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Konference GSGM 2027
Konference GSGM 2027 — prvni oznameni

Ve dnech 12.-14. kvétna 2027 se v krasném prostiedi zamku Lest CZU v Kostelci nad
Cernymi lesy bude konat tradiéni setkani ¢eskych a slovenskych védcl a zajemcti o
genetiku a molekularni biologii riznych organizmd. Snahou organiza¢niho vyboru je
zpfistupnit konferenci Sirokému okruhu zajemcu a zejména pak mladSim a za€inajicim
védeckym pracovnikiim a studentim. Na programu tedy budou nejen zvané plenarni
prednasky vyznamnych odbornikl z vysokych Skol a akademickych pracovist, ale i
kratSi pfednasky a tradi¢ni prezentace formou plakatovych sdéleni. Pfednasky a
postery budou vénované aktualnim tématim z nejriznéjSich oblasti genetiky a
molekularni biologie vCetné genomiky, epigenetiky, onkogenetiky, cytogenetiky,
evolucni genetiky, aplikované lékafskeé genetiky aj. Zastoupeno bude Siroké spektrum
studovanych modell — viry, mikroorganizmy, rostliny a zivoc¢ichové vcetné ¢lovéka.

Konference pfipomene téz 35. vyro€i vzniku GSGM. Je tudiz vhodnou pfilezZitosti pro
vSechny soucCasné i byvalé Cleny spoleCnosti k uskuteénéni pfatelskych setkani a
obnoveni dfivéjSich €i zapomenutych kontaktlt. Konference je ale jako obvykle uréena
vSéem zajemcUm bez ohledu na ¢lenstvi v GSGM. Pro doktorandy a magisterské
studenty je to skvéla pfilezitost, jak predstavit vysledky své prace SirSi védecké
komunité!

Dalsi informace (zejména odkaz na konferencni stranky) obdrzi vSichni ¢lenové GSGM
a dalSi zajemci co nejdfive. Pfedbézné se predpoklada otevieni registrace v prosinci
2026. Posledni den by mél na program konference navazovat EduWorkshop.

Geneticka
spolecnost
Gregora
Mendela,

Organizacni vybor konference GSGM



Cena GSGM 2024-2026

Vyhlaseni osmeého kola soutéze o Cenu GSGM pro obdobi
2024-2026

Osmé kolo soutéZe vyhlasSuje vybor Genetické spoleCnosti Gregora Mendela, z.s.
(GSGM) na roky 2024-2026. Cena bude udélena na konferenci GSGM, ktera se bude
konat v Kostelci nad Cernymi lesy v kvétnu 2027.

Statut Ceny GSGM

1. Cena je vypisovana za vyznamny pfinos v oblasti genetiky a/nebo molekularni
biologie v ramci Ceské nebo Slovenské republiky a je sponzorovana firmou M.G.P.,
s.r.o., Zlin.

2. Cenu ve vySi 2000 EUR muze ziskat osoba ve véku do 35 let (v dobé uzavérky
soutéze), pricemz podminkou je afiliace Zzadatele k nékterému védeckému
pracovisti v Ceské nebo Slovenské republice. Zadatel NEMUSI byt &lenem GSGM.
Cena se udéluje za védeckou praci nebo soubor praci publikovanych (nebo ,in
press®) v poslednich tfech letech pfed podanim pfihlasky do soutézniho kola (obdobi
1.1.2024 - 31.12.2026).

3. Prihlaska do soutéze se podava na pfislusném formulafi, ktery je prfedkladatelim k
dispozici na internetovych strankach spole¢nosti (https://www.gsgm.cz/cena.html).

Spolecné s pfihlaskou musi byt pfedlozeno:

a) Jednostrankova anotace prace

b) Seznam publikaci pfihlaSovanych k ocenéni, véetné IF a AIS v roce vydani
(nebo v roce predchozim, neni-li pro dany rok jesté k dispozici), poctu citaci
(v€etné autocitaci) podle Web of Science, popisu konkrétniho pfispévku
predkladatele na publikovanych védeckych vysledcich a zda byl
korespondujicim autorem.

c) VSechny publikace pfihlasované k ocenéni ve formatu pdf (pokud jejich velikost
pfesahne limit pro odeslani emailem, je nutné tuto skute€nost zminit v textu
emailu a zbylé prace poslat napf. v dal§im emailu).

Soutézici se dale zavazuje, ze v pfipadé vitézstvi napiSe kratky pfispévek formou
literarniho pfehledu tykajiciho se tématu jeho vyzkumu (idedlné se zahrnutim popisu
vlastnich feSenych témat) do Informacnich listl, které vydava Geneticka spole¢nost
Gregora Mendela, z.s. (0 délce prispévku a jeho obsahu je mozné se dohodnout
s hlavnim redaktorem IL).

4. Udéleni ceny neni omezeno zadnymi zvlastnimi kvalifikacnimi pozadavky na
predkladatele (kromé& pozadavkld uvedenych vySe v ramci bodu 2), avSak ocenény
autor nemuze byt vyhlaSen vitézem soutéze opakované. Udéleni ceny zahrnuje kromé
finan€ni odmény i povinnost autora pfednést plenarni prednasku na konferenci GSGM,
ktera se bude konat v kvétnu 2027.


https://www.gsgm.cz/cena.html

Cena GSGM 2024-2026

O udéleni ceny rozhoduje vybor GSGM po zhodnoceni pfihlasek na navrh odborné
posuzovatelské komise, kterou vybor GSGM k tomuto u€elu ad hoc ustavuje. Vybor
spoleCnosti ma pravo v daném kole soutéZe cenu neudélit nebo ji rozdélit mezi dva
vyhodnocené predkladatele.

Prihlasky do soutéze se prijimaji elektronicky do 31. prosince 2026 na adresu
gsgmcena@gmail.com. Na tuto adresu sméfujte i pfipadné dotazy.

Vybor GSGM


mailto:gsgmcena@gmail.com

Zapis ze schuze vyboru GSGM

Zapis ze schlize vyboru Genetické spoleCnosti Gregora
Mendela, z.s., (dale jen GSGM) konané dne 12.2.2025

Pfitomni (prezenéné&): Hola, Knoll, Lizal, Sember, Urban; (online): Cellarova, Pergner,
Prochazkova

Omluveni: Masek, Slaninova, Seda, Sevéovitova, Tomaska

Program zasedani:

1) informace ufedniho charakteru
2) webové stranky spolku

3) Informacni listy GSGM

4) Clenské pfispévky

5) Eduseminar 2025

6) rizné

Schuizi zah3jil predseda spolku dr. Pavel Lizal, ktery pfitomné €leny vyboru pfivital a
informoval je stru¢né o programu zasedani (viz vyse).

ad 1) Dr. Lizal informoval o uzavieni nové najemni smlouvy s Masarykovou univerzitou
o pronajmu ,Spolkovny“ (mistnost a zazemi v budové Kotlarska 267/2, Brno) za
ucelem jejiho uzivani pro administrativni ¢innost GSGM. Smlouva se nijak podstatné
neodliSuje od znéni pavodni smlouvy uzaviené za timto ucelem (rozdil je pouze v tom,
Zze kazdy spolek vyuzivajici tuto mistnost ma v ni pfidéleny urcity pulden), celkova
&astka za pronajem je dokonce o néco niz$i nez v minulych letech. Clenové vyboru se
smlouvou souhlasili.

Dr. Lizal rovnéz informoval o tom, Ze vyroCni finanéni zprava (pfehled o majetku a
zavazvich + prehled o pfijmech a vydajich) za rok 2024 (za Ceskou €ast spolku) byla
hospodafem GSGM za CR, prof. Knollem, pfipravena v pfedepsané podobé a
pozadovanym zpusobem (datovou schrankou, elektronicky podpis predsedy spolku)
byla odeslana do rejstfikové evidence (na Méstsky soud v Brné). Slovenské Casti
spolku se tato povinnost podle informaci od dr. Slaninové netyka.

ad 2) Dr. Sember predlozil ¢lenim vyboru ke zvazeni nabidku Narodni knihovny o
zarazeni celych webovych stranek GSGM (nikoliv jen Informacnich listd) mezi
vybérové Ceské webové zdroje uréené k pravidelné a dlouhodobé archivaci webu s
cilem jejich uchovani pro budouci historické a vyzkumné ucely (realizuje Webarchiv
Narodni knihovny CR). Tato archivace by byla bezplatnd a mohla by byt provedena
bud pod jednou z verzi licence Creative Commons, nebo prostfednictvim smlouvy
uzaviené s Narodni knihovnou. Obsah webu by tak byl nékolikrat rocné archivovan a
zUstal by uchovan v ramci fondu Narodni knihovny CR.

Clenové vyboru o této nabidce dlouze diskutovali, probirali uZitednost takové
archivace, vyhody a nevyhody moznych licenci €i navrZzené smlouvy, potencialni
problémy, s kterymi by to mohlo byt spojeno (mozné zneuZiti obsahu, plna kontrola
nad obsahem), potencialni pfinosy (vzhledem k obsahu webovych stranek a tomu, ze
spravci webu GSGM sami archivuji rizné verze na svych pocitacich, vesmés zadné).
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Zapis ze schlize vyboru GSGM

Nakonec se dohodli, Ze pro ucely Cinnosti GSGM by takova archivace neméla moc
smysl. Dr. Sember v tomto smyslu odpovi Narodni knihovné.

ad 3) Dr. Lizal a dr. Sember informovali o podnétu, ktery pfiSel od jedné slovenské
Clenky GSGM, zaradit do Informacnich listd (IL) GSGM pravidelnou sekci ,Novinky
v genetice” (3-4 kratké zpravy o aktualnich dalezitych objevech v této oblasti). VSichni
konstatovali, Ze je to dobry podnét, ktery zaznél jiz v minulosti. Problémy by mohly byt
dva: 1) interval IL (vychazeji pouze dvakrat ro¢né, takze ,novinky“ by v dobé& vydani
pfislusného Cisla uz nemusely byt skuteCné novinkami; na druhou stranu to by
umoznilo nashromazdit vice novych genetickych zajimavosti), a 2) potfeba Clovéka,
ktery by mél €as priubézné sledovat prevratné genetické objevy (obecnéjsi zdroje typu
Science, Nature apod.) a takovou rubriku pravidelné pfipravovat (dr. Sember uved|, Ze
to nemuze byt hlavni redaktor, ktery ma v souvislosti s pfipravou IL mnoho dalSich
povinnosti). Bylo doporuceno, aby dr. Sember oslovil pfislusnou ¢lenku GSGM, zda
by byla ochotna se tohoto ujmout. Dr. Pergner se rovnéz nabidl, Zze by si pfipadné vzal
(jako €len redakcniho tymu) ¢astecné takovou rubriku IL na starost.

Prof. Cellarova rovné&z navrhla, zda by nebylo vhodné zménit nazev IL, aby vice
vystihoval zaméfeni na genetiku. Doc. Hola oponovala, Ze sou€asny nazev vystihuje
to, k Eemu maji IL primarné slouzit: k informovani ¢lenud GSGM o tom, co se v ramci
spolku déje a k poskytovani informaci o rdznych genetickych akcich (plus dalSich
pfispévkl souvisejicich s probematikou genetiky). Nema se jednat jen o dal§i z mnoha
geneticky zaméfenych odbornych ¢asopisa.

Dr. Sember zaroven konstatoval, Zze jeho vytizenost jinymi pracovnimi povinnostmi
znemoznuje, aby se funkci hlavniho redaktora IL vénoval pIné, a Zze dava funkci
k dispozici. Zajisti jesté nadchazejici Cislo, ale bude potfeba, aby vybor urcil nového
hlavniho redaktora, ktery funkci pfevezme. Dr. Lizal uved|, Ze se zeptd, zda by nebyl
ochoten se k této funkci vratit prof. Smarda. V kazdém pfipadé bude zfejmé& nutné
rozsifit redakeni tym, pfiCemz razni ¢lenové tymu dostanou na starost rizné rubriky, a
zalozit novou emailovou adresu, na kterou bude zasilana komunikace tykajici se IL.

Dr. Sember dale uvedl, Ze z urcitych emailovych adres se mu pfi rozesilani IL ¢lenim
GSGM emaily vraci; jedna se zejména o nékteré adresy slovenskych ¢lenu GSGM.
Bylo by tedy vhodné uvést do aktualniho stavu emailové adresy ¢lenu ve sdilené
databazi (posledni aktualizace probéhla cca pred 4 lety) — obé tajemnice GSGM, dr.
Hola a dr. Slaninova budou povéreny zajisténim této aktualizace.

ad 4) prof. Knoll uvedl, Ze cca 50 % ¢lend GSGM z Ceské strany ma v ramci uhrady
Clenskych pfispévkl nedoplatek alespon za jeden rok (zatim v to nejsou pocitany
pfispévky na rok 2025). 14 z téchto ¢len nema uhrazené pfispévky za vice nez 4
roky, 4 ¢lenové za 3 roky, 15 ¢€lent za 2 roky. Dr. Knoll poSle pfislusSnym ¢lendm
zaCatkem bfezna email s upozornénim o nutnosti Uhrady pfispévku a s zadosti o
informaci, aby v pfipadé, Ze pfisludné osoby nemaiji o Clenstvi v GSGM nadale zajem,
jej o tom informovali. Pro veSkerou komunikaci tykajici se &lenskych pfispévku a
dotazu ze strany ¢leni GSGM ohledné stavu jejich uhrady bude slouzit emailovy ucet
gsgm.cz@gmail.com, ktery prof. Knoll zalozil. Pfitomni ¢lenové vyboru (Lizal, Hola,
Sember, Pergner) zaroven dostali k dispozici seznam téchto neplati¢l a pokusi se tém,
které znaji osobné, povinnost placeni ¢lenskych prispévkl pfipomenout. V pfipadé, ze
ani po tomto upozornéni se platebni moralka pfislusnych &leni GSGM nezlepsi,
nezbude nez pfistoupit v souladu se stanovami k ukonceni jejich Elenstvi.
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Zapis ze schlize vyboru GSGM

