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Souhrn prace

Sav¢i oocyt je vysoce diferencovana bunka, ze které po oplozeni vznikd embryo.
Nakonci ristové faze se pln€ dorostly oocyt stava transkripéné inaktivnim. Bé&hem
nasledujicich fazi vyvoje oocytu, tedy béhem jeho zrani, oplozeni a nasledné béhem casného
embryonélniho vyvoje, jsou vyuzivany pouze transkripty nasyntetizované v ristové fazi
oogeneze, které oocyt skladuje k pozd€jSimu vyuziti. Distribuce mRNA je uzce svazana
s lokalizaci a funkci proteinu, ktery kdéduje. Tohoto mechanismu regulace genové exprese
vyuzivaji rizné typy bunck. Zatim ovSem neni mnoho znadmo o lokalizaci mRNA molekul
a jejich translaci v savéim oocytu a ¢asném embryu. Cilem této prace bylo detekovat celkovy
transkriptom a komponenty translacniho aparatu v savéim oocytu a dvoubunééném embryu
a odhalit mechanismus regulujici translaci, ktera je dllezitd pro sprdvny vyvoj oocytu
a embrya. Ukdazali jsme, ze jadro mysiho 1 lidského oocytu obsahuje RNA molekuly a RNA
vazebné proteiny. Po rozpadu jaderné membrany dochézi k translaci v oblasti chromosomii.
Ptedpoklddame, Ze molekuly mRNA, které jsou pfitomny v jadfe oocytu, jsou nasledné
po rozpadu jaderné membrany zpfistupnény translacnimu aparatu a dochazi k jejich translaci
a vzniku proteind, které jsou dualezité pro spravny priabéh meiotického zrani oocytu a casného
embryonalniho vyvoje. Tato translace je fizena skrze mTOR—elF4F drahu, ktera je aktivovana
po rozpadu jaderné membrany. Tyto vysledky nasvédcuji tomu, ze asymterickd lokalizace
RNA urcuje nacasovani a lokalizaci translace v sav¢ich oocytech.

Abstract

Mammalian oocyte is a highly differentiated cell which gives rise to an embryo after
fertilization. Importantly, fully-grown oocytes become transcriptionally inactive at the end
of the growth phase. During following stages of development, i. e. meiotic maturation of the
oocyte and early embryonic development, only transcripts previously synthesized and stored
are used. The tight correlation between mRNA distribution and subsequent protein
localization and function provides a mechanism of spatial and temporal regulation of gene
expression used by various cell types. However, not much is known about mRNA localization
and translation in the mammalian oocyte and early embryo. The aim of my thesis was to
determine the localization of transcripts and components of translational machinery in the
mammalian oocyte and embryo and to uncover the mechanisms of spatiotemporal regulation
of translation as a prerequisite for correct oocyte and embryo development. We have shown
that nuclei of both mouse and human oocytes contain RNA molecules and RNA binding
proteins. Following the nuclear envelope breakdown (NEBD), translational hot-spots occur in
the area surrounding the nuclear region. We suppose that mRNAs previously retained in the
nucleus are released to the cytoplasm during NEBD and their subsequent translation gives rise
to proteins essential for further meiotic progression and embryonic development. We have
further shown that protein synthesis in the mentioned hot-spots is regulated via mTOR—eIF4F
pathway, which is activated after NEBD. Taken together our results support the notion that
asymmetric localization of RNA determines the timing and localization of translation in
mammalian oocyte.



1 Uvod

Regulace genové exprese v pIné zralych oocytech je fizena vyhradné na Urovni
translace, stability mRNA a proteini. Obdobi rlstu oocytu je charakterizovano vysokou
transkrip¢ni aktivitou, ktera je nezbytna pro dal$i vyvoj oocytu a raného embrya. Naproti
tomu béhem dlouhé periody meiotického zrani (10 hodin u mysi; 48 hodin u ¢lovéka), tedy
ptechodu z profaze I do metafaze II, je transkripce potlacena. Celé obdobi od pozdniho ristu
oocytu az po Casny embryondlni vyvoj je tak zavislé na RNA, kterd byla nasyntetizovana
a uskladn&na b&hem riistové faze oocytu'. Na nové syntetizovanou mRNA se vézou proteiny, které
nasledné fidi jeji lokalizaci, translaci a degradaci. U raznych typi bunék je regulace translace
specifickych mRNA v Case a prostoru nezbytna pro jejich fyziologii. Analyza genové exprese
vede k identifikaci genti, které jsou nutné pro porozumeéni vyvoje samicich pohlavnich bunék.
Pro pochopeni funkce jednotlivich mRNA je nezbytné ur¢it jejich lokalizaci v butice?.

Desitky let jsou znamy proteiny, které jsou schopné pomoci svych domén vazat
nepiekladané oblasti mRNA®. Jednim z mechanismi regulace translace mRNA je translace
zavislad na 7-methylguanosinové ¢epicce pritomné na 5° konci mRNA, tzv. cap-dependentni
translace (z ang. cap, Cepicka). Cap-dependentni translace mRNA molekul, které obsahuji
oligopyrimidinovy motiv (terminal oligopyrimidine tract, TOP), je fizend mTOR kindzou,
skupiny patfi napt. mRNA kodujici nckteré ribosomalni proteiny a regulatory bunééného
cyklu®”’. Regulace iniciace translace je fizena na molekularni urovni zejména fosforylaci nebo

.....

.....

na ¢epicku na 5° konci mRNA. Tento komplex je tvofen ze tii klicovych proteini: na cepicku
se vazajiciho eIF4E, adaptorového proteinu elF4G1 a RNA helikizy elF4A''. Vyznamnym
reguldtorem  formovani iniciatniho komplexu je protein 4E-BP1, ktery se
v hypofosforylovaném stavu vaze na eIlF4E, ¢imZ zabranuje vytvoreni elF4F komplexu a tak
iiniciaci translace. Mezi dal§$i RNA vazebné proteiny, které pozitivné reguluji translaci
v oocytech, patii protein DAZL, ktery se vaze na neptfekladanou oblast na 3’ konci mRNA.
Jeho pritomnost je nezbytna pro vyvoj zarodeénych buiiek'*'". Nemén& vyznamné jsou
jaderné heterogenni ribonukleoproteiny (heterogenous nuclear ribonucleoproteins, hnRNPs),
které se ucastni Uprav noveé syntetizovanych mRNA a regulace translace. Do této rodiny
proteinti patii jaderny heterogenni ribonukleoprotein A1 (hnRNPA1)'.

Nezbytnou soucasti translacniho aparatu jsou ribosomy tvorené ribosomalni RNA
a~80 proteiny'>’. Ribosom je slozeny z velké (60S) a malé (40S) podjednotky. Mezi
strukturni komponenty dulezité pro tvorbu 40S podjednotky ribosoml patii ribosomalni
proteiny S14, S6, S3. RPS6 interaguje s ribosomalnim proteinem L[24 (RPL24), ktery je
soudasti 60S podjednotky'®. Soucasti velké ribosomalni podjednotky je taktéz ribosomalni
protein RPL7. Ve zralych (vyvojové kompetentnich) oocytech, v porovnani s nezralymi
oocyty, bylo detekovano vy$s§i mnozstvi Rps6, Rpl7 a Rpl24 mRNA'"’.



Mnohé z mechanismi regulace metabolismu RNA v oocytech a embryich dosud
nejsou objasnény. Vysledky predkladané v této praci osvétluji vliv lokalizace maternalni
RNA ve spojeni s regulaci translace.

2 Hypotézy a cile prace

Hypotéza: Asymetricka lokalizace RNA v oocytu urcuje syntézu proteinii v case
a prostoru.

Cil 1: Detekovat lokalizaci celkového transkriptomu a specifickych transkripti v oocytu
a dvoubunéném embryu.

