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1) Viry replikujici se pomoci reverzni transkripce



Viry replikujici se pomoci reverzni
transkripce

1) Dulezité lidské patogeny

2) Infekcni agens zpuUsobujici nddorova onemocnéni
3) Duleziti hraci v evoluci eukaryotniho genomu

4) Zajimavy molekularneé biologicky systém

5) Extrémné dulezité biotechnologické procesy



Trocha historie...

1911

1950s

1960s

1970s

1980s

— zhoubné bujeni bunék je mozné vyvolat infekénim (virovym) agens (Peyton

Rous
— RSV — Raus sarcoma virus

- genom RSV je tvoren +ssRNA

— genomova RNA RSV neni infekecni, nejde nalézt RNA replika¢ni intermediat

RSV
- v infikovanych bunkach Ize RSV najit v DNA formé

- formulace provirové teorie (Temine, Baltimore — 1975 Nobelova cena)
< vychazeji z prace ceského virologa Jana Svobody (UMG)

- vyuziti reverznich transkriptaz v molekularni biologii

- prvni pacienti s AIDS, zacatek AIDS pandemie
- retrovius HIV je plvodcem AIDS
- identifikace non-A hepatitid a HBV jako infekéni agens

Jan Svoboda



Trocha taxonomie...

Baltimore class VI - positive-sense single-stranded RNA viruses that replicate

through a DNA intermediate

—HIV, HTLV, RSV...

—>genom — +ssRNA, replikace pre dsDNA intermediat integrovany v genomu
hostitelské buriky

- infekéni onemocnéni (imunodeficience), rakovinné bujeni

Baltimore class VII - Double-stranded DNA viruses that replicate through a

single-stranded RNA intermediate

—>HBV

- genom — dsDNA v cytoplazmé infikovanych bunék, replikace pres +ssRNA
intermediat

- infekéni onemocnéni, rakovinné bujeni



2) Retroviridae — +ssRNA viry replikujici se pres dsDNA intermediat



Struktura retrovirového virionu

ey
surface Glycoprotein 5U
gp120

eny
Transmembrane

GlycoproteinTM ™~ ——» ‘
gpd|

gag :
Membrane Associoted

(Matrix) Protein M """'--..._‘_{
iz i —

gag
Capsid CA
{Core Shell)

RNA /

(2 molecules)

pol
Protease PR p9
Folymersase BT &
RNAse H RNH p&é&
Integrase IN p32




Replikacni cyklus retroviru

2 Binding and Fusion: Virus binds to
a CD4 molecule and one of two
“coreceptors” (either CCRS5 or CXCR4).
Receptor molecules are common on
the cell surface. Then the virus fuses
oy, with the cell.

1 Free Virus

cbh4
ReceptyCCRS Receptor
CXCR4 Receptor
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3 Infection: Virus
penetrates cell. Contents
emptied into cell.
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4 Reverse Transcription: Single
strands of viral RNA are converted
into double-stranded DNA by the
reverse transcriptase enzyme.

5 Integration: Viral DNA
is combined with the cell's
own DNA by the integrase
enzyme.

6 Transcription: When the
infected cell divides, the viral DNA
is “‘read” and long chains of
proteins are made.

8 Budding:
Immature virus
pushes out of the
cell, taking some
cell membrane
with it. The
protease enzyme
starts processing
the proteins in the
newly forming
virus.

7 Assembly: Sets of viral protein
chains come together.
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D —— g Immature
virus breaks
free of the
infected cell.

1 0 Maturation: The protease enzyme finishes cutting

HIV protein chains into individual proteins that combine to
make a new working virus.



Reverzni transkripce
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Integrace do hostitelského genomu

Retroviral DNA

* virova integraza
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Transkripce virovych mRNA

transkripce == transkripce
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Retroviry a eukaryoticky genom

<retrotranspozoény, integrované latentni proviry

- az 80% eukaryotického genomu

- dllezité pro: plasticitu genomu, epigenetické regulace,
vyvojové regulace (Mu-ERV — pluripotence mysich
embionalnich bunék, syncytin) ...