Prof. Knoll dale oteviel otazku stavajici vySe Clenskych pfispévkl, ktera je aktualné
podle informaci na webu odlisna pro ¢eské (300 K¢; studenti a dichodci 100 KE&) a
slovenské Cleny (5 EUR, studenti 3 EUR). D. Hola konstatovala, Ze pfi posledni zméné
vySe Clenskych pfispévkul, ktera byla v souladu se stanovami schvalena pfislusnym
Valnym shromazdénim GSGM, doslo ke schvaleni uvedenych Castek v korunach, ale
presto, ze se automaticky predpokladalo, Ze ekvivalentni zvySeni se bude tykat i EUR,
vyslovné se o tom tehdy nejednalo. Zarovefi vSak vzhledem k pfechodu na
elektronickou podobu IL odpadly naklady na tisk a postovné, a slovenska Cast spolku
nehradi naklady za pronajem ,Spolkovny®, tedy ma skuteCné nizSi naklady nez cast
Ceska. Je tedy na zvazeni, zda snizit vysi poplatku pro Ceské Cleny, zvysit poplatek
pro slovenské c¢leny, provést oboje nebo zachovat stavajici nepomér. Zménu
Clenskych pfispévkd musi v kazdém pfipadé odsouhlasit Valné shromazdéni GSGM.
Clenové vyboru se dohodli, Ze poté, co budou dany do poradku nedoplatky v &lenskych
pfispévcich, a bude zfejmé, kolik je na Ceském a slovenském uctu GSGM a na co byly
finance v uplynulém roce vynalozeny (obvykla ucetni uzavérka, zverejniovana v IL) tuto
otazku prodiskutuji znovu a navrhnou nejvhodnéjsi feseni, které pak bude predlozeno
Valnému shromazdéni GSGM.

ad 5) Clenové GSGM dostali od dr. Holé a dr. Slaninové emailem vyzvu k zaslani
navrhi na témata, ktera by mohla byt naplni Eduseminafe 2025; Zadné navrhy
z Clenské zakladny spolku vSak obdrzeny nebyly. Dr. Lizal navrhl jako téma zavérecné
zkousky a zavéreéné prace v dobé Al, téZ v souvislosti se zménou VS zakona v CR,
prof. Cellarova navrhla jesté pfidat jako téma akreditace pro habilitaéni a jmenovaci
Fizeni v oblasti genetiky. Clenové vyboru konstatovali, Ze spojeni t&chto dvou témat by
bylo optimalni naplni pro Eduseminar. Dr. Hola doplnila jako mozné téma v dalSim roce
dopady zmény VS zakona v CR na doktorské studium, pfipadné jako dal$i mozné
téma popularizaci genetiky pro verejnost. Vybor GSGM se k této otazce sejde znovu
pravdépodobné v prvni poloviné bfezna 2025. Konani Eduseminare v Mendelové
muzeu Vv obvyklé dobé by mélo byt mozné.

ad 6) Dr. Hola se dotazala, zda spole¢nost M.G.P. spol., Zlin (jejimz vedoucim je Clen
spolku dr. Karel Zeleny), bude i nadale ochotna hradit jednak pfedplaceni domény, na
které jsou provozovany webové stranky GSGM, a dale zda bude ochotna hradit Cenu
GSGM (v souvislosti s konferenci GSGM, ktera by se méla pravdépodobné
v nasledujicim roce konat. Dr. Lizal obé véci zjisti u dr. Zeleného, resp. jeho
administrativniho personalu. Dr. Sember uved|, ze otevieni Ceny GSGM je nutné
oznamit na zaCatku roku 2026.

Dr. Hola dale informovala o ukonceni Clenstvi jednoho ¢lena GSGM na jeho vlastni
Zadost.

Po vyCerpani programu a vSech diskuznich pfispévkl dr. Lizal schizi vyboru ukon¢il

a podékoval pfitomnym za uclast. PFisti zasedani vyboru se bude konat online
pravdépodobné v prvni poloviné bfezna 2025.

Zapsala: doc. RNDr. Dana Hold, Ph.D. (tajemnice GSGM za CR)

Schvalil: RNDr. Pavel Lizal, Ph.D. (pfedseda GSGM)



Zapis ze schuze vyboru GSGM

Zapis ze schlize vyboru GSGM, z.s., konané online
prostrednictvim MS Teams dne 2.4.2025

PFitomni: Hola, Knoll, Lizal, Pergner, Sember, Slaninova, Sev&ovicova, Urban
Omluveni: Cellarova, Masek, Prochazkova, Seda, Tomaska

Program zasedani:

1) Eduseminar 2025

2) Clenské prispévky

3) Informachni listy GSGM — funkce hlavniho redaktora
4) rizné

Schlizi zah3jil pfedseda spolku dr. Pavel Lizal, ktery pfitomné &leny vyboru pfivital a
informoval je stru¢né o programu zasedani (viz vyse).

ad 1) Dr. Lizal informoval pfitomné ¢Cleny vyboru, ze prof. Tomaska se v letoSnim roce
bohuzel nemlze z kapacitnich divodd vénovat organizaci Eduseminare 2025. Bud
tedy bude nutné najit jiného Clena vyboru, ktery se této organizaci bude ochoten
vénovat, nebo bude nutné pofadani Eduseminare letos vynechat. Dr. Lizal prozatim
prerusil jednani s Mendelovym muzeem o konkrétni dobé konani, protoZe v pfipadé
druhé moznosti bychom muzeu zbyte¢né blokovali ¢as a misto, a v pfipadé prvni
moznosti neni nezbytné nutné seminafr poradat v Brné. Dr. Lizal se ¢lend vyboru
dotazal, co by podle nich bylo nejvhodnégjsi. Dr. Sember navrhl i moznost presunu
Eduseminare na podzim, nicméné vzhledem k velkému mnozstvi povinnosti a celkové
vytizenosti v této dobé to neni upiné optimalni ¢as. Po kratké diskuzi se ¢lenové vyboru
dohodli, Ze vzhledem k tomu, Ze ani ze strany Clenské zakladny GSGM nepfiSly navrhy
témat na Eduseminar, bude lepSi v r. 2025 Eduseminar vynechat.

ad 2) prof. Knoll uvedl, Ze cca 32 &leni GSGM z CR presto, Ze dostali v souladu
s usnesenim z posledniho zasedani vyboru jmenovité email s vyzvou ohledné nutnosti
Uhrady pfispévkl (a konkrétni informaci o tom, za kolik let dluzi pfispévky), na tuto
vyzvu stale nereagovalo. Dr. Slaninova konstatovala, ze na Slovensku je situace
podobna. Dr. Hola uvedla, Ze podle stanov spolku ¢lenovi, ktery po dobu nejméné 2
let neplati Clenské prispévky, byl k jejich doplaceni vyzvan a presto tak neucinil, muze
vybor Elenstvi v GSGM ukongit. Dr. Lizal navrhl, aby pfislusnym ¢lendm (tém, ktefi
neplati 3 a vice let, vCR i SR) byla zaslana je$t& posledni vyzva s jednoznaé&nou
informaci, Ze je nutné, aby chybgjici ¢astky doplatili do konce kvétna 2025 a pokud tak
neucini, bude jiz vybor na svém dalSim zasedani jednat o jejich vylouceni.

Zaroven prof. Knoll pfipomenul navrh z minulého zasedani vyboru na mozné snizeni
vySe Clenskych prispévka.

ad 3) Dr. Lizal zjisStoval, zda by nebyl ochoten se k funkci hlavniho redaktora
Informacnich listd (IL) vratit prof. Smarda, ale odpovéd byla negativni. Uved| dale, Ze
by bylo vhodné, aby se rozsifil redakeni tym, pfiCemz jeden zastupce by byl z CR a
druhy ze SR, dr. Hola doplnila, Ze by bylo dobré mit v ramci CR zastupce z Cech a
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Zapis ze schuze vyboru GSGM

z Moravy, pficemz zastupcem za Moravu by patrné mohl byt Dr. Pergner, ktery se
k tomu minule uvolil. Slovensti ¢lenové vyboru se dohodnou mezi sebou, koho do
redakcniho tymu nominovat jako zastupce SR. Nicméné hlavni redaktor by mél i tak
byt pouze jeden. Dr. Hola navrhla, aby az do konani konference GSGM a s tim spojené
volby nového vyboru GSGM jesté funkci hlavniho redaktora zastaval dr. Sember. Novy
vybor spolku pak rozhodne o celkovém uspofadani redakéniho tymu a osobé hlavniho
redaktora. Dr. Sember potvrdil, Ze je k tomu ochoten, pokud k tomu bude mit pomoc
dalSich €lenu vyboru. V r. 2025 vyjde ale pouze jedno Cislo IL, i s ohledem na to, Ze
odpadne Eduseminaf. Méla by v ném byt uvedena informace o konani konference, a
o vyhlaseni Ceny GSGM. Dr. Lizal navrhl, aby pfi volbach do vyboru byla rovnou
Clenské zakladé adresovana vyzva ke kandidatufe na redaktora IL.

ad 4) Dr. Hola uvedla, Zze vr. 2026 by se pravdépodobné meéla konat konference
GSGM, tentokrat v Praze (nebo okoli). Bude nutné jmenovat organizacni vybor a zacit
konferenci pfipravovat. Zeptala se rovnéz dr. Lizala, zda je jiz jisté, Ze spoleCnost
M.G.P. spol., Zlin bude ochotna sponzorovat Cenu GSGM. Dr. Lizal uved|, Zze zatim
v tomto sméru informaci neobdrzel, pokusi se zjistit. Clenové vyboru GSGM z Cech
(Hola, Sember, Seda + Masek jako revizor G&td) pfipravi navrh organizaéniho vyboru
konference a predloZzi jej na pfFistim zasedani vyboru GSGM. Za¢nou zaroven zjistovat
mozna mista a terminy konani. Neni vhodné, aby se konference konala v dobé
semestru. Pokud by se konference konala na pfelomu srpna a zafi, je nutné termin
jejiho konani stanovit co nejdfive. Prof. Knol pfipomnél, Ze obcerstveni neni mozné
hradit z u¢tu GSGM, pronajem stojanl nebo jiné vyslovené ,konferenéni“ véci ale ano.

Po vyCerpani programu a vSech diskuznich pfispévkl dr. Lizal schizi vyboru ukon¢il
a podékoval pfitomnym za ucast.

Zapsala: RNDr. Dana Hola, Ph.D.

Schvalil: RNDr. Pavel Lizal, Ph.D.



Vyuétovani hospodareni GSGM — CR, 2024

Vyuctovani hospodareni GSGM, z.s., od 1.1.2024 do
31.12.2024 za CR

Zistatek k 31.12.2023 34483,65 Ké
z toho na uctu KB 33077,65
v pokladné 1406,00
Pfrijmy v obdobi 7550,00 Ké
1. Clenské pFispévky (7550 KE):
z toho placené na ucet KB 7550,-
placené hotové 0,-
Vydaje v obdobi 6088,50 K¢
1. poplatky bance za vedeni uctu a polozky 1188,-
2. faktura za pronajem mistnosti (spolkovny) 4900,50
Zustatek k 31.12.2024 35945,15 Ké
z toho na uctu KB 34539,15
v pokladné 1406,00

Zpracoval hospodar:
dne 3.2. 2025

prof. RNDr. Ales Knoll, Ph.D.

Kontroloval revizor uctu, doklady a vypisy banky predlozeny:

dne
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RNDr. Tomas Masek, Ph.D.



Vyuétovani hospodafeni GSGM, CR, 2025

Vyuctovani hospodareni GSGM, z.s., od 1.1.2025 do

31.12.2025 za CR

Zistatek k 31.12.2024 35945,15 Ké
z toho na uctu KB 34539,15
v pokladné 1406,00
Pfrijmy v obdobi 21800,00 K¢
1. Clenské pFispévky (21800 K&):
z toho placené na ucet KB 21800,-
placené hotové 0,-
Vydaje v obdobi 5786,00 K¢
1. poplatky bance za vedeni uctu a polozky 1188,-
2. faktura za pronajem mistnosti (spolkovny) 4598,00
Zustatek k 31.12.2025 51959,15 K¢é
z toho na uctu KB 50553,15
v pokladné 1406,00

Zpracoval hospodar:
dne 6.2. 2026

prof. RNDr. Ale$ Knoll, Ph.D.

Kontroloval revizor uctu, doklady a vypisy banky predlozeny:

dne
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RNDr. Tomas Masek, Ph.D.



Vyuctovani hospodareni GSGM, SR, 2024-2025

Vyuctovanie hospodarenia GSGM, z.s., od 1.1.2025 do
31.12.2025 za CR

Zostatok k 31. 12. 2023 1161,86 EUR
A. na ucdte Tatra banka 466.97 EUR
B. v hotovosti 694, 89 EUR

Prijmy a vydavky v roku 2024-25

A.

Prijmy z ¢lenskych poplatkov k 31.12. 2025 68,00 EUR

Poplatky banke za vedenie uctu dokl. €. 1. 155,7 EUR

B.

Prijmy z ¢lenskych poplatkov k 31.12. 2025 0,00 EUR

Vydavky 0,00 EUR

Zostatok k 31. 12. 2025 1 074.16 EUR
A. na ucte Tatra banka 379,27 EUR
B. v hotovosti 694, 89 EUR

Spracovala: dne 24.4. 2026 doc. Mgr. Miroslava Slaninova, Ph.D.
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Vzpominka na prof. Ing. Antonina Stratila, DrSc. (1941-2025)

V prosinci lofiského roku nas opustil prof. Ing. Antonin Stratil, DrSc., vyznamny ¢esky
védec, molekularni genetik a dlouholety pracovnik Ustavu Zivogisné fyziologie a
genetiky AV CR v Lib&chové. Po fadu let byl &lenem Genetické spoleénosti Gregora
Mendela, patfil k prakopnikim vyuziti molekularni genetiky ve vyzkumu
hospodafskych zvifat a k nejvyznamné&j§im osobnostem tohoto oboru v Ceské
republice.

Prof. Stratil se narodil 11. €ervna 1941. Po absolvovani Vysoké Skoly zemédélské v
Brné nastoupil v roce 1964 do vyzkumného ustavu v Libéchové, s nimz spojil celou
svou profesni drahu a kde puUsobil také jako zastupce feditele. V roce 2006 byl na
navrh védecké rady Ceské zemé&délské univerzity v Praze jmenovan profesorem.

Patfil ke generaci védcu, ktefi se aktivné podileli na pfechodu od klasické biochemické
genetiky k nastupujicim molekularnim a genomickym pfistupim, které urcuji dnesni
podobu oboru. Jeho rany vyzkum proteinovych polymorfismu pfispél k zavedeni metod
ovéfovani plvodu hospodarskych zvifat do praxe. Pozdéji se vénoval analyze
kandidatnich genl, genové exprese a oblasti genomu ovliviujicich rist svaloviny a
kvalitu masa u prasat.

