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Rizeni exprese bakterialniho genomu



Cast prvni: Rizeni exprese bakteridlniho genomu

- u bakterii nejc¢astéji regulace na urovni transkripce

- NE vSechny promotory jsou si rovny - nékteré maji slabsi afinitu k RNA-polymeraze nez jiné
- proto potrebuji pomoc regulatort (pozitivni nebo negativni)

- vypinani a zapinani transkripce v reakci na okolni podminky

- nikdy neni potreba vyrabét vSechny proteiny najednou

- bunky nikdy neplytvaji zbyteéné energii

Regulatory:
1. Regulacni protein
- vadzou se na regulacni oblast DNA (promotor/operator)
- 2 vazebna mista
a) pro rozliSeni DNA promotoru/operatoru regulovaného genu
b) pro pfislusnou signalni molekulu
- po vazbeé signalni molekuly méni konformaci a tim afinitu k promotoru

2. Signalni molekula (alostericky efektor)
- vétSinou mald a neschopna se pfimo vazat na regulacni oblast DNA (promotor/operator)
- Casto substrat (napr. laktdza) nebo produkt (napr. aminokyselina) prislusSného enzymu
- dany enzym se bud' zapne (3-galaktozidaza) nebo vypne (AA-syntetaza)
- vazba na regulacni protein (zprostfedkovatel)



Signalni molekula (alostericky efektor) a Regulacni protein
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Systém regulace genu je zkoumdn od roku 1961,
kdy Jacques Monod objevil lac operon (Nobelova cena 1968)

Indukce syntézy proteinli

B-galaktozidaza (u E. coli)

- jeden z enzym pro Stépeni laktézy u E. coli (spolu s permedzou a transacetyldzou)

- v prostredi kde je jediny zdroj uhliku glukdza se enzym netvori

- po prenosu do prostredi s jedinym zdrojem uhliku laktézou zacne E. coli syntetizovat

B-galaktozidazu za 1 min

- Koreprese: glukdza aktivné potlacuje syntézu B-galaktozidazy
- samotna pritomnost laktdzy nestaci, aby se zacal tvofit enzym
- tzn. za pritomnosti glukdzy i laktdzy zUstdva laktdza nedotéena

i e
www.nobelprize.org

Represe syntézy proteinli

- syntéza enzymu potlacena metabolitem dané biochemické drahy

- syntéza se zastavuje pokud se v bunice nahromadi metabolit do kritického mnozstvi
(napr. aminokyseliny)

- pri poklesu pod kritickou mez se obnovuje



Regulace operonu

- Operon - transkrip¢ni jednotka, ktera obsahuje regulacni mista "Promotor" a "Operator" pred

strukturnimi geny
- Operator - Usek na operonu, kam se vaze represor - zastaveni transkripce

- Slabé nekovalentni vazby

Represor (negativni regulacni protein)
- Fyzicky brani RNA-polymeraze ve vazbé nebo pohybu na DNA
- Na represor se vaze signalni molekula
a) induktor - zabranuje vazbé na operator - probiha transkripce
b) korepresor (neni nezbytny) - podporuje vazbu na operator - neprobiha transkripce

L OPERON |

Mo transoiption

Initistion of transoription




Laktdzovy operon E. coli (lac operon)

lacl - gen pro regulacni protein
(nachdzi se pred strukturnimi
geny pro enzymy Stépici
laktézu)

lacZ - gen pro B-galaktozidazu
lacY - gen pro permeazu
lacA - gen pro transacetylazu
Geny pro funkcné blizké
proteiny se nachdzi na DNA v

ramci jedné transkripcni
jednotky (operonu)
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Fig_16-08 Genetics, Second Edition © 2005 W.H. Freeman and Company




Laktozovy operon E. coli (lac operon)

- glukdza je pro E. coli "sugar of choice" a dava ji prednost pred laktézou
- samotna pritomnost laktdzy nestaci, aby se zacal naplno tvorit enzym
- musi byt zaroven nepritomna glukoza

- RNA polymeraza ma sama o sobé slabou afinitu k promotoru lac operonu

- potfebuje pomoc pozitivniho regulaéniho proteinu - CAP (catabolite activator protein)

- CAP se vaze na promotor lac operonu pouze po aktivaci pomoci cAMP (signalni molekula/alostericky ef.)
- glukdza ovsem inhibuje tvorbu cAMP inhibici enzymu adenylatcyklazy

(b) The amount of cAMP and the rate of transcription of the /ac operon
are inversely related to the concentration of glucose.

Qutside cell Inside cell
@ ‘
L AKX L i : -
Vg @ —r— : — ¢ — INFREQUENT TRANSCRIPTION
Ce | of lac operon
HIGH ‘ INACTIVE LOW
glucose | adenylyl cyclase cAMP bind to DNA
; « CAMP
e — FREQUENT TRANSCRIPTION
of lac operon
LOW | ACTIVE HIGH CAP-cAMP complex

glucose " adenylyl cyclase cAMP binds to DNA

© 2011 Pearson Education, Inc.



