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GENOVE TECHNOLOGIE

Technologie zalozené na RNA

rozdéleni RNA, vyznam ne-kddujicich RNA, antisense RNA a umlic¢ovani gend, ribozymy

1

GENOVE TECHNOLOGIE — Technologie zalozené na RNA




2

Role nekdédujicich RNA

— RNA hraji celou fadu roli, které jsou Siroce vyuzivaneé v biotechnologiich

— Nejvice pochopenou roli je jejich u€ast na syntéze proteini (mMRNA, tRNA, rRNA)
— Cela fada malych RNA hraje roli v sestfihu mRNA (snRNA, snoRNA, gRNA)

— Ribozymy maiji enzymatickou aktivitu — Stépeni a ligace celé fady substratu

— V poslednich letech popsana cela fada novych roli (hcRNAs)

— Neékteré tfidy RNA reguluji uroven translace (antisense RNA) — vazba na komplementarni
MmRNA

— RNA hraji rovnéz dulezitou roli v obrané pred RNA viry (RNAI)
— Bakterie postradaji RNAI — maji CRISPR systém vyuzivajici crRNA
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Role nekdédujicich RNA

Genomic
Integrity and
Protection

Piwi interacting

Size in

Abbreviation Nucleotides Role

piRNA 25-32

Transposon
silencing in
germline cells

Distribution

Eukaryotes

Small-interfering

siRNA 22

Defense
against
foreign RNA

Eukaryotes

Telomerase RNA

TERC 451

Synthesis of
telomeres

Eukaryotes

crRNA 24-48

Defense
against
foreign RNA
and DNA

Bacteria
plus Archaea

17,000

X
chromosome
inactivation

Eukaryotes

Transcription
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Antisense RNA

aRNA 19-25

Genetic
regulation

All
organisms

Enhancer RNAs

eRNAs 200-500

Genetic
regulation

Eukaryotes

6S RNA 184 (E. coli)

Regulating
transcription

Bacteria

miRNA 22

Regulating
mRNA
degradation
and translation

Eukaryotes

circRNA 1000 or

more

Regulation
of miRNA
abundance

Eukaryotes

Long noncoding

IncRNA Wide range

Various
regulatory
roles

Eukaryotes

Transcription Antisense RNA  aRNA 19-25 Genetic All
regulation organisms
Enhancer RNAs eRNAs 200-500 Genetic Eukaryotes
regulation
6S RNA 6S RNA 184 (E. coli) Regulating Bacteria
transcription
Micro RNA miRNA 22 Regulating Eukaryotes
mRNA
degradation
and translation
Circular RNA circRNA 1000 or Regulation Eukaryotes
more of miRNA
abundance
Long noncoding  IncRNA Wide range  Various Eukaryotes
RNA regulatory
roles
Small RNA regu- sRNA <300 Gene Bacteria
lators regulators
(various
mechanisms)
RNA Guide RNA gRNA Editing of Protozoa
Processing mRNA
Small nuclear snRNA 100-300 Splicing of Eukaryotes
RNA RNA plus Archaea
Small nucleolar  snoRNA 60-300 RNA Eukaryotes
RNA nucleotide plus Archaea
modification
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Role nekdédujicich RNA

Size in i
Class Abbreviation Nucleotides Role : DIStI’IbUllOn”
Protein  Messenger RNA mRNA Wide range ~ Protein Al
Translation synthesis organisms
Transfer RNA tRNA 70-90 Protein . All .
synthesis organisms
Ribosomal RNA  rRNA 120, 160, Protein AI‘I organisms
1868, 5025  synthesis (sizes shown
are for higher
animals)
Transfer-mes- tmRNA Rescues Bacteria
senger RNA stalled
ribosomes
Riboswitch e 40-140 Controls All
translation, organisms
transcription,  (very rarein
or splicing eukaryotes)
of attached
mMRNA
Dual-function e Protein coding Al
RNA plus various organisms
regulatory roles
Enzymatic Ribozymes o >250 Function as All
Function enzymes organisms
Signal 7SLRNAor 300 Membrane All
recognition SRP RNA insertion of organisms
particle RNA proteins
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Piwi- interagujici RNA (piRNA)

