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degradacija
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RNA editiranje



Kaj je RNA editiranje?

RNA editiranje je insercija, delecija ali modifikacija specificnega
nukleotida v primarnem transkriptu.

Pogost pojav v mitohondrijih in kloroplastin

Pri sesalcih samo modifikacije:

A->|, C->U in U->C
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A->| modifikacija

Cloveska ADAR druzina (adenosine deaminases acting on
RNA) vsebuje produkte treh genov.

Z deaminacijo se iz adenozina tvori inozin, ki se pari s citozinom
namesto s timinom a
el el

Ad |
Z DNA binding dsRBD | i :*1 \ enosine | ’ :o: \ nosine
H B N N

ADAR1p15
| . B N ADAR1p11
b
H B ADAR2
R %
H—-—
1 m ADARS (r N>\

Rlbose Rlbose
Adenosine

(/\Z’( N>\>
Ribose NJ

Inosine R| ose
Cytldlne



A->| modifikacija pri kodirajoCih genih

Pogosto pride do modifikacije CAG (GIn) v CIG (Arg) — Q/R
editiranje.

V ziv€evju so Q/R modifikacije pogoste pri receptorjih
nevrotransmiterjev ter pri ionskih kanalckih.

Pri serotoninskem receptorju 5-HT2C A->I modifikacija uravnava
alternativno izrezovanje in spajanje.

5-HT2c pre-mRNA Alternative splicing
] - ' —
i ! IV V'V Vi
— ]

*,
.
.,
0
.
.
.
.
.
.,
-
.
e,
*,

RNA editing (A —>1)

L —
5-HT2c pre-mRNA A-site B-site C-site D-site
5' { 3'
iecivovscentulganarecnluoaceace

D box CGCAUUAGGA UAACUCGUA
5 nt

18 bp long duplex o
MBII52 snoRNA

Alternative splice site AGU <

3l



A->| modifikacija lahko spremeni kod transkripta

* Modifikacija je lahko sinonimna ali nesinonimna.

* Poleg sprememb ak lahko pride tudi do spremembe STOP
kodona v Trp in poslediChega podaljsanja polipeptida.
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A->| modifikacija pri nekodirajoCih genih
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Obrnjene ponovitve Alu in LINE v intronih
ali UTR tvorijo RNA duplekse, na katerinh
prihaja do obseznih A->I modifikacij.

Pri izrezovanju in spajanju se | bere kot G.
Lahko pride do tvorbe novega mesta
Izrezovanja.

Modifikacija obrnjene ponovitve SINE v
3'UTR mRNA CAT2 obdrzito RNA v
jedru. Ob stresu se modificirana mRNA
prereze pred lasnico, ponovno poliadenilira
In se prevede v CAT2 protein.

Modifikacije Alu ali LINE dupleksov lahko
preprecijo tvorbo esiRNA in posledicno
zmanjsajo utiSanje retrotransposonov.



Struktura ADAR?2




Vpliv editinga na zivCne proteine in receptorje

Receptorji in kanalCki v normalni (¢rna) in editirani (roza) verziji.
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Podenota ionotropicnega
glutamatnega receptorja GIuA2,
zmanjsa prepustnost za Ca?*.

Alfa 3 podenota GABAA
receptorja zmanjSa njegovo
membransko mobilnost.

serotonin 5-HT2c receptor
zmanjSa vezavo G-proteinov.

Pri kalijevih kanalCkih Kv1.1 se
spremeni interakcija s Kv 31.1.

Cavl.3 se ne veze veC na
kalmodulin.



Fizioloski pomen A->| editiranja

Pri Cloveku in drugih vrstah so opazeni razlicni fenotipi zaradi
nepravilnega A->I editiranja (veCinoma v zivCevju).

Pri homozigotnih miskah z izbitim ADARZ2, pride do pomanjkljivega
editiranja GIluR receptorjev, kar omogoci povecan pretok Ca?* v celice.
Sledi umiranje zivcnih celic, epilepticni napadi in smrt nekaj tednov po
rojstvu.

Pomanjaknje ADAR1 pri miskah vodi v napake pri hematopoezi, v
apoptozo in v razpad jeter. Smrt nastopi v fazi zarodka.

Haploinsuficienca ADAR1 vodi do dyschromatosis symmetrica
hereditaria (DSH).

Nenormalno editiranje 5-HT2CR v prefrontalnem korteksu je povezana
Z depresijo in samomorom.

Pomanijkljivo editiranje GIuR receptorjev je mogocCe povezano tudi z
umiranjem motoricnih nevronov pri amiotroficni lateralni sklerozi (ALS)
ter apoptotiCnim umiranjem nevronov po ishemiji.



DSH

(dyschromatosis symmetrica
hereditaria)

Je avtosomno dominantna
dedna bolezen z visoko
penetranco.

Najbolj razSirjena je v vzhodni
Aziji (Japonska, Kitajska,
Tajvan).

Na Japonskem 1,5:100.000.

Cez 100 mutacij ADAR1 je
povezanih z DSH.

Svetli ali temni madezi na kozi
okoncnin in pegavost obraza.

Mozne so nevroloSke tezave.



C->U modifikacija
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Figure 11.30 Human Molecular Genetics, 4ed. (© Garland Science)

V jetrih ApoB (apolipoprotein B) mMRNA kodira 4536 ak protein

V Crevesju citidin deaminaza APOBEC1 pretvori C->U na mestu 6666.
|z CAA kodona (glutamin) nastane UAA (STOP).

Crevesni ApoB je 2152 ak.
Podobno se dogaja z genom za nevrofibromin (NF1).