Cil 2: Urcit lokalizaci RNA vazebnych proteini a komponent translacniho aparatu v oocytu
a dvoubunééném embryu.

Hypotéza: mTOR—eIF4F draha reguluje syntézu specifickych proteinii v ¢ase a prostoru
béhem vyvoje savéiho oocytu.

Cil 3: Detekovat celkovou translaci a specifickou translaci v oocytu a dvoubunécném

embryu.
Cil 4: Identifikovat proteiny regulujici aktivitu 4E-BP1 a objasnit roli 4E-BP1 proteinu
Vv oocytu.

3 Material a metodika

Jednotlivé metody jsou detailnéji popsany v piisluSnych manuskriptech, které jsou soucasti
této dizertacni prace.

Pouzity model

NIH3T3 embryonalni mysi fibroblasty, lidské oocyty ziskané s reprodukéni kliniky, Mus
musculus var. alba, kmen CDI1, minimalné Sest tydnl staré. Byly vybirany plné dorostlé
oocyty ve stadiu GV, po 70 minutach kultivace po odmyti IBMX jsme ziskali NEBD stadium,
po 3 hod kultivace po odmyti IBMX jsme ziskali post-NEBD, po 7 hod kultivace po odmyti
IBMX jsme ziskali pro-MI a po 12 hod kultivace jsme ziskali MII stadium, 20 hod
po stimulaci hCG a oplozeni jsme ziskali zygoty a za 48 hod po ferilizaci dvoubunécna
embrya.

Izolace a kultivace bunééné linie NIH3T3

Embryonalni mysi fibroblasty byly kultivovany 2 dny v DMEM médiu (Thermo-Fisher)
v ptitomnosti 10% bovinniho séra (Sigma Aldrich) a 1% penicilinu a streptomycinu
(Thermo-Fisher). Nasledné byly fixovany pomoci 4% paraformaldehydu (Sigma Aldrich).

Izolace a kultivace oocvtu, in vitro maturace a Kultivace embryvi

Izolace a kultivace oocytti probéhla podle protokolu Tetkova a Hancova (2016) a tyto
metodiky byly dale popsany v pfiloze ptredklddaného clanku: ,,Regulace translace v Case
a prostoru pres mTOR—eIF4F drdhu v sav€ich oocytech, Regulace 4E-BP1 a jeho role
v sav¢im oocytu, Transkriptom a proteosyntéza v savéim oocytu a embryu*.



Imunocytochemie (ICC) a konfokalni mikroskopie

Proteiny byly detekovany pomoci primarnich protilatek a ty nasledné vizualizovany pomoci
protilatek sekundéarnich znacenych fluorescencnimi barvami. Takto pfipravené vzorky byly
nasledn¢ skenovany pomoci konfokalniho mikroskopu Leica TCS SP5 (Leica,
Microsystem AG, Wetzlar, Némecko). Ziskana data byla zpracovavana pomoci software LAS
AF Lite (Leica), Imagel/FIJI (http://rsbweb.nih.gov/ij/). Tato metodika je blize popsana
v mych predlozenych ¢lancich: ,,Regulace translace v ase a prostoru pres mTOR—eIF4F
drahu v savc¢ich oocytech a ,,Transkriptom a proteosyntéza v savcim oocytu a embryu®.

Fluorescenéni RNA in situ hybridizace (RNA FISH)

Fluorescen¢ni in situ hybridizace RNA prob¢hla podle protokolu Raj et al., (2013, 2008)
a mnou modifikovaného protokolu Jansova (2015) . Tato metodika je blize popsdna v mych
piedlozenych manuscriptech: ,,Regulace translace v ¢ase a prostoru pies mTOR — elF4F
dréhu v savc¢ich oocytech® a ,, Transkriptom a proteosyntéza v savéim oocytu a embryu®.

Reverzné transkripcni polymerazova retézova reakce s detekci v realném cCase
(real-time RT-PCR)

Pro sledovani miry exprese jednotlivych genii byla provedena jednokrokova RT-PCR
v redlném cCase na pristroji Rotor-Gene 3000 (Corbett Research, Mortlake, Australie) pomoci
QIAGEN One Step RT-PCR Kit (QIAGEN). Tato metodika je blize popsana
v manuskriptech: ,,Regulace translace v Case a prostoru pies mTOR — eIF4F drahu v sav¢ich
oocytech* a ,,Regulace 4E-BP1 a jeho role v savéim oocytu®.

Western blot (WB)

Lyzaty embryi a oocytl byly analyzoviany na 4-12% gradientovém gelu. Vzorky byly
nasledné¢ pfeblotovany na polyvinyliden-fluoridovou membranu (Immobilon P;
Merckmillipore) pii 5 mA/cm” po dobu 25 minut. Nasledn& byly membrany blokovany v 1%
suSeném mléku pii pokojové teplot¢ jednu hodinu a poté inkubovany s pfisluSnymi
primarnimi protilatkami pfes noc v 4 °C. Po tfech desetiminutovych cyklech promyvani byla
membrana inkubovana se sekundarni protildtkou konjugovanou s kienovou peroxidazou v 3%
mléku jednu hodinu pfi pokojové teploté. Nasledné byla membrana promyta 0,05% TTBS
(Tween-Tris-buffer saline; NaCl, Tween 20,2M Tris pH 7,6, destilovana voda). Proteiny byly
zviditelnény pomoci ECL-PLUS detekéniho systému (Amersham, GE Healthe care life
science) podle instrukci dodavatele. Vyvolané filmy byly skenovany a data kvantifikovana
pomoci programu Imagel/FIJI (http://rsbweb.nih.gov/ij/). ,,Regulace translace v Case
a prostoru pres mTOR — elF4F drahu v sav€ich oocytech, Regulace 4E-BP1 a jeho role
v sav¢éim oocytu, Transkriptom a proteosyntéza v savéim oocytu a embryu®.

Proximity ligation assay (PLA)

Fyzické interakce RPL24 a RPS6 byly detekovany podle instrukci Duolink kitu (Sigma
Aldrich). Fixované oocyty byly permeabilizovany jako v pfipadé imunofluorescenéniho
barveni. Embrya byla blokovdna 1 hod pti 37 °C v blokovacim roztoku (jenz je soucasti
Doulink kitu). Poté byly vzorky inkubovany s primarnimi protilatkami anti-RPL24
(Thermo-Fisher), anti-RPS6 (Santa Cruz) pies noc ve 4 °C, nésledovala hybridizace +/- PLA
prob, nasledoval oplach 6x2 minuty pomoci odmyvaciho pufru A (Duolink kit; Sigma
Aldrich) a poté ligace 30 minut pfi 37 °C, nakonec amplifikace signdlu pomoci ¢ DNA
polymerdzy, kterd trvala 100 minut pii 37° C. Nasledoval promyvaci krok pomoci
odmyvaciho pufru B (Duolink kit; Sigma Aldrich). Oocyty byly promyty a nasledné
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montovany do HardSet Mounting Medium s DAPI (Vectashield). Tato metodika je detailnéji
popsana v manuskriptu s ndzvem ,, Transkriptom a proteosyntéza v savéim oocytu a embryu.

Fluorescencni in situ hybridizace pomoci rolling circle amplificatiton (RCA FISH)

Vizualizace celkového trankriptomu byla provedena na zakladé ¢lank®) Larsson et al., (2010)
a Lee et al., (2015). Po fixaci 4% paraformaldehydu (Sigma) a nasledném oplachu 70%
ethanolem, byly poté vzorky piepsany do ¢cDNA pomoci M-MuLV reverzni transkriptazy
(Enzymatics) ptes noc pii 37 °C. Nasledovala rezidualni degradace RNA pomoci RNazy H
(Enzymatics): 1 hod pti 37 °C, oplach vodou a cirkularizace pomoci Circligazyll (Ilumina) 1
hod pii 60 °C. Takto cirkularizovand cDNA byla nésledné amplifikovana pomoci ¢ DNA
polymerdzy (Enzymatics) pfes noc pii 37 °C. Na zavér byly hybridizovany fluorescencné
znafené proby 8 nukleotidl, s ndhodnou sekvenci (NNNNNN, Ilumina). Tato metodika je
detailnéji popséana v ,, Transkriptom a proteosyntéza v savcim oocytu a embryu*.

