GENOVE TECHNOLOGIE

Uvod:
Chemicka struktura nukleovych kyselin, transkripce a jeji regulace o prokaryot (sigma factor, LAC operon, aktivatory a
represory) a eukaryot (zesilovace transkripce, epigenetika), translace a jeji regulace u prokaryot a eukaryot.
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Sylabus

1. Chemickd struktura nukleovych kyselin, transkripce a jeji regulace o prokaryot (sigma faktor, LAC operon,
aktivatory a represory) a eukaryot (zesilovace transkripce, epigenetika), translace a jeji regulace u prokaryot a
eukaryot.

2. Modelové organismy vyuzivané v biotechnologii — bakterie (E. coli), kvasinky (Pichia, Saccharomyces) a houby
(Penicillium), Caenorhabditis elegans (hadatko), Drosophila melanogaster, Danio rerio (Danio pruhované), mys
domaci, ZivocCiSné bunécné kultury, Arabidopsis thaliana (Husenicek rolni), viry (bakteriofagy, retroviry).
Replikace DNA u eukaryot a prokaryot, opravné procesy, in-vitro syntéza DNA (PCR, reverzni transkripce).

3. Zakladni technologie rekombinantni DNA - enzymy, vektory, metody transformace, konstrukce genovych
knihoven. Techniky pro editaci genomu (ZFNs, TALENs, CRISPR).

4. Rekombinantni proteiny — exprese protein( v bakteriich (klonovaci strategie, pouziti koddnl, omezeni toxickych
efektl v dlsledku nadprodukce, zvyseni stability a sekrece, glykosylace), exprese proteind v eukaryontnich
bunikach (kvasinky, hmyzi bunky, savéi bunky), vyhody a nevyhody jednotlivych expresnich systémd

5. Genomika a genova exprese — techniky mapovani genu, nekddujici ¢asti genomu, bioinformatické nastroje,
farmakogenetika, DNA mikroarrays, RNA-seq techniky, metagenomika, epigenetika.
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Sylabus

6. Technologie zalozené na RNA — rozdéleni RNA, vyznam ne-kddujicich RNA, antisense RNA a umi¢ovani gend,
ribozymy

7. Technologie vimunologii — protilatky (struktura, funkce), cileny navrh protilatek, monoklonalni protilatky, ELISA,
vakciny (tvorba a vyroba, identifikace potencidlnich novych antigen, DNA vakciny)

8. Transgenni rostliny - tkariové kultury, genetické Upravy rostlin (Ti plazmid), funkéni genomika, biotechnologické
aplikace. Transgenni zvirata — techniky tvorby, metody kontroly exprese transgenu, aplikace RNA-technologii,
priklady transgennich zvirat.

9. Genova terapie — vrozené defekty u vyssich organismd, identifikace vadnych gen(, obecny princip genové
terapie, genova terapie pomoci retrovirt a adenovirli, agresivni genova terapie, vyuziti RNA v rdmci terapie,
cilena editace gend.
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Struktura nukleovych kyselin

— DNA a RNA - polymery skladajici se z podjednotek nazyvanych nukleotidy
— Nukleotid — fosfatova skupina, cukr (riboza, deoxyriboza), baze (A,G,C,T,U)
— Fosfat propojuje dva cukerné zbytky pomoci fosfodiesterove vazby

— Nejvice stabilni struktura — dvou fetézcova molekula DNA v anti-paralelni
orientaci vlaken (dvousSroubovice)

— Purinové baze se paruji s pyrimidinovymi (A-T, G-C, A-U) pomoci vodikovych
vazeb; G-C par stabilngjSi diky tfem vazbam
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Struktura nukleovych kyselin
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Clark and Pazdernik, 2016
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Analogy bazi nukleovych kyselin

— Lock Nucleic Acid (LNA), Bridged Nucleic Acid (BNA)

— 2’-0 a 4’-C atomy kruh ribozy jsou spojeny pomoci methylenového
mustku

— Fixace kruhu ribozy v optimalni konformaci pro Watson-Crick
parovani

— Par se rychleji tvofi a ma vySsi stabilitu

— LNA oligonukleotidy jsou idealni pro detekci kratkych nebo velmi
podobnych cilu v ramci DNA/RNA

— Vyssi specifita sond v ramci gPCR (detekce SNPs), jedineCné
rozliSeni mikroRNA rodin, vyssi stabilita (in vitro/in vivo), velmi
ucinna inhibice malych RNA in vivo.
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Analogy bazi nukleovych kyselin

o)

H
N\)-k
N N OH

— DNA analogy, fosfodiesterova vazba je nahrazena N-(2-aminoetyl)glycinem

— Peptide Nucleic Acids (PNAs) — Nielsen et al., Science, 1991

— Synteticka kostra - jedineéné vlastnosti v ramci hybridizace

— PNA je nenabita = v ramci hybridizace nedochazi k elektrostatické repulzi = vysoka stabilita
PNA-DNA, PNA-RNA duplexu

