWOTO OTI XPNOIMOTTOIEI £EVA OUYKEKPINEVO KUTTAPIKO UTTOOOXEQ TOU TUTTOU TTOU Ol
10i TWV (WWV KAl TWV BAKTNPIWV XPNOIMOTTOIOUV YIA VO TTPOCKOAANOOUV oTa

KUTTOapa. O1 10i Twv QuTWYV Bacifovral oTnV TTapafioon TnG AKEPAIOTNTAG TOU
KUTTOPIKOU TOIXWHMOTOG HE TNV AMEOT £1I0aYWYN €VOG 1IKOU CWHATIOIOU OTO

KUTTOPO. AUTO ETTITUYXAVETAI EITE ME TOV QOpPEA ( TT.X. EVTOHO ) TTOU OXETI(ETAN ME

TNV HETAQOPA TOU 10U EITE ATTAA HE TNV MNXOVIKF KATOOTPO@I TOU KUTTAPOU.



Mepikd a1réd Ta TTI0 KATAVONTA TTOPAdEIYMATA TWV AAANAETTIOPACEWY 10U-
utrodoxéa gival autd Twv Picorna iwv .
O Baocikdg uttodoxéag Twv Pivoiwyv (Human rhinovirus- HRV) gival To poépio
ICAM-1 TO OTTOIO €£ival £éva HOPIO TTPOCKOAANGCNG TOU OTTOIOU 1 (PUCIOAOYIKI)
AgiToupyia gival va cuvO£el TA KUTTAPA CE YEITOVIKA UTTOOTPWHATA. AOMIKWG, TO
popio ICAM-1 gival TTAPOMOIO HE Eva HOPIO avooooPalpivng , M€ oTaBegpég (C) kai
METABANTEG (V) TTEPIOXEG AVAAOYEG HE QUTES TWV AVTICWHATWY Kal Bewpeital
MEAOG TNG UTTEPOIKOYEVEIOG TWV avoooo@alpivwy (immunoglobulin superfamily).
Agdopévou 0TI N KpUuoTAaAAOYypa@IKE) OO TWV KAWIdiWV OPICHEVWYV picorna Iwv
gival yvwoTt €ival duvartov va TpoodiopiocBouv Ta XAPAKTNPICTIKA TNG
oUvOEONG TOU 10U MJE TOV UTTOOOXEN TOU KUTTAPOU {eVIOTH. ZTOUG PIvoioUg Tou
avlpwrtrou (rhinoviruses - HRVS), utrapyxel éva Badu oxioipo yvwoTtoé wg ‘canyon’
oTNV EMIQPAVEIA TNG KABE TPIYWVIKAG TTAEUPAG TOU £IKOOOEOPIKOU Kawlidiou, TO
OTroio oXnMATIi{eTal ATTO TIG YEITOVIKEG ODOMIKEG TTPWTEIVES TOU 10U , VP11, VP2 Kkai
VP3.
Ta apivogéa TTou oXNMATI{OUV TIG ECWTEPIKES ETTIPAVEIEG TOU cCanyon gival OXETIKA
OMETABANTA.

MpoTdBnke 611 AUTEG OI TTEPIOXEG Eival TTPOCTATEUMEVEG OTTO TNV AVTIYOVIKI) TTiEOT
OI10TI Ta HOPIA TWV AVTICWHATWYV E€ival TTOAU HeydAa yia va 10€ABouV oTn OXIOHN .
2NMAVTIKO YEYOVOG £TTiong gival 0TI, PICIKEG AAAAYEG AMIVOEEWY OE AUTO TO ONEio

, TTOPOAO TTOU B ETTETPETTAV OTOV 10 VA {E@PUYEI A1Td HIO avOOOAOYIKH atrdéKpion,

MTTOPOUYV Va diatapdiouv Tnv TTPOcdeot Tou oTOV UTTOOOXEO.
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2TOUG TTOAIOIOUG, UTTAPXEI £Eva TTAPOHOIO canyon To oTroio TTePIBAAAEl Tov 5X
agova CUMMETPIOG TOU Kayidiou.

Atreikovidovral o1 2X, 3X ka1 5X afoveg OCUMMETPIOG Kal ol BECEIC TWV OOMIKWYV
mTpwTeivwyv VP11, VP2 kai VP3 &vog mTpwTouepous. Emriong @aiveralr n avAaka
(canyon) n otroia repIBAaAAel Tov 5X d§ova CUMMETPING.



VP1, 0aAaooi xpwpua; VP2, kiTpivo xpwpua; VP3, KOKKIVo Xpwua; VP4, Trpdocivo
XPWHaA. O1 deuTtepOoTaYEG OOMEG TWV OOHIKWY TTPWTEIVWV (01 a-EAIKEG Kal O1 BnAIEg
€iVal TOVIOUEVEG ME DIO@OPETIKO XPWHA YIA TNV KABE SOMIKA TTPWTEIVN evw TA B-
@UAAQ gival aotrpa)




Ta kapBogUTEAIKG akpa TwV TPIWV TTPWTEIVWYV VP11, VP2 kai VP3 kaBwg Kai ol
TTEPIOCOCOTEPEG ATTO TIG ONAIEG TOUG EKTIOEVTAI OTNV ESWTEPIKA ETTIPAVEIA TOU
Kay1diou Kal TTEPIEXOUV TIG KUPIES avTIYOVIKEG BEoelg (N-Ags) Tou 100. YITApXouv
TEOOEPIG aVvTIYOVIKEG BEoelg , ol N-Agl, N-Agll, N-AglllA kai N-AgllIB.

H N-Agl gival ouvexopevn Kal atroteAgital amrd ta apivogéa 90-105 tng VP1.
H N-Agll gival S10KOTTTOMEVN KOl ATTOTEAEITAI ATTO TA AMIVogEa 221-226 Tng VP1 Kal
Ta apivogéa 164-172, 270 tng VP2.
H N-AglllA atroteAgital atréd Ta apivoééa 58-60 kai 71-73 tng VP3 Kal TEAOG
n N-AgllIB amré ta apivoééa 76-79 tng VP3 kai 1o apivo§u 72 tng VP2.

Ta AvTICWMATA TTOU ETTAYOVTAI KATA TOU opoTUTTou 1 dev e§oudetepwvouv 100%
TNV HOAUOHATIKOTNTA TWV OPOTUTTIWV 2 1 3 KOl AVTIOTPOYA .

AvTifeTa Ta apIvoTeEAIKA dkpa Twv VP1, VP2 kai VP3 Bpiokovtal OTO EOCWTEPIKO
TOU Kay1diou Kal oxnuartifouv éva TePiTAOKO dikTUO ME TNV VP4 n oTroia gival
ouvOoedeNEVN OTO AMIVOTEAIKO AKPO TNG ME TO MUPICTIKO 0SU.

Mia BaBia etTipavelakn KOIAGTNTA TTOU €ival YVWOTH W¢ auAaka (canyon)
TEPIBAAEI pia TTPOEEOXT) OXMATOG ACTEPIOU OTO KEVTPO TOU KAOE TTEVTANEPOUG
agova ocUupMETPIag . AUuTh N aUAaKa aTtroTeAEi T Béon TTpOodeong Tou 10U OTOV

KUTTOPIKO TOU UTTOOOXEX .



NMoAAoi evrepoioi TTPOOdEVOVTAI OTOV TTAPAYOVTA ETTITAXUVONG TNS OaAAoiwong
(decay-accelarating factor) DAF R CD55 , mrou gival HEAOG TNG OIKOYEVEIOG TWV
TPWTEIVWV pUOBMIONG TNG &veEPYOTNTAG TOU OUpTTAnpwuartog. O DAF eival pia
YAUKOTTPWTEIVN OuvOedEUEVN OTNV  KUTTOPIKN MEMPBPAVN HECW YAUKOOUANWMEVNG
PWOPOIVOOITOANG, TIOU ATTAVTA OTN ETTIPAVEIQ TNG TTAEIOPNPIOC TWV OPO-EKTIOEPEVWV
KUTTAPWVY Kal Ta TIPOCTATEUEl ATTO T AUCN TIOU TIPOKOAEI TO CUMNTIANPWHMA, KABWG
ETTITAXUVEI TNV ATTOIKOOOUNAON TWV PETATPOTTACWY ToU KAaoaikou C3 kal C5 povotrartiou
. O DAF artroteAcital ammdé 4 HIKpEG emmavaAaupavopeveg aAAnAouyieg (Short
Consensus Repeats-SCR) kail atrd éva THApA TTAOUCI0 O€ OEPivn Kal Bpeovivn, TO
OTTOi0 CUVOEETAI HE PO POIVOOITOAN .

Al0@opeTIKEG OAAANAeTIOPACEIG €£XOUV KATAYPAPEI KATA TNV TPOcdEcn TwWV
evrepoiwyv otov DAF. 'Etol o Coxsackie A21 (CAV-21) kai o Enterovirus 70 (ENV-70)
TMPOCOEVOVTAI OTNV ATTOMOKPUOMEVN atrd TN MEMPBPAvn aAAnAouxia SCR1 |, evw
O6Ao1 o1 Echo 10i TTou aAAnAemdpouv pe tov DAF tmrpoodévovralr oto SCR3 e
KATTOIOUG aTré auTtoUg va aAAnAemidpouv emimrpdolera pe Tnv SCR2  kail/fj Tnv
SCR4 . MapoéAa autd, amrd povn tng n mwpoécdeon Twv evrepoiwv otov DAF dev
gival APKETA yIa TNV EvapEn VOGS TTAPAYWYIKOU YIO TOV 10 HOAUCGHATIKO KUKAO .

Npoéo@ara avaAuon HE KPUOMIKPOOKOTTIO TNG aAAnAemidpaong Tou 10U Echo 7 pe
Tov DAF, ¢€0e1i§e o611 o DAF 0Oev Ttrpoodéveral oTnvV auUAaka, OaAAd oTnv
utTEPMETABANTA TTEPIOXN TNG VP2 akpIfwg £§w aTtrd Tn «voOTIa» AKPN TNG AUAAKAG
KaBwg emiong kal og utmrepueTaBAnTh trepioxn tng VP3 . Emriong treipduara
KPpUOMIKpoOoKoTTiag £€de1§av 0TI o DAF Trpoodéveral oTtov 160 Echo 12 Kupiwg péow
aAANAemIdOpdoewyv TNG aAAnAouyiag SCR3 pe Tn VP2 .



Kard cuvétreia n aAAnAemridpaocn €vog 100 pE Eévav HOVo utrodoxéa MTTOpPEi va
MNV gival ETTAPKAG YIO TNV €i0000 TOU OTO KUTTAPO.

‘ETol yia Tov evrepold Coxsackie A21 atrapaitntn gival n rapoucia Téoo Tou DAF
600 Kal Tou ICAM-1 wg ocuvUTTOOOXEWV TTPOKEIMEVOU VA apXioEel EVag
TTOPAYWYIKOGS YIa TOV 16 NOAUCHATIKOG KUKAOG . ETriong kartrolol Coxsackie B 10i
Tou TTpoodévovTal oTov DAF atraiTolv wg cuvuTToOoXEiG avB6-IVTEYKPIVES , EVW
KATtrolol echo-10i TTou Xpnoigotroiouv TiI¢ a2B1-1vreykpiveg j Tov DAF wg
UTTOOOXEd, TTICTEUETAI OTI ATTAITOUV WG oUuVvUTTOdOXE TN B2—HIKpOO@AIPiv .

‘Eva dAAo KaAG peAeTnuéEVO TTapAdelypa TNG aAAnAetridpaong 10U- utrodoxéa givai
auTto Tou 10U TNG Mpitrrng ( influenza virus). H aipoouykoAAITivn (haemagglutinin)
oxnuatifel évav amdé Toug OUO TUTTOUG TWV YAUKOTTPWTEIVIKWY TTPOESOXWV
(glycoprotein spikes) oTnv €mi@aveia Tou cwuatidiou Tou 10U TnG MpiTTNG , EVW ©
GAAOG TUTTOG OoXnMATICeETal ATTO TNV TTPWTEIVN veupauividaon (neuraminidase).
Kafe Ttrpoefoxny aiJOOUYKOAAITIiVNG aTTOTEAEITOI ATTO £va TPIMEPESG TWV TPIWV
Hopiwv aigoouyKoAAITivng ( €ival uTtreuBuva yia tnv Tpocdeon oTov utTodoxéa
TOU 10U TnG pitrng , o otroiog ¢ival 1o ol0AIkKO 0o&Uu (N- acetyl neuraminic acid),
TTOU OUVAOWG BPIioKETAI OE MIA TTOIKIAIO YAUKOOIAIWHEVWY MHOPIWV , EVW Ol
TTPOEEOXEG VEUPAMIVIOAONG ATTOTEAOUVTAI ATTO TEPOAMEPN .



Haemagglutinin (HA) trimer: Neuramidase (NA) tetramer:

Receptor-binding site

135A

Active site

Virus envelope




Q¢ ATTOTEAEO A, UTTAPXEI MIKPN E1I0IKOTNTA OXETIKA ME TOV TUTTO KUTTAPOU OTOV
OTT0i0 O 166 puTTOoPEl Va TTPOocdEDEl ( 0 106 TTPOCDEVETAI OE MIA HEYAAN TTOIKIAIQ
OIA@OPETIKWY TUTTWV KUTTAPWYV TT.X. TTPOKAAEI AKOMN KOI OUYKOAANON TWV
EPUOPOKUTTAPWYV) .

To epuBPOKUTTOPO OEV €ival O TUTTOG {EVIOTIKOU KUTTAPOU TOV OTTOio TTPOCBAAAEI O
160G UTTO PUOIOAOYIKEG OUVONKEG, AAAG TTEPIEXEI OTNV ETTIPAVEIA TOU TOV id10 TUTTO
MEMBPOAVIKOU CUCTATIKOU, TO OIAAIKO 0SU, TO OTTOIO TTEPIEXOUV KOl Ol MEMBPAVES
TWV KUTTAPWYV TOU BAEVVOYOVOU TNG OVATTVEUOTIKAG 000U.

ETTopévwg, TO EpUBPOKUTTAPO gival ATTAWG £vag KATAAANAOG TUTTOG KUTTAPOU YiA
TN METPNON TNG OCUYKOAANTIKAG OpaoTnPIOTNTAG.

‘Eva onMAVTIKO XOPOAKTNPIOTIKO YVWPICHA TS AINOCUYKOAANTIVNG TOU 10U TG
YPITTNG €ival OTI TO AVTICWHA TTOU avayvwpeilel TV AINOCUYKOAANTIVN
£EOUBETEPWVEI TOV 10, KAI AUTOG €ival O HNXAVIOHOG ME TOV OTTOIO ETTEPXETAI N
avoaoia.

‘Evag deUTEPOG TUTTOG OKiIOOG OTNV ETTIPAVEIA TOU 10U gival Eva EVCUMO
aTTOKOAOUMEVO veupauividaon. H veupauividdaon d1a01rd 1o ol1aAIKO ogU TnNG
KUTTOPOTTAQCMATIKAG MEMBPAVNG.H veupauividdon ep@avileTal va AEITOUpPYEi

TPWTIOTWG KATA TN O1a0IKACI0 CUYKPOTNONG TOU 10U, KATACTPEPOVTAG TO CIOAIKO
o0&V TWV MNEMBPAVWYV TOU EVIOTI TO OTTOIO JIA@OPETIKA Ba EUTTOOIE TN CUYKPOTNON
TOU 10U.



H TTpoOKOAANCN O& KUTTAPIKOUG UTTOOOXEIG Eival OTIC TTEPICOOTEPES TTEPITITWOEIG
MIa avTIOTPETTTH O1adikacia. Edv n dicioduon Twv KUTTAPpWYV dEV TTPAYHATOTTOINOEI
TOTE 016G UTTOPEi VA «EKTTAUBEI» ATTé TNV ETIPAVEIN TOU KUTTAPOU.

MepIKoi 10i £XOUV CUYKEKPIMEVOUG HNXOVIOHOUG YIA THV «EKTTAUGT» KAl I
vEUPpAMIVIOAON Eival évag atrdé autous. H veupapividdon eival Jia E0TEPAOCT) TTOU
0100 TTd TO O1aAIKO 08U . AuTO gival IB1AITEPWGS ONMAVTIKO yia ToVv 16 TnG NpiTrNg
010671 TO HOpI0 UTTOOOXEQG TOU 10U gival eupuTaTa O10O0EOOUEVO KAl O 106 TEIVEI va
TTPOOOEVETUI OE MIA TTOIKIAIO KUTTAPWY OKOMN KAl O€ KCUVTPIMMIO» KUTTAPWV.
QoT1600, N EKTTAUCH ATTO TNV ETTIPAVEIA TOU KUTTAPOU META TNV TTPOCOECN OTOV
utTodOoX£a TOU 10U TNG NpiTTNG 00nyei o€ aAAayEG OTEPEODIANOPPWONG TOU 10U Ol
OTTOIEG MEIWVOUV N eEaAgi@ouUV TNV TTIBAVOTNTA ETTIKEINEVNGS TTPOOCKOAANONG O€
aAAa KUTTapA. ‘ETO1, S1A0TTOON TOU OIAAIKOU 0EE0G ATTO TNV VEUPAMIVIOAON
A@NAVEl TIGC ONADES AUTEG OCUVOENEVES OTNV EVEPYN B€0N TNG AINOCUYKOAAITIVNG ,
ATTOTPETTOVTOG TNV AIMOCUYKOAAITIVI] a1Td TNV TTPO0dEDON TG O GAAov
utrodoyéa.

H HA €xel eTriong pia MIKPAR «TOETTN» N OTTOi0 CUVOEETAI ME TOV KUTTOPIKO
UTTOOO0XEd VIO VO SEKIVAOEI N oUVTNSEN TOU IIKOU CWHATIOIOU JE TO KUTTAPO. ZE AUTH
TNV «TOETTN» TA AVTICWMATA AOYyWw TOU HEYAAOU pEYEOOUG TOUG OEV NTTOPOUYV VA
E1I0EAOOUV , Apa O 106G EVOEXETAI VO OUVOEETAI OTOV KUTTAPIKO UTTOOOXEN TOU
TTOPOUCIA AVTICWHATWY APKEI TA AVTICWHATA AUTA va unv aAAdalouv Tnv
OTEPEOOIANOPPWOT TNG AINOCUYKOAAITIiVNG. O1 avTIyoVIKOi KaBopIoTEG TTAVW
otnVv HA ptropouv va petaBaAAovral Xwpeic va HETABAAAETAI n CUVOECT TOU 10U
OTOV UTTOOOXEA TOU OPKEi VO uNV METABAAAOVTAI TO AMIVOEEQ OTO ECWTEPIKO TNG
KTOETTNCY.



2TIGC TTEPICOCOTEPESG TTEPITITWOEIG, N EKPpPAoN (R N ATTOUCIa) TWV UTTOOOXEWV
OTNV EMTIQPAVEIA TWV KUTTAPWYV KaBopilel TOV TPOTTIOMO £vOG 10U, SnAadn Tov
TUTTO TOU KUTTAPOU EVIOTH OTOV OTTOIO O 106 MTTOPEI VA AVTIYPOUPEI.
ETTopéVWG, aUuTO TO APXIKO OTADIO TG AVAYVWPICHG TOU UTTOOOXEN KOl TG
METETTEITA AVTIYPAPNS TOU 10U OTO KUTTAPO &EVIOTA OO £XEI KAl ONMAVTIKI
Emidopaon oTnv TTaboyéveia Tou 10U .

O1Twg RON avaPEéPONKe O OPICHEVEG TTEPITITWOEIG, OAANAETIOPACEIG ME
TMEPICOOTEPES ATTO MIA TTPWTEIVEG ATTAITOUVTAI VIO TNV £€i00d0 TOU I10U.



O Baoikoég utrodoxéag yia Tov HIV gival To avriyévo CD4 Ttwv T — Bonbntikwyv
AEHPOKUTTAPWYV. ATTAITOUVTAI ONWGS £VaG 1 TTEPICOOTEPOI BonONTIKOI TTAPAYOVTEG
emTpooBeTol pe T0 CD4 yia va oxnuaTtiofei Evag AsiToupyikog HIV utrodoxéag.

AuToi o1 UTTODOXEIG €ival MIO OIKOYEVEIO TTPWTEIVWYV YVWOTH w¢ B-chemokine .
ApPKeTA MEAN AUTAG TNG OIKOYEVEING £XEI atrodEIXOEl OTI TTai(OUV ONUAVTIKO pOAo
oTnv €icodo Tou HIV oTa KOTTAPA, KAI I KATOVOMI TOUG OTTOTEAEI TOV TPOTTIOCHUO
TOoU HIV yia S10@OopETIKOUG TUTTOUG KUTTAPWYV ( AEN@OKUTTAPA, HOKPO@AYA, KTA.).
EmitrAéov, gival TTpo@avEég OTI TOUAAXIOTOV O€ HEPIKOUG TUTTOUG KUTTAPWYV, N HIV

MOAuvon dev eutrodifeTal HE TOV AVTAYWVIOUO d1aAuToU CD4, utrodeIkvUovTag OTI
O& QUTA TA KUTTOPO MIO OIA@OPETIKA OTPATNYIKNA YIO TNV OUVOEOT TOU 10U ME TOV
utrodoxéa Jtropei va xpnoigotroindei. Qortdéoo, edv pia ykapa CD4- apvnTIKWV
KUTTAPpWV MOAuUVOEi atrd Tov 16 HIV n yéAuvon Oa gival TToAU Alyotepo
ATTOTEAEOHATIKN a1TO OTI N AAAnAgTTidpaon Tou 10U JE TO BACIKO TOU UTTOOOXEQ
(CD4 ouv B- chemokines).

Na Tnv €i00d60 ToU 100 0TO KUTTAPO ( HOKPOYAYO) ATTAITEITAI I CUMTTPASN TWV 2
utrodoxéwv ( CD4 & CCRS) .
H mpooOnkn Oi1aAutwyv Chemokines rapeutrodilel Tnv €i0000 TOU 10U  OTTWG Kal
o1 NETaAAASEIG Tou uTTodo)XEa CCR5



Entry into the cell
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CD4 antigen Chemokins
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D4 Chemokine rec
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H oivdeon tng gp120 pe 1o avriyovo CD4 aAAddel Tnv oTeEPEOdIANOPPWON TNG
gp120 n otroia cuvdéeTal TTAVW oToVv utTTodoXéa Twv chemokines  CCRS5 . H véa
auTH) oTEPEODIONOPPWON WOl TNV gp41 TTPOG TNV KUTTAPIKA HEMBPAVN ETOI WOTE
va oXnNMATIoOEi n ouvTnén Tou 10U JE TO KUTTOPO KOl O 106 va e10€ABg1 oTO
KUTTOpPO.



AIEIZAYZH

H diciocduon Tou KUTTAPOU OTOXOU QUOCIOAOYIKA CUMBaivel Aiyn wpa HETA TNV
TTPOOKOAANGN TOU 10U OTOV UTTOOOXEOQ TOU OTNV KUTTAPIKA MEMBPAvVN. TpEIg KUpIol
MNXOVICHOI EMTTAEKOVTAI:

Meraromion (Translocation) : H pereykatdotaorn oAOKANPOU ToU 11IKOU CwHATIOIoU
KOTA MAKOG TNG KUTTAPOTTAOCMATIKAG HEMBPAVNG TOU KUTTAPOU .
Auti n d1adikaoia gival £CAIPETIKA CTTAVIO METAEU TWV IWV.
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H evOOKUTWON TOU 10U OTO EVOOKUTTAPIKO XWPO .
AuTég TTpOoPavwG €ival O TTI0 oCuvnNBICHEVOG NNXAVIOHOGS TNG £1I06000U TOU 10U OTA
KUTTOPO. AEV ATTAITEI KAMIO CUYKEKPIMEVN TTPWTEIVN TOU 100 (AGAAEG ATTO AUTEG TTOU
NON XpnNoIMOTToIoUVTAl YIO TNV TTPOCOEC TOU OTOV UTTOOOXEA).

ENDOCYTOSIS:

OOO O 3 , Cell membrane
o)
OO

(".oa‘ted - ogo d:)o Coated vesicle
pn Ooo OO
—_—— ——
Adherence Joining

EXOCYTOSIS:

OOC? Cell membrane
o20
(@)
OC<):>O Ogo Secretory vesicle
OO O
Adherence Joining
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20vTNEn ToUu £EWTEPIKOU TTEPIBARMATOG TOU 10U ( ouvavTaTtal uévo o€ 10UG HE
£CWTEPIKA TTEPIBARMATA) HE TNV KUTTAPIKA MERBPAVN, EITE AMECA OTNV ETTIPAVEIA TOU
KUTTAPOU EITE ANEOWGS HETA TNV EVOOKUTWOT .

H oUvTnén atmraitei TnVv Tapoucia HIOG CUYKEKPIMEVNG TTPWTEIVNG OoUVTNENG OTO
ECWTEPIKO TTEPIBANMA TOU 10U, TT.X. AINOCUYKOAAITIVN Yia TnV Ipitrn. O1 TTpWTEiVES
QUTEG TTPOWOOUV TNV CUVTNSEN TWV KUTTAPIKWY HEMBPAVWYV KAl TWV HEMBpAVWV
TOU 10U JE ATTOTEAECHA TO VOUKAEOKOWIiOI0 va atreAeuBepwBei oTO
KUTTOPOTTAQC O
Ymrdapyxouv duo TUTTol oUuvTtnéng TNG MEMPBPAVNG:
pH-£EapTWHEVN Kal
pH-ave&dapTNTN.

I Cell Membrane I

Receptor-bhimndingg

Extracelliular
wvEruUS @

AMcichificatson
of vesicles

SMermbhrame
fuassomn

Cytoprlasm
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H di1dpkeia {WAS TWV IIKWV CWHATIOIWV EVTOG QUTWYV TWV APXIKWYVY KUCTIOiwV
givar oAU Mikpr). Méoa og Aiya AemTd, Ta KUOTIOIO OUVTAKOVTAlI ME TO
Aucoowpdatia , To TTEPIBAAAOV MpETATPETTETAI O OIVO KOl N CUYKEVTPWON TWV
TPWTEOAUTIKWY evUMWYV aulaveral. Autd ongaivel O6TI o0 160G TrpETTel  va
EYKATAAEIPEI TO KUOTIOIO KOOI VO MTTEI OTO KUTTOPOTTAQOMA TIPIV TRV aTTodounon
TWV TTPWTEIVWV TOU.

Na Toug evrepololg €xouv TrpotaBei Ta akdAouBa 2 povréAa Oigioduong oTo
KUTTOPO EEVIOTN :

o) MEOW EVOOKUTTWONG KAl OGAAOYAS TNG OTEPEODIANOPPWONG TWV KAWYIOIOKWV
TTPWTEIVWV HE ATTOTEAEOHA TNV ATTEAEUBEPpWON TOUu BeTIKAG TTOAIKOTNTAG RNA OTO
KUTTOPOTTAQC MO Kl

B) pMéow  &vOOKUTTWONG , EYKAEIOMOU TOU VOUKAsokawidiou oO& KUOTIOIO
(evOéowpua) , aAAayn TnG oTEPEOdIANOPPWONG TWV KAWPIOIOKWY TTPWTEIVWV ME
atroTéAeopa TNV  atmmeAeuBépwon Tou BeTikAg TOAIKOTNTAG RNA  ©OTO
KUTTOPOTTAAC MO HECW TOU EVOOCWHATOG .



Adtachrmernt to
cell surface receptor

Change in conformmation

=7 e strand RS =3 RMNA passes aAcnoss
memibrame

FSlmpta o Froeme S0 Fling @&t &l Prardnciple-ss of W o ores 0
irms stramcimre: 8 S oo

Attachment to
cell surface receptor

Endocytosis

- ——
- SLLLLLN .
= e strand A = RMNA passes across
mermbrane
Change in conformation

Aalapted froars 5.0 Flint @r al. Frinciples of Wieobogy 2Rl
lewrs strucbure: A % Sgro



MapadeiyHaTa KUTTAPIKWY UTTOOOXEWV KAl ITKWV TTPWTEIVWYV Ol OTTOIEG
EMTTAEKOVTOI OTNV AVOYVWEION TOU KUTTOPIKOU UTTOOOXEA KOl TV

Olgioduon Tou 10U OTO KUTTAPO EVIOTH .

Virus

Cell receptor

Virus protein(s) involved in

attachment to

fusion

Naked viruses
Approx. 90% of human
rhinoviruses
Approx. 10% of human
rhinoviruses

Poliovirus

Enveloped viruses

Murine leukaemia viruses

HIV-1

Influenza viruses A & B

Measles virus

Intercellular adhesion
molecule-1 (ICAM-1)

Low-density lipoprotein
receptors

CD1355

Mouse cationic amino acid
transporter

CD4

Sialic-acid-containing
glycoproteins

Signalling lymphocyte
activation molecule
(CD150)

receptor
VPL3+-VP3
VPI
VPI

SU (surface
glycoprotein)
gpl20

Haemagglutinin

Haemagglutinin

TM (transmembrane
glycoprotein)
gp41

Haemagglutinin

Fusion

H atmreAguBépwon Twv cwHATIOIWY TOU 10U ATrd Ta EVOOOWMATA OTO
KUTTOPOTTAOQO A €ival OTEVA ouvoedepévn ME TNV dladikacia Tng

atrékduong ( uncoating).



AMNEKAYZH
H atékduon eival €vag YeVIKOTEPOC OPOC YIa Ta YEYOVOTA TTOU CUMPBAiVOUV PETA TNV
dleicduaon Tou 10U OTO KUTTAPOTTAQO WA OTTOU TO KOWIdIO TOU 10U €XEl agpalpeDdEi
TOUAAXIOTOV JEPIKWG KAl TO YEVWUA TOU 10U €ival TOUAAXIOTOV PEPIKWG ATTEAEUBEPWUEVO
atrd TO KAWidIo ouvnBwWG PE TRV HOP®PH EVOG CUUTTAEYUATOG VOUKAEOTTPWTEIVNG.
Kara pia €vvola, N JETaKivnon ToU ECWTEPIKOU TTEPIBANUATOC TOU 10U ) OTToia CUMPBAiVEl
Kata TNV dIAPKEIQ TNG OUVTNENG TNG MEMPBPAvNG gival JEPOC TNG dladikagiag Tou
uncoating. Ta apxIka yeyovota oTo uncoating cuupaivouv yéoa oTa evOOOWUATA KAl N
aAAayn Tou pH KaBwg¢ 1o evOOoWPa oguveTal CUMPBAAEI Ta PEYIOTA .
H evdokUTWwON EUTTEPIEXEI MEPIKOUC KIVOUVOUG VIO TOUG 10UG OIOTI €AV TTAPAEIVOUV OTO
KUOTIOIO yIa TTApa TTOAU Kaipd Ba KATaoTPAPOUV APETAKANTA ATTO TNV OCUVON N Kal ATTo
T TTPWTEOAUTIKA £VCUNA TWV AUCOCWHATWV.

H aAAnAemmidpaon Twv ToAloiwyv pe Tov uttodoxéa Toug, PVR, odnyei To Kawidilo o€
OOMIKEG aAAayég. ZxnuaTifovral Ta A ocwudria Ta otroia TrepIEXouv To 11KO RNA,
EXOUV ONWG XAOElI TNV EOCWTEPIKA KAWIOIKA TTPpWTEivn VP4, EmimrpooBeta, To N-
TEAIKO akpo TnNG VP1 1Tou KAVOVIKA BPICKETAI OTO ECWTEPIKO TOU KAWIdiou, EPXETAI
oTnVv £m@aveia Tou A cwuariov . Auti n aAAnAouyia Tng VP1 gival udpo@ofn Kai
£TO1 Ta A owudria €Xouv augnMEvn ouyyEvela UE TIG HENBPAVES O OUYKPIOTN ME TO
QUOCIOAOYIKO 1IKO owuATIO. 'ETOI CUpN@WVA ME HIO UTTOO0EON £10000U TWV TTOAIOIWYV
OTO KUTTAPO, N TrPO0decn OTOV UTTOdOoXEa OONnyeEi OTIC TTAPATTAVW OOMIKEG
aAAOYEG !



TO eKTEOIPHEVO AITTOQIAO N-TeAIKO dAkpo TnG VP1 €10€pXETOl OTNV KUTTOPIKAR HEMBPAvVN,
oxnuari¢ovrag évav moépo diapgéoou Tou otroiou To RNA TagIdeUEl TTPOG TO KUTTAPOTTAAO A .
Ta eupAuaTa CUNPWVA HE Ta oTroia A ocwudria étav Trpootedouv og AIIdIKA diItTAooTIBAdAq,
ETTAYOUV TN ONMIOUPYId IOVTIKWYVY KAVOAIWY, EVIOXUOUV TNV TTOPATTAVW UTroBeon . Av Kai
moTevETAl OTI TO RNA TWV TTOAIoIWYV SIATTEPVA TNV KUTTAPIKA MEMBPAVN, OEV gival YVWOTO av

auTé cuppaivel HEOw TNG TTAACHATIKAG | TG EVOOOWHMATIKAG MEMBPAVNG.

Uncoating

Uncoating

To 160wWHO TTPOOBEVETAI OTOV KUTTAPIKO UTrodoxéa Kal u@iocTatal TIG OaAAayég oOTn
SISO PPWOT TTOU TTPOKAAOUV TNV TTAPAYWYHR TWV A CWHATIWV Ta otroia gival udpoofa Kai
gxouv xaocel Tn VP4 kawidikf mTpwreivn. To N-teAikd dkpo Tng VP11 €xel peTa@epBei otnv
emi@Aveia Kal To 11IKO RNA (KapTTUAO€IBNG YpAapHR), EEEPXETAI ATTO TO CWHATIO EITE ATTO TNV
TTAQOMATIKA MEMBPAVN, EITE DIAUECOU TWV EVOOCWHATWV.



