RNA

Vlakno kovalentné vazanych nukleotidu.
Biochemicky odliSitelna od DNA (hydroxyl na C2 pentozy,
uracil misto thyminu)

MmRNA - kopiruje genetickou informaci z molekuly DNA,

prenasi ji do mista, kde dojde k prekladu do struktury
proteinu

tRNA - preklada kéd sekvence bazi di sekvence aminokyselin.
cca 80 nukleotidu, koncova sekvence —CCA,
na ni se vaze prislusna AK.

rRNA — podili se (s proteiny) na struktufe ribozomu.
Prokaryota: 55, 16S, 23S
Fukaryota: 5S, 5.8S, 188, 28S




RIBOZYM

RNA s katalytickou funkci

i

RNA WORLD

Drive: hypoteticke stadium v evoluci
(RNA genetickym materialem)

Nyni: regulace exprese endogennich genu,
obrana proti invazi ciziho genetickeho
materialu




SUMMARY

Long double-stranded RNAs (dsRNAs; typically >200 nt) can
be used to silence the expression of target genes in a variety of
organisms and cell types (e.g., worms, fruit flies, and plants).
Upon introduction, the long dsRNAs enter a cellular pathway
that 1s commonly referred to as the RNA interference (RNA1)
pathway. First, the dsSRNAs get processed into 20-25 nucleotide
(nt) small interfering RNAs (siRNAs) by an RNase Ill-like
enzyme called Dicer (initiation step). Then, the siRNAs
assemble into endoribonuclease-containing complexes known as
RNA-induced silencing complexes (RISCs). The siRNA strands
are then unwound to form activated RISCs. The siRNA strands
subsequently guide the RISCs to complementary RNA
molecules, where they cleave and destroy the cognate RNA
(effecter step). Cleavage of cognate RNA takes place near the
middle of the region bound by the siRNA strand.




Z.acalo to Cervem........,
ale na pocatku byly kytky

Guo, Kemphues, 1995

Fire, Mello, 1998 »  RNAI
Jorgensen et al., 1990
Que, Jorgensen, 1998 > PTGS

The most interesting aspects of RNAI are the following:

* dsRNA, rather than single-stranded antisense RNA, is the interfering agent
* 1t 1s highly specific
* 1t 1s remarkably potent (only a few dsRNA molecules per cell are required for
effective interference)
* the mterfering activity (and presumably the dsSRNA) can cause interference in
cells and tissues far removed from the site of introduction
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KAREN TWEEDY HOIH ESCOR

Slechténi petunii —
zintenzivnéni barvy kvéti.

A lighter shade of Tailure! AHampls to
deepen the purple hoe of petanios by
genetic modification produced
nnexpected results. Rather than
heightening pigmentation, an dnserted
gene switched colowr production off,
creating variegated blooms (inssti.

Logicky pristup — vice kopii
prislusného genu — vyssi exprese

FTGS is now thomght to be an
ancient selt-detence mechanism evolved to
combatinfection by virusesand transposcns
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KOSUPRESE

-pritomnost transgenu
vede k omezeni exprese zihané rostliny az zastaveni

homolognich syntézy barviva
(trans)genu
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Figure 1. Effects of mex-3 RNA interference on levels of the endogenous mRNA. Nomarski DIC
micrographs show in situ hybridization of 4-cell stage embryos. (A) Negative control showing
lack of staining in the absence of the hybridization probe. (B) Embryo from uninjected parent
showing normal pattern of endogenous mex-3 RNA (purple staining). (C) Embryo from parent

injected with purified mex-3 antisense RNA. These embryos (and the parent animals) retain mex-
3 mRNA, although levels may be somewhat less than wild type. (D) Late 4-cell stage embryo

from a parent injected with dsSRNA corresponding to mex-3 ; no mex-3 RNA is detected.
Each embryo is approximately 50 um in length.
(For details see: Fire et al. '98 "Potent and specific genetic interference by double-stranded RNA
in Caenorhabditis elegans " Nature 391: 806-11)