Statisticka analyza

Data byla analyzovana pomoci MS Excel a softwaru GraphPad 5. Byl pouzit Studentiiv t-test,
za statisticky signifikantni jsou brany hodnoty s (P<0.05).

4 Vysledky a komentare k vybranym publikacim
4.1 Regulace translace v ¢ase a prostoru pres mTOR — e IF4F drahu v savéim oocytu

Temporal and spatial regulation of translation in the mammalian oocyte via the
mTOR-elF4F pathway

Cilem této publikace bylo detailn¢ pomoci biochemickych a molekuldrnich metod
urcit roli klicovych proteinit mTOR-eIF4F drahy v prubéhu cap-dependetni translace v mySim
oocytu a zygot¢. Tato publikace pfinasi novy pohled na propojeni translace a lokalizace
mRNA v mySim oocytu. Detekovali jsme pomoci fluorescenéni in situ hybridizace, molecular
beacons a stejné tak pomoci reverzni polymerdzové fetézové reakce molekuly mRNA
v jadfe mysiho oocytu a v oblasti vystavby dé€liciho vieténka. Pomoci inkorporace analogu
methioninu béhem maturace oocytu jsme demonstrovali, Ze po opétovném zahajeni meidzy
dochézi k intenzivni translaci mRNA molekul v oblasti nové se tvoficiho vieténka. Tato
translace je zavisld na aktivit¢ mTOR-elF4F drdhy. Kdyz je mTOR-elF4F draha inhibovana
(pomoci 4EGI nebo Rapamycinu), meidza nadale probiha, ale vysledkem jsou oocyty
s aneuploidni sestavou chromosomil. NaSe prace poukazuje na vyznam regulace translace
v misté a Case behem vyvoje samici zarode¢né buriky.

4.2 Translace v ¢ase a prostoru u sav¢ich oocytu

Translation in the mammalian oocyte in space and time

Tato souhrnna publikace vznikla na zdkladé zadosti od editora z Cell and Tissue
Research po otisknuti moji prvni spoluautorské publikace (viz 4.1). Hlavnim zamérem bylo
objasnéni role lokalizace RNA a translace ve vztahu k fyziologii vyvoje sav¢iho oocytu
1 Casného embrya. V této praci jsou shrnuty poznatky z 202 védeckych publikaci, tykajici se
lokalizace a regulace translace mRNA molekul. Prezentované informace jsou zasazeny
do kontextu znalosti o téchto procesech v nizsich organismech a riznych typt té€lnich bunék.



4.3 Regulace 4E-BP1 a jeho role v savéim oocytu

Regulation of 4E-BPI activity in the mammalian oocyte

V mé prvoautorské praci jsme se zabyvali translaénim represorem 4E-BP, ktery je
hlavnim reguladtorem cap-dependentni translace. V oocytu jsme detekovali jedinou formu
tohoto proteinu, 4E-BP1, kterd je inaktivovana pomoci fosforylace mTOR kindzou
po opctovném zahdjeni meidzy. Nase vysledky poukazuji, Ze kinaza mTOR je primarné
aktivovana pomoci CDKI1. Po inaktivaci 4E-BP1 dochazi k zahédjeni cap-dependentni
translace. Pomoci imunofluorescenéniho znaceni jsme detekovali inaktivovany 4E-BPI
v oblasti nov¢ se tvoticiho vieténka. Exprese dominantné negativni nefosforylovatelné formy
4E-BP1 vedla k defektim tvorby déliciho vieténka po znovu zahdjeni meidzy. Také jsme
dokazali, Ze mTOR kinéza je rovnéz pfitomna a aktivovana v lidském oocytu, obdobné jako
je tomu u mysi. Nase vysledky poukazuji na to, Ze¢ mTOR ma klicovou tlohu v regulaci
4E-BP1 v mySim1i lidském oocytu. Tato prace piinasi ucelené informace o fungovani
translac¢niho represoru 4E-BP1 v oocytech dvou vyznamnych savéich druhti.

4.4 Transkriptom a proteosyntéza v oocytu a embryu

Transcriptome and translation in mammalian oocyte and embryo

Cilem publikace je vizualizace celkového transkriptomu v mys$im oocytu ve stadiu GV
a dvoubunécném embryu a detekce proteini vazajicich se na RNA a ribosomalnich
komponentl. Zpracovany manuskript je soucasti ptilohy mé dizertacni prace a prozatim nebyl
zaslan k publikovani.

Globalni transkriptom v oocytu a raném embryu je ¢astecné lokalizovan do jadra

Pro vizualizaci celkového transkriptomu byly pouZzity dvé metody znaceni, oligo(dT) probami
a in situ reverzni transkripce se znacenymi nukleotidy. Pro detekci polyadenylovanych RNA
molekul v mySim oocytu a embryu jsem pouzila fluorescencné znacenou oligo(dT) probu.
Pomoci in situ reverzni transkripce s fluorescenéné zna¢enymi nukleotidy jsem vizualizovala
celkovy transkriptom. Obéma metodikami jsme doSli ke shodnému zavéru a to,
ze v transkripcné inaktivnim GV oocytu se vyskytuji shluky RNA molekul v jadie a mensi
shluky v celém objemu cytoplasmy. U embrya byly detekovany velké shluky v jadie
a jednotlivé molekuly RNA v celém objemu cytoplasmy. Za pouziti specifickych protilatek
jsme detekovali difuzné rozmisténou ribosomélni 5.8S rRNA v obou stadiich. Pro vizualizaci
5’UTR konce RNA jsem pouzila protilatku detekujici m3G-cap a m7G-cap, kterd mi ukéazala
siln€j$i jednolity signal v jadfe oproti signalu detekovaném v cytoplasmé. Tyto vysledky
potvrzuji, Ze u GV oocytu a embrya se nachazi zna¢né¢ mnozstvi RNA v jadre.

Detekce specifickvch RNA v oocytu a raném embryu
Dle mych znalosti neni mnoho znamo o lokalizaci konkretnich transkriptlh v sav€im oocytu
nebo raném embryu. Dalsi ¢ast této prace se zabyva detekci specifickych transkripti: Dazl,
p-aktinu a Neat2. Zatimco jsme detekovali Daz/ mRNA v oocytu a embryu, tato mRNA
nebyla pfitomna v somatickych kumuldrnich builkéch, coz je v souladu s poznatkem,
e exprese tohoto genu je specificka pro zarode&né buitky'*?. Déle byla detekovéana f-aktin
mRNA ve vedoucich okrajich (tzv. leading edges) u NIH3T3 bunck. V nékterych buiikach
byla fp-aktin mRNA pfitomna i v jadfe. V oocytu se S-aktin mRNA nachézi v celém objemu
cytoplasmy i v jadfe, v embryu je pfitomna v okoli jadra. O dlouhé nekddujici RNA Neat? je
znamo, ze je soucasti paraspekles (tj. télisek v blizkosti jadernych skvrn) v somatickych
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buiikach, coz jsme potvrdili za pouziti bunééné linie NIH3T3. V oocytech byla Neat2 RNA
prezentovana v jadre, kde vytvari globularni struktury, kdezto v buiikkach embrya byla tato
RNA pfitomna v cytoplasmé.