Prof. Stratil stal u zrodu Laboratofe genomiky zivocicha v Libéchové, kterou po fadu
let vedl a ktera se pod jeho vedenim stala respektovanym pracovistém v oboru, na néz
se obracela fada domacich i zahrani¢nich spolupracovniki. Své odborné pusobeni
dale rozvijel jako Clen Laboratofe molekularni ekologie, kde navazal na svuj
dlouhodoby vyzkum v oblasti molekularni genetiky. Po celou svou profesni drahu kladl
mimoradny dlraz na peclivou experimentalni praci, kterou povazoval za zaklad
védeckého poznani a jiz se osobné vénoval po cely svuj védecky zivot.

Vyznamnou soucasti profesniho Zivota prof. Stratila byla pedagogicka ¢innost. Po fadu
let pfednasel na Ceské zemédélské univerzité v Praze, kde zajistoval vyuku pfedmétu
Molekularni genetika zvifat a vedl| fadu doktorandl. Mnozi z jeho byvalych studentu
dnes pUsobi jako odborni pracovnici v akademické nebo aplikované sféfe, na coz byl
pravem hrdy.

Bé&hem své kariéry publikoval fadu odbornych &lanku v mezinarodnich védeckych
Casopisech. Podilel se také na tvorbé vysokoskolskych u€ebnic a vyukovych materiald,
které ovlivnily vyuku oboru v Ceské republice. Aktivné se podilel na Feeni fady
grantovych projekt, Casto jako hlavni feSitel, a rozvijel mezinarodni spolupraci,
zejména s pracovisti v Némecku a Belgii.

Vedle vlastni védecké prace se vyrazné angazoval i v praci pro odbornou komunitu.
Pasobil v Fadé védeckych a oborovych rad, panell grantovych agentur a habilitacnich
komisi, byl lenem Akreditaéni komise Ceské republiky a podilel se na &innosti
védeckych spolecnosti. Vedle Clenstvi v Genetické spole¢nosti Gregora Mendela byl
napfiklad ¢lenem vykonného vyboru International Society for Animal Genetics.

Dlouhodobé se podilel na redakeni praci v odbornych casopisech, zejmena v Czech
Journal of Animal Science, vydavaném Ceskou akademii zemé&délskych véd, kde od
roku 2007 zastaval funkci koeditora v oblasti molekularni genetiky zvirat.
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Za svou praci ziskal fadu ocenéni, mimo jiné Narodni cenu za vyzkum polymorfnich
bilkovin hospodarskych zvirat, medaili G. J. Mendela za zasluhy v biologickych védach
a Cestné Clenstvi v Ceské akademii zemédélskych véd.

Ti, ktefi méli moznost s prof. Stratilem pracovat, na néj vzpominaji nejen jako na
vynikajiciho odbornika, ale také jako na Clovéka s pevnymi zasadami, pfirozenou
skromnosti a velkym smyslem pro odpovédnost. Ustav v Lib&chové si bude prof.
Stratila pfipominat jako vyjimecného védce a pedagoga i jako kolegu, ktery byl s
instituci uzce spjat. Se svou manzelkou Ing. Anezkou Stratilovou, ktera zde fadu let
vedla ekonomické oddéleni, si byli po cely Zivot vzajemnou oporou.

Odchodem prof. Stratila ztraci védecka komunita vyraznou osobnost a vyjime¢ného
odbornika na genetiku hospodarskych zvirat, védce télem i dusi. Jeho odkaz pretrvava
nejen v jeho védeckém dile, ale pfedevsim v praci jeho studentu a kolegu, které b&éhem
sve kariéry inspiroval.

Prof. Antonin Stratil se svou manzelkou Anezkou.

Pfipravil:

RNDr. Petr Kotlik, Ph.D.

Laboratof molekularni ekologie

Ustav Zivogisné fyziologie a genetiky AV CR, Lib&chov
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Functional Nucleic Acids — A short story about long molecules

Martin Volek!?

TUstav organické chemie a biochemie, AV CR, v.v.i., Flemingovo namésti 542/2,
Praha 6, 160 00, 2Universitat Wirzburg, Institute fir Organische Chemie, Am
Hubland, Wurzburg, 970 74

We can envision DNA as one of the oldest relics of prehistoric life on our planet. This
is molecule that is much older than dinosaurs or even eukaryotic cells, which is beyond
my imagination. However, it is still here and is still working. This is fascinating! If DNA
can do the things it does with its relative chemical simplicity compared to proteins, this
suggests that perhaps we do not fully understand its functional limits, and we might
even be able to find new applications for DNA molecules that at first glance seem
impossible. To say this in another way, we should never underestimate DNA.

Once upon a time a Swiss doctor lived in a castle in Thubingen.

Once upon a time a Swiss doctor lived in a castle in Thubingen (Fig. 1a, b). This was
not exactly once upon a time, but instead the 19th century and the year 1869. This
doctor was named Friedrich Miescher (Fig. 1¢) and he was analysing a white
substance isolated from leucocytes (Miescher 1871). Because this substance was
isolated using a protocol that contained a protease digestion step, it could not be
protein. Since Miescher isolated this substance from the cell's nuclei, he named it
nuclein, and this name is preserved in today's designation deoxyribonucleic acid.

Friedrich Miescher was a rigorous scientist, and he was careful with his
extraction protocol and controls during DNA isolation. He checked his starting
extraction material (pus from fresh surgical bandages) for any signs of decomposition
with a microscope. After nuclei isolation, he stained the samples with iodine solutions
to confirm cytoplasm removal. Through elementary composition analysis, he was able
to determine that nuclein contained high amounts of phosphorus and that this
phosphorus was present in organic bonds rather than in an inorganic state. Based on
these observations as well as the behaviour of nuclein during the isolation procedure
(it precipitated at acidic pH, could be redissolved by adding base, and did not coagulate
when boiled), Miescher was convinced that nuclein was different from all known types
of protein and other organic molecules (Dahm 2005, 2008).

Miescher was also able to isolate nuclein from various tissues such as liver,
testes, and kidney, from yeast cells, and from the sperm of salmon (Fig. 1d), carp,
frogs, chicken and bulls. Isolation of large quantities of nuclein from salmon sperm
provided an important clue about nuclein function, and Miescher wrote: "If one [...]
wants to assume that a single substance is the specific cause of fertilization, than one
should undoubtedly first and foremost consider nuclein. (Miescher 1874)" Although this
claim captured the situation with astonishing accuracy, Miescher never concluded that
nuclein is the carrier of hereditary information. Moreover, Miescher wrongly determined
an atomic weight of 500-600 for nuclein and proposed several incorrect atomic
formulas for nuclein. Miescher's view of nuclein was more as a chemical substance
that occurs in the nucleus and provides the correct chemical environment for
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fertilization than as a molecule that encodes hereditary information, in part because he
thought it unlikely that the same substance could result in the diversity of different
animal species (Dahm 2005, 2008).

However, Miescher aim was not to discover the molecular basis of hereditary
information. His question was, what is the chemical basis of life? And in this aim
Friedrich Miescher succeeded.

Figure 1. The discovery of DNA. (A) Historic photograph of Tiibingen castle. The picture was taken
around the time when Friedrich Miescher stayed in TUbingen. This photograph was taken by Paul
Sinner and is in the Stadtarchiv Tibingen. (B) The laboratory where Miescher discovered DNA. This
photograph was taken by Paul Sinner and is in the Stadtarchiv TUbingen. (C) Photograph of young
Johann Friedrich Miescher. (D) Glass vial containing nuclein from salmon sperm isolated during
Miescher's stay at the University of Basel. This photograph was taken by Alfons Renz and is in the
University of Tlbingen. Adapted from Dahm 2005 and 2008.

Dead mouse, good mouse

Although shortly after its discovery DNA was considered wrongly as a phosphate
storage molecule, its possible role in fertilization and in the storage of genetic
information was correctly suggested soon afterwards. However, it took decades to
finally prove that DNA rather than protein is the carrier of genetic information.

The first successful work in this area was Griffith's experiment in 1928 (Giriffith
1928). In this experiment Griffith was working with two strains of Diplococcus
peneumoniae. The IlI-S strain is virulent and kills infected mice, while the |I-R strain is
non-virulent and does not kill infected mice. When Giriffith inactivated the IlI-S strain by
heating and mixed this with the II-R strain, the mixture killed infected mice, but these
two components did not kill mice by themselves. Based on this observation, Frederick
Griffith postulated a "transforming principle" by which the non-virulent II-R strain was
converted into the lethal 1lI-S strain.

The mechanism of the "transforming principle" was explained 16 years later by
Oswald Avery, Colin MacLeod, and Maclyn McCarty (Fig. 2c-e) in the famous Avery-
MacLeod-McCarty experiment (Fig. 2a) (Avery, MacLeod, and McCarty 1944). This
was done using the same bacterial strains that were used by Giriffith, but instead of just
mixing the inactivated type IlI-S strain with the active type II-R strain, they isolated DNA
from the inactivated type III-S strain (Fig. 2b) (Witkin 2005). They then mixed this DNA
from the type IlI-S strain with the non-lethal type II-R strain bacteria, and they have
observed transformation into the lethal strain, just like they would be using the crude
inactivated bacteria. They observed same results even after they have treated the DNA
sample with the proteases or ribonucleases, however when the DNA was treated with
deoxyribonuclease, the transforming effect was lost. Despite the fact that proper
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controls were done, many scientists were still unwilling to accept that DNA, not protein,
is the carrier of genetic information.

Al Typell-R Type lll-S DNA from DNA from Type 11l
(nonvirulent) ( virulent) Typelll-S [-Sand Typell-R
W
e %00
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. .
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Figure 2. DNA is the carrier of genetic information. (A) Schematic representation of the Avery-
MacLoad-McCarty experiment with Type II-R and Type IlI-S Streptococcus pneumoniae bacteria. (B)
Photograph of precipitated DNA from solutions of cell components. (C) Photograph of Oswald Avery.
(D) Photograph of Colin MacLeod from around 1940. (E) Photograph of Maclyn McCarty. (F)
Schematic representation of the Hershey-Chase experiment with T2 bacteriophages and selectively
labeled proteins or DNA. (G) Photograph of Marta Chase (left) and Alfred Hershey (right).

This scepticism continued until 1952 when Alfred Hershey and Martha Chase
(Fig. 2g) helped to confirm that DNA is the genetic material (Fig. 2h) (Hershey and
Chase 1952). They used T2 bacteriophages for their experiments and isotopically
labeled bacteriophage DNA with radioactive 3?P and bacteriophage protein with
radioactive 35S. They then mixed both types of labeled T2 bacteriophages (one labelled
with 32P, another with 35S) with unlabeled bacteria. Phage coats should remain on the
outside of the bacteria, while the genetic material should enter the bacterial cells. After
infection, bacterial cells where washed, centrifuged and lysed. Hershey and Chase
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were able to detect the signal only from 32P labelled T2 bacteriophages, indicating that
only the labeled DNA had entered the bacterial cells. This in turn provided additional
evidence that DNA is the genetic material

DNA from different organisms always contains the same amount of adenine and
thymine as well as the same amount of guanine and cytosine. Great job
gentlemen! We are done.

From the perspective of hindsight, things appear obvious and simple, and we wonder
why some discoveries were not made earlier. One such example concerns Erwin
Chargaff (Fig. 3b), the excellent biochemist who discovered Chargaff's rules. These
rules state that the amount of guanine in the DNA of an organism should be equal to
the amount of cytosine and the amount of adenine should be equal to the amount of
thymine (Fig. 3c). This rule is valid for DNA from any organism. If we think about these
rules nowadays, we immediately envision the DNA double helix and wonder why
Chargaff did not propose such a model.

To put Chargaff's discoveries into context, we must go back to Friedrich
Miescher. His discovery of nuclein caused some interest in the scientific community
and there were even attempts to link nuclein with the transfer of hereditary information.
However, interest in this idea gradually diminished due to the so-called tetranucleotide
hypothesis developed by Phoebus Levene and Hermann Steudel (Fig. 3a) (Levene
1909). This hypothesis assumed that DNA was composed of repeating tetranucleotide
building blocks of the same sequence, each of which contained guanine, cytosine,
adenine, and thymine. This implied that the four bases would always be present in
equimolar proportions and the DNA from any organism would always contain the same
amount of each of the bases. Moreover, accordingly to this hypothesis, DNA is a
polymer composed of just one type of monomeric unit, and therefore not well suited for
the encoding and storage of genetic information. From these reasons, many scientists
started to focus on proteins, which are composed of more than 20 different amino acids
and appeared to be more suitable for encoding complex information.

Erwin Chargaff's initial results were in agreement with this hypothesis. He and
his co-workers determined that DNA contained as many purine (A, G) as pyrimidine
bases (C, T) and that the molar ratios of the bases A/T and G/C were very close to one
(Erwin. Chargaff et al.1949). However, they also discovered that the ratios of A/C, A/G,
T/C and T/G could deviate significantly from each other. Moreover, the relative
proportion of bases in DNA was same in individuals of a single species, but differed in
different species (Chargaff 1951). These findings finally proved that the tetranucleotide
hypothesis was not correct, and they also suggested that DNA might be able to encode
complex information. The work of Erwin Chargaff therefore provided valuable and
correct information about DNA’s chemical composition and helped other scientists to
solve the structure of DNA.
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Figure 3. Chargaff's rules. (A) Repeating tetranucleotide unit as described in the tetranucleotide
hypothesis postulated by Phoebus Levene. (B) Photograph of Erwin Chargaff. (C) Schematic
representation of simplified Chargaff's rules.

Can you please draw something for me, darling? Tomorrow James and | are
sending our paper to Nature.

This was probably not what Francis Crick said to his wife Odile Crick before she
drew the model of double helical structure of DNA. This drawing was published in
Nature in April 1953 and became a symbol of molecular biology (Fig. 4b) (Watson and
Crick 1953b).

The discovery of the double helical model of DNA came at the right time and
individual pieces of previously known information came together perfectly. When
James Watson and Francis Crick (Fig. 4a) started working on the structure of DNA,
there was strong evidence that DNA stores genetic information. The work of Erwin
Chargaff showed that the DNA of organisms contains equal numbers of A/T and G/C
bases, but the breakthrough came from X-ray crystallographers who were studying
organic macromolecules. Thanks to the excellent X-ray photographs of DNA obtained
by Rosalind Franklin (Fig. 4c,d) (Franklin and Gosling 1953), Watson and Crick were
able to develop a model of the DNA double helix that rationalized Chargaff's rules.
Watson and Crick recognized the biological implications of their structure. They also
correctly predicted how DNA can function and suggested a semi-conservative
mechanism of DNA replication (Watson and Crick 1953a).