— PNA hybridizuje nezavisle na koncentraci soli v roztoku

— Nedochazi k degradaci PNA pomoci nukledz nebo proteaz a nejsou rozpoznavany
polymerazami

— PNA se muze vazat v anti-paralelnim i paralelnim uspofadani, tvofit triplex (Hoogsteenovo
parovani)
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Peptide Nucleic Acids (PNAS)

DNA PNA

Brind’Amour, Julie. (2020)
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PNA-DNA
Heterodimer

Adenine-Thymine

Guanine-Cytosine

(anti)

Watson-Crick

Watson and Crick (1953). Nature 171

Hoogsteen

(anti)

Hoogsteen (1963) Acta Crystallographica. 16
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Peptide Nucleic Acids (PNAS)

— Pouziti PNAs in vivo limituje nizky prostup do bunék — spojeni s DNA oligomery, ligandy
receptort nebo peptidy penetrujicich do bunék

— Vyuziti PNA:

L]
[[T1]
[111]

- specifické doruCovani do jadra
- vyuziti v ramci PCR a Q-PNA PCR D-loop
- vazba nukleovych kyselin (DNA/RNA — capture)

- hybridizaéni techniky (PNA-FISH) =

[T
LI

Duplex invasion Double duplex invasion Triplex Triplex invasion

Pellestor et al. 2004

I
f—
[
I

9 GENOVE TECHNOLOGIE - Uvod

W
QDI e



Konformace DNA

— PravotocCiva dvousroubovice, 1 otacka cca. 10 paru
bazi, 34 A

— MuUze zaujimat ruzné konformace:

B-forma - nizka koncentrace soli (10 bp/otacku)
A-forma - vysoka koncentrace soli (11 bp/otacku)
Z-forma - levotoCiva dvousSroubovice (12 bp/otacku)

A. A-DNA

<Twist> = -30°
@ <Rise>=37 A
<Roll> = 0°

Twist = 36°
Rise =3.38 A

Roll = 0° b
Inclin. = -6.0° <Inclin.> =-6.2°

x-Dis. =0.23 A <x-Dis>=8.0 A
P-Tw =-4.4° <P-Tw> = -4.4°

Twist = 33°
Rise = 2.56 A
Roll = 6°
Inclin. = 21°
x-Dis. =-4.5 A
P-Tw =-7.5°
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G-kvadruplexy

(A) 5 R
— Tvorba v G-bohatych oblastech PN e it
N“SNT N N
— | %
— Struktura stabilizovana Hoogsteenovym parovanim ”\F,%OL_,O.--<"°"'°H‘ "Nt
7 i + + i+ HoN H, S N
a monovalentnim kationtem (K* > Na* >LiI*) g el R
N N NN
)4 v v v V4 " 4 </ | X R
— Ctyr-retézcova nekanonicka struktura DNA waw/ N
H
— Klicové funkce v transkripci, replikaci, stabilité (D) (E)

genomu a epigeneticke regulaci

— Vyznam v |é€bé nadoru (pouziti molekul
stabilizujicich strukturu G4)

— Objevena cela fada proteinu interagujicich
specificky s G4

U
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Sbaleni nukleovych kyselin

Molekula DNA je pfili§ dlouha — nutna

kondenzace
U bakterii dochazi k nadSroubovicovému
vinuti (supercoiling) pomoci enzymu

DNA gyrazy (levotoCivé zkrouceni)

Rozvolnéni kondenzované struktury pomoci topoizomerazy |

U eukaryot je DNA navinuta na histony nesouci kladny naboj — chromatin

Lk (+) coil wrapped by gyrase Lk < Lk°
P00, @ —p CROSS oy @ o2 ooy ‘gﬁ}
(Off b‘l e 1\1 INVERSION i Q\\ f I‘QI rg%? -

g £+ bygyrase & X q 3 g}ﬁ
g 7 z g % ) $ -
g é — ﬁl 3 ﬁ ,5 RELEASE 111 foé-f (3» g
eé ﬁ Xy _ & ﬁl ,éf h‘ll,v il \J Fr;}:t? -
v | o ¥ N
s o g — 8| ¢
+ compensatory free (-) coil free 11 ol
gyrase & Colle
ATP ADP + P

Nukleozom se sklada z cca. 200 bp a deviti proteina (H2A (2x), H2B (2x), H3 (2x), H4 (2x) a H1)

Chromatin je dale stocen do helikalni struktury (30-nm vlakna, 6 nukleozomu/otacku)

— Vlakna jsou pfichycena na chromozomalni ose pomoci tzv. “matrix attachment regions® (MAR)

— MAR maji cca. 200-1000 bp a jsou bohaté na A/T
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Sbaleni nukleovych kyselin