Lokalizace a exprese RNA vazebnych proteinii a ribonukleoproteinii v oocytu a ranném
embryu

Pomoci imunofluorescen¢niho znaceni jsem detekovala Ctyfi proteiny vazajici se na RNA:
4E-BP1, hnRNPA1, CPEB4 a cIF4A3. Ulohou proteinu 4E-BP1 je inhibovat iniciaci
cap-dependentni translace (viz 4.1 a 4.3). Tento protein jsem detekovala v jadfe i cytoplasmé
oocytu i dvoubunééného embrya. Po degradaci RNA pomoci RNéazy A zcela zmizely
granularni struktury tvofené timto proteinem. Tento experiment poukazuje na vazbu
nefosforylovaného 4E-BP1 k materndlnim RNA. Imunoblot prokazal Ze, se mnoZstvi
nefosforylované formy 4E-BP1 v plné dorostlém oocytu i v dvoubunécném embryu nelisi.
Heterogenni jaderny ribonukleoprotein A1 (hnRNPA1) jsme detekovali v jadie a v oblasti
kortexu oocytu. Mnozstvi hnRNPA1 proteinu je stejné v oocytu a dvoubunécném embryu.
Protein véazajici se na cytoplazmaticky polyadenylacni element 4 (CPEB4) je homogenné
distribuovan v celém objemu cytoplasmy a je pfitomen ve stejném mnozstvi v oocytu

vvvvvvv

jehoz signal je jednolity v cytoplasmé. Pomoci immunoblotu bylo zjisténo, Ze mnozstvi
proteinu se neli§i v embryu oproti oocytu. Bylo potvrzeno, ze RNA vazebné proteiny
a ribonukleoproteiny jsou obsazeny v jadfe oocytu a raném embryu.

Charakteristika exprese ribosoméalnich proteint v oocytu a raném embryu

Zamg¢rtila jsem se na charakterizaci exprese ribosomalnich proteinli obou ribosomalnich
podjednotek pomoci westernblotu a imunocytochemie. RPS14 se lokalizuje do oblasti jadra,
do celé cytoplasmy a také na kortexu. U embrya byl zjiStén pomoci immunoblotu ubytek
proteinu RPS14, ¢emuz odpovida i ubytek fluorescence, protein se lokalizuje do oblasti
kortexu a délici ryhy. RPS3 je lokalizovan v oocytu a embryu granularné v celém objemu
cytoplasmy 1 jadra, pomoci immunoblotu bylo zjiSténo, ze jeho exprese neni rozdilnd v GV
a dvoubunééném embryu. RPS6 se lokalizuje po celém objemu oocytu i embryu, mnoZzstvi
proteinu je nizs$i v embryu oproti GV oocytu. RPL7 jsme detekovali v cytoplasmé 1 jadie GV
oocytu. V embryu byl intenzivni signal na délici ryze dvou blastomer. WB ukazal vétsi
zastoupeni RPL7 v oocytu oproti embryu. RPL24 se vykytuje difuzn€ v cytoplazmé 1 jadie
oocytu a v embryu. Na druhou stranu oproti RPS14 a RPS6 nedochazi k poklesu exprese
proteinu v oocytu a embryu. Experimenty prokdzali, ze dochazi k degradaci pouze nékterych
specifickych maternalnich ribosomalnich proteinli v raném embryu.

Detekce in situ translace v oocytu a raném embryu
Translace je nezbytnd pro spravny vyvoj oocytu a embrya. Pomoci analogu methioninu

(L-homopropargylglycin; HPG) jsem detekovala perinukledrni signal globalni translace v GV

oocytech, zatimco v dvoubunééném embryu byl markantné zvySeny signal v oblasti délici
ryhy. Nasledné jsem se zabyvala lokalizaci interakce obou ribosomalnich podjednotek.
Pomoci metody proximity ligation assay (PLA) jsme detekovali in situ interakci zéastupct
velké a malé ribosomalni podjednotky, konkrétné ribosomalnich proteini L24 (RPL24) a S6
(RPS6). Zjistili jsme, Zze mnoZstvi interakci v dvoubunééném embryu klesa o 69 % oproti GV
oocytu (p< 0.05). 80S ribosom se v GV oocytu distribuuje do perinukledrni oblasti a oblasti
kortexu, chybi v jadie, zatimco v dvoubunééném embryu je distribuce 80S mirné zastoupena
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v jadife a rovnomérné v cytoplasmeé obou blastomer. Translace v oocytu a dvoubunécném
embryu je lokalizovana asymetricky.

Polydenylované RNA a RNA vazebné proteiny se lokalizuji shodné v lidském i mySim
oocytu

Zajimad nas podobnost mysiho a lidského oocytu ve vztahu lokalizace danych transkripta
a naslednych molekularnich dé&jii. Z centra asistované reprodukce se nadm podatilo ziskat
lidské GV oocyty, které jsme analyzovali pomoci RNA FISH a ICC. Detekovali jsme
poly(A) RNA v jadie lidskych GV oocyti obdobné jako je tomu u mysi. Shodné se v obou
druzich lokalizuje i 4E-BP1 a eIF4A3 v jadie.

Vizualizace translace endogenniho -aktinu v Zivém oocytu

K doplnéni naSich poznatkli o lokalizaci komponent translacni masinerie jsme vyuzili
vizualizaci translace pifimo v zivé bunce. Pro tyto ucely jsme zvolili metodu vyuzivajici
fluorescenéni znageni Resorufin Arsenical Hairpin (ReAsH)?”, ktera je schopna rozeznavat
specialni tetracysteinovou (TC) doménu, jiz je na 5° neptfekladané oblasti mRNA oznacen
protein naseho zdjmu — v tomto piipad€ PB-aktin. Do transkripéné aktivniho (rostouciho)
oocytu jsme mikroinjekovali plazmid obsahujici sekvenci kodujici praveé B-aktin oznac¢eny TC
doménou. Tato peptidova doména vaze fluorescencni barvu ReAsH uz pii vzniku peptidu,
pfimo pfi probihajici translaci v zivém oocytu (na rozdil od klasickych znaceni, jakym je
napi. zeleny fluorescenéni protein, ktery v nasem systému vyuzivdme pro vizualizaci plné
zformovaného proteinu). Takto mikroinjekovanym oocytim jsme 10—16 hodin znemoznili
translaci mRNA (s pouzitim inhibitoru translace cykloheximidu), nasledné inkubovali
s ReAsH barvou a neprodlen¢ sledovali de novo translaci B-aktinu v zivém oocytu. Diky této
metod¢ jsme translaci B-aktinu lokalizovali na kortexu zivého oocytu, coz také poukazuje
na ¢asoveé a mistné organizovanou translaci v této komplikované buiice.