Classlfication Structure TSD Code Occurrence

Order Superfamily

Class| (retrotransposons)
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Retroviry jako vektory

<virové geny nahrazeny transfekovanymi geny, zachovani virovych UTR
— propagace vektoru v bunkach ,které k duji virové enzymy = packing vektorové RNA
—> virova partikule obsahuje vSechny virové proteiny, ale ne RNA, ktera by je kédovala
- infekce cilovych bunék
- reverzni transkripce a integrace transgenu do hostitelského genomu

+ efektivni, levné, ucinné, snadné, trvalé

- nelze predem urcit misto integrace
- RIZIKO NAKAZENI (=TRANSFORMACE) | SAMOTNEHO EXPERIMENTATORA!!!
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3) HIV / AIDS



HIV a AIDS

HIV = Human Immunodeficiency Virus
- dva rozdilné druhy — HIV1, HIV2

AIDS = Acquired ImmunoDeficiency
Syndrome



HIV struktura virionu, genom a proteom

gp120

Docking

- kapsida 120 nm v prameéru iycoproteln
- +sSRNA genom caa 10.000nt dlouhy apd1
-7mG cap na5 koncia polyA na 3 konci e

- kédduje 8 genu (gag, pol, env, vif, vpu, vpr,
rev a tat)

The HIV genome
. gag vit i [ vou

5“LTR vpr rev

vpr: G2 cell cycle arrest and nuclear import of the l tat I
preintegration complex

nef: down-regulation of cell surface CD4 and MHC class |
vif:  virion infectivity factor tat: trans-activator of HIV promoter

Membrane

vpu: enhancement of virion release and CD4 degradation rev: nuclear export of late, unspliced RNA



HIV1 a HIV2

HIV1- vysoka infektivita i virulence, celosvétové rozsireni, puvod od Simpanziho

viru
- da se rozdélit do 5 skupin (M, N, O, P, RCV)
- skupina M na nékolik podskupin (A-K)




Prenos HIV

1) Sexualni prenos

- nejcastéjsSi zpUsob prenosu (az 80%)

- rizikovou skupinou jsou homosexualni muzi (drobna poranéni pfi analnim styku)
- poSevni sekret mUze HIV ¢astecné inaktivovat

2) Prenos krvi (transfuze, drogovy uzivatelé)

- prenos transfuzi je dnes uz vzacny < peclivé kontroly (pozor na diagnostické okno!!!)
- rizikové nitrozilni uzivani drog — narkomani jsou nejohrozenéjsi skupinou

3) Pfenos z matky na dité

- riziko pfenosu z HIV pozitivni matky na dité az 30%
- lécbou anti-retrovirotiky a cisarskym rezem jde snizit na méné nez 1%
- Moznost prenosu mlékem - HIV pozitivni Zeny by neméli kojit

Virus se nesiti kapénkovou infekci, slinami ani pomoci vektort (¢lenovci atd.)

PREVE NCE ! ! ! — vhodnym chovanim jde riziko prenosu témeér eliminovat



HIV infekce

* HIV infikuje: CD4+ T lymfocyty, makrofagy, mikroglie a
dendritické bunky

e vstup do bunky receptorem zprostfedkovanou endocytouzou
- virovy glykoprotein pg120 interaguje s bunécnym CD4
- koreceptory — CCR5 (makrofagy), CXCR4 (T lymfocyty),

HIV2 je promiskuitnéjsi na koreceptory

* CCR5-A32 mutace
* asi 1% bilé populace
* homozygoti s touto mutaci jsou imunni vuci infekci
nekterymi kmeny HIV1
* heterozygoti maji pomalejsi nastup AIDS



Prubéh HIV infekce

* postupné odumirani bunék imunitniho systému

* zmény v zastoupeni jednotlivych kment
- ¢asna faze — prevazuje kmen R5 (preferuje infekce makrofagl pres CRC5)
- pozdni zaze - prevazuje kmen X4 (preferuje infekce T bunék pres CXCR4)
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AIDS

* koncentrace T lymfocytu klesa pod kritickou hladinu
(cca 200 bunék/mm?3 krve)

* infikovany se stava velmi citlivy k infekcim (vétSinou umira
na jinak banalni infekci)

*NEBEZPECNE JSOU | LATENTNI PATOGENI, KTERYMI JE
INFIKOVANA VETINA POPULACE (herpesviry, toxoplazma

aj.)



