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OSNOVA

1. Svet molekul RNA, pocatky
2. Ribozymy

3. Relikty sveta RNA

4. Prvni genomy



Svét RNA e

ROIOIAONE
; DNA
Single-stranded DNA </ N\ \AS
‘. 1 Transcription

Funkcni specializace dnes: Reverse Lranscriptim;‘sn W\f\’ Trans::riptinn

V' d Vé L] 7 o V4 [ Treeoaen d ].- ‘-
- uchovani genetické informace — nukleové kyseliny s W e
- strukturni a katalyticka funkce - bilkoviny Translation
- Obdobi, kdy oba typy funkci zastaval jeden typ sloucenin
RNA - informacni i katalyticka molekula N

C
(Orgel, Wayne, Crick, 60. |éta 20. stol.)
Protein

- 1982-83: objev ribozym
Tom Cech: Introny |. Typu
Sid Altman: RNAseP

1986: ,The RNA World“ (Gilbert)

% 2 system cells mammals
big bang formed with
DNA



Dukazy RNA svéta

1. Dulezita role RNA v realizaci genetické informace dnes

2. RNA viry, retroelementy, telomery
a konzervativni mechanizmus jejich replikace

3. Ribozymy — enzymaticky aktivni RNA

Kritéria testujici zda RNA je reliktem svéta RNA:
1. Katalytické vlastnosti

2. VSudypritomnost

3. Centralni postaveni v metabolismu



Centralni role RNA v dnesnich
biologickych systémech

% Ribosom
ii .gf e

mRNA
% DNA ' REDUPLICATION:

t  primer RNAsS, telomerase RNA

RNA .
TRANSCRIPTION _€ 65 Regulation

L 7S K RNA, SRA RNA,
RIBOSOME: Xist RNA, Air RNA

PROCESSING: sno RNAs, gRNAs, snRNAs,
V RNase P, self-splicing introns

Replication?

ASRNAS (nicE, Copa, oUD
OxyS, DsrA sRNA

Trapee -~ | TRANSLATION  <oiRNas Regulation
peptidation

-, T o e T T ) Ry I tmRNA .
Pozustatky RNA svéta se dosud Protein < — Degradation

zachovaly a jsou skryty ve spleti J, ; ]
vv s o T/M translocation: SRP 4.5S RNA, 7S RNA
bunécnych procesu :




Pocatky svéta RNA — tvorba cukru
(formozova reakce)

Ribéza: - formozova reakce z formaldehydu (Butlerow 1861), smés tetrdz, pentdz a
hexdz, nestabilita ribdzy
- Pb-katalyza, Ca-boratova stabilizace (pentdz), alkalické pH

- Tautomerizace: aldehydy - ketony ) ) -
Autokatalyticky formosovy reakcni cyklus:

—— formaldehyd —— glykolaldehyd
j CHOHCHO
(I:l) 2 CHyOHsCHO formaldehyd
G / CHz0
P
H™ ™ H
l CH,OH—CHOH— CHOH— CHO CHpOHs CHOH+CHO
* “ CH,0 1
glyceraldehyd CHEOH-CHGH*ﬁ-CHEDH -— CHEOH—tILi—GHEDH
H. O tetroza 0 0O
?,;. glyceraldehyd
H=¢—OH FIG. 1. The simplest hypothetical autocatalytic formose reac-
CH,0OH . i X ] - o i .
tion cycle. In each turn of the cycle. a glycolaldehyde molecule
facilitates the synthesis of a second glycolaldehyde molecule
from two formaldehyde molecules. The stereochemistry at the
, , , a8y ".“1' c s (marke " as 1. > .1‘.-3':.
Tetrézy, pentdzy, hexdzy .15} mmet 'f"f’ wrbon atoms (marked with asterisks in the diagram)
1s not specthed.