5 Diskuse

Préace je zaméiena na regulaci cap-dependentni translace v sav€ich oocytech. Propojuje
nové poznatky o lokalizaci specifickych transkriptl, kterd ma vliv na jejich naslednou expresi
do formy proteinu. Kompartmentalizace mRNA a nasledna lokalni translace je zakladnim
mechanismem regulace genové exprese. Transport mRNA do kompartmentl buiky je
termodynamicky vyhodn&jsi nez transport plné nasyntetizovaného proteinu®®. Zjistili jsme,
ze jadro pln€ dorostlého mySiho 1 lidského oocytu zadrZzuje populaci RNA (kodujici
i nekodujici) spolu s RNA vazebnymi proteiny”. Predpokladam, Ze retence mRNA je
potiebna pro regulaci a koordinaci spravného zrani oocytu. ZadrZené transkripty jsou
transla¢né neaktivni a jsou translatovany nasledné ve fazi NEBD, coz napoméha k formovani
déliciho vieténka a naslednému meiotickému dé¢leni. Na zaklad¢ ziskanych dat predpokladam,
ze zadrzené transkripty jsou dormatni a budou translatovany po rozpadu jaderné membrany.
Nase vysledky jsou v souladu se souc¢asnymi studiemi, které se zaméiuji na identifikovani
transkripti piitomnych v jadfe &i v oblasti d&liciho vieténka’® ™. Déle jsme se zamé&fili
na ulohu Laminu A/C v oblasti nové se formujiciho spindlu. NaSe vysledky ukazuji, ze po
rozpadu jaderné membrany, po vstupu do pro-metafaze Casti jaderné membrany obklopuji
oblast nové se tvoriciho vieténka®’, p¥iblizné po dobu dvou hodin od NEBD. Predpokladame,
ze laminové struktury spolecné s endoplazmatickym retikulem nebo aktinem formuji
,»polopropustnou bariéru®, kterd napomaha udrzovani vnitrobunééného gradientu v této velké
butice. Nase domnénka o polopropustné struktufe je zndma v mitotickych buitkach®°.
Polopropustnd bariéra zadrzuje jaderné komponenty (napi. RNA) v oblasti chromosému,
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kde se vytvaii délici vieténko. Detekce nascentni globalni translace v oocytu ukdazala
zvysenou translacni aktivitu na vieténku. Pfedpokladam, ze Cast proteinti bude syntetizovana
lokalng, na druhou stranu mnohé proteiny budou do této oblasti transportovany
ze vzdalengjsSich casti této velké bunky. Nase vysledky poukazuji na zvySenou aktivitu
a lokalizaci této drahy po NEBD pravé v oblasti nové se formujiciho vieténka™. Je dilezité
zminit, Ze aktivita mTOR-elF4F osy se signifikantn¢ zvedd po NEBD a znacny pokles
sledujeme po oplozeni oocytu, coz souvisi s aktivitou CDK1. V Jansova et al., (2017) popisuji
pozitivni vliv CDK1, klicového komponentu MPF, na aktivitu mTOR kinazy. Vysledky
z detekce aktivity 4E-BP1 v kumuldrnich buiikéach, které nevstupuji do bunééného cyklu,
jasn¢ podporuji naSe zavéry o pozitivni regulacni roli CDK1 pfi aktivaci cap-dependentni
translace. Vyznamné navyseni aktivity cap-dependentni translace pravé po vstupu do meidzy
je brano jako analogie cap-dependentni translace v mitoze®®", piestoze diivejsi

v mitotickych bunkéach poukazovala na deaktivaci mTOR-elF4F drédhy. Tento rozpor byl
vysvétlen postupem protokolu, ktery se ve studiich pouzil na synchronizaci bun¢k, které jsou
v dané dob& ve specifické &asti bunééného cyklu®, coz u nageho modelu oocytu neplati. Po
izolaci tvofi oocyty vysoce homogenni populaci a pfirozené vstupuji do meiotického cyklu.
Dalsim diikkazem klicové role mTOR-elF4F je ptedlozeny experiment s potlacenim funkce
mTOR-elF4F, ¢imZ se zabrani tvorbé elF4F komplexu, coZ se projevi defektem vystavby
meiotického vieténka a to vede ke chromosomalnim aberacim®~’. To doklad4 nasi hypotézu
o vyznamu mTOR-elF4F signaliza¢ni drahy pfi regulaci cap-dependentni translace.

Tato prace je zaméfena na detekci RNA (globalnich i specifickych), RNA vazebnych
proteinil a komponentt ribosomu v oocytech a dvoubunéénych embryich. Zaméfili jsme se
na studium 4E-BP1, protoze je to represor cap-dependentni translace. Zjistili jsme, ze se vaze
k RNA, jelikoz degradace maternalni RNA za pomoci RNazy A a naslednd imunolokalizace
4E-BP1 proteinu prokazala ztratu granuldrnich struktur tvofené timto proteinem. Potvrdili
jsme, Ze nékteré specifické maternalni proteiny potiebné k translaci se degraduji po fertilizaci,
coz je v souladu s celkovym ubytkem maternalnich proteini®'. Zavérem mohu konstatovat,
ze moje studie pfispéla k objasnéni vyuziti maternalniho transkriptomu a regulace iniciace
translace, které jsou nezbytné pro vyvoj téchto vyjimecnych bunek.

6 Zavéry

e Jadro mysiho 1 lidského oocytu obsahuje RNA spolu s RNA vazebnymi proteiny.

e Jaderna RNA je translatovana po znovuzahajeni meiozy.

e Metabolismus RNA v lidském oocytu je pravdepodobné regulovan obdobné jako
v oocytu mysSim.

e mTOR-elF4F draha participuje na zvySeni translace v meiotickém cyklu.

e Asymetrickd lokalizace mRNA je jednim z regula¢nich mechanismi, jenz ovliviiuje
translaci mRNA v Case a prostoru.

e Cap-dependentni translace se vyznamné aktivuje po znovuzahijeni meidzy a je
potlacena po fertilizaci oocytu.

e mTOR-elF4F draha je dulezitd pro vystavbu vieténka a tim pro zachovani genomické
stability buiiky.

e Cyklin dependentni kindza 1 v oocytu vyznamné reguluje mTOR-eIF4F signélni drahu.

e 4E-BPI reguluje vystavbu vieténka béhem prvniho meiotického déleni savéiho oocytu.

e Nckteré komponenty translaéniho aparatu se degraduji v raném embryu, napt. RPS14
a RPS6.
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1 Introduction

The gene expression in mammalian fully grown oocyte is regulated exclusively
at the level of translation, stability of mRNA and proteins. Previous growth period of oocyte
is characterized by active transcription, which is necessary for further oocyte development
and early embryo development. During subsequent period of meiotic maturation (10 h in
mouse; 48 h in human), transition from prophase I to metaphase II, transcription is ceased.
The completion of meiosis and early embryonic development in mammals relies significantly
on maternal mRNAs, which were synthesized and stored during the growth phase of
oogenesis'. Transcribed mRNA is recognized and bound by RNA binding proteins, which
control localization of mRNA, its translation and degradation. The tight correlation between
mRNA distribution and subsequent protein localization and function provides a mechanism of
spatial and temporal regulation of gene expression utilized by various cell types. Analysis of
gene expression leads to identification of genes, which are crucial for understanding
to development of the female germ cells”.

Number of proteins that bind to untranslated regions (UTRs) of mRNA have been
known for decades’. One of the known mechanisms of translational regulation is initiation
dependent on 7-methyl guanosine cap, present on the 5" terminus of mRNA, so-called cap-
dependent translation. Formation of eukaryotic initiation complex on the the 5 terminus of
mRNA molecules, containig oligopyrimidine motif (terminal oligopyrimidine tract, TOP) is
regulated by mTORC1 complex, which controls creation of eukaryotic initiation 4F complex
(¢IF4F)*. The class of TOP mRNAs includes e.g. mRNAs encoding ribosomal proteins,
translation elongation factors and regulators of cell cycle’’. The regulation of translation
initiation is controled on molecular level especially by phosphorylation and
dephosphorylation of translation factors™. Serine-threonine kinase mTOR is component of
mTORC-Raptor complex called mTORCI, which is the key player in regulation of protein
synthesis™'’. Crucial regulation step of translation is the initiation phase, during which of the
elF4F complex is assembled on the 7-methyl guanosine cap on the 5’ terminus of mRNA.
This complex is formed from three proteins: cap binding protein eIF4E, adaptor protein
elF4G1 and RNA helicase eIF4A'". The key regulator of eIF4F assembly are eIF4E binding
proteins (4E-BPs), mainly protein 4E-BP1. Hypophosphorylated 4E-BP1 forms heterodimer
with elF4E, which prevents formation of elF4F complex and thereby prevents initiation of
translation. One of the main kinases that phosphorylate 4E-BP1 and thus initiate translation, is
mTOR kinase®. Another RNA binding protein positively regulating translation in the oocyte is
DAZL, which binds to 3" terminus of mRNA. DAZL is essential for germ cell
development'*"*. Major contribution on processing of mRNA and regulation of translation
have heterogenous nuclear ribonucleoproteins (hnRNPs). The most studied member of this
family is heterogenous nuclear ribonucleoprotein (lnRNPA1)'*. Fundamental components of
translation machinery are ribosomes, which are composed of ribosomal RNA and ~80
proteinsls'”. Ribosome consists of big subunit (60S) and small subunit (40S). There are
several proteins important for 40S subunit assembly, e.g ribosomal protein (RP) S14, S6 and
S3. RPS6 protein physically interacts with ribosomal protein L24 (RPL24), which is a
component of 60S subunit of ribosome'®. Another component of the large ribosomal subunit
is ribosomal protein L7. Higher levels of Rps6, Rpl7 and Rpl24 mRNAs were identified in
fully grown, developmentaly competent oocytes' . Although RNA metabolism is intensively
studied, many regulatory aspects of this process in oocytes and embryos from various species remain
to be elucidated. This thesis elucidates the metabolism of maternal RNAs and regulation of
translation in mammalian oocytes.
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2 Aims of the thesis