AIDS — doprovodné infekce

- herpesviry - kandiddzy




HIV pandemie (stav z roku 2005)




HIV pandemie vusa

Cumulative U.S. AIDS Cases
as of 2/83 N~1,000




HIV pandemie vusa

Cumulative U.S. AIDS Cases
as of 5/85 N~10,000




HIV pandemie vusa

Cumulative U.S. AIDS Cases




HIV pandemie vusa

Cumulative U.S. AIDS Cases
as of 12/95 N~500,000




Boj s HIV pandemii

1) Detekce
2) Prevence

3) Vakcinace

(umime, neumime)



Detekce HIV

Imunologické metody (ELISA, westernblot)

- vétSinou detekce protilatek proti virovym obalovym proteinim
- vysoka senzitivita (az 99,7%) i specificita (98,5%)

- vétsSina lidi vyvine protilatky do 30 dnu, 97% do 3 mésict a 100% do
12 mésicu
- dllezité pri testech pro krevni transfuze, darcovstvi spermatu atd.
- v soucasné dobeé se vyvijeji i poit-of-care testy — zatim nespolehlivé

Molekularné biologické metody

- detekce virové RNA/DNA (PRC, qRT-PCR, southernblot, nothernblot)
- zkraceni diagnostického okna az na 4 dny



Prevence

KLICOVA V BOJI S HIV!I!

€ omezeni rizikového sexudlniho chovani (promiskuita)

€ dUsledné pouzivani ochrany

€ neuzivat nitroZilné drogy (nebo alespor ne stejnou jehlou, ze stejné Izicky atd.)
€ pecdlivé testovani krevnich konzerv a podobného materialu

€hygiena v |ékarskych zafizenich (jednorazové pomUcky)

€ (separace nakaZenych — moralné velmi problematické (diky bohu))



Vakcinace proti HIV

* intenzivni snaha o vyvoj vakciny

* nékolik velkych testu ruznych kandidatnich vakcin (vétsSinou
koktejl antigenu)

- NEUSPESNE — skupiny o¢kované pokusnou vakcinou méli
za dobu trvani testu podobnou nebo
dokonce vyssi pravdépodobnost infekce HIV
nez skupiny oCkovaneé placebem



Lecba HIV

HIV infekci je v soucasné dobe mozné
velmi ucinne lécit ale je témer
nemozné ji vylécit.

v soucasné dobé ma pri radné lécbé pacient
nadéji prezit az nékolik desitek let!!!
(neléceny maximalné 10, ale spise min)



Lecba HIV

* vyrazné zlepseni délky a kvality zivota!!!

6 mésicll terapie
Zlepseni kvality a prodlouzeni zivota



Lecba HIV

* zameérena na omezeni replikace viru

* molekularni terce pro lécbu HIV jsou virové proteiny
- obalové proteiny — zamezeni vstupu viru do bunky
- reverzni transkriptaza — zastaveni replikace viru
- integraza — znemozneéni integrace virové DNA do
genomu hostitele
- virova proteaza — zamezeni processingu virovych
proteiny

x HIV rychle mutuje a snadno ziskava rezistenci proti [éCbé!!!



Lécba HIV - inhibitory reverzni transkriptazy

Nucleoside reverse transcriptase inhibitors NRTIs
Nukleosidove inhibitory reversni transkriptazy

- ddC, ddl, 3TC, ZDV, d4T, Abacavir, FTC, Tenofovir

Non-nucleoside reverse transcriptase inhibitors
NNRTIs

Ne-nukleosidove inhibitory reversni transkriptazy
- Nevirapine, Efavirenz, Delavirdine



Lécba HIV - inhibitory virové proteazy

Protease inhibitor




Lécba HIV - inhibitory virové proteazy

Indinavir,
Saquinavir,
Ritonavir,
Nelfinavir,
Lopinavir/ritonauvir,
Amprenavir,
Fosamprenavir,
Tipranavir,
Atazanavir...