Human AID/APOBEC paralogs

Cloveski APOBEC

Mame Genomic location Ewons  Deaminase domains  Expression Cellular localization Editing activity Target

AID 12p13 5 1 Activated B cells, Testis Mainly cytoplasmic, acts in the nucleus DMNA Immunoglobulin gene

APOBEC1 12pi31 5 1 Small intestine Cytoplasmic/nuclear, acts in the nucleus  RNA, DNA Apolipoprotein B mRNA

APOBEC2 6p21 3 1 Skeletal muscle, heart Cytoplasmic/nuclear Unknown Unknown

APOBEC3A 22gi3.1 5 1 Keratinocytes, blood Cytoplasmic/nuclear DA Adeno-associated virus, retrotransposons
APOBEC3B 22g13.1 8 2 Intesting, uterus, mammary gland, keratinocytes, other Predominantly nuclear DNA Retroviruses, retrotransposons, HBY
APOBEC3C 22g13.1 4 1 Many tissues Cytoplasmic/nuclear DA Retroviruses, retrotransposons, HBW
APOBEC3DE 22g13.1 7 2 Thyroid, spleen, blood Unknown DA Retroviruses

APOBEC3F 22g13.1 8 2 Many tissues Cytoplasmic DA Retroviruses, retrotransposons, HBW
APOBEC3G 22g13.1 8 2 Many tissues, T cells Cytoplasmic DA Retroviruses, retrotransposons, HBWY
APOBEC3H 22g13.1 5 1 Blood, thymus, thyroid, placenta Unknaown DNA Retroviruses

LOC1564659% 12g23 1 2 Fzeudogene - - -

APOBECH4 1g25.3 2 1 Testis Unknown Unknown Unknown

*This pseudogene originated from a recent retrotranspositional event. HBW, hepatitis B virus.

Conticello Genome Biology 2008 9:229 doi:10.1186/gb-2008-9-6-229

Samo APOBEC1 in AID lahko deaminirata citozin na RNA.



Struktura APOBEC?2

2 in 3 vsebujeta His In
Cys in tvorita katalitski zepek.

je koordinativno vezan z
ak na koncih a-heliksa 2 in 3.

« Glutamat, ki je donor protona za
reakcijo, se nahaja pod Zn.

In roza zanka sta
pomembni pri prepoznavi
Ssubstrata.

« Funkcija APOBEC2 ni znana.




APOBEC3 druzina

APOBECS3 druzina je del prirojenega imuskega odgovora.
Zavira retroviruse, mobilne genetske elemente kot so
retrotransposoni in endogene retroviruse.

Npr. APOBEC3G imajo antiretrovirusno funkcijo, zlasti proti
HIVu. Predvsem motijo normalno pomnozevanje. Vendar HIV in
drugi lentivirusi izrazajo tudi faktor virusne infektivnosti (Viral
Infectivity factor, Vif). Vif se veze na APOBEC3G ter sprozi
njegovo ubikvitinacijo in degradacijo s proteosomalnim
sistemom.



Druge modifikacije mRNA
The RNA Modification Database

HOME INTRODUCTION SEARCH LINKS MASSPEC TOOLBOX CONTACT US

« back search results
# symbol common name
003  |m®a NE-methyladenosine
004 | Am 2'-0-methyladenosine
088  |m®Am N®,2'-0- dimethyladenosine
089 mSZAm N&,NB,2'"- O- trimethyladenosine
021  |m°c 5-methylcytidine
022 Cm 2'-0-methylcytidine
021 |m'c 7-methylguanosine
032 Gm 2'-0-methylguanosine
090  |m*7G N, 7-dimethylguanosine
091  |m**7g N®,N?,7-trimethylguanosine
017 I inosine
053 Um 2'-0-methyluridine
092 |m3um 3,2'-0-dimethyluridine
« back 13 hits

http://rna-mdb.cas.albany.edu/RNAmods/



Transport RNA iz jedra



Prenos RNA v citoplazmo

« mMRNA, tRNA in ribosomske podenote se prenesjo v citoplazmo
skozi jedrno poro (NPC — nuclear pore complex).

» |ste jedrne pore se uporabljajo tudi za trasnport proteinov.
* lzvoz RNA potrebuje energijo.

« Vsak razred RNA rabi drugacCne tranportne proteine za prenos v
citoplazmo.

Nuclear Pore Complexes in the Nuclear Envelope

Outer Nuclear Membrane Integral

Membrane
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= Nuclear
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Nuclear
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Figure 1




Prenos rRNA v citoplazmo

Ribosomske podenote se sestavijo v jedrcu (nukleolus), kjer tudi
poteka transkripcija rRNA.

Ribosomski protein se iz citoplazme prenesejo v jedro.

Pri prenosu v citoplazmo sodelujejo proteini prenasalci, porablja se
energija.

60S pre-ribosomes

early : intermediate late mature

non-ribosomal proteins

.) ) /
@29
/
Ay
-protei /
Kpa- Nucleolus , Nucleus Cytoplasm
@ Helicases > GTPases

© Intranuclear transport (Noc proteins) @ Real (AAA-type ATPase)
© rRNA processing and modification factors D Export factors (Nmd3, Xpol, RanGTP, Mtr2)

doi:10.1093/emboj/cdf54



tRNA-|I se iz jedra prenesejo z

tRNA-coding gene

rtrt SR eksportinom t

Eksportin t je prenasalec tRNA.

» tRNA za izvoz potrebujejo energijo.

Modifkacije tRNA lahko vplivajo na izvoz tRNA.

« tRNA se lahko tudi prenesejo v jedro.

doi:10.1038/nrm2255



Transport snRNA

U snRNA se prenese v citoplazmo, kjer se nanjo vezejo Sm proteini,
tvori se snRNP.

SNRNP se vrne v jedro in sodeluje pri spajanju.
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MRNA transport

Po spajanju in editiranju se MRNA spakira in prenese iz jedra v
citoplazmo, kjer poteka translacija.

Na zrelo mRNA so vezani stevilni proteini, ki jo zapakirajo in
oznacijo za prenos v citoplazmo. VeCinoma so to proteini, ki se
vezejo na mMRNA v procesu transkripcije in procesiranja. Tvori
se mMRNP.

Vecina proteinov, vezanih na mRNA, se odstrani po prehodu v
citoplazmo. Nekateri pa se odstranijo tik pred prehodom.

Transport mRNA je aktiven proces.

Prenos poteka skozi jedrno poro.



3 koraki mRNP transporta

1. Nastanek mRNP kompleksa za prenos iz jedra.

2. Prenos skozijedrno poro.

3. Razdruzitev mRNP kompleksa za prehod iz jedra.
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Dve vrsti prenosa mMRNA v citoplazmo

Primerjava med NXF1/TAP in CRM1 potema.
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MRNP transport je evolucijsko ohranjen

« Vecina vpletenih proteinov ima ortologe.

kvasovke vretencarii
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Fizioloske posledice napak pri transportu
MRNA

* Napake pri izvozu mRNA prispevajo pri doloCenih genetskih boleznih.