Pocatky svéta RNA - tvorba purint a pyrimidint

Syntéza adeninu: z kyanovodiku

Syntéza cytosinu:
- z kyanoacetaldehydu
nebo kyanoacetylenu

eN NG NH,
. P ~
(8) N+ HON ——> HN=C-cN HEN, NHo—CH SN 7 HCN tetramer
CN Nc/;‘NHe

(b) HN=CH-NH;
N f””ﬂ/_\ "
I | . .
Nc*”'“wz\_/ HaNI;} Amino-cyano-imidazol (AICN)

i 1
8]
l
(c) NCI'*L> Hz0 . HZN“CI>
HzN H - HzN i
1 1"1 puriny

chl CENEl cno-l Cznzl HCNJ'

NH; NH; 0 0 0
Na)-’IN\> sz\> HN)lj'[% HN | "\> HN)JIN\>
k‘w N HENJ{‘N N oJ\H N HzNJ{\N N IQ‘N N

FIG. 2. Steps inpossible prebiotic syntheses of adenine from HCN. (a) The formation of the HCN tetramer. (b) The conversion of
HCN tetramer to AICN. { ¢) The formation of purines from AICN or from its hydrolysis product 4-amino-imidazole-5-carboxamide

(I1T).

kyanoacetx
(a) HC=C-C=N ——= OHC-CH,-C=N

IAY A
(b)  Hc=c-C=N NGO, oeN~—CH=CH-0=N
/
/

NHp—CH=CH-

mck, i
f] *A\Jj

|||
NHQ N
@t 4\] :J

Hz

FIG. 3. Steps in proposed prebiotic syntheses of cytosine.
{a) The hydrolysis of cyanoacetylene to cyanoacetaldehyde.
{b) The reaction between cyvanoacetylene and two molecules
of cyanic acid. ic) The condensation of cyanoacetaldehyde with
urea.




Abioticka syntéza nukleotidu a
polynukleotidu

Syntéza nukleozid(: vazba béazi na ribdzu

Tvorba nukleotid: fosforylace nukleozidl (racemat)
Tvorba polynukleotidd — tvorba fosfodiesterové vazby

Chemicka kondenzace aktivovanych 5’-polyfosfat nukleotid(

Nekatalyzovana
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Spontanni syntéza prvnich RNA a prechod k

DNA

Ribonucleotides
Primordial RNA
molecule
Original
templat
Spontaneous
polymerization

transcripon
'--...__-_w
\ First coding
Coding RNA mﬂ

Deoxyribonukleotidy vznikaji redukci
ribonukleotidll, tymin z uracilu




Proc je geneticka informace ulozena v DNA

Rozdily

mezi RNA a DNA:
Ribosa (2’-OH skupina)
Uracil misto thyminu

Dusledky:

usdnibucleic used i doxyibnucleic _ gLt : 2 leAlnT ili L4 {
T L vyssi chemicka i fyzikalni stabilita DNA (UV zafeni)

% 5 - delSi molekuly (uchovani komplexni informace)
| - dvouretézcova (replikace)
- méné reaktivni deoxyriboza

- konformacni flexibilita — funkcéni relevance

used in RNA used in DNA

DNA

7| 3.4



Genetické systéemy predchazejici svetu RNA

Molekuly RNA:

- chemicky nestabilni - —
- strukturné slozita SVEt_pOEVCVkl'CkVCh’ ]
. i ; — aromatickych uhlovodiku
Peptidova nukleova = S22 (PAH)
kyselina (PNA) —=
LX—Y/ t‘ _—-—_—__ = L 3
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RIBOZYMY



Co dokazi RNA katalyzatory (ribozymy)

{A) A riboryme that is also a coding molecule (B) A ribozyme that synthesizes coding rmalecules
RHA. Auming acids .--: -1‘ Ril 1 i
Coding :\n'lpnnnnt
component Kédujici RNA S, Coding RNA
rlbozym Adapeor RNA \ Aminc acids
(a) Kédujici RNA je (b) Ribozym katalyzuje syntézu ﬁ '
soucastiTibozymu kodujicr RNA

Katalyzované reakce — substratem vétsSinou RNA:
1. nejcastéji hydrolyza fosfodiesterovych vazeb (endonukleaza)

2. obraceny smér — syntéza fosfodiesterovych vazeb (ligdza, polym.)