Figure 2. SOAKING WORMS WORKS ALMOST AS EFFECTIVELY AS INJECTING.
These images demonstrate the results of mex-3 in situ hybridization following an RNA1
soaking protocol (for original methods, see Tabara et al. '98 Science 282: 430-31). The left
panels show the wildtype pattern of endogenous mex-3 mRNA in untreated adults and
embryos. The right panels show loss of mex-3 staining following soaking of L4
hermaphrodites overnight in mex-3 dsRNA. Endogenous mex-3 RNA is greatly reduced,
although still faintly detectable; this experiment resulted in approximately 90% dead embryos.
Although not as effective as directly injecting dsSRNA, this approach i1s VASTLY EASIER and
may be good enough for analysis of most maternally acting genes.
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VZNIK dsRNA:

- pokud je transgen usporadan jako invertovana
repetice — transkripce pres stred IR

LB

> <

P35S nptll nptll  p3s9 LB

3 chs £l Bq, rchs

- aberantni molekuly mRNA - pied¢asné

terminovaneé, nespravné procesovaneé -

substrat pro RARP (RNA-dependent-RNA-polymerase)

> katalyzuje syntézu dSRNA




RNA — directed — DNA methylation

Poprvé popsana v rostlinach infikovanych
rekombinantnimi viry obsahujicimi useky homologni s
endogenni sekvenci — metylace homolognich useku.
Modifikace chromatinu (dimetylace lysinu 9 na histonu H3,
H3K9Me2, typicke pro heterochromatin)

Kvasinky a Drosophila: dsRNA indukuje H3K9Me?2

|

umlceny chromatin, zavislé na komponentach RNAI




UMLCENI GENU

TRANSKRIPCNT

- inaktivni promotor
(zadny transkript
nebo pouze male
mnozstvi)

- metylace DNA v
oblasti promotoru

POSTTRANSKRIPCNI

- normalni transkripCni
aktivita promotoru

- nestabilni transkript

- metylace DNA v
transkribovane oblasti
(hlavné€ na 3 ’konci genu)




Umlceni in cis: ovlinéna je jedna nebo vice kopii
v jednom lokusu (neni treba pritomnost homologni
sekvence).
U rostlin — inverzni korelace mezi poctem kopii
a urovni exprese genu — PREDPOKLADA se
interakce mezi kopiemi — zmény sekundarni
struktury — metylac¢ni a heterochromatinove
komponenty. Interakce je PRAVDEPODOBNE
zprostredkovana regulacnimi molekulami RNA.

Umlcenl in trans je indukovano ,,interakci® s

homolognim lokusem. Puivodné — interakce typu
DNA-DNA. Nyni — dsRNA odvozena z homolognich
useku.




TGS AMETYLACE DNA

Distribuce metylace v genomech:

Metylace C v symetrickyc

- C

1 sekvencich

n(,

- CpNpG (rostliny)

Metylace C v asymetrickych sekvencich
(rostliny)




Zivodisné DNA metyltransfe!‘ézy .

T

De novo . Dnmt3a
methylation l[]nmtsb

Dnmt1

DNA Maintenance

methylation




Inhibitory metyltransferaz — epigeneticka terapie
Nadory - specifické zmény v metylaCnim obrazu (pokles metylace v
sekvencich pericentromerickych satelitti, hypermetylace promotoru
tumor supresorovych genu) — vyvoj novych diagnostickych

a terapeutickych nastroju.

S-aza-cytidine, S-aza-deoxycytidine
inkorporace do DNA, 1rreverzibilni vazba na DNA metyltrasferazu —
inaktivace

,,Male* molekuly inhibujici DNA metyltransferazy: procain (lokalni
anestetikum), procainamide — derivaty kyseliny 4-aminobenzoove,
neinkorporuji se do DNA, vazi se na CG bohaté oblasti, pravdépodobné
narusuji interakce mezi1 metyltransferazou a cilovou sekvenci

(X jejich pusobeni je komplexni, pifimy vliv na DNA metyltrasferazy
nebyl jednoznacné prokazan).