— 24-30 nukleotidi dlouhé

— monofosfatova skupina na 5’konci (U) a 2°0O-methylova
skupina na 3 konci

— Kodovany v genomu v ramci klastrd nebo intronu jinych genu

— Sekvence komplementarni k endogenim transpozénim

— Jsou rozpoznavany rodinou Argonaut proteinl, stépeny na
malé kousky vazajici se na komplementarni RNA

transpozdénu = Stépeni zabranujici jejich posunu
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IncRNA (long non-coding)

B
Scaffold
A . .
Guide Ribonucleoprotein complex C
Decoy _
Chromatin modifyin ) &
enzyme ying A\ IncRNA
o IncRNA mechanisms of action
IncRNA
F N D
Chromatin looping c IncRNA sponging miRNA
Polll . IncRNA as miRNA
recursor \\__ SR
Mediator.zmm | IncRNA ) ( miRNA
]ncRNA ' IncRNA
wy Wy
WLE o
miRNAs
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CRISPR

— Hlavni ochranny system pred RNA vity i
prokaryot

— Nenachazi se u eukaryot, pouze u prokaryot a
archaea

— Chrani pfed RNA i DNA viry, cizimi plazmidy
nebo transpozony

— Je zaloZen na pamétové stopé ve formé
kratkych DNA sekvenci uloZzenych mezi
palindromickymi repeticemi

— CAS proteiny tvofi RNasy i Dnasy — velmi
variabilni mezi bakteriemi
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RNA ovlivnuje transkrpci

— Genova exprese je modulovana rovnéz RNA

— U bakterii se sRNA vazi na mRNA a brani transkripci,
nékteré ji naopak aktivuji, nékteré se vazi na proteiny (TFs)

— U euakryot zabranuiji translaci nebo spousti degradaci
MRNA microRNA (antisense mechanismus)

— V lidském genomu pfiblizné 20-40% protein kédujicich gen
mam antisense partnery (promotor, introny, exony, 3'UTR)

— Antisense geny:
- cis = vedle nebo uvnitf vlastniho genu
- trans = jina lokace v ramci genomu
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Antisense mechanismy

3 b Antisense mRNA
¥ PRI 5
| 5
+
Splica sites.
5 T . —— e 3 Sense MANA
Ribosoma
binding
site
3’ e 5 3 5
5 mEEID ee—— ] 5 m 3
é Ribosomeas Splicing factors
cannot bind cannol bind
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PTEN pseudogen

— PTEN (phosphatase and tensin homolog)
— Tumor-supresorovy gen, jehoz transkripce koreluje se zavaznosti rakoviny

— V ramci genomu pritomnost PTEN pseudogenu = tvorba tfi ne-kodujicich RNA
A
Chrg ST e el

—f !u

L R S
e

asRNA o

C PTEN mRNA
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Pouziti antisense RNA

— Dvé mozné metody produkce:
- chemicka syntéza
- klonovani antisense RNA v opacném sméru do vektoru = mozna kontrola exprese

— Tvorba sekundarnich struktur mize vést ke ztraté funkénosti

3 (AAGAUGCGCCAAUUGCCGUAGUAA

. i — mANA
. Al C o, Sl
— ) GT s
3 gKEGTh AG
- 5 / chvomosame AAGATGCGCCAATTGCCGTACTAA
AACGTAG Synthesized X TTCTACGCGGTTAACGGCATCATT

ohgonucigotide

GGCAAUUGGC

CGUAUGCCAUUGCAUCGAAAAA SUACUAC SCATCYy,

5 s 3 Cellular mANA . i ==
5' ™ 3 Antisense mANA
CGTTAACCGE
GATGC TAg

p.lﬂ GGCAATTGGCG A4

) 11ﬁGTAG ATcry

3 oee— 5
AA C GTAG

T O ANTISENSE GENE IN VECTOR
= CGUAUGCCAUUGCAUCGAAAAA

3" Cellular mRNA

ANTISENSE & SENSE mRNA ANNEAL

.
5AAGAUGCGCCAAUUGCCGUAGUAA
L,UUCUACGCGGUUAACGGCAUCAUU_

—
——
|
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Modifikace syntetickych oligonukleotidu