Bakterie Eukaryota
AN A A AN AN AN AN A/ AN/ A A AV A/AN

SUPERCOILED SUPERCOILED

Chromatin

NUCLEOSOME
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Centralni dogma molekularni biologie

DNA
(dogt‘)}!e-stgapded),

AV 4

— Kli¢ové vlastnosti zivych tvoru
- schopnost reprodukovat vliastni genom
- tvorit vlastni energii

REPLICATION
— Nutnost organism( vyrobit proteiny kédované TRANSCRIETION OF DNA
v rdmci své DNA RNA ,
(single-stranded)
— Proteiny — tvorba energie, kontrola replikace, Y . P

vnitro- a mezibunécna komunikace

— Centralni dogma molekularni biologie:
TRANSLATION

DNA je prepisovana do RNA, ktera je

4 2 AF 4 4 Tty Protein
nasledné prekladana do proteinu e ———

T
4 \
X = -
\ j
-

Clark and Pazdernik, 2016
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Transkripce

NG

\\\ “”","l" lll ||”

l H(

— Tvorba kopii RNA na zakladé DNA kodu Ty .\~‘
Zahrnuje: a4 o %w%?’t% “\\
— J . [[Iy 11> 1|"‘ ”l' vV ,I”

LT
- rozvinuti DNA
- rozpleteni vlaken na pocCatku transkripce
- odstranéni histonu
- tvorba RNA pomoci enzymu RNA polymerazy (5"—3 procesivita)

— “"Housekeeping® geny prepisovany kontinualne

— Indukovatelné geny pfepisovany jen za specifickych podminek (lac operon)

— Vysledny kédovany produkt — protein (MRNA), RNA (tRNA, rRNA, snRNA, ribozym)

— Cistron (strukturni gen) - kédujici oblasti genu pro proteiny nebo ne-translatované RNA
— Otevreny Cteci ramec (ORF) — usek DNA koduijici protein nepreruseny STOP kodonem

¢
Rug Po\‘\«\b
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Transkripce

— Kazdy gen ma pred kodujici sekvenci promotor

— Bakterialni promotory - oblast -10(TATAA) a -35(TTGACA) Transciption Transcription
start stop
— Konstitutivni geny — velka shoda —— Promoterls_;ﬂ - = umi

— Rizené geny — aktivaéni proteiny/transkripéni faktory N ——

— Transkripce:
- Misto zaCatku transkripce
- 5"netranslatovana oblast (5" UTR) — vazba ribozomu TRANSLATION
- otevreny ¢teci ramec (ORF) — vlastni protein
- 3'netranslatovana oblast (3"UTR) — regulace miry translace

mRNA "5"UTR ORF UIR.

Protein

Clark and Pazdernik, 2016
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RNA polymeraza ;

— Slozena s nékolika podjednotek | Tranectbtion
- sigma podjednotka — rozpoznani oblasti -10 a -35
- vlastni enzym katalyzujici syntézu (5" —3")

5 ——/
— Enzym ma pét podjednotek (2 x o, B a B, ®) /
- B ap - vlastni katalytické misto CPRNA
chain
- a podjednotky napomahaji rozpoznat promotor RNA

polymerase

— Po vazbeé RNA polymerazy — tvorba transkripCni bubliny

Direction of

— RNA polymeraza pouziva nekodujici fetézec (antisense) synthesis

— Sekvence RNA shodna s kodujicim retézcem

— RNA syntéza zacina od purinu obklopeného pyrimidiny (CAT, CGT)

Clark and Pazdernik, 2016

MunI

U
17 GENOVE TECHNOLOGIE - Uvod
Cl

— Rychlost syntézy 40 bazi/sekundu

I
[

W



A upstream Nontemplate strand downstream
in 99 . - -15 S OOO000 +21
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B
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-10 element

Template strand

Jie Chen et al. PNAS 2010;107:28:12523-12528
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Jie Chen et al. PNAS 2010;107:28:12523-12528
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p recognition site (rut)

Ukonceni transkripce ~ =

p recognition
site In RNA

— Transkripce je ukonCena terminacnim signalem lt’u‘?;?fi'.?,?i&iiﬁ;“ﬁoves

— Rho-nezavisly terminator A
- typicky GC-bohaté vlasenka nasledovana poly-T mistem W
- RNA polymeraza vétsinou odpouta v poloving poly-T R

sekvence AL

— Rho-zavisly terminator
- obsahuji dvé obracené viasenky ﬁ ﬁ H;;;;:;;;
- Rho je homohexamerni RNA zavisla ATPaza \;\,"
- vaze se na C-bohatou oblast pred mistem terminace §Z7 \‘1 |

ribosome
binding site

molecule molecule

terminator stem loop

- pohybuje se po RNA dokud nedostihne RNA polymerazu
u viasenky x> K x> K
I
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Organizace chromozomu

— Prokaryota
- vzdalenost mezi geny mala
- geny jedné metabolické drahy vedle sebe (operon)