Rostlinné DNA metyltransferazy

MET 1 (Methyltransferase 1) - udrzovaci metylace
cytosinu v dubletech CG

CMT 3 (Chromomethylase 3) - metylace cytosinu
v tripletech CNG

DRM (Domains Rearranged Methylase) - de novo
metylace

(DDM1 (decrease in DNA methylation) — koéduje protein,
ktery je soucasti komlexu

remodelujiciho chromatin)




RDDM v savc€ich bunkach

Kawasaki et al., Nature 2004: transfekce lidskych bunck
siRNA specificky zacilenymi proti CpG ostroviim

v promotoru genu pro E-cadherin — metylace DNA,
metylace H3K9 —— umlceni exprese genu na urovni
transkripce.

Morris et al., Science 2004: umlicCeni transgenu po
transfekci siRNA homolognich k promotoru, metylace

promotoru.
X

Svoboda et al., NAR 2004: exprese dlouhych useku
dsRNA homolognich ke kodujici oblasti ciloveho genu
v mySsich oocytech—— PTGS, ale ne metylace DNA
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DICER

- vlastni miciator umlcCeni, poprve identifikovan v Drozofile

-RNase IlI-like enzym (N-konec:helikazova doména,
C-konec:RNaselll doména a dsRNA vazebny motiv)

- Stépeni molekul dSRNA ——— siRNA (21 - 25 nt)
- evolucne konzervativni (houby, zivocichove, rosthiny)

- ATP - dependentni nukledza, funguje procesivne,
ATP vyuziva k translokaci pod¢l substratu
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RISC

- RNA-induced silencing complex, efektorovy komplex,
destrukce cilové mRNA

- soucasti procesu je odvinuti vlaken dsRNA
aktivovany RISC

- jednovlaknové siRNA - na zakladé komplementarity
bazi navadi komplex k cilovému mistu

- helikaza, nukleazy s endo- a exo- aktivitou,
protein recA (homology searching activity)

ARGONAUTE - proteinova rodina, interakce s Dicer,
soutast komplexu RICS. Stépeni mRNA.
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Homology dependent gene silencing -TERMINOLOGIE

PTGS - v rostlinach, umlceni indukované transgenem nebo virovou infekci.
Transkripce genu neni ovlivnéna, nestabilni mRNA.

TGS - blok na trovni transkripce, spojeni s modifikaci chromatinu a metylaci
DNA

Transgene-induced silencing - v dusledku pritomnosti transgenu, zavislost na
poctu kopii transgenu. Na trovni PTGS nebo TGS.

Virus-induced silencing - idukované pritomnosti virove genomové RNA,
nezbytna je replikaCni kompetence viru.

Cossupression - uml¢eni endogenniho genu v disledku pritomnosti transgenu.

RNA.I - PTGS indukovan¢ primo dsRNA. Mechanisticky ptibuzné (totozne?)
s PTGS u rosthin.

Quelling - PTGS v dusledku ptitomnosti transgenu u Neurospora crassa.




SYSTEMIC SILENCING

- umlceni se prenasi z podnoze na roub pokud
existuje sekvencni homologie mezi uml¢enou a umlCovanou
genovou oblasti (tj. podnoz i roub obsahuji
homologni transgeny) - signal je sekvencné specificky

roub s aktivnim
fransgenem
(napr. jedno
inzerce)

: ‘ -umlceni se prenese i kdyz jsou
transgenni roub a podnoz oddéleny
az 30 cm dlouhym stonkem
- z wild-type rostliny

el - signal je mobilni

umléeny transgen -

(napr. usporadany
jako obracena repetice)




Dvé tridy kratkych interferujicich RNA

21 - 22 nt: sekvencné specificka degradace mRNA

24 - 26 nt: systemic silencing
metylace homologni DNA




microRNA

endogenni malé molekuly RNA, kodovany geny
ODLISNYMI od t&ch, jez reguluji. 21 nt, vazba na parcialné
komplementarni mista na 3 ‘netranslatovanem konci cilove
mRNA — represe transkripce.