3. transesterifikace — editace, sestrih

Substratem neni RNA !
1. syntéza peptidoveé vazby



Osud RNA katalyzatoru po prevzeti jejich funkce
proteiny

1. Vymizely:

2. Prevzaly nové funkce:

Ribozom: replikace = translace
Spliceosom: rekombinace = sestfih

3. Zachovaly si vysoce konzervativni funkce:

- snoRNA — Upravy rRNA
- RNAza P - Upravy tRNA
- sSnRNA - sestfih intron v mRNA

- tyto funkce vysoce konzervativni - zachovaly se u eukaryot
- ztrata nékterych RNA relikt( u prokaryot - proteiny jsou U¢innéjsi



RELIKTY SVETA RNA



Predstavitelé reliktu svéta RNA

1. tRNA - od replikace k proteosyntéze

2. Ribozém

3. Sestrih a snRNA

4. Maturace rRNA a snoRNA

5. Maturace tRNA a RNazaP

6. Signalni rozpoznavaci castice a srpRNA
7. Editace RNA a ridici RNA (gRNA)

8. Telomeraza a telomericka RNA



1. Role tRNA a ribozomu: od replikace k
proteosyntéze

Dnesni translace — slozita koordinovana sit interakci RNA a proteinli — vyvinula se z
mnohem jednodussich systém( existujicich jesté ve svété RNA (RNA-RNA interakce),
dulezita schopnost replikace

Prvotni funkce ribozom( — polymerizace nukleotid(l — RNA replikace

Plvodni role ribozomu v replikaci:

- Ribozomalni protein S1 a translacni elongacni faktor Tu a Ts — jsou podstatnou
slozkou replikazového komplexu faga QR

- Elongacéni faktory jsou slozkami replikazovych komplext nékterych rostlinnych RNA
vird

Hypotéza genomovych znacek:

Molekuly primitivnich tRNA fungovaly jako znacky molekul RNA urcenych k replikaci
RNA ribozymy, TLS (tRNA-like structures) — na 3-konci Qbeta

Aminoacylace tRNA — dalsi znacka



Pozustatky replikacni role tRNA v dnesSnich
genomech

1. Telomeraza:
kratky fragment RNA funguje jako templat pro RT

2. Retroelementy:
tRNA funguje jako primer syntézy cDNA pfi reverzni transkripci

3. RNA viry:
struktury podobné tRNA na 3-koncich genomové RNA
TLS (tRNA like structure) jsou aminoacylovany histidinem, valinem nebo tyrosinem
a funguiji jako primery replikace RNA,
jen 3-koncové CCA nebo CCCA jsou potrebné pro replikaci



2. Ribozémy: ribozymy stabilizované proteiny

S1-rolev
replikazovém
komplexu fagu

‘ P 21 protein(
(1542 b) (51_521)
mala ~—"\" @ w i
podjednotka

peptidyltransferazova

/ aktivita
5S rRNA 23S rRNA

prokaryoticky
ribozém (120 b) (2904 b)
e ~——
" velks N
podjednotka 32 proteind

(Ll-LES4) \ S
@ Ew @ prevzal PT roli

23S




3. Sestrih, spliceozoém a snhRNA

Spliceozom:

- posttranskrip¢ni Uprava pre-mRNA (hnRNA), vystfizeni intron(

- Ucast snRNA a proteinl - snRNP

- RNA-RNA interakce
- starsSi nez translace — plvod v rekombinaci molekul RNA
- bimolekularni trans-splicing molekul ssRNA

RNA transcript (pre-mANA)

Splicaasome
components

DD B Vi Lo, W

C—— ET——
Exon 1 Intron Exon 2
Protein — <] :
EnRNA - . Other proteins
anHHPs \ .{