However, many ethical controversies are also associated with this discovery.
Rosalind Franklin did not give permission to Watson and Crick to use her X-ray
photographs of DNA, but it is not clear if she would have solved the structure of DNA
by herself. Moreover, she was not awarded the Nobel Prize in 1962 along with Watson,
Crick and Wilkins. Rosalind Franklin died in 1958, but the stipulation against
posthumous awards was not instated until 1974. Something more positive is that her
name is now mentioned more often together with Watson and Crick and the importance
of her contribution in solving the structure of DNA is appreciated.
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Clanek

Figure 4. Molecular structure of DNA. (A) Historic photograph of James Watson (left) and Francis
Crick (right) with their DNA model at the Cavendish Laboratories in 1953. This photograph was taken
by A. Barrington Brown. (B) Schematic drawing of a DNA double helix drawn by Odine Crick. The
two ribbons represent the sugar-phosphate backbones of the two DNA chains, and the horizontal
rods represent base pairs that hold the chains together. The vertical line marks the fibre axis. (C)
Franklin's X-ray diagram of the B form of sodium thymonucleate (DNA) fibres. (D) Historic photograph
of Rosalind Elsie Franklin in Paris in 1949. This photograph was taken by Vittorio Luzzati. Source:
Wikipedia Commons. Adapted from Watson and Crick 1953 and Franklin and Gosling 1953.

Have you had a drink Matthew? How many lines do you see?

After Watson and Crick solved the double helical structure of DNA, they wrote in their
second Nature paper of 1953 "The double helix of antiparallel strands is, in effect a
pair of templates, each of which is complementary to the other. We imagine that prior
to duplication the hydrogen bonds are broken down and the two chains unwind and
separate. Each chain then acts as a template from the formation onto itself of a new
companion chain so that eventually we shall have two pairs of chains, where we only
had one before. (Watson and Crick 1953a)" This hypothesis suggested a semi-
conservative mechanism of DNA replication. However, it needed to be confirmed, and
this was done by Matthew Meselson and Franklin Stahl in 1958 (Meselson and Stahl
1958) in an experiment which is sometimes called the most beautiful experiment in
biology.

If E. coli cells are grown only in ®N medium, their DNA become heavier than
DNA of E. coli cells which are grown in normal '*N medium. This simple observation,
in combination with a method to separate heavy and light DNA strands by
centrifugation in a CsCl density gradient, revealed the answer to this important
biological question.

E. coli cells were first grown in "®N medium. They were then collected and put
into "N medium. Cells divisions were monitored by microscopic cell counting. After
one cell division, the DNA appeared in only one band in the CsCl gradient, which
indicated an intermediate density and ruled out a conservative replication mechanism
in which the entire DNA double helix served as a template for synthesis of completely
new DNA double helix. Such a model would instead predict that two bands should
appear in the CsClI gradient after one cell division (one daughter DNA molecule would
contain only "old" "N DNA and the other would only contain "new" “N DNA).

Another model of DNA replication is called the dispersive hypothesis. This was
postulated by Max Delbrtick (Delbrick 1954). In this model, breaks in the DNA occur
every 10 nucleotides during DNA replication. At each break, a new DNA strand is
synthetized and attached to the end of the old strand. Such a mechanism of replication
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would result in a patchwork double helix in which new DNA is mixed with old DNA
every 10 nucleotides. If breaks are completely random, DNA would appear only in one
band in the CsCl gradient after one round of DNA replication because each daughter
DNA molecule will contain 50% old >N DNA and 50% new '*N DNA. This would be
consistent with the results of Meselson and Stahl, but after two cycles of replication,
only one band should still be observed, because each daughter DNA molecule will
contain 25% old >N DNA and 75% new “N DNA.

However, Meselson and Stahl instead observed two distinct bands of
approximately the same intensity after two cycles of replication (Fig. 5b). This is
instead consistent with the semi-conservative model of replication postulated by
Watson and Crick (Watson and Crick 1953a) (two daughter DNA molecules will contain
50% old >N DNA and 50% new '“N DNA while the other two daughter DNA molecules
will contain only '*N DNA (Fig. 5a).

daughter "N
molecules

Original ;
parent 15N [—|15N
molecule E—
First — —
generation — E
daughter 15N |— —("™N
molecules — —
Second g E E
generation — — —

TN

Figure 5. The Meselson-Stahl experiment. (A) lllustration of the semi-conservative mechanism of
DNA replication proposed by Watson and Crick. (B) Left: The resolution of “N DNA from SN DNA
by density-gradient centrifugation. The photograph was taken after 24 hours of centrifugation at
44,770 RPM. Right: A microdensitometer tracing showing the DNA distribution after two generations
of E. coli cells replication. Adapted from Meselson and Stahl 1958 (Meselson and Stahl 1958). (C)
Historic photograph of Frank Stahl (left) and Matt Meselson (right).

Ribozyme? That is a good joke, Dr. Cech.

The work of Thomas Cech can be taken as an excellent example of serendipity in
science. When Cech started his own research group he was studying a different topic.
He did not believe initial results showing catalytic activity of RNA, and was so
determined to find the source of contamination in these reactions that he even
mentioned this in his Nobel lecture (Cech 1990). But after accepting this discovery, he
and his research team were able to identify and describe the mechanism of Group |
self-splicing introns. Moreover, he was able to persuade the scientific community that
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his results were correct, even though the existing dogma was that all enzymes are
proteins.

When Thomas Cech (Fig. 6a) was setting up his own research group in Boulder
in 1978, he wanted to be better understand gene expression. He therefore turned his
attention to the rDNA (gene for the large ribosomal RNAs) of the protozoan
Tetrahymena. The genes encoding rRNA in Tetrahymena are located on small DNA
molecules in the nucleoli, and they are transcribed at exceptionally high levels (Yao,
Kimmel, and Gorovsky 1974). The plan was to isolate this gene along with its
associated structural proteins as well as proteins that regulated its transcription.

The presence of an intervening sequence (IVS), or intron, which interrupted the
rRNA-coding sequences of the rDNA in some strains of Tetrahymena (Wild and Gall
1979) was not interesting to Cech at that time. However, when they were trying to
prepare the rRNA in a crude cell-free system and separated the products of this in vitro
transcription by gel electrophoresis, Cech and co-workers observed a discrete low
molecular weight product (Fig. 6b, marked 0.4kb). Further analysis revealed that this
small RNA product corresponded to the intervening sequence (Zaug and Cech 1980;
Carin et al. 1980). This was an exciting result, because each Tetrahymena cell
contained thousands of rDNA genes, and each produced unspliced pre-rRNA. Cech
therefore reasoned that the nuclei might contain a high concentration of the splicing
enzyme, and he wanted to isolate it.

However, isolation of this splicing enzyme never happened, because after
purification of unspliced pre-rRNA and incubation of this pre-rRNA in a solution
containing salts and nucleotides, the same small RNA product corresponding to the
IVS was observed on the gel. As Cech mentioned in his Nobel lecture, he said to his
co-worker: "Well, Art, this looks very encouraging, except you must have made some
mistake making up the control sample." However, several careful repetitions of the
experiment confirmed that the release of the IVS occurred independently of the
addition of any enzyme. Further analysis of the minimum components necessary for
the release of the IVS revealed that GTP was required at micromolar concentrations.
This GTP molecule was transferred to the 5' end of the spliced IVS and formed a
normal 3'-5' phosphodiester bond. Addition of GTP was stoichiometric and the
triphosphate was unnecessary, as GMP and even guanosine could be used in place
of GTP. These findings led to the discovery of the self-splicing mechanism of Group 1
introns. Addition of guanosine to the 5' splice site occurs through a transesterification
reaction. This frees the 5' exon and creates a new 3' hydroxyl group at its 3' end. A
second transesterification reaction then occurs and the 3' hydroxyl group at the 3' end
of the 5' exon attacks a phosphodiester bond at the 3' splice site. Thus two exons are
joined together in a reaction catalyzed entirely by RNA (Fig. 6c) (Cech, Zaug, and
Grabowski 1981).

Even after all this work, Cech was not fully convinced that splicing of the IVS
occurs without the help of protein. He speculated that splicing might be catalysed by a
protein tightly bound (or even covalently bonded) to the pre-rRNA isolated from
Tetrahymena nuclei. The best way to rule out this possibility was to synthesize the
RNA in as artificial manner as possible. For this reason, a bacterial plasmid encoding
the IVS with the flanking rRNA sequences was prepared. The plasmid was grown in
E. coli and the RNA was transcribed by E. coli RNA polymerase under conditions that
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were inhibitory for splicing. RNA was then purified by gel electrophoresis and upon
addition of GTP, MgCl2 and salt, the IVS was released, providing proof that the self-
splicing RNA was not dependent on any protein from Tetrahymena or any protein in
general (Kruger et al. 1982).

As Thomas Cech wrote, the term ribozyme was coined as follows. "We held a
relatively subdued celebration in the lab. Between sips of champagne, we compiled a
list of possible general names for RNA molecules able to lower the activation energy
for specific biochemical reactions. It was then that we coined the term ribozyme, for a
ribonucleic acid with enzyme-like properties. (Cech 1990)"
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Figure 6. The discovery of catalytic RNA. (A) Historic photograph of Thomas Cech. (B) In vitro
transcription and splicing of pre-rRNA in isolated Tetrahymena termophila nuclei. (Lanes 1-4) RNA
produced by incubation of nuclei at 30 °C for times from 5 to 60 minutes. The 0.4 kb product is the
spliced IVS RNA. (Lanes 5 and 6) Molecular standards. (C) Self-splicing of the Group | intron from
the pre-rRNA catalysed by by two consecutive transesterification reactions. Adapted from Zaug and
Cech 1980.

A nucleic acid chemist, a mass-spectrometer manufacturer, and a rocket
engineer meet in bar...

This sounds like the beginning of a bad joke, but it is in fact a description of three teams
that worked together to provide new information about the possible origin of life on our
planet.

In 2014, the European satellite Philae landed on the surface of comet
67P/Churyumov-Gerasimenko. The Philae satellite was equipped with a mass
spectrometer and was able to send to Earth data about the chemical composition of
our solar system 4.6 billion years ago (Leseigneur et al. 2022). Knowledge of this
chemical composition provided valuable information about whether it is possible to
synthesize the basic building blocks of life from these chemical substances and gave
scientists new clues to evaluate the possibility of the RNA world hypothesis.

The RNA world hypothesis was first described by Walter Gilbert (Gilbert 1986)
and it was inspired by Cech and Altman's discoveries of catalytic RNA function. Gilbert
hypothesized that a primordial ribozyme encoded genotype and phenotype in a single
molecule. Moreover, excision and reverse insertion reactions catalyzed by self-splicing
introns enable genetic recombination, which is a much more powerful technique for
information exchange than random mutagenesis and makes it possible for a useful
exon to move from one replicating structure to another.
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According to Gilbert, the first stage of evolution consisted of RNA molecules that
could assemble themselves from a nucleotide mixture. In the next stage, RNA
molecules started to use RNA cofactors such as nicotinamide adenine dinucleotide
and flavin mononucleotide, and they began to develop new enzymatic activities. RNA
molecules then started to use activated amino acids and short peptides as cofactors,
and in this way the first proteins were formed. Gilbert suggested that modern protein
enzymes do not catalyse different enzymatic reactions than primordial RNA molecules,
but because they are better catalysts, they now dominate modern biology.

At some point DNA appeared on the scene. It replaced RNA as the main storage
molecule for genetic information because it is more stable. At this point RNA no longer
played the central role it once had. It was displaced from its catalytic role by more
effective protein enzymes and from its role as a storage molecule by more stable DNA.
The role of RNA then became a messenger between DNA and proteins. However, it is
possible that we still observe some remnants of the RNA world in the core of
ribosomes, in self-splicing introns, in the spliceosome, and in various RNA
modifications and nucleotide cofactors (Fig. 7).

The RNA World The RNA-protein World
Translation .
Informallonal RNA Functlonal RNA Informatlonal RNA Functlonal RNA  Functional protein

)

Deoxyribonucleic acidmy

Modern molecular biology
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Figure 7. Model of RNA world hypothesis. Adapted from Goldman, Samudrala and Baross 2010.

Regarding the RNA world hypothesis, it is also worth mentioning the work of
Professor Phil Holliger from Cambridge University. He and his team isolated by in vitro
selection a polymerase ribozyme, which was efficient enough to transcribe another
active ribozyme (Wochner et al. 2011). The emergence of such a ribozyme would have
been a critical event in the origin of life, because such polymerase ribozyme could then
replicate not only itself, but also a primordial RNA "genome". A polymerase previously
developed in the Bartel group (Lawrence and Bartel 2005) was used as a starting point
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for these efforts, which was in turn based on a ligase ribozyme that was originally
developed by David Bartel in the Szostak group (Bartel and Szostak 1993).

Although the RNA world hypothesis was accepted by some scientists, others
have proposed an alternative theory called the "peptide-RNA world". In this theory,
simple peptides and RNA molecules co-evolved from the very beginning. Interesting
results supporting this hypothesis were obtained by Professor Thomas Carell and his
team from Ludwig Maximilians University from Minchen. They recently demonstrated
that RNA, together with the help of non-canonical nucleosides which are today found
in transfer and ribosomal RNAs and which are considered to be the relics of the RNA
world, was able to generate RNA-peptide chimeras. These molecules raise the
possibility of an RNA-peptide world from which ribosomal peptide synthesis could have
emerged (Muller et al. 2022; Singer et al. 2023). Moreover, if peptides grow on RNA
molecules constructed from D-ribose, this will lead to the self-selection of homo-L-
peptides. These results provided a possible explanation for the homo-D-ribose and
homo-L-amino acid combination seen in nature and hypothetically explained why the
world in which we live is homochiral (Wegrzyn et al. 2024).

Thomas Carell and his team also used data from the satellite Philae about the
chemical composition of comet 67P/Churyumov-Gerasimenko. They demonstrated
that it is possible to form the purine and pyrimidine nucleosides from organic
compounds present on this comet under prebiotically reasonable conditions. These
data suggest that prebiotically plausible chemical pathways may have created the key
molecules of life on the early Earth (Feldmann et al. 2023).

Give me more, give me more, give me one more round.