Hypothesis: Asymmetric localization of RNAs in oocyte determines temporal and spatial
translation

Aim 1: To detect localization of global RNA and specific RNAs in mammalian oocyte
and early embryo.

Aim 2: To deremine localization of RNA binding proteins and components of translation
machinery in mammalian oocyte and early embryo.

Hypothesis: mTOR-elF4F pathway has a role in temporal and spatial translational
control of specific protein expression during mammalian oocyte development

Aim 3: To detect global and specific translation in oocyte and early embryo.
Aim 4: To identify key regulators of 4E-BP1 and role of translation repressor 4E-BP1 in cap
dependent translation in mammalian oocyte.

3 Material and methods

All performed methods are described in detail in the relevant manuscripts, which are attached
in supplement part of this thesis.

Model use, cell specification

NIH3T3 mouse embryonal fibroblasts; human oocyte unsuitable for assisted reproduction,
Mus musculus strain alba CD1, at least 6 week-old mice, for experiments were selected fully
grown oocytes in GV stage, after wash from IBMX and following cultivation for 70 minutes
we collected NEBD stage, after 3 h of cultivation we collected post-NEBD, after 7 h
of cultivation we collected pro-MI and 12 h MII. Females were mated with males after human
choriogonadotropin and zygotes were isolated 20 hours after mating and 2-cell embryo was
collected after 48 h post fertilization.

Cultivation of NIH3T3 cell line for in situ hybridization

Mouse fibroblasts NIH3T3 was cultured in DMEM medium (Thermo Fisher) with 10% fetal
bovine serum (Sigma Aldrich) and 1% penicillin, streptomycin (Thermo Fisher). Cells was
seed on cover glass and after 2 days was cell fixed by 4% paraformaldehyde (Sigma Aldrich)
and then 70% ethanol.

Isolation and cultivation of oocvte, in vitro maturation, cultivation of embryo

Isolation and cultivation of oocyte was performed according to protocol Tetkova and Hancova
(2016). These methods are described in detail in the manuscripts: ,,Temporal and spatial
regulation of translation in the mammalian oocyte via the mTOR-eIF4F pathway, Regulation
of 4E-BP1 activity in the mammalian oocyte, Transcriptome and translation in mammalian
oocyte and embryo*.

Immunocytochemistry (ICC) and confocal microscopy

Proteins were detected by primary antibodies and consequently visualized by secondary
antibodies with relevant Alexa Fluor 488, 594 or 647 conjugates. These samples were scanned
by confocal microscope Leica TCS SP5 (Leica, Microsystem AG, Wetzlar, Germany). Images
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were analyzed by softwares LAS AF Lite (Leica) or ImagelJ/FIJI (http://rsbweb.nih.gov/ij/).
This method is decribed in manuscript which are included in this thesis: ,,Temporal and
spatial regulation of translation in the mammalian oocyte via the mTOR-elF4F pathway* and
,, T ranscriptome and translation in mammalian oocyte and embryo®.

Fluorescence RNA in situ hybridization (RNA FISH)

Fluorescent in situ hybridization of RNA was performed according protocols Raj et al., (2013,
2008) and modificated protocol from Jansova (2015). Method is described in detail:
»lemporal and spatial regulation of translation in the mammalian oocyte via the
mTOR-elF4F pathway* and ,,Transcriptome and translation in mammalian oocyte and
embryo*.

Real-Time Reverse Transcription-Polymerase Chain Reaction (Real time RT-PCR)

For measuring of gene expression was used single Real time RT-PCR by One Step RT-PCR
kit (Real time RT-PCR) on real-time cycler Rotor-Gene 3000 (Corbett Research, Mortlake,
Australia). This method was described in our manuscripts: ,,Temporal and spatial regulation
of translation in the mammalian oocyte via the mTOR-eIF4F pathway* and ,,Regulation of
4E-BP1 activity in the mammalian oocyte®.

Western blot (WB)

Lysates of embryos and oocytes was analysed on 4-12% gradient acrylamide gel. Samples
were transferred to polyvinyliden-fluoride membrane (Immobilon P; Merckmillipore) using
blotting system (Biometra GmbH) at 5 mA/cm® during 25 min. Membranes were blocked
for 1 h, at room temperature and then they were incubated at 4 ‘C overnight with the following
primary antibodies with 1% milk/TTBS (Tween-Tris-buffer saline; NaCl, Tween 20,2M;
Tris pH 7,6; dH20). After 3 cycles of 10 minute washing in 0,05% TTBS membrane was
incubated at room temperature for 1 h in 3% milk with secondary antibody conjugated with
peroxidase (Jackson Immunoresearch). Following washing step with 0,05% TTBS.
Immunodetected proteins were visualized by ECL (Amersham, GE Healthecare Life Science)
according instruction from supplier. Films were scanned using a GS-800 -calibrated
densitometer (Bio-Rad) and quantified using ImageJ/FIJI (http://rsbweb.nih.gov/ij/). Protocol
is described more detailed in ,,Temporal and spatial regulation of translation in the
mammalian oocyte via the mMTOR-eIF4F pathway* and “Regulation of 4E-BP1 activity in the
mammalian oocyte®.

Proximity ligation assay (PLA)

Physical interaction of RPS24 and RPS6 was performed according to manual instructions
of PLA Duolink kit (Sigma Aldrich). Fixed oocytes and embryos were permeabilized as same
case of ICC methods. After permeabilization samples were blocked for 30 min at 37 °C by
blocking solution (component PLA Duolink kit). Oocytes were incubated with primary
antibodies rabbit anti-RPL24 (Thermo Fisher) and mouse anti-RPS6 (Santa Cruz) at 4 °C
overnight. Then the samples were incubated with PLA probe MINUS and PLA probe PLUS
stock for 1 h at 37 °C. Following washing by Wash Buffer A (PLA Duolink kit; Sigma
Aldrich) for 6x2 min and then samples were ligated for 30 min at 37 °C. The final step was
amplification for 100 min at 37 °C. Next samples were washed in Wash buffer B (PLA
Duolink kit; Sigma Aldrich) according to protocol. The samples were mounted by Vectashield
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Mounting Medium with DAPI (Vector Laboratories). This method was described in
,, T ranscriptome and translation in mammalian oocyte and embryo*.