5 splice site U2 snRNP 3 gplice site

U‘: snAMNP

5" axon ntron J 3 exon
intr
scquence \ J sequence
'. Sequaence
-} T Precursor
FE mANA molecula

Us, U4/UE, atc. ASSEMBLY OF
SPLICEQSOME
STEP1
LARIAT FORMATION
us AND 5 SPLICE SITE

CLEAVAGE [ o ax

Jsuie STEP 2
3' SPLICE SITE
CLEAVAGE AND
EXON SEQUENCE
LIGATION

excised intron saquance
in the form of a lariat
lp will be degraded in nucleus}

L& OH
us

+

mature mRNA
(ligated exon
sefjuancas)

5 ¥




Malé jaderné RNA (snRNA)

- nachdazeji se v jadre eukaryot
- UCastni se sestfihu pre-mRNA a udrzovani telomer

- tvofi nukleoproteinové ¢astice (snRNP = snurps), kazda s vice proteiny

- jsou kédovany introny

- U1, U2, U4, U5, U6

- U4+U6 se paruji spolu
a U6 je katalyticka

Roles of snRNPs

' * Ul snRNP kinds & splice site
—@\ * U2 snRMP binds to branch point

* U4/U6 snBNP. snRMNAs are base
(j@ paired. US is catalytic

* US snRMP contacts the S'splice
"@\ site

- farmz tri-anR MNP complex with
N ¥y

Assembly of the spliceosome

LR Erach paint
%\—:
? I splice site

Asplice site J UZ snR P

U4 1S snf P

U L
@ Y s
U1 snRNA UzsnRNA 0
sSm C—G
¥ ]
A—IL
e :
2m Gn“(‘.lJH—U-UJ.--.hGCA{Lap 5
3 - Lguccauucaua cap §' AucaucY
' AL —at
5 JACUAL — — CAGHE — 3
Pre-mRMNA v
Exon 1 Exon 2

A
o Branch point




Malé jaderné RNA (snRNA)

'S5 ko a8s




4. Maturace rRNA a shoRNA

snoRNA (malé jadérkové RNA):

— Ucast pri maturaci rRNA a ribozom{

- velky funkéni komplex - snorpozém

- kddovany introny nékterych genl — ribozomalnich a heat shock gent

- 8 riznych snoRNA kédovéano 8 introny jednoho genu

- u savcl 30 rdznych snoRNA, u kvasinky 26 snoRNA ~ 5426 b (ancestrdlni snorpozém)

- homologie snoRNA s rRNA (18S a 28S), intra- i intermolekularni kontakty (kroslinkovani)
- nékteré snoRNA potrebuji spliceosom ke své maturaci

Tvorba snoRNA

Prokaryota:
. , EXON INTRONIC snoRNA —_— EXON |
- absence snoRNA u prokaryot je zahadou
. s v . ) snoRNA foldin
- maturace rRNA jen za ucasti proteinu gl
- objev U3snoRNA u archebakterie Sulfolobus acidocaldarius R— N—
=
snoRNP | |
core @j
¥ proteins 58 (
{ :'"'E-" fib .
i e
- : Nucleopias™
S E 155 56
: 4 If fib' SnORNPtransport 58
Ct+rileriira vrBNA o ffb 7’_
JLUITUNCTUTA TINIVA \_/




Introny jsou nékdy dulezitéjSi nez exony
(snoRNA v intronech)

- gen UHG (U22 host gene) obsahuijici v 8 intronech 8 rliznych snoRNA
- sestfihem vznika mRNA, ktera je vsak degradovana
- mRNA je malo konzervativni mezi ¢clovekem a mysi
- hlavnim funkénim produktem UHG genu jsou tedy molekuly snoRNA

exon exon exon exon exon

i B

snoRNAs

Tycowski et al (1996): A mamalian gene
with introns instead of exons generating
stable RNA products. Nature 379: 464-
466.