It often happens that discoveries are made at different places at roughly the same time.
This can happen when knowledge in a specific field has reached the point at which the
next step is logical and easily deducible.

This happened in year 1990 when three different research groups reported the
discovery of functional RNA motifs using the process of artificial evolution. This
technique is also referred to as directed evolution, in vitro selection, and SELEX
(systematic evolution of ligands by exponential enrichment). This was possible
because all the steps needed to perform artificial evolution in the lab had been worked
out. During the 1980s, Thomas Cech and Sidney Altman discovered the catalytic
activity of RNA (Cech 1990; Altman 1990). In 1970, Howard Temin and David
Baltimore discovered the reverse transcriptase polymerase from retroviruses
(Baltimore 1970; Temin and Mizutani 1970). Efficient solid-phase synthesis of synthetic
DNA was described by Serge Beaucege and Marv Caruthers in 1981 (Beaucage and
Caruthers 1981). In 1986 Kary Mullis developed a way to amplify DNA called the
polymerase chain reaction (PCR) (Mullis et al. 1986) and the production of large
amounts of RNA using a synthetic DNA template was possible thanks to the
recombinant T7 RNA polymerase, described by John Miligan in 1987 (Milligan et al.
1987).

The first of these three initial papers was published by Debra Robertson and
Gerald Joyce (Fig. 8a) in March of 1990 (Robertson and Joyce 1990). They used in
vitro selection to change the substrate specificity of the self-splicing intron | from
Tetrahymena described by Thomas Cech and his team (Zaug and Cech 1980). After

25



two rounds of in vitro selection, ribozymes were identified that preferentially cleaved a
single-stranded DNA compared to the initial ribozyme, which cleaved RNA.

The second paper was published by Craig Tuerk and Larry Gold (Fig. 8b) in
August 1990 (Tuerk and Gold 1990). They used a method they named SELEX to
isolate RNA molecules that noncovalently bind to T4 DNA polymerase. To do this, they
randomized an 8-nucleotide long loop in the mMRNA of T4 DNA polymerase, and
selected for RNA sequences that efficiently bind to T4 DNA polymerase. Two different
sequences were selected from a pool of 65,536 possible sequences. One was the wild-
type sequence and the second was a sequence with four mutations relative to the wild-
type sequence. The binding affinities of these two RNA sequences toward T4 DNA
polymerase were equivalent.

The third paper was published by Andrew Ellington and Jack Szostak (Fig. 8c)
in late August 1990 (Ellington and Szostak 1990). They used in vitro selection to isolate
RNA molecules that bind to a variety of organic dyes. They named these RNA
molecules aptamers (from Latin "apta", to fit). Ellington and Szostak used a completely
random 100 nucleotide-long library flanked by constant primer-binding sites. Their
experimental setup was basically in vitro selection as it is used today. From the
beginning, Ellington and Szostak pushed the limits in terms of library size (10'° to 106
molecules is still considered as limit today, as larger libraries are difficult to handle in
the laboratory) and library length (it is still generally difficult to synthetize DNA
molecules larger than 100 nucleotides in high yields by solid-phase synthesis).

Figure 8. The holy trinity of in vitro selection. (A) Photograph of Gerald Joyce. This photo is
owned by BioMedical Graphics. (B) Photograph of Larry Gold. This photo is owned by Cold Spring
Harbor. (C) Photograph of Jack Szostak. This photo is owned by Encyclopedia Britannica.

The method of in vitro selection relies on similar processes as Darwinian
evolution and is therefore sometimes also called artificial evolution. RNA or DNA
molecules are subject to a selective pressure, and only molecules with a desired
function survive. Because DNA can be amplified by PCR, and because it is possible to
convert DNA to RNA using RNA polymerase and RNA to DNA using reverse
transcriptase, nucleic acid selections are much easier than protein selections. This
makes in vitro selection such a powerful and useful method.

The first step of an in vitro selection experiment is the incubation step (Fig. 9).
The library is incubated with the substrate or target molecule and sequences are
allowed to react. In the next step, the catalytically active sequences are separated from
the inactive ones. This isolation process usually requires modification of active
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sequences, so they can be distinguished from the inactive sequences. One such
modification can be the ligation of short oligonucleotide to reacted library members
(Svehlova et al. 2022; Li and Breaker 1999). Active sequences are longer and therefore
can by isolated by gel electrophoresis. A similar strategy can be used to isolate
sequences that cleave RNA or DNA (Santoro and Joyce 1997; Streckerova, Kurfirst,
and Curtis 2021; Scheitl, Lange, and Hoébartner 2020; Liagat et al. 2020). Active
sequences are shorter and can also be isolated by gel electrophoresis. Another type
of isolation is based on the formation of a complex between an active sequence and a
target molecule. If the target molecule is marked with an affinity tag, the complex can
be isolated using an appropriately coated matrix such as biotin/streptavidin (Song et
al. 2020) or thiophosphate/thiopropyl Sepharose (Murphy et al. 2003). Such complexes
can also be isolated using native gel electrophoresis or capillary electrophoresis
(Mosing and Bowser 2009).

A significant disadvantage of selection strategies that rely on self-modification
is that selected sequences can only catalyse the desired reaction in a single turnover
manner. A common strategy to solve this problem is to divide the active sequence into
two parts (a substrate strand and an enzyme strand) (Breaker and Joyce 1994). Active
sequence can then function in a trans-acting manner and catalyse multiple turnover
reactions. However, this strategy is not applicable to all ribozymes and
deoxyribozymes. A better solution would be to directly select for sequences, which are
capable of multiple-turnover reactions. However, in this case the active sequences are
not modified, and it is therefore impossible to separate them from the inactive ones.

Possible solutions can be found in microfluidic systems. In this type of
experiment, library members are enclosed in droplets in water-in-oil emulsion in such
a way that in one droplet contains multiple copies of a single sequence along with an
excess of substrate molecules. After incubation, individual droplets can be sorted by
fluorescence-activated cell sorting (FACS). If the sequence catalyses a multiple
turnover reaction, the signal in a droplet will be stronger than in a droplet containing a
molecule than only catalyses a single turnover reaction. This technique was
successfully used by the Ellington lab to find multiple turnover ribozymes for RNA
ligation (Levy, Griswold, and Ellington 2005) and by the Mayer lab to find an RNA motif
that enables optical control and light-dependent gene expression in bacteria and
mammalian cells (Pietruschka et al. 2024).

After the selection step, active sequences need to be amplified. Here the in
vitro selection protocol differs for RNA and DNA molecules. RNA molecules are first
reverse transcribed into complementary DNA (cDNA) and then amplified by PCR.
However, PCR amplification is not always necessary for RNA molecules, because the
cDNA is in the next step of selection (library recovery) transcribed back into RNA by
RNA-polymerase and in this step the RNA molecules are also amplified. If the
amplification by RNA polymerase is sufficient, the PCR step can be omitted. In
contrast, in the case of DNA, PCR is the only method of amplification. Double stranded
DNA molecules from PCR can be converted into single stranded ones by degradation
of complementary strands by lambda exonuclease (if the reverse primer in PCR was
5’ phosphorylated) or by strand separation using streptavidin coated magnetic beads
(if the reverse primer in PCR was 5’ biotinylated).
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Figure 9. The general scheme of an in vitro selection experiment. The starting library is
incubated with the substrate or target molecule. Active sequences are then isolated using various
techniques such as gel electrophoresis, capillary electrophoresis, or streptavidin-coated magnetic
beads. If the library is RNA, sequences are then transcribed into complementary DNA by reverse
transcriptase. In next step, sequences are amplified by PCR using constant regions as primer binding
sites. The library is then prepared for the next round by strand separation in the case of DNA or
transcription in the case of RNA. This cycle is repeated until the desired activity is observed.

Once a signal is detected, the next step is to sequence the evolved library. Until
recently this was done by amplifying the library by PCR, cloning individual sequences
into plasmid, transforming the plasmids into Escherichia coli, and sequencing by
Sanger sequencing (Curtis and Bartel 2005; Breaker and Joyce 1994). Tens to
hundreds of sequences were typically obtained using this approach. However, evolved
selection libraries typically contain thousands to hundreds of thousands of enriched
sequences. Sequencing coverage by Sanger sequencing was therefore insufficient,
although it could provide information about the most abundant sequences (and
therefore theoretically the most active ones).

More recently, next generation sequencing methods have been developed.
These are typically commercially available and have become the preferred method
(Svehlova et al. 2022; Dupont et al. 2015). NGS methods have many advantages
compared to Sanger sequencing. Several million sequences are typically obtained,
which can provide a great deal of additional information relative to Sanger sequencing.
Moreover, it is possible to sequence each round of an in vitro selection experiment and
therefore identify active sequences based on round-to-round enrichments rather than
read numbers. This can help to identify improved variants that arise by mutation during
a selection but have low read numbers relative to sequences that were present in the
starting library. NGS analysis can identify such sequences and several studies have
shown that sequences with the highest read numbers are not always the most active
sequences in a library (Streckerova, Kurfirst, and Curtis 2021; Cho et al. 2010).

NGS analysis also facillitates secondary structure determination. Secondary
structure of aptamers, ribozymes or deoxyribozymes are sometimes determined using
programs like Mfold (Zuker 1989) or ViennaRNA (Gruber, Bernhart, and Lorenz 2015).
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These programs predict the secondary structure based on thermodynamic parameters
but are not able to search for more complex structures like G-quadruplexes, triple
helices and other non-Watson-Crick interactions. In addition, they often generate lists
of very different structures with similar predicted stabilities and cannot account for
stabilizing interactions formed by interactions between aptamers and ligands.

However, thanks to the high sequence numbers in NGS datasets it is possible
to use a method called comparative sequence analysis, which does not rely on
thermodynamic calculations. Instead, this method uses large datasets of sequences
likely to adopt the same secondary structure. Such datasets can be generated by
randomly mutagenizing a single variant of a functional motif and performing a second
selection to identify the active variants. Identification of pairs of positions that change
in a correlated way (called covariations) is a powerful way to identify base pairs in such
datasets. These can be further tested by mutagensis. For example, if single mutations
at two different positions abolish activity, but combining these mutations does not, it is
likely that these positions interact in some way. This method was used to predict the
secondary structure of 16S-like ribosomal RNA (Woese et al. 1983). Moreover, if the
number of sequences with the same secondary structure in the NGS dataset is
sufficient, it is possible to generate sequence logos in which the level of conservation
of each individual nucleotide can be observed. This can help to identify the minimal
sequence needed for function (Svehlova et al. 2022).

The final step in an in vitro selection experiment is to test individual sequences
for activity. However, it is not unusual to obtain inactive sequences even after many
rounds of selection. This can be explained because of various types of selection biases
such as those related to PCR amplification.

And what is it good for?

Functional nucleic acids were discovered less than 50 years ago, and the method of in
vitro selection was developed 35 years ago. The high therapeutic and biotechnological
potential of functional nucleic acids led to the development of many different aptamers,
ribozymes, and deoxyribozymes. Here are a few examples of molecules, which could
be especially useful or are close to being approved for clinical practice.

The good old thrombin aptamer

The thrombin aptamer was isolated in 1992 and was the first DNA aptamer isolated by
SELEX (Bock et al. 1992). This aptamer blocks the protease activity of thrombin, an
enzyme in the blood-coagulation cascade, and therefore prevents blood clothing. The
minimal core of this aptamer is 15-nucleotides long, and because of its high stability,
the crystal structure of the aptamer-thrombin complex was published only a year after
its discovery in 1993 (Padmanabhan et al. 1993). The structure revealed that the
thrombin aptamer folds into a stable G-quadruplex structure containing two stacked
tetrads (Fig. 10a, b).

The thrombin aptamer has high therapeutic potential, because heparin, the
currently most used anticoagulant drug, can cause thrombocytopenia (clotting of
platelets in the presence of heparin) in some patients. Therefore, it is good to have
alternative options. A thrombin aptamer variant named NU172 (Troisi et al. 2018) has
a higher affinity for thrombin then the original thrombin aptamer. NU172 was submitted
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for clinical trials by ARCA Biopharma, Inc. (ClinicalTrials.gov identifier NCT00808964)
and should be used as a short-acting drug for anticoagulation in surgeries such as
coronary artery bypass. NU172 entered Phase Il clinical trials. However, despite
promising results, it has not been approval for clinical use so far.

A study in Nature Communications published this year by Professor Bruce
Sullenger (Yu et al. 2024) and his team used different approach to improve the affinity
of the thrombin aptamer. They found inspiration in hematophagous organisms, which
can selectively inhibit structurally homologous proteases of coagulation. These
organisms achieve this by producing peptide inhibitors which target both the exosites
and active sites of specific proteases.

For this reason, Sullenger and his team named these aptamers EXACT
inhibitors (EXosite-binding aptamers with small molecule ACTive site inhibitors). One
of their EXACT inhibitors, HD22-7A-DAB, has extraordinary anticoagulation activity.
HD22-7A-DAB is a combination of the thrombin aptamer HD22 (Tasset, Kubik, and
Steiner 1997), a 7 nucleotide long linker and the inhibitor dabigatran (DAB) (Hauel et
al. 2002). The thrombin aptamer HD22 binds to the anion binding exosite 2 of thrombin
with high affinity and selectivity but has weak anticoagulant activity. On the other hand,
DAB binds to the thrombin active site, but also has inhibitory activity towards other
proteases (Fig. 10c). DAB has a Ki of 4.5 nM and HD22 is only able to inhibit thrombin
activity to a level of 30%. Strikingly, the combination of HD22-7A-DAB has an ICso0 of
0.95 nM, which is a 500-fold improvement compared to DAB (Fig. 10d). Moreover, at
a 1 nM concentration, thrombin activity is completely blocked. Therefore, simply
conjugating a surface binding aptamer with an active site binding inhibitor can have
numerous therapeutic applications.
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Figure 10. Structure and use of Thrombin aptamer. (A) Secondary structure of 15 nucleotide-long
DNA Thrombin aptamer and its interaction with Thrombin. (B) Stereo view of basket electron density
of stacked bases of Thrombin aptamer. (C) Crystal structure of hirudin-thrombin complex. (D)
Thrombin inhibition by HD22-7A-DAB and other inhibitors in fluorescent peptidyl substrate cleavage
assay. (Adapeted from Padmanabhan et al. 1993 and Yu et al. 2024).

| will isolate hundreds of new aptamers. Is this enough, Larry?