Ta kayidla Twv herpesvirus, adenovirus kai polyomavirus ugiotavral douIKEC aAAayEC
META TNV dieicduon, aAAG YeVIKA TTapauévouv oXedOv ABIkTa. AuTa Ta Kawidla TTEPIEXOUV
aAANAoUXieC oI OTToiEC €ival UTTEUBUVEC yia TNV TTPOOKOAANON OTO KUTTAPOOKEAETO Kal
autl N aAANAETTIOpaON ETMITPETTEI TNV METAPOPA OAOKANPOU TOU KAWIdioU TIPOC TOV
TTUPVA TOU KUTTAPOU OTOUG TTOPOUG TOU OTToiou cupuPaivel n amrékduon (uncoating) Kai
10 DNA Trepva a0 TTUphva.

mil=— 14
Nuclear

_ nucleus

Plasma
membrane

O AdevoIOG EICEPXETAI OTO KUTTAPO EEVIOTH MECW EVOOKUTTWONG ,
ATTEAEUOEPWVETAI ATTO TA EVOOCWHMATA KOI TO VOUKAEOKAWiOIO TOU HETAPEPETAI
TTPOG TOV TTUPHVA TOU KUTTAPOU OTOUG TTOPOUG TOU OTToiou cupufaivel n atrékduon
(uncoating) ka1 To DNA Tou 100 TEPVA TEAIKA OTOV TTUPRVA.



2TOUG EPTTNTOIOUG O 160G EICEPXETAI HECW OUVTNENG OTO KUTTAPOTTAQC MO TOU
EEVIOTA KAl TO VOUKAgOKaWidIo TOU TASIOEUEI TTPOG TOV TTUPVA OTTOU TEAIKA TO
DNA ToU 10U 00 TTEPACElI HEOW TWV TTUPNVIKWYV TTOPWYV OTOV TTUPHVA.

J

ETTTITTFTITTEPAA

herpesviruses, paramyxoviruses, HIV
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MNapakdatw TTapoucialovral oxXNMATIKA n dicicduon Twv IWV TTou dev
@épouv TrepiAnua (A) Kal Twv 1wV e TTEPiBAnUa (B).
A)

receptor

plasma membrans

reversible attachment
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endocytosis
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ANTIFPA®H TOY TENQMATOX
H oTpaTtnyikr TNG avTiypa®nis Tou KABE 100 eCapTdTal atrod TNV QUOH TOU YEVETIKOU TOU
UAIKOU. 2€ auTrjv TNV BAaon , 6Aol ol 10i uTTopouV va di1a1peBoUV o€ ETTTA ONAdES
oUMN@WVa hE TRV TTpOTacn Tou David Baltimore to 1971.

Mia oxnuaTik atroyn yia 1a Baocikd yeyovota Katd TV SIGPKEIQ TS AVTIYPAPAS TwV
OIA@POPETIKWYV IIKWV  YEVWHATWY Trapoucialovial OTa KATWTEPW OXAMOTA .
Tagn I: AikAwvo DNA. AuTh n Tagn ptropei va utrodiaipedei og duo TTEPAITEPW
OMAadEG:

(a) H avriypaen gival €§° oAOKARpouv TTupnVvIKA. H avTiypa@ni autwy Twv 1wV gival
OYXETIKA e€aPTNUEVN ATTO TOUC KUTTAPIKOUC TTOPAVOVTEC.

Class I: Double-stranded DNA
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(B) H avriypa@n oupBaivel oto KuttapomAaopa (Poxviridae). Autoi ol 10i £xouv
avaTtrTuéel (R OTTOKTACEI) OAOUG TOUG ATTAPAITNTOUG TrAPAYOVTESG VYId TNV
AVTIYPA®@I KOl TNV HETAYPAPN TWV YEVWHATWY TOUS KOl ETTOMEVWG Eival OXETIKA
AVESAPTNTOI ATTO TOUG KUTTAPIKOUG HNXAVIOHOUG.

Tagn ll: MovokAwvo DNA . H avtiypa@n Aaupavel xwpa O©TOV TTUPRVA, TTOU
TEPIAAUBAVEI TOV OXNMATIONO VOGS eVOIApuEOOU OikAwvou popiou DNA 1O OotrOio
AsiToupyei wg NATPA Yyia TRV oUvBeon Tou HovokAwvou DNA kai To otroio Ba
TTEPIEXETAI EVTOG TOU VOUKAEOKAWIDioU

Class Il: Single-stranded DNA

i ) \I/ Attachment and penetration
- Replication
occurs in the K )
Nnucleus,
involving the
formation of a NS protein I
double_ expression . ‘
_Stranded CAP protein - ‘
intermediate expression
which serves
as a template O Genome replication
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synthesis of
single-
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progeny DNA: Release
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Tagn lll: AikAwvo RNA . AuToi o1 10i £Xouv TepaxIoHéva YevwdaTa (segmeneted
genomes ). Ka0e TEPAXIO METAYPAPETAI SEXWPIOTA YIA THV TTAPAYWYH
SEXWPICTWYV £TTIONG MOVOKIOTPOVIKWY (monocistronic) mRNAS.
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Tacn 1IV: MovokAwvo (+) ToAikoTnTag RNA.YTTodiaipouvTtal o€ dUo OUAdEC:
(a).
To RNA yévwua oxnuartifel To mMRNA. AuTto JeTa@pAadeTal yia va oXnUartiosr yia
TTOAUTTPWTEIVN N OTToI0 AKOAOUBWC OIaCTIATAl VIO VA OXNUATIOE! TIC WPIMEC TTPWTEIVEC.
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(B). loi ye ocuvOeTn peTaypa®n. Auo yupol peta@paong (1r.xX, Togavirus) ivai
ATTOPAITATOI YIO TNV TTOPAYWYH TOU YEVWHMIKOU RNA.

Tagn V: MovokAwvo (-) TrToAIkOTnTag RNA. Ta YEVWHATA AQUTWYV TWYV 1WV diaipouvTal
og duo TUTTOUG:

(a). Mn Tepaxiopéva (non- segmented) yevwpuata (ogipd Mononegvirales) . To
TTPWTO BAMA OTNV AVTIYPAPN Eival N HETAYPAPK TOU YEVWHATOG (-) sense RNA atréd
TNV IK RNA-e§aptwpevn RNA mToOAupepdAon yia TNV TTapaywyrn monocistronic
MRNAS, Ta otroia 8a XpnoIMeEUOCOUV WG MATPA YIA TV ETTAKOAOUON avTiypa®n
TOU YEVWHATOG. MepIkoi a1rd auToUg TOUG I0UG ETTIONG £XOUV MIA OU@POTEPOTIHN
(ambisense) opydvwon.

Class V: Single-stranded (—
)sense RNA
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(B). Tepaxiopéva yevwparta (segmanted genomes) ,  (Orthomyxoviridae). H
avTIypa®n cUulBaivel OTOV TTUPRVA, ME TV TTapaywyr monocistronic mMRNAsS yia
KABe Tepaxiopévo yovidlo. To yévwpa Tou 10U TnG Mpitrng atroteAgital amrdé  12000-
15000 voukAegoTidia (nt) Ta otroia Katavégovtal o€ 8 Tepayia.punkoug améd 800-2500
VOUKA£0TIOIWV.To yévwpua trapoucidlel TEAIKEG £TTAVAARWYEIS OTA AKPA TOU KAOE
TEMayiou 12-13 vOUKAEOTIOIWV OTO 5'- AKpo Kal 9-11 voukAeoTIdiwVv o010 3” AKpPO.

ORTHOMYXOVIRUSES

- magaqgiut

M1 protein

type A, B, C : NP, M protein
sub-types: A or NA protein



Tagn VI: MovokAwvo (+) TToAIkoTnTag RNA pe DNA gvdidueoco . Ta YEVWHATA TWV
peTPOIiWYV gival (+) TTOAIKOTNTAG RNA aAAd gival di1TTAo€1d Kal Oev XPNOIMEUOUV
auéows ws MRNA, aAAd WG HATPA YIA TRV avTioTpo®n pETaypa® o€ DNA.

PMATTTRATIOR




Tagn Vil: AikAwvo DNA pe RNA gvdidueoco . Auti) n opydda 1wv etriong BaoideTal
OTNV AVTiIOTPOPN HETAYPAPL), AAAG DIOPOPETIKA OE OXEOT ME TOUG PETPOIOUG (TASN
V1), pia TTou auTo To YEYOVOG OUpBaivel HEoO OoTa OTEAEXN TOU 10U KATA TNV
O1dpKelIa TNG wpinavong. Katd tnv HOAuvon evog VEOU KUTTAPOU, TO TTPWTO BAMA I
gival n emdI6pBwon Tou KEVOU THRMOTOG TOU YEVWHMATOG, N OTToia akoAouOgiTtal
a1Td TNV pETAYPAPR.

Class VIl: Double-stranded DNA
with RNA Intermediate

This group of viruses also relies on reverse transcription.

Unlike the retroviruses (class V1), this occurs inside the virus
particle during maturation.

On infection of a new cell, the first event to occur is repair of
the gapped genome, followed by transcription:
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2YNAPMOAOIHzH

H diadikaoia Tn¢ ouvapuoAoynong trepIAapBavel Tnv ouAAoyr) OAwWV TwV CUCTATIKWY
TTOU €ival ATTapaiTnTa YIa TOV OXNUOTIONO TOU WPIMOU 1IIKoU cwpaTidiou (virion) o€ yia
OUYKEKPIUEVN BEon oTO KUTTAPO. H BE€on TNC ouvapuoAdynong ecaptatal atrd Tnv B€on
TNG AVTIYPAPIC HECO OTO KUTTAPO Kal ATTO TOUC PINXAVIOUOUC BACEI TWV OTTOIWV O 106G
TEAIKWG atTeEAEUBEPWVETAI ATTO TO KUTTAPO, ONA. TIOIKIAEI yIa TOUG OIAPOPETIKOUG 10UG.
[a TTapdadelyua o0TOUG picornaviruses, 0TOUG POXViruses Kal 0Toug reoviruses n
OUVAPHPOAOGYNON YIiVETAI OTO KUTTAPOTTAQO A VW OTOUG adenoviruses, herpesviruses ,
OTOUG polyomaviruses Kal 0TOUG parvoviruses n ouvapuoAdynon tou kKawidiou yiveTal
OTOV TTUPKVA.
2TNV TTAEIOWN@Ia TWV TTEPITITWOEWY, OTIC KUTTAPIKEC HEMPPAVEC auvaBpoilovTal
TTPWTEIVEC TOU 10U KAl aQUTO aTTOTEAEI TNV €KKivnon TNS d1adIKaoiag TNG cuvappoAdynong.
["evIKWG, Bewpeital OTI OTAV TA AULAVOUEVA EVOOKUTTAPIKA ETTITTEDA TWV TTPWTEIVWYV TOU
10U KOl TWV MOPiWV TOU YEVWHATOG POACOUV O€ HIA KPIOIUN OCUYKEVTPWON EVEPYOTIOIEITAI
n Oladikaoia cuvapuoAdynong.

[TOAAOI 10i CUYKEVTPWYOUV UWNAQ €TTITTEDA TWV VEOOUVTIOEUEVWY OOMIKWY TOUG
OTOIXEIWV O€ UTTOKUTTAPIKA DIQUEPIOUATA, , T OTTOIA €ival YVWOTA WS KUTTAPIKA
EykAeioTa ( inclusion bodies). To pEyeBog Kal n TOTTOBETIa TWV KUTTAPIKWY EYKAEIOTWV
OTO JOAUCOPEVA KUTTAPA Eival CUXVA XAPAKTNPIOTIKO YVWPIOUA OUYKEKPIMEVWYV 1WV,
OTTWG TT.X. O 160G TNC AUCOC ONUIOUPYEI MEYAAA TTEPIE TOU TTUPHVA EYKAEIOTA YVWOTA WG
‘Negri bodies’, Trou mapartnpri@nkav apxika atrd tov Adelchi Negri to 1903.






QPIMANZH

AUTO €ival To 0TADIO TOU KUKAOU (NG KATA TO OTTOIO O 106 YiveTal JETAOOTIKOG. H
wpigavon ouvnOwcg TrepIAaUBavel dOUIKEG AAAAYEC OTO IIKO CWHATIOIO TTOU TTPOKUTITOUV
€ITE ATTO TNV TTPWTEOAUTIKA TTEWN OPICHEVWY TTPWTEIVWV TOU KAWIDIoU €iTE aAAAQYEC OTNV

OTEPEODIAPOPPWON TWV TTIPWTEIVWYV TOU KATA TNV OIAPKEIA TG GUVAPUOAOYNONG.

[IKEG TTPWTEACEG CUXVA EUTTAEKOVTAI TNV WPIMAVON, TTAPOAO TTOU TA KUTTAPIKA Eviuua
N Kal aueOTEPA OCUNPBAAAOUY aTnV wpihdavon. O NIKEC TTPWTEACEC TTAPOUCIAlouV HEYAAN
£CEIDIKEUON VIO CUYKEKPIMEVEG AAANAOUXIEC AMIVOCEWY Kal EVIOTE TTEPIKAEIOVTAI KATA TNV

OUVAPHNOAOYNON OTA IIKA CWHATIOIO KAl EVEPYOTTOIOUVTAI JOVO OTaV BpeBouv o€ OTEVH

ETTAPN ME TNV AAANAOUXia TTOU £€XOUV WG OTOXO MECW aAAaywVv OTTWG £va TOTTIKO
udpPOPoLo TTEPIBAAAOY 1] aAAaywV Tou pPH KATT.

2TO VOUKAEOKAWIidIO TWV PETPOIWV TO OTTOIO ATTOTEAEITAI ATTO TIC TTPWTEIVEC TOU YyoVIdiou
gag n IKn TTPWTEA0N OUYKEVTPWVETAI OTOV «TTUPNVA» TOU KaWIdiou TTpIV TNV
atreAeuBEpwon aTTd To KUTTAPO TOU IIKOU CWHATIOIOU HECW TNG EKBAGOTNONG.

H TpwTtedon d1acTrd TOTE TIC AVWPIMES (TTPOOPOUES) TTPWTEIVEC dNUIOUPYWVTAG TIC
WPIMEG TTPWTEIVES TOU KAWIDIOU , TOU VOUKAEOKAWIOIOU KATT.
O1 YAUKOTTPWTEIVEC TOU €EWTEPIKOU TTEPIBANUATOC QaivETAI ETTIONG VA OIACTIWVTAI ATTO
KUTTAPIKA EVUNO WOTE va AABOUV TNV TEAIKI WPILN MOPE@I TOUC O YAUKOTTPWTEIVEC TNG
emaveiag (SU) kal diapeuBpavikég (transmembrane -TM) TTPWTEIVEC.
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Cleavage sites

The group-specific antigen is made as a polyprotein and is cleaved during or after
budding of the virus by a virally-encoded protease encoded by the pol gene.



AIAAIKAZIA ZXHMATIZMOY KAI QPIMANZHZ TOY HIV

ap120 ap120 gp120 gp120
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RMNA Core plus
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Assemb 1y of the new virion takes place at the cell memb rane. Three types of protein make up the
virion. These are the memb rane protein (gpl20 and gp 41 comp lex) p lus two precursor

p roieins of different sizes
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O1Twg NON ava@épnke yia HEPIKOUG 10UG, N CUVAPMOAOYNON Kal N wpidavon
OoUMBaivouv HEéoa oTO KUTTOPO, EVW YIA AAAOUG, TO YEYOVOTA THG Wpinavong
OUMBaivouv KATd TNV atTeAEUBEPWON TOU OTEAEXOUG TOU 10U OTTO TO KUTTOPO.

2& OAEG TIG TTEPITTTWOEIG, N O10dIKACIA TG WPIHAVONG ETOINACEI TO 11IKO CWHATIOIO
YyiO TV HOAUVON TWV ETTOUEVWYV KUTTAPWV.



AlNEAEYOEPQXH
Omwg TepIypa@OnkKe dn , o1 10i TWV QUTWV AVTIMETWTTICOUV 101AITEPEC DUOKOAIEC Ol
OTTOiEC ETTIBAAAOVTAI AQTTO TNV OOUN TWV QUTIKWY KUTTAPIKWY TOIXWHATWY OTAV £PXETAI N
OTIYMNA VA a@noe€l 0 160G Ta KUTTAPA KAl VA JOAUVEI GAAQ.

‘OAol o1 aAAol 10i atreAeuBepwvovTal AaTrd To KUTTAPO HE Evav ATTO TOUG
ak6AouBoug duo HNXavioHoUG.

Na Toug AUTIKOUG 10UG (OTTWG OI TTEPICOOTEPOI 10i XWPIG ESWTEPIKS TTEPIBANMA), N
atreAEUOEPpWON €ival piIa AatrArf d1adiIKaoia - To HOAUOMUEVO KUTTAPO AUETOI Kl
aTtreAEUBEpWVOVTAI Ol 10i .

O1 10i pg eEWTEPIKO TTEPIBANMA ATTOKTOUV TNV AITTO€10 HEUBPAVN TOUG KOBWGS O 166
ECEPXETAI ATTO TO KUTTAPO HECW TNG KUTTAPIKNG HEMBPAVNG | HEOW EVOG
EVOOKUTTOPIKOU EYKAEICTOU TTPIV TNV ATTEAEUOEPWON TOU .

H diadikacia Tng eKBAGAoTNONG €ival duvaTdv AAAOTE va KATAOTPEWEI TO KUTTAPO (
rhabdoviruses, togaviruses ) aAAd Kal AAAOTE va UNV TO KATACTPEWEI OTTWG EVIOTE
OTOUG PETPOIOUG.



EKBAAZTHZH TQN PETPOIQN

A, B: EKBAAZTHzH C: APXH QPIMANZHZ TOY HIV
D: QPIMA ZQMATIAIA




OT1rwg ToVioOnke vwpitepa, N cuvapdoAdynon, n wpigavon Kal N atreAsudépwon
gival oxedov TauTOXpPOoVEG DIODIKATIES YIO TOUG I0UG O1 OTToiol atTeEAEuBepwvovTal
MEOW TNG EKBAGOTNONG.
2TIGC TTEPICCOTEPEG TTEPITITWOEIG, OTNV EKBAAOCTNON ENTTAEKOVTAI
KUTTOPOTTAOOMIKEG MEMPBPAVEG (retroviruses, togaviruses, orthomyxoviruses), aAAa
O& MEPIKEG TTEPITITWOEIG EMTTAEKETAI ETTiIONG N MEMBPAVN TOU TTUPH VA
(herpesviruses).

AIAAIKAZIA EKBAAXTHZHZ TQN EPMHTOIQN

— T S Outer membrane fuses with
\“»"/ | plasma membrane - virus leaves

: with a part of the nuclear membrane
4 Double membrane virus interacts

, with another cellular membrane (e.g
= plasma membrane

3 Enveloped virus buds through
N O outer nuclear membrane (onm)

-~ Ooni 2 Enveloped virus between two
nuclear membranes

nm 1 Nucleocapsid buds through inner
nuclear membrane (inm) to form
enveloped virus




AIAAIKAZIA EKBAAZTHZHZ TQN POX IQN

Budding through | Modified | - Cyloplasmic,| Infectious
cytoplasmic Cytoplasmic -membrane | Intracellular
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EKOPAZH
EKOPAZH THX TENETIKHZ TNAHPO®OPIAX
H avTiypa®n Tou 10U TEAET UTTO TOV OTEVO €AEYXO TNG €KPPACNS TWV YOVIDiWwV Tou.
O1 pynxaviouoi o1 otroiol euTTAéKovTal TrEPIAauBavouy:
loxupd BeTIKA KAl apvNTIKA CAMATO TA OTToid TTPOWOOUV 1 KATAOTEAAOUV ThV
EK@POOT YOVIDiwV.
CZUMTTIECHEVO» YEVWHMOTO OTO OTTOIO N MEPIKF TOUAAXIOTOV ETTIKAAUYN TWV
OVOIKTWV TTAAICIiWV avayvwong Eival ouvnBiouévn.
2NMaTa gA£yxXou Ta otroia ouxva evroTrifovral PEoA o€ GAAa yovidia.
Aid@opeg OTPATNYIKEG TTOU KATAARyouv OTnV Onuioupyia TTOAAATTAWY
TETMTIOIWV a1rd éva povo ayyeAiopopo RNA.

H ékppaon yovidiwv TrepIAaUBAvEl pUBUIOTIKEG TTEPIOXES TTOU OPOUV HEOW
ONUHATWY T OTTOiIa AEITOUPYOUV in Cis (eTnpedlovrag TNV EVEPYOTNTA TWV
YEITOVIKWYV YEVETIKWV TTEPIOXWV) N in trans ( HEOW TTPOIOVTWYV Ta OTTOoIC0 dPOUV O€
PUOMIOTIKEG BE0EIg €iTE AQUTEG €ival YEITOVIKEG ME TNV BEon atrd TV otroia
TTapAayovral €ite 6x1).

MNa Tapddelypa, o1 €TTAYWYEIS TNG METAYPAPNG OpoUV Ot CiS aAAnAouyieg TTou
gival TTOPOKEIMEVEG TWV YOVISIWV TWV OTTOIWV EAEYXOUV TV METAYPAPR , EVW
TTPWTEIVEG OTTWG Ol ‘“TTAPAYOVTEG METAYPAPNAS’, Ol OTTOiIOI TTPOCDEVOVTAI OE
oUyYKeKpINEVEG DNA aAAnAouyieg Tou KUTTAPOU , €ival TTapadeiypaTa
TTapAyoOvIWwY TToU dpouv in trans .



EAEMXOz THZ EK®PAZHZ TQN T[ONIAIQN 2TOYZ EYKAPYQTEZX

To TTPWTO ETTITTES0 EAEYXOU YiVETAI TTPIV TNV HETAYPAPL) KAl EAPTATAI ATTO TNV
TOTTIKN OTEPEODIANOPPWON Tou DNA. To DNA oTa EUKOPUWTIKA KUTTAPO £XEI MIO
TEPITTAOKN OOMN, oXNUATI(OVTOG OUMTTAEYHOTO ME TTOAAEG TTPWTEIVEG VI va
OXNMATICElI TNV XPWHATIVN , ONHAVTIKOTATN OOHN OTOV £AEYXO TNG EKPPAOCNS TWV
yovidiwv. H méywn tng xpwpartivng pe Tnv DNAse | dev divel Eva gviaio TTpo@iA
TEYPNGS , AAAA ATTOKOAUTITEl CUYKEKPIMEVEG UTTEPEUAIOONTEG BECEIC TTEWYNG YIA TNV
DNAaon | kal TmioTeleTal OTI 01 0E0€EIC AUTEG ATTOOEIKVUOUV dIa@opES OTNHV
AgiTOoUupyia TWYV TTOIKIAWYV TTEPIOXWV TNG XPWHMATIVNG.

Eival mifavo, yia Trapadeiypa, ol pETPOIOI VO EVOWHATWVOVTAI KATA TTPOTIMNON
OTO YEVWHO TOU KUTTAPOU &EVIOTH O€ QUTEG TIG BEDEIG.

To peraypa@ikwg evepyd DNA gival emriong utropeBuAiwpévo (hypomethylated),
OUYKPIVOMEVO ME TNV OUXVOTNTA MEBUAIWONG OTIG HETAYPAPIKWG adPAVEIG
TTEPIOXEG TOU YEVWHATOG.

To deUTEPO £TTiITTESO EAEYXOU TTPOKUTITEI ATTO TNV dl1adIKaoia TNG idlag TnG
HETAYPOPAS .

Y1rapyouv Tpeig Hop@PES RNA TTOAUNEPAONG OTA EUKOAPUWTIKA KUTTAPO Kal Ol
OTroieg OIAKPivVOVTAl ATTO TIG OXETIKEG TOUG EUAIOONCiEC OTNV a-amanitin Kai
gp@avifouv IBIAITEPOTNTES YIA OIOPOPETIKES TASEIG YOVIDiIWV.



RNA polymerase ~ sensitivity to a-amanatin ~ Cellular genes transcribed  Virus genes

transcribed

| Unatfected Ribosomal RNAS

| Highly sensitive Most single-copy genes Most DNA
VIrus
genomes

Il Moderately sensitive 55 IRNA, tRNAS Adenovirus
VA RNAs

H évapén Tng pHeTaypaPng eTnpedadeTal SPAMATIKA atrd AAANAOUYXIES OI OTTOIEG
EUPICKOVTAI TTPIV TOU ONMEIOU £vaping TNG HETAYPAPNGS, KAl AEITOUPYOUV WG
0éoeig avayvwpiong yio ONAdES TTPWTEIVWV Ol OTroieg ouvdéovTtal oto DNA,
YVWOTES WG ‘“TTAPAYOVTEG METAYPAPNGS. AMEOWG TIPIV TO ONUEio Evapéng Tng
HETAYPOAPNAS TOTTOBETEITAI MIO OXETIKA HIKPR TTEPIOXHA YVWOTH WG ETTAYWYENG. Z€
OUTO TO ONMEIO TA «CUMTTAOKA TNG METAYPAPNG», ATTOTEAOUMEVA aTTO RNA
TTOAUMEPAON KAl ATTO TTPWTEIVIKOUG TTapAYOVTES , TTpoodévovTtal oTto DNA Kal n

METAYPOAPR apXilEl.



QoT1600 KAl 01 dAANAOUYXIEG TTOU EUPICKOVTAI TTPIV TOV ETTAYWYEA €TTNPEAOUV
TNV ATTOTEAECHATIKOTNTA ME TNV OTTOIA TA « CUMTTAOKA TNG METAYPAPNAG»
oxnuari¢ovral ka1 0 PUOPOG TNG METAYPAPNS ESAPTATAI KATA CUVETTEIN KAl ATTO
TOV OUVOUAO MO TWV TTAPAYOVTWY HETAYPAPNG Kal Tou eTauénTn ( enhancers)
TNG METAYPAPNGS. O11010TNTEG AUTWYV TWV AAANAOUXIWV ETTAUSNTWYV Eival
A{IOCNMEIWTES MIA TTOU NTTOPOUV VO ACKRNOOUV TNV £TTiIOPACT) TOUG OKOMO KOl OE
aTToéoTACN HEPIKWYV XIAIGOWYV BAcewv. H HETAOYPAPR TWV EUKAPUWTIKWYV
yovidiwv KATaARyEl OTNV TTOpaywyn HOVOKIOTPOVIKWY MRNAS, kaBéva atrd
TO OTTOIO HETAYPAPETAI ATTO TOV OIKO TOU OTOMIKO ETTAYWYED .

2TO ETTOUEVO OTADIO, N EKPPAOCT) TWV YOVIOIWV eTTNPEAETAI ATTO TNV OOMN TOU
TTapaywpevou MRNA. H otaBepoTnTa TWV EUKAPUWTIKWY MRNA TTOIKIAEI
ONUAVTIKA, MEPIKA £XOUV CUYKPITIKA HEYAAOUG XpOVOUS NHI-{WAG OTO KUTTAPO
(Tr.X. TTOAAEG WpEG). O1 yéoor xpovol nuI-(wiRgs Twv MRNAS T OTroia
KWOIKOTTOIOUV YIO PUBUICTIKEG TTPWTEIVEG Eival KATA Kavova Aiya AETTTA TNG
wpas . H otafepoTnTa TWV EUKAPUWTIKWY MRNAS €€aptdatal atmd tnv Taxutnta
ME TNV oTtroia atrodopouvral .

H TtaxutnTa amodopnong &SaptaTal A1rd TTOAPAYOVTEG OTTWGS OI TEAIKEG TOUG
aAAnAouyigg, ol otroieg atroreAouvTal AT pIa HEOUAIWHEVN KOAUTTTPO (
methylated cap) oto akpo 5’ kail pia poly A oupd ot1o 3’ AKPO KABWG €TTioNng
Kal atrd Ttnv ouvoAikn dsutepotayy dourn Tou mMRNA.



H d1adikacia TNG NETAPPAONG TTPOCPEPEI ETTIONG EUKAIPIES YIO EAEYXO TNG
Ekppaong. H atroteAeOHATIKOTNTA PE TNV OTTOIA J10POPETIKA MRNAS
MeTa@palovTtal TToIKiAEl TTOAU. AUTEG oI Dla@opég oeilovtal o€ peyaAo BaBuo
a1TO TNV ATTOTEAECMATIKOTNTA ME TNV OTroia Ta pIfocwuaTa dévovTtal ot
d1apopa MRNAS, TNV IKAVOTNTA TOUug va avayvwpifouv Tnv aAAnAouyia AUG (
KwOIKOVIO £vapéng Tng HETAPPAONGS ) o€ DIOPOPETIKOU TTEPIEXOHUEVOU
aAAnAouyieg Kal dgutepoTaywyv SONWYV Kal TEAIKA TNV TaXUTNTA ME TNV OTTOiA Ol
O1a@opeg aAAANAOUXiEG METATPETTOVTAI OE TTPWTEIVN.

2TPATHIKEZ KQAIKOMNOIHZHZ TQON IIKON TENQMATQN

O1 €111d TAEEIC TOU IIKOU  YEVWHATOC TTOU TTEPIYPAPONKaV avwTépw Ba TreplypapBouv
cavd, aAAd autr) TNV @opd Oa e¢eTacBei 0 TPOTTOC YE TOV OTTOIO N YEVETIKA
TTANPOPopia TNG KABE TAENS ekPPAeTAl.

TA=H | : AIKAQNO DNA
AUTA N TACN TWV IIKWYV YEVWHATWY UTTodlaIpEiTal 0€ OUO ETTITTAEOV OUADEC :
2.€ QUTEC OTIC OTTOIEC N AVTIVPAEPI) TOU YEVWHATOC €ival ATTOKAEIOTIKA TTUPNVIKA  (TT.X.
Adenoviridae, Polyomaviridae, Herpesviridae) kal 0 auTr] oTnv OTToia N avTiypagn
AauBavel xwpa oTo KutTapottAacua (Poxviridae).



POLYOMAVIRUSES KAI PAPILLOMAVIRUSES

O1 papillomaviruses yevika ecapTwvTal ATTO TO KUTTAPO VIO TV AVTIYPA®PI), N OTToix
AauBaver xwpa POVo o€ TEAIKWG OIOQOPOTIOINUEVA KEPATIVOKUTTAPA KAl OXI 0€ AAAOUG
TUTTOUG KUTTAPWV.

O1 polyomaviruses kwdIKOTToIOUV TOUG trans-acting TrapayovTeg (T- avTiyova) Ta oTroia
OIEYEIPOUV TNV PETAYPAPN KAl TNV QVTIYPAPN TOU YEVWHATOG TOUG .

O 16¢ ei0épyeTal yadi e To KAWidlo, TO OTTOIO ATTOOOUEITAI OTO KUTTAPOTTAAC WA KAl TO
DNA TOU PETAVAOTEUEI OTOV TTUPAVA TOU KUTTAPOU CEVIOTI). 2TN OUVEXEIQ, O 10G
XPNOIUOTIOIEI TOV AVTIVPAPIKO KOl HETAYPAPIKO/UETAPPACTIKO UNXAVIOUO TOU KUTTAPOU
yia va TTOANQTTAQO1000¢€i Kal va ouvBEael TIG ITKEC TTPWTEIVEG, JE OKOTTO TN OUYKPOTNON
TWV VEWV ITKWV CWHATIOIWV.
2TOV KUKAO (wn¢ Tou SV40 péoa o1o ¢eVIOTIKO KUTTAPO dIaKPivoupe dUO QpACEIC: TNV
mpwipn (Early) kai Tnv éyiun 4 kabuotepnuévn (Late) gpaon .
2.€ KABe pia atrd auTeg TIC OUO PACEIC, HETAYPAPETAI OIAPOPETIKI TTEPIOXN TOU KUKAIKOU
DNA Tou 10U: KATa TNV TTPWIKYN @ACN METAYPAPETAI N «TTPWIKN TTEPIOXN» KAl KATA TNV
KaBuoTepnUEVN @AON METAYPAPETAI N «KOBUOTEPNUEVN TTEPIOXI». AUTEG OI OUO TTEPIOXEC
£XOUV KOIVO onuEio Evapgng TnG JETaypa®nc (ori), yeTaypdgovTal O€ TTPOC AVTIBETEC
KATEUBUVOEIG.

H 1TpwTn TTEPIOXN TOU YOVIDIWMATOS KWOIKOTIOIET VIO TIG TTIPWTEIVEG, OVOUAOUEVEG T Ol
OTTOIEC TTPWTEIVEG, TTIPOEPXOVTAI ATTO DIAPOPIKO MATIOUA ATTO £VA KOIVO APXIKO
MeTAypago. H Tpwrteivn T, €ival atmrapaitnTn yia TRV Evapén tnG avtiypagpnc Tou DNA
Tou SV40 kai mraifel onuavTtiko POAO OTO HETACXNMATIOUO TWV KUTTAPWYV



H JETAYPO@N TNG KABUOTEPNMEVNG TTEPIOXNG TOU YOVIOIWHATOG OONYEI OTN
ouvleon Twy TPIWV TTPWTEIVWYV Tou Kayidiou, VP1, VP2 kai VP3. Kal edw
EXOUME OI0@OPIKO MATIOMO TOU 10i0U apXIKOU METAYPAPOU.

Late region

SV40

Early region

H avriypa@ni Ttou dikAwvou DNA yevwparog tou SV40 Aaufdvel Xwpa oOTOV TTUPHvVA TOU
KUTTApou &evioTh. H peTtaypa@n Tou yevwpatog yiveralr atmo tTnv RNA polymerase |l Tou
gevioTn Kal To peydAo T-avriyoévo 1raiel onUavtiké poAo oTnv pubuIon TG METAYPAPNRG TOU
YEVWHATOG TOU 10U. To pIKpO T-avTiyovo Oev gival atrapaiTnTo yia TV avTiypa@ni Tou 10U,
aAAd emiTpérrel 010 DNA TOU 100 VO OUCOWpPEVETAI oTOV TTUpRVva. Kal Ta duo avTiyova
@épouv aAAnAouyieg avayvwpiong yia Tig aAAnAouyieg Tou DNA TOU KUTTAPOU EEVIOTN
OTTOU METAVOOTEUOUV a@OU OUVTEBOUV OTO KUTTAPOTTAQCHA.