 Osteogenesis imperfectatip | — bolezen krhkih kosti
— Mutacija spajanja v genu za kolagen COL1AL1 pripelje do zmanjSane

proizvodnje kolegena. Mutacija vpliva na vezavo proteinov izvoza (npr.
UAPS56). V jedru pride do nabiranja in razgradnje mutirane mRNA.

* Miotoni€na distrofija (DM) tip |
— Najbolj pogosta oblika DM. Pride do podaljSanja CUG ponovitev v 3-UTR
MRNA DM kinaze. DMPKcug+ mRNA se obdrzi v jedru in tvori jedrne
agregate.
— Pri najbolj hudi obliki so tudi napake pri REF/Aly. Ker se REF/Aly veze na
adapter izvoza NXF1/TAP, zmanjSanje njegove funkcije vodi do
zmanjSanja izvoza DMPKcug+ transkriptov.



Fizioloske posledice napak pri transportu
MRNA

« LCCSI1 (lethal congenital contracture syndrome 1) in LAAHD
(lethal arthogryposis with anterior horn cell disease).
— Pri obeh pride do izgube motoricnih nevronov in atrofije skeletnih misic.

— Mutacije Glel. Glel in DDX19/Dbp5 katalizirajo sprostitev mRNP v
citoplazmo. Mutacije v tem genu mogocCe vodijo do zadrzevanja doloCenih
MRNPjev.

» Pri treh predstavljenih primerih bolezen nastane zaradi napacne
Interakcije mutirane RNA s specifiCnim izvoznim proteinom ali mutacij v
samih izvoznih proteinih, zaradi katerih se mMRNA ne prenese v
citoplazmo.

- Stevilne napake pri prehodu iz jedra se izrazijo v raku.



RNA zrnca



Joumalof oplasmic mRNP Granules at a Glance
Cell Science ytop
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Stacy L. Erickson and Jens Lykke-Andersen

The cytoplasmic mRNP cycle Key mRNP granule assembly factors (humai

- Rnee Processing bodies
m7 GRS s
DCP2-DCP1 Decapping complex

XRN1 5 to 31 exonuclease

mRNA decay

I~
/\/:,\\’\ Repressed mRNP EDC3, EDC4 Enhancers of decapping
r~ competent mRNP
DDX6, LSM1-7, Translation initiation repressors
PATL1 and decapping enhancers
M7GANNANNANAAAA
RAP55, 4E-T Translation repressors
| 5 repression-decay complexes GW182 RISC component

Stress granules

MD TIA-1, TIAR Translation repressors

RISC, UPF, TTP etc.

PB monomer

7G

G3BP RasGAP-associated endoribonuclease

|5 repression-decay complexesl

Morphology of PBs and SGs

SG assembly factors

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —*

Q/N-rich prion-like domain
Processing body Stress granule

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-

subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il

DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-

glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;

elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1, g

glycine-tryptophan protein of 182 kilodaltons: LSM1-7. Sm-like 1-7: m7G. 7-methylguanosine cap: up frameshift 1: XRN1. exoribonuclease 1. urnal of Cell Science 2011 (124, pp. 293-297



o ytoplasmiC MRNE GIran U g i
Cell Science - Proteinske komponenete, vezane na

foehrlogsiserg Stacy L. Erickson and Jens L) mMRNA, ob prehodu v citoplazmo
doloc€ajo ali pride do translacije,
The cytoplasmic mRNP cycle skladisCenja ali degradacije mRNA.

. .
oo I * Neaktivnhe mRNP se lahko skladiSc¢ijo

M v RNA zrncih kot so P-telesca (PB) ali
stresna zrnca (stress granules - SG).

mRNA decay
r~ ’\'\ Repressed mRNP
/‘,/: 2

competent 1
i DDXG, LSM1-7, Transration INMation repressors
> 3 m ‘ [ PATL1 and decapping enhancers
SAANANNANAAAA (m7G— v
- @ AAA RAP55, 4E-T Translation repressors
ion- |
| 5(1 repression-decay comp| exesl GW182 RISC component

Stress granules

MD TIA-1, TIAR Translation repressors

RISC, UPF, TTP etc.

G3BP RasGAP-associated endoribonuclease

PB monomer

7G

Morphology of PBs and SGs

|5 repression-decay complexesl

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —

Stress granule

Processing body

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-

subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il

DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-

glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;

elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1, g

glycine-tryptophan protein of 182 kilodaltons: LSM1-7. Sm-like 1-7: m7G, 7-methylguanosine cap: up frameshift 1: XRN1. exoribonuclease 1. © Journal of Cell Science 2011 (124. pp. 293-297)
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The cytoplasmic mRNP cycle Key mRNP granule assembly factors (human)

0D

PR DCP2-DCP1 Decapping complex

mRNA decay
XRN1 5 to 31 exonuclease
I~
,\/:\’\ Repressed mRNP Translation- EDC3, EDC4 Enhancers of decapping
I\
r~ competent mRNP

Factor Function

Processing bodies

DDX6, LSM1-7, Translation initiation repressors

3 = PATL1 and decapping enhancers
M7GANNANNANAAAA @E@E
@ RAP55, 4E-T Translation repressors
ion- I
| 5 repression-decay complexes GW182 RISC component

Stress granules

MD - TIA-1, TIAR Translation repressors

‘fé MD G3BP RasGAP-associated endoribonuclease
RISC, UPF, TTP etc.

= - - . e EE- PABP
PG in SG sta zelo dinamicCni citoplazemski strukturi, ki vsebujeta translacijsko neaktivhe mRNP.

* PB so prisotna v celicah pri skoraj vseh pogojih.

« SG so opazna predvsem ob stresu.