Vznik z vlasenkoveho prekursoru (70 bp).
U rostlin — maturovane¢ miRNA jsou metylovan¢ (HEN1),
ochrana pred degradaci




micro RNA

ROSTLINY ZIVOCICHOVE

- degradace mRNA (AGO1) - represe translace ciloveé sekvence
spojena s jeji destabilizaci

- vysoka komplementarita s - limitovana komplementarita
cilovou sekvenci s cilovou sekvenci
-2/3 reguluji expresi - Sirokospektry ucinek (vyvoj)

transkripcnich faktortu




sIRNA A HETROCHROMATIN

Heterochromatin obsahuje repetitivni sekvence a
transpozony, transkripén¢é umlcena oblast.

(Trans)geny mzertovane do heterochromatinovych oblasti
umlceni (Drosophila — PEV).

RNA1 — vyznamna role ve formovani a umlceni
heterochromatinu
(X ,,s1lent* heterochromatin neni transkribovan).




Typické heterochromatinové oblasti

* Centromery — sekvence odpoveédné za organizaci
kinetochoru, fidi pohyb chromozomiu piti déleni
bunky.

= Pericentromery — spojuji sesterskeé centromery,
odd€luji centromery od ramen chromozomu.
Telomery — nukleoproteinove struktury na
koncich linearnich chromozomu (ochrana,
replikace a stabilizace konce chromozomu).




Epigenetické modifikace: metylace DNA,
metylace histonu (H3K9Me2), deacetylovany
H3KO9.

Metylovany K9 -vazba na Hpl(Heterochromatin
protein 1) represe transkripce.
Metylace DNA nasledné fixuje umlceny stav.




RNAI a heterochromatin - kvasinky

Mutantni forma kvasinky Schizosaccharomyces pombe,
blokovana RNAi (mutace v genech Dicer, Rdp1l, ago)
— neschopnost tvorby heterochromatinovych struktur

v centromerach
(Volpe et al., 2002, Science)

Analogicka mutantni forma v Tetrahymena thermophila

|

molekuly siRNA jsou nezbytné pro procesy rearangementu
DNA v priubéhu konjugace jader
(Mochizuki et al., 2002, Cell)




RNAI a heterochromatin - rostliny

" 90 - 95% endogennich siRNA odpovida
transpozonum a vysoce metylovanym _
repetitivnim sekvencim (transkripce PRES
centrum obracene repetice,v dusledku mzerce
repetice do transpozonu,..).

* FWA (koduje protein kontrolujici kveteni),
exprimovan v endospermu, ve vegetativnich
tkanich umlCen (TGS-metylace promotoru).
Inzerce transgenu FWWA: umlCen ve ,,wild
type®, exprimovan v mutantnich rostlinach
(dcl3, rdr2, ago4) — pozdné kvetouci fenotyp.




Klinické vyuziti RNAI

vysoky potencial a specifita
dostupnost siRNA z komerc¢nich zdroju

prechodny ucinek v sav€ich bunkach
problémy s transfekci




RNAI delivery strategies
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Application

C. elegans
mammalian embryos

L. elegans
plants
mammalian embryos

mammals

mammals




RNAIi a HIV

Klasicky pristup - kombinace 1€Civ

prodlouzeni Zivota pacientu

X toxicita 1é¢iv, odolné varianty
viru

1. onemocnéni, na néjz byla aplikovana lécba

zalozena na RNAI

Problémy: vysoka mutac¢ni kapacita viru
(mutanty nejsou terapii zacileny)
vneseni RNA do bunék (T-lymfocyty,
monocyty, makrofagy)




RNAI a virova hepatitida

Existuje pouze preventivni vakcina proti HVB, nic
proti HVC.

Vyzkum koncentrovan na HVC:
genomem je + RNA molekula
s 1 otevifenym cCtecim ramcem kodujicim
polyprotein

siRNA terapie je zamérena na inhibici funkce
replikonu




RNAIi a nadory

Neprovadéji se klinické zkousky,
existuji nadéjné vysledky z predchoziho asRNA
vyzkumu.

Laboratorni testy - syntetické siRNA selektivné
omezily expresi onkoproteinu p210 (CML)