ApéOwG MHETA TNV HMOAUVON TWV AVEKTIKWV KUTTAPpWYV, Ta Trpwipa MRNAS
ek@padovral amd TOV TTPWIHO ETTAYWYEQA , O OTroiog TrePIEXEl éva OuvaTto
METAYPA@IKO eTTAUENTH , HMIO eTTaVaAapBavopevn aAAnAouyia 72 bp .

O1 TpWIPES TTPWTEIVEG TTOU ouvTiBovTal €ival Ta duo T-avTiyéva.

Kabwg n ouykévipwon Ttou peydAou T-avriydvou aufdvel OTOV TTUPAVA, N
HETAYPOA®N TWV TTPWIHWYV YOVIOIWV KATAOTEAAETAI  A1md TNV OUVOEOHN TOU
QVTIYOVOU OTNV apXN TNG METAYPOAPAS TOU YEVWHOTOG TOU 10U, OTTOTPETTOVTAG
TTAEOV TNV HETAYPOAPN ATTO TOV TTPWIMO ETTAYWYEA KOl TTPOKOAWVTAG £TO1 TNV
«OTPOPNR» TTPOG TNV OYWIUN Ao TnG MOAuvOoNG.

AkoAoufei n avTtiypa@ny Tou DNA Kol TEAOG n HeETaOYypA@PR TWV OSYIHWV YOoVISiwV
AauBdvelr xwpa aorrd Tov SYIHO ETAywyéa Kal KATOAQYEl OTNV OoUVBEon Twv
douikwyv Trpwreivwy, VP1,VP2 kai VP3.



Agdopévou 611 To YEVwpHa Tou SV40 eival TTOAU HIKPO , gival atrapaitnTn
TTPOUTTO0ECT YIO TRV AVTIYPAPI) TOU IIKOU YEVWHATOS TO KUTTAPO EEVIOTHG VA
€1I0€EAOElI OTNV @AON S OTTOU KUTTAPO Kal 160G AVTIYPAPOVTAlI CUYXPOVWG.

‘ETol, 0 TpWwTOog pOAOG TOU T-avriydvou tou SV40 gival o EAeyXog TngG
METAYPUAPNG TOU YEVWHMATOS WOTE VA ATTOTEAECEl £va €id0G «OIAKOTITN TNG
METAYPAPAG» KAl O OEUTEPOG POAOG TOU Eival N TPOTTOTTOINOCN TOU KUTTAPIKOU
MIKPOTTEPIBAAAOVTOG WOTE VA ETTITPATTEI N AVTIYPAPI) TOU IIKOU YEVWHATOG.

21 bp repeats
(SP1-binding sites)
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O1 papillomaviruses yevik@ ecapTwvTal A1TO TO KUTTAPO VIO TV AVTIYPA®I], N OTToix
AauBaver xwpa POVO o€ TEAIKWS OIOQOPOTIOINUEVA KEPATIVOKUTTAPA KAl OXI 0€ AAAOUC
TUTTOUG KUTTAPWV.

O1 HPV cgival 10i xwpic @AakeAO Ye KaWidlo IKOOAEDPIKNAC DOUNAC TTOU aVTIYPAPOVTaAl OTOV
TTUPAVA TOU KUTTAPOU CEVIOTH).

To DNA ToU 10U BpiokeTal OUVOEDEUEVO E KUTTAPIKES IOTOVEC KOl oXNUATICEl CUNTTAOKA
TTAPOUOIA JE TV XPWHATIVN.

To yévwua Toug trepiExel repittou 8 ORFs ta otroia ek@padovTal attd TTOAUKICTPOVIKA
MRNA TTou pJETaypA@ovTal HOVO aTTo ToV €va KAwvo DNA.

2T0UG HPV upnAou KivOUvou £XOouV avayvwpIioTEl OUO ONUAVTIKOI EKKIVNTEG EK TWV
OTToIWV:
O évag BpiokeTal upstream Tou E6 ORF Kal KWOIKOTTOIEi IO TIG TTPWIMEG
mTpwreiveg (HPV 16 kai 31 —» p97 evw HPV 18 — p105).
O 20¢ ekKivnThG BpiokeTal downstream Tou E6 ORF kal KWOIKOTTOIEi YIO TIG OWYIHMEG
TTPWTEIVES (TTPWTEIVES KaWI1diou) Trepitrou oTn Béon 742 —» otov HPV 31
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Mevwuikog Xaptng kai Xaptng Metaypa@ng Tou HPV16

O XdpTng TTaApPOUCIAdel HIa EUBUYPANMN ATTEIKOVIOT TOU YEVWMATOG Yia Adyoug
atrAoUoTEUONG.

Ta BEAN dnAwvouv Tnv Béon Twyv eTTaywyéwv P97 kai P670 yia Ta rpwipga E (Early) kai
oyiya L (Late) yovidia Tou 100 avTioToixa Kal ol 0éceig AE kail AL , Béoeig TToAuadevuAliwong
yia Ta rpwipga E (Early) kai ogipya L (Late) etriong yovidia Tou 100. Ta avoiKkTad mTAaicia
avayvwong (ORFs) atreikovifovtal 0TO Avw HEPOG TOU XAPTN KAl N apiOunon avrioToiXEi 01O
1° VOUKAEOTIOIO TOU KWOIKOVIOU Evapéng Kal oTo TEAEUTAIO VOUKAEOTIOIO TOU KwOIKOViou
TEPMATIOMNOU TNG peTa@paong. MN.X.to E4 ORF atraitei yia Tnv dnuioupyia Tou TV £évworn 2
EEWVIWV HEOW HATIOHATOG (OIOKEKOMMEV YPAMMA).
2TO KATW MEPOG TOU OXAMATOG ATTEIKOVIOVTAI HIO OEIPA ATTO EVOAAAKTIKA HATIOCHOTA.
ATtreikovifovTal pe Eévrovn HaUpn YPOMMA TA EEWVIA, HE AETTTA pAUPN YPOHHME TA ECWVIA.

H apiOpunon avriotoiXei oTo VOUKA£OTIOI0 BOTN (apIoTEPO AKPO) KAl VOUKAEOTIOIO OEKTN (OECi
GKPO) TOU IIKOU YEVWHMATOG.
Ta geETAYPA@A OAWYV TWV TTPWIHWYV YOVISiWwV EKIVOUV ATré TO VOUKAEOTIOI0 97 evw Ta
HETAYPOU@A TWV OWIHWYV YoVIdiwv aTtré To VOUKAeoTidlo 670.



H péAuvon, até toug HPV, cupfaivel HECW PIKPOTPAUMATIOMWY TOU €TTIONAIOU,
EKOETOVTAC TA KUTTAPA TNG BACIKAC OTIBAdAC OTOV 10.
O utrodox£ag yia Tnv €i00d0 ToU 10U gival AyvwaoToG .
H TTapaywyr Twv WPINWVY IIKWV CWHATIOIwV TTEPIOPICETAI OTA dIAPOPOTTOINUEVA KUTTAPO
TTavw atro TN Baoik oTifada. O kKUKAOC dwnic Twv 1wV HPV akoAouBei 1o TTpdypauua
d1a@OPOTTIOINONG TWV KEPATIVOKUTTAPWY TOU EEVIOTN
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H pdAuvon Twv KUTTApwvV TNS Baciknig oTifadac atrd HPV odnyei:
2TV EVEPYOTTOINOT TNG EKPPAONG EVOS KATAPPAKTH KWV YOVIOiWV ME
aTTOoTEAEOHA TNV TTapaywyn ~20-100 avTiypd@wyv 11kou DNA avd KUTTapo.
2TNV OUVEXION TOU KUTTOPIKOU KUKAOU KOl TNV JSIOTAPNOT TOU TTUPRVA O& OAEG TIG
oTIBGdeg Tou emOnAiou. 'Exel TrapartnpnOei, 611 To yovidiwpa Tou 10U BpioKEeTal
OTOV TTUPAVA TOU KUTTAPOU VIO T o€ dUo Hopég. MtTopei va givai
EVOWHaTWHEVO 0To DNA TOU KUTTApPOU, KOBWG €TTioNnNg MTTOPEl VO BPiCKETAI OE
HOP®N ETTICWHATOG, XWPIS va aTTOKAEIETAI N TAOUTOXPOVN TTApOoUCTia Kal Twv dUo

HOpPPWV.



H evowpdtwon tou 11kou DNA yivetral péow d1dppnéng tng ouvéxelag tou yovidiou E2 pe
MEYOAUTEPN OUXVOTNTA OTNV B0 METASU TWV VOUKAEOTIOiwWY 3243 Kal 3539. MeAéTeg akOpa
Exouv O¢igel, OTI 0 OPICPEVES OTTAVIEG TTEPITITWOEIG I EVOWNATWON Tou 1IKoU DNA yiveTal
HEOW SIAOTTAONG TNG OCUVEXEIOG TNG VOUKAEOTIOIKAG aAAnAouxiag oe B€oeig Tou yovidiou E1.
E4 ka1 E5 yovidia Katd Kavova XAvovTal KATA TNV EVOWMNATWOT).
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To yévwpa Twv HPV Trepiéxer 6800 — 8000 {euyn Baocewv Kal diaipgital o€ 8 avoIKTd TTAdiola
avayvwong — E6, E7, E1, E2, E4, E5, and L2 and L1 — Ta oTroia KWOIKOTTOIOUV YIA TIG
mpwipeg ‘early' (E) R oyipeg ‘late’ (L) Aeitoupyieg. Katd Tnv S1APKEIO TNG EVOWHATWONG
MEPOG TwV yovidiwv E2 kai L2 kataoTpé@eTal evw Ta yovidia E4 kai ES xavovral TeAsiwg. Ta
pETaypaga Twv E6 kai E7 yovidiwv gival TTAVTOTE TTOPOVTA KAl N HETAYPAPL TOUg duvaral va
TpotroTrolelfei ( augnOei) atrd TTAPAKEIPMEVOUG KUTTAPIKOUG ETTAYWYEIG.

LCR, long control region 1mrepioxr 61Tou TTpoodévovTal TTAPa TTOAU HETAYPAPIKOI
TTODOVOVTEC.



H etréuevn @don Tou TTOAAATTAQCIOOHMOU TOU 1IIKOU YEVWHMATOS CUMPBAIVEI KATA TV
dlaipeon TWV KUTTAPWYV TNG BAcIKAG oToIfddag oTnv gdon S. £Tnv @Aon auTth 1o
11K6 DNA avTiypda@etal padi ue Tnv avtiypa@n Tou DNA Tou KUTTAPOU SEVIOTH,
OnuIoupywvTag dUo avTiypa@a Eva o€ KABe BuyaTpikd KUTTAPO.

H TeAguTaia daon avriypa@ng Tou 1IKOU YEVWHNATOG OCUMBaivel OTO MOAUCHEVO
KUTTOPO TWV AVWTEPWYV OTOIRAdWY. Z€ AUTA TO KUTTAPO TTAPATNPEITAI £apOn TNG
AVTIYPAE@NG TOU 1IIKOU YEVWHOTOS PE OKOTTO TNV oUvBeon Tou 11IKkou DNA 1TOoU 00
E10€EAOEI EVTOG TWV VEOOXNHMATICOMEVWYV IIKWV CWHATIOIWY .

To TTPWTA YOVidIa TO OTToia EK@PAlOoVTal META aTTO TV MOAuvon €ival Ta E1 kai
E2, Ta otroia €mdyouv Tnv avriypa@n Tou DNA, pe Tnv mpwrtEivn E2 va dpd w¢
METAYPOUPIKOC EVEPYOTTOINTAC N KATAOTOAENC, puBuidovrac Tnv 6pdon TwWV

yovidiwv E6 kai E7.

‘Ex&l rapatnen0ci, 011 VEVETIKEC AAAAVEC, OTTWC Eival N EVOWUATWON TOU 1IKOU
VEVWHOTOC OTO XPWHOCWHO TOU KUTTAPOU &evioTn (atrevepyotroinon Tou E2)
HETOAAGEEIC 0TO YOViOIo E2 odnyouv oTnv auénuévn EKQPOon TWV
OYKOTTPWTEIVWYV E6 Kal E7, TTOU £ITTAYOUV TOV KUTTAPIKO METAOYXNMUOTIOUO .




Ta gpeBiocpaTta Ta oTroia ETTAYOUV THV dnMIOUPYId VEWV IWV OTNV OYIHN ¢don
Qaiveral va eEapTwvTal atrd aAAayég oTo KUTTAPIKS TTEPIBAAAOV KOBWG T
MOAUCHEVA KUTTOPOA KIVOUVTOI TTPOG TNV £TIONAIOKA ETTIQAVEIA. O AVESEAEYKTOG
TTOAAATTAACIAC OGS TWV ETTIONAIOKWY KUTTAPWYV TNG BACIKAG OTOIRAdAG OPEIAETAI
oTNV EKQPACH TWV IIKWV oyKoyoVvidiwv E6 kal E7. H evepyoTtroinon autwyv Twv
YOVIOIWV ETITPETTEI OTA HOAUOHEVA KUTTAPO VA TTOAAATTAaCIAloVTal NE YPRYOPOUS
PUOMOUG KAl T MOAUOHEVA KEPATIVOKUTTAPA XAVOUV TNV duvaTtoTNTA EAEYXOU TOU
KUTTAPIKOU KUKAOU KOBwG eTTiong Kal TNV 1816TNTA TOUG VA S10@QOPOTTOIOUVTAl.

210 adIa@OPOTTOINTA KEPATIVOKUTTAPA EKPPAloVTal £§1 M OOMIKEG PUOMICTIKEG
mpwreiveg (E1,E2,E4,E5,E6, kol E7) atré Tnv TTpWIpN TTEPIOXT TOU IIKOU YEVWHATOG.

Ta €81 TTpWIMA avoIXTd TTAdicIa avayvwong Twv yovidiwv E1 E2 E4 ES ka1 E6 E7

BpiokovTal UTTd TOV APECO EAEYXO TOU TTPWIMOU METAYPAPIKOU evepyoTroINTh (P97
yia Tov HPV-16 & HPV 31 ka1 p105 yia Tov HPV 18). O Trapdyovrag p97 evroTtrideTal
avodIKA Tou avoiXToU TTAaigiou avayvwong Tou E6 kal gival utrelbuvog yia Tnv
gEvepyoTTOinon OAWYV TWV TTPWINWYV YOVISiwV.

ATTé TNV AGAAN TTAEUPA OTA OIOPOPOTTOINHUEVA KEPATIVOKUTTAPA £K@pAlovTal a1rd
TNV OYIMN TTEPIOXH TOU IIKOU YEVWHOATOG Ol KAWIOI1aKESG TTPWTEIVES L1 Kai L2, ol
OTTOIEG Eival ATTAPAITNTES VIO TOV OXNMATIOMO TOU 11IKOU Kayidiou Kal To
TTOKETAPIOHUA TOU 1IKOU YEVWHOATOG OTA VEOOXNHATIOMEVA 1IKA CWMATIA.

Ta Syipa avoixtd Aaiola avayvwong L1 kai L2 BpiokovTal UTré Tov €AgyX0 TOU
HETaYpa@PIKOU evepyoTtroinTth p670. O TTapAyovTag autog BPioKeTAI EVTOG TOU
avolXTou TTAaiciou avayvwong Tou yovidiou E7 Kail gival utreuBuvog yia Tnv

EKPPAOT OAWV TWV OYIHWYV IIKWV YOVIOiwV.



H cuvapuoAdynon Twv VEWV HOAUCHATIKWY IIKWV CWHATIOIWY OTNV aVWTEPN
£mONAIaK oTOIBGOA ATTAITEI TNV TTAPOUCIA TWV KAWPISIAKWY TTPWTEIVWYV L1,L2
KaBw¢ cuuBaAlouv oTnV TOTTOBETNOT TOU IIKOU YEVWHOATOG EVTOG TWV KaAWIdiwv.
Exel TrapatnpenOsi 611 n Kawidi1akA TTPWTEIvN L2 evrotri{eTal OTOV TTUPAVA EVW N
KaWI1d10K TTPWTEiVN L1 evTOTTI(ETAI OTO KUTTAPOTTAAO A KaI €ival UTTEUOUVN, Yia
TOV OXNHATIOHNO TwV L1 TTevrapepwy, Tou gival n Baciki SOMIKK Hovada Tou
Kayidiou Twv HPV .

H wpipavon Twv IIKwv cwpatiwv cupBaivel étav Ta MoOAUCHEVA AaTrd ToV 16
KUTTapa avépBouv oTnv emOnAIak oToIBdda. TEAIKG 0 160G atreAguBepwvVETAIl ATTO
TO KEPATIVOTTOINMEVO KAAUMMO TTOU €XEI OXNMATIOTEI OTNV KUTTAPIKA £tTigpaveia O

HPV dev TTpokKaAgi AUOTH TwWV NOAUCHEVWYV KEPATIVOKUTTAPWY . TNV diadikaoia
auTh iowg euTTAEéKETAI N TTPWTEIVN E12E4. H Trpwrteivn autp aAAnAemdpd kai
KOTAOTPEPEI TO OIKTUO IVISIWV KEPATIVNG, TTOU AVATITUCCETAI OTNV ETTIPAVEIA TWV
MOAUOHEVWYV KEPATIVOKUTTAPWYV, ME ATTOTEAECUA VO ATTOOECUEUOVTAI KOI VO

ATTEAEUOEPWVOVTAI TO VEOOXNMATICOMEVA 1IIKA CWHATIO ATTO TO KUTTUPO.

O1 apXIKEG aAAolwoel§ oTO £1T10RAI0, TTOU ICTOAOYIKA TagivopouvTtal wg CINL,
oxeridovral ge ocuvexn avatrapaywyn Kai digiocduon Tou 100. H JeTATTTWON O€
MeyaAUTepou BaBuou duotrAacieg (CIN 2,3) kai TEAIKA O€ KAPKivo oXETIETAI
OUVNOWG ME TN METATTTWON TOU IIKOU YOVIOIWMATOG ATTO ETTICWHIKK O€
EVOWMATWHEVN popPn. H EVOWNATWON TOU YEVETIKOU UAIKOU TOU 10U OTO
YOVIOiWHA TOU KUTTAPOU EEVIOTH ATTO POV TNG OEV APKEI YIO TNV KAKORON
g¢aAAayn. H kakoROng e€aAAayn €ival Eva TTOAUTTAOKO YEYOVOG OTO OTTOIO
OoUMBAAAouv kal TTOAAOiI AAAOI TTAPAYOVTEG.



CIN2/3 HPV + CIN 3 HPV+

CIN 2 HPV +

duoioloyiké6 MOAYNZH CIN1 HPV+




P6Aog Twv likwv MpwTteivwv
E2:

Mpwrteivn Tpoodeong oto DNA ot £€e10IKeUNEVEG AAANAOUYXiEG Kal
oTpartoAdynon tng E1 otnv agetnpia évaping avriypa®ng = dnuioupyia
OUNTTAGKOU = oTpaToAdYynon DNA TTOAUHEPAONS KOl AAAWYV TTPWTEIVWV ME
OoKOTré TNV évapén TnG avriypa@ng
P6Ao oTn pUBMION TNG METAYPOAPAS TOU 1IKOU YEVWHATOS ATTO TOV TTPWIHO
ETTAYWYEa.
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E1:
ApaoTikéTnTa 3’-5’ eAIKGoNG
ApaoTikétnTa ATPdong
E6 kou E7:
Oykotmrpwreiveg oTtoug HPV uwnAouU Kivdouvou aAAd 6x1 otoug HPV xapunAou
KIvOUVOu.
E4 kai ES:
POOpION TWV OWPINWY LKWV AEITOUPYIWV
L1 kou L2
Exk@pdadlovTal KOTA TNV OWINN @Aon Kal oxnuati(ouv Ta Kawidia.



2& MOAUVOEIG XaunAoU BaBuou 1o yévwua Twv HPV uwnAou Kivduvou gival ocav
ETTICWHA EVW KATA TNV TTPO0O0 0€ KAPKIVWHA EVOWHOATWVETAI OTO YEVWHO TOU
KUTTApou (ouvOwg oto E2 ORF) = utrepékppaon Twv E6 kai E7.
PuUBuion TnG ék@paong Twv yovidiwv Twv HPV
AUo KUpI0I eTTOYWYEIG KATEUBUVOUV TNV éEKPpaon Twv ORFs Twv HPV Katd tn
OIGPKEIN TWV TTPWIMNWYV KAl OYIHWYV oTadiwv Tou KUKAoU (WG TOUG.

H ékppaon Twv TTpWIHWY yovidiwv puBuileTal ev HEPEI ME TO EVAOAAAKTIKS
MATIOHO.

O kUpl0og eTTaywyéag (P97) Twv HPV uwnAouU Kivduvou KATEUBUVEI TNV HETAYPAPN
og onueia upstream Tou E6 ORF.

NMapdayovreg HETAYPAPNG TTOU EAEYXOUV TOV TTPWIMO ETTAYWYEQ TTPOCOEVOVTAI OE
Mi1a TTEpIOX MEYEBOUG 1KD TTOU BpiokeTal upstream Tou E6 ORF kal ovopdadeTal
URR R LCR (upstream regulator region i longue control region).

Katroleg T€toleg 0€oe1g TTPpOCdEO NG €ival KOIVEG o€ OAoug Toug HPV TUTTOUG EVW
KATTOIEG AAAEG gival HOVADIKEG (TT.X N TTPpocdeon Twy Sp-1 kai AP-1 TrapayovTwv
upstream Twv TATA boxes €ival Koivég o€ 6Aoug Toug HPV).

H petaypa@n Twv OYPIpwyY yovidiwv EVEPYOTTOIEITAI KATA TN dla@opoTToincn TwWv
EMONAIOKWY KUTTAPWYV O€ onueia évapéng péoa oto E7 ORF (P742).
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Coding potential

Es,. E7.E1, EZ2, ES
ESsT, E7,.ET, EZ2, ES

ES,.E7, E2, ES

=T, E7.,. EZ2,. ES

ES, E7. E1AEa4, ES

Est, E7, E1 54, ES

ESEg4, ES

(E6.,. E7, E1IN7}, ESEZ2C, E2

EI~ES. ES
El. E3. ES

B2, S

=i EN, L2, 1.3

EI~ES,. L1

Xdaptng peTaypa@ng Tou 1ou HPV 31 .

Ta pETAYPA@A TO OTTOION EKKIVOUV ATTO TOV TTPWIHO £TTayWwyEa P97 ekppdalovtal oTta U TEAIKA
dlagpopotroinpéva KUTTapa TnG PBacikng emIONAIOKAG oTOIRAdAG , EVW TA HETAYPAPA TA
oTroia EKKIVOUV a1rd TnV 0éon P742 i P670 ekppdadovral oTa KUTTAPO TO OTTOi0l MTTOPOUV va
UTTOOTNPIEOUV TNV avTIypa@r) , TO TTAKETAPICHO KAl TEAOG TNV ATTEAEUBEPWON TWV WPIHWV
KWV CWHATIOIWV.
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NAPAIQriKH AOIMQ=H AINO TON HPV16
To d1a@opoTToIoUHNEVO ETTIONAIO ATTEIKOVICETAI OTO APIOTEPO AKPO TNG
EIKOVOG EVW N EKPPOOT) TWV YoVIdiwv atreikovifeTal oTo Oe&i AKPO TNG
EIKOVAG.

O 186G e10EPXETAI HEOW MIKPOTPAUMATIOHNOU 0TV Baciki oToIfdda Tou £TIOnAiou
Kol EyKaBioTaral utTré HoP @I ETTICWHATOS. Ta KUTTAPA (OTNV ATTEIKOVION ME TOV
KOKKIVO TTUPAVA) EK@PAlouV TIG TTPWTEIVEG E6 Kal E7 atrd Tov eTrTaywyéa P97
(kOKKIVO BEAOG).

Ta KUTTAPA (OTNV ATTEIKOVION HE MTTAE TTUPRAVA) EKPPAJOUV TA NN MOAUCHEVA
KUTTOpPO.

H ékppaon Twv yovidiwv Ta oTroia atreikovi{ovral JE TO TTPACIVO BEAOG eTTAYETAI
KUPIiWG a1rd ToVv emaywyéa P670 KaBwg n Ekppaon Twv yovidiwyv E6 kal E7 TTavel.

Ta KUTTaPA PE TO TTPACIVO XPWHA OTNV ATTEIKOVION eK@palouv Tnv E4 TTpwTeivn
KOaOwg Kal Ta TTPOIOVTA OAWV TWV TTPWIMWY YOVISiwV Ta OTToida aTraiTouvTal yid
AVTIYPO®PRA TOU 10U.

H ékppaon Twv KawIdIoOKWV TTPWTEIVWYV ( M€ TTOPTOKAAI BEAOG) akoAouBei Tnv
OAOKARPWON TNG AVTIYPAPNGS TOU 10U KAl AaMBAVEI XWPa O KUTTAPA TA OTToid
ekppalouv Tnv E4 mrpwreivn.
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AgiToupyieg TG E6 oykotrpwrEivng
H EG éxel repittou 150 aa kai TTePIEXEI DUO TTEPIOXEC TTPOO0dEONG ZN e To PoTiBo Cys-X-X-Cys.
EvToTrideTal o€ TTUPAVA KAl KUTTOPOTTAQO MO KOl TTPOCOEVETAI O TTEPIOCOTEPEG AT 12
OI0POPETIKEG TTPWTEIVEG EK TWV OTTOIWV N TTI0 CNMAVTIKE €ival N OYKOKATACOTOATIKA TTPWTEIVN
p53.
H p53 puBuilel TNV £EK@PACT TTPWTEIVWYV TTOU CUMMETEXOUV OTOV EAEYXO TOU KUTTAPIKOU
KUKAoOU 6TTwG TNG P21 (avaoToAéag KIVAONG KUKAIVNG).

2 e EPITTTWON HOAuvoNng atrdé HPV uwnAou KivoUuvou TTapepTrodifeTal N TTPOATTOTITWTIKH
OpaoTtnp1dTnTa TNG P53 pE atToTEAEOHA TNV aKUpwWOoN TwV G1/S Kal G2/M onueiwv eAéyxou
TOU KUTTOPIKOU KUKAou, TnV diaiwvion Twv DNA BAaBwyv (6TTwWG XpWHOOWHIKOI
AvaSITTAACIOOMOI ) KOl TRV augnuévn TTIBavOeTNTA KAPKIVOYEVECNG.

AgiToupyieg TG E7 oykotrpwreEivng
BpiokeTal Kupiwg oTtov TTupfva Kai givai mrepitrou 100 aa.
KUpla dpdon Tng €ival n aAANAeTTidpacn TnG HE TTPWTEIVEG TNG OIKoyEvelag Rb.
H Rb traidel onuavtikdé poAo oTov EAEyXO TOU KUTTAPIKOU KUKAOU.
2TNV MN-QWOPOPUAIWMEVN HOPPN TNG OXNMATICEI CUMTTAOKO ME TOUG METAYPAPIKOUG
TTapayovteg E2F/DP1 —» péow otpartoAdynong tng HDAC avaoTEAAETAI N HETAYPAPN
yovISiwvV TTou €uBUvovTal yia ThV TTPOO0S0 TOU KUTTAPIKOU KUKAOU — £€§000G KUTTAPOU aTTd
TOV KUTTAPIKO KUKAO — d1a@opoTtroinon Kal TEAIKA atroTrTwor.

Katd Tnv Tp60d0 Tou KUTTAPIKOU KUKAOU a1rd TNV G1 otnVv S, n Rb o @opuUAIwvEeTAl HECW
OUMTTAGKWYV KUKAIVNG-KIVAONG — EAeUBépwon TG Rb atrd To CUUTTAOKO — HETAYPAPN)
yovidiwv 1Tou oxeTtifovral ue Tnv ouvBeon tou DNA.

NMapoucia Tng E7 n Rb atmropakpuveTal atrdé cUUTTAOKO Adyw Tpoéodeocng Tng otnv E7 —>
OUVEXNG EVEPYOTTOINON TWV AVTICTOIXWV YOVISiWV — OUVEXNG TTPOOS0G TOU KUTTAPIKOU
KUKAOU — TTAPaYyWYIKOG TTOAAATTAACIAOHNOS TWV KUTTAPWY TWV AVWTEPWYV OTIRAdWV.



AAENOIOI

Epapuolouv TTOIKIAOUG pnXaviopoug yia TV pubuion NG £Kpaong Twv yovidiwv
TouG. O1 unxaviopoi auToi TTepIAaPBAvouy trans-acting HETAYPAPIKOUC EVEPYOTTOINTEC
OTTwG TNV TTpwTEivn E1A, Kal yETA-PETAYPAPIKY pUBUION TNS £EKPPAONG, N OTToIA
ETTITUYXAVETAI ATTO EVAAAQKTIKO PATIONA Twv MRNAS Kal TwV KWOIKOTIOIOUUEVWY ATTO
ToV 10 VA (virus - associated) RNAs.

H péAuvon Twyv KUTTApWYV atrdé Tov adevolo diaipegital oe dUo oTddIda, oOTNV
TTPWIMN KAl TV OYINN @Aon , n TeAeutaia @aon cupfBadilel PHe TNV avTiypagn
TOU YEVWHMOATOG TOU 10U.

Ta Tpwipa yovidia KwOIKOTToIoUV trans-acting PuOMICTIKES TTPWTEIVEG TTOU EKPpPAlovTal
OQMECWG META TNV MOAuvon. O1I TTpwTES TTPWTEIVESG TTOU eKPpalovtal E1A kai E1B,
KWOIKOTTOIOUVTaAI ATrd MIO METAYPAPIK Hovada oTo r-strand oTo apioTEPO AKPO TOU
YEVWHOTOG TOU adEVOIOU .
AUTEG oI TTPWTEIVEG gival trans - pUBUIOTIKEG TTPWTEIVEG , AAAG UTTAEKOVTAI £TTIONG KOI OTOV
MHETAOXNHATIONO TWV KUTTAPWYV TTOU £XOUV MOAUVOEi atrd adevoid.
Mapdayovral trévre partiopéva MRNAs 1Tou @épouv polyA oupa (13S, 12S, 11S, 10S, 9S) Ta
otroia KwoiKkoTtrolouv Trévre E1A mroAutremrTidia (Twv 289, 243, 217, 171 ka1 55 apivo&Ewyv
avtioToIxa ).

OAegg auTég ol TTpWTEiveg peTa@pdalovtal atrd To idI0 avayVWOTIKO TTAAICIO Kol £XOUV TA
idla apIvo- Kal KapBodu - TEAIKA dAKpa.
O1 d1a@opég HETAEU TOUG gival AOYw ToUu EVOAAQKTIKOU MaTiopatog tng E1A petaypa@ikng
HovAdag Kal Ol OTroieg KATAaAnyouv o€ BaoIKEG d1a@OpPEG OTIGC AEITOUPyieg Toug. Ta
TETTIOIA TwWV 289 Kal 243 AUIVOSEWV Eival HETAYPAPIKOiI EVEPYOTTOINTEG.
NMapOAo TTOU AUTEG OI TTPWTEIVEG EVEPYOTTOIOUV TNV HETAYPAPR 0 OAOUG TOUG TTPWIHOUG
ETTAYWYEIG TOU adEVOIOU, BEV UTTAPXOUV CAPEIG ATTODEIEEIG OTI T TTETTTIOIA AUTA
mpoocdévovTal armreudeiag oto DNA.
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Position in adenovirus genome

H E1A ptTopéEi Kal va eVEPYOTTOINOEI KAI VO KOTAOTEIAEI TNV METAYPAPH.
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H ouvBeon Tng E1A gevepyoTrolgi £va KATAPPAKTN HETAYPAPIKNG EVEPYOTTOINONG
HEOW TNG EVEPYOTTOINONG TNG METAYPAPNG TWV GAAWYV TTPWIMWYV YOVISiwV TOU
adevoiou, E1B, E2, E3 kau E4.

H peraypaen t1ng E1A amrdé poévn tng gival Eva iIcoppoTTnHEVO, AUTOPUOMICOMEVO
ouoThMa.

To dueca TTPWINA Yovidla Twv DNA 1wV TUTTIKA £XOUV IOCXUPA OTOIXEIO ETTAUENONC
TWV ETTAYWYEWV TOUC KOI OUTO VIOTI O€ EVA TTPOC@ATWEC MOAUOUEVO KUTTOPO, OEV
UTTAPXOUV TTPWTEIVEC TOU 10U KOl O ETTOUENTAC OTTAITEITAI VIO THV APXIK] €K@POON
TOU YEVWHOTOC TOU 10U.

O1 GUECO TTPWIPEC TTPWTEIVEC TTOU CUVOETOVTAI EiVOl HETAYPOAPIKOI EVEPYOTTOINTEC
TTOU EVEPYOTTOIOUV TNV £K@PAON KOI TWV AAAWYV yovidiwv Tou 10U, Kai n E1A
AEITOUPVEI aKPIBWC KATA OQUTOV TOV TPOTTO.

QoT1600, TTOPOAO TTOoU N E1A trans - EVEPYOTTOIEI TOV ETTAYWYEA TNC , N TTPWTEIVN
KOTOOTEAEI ETTIONC TNV AEITOUPYIO TOU ETTOUENTA  TNC KOl £TO1 OE PMEVAAEC
OUYKEVTPWOEIC, aUuTOPUOBMIZEl TV EKPPAOCT ThC.