5 [Base, & Base
N 2 . n

— Zavadéni chemickych modifikaci bazi pro zvySeni stability 0@ m
— Pouziti riznych strategii: O\ 43 :::]O \OCOH A
- fosfor-thio oligonukleotid (rezistentni k degradaci DNasou) s \0@ B -o/p\o—ﬁ/@
- morpholin-antisense nukeotid (rezistentni k DNase a RNase H) % 0.9~ e
- pfidani O-alkylu na 2°OH skupinu ribozy (rezistentni k DNase a
RNase H) oy o 0
- pouziti PNAs (rezistentni k DNase a RNase H) —E_/ PHOSPHODIESTER
- pouziti chimérickych oligonukletidu (rezistentni k DNase) >Ff’; . [

CHIMERIC ANTISENSE OLIGONUCLEOTIDE

5

5' ¥ Lo o
T \__ T MORPHOLINO
IT PEPTIDE

Morpholino backbone Morpholino backbone N (¢} NUCLEIC ACIDS

(RNaseH") (RNaseHF)

rd
Phasphorothioate backb ey =2
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Antisense terapie

— Dostani oligonukleotidd do bufky vyZaduje specialni
pristupy

— Existuje pfirozeny neznamy mechanismus vstupu
oligonukleotidd do bunky = mala efektivita

— Mozné pouziti nékolika technik:
- pouziti liposomu (neutralni, kladné nabité)
- kationické polymery (poly-L-lysinem polyethylenimin)

- pfichyceni na bazické peptidy (Tat protein, HA2
podjednotka viry chrfipky)

- pouziti streptolysinu O = tvorba poéru
- mikroinjekce pfimo do bunku
- seSkrabnuti bunék (poSkozeni membrany)
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LIPOSOMES BASIC PEPTIDES

r.; = Qligonucleotide

p = Peptide

% :

A Liposome

Nuclear localization
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RNA interference

— RNA interference (RNAI) — draha pro genovou regulaci, kde je kratky dvouretézcovy usek RNA
stimuluje enzymatickym komplex degradujici mRNA

— RNAI je popsan u savcu, rostlin, hub, ¢ervd, hmyzu
— RNAI rovnéz zabranuje presunu transpozonu a je to ochrana pfed viry u rostlin

— RNAIi ma dve stadia:

endonukleasou Dicer (RNasa z rodiny lll, 21-23 nukleotidll) na siRNAs

- efektorova faze = pfenos siRNA na RISC (RNA-induce silensing complex) a tvorba ssRNA = po
rozpoznani cilové sekvence vazba proteinu z Argonaut (AGO) rodiny = Stépeni mRNA

— Zesileni celého procesu pomoci RNA-dependentni RNA polymerazy (RdRP) — méné nez 50 kopi
siRNA vede k uplné degradaci cilové mRNA

I
[
|
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RNA interference

SOURCES OF dsANA

MicroRNAs are

RANA viruses have transeribed fram
dsANA intermediates genes in the
during replication — genoma

dsANA
region
baiis
TIImT
Transgene
Misfolded mANAS have

double-stranded RNA
5
3
A

RMNA INTERFERENCE

dsRANA

DICER CLEAVES
dsRNA INTO siANAS

T CCTTTIT CCTTTIT
mhblbl ¢ shlddel ¢ sledeboded: ¢

AISG UNWINDS siRNAS

@

RISC BINDS TO COMPLEMENTARY MESSAGE
AND DEGRADES IT

=
Crrrr”

RISC CLEAVES TARGET mRNA

5" kel 3 5 ekl

RNA-DEPENDENT ANA POLYMERASE
BINDS TO RNA FRAGMENT

RdRP
5 . 3

MORE dsRMA IS SYNTHESIZED

Y|TTTITIT
5 el

DICER MAKES MORE siRNAS

27T OTTTIT T
mhddebl bl b ek

ACTIVATES MORE RISC
TO DEGRADE TARGET mRNA
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echnologie RNAI u had’atka