Larry Gold is one of the inventors of in vitro selection. Ten years after his initial
discovery, he founded a company called SomalLogic, Inc.. The main goal of this
company is to develop aptamers against every protein in the human body. The main
reason for this decision is that the human genome has around 19,000 genes and
thanks to the alternative splicing more then 100,000 human proteins exist, but the
majority of the publications focus only on a few hundred of the most popular and
studied proteins. Other interesting and possibly very biologically important proteins can
escape our notice just because of missing molecular tools (antibodies) to study them.

30



Aptamers from Somalogic are called SOMAmers, because they contain
unnatural and modified nucleotides to prevent degradation and to increase chemical
variability. Using these SOMAmers, SomalLogic developed the SomaScan platform,
which allows the identification and quantification of protein biomarkers for different
diseases. In 2010 it was possible using the
SomaScan platform to identify and
quantify 813 proteins simultaneously (Gold
et al. 2010). Currently, the commercially
available version of the SomaScan
platform can identify and quantify up to
11,000 proteins.

One example of how SOMAmers
can be used comes from the work of Dr.
Xiaotang Lu from the Lichtman lab at
Harvard University. She and her co-
workers have used SOMAmers, which
specifically bind to the different cell types
in mouse brain (Fig. 11). These

Figure 11. Use of SOMAmers. Stained INTACT

SOMAmers were fluorescently labelled
and enabled detergent-free
immunolabelling of brain cells on ultra-
structurally  reconstructable  electron

mouse somatosensory cortex. Celretinin (red) and
Neuropeptide Y (yellow) were labeled with
SOMAmer reagents, while SST neuron nuclei were
tagged with GFP (gree). (Adapated from Lu et al.,
n.d.)

micrographs. Thanks to this labelling, the
three-dimensional reconstitution of the brain tissue was possible with all neural circuits
between different types of brain cells (Lu et al., n.d.).

Do you want Corn or Broccoli? No thank you, | already have Mango.
In vitro selection was also used to identify RNA and DNA molecules that generate
different types of signals. These molecules can be used as signalling components in
different biochemical assays.

The most studied group of such signalling sequences are fluorogen-activating
RNA aptamers. These are also referred to as Fluorescent Light-Up Aptamers (FLAPS).
The first aptamer from this group was named Spinach (Pothoulakis et al. 2014) and
mimics the green fluorescent protein (GFP). Spinach binds to the difluorinated
analogue of the GFP chromophore, named DFHI, and the emission wavelength and
quantum yield resemble enhanced GFP. Many different analogues of Spinach have
been isolated, such as Broccoli (Filonov et al. 2014), Corn (H and Sr 2019), Chili (C et
al. 2019), Pepper (X et al. 2019), Squash (Sk et al. 2022), and Mango (Ev et al. 2014).
The mechanisms of these aptamers are similar. Each RNA aptamer binds a small
molecule, which is intrinsically non-fluorescent, but after binding the aptamer, the
conformational flexibility of the ligand is reduced, which enhances its fluorescence.

Fluorogen-activating DNA aptamers, which work using the same type of
mechanism, have also been described. These are less common than RNA aptamers.
One example binds to a nonfluorescent Hoeschst derivative, which light up after
binding (Sando, Narita, and Aoyama 2007). The signal to noise ratio of this aptamer is
slightly over 100. Another well known DNA molecule that generates signals is a
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peroxidase deoxyribozyme isolated by the Sen group (Sen and Poon 2011). This
deoxyribozyme converts the substrate ABTS into a colorimetric product in the
presence of hydrogen peroxidase and hemin (Travascio, Li, and Sen 1998; Sen and
Poon 2011). This deoxyribozyme usually generate a chromogenic product, but a
fluorogenic or light signals can also by produced when this reaction is performed with
substrate such as tyramine (Nakayama and Sintim 2009) or luminol (Xiao et al. 2004).

Fluorogen-activating RNA aptamers have many practical applications
(Trachman and Ferré-D’Amaré 2019; Neubacher and Hennig 2019; Bouhedda, Autour,
and Ryckelynck 2017). For example, the RNA aptamer Spinach was converted into a
sensor for different cellular metabolites. This was achieved by combining a ligand-
binding RNA aptamer and the Spinach aptamer. Such sensors were used to detect
intracellular levels of adenosine 5-diphosphate or S-adenosylmethionine in E. coli cells
(Paige et al. 2012). Another RNA aptamer, called Mango (Ev et al. 2014), was isolated
by Professor Peter Unrau and his team at Simon Fraser University in Vancouver.
Mango binds to derivatives of thiazole orange and it was used for subcellular
localization of small non-coding RNAs (5S, U6, and a box C/D scaRNA) in fixed and
live mammalian cells (Autour et al. 2018). More recently, an improved Mango variant
was used to image RNA molecules (coding B-actin mRNA or long non-coding NEAT1
RNA) in live cells with high contrast at single-molecule density (Cawte, Unrau, and
Rueda 2020).

The fluorogen-activating RNA aptamers are useful for in vivo applications.
However, for in vitro applications such as high-throughput screens or diagnostic
applications, where the stability of the signal and overall cost per reaction plays an
important role, DNA counterparts will be more useful. Unfortunately, current signalling
molecules made of DNA suffer from high background signal and can require harsh
reaction conditions which are not compatible with biological samples (Sen and Poon
2011). Signal to noise ratios are also often low (Sando et al. 2007). Therefore a light,
color and fluorescence producing deoxyribozymes called Supernova, Apollon and
Aurora were isolated in our laboratory, providing a useful addition to the toolbox of
signalling nucleic acids (Fig. 12a) (Svehlova et al. 2022; Volek et al. 2024a, b). Aurora
was also used to identify inhibitors of Nsp15 endoribonuclease from SARS-CoV2
showcasing practical utility of these deoxyribozymes in in vitro applications (Fig. 12b).
However, additional deoxyribozymes that produce other types of signals could also be
useful.
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fluorescent, and chemiluminescent signal. (A) Apo = the Apollon deoxyribozyme; G4 = the DNA
G-quadruplex-peroxidase system to generate color (in the presence of ABTS) or light (in the presence
of luminol); MG = the malachite green RNA aptamer; Broc = the Red Broccoli RNA aptamer; Mng =
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Workflow of Aurora Nsp15 sensor to identify inhibitors of Nsp15 SARS-CoV2 endoribonuclease
(Adapted from Svehlova et al. 2022 and Volek et al. 2024a).
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Popularné nauc¢na akce

DNA den 2025 na Prirodovedeckej fakulte UK v Bratislave:
Fakulta opat ozila vedou pre stredoskolakov

Na den presne 72 rokov po oznameni objavu dvojzavitnice DNA (25. april 1953) —
jedného z najvyznamnejSich milnikov v historii biolégie sa na na Prirodovedeckej
fakulte Univerzity Komenského v Bratislave konalo popularno-anau¢né podujatie DNA
den (www.dnaday.sk), organizované Katedrou genetiky Prirodovedeckej fakulty UK
v Bratislave a Ustavom molekularnej biomediciny (IMBM) Lekarskej fakulty UK v
Bratislave. DNA denn sa organizuje ako sucCast medzinarodnej iniciativy na
popularizaciu genetiky, biolégie a modernej biomediciny medzi mladymi ludmi, najma
stredoskolskymi Studentmi a ich ucitelmi. Medzi jeho hlavné ciele patri oslavit objav
Struktary DNA, inSpirovat mladu generaciu k vede, zvysit povedomie o genetike
a biomedicine. podporit vzdelavanie v prirodnych vedach na strednych Skolach a
prepojit stredné Skoly a vyskumné vedeckeé institucie na Slovensku.

Podujatie, ktoré sa po Siestich rokoch konalo opat v prezenénej forme, sa stretlo s
mimoriadnym zaujmom verejnosti—zucastnilo sa ho viac ako 330 navstevnikov,
vratane Studentov a ucitefov zo strednych 8kdl v KosSiciach, PreSove, Poprade,
Topol€anoch, Senici, Banskej Bystrici, Puchove, Trnave, Senci, Hlohovci, Namestove
a z Bratislavy.

Hlavnym hostom a re¢nikom DNA dfia bol profesor Petr Svoboda z Ustavu molekularni
genetky AV CR v Prahe (https://www.img.cas.cz/skupina/petr-svoboda/),
medzinarodne uznavany odbornik v oblasti RNA bioldgie, drzitel grantu ERC a laureat
prestiznej Ceny Neuron. Jeho prednaska o ulohe RNA v regulacii génovej expresie
zaujala nielen Studentov, ale aj odbornu verejnost.

Pre navstevnikov akcie bol pripraveny bohaty program, ktory po plenarnej prednaske
pokracoval v paralelnych sekciach.

V prednaskovej sekcii odzneli aj dalSie popularno-nauéné prednasky z dielne
vyskumnikov posobiacich na UK a bratislavskych vedecko-vzdelavacich instituciach.
Témy prednasok pokryvali Siroké spektrum oblasti — od evolucie genetického kodu cez
molekularne mechanizmy choréb aZz po najnovsSie technoldgie v oblasti génovej
editacie a diagnostiky.

V druhej sekcii mali stredosSkolski Studenti moznost zucCastnit sa interaktivnych
workshopov, ktoré prebiehali v laboratoriach fakulty.
e Modelky vo vyskume — interaktivny workshop o modelovych organizmoch v
genetickom vyskume.
e Restrikéna analyza — originalny nastroj forenznej genetiky — Stiepenie DNA a jgj
analyza pomocou elektroforézy.
e Ako sa robi veda? — pohlad do procesu vedeckej prace od hypotézy az po
publikaciu.
e Nanopérové sekvenovanie DNA — Revolucia v diagnostike infekcii? — ukazka
rychlej a ,mobilnej“ metddy sekvenovania.
e Svedectvo kosti — analyza ludskej kostry a jej vyznam v evolucii a antropoldgii.
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e Mitéza, meidza a iné dramy — prakticka simulacia bunkového delenia a
chromozomalnych chyb.

e Prec€o huby nerastu len v lese? - pozorovanie mikroskopickych hub a plesni,
tvorba Microbial Art a sutaz o najkreativnejSie dielo.

Sucastou programu DNA drna bol aj workshop uréeny pedagogom, na ktorom sa
zuCastnilo 23 ucitefov biolégie z réznych regionov Slovenska. Workshop bol
realizovany v spolupraci s EMBL (Europske laboratérium molekularnej biologie) v
Heidelbergu a jeho ucastnici ziskali oficialny certifikat EMBL. Ucitelia si z podujatia
odniesli nielen nové poznatky, ale aj praktické materialy a namety na aktivity, ktoré
moZzu priamo vyuzit vo vyucbe biolégie na svojich Skolach.

Pocas celého dnia boli k dispozicii informacné stanky s popularizaCnymi materialmi a
interaktivnymi prvkami, ktoré dali priestor katedram Prirodovedeckej fakulty UK
v Bratislave, ale aj ustavom SAV prezentovat svoj vyskum. Neformalne diskusie s
vyskumnikmi poskytli Studentom jedinecnu prilezitost dozvediet sa viac o Studiu a
vedeckej praci v oblasti prirodnych vied.

DNA deri 2025 bol opat podujatim, ktoré dokaze inSpirovat' mladu generaciu k zaujmu
o vedu. Dakujeme vSetkym pedagdgom a Studentom za ich aktivnu ucast a teSime sa
na dalSi rocnik!

Viac informacii a fotogalériu najdete na [www.dnaday.sk] (http://www.dnaday.sk).

Pripravila: doc. RNDr. Andrea Sevéovicova, PhD.

39



Cena dr. Ludmily Sedlarovej-Rabanovej za rok 2025

Ostravsti archeogenetici pfispéli k osvétleni puvodu Madaru

Jifi Pergner

Archeogenetici z Ostravské Univerzity, Dr. Leonid Vyazov a Dr. Pavel Flegontov
(vedouci laboratofe Lidské populacni genomiky na Pfirodovédecké fakulté Ostravské
univerzity), byli sou€asti velkého mezinarodniho tymu, zahrnujiciho i odborniky z USA,
hlavné prof. Davida Reicha z Harvardovy univerzity, Ruska, Ukrajiny, Némecka,
Rakouska a Madarska, ktery pfispél k objasnéni genetického pivodu Madaru. Svuj
vyzkum opublikovali v Casopise Cell (Gyuris et al. 2025).

Vyzkumnici vyuzili nejmodernéjSi metody zaméfené na izolaci DNA z kosternich
pozUstatkl, sekvencovani tzv. dlouhych sdilenych usek( DNA, tzn. &asti DNA,
dédeénych beze zmén po spolecnych predcich a ziskana data vyzkumnici kombinovali
s daty ziskanych lingvistickym a archeologickym vyzkumem.

Tym védcu osekvenoval celkem 131 vzorkd odebranych z kosternich pozlstatki
predpokladd se plvod Madar( odhadoval do Eurasijskych stepi, ziskané poznatky
jejich pavod namapoval pravé do této oblasti. Zejména s populaci z oblasti jizniho
Uralu sdileli lidé Zijici na uzemi Madarska pfiblizné pfed 1000 lety, vice shodnych
genetickych znaku nez s jakoukoliv stejné starou populaci kdekoliv jinde v Eurasii.
Migrace z jizni oblasti Uralu do oblasti dneSniho Madarska probéhla pravdépodobné
velmi rychle s kratkou zastavkou v oblasti Etelk6z, kde doSlo ke genetickému a
kulturnimu promichani s dalSimi skupinami.

Citace:

Gyuris B, et al. (2025) Long shared haplotypes identify the southern Urals as a primary
source for the 10th-century Hungarians. Cell 188(21): 6064-6078.e11.
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Cenu dr. Ludmily Sedlarovej-Rabanovej za rok 2025 ziskali ex
aequo Regina SepSiova a Filip Cervenak z Katedry genetiky
Prirodovedeckej fakulty UK

V desiatom ro¢niku Ceny dr. Ludmily Sedlarovej-Rabanovej (LSR) za vynimo¢nu
publikaciu v biologickych vedach sa stali laureatmi ex aequo Regina SepSiova a Filip
Cervenak z Katedry genetiky Prirodovedeckej fakulty UK za prace publikované
v Casopise Nucleic Acids Research. SepSiova a kol. identifikovali prva poly-ADP-
ribézopolymerazu (PARP) u askomycétnych kvasiniek a popisali jej moznu ulohu
v udrziavani stability genému. Cervenak a kol. experimentalne testovali hypotézu
vysvetlujucu principy ko-evolucie telomerickych sekvencii a proteinov, ktoré sa na ne
viazu. Cenu si prevzali 11. decembra 2025 na slavnostnom ceremoniali
organizovanom obcianskym zdruzenim Natura a Prirodovedeckou fakultou UK pod
zastitou dekana fakulty prof. Petra Fedora a za ucasti SvajCiarskeho velvyslanca na
Slovensku Petra Nelsona, Ing Petra Robla (zastupcu sponzora Ceny Ing. Viliama
Sedlara) a dalSich priblizne 70 hosti.