Early gene expression:
Positive regulation

RN lEIB lE.?

E2 E4

Late gene expression:
Negative regulation

= E1B E3

E2 E4

B Enhhancer element 9 Promoters —= RNA transcripts

To eTTOEVO OTADIO OTO OTTOIO N EKPPACN MTTOPEI VO PUBMIOTEI Eival KATA TV
O1dpkela TNG egaywyng Tou MRNA a1ré Tov TTUPAVA Kol KATA TNV OIAPKEIN TNG
METAPPAONG TTOU YIiVETOI OTO KUTTAPOTTAACHAL.

Ta VA (virus-associated genes) yovidia KwdIKotroloUuv duo pIKpd (~160 nt) RNAs
TTOU pETaypAovTal atrd To r-strand Tou yevwpaTtog atmrd tnv RNA troAupepdon Il
(Tng oTtroiag n @uoloAoyIkn AsIToupyia gival va HeTaypda@el TTapopola Hikpd RNAS
oTTwG Ta 5S piIfoocwuika RNA kail Ta tRNAS).



O gukapuUWTIKOG TTUpRVAG TTEPIEXEI TPIA TETOIA Eviupa: TNV RNA tToAupegpdon |,
TNV RNA 1ToAupepaon ll, kar Tnv RNA tToAupepdaon lll.
H RNA troAupepdon | ouvOérer roug mepiooorepous Tutrous Tou rRNA.
H RNA troAupepaon ll ouvOérsr oAa ra mRNA kai
n RNA mroAupepdon lll ouvOérsr tRNA kair 5S rRNA.
Aitia auTAG TnNG £8e1dikeuong gival 611 KAOe TUTTOG RNA TTOAUNEPAONS avayVvwPicEl
MOVOV EKEIVOUG TOUG UTTOKIVNTEG TTOU Ep@avi{ovTal JE TNV €10IKE TASN yovidiwv.

Aupopotepa Ta VA RNA | kal Ta VA RNA |l ttapouoidlouv éviovn dsuteporayny doun

KOl KOVEVA MOPIO OEV KWOIKOTTOIEI VIO KATTOIO TTOAUTTETTTION0 EVW UWNAA ETTITTESX

AUTWV TWV VA CUCOWPEUOVTUI OTO KUTTOPOTTAAOUO TWV MOAUCUEVWYV UE OOEVOIO
KUTTOPWYV .

H péAuvon Twv KUTTAPWYV OTTO KATTOIO 10 EVEPYOTTOIEI TNV TTAPAYWYN
IVTEP@EPOVNC. MiIa aTTd TIC OPACEIC TWV IVTEPPEPOVWYV EiVAIl VO EVEPYOTTOINOOUV
HIO KUTTOPIKA TTPWTEIVIKA KIvAon , YyVwoTh w¢ PKR , n otroia gutrodilEl Tnv
Evapin TnC HETA@POAONC TWV ITKWV MRNAS. Ta aTTOTEAECUOATA TWV IVTEPPEPOVWV
OTO HOAUOHEVO  KUTTOPA E£ival KUPIWC N TTAPEUTTOOION THE HETAPPAONC TWV
nKwv MRNAS.

To VA RNA | rpood€éveTal OTNV KIVAON , ATTOTPETTOVTAG TNV EVEPYOTTOINCH TNG
Kal £€TO1 OeV KATAOTEAAEI TNV HeETAQpPaon TwV IIKwV MRNAs . Ta VA RNAsS
TTPOWOOUV ETTIAEKTIKA TNV pETA@Paon Twv MRNAS Tou adevolou £1§ BAPOG TWV
KUTTAPIKWV MRNAS Twv otroiwyv n peTa@pacn cuvexifel va TrapeUTrodifeTal



HERPESVIRUSES

Kwdikotroiouv TToAAG éviupa tTou TrEpIAapBAavovTtal otov NETABOAIONO Tou DNA
(Tr.x. Ouudivn Kivaon - thymidine kinase) kail TToAAOUG trans-acting TTapAyovTEG
TTOU pUBUI{OUV TNV XPOVIKI) £EK@PACH TWV YOVISiWV TOU 10U, EAEYXOVTAS TIG PACEIG
TNG MOAuvonG. H peTtaypa@ni Tou HEYAAOU Kol OUVOETOU YEVWHMATOS PUOMICETOI ME
évav TPOTTo TUTTOU «KATAPPAKTNY.

MNepioocoTepeg ard 50 KWOIKOTTOIOUHEVES TTPWTEIVES TOU 10U TTAPAYOVTAl HETA TNV
HETOYPA®PR TOU YEVWHATOG a1rd TNV RNA tToAupepdaon Il Tou KuTTtdpou SeVIOTH



Tpeig d1aKpITEG TAEIG M RNAS dnuioupyouvrai:
a: Ayéowgs- Tpwipa (IE) MRNAs KwdikoTroloUv Trévre trans-acting puBuIoTéG TNG

METAYPUPRG TOU 10U.

B:Mpwipa m RNAS KWAIKOTTOIOUV KUPIiWG yIa M OOMIKEG PUBMICTIKES TTPWTEIVEG

KOl MEPIKEG OOMIKEG TTPWTEIVEG.

y: KaBuotepnuéva mRNAS KwOIKOTTOIOUV TIG PBaCIKEG OOMIKEG TTPWTEIVEG.
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Ta KA CWHATIOIN TWV EPTTNTOIWV TTEPIEXOUV TNV TTPpWTEIVN a-TIF (a-gene
transcription initiation factor) n otroia digygipel TNV EKPPACH TWV - YOVIOiWV OTA
MOAUCHEVO KUTTAPO .



ANPOTEPEG Ol AUECWG- TTPWIMES KOl Ol TTPWIMES TTPWTEIVES ATTAITOUVTAI VIO THV
Evapén TnGg avrmiypa®ng tou yevwuatog. Mia nkg DNA-e€§apTwpuEvn DNA
TToAupepdon Kal pia 1K DNA 1mrpoodévouca TrPpWTEIVN EMTTAEKOVTAI OTNV
AVTIYPAE@N TOU YEVWMOATOG, MACi ME TTOAAG 1IKA EvUpa OTTWG TV BupiIdivn Kivaon .
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H avtiypagn tov yevoportog oapyiler ne v ocovvleon tov mpoteivov E (B
TPOTEWVAOV , TpOnev apoteivav Early ). Kdnoieg and avtég ovvofovranr 6TIg
0socig ori ( évapEng ™S avTiypa@ns) Kol HE TNV EVEPYOTNTU EMKAGNG TTOV
oww0étovv Cetvdiyouv 10 DNA. Zoyypoves 7mPOTEIVES NE OLYYEVEWD Y0 TO
HLOVOKA®VO Tuquae tov DNA 7mpocdévovion o€ 0vT0 OmOTPETOVTOS TO
gmavaoynraticpnd tov oikiowvov DNA. Xtov mpomopevopnevo KAOVO TS POVPKETOS
pwo pkpn aAiniovyio RNA ypnopevel mg eKKivti) Tave 6TO 0T0L0 AELTOVPYEL
70 ovumioko TS DNA moivpepdons Yo va ocvuvOEser TOV TPOTOPEVOUEVO KAOVO.
210V GALO0 KAAOVO TNG PovpKETag N Tprpndon 0o ocvvléser kpd RNAS ta omola O,
OTOTEAEGOVY TOVG EKKIVNTES Y100 TV cvvleon Tov Tepayiov Okazaki (fragments)
TOV «KOOVOTEPNUEVOV KADVODY.

H avtiypagn 0a oonynost apyikd o€ po oourny ® n omoio &v ovveysio Oa
00NYNGEL 6T o0ul] 6 YvooetT Ko o¢ “rolling circle” ko n omoio amotehel ToOV
Paociko TPOTO GVTIYPUPNS TMOV EPTNTOLOV , OLVOVTUS HOKPLES EMAVUIAOUPAVOUEVES
DNA aAiiniovyieg moAALATAQV OVTIYPAPOV YVOOTEG G “concatamers”,
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2XHMATIZMOZ TQN ‘concatamers” KATA THN ANTIFPA®H
TQN EPIMHTOIQN
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To YEVWHO TOU EPTTNTOIOU EICEPYXETAI OTO TTPOKAWIOIO KAl KOBETAI OTNV OUVEVWON
METAEU TWV AVTIYPAPWY TOU 10U avayvwpifovTag To OHA TTOKETOAPICHATOG.
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O KYKAOZ ANTIFrPA®HZ TQN EPMHTOIQN

R ;.
¢ A

cell RNA pol HI

“«— //'/ /
NUCLEUS DNA oc*_’i’i‘i,/" @

pr

replicating
proteins
+ 6
concatemer

rough endoplasmic reticulum

. Attachment

. Entry

. Transcription

. Translation

. Genome replication
. Assembly

. Exit

NA U R WN-



POXVIRUSES

H avTiypa@r) Tou YEVWHPATOG Kal N EKPPACN TwV YoVIOiwV OTOUG pPoXviruses gival oxedov
aveEAPTNTN QATTO TOUC KUTTAPIKOUG UNXAVIOWOUG , EKTOG ATTO TNV XpNoIJoTtToinon
atrdé TOV 16 TWV PIBOCWHATWY TOU KUTTAPOU LEVIOTH .

Ta yovidla Twv poxX 1wV KWOIKOTTOIOUV TTOAAG EvIUQ TTOU EUTTAEKOVTAI OTNV
avTiypa®n Tou iikou DNA, oTnv yeTaypa@ry Kal oTnV JETA- HETAYPOAPIKA TPOTTIOTTOINON
Twv MRNAS. [MoAAG atTé auTtd Ta Evuua €ival «TTOKETAPIOPEVA» PECA OTO I1IKO
owpaTidlo (1o otroio TrepIEXEl > 100 TTPWTEIVES), EMITPETTOVTIAC OTNV METAYPAYPN KAl
OTNV AVTIYPAPr TOU YEVWHATOG va Aaufdavouv Xwpa OTO KUTTAPOTTAACUa (TTapd OToV
TTUpva OTTwWG Yia TIG AAAEGC olkoyéveleg Twv DNA 1wv ), utro Tov €Aeyxo Tou 1ou. H
EK@POAON TWV YoVIdiwVv Tou 10U JIECAYETAI ATTO TA 1IKA €v{upa TA OTToia oUVOEOoVTaAl ME
TO VOUKAEOKAWIidIO TOU 1IKOU cwpaTIdiou .

Alakpivovral duo @Aaceig:

Mpwipa yovidia: Autd cuvioTouv TTePITTOU To 50% TOU YEVWHATOS TWV POX 1LV KAl
ek@padovTal TIPIV TNV AVTIYPAQPN TOU YEVWHOATOC MECA O€ £VA PEPIKWG «AVOIKTO»
VOUKAEOKAQWIBIO , KATAANYOVTAC OTNV TTApAywyrn TNS KAOAUTITPAG OTO 5’ AKPO KAl TNG
poly A oupd¢ oto 3’ akpo aAAGd Ta MRNAS akoéun dgv €xouv uttoBAnBei o paTIOUA .
Oyipa yovidia: Auta ek@pdadovTtal JETA TNV avTIypa®r) TOU YEVWHATOG OTO
KUTTOPOTTAQO A, AAAG N €KQPOAOCH TOUG €ival €COPTWHEVN ATTO TIC KWOIKOTTOIOUMEVES
AT TOV 10 METAYPOAPIKEC TTPWTEIVEC TTAPA ATTO EKEIVEC TOU KUTTAPOU EEVIOTH .

Omwc Kal oTnNV TTEPITITWAN TWV EPTINTOIWY , O ETTAYWYEIC TWV OYINWY YoVIdiwv
TTPOATTAITOUV TNV avTiypa®r) Tou DNA yia TNV €vePyOTToinor Touc.



TA=H 1l: MONOKAQNO DNA
To TTOAU PIKPO pEYEBOC TOU yeEvWUATOC Twv Parvo 1wv dgv Toug ETTITPETTEL VA
KWOIKOTTOIOUV OAa Ta atrapaitnTa €vupua Kal TOUG TTAPAYOVTEG YIA TV JETAYPAPN Kal
AVTIYPAEPI TOU YEVWMPATOG . 'ETOI, elgaviouv va £Xouv avaTtrTucel Jia akpaia Popen
TTOPACITIONOU, XPNOIMOTTOIWVTAC TIC OIABECIUEC AEITOUPYIEC TTOU UTTAPYXOUV OTOV
TTUPNVA TOU KUTTAPOU CEVIOTA YIA TNV EKPPOAON KAl TAV AVTIYPAPI TwV YoVIOiwV TOuC .

Terminal Terminal
palindrome .ﬁ H l palindrome

REP CAP




Non-Structural ORF  Structural ORF | ﬂ
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2TO AKPO TOU HOVOKAWVOU SSDNA uTrdpXouv OUVTOMEG CUMTTANPWHMATIKEG
aAAnAouyieg TTou oxnuaTtifouv deutepoTayeic OOUES YVWOTES WG inverted terminal
repeats (ITRs).Opiopévol parvo 10i £xouv dpoleg aAAnAouxieg oTa AKPA TOUG , EVW
o€ GAAOUG 10UG N CUUTTANPWHATIKOTNTA TWV AKPWYV dEV TTOPOUCIAlel TnV id1a doun
KOl KOTA CUVETTEIO TTOPOUCIAouV HJia povadikl Soun 010 KABE AGKPO TOU
YEVWHOATOG
(unigue sequences) .



(a) *Inverted repeats’ at the termini

(b) Unique sequences at the termini

Virus Sequences at the Po virions Jo virions

DNA termini! containing containing

(+) DNA (—) DNA
B19 virus 7 ITRs 50 50
Dependoviruses ITRs 50 50
Minute virus of mice Unique 1 99




Kartd tnv di1dpKela TNG avTiypa®g ol parvoloi NE TEpMATIKEG aAAnAouyieg ITRs
OnUIoUPYOUV KOl EVOWHATWVOUV iCEG TTOCOTNTEG AVTIYPAPWYV ME (+) Kal (-)
KAwvoug DNA kdaTI To otroio dev cupBaivel o€ 100G NE HOVADIKEG ( unique)

TEPMATIKEG aAAnAouYieg.

2TV TTEPITITWON TOU parvoilou B19 o 16¢ e10épxeTalI OTA £pUBPG aIpoCPaipIa
HEOW EVOOKUTWONG KAl HETAPEPETAI TTPOG TOUG TTOPOUG TNG TTUPNVIKAG
MEMBPAVNG OTTOU AOYW TOU MIKPOU pEYEBOUG TOU VOUuKAgokawidiou (18-26 nm)
EICEPXETAI OTOV TTUPRAVA.
2ToV TTUpRAVa TO HOVOKAWVO DNA péow TnNG DNA TToOAUNEPAONG TOU EEVIOTH
HeTaTPETTETAI 0 OiKAWVO DNA. Adyw Twv ITRS oT1o 3'dkpo 1o eAguBepo —OH
AgsiToupyei W EKKIVNTAG Yia TV Asitoupyia Tng DNA TTOAUHEPAOCNG TOU EEVIOTH.
H kutTapikl RNA troAupepdaon Il peTaypda@el Ta 1iKa yovidia Ta oTroia
uttofBaAAovTal o€ HATIOHO , HETappalovTal Kol OnMIoUpyouV TIG MN OOMIKEG
Kol OOMIKEG TTPWTEIVEG TOU 10U. AUQPOTEPEG ETTICTPEPOUV OTOV TTUPHVA YIA va
oXNMATioOUV, Ol HEV OOMIKEG TO TTPOKAWiIdIO o1 O un doMIKEG ( EAIkGon) va
geTUAigouv 1o dikAwvo DNA woTe KABe évag KAwvog eite (+) €ite (-) va
«TTOKETAPIOOEI» OTO KAWidIO.
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Ta péEAN TOU yévoug Dependovirus Tng oIKoyévelag Parvoviridae peE
EAATTWHATIK AVTIYPAPR givalr €§ OAOKARpPOU EEAPTWMEVA OTNV
UTTEPMOAUVON atTé TOV 0devold | KATTOIO €p1TNTOId  YIa TNV Trapoxn
BonBNTIKWYV ALITOUPYIWV WOTE VA YiVEI EQIKTA N AVTIYPAPR TOUG .

Ta yovidia Tou adevoiou TToU ATTAITOUVTAI WS BondNTIKA €ival Ta TTPWIMA
pUBMIOTIKA yovidia O1Twg 10 yovidio E1A.

2Tn uon orav evag Dependovirus eiIcépyeTal o€ €va guaioOnTo KUTTAPO
atroucia BonlnTikou 100 , HETA TNV METATPOTII) TOU YEVWHATOS TOU OE
OikAwvo DNA , gival duvaTov va evowHaTwoEi HEow avaouvOuaouou o€
KATTOIO OTT0 TO XPWHMOOWHATA TOU KUTTApou &eviothy ( ouvlBwg oTo
XPWHOcoWHA 19) kal va akoAouBnoel pia Aavlavouoa Aoipwin).

Av T10 010 KUTTAPO MOAUVOEI Twpa atrd €éva BondONTIKO 160 TOTE AKOAOUOEI
MIO TTAPAYWYIKER Aoipwén Kai yia Toug duo 10UG.



(a) Co-infection of a cell with a
dependovirus and an adenovirus
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(b)) Infection of a cell with

@ a dependovirus
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l (c) Adenovirus infection of
a cell latently infected
with a dependovirus
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ME TO BEAOZ AMNEIKONIZETAI TO IIKO ZQMATIAIO ENOXZ AAENOIOY KAI I'YPQ
TOY ZQMATIAIA DEPENDO IQN




TA=H lll: AIKAQNO RNA

OAol o1 10i pe RNA yevwparta dIagEpouV OUTIaoTIKA aTTO TA KUTTAPA TWV EEVIOTWYV TOUG,
Ta oTToia PUOIKA  gival dikAwva DNA yevwpuata Kal KaBuwg KABe 106G yia va JTTopEcel va
QVTIYPAQEi , VO JETAYPAPEI Kal va JETaPPaoBei Ba TTpETTEl aTTO BIoXNMIKAG ATTOWNG Va
gival ouhBaATOC PE TNV BIOXNMIKA UNXAVIKI TOU KUTTAPOU EevioT Ba TTPETTEN KATA
OUVETTEIQ VA UTTAPXOUV BACIKES DIAPOPEC OTOUG INXAVIOUOUG TNG £EKPPAONG TWV
yovidiwv TOou 10U aTTO auTOUG TOU KUTTAPOU CEVIOTH.

O1reo 10i €XOUV TTOAUTEMAXIOHEVO YEVWHOTO KOl AVTIYPA@POVTAI OTO
KUTTOPOTTAQOMA TOU KUTTAPOU &evIOoTH. XOpAKTNPIOTIKO YIO TOUG I0UG ME
TEMOAXIOMEVA RNA yevwpara, gival N mapaywyn EVOG MOVOKIOTPOVIKOU
(monocistronic) MRNA eEXwpPIOTA Yo KAOE TEUAYIO.

Nwpig oTnv poAuvon, n pETAyPA@ TOU TEHAXIOMEVOU dikAwvou RNA
YEVWHOTOS Aapavel xwpa atrd TnV 11K RNA 1TToAupeEpAOn €VTOG TOU
IIKOU ocwpaTidiou Katd Tnv didpkelia TG atrékduong ( uncoating).
TouAdaxioTov TTEVTE EVEUMIKEG OPAOCTNPIOTNTEG CUHMHETEXOUV OE QUTH TNV
digpyacia.

( ds RNA-dependent RNA polymerase ,RNA triphosphatase ,
Guanyltransferase , Methyltransferase , Helicase ).




Early transcription of d/fs
RNA genome segments
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- Genome replication -

Release of 5° capped
early mRNAs

v

Regulatory proteins

SECONDARY TRANSCRIPTION

Release of
late mRNASs
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AUTNA N 0OPXIKA METOYPAPNR KATAANRVEI O HETAYPOA@PA TTOU QPEPOUV KAAUTTTPA (
capped transcripts) Ta ommoia Ouwce dev @Epouv pPolyA oupd Kal TO OTTOId
EVKATAAEITTOUV TO VOUKAEOKOWIOIO VIO VA HETA@PACTOUV OTO KUTTOPOTTAQOUA.

Ta d10@OPA TEPAXIA TOU VEVWUATOC HETO@PAlovTal /| HETAYPAPOVTOI OE
OIOPOPETIKEC CUXVOTNTEC, VEYOVOC TO OTToio TTPo0didel TO KUPIO TTAEOVEKTNUA
EVOC TEUAXIOUEVOU VEVWUOTOC.

To RNA pETAYPA@ETOI OUVTNPNTIKA, ONAad] XPNOIMOTTOIOUVTAl MOVO Ol OPVNTIKOI
KAwvol ( (-)sense strands) , KATAARYovTaC 0TV OUVOEONn  TOU  OETIKOU
KAWVOU
( (+)sense) MRNAS Ta OTTOi0 OTTOKTOUV KOAUTITPO HECO OTO VOUKAEOKOAWidOIO TOU
10U .

Mia deUTepn MpETAYPA@NR CUMBaivEl apyd KATA TNV MOAuvon péoa o€
VEOOXNMATI(OHMEVA 1IKA CWHATIOIO KAl odNYEi O€ HETAYPAPA TO OTTOIO OEV PEPOUV
KOAUTTTPa oUTE polyA oupd.

To YEVWHA avTIiypd@ETal NE EvaV ouvTNPENTIKG TPOTTO. MIia UTTEPTTaPAYWYI
0eTIKWV KAWVWYV ( (+)sense strands ) Ta otroia Ba AeIToupyrnoouv we Syipa
MRNAS ka1 wg uATPa ( template) yia Tnv ouvleon Twv apvnNTIKWV KAWvVwY ( (-)
sense strand synthesis).



- pe==y . )
= - = double-layered particle
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Mepikoi atrd Toug RNA KAwvoug BeTIKRG TTOAIKOTNTAG Ba AsiIToupyRoouv wg MRNA
YIO TV TTOPAYWYH PUBHICTIKWY KOl OOMIKWY TTPWTEIVWY ( ME TTPACIVO XPWHO)
EVW AAAOI ( ME UTTAE XPWHA) WG MATPA VIO TOV OXNHUATICHO TWV APVNTIKWV
KAWVWYV ( ug BaAacoi Xpwua).



RNA bands
in el after

separation by Gene
electrophoresis product(s) Function
VP RMNA polymerase
[ WiP2 inner capsid layver
VP33 guanylyl transferase;
methvyl transferase
WP a spikes
NSP1
VP& middle capsid layver
RMNAs 1-10 —
(—+)
5 = -
. H OoRF - . | NS PZ core assembly
= — = 1 T NSP3
vVPT outer capsid laver
S NSP4 outer capsid assemblvy
NSPS core assembly
/ + NSP6
RMNA 11 :
. ) =
-, NSPS -
-— -
{—J
Key: ORF open reading frame
VP virus protein (suauctural proteind
NSP non-stuctural protein

HAekTpO@OPNON TOU YEVWHATOG VOGS PoTaiou.

Alakpivovtal Ta 11 dikAwva TepAYIa KOBWGS KAl TO TTPOIOV TOU KABE TEpayiou.
AvTIOTOIXEI EVa AVOIKTO TTAQIOI0 AVvA TEMAXIO EKTOG aTrd TO TEMAYXIO 11 61TOU
UTTAPXOUV 2 aVOIKTA TTAdioI0 avayvwong AaAAd o€ SIOPOPETIKA TTAAiICIO
avayvwonc , oroTe ol rpwreivec NSP5 & NSP6 0e&v @épouv Koivéc aAAnAouyiec.



TA=H IV : MONOKAQNO 0etikAg TToAIkoTnTaG RNA
H 1a¢n autn gival TToOAUTTANBEOTATN , AVAQPOPIKA PE TOV APIBUO TWV DIOPOPETIKWV
OIKOYEVEIWV KAl TOV APIOPO TV CEXWPIOTWY OPOTUTTWYV IWV.
Baoika, 10 yévwuda toug Asitoupyei wg MRNAS Kal JETA@PACETAI AUECWGS META TNV
MOAUVON TOU KUTTAPOU CEVIOTH.

Or110i autAg TNG TAENG uTTodIaIPOUVTAl OE UO ONADEC WG AKOAOUBWC:
[Mapaywyn JIag TTOAUTTPWTEIVNG TTOU TTEPIAAPBAVEI OAN TV KWOIKOTTOIOUCO YEVETIKN
TTEPIOXI TOU I0U, N oTToia 0TV cuvéXela Ba uttoBANBEei o€ TTEWN aTTd TTPWTEATEC TOU 10U
yia TNV TTapaywyr TPOdPONWY KAl TEAOG WPIMWY TTOAUTTETTTIOIWY .

GENOMIC (+ SENSE) RNA

TANF AN ANWAN LY
+ translation
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To 11k6 RNA avTiypd@eTal 0¢ CUUTTAOKA TA OTToid ATTOTEAOUVTAI OTTO ITKEG KAl
KUTTAPIKEG TTPWTEIVEG Kal 11KO RNA .Ta avTiypa@IKa auTtd CUUTTAOKA TTEPIKAEiovTal
o€ KuoTidla 200-400 nm Ta oTroia TTPOEPXOVTAl KUPIWG ATTd TO EVOOTTAAOHATIKO
dikTUO.

O eKKIVNTAC VIO TV OUVOEON TWV OPVNTIKWYV KOl BETIKWV KAWVWV €ival n
mPpWTEIiVvn VPO n otroia oupidiAiwveral o€ éva —OH Tupooivnc armrd tnv
1k RNA tToAupepdon.

H avTtidpaon autn AauBavel xwpa oTa oTolxEia cre ( cis acting replication
elements ) ToOu I1KOU YEVWUATOC.

Eivan BEBaio 611 yia Tnv ouvleon Tou (-) KAwvou RNA wg EKKIVNTAG
xpnoipoTtroigital To UU-VPg evw yia Tnv ouvBeon Tou (+) KAwvou RNA gvdéxeTal
va XPnNOIMOTToIEiTAl O iD10G EKKIVNTAG E£TTiONG.

2NUAavTIKO NEPOG Tou RNA oTa CUMTTAOKO AVTIYPA®PRS CUVAVTIETAI UTTO HOPPNG
avTiypa@ikou gevdiaueoou ( RIs , Replicative Intermediates) dnA. €ite utré HopPNRG
(+) RNA wg puATpa og ocuvduaouod pe augavopeva (-) RNA gite To avtifeto. TeAlka
0 166 puBuilel TV oUvBeon Tou RNA pe TETo10 TPOTTO WOTE 01 KAwvol (+) RNA va
gival 50 Qopég TTEPIoTOTEPOI ATTO TOUG KAWVOUG (-) RNA . ES autwyv Twyv (+) RNA
KAWVWV HEPOG Ba xpnoipotroindei wg MRNA kal puépog Ba atroTeAECEl TO YEVWHA
TWV WPIMNWYV TTAEOV IIKWV CWHATIOIWV.
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Key: (O RNA polymerase
cre  cis-acting replication element
UMP  uridine monophosphate
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To yévwpa Twv Picornavirus apouoidadel €vav eVOAAAKTIKO HNXAVIOHO yia TOV
EAEYXO TNG METAPPAONG. AUTA TA YEVWHATA £XOUV dIATNPNOEI TTOAU HOKPES UN-
KWOIKOTTOI0UOEG TTEPIOXES OTO 5’ Akpo Toug (5’ NCR), TTOU ATTOTEAOUV TTEPITTOU TO
10% TOU OUVOAIKOU YEVWHOTOGS. AUTEG OI AANAOUYXiIEG EMTTAEKOVTOI OTNV
AVTIYPAPN KOl OTO «TTOKETAPIOHUO» TOU YEVWHATOG TOU 10U.

H petdppaon twv kKuttapikwv MRNAs apyidel 6tav Ta pifoocwpuara
avayvwpioouv TNV KaAAUTTTpa oT10 5’dkpo Tou MRNA Kal «Capwoouv» KATA PAKOG
TNV VOUKA£0TIOIKN) aAAnAouyia pEXPI va @Bdaoouv o€ Eva KwIKOvio évapéng AUG

To vévwpa Twv Picorna 1wv Ogv HeTa@pdadeTal ge autov Tov TpOT1ro. To 5’ dkpo
ToUu RNA dev @£pel KOAUTTTPA KOl ETTOMEVWG OEV avayvwpileTal atro Ta
piBocwHATA KATA TOV idI0 TPOTTO OTTWG TA KUTTAPIKA MRNAS, aAAd TpOTTOTTOIEITAI
ME TNV TTpooOnKN TNG VPQg TTpwTreivng. YITdpxouv emmiong TTOAAATTAG KwoIkOvVIa
Evapéng AUG otnv 5 NCR, Tpiv 1O KWOIKOVIO £vaping KwoIKOTToinong Tng
TTOAUTTPWTEIVNG , TA OTToia WG dev avayvwpidovtal atrd Ta pifocwHATA.
210 JoAUOHEVA aTTO TOV picorna 1é KUTTapa, Ta PIBOCWHMATA AVTI VO «CAPWVOUV»
KAaTd pARKOG TNG 5’ NCR yia TOV EVTOTTIONO TWV KWOIKOVIWYV £évapéng TnG
HETAPPAONGS , XPNOIMOTTOIOUV HIO EOCWTEPIKA 0E0n dEopEUONG OTO 5’ AKPO (
Internal Ribosomal Entry Site - IRES) , Ta piBoocwpara rpocdévovral oto RNA
MEOW TOU IRES KaI {EKIVA EOCWTEPIKWG N HETAPPAOT).

O pnxaviopuég autég XPNOIMOTTOIEITAI ATTO MIA TTOIKIAIO IWV EKTOG TWV picorna
IWV  OTTWG a1rd ToVv 16 TNG NITaTiTiIdag C, Toug corona kai flavi 100G.
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2.€ MOAUOMUEVA ATTO TTOAIOIOUG KUTTOPO , N TTPWTEIV 2A TOU IoU 1| otToild
gival gia Trpwredon Oi1aotd Tov Trapayovta p220 tou elF-4F ( éva
OUMTTAEYHO TTPWTEIVWYV Ol OTTOIEG ATTAITOUVTAI Yia TnV “cap-dependent”
peTa@paon Twv MRNAs ota pifocwuata). KaBwg to RNA Twv TToAIoIWV
Oev PEpel HEOUAIWMPEVN KaAUTITPa oTo 5’ (Mmethylated cap) aAAd givai
TPOTTOTTOINMEVO aTTO TNV TTPOooOnKn TG VPg mTpwreivng, To RNA TOUu 10U
ouveyiCel va peta@paleral. ETol e autd Tov TPOTTO 0 160G KATAOTEAAEI TNV
META@POOT TOU KUTTAPOU CEVIOTH EVW OEV ETTNPEAZETAI N HETAPPOACTH TOU
O1koU Tou RNA.




TOGAVIRUSES
Moapaywyn utroyevwHIKwY ( subgenomic) mMRNAS, TTou TTpoépxovTal atmod
Ouo 1] KAl TTEPICOOTEPOUG YUPOUG METAYPAPHG TOU YEVWHATOG.

AuTH n OTPATNYIKA XPNOIMOTTOIEITAI YIO VA £TTITEUXOEI dlagpopotroincn oTOoV
XPOVO TWV PACEWYV TNG ‘TTPWIHNNG ’ a1rdé TNV ‘ OWIMN ) KaBuoTepnuévn’ @Aon TNG
AVTIYPUPNG.
2TNV TPWINN PACH TTAPAYOVTAl MN-OOMIKESG TTPWTEIVEG, CUMTTEPIAAUBAVOMEVNG
Kal TNG RNA TroAupepAonS , EVW KATA TNV OYIMN @Aon TTapdyovtal ol SOMIKEG
TPWTEIVEG ( Tr.X. togaviruses).

H TpwTtedAuon TTpoo@PEpEl ETITTAEOV €UKAIPIEG YIa pUOMION TG avaAoyiag Twv
01 @OPETIKWYV TTOAUTTETTTIOIWYV TTOU TTAPAYOVTAIl O KABE Ao TNG AVTIYPAPAG .
‘OAol o1 10i AUTAG TNG TAENGS £XOUV AVATTTUEEI MNXOVIOHMOUG TTOU TOUG ETTITPETTOUV VA
puUBUiIdouV TNV EK@PAOCT) TWV YOVIOIWYV TOUG O€E OXEON ME TNV AVAAOyid TwvV
OI@OPETIKWY KWOIKOTTOIOUMEVWY IIKWV TTPWTEIVWYV KAl HE TO OTADIO TOU
KUKAOU TnG avTiypa®ng O1rou trapdayovrai.
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To OeTik\G TTOAIKOTNTAGS RNA
TTEPIEXEI 2 KWOIKOVIA Evaping
NG peragppaong (AUG) pe
ATTOTEAEOHA N HETAPPOAON VA
KOTOARYEI O€ £va OIA@OPETIKO
set TTPWTEIVWYV : TIG TTPWIHEG
a1ré 10 1° KWOIKOVIO KAl TIG
OYINEG aTTO TO 2° KWOIKOVIO.
Kal OTIG 2 TTEPITITWOEIG
OUVTIOEVTAI TTOAUTTPWTEIVEG Ol
OTTOiEG OTN CUVEXEIa Oa
dl1ao1racOouyv yia va dwoouv
TIG AEITOUPYIKEG KOl OOMIKEG
TTPWTEIVES TOU 100.ZUYXPOVWG
n RNA mToAupgpdon Tou 100
METATPETTEI TO OETIKAG
TTOAIKOTNTAG

RNA, o€ apvnTIkng
TTOAIKOTNTAG KAl TO OTToio Oa
ATTOTEAECEI TNV HATPA YIA TNV
MadIKi TTapaywyn BETIKAG
TToAIKOTNTAG RNA woTe va
TTOKETAPIOOEi OTO
VOUKA£OKOWidlo TOU 10U.