Fluorescent in situ hvbridization with rolling circle amplificatiton (RCA FISH)

Visualization of whole transciptome was performed according protocols from Larsson et al.,
(2010) and Lee et al., (2015). Samples were fixed by 4% paraformaldehyde and washed by
70% ethanol, RNA were converted to cDNA by M-MuLV reverse transcriptase (Enzymatics)
for overnight at 37 °C. Then mRNA was degraded by ribonuclease H (Enzymatics) and
padlock probes are hybridized to targeted cDNA with 5" and 3’ arms circularized by
Circligasell (Ilumina) for 1 h at 60 °C by T4 DNA ligase. The circularized padlock probes
serve as a template for ampilification step by ®29 DNA polymerase (Enzymatics), over night
at 37° C. The final step was hybridization fluorescently labelled probes consists of eight
nucleotides with randome sequence (NNNNNNNN; Ilumina). This method is described in
detail in ,, Transcriptome and translation in mammalian oocyte and embryo*.

Statistical analysis

Mean and SD values were calculated using MS Excel, statistical significance of the
differences between the groups were tested using Student’s t-test (PrismaGraphS5) and P<0.05
was considered as statistically significant.

4 Results and comments on publications

4.1 Temporal and spatial regulation of translation in the mammalian oocyte via the
mTOR-eIF4F pathway

Aim of this manuscript was to determine role of key proteins of mTOR-elF4F
pathway in regulation by biochemical and molecular methods during cap-dependent
translation in mouse oocyte and zygote. This study provide new view of connection on
mRNA localization and translation in mouse oocyte. We detected mRNAs in the nucleus and
in the vicinity of chromosomes post NEBD. By incorporation of methionine analog we
identified translational gradient in the oocyte after NEBD where intensive translation was
detected at the newly forming spindle where key factors of mTOR-elF4F axis are present.
Taken together our results show that translation at the meiotic spindle is regulated via mTOR-
elF4F pathway. Moreover our data showed that the inhibition of the mTOR-elF4F pathway
(either by 4EGI or Rapamycin treatment) leads to progression through meiosis I, however
severe errors in chromosome segregation occurs. Together our findings suggest that
spatiotemporally regulated translational control of spindle assembly and chromosome
segregation is mediated by mTOR—eIF4F pathway in the mammalian oocyte.

4.2 Translation in the mammalian oocyte in space and time

This invited review was prepared to expand our published findings (see 4.1). Review
is focused on the recently emerged findings on RNA distribution related to the temporal and
spatial translational control of the meiotic progression of the mammalian oocyte.
We summarized knowledges from 202 scientific reports, which were focused on RNA
metabolism in various cell types from different organisms in conection with mammalian
oocytes and early embryos. Comparative studies in non-traditional model systems are
valuable in order to address dissimilarities and overlaps in molecular physiology to provide
important information regarding the components and mechanisms that may play critical
regulatory roles in the fertility of mammalian species, including human.
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4.3 Regulation of 4E-BP1 activity in the mammalian oocyte

This manuscript describe key role of 4E-BP proteins as translation repressors in the
process of cap dependent translation initiation. Here we show that mouse oocyte contains only
4E-BP1 at the protein level and becomes inactivated by phosphorylation via mTOR kinase
after nuclear envelope breakdown. Inactivation of 4E-BP1 is conected with translational
reprograming post NEBD. We support hypothesis that mTOR is activated by CDK1, which is
main activator of 4E-BP1 in oocyte. Our immunofluorescence analyses show localization of
inactive form of 4E-BP1 at the newly forming spindle. Moreover expression of the dominant
negative 4E-BP1 mutant negatively affects translation of TOP motif reporter and results
in spindle abnormality. In addition we detected simmilar mTOR activation postNEBD as it is
in the mouse. Taken together we intensively studied regulation and role of 4E-BP1 in the
mammalian meiosis.

4.4 Transcriptome and translation in mammalian oocyte and embryo

Purpose of the manuscript is visualization of global transcriptome in mouse oocyte and
embryos and determination of effect to cap dependent translation. This manuscript is part of
results of thesis and will be submited to scientific journal during summer 2017.

Global transcriptome is partialy localized into nucleus of oocyte and embryo
We visualized global transcriptome by two methods. Firstly, it was detected of

polyadenylated RNA in mouse oocyte and embryo. For detection of whole transcriptome we
used in situ reverse transcription following in situ hybridization by fluorescent randome
probes. Both methods leads to similar conclusion, that trascriptionaly inactive GV oocyte
contains number of RNA molecules in nucleus and in cytoplasm. In transcriptionally active
embryo we detected strong signal in nucleus and cytoplasm. Using ICC method we detected
diffusibily localized ribosomal 5.8S rRNA in both cells. Moreover for detection of
m3G-cap/m7G-cap of RNAs we used specific antibody which shows stronger signal

in nucleus in comparison with cytoplasm. Taken together this results confirm that nucleus of
oocyte and embryo contains abundant RNA population which is most likely independent
of transcriptional state of the studied cells.

Detection of specific RNAs in oocyte and embryo

It isn’t much known about localization of specific maternal trnascripts in mamalian oocyte
and embryo. In this part we detected three transcripts Dazl, f-actin and Neat2. Whereas we
detected Daz/ mRNA in oocyte and embryo, this mRNA isn't present in cummular
cells, which is in accordance with expression of germ cell specific gene. Next we detected
f-actin mRNA in leading edges and throught cytoplasm of NIH3T3 cells and detected f-actin
mRNA in nucleus of transcription active cells. In oocyte S-actin mRNA was detected in both
subcellular compartments, nucleus and cytoplasm of the oocyte and dot-like structures in the
cytoplasm of the embryo. Long noncoding RNA called Neat2? is known as a component of
paraspecles in somatic cells, which was confirmed in NIH3T3 cell line. We detected Neat2
in nucleus of the oocyte where forming ring structures, on the other hand in embryo was also
detected in the cytoplasm.

Expression and localization of RNA binding proteins in oocyte and 2-cell embrvo
We detected four RNA binding proteins: 4E-BP1, hnRNPA1, CPEB4 and elF4A3. The key

role of 4E-BP1 is repression of translation (see 4.1 and 4.3). This protein was detected

in nucleus and cytoplasm in granular structures cytoplasm of oocyte. After degradation of
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RNA by RNase A granular structures disapeared. This experiment proves that
nonphosphorylated 4E-BP1 binds maternal RNA. Immunoblot showed no differences
in expression between oocyte and early embryo. Heterogeneous nuclear ribonucleoprotein A1l
(hnRNPA1) is localized at the cortex of the cytoplasm and in the nucleus of the oocyte.
Expression of protein hnRNPA1 doesn’t change in oocyte and early embryo. CPEB4 is
homogenously distributed throughout whole volume of cytoplasm and is present in oocyte
and embryo in the same level. ICC shows that e[F4A3 localize mostly to the nucleus in oocyte
and embryo. Immunoblot showed no changes of level of eI[F4A3 protein between oocyte and
embryo. We confirmed that RNA bindng proteins and ribonucleoproteins are present in the
nuclues of oocyte and early embryo. Destruction of maternal RNA cause disruption of
granular structure of 4E-BP1.

Characterization of expression of ribosomal proteins in oocyte and early embryo

We characterized expression of ribosomal proteins both subunits of ribosome using ICC and
WB. RPS14 was detected in nucleus and also in the cortex and cytoplasm. In embryo level of
RPS14 protein is decreased, which also corelated with decrease of immunofluorescence in
2-cell embryo. RPS14 is localized at the cortex of oocyte and nucleoplasm, however in the
2-cell embryo is localized at the cortex. Whereas, RPS3 protein level does not differ between
GV oocyte and 2-cell embryo. RPS3 is localized in both stages dispersedly throughout
the whole volume of the cell and also in the cortex. Level of protein S235/236 RPS6
decreased in 2-cell embryo compared to GV oocyte. We localized S235/236 RPS6 throughout
the whole volume of both stages, however 2-cell embryo is more clustered. Protein level of
RPL7 is higher in GV oocyte than in 2-cell embryo. We detect fluorescent signal of RPL7
in both compartments of GV stage. We localized strong signal in ridge of dividing blastomers.
Protein level of RPL24 is stable between GV and 2-cell embryo. Protein was localized in the
nucleus and diffusely in the cytoplasm in GV oocyte, in the 2-cell embryo it is distributed
throughout cytoplasm and nucleus. Experiments showed degradation of RPS14, S235/236
RPS6 ribosomal proteins in early emrbyo.