Novinkou tohto ro€nika bolo, Ze v zaujme zvySenia objektivity nominované prace
hodnotili byvalé laureatky a laureati Ceny LSR.

Specialnu cenu LSR pre mladu vedecku pracovniéku ziskala Maria Pacalajova
z Ustavu experimentalnej onkolégie Biomedicinskeho centra SAV za pracu uverejnenu
v Casopise Cancer Letters popisujucu novu stratégiu terapie agresivnych foriem
rakoviny pankreasu.

Vlavo: Ing. Peter Robl, zastupca Villiama Sedlara sponzora Ceny Ludmily Sedlarovej-
Rabanovej, laureatka Regina Sepsiova, dekan fakulty prof. Peter Fedor. Vpravo: P.
Robl, laureat ceny Filip Cervenak, P. Fedor.
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Ivana NemcoviCova z Virologického ustavu Biomedicinskeho centra SAV ziskala
Cestné uznanie za pracu v ¢asopise Journal of Biological Chemistry identifikujucu malé
syntetické molekuly cielené na protein fudského cytomegalovirusu, ktoré maju
potencial stat’ sa novymi antivirotikmi.

Stipendia LSR pre mladé vyskumniéky a mladych vyskumnikov ziskali Radka Macova
(Ustav experimentalnej onkoldgie, Biomedicinske centrum SAV) na podporu odborne;
stdze na Semmelweis University v Budapesti, Anna Martyrosian (Katedra genetiky
PriF UK) na $tudijny pobyt na Ustave molekularnej genetiky Akadémie vied Ceskej
republiky v Prahe a Natdlia Trusina (Katedra biochémie PriF UK) na konferenciu
Protistology Open 2026 v Prahe.

Pfipravil: prof. RNDr. Lubomir Tomaska, DrSc.
Katedra genetiky PriF UK, Bratislava

42


https://doi.org/10.1016/j.jbc.2025.108490

dr. Ludmily Sedlarovej-Rabanovej

PARP anzym v kvasinkych odhaleny

Regina Sepsiova

Katedra Genetiky, Prirodovedecka fakulta, Univerzita Komenského, llkovi¢ova 6, 842
15 Bratislava

Poly (ADP-rib6za) polymeraza, v skratke PARP, je enzym, ktorého ulohou je post-
translacna modifikacia proteinov pridavanim ADP-ribozylovych zvySkov za ucasti
NAD®. Proteiny mézu byt tak oznacCené r6zne dlhymi, €asto aj rozvetvenymi, retazcami
poly ADP-ribéz (PAR), ktoré ovplyvnuju aktivitu proteinov, pripadne ich interakcie
s inymi proteinmi a DNA. Prvykrat bol PARP identifikovany ako kfu€ovy hrac€ v bazovej
exciznej oprave poskodeni DNA. V sucasnosti je v fudskych bunkach popisanych 17
PARP enzymov, ktoré zohravaju ulohu v Sirokej Skale bunkovych procesov, okrem
opravy DNA sa podiefaju na regulacii transkripcie, stavu chromatinu, udrziavani
telomér, imunologickej odpovedi, odpovedi bunky na stres a inych (Gibson & Kraus
2012; Luscher et al. 2022). Do SirSieho povedomia sa PARPy dostali hlavne vdaka
uspesnému vyuzitiu PARP inhibitorov v protinadorovej terapii. U nadorov, ktoré su
deficientné v niektorom dolezZitom proteine drahy homologickej rekombinacie
(najCastejSie BRCA1/2), dochadza ucinkom PARP inhibitorov k tzv. syntetickej letalite,
pretozZe je inhibovana alternativna draha opravy zlomov DNA (Patel et al. 2011). PARP
enzymy boli identifikované a charakterizované u réznych skupin organizmov, avsak
v oddeleni askomycétnych kvasiniek boli najdené len bioinformatickou analyzou ako
zriedkavé aukonvenénych druhov kvasiniek  Saccharomyces cerevisiae
a Schizosaccharomyces pombe uplne absentuju (Citarelli et al. 2010). V nasom
laboratoriu sa uz niekolko rokov venujeme studiu telomér a telomerickych proteinov
askomycétnej kvasinky Yarrowia lipolytica, ktora predstavuje aj z hlfadiska biologie
telomér zaujimavy model. Kvasinka Y. lipolytica sa velmi dobre vysporiada so stratou
telomerazy a efektivne spusta alternativny mechanizmus prediZzovania telomér (ALT).
Transkriptomicka analyza mutanta s deléciou RNA podjednotky telomerazy (Ater)
odhalila, okrem inych, nadexpresiu otvoreného Citacieho ramca, ktorého produkt
vykazoval homoldgiu s katalytickou doménou PARP proteinov (Cervenak et al. 2019).
Bolo to nesmierne zaujimavé zistenie, pretoze funkény PARP protein nebol doteraz
u kvasiniek popisany. Nasledovala séria experimentov, ktoré mali potvrdit, Zze sa
skutoCne jedna o funkény PARP enzym schopny PARylovat cielové proteiny.
U kvasiniek, ale aj inych organizmov, totiz existuju pribuzné enzymy schopné pridat
jeden ADP-ribozylovy zvySok na ciefovy protein (MAR) aich funkcia uz bola
charakterizovana (Turgeon et al. 2009). PARylované proteiny z extraktov buniek Y.
lipolytica Standardného typu (WT) a mutanta Ater sme najprv obohatili pull-downom na
makrodomeénovych guliCkach a nasledne uskutocCnili western blot analyzu, kde sme
pomocou anti-PAR protilatok detekovali signal zodpovedajuci PARylovanym
proteinom. Signal bol vyraznejsi v proteinovych extraktoch z buniek Ater, ¢o
naznacovalo vysSi podiel takto modifikovanych proteinov a koreSponduje to zaroven
so zvySenou expresiou zistenou RNAseq analyzou. Nadexpresiu PARP proteinu sme
potvrdili gPCR metddou aj u mutanta s deléciou katalytickej podjednotky telomerazy
(Aest2). Mali sme prvé dbkazy, ze sa skuto¢ne jedna o protein schopny PARYylacie
a pomenovali sme ho Pyl1 (PARP in Yarrowia lipolytica 1). Uloha PARylacie
v udrziavani dizky telomér bola popisana v cicavéich bunkach (Beneke et al. 2008;
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Smith et al. 1998), a preto nas zaujimalo, aku funkciu ma Pyl1 v kvasinke za
Standardnych podmienok, ale aj pri absencii telomerazy. Pripravili sme deleCného
mutanta Apyl1 a pomocou TRF (terminal restriction fragment) analyzy sme zistili, Zze
teloméry dele¢ného mutanta Apy/7 maju $tandardnu dizku. Dvojity mutant AterApyl1
vS8ak mierne zaostava v raste v porovnani so Standardnym kmerfiom, ako aj
jednoduchymi mutantmi, €o naznacuje, Ze expresia PYL1 zohrava ulohu pri udrziavani
predlZzovania telomér prostrednictvom ALT mechanizmu. Proteinové extrakty
obohatené o PARylované proteiny sme analyzovali hmotnostnou spektrometriou
a zistili sme, Ze najvacsie zastupenie ma samotny protein Pyl1, Cize podobne ako
v pripade fudského PARP1/2 proteinu, dochadza v bunkach k vyraznej autoparylacii.
Spomedzi ostatnych proteinov obohatenych v PARylovanych extraktoch, ktoré by
mohli mat’ suvis s udrziavanim telomér u kvasiniek, sme sa zamerali na proteinovy
komplex Ku70/80. U kvasinky S. cerevisiae sa Ku70/80 viaZe na telomericku DNA a je
aj interakénym partnerom RNA podjednotky telomerazy (Boulton 1996). Pomocou
chromatinovej imunoprecipitacie sme potvrdili vazbu proteinu Ku70 na telomericku
DNA kvasinky Y. lipolytica a, €o je zaujimave, pri nadexpresii proteinu Pyl1 dochadza
k disociacii Ku70 z DNA. PARylaciu proteinového komplexu Ku70/80, ako aj
samotného proteinu Pyl1 sme potvrdili aj in vitro parylaénym testom s purifikovanym
proteinom Pyl1 za pritomnosti NAD*. PARyla¢na aktivita proteinu Pyl1, podobne ako
v pripade ludského PARP1/2, je inhibovana bezne pouzivanym PARP inhibitorom
6(5H)-phenantridinone (PHE) (Zhang & Zha 2024). Na rozdiel od ludského proteinu
PARP1, bunky s absenciou proteinu Pyl1 nie su citlivé na testované DNA
poskodzujuce agensy, €o naznacCuje, Zze v kvasinke Y. lipolytica nezohrava Pyl1
vyznamnu ulohu v oprave, resp. signalizacii poskodeni DNA. Dvojity mutant
Aku70Apyl1 v8ak vykazuje zvySenu citlivost na hydroxy mocovinu (HU) v porovnani
s jednoduchymi mutantmi ako aj Standardnym kmeriom, preto predpokladame, ze Pyl1
mozZe byt dolezity pre prechod replikacnej masSinérie v tazko replikovatelnych
oblastiach genému, ako st predizené teloméry mutanta Aku70.

V nadom ¢lanku, ktory bol oceneny Cenou Dr. Ludmily Sedlarovej-Rabanove;j
za rok 2025, sme teda identifikovali prva funkénu poly (ADP-ribéza) polymerazu
(PARP) v kvasinkach a naznacili jej moznu ulohu v nastoleni a udrziavani ALT
mechanizmu predlZzovania telomér prostrednictvom disociacie komplexu Ku70/80
z telomerickej DNA. Nase dalSie Studie budu zamerané na posudenie ulohy PARylacie
v replikacii repetitivnych oblasti DNA.

Dakujem vSetkym spoluautorom za ich vyznamny prinos k publikovaniu
ziskanych vysledkov.
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Teloméry — nukleoproteinové Struktury chraniace konce linearnych chromozémov,
patria medzi kfu€ové oblasti zabezpecujuce stabilné udrzZiavanie genetického
materialu v zivych bunkach (De Lange 2009, 2018). Skladaju sa z telomérovej DNA,
ktora je vo forme kratkych repeticii syntetizovana na 3’ koncoch chromozémov
enzymovym komplexom telomeraza (Greider & Blackburn 1985), atelomérovych
proteinov, ktoré tuto DNA priamo viazu alebo su s fiou asociované prostrednictvom
protein-proteinovych interakcii (McEachern et al. 2000). KedZe ochrana terminalnej
DNA pred degradaciou, €i neZiaducou aktivitou DNA-opravnych drah je klu€ova pre
prezivanie vSetkych eukaryotov, dalo by sa oCakavat, ze systémy chraniace konce
chromozémov budu evoluéne konzervované (Cervenak et al. 2021). Do urgitej miery
to tak skutoCne je, pricom typickym prikladom tejto konzervovanosti je zakladny motiv
telomérovej repeticie 5-TTAGGG-3’, ktory bol popisany u mnohych vyvojovych vetiev
eukaryotov, vratane réznych skupin mikroorganizmmov, hub, rastlin a zivoCichov
(Cervenak et al. 2021; Fulnedkova et al. 2013). Z tohto pravidla vSak existuje aj
niekolko vynimiek, spomedzi ktorych je asi najlepSie preskumanou skupina
askomyceétnych kvasiniek.

U kvasiniek bolo doposial identifikované velké mnozstvo rézne dlhych
a komplexnych typov repeticii, priCom utzv. puciacich kvasiniek z podkmena
Saccharomycotina sa Standardna repeticia 5’-TTAGGG-3’ dokonca vobec nevyskytuje
(Cervendk et al. 2021; Gunisova et al. 2009; Mceachern & Blackburn 1994; Peska et
al. 2021). Zaroven su pre tieto organizmy typické Specifické teloméry-viazuce proteiny,
ktoré nasledne davaju vznik inym typom ochrannych proteinovych komplexov
(Dmitriev et al. 2003; Kupiec 2014). Z evolu€ného hladiska je teda otazkou, ako je
mozné, Ze teloméry kvasiniek prechadzaju takymi zasadnymi evolu¢nymi zmenami,
a akym spésobom k tymto zmenam dochadza, ak maju byt bunky na kazdom stupni
vyvoja zivotaschopné. Tejto otazke sa nas autorsky kolektiv venoval uz v praci z roku
2021, v ktorej sme analyzovali telomérové repeticie z viac ako 200 druhov kvasiniek,
identifikovali v nich vazobné miesta pre rézne typy DNA-viazucich telomérovych
proteinov a kontrolovali pritomnost génov kddujucich tieto proteiny v gendmoch
jednotlivych druhov (Cervenak et al. 2021). Na zaklade tychto in silico analyz sme
zostavili evoluény model, podla ktorého bol ancestralnym telomérovym motivom
puciacich kvasiniek motiv 5-TTAGGG-3’, no tento typ repeticie nasledne rychlo
evolvoval prostrednictvom akumulacie mutacii v génoch pre telomerazové RNA (tieto
RNA sluzia ako templat pre syntézu telomérovych repeticii telomerazou). Evoluéné
zmeny zahfiali inzerciu jedného alebo viacerych nukleotidov dovnutra pévodnej
repeticie, a zaroven postupné predlZzovanie tychto repeticii na 3’ konci. Nasa analyza
tiez ukazala, ze v spominanych novych oblastiach sa objavilo vazbové miesto pre
protein Rap1 (Conrad et al. 1990), ktory je typicky napr. pre dobre preStudovany
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kvasinkovy model Saccharomyces cerevisiae, zatial ¢o mnohé druhy s jednoduchSimi
typmi repeticii podobnymi motivu 5-TTAGGG-3’ neobsahuju v gendme gén RAP1
a dvojvlaknovu cCast’ telomér u nich viaze protein Tay1 (Kramara et al. 2010). Podla
nasho evolu¢ného modelu teda boli pdvodné telomérové repeticie puciacich kvasiniek
viazané proteinmi podobnymi Tay1 (Studovany bol doposial najma u druhu Yarrowia
lipolytica), priCom ich postupna divergencia a predlZovanie viedli k vzniku vazbového
miesta pre Rap1, ktory pred tymito zmenami pravdepodobne pinil ulohu transkripéného
faktora (Cervenak et al. 2021). Nasledovalo obdobie tranzicie, po&as ktorého Rap1
postupne preberal ulohu teloméry-viazuceho proteinu, az napokon Tay1 nebol na
telomérach potrebny a u mnohych vyvojovych vetiev postupne zanikol (napr. u S.
cerevisiae a pribuzynch druhov sa gén TAY1 vbbec nenachadza v gendme). Nasledne
sa telomérové repeticie skratili na 5’ konci, kedZze vazobné miesto pre Tay1 uz viac
nebolo potrebné. Tymto spésobm doslo k uplnej premene pévodnych telomérovych
repeticii na novsie varianty a predpokladana vysSia tolerancia Rap1 voCi zmenam
v telomérovych repeticiach mohla este zrychlit tento evoluény proces (Cervenak et al.
2021).