TA=H V: MONOKAQNO apvnTikig TroAIKOTNTaG RNA

Ta yevwpaTa autwy TWV IWV  Eival:
* giTe TEMAYXIOUEVA (Segmented)
*€iTE uN TEMOYIOUEVA (non-segmented) .

To TpwTO BAMA OTNV AVTIYPAPK TWV Orthomyxo 1wV, TWV OTroiWV TO YEVWHO
gival TEPAXIOMEVO , €ival N METAyPA@ TOU apvnTIKOU KAwvou ((-) sense) VRNA
aré Tnv IKR  RNA eSapTtwpevn RNA troAupepdon ( virion- associated RNA-
dependent RNA polymerase) yia Tnv Trapaywyn Kupiwg HOVOKICTPOVIKWYV
MRNAS, Ta otroia 8a xpnoIyoTToINfoUV WG HATPES YIA TNV ETTAKOAOUON
AVTIYPO@I) TOU YEVWHATOS TOUG.

O1rwg pe OAa Ta IKG RNA yevwpaTta apvnTIKAG TTOAIKOTNTAS , TO EVCUMIKO
OUMTTAOKO TNG RNA TTOAUNEPAONS TOU 10U TTOKETAPETAI PE TO VOUKAEOKOAWiDIO TOU
Kal €ival AKpw¢ atrapaitnTo d10TI Kavéva KUTTAPO EeVIOTNG Oev TreEPIEXEl EVCUMO

IKOVO va aTTOKWOIKOTTOINOEI Kal va avTiypdawel To RNA yévwpupa Tou 10U.



2 & AGAAeg oikoyéveleg RNA 1wV TTOU QEPOUV U TENAXIOHEVO YEVWHA TTapAyovTal
gtriong povokioTpovikd MRNAsS . ESw, woT600, autd Ta HNVUMATA TTPETTEI VA
TTapaxouv atmod Eva Hovo, HEYAAO , apvnTIKRAG TTOAIKOTNTAG RNA poéplo.

To TTwg auTtd emmiTuyXaveTral Ogv gival oca@ég. MBavwg £va Hovo peyalo
METAYPOPO TTOPAYETAI TO OTTOIO £V OUVEXEIA SIOCTTATAI VIO VO OXNUATICEI
exwpiotd MRNAS, aAAd gival 110 TIBavO OTI AUTA TO METAYPAPA TTAPAYOVTAI
exwplioTda atod Evav pnxaviopd STOP AND START Tng METaYpPA®RG O OTToiog
MNXaVIOHOG pubuileTal atrd TIG oUVTNPNMEVEG AAANAOUYXIEG TTOU UTTAPXOUV HETAEU
TWV YyoviIdiwv Tou 10U.

Mnxaviopoi HaTioHaTog OEv XPNOIMOTTOIOUVTAI ATTO AUTOUG TOUG I0UG 1 OTToiol
AVTIYPAPOVTAI OTO KUTTAPOTTAAC L.

‘OAol o1 10i atTaITOUV TTOAU TTEPICOOTEPA AVTITUTTA TWV OOMIKWYV TTPWTEIVWYV
TOUG O€ OXEON ME TIG MN-OOMIKES TTPWTEIVEG TOUG (TT.X. TTOAUMEPAON) Yia KABE 1IKO
owpaTidlo (virion) Trou TrTAPAyYETAI.

21NV TPAgN, N avaloyia Twv SIAQOPETIKWYV TTPWTEIVWYV pubuileTal TOCO KATA TNV
OIGPKEIO TNG METAYPAPHRS 00O KOl METETTEITA.



A). Tepaxiopéva yevwuara , OpBopugoloi
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O 16¢ cioépxeTal oTta  emONAlaKG KUTTOPO MEOow TPododeong TNG
QIMOCUYKOAAITIVNG TOU ME TO OIOAIKO 08U TwV £1mIBNAIOKWY KUTTAPpWYV ( oTAdI0O 1
OTO AVWTEPW CXAHO).

O 16 c10épXeTal HEOW EVOOKUTWONG OTO KUTTAPOTTAOOMO KOl OTTEAEUBEPWVEI TO
IIk6 RNA (VRNA) kaBwg kai Tnv RNA egiaptwpevn RNA TtroAupepdon (RNA-
dependent RNA polymerase) Ta oTroia HETA@EPOVTAI OTOV TTUPAVA TOU KUTTAPOU (
otadio 2) o6mou n RNA elaptwpuevn RNA TTOAUPEPAON HETATPETTEI TO APVNTIKAG
TOAIKOTNTAG RNA o0& O€TIKAG TTOAIKOTNTAG KOOI EEKIVAEI TNV METAYPAPHR TWV
TPWIHWYV yovIdiwv BeTIKAG TTOAIKOTNTAG RNA ( otadia 3a kai b). Ta kG mRNA
a@ou TTPOCAdBOUV TNV 5 KOAUTTTPO METAPEPOVTAlI OTO KUTTOAPOTTAACHA Kl
peTappalovral (oTddio 4). O1 VEO CUVTIOEUEVEG IIKEG TTPWTEIVEG CIMOCUYKOAITIVN
Kal veupauividaon Ttagidevouv pécw TOUu OIKTUOU Golgi  oTnv £mi@daveia Tou
KUTTApou gevioTh ( oTddio 5b) A emOTPEPOUV OTOV TTUPAVA YIA va ouvdeBouv oTO
VRNA (o1ddio 5a). AAAEG pUBUIOTIKEG ITKEG TTPWTEIVEG ATTOOOMOUV TO KUTTAPIKO
MRNA avaoTEAAOVTAG ETO1 TNV HETAQPPACH TWV KUTTAPIKWY MRNAS Kal eTITTAéOV
XPNOIMOTIOIOUV Ta aTTEAEUBOEpWHEVA VOUKAEOTIOIO Yvia TNV ouvleon Tou VRNA .To
VRNAS , n RNA-e§apTtwpevn RNA TToOAUpEPAO KAOWGS Kal Ol AOITTES TTPWTEIVES Ol
OTTOIEG OTTOTEAOUV TO VOUKAEOKOWIOIO EYKATAAEITTOUV TOV TTUpRva Kal
METAPEPOVTAI TTPOG TNV MEMPBPAVN TOU KUTTAPOU OTTOU £XOUV CUOOCWPEUOEI n
OIMOOUYKOAITIiVI) Kol n veupauividdaon (otadio 6). To 1ik6 ocwpaTidlo HEow
EKBAAOTNONG EYKATOAEITTEI TO KUTTOPO €XOVTOG TrEPIAABEI OTO E€EWTEPIKO TOU
TEPIBANMA TNV AIMOOUYKOAITIVN KAl TNV VEUPAMIVIOAOT N oTroia 6a diaoTadcel To
O10AIKO O0&U TOU KUTTAPOU CEVIOTH WOTE VA ETITPEYEI TNV ATTEAEUBEPWON TOU 10U (
otadio 7).
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Polypepti
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PB2
PB1
PA
HA

NP

NA

M1
M2

NS1

NS2

Function

Transcriptase: cap binding
Transcriptase: elongation
Transcriptase: protease activity (?)

Haemagglutinin

Nucleoprotein: RNA binding; part of transcriptase
complex; nuclear/cytoplasmic transport of vRNA

Neuraminidase: release of virus

Matrix protein: major component of virion
Integral membrane protein - ion channel

Non-structural: nucleus; effects on cellular RNA
transport, splicing, translation. Anti-interferon
protein.

Non-structural: nucleus+cytoplasm, function
unknown
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B). Mn tepaxiopyéva yevwuara , NMapapugoloi

2e olkoyéveleg RNA 1wV TTou QEPOUV HN TEHAXIOHEVO YEVWHA TTAPAYOVTAl ETTIONG
MovokioTpoviKd MRNAs . Edw, woTtdoo, auTd Ta pnvopaTa TTPETTEI va TTapax0ouv atréd éva
MoVO, peydAo , apvnTIKAG TTOAIKOTNTAG RNA pépio.

To TTwg autd emiTuyXAveTal dev gival ca@ég. MBavwg éva pévo PEYAAO HETAYPAPO
TTAPAYETAI TO OTTOIO £V CUVEXEIO SIACTIATAI YIO VO oXNMaTioel {Exwplotd MRNAS, aAAd
gival 1o mIBavo 6T AUTA TA HETAYPAPA TTapAyovTal EEXWPIOTA atrd évav unxaviopdé STOP
AND START Tng METAYPAPNG O OTrOiog HNXAVIOMOG pUBMifeTal ATTO TIG OCUVTNPNHEVEG
aAAnAouyieg TTou UTTAPXOUV HETASU TWV YoVIdiwv Tou 10U.

Mnxaviouoi HaTiIoOHATOG OEV MTTOPOUV VA XPNOIMOTTOINBOoUV yiaTi auToi ol 10i avTiypda@ovTal
OTO KUTTAPOTTAAO QL.
2TOV TTapapuUgolo Ta 6 yovidia Siaxwpifovral HETAU TOUG ATTO ETTAVOAAUBAVOUEVEG
aAAnAovuyieg, eva ofpa TToAuadevuliwong oto TEAOG KAOE yovidiou , TRV HETASU TWV
yovidiwv aAAnAouyxia GAA n otroia akoAouBeital atrd Tnv aAAnAouyia eKKivniong Tng
META@PAONG OTO ETTOMEVO YOVidio.
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To yévwpa Twv Paramyxoviridae KwdikoTtroigi yia 6 rpwreiveg 116 : N, P, M, F, Tig
TpwTEiIveEG TOu TTEPIBARMaTog (HN QA H ) kai tnv L.
O1 rpwrteiveg L kKal P atroteAoUv To CUUTTAOKO TnG RNA TTOAUMEPAONG.

H rpwreivn F egTTAEKETAI 0TV OUVTNEN ME TNV KUTTAPIKN HEMBPAVN , N
mpwrteivnp M ( pATPA, matrix protein) ocuvdéel To VOUKAgOKaWidI0 pE TO TTEPIBANMa
TOU 10U.

2 € KATTOIOUG €K TWV Paramyxo 1wV UTTAPXEI N AIJOCUYKOAITIVN Kal N
VEUPAMIVIOAOT EVW O€ KATTOI0UG AAAOUG OTTwG oToV 16 TNG IAapdg pévo n
OIMOCUYKOAITIVI).

TéAog n rpwrteivn C puBpuilel TRV HeETAYPAPN.

OTTWG @AiveTAl KOl OTNV AVWTEPW EIKOVA N AVTIYPAPR, HETAYPAPH TOU YEVWHATOG
Twv Paramyxo 1wv Aauavel xwpa oto KUTTAPOTTAaoua Kal To MRNA dev @Epel
KOAUTTTPO Kl OeV gival TTOAUAOEVUAIWMEVO .

‘OAol o1 10i atraIToUV TTOAU TTEPICOOTEPA AVTITUTTA TWV OOMIKWYV TTPWTEIVWYV TOUG
o€ OXEON ME TIG HMN-OOMIKEG TTPWTEIVEG TOUG (TT.X. TTOAUHMEPAON) VIO KABE 11KO
owpaTidlo (virion) Trou TTAPAyYETAL. ZTNV TTPAEN, N AVOAoyia TWV JINPOPETIKWYV
TPWTEIVWYV pUBUieTal TOOO KATA TNV OIAPKEIO TG METAYPAPRS 60O Kal
METETTEITA. ZTOUG paramyxoviruses yla Trapadelypd, UTTApXEl 1o EEKABapn
TTOAIKOTNTA TNG HETAYPAPNAG ATTd TO 3’ AKPO TOU YEVWHATOSG TrPpog TO 5’ AKPO , ME
aTTOTEAEOHO TNV oUVvOeon TTOAU TrEPICOOTEPWY MRNAS yia OOMIKEG TTPWTEIVES (
Ol OTTOIEG KWOIKOTTOIOUVTAl OTO 3’ AKPO TOU YEVWHMATOG) , TTaPd YId TIG MN-OOMIKEG
TTPWTEIVES TTOU BpicKovVTal OTO 5’ AKPO TOU YEVWHATOS .
To TTAEOVEKTNMA TNG TTAPAYWYNG MOVOKIOTPOVIKWY MRNAS €gival 611 n
META@PPACTIKN ATTOTEAECHATIKOTNTA TOU KABE UNVUHATOG MTTOPEI VA TTOIKIAEI O€
oxéon ME TAd AAAA pnvopgara.



TA=H VI: MONOKAQNO OETIKHZ MOAIKOTHTAX RNA ME
ENAIAMEZO DNA
O1 peTPOIOi ECOPTWVTAI KATA MEYAAO TTOCOOCTO YIA TNV METAYPAPK TOUG ATTO TOUG
HNXaVIOMOUG Tou KUTTApOU &evioTh) . To RNA Toug av Kal BeTIKAG TTOAIKOTNTAG OEV
Asitoupyei wg MRNA oAAG atroTeAgi HATPA YIA TNV AVTIOCTPOPN METAYPAEPI) TOU OE
DNA. MOAIG 0 166 evowpaTwOei oto DNA TOU KUTTAPOU EEVIOTH UTTO TNV MOP®PR
TOU TrpoIoU (provirus) BpioKeTal UTTO TOV £AEYXO TOU KUTTAPOU EEVIOTNH Kal
HETAYPAPETAI AKPIBWS OTTWGS Kal T AAAA KUTTAPIKG yovidila. Mepikoi peTpoIOi,
WOoTO0O0, £XOUV AVATITULEI APKETOUG HETAYPAPIKOUG KAl HETA-HETAYPAPIKOUG
MNXAVIOHOUG TTOU TOUG ETTITPETTOUV VA EAEYXOUV TNV EKQPAOCT TWV YEVETIKWY TOUG
TTANPOPOPIWV.

Iintegrated provirus

U3 R us h’,_ w3 R uUs

l[Tranqcrlpt i()n]

R uUs _,_ w3 R — poly(A)
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To k6 cDNA (pre-integration complex) peTa@EpETAI CTOV TTUPHVA TOU KUTTAPOU
O1TOoU N 1K integrase KAaTtaAuegl TV avTidpaon TnG EVOWHATWONG Tou 11Ikou cDNA
ot1o DNA TOU KUTTAPOU EEVIOTH WOTE va dnUIoupynoei o TTpoIdG.2e OPICHUEVES
TEPITTTWOEIS TO IKO cDNA avTi va evowpatwBei oto DNA Tou KUTTAPOU EEVIOTH
KUKAOTTOIEiTAI KOI oXNMaTi{el éva eTicowua To otroio TrepIEXEl 1 1) 2 long terminal

repeats (LTR). AuTéG 01 KUKAIKEG HOP@PEG OEV HTTOPOUV VA AVTIYPAPOUV Kal
aAIToOAOLIOUVTAl



H Asitoupyia t™ng RNA TmroAupepdong Il gival n peraypa@n evog yovidiou oe
MRNA T0 oTroio ev cuvexeia 0a peta@paoBei. 1o DNA o1 emitrAéov aAAnAouyieg
ol o1roieg dev petaypdaovtal o€ RNA trepIAaupdvouv Tov eTTaywyéa ( 6tTOoU
ouvdéetal n RNA troAupegpdaon Il), Toug eTTaugnTéG , 01 OTTOIOI TOTTOOETOUVTAI TTPIV
KOl META TNV TrEPIOXN TToU Oa peTtaypa@ei o MRNA kal Tnv polyA Ttrepiloxn. ETol 1o
MRNA gival TTAVTOTE MIKPOTEPO ATTO TO AVTIOTOIXO YOViIdIO AKOMN Kal av Ogv
TTapePBAAAovTal Eocwvia.
2TOUG PETPOIOUG OUTH N ATTWAEIA avTICTAOMIETAI ATTO TO YEYOVOGS OTI PEPOUV
EMITTAEOV AVTIYPA@A TOU £TTAYWYEA Kal Tou eTraugnTh (U3 kai US avriocToixa).
Ta LTRs eupiokovtal povo otov DNA 10, (Trpo10).

Otav n RNA TmroAupepdon Il avayvwpicegl Tov ETTaywyéa TnG otnv U3 TTEPIOXN
CEKIVA TNV PeTaypa@n oTnv apXn TG R ( aploTepd AKPO) KAl OTOUATAEI OTNV
mePIOXN R (010 O£&i AKPO) OTTOU £VTOTTI(ETAI £Va oA TTOAUAOEVUAIWONG Kal
Qivel Eva TTARPEG HETAYPAPO

R-U5-RETROVIRUSES GENES -U3- R
OnA. €xouv xaBei o1 TeAIKEG TTEpIOXEG U3 ko US.

KdOe peraypa@o @Epel KOAUTTTPA Kal TTOAU A oupd . Opiopéva JeTAYpa@a
0a Asitoupynoouv wg MRNA kal €§ auTwyv opiocpéva Ba utTtoBAnBoUV o€
MATIOHA ( ME TTPACIVO XPWHA OTNV KATWTEPW EIKOVA) evw AAAa Oa
ATTOTEAEOOUV TO IIKO YEVWHA ( ME HTTAE XPWHA).



transcription

stop
cell transcription :
chromosome start PP
“uslRlus gag pol env U3|R|US
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genome

Petpoioi Tou AvBpwTtrou (Human T-cell leukaemia virus -HTLV ka1 Human
Immunodeficiency virus-HIV)

H tmrapoucia mToAAwv 0Béceswv oU0vOeEONG Yid TOUG TTAPAYOVTEG TNG
KUTTOPIKNG METAYPOAPNG OTIC YEVWHIKES TrEPIOXESG LTRS TWwV pETPOIWV
TTOPOUCIACETAI KATWTEPW.
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Madi, Ta oTtoixeia 6mTwg ,NFkB kai SP1 kai 1o TATA box, oxnuarifouv évav
A&ITOUPYIKO £TTOYWYEA TNG HETAYPAPRG oTNV TrEpIoxy U3 Tou LTR. QoTtdoo, n
Baoikn &vepydTNTA AUTWYV TWV ETTAYWYEWV Eival atrd POV TG OXETIKA
aduvapn, Kal TTOPOoUCIAlEl HOVO TTEPIOPICHEV HETAYPAPIKE) EVEPYOTNTA TOU
poIou atrd TnVv KUTTapik) RNA tToAupepdon Il.

Ap@oTepol o1 10i HTLV kai HIV KwdIKOTTOI0UV  TTPWTEIVEC Ol OTTOIEC Eival
trans-acting OETIKOi pUBUICTEG TNG METAYPAWPNAG: TIC TTPWTEIVEC tax Kal tat
aVvTIioTOIXO . AUTEC OI TTPWTEIVEC AUEAVOUV TNV UETAYPOAPIKN) EVEPYOTNTA
TOUAdYIoToV Katd 50-100 opéc.
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H rpwreivn HTLV tax mrpoodévetanl o€ Tpelig aAAnAouyxies 21 bp mAoUoieg o¢
otoixeia GC- (CRE ) otnv mrepioxn LTR. H rpwrteivn tax gmwiong oxnuartidel
AAANAETTIOPACEIG TTPWTEIVNG-TTPWTEIVNG ME £€vaV ONHAVTIKO apIBUO SI0QOPETIKWY
KUTTOPIKWYV TTAPAYOVTWY HETAYPAPNG , OTTWG Tr.X. M€ TNV Pl05.

H rpwreivn tax augdavel emriong Tov SINEPIOUO TWV ‘DZIP’ TTpWTEIVWYV TTOU
mpoodévovTtal oTo DNA pHéow TnG doung «peppoudp Atgukivng» - (leucine zipper).
O JI1pePICHOG AUTWYV TWV TTPWTEIVWV ATTAITEITAI YIO TNV TTPpOcdeon oto DNA Kai
OUVETTWG TNV HETOYPAQPIKA EVEPYOTTOINOT KOl N TTPWTEIVN tax OIEyEipEl AUTHV
TNV dl1adIKaoia.

O Tmrapdayovrag NFkB Trailel évav KEVTPIKO pOAO OTOV EAEYXO TG HETAYPAPNG KAl
OTNV EVEPYOTTOINOTN TWV AEHPOKUTTAPWY ATTO VOO OAOYIKAG ATTOYNG.

H mpwreivn tat Tou HIV TTpoodéveral o€ pia dopn «oTeAEXOUG-OnAIdg» oTO 5’
akpo Tou MRNAS TTOU pJETaypa@eTal atrd 10 LTR, yvwoté wg otoixeio TAR
(trans-activation response) . ATroucia Tng tat , n évapsn Tng HETAypa@Png atrod 1o
LTR gival €@IKTH , dAAG N HETAYPOAPN E€ival AVATTOTEAEOHATIKN ETTEION O
ETTaywyéag oxnMatifel Eva CUUTTAOKO XOMNARNG OUYYEVEIOG ME TNV TTOAUMEPAOT TO
oTroio eyKaTtaAgitrel Tpowpa 1o 11KG6 DNA. AvTifsTa TTapoucia TnG
mPoodedepévng tat oto oroixeio TAR, oxnuaTtifel Eva d1A@OPETIKO CUMTTAOKO
Evaping TnG METAYPOAPNS TO OTTOIO £ival IKAVO VO OAOKANPWOEI TNV METAYPAPL) TOU
HIV yevwuaTog .



Kard ocuvétreia ol rpwreiveg tax HTLV kai tat HIV gival BeTiKoi puBuIoTEG
TOU £TTaywyéa oto LTR TOU TTpOoIoU Kal gival UTTO ToVv EAEYXO TOU 10U.

KaBévag €€ auTwVv TWV 1WV KWOIKOTTOIEI HIO ETTITTAEOV TTPWTEIVN, TIG
TTPWTEIVEG rex Kai rev yia Toug HTLV kail HIV avTioToixa , o1 OTroieg
puBuiouV TTEPAITEPW TNV YOVIOIOKN £KPPOOTN OE EVA META - HETAYPAPIKO
emitredo.

O £AeyX0G TNG HETAYPAPNG Eival EvA ONHAVTIKO BAMO OTNV AVTIYPO®PR TOU
I0U KaI €ival auoTnpda pubuifoupevo.



OPIFANQzH TOY FrENQMATOZ TOY HIV-1
EM®ANIZONTAI TA ANOIKTA MNAAIZIA ANAITNQZHZ ME HMANTIKH

0 AAAHAOENIKAAYWH METAZY TOYZX
Laa] ca  [INclpo] Main genes g grouppecifc ontige (encodes matry, capsd
| bt/ nuclocapsd, pt and of)
" pol polymerase (encodes p6, rotease, reverse
transcriptase, RNase H, integrase)
em  emvelope
Reading / Auxiliary genes nef negative regulatory factor
frame (5 - requlatorof expression o viion proteins

1 | tot ransactivator of transcription
2 nf - viron ifectivity factor
3

il protein R
o vial protein

gpl"(l opdl

Non-coding sequences R repeat sequence
U3 unigue sequence at 3 end of genome
U5 unique sequence at 5 end of gename

Domains t the 5" end of the TR trang-acting response element
genome Poly-A  polyedenation signal
PBS primer-binding ste
IS dimerizaion niiation ste (involved i formation of
kissing loop complex)
0 splice donor site
Psi () main part of the packaging signal
AUG  start codon of the gag gene




To Northern Blot amrokaAUTITEl TNV UTTAPSN TOUAAXIOTOV OUO OMAdWY MOpPIwV
MRNA o1 otroieg £€xouv utToBANnOEi o€ HATIONO VWPIG META TRV HOAUVOT TWV
KUTTAPWYV, EEEPXOVTAI TOU TTUPAVA OTTOU METAPPALOVTAI KOI Ol TTPWTEIVEG tat Kai
rev eravépyovral otov TTupiva. H rpwreivn Nef ernpeddel apvnTiKA TNV EKQPAOCT)
TWV TTPWTEIVWV OTNnV £mIQAaveia Twv CD4 Agpokuttdpwyv (MHC class |, II)
OUMBAAAOVTAG £TO1 OTNV MEIWHEVN OVOOOAOYIKK ATTOKPIOT TOU SEVIOTH).
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O1 rpwreivec tax/tat Kol rex/rev eK@PAlOVTOl AUECWC META TV MOAuvon. Kai ol
OUO TTPWTEIVEC TTPOCOEVOVTAI OE HIa OEUTEPOTAYR OOMN TTOU OXNMATICETAI ATTO
M1 OUYKEKEPIMEVN aAAnAouyia oto MRNA Kal TTaAIvOPOUOUV METAEU TOU TTUPRVA
KOl TOU KUTTOPOTTAGOMOTOC MIO TTOU aVOYVWPEiI(OUV CAMOTA TTUPNVIKAC EVTOTTIONC ,
oAAQ KOI OAUOTO £EAVYWYNAC ATTO TOV TTUPNVO.

H TrpwrTteivn tat (trans evepyoTroiNTAS TNG METAYYPAPNG) @EPEI pIa aAAnAouyia n
otroia avayvwpilel Tnv aAAnAouxia TAR (transactivation response element) oTo
5 akpo Tou IikoUu RNA .

KaTtd cuvéTreia n TTpwrTEivn tat AEITOUpYEi WG £Vag HETAYPAPIKOG TTAPAYWY O
O1roiog Ouwg dev TTpoodéveral 0to DNA aAAd oto veoouvTtiBEpevo RNA kai
EVEPYOTTOIEI TNV HETAYPAPN TOU IIKOU YEVWHMATOG. ATTOUCIO TNG TTPWTEIVNG tat n
METAYPOAPR €ival KATA KAVOVO AVATTOTEAECHATIKN.

H TpwrTeivn rev @épel eriong pia aAAnAouyia n otroia avayvwpifel ocAuarta
TTUPNVIKNAG EVTOTTIONG Kal avayvwpidel Tnv aAAnAouyia RRE (rev response
element) n otroia evroTTi{eTal CE MN MOATIOCHEVA I} O€ HOVA HATIOHEVA HETAYPAPA .
KaBwg n TTpwTEiv rev oucowpEeUETal OTOV TTUPAVA OUVOEETAI OTO OTOIXEIO RRE
KOl TTPOKAAEI TNV METATTTWON YIA TNV OCUVOECT TWV OYINWYV TTPWTEIVWYV Ol OTTOIES
METOA@PAlOVTAl ATTO PN HATIOMEVA | MOVA MATIOHEVA HETAYPAPO.
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MoAAd yeEVWHATA IWV KWOIKOTTOIOUV trans-acting TTapAayovTeG Ol OTToiol
TPOTTOTTOIOUV I Kal S1EUBUVOUV TNV KUTTAPIKA METAYPAPI).
Mapadeiypara amroreAouv ol 1oi HTLV kail HIV 61Twg repiypd@nke avwtépw
, AAAG €TTiONG ,

n X mpwreivn Twv hepadnaviruses,

N rep TPWTEIVN TWV parvoviruses,

n E1A mpwreivn Twv adevoilwyv (adenoviruses ) Kai
Ol AUECA TTPWIHMEG TTPWTEIVEG TWV gpTTNTOIWYV (herpesviruses).



TA=H Vil : AIKAQNO DNA ME ENAIAMEZO RNA

H éKk@paon TWV YEVWHATWY OQUTWYV TWYV IWV €ival oUVOETN KAl OXETIKA
eAMITTWG KAaTavVONTA.
O1 hepadnaviruses trepiéxouv éva apiBuo aAANAO-ETTIKAAUTITOMEVWYV
OVOIKTWYV TTAAICIiWV avAyvwong OXeOIOOUEVA £TOI WOTE VA TTEPIEXETAI N HEYIOTH
OuvaT KWOIKOTToIoUCO TTAnpo@opia o€ Eva HMIKPO YEVWUO.

ESw traparnpeital To akpifwg avTtiBeto atrd o611 pe Toug peTpoioug. Ol
hepadnaviruses @épouv 10 HIKPO DNA yéEVWHE TOUG EVTOG TOU IIKOU CWwHATIdioU ,TO
otroio avTtiypda@eral oe RNA ota poAuopuéva Kuttapa atrd Tnv RNA tmroAupegpaon i

Kal To RNA TO Oo1T0io TTPpOKUTITElI HETATPETTETAI TraAI 0 DNA atrd Tnv avriotpo®n
METAYPOA@AON TOU IOU OTA WPEINO CWHATIOIA.

270 11IKO ocwpaTidlo To DNA gival HEPIKWG OIKAWVO , 0 ApVNTIKOG KAWVOG Eival
TTARPNG av Kal dev oxnuatiel KUKAo. Ta 5’ kal To 3’ dkpa gival EAeVBepa. 210 5’
AKPO OUVOEETAI N AVTIOTPOPN HETAYPAPAON.

To DNA «uBp1dileTal» MEPIKWG ME TOV OETIKO KAWVO.
MOAIG TO yovidiwpa Tou 10U Bpedei oTOV TTUPAVA METATPETTETAI OE KUKAIKO
HOpio DNA . Ta dkpa KaBe aAucidag evwvovTtal Kal oXNUATI(ouVv Eva OMOIOTTOAIKA
KAE10TO KUKAIKO DNA (cccDNA).
Agv gival yvwoTé €dv n 1kn P TpwTteivn mraifel KATTOI0 pOAO O€ AUTEG TIG
TPOTTOTTOINCEIG i} EAV TTPAYHATOTTOIOUVTAI HOVO aTTO £€VCUMA TOU SEVIOTH).



O 166 pépel 4 yovidia :
To yovidio C TO OTroio KWOIKOTTOIEI YIO TNV TTPWTEIVN TOU Kawidiou
To yovidilo P TO 0OT1r0oio KWOIKOTTOIEI YIA TNV TTOAUNEPAOT
To yovidlo S TO OTroio HEOW EVAAAOKTIKOU MATIOMOTOG KWOIKOTTOIEI yIa TO
avtiyéva emiQaveiag pre-S1, pre-S2 kai S
To yovidio X To OTroio KwOIKOTTOIEI yIa IO TTPWTEIVN trans-evepyoTroinTh TG

HETAYPOAPAS .

£ Acadferniic Pross, 20800,



Class VII: Double-stranded DNA

with RNA Intermediate

» This group of viruses also relies on reverse transcription.

« Unlike the retroviruses (class VI), this occurs inside the virus
particle during maturation.

« On infection of a new cell, the first event to occur is repair of
the gapped genome, followed by transcription:

Attachment
and entry

O ——

p

Uncoating

Nucreus

RNA
ccc DNA

Assembly Maturation
©—0
Reverse
Transcription

Proteins

Y,

Release

~-O



=

NUCLEUS

P
({+} D MNA
RMNA

P

-

AtreAsuBépwon Tou yevwuarog rou HBV amro 1o kawidio Kal UeTarporrn Tou
og cCCDNA.
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To cccDNA gival To eKJAYEIO yIa TN METAYPAPA.
NMapoAo 1Tou o HBV €xel TEooepig uTTOKIVNTEG (pre-Sl, pre-S2, X kai pre-C),
MOvo o pre-S2 €xel TATA box. Auo TOUAAXICTOV UTTOKIVNTEG €ival 1I0TOEIDIKOI, KAl Ol
HETAYPAPIKOI TTAPAYOVTEG TTOU EUNTTAEKOVTOI OTNV AVOYVWPIOTH TOUG Eival
TTPWTEIVEG TTOU gvToTriCoVvTal OTO NTTAP . AUTO £€NnYEi v pEPEl yiaTi o HBV eivai
€101KOG YIO TO NTTATIKA KUTTAPA. Ta ETTITTEdA £EKQPAOCNG TWV UTTOKIVTWYV EAEYXOVTaI
a1TO TNV OUVOECT KUTTAPIKWY METAYPUAPIKWY TTAPAYOVTWYV OTIG dUOo aAAnAouyisg
EVIOXUTI) TTOU €ival TTOPOUCESG OTO YEVWHA TOu HBV.

MoTteveTan 11 KAl N TPWTEivN X gival HETAYPAPIKOG TTAPAYyOVTaG, TTAPOAO TTOU
Oev @aivetal va ocuvdésTal oto DNA.

H petaypaen mrpayupartotroigital amrd Tnv RNA troAupegpdon Il Twv KUTTApWV
Kal odnyei oTnv ouvleon Teoodpwyv SIaPOPETIKWY o€ NEyeBog RNAs . OAa ta
METAYpO@O @EPOUV KOAUTITPO OTO 5° AKPO Kal €ival TTOAUOOEVUAIWMNEVO OTO

3'akpo. Ta mMRNA pe péyegdog 3,5 Kb €ival 1o Jakpu atrdé 1o yovidiwa.

AuTté cupBaivel yiaTti Katd Tn d1dpKEIa TG OUVBEONG TOUG £va HEPOG TOU
YEVWHOTOG HETAYPAPETAI OUO POPES, KAl ETOT £XOUV AUECEG TEPHUATIKEG
ETTAVOARYEIG.

Mpokeipévou va ouvtedouv ta 3,5 Kb mRNAs trpétrel n RNA troAupepdon va
ayvONoE&l TO OHA TTOAUAOEVUAIWO NG KATA TO TTPWTO TTEPACHA. MeAETEG pE TOV 10
HBV 1tng mamag £€de1§av o611 autd eAéyxetal amrd pia akoAouBia DNA ,
atrokaAovupuevn PET ( positive effector of transcription), n otroia eMTPEITEI OTNV
RNA 1mroAupepdon va ouveXioEl KATA MKOG TOU OHMATOG TTOAUadEVUAIwWONG OTO
TTPWTO TTEPACHA, AAAG OXI OTO dEUTEPO.



Katd 1o rpwTo mrépaocua n PET aAAnAouyia kataoTEAAEI TV aAAnAouyxia TTou
atrokaAegital NET (negative effector of transcription ), n otroia givai atrapaitnTn

YIO TO TEPMATIONO TNG MHETAYPUAPNAG.