— Dcp1a (PB)

TIA-1 (SG) —

Q/N-rich prion-like domain
Stress granule

Processing body

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-
subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il
DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-
glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;
elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1,
glycine-tryptophan protein of 182 kilodaltons: LSM1-7, Sm-like 1-7: m7G, 7-methylguanosine cap: up frameshift 1: XRN1, exoribonuclease 1.
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PB so morfolosko okrogla in definirana (velikosti
MRS 100-300nm), SG pa bolj difuzna (velikosti 100-
B0 6 200nm). Oba se poljubno premikata v citoplazmi.

 FRAP poskusi so pokazali, da se vecina
s komponent SG in PB zelo dinamiéno zdruZuje in

@Gg,jwww G razdruzuje z obema vrstama RNA zrnc.

=

| 51 repression-decay complexesl A oot
Sti
MD TIA- oN repressors
’ G3BP AP-associated endoribonuclease
7G AAA

Morpholo\ Bs and SGs

|5 repression-decay complexesl

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —

=

Q/N-rich prion-like domain
Processing body Stress granule

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-

subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il

DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-

glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;

elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1, g

glycine-tryptophan protein of 182 kilodaltons: LSM1-7. Sm-like 1-7: m7G, 7-methylguanosine cap: up frameshift 1: XRN1. exoribonuclease 1. © Journal of Cell Science 2011 (124. pp. 293-297)
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Pri tvorbi PB je pomembna vezava proteinov, ki
odstranjujejo kapo (DCP 1 in 2) in proteinov, ki
ustavijo iniciacijo translacije, aktivirajo odstranitev

The cytoplasmic mRNP cycle

Key mRNP granule assembly factors (human)

Factor Function

kape ter vodijo v 5° proti 3 razgradnjo mRNA. Feosasiog rockes

DCP2-DCP1 Decapping complex
mRNA decay

XRN1 5 to 31 exonuclease

i ¢
/\/:,\\’\ geptessec/mi EDC3, EDC4 Enhancers of decapping
r~ competent mRNP
DDX6, LSM1-7, Translation initiation repressors
_ PATL1 and decapping enhancers
M7GANNANNANAAAA
RAP55, 4E-T Translation repressors
ion-d |
| 5 repression-decay complexes GW1s2 RISC component

Stress granules

MD TIA-1, TIAR Translation repressors

-
RISC, UPF, TTP etc.

7G

G3BP RasGAP-associated endoribonuclease

|5 repression-decay complexesl

Morphology of PBs and SGs

SG assembly factors

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —*

Q/N-rich prion-like domain
Processing body Stress granule

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-

subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il

DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-

glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;

elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1, g

glycine-tryptophan protein of 182 kilodaltons: LSM1-7. Sm-like 1-7: m7G, 7-methylguanosine cap: up frameshift 1: XRN1. exoribonuclease 1. © Journal of Cell Science 2011 (124. pp. 293-297)
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The cytoplasmic mRNP cycle

30

NANIAAT AAAA

mRNA decay

Key mRNP granule assembly factors (human)

Factor Function
Processing bodies
DCP2-DCP1 Decapping complex

XRN1 5 to 31 exonuclease

I~
/\/:\’\ Repressed mRNP Translation- H EDC3, EDC4 Enhancers of decapping
=2
r~ competent mRNP

G =2

| 51 repression-decay complexesl

MD

PB monomer

7G

RISC, UPF, TTP etc.

|5 repression-decay complexesl

Translating mRNP
(polysome)

DDX6, LSM1-7, Translation initiation repressors
PATL1 and decapping enhancers
RAP55, 4E-T Translation repressors

GW182 RISC component

Stress granules

TIA-1, TIAR Translation repressors

MD G3BP RasGAP-associated endoribonuclease

Mo Morphology of PBs and SGs

Rekrutiranje 5° represijskih ali razgradnih kompleksov na
MRNP.

5° represijski ali razgrandni kompleks se najbolj pogosto
veze z mMRNA kompleksi, ki sodelujejo pri inhibiciji
translacije in/ali razgradniji. Npr:

* RISC kompleks, ki utiSa mRNA z miRNA ali siRNA
* Upf kompleks, ki sodeluje pri NMD

« Tristetraprolin (TTP) se veze na mRNA, ki so bogate z AU
‘ zaporedji (ARE) in jih oznaCi za razgradnjo.

altons: LSMi—7. Smlike. I e

—

DAPI (nucleus)

5SS
“m7G]
SIFSR — Dcpla (PB)

TIA-1 (SG) —4

Hela cells, heat shocked at 42°C for 1 hour

icleo-
ell

Jranule;

-
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el PO OdStranitvi ribosoma se na mRNA vezejo proteini, ki

vsebujejo domene, ki lahko multimerizirajo.

Factor Function

Processing bodies

« Lsm druzina vsebuje domeno bogato z Q in N (GIn in | seeeoeer  oecappngcompies
= Asn), ki ima prionske lastnosti. XA 2 108 exonudeese

EDCS3, EDC4 Enhancers of decapping

mRNA decay

-
)

Multimerizacijske domene omogod¢ajo tvorbo PB. i e a

— O RAP55, 4E-T Translation repressors
| 51 repression-decay compley/

GW182 RISC component
Stress granules

MD TIA-1, TIAR Translation repressors

PB monomer

7G

G3BP RasGAP-associated endoribonuclease

RISC, UPF, TTP etc.

|5 repression-decay complexesl

Morphology of PBs and SGs

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —4

Processing body

=

Stress granule

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-

subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il

DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-

glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;

elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1, g

glycine-tryptophan protein of 182 kilodaltons: LSM1-7. Sm-like 1-7: m7G, 7-methylguanosine cap: up frameshift 1: XRN1. exoribonuclease 1. © Journal of Cell Science 2011 (124. pp. 293-297)




Joumalof ytoplasmic mRNP Granuiles at a Glance
Cell Science
IR Stacy L. Erickson and Jens Lykke-Andersen

The cytoplasmic mRNP cycle Key mRNP granule assembly factors (human)

Newly exported mRNP
(B (ed)
ﬁ m7GRS A AAAA "
DCP2-DCP1 Decapping complex
mRNA deca!
XRN1 5 to 31 exonuclease
/5=
/\/\’\,\’\ Repressed mRNP EDC3, EDC4 Enhancers of decapping
r~ competent mRNP
DDX6, LSM1-7, Translation initiation repressors
R AR A A ALIA @ m PATL1 and decapping enhancers
@ aes RAPS5S, 4E-T Translation repressors

| 51 repression-decay complexesl

Factor Function

Processing bodies

GW182 RISC component

Stress granules

MD 5 " TIA-1, TIAR Translation repressors

/ MD Gssp

- el e
Dinamicno zdruzevanje/razdruzevanje v PB je opazno
tudi z mRNP kompleksi.