C. elegans

/

C. elegans

dsRNA  Needle

C. elegans
eggs

C
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Gene to be suppressed by RNAI
dsDNA Target gene

PCR AMPLIFY WITH PRIMERS
CONTAINING PHAGE PROMOTER SEQUENCES

Phage Phage
promoter. promoter

IN VITRO TRANSCRIPTION WITH PHAGE
POLYMERASE MAKES DOUBLE-STRANDED RNA

" TTITITITITIIIIIIIIT
g R

ADD PURIFIED DICER

siRNAs

“oTTITIT® T TTITIT S CTTITIT
bbby v alabdobdlly 5 kbbbl 5

ADD TO MAMMALIAN CELLS

TACG
) de

NNNNNNNNNNNNNNNNNNNN O ONNNNNNNNNNNNNNNNNNNN

20nt complementary
sequence to target
mRNA

Reverse complement
of target sequence

Antibiotic resistance

,_\__;r / for mammalian cells
SN

//> -- b |

Promoter

5'LTR a7 JLLTH

Bacterial origin, etc.

Antibiotic for bacteria

TRANSCRIPTION

=
X —




18

Modulace genové exprese

— MicroRNAs (miRNAs) mohou modulovat genovou expresi

— Popsano prvné v ramci vyvoje hadatka

— miRNAs reguluji genovou expresi blokaci translace

— mIiRNASs jsou dnes popsany u rostlin i Clovéka

— mIiRNAs blokuji zaCatek translace nebo se vazi na 3’'UTR oblasti

— Prvné dochazi k tvorbé prekurzorové pri-miRNAs (cca. 70 nukleotidu)
— Endonukleaza Drosha stépi pri-microRNA na pre-miRNAs

— Enzym Dicer rozpoznava stem-loop strukturu a odstépuje smycku

— RISC komplex separuje fetézce od sebe
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Riboswithes

ATTENUATION MECHANISM TRANSLATIONAL INHIBITION

Base TRANSLATION
pairing CONTINUED ® ® PROCEEDS
@ @ TRANSCRIPTION & Coding

. 5 end sequence >
5'end |
S— @ Uuuu . mRNA w k\

Shine-Dalgarno PRIt Eadon
Signal sequence
() metabolite
binds

Signal ; ﬁ' Signal metabolite binds

metabolite Terminator
P
Shine-Dalgarno
PREMATURE sefyence
TERMINATION TRANSLATION
PREVENTED
Coding
GGl seﬁuence_'

mRNA mRNA
A B
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Ribozyme Riboswith B. subtilis
LOW UDP-GicNAC CONCENTRATIONS
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Ribozymy

— RNA molekuly vazajici se na specifické misto a katalyzujici enzymatickou reakci
— Neékteré jsou asociované s proteiny

— V souc€asné dobé popsano osm zakladnich tfid

— Velké ribozymy (stovky-3000 bp):

- samosestfizné introny skupiny | Tetrahymeny (nalevnik) - mitochondrie, chloroplasty, viry, jaderné
rRNA geny)

- samosestfizneé introny skupiny Il (mitochondrie, chloroplasty, fasy) — nesestfihuji se in-vitro
- Rnasa P u bakterii — asociace s proteinem, stépeni 5’konce pre-tRNA molekul

— Malé ribozymy (30-80 nukleotidt):
- hammerhead a hairpin ribozymy (viroidy, virusoidy a satelitni viry)

—
——
|
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GROUP Il SELF-SPLICING

Ribozymy

(a) (b)
S-domain pre-tHNA

Introp

Step OH "
o 2
5
tRNA
e Exon 1 Exon 2
AAA + CGOCAY
=1 NT
_enron
ANase P \\\<\
protein L2
- 9
(0]
Current Opinicn in Structusal Bology
+

21 GENOVE TECHNOLOGIE — Genomika a genovéa exprese

GROUP | SELF-SPLICING
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Ribozymy

Hammerhead (Viroidy)

SELF-CLEAVAGE BY HAMMERHEAD
RIBOZYME MOTIF

+) ()

LIGATION

OOO
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Hairpin ribozym
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