"3 . P o b
TATA A A polsvyadenylation sigpmal

Metaypaer Tou 10U HBV. Mapoucialovral Ta 4 d1a@OPETIKA HeEYEON Twv RNAS.




O1 rpwrteEiveg C Kal P KwdikoTtroiouvTal atrd Ta RNAs 1rou £€xouv péyeog
mepitrou 3,5 Kb. Emre1dn To ORF tng C gival avodikd atré 1o ORF Tng P Ta
MEPICOOTEPA PIfOCWHATA TA OTToia oUVOEovTal o€ auTd Ta MRNA apyiouv Tnv
HETAPPAOT ATTO TO EVAPKTHPIO KWAIKOVIO TNG C. YITapXouv TOUAAXICTOV Tpid
EMITTAEOV KWOIKOVIA Evapéng TTPIV atrd To KWOIKOVIO Evapéng Tng P. INa va apyioel
n HETAPpPAON TNG P @aiveTal 6TI TO PIBOCWHA TTPETTEI VA CETTEPAOEI TA AVODIKA
KwOIKOVIA Evapéng ME Eva HNXAVIOHO YVWOTO w¢ «leaky scanning». Mg Tov TpoTTO
auTté o HBV Trapdyel TrEPICOOTEPES TTPWTEIVEG KAWIBIOU ATTO OTI TTOAUNEPATEG.

To avtiyévo HBeAg petappdaletal etriong atmoé ta 3,5 Kb mRNAS kol peETA ThV
OAOKARPWON TNG METAPPAONG EKKPIVETAI ATTO TO KUTTAPO.

H M mrpwr€ivn petagpdaletal atrd Ta MRNAs pe péyebog 2,4kb eviw n S améd Ta

MRNASs pe péyefog 2,1kb. Katroieg atrd Tig TTPWTEIVEG TOU PAKEAOU
YAukoluAiwvovTal Kol N L HUPICTUAIWVETOI OTO OMIVOTEAIKO TG AKPO .

ATTOdEiXTNKE OTI AUTH N TPOTTOTrOoiNON O&V gival ATTAPAITNTN YIA TNV

OUVAPMOAOYNOT TOU IOCWHATOS OAAA TA I0OCWHATA OEV €ival MOAUOHATIKA

aTTOoUCia TNG.
H mrpwTt€ivn C oxnuartifel SIJePN Ta oTroia cuvapoAoyouvTal Kal oxXnuatiouv
TO VOUKAgokayidlo.

‘Eva popio rpwreivng P, padi e O1aQOPES KUTTAPIKES TTPWTEIVESG, CUVOEOVTAI
pME Eva popio RNA 3,5Kb, To otroio 8a dpdocel oav TTpoyeVWHIKO RNA .



pregenome RNA

d—= A,

v

H rpwrteivn P ouvdéeTal o€ pia 0Eéon pEoa o€ pia aAAnAouyia yvwoTh cav €, N
otroia £x&1 uPnAS Babuod deutepotayoug doung. H aAAnAouyia € gival HEoa OTIG
TEPHUATIKEG ETTAVOARWEIG OTTOTE Eival TTAPOUCA KAl OTA OUO AKPO TOU
mpoyevwHikoU RNA. MioTteveTtal 611 n P ouvdésTal povo o1o 5 dkpo. H aAAnAouyia
€ padi he TO TTPOCOEHA TNG OPOUV WG CIVIAAO TTOKETAPIOHATOS YIO TNV
EVOWHATWOT TOU TTPpOoYEVWHIKOU RNA oTo Kawidio.



pregenome RNA

5!
DR DR2 DR
| | | |

repeit repeat

To TrpoyevwHIKO RNA £x&l OUO AUPECEG ETTAVOARWEIS OTTOTE UTTAPXEI EVA AVTIYPAPO
ToUu DR1 KkaI TG € 0¢ KABe dkpo Tou RNA.



H Tepioxi TNG avtioTpoPng HETAYPAPAONGS TNG TTPWTEIVNG P TTpaydaToTtrolEi
Tn ouvBeon DNA kai n Tepioxn TNG TEPHATIKAG aAAnAouyxiag Ttng Tpwreivng P dpa
WG EKKIVNTAG YIa TNV ouvleon Tng apvnTtikhng aAucidag Tou DNA. 'Evag
OMOIOTTOAIKOG OEOUOG oxnUaTideTal avapeca otnv opada -OH gvog KataAoitrou
TUPOOIVNG (KOVTA OTO OUIVOTEAIKO AKPO TNG P TTpWTEIVNG) KAI TOU TTPWTOU
VOUKAEgOTIOiOU.

To rpoyevwpiké DNA dpa w¢ eKpayeio yia Tnv cuvleon Tou DNA. ApXIKA
ouUVTiBeTAI Eva TETPAVOUKAEOTIOIO TNG apVvNTIKNG AAUCidag Kal HETA AUTO
METAPEPETAI OTN CUMTTANPWHATIKN aAAnAouyia Tou oto DR1 KovTd oT1o 3 AKPO TOU
TTPOYEVWHATOG.

H oUvBeon DNA cuveyiletal pEXPI TO 5 AKPO TOU TTPOYEVWHATOG .
H dpaotnpidotnta RNase H tng mrpwreivng P atroikodopei To RNA mrpoyévwpa
a1ré 10 cUUTTAOKO RNA-DNA. OAo 10 RNA a1roIKodoMEiTAI EKTOG ATTO £Eva THAMA
15-18 Baocewyv .
H -OH opdda ot1o 3'akpo Tou RNA 1TOU aTTOoéVEl Opa oAV UTTOKIVNTAG YIO TV
ouvOeon TnG OeTIKAG aAucidag Tou DNA.
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MovTtéAo ouvBeong Tou DNA ToU 10U HBYV atrd tTnVv avriotpo®n
MHETAYPOAQPAOCN.

10 2XHMA

(1) "Evapén Tng ocuvleong Tng apvnTiKAg aAucidag Tou DNA KovTd oTo 5 dKkpo Tou
TTPOYEVWHIKOU RNA.

(2) MeTtagopda Tou DNA oTnv idia aAAnAouyxia o1o 3’ AKpO TOU TTPOYEVWHIKOU RNA.
(3) Zuvéxion Tng ouvBeong Tou apvnTiIKoU KAwvou Tou DNA Kal a1ToIKodOnon Tou
mpoyevwuikoU RNA atré tnv RNaon H.

(4) OAokARpwoON TNG oUVOEONS TOU ApVvNTIKOU KAwvou Tou DNA. OAo 1O
TTPOYEVWHIKO RNA £xel atroikodounBei, EKTOG atrd pia HIKp aAAnAouyia oTto
5°dakpo.

(5) ZUvdeon TG BeTIKAG aAUCidag Tou DNA O0TO KUKAOTTOINMEVO TTAEOV EKHAYEIO
TNG apvnTIKNG aAucidag Tou DNA.



20 ZXHMA

To DNA Trepiéxel eravaAappavopeveg aAAnAouyieg ( direct repeats) DR1 kai DR2
oTOV BETIKO KOl ApvNTIKO KAWVO avrtioToixa ( oxnua 1).

Me TnVv €ic0d0 CTOV TTUPHVA TOU KUTTAPOU LEVIOTH O ApPVNTIKOG KAWVOG oXnMaTIEl
éva TTARPN KUKAO Kal 0 otroiog peraypa@eral amrdé Tnv RNA troAupegpdon Il . H
TTOAUPEPAON SEKIVA TTEPITTOU 6 BACEIS META TNV TTEPIOXN DR2 Kal TTpoXwpd KAaTd
TNV QOPA TWV OEIKTWYV TOU POAOYIOU KOl OTAMATA OTNV TTEPIOXN POIYA ( ME aVOIKTO
MTTAE OTO OXHHO 2).

To RNA atrokTta €tmriong pia polyA oupd. Kara cuvétreia To petaypa@o RNA givai
MeEYaAUTEPO a1rd TO 11IKO DNA ( akpIifwg To avTiBeTo atmd 611 oTOUG PETPOIOUG).
To RNA g&€pXETal OTO KUTTAPOTTAAO MO OTTOU “TTAKETAPETAI” HE TIG IKEG TTPWTEIVEG.

Toéte To RNA avtioTpopwg petaypda@eral oe DNA pe Tnv Bondsia tng
AVTIoOTPOPNG HETAYPAPAONS N OTTOI XPNOIMOTIOIEI WG EKKIVNTA TNV id1a Tnv
AvTioTPpO@N HETAYPAPAON NECW MIOG TUPpOOivNG. H avTioTpo@n HeTaypa@daon
gival ouvoedepévn He To 5 dkpo Tou DNA ( oxAua 3).

H avrioTpo@n petaypa@don AsiToupyeEi Tpog 10 5°'adkpo Tou RNA diapéoou Tou
DR1 ka1 poAig @Bdoel oto dkpo Tou RNA 1rnda padi pe To veoouvtedEv DNA 1Tpog
T0 3'akpo atrd 6trou To DNA emrekTeivetal kail n RNase H k6f&1 tov RNA kAwvo.H
ouvOeon otapara orav ¢Odaocel oto 5 akpo Tou RNA. O apvnTik6g KAWVOG PEPEI
aKpaieg eTavaAqpeig ( oxqua 4).



To RNA dgv KaTaoTPEPETAI TEAEIWG Kal TTEPITTOU 15 VOUKAEOTIOIO XPNOIMEUOUV WG
EKKIVNTAG YIO TOV 20 YUPO TNG oUvBeong Tou BeTIKoU KAwvou Tou DNA ( oxua 5).
H RNA pATpa 1TNdA 1Tpog 10 5°dKpo Tou apvnTikoUu KAwvou DNA ( oxiua 6).

H avtiotpo@n HeTaypa@Aon AEITOUPYEI TTPOG TO 5 AKPO TOU ApVNTIKOU KAWVOU TOU
DNA TpokaAwvTtag TNV KukAotroinon tou DNA .H avTioTpopn HeETaypa@®Aon
ouveyidel va HETAYPAPEI AVTIOTPOPWGS TO KUKAIKO DNA yia TroiKiAo apiBuo
Baocswv yia va oxnuaticel TEAIKG To DNA TO OTr0oio BpioKETAI OTA WPEIMA 1IKA
ocwpartidia ( oxqua 7).
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O 166 HBV (Hepatitis-B Virus) kard kupio Adyo TTpooBAAEI TO NTTATOKUTTAPO OAAAA
0 106 £X&l €TTiONG €VTOTTIOBEI KAl O€ KUTTAPA TOU TTAYKPEATOG, TWV VEQPWYV KAl OE
MovoTTUpnva KUTTAPO.

H mrpwrteivn P atroteAei éva TTOAUEVIUHIKO OCUMTIAOKO TO OTTOIO EMTTAEKETOI OTH
ouvOeon Tou 11IKou DNA kai oTnv geicaywyn Tou 11KoU RNA o1o voukAgokayidio.

H mpwrteivn X (HBX), eMTTAEKETOI OE TPOTTOTTOINCEIG TG HETAYWYNS CAMATOS TOU
KUTTAPOU CEVIOTH KAl EHHECWG ETTNPEALEI TO ETTITTESOO EKPPACTG TWV KWV KAl
KUTTAPIKWY YOVIOiwv.

Opi1opéEVa VOUKAEOKOWIdIO TO OTTOIO PEPOUV TO WPIMO TTAEOV IIKO YOVISiWHa
EMICTPEPOUV OTOV TTUPHVA YIO VO HETATPATTOUV Kal TTAAI o0e cccDNA woTe va
S10TNPAOOUV Ui OTABEPH HOVADA IIKWV OTOXWYV TTPOG HETAYPAPN).

TéEAog 1O veooxnuaTi(ouevo 11k6 cwuaTtidlo HBV petagpéperal oto cuotnua Golgi
YIO TTEQAITEPW TPOTTOTTOINCEIG TWV TTPWTEIVWV ETTIPAVEIAG KAl T IIKA CWHATIOIA
EKKPIVOVTAI EKTOG TOU KUTTAPOU.



META — METATPA®IKOZ EAENXOx THX EK®PAZHZ

DNA 10i , o1 OTroiol avTiypA@oVvTal OTOV TTUPAVA TOU KUTTAPOU EVIOTA , TA
MRNAS Toug Ba TTpétrel va UTToBANBOUV O HATIONA ATTO KUTTAPIKOUG
MNXOVICHOUG TTPIV HETAPPACOOUV. AUTOG O TUTTOG TPOTTOTTOINO NG EPAPMOLETAI
MOVO O€ 100G Ol OTTOIoI AVTIYPAPOVTAI OTOV TTUPRVa (Kol OXI, yia TTapAadeIyua,
OTOUG POX I10UG ), agou atraITei TNV emeepyacia Twv MRNAS oTtov TTUPRVa TOU
KUTTAPOU EVIOTH TIPIV HETAPEPOOUV OTO KUTTAPOTTAAO A YIO VO MHETAPPACOOUV.
MepIkd atré Ta KOAUTEPO TTOPADEIYMATA MATIOMOTOG QTTOTEAOUV Ol parvo 10i, n
METAYPOE@N TWV OTTOiWV KATAANYEI O€ TTOAAATTAG HETAYPOA@A TTOU QPEPOUV POlyA
OUpd OTO KUTTAPOTTAOCMA TWV HOAUCHEVWYV KUTTAPWY, KABIOCTWVTAG TOUG IKAVOUG
va TTapAayouv TTOAAATTAEG TTPWTEIVEG ATTO TO MIKPO TOUG YEVWMA Twv 5 Kb .
Opoiwg ka1 o1 polyoma 1oi , 6TTwg o SV40 .

AvTiBeTa, N MEYAAN KWOIKOTToIOUOO IKAVOTNTA TWV herpesviruses KAavel duvaTti
YIO QUTOUG TOUG I0UG TNV TTAPAYWYN KUPIWG NN MATICHEVWY HOVOKICTPOVIKWY
HeETaypda@wy (unspliced monocistronic MRNAS) , KaBéva atrd Ta otroia eK@pPAaleTal
a1Td TOV OIKO TOU ETTAYWYEN , KAOIOTWVTOG TTEPITTO TO EKTEVEG MATIOHA YIA THV
TTOPAYWYH OAWV TWV ATTAITOUHEVWY TTPWTEIVWV.

H atroteAeopaTikOTNTA JE TNV OoTToia S1a@opeTIKA MRNAS peTagppalovral
TTOIKIAEl ONUAVTIKA. AUTO TTPOOdIoPIfeETAl ATTO MIA CEIPA TTAPAYOVTWY OTTWGS N
oTa0epOTNTA TNG dEUTEPOTAYOUG BOMNG Tou RNA Kal KUupiwg atrd Tnv aAAnAouyia n
otroia TEPIBAAAEI TO KWOIKOVIO £vaping Tng pera@paong AUG Kal n otroia
avayvwpietal amrd Ta pifocwuaTta.



H mrpotipdtepn aAAnAovuyia yia tnv évapén gival n: GCC(A/G)CCAUGGG, trapéAo
TTOU MTTOPEI va UTTAPSEEI onMAVTIKE dla@opoTtroinon amrdé autiv Tnv aAAnAouyia.
lMoAAoi 10i xpnoipotrolouv eVAAAAKTIKEG aAAnAouyieg yia va puBgioouv TIg
TTOCOTNTEG TNG TTPWTEIVNG TTOU ouVvTiBevTal atrd éva MmRNA.

YTrapxel, wotdoo0, £Vag ETITTAEOV HNXAVIOMOG, YVWOTOG WG «ribosomal
frameshifting» , TTou XpnoiIJoTTroIEiTAlI ATTO MEPIKEG OMADES IWV . Ta KOAUTEPA
MEAETNHEVA TTOPADEIYMATA TTPOEPXOVTAI ATTO TOUG PETPOIOUG.

‘Eva HaKpU MN MOTIOMEVO METAYPOAPO KWOIKOTTOIEI YIA TIG TTPWTEIVES gag, pro
Kal pol . To TpOBANHA TTOU AVTIMETWTTICOUV OI PETPOIOI Eival TTWG VA EKPPACOUV
TPEIG OINPOPETIKEG TTPWTEIVEG ATTO Eva HAKPU pETAYpO@O. H Béon Twv Tpiwv
YOVISiWwV TTOIKIAEl OTOUG BIAPOPOUG PETPOIOUG.

2 & MEPIKEG TTEPITTITWOEIG (Tr.X. HTLV), KataAauBdavouv Tpia SIAQOPETIKA TTAdicIa
avayvwong , evw o€ aAAoug (1r.X. HIV), T0 yovidio Tng Trpwredong ( protease-pro)
oXNMOATICEl pIa ETTEKTAOCN OTO 5’ AKPO TOU yovidiou pol .
2TNV TTEPITITWON OUTH , N TTPWTEACN Kal N TTOAUpEpAon (OnA. n avrioTpo®n
METAYPAPAON) EKPPAJOVTAI WG MIA TTOAUTTPWTEIVN N OTToia AUTOBIACTIATAI OTIG
WPIMES TTPWTEIVEG HE MIa O1adIKACIA TTOU gival TTOPOHOIN JE EKEIV) TNG
TTOAUTTPWTEIVNG TWV picorna 1wv.
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2TO OUVOpPO METAEU TOU KABE Yyovidiou UTTAPXElI MIO OCUYKEKPIMEVN
aAAnAouxia n omoia ocuvlbwg atroteAcital amd emavalaupavoupeva
voukAeoTidla , 6mwg UUUAAAC. Autil n aAAnAouyxia otravia Bpiokeral
OTIG AAANAOUYXiIEC TTOU KWOIKOTTOIOUV YIO KATTOIO TTPWTEIVN KOI OUVETTWG
EM@aAVICETAlI VO XPNOIMOTTOIEITAI £I0IKWGS YIA AUTO TOV TUTTO puUbuiong. Ta
TMEPICOOTEPA PIBOCWHATA TTOU CUVAVTOUV aQUTAV TNV aAAnAouyxia 6a tnv
META@PAOCOUV XwpPic¢ OUOKOAIa Kal Ba ocuveXioouv HEXPI VO CUVAVTAOOUV
Eva KwOIKOVIO ARENG Tng  HeTa@paons. Qotdéco, Eva TTOCOOTO
PIBOCWHATWY TTOU ETTIXEIPEI VO HETAPPAOCEl auThlv TNV aAAnAouyia Oa
METATOTTIOEI KOTA €va VOUKAE0TIOIO TO TrAQicio avAayvwong Tpiv va
OUVEXiOEl va METAPPACEl TO MAVUMA, OGAAG Twpa o€ €va OINPOPETIKO
mAaiolo avayvwong ( .X. -1).

E¢aitiag autou, n UUUAAAC aAAnAouyia €xel opioBei wg  ° aAAnAouyia
oAioBnong’, Kai To atrotéAsopa ( -1 frameshifting) gival n HETAPPACN MIOG
TTOAUTTPWTEIVNG  TTOU _ TTEPIEXEI  EVAAAOKTIKA TTAnpo@opia  Adyw TOU
O10@OPETIKOU TTAAICIOU avVAYVWONG.
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AUTOG O NNXAVIOUOG ETTIONG ETTITPETTEI OTOV 10 VA EAEYXEI TO TTOCOOTA TWV
TTPWTEIVWYV TTOU TrapdayovTtal. AidTI uovo £va TTO000TO TWV PIBOCWHATWYV
vgioTtartal frameshifting kai yia ka0e aAAnAouyia oAiocBnong , utTrdpxel pia
BaBuidwon Tng HETAPPAONG ATTO TA TTAdICIA avayvwong omd 1o 5 dkpo Tou
MRNA Tpog 10 3’ GKpO.

Y1mrapyouv emITpooBeTeg aAAnAouyieg TTou puBpuifouv autd To CUCTNMA KAl
augAvVoUuV TNV CUXVOTNTA TWV YEyovOoTwV frameshifting. Z& MIKPpA amréoTACN META
TNV aAAnAouyia oAiocOnong , UTTAPXEI MIA AVECSTPAMMEVN aAAnAouxia eTTavaAnyng
N OTToix ETTITPETTEI TOV OXNMATIONO HI0G OOUNG OTEAEXOUG — OnAIAG Tou MRNA.

Stem-loo
¢
\\

I xXX¥vv=]

)]

37 mRNA

‘Slippery
seqgquence’

|
)
v
S>>,
— oy
¢
<

<
5~ [ XxXXv¥¥vv=} 72 = e

3° MRNA

/’,ﬁ \\\_

)
5 4

] I T T TT 131711 T | —
/l/"“_‘\ﬁ ///L 111} | T 37 Pseudoknot

Vi

g -



EmitrAéov MIO  TTI0avh emITTPO00eTn aAAnAouyxia OCUNTTANPWHATIK TWV
VOUKA£OTIOIWV TNG ONnAIAG n oTtroia eTITPETTEI TO « JEUYAPWHMA» HETAEU AUTWYV
TwV dU0 TrepIoXwV Tou RNA Ba €Xel WG ATTOTEAECHA TOV OXNMATIONO TG SOMRGS N
otroia gival yvwoty wg RNA pseudoknot. AutA n deuteporayng dour oto MRNA
odnyei TO pIBOoCWHATA TA OTroid HETAPPALOUV TO MAVUHO VO CTANATHOOUV OTNV
0éon Tng aAAnAouyxiag oAicOnong Kail auTh N KATACOTACON OPYOTTopiag N n Trauvon
TOU PIBOCWHATOG KATA TNV OIAPKEIA TNG HETAPPAONS OAUEAVEI TNV CUXVOTNTA ME
TNV omoia T1Oo frameshifting oupBaivel kol gmmopévwg Oivel HIa wOnon OTIG
KWOIKOTTOIOUMEVES TTPWTEIVEG OTTO TA METETTEITA OVOIKTA TTAQiICIO aAvAYVWONG.

gag

cap|R|U5 o I e ——_—
pol env U3RIA, mRNA

C. 95%

¢. 5% B Gag-Pol
MetTagppaon Twv yovidiwv Gag-Pol yéow pifoocwuikou frameshifting .
Mepitrou 10 95% TWV PIBOCWHATWY OTAMATAEI TNV HETAPPOAOCH OHECWG HETA TNV METAPPAOT
TOU yovidiou Gag evw MOVO TO 5% ouveXilel TTEPAITEPW TNV METAPPOON YiA TV oUvOEon
TNG Gag-Pol roAutrpwreivng dnA. pévo 10 5% TWV PIBOCWHATWY METATTITITEI OE £va
O10QPOPETIKO TTAQICIO AVAYVWONG TTPIV TO KWOIKOVIO TEPHATIOHNOU oTOo Yyovidlo Gag.



H teAeutaia péBo0d0Gg TOU HETAYPAPIKOU EAEYXOU E€ival N TTEPATWON TNG
KaTaoTOANG. AUTOG gival Evag TTAPOMOIOG MNXAVIOHOG HE EKeEivo Tou frameshifting
Kal EMITPETTEI OTA TTOAAATTAG TTOAUTTETTTIOIO VO eKPPaCcOOUV a1Td {EXWPIOTA
TAdiola avayvwong ammd éva uovo mRNA. Zg NEPIKOUG PETPOIOUG, OTTWG OTOV
Murine leukaemia virus (MLV), To yovidio Tng mpwredong XwpileTal amd 1o gag
yovidio atré 1o Kwdikovio ARENg UAG kai 6x1 atrd pia «aAAnAouyia oAicbnong»
N pseudoknot. ZTnv TTAEIOPN@ia TWV TTEPITITWOEWYV, N HETA@Paon Tou MLV mRNA
TTEPATWVETAI € AUTHV TNV aAAnAouyia, divovTag TiI§ gag TpwreEiveg. QoTtdoo0, o€
Aiya TTapadeiypara, To Kwdikovio AREng UAG KaTAOTEAETAI KAl N HETAPPAON
OuUVEeXi(eTal, TTAPAYOVTAG IO gag-pro-pol TToAUTTpWTEiVN, N oTroia akoAoUBwg
QUTOJIOOTTATAI KOl TTAPAYEl TIG WPIMES TTPWTEIVEG.

To atmoTéAeopa AUTAG TNG PUBMIONG €ival avAaAoyo HE EKEivo Tou ribosomal
frameshifting, M€ TO TTOOOOCTO TWV gag Kal gag, pro, pol Tpwreivwv va eAEyXeTaAl
a1ré TNV ouxvoTNnNTA ME TNV OoTroia Ta piIfocwuata diacXi(ouv ) TTEPATWVOUV OTO
KwdIkovio AREng UAG.

cap |R|U5S gag pol env U3IRIA, mRNA

c.95%

c.5% B Gag-Pol



O1 rpwrTeiveg vif, vpr, vpu kail Env geta@pdalovtal atrd Hova HATICHEVA HETAYPAPA
. O1 Tpwreiveg vpu Kal Env peta@pdalovral oTo EVOOTTAAOHATIKO OiKTUO OTTOU TO
yovidio ENV petappdalerar o€ Hpia moAumrpwreivn tnv  (Gpl60) n oTroia
YAUKOOUAIWVETAI KOI €V OCUVEXEIO OIOCTTATAI ATTO KUTTOPIKEG TTPWTEACEG o€ . SU
(Gp120) and TM (Gp41l).

H vpu ouowpeleTal otnv pEMBPAVN Kal CUMBAAEl oTnV €KBAAOTNON TOU IiKOU
owpMaTidiou amrd Tnv HEMRPAVN TOU SEVIOTN.

Ta dipepn Gag-Pol diaoTrwvTal HECW TNG ITKAG TTPWTEAONS , N OTToia €V oUVEXEia
dlaoTtrdel TNV ToAutTTpwreEivn Gag oTig mpwreiveg :MA (matrix), CA (capsid), NC
(nucleocapsid) ka1 p6, ol OTTOIEG EUPICKOVTAI OTO WPIHMO 1IKO CWHATIOI0

H mroAutrpwreivn POL diaotrdral o€ . PR (protease), RT (reverse transcriptase), IN
(integrase).

Tpeig pwreiveg o1 (Vif, Vpr and Nef), @épovral HEoa OTO WPINO 1IKO CWHATIOIO
EVW ol TTpwreiveg Tat , Rev ka1 Vpu dev @EpovTtal ATré TO WPIHO 11IKO cwHaTtidlo. Ol
TTPWTEIVEG Vif EKTOG TOU OTI EVOWHATWVOVTAI OTO 1IKO oCwHaTidIo ouvdéovTal Kal
atrodopouv Ta KUTTOpPIKA évlupa APOBEC 3F kal 3G TO oTtroia Teivouv va
EICXWPAOOUV OTA IIKA CWHATIOIN £10AYOVTOG METAAAGEEIC HEOW ATTAMIVWONG TNG
KUTIOIVNG KAl Ol OTroieg HETAAAGEEIC HTTOPOUV VA AaTTOROUV MOIPAIES YIA TOV 10.

O1 rpwreiveg NC ouvdéovTtal OTO IIKO YEVWHA MECW TNG aAAnAouyiag g, n otroia
TOoTro0€eTEITAI OT0 5 dAKPO TOU IIKOU YEVWHOTOS KOOI OTTOTEAEI TO ORfUA
«TTOKETOAPIOHATOS» TOU IIKOU YEVWHOATOG.

O1 Trpwreiveg p6 TrEPIEXOUV TRV aAAnAouxia TTpoAivn-0peovivn-aAavivn-rpoAivn n
OTroia MTTOPEi va ouvOEeBEi ME TNV TTPWTEIVN VPr KAOBWG Kol HE AAAEG TTPWTEIVES TOU
KUTTAPOU &EVIOT] OUMMETEXOVTOG ME QUTO TOV TPOTTO OTNV EKBAAOCTNON TOU 10U
NITO TO KIITTODO
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(+) Positive factors required for viral replication.
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2toVv HIV 1 16 TO OCUMTTAOKO TTPIV TRV EVOWHATWOT TOU 10U 0T0 DNA TOU KUTTAPOU
¢evioty (pre-integration complex ,PIC) To oTtroio trepiéxel To 1Ik6 cDNA Kal TnV 1IKRQ
integrase (IN) HeTa@EPOVTAI CTOV TTUPHVA.

AUO KUTTOPIKOI TTAPAYOVTEG ETTIOPOUV BETIKA YIa auTh TN HETa@opd. O TTapAyovTag
lens epithelium-derived growth factor (LEDGF/p75), évag Trapdywyv 0 O1roiog
EMTTAEKETAI OTN PUBHION TNG YOVIOIOKAG EKPPAOTNS TOU KUTTAPOU.

O mrapaywv LEDGF emdpd pe Tnv kA HIV-1 IN ka1 ka@odnyei To cUMTTAOKO
EVOWNATWONG OE HETAYPAPIKA EVEPYES OECEIG TOU XPWHOCWHATOG.

O deUTEpOG TTapaywyV gival o Transportin 3 (TNPO3/Transportin-SR2). O Trapdaywv
autdg TNPO3 TmioTeUeTal OTI ETTIOPA OTTWG KOI O AVWTEPW TTAPAYWV.

O evowpatwpuévog TTAéov HIV-1 166 HeTaypA@ETal ATTO TOUG ETTOYWYEIS TOU OTNV
long terminal repeat (LTR) Tep1oXf) XpPNOIMOTTOIWVTAG TOUG NETAYPAPIKOUG
mTapayovteg NF-kB and Sp1. O1 Asitoupyikég rpwreiveg Tou HIV-1 Tat, Rey, kai
Nef, €ival Ta TTPOIOVTA TWV TTPWINWYV TTPWTEIVWYV ATTO TTOAAATTAA pHaATIOMEVA
MRNAs . H rpwrteivn Tat ouvdéeTal 010 VEO peTaypa@oupevo 5 akpo Twv HIV-1
METAYPAPWV Kal OIEUKOAUVEI TNV MHETAYPA@R TOU 11IKOU RNA.

H mrpwrteivn CycT1 gival HEPOG TOU CUHTTAOKOU TWV HETAYPAPIKWY TTAPAYOVTWV
CDK9/pTEFb. H rpwrteivn CycT1 cuvdéetal otnv rpwreivn Tat kol evepyoTrolei
TNV petaypaen amé to HIV-1 LTR.

CRM1, gival évag GAAOG BETIKOG TTAPAYWYV O OTTOI0OG OE€ CUVEPYACTIa HE TNV IIKN
TTPWTEIVN Rev, CUMHETEXEI OTNV TEAIKH @AOT €§600U TOU NN MATICHEVOU TTARPOUG
MEYEBOUG METAYPAPOU ATTO TOV TTUPAVA WOTE VA EVOWHATWOEI OTO
veooXNUATICOMEVO 11KO VOUKAEOKaWidlO.



H rpwrteivn BST2 1) 6TTWG AAAWG avaépeTal £riong wg CD317 eival pia
TTPWTEIVN N OTroia ETTAYETAI ATTO TNV IVTEPPEPOVN Kal TTAPEUBAAAETAI JE TV
EKBAGOTNON TOU 11IKOU KaWidiou atrd ta poAuopéva KUTTapa.Tote o 166 HIV-1
EKKPIVEI KOl KATEOUVEI OTN BE0N AUTH TNV IIKA TTPWTEIVI) WOTE VA EEOUDETEPWOEI
TNV Asitoupyia tng BST2.

2ToVv 10 HIV 2 61T0U OEV UTTAPXEI N TTPWTEIVN VPU TOV AVTIOTOIXO POAO Trailel n
mpwrTeivn Env evw otov 16 SIV n rpwreivn Nef.

Evag aAAOG apvnTIKOG TTapAywyV gival To UUTTAOKO Twv TTpwTeivwyv TRIMSa To otroio
EXEI TTOAAATTAEG EVEPYOTNTEG HETAEU TWV OTTOIWYV Kal evepyoTnTa E3 ubiquitin
ligase. Q¢ ek TouToU TIBavoAoyeital OTI To cUNTTAOKO TRIMSa emdpa dpeca eri
TOU VOouKAgokayidiou atrodopwvTtag Tig TrTpwreiveg HIV-1 CA.



2YNOWIZONTAZ

Ta dueca- TTPWINA YOVidIa KWOIKOTTOIOUV TIG TTPWTEIVEG ‘EvEPYOTTOINTES, TA
TTPWIHMA YOVidIa KWOIKOTTOIOUV TTEPAITEPW PUBMICTIKEG TTPWTEIVEG KAl ETTAYOUV TNV
AVTIYPOE@ TOU IIKOU YEVWHATOG KAl TEAOG TA OWIpA YOVidla KWOIKOTTOIOUV TIG
OOMIKEG TTPWTEIVES TOU 100.

O1 10i XpnoIgoTTOIoUV TNV BIOXNMIKA MNXAVIK TWV KUTTAPWYV EVIOTWYV TOUG YIa va
EKPPAOCOUV TNV YEVETIKN TOUG TTANPOYPOPIa WG TTPWTEIVEG KAl, CUVETTWG,
XPNOIMOTTOIOUV TNV KATAAANAN «BloxXnMIKA YAWooa» TTOU avayvwpileTal atrd 1o
KUTTOPO.

ETTOHEVWG, O1 10i TWV TTPOKAPUWTIKWY KUTTAPWY TTAPAYOUV TTOAUKICTPOVIKA
MRNAS €V OI 10i TWV EUKAPUWTWYV TTAPAYOUV KUPIWG MOVOKICTPOVIKA KOl EVIOTE
OiIkioTpovikd MRNAS.

Emimpdbo0eTa, ol 10i Bacifovral o€ Cis- Kal trans-acting pnxaviopoug yia va
XEIPI0B0OUV TNV BIoAoyia TWV KUTTAPWYV EEVIOTWYV TOUG Kal YIO VO au§Aoouv Kail va
OUYXPOVIOOUV TNV EKQPACN TNG YEVETIKAG TOUG TTANpO@OpPIag.