5. Maturace tRNA a RNazaP

tRNA:

— relikt svéta RNA — konzervativni, vSudypritomna, centralni tloha v metabolismu

- interakce s rRNA (CCA konec tRNA interaguje s 23SrRNA)
— pavodni funkce v replikaci, pozdéji v proteosyntéze
- nékteré geny pro tRNA maji introny

RNazaP:

- Uloha v maturaci tRNA

- je skute¢nym enzymem, Stépi opakované

- RNA katalyticka podjednotka (=M1 RNA) + proteinova
podjednotka (=C5)

- jediny ribozym modifikujici RNA u prokaryot

- molekularni fosilie

RNaza MRP:

-druha podobna molekula vznikla duplikaci a divergenci u
eukaryot nebo endosymbidzou

- vyskyt u Giardia a Microsporidia — nemaji mitochondrie
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6. Signalni rozpoznavaci castice a srpRNA

- RNA-proteinovy komplex zajistujici vazbu ribozému na ER a sekreci protein(

- RNA slozka 7S RNA u eukaryot a archei, asi 300 b

- podobna struktura a funkce, homologie s Alu sekvencemi
- stimuluje hydrolyzu GTP

- plvodné ribozym Stépici GTP

Mammalian Signal Recognition Particle

proteiny

i
CIJAIJG
B

_‘CGUGL'ICC GﬁCCL‘ICﬁCGL'ICAC CiA LA

T T e 2
e

A

SrpRNA

Translation Protein Signal
Regulation Translocation Recognition

Schematic representation of the
mammalian SRP depicting SRP9,
SRP14, SRP19, SRP54, SRP68,
SRP72 and SRP RNA. The part of
SRP comprising SRP9/14
complexed with RNA forms a
distinct structural domain
known as the Alu domain due
to homology of the Alu family
of RNA sequences with the Alu
family of repetitive DNA
sequences and the small
cytoplasmic Alu RNAs (scAlus).
The Alu domain of SRP mediates
the specific pauses(s) in the
synthesis of nascent ER targeted
proteins whose signal sequence
has been bound by SRP54.



7. RNA editace, g-RNA, editozom

- posttrankripcni Upravy - modifikace tRNA, rRNA a pre-mRNA,

- substituce, inzerce, delece, kryptogeny, templatem je guide RNA (g-RNA)

- eukaryota, mitochondrie trypanosom — inzerce Ci delece polyU

- editace je podminkou tvorby sekundarnich struktur bez nichz nemuze dojit k maturaci
tRNA RNazou P

Plvod editace:

- u mitochondrii — reakce na asexualitu (Mullerova rohatka), korekce

- ve svété RNA — editace jako kontrolni mechanizmus exprese tRNA

- nadorova nebo neurologickd onemocnéni (epilepsie)

Aming acil sequence encoded
Lys ¥al Gu #Asn Leu Yal -4+—— ingZfene

L AAAGTAGAGAACCTGOTAGG...Y DDINA

kryptogen ——

\ 4

Transcription
L AAAGUAGAGAACCUGGUAG G... 3 Dpre-odied RNA

gRNA —— ..

JdUosnaucuoaan Al a0l EALAsADAL .S Gusde RNA
AR ANE N NN RN _
LA AAODUAGA G A& ACCUGGOUAGG... -a—(pre-adied BHA

L. spread out b show alignment)
*Edltll‘lg

pOGdItaCI — > 5 AAAGUAGAUUGUAUACCUGGU AGG... 7 Edited RNA

*Translatiun of edited RNA

jiné pofadi AK - —» EHEE G- At e




8. Telomeraza

- problém replikace koncl linearni DNA u eukaryot — RNP komplexy
- RNA slozka jako templat pro syntézu telomerickych repetici

- RNA slozka tvofi tercialni strukturu, ucast v katalyze nejasna

- nepritomna u prokaryot, cirkularni genomy

- mutace telomerické RNA vede k prodluzovani telomer

- homologie s reverzni transkriptazou

- starobylé RNA genomy byly linearni --> podpora hypotézy genomovych znacek

Telomerase

RNA
template -

: A
DNA :
| ‘:':q\\\ Iy

Nucleotide




Provazanost ribozymu

SnRNA SsnoRNA , TRNA
(spliceosom) (snorposom) (ribozédm)