Lécba HIV - inhibitory virové proteazy

e NEJUCINNEJSI PREPARATY PROTI HIV PROTEAZE NA SVETE VYVINUL
PROF. ANTONIN HOLY (UOChaB) (1936 — 2012)

Klicové objevy Ny
profesora Antonina Holého y

schvaleny v roce 1996 jako lék
Vistide pro 1é¢bu oénich infekci
pacientd s AIDS

Tenofovir
schvdleny v roce 2001 jako lék
Viread k lé€eni nemoci AIDS

je zakladem léku Hepsera,
schvaleného v roce 2002 pro léCeni
chronické hepatitidy B

Prof. RNDr. Antonin HOLY, DrSc
# Narozen: 1. zaf{ 1936 v Praze

# Mezindrodni ocenéni: Descartova cena
Evropské unie za védecky wyzkum, Mezi-
nérodni cena laureatky Nobelovy ceny
Gertudy Elion za prace v oboru protivirové
chemoterapie, testnd medaile National
Cancer Institute Tokyo.

# Cesk4 ocenénl; medaile Akademie véd
Ceské republiky Za zasluhy o védu a lid-
stvo, Cestna medaile Ustavu organické
chemie a biochemie, Statni cena za che-
mii

# Je Clenem redakénich rad nékolika
védeckych Casoplsl, mistopfedsedou
VEdecké rady Akademie véd a pfedsedou
Grémia pro védecky titul ,doktor véd".




3cba HIV - inhibitory virové proteazy

* PROF. ANTONIN HOLY A JEHO KOLEGA PROF. ERIK DE CLERCQ
BYLI ZA SVOJI PRACI NA INHIBITORECH RUZNYCH VIRU
NEKOLIKRAT NAVRZENI NA NOBELOVU CENU!!!

 PROF. ERIK DE CLERCQ PREDNASIi KAZDOROCNE NA PRF JCU!!!

UNIVERSITY OF SOUTH BOHEMIA IN CESKE BUDEJOVICE
BIOLOGY CENTRE CF THE ACADEMY OF SCIENCES OF THE CZECH REPUBLIC

are inviting you cordially to attend a

CHRISTMAS LECTURE

Prohlizeni I1S/5TAG given by the most esteemed guest:
o Programy a obory

= Predméty GJ Hledani ufitele podle zadanych parametrii

o Katedry

o Uiteld Pracovisté * [:_jj Pfijmeni de clercq B Iméno % Pouze aktualni vyuéujici Hledat

o Studenti *| Prijmeni ¥/ Imeéno |7 Tituly *| Pracovisté Telefon E-mail WWAWW

o Zkouskové terminy % DeClercg Erik prof. Dr. Ph.D. KMB

o Rozvrhové akce . i - i St —

u Kvalifikaéni prace Zakladni idaje Terminy Rozvrh Kwvalifikacni prace ON WEDNEISND/;YZDE%%%ERH]AKLAT 1000AM
[ Api 5 Akademicky rok | 2012/2013

e L D) . OF THE BLAZKA PAVILLON AT THE FACULTY OF SCIENCE

o Mistnosti */Pof. [*/Zkratka */Nazev pFfedmétu Vyuka 25 Vyuka LS =/ Typ acasti

o Mistnosti - celoroéné 1. UCH /024 Biochem. at the Service of Medici. (BCH) Ano Ne Garant

o Volné mist - semestr 2. UCH / 609 Biochemistry at the Service of Medicine Ano Ne Garant

= Voln& mist - rok 3. UCH / 645 Princip. of antic. and antiv. drug d.I. Ne Ano Garant

o Uvodni stranka
o Kalenda#

o Napovéda




Lecba HIV

A4 ' 4

Pomeérneé ucinna

V4

Narocna, draha, mnoho vedleksich ucinnka!!!

A SRR EE— E——— —




Lecba HIV

HAART: Highly Active Antiretroviral Therapy
= kombinace mnoha anti-virotik s ruznymi ucinky




Lécba HIV — vedlejsi ucinky

* NRTIs: mitochondrial dysfunction
 ddC, ddl, d4T: neuropathy

e d4T, ddl: hepatic steatosis, lactic acidosis
e ddl: pancreatitis

e /DV: anemia

* d4T: fat atrophy

* Abacavir: hypersensitivity reaction

* Tenofovir: renal failure

 NNRTIs: rash, liver toxicity

* Pls: fat redistribution, insulin resistance, hyperlipidemia
* Indiavir: renal stones

* Nelfinavir: diarrhea



Uspésna lécba HIV

Post-expozicni profilaxe

* nutna velmi rychle po kontaktu s virem (max. do 72h)
* vysoké davky béznych antiretrovirotik

* teézké vedlejsi ucinky

* velmi vysoka sance na uplné vyléceni

Pozdejsi vyléceni

* témer nulové sance na uplné vyléceni

e znamo jen nekolik pacientu, kteri se uplnée vylécili (vétSinou
spojeno s leukemii, k vyléceni doslo po intenzivnim ozarovani,
kompletnim odstranéni kostni drené a nasledné transplantaci)



4) Retroviry a nadory



Transformace nadorovych buneéek
zpusobena retroviry

Retroviry jsou ¢asto spojeny s nadory!