Virus Enzvmes

dsDNA DdRp
dSRNA (iSl(dl{p

ssRARp —> mMRNA

(+) RNA
(-) RNA

NUCLEUS

CYTOPLASM

DdRp
dsDNA } Cell RNA pol II)

ssDNA }

> MmRNA

Eviuua Ta otToia XpNOIMOTTOIOUVTAl ATTO TOUG 10UG YIA TNV HETAYPA®PN

TOU YEVWHATOG TOUuS o0& MRNA
(+) RNA : dnA. n idia aAAnAouyxia pe 10 11IKO MRNA
(-) RNA : dnA. aAAnAouyia CUPTTANPWHATIKA TOU IiKoU MRNA
DdRp : DNA —dependent RNA polymerase
DsRdRp : double —stranded RNA-dependent RNA polymerase
ssRdRp : single-stranded RNA-dependent RNA polymerase



Examples of Proteins Encoded
by Bicistronic miIXINAsS

a) I o
- { o= 1
A orRF2 =~ A, HIN-1 Vpeu and Enwv

b) H T ——— orF1  F
__lorpF 2z Y5E 1 ) ]
= Fotavirus NS PS and INSPa

protein 2 l

protein 1

— L ORF2 A HIV-1 Gag and Gag-Pol

protein 1
—_— protein 1 + 2

Metdppaon SikioTpoviIKwv MRNAS
a) kai b) 1o piIféocwpa ptTOopEi Va EEKIVAIOEI TV NETAPPAON OTO KwOIKOVIO évapéng Tou ORF
1 R EVOAAQKTIKA HEOW TOU pnXaviopou “leaky scanning” va EEKIVAOEI TNV HETAPPAON OTTO
TO KWOIKOVIO évaping Tou ORF2 . Ta duo kwdiIkévia Evaping ival og S1AQPOPETIKA TTAdiIoIx
aAvAayvwong Kal £TC1 Ol TTPWTEIVEG Ol OTTOIEG TTPOKUTITOUV Egival OI1a@QOPETIKEG.
c) To ORF2 petagppdleral pHEOCW TOU pnxaviopou “ ribosomal frameshift” rapdyovrag pia
TTPWTEIVIKN aAAnAouyxia n otroia TTEPIAAUBAVEI TIG TTPWTEIVEG 1+2
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[TOI0TIKOC Kal TTOOOTIKOG TTPOCOIOPICHOC 1V

*KUTTaPOKOAAIEPYEIEC, AVIXVEUON IWV, AVIXVEUON AVTICWUATWY
EVAVTI TWV 1WV

*Texvikeég: Real Time PCR, NASBA, LCR,bDNA



Viruses are genetic elements enclosed in a protective coat that allows them to
move from one cell to another. Viruses may be subdivided by genome type,
Into those with:

* Double stranded (ds) DNA genomes (including the Adenoviridae),
which are amongst the largest of viral genomes;

» Single stranded (ss) DNA genomes, typically small, such as parvovi-
rus.

« ds RNA /RNA genomes, (e.g., reovirus);

* SSRNA genomes, which can be subdivided into those that function as
MRNA (positive sense),

« and those that are compplementary to the  mRNA produced from them
(negative sense).

* Viruses with RNA genomes that use a DNA intermediate (a provirus) to
produce the RNA genome (Retroviridae);

* Viruses with DNA genomes that use an RNA intermediate stage to
produce a DNA genome (Hepadnaviridae).



The replication of RNA viral genomes occurs through the formation of

complementary strands, a process that is catalyzed by RNA polymerase
enzymes .

As mentioned above, there are so called negative strand RNA viruses (e.g.,
Influenza) and positive strand viruses (such as polio).

The difference is that in the former case the infecting viral RNA does not code
for protein; it is only the complementary strand and there must be a
preformed RNA polymerase present to produce infectious strands.

In the case of positive strand viruses the viral strand is coding

and can act as a messenger RNA in the cell. Some viruses can replicate
In the cytoplasm, or can incorporate into the host cell DNA. The RNA
viruses that do this are called retroviruses, such as HIV, where part of

the genome codes for an enzyme not present in higher cells; reverse
transcriptase. This produces DNA from RNA, and in this way the viral RNA
genome can be integrated into that of the cell.



2.6 Some pitfalls in nucleic acid diagnosis

This is especially true of PCR where the sensitivity of the technique can be a real
problem .Great care has to be taken, as it is the PCR product, rather than DNA from
other individuals, that is the most likely cause of contamination.

To minimize the problem, solutions for PCR are prepared in one room, sampleis
added in another, and the PCR is carried out in another.

PCR products are never allowed into the other areas. Some laboratories have
different colored lab coats for those people in each room, and different colored
pipettes, so it is immediately obvious if anyone or anything is in the wrong place.
This may seem excessive, but there are many papers in the literature where
positive viral results have proved to be due to contamination. Mutations in the
primer sites in PCR can produce anomalous results, especially if they are at the
most 3’ position. In this case the primer will almost certainly not amplify, and this
can give the appearance of a deletion for this region, whereas it is simply a point
mutation.



Molecular probes have the advantages over conventional methods of
speed, specificity and sensitivity.In addition they may be the only ap-
plicable techniques as many microorganisms are fastidious and can-

not be easily grown . This is particularly pertinent to the study of viruses which,
as obligate intracellular parasites, require mammalian cells for their culture.
Apart from detection, molecular methods are now becoming standard
technologies for establishing viral load, particularly with regard to monitoring
treatment, and resistance to antiviral therapy. Table 4.1 shows a comparison
of molecular probes with more conventional methods.

Viruses are obligate intracellular pararites.
They possess either RNA or DNA. From the viewpoint

of probe technologies it is useful to know the type of target nucleic acid . In
theory it should be possible to diagnose virus infections rapidly by electron
microscopy and culture.

In practice, the former is insensitive, requiring about 10° virions to be present in
a sample, and the latter slow and not always possible. Molecular probes,
and gene amplification, overcome these problems and have become routine
procedures in the diagnostic setting.



Table 4.1: A comparison of molecular probes with conventional methods for the
etection of micro-organisms

S—

Cuture  Immuno-~ ELISA ~ Non- Gene
fluorescence amplification ~ amplification

_ probes methods
Speed to
produce resut ~— + 4e HE 4 F/+++
ensivty 44 4 H H b+
Speciity Mt M H bt b
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4.2 Sample collection and preparation

Nucleic acid from DNA viruses can be processed in a manner not dissimilar to that
used for DNA from eukaryotic and bacterial sources. RNA is, however, more labile and
specimens containing viral RNA need to be handled rigorously.

Containers should be both sterile and treated with diethylpyrocarbonate to
minimize RNAse activity.

Collection should be undertaken with gloves as RNAse activity is high in sweat
and other bodily fluids. The use of RNAse inhibitors may also be required if viral
load is low.

Extraction of RNA as template requires rigorously controlled conditions and
most often employs a guanidium-isothiocyanate (Gl ) extraction step.



4.3 Detection of virus
4.3.1 PCR methods

For DNA viruses this is straightforward, for RNA viruses an
additional reverse transcription step is required either by a

separate RT enzyme or a DNA polymerase, such as Thermus
thermophilus DNA polymerase, which has RT activity.

Human papillomaviruses (HPV) can- not be routinely grown in cell
culture and serological assays, are of poor sensitivity and
cross-reactivity of antigens. These viruses are recognized by
their genotype of which more than 120 are now recognized.

Certain types of HPV, such as 16 and 18, are strongly associated
with the risk of cervical cancer. Other types may be more
common but are not oncogenic. PCR studies have shown that

up to half of Papanicolaou smear-negative cervical specimens
carry HPV, including type 16,



suggesting that this is a more sensitive test for determining the

risk of subsequent cervical cancer. PCR also allows
genotyping with the use of type-specific primers. Other viruses
that cannot be grown routinely are shown in Table 4.3. Some
viruses can be routinely grown in cell culture but grow so
slowly as to be clinically unhelpful.

An example of this is the cytomegalovirus (CMV). Standard

cell culture techniques can take up to 3 weeks for positive
Isolation although this can be speeded up by
Immunofluorescent or enzymatic detection of early antigens in
24-48 hours. Both simple probe and amplification methods
have been applied to the detection of CMV. Positive results
may occur because of latent virus which is common in adults.
In one study in which primers were used that hybridized to
regions of the MIE gene (the ‘major immediate early’ antigen
gene, an expressed nonstructural product), all 44 culture-
positive heonates were PCR positive in their urine but none of
the 27




culture-negative neonates were. The most problematic specimen
type is blood as the virus is lymphotropic and latent virus can
be detected in white cells. Unless there is bleeding into the
meninges, however, CSF would not normally be expected to
harbor latent virus and its use on CSF of AIDS patients with
neurological disorders has shown PCR to be able to detect
almost all cases with disease even though cell culture was
more commonly negative. With viruses expected to be

present in low concentrations, nested PCR is often used ;

the increased sensitivity also, however, makes the risk of false
positives due to contamination. With specimens which may

have a number of different viruses or even mixed infections,
multiplex PCR methods have been developed. Specimens
such as CSF and respiratory secretions are ideal samples
for the use of multiplex PCR as the clinical features are
unlikely to identify the causative virus. Another use of
multiplex PCR is to type viruses. There are, for example,



four serotypes of dengue virus which can cause an illness

ranging from simple fever to hemorrhagic fever. It is useful to
be able to type this virus as it is recognized that infection with
one serotype, following prior infection with another is a risk
factor for the serious hemorrhagic fever manifestation.

Table 4.3: Examples of common viruses that cannot be routinely grown in cell

culture

Virus Disease ¥5
Hegltitis—A Infectious hepatitis

Hepatitis B Infectious hepatitis

Hepatitis C Infectious hepatitis

Parvovirus B19 Erythema infectiosum

Coronaviruses Common cold .
Enteroviruses Meningitis, rashes and other infections
Polyomaviruses Progressive multifocal leukoencephalopathy

Papillomaviruses
Epstein-Barr virus

Warts
Infectious mononucleosis




Other Amplification Technigues

Following the heels of PCR, a number of alternative in-vitro amplification
techniques have been developed, of which some are now available
commercially. Examples of these alternative techniques include ligase
chain reaction (LCR), nucleic acid sequence based
amplification/isothermal amplification (NASBA), and branched DNA
probes. Of these techniques, LCR, NASBA and branched DNA are now
available commercially in an automated or semi-automated format. A
NASBA assay is available for the quantification of HIV-RNA (Organon),
and an LCR assay is available for the detection of chlamydia (Abbott).
Branched DNA assays are available for the detection of quantification of
HIV-RNA, HBV-DNA, and HCV-RNA (Chiron).

With the exception of the branched DNA probe, all these techniques involve
exponential amplification of either the target nucleic acid or the probe.

Therefore, they are all as susceptible to contamination as PCR.

The branched DNA system is really an intermediate between classical
hybridization techniques and the newer in-vitro amplification techniques.
It is not as sensitive as those techniques which involve exponential
amplification but is considerably more sensitive than the classical
hybridization techniques.



Quantitative viral estimation

Quantification of viral load is becoming increasingly important as
a means of monitoring antiviral therapy of viruses such as HIV
and hepatitis C. It is also used, in HIV infection, as a means for
deciding when to start therapy. PCR, nucleic acid sequence-
based amplification (NASBA) and branched chain DNA (bDNA)
amplification methods have all been applied to guantification of
viral load in the clinical setting.



This can be enhanced by the use of ‘real-time’ PCR to 50 copies
ml2. NASBA is an isothermal RNA amplification system which
has a similar lower limit of detection to PCR. It is avalilable
commercially with a linear dynamic range of 102 -107 copies
ml-* when applied to HIV-1 quantification. This is a
transcription-based amplification system (TAS),as is the similar
self-sustained sequence amplification (3SR), which utilizes 3
enzyme activities:

RT, RNAse H and T7 RNA polymerase.
An oligonucleotide probe primer is bound to target RNA and

the RT makes a DNA copy. RNAse H removes the RNA portion
of the RNA-DNA hybrid and allows a second probe primer to
anneal downstream. RT then acts as a DNA-dependent DNA
polymerase to extend from one probe binding site to the other.
One probe primer has a T7 promoter site incorporated so that
this enzyme can then produce a



further RNA copy to allow the process to start again. Typically a
108 - 10° amplification can be achieved.

bDNA amplification does not require an internal control template
to be quantifiable. It is a signal amplification method that uses
branched chain DNA probes that can then act as substrates for
further hybridization reactions if the template is present initially.
The technology is licensed by Chiron and has a linear range for
HIV-1 of 104-10°% copies ml-1.

4.5 Measurement of antiviral resistance

Genotypic determination of viral resistance relies on identification
of mutations that confer this state. Thus, it is known that
mutations in the UL97 phosphotransferase gene and the UL54
DNA polymerase genes of cytomegalovirus confer resistance
to the antiviral drugs, ganciclovir and/or foscarnet. For some
viruses, such as HIV which mutates frequently like most other
RNA viruses, a battery of probes could be used to look for the

common mutations that confer resistance in the RT and
Nnrofteace Neenac



1. Virus Isolation

Viruses are obligate intracellular parasites that require living cells in order to replicate.
Cultured cells, eggs and laboratory animals may be used for virus isolation. Although
embroyonated eggs and laboratory animals are very useful for the isolation of certain
viruses, cell cultures are the sole system for virus isolation in most laboratories. The
development of methods for cultivating animal cells has been essential to the progress
of animal virology. To prepare cell cultures, tissue fragments are first dissociated, usually
with the aid of trypsin or collagenase. The cell suspension is then placed in a flat-
bottomed glass or plastic container (petri dish, a flask, a bottle, test tube) together with a
suitable liquid medium. e.g. Eagle's, and an animal serum. After a variable lag, the cells
will attach and spread on the bottom of the container and then start dividing, giving rise
to a primary culture. Attachment to a solid support is essential for the growth of normal

cells.




Primary and Secondary Cultures

Primary cultures are maintained by changing the fluid 2 or 3 times a week. When the
cultures become too crowded, the cells are detached from the vessel wall by either
trypsin or EDTA, and portions are used to initiate secondary cultures. In both primary
and secondary cultures, the cells retain some of the characteristics of the tissue from
which they are derived.

Cell Strains and Cell Lines

Cells from primary cultures can often be transferred serially a number of times. The cells
may then continue to multiply at a constant rate over many successive transfers.
Eventually, after a number of transfers, the cells undergo culture senescence and cannot
be transferred any longer. For human diploid cell cultures, the growth rate declines after
about 50 duplications. During the multiplication of the cell strain, some cells become
altered in that they acquire a different morphology, grow faster, and become able to start
a cell culture from a smaller number of cells. These cells are immortalized and have an
unlimited life-span. However, they retain contact inhibition.



Cell Cultures
Cell cultures are separated into 3 types:

1. Primary cells - prepared directly from animal or human tissues and can be
subcultured only once or twice e.g. primary monkey kidney

2. Semi-continuous diploid cells - which are derived from human fetal tissue
and can be subcultured 20 to 50 times e.g. human diploid fibroblasts such as
MRC-5

3. Continuous cells - derived from tumours of human or animal tissue e.qg.
Vero, Hep2



Cell cultures vary greatly in their susceptibility to different viruses. It is
of utmost importance that the most sensitive cell cultures are used for
a particular suspected virus. Specimens for cell culture should be
transported to the laboratory as soon as possible upon being taken.
Swabs should be put in a vial containing virus transport medium.
Bodily fluids and tissues should be placed in a sterile container.

Upon receipt, the specimen is inoculated into several different types of
cell culture depending on the nature of the specimen and the clinical
presentation. The maintenance media should be changed after 1 hour
or if that is not practicable, the next morning. The inoculated tubes
should be incubated at 35-370C in a rotating drum. Rotation is optimal
for the isolation of viruses and result in an earlier appearance of the
CPE for many viruses. If stationary tubes are used, it is critical that the
culture tubes be positioned so that the cell monolayer is bathed in
nutrient medium.

The inoculated tubes should be read at least every other day for the
presence of cytopathic effect. Certain specimens, such as urine and
faeces, may be toxic to cell cultures that may produce a CPE-like
effect. If toxic effects are extensive, it may be necessary to passage the
Inoculated cells. Cell cultures that are contaminated by bacteria should
either be put up again or passed through a bacterial filter. Cell cultures
should be kept for at least one to two weeks (longer in the case of
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H @iadAn (B) ptOopei va emTpéwel Kal TRV AVATITUEN TWV KUTTAPWY Ta OTToia
QvaTITUOOOVTAl Ot HOVOOTOIBAOEC APKEI OI QPIAAEC va TTEPIOTPEPOVTAlI TTAVW OTNV
KATWTEPW OCUOKEUN QUCAVOVTAC ME AUTOV TOV TPOTTO TNV ETTIPAVEIQ TTPOOKOAANONG TWV
KUTTAPWY OTO TTAQCTIKO.




430172 Culture Tube

MeTa atTd TNV ATTOKOAANCN TWV KUTTAPWY aTTd TNV PIGAN Kal TNV dnuioupyia
EVAIWPNMUATOC g€ KATAAANAN TTOCOTNTA BPETTTIKOU péoou, TTou TTEPIEXEl 10% opod, TO
evalwpnua petagépetal ava 2ml oe cwAAVES KUTTAPOKAAAIEPYEIWY. O CWAAVEC
eTwadovTal otov KAiBavo (37 °C) oTnv avwTEPpw oUuoKeun yia 24-48 wpec.

A@ou dIaTTIoTWOEI N avATITUEN JOVOOTOIRAdAC KUTTAPWY OTOUC CWANVEC, TO JECO
avattugng atroBaAAeTal kai avTikaBiotaTal ye 2ml yéoou kaAAiépyeiag cuvtipnons (MM
- M€ 2% 0p0). O1 cwAAvec pyeTa@épovTal o€ AAAO BAAAPO KABETOU vNUATIKAC pong (
eMITTEOOU TOUAQXIOTOV P2 -BSL-2) yia Tov eVOQOAAPIOHO TwV 1LV KAl HAAIOTA O€
EPYAOTNPIO EKTOG EKEIVOU TWV KUTTAPOKAAAIEQYEIWV.



Cell cultures should be refed with fresh maintenance medium at regular
intervals or if required should the culture medium become too acidic or alkaline.
When CPE is seen, it may be advisable to passage infected culture fluid into a
fresh culture of the same cell type. For cell-associated viruses such as CMV
and VZV, it is necessary to trypsinize and passage intact infected cells. Other
viruses such as adenovirus can be subcultured after freezing and thawing
Infected cells. L A T el I e
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Cytopathic effects of enterovirus 71, HSV, and CMV in cell culture: note the ballooning of
cells.
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Cytopathic effects of mumps and measles viruses in cell culture: note the
formation of syncytia.
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Influenza and parainfluenza viruses do not ordinarily induce CPE, however they
possess haemagglutinins and thus the ability to absorb guinea pig RBCs as they
bud from the cell. This phenomenon is known as haemadsorption.
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. Commonly employed cell cultures

include primary monkey kidney,
LLC-MK2 and MDCK cells. The cell
! cultures are incubated with a
suspension of guinea pig RBCs at
40C or RT for 30 minutes. The
unabsorbed RBCs are then
removed and the cell sheet
observed microscopically for the
presence of haemadsorption.

onto the surface of a cell sheet infected by mumps virus.

Also note the presence of syncytia



Presumptive identification of virus isolates can usually be made on the basis of
the type of CPE, haemadsorption and selective cell culture susceptibility. For final
identification, immunofluorescence, neutralization, haemadsorption inhibition,
electron microscopy, or molecular tests are normally carried out.

Rapid Culture Techniques e.g. DEAFF test

One of the most significant contributions to rapid diagnosis has been the
application of centrifugation cultures to viral diagnosis. The cell culture is stained
by monoclonal antibodies for the presence of specific viral antigens 24-48 hours
later. The best known example of this technique is the DEAFF test used for the
early diagnosis of CMV infection. In the DEAFF test, the specimen is inoculated
onto human embroyonic fibroblasts and then spun at a low speed. After a period
of 24-48 hours, the cells are then stained by monoclonal antibodies against CMV
early antigen. Therefore a rapid diagnosis of CMV infection can be made without
having to wait 1-3 weeks for the CPE to appear
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Fig. 2. CrY centnfugation culture
fied and staimnmed 16 hrs after
moculation showing viral protemnms
i nucle of infected human
hibroblast cells
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Susceptible Cell Lines

1.

HEL) , human amnion
.VZV
.CMV
.Adenovirus
.Poliovirus

2

o W

Herpes Simplex

.Coxsackie B
.Echo

.Influenza A
.Influenza B

.Parainfluenza
.Mumps

.RSV
.Rhinovirus
.Measles
.Rubella

Vero Hep-2, human diploid (HEK and

human diploid (HEL, HEK)

human diploid fibroblasts

Hep2, Hela,

MK, BGM, LLC-MKZ2, human diploid,Vero,
Hep-2, Rhadomyosarcoma

MK, BGM, LLC-MKZ2, vero, hep-2

MK, BGM, LLC-MKZ2Z2, human diploid, Rd
MK, LLC-MK2, MDCK

MK, LLC-MK2, MDCK

MK, LLC-MK2

MK, LLC-MKZ2, HEK, Vero

Hep-2, Vero

human diploid

MK, Vero

Vero, RKI13



2. Electron Microscopy

Virus diagnosis by electron microscopy relies on the detection and identification
of viruses on the basis of their characteristic morphology. A major advantage of
virus diagnosis by EM is the ability to visualize the virus.

Speed is another advantage of EM as the specimen can be processed within
minutes of receipt and thus EM can be used as a rapid diagnostic method.

On the other hand, the main disadvantage of EM is its inability to examine multiple
specimens coincidentally.

Secondly, there must be a minimum number of virus particles present (around 10°
virus particles per ml for detection) Some viruses may give a non-distinct
morphological appearance which may make detection very difficult.

Finally, EM is a very expensive service to provide and requires highly skilled
personnel. EM has found a particular niche in the detection of fastidious
gastroenteritis viruses such as rota, adeno, astro, Norwalk, and Caliciviruses.
There are two types of EM methods; direct or immunoelectron microscopy (IEM).
With direct methods, negative staining is normally used which requires little
special equipment, in contrast to thin sectioning techniques. The specimens may
be used directly or the virus particles may be concentrated before negative
staining. Immunoelectron microscopy is a means of increasing the sensitivity
and specificity of EM and is particularly useful in the following situations;




1.The number of virus particles present is small.
2.Many different viruses have different morphology e.g. herpesviruses
and picornaviruses. IEM may identify the virus .

There are 2 types of IEM, simple IEM, where the specimen is incubated
with specific antibody before staining in the hope that the antibody will
agglutinate the specimen, and solid phase IEM (SPIEM), where the copy
grid is coated with specific antibody which is used to capture virus
particles from the specimen.

Electronmicrographs of viruses commonly found in stool specimens from
patients suffering from gastroenteritis. From left to right: rotavirus,
adenovirus, astroviruses, Norwalk-like viruses.



ELISA

ELISA was developed in 1970 and became rapidly accepted. A wide

variety of assay principles can be used in ELISA techniques. Currently the
most important ones are;

1.Competitive methods
2.Sandwich methods

3.Antibody capture methods




Competitive methods

One component of the immune reaction is insolubilized and the other one labeled
with an enzyme. The analyte can then be quantified by its ability to prevent the
formation of the complex between the insolublized and the labelled reagent.
Advantages of this approach are that only one incubation step is necessary and
that the "prozone effect" at high analyte concentrations cannot occur.
Disadvantages are that the concentration range in which the analyte can be
qguantified without sample dilution is rather narrow and that the antigen or
antibody therefore cannot be distinguished in a one step assay




Direct Competitive
ELISA:

operate on the basis
of competition
between the
horseradish
peroxidase (HRP)
enzyme conjugate
and the analyte in
the sample for a
limited number of
specific binding
sites on the
precoated
microplate

Easy-to-Use Assay Procedure
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the prirmarny antibody, ssc-
orndary antibody or Protein
AL The plate is ready for use.
DO MNOT WVWASH.

A sample or stanmndard solu-
tion is added to each well.
Mext the enEyrme conjugate
s added and the mixturse
is incubated for 1 hour at
roOorm termperatune.
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Competitive or Blocking ELISA

In a competitive ELISA, a patient
serum and an Ag-specific conjugate
(pink) are co-incubated with a
captured Ag.

The amount of colour developed is
inversely proportional to the
amount of Ag-specific patient Ig
present. Careful standardisation is
required to interpret the results

In a blocking ELISA, the patient
serum is added first, incubated and
the excess washed off.

Next an Ag-specific conjugate is
added and the results interpreted
as above. Titres here may be lower
if the conjugate is of a high enough
titer to displace patient Ab.




Indirect Method
1.The method in which one component (usually the antigen) is used in an
Insolubilized form to bind the analyte from the sample (the antibody),which is
subsequently determined by addition of labelled second antibody against the
same class of antibody as the analyte antibody .
In principle, quantification can be achieved over an extremely wide analyte
concentration range in such sandwich methods. The "prozone effect" can be
avoided in the following ways;
(i) using sequential incubation steps for sample and label,
or (ii) by using monoclonal antibodies. Modification of the test in so that
antibodies of a specific class such as IgM, can be detected in the sample.
Also RF (rheumatoid factor ) is known to be a potentially interfering factor.



Types of
ELISA
Direct ELISA

Direct ELISA is the most basic of ELISA
configurations. It is used to detect an Ag
(red triangle; virus/bacteria/fungus,
recombinant peptide/protein, or another
Ab) after it has been attached to the
solid phase (eg. a membrane or
polystyrene microwell or dipsticKY):: o r-7s4
An Ab (green), conjugated with a label
(yellow star; eg. HRPO, AP, FITC) is then
incubated with the captured antigen.
After washing off excess conjugate and
incubating with a substrate and
chromogen, the presence of an expected
colour indicates a specific Ab-Ag
interaction.

The conjugate could be a commercial
prepartion specific for the Ag of interest,
or an in-house conjugated monoclonal or
polyclonal Ab, or even patient serum.
This format is identical to the Direct
Fluorecent Assay (DFA) except this is
performed on pateint cells, usually witrh
a glass slide as the solid phase and an
FITC.



Once again an Ag is adsorped onto a solid
phase. The first, or primary Ab (green) is
incubated with the Ag, then the excess is
washed off. A second or secondary Ab
(blue), the conjugate, is then incubated with
the samples.

The excess is again removed by washing.
For colour to develop, a primary Ab that is
specific for the Ag must have been present in
the sample (eg. human serum, CSF or saliva
or the supernatant from a hybrodoma
culture).

This indiactes a positive reaction.

It is important, during assay optimisation, to
ensure that the secondary Ab does not bind
non-specifically to the Ag preparation or
impurities within it, nor to the solid phase.

%

Indirect

IAI



Sandwich method
The method in which the same component of the immune reaction (e.g. the
antibody) is used in the insolubilized and the enzyme labelled form. The
other component, the analyte (i.e. the antigen in the sample forms a
bridge between the two reagents).

Antibody capture methods

These methods used to detect antibodies of specific immunoglobulin subclasses,
by first reacting the sample with e.g. insolubilized anti-IgM and subsequently
with either enzyme labelled antigen or with antigen followed by enzyme linked
antibody. Neither antibodies from other immunoglobulin subclasses nor
rheumatoid factor interfere significantly in such assays.

They are widely used for the diagnosis of acute infections by IgM detection.

These assays may be used for detecting IgG and IgA.



Capture ELISAs
Antigen Capture

In this, more specific approach, a capturing Ab
(orange) is adsorped onto the solid phase. The
capture antibody may be the reagent to be
tested (eg. the titre of a patients immune
response to a known Ag). However, the Ab
may be a standard reagent and the antigen
the unknown(as when a patients serum is
being investigated for the presence of a
microbial infection).

The same stringent optimisation is required as
for Indirect ELISA. This will ensure that the Ab
do not cross-react in the absence of Ag, or
non-specifically bind to the solid phase.




Antibody Capture

In this approach, a capturing Ab (orange) is
adsorped onto the solid phase. The Ab is
designed to capture a class of human Ab

(green; eqg. IgG, IgA or IgM). Next the sample
is applied, containing the Ab under
investigation. After washing, an Ag (red)
specific for the Ab is added and finally an anti-
Ag conjugate (blue) provides the signal.




Assay Characteristics

The use of monoclonal antibodies has lead to many improvements in

ELISA systems.
1.Higher sensitivity ;- either by selection of antibodies with a
extremely high affinity, which makes very low concentrations of
analyte more readily detectable.
2.Higher specificity ;- by avoiding the presence of any antibody in the
assay system with specific reactivity against non-analyte epitopes,
and by selecting combinations of monoclonal antibodies which may
further increase specificity.

The enzyme label ;

-Most of the assays employ horse-radish peroxidase, alkaline
phosphatase, or B-D-galactosidase. Methods are available to detect
horse radish peroxidase by means of chemilumininescence.

- TMB is gradually replacing mutagenic substrates such as OPD, leading
to increased sensitivity and safety.



Microplate ELISA: coloured wells indicate reactivity. The darker the
colour, the higher the reactivity



Problem:
Interference

1. Interference
by Competitive
Binding

2. Interference
by Rheumatoid
Factor (RF)

The validity of IgM detection can be compromised by the presence of pathogen-spe-
cific {immune) IgG, thereby requiring its removal before testing. There are two
major mechanisms in which immune IgG can interfere with assays for IgM antibod-
ies: (1) by competing with specific IgM for substrate binding sites and (2) by forming
immune complexes with rheumatoid factor.

Immune 1gG more effectively competes for available binding sites on an antigen sub-
strate than does immune IgM. In some instances, such as samples with low IgM
titers, the competition by immune IgG can effectively block IgM binding and cause a
false negative test result.

Rheumatoid factor RE) interference presents one of the most serious drawbacks to
IgM testing. RF is an autoimmune antibody (usually an IgM class]. This anti-IgG anti-
body can bind with immune IgG in the sample to form an immune complex, which
can bind to the antigen. This RE-IgG complex often cannot be distinguished from
immune IgM complexes and invariably yields an IgM false positive test result.

Labeled

6l nti-human 1gM
Interference from RF . 11 gt
* * conjugale A
i QWHRF

Pathogen-specific lgM L)
: : * * Pathogen-specific g6

Pathogen-specific antigen FTYN

Normal Reaction False Posilive

28



Immunofluorescense

Immunofluorescence (IF) is widely used for the rapid diagnosis of virus
Infections by the detection of virus antigen in clinical specimens, as well
as the detection of virus-specific IgG or IgA or IgM antibody. The
technigue makes use of a fluorescein- labelled antibody to stain
specimens containing specific virus antigens, so that the stained cells
fluoresces .

In the case of direct IF, the specimen is probed directly with a specific
labelled antibody against a particular virus antigen.

In the case of indirect IF, the specimen is first probed with a non-labelled
specific antibody, followed by a labelled antibody against the first
antibody. Direct or indirect IF can be used for the detection of virus
antigen, whereas indirect IF is virtually always used for the detection of
antibody. Indirect IF possess the advantage of an extra amplification step
for the signal, however, it requires an extra step in comparison to direct
IF.

Detection of viral antigens

Nasopharyngeal aspirates are the best specimens to use and is usually
collected from babies less than 12 months old. A number of respiratory
viruses can be detected by direct or indirect IF, including RSV, influenza A
and B, adenoviruses and parainfluenza viruses. However, the sensitivities
vary greatly between different viruses.




A typical indirect IF procedure for the detection of viral antigens is as
follows;

-cells from the clinical specimen are immobilized onto individual wells on
a slide. Specific polyclonal or monoclonal serais then added to each well
and the slide is incubated at 370C for 30 to 60 minutes. The slide is then
washed 3 times for 5 minutes each with PBS and fluorescein labelled
antibody against the first antibody is added.

-The slide is further incubated at 370C for 30 to 60 minutes and washed
again. The slide is then prepared for microscopy. Specific monoclonal or
polyclonal sera raised against the viral antigen can be used. Monoclonal
sera offer the advantage of increased sensitivity and specificity. However,
one must be certain that it can detect all the different strains of the virus.
IF is highly dependent on the quality of the specimen. In many instances
It has proved to be more sensitive than equivalent EIAs. This is because a
firm diagnosis can be made on the identification of a few cells only that
contain fluorescence of the right colour and with the correct antigen
distribution.



Fig. 3, HSV-infected epithelial Sigurs S LMY pphoaantigens.
cell from skin lesion [DFA) etecied In nuciel of penpnera

blood neutrophils

Positive immunofluorescense tests of HSV antigen from epithelial cell and
CMV pp65 antigen from peripheral blood neutrophils.

Detection of viral antibodies

IF is probably the simplest serological assay to set up. It simply requires
virally infected cells that express viral antigens and a fluorescein-labelled
antiserum against human immunoglobulin. IF can be used to detect IgG,
IgM and IgA. IF is extensively used for the diagnosis of EBV infections .
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8. Neutralization

Neutralization of a virus is defined as the loss of infectivity through
reaction of the virus with specific antibody. Virus and serum are mixed
under appropriate condition and then inoculated into cell culture. The
presence of unneutralized virus may be detected by reactions such as
CPE. The loss of infectivity is bought about by interference by the bound
Ab with any one of the steps leading to the release of the viral genome

into the host cells.
Stable neutralization - with time, Ag-Ab complexes usually become more

stable (several hours) . Such neutralization is generally produced by Ab
molecules that establish contact with 2 antigenic sites on different
monomers of a virion, greatly increasing the stability of the complexes.
An example of stable neutralization is the neutralization of polioviruses,
whereby, the attachment of the antibody to the viral capsid stabilizes the
capsid and inhibits the uncoating and release of viral nucleic acid.

Viral evolution must tend to select for mutations that change the antigenic
determinants involved in neutralization. In contrast, other antigenic sites
would tend to remain unchanged because mutations affecting them would
not be selected for and could even be detrimental. Because of its high
Immunological specificity, the neutralization test is often the standard
against which the specificity of the other serological techniques is
evaluated.