Fylogeneticky vyskyt fosilnich RNA

EUKARYOTA

ARCHEA + EUKAR

UNIVERZALNI

tRNA mRNA rRNA
RNazaP
srpRNA

snoRNA




Nekédujl'ci RNA: dﬁleiité regulacni funkce
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Regulacni systém na bazi RNA

Erimias mrén Fursi

Vznik nového regulacniho m‘y.ﬁ-

systému i

'=E-.':'":'"|"'l"'"ml-

L T e
Kambricka

Gingle-calked Sukaryes exploze

¥

T

-

5 Unicellular world

Eubaztiisa
l = = ¥ Aciaen M -
4 000 A 000 £.000 1.000 Presenk
Timie [ miliors of years e

Figura 2 | A simplified biological history of the Earth. This graph is intended to present an overvdew,
Some dates are 2till baing debated and the absciesa (complaxity’) has an arbitrary scals. Life appearad
on Earth approximataly 4,200 million years ago (myva), either ansing as, or quickly etreaming into, thres
miain kingcoms — the aukarya, the bactaria and the archasa, Uife ramainad unicallular, or at best colonial,
for at least 3,000 million vears, The common ancestor of the animals, plants and fungi s thought 1o have
arisen approximataly 1,200 mya, around the time at which the mitcchondria erterad the lineage through a
rickettsizl-lka endosymibiont, an evant that is postulated to have alzo brought with it type || saf-splicing
ntrons’™, Whether or not thees avents were coincidental, the ncidence of Introns {and other nen-coding
saquances) comalates with the complexity of the organism aftar that point. In the Cambrian period (~520
mriya), cormplec animal life explodead in an event known as the metezcan radiation, inwhich recoonizatls
ancestors of all modern phyla appearad only in a single strata of rock™. What restrained the appsarance
of organized mutticallular organisms for so long? Was it envircnmeantal or biochamical factors (such as
aoyoen tension and oxidative anergy metabolism), o a primitve genetic oparating systam?




Jak to zacalo?

(prapocatky svéta RNA)



Kooperace molekul RNA

(klasicka predstava pocatkt svéta RNA)
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RNA polymerazy - altruisticti kooperativci
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Continued
replication

Sebe replikujici RNA
polymerazy(replikazy) dosud nebyly
objeveny

Altruistické replikazy jsou vystaveny
parazitim, ktefi postupné , fedi“
autokatalyticky cyklus, ¢imz ho
mohou vyradit

a) ,trans-acting” R18 polymeraza

b) polymeraza replikuje samu sebe
(nezndma) nebo jiné retézce

c) v pfitomnosti parazit( je preziti
altruistické replikdzy mozné na 2D
povrsich

d) nebo za predpokladu

kompartmentalizace — uvnitr
protobunky

Higgs a Lehman (NRG, 2014)



Hypercykly
aneb cesta k bunce

Pavodné jeden clen - duplikace a mutace — dva ¢leny ...

RMNA-T RMNA

_1 [A-2

V urcité fazi vyvoje se objevily prvni
parazité — zlodéjské cykly. Prezily jen
hypercykly schopné se branit parazitim.
Za vznikem bunék tedy mozna stali
parazité (hybna sila evoluce)




Problémy svéta RNA

Neschopnost autoreplikace

dosud objevené RNAreplikazy replikuji jen jiné molekuly RNA, ale ne sebe samu

Nizka procesivita a vysoky ,error rate” replikaz, nizka rychlost ribozymu
Procesivita replikaz max cca 200 bp, tolerovana chybovost klesa umérné k délce teplatu,

rychlost proteinovych enzymt 1000-1000000 x vyssi

Ménici se podminky na Zemi
RNA svét prizplsobeny vyssim teplotdm na mladé Zemi by patrné postupné ztracel svoje
katalytické schopnosti (omezend katalytickd schopnost RNAzym{), narusovani

synchronizace reakci (zmeény rychlosti reakci v mnoha radech i pri malé zméné teploty)