ZpUsoby transformace zapri¢inéné retroviry:

1) retrovirové transaktivatory
2) Inaktivace bunécénych onkosupresoru inzerci proviru

3) Aktivace exprese bunécnych onkogenu pomoci
retrovirovych LTR

4) Exprese virovych onkogenu



Retroviroveé transaktivatory

e posiluji aktivitu virovych promotoru (napr. Tat a Rev u HIV)
X mohou posilovat i aktivitu néktery bunécnych promotorut
- disbalanc a prvni impuls ke vzniku nddorové buriky

» | RNA transkripce
(regulovand Tat proteinem)

- ; jaderny ex ort RNA
Casne mRNA RNA sp Pcmﬁ
ev)

pro regulacni (regulovany ozdni
funkce mRNA pro stukturnl proteiny

(2x sestfizené) (nesestfiZena, 1x sestrizena
<—>

2o W Gag-pol mRNA)

Tat Env
sz Vpr, Vpu, Vif

Nef




Inhibice bunécnych onkosupresoru

/’

onkosupresor ) —— Nadorova
transformace

gen kodujici onkosupresor

7

nadorova

) transformace

—_— gen

integrovany retrovirus




Aktivace bunécnych onkogenu

&”" q. Nadorova
- I transformace

|
{ onkogen I—

Virové proteiny
anogeD Nadorova
transformace

[ > ? [ > 7

—I LTRI provirus I LTR I onkogen I—




Exprese virovych onkogenu

—> akutné onkogeni retroviry
*nastésti ne prilis casté
* vétSinou defektni viry, které si sebou do partikule béhem posledni replikace
zbalili i bunéény onkogen, ten zmutoval a je permanentné aktivni
* napr. RSV
* infekce takovymto virem vede ve 100% ke vzniku nadoru!!!
Virové proteiny

anogeD __, Nédorova
transformace

| > 1 7/

—I LTRI provirus I onkogen I LTR I-

Mammalian transducing retroviruses

LTR gag abl envLTR
[T N > Abelson murine leukemia virus

pol mos
[T > Moloney murine sarcoma virus

raf
[T > 361 | murine sarcoma virus



5) Dalsi dulezité patogeny z celedi Retroviridae



Human T leukemia virus (HTLV 1, 2)

* prenos — podobny jako u HIV

* dfive lokalIni vyskyt — Japonsko, Etiopsti Zidé, zapadni Indie

* dnes po celém svéteé — cca 15 milionu infikovanych

* inkubacni doba az desitky let

* vyvolava monoklonalni nadory, které se ale lisi u kazdého pacienta
* virové transaktivatory — tax a rex (jako tat a rev u HIV)




6) Hepadnaviridae — dsDNA viry replikujici se pres RNA intermediat



Hepadnaviridae - virion

* obalené viry, kapsidda o priméru 42nm

e Casto tvori prazdné partikule (pridmér 22nm),
které vysycuiji protilatky ze séra infikovanych

lczaahedral core [C) Small surece protem (5)

i

oy
A it

gL

Medium surface profein
(5 + Pra52)

e — Larga surface protein
: (5 + Pre52 + Pra51)

DMA

Polymerasze (P)

Hepatitis B
virus




Hepadnaviridae - genom

*dsDNA genom o velikosti cca 3200bp
* replikace pres +ssRNA intermediat

* vysoka kodujici kapacita genomu

(-=)>-DNA




Hepadnaviridae — zivotni cyklus

Hepadnaviruses

Viral cores enter

Genome
circularization the nucleus
vti-::*.f_alenthﬂr closed Genomic dsDNA
circular DNA
Transcription i‘i’gﬁﬁ
by RNA pol I
Genomic Cores containing
& sgRNAs genomic ssRNA
Assembly —
Translation of virajf primed reverse
Cores. in transcription
cytoplasm —
Polymerase Cores containing