RasGAP-associated endoribonuclease

|5 repression-decay complexesl

Sprostitev mRNP iz PB je povezana z razgradnjo ali s
ponovno vkljuc€itvijo mRNA v translacijo. e

— Dcp1a (PB)

« Inhibicija 5° proti 3' razgradnje poveca tvorbo PB.

. Aktlvacua translacije zmanjsa PB

& @ D

AAAA
ABP

Q/N-rich prion-like domain
Processing body

TIA-1 (SG) —

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-

subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il

DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-

glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;

elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1, g

alycine-tryptophan protein of 182 kilodaltons: LSM1-7. Sm-like 1-7: m7G. 7-methylquanosine cap: up frameshift 1: XRN1. exoribonuclease 1. © Journal of Cell Science 2011 (124. pp. 293-297)
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B
AAAA DCP2-DCP1

_mRNA deca
- XRN1 5 to 31 exonuclease
I~
,\/:\’\ Repressed mRNP Translation- EDC3, EDC4 Enhancers of decapping
r~ N\ competent mRNP

‘ DDX6, LSM1-7, Translation initiation repressors
N |Fe ARE PATL1 and decapping enhancers
M7GNANNAANANAAAA @E@ pping
0S

g @ . RAP55, 4E-T Translation repressors

Factor Function

Processing bodies

Decapping complex

51 repression-decay complexes
| P - ), P | GW182 RISC component

Stress granules
MD 2 TIA-1, TIAR Translation repressors
. G3BP RasGAP-associated endoribonuclease

PB monomer

- Worphologyof PBs anasGa |
SG vsebujejo komponente male podenote b S

ribosoma, nekaj proteinov, ki sodelujejo pri
Iniciaciji translacije, ter PABP proteine.

DAPI (nucleus)

MRNP;ji se torej zdruzijo v SG, Ce se ustavi
iniciacija translacije. i
Razlicni dejavniki, ki ustavijo iniciacijo
translacije, sprozijo tvorbo SG:

TIA-1 (SG) —

« Pomanjkanje proteinov iniciacije

Stress granule

* Celicni stres

Hela cells, heat shocked at 42°C for 1 hour

* Spojine, ki ustavijo iniciacijo ali razdruZzijo ribosom

Ab 1; mRNP, messenger ribonucleo-
sub . sociated with topoisomerase Il
4 Brez elF3 ne pride do tvorbe SG. Ll TG e

elF related; TTP, tristetraprolin; UPF1, i
glycine-tryptophan protein of 182 kilodaltons: LSM1—7. Sm-like 1-7: m7G, 7-methylquanosine cap: up frameshift 1: XRN1. exoribonucliease 1. © Journal of Cell Science 2011 (124. pp. 293-297)
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TIA-1, TIAR in G3BP, ki so znacilni proteini 1d Jens Lykke-Andersen
za SG, pomagajo pri vezavi mRNP-jev v
SG.

Key mRNP granule assembly factors (human)

Factor Function

UtiSanje ali poveCanje njihovega izrazanja
vpliva na tvorbo SG.

Processing bodies

DCP2-DCP1

Decapping complex

XRN1 5 to 31 exonuclease

TIA-1 in TIAR imajo prionom-podobne Q/N EDo3, ED04 Enhancers of decapping

. . v DDX6, LSM1-7, Translation initiation repressors
domene in so kljuCnhega pomena za tvorbo - pa and docapping enhancers
S G RAP55, 4E-T Translation repressors

" ‘ GW182 RISC component

‘ Stress granules
|

TIA-1 se z RNA vezavno domeno veze na e e
MRNA.

7G AAA

Translation repressors

G3BP RasGAP-associated endoribonuclease

stres:

Morphology of PBs and SGs

|5 repression-decay complexesl

elFs ™~
@

Translating mRNP
(polysome)

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —

Q/N-rich prion-like domain
Processing body

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-
subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il
DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-
glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;
elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1,
glycine-tryptophan protein of 182 kilodaltons: LSM1-7, Sm-like 1-7: m7G, 7-methylguanosine up frameshift 1: XRN1, exoribonuclease 1.
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tvorbo SG. Npr:

* O-GlIcNac

* Deacetiliran lizin
* Metiliran arginin

* Deubikvitinacija

MD
RISC, UPF, TTP etc.
7G AAA

|5 repression-decay complexesl

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal
subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex;
DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine-
glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4;
elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182,
glycine-tryptophan protein of 182 kilodaltons: LSM1-7, Sm-like 1-7: m7G, 7-methylguanosine cap:

Post-translacijske modifikacije vplivajo na

Q/N-rich prion-like domain
Processing body Stress granule

Key mRNP granule assembly factors (human)

Factor

Function

Processing bodies

DCP2-DCP1

Decapping complex

XRN1 5 to 31 exonuclease
Translation- EDC3, EDC4 Enhancers of decapping
competent mRNP
DDX6, LSM1-7, Translation initiation repressors
PATL1 and decapping enhancers
RAP55, 4E-T Translation repressors
GW182 RISC component

Stress granules

TIA-1, TIAR Translation repressors

MD G3BP RasGAP-associated endoribonuclease

o

: Morphology of PBs and SGs

="
n7G AAAA

Translating mRNP
(polysome)

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —

Hela cells, heat shocked at 42°C for 1 hour

MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-

protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il

homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-

acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;

TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1, i

up frameshift 1: XRN1. exoribonuclease 1. © Journal of Cell Science 2011 (124. pp. 293-297)
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The cytoplasmic mRNP cycle
Funkcija SG naj bi bila shranjevanje mRNP v by e

v v Processing bodies

Casu celiCnega stresa.