Before the neutralization test is carried out, the components that are to
be used must be standardized.

To identify a virus isolate, a known pretitred antiserum is used.
Conversely, to measure the antibody response of an individual to a virus,
a known pretitred virus is used.

To titrate a known virus, serial tenfold dilutions of the isolate is prepared
and inoculated into a susceptible host system such as cell culture . The
virus endpoint titre is the reciprocal of the highest dilution of virus that
Infects 50% of the host system eg. 50% of cell cultures develop CPE. This
endpoint dilution contains one 50% tissue culture infecting dose (TCID.)
or one 50% lethal dose (LD.,) of virus per unit volume.

The concentration of virus generally used in the neutralization test is 100
TCIDg, or 100 LD, per unit volume.

The antiserum is titrated in the neutralization test against its homologous
virus. Serial twofold dilutions of serum is prepared and mixed with an
equal volume containing 100TCID., of virus. The virus and serum
mixtures are incubated for 1 hour at 370C. The time and temperature for
Incubation varies with different viruses. The mixtures are then inoculated
Into a susceptible host system.

The endpoint titration contains one antibody unit and is the reciprocal of
the highest dilution of the antiserum protecting against the virus.
Generally 20-100 antibody units of antiserum is used in the neutralization
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Serology

Following exposure, the first antibody to appear is IgM, which is followed
by a much higher titre of IgG. In cases of reinfection, the level of specific
IgM either remain the same or rises slightly. But IgG shoots up rapidly and
far more earlier than in a primary infection. Many different types of
serological tests are available. With some assays such as EIA , one can
look specifically for IgM or IgG, whereas with other assays such as CFT
and HAI, one can only detect total antibody, which comprises mainly IgG.
Newer techniques such as EIAs offer better sensitivity, specificity and
reproducibility than classical techniques such as CFT and HAI. The
sensitivity and specificity of the assays depend greatly on the antigen
used.

Assays that use recombinant protein or synthetic peptide antigens tend
to be more specific than those using whole or disrupted virus particles.

Criteria for diagnosing Primary Infection
1.A significant rise in titre of IgG/total antibody between acute and
convalescent sera

- however, a significant rise is very difficult to define and depends
greatly on the assay used. In the case of CFT and HAI, it is normally
taken as a four-fold or greater increase in titre.



The main problem is that diagnosis is usually retrospective because
by the time the convalescent serum is taken, the patient had
probably recovered.

1. Presence of IgM - EIA and IF are used for the detection of IgM.
This offers a rapid means of diagnosis. However, there are many
problems with IgM assays, such as interference by rheumatoid
factor, re-infection by the virus, and unexplained persistence of
IgM years after the primary infection.

2. Seroconversion -this is defined as changing from a previously
antibody negative state to a positive state e.g. seroconversion
against HIV following a needle-stick injury, or against rubella
following contact with a known case.

3. Assingle high titre of IgG (or total antibody) - this is a very
unreliable means of serological diagnosis since the cut-off is very
difficult to define.



Serological events following primary
infection and reinfection. Note that in
reinfection, IgM may be absent or only
present transiently at a low level.

Remfectom
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Sernm titre of antbodies

Criteria for diagnosing re-
Infection/re-activation

It is often very difficult to
differentiate re-infection/re-
activation from a primary infection.
Under most circumstances, it is
not important to differentiate
between a primary infection and
re-infection. However, it is very
Important under certain situations,
such as rubella infection in the
first trimester of pregnancy:
primary infection is associated
with a high risk of fetal damage
whereas re-infection is not. In
general, a sharp large risein
antibody titres is found in re-
Infection whereas IgM is usually
low or absent in cases of re-
Infection/re-activation.



Limitations of serological diagnosis

How useful a serological result is depends on the individual virus.
1.For viruses such as rubella and hepatitis A, the onset of clinical
symptoms coincide with the development of antibodies. The detection
of IgM or rising titres of IgG in the serum of the patient would indicate
active disease.
2.However, many viruses often produce clinical disease before the
appearance of antibodies such as diarrhoeal viruses. So in this case,
any serological diagnosis would be retrospective and therefore will
not be so useful.
3.There are also viruses which produce clinical disease months or
years after seroconversion e.g. HIV and rabies. In the case of these
viruses, the mere presence of antibody is sufficient to make a
definitive diagnosis.

There are a number of problems associated with serology:
1.long length of time required for diagnosis for paired acute and
convalescent sera
2.mild local infections such as HSV genitalis may not produce a
detectable humoral immune response
3.Extensive antigenic cross-reactivity between related viruses e.g.
HSV and VZV, may lead to false positive results
4.immunocompromised patients often give a reduced or absent

| [



Antibody in the CSF

In a healthy person, there should be little or no antibodies in the CSF.
Where there is a viral meningitis or encephalitis, antibodies may be
produced against the virus by lymphocytes in the CSF.

The finding of antibodies in the CSFE is said to be significant when ratio
between the titre of antibody in the serum and that in the CSFE is less than
100.

But this does depend on an intact blood-brain barrier. The problem is that
In many cases of meningitis and encephalitis, the blood-brain barrier is
damaged, so that antibodies in the serum can actually leak across into
the CSF.

This also happens where the lumbar puncture was traumatic in which
case the spinal fluid would be bloodstained.

So really, one should really check the integrity of the blood-brain barrier
before making a definite diagnosis.

One way to check the integrity of the blood brain barrier is to use a
surrogate antibody that most individuals would have, such as measles
virus, since most people would have been vaccinated.

If the blood-brain barrier is intact, there should be little or no measles
antibodies in the CSF.




Real-Time PCR Method
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TagMan assay (named after Taqg DNA polymerase) was one of the earliest methods
introduced for real time PCR reaction monitoring and has been widely adopted for both
the quantification of mMRNAs and for detecting variation. The method exploits the 5'
endonuclease activity of Tag DNA polymerase to cleave an oligonucleotide probe during
PCR, thereby generating a detectable signal. The probes are fluorescently labeled at
their 5' end and are non-extendable at their 3' end by chemical modification.

Specificity is conferred at three levels: via two PCR primers and the probe.
Applications of real time quantitative RT-PCR: relative and absolute quantification of
gene expression, validation of DNA microarray results, variation analysis, counting
bacterial, viral, or fungal loads, etc.



http://www.ncbi.nlm.nih.gov/projects/genome/probe/doc/Glossary.shtml#DNApol
http://www.ncbi.nlm.nih.gov/projects/genome/probe/doc/ApplExpression.shtml
http://www.ncbi.nlm.nih.gov/projects/genome/probe/doc/TechMicroarray.shtml
http://www.ncbi.nlm.nih.gov/projects/genome/probe/doc/ApplVariation.shtml
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Nomenclature commonly used in real time quantitative PCR:

Baseline is defined as PCR cycles in which a reporter fluorescent signal
IS accumulating but is beneath the limits of detection of the instrument.
ARn is an increment of fluorescent signal at each time point. The ARn

values are plotted versus the cycle number.



Threshold is an arbitrary level of fluorescence chosen on the basis of the
baseline variability.

A signal that is detected above the threshold is considered a real signal that
can be used to define the threshold cycle (Ct) for a sample. Threshold can be
adjusted for each experiment so that it is in the region of exponential
amplification across all plots.

Ct is defined as the fractional PCR cycle number at which the reporter
fluorescence is greater than the threshold. The Ct is a basic principle of real
time PCR and is an essential component in producing accurate and
reproducible data.
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rescence threshold, is inversely proportional to the
Starting Quantity (copies/rxn) amount of starting material.

The more starting material, the fewer cycles are necessary to reach the
fluorescence threshold.Samples that differ by a factor of 10 (as in a 10-fold
dilution series) would be about 3,3 cycles apart and the slope of the standard
curve should be -3,3.



The fluorogenic S muclease assay is & convenient, sseif-contains=s=oa
Process. The assay uses o fluorogenic probs consisting of an
oligonucieotidse 20 which & rsportersy dve and a3 gquencher dyes ares
attachsd. During PCR, thhe probe anneals to thie target of interest
bhetween thhe forward and reverse primes sites. During sxtension, thhe
probe is cleaved by thhe S"™ nuclease activity of th=s DNA polflymerase.
This separates th=s feporte‘r dye from the guencher dye, genersating an
IinNncrease in the reporter dye"s fluorsescenpcese INtensity. {(See diagram.)
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During extension, DNA polymerase cleaves the reporter cdye= from
Tth= probe.

P oA RIZATION ToOmPLETED -3-

Once separated from the guesnchesr, the reposter fiye emits its chiharacteristic
finorescence=e. The ABl P=i1sse™ 7700 and GeEneAmp™ S7T0O0 Ssguence
Detection Systermnms measure the nocreass Iin the reporter dye’s fluorescence=
dusring the thernmal cycling of thhe PCOCR. This data is thhen used by the
seguence detsction software to generate guantitative sresualts .




Q¢ uOPIa AVTATTOKPITEC UTTOPOUV Va Xpnoiyotroinbouv o1 4,7,2°,4°,5°,7 -
eCaxAwpo-6-kappocuplouopeokeivn (HEX), o1 4,7,2°, 7 -1eTpaxAwpo-6-
kappocuplouopeokeivn (TET) i 6-kapBocupAouopeokeivn (FAM), evuy w¢ podpio
ATTOORE0TNG UTTOPEI Va XpnaidoTroinBei n podauivn avaloya ue 1a QiATpa
OIEYEPONG KAl EKTTOPTIAG TTou O106€TEl N cuokeun TTOOOTIKAG PCR.

Excitation Emission
Silter Set Wavelength Wavelength

Alexa Fluor® 350 350 =40
FAMT/SYBR®T Green 492 S16
= =45 74 538
T/ JOE™/VIC™ 535 555
Cy—= s4as S638
TAMRBRA™ 556 580
SOX T~/ Texas Red”™ 5385 510
C S &35 665
R 420 4932 &35
= RO X ™ 492 &10
492 565



RAAAAAALALLLS

2Y2KEYH MNMOZzOTIKHZ PCR 96 ©EZEQN H OIOIA AIAGETEI
OOQTONMOAAANAAZIAZTH KAI KATAAAHAO AOTIZMIKO EXONTAZ THN
AYNATOTHTA NA NMAPAKOAOYOHZEI THN ANTIAPAZH ZE KAOE
OPEATIO/ANA KYKAO , NA THN KATAITPAWEI KAI MAAIZTA AYNATAI NA
XPHZIMOMNOIHZEI MEXPI KAI 5 AIAQOPETIKEZ XPQZITIKEZ AHA. NA
MPACMATOIMNOIEI ANA ®PEATIO MEXPI KAl 5 AIA®OPETIKEZ
ANTIAPAZEIX PCR
( MULTIPLEX QUANTITATIVE PCR)
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The GeneAmp® 5700 system aceurately monitor the fuoreseence emisson
(630-390 nm) from al 6 sample wels aftr each yele using precision
0ptes and a GCD camera. The CCD camera colect the fuorescene
ntensity from all 96 wellsinparalll and traners the information o
compute for analyss. The sotware moniorsthe data thoughout e

PCR af every cyele and generates an amplifcaton plot for each reaction



XPHZIMOIOIQNTAZ STANDARDS I'NQZTQN ANTIFPA®QN TOY DNA 2TOXOY
KATAZKEYAZETAI H NMPOTYINH KAMIYAH ZTHN OIMNOIA ANA®EPOMAZTE IA
TON MNMPOZAIOPIZMO TQN ANTIFPA®QN TOY NPOZ EZETAZH AEIrMATOZ

NMPOTYMNEZ KAMIMYAEZ XPHZIMOMOIQNTAZ 5 AIAOOPETIKEZ XPQZTIKEZ 2E
KAGOE ®PEATIO ( MULTIPLEX QUANTITATIVE PCR)
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Standard Curve

Room to grow: Amplification plots (right) from PCRs
of several serial dilutions of samples with known
starting copy number are used to generate a standard
curve (above). This provides at least five orders of

linear dynamic range for both DNA and RNA samples.

Multiple chemistries offer versatile
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Cycle Number

These amplification plots show real-time, cycle-

to-cycle increases in signal from three replicates

of B-actin at different starting copy numbers: 1,000;

2,000; 5,000; 10,000; and 20,000. The software

calculates the threshold cycle (Ct) where the amplifi-

cation plot crosses a defined fluorescence threshold.

The overlapping plots at the threshold demonstrate

the precision of the 5700 system.




The incorporation of SYBR Green 1 dye into a real-time PCR reaction
allows the detection of any double-stranded DNA generated during PCR.
This provides great flexibility because no target specific probes are
required, however both specific and non-specific products will gcenerate
signal. The use of the hot-start enzyme AmpliTaqg Gold DNA Polymerase in
all SYBR Green 1 reagent kits allows the highest performance available
by minimizing non-specific product formation. SYBR Green 1 assays are
ideal for use Iin target identification (screening assays), or when only a
small number of reactions are required for a given assay.

SYBR Green 1 assay

-

SYBR Green 1 dye fluoresces when bound to double-stranded DNA._

When DNA is denatured.,. the SYBR Green 1 dye is released and fluorescence is
drastically reduced.
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During extension phase, primers anneal and PCR product is generated.
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. e

Polymerization is complete and SYBR Green 1 dye binds, resulting in a net increase
in fluorescence.
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Sample A yields only 1 peak resulting from the specific amplification

product (primer-dimers not coamplified). Sample B shows a peak from the
specific product and a peak at a lower temperature from amplification of
primer-dimers.
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Kinetic amplification. (A) An idealised plot of temperature
versus time during a single PCR cycle comprised of the
denaturation (D), primer and probe annealing (A) and primer
extension (E) steps. At the indicated optimal temperature
ranges, dsDNA is denatured (TD), oligoprobes anneal (TM-
PROBE) and finally the primers anneal as a precursor to their
extension (TM-PRIMER).

(B) The ideal amplification curve of areal-time PCR (bold),
when plotted as fluorescence intensity against the cycle
number, is a typical sigmoidal growth curve. Early
amplification cannot be viewed because the detection signal
Is indistinguishable from the background. However, when
enough amplicon is present, the assay’s exponential
progress can be monitored as the rate of amplification enters
a log-linear phase (LP). Under ideal conditions, the amount of
amplicon increases at a rate of approximately one log10
every 3,32 cycles. As primers and enzyme become limiting
and products inhibitory to the PCR accumulate, the reaction
slows, entering a transition phase (TP), eventually reaching
the plateau phase (PP) where there is little or no further
increase in product yield. The point at which the fluorescence
passes from insignificant levels to clearly detectable is called
the threshold cycle (CT; indicated by an arrow), and this value
is used in the calculation of template quantity during
guantitative real-time PCR. Also shown are curves
representing an optimal titration of template (grey),
consisting of higher and lower starting template
concentrations, which produce lower or higher CT values,
respectively. Data for the construction of a standard curve are
taken from the LP, which subsequently allows the
concentration of unknown samples to be determined.



Fluroescence Intensity Time
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A Fluorescent melting curve analysis. At the

completion of a real-time PCR using a
pair of adjacent oligoprobes, the reaction
can be cooled to atemperature below the
expected TM of the oligoprobes then
heated above 85°C at a fraction of a
degree per second (B). During heating,
the emissions of the acceptor can be
constantly acquired (C). Software
calculates the negative derivative of the
fluorescence over time, producing clear
peaks that indicate the TM of the
oligoprobe-target melting transition (D).
When one or more mutations are present
under one or both oligoprobes (A), this
TM is shifted and this shift can be used
diagnostically to discriminate single
nucleotide polymorphisms in the
template. Ideally, one of the oligoprobes,
the anchor, is designed to bind to a stable
sequence region, whereas the other,
sensor, will span the mismatch.
Mismatches near the centre of the probe
and flanked by G:C pairs are more
destabilising than mismatches near the
ends of the oligoprobe flanked by A:T
pairs.



Arca of Detection Platean
For Real-Time PCR Linea

Variable vield

Y Traditional PCR
etection

Cviclle B
Plateau end point : gel detection for traditional methods. No more
products are made and if left long enough the PCR products may begin to
degrade. Each tube will plateau at a different point, due to the different
reaction kinetics for each sample.
These differences can be seen in the plateau phase.
Three replicates samples, which have same amount of DNA in the
beginning of the reaction , have different quantities of PCR product at the
plateau phase of the reaction due to variations in reactions kinetics.
Therefore it is more precise to take measurements during the exponential
phase. where samples are amplifvina exponentiallv.
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Within the exponential phase, the real-time PCR instrument calculates two
values. The threshold line is the level of detection at which a reaction
reaches a fluorescent intensity above background.

The PCR cycle at which the sample reaches this level is called the Cycle

Threshold, Ct.
By comparing the Ct values of samples of unknown concentration with a

series of standards, the amount of template DNA in an unknown reaction
can be accuratelv determined



Real-Time PCR Method

Real-time PCR is able to detect sequence-specific PCR products as they
accumulate in "real-time" during the PCR amplification process. As the
PCR product of interest is produced, real-time PCR can detect their
accumulation and quantify the number of substrates present in the initial
PCR mixture before amplification began.

There are a few different variations of the procedure, but the one
Illustrated here is called molecular beacon <www.molecular-
beacons.org/>. Molecular beacons are short segments of single-stranded
DNA (Figure 1).

The sequence of each molecular beacon must be customized to detect
the PCR product of interest. In figure one, you can see there are nine
bases on one end of the molecular beacon that can base pair with nine
bases on the other end of the beacon. This complementation permits the
molecular beacon to form a hairpin structure. The loop portion of the
molecular beacon is composed of bases (shown as pink lines) that are
complementary to one strand of the PCR product the investigator wants
to detect and quantify.



http://www.molecular-beacons.org/
http://www.molecular-beacons.org/
http://www.molecular-beacons.org/

Attached to opposite ends of the beacon are a fluorescent reporter dye
and a quencher dye. When the molecular beacon is in the hairpin
conformation, any fluorescence emitted by the reporter is absorbed by
the quencher dye and no fluorescence is detected.

PCR Product-Specific Nucleotides

Y

Fluorescent
Reporter Dye

Figure 1. Diagram of molecular beacon. This beacon is 33 nucleotides long with a
reporter dye attached to the 5' end and a quencher attached to the 3' end. The nine
5' bases are able to form base pairs with the nine 3' bases which brings the
reporter and quencher in very close proximity. Therefore, when the reporter is
excited by the appropriate light, its emission is absorbed by the quencher and no

fluorescence is detected. The pink lines represent nucleotides that can form base
Nnairc with tha PCBR nrodiiect iindar inviactinatinn

Quencher Dye



The PCR portion of real-time PCR is standard. Two PCR primers are used
to amplify a segment of DNA (Figure 2).

Primer 1 PCR Product

Primer 2

Figure 2. PCR product of interest. The two primers are show as purple
arrows and the base pairing between the two strands are shown in pink.

As the PCR continues, the newly synthesized PCR products are
denatured by high temperatures. As each strand of the product are
separated, the molecular beacon also is denatured so the hairpin
structure is disrupted. As the temperatures cool for the next round of
primer annealing, the molecular beacon is capable of forming base pairs
with the appropriate strand of the PCR product (Figure 3). Any molecular
beacons that do not bind to PCR product reform the hairpin structures
and thus are unable to fluoresce. However, molecular beacons that bind
to PCR product remove the ability for the quencher to block fluorescence
from the reporter dye. Therefore, as PCR product accumulates, there is a
linear increase in fluorescence.



Specific Nucleotides
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Figure 3. Detection of PCR product by molecular beacon. When the
beacon binds to the PCR product, it is able to fluoresce when excited by
the appropriate wavelength of light. The amount of fluorescence is
directly proportional to the amount of PCR product amplified.

Real-time PCR can be performed in a "multiplex" format which means that
more than one PCR product can be detected in a single reaction tube. For
each sequence, there is a unique color of fluorescent dye and therefore,
each PCR product is associated with its own color which is detected by
the real-time PCR machine.



Other Amplification Technigues

Following the heels of PCR, a number of alternative in-vitro amplification
techniques have been developed, of which some are now available commercially.
Examples of these alternative technigues include ligase chain reaction (LCR),
nucleic acid sequence based amplification/isothermal amplification (NASBA), and
branched DNA probes. Of these techniques, LCR, NASBA and branched DNA are
now available commercially in an automated format.

With the exception of the branched DNA probe, all these technigues
Involve exponential amplification of either the target nuclei acid or the

probe.

Therefore, they are all as susceptible to contamination as PCR.

The branched DNA system is really an intermediate between classical
hybridization techniques and the newer in-vitro amplification techniques. It is not
as sensitive as those techniques which involve exponential amplification but is
considerably more sensitive than the classical hybridization techniques.
Below is a brief summary of the features of the different amplification methods
available



Ligase Chain Reaction

Also called ligase amplification reacrtion, LCR is
a target amplification technique that was first de-
scribed in 1989 (183) (Fig. 5). Successful ligation re-
lies on contiguous positioning and correct base pair-
ing of the 3" and 5’ ends of oligonucleotide probes
on a target DINA molecule. In this process, probes
are annealed to template molecules in a head-to-tail
fashion, with the 3’ end of one probe abutting the 5”7
end of the second. DINA ligase then joins the adjacent

3’ and S5’ ends to form a duplicate of the target se-
quence. A second primer set, complementary to the
first, then uses this duplicated strand (as well as the
original target) as a template for ligation. Repeating
the process results in exponential accumulation of li-
gation products, which can be detected via funcrional
groups attached to the probes (143). Ligation-based
methods were further simplified through the use of
thermostable DINA ligase (6), allowing only a single
addition of enzyme at the beginning of a reaction.
When used in conjunction with a second amplifica-
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Figure 5. Scheme for LCR. Reprinted with permission (181).



tion method, such as PCR ,LCR can be highly sensitive and is useful for the
detection of point mutations.

So LCRis useful for the detection of mutations which are frequent in HIV . It
depends on the ability of a thermostable DNA ligase to seal nicked double
stranded DNA.
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The ligase detection reaction relies on the high specificity of DNA ligase to discriminate base
variations in DNA . A primary PCR reaction amplifies the region of DNA containing
mutations or polymorphisms. Mutation specific discriminating oligonucleotides hybridize
adjacent to a common primer, resulting in the formation of a short DNA duplex containing
a nick between the oligonucleotides. If there is a perfect match at the nick, then the
oligonucleotides will be covalently linked by DNA ligase to generate a uniquely labelled
ligation product. A single base mismatch at the junction inhibits ligation, and thus single-
base mutations or polymorphisms are distinguished



MNMormal B=1obin Sickle BB-Slobin

i TG s A s T T
| I | T|%
oy
3 | I I
Gl A T T iy g 0 O T
+ Thermostable ligase +
| I . ] | |
liggated oligos
R | e 9 ESEEEEe e | I
+ repeat cycle up to 30 tmes +
[ ] [ |
I I\
[ I
i | ——a—— Mg Ated Sligos
|
| | / e I
ESEE=EEEEEEEE ]
Ccopyright MW Hing 1996

LCR differs from PCR because it amplifies the probe molecule rather than producing
amplicon through polymerization of nucleotides. Two probes are used per each DNA strand
and are ligated together to form a single probe. LCR uses a thermostable DNA ligase
enzyme to drive the reaction. Like PCR, LCR requires a thermal cycler to drive the run
and each cycle results in a doubling of the target nucleic acid molecule. In the example
shown above for the sickle cell mutation the 3’ nucleotide of one oligo in each pair is
mismatched.

This mismatch prevent the annealing of the oligos directly adjacent to each other.Therefore
DNA ligase will not ligate the two oligos of each pair together.

With the wild type sequence the oligo pairs that are ligated together become targets for
annealing the oligos and result in an exponential amplification of the wild type target
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Nucleic acid sequence based amplification (NASBA) is a method
which is used to amplify RNA sequences.

NASBA was developed by J Compton in 1991, who defined it as "'a
primer-dependent technology that can be used for the continuous
amplification of nucleic acids in a single mixture at one
temperature.*

Immediately after the invention of NASBA it was used for the rapid
diagnosis and quantification of HIV-1 in patient sera.

NASBA's main advantage is that it works at isothermic conditions -
usually at a constant temperature of 41°C.

Explained briefly, NASBA works as follows:
RNA template is given to the reaction mixture, the first primer
attaches to its complementary site at the 3' end of the template


http://en.wikipedia.org/wiki/RNA

Reverse transcriptase synthesizes the opposite, complementary DNA
strand

RNAse H destroys the RNA template (RNAse H only destroys RNA
In RNA-DNA hybrids, but not single-stranded RNA)

the second primer attaches to the 5' end of the DNA strand
T7 RNA polymerase produces a complementary RNA strand which
can be used again in step 1, so this reaction is cyclic.

The NASBA technique has been used to develop rapid diagnostic
tests for several pathogenic viruses with single-stranded RNA
genomes, e.g. influenza A, foot-and-mouth disease virus, severe acute
respiratory syndrome (SARS)-associated coronavirus, HCV , HIV.

Nucleic acid sequence-based amplification (NASBA) is the basis of
the NucliSens system of Organon Teknika (now part of bioMerieux)
and offers a simple and rapid alternative method for nucleic acid
amplification.


http://en.wikipedia.org/wiki/Complementary_DNA
http://en.wikipedia.org/wiki/RNAse_H
http://en.wikipedia.org/wiki/T7_RNA_polymerase
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Figure 7. Scheme for transcription-based amplification systems. Reprinted with permission (181).
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NASBA amplification pathway. Target sSRNA binds to Primer 1. An RNA/DNA
hybrid is formed by the action of reverse transcriptase. RNaseH then degrades the
RNA component of the hybrid and reverse transcriptase using Primer 2 makes a
cDNA of the target region. Because Primer 1 contains a T7 RNA polymerase
promoter, many copies of the target RNA are made.

NASBA reagents are available from Biomerieux under the product name Nuclisens
http://www.biomerieux-usa.com/clinical/nucleicacid/index.htm
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NASBA technology is based on simultaneous enzymatic activity of reverse
transcriptase, T7 RNA polymerase, and RNase in combination with two
oligonucleotides. It depends on selective primer-template recognition to drive a
cyclical, exponential amplification of the target sequence.

The amplification reaction is isothermal, proceeds at 41°C, and results in single
stranded RNA molecule synthesis. The detection is performed with specific
probes molecular beacons, carrying a fluorescent molecule and a quencher at
their extremities. The loop sequence of the beacon is specific and complementary
to the nucleic acid sequence targeted.

The beacon then binds to the target and when it is opened, the quencher is
distant from the fluorescent molecule and consequently allows the emission of
fluorescence .



TInbowuand: 'l Flaorescence

T,

I!' i

5'.// Hh'??j,lr

Found to Tarzget: Flaoresc ent

3 £~
1 | 1 | 1 |

= T =
5° — p 3=

Molecular Beacon probe in the unbound hairpin conformation (upper figure) and in the
bound, fluorescent conformation. Amplification of the target sequence can be monitored by
fluorescence measurements made every cycle.

NASBA® (Nucleic Acid Sequence Based Amplification) is an isothermal nucleic acid
amplification technology allowing the amplification of RNA or DNA targets (with a slight
modification in the protocol) through a transcription process, after insertion ofa T7
promotor.

A DNA NASBA in which restriction enzyme digestion is incorporated into the
NASBA reaction to allow controlled initiation of amplification. RE digestion of the
target takes place prior to amplification. The P1 primer is designed in such a way

that the hybridizing part will interact with the target directly upstream of the
dige<tion



After the addition of the NASBA enzymes AMV RT will extend the 3’ end of the
target at the digestion site using the hybridized P1 primer as template. As the P1
primer includes a 5’ T7 promoter sequence this will become a functional double
stranded T7 promoter site.

T7 polymerase ( T7 DdRp) will start transcription generating a single strand RNA
amplicon to which the P2 primer will anneal as in RNA NASBA.

DNA
RNase H
Restriction /
enzyme
41 =C
RT 1

s

1 P2 T ) . RT
41°C

RT . T7 DdRp

3 Amplicon RNA
i .

L/ Beacon

Schematic representation of new mechanism for DNA NASBA®. The activities of
restriction enzyme digestion (black arrow), extension of the primers and target DNA
(dotted lines) by reverse transcriptase (RT), transcription by T7 polymerase (T7) and
digestion of the RNA amplicon by RNaseH is indicated. Amplicons are detected by

molecular beacon binding.
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Design of the P1 primer in DNA NASBA. Three different situations in which the p1
Is bound to the DNA target are presented. The position of restriction enzyme
digestion is indicated (2). The possibility to extend the DNA by AMV RT after
restriction enzyme digestion is indicated with YES or NO. Extension of the DNA
target strand by AMV RT after primer binding is shown by a dotted line.



After digestion of the target DNA and hybridization of the primer , AMV-RT could
extend the 3’ end of the target strand using the P1 as a template.

Thereby a double stranded T7 promoter sequence is created that could directly be
used by the T7 enzyme to start the production of amplicons.

As expected without restriction enzyme digestion amplicons will be detectable
only at high input levels ( at least 1000 times less sensitive).

It is preferred to make use of more than one restriction site to minimize loss of
assay sensitivity due to mutations in the restriction site.
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phosphatase-labeled oligonucleotides. Alkaline phos-
phatase is detected via its dephosphorylation of the
chemiluminescent substrate dioxetane (Lumi-Phos
Plus; Lumigen, Detroit, Mich.). Detection and quan-
titation take place by luminometry and comparison
of the signal intensity with a standard curve (109),
Amplifier molecules are chemically synthesized
branched multimers, with the backbone of their
comb structure built with a branching nucleoside an-
alog that can be incorporated at regular intervals dur-
ing oligonucleotide synthesis, Each branching site is
then extended with a short oligonucleotide fragment,
to which a longer target-specific region is ligated.
Each multimer contains 15 identical branches, and
each branch of the molecule can bind 3 labeled
probes, for a total of up to 45 labeled probes per
amplifier. The use of preamplifiers has allowed the
binding of eight amplifiers each, further Increasing
the sensitivity of the system. While the first commer-
cial versions of these assays were cited as having di-
minished sensitivity in comparison to target amplifi-

cation systems, more recent versions, which include
the preamplification step, have a detection limit of
approximately S0 target molecules/ml (30). This
gives them roughly the same level of sensitivity of
other systems while maintaining the advantages of a
signal-based amplification system, which include a re-
duction in the risk of carryover contamination (82)
and relatively facile and accurate quantitative capa-
bility. Additional benefits stem from the discontinu-
ous design of capture probes and the target-specific
extender probes. This makes the bDNA approach
well suited to detecting a nucleic acid target with se-
quence heterogeneity, as is the case for HCV and
HIV. If one or two of the capture or extender probes
fail to hybridize because of sequence variation,
signal-generating capacity is not lost because of the
presence of several remaining probe complexes. The
requirement for multiple, independent probe-target
hybridization events provides specificity; nonspecific
hybridization rarely allows hybridization of both cap-
ture and extender probes to the same nontarget se-



quence.

bDNA gquantitative assays are commercially available for HBV,HCV and
HIV.
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Figure 8. Scheme for bDNA signal amplification. Reprinted with permission (181).



Diagrammatically, we have Base -> Capture Probe -> Extender ->
Target -> label extender -> pre-amplifier -> amplifier

The assay can be used to detect and quantify many types of RNA or
DNA target. In the assay, branched DNA is mixed with a sample to
be tested. The detection Is done using a non-radioactive method and
does not require preamplification of the nucleic acid to be detected.
The assay entirely relies on hybridization. Enzymes are used to
Indicate the extent of hybridization. Thus, small amounts of a nucleic
acid can be detected and quantified without a reverse transcription
step (in the case of RNA) and/or PCR. The assay can be run as a
""high throughput assay"’, on a large number of samples.



http://en.wikipedia.org/wiki/Assay
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http://en.wikipedia.org/wiki/Reverse_transcription

The capture and capture-extender oligonucleotide bind to the
target nucleic acid and immobilize it on a solid support. The label
oligonucleotide and the branched DNA then detects the
Immobilized target nucleic acid. The immobilization of the target
on a solid support makes extensive washing easier, which reduces
false positive results. After binding of the target to the solid
support it can be detected by branched DNA which is coupled to
an enzyme (e.g. alkaline phosphatase). The branched DNA binds to
the sample nucleic acid by specific hybridization in areas which
are not occupied by capture hybrids. The enzyme catalyzes a
reaction of a substrate which generates light (detectable in a
luminometer). The amount of light emitted increases with the
amount of the specific nucleic acid present in the sample.

Despite the fact that the starting material is not preamplified,
DDNA assays can detect less than 100 copies of HIV-RNA per mL
of blood



RNA Quantification with Branched DNA Technology

Simple ELISA-like workflow

* Use a standard luminometer (singleplex) or Luminex
based instruments (multiplex) to quantify RNA targets

 RNA quantitation directly from crude cell lysates, tissue
homogenates, blood

e Versatile: Can be used for cell culture, fresh/frozen

tissue samples, blood, and purified RNA

* No reverse RNA transcription step, thus no enzymatic
bias



QuantiGene Reagent System is a sandwich nucleic acid
hybridization assay that provides a unique approach for RNA
detection and quantification by amplifying the reporter signal
using branched DNA (bDNA) technology.

Principle of QuantiGene Assay

@ larget KNA Step 1: Lyse cells to release
. MRNA in the presence of
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LE transferred to the Capture
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bDNA Amplifier

Step 2: Signal amplification is performed by
hybridization of the bDNA Amplifier and Label Probe.



Substrale
PO

Step 3: Addition of chemiluminescence substrate yields a
luminescent signal that is proportional to the amount of
MRNA present in the sample.

Branched DNA technology is the basis of clinically proven
viral load tests commercialized by Bayer Corporation and has
been in practice for over a decade
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