Dodatecné zaclenéni peptidi
Existujici a fungujici svét RNA by jen s nizkou pravdépodobnosti zaclenil peptidy (geneticky

kod)



Svét RNA-peptidovych komplexu

Carter a Wills (2017, 2018)

Interdependence, Reflexivity, Fidelity, Impedance Matching,
and the Evolution of Genetic Coding

Charles W. Carter Jr*' and Peter R. Wills”
"Department of Biochemistry and Biophysics, University of North Carolina at Chapel Hill, Chapel Hill, NC
’Department of Physics, University of Auckland, Auckland, New Zealand

*Corresponding author: E-mail: carter@med.unc.edu.
Associate editor: Jeffrey Thorne

Abstract

Genetic coding is generally thought to have required ribozymes whose functions were taken over by polypeptide
aminoacyl-tRNA synthetases (aaRS). Two discoveries about aaRS and their interactions with tRNA substrates now furnish
a unifying rationale for the opposite conclusion: that the key processes of the Central Dogma of molecular biology
emerged simultaneously and naturally from simple origins in a peptidesRNA partnership, eliminating the ey logical
utility of a prior RNA world. First, the two aaRS classes likely arose from opposite strands of the same ancestral gene,
implying a simple genetic alphabet. The resulting inversion symmetries in aaRS structural biology would have stabilized
the initial and subsequent differentiation of coding specificities, rapidly pmmoung dlversn:y in the pmteorne Second
amino acid physical chemistry maps onto tRNA identity el establishing r in
protein aaRS. Bootstrapping of increasingly detailed coding is thus intrinsic to polypeptide aaRS, but impossible in an
RNA world. These notions underline the following concepts that contradict gradual replacement of ribozymal aaRS by
polypeptide aaRS: 1) aaRS enzy must be interdepend 2) reflexivity intrinsic to polypeptide aaRS production
dynamics promotes bootstrapping; 3) takeover of RNA-catalyzed aminoacylation by enzymes will necessarily degrade
specificity; and 4) the Central Dogma’s emergence is most probable when replication and translation error rates remain
comparable. These characteristics are necessary and sufficient for the essentially de novo emergence of a coupled gene-
replicase-translatase system of genetic coding that would have continuously preserved the functional meaning of
genetically encoded protein genes whose phylogenetic relationships match those observed today.

Key words: ami yl-tRNA synth bootstrapping, evolution of translation, molecular phylogeny.

The RNA -Peptide World

Life might have originated from interactions between RNA and peptides

that acted as the first genetic code. A self-sustaining loop of reactions

would have built enzymes by choosing between only two types
of amino acids instead of the 20 in today’s proteins.

@ 'Loading enzymes” match against Double-stranded RNA

the sequence of bases in RNA and
help create peptide chains of linked

| and Class Il amino acids. Enzyme
delivers
amine acid
@ The peptide chains fold

into functional shapes. g Peptide
[ chains

 ?
© Depending on their shape, (2]

the chains pick up either Class |
chains
or Class Il amino acids and become

active loading enzymes.

©
@ The enzymes interact with the RNA Active
enzymes
pick up
to the forming chains. amino acids

and deliver their amino acid payload

1) 2 druhy Aminoacyl tRNA syntetazy (aaRS) kédovany komplementarnimi retézci téze RNA

2) Binarni systém kodovani

3) Mutace zméni oba druhy aaRS najednou — zachovani bindrniho kédovani




Svét RNA-peptidovych komplexu
Koevoluce RNA, peptidu a ribozymu

-Na prapocatku stala interakce RNA a peptidl, ktera dokaze zajistit sebereplikujici cykly
-Ribozymy katalyzovaly nékteré z prvnich transkrip¢nich a translacnich reakci a zUstaly
konzervovany v zakladech Zivota