DCP2-DCP1 Decapping complex

XRN1 5 to 31 exonuclease

Celice, ki imajo ohranjeno sposobnost tvorbe | EDOS.EDGH  Enhancers of decapping

v . v o DDX6, LSM1-7, Translation initiation repressors
S G y I aZJ e p reZ I VIJ O Stres . PATL1 and decapping enhancers
- RAP55, 4E-T Translation repressors
| 51 repression-decay complexesl GWi82 RISC component

Stress granules
MD

PB monomer

7G

TIA-1, TIAR Translation repressors
G3BP RasGAP-associated endoribonuclease

RISC, UPF, TTP etc.

|5 repression-decay complexesl

Morphology of PBs and SGs

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —4

Q/N-rich prion-like domain
Processing body Stress granule

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-

subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il

DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-

glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;

elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1, g

glycine-tryptophan protein of 182 kilodaltons: LSM1-7. Sm-like 1-7: m7G, 7-methylguanosine cap: up frameshift 1: XRN1. exoribonuclease 1. © Journal of Cell Science 2011 (124. pp. 293-297)
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The cytoplasmic mRNP cycle Key mRNP granule assembly factors (human)

E Y & ]| Processing bodies
Grommt I :

NANAAAA

DCP2-DCP1 Decapping complex
mRNA decay

XRN1 5 to 31 exonuclease

I~
,\/:\’\ Repressed mRNP Translation- EDCS3, EDC4 Enhancers of decapping
=X
r~ competent mRNP

DDX6, LSM1-7, Translation initiation repressors
R A A AR @@ PATL1 and decapping enhancers
v ] AAAA 5
2@ RAPSS5, 4E-T Translation repressors

| 51 repression-decay complexesl

GW182 RISC component
Stress granules

MD TIA-1, TIAR Translation repressors

RISC, UPF, TTP etc.

7G

G3BP RasGAP-associated endoribonuclease

Morphology of PBs and SGs

|5 repression-decay complexes]

N
SG assembly factors

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —*

oblike v drugo.

o Hipoteza: mRNP-ji v PB, SG in polisomih predstavljajo razlicne stopnje cikla med

sub

i translacijsko utiSanimi in translacijsko aktivnimi mRNP.

elF _ __ _
glycine-tryptophan protein of 182 kilodaltons: LSM1-7. Sm-like 1-7: m7G. 7-methylguanosine cap: up frameshift 1: XRN1. exoribonuclease 1. © Journal of Cell Science 2011 (124. pp. 293-297)
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The cytoplasmic mRNP cycle Key mRNP granule assembly factors (human)

@m. . ' - Processing bodies
S A

NS
NNNAAAA DCP2-DCP1 Decapping complex

_mRNA deca
- XRN1 5 to 31 exonuclease
I~
,\/:\’\ Repressed mRNP Translation- EDC3, EDC4 Enhancers of decapping
r~ N\ competent mRNP

1 DDX6, LSM1-7, Translation initiation repressors

l/? D N\ ol i PATL1 and decapping enhancers
M7IGANANAAANAAAAA eIFs o

Bolezen!

Proteina TDP-43 in FUS, ki sta povezana z amiotroficno lateralno sklerozo in
frontotemporalno demenco, se nahajata v SG.
@76’\%11""""“

|5 repression-decay complexesl

Jonuclease

Morphology of PBs and SGs

DAPI (nucleus)

— Dcp1a (PB)

TIA-1 (SG) —

Q/N-rich prion-like domain
Processing body Stress granule

Hela cells, heat shocked at 42°C for 1 hour

Abbreviations: 4E-T, eukaryotic translation initiation factor 4E transporter; 40S, small ribosomal MD, multimerization domain; mRNA, messenger ribonucleic acid; mRNP, messenger ribonucleo-
subunit; 60S, large ribosomal subunit; AAAA, polyadenylate tail; CBC, nuclear cap binding complex; protein; PABP, polyadenylate-binding protein; PATL1, protein associated with topoisomerase Il
DAPI, 47,6-diamidino-2-phenylindole; DCP1 and 2, decapping 1 and 2; DDX6, DEAD (asparagine- homolog L1; PB, processing body; Q/N-rich, glutamine/asparagine-rich; RAP55, ribonucleic-
glutamine-alanine-asparagine) box polypeptide 6; EDC3 and 4, enhancer of decapping 3 and 4; acid-associated protein 55 ; RISC, ribonucleic-acid-induced silencing complex; SG, stress granule;
elFs, eukaryotic translation initiation factors; G3BP, RasGAP SH3-domain-binding protein; GW182, TIA-1 and TIAR, T-cell-restricted intracellular antigen 1 and TIA related; TTP, tristetraprolin; UPF1,
glycine-tryptophan protein of 182 kilodaltons: LSM1-7, Sm-like 1-7: m7G, 7-methylguanosine cap: up frameshift 1: XRN1, exoribonuclease 1.

© Journal of Cell Science 2011 (124. pp. 293-297)



Spremembe ribostaze pri degenerativnih
boleznih

Kaj je ribostaza?

Regulirana biosinteza in razgradnja transkriptoma —
homeostaza RNA.

Vpliva na proteostazo.

RNA granule se lahko prekomerno in neregulirano kopicijo ter
so lahko izhodisCe za nastanek agregatov, ki so simptomatski
za nevrodegenerativne in druge degenerativne bolezni.



Remodeliranje in agregacija mRNPjev

Y
, )
m’Gppp 6&,

A

m’Gppp & AQAA

Stress—]

m’Gppp ,

\

y

4

A

m’Gppp

y

’C%
[/
AAAAAAA

Exported )
mRNP Mutations
promoting
assembly
(e.g., prion-
related domains)
Form
translation
initiation
complex Assembly
_>
<
Disassembly

(e.g., HSP70)

Enter
translation

, AAAAAAA

Exit translation
Form P body mRNP

Assembly
_>

P-body mRNPs

Disassembly

Decapping
and decay

Stress granule

Mutations
promoting
amyloid
formation Amyloid

l self-propagation
¢ (2)

Pathological
transition

Pathological
inclusion

Autophagy

Mutations
F—— limiting —
clearance
(e.g., VCP)

Age i ¢

Autophagosome

RBP-ji in mRNA tvorijo mRNP, ki
se transportira v citoplazmo, kjer
RBP-ji dolocijo lokalizacijo in
translacijski potencial mMRNA.
Ob ustavljanju translacijskega
kompleksa se tvorijo SG.