Laktozovy operon E. coli (lac operon)

NOTRANSCRIPTION
Glucose HIGH
Lactose LOW | == o
RNA polerase bound RNA polyerase bound
to lacl promoter loosely to promoter
Glucose HIGH
Lactose HIGH \ %
RNA polymerase bound RNA polymerase bound
to lacl promoter loosely to promoter
Glucose LOW
POOVIDP 10 Lo TOLIV
Lactose HIGH
RNA polerase bound RNA polymerase bound 7k
to lacl promoter tightly to promoter ¢
Figure 17-10 Biological Science, 2/e © 2005 Pearson Prentice Hall, Inc.

shrnujici video: https://www.youtube.com/watch?v=-4Jr84qyKPo



https://www.youtube.com/watch?v=-4Jr84qyKPo
https://www.youtube.com/watch?v=-4Jr84qyKPo
https://www.youtube.com/watch?v=-4Jr84qyKPo

Tryptofanovy operon (trp operon)

- obsahuje 5 strukturnich genu (trpE, trpD, trpC, trpB, and trpA), promotor (P,), operator (0), a vedouci

sekvenci (L)
- Pokud Tryptofan chybi - represor (kodovan trpR) je inaktivni - transkripce probiha

RNA polymerase RNA polymerase
bound to promoter transcribing the operon
.._....><—\
DNA Pp trpR trpE trpD | trpC trpB ‘ ( trpA )
Leader
l Operator sequence 1
5 I 5 -
trpR-mRNA 1 trp-mRNA \’ l 1 l l 1
Inactive form Anthranilate- Phosphoribosyl- Tryptophan  Tryptophan
Lead Anthranilate
| of repressor hae s phosphoribosyl anthranilate synthase synthase
peptide v transferase isomerase (B protein) (A protein)
Indole 3-glycerol
phosphate
(b) Tryptophan absent, repressor not bound to operator, operon derepressed. synthase

In the absence of tryptophan, the free trp repressor cannot bind to the operator
site. RNA polymerase can therefore move past the operator and transcribe the
trp operon genes, giving the cell the capability to synthesize tryptophan.

© 2012 Pearson Education, Inc.

Vedouci sekvence DNA — usek DNA v bakteridlnich transkripcnich jednotkdch ulozend mezi promotorem a prvnim
strukturnim genem. Je v ni uloZena Shine-Dalgarnova sekvence. MuZe obsahovat atenudtor.



Tryptofanovy operon (trp operon)

Pokud je Tryptofan pritomen, vaze se na represor, a represor vazbou na DNA zastavi transkripci
Exprese genl kodujicich enzymy biochemické drahy pro syntézu Tryptofanu je navic jesté fizena tzv.

atenuaci
RNA polymerase blocked from
transcribing frp operon
Regulatory gene trp operon
DNA P trpR N B 1 trpE trpD trpC trpB trpA
l Promoter Repressor bound
5 3 to operator
I

trpR-mRNA l

(a) Tryptophan present, repressor bound to operator, operon repressed.
When complexed with tryptophan, the repressor protein produced by the
trpR gene binds tightly to the trp operator, thereby preventing RNA
polymerase from transcribing the operon genes.

Active form

Inactive form
of repressor

of repressor

Tryptophan




Atenuace

- Atenuator - oblast ve vedouci sekvenci DNA (preklada se)

- pouze u prokaryot

- spojeni mezi transkripci a translaci u prokaryot umoznuje fungovani kontrolniho mechanismu atenuace

- nascentni fetézec RNA je kousek dal simultanné prekladan do proteinu

- transkript trp operonu (mRNA) obsahuje 162 nukleotid(i pred prvnim strukturnim genem trpE
- tato vedouci sekvence obsahuje "sensor" (neboli vedouci peptid) o velikosti 14 AA

a) pokud je pritomen tryptofan - vytvori se pouze vedouci peptid

b) pokud neni pritomen tryptofan - cely operon je prelozen a vytvori se enzymy pro syntézu tryptofanu

trp leader mRNA

Region 1 Region 2 Region3 Region 4 trpE
( & N7 A N N R
s[_ __]AuG UUUUUUUU _ _ JAUG
mRNA
Trp codons Stop codon
< 5 J - J
Coding sequence Terminator
for leader peptide
l Tryptophans s P
lieaddar prvini strukturni gen

peptide

& 2012 Pearson Education, Inc.

pokud je tryptofan pritomen,
transkripce se ukonci pred trpE

Vedouci sekvence DNA — usek DNA v bakteridlnich transkripcnich jednotkdch ulozend mezi promotorem a prvnim
strukturnim genem. Je v ni uloZena Shine-Dalgarnova sekvence. MuZe obsahovat atenudtor.