-Geneticky koéd se zacal formovat velmi brzy

-Proteiny se vyvinuly z jednodussich peptidu

-DNA jako posledni ¢lanek tiMe  m— > LUCA
]
RNA Darwinian Evolution I
stage 1
long folded folded I
peptide proteins 1
non-coded ! coded peptide motifs 2 1
HDPs WG domalhs Proteins development;

Formation of Genetic Code

RNA-peptide world DNA-RNA-protein world

1 codon

! wesie PTC Tibosome

! RNA-RIBOZYMES Protein enzymes

VVV VYV

Increase of Genome size

Kunnev a Gospodinov (Life, 2018) :



PRVNI GENOMY



Prvni protein: RNA-dependentni RNA
polymeraza (RNA replikaza)

RNA RNP > protein

v

Proteiny zvysily uc€innost ribozymu

- prvni geneticky kddovany protein vznikl nahodou

- kratky peptid strukturné jednoduchy

- interagoval s RNA replikonem, zvySoval jeho stabilitu Ci zlepSoval konformaci
- syntéza potomstva musi byt rychlejsi nez degradace rodicl

- dostatecna presnost, ale ne absolutni (moZnost evoluce)

RNA polymeraza » Reverzni transkriptaza




Eigenuv limit: replikacni presnost je
limitujicim faktorem

e Definice:
Cim je vy3&i frekvence chyb pfi replikaci,
tim mensi genom muze projit do dalSi generace

* Omezeni katastrofickych dopadt chyb wg&l’ geno% .
replikace: / %
- vice kopii (ploidie)

- fragmentace genomu do chromosomu
- rekombinace




Dnesni viry: Funkéni relikty casnych
replikonu?

Pohled na viry:

(a) molekularni paraziti, odvozeni v disledku zpUsobu Zivota
(b) primitivni, na hranici Zivota podobné jako ¢asné replikatory
- funkéni relikty x funkéni modely RNA-proteinovych replikon(

RNA viry:

- minimalni kédujici kapacita (coronaviry 30kb)

- nékteré viry stfidaji faze RNA a DNA — reminiscence RNA—>DNA prechodu - primerem
replikace je tRNA

Mimiviry — hranice zivota:

- velikost genomu srovnatelna s prokaryoty (1.2Mb)
- metabolické geny (911 genl pro proteiny)

- 10% repetitivni DNA

- jen ¢astecnad zavislost na hostiteli (proteosyntéza)

T
{ Mimivirus |
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Viroidy: nejpodobneéjs
replikonum

(@
Q)
W
-
<\
3

- patogeny rostlin

- 200 az 10 000 kopii na bunku

- malé RNA genomy (240-400 b), ssRNA, cirkularni,

- nekdduji proteiny — jako replikony éry pred proteiny

- replikovany hostitelskymi RNA polymerazami

- rolling-circle mechanizmus

- multimery Stépené autokatalytickymi ribozymovymi sekvencemi
- intenzivni vnitrni parovani bazi jejich genomické sekvence

- tvorba sekundarnich struktur stabilizujicich genomy

LH terminal Pathogenic Conzerved central Yariable RH terminal
dormain dormain domain domain domain
CC CCGG
GG GGCC
l




Prvni DNA genomy:
vznik fuzovanim malych kruznic DNA

- prvni genomy: linearni nebo cirkularni?

- malé kruznicové DNA genomy, disperzni genom

- fuzovani, geny jako autonomni DNA

- pocty kopii statisticky stejné — podobné prenosum plazmidu

s - = Faze:

A. pregenomicka

% B. rekombinacni
C. genomicka




Prvni DNA genomy:
vznik fuzovanim malych kruznic DNA

L]

Dukazy:
- periodicita délek proteinu

- nejsnazsi cirkularizace

- periodicita vyskytu Met

- pozUstatkem extrachromosomalni DNA
- mobilni elementy, fagy, genomy organel
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(MET) (MET) (MET)

- replikace satelitll prostrednictvim eccDNA
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Konec