MRNP-ji v SG se lahko vrnejo v
translacijo ali degradirajo z
avtofagijo.

Po translaciji se mRNA lahko
razgradi ali tvori PB.

MRNA v PB se lahko razgradi al
gre nazaj v translacijo preko SG.

Pri proteinih SG lahko pride do
patoloskih sprememb, kjer
ohlapna povezanost prionsko-
podobnih domen preide v
ireverzibilne 3 amiloide.

http://dx.doi.org/10.1016/j.cell.2013.07.038



Stresne granule in tvorba patogenih inkluzij

Normal stress granules dynamics . Evolution of pathological inclusion ' Consequences
N fish Stress granule-like «Pathological
ormal stress ﬁ complex with athologica
granules  Transiton amyloid assembly Time inclusion
to B-amyloid

Individual Reversible

TG 7G -
mRNPs  assembly of YY) =1 SERuGE IO BF e
“prion” domains m’c @ ’ O AA @ f @, ® m -binding protein
. AA @ Sequestration of mMRNAs,
m’G d) % AA m’G Cp’% AR m’G O A;\ —_— /;A ©O~=hnr —> | miRNAs, and other
o b @ g m'a gD @ m’G RNA binding proteins
(e AA
- @ P O J @ ® O P'otenfcial alteration of
e d)’ (p o signaling pathways
AA AA AA AA
6 0O miRNA-binding protein
with prion-like domain
© @ Stress granule component
@O Reversible interaction Clearance by autophagy
® O Amyloid

« Pri normalnem metabolizmu prihaja do reverzibilne tvorbe SG in PB, ali
pa se bolj trdozive strukture razgradijo z avtofagijo. Na ta nacin se
regulira koliCina mRNA, ki je v procesu translacije.

« S stohastiCnim procesom lahko SG preidejo v amiloidne strukture.
Verjetnost tranzicije se poveca z mutacijami RBP-jev ali poveCanim
stevilom oz. zivljensko dobo SG (t1/2 =30s).

« S Casom ,trdozive' strukture prehajajo v patoloske inkluzije, ki lahko tudi
ovirjao ribostazo zaradi sekvestracije mMRNA in RBP-jev.

http://dx.doi.org/10.1016/j.cell.2013.07.038



Zakaj so nevroni bolj ocCutljivi?



Trije modeli selektivhe obcutljivosti nevronov na
spremembe ribostaze

Long-lived cells more vulnerable
to damage accumulation

N Nonneuronal
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Pathological cell
RNP damage
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Accumulation of
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Neuronal cell death Functional cell
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granules increases risk
of mRNP aggregation
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Pathological
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Connectivity of nervous system
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Neuronal
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Cell to cell
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m
Tissue
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neuronal circuit cell death
Q

l

Organism
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Maintenance of
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http://dx.doi.org/10.1016/].cell.2013.0

7.038



Trije modeli selektivhe obcutljivosti nevronov na
spremembe ribostaze

Long-lived cells more vulnerable
to damage accumulation
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trancmiccinn

maticnimi celicami.

poskodb v svoji zivljenjski dobi.

Izguba nevronov je tudi bolj pomembna, |
ker se jih ne da nadomestiti s tkivnimi

o %° N VZ
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Trije modeli selektivhe obcutljivosti nevronov na
spremembe ribostaze

Long-lived cells more vulnerable
to damage accumulation

7
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RNP damage
Normal cell
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v regulaciji RNA.
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http://dx.doi.org/10.1016/].cell.2013.07.038




Trije modeli selektivhe obcutljivosti nevronov na
spremembe ribostaze

Long-lived cells more vulnerable
to damage accumulation

High quantity of mRNP
granules increases risk
of mRNP aggregation
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Razgradnja mRNA



Zivljenski cikel mMRNA

Nucleus / Translation AAAAAAAA deadenylaﬂon
/_\/AAAAA cap (rate-limiting step)
- pAA
88g8
Polysome
Dcpi/2

Xrn1 A?Q
€9 2

553" or 3—5
(maijor) (minor)

mRNA degradation

Razgradnja mRNA se lahko odvija ob translaciji.
V prvem koraku pride do ko-translacijskega krajSanja 3' poly(A) repa.
Na polisomih pride tudi do odstranitve kape in 5' proti 3' razgradnje.

V nekaterih primerih se mMRNA prenese v P-telesca, kjer se shrani. Lahko
se vrne nazaj v translacijo ali pa se razgradi.



Splosna mMRNA razgradnja

PABP _ PABP  PABP . PABP
(AAARAAAARAAS

elF? cap

Polysome
Deadenylases

, Pan2-Pan3
AA
Cafl-Ccrd

elFa cap

Exosome

Exosome

cap

Decapping Exosome
enzime
y g
DcpS

Major 5’3’ decay pathway Minor 3'—5’ decay pathway



Splosna mMRNA razgradnja

elF‘b cap

Polysome

Deadenylases

Pan2-Pan3
Cafl-Ccrd

Decapping enzyme Exosome

b
‘ cap

Dcpl/2

some

cap

4 Prvi korak razgradnje mRNA je
krajSanje 3' poli(A) repa.

Deadenilacija je stopnja, ki uravnava
Major 5'—3’ decay pathway hitrost razgrad nje.

Deadenilacijo katlizirata kompleksa
Pan2—Pan3 in Cafl-Ccr4.




Splosna mMRNA razgradnja

elF‘b cap

Polysome

Decapping enzyme

b
‘ cap

Dcpl/2

Major 5’3’ decay pathway

Deadenylases

Pan2-Pan3

Cafl-Ccrd

Exosome

Exosome

cap

g Ko je poli(A) rep dolg priblizno 10 nt, na

3’ koncu pride do vezave aktivatorjev
odstranjevalca kape, ki rekrutirajo Dcpl-
Dcp2 na S’konec.

Lsm1-7, Patl in Dhhl kompleks na 3’
koncu blokira razgradnjo z eksosomom.