/RTase and other genomic dsDNA

structural proteins

8 Virus assembly
& budding

Prngehy virus |

Figure 5.8 Replication scheme of hepadnaviruses. After entry and partial uncoating, viral cores migrate to the nucleos,
whera the gapped d=DMNA genome is repaired and ligated into a covalently closed circle (steps T and 20, In this form, the
genome is transcribed by cellular RNA palymerase |l (step 5) to produce terminally redundant pregenomic RRNA and
subgenomic (sg) mREMAS for the virus structural and nonstructural proteins (step 4. In the cytoplasm, the wiral DRA
polymerasefreverse transcriptase (RTase) and core proteins associate with the pregenomic RMNA to farm immature cores
Istep 5) that mediate palymerase-primed reverse transcription to produce gapped dsDMNA genomes (step 5). Progeny
caores either return to the nucleus to add their dsDMNA to the template pool (step 7) or mature into progeny vitions by
budding into the endoplasmic reticulum (step 8). For further details, see Chapter 76, ds, double stranded; ss, single
stranded.



7) HBV + HDV



HBV = Hepatitis B virus

2 x 102 (0.2 miliardy) nosict HBsAg protilatky

* replikace v hepatocytech (buriky jaterniho parenchymu)

* vyskyt i v ledvinach, slinivce, sleziné, kazi, krvi, spermatu, slinach
* cesty prenosu podobné jako u HIV

* vyrazné (az 200x) vyssi infektivita nez HIV

—akutni zanéty jater — mlze byt bezpriznakovy i hepatitida s velmi zavaznym
prubéhem
- persistentni infekce = chronicka hepatitida
—> cirhosa jater
- hepatocelularni karcinom = nejcastéjsi nadorové
onemocnéni u muzu

HBV hostitelské buriky neusmrcuje - destrukce hepatocytl je nasledek imunitni
odpovédi (infikované buriky jsou ter¢em cytotoxickych CD8* T lymfocyt(l)

perinatalni infekce déti - 90% dozivotni persistentni infekce (jizni + rovnikova
Afrika; jihovychodni Asie)



Prubéh infekce HBV

Natural history of hepatitis B

Acute infection

>

Chronic infection

Chronic hepatitis \
Wild type virus tHEeAgH

— tolerance"' Pre-curemutant(HBeAg] \Inactwe carrier

Recovery

\

A Reactivation

Cirrhosis

v b *

30-50 years Hepatocellular carcinoma 4

Figure 76.15 Following acute infection approximately 95% of adults and 5% to 10% of newborns recover, the remainder
evalve toward chronic viral infection. Depending on the vigor of the immune response, chronic infection can follow several
phases, including immune tolerance, chronic hepatitis, and the inactive carrier state. However, these phases may not be
stable ower time, implying that patients may evolve frorn one phase to the ather. The major risk of chronic hepatitis is the
evolution toward cirthosis and hepatocellular carcinoma. Although the risk may be significantly lower, patients in the
immunotolerance phase or in the inactive carrier state may still develop a hepatocellular carcinoma, implying that long-
terrm ronitoring of patients who are chronically infected is required. The mean duration of infection befare the
development of hepatocellular carcinoma is approximately 30 to 50 years.



HBV a hepatocelularni karcinom

1) Virovy transaktivator HBx aktivuje expresy bunécnych onkogent

2) kvuli dbytek jaternich bunék se organizmus snazi navodit
zvysenou proliferaci zivych bunék
+ velmi aktivni ¢innost imunitniho systému (mnoho volnych
kyslikovych radikalu)

- vysSi pravdépodobnost vzniku nddoru

Mitogens

Growth Factors Cytokines
Environmental/ [ Growth Factors

Cellular Stress RTK

Apoptosis
% Differentiation
mp Transformation

RNA
polymerase |l
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HBV — |écba a prevence

specificka lécba HBV neexistuje
— jen podpurna |écba béhem akutni infekce

- celozivotni ochranalll
- povinné pro pracovniky ve zdravotnictvi
- doporucené pro lidi cestujici do rizikovych oblasti

dulezita je prevence rizikového chovani!ll
- podobné jako u HIV
- promiskuita, nechranény sex, vnitrozilni drogy,
krevni transfuze...