- polycistronni mMRNA
— Eukaryota

- monocistronni mMRNA

- U polycistronni se prepisuje pouze prvni cistron

21 GENOVE TECHNOLOGIE - Uvod

EUKARYOTES

DNA Promoter
~..gene

Monocistronic
mRBNA

Single protein

DNA Promoter

TRANSCRIPTION

TRANSLATION

PROKARYOTES

Structural genes

Operon

Polycistronic m-

Several proteins

Clark and Pazdernik, 2016
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Transkripce u Eukaryot

_ Ugast tfi RNA polymeraz:
- RNA polymeraza | (transkripce velkych ribozomalnich RNA)
- RNA polymeraza Il (transkripce genu kddujicich proteiny)
- RNA polymeraza Ill (transkripce tRNA, 5S rRNA, malé RNA)

— RNA pol. Il potfebuje pro transkripci:
- iniciacni box, TATA box, elementy vazajici transkripCni faktory
- zakladni transkripCni faktory
- specifické transkripéni faktory RNA polymerase ll|
- TATA box protein (TBP)

RNAP3-PIC

TFIIB

(e g
| RNAP3  TFIIK
JBPIBRF1 oo

22 GENOVE TECHNOLOGIE - Uvod b
tRNAs. 55 rRNA, snRNAs, scRNAs

RNA Polymerase |

SL1 RNAP1-PIC

o B ’/\
,quq

T A Lt ;
t_/ & vy

478 pre-rRNA

RNA polymerase Il

RNAP2-PIC

Mediator complex
MED26

(TP,
o B
e RNAPZ

/TBP."%FHBE_'. \/ %
TATA l;/\\ " 4

mRNAs, snRNAs, scRNAs

—
—

P
)
—

Yokoyama, 2019



Aktivace RNA polymerazy Il

— TFIID—-TFIIB —-RNA pol. II/TFIIA -TFIIF -TFIE, TFIIJ, TFIIH

Upstream TATA  Initiator

— TFIIH fosforyluje RNA pol. II o i i Gene
— TFIIH zustava asociovany s RNA polymerazou |l
—>» Transcription
+1 start site
Table 2.1 General Transcription Factors for RNA Polymerase ||
TBF binds to TATA box, part of TFIID
TFIID includes TBP, recognizes Pol |l specific promoter
TFIIA binds upstream of TATA box; required for binding of RNA Pol Il to promoter ec;\\'\o
nSP- o0  Activator
TFIIB binds downstream of TATA box; required for binding of RNA Pol Il to promoter “a“?:; Kot domain
TFIIF accompanies RNA Pol Il as it binds to promoter DNA binding
TFIE required for promoter clearance and elongation domail 50 f
- - - - Upstream N 4 Initiato Cene
TFIIH phosphorylates the tail of RNA Pol |l, retained by polymerase during elongation control element _ box
TFIJ required for promoter clearance and elongation RNA pol Il |- <
S
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Regulace transkripce u prokaryot

— Zapojeni aktivatort a represort transkripce
- aktivatory — pozitivni regulace
- represory — negativni regulace

— Vazba na promotorovou oblast DNA

— Blokace vazby RNA polymerazy nebo pocCatku transkripce

— VétSina genu je kontrolovana kombinaci faktoru

— Regulacni proteiny mohou zpomalovat elongaci nebo ji predCasne ukoncit
— Anti-terminatorové proteiny obchazi misto ukonceni transkripce

— KiliCova role ruznych sigma (o) podjednotek
- s70 (RpoD) — rozpoznava vétSinu house-keeping genu
- s32 (RpoH) — aktivace genu souvisejicich s teplotnim Sokem (chaperoniny a proteazy)

24 GENOVE TECHNOLOGIE - Uvod
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Teplotni sok

House- 30°C

Keeping /
o factor Sigma-7

HEAT SHOCK
GENES

Dnak DnaJ LysU

GroE GrpE etc.
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Laktozovy operon

— Regulacni proteiny transkripce existuji v aktivni (vazajici se) a
inaktivni (nevazajici se) formé

— Prechod mezi jednotlivymi formami vazbou signalnich molekul
nebo induktoru

— lac operon = polycistronni - lacZ (B-galaktozidaza), lacY (laktoza
permedaza), lacA (laktoza acetylaza)

— lacl = represor lac operonu, kédovan v opacném smeru

— Promotor obsahuje lacO vazné misto (operator) a Crp misto pro
vazbu CRP proteinu (CAMP receptorovy protein

— V pripadée nedostatku glukozy a pfitomnosti laktozy:
- zvysSena hladin cAMP

- tvorba alolaktézy (analog isopropyl-thiogalaktozid, IPTG) pomoci

B-galaktozidazy

GENOVE TECHNOLOGIE - Uvod

Structural
gene Terminator

. Regulatory reglon. Structural genes :¢

lacl Promoter Crp lacP lacO lacZ lacY lacA
for lacl - site ———

1

TRANSCRIPTION

WIEEZN lacY lacA mRNA

TRANSLATION

PROTEINS

Lacl
LacZ LacY LacA

Clark and Pazdernik, 2016 I\/I U |\| I
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Laktézovy operon