Splosna mMRNA razgradnja

eIF@ cap

Polysome

elﬁb cap

Decapping enzyme

2
‘ cap

Dcpl/2

Xrnl vodi razgradnjo s 5’ konca, ki je
glavna pot razgradnje.

5’ proti 3’ pot omogoca, da tudi zadnji
ribosom izpelje translacijo do konca.

Pat1
Dhh1' 4 »
Lsm1-7
o g &
»
Seaniiar Exosome
A N cap:

Lsm1-7

PABP _ PABP  PABP . PABP
{AAARAAAARAA/

Deadenylases

, Pan2-Pan3
AA
Cafl-Ccrd

Exosome

Decapping Exosome
en;fme
y Q
DcpS

Minor 3'—5’ decay pathway



Iniciacija razgradnje mRNA

eRF1-eRF3 complex

Translation termination
eRF3 : PAM2 motif

% PABP A : PABC domain
SreE AAAAAAAAA

Ribosome

Pan2-Pan3 complex

mRNA deadenylation Pan3
Cap —¥E k- AAAAAAAAA ™57 Early step

Caf1-Ccr4 complex

_Tob
PABP. :
Cap —\iE SeE— AAAAAA / Late step

« Faktorja terminacije translacije, eRF3—-eRF1, in dva glavha deadenilazna
kompleksa, Cafl-Ccr4 in Pan2—Pan3, imajo PABP-vezavni motiv in si
konkurirajo pri vezavi na PABP.

« Med translacijo ali po koncani translaciji, se eRF1-eRF3 sprosti s PABP, na
katerega se nato vezeta Pan2—Pan3 ali Cafl-Ccr4. To vodi do aktivacije
deadenilaz in krajSanja poli(A) repa med translacijo.




Iniciacija razgradnje specificnih mRNA

(a) Transcript-specific mMRNA decay: caf1 is recruited by sequence specific RNA binding ptoteins

Tob

cap -\ STOP} ~AAAAA Rapid deadenylation

GIuR2 mRNA

(b) General mRNA decay: caf1 is recruited by the general RNA binding protein PABP

Caf1-Ccrd4complex
: PAM2 motif

. Tob " .
PABP ; : PABC domain
cap—NiE SE— AAAAAAAAL :
Slow deadenylation

* Pri veCini mMRNA Tob posreduje pri rekrutaciji Caf1l—Ccr4 na PABP.
Terminacija translacije sprozi to rekrutacijo ter pocCasno deadenilacijo.

* Prirazgradnji specificne mRNA Tob posreduje pri rekrutaciji Cafl
deadenilaze na RNA-vezavni protein CPEB. Z ojaCano razgradnjo
poli(a) repa pride do zmanjSanja izrazanja gena.

« Torej, cis elementi v 3'UTR in njuni trans proteini, lahko uc€inkovito
uravnavajo presnovo mRNA.




Razgradnja nesmislene mRNA (NMD)

SURF complex

eRF3 binds to Upf1

exosome Xrn1

Ko ribosom pride do prezgodnjega stop kodona (PTC), terminacijska
proteina eRF3—-eRF1 v kompleksu z Upfl prepoznata terminacijski kodon
v mestu A ribosoma. SMG1 katalizira fosforilacijo Upfl.

Kompleks eksonske vezave, katerega ponavadi izpodrine ribosom, ostane
vezan na mMRNA. Ojaca fosforilacijo UPF1.

Fosforilirani Upfl rekrutira endonukleazo SMG6, ki cepi mRNA.



Kako se izbere tip razgradnje?

(a) General mRNA

k - o TOb
_ PABR
S el AAAAAAAAAA cap ——{Xi[c- STOPNYYYYYVYND - -/

(bona fide)
eRF3 binds to PABP Deadenylation-dependent decay (see Figure 5)

cap =—{U[E;

(b) mRNA with premature termination codon

eRF3 binds to Upf1 Nonsense-mediated decay (see Figure7)

* (a) SploSna mRNA razgradnja: Pri pravem STOP kodonu se eRF3 lahko
poveze s PABP in sprozi razgradnjo odvisno od deadenilacije.

* (b) NMD: Ker je PTC dalec od 3’ poli(A) repa, je interakcija med eRF3 in
PABP manj uCinkovita. eRF3 zato veze Upfl ter sprozi NMD.



Non-stop razgradnja (NSD)

(a) NSD (nonstop decay)

cap—{\V[e;
cap——{ Ve
- . ’.
cap=——U[¢} AAAAAAANS :
3'to 5 decay Exosome

« NSD: Ko pride do translacije transkripta brez STOP kodona , ribosom
prevede tudi poli(A) rep in se ustavi na 3" koncu. Ski7 ali Hbs1-Dom34
prepoznajo prazno A mesto na ribosomu in sprostijo ribosom. Eksosom se
rekrutira in zaCne se razgradnja transkripta 3’ proti 5'.



No-go razgradnja (NGD)

(b) NGD (no-go decay)

awAAAAAAAAAA

Endonuclease
(unknown)

3’ to 5" decay 5’ to 3’ decay
cap—m—O ‘ —SJK0lz AAAAAAAAAA

Exosome Xrn1

NGD: Ko pride do ustavljanja ribosoma na transkriptu, ki ima mocno
sekundarno strukturo, Hbs1-Dom34 prepoznajo A mesto ustavljenega

ribosoma.
Hbs1-Dom34 sprostita ustavljen ribosom.
Transkript se reze z neznano endonukleazo.



eRF3 G proteini in razgradnja mRNA

(a) General mMRNA decay ——— mRNA with the bona fide termination codon eRF3 family G proteins

GTP-eRF
mRNA deadenylase eRQ
GTP-eRa

exosome GTP- SK’
G GTP-Hb’
(d) NaGD (no-go decay) ——— mRNA with the structural propensity to cause the ribosome to stall

GTP-Hb’

eRF3 druzina ima kljucno vlogo pri sprozitvi (zaCetku) razgradnje navadne in
napache mRNA.

(c) NSD (non top decay) —— mRNA lacking the termination codon i
GTP-Skii

cap—iXV&




Razgradnja z RNA interferenco

« Naslednic...