Prevalence HBV




HDV = Hepatitis delta virusoid

Virusoid = kratka molekula dsRNA, ktera je na obou
koncich spojena do kruhu

- vetsinou nekoduje zadné proteiny

- plné odkazan na pomoc hostitelskeho viru
(,parazit parazita®)



HDV = Hepatitis delta virusoid

* prenasen v kapsidach tvorenych HBV
—->HDV je vzdy v koinfekci s HBV (HBV nemusi byt vzdy v
konifekci s HDV)

* HDV zhorSuje prubéh hepatitidy!!!

outer envelope with
& about 100 copies of
HBV L, M and S proteins

inner nucleocapsid with
HDV genomic RNA and
about 70 copies of
HDAg-S and HDAg-L

<3 35nm —{

Figure 77.1 Electron micrograph of negatively stained particles enriched for hepatitis delta virus (HDV). The Figure 77.2 Representation of hepatitis delta virus (HDV) with an indication of outer envelope proteins provided by HEY

predaminant farm was a 35 ta 37 nm particle. (Adapted fram ref. 89, with permission.) :nd |nnergupleocapsid, a tibonucleoprotein composed of HDY genormic RMA and hepatitis delta antigen (HDAgG). HBY,
epatitis B virus.




Prevalence HDV

Anti-HD(HBsAg (¥))[ |? 0-5% [ 6-20% [ 21-60% [} >60%

Figure 77.8 The worldwide distribution of hepatitis delta virus (HD) infection as measured by the prevalence of anti-HD
in hepatitis B surface antigens (HBsAg)-positive individuals with acute or chronic hepatitis.



valivé kruznice
« vystfiZzeni jednotlivych useku
a ligace koncu HDV

ribozymem
(ribozym = RNA enzym = RNA s
katalytickymi schopnostmi)

HDV = Hepatitis delta virusoid

* replikace genomu systéemem
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Figure 77.6 Secandary structure of the hepatitis delta virus (HDW) genomic ribozyme domain. Ferre-D'Amare et al.
(53,58) obtained crystals of this 85 nucleotide RMNA by replacing a nonessential region with a UTA-RBD (indicated in
gray), a short domain that could be bound by the RNA-hinding protein A1, A cocrystal was thus made and the total
structure determined. This simplified two-dimensional representation is based on that structure. Sterns of Watson and
Crick base paiting are indicated by P. Intermediate joining regions are indicated by J. The ribozyme is known to cleave at
the site immediately 5° of the shown RNA, at what corresponds to position 635/686, in the genorme numbering of Kuo et
al. (98). (Adapted from ref. 36, with permission.)

Figure 77.5 The three processed hepatitis delta virus (HDW) RMA and how they accumulate during genome replication.
The circular genome and antigenome are drawn to indicate the ability of these RNA to fold into an unbranched, rodlike
structure. The so-called rolling-circle replication is as follows: 1: The circular genomic RMNA acts as the template for
transcripts that are processed to become the 5%-capped and 3-polyadenylated messenger RMA (mRENA) for HD antigen
{HDAg). 2: The genome can also act as template for transcripts that proceed more than once around the template. Such
multirmeric, linear RMA have at least two copies of the antigenomic ribozyme can be cleaved to release unit-length linear
RMA, which in turn are ligated, possibly by a host enzyme (86), to produce new circular antigenamic RNA. 3: Similarly,
the new antigenomic RMNA can act as the template for the transcription of multimeric, linear RNA, which are processed to
produce new genomic RMA circles. The RMA polymmerase(s) used in these transcription events definitely includes host
RMA polymerase Il It might be that factors associated with this RNA-directed transcription, posttranscriptional RMA
processing, or ultimate RMNA stability differ in step 1 relative to steps 2 and 3. The HDAG-S may play one or more
essential roles in the RNA-directed transcription and processing (22).




Osnova prednasky:

1) Viry replikujici se pomoci reverzni transkripce

2) Retroviridae — +ssRNA viry replikujici se pres dsDNA intermediat
3) HIV / AIDS

4) Retroviry a nadory

5) Dalsi dlilezité patogeny z Celedi Retroviridae

6) Hepadnaviridae — dsDNA viry replikujici se pres RNA intermediat

7) HBV + HDV
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