CHoOH CHoOH
H ©)
OH H pHOH
H OH

LACTOSE
(galactose & glucose)

CHo0H
HO oL © CHy
OH H i 0
H OH H pHOH
H HO HO
H OH

ISOPROPYL-B-D-THIOGALACTOSIDE
(IPTG)
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:{"},.Q- ALLOLACTOSE
(gal-6glc)

transgal-
actosyhs
lhydrolysxs
"ACTOSE hydrolysis
(gal-4glc) GALACTOSE
& GLUCOSE
B. E- gal ga|°H O

gal-4glc
ﬁEogal 4g|c—)E galogl
4 Aél'olactose

Eegal-6glc

Wheatley et al., 2016
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Laktozovy operon

LACTOSE OPERON

+1 +1

NO GLUCOSE, YES LACTOSE
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YES GLUCOSE, YES LACTOSE > OFF

T, T -
+1

+1

YES GLUCOSE, NO LACTOSE - OFF

+1

NO GLUCOSE, NO LACTOSE s OFF

Clark and Pazdernik, 2016 IVI U I\I I
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Dvou komponentni regulacni system

_ Casto dochazi ke kovalentni modifikaci

aktivatoru/represoru pomoci riznych skupin (methyl,
acetyl, AMP-/ADP-rib6za.

— V pripadeé dvou komponentniho regulacniho systemu

dochazi k prenosu k prenosu fosfatu ze senzorové

Response
regulator

kinazy na aktivator/represor (tzv. “phosphorelay
r-%
system®) ‘pinding
o
regulat.or

MUNI
|
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Regulace transkripce u eukaryot

— Daleko vice komplexni ve srovnani s prokaryoty
- DNA je navinuta na histonech
- jaderna membrana nepropousti vétSinu proteint do jadra
- velka role epigenetickych modifikaci (DNA, histony)

— VSechny transkripCni faktory maji dvé vazné domény — DNA a transkripCni aparat

30 GENOVE TECHNOLOGIE - Uvod
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Transkripcni faktor GAL4

12345 6 73N

Variable Conserved / —
e TGAET
DNA ! Promoter DNA Lsei:::\ Promoter
——l s
Binding and transcription @
. , No binding
1A : LexA
. TISIIF __-:) DNA site Promoter
“\RNApolll
\'\/-\ /'/
A _ - B
/ Binding and transcription
(e No binding
DNA  GAL4 Promoter DNA
PR 1 7 Y— j
pr— RNA pOl " »
C D . /
st
Ashkenazy et al, 2010 Clark and Pazdernik, 2016 I\/I U I\I I
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Regulace transkripce u eukaryot

— Daleko vice komplexni ve srovnani s prokaryoty
- DNA je navinuta na histonech
- jaderna membrana nepropousti vétSinu proteint do jadra
- velka role epigenetickych modififikaci (DNA, histony)

— VSechny transkripCni faktory maji dvé vazné domény — DNA a transkripCni aparat
— Transkrip€ni faktory pracuji skrze tzv. mediatorovy komplex

— Mediatorovy komplex:
- pfenasi signal z aktivaénich proteini na RNA polymerazu Il
- obsahuje 26 rozdilnych podjednotek tvoficich jadro
- je pfimo asociovany s RNA polymerazou Il, kde Ceka na informaci

— Transkrip€ni faktory se mohou vazat také na tzv. zesilovace transkripce
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Regulace transkripce u eukaryot
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"+ 1 Start transcription
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|zolatory (Insulators)

g£nhancer

— DNA sekvence zabranujici zesilova¢um transkripce
chybné aktivovat geny
— Jsou umistény mezi zesilovacC a geny, které nesmi
regulovat r;\ 9

— Insulator binding protein (IBP) se vaze na tyto sekvence A C?/
a blokuje zesilovace transkripce ‘

— IBP se nemuze vazat na methylovanou DNA

sulato

binding
I8Py,
B Insu‘.‘a!or region DNA
Clark and Pazdernik, 2016
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AP-1 (aktivator protein-1)

C e o A A
— Aktivuje Siroké spektrum genu Basicrogion  Lovcie g/ (o050 ggolgon

zipper Zipper

— Nejlepsi stimulatory AP-1 zahrnuji rustové faktory a UV
zareni

— Dimer dvou proteinu z Fos a Jun rodiny

DNA Promoter

RNA
polymerase’

— Patfi do rodiny bZIP DNA vaznych proteinu

— Stimulace AP
- zvySena exprese Fos a Jun proteinu
- zvySena stabilita Fos a Jun proteinu