Detection of translation in oocyte and embryo

Translation is necessary for development of oocyte and resumption of meiosis. We detected
fluorescent signal of methionine analogue (L-homopropargylglycine; HPG). In the whole
oocyte increased in the perinuclear area, while in 2-cell embryo we detected strong signal
at dividing ridge of blastomeres. As expected, disruption of the ribosomes by puromycin
decreased the intensity of HPG signal in GV oocyte. To detect assembled 80S in the oocyte
and embryo we used Duolink in sifu proximity ligation assays (PLA). We detected significant
interactions of these two proteins in the cytoplasm of oocyte and 2-cell embryo.
Quantification of the RPL24 and RPS6 interaction sites shows 69% (p<0,05) decrease
of interaction in the embryo in comparison with oocyte. Translation is localized
asymmetrically in the mouse oocyte and embryo.

Localization of poly(A) RNA and RBPs is similar in human and mouse oocyte

We are interested in similarities in mRNA metabolism between human and mouse. We
analyzed human oocytes by RNA FISH and ICC. Using single molecule FISH we detected
poly(A) RNA in the nucleus and cytoplasm of human GV oocyte. To estimate the regulation
of RNA metabolism of the human oocyte we labeled (translational represor) 4E-BP1 and
(component of Exon Junction Complex) elF4A3. Both proteins are localized in the nucleus
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and cytoplasm of both species. Our data sugest simmilar distribution and RNA metabolism in
both mammalian species.

Visualization of translation of edogenous f-actin mRNA in live oocyte
To enhance our knowledge of localization of the translation, we used visualization
of translation of endogenous specific mRNA in the living oocyte. For this purpose we have

chosen Resorufin Arsenical Hairpin (ReAsH) fluorescent tagging method®’ that recognizes
a special tetracysteine (TC) domain. TC peptide is labeled with ReAsH dye, in this case
B-actin, on the 5° terminus. We microinjected a plasmid containing a sequence coding
TC-B-actin-GFP into transcriptionally active (growing) oocytes. TC domain binds ReAsH dye
during the translation of the peptide, during ongoing translation in a living oocyte (as opposed
to classical labels, such as GFP used in our system to visualize the fully-formed protein).
In microinjected oocytes, reporter RNA is transcribed in the absence of translation using
translation inhibitor cycloheximide (CHX) for 10—16 hours. After CHX wash short (30 min)
translation period coupled with incubation with ReAsH dye. Imaging of live oocytes shows in
situ translation of B-actin. We identified the translation of f-actin RNA construct on the cell
cortex of the living oocyte which also refers to spatiotemporal organized translation in this
large cell.

5 Discussion

This thesis is focused on regulation of cap dependent translation in mammalian oocyte.
The positioning of mMRNAs is required for the Ilocalized translation of proteins.
Compartmentalization of RNAs and following translation is a fundamental mechanism of
gene expression. mRNA localization can be more thermodynamically efficient for the cell
than transporting proteins due to fewer mRNA molecules needed to be mobilized®®. Our
results confirmed, that the nucleus of mouse GV oocyte contains large amounts of both
coding and noncoding RNA and RNA binding proteins®’. We found that similar localization
pattern persist in the human oocyte. Altogether, our findings indicate that a nuclear RNA
population contributes to mammalian oocyte translational patterning and thus to the regulation
of gene expression during the dynamic onset of meiosis. Moreover, in this work is highlighted
for the first time the importance of nucleus retained mRNAs for the control and regulation of
meiotic maturation. In addition, we expecting that retained transcripts in oocytes from both
species are dormant and become translated after nuclear envelope break down and this
mechanism of RNA metabolism is important for meiotic spindle assembly. Our results proved
recent studies, they confirmed and identify some transcripts that are present in the area of
meiotic spindle®®™’,

Furthermore our results imply a role of nuclear lamina in the meiotic spindle
assembly. The rest of Lamin A/C and endoplasmic reticulum (ER) structures were detected
around the area of forming spindle following the nuclear envelope breakdown®.
Colocalization of Lamin A/C and ER structures suggests a role of these structures
in compartmentalization of cytoplasm. We present hypothesis that Lamins and other
structures forming a semipermeable barrier which is important for maintenance of
intracellular gradient of various constituents in this large cell. Same function of
semipermeable barrier was previously known in mitotic cells**>®. The function of the
semipermeable barrier in the oocyte might be spatial retainment of nuclear components (e.g
RNA, chromosomes) while multipolar spindle is formed.
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Detection of nascent translation shows presence of increased translational activity
at newly forming spindle. We proposing that local translation is crucial for synthesis of
proteins essential for spindle assembly. Despite of local translation, it is important to note
the contribution of transported proteins from other cellular compartments into chromosomal
area. Our results indicate that mTOR-elF4F axis has contribution to the local translation
which is observed at the newly forming spindle in the vicinity of chromosomes. These data
are consistent with localization of abundant population of polyadenylated RNAs. It is
important to note that activity of mTOR-elF4F is significantly increased after NEBD with
decline after fertilization, which positively correlate with CDKI1 activity. In Jansova et al.,
(2017) we described that CDKI1 (key component of MPF) has positive effect
on the phosphorylation of mTOR at the onset of meiotic resumption. This way mTOR is
activated with its subsequent function on cap dependent translation. Moreover we did not
detect 4E-BP1 phosphorylation in mitotically inactive cummular cells but it was detected in
the oocyte entering to the prometaphase suggesting cell cycle dependent role of the
mTOR-elF4F axis. Our findings support results from previous studies which describe
significant increased activity of cap dependent translation at onset of mitosis> . However, it
is contradictory with earlier results*® which proposed inactivation of cap dependent translation
upon entry to mitosis which might be explained by side effect of cell synchronization
protocol. Downregulation of mTOR-elF4F leading to chromosomal aberration (oocyte
aneuploidy) supports our hypothesis about the role of mTOR-elF4F pathway regulating
translation at the vicinity of chromosomes during NEBD. Our hypothesis about the role of
mTOR-elF4F axis in the meiosis supports downregulation of axis which leads to aneuploidy
in the oocyte. This thesis is also focused to detection of global and specific RNA, RNA
binding proteins and ribosomal proteins in oocyte and two cell embryo. We decided to study
4E-BP1, because it is translation repressor of cap dependent translation. We found that
4E-BP1 indeed binds to RNA as after adding RNase A it lost its granular pattern in the
oocyte. In addition, we confirmed some of ribosomal proteins, which are important
for translation, are degraded after fertilization. These results positively correlate with the
decrease of global translation*'. This thesis contributes to elucidate the processes of regulation
of maternal transcriptome and initiation of translation, which are necessary for development
of these unique cell types.

6 Conclusions of thesis

e Nuclei of both mouse and human oocytes contain RNA and RNA binding proteins.

e RNA molecules retained in the nucleus are translated after the resumption of meiosis
manifested by nuclear envelope breakdown.

e RNA metabolism in both human and mouse oocyte is regulated by similar mechanisms.

e Asymmetric localization of RNA regulates spatial and temporal translation in mammalian
oocyte.

e Cap dependent translation is become highly active at the onset of meiosis and deactivated
after fertilization.

e mTOR—eIF4F pathway is essential for meiotic spindle assembly and genome integrity
of mouse oocyte.

e Cyclin-Dependent Kinase 1 regulates mTOR- eIF4F pathway in mouse oocyte.

e 4E-BPI is responsible for regulation of translation at the meiotic spindle.

e Some components of translation machinery are degraded in early embryo, e.i RPS14 and
RPS6.
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