V €lanku, za ktory mi bola udelena Cena dr. Ludmily Sedlarovej-Rabanove;j
(Cervenak et al., 2025) sme sa rozhodli tento evoluény model experimentalne testovat.
Vyuzili sme na to purifikované proteiny Tay1 z Y. lipolytica a Rap1 zo S. cerevisiae
a Candida parapsilosis, u ktorych sme sledovali Specificitu interakcie s réznymi typmi
repeticii — postupne sme analyzovali motiv 5’-TTAGGG-3’, od neho odvodené varianty
typické pre bazalne vyvojové vetvy pugiacich kvasiniek, predizené varianty, prechodny
typ obsahujuci vazbové miesta pre Tay1 aj Rap1 a neskorsie repeticie skratené z 5’
konca. Obidva tieto proteiny teda v podmienkach in vitro absolvovali zrychlenu verziu
svojej evolucnej cesty a vysledky ukazali, Ze Tay1 skuto¢ne preferuje motivy podobné
5-TTAGGG-3’, zatial ¢o Rap1 je Specificky voli evolu¢ne modernejSim typom
repeticii. Na zaklade pribliznych €asov divergencii jednotlivych vyvojovych vetiev
kvasiniek bolo dokonca mozné odhadnut, ze k vymene tychto proteinov na telomérach
doslo pred priblizne 230 — 330 milionmi rokov (Cervendak et al. 2025).

Podobnym spdsobom boli analyzované teloméry aj u deliacich sa kvasiniek
z podkmena Taphrinomycotina, u ktorych su evolu¢né zmeny ovela menej vyrazné
a viaceré druhy disponuju nezmenenym Standardnym typom repeticie 5’-TTAGGG-3'.
Napriek tomu je vSak mozné, Zze Taz1, protein viazuci dvojvlaknovu oblast’ telomér
u druhov z rodu Schizosaccharomyces (Cooper et al. 1997), na telomérach nahradil
protein Teb1, pévodny teloméry-viaZuci protein podobny proteinu Tay1 kvasinky Y.
lipolytica. U tejto skupiny su dévody vymeny ovela menej zretelné, no pravdepodobne
suvisia s rozdielnou flexibilitou spominanych proteinov vo vazbe na DNA (schopnosti
rozpoznavat rézne sekvencné varianty s podobnou afinitou). Teb1 je totiz vysoko
Specializovany DNA-viazuci protein, ktory nie je schopny tolerovat vyraznejSie
odchylky od svojej Standardnej cielovej sekvencie, zatial ¢o Taz1 je schopny viazat
s porovnatelnou afinitou $irie spektrum potencialnych substratov (Cervenak et al.
2025; Sepsiova et al. 2016).

Experimentalne vysledky publikované v ocenenom ¢lanku teda prinasaju data,
ktoré podporuju testovany evolu¢ny scenar a naznacuju aj dalSie moznosti Studia
evolucie DNA-proteinovych interakcii v eukaryotickych genomoch. Pouzity
experimentalny pristup méze byt totiZ v buducnosti adaptovany a vyuzity napr. pri
Studiu  ko-evolucie centroméry-viazucich proteinov aich substratovej DNA,
transkripénych faktorov a ich ciefovych promaétorov, ¢i DNA-viaZucich proteinov z tzv.
origin recognition complexov a pociatkov replikacie, o by mohlo poskytnut dostatok
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informacii pre vSeobecnejSie pochopenie evolu¢nych mechanizmov modulujucich
DNA-proteinové interakcie v eukaryotickych bunkach.
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Neuroendokrinné karcinomy: zriedkavé, agresivne a tazko liecitel'né

Rakovina ma mnoho tvari. Jednou z tych menej znamych, no o to zakernejSich, je
neuroendokrinny karcinom. Ide o zriedkavy, no mimoriadne agresivny nador, ktory
vznika z neuroendokrinného tkaniva a najCastejSie sa nachadza v traviacom trakte
alebo pankrease. Tieto nadory rastu rychlo, Siria sa do okolia a vefmi skoro tvoria
vzdialené metastazy (Sorbye et al. 2014, 2019).

Standardnou lieébou tieto nadory je dnes kombinacia dvoch chemoterapeutik —
cisplatiny a etopozidu. Tato lieCba sice na zaCiatku u mnohych pacientov funguje, no
jej ucinok je kratkodoby. Nadory si Casto vyvinu rezistenciu a lie€ba so sebou nesie aj
zavazne vedlajSie ucinky, ako napriklad poskodenie obli€iek, zazivacie tazkosti, unavu
organizmu alebo pokles bielych krviniek (Fjallskog et al. 2001). Preto je vyskum
zamerany na nové moznosti lieCby tohto ochorenia velmi dblezity a naliehavy.

Ako vyuzit’ slabost’ nadoru proti nemu samému

Kazdy nador nesie velké mnozstvo mutacii a molekularnych zmien, ktoré ho odliSuju
od zdravého tkaniva a ktoré su zodpovedné za jeho agresivne vlastnosti. Tieto zmeny
v8ak mozu byt zaroven jeho slabostou — Achillovou patou, ktord mozno terapeuticky
vyuzit. Spolu s medzinarodnym timom sme sa zamerali prave na takuto zmenu, ktora
sa vyskytuje priblizne v 35% pripadov neuroendokrinnych karcinomov, a to mutaciu
génu ARID1A (Venizelos et al. 2022).

ARID1A je gén, ktory sucastou chromatin remodelujuceho komplexu, a za normalnych
okolnosti pomaha bunke spravne organizovat a Citat DNA. Ked je tento gén mutovany,
bunka straca schopnost’ spolahlivo opravovat poSkodenie DNA a spravne rozdelovat
chromozémy pri bunkovom deleni (Du et al. 2016). To je pre bunku problém, ale
zaroven aj prilezitost pre lieCbu.

Pristup, ktory sme zvolili, sa nazyva synteticka letalita. Princip je jednoduchy: bunky s
mutovanym ARID1A sa stavaju zavislymi od enzymu Aurora kinaza A (AURKA),
proteinu kluCového pre spravne rozdelenie chromozdémov poc¢as bunkového delenia.
AURKA v tychto bunkach prebera ulohu zachranného mechanizmu, ktory kompenzuje
stratu funkcie ARID1A. Ak zablokujeme aktivitu AURKA, nadorova bunka s mutaciou
ARID1A to neprezije, zatial ¢o bunka, ktora ma ARID1A funkény, zostane v poriadku
a bude sa dalej delit (Du et al. 2021; Durlacher et al. 2016; Lu et al. 2023).
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Zdravé bunky Funkény ARIDTA Nizka zévislost od AURKA —p Normdlne bunkové delenie Bunky preZivaju

Nédorové bunky Mutacia ARIDTA Vysokd zdvislost od AURKA —=p Narusené bunkové delenie  Bunky odumieraju ]

Obr. 1: Princip syntetickej letality. Nadorové bunky s mutaciou v ARID1A géne su
existenCne zavislé na aktivite Aurora kinazy A (AURKA), €o po jej zablokovani
alisertibom vedie k naruSeniu bunkového cyklu a bunkovej smrti. Naopak, bunky s
funkénym ARID1A nie su zavislé od AURK a alisertib pre ne nie je letalny.

Experimentalne testovanie syntetickej letality

Vyskum sa opieral o bunkovu liniu NT-38, vytvorenu z neuroendokrinného nadoru
vyrastajuceho z €asti duodena. Tato linia prirodzene nesie mutaciu v géne ARID1A
a preto predstavuje idealny model pre testovanie nasho pristupu syntetickej letality
(Viol et al. 2022).

Aby sme mohli posudit, ¢i ALI funguje aj v zivom organizme, pouzili sme dva typy
mysSich modelov. V prvom, takzvanom subkutannom modeli, boli nadorové bunky
implantované pod kozu. V druhom, ortotopickom modeli, boli bunky vpravené priamo
do pankreasu, teda do toho istého prostredia, kde sa nador prirodzene vyvija u ludi.
Ortotopicky model je naro€nejsi na pripravu, no ovela lepSie napodobriuje skutoéné
nadoroveé ochorenie vratane agresivnejSieho rastu a spravania nadoru.

MysSi boli nasledne rozdelené do skupin, kde jedna dostavala ALI, druha Standardnu
chemoterapiu cisplatina + etopozid, a kontrolné skupiny boli bez lieCby. Rast nadorov
bol sledovany pravidelne: v subkutannom modeli priamym meranim, a v ortotopickom
modeli pomocou magnetickej rezonancie (MRI), €o nam umoznilo sledovat rast nadoru
vo vnutri tela.

ALl dokazal v oboch mySacich modeloch potlaCit’ rast nadorov na urovni porovnatelne;j
so Standardnou chemoterapiou. Nadory v skupinach lie€enych ALI boli vyrazne menSie
nez u kontrolnych zvierat, o potvrdili aj MRI merania objemu nadorov a ich hmotnosti
po ukonceni experimentu. Klu€ovym rozdielom vSak bola tolerancia lieCby. MysSi
lieCené cisplatinou a etopozidom vyrazne chudli, u polovice z nich sa objavili aj dalSie
priznaky systémovej toxicity. Oproti tomu, mysi lie€ené ALI si udrzali telesnu hmotnost
stabilnu, bez zavaznych vedlajSich ucinkov.
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Nasledne sme potvrdili, Zze ALI na bunkovej urovni spésobil zastavenie bunkového
cyklu v G2 faze, Cize v momente tesne pred samotnym rozdelenim bunky. To potom
viedlo k programovanej bunkovej smrti prostrednictvom apoptézy.

Uginok lieéby zavisi od mutacie v ARID1A géne

Na potvrdenie mechanizmu syntetickej letality a toho ze uc€inok ALI skutoCne zavisi od
pritomnosti ARID1A mutacie, sme vykonali aj potvrdzujuci experiment. V inej bunkovej
linii (NT-18LM, ktora ARID1A mutaciu prirodzene nema) sme tento gén umelo vypli
pomocou technoldgie siRNA, tzv. RNA interferenciou.

Tento experiment jednoznacne potvrdil mechanizmus syntetickej letality, kedZe bunky
bez funkéného ARID1A boli na ALI vyrazne citlivejSie — hodnota IC50 (koncentracia
potrebna na usmrtenie polovice buniek) bola v ARID1A-deficientnych bunkach asi
Styrikrat nizSia ako v bunkach s funkénym ARID71A. Inymi slovami ALl funguje
selektivne prave tam, kde je mutacia v ARID1A géne.

Vyznam tohto zistenia pre pacientov

Tato studia prinasa niekolko zaujimavych zisteni. Po prvé, ukazuje, ze ALI méze byt
rovnako ucinny ako doterajSia Standardna chemoterapia, no s vyrazne nizSou toxicitou
a vedlajSimi ucinkami. Pre pacientov s neuroendokrinnym karcinomom, ktori su Casto
v zlom zdravotnom stave a tazko znasSaju agresivnu chemoterapiu, by to mohlo
znamenat zasadné zlepSenie kvality Zivota pocCas lieCby.

Po druhé, Studia ukazuje sfubnu cestu k personalizovanej lieCbe: nie kazdy pacient ma
mutaciu v ARID1A, no ti, ktori ju maju, by mohli byt idealnymi kandidatmi na lieCbu
ALI. Mutacia ARID1A by tak mohla sluzit ako biomarker (diagnosticky znak), ktory
pomdze lekarom vybrat' lieCbu. Cielena terapia na zaklade molekularneho profilu
nadoru je dnes povazovana za buducnost onkologie.

Je ddlezité podotknut, ze ide zatial o predklinicky vyskum, Cize o experimenty na
bunkach a mysiach. Pred pripadnym zavedenim do klinickej praxe bude potrebné
potvrdit tieto vysledky v klinickych Stadiach na fudskych pacientoch. Okrem toho ma
toto zistenie dalSie obmedzenia: vyskum bol realizovany na jednej bunkovej linii
pochadzajucej od jedného pacienta, ¢o nemusi plne odrazat celu biologicku
réznorodost’ neuroendokrinnych nadorov. Napriek tomu vyskum naznacuje, Ze
pochopenie genetickych vlastnosti nadoru mdze otvorit dvere k lieCbe, ktora je nielen
ucinna, ale aj SetrnejSia k zdravému tkanivu a pacientovi.
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Perlicky ze Skolnich lavic

Zdroj: pisemné zkousky z genetiky, PfF UK, Praha, vybér napfi¢ 2017-2023
doc. RNDr. Dana Hola, Ph.D., Katedra genetiky a mikrobiologie, PfF UK, Praha

Centralnim dogmatem molekularni genetiky jsou mendelovské zakony.

*k%*

DNA profiling (DNA fingerprinting) se da pouzit k ur€eni toho, zdali se najde
naslednik trinu.

*k%k

Diky mutacim dochazi v evoluci k budovani silnych spolecnosti.

*k*x

U DNA sekvenovani druhé generace se pouziva metoda amplifikace pomoci
vodikovych mustka.

*kk

Pfi nanopérovém sekvenovani DNA se pfi prichodu praduchy uvolriuje elektricky
proud.

*k%x

Marker chromozomy jsou chromozomy, které néco zaznamenavaji.

*k%k

Stétkovité chromozémy maiji roztfepené konce (telomery).

*k%k

K inaktivaci X chromozomu dochazi u homogenniho pohlavi.

*k*x

Gynandromorf je Ctyfsténna bunécna struktura.

*k%*

K zastaveni meiézy (meiotic arrest) dochazi u savcu v hibernujicim stavu pfes zimu.
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