- fosforylace aktivacni domény pomoci JNK (Jun
aminoterminalni kinaza) :

DNA

CAC

Promoter

RNA
polymerase

—
—

., , Clark and Pazdernik, 2016
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Zpracovani eukaryotické mRNA

Gene
[ ] Cap Exons Tail
DNA Promoter Exon  Intron Exon Intron 7Exg | | J | [ I
I—bTranscnption stant 5'end Stan +oodon Tail signal K ind
Ve AAAAAAAAAAAA
TRANSCRIPTION :
: TRANSLATION ?
Tail signal 5 untranslated ¢ ¢ 3 un{!rans':ated
region : : : 6gio
ZSS\:)N transcript “Exon Intron Exon. Intron EXod B {MET Protein ;
PROCESSING
(ADD CAP, ADD TAIL, REMOVE INTRONS) OH OH v B o
Cap Poly-A tail o 'Iﬁl' ﬁ {I:f.
¥ " M HN. N N 0-P—0—-P—-0—P—0 B'
Messenger (RNA) CESH T EXOHELGT AAAAAAAAAAAA \|/ ) 1 ! i o
HM +
I
TRANSLATION o CH, Q Oupn
O—P=0
|
7= 1 I o] 52
) S B'and B? = nucleobases o
Protein ¥ (= \‘\
A o - 0 QO-gp2
i R
mRMNA chain

Zapati prezentace

wn =
X —

— =



Zpracovani eukaryotické mRNA

— dochazi k pfidani ¢epicky na 5’konec mMRNA (m7GTP)
— dochazi k pfidani polyA konce na 3’konec pomoci poly-adenylaéniho komplexu

G

3"UTR

Poly(A) Binding Proteins
(PABPs)

O
elF4E |
- Y o

Yadong Sun et al. PNAS 2018
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Zpracovani eukaryotické mRNA

— Dochazi k odstranéni intront z primarniho transkriptu pomoci faktort sestfihu v ramci spliceosomu

Intron lariat

; . Q Prp43-ATP ILS complex
Pre-mRNA 5SS BPS 3'SS (intron lariat
5 0 GU e AG
exon ?

spliceosome)

P complex
(post-splicing
complex)

E complex m

Prp5-ATP °

UAP56-ATP o

A complex :@—b

(pre-spliceosome) i
Prp28-ATP 'I’
rp28- /
P U4@

@

C* complex
(step 2
catalytically

Prp16-ATP activated)

Prp18

tri-snRNP Slu7

C complex

B complex (catalytic step 1

. % : :
Intron lariat mRNA g%q?cgg;?)lr);:g) BrrSZ-ATP rp Step 1 spliceosome)
nulil4-
‘ Yju2
. — ‘K" S5 S - @'ﬂ‘ ~ CJ\xCZS
Shi. Nature 2017 NTR @ pp2 INTC]
5 l Prp2-ATP INTR] B+ complex IVI U I\I
) ) * complex (catalytically activated
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Epigenetika

Euchromatin

: ]Methylation
Acetylation

— Jakakoliv jina zména v ramci DNA, nez v nukleotidové
sekvenci
A) post-translacni modifikace histonu
B) metylace DNA
C) remodelace nukleozomu
D) umléeni zprostfedkované RNA

DNA hypermethylation )
DNA Hypomethylation

Histone methylation Histone acetylation

— VétSina epigenetickych zmén ovlivhuje pfistup regulacnich S ®
proteinti k DNA T b
- rozvolnény chromatin (euchromatin) - snadny pristup e o(@ P o @
regulacnich proteinu
- kondenzovany chromatin (heterochromatin) — znemoznén
pristup regulacnich proteinu

QD

7 @WEHRE <&
G\ GN\D

D @@@m

@A M

o) @
Heterochromatin

39 GENOVE TECHNOLOGIE - Uvod

Frontiers In Bioscience, Landmark, 23, 2018 IVI U I\I I



Epigenetika

A POST-TRANSLATIONAL MODIFICATIONS OF HISTONES
DISAGGREGATED

B DONAMETHYLATION

8882

AGGREGATED

A\

CHy  CHg

y METHYLCYTOSINE-
+ - BINDING PROTEIN
ARRIVES

D X-INACTIVATION BY NONCODING ANA

. |
e cownzﬁ3 OF ONE X-CHROMOSOME BY Xist ANA &ia ==
Xist gene ~ DEACETYLASE
X<romosome #1) M. o v __BINDSTO
: " A Coating by Xis! RNA SR ecP
< o Xist inactive spreads outwards “‘l
= = XistANA from Xist gene
INACTIVATION OF ONE X-CHROMOSOME BY ! 1
CH3 CH3
METHYLATION .o/ stays active |
CH3 CH3C
A DEACETYLATION OF HISTONES
= :
CH3 CH3 CH3CH3 l
ACTIVE INACTIVE AGGREGATION OF NUCLEOSOMES
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C NUCLEOSOME REMODELING
SLIDING

REMODELING

More DNA
merged nucleosomes is accessible

Clark and Pazdernik, 2016
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Acetylace histonu

— Histon-acetyltransferazy (HATS) — pfenos acetylu na Lys zbytky na koncich histonu

H 9 H © H @
N A N A oA N A oA
O M M
&0
CoA=S™ = Nt ——  Coa-$7NH, — NH
& 7% T
O}rGlu-Enz HO‘_]r,GIu-Enz CoA-SH
0 o)

— Histon-deacetylazy (HDACS) — odstranéni acetylu z Lys zbytku

acetyl lysine
H\i H\i
HN"’Q\N./I \{N Y 0}\ \(Né 0}\
His\)‘*\v " ’)/' H/
| —_—
X o 3 —
A
\'lror? J‘D_J‘K/ SP | HN::}N_W/&%H
/\O/ ; oA
(Y
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Metylace histonu

— Lysin-metyltransferazy (KMTs) — pfenos methylové skupiny na Lys zbytky na koncich histonu

YH\;/?LDA‘ ‘(H\i_j“ﬂ}‘ N YH\;J\OA- N \(nxéj\ok

S T T oY

NH3 .:‘.N"'H ol N P
Me i—l Me ME Me Mgde
lysine manomethyl dimethyl trimethyl
lysine lysine lysine

— Lysin-demetylazy (KDMs) — odstranéni methylové skupiny z Lys zbytku
h O H © H @ H
Mo Mo Mo oA

oxidation 0
. =l —_— +
Kr H/ H/ H/ .

=+
N - %«}/ﬁ - NT _NH
OH, :OH
dimethyl imine hemiaminal monomethyl formaldehyde
lysine intermediate intermediate lysine
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Metylace DNA

— U prokaryot metylace odliSuje nové syntetizované vlakno od templatu.
— U eukaryot metylace umi€uje riizné geny a brani jejich expresi.

— Metylace se objevuje v motivech CpG nebo CpNpG
- udrzovaci metylazy — metylace nové syntetizovaného viakna DNA
- de novo metylazy — nové prfidavané metylace do DNA
- demetylazy — odstranéni nechténych metylaci z DNA

— Cela rfada genu v blizkosti tzv. CpG ostruvku

— Pfi metylacich rozsahlych useku na DNA CpG ostruvky vazi metylcytosin vazajici proteiny,
které zaroven aktivuji histondeacetylazy = tvorba heterochromatinu
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Metylace cytosinu £ g

NH2 NH2 SN
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Proces translace

— Prenos informace v mMRNA do konkrétniho

proteinu

— Kazda aminokyselina je v mMRNA koédovana v
ramci tfi bazi nazyvanych triplety/kodony

— Jednotlivé kodony v ramci mRNA rozpoznavaji
molekuly transferové RNA (tRNA)

— Aminokyseliny jsou pripojovany k pfislusnym

tRNA pomoci enzymU aminoacyl-tRNA syntetaz
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2nd (middle) base

1st 3rd
base U C A G base
UUU Phe |UCU Ser |UAU Tyr |UGU Cys| U
U UUC Phe |UCC Ser [UAC Tyr |UGC Cys| C
UUA Leu |UCA Ser | UAA stop| UGA stop| A
UUG Leu |UCG Ser | UAG stop| UGG Trp G
CUU Leu |CCU Pro | CAU His [CGU Arg u
C CUC Leu [CCC Pro | CAC His |CGC Arg C
CUA Leu |CCA Pro |CAA GIn [CGA Arg A
CUG Leu |CCG Pro | CAG GIn [CGG Arg G
UuU lle CU Thr | AAU Asn | AGU Ser U
ucC lle CC Thr | AAC Asn | AGC Ser C
UA lle CAThr | AAALys [AGA Arg A
UG Met | ACG Thr | AAG Lys | AGG Arg G
GUU Val |GCU Ala | GAU Asp | GGU Gly u
G GUC Val |GCC Ala [GACAsp|[GGCGly| C
GUA Val |GCA Ala | GAA Glu | GGA Gly A
GUG Val |GCG Ala | GAG Glu | GGG Gly G

Codon
128

mRNA GUA

CAU
321

R group
HgC, ,CHg

L VA '
CH T~
I 3’ end ~ | | \

HgN+— C—C— 0 — &,

|l >
H (0]

VALINE 5"end

Anticodon



H
—_ NH2 CHgSCHzCH2 ~C—NH-=C-H
| I
=0 c=o ©
I

CH3SCH,CH —

0O—0—0T

2 O

Syntéza proteinu u prokaryot
— Probiha v ribozomech MHRN 2 N-f;y]-mm-mm

- 30S (16S rRNA + 21 proteint) /\\

10-formyl

- 50S (5S, 23S rRNA + 34 proteinu) ekt

tetrahydrofolate

— Velka podjednotka = tfi vazna mista — A (akceptor), P (peptide) a E (exit)

— Translace zaCina na AUG kodonu po Shine-Dalgarno sekvenci (UAAGGAGG)

— Translace je iniciovana derivatem Met (N-formyl-methionin) navazany na 30S podjednotku
— Iniciacni faktory — slozeni 30S iniciacniho komplexu

— tRNA™etse vaze do P-mista ribozomu, A-misto obsazuje dana tRNA, peptidyl-transferdzova aktivita
23S rRNA katalyzuje tvorbu peptidové vazby

— Pridavani dalSich AK v ramci elongace vyZzaduje elongacni faktory, stop kodon vaze RFs

— Neékolik ribozomu se vétsinou vaze na mRNA za tvorby polyzomu
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A INITIATION

C. TERMINATION

B. ELONGATION

4+30S INITIATION
COMPLEX

tANA
=
acid chain ‘:;@ S <
)
47 GENOVE TECHNOLOGIE - Uvod Clark and Pazdernik, 2016 IVI U I\I I
SCI



48

PET28 vektor

T7 promoter primer #59348-3

pET upstrgar}‘lllpr|mer#69214-3 T7 promoter R lac operator xbal rbs

|

AGATCTCGAT CCCGCGAAATTAATACGACTCACTAT AGGGGAAT TGTCGAGCGGAT AACAATTCCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGA

Nco | His-Tag _Ndel Nhel T7+Tag
TATACCATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGETGCCGLGCGGCAGCCATATGECTAGCATCGACTGGTGGACAGCAA
MetG lySerSerHisHisHisHi sHisHisSerSerGlyLeuVal ProArgGlySerHisMeth laSerMetThrGlyGIyGInGIn

Eag| 'thrombin
BamH | EcoR1 Sacl _ Sall Hipdlll _ Notl  Xhol His-Tag
ATGGGTCGCGGATCCGAATTCGAGC TCCGTCGACAAGCTTGCGGCCGCACTCGAGCACCACCACCACCACCACTGAGATCCGGCTEGCTAACAAAGCCC  pET-2Bal+]
MetGlyArgGlySerGluPheGlulLeulArgArgGIinAlaCysGlyvArgThrArgh laP roProProProProleufrgSerGlyCysEnd
. GETCGGGATCCGAAT TCGAGCTCCGTCGACAAGCTTGCGGCCEGCACTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCC pET-2Bbi{+]
GlyArghspProlsnSerSerSerValAsplysleuldlafdlodlaleuGluHisHisHisHisHisH isEnd
GETCGGATCCGAATTCGAGCTCCETCGACAAGCTTGCGECCGCACTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAMAGCCC pET-28c(+]

-:GIyﬁrgIIeﬁrg[|ehrgﬁlo”roSerTwrSer_edﬁrgjroﬁi55er5erTﬁrTerﬁrTwrTﬁrTwrGIJIIeﬁrg_ed_eqTﬁr_ySJro...

Bpul102 1 T7 terminator
CAAAGCAAGC TGAGTTGECTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGEGECCTCTAAACGGETCTTGAGGGGTTTITTG

il

T} terminator primer #69337-3
pET-28a-c(+) cloning/expression region
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Synteza proteinu u eukaryot

3"UTR

_ Translace probiha v cytoplasmé (drsné ER) " Pob(A) Binding Potens

(PABPs)

— Nedochazi ke spojeni procesu transkripce a translace
— Probiha v ribozomech

- 40S (18S rRNA + 32 proteinu) olFE \uGap.
- 60S (5S, 5.8S a 28S rRNA + 47 proteinu)

405 5 UTR

— MRNA neobsahuje Shine-Dalgarno sekvenci, rozpoznani CepiCky a Kozak sekvence
— Prvni aminokyselina je Met bez modifikace

— Cela fada eukaryotickych proteinu je nasledné jesté post-translancné modifikovana
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Synteza proteinu u eukaryot

CAP BINDING 43S PRE-INITIATION COMPLEX
COMPLEX olF1
elFia
elF3
408 F5
oep BB &5 e s
4B
£ aA aTP S
GTP GDP |
e 0
elF2— GDP O e
elF28 {ig "
tRNA, Met
ATP
3
ADP GTP. 51

AAAAA T3

o 3
4 MG SA4A
% AUG

—2) 3

GTP
A @ @
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4G
4A 31A
> 5 1AUG PABP
m’G ) - AAAAA
4E grP L \-40S ribosome

2@ LRNA, Mot

wat
\* elF2 + GDP + P,
elF5B — GTP
\\o elF1

\ﬁm

elFs
80S ribosome
PABP
4 MG E/Vg AAAAA
(9 _GTP
~L A58

vat

4G

elF5
elF1A

4G 80S ribosome
PABP
4 MG e AAAAA
@"& ;f

Translation begins

Clark and Pazdernik, 2016
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