Mechanismus atenuace

- vedouci sekvence mRNA obsahuje 4 regiony, které jsou vzajemné kompatibilni a schopny tvorit
vldsenky: 1+2, 2+3, 3+4
- regiony 3+4 jsou schopny tvorit terminacni vlasenku - RNA-polymeraza se uvolnuje z DNA

1. Nedostatek tryptofanu

- ribozom se zastavi na misté kodovaném pro tryptofan (region 1) ¢eka na pritomnost tRNA

- ribozom fyzicky zablokuje pouze region 1. Region 2 je volny a vytvori vlasenku s regionem 3

- nevznika tedy terminacni vlasenka 3+4 - translace pokracuje a enzymy pro syntézu nedostatkového
tryptofanu jsou vyrobeny

2. Dostatek tryptofanu

- ribozom se zastavi az ve stop kodonu - blokuje region 2

- vznika terminacni vlasenka 3+4 a RNA-polymeraza se uvolnuje
- vysledkem je pouze kratky vedouci peptid (14 AA)

frp leader mRNA
A

s K
Region 1 Region 2 Region3 Region4 trpE
r o N r & N e W
5[ | _JAuG b UUUUUUUU  JAUG
mRNA
Trp codons Stop codon
X . L1 J
b3 E:
Coding sequence Terminator

for leader peptide

l Tryptophans
Leader
peptide =" I

© 2012 Pearson Education, Inc




(a) The most stable secondary structure for trp leader mRNA.
Attenuation depends on the ability of regions 1 and 2 and
regions 3 and 4 of the irp leader sequence to base-pair,
forming hairpin secondary structures. The 3—4 hairpin
structure acts as a transcription termination signal.

Terminator

Start of
leader peptide
coding sequence

String of U
4 nucleotides

mRNA

(b) When tryptophan is scarce the ribosome stalls, allowing
a 2-3 “antiterminator” hairpin to form. The ribosome stalls
when it encounters the two tryptophan (Trp) codons due to a

Partial leader Stalled ' shortage of tryptophan-carrying tRNA molecules. The stalled

peptide ribosome = ribosome blocks region 1, so a 1-2 hairpin cannot form.

Instead an alternative 2-3 hairpin is created, which prevents

formation of the 3-4 termination hairpin. Therefore RNA

polymerase can move on to transcribe the entire operon.

trpE mRNA

mRNA

DNA
Adjacent Trp

codons

RNA polymerase

(c) When tryptophan is plentiful the ribosome continues, allowing the 3-4 transcription termination signal to
form. The moving ribosome completes translation of the leader peptide and pauses at the stop codon, blocking
region 2. As a result, the 3—4 structure forms and terminates transcription near the end of the leader sequence.

RNA polymerase

Stop codon DNA

© 2012 Pearson Education, Inc.



Riboswitch - dalsi priklady

- regulacéni usek na mRNA, ktery kontroluje produkci daného proteinu (muUze vazat signalni molekuly)

(a) Transcription termination. Binding of a small molecule to a
riboswitch in the leader sequence of some mRNAs triggers the
formation of a hairpin loop that terminates transcription. FMN
binding to the leader sequence of the mRNA transcribed from the
rib operon of B. subtilis works in this way.

(b) Translation initiation. In other mRNAs, a small molecule binding to a
riboswitch triggers formation of a hairpin loop containing the site
where ribosomes normally bind, thereby interfering with translation
initiation. In E. coli, this type of control is used by FMN to inhibit
translation of mMRNAs coding for enzymes involved in FMN synthesis.

Riboswitch

mRNA J I
| 4
——
Transcription proceeds
Small ﬁ\
molecule

Hairpin loop
terminates transcription.

@ 2012 Pearson Education, Inc.

Riboswitch @

Ribosome

J."‘\L AUG | |

e S —
Small Q \

Translation proceeds
molecule

Hairpin loop blocks
ribosome binding.

=

FMN - Flavinmononukleotid je redoxné aktivni kofaktor (prosteticka skupina) flavoproteind, hraji roli napr. v dychacim retézci. Podobny
princip jako tryptofan - pokud je ho hodné, zpétnd vazba - nevyrabi se dalsi




Rizeni exprese eukaryotického genomu



v, ya

Cast druha: Rizeni exprese eukaryotického genomu

Mnohem komplexnéjsi nez u prokaryot - prikladem je regulace exprese lidského genomu
- vSechny bunky maji stejnou DNA (s vyjimkou gamet)

- v bézné bunce musi byt témér vSechny geny vypnuty

- vétSinou ma kazdy gen nékolik regulator(

- lidska bunka obsahuje kolem 21 000 genl (plvodni odhad 100 000)

chromosomes --diploid base pairs genome size (#genes)
fruit fly 8 1.65x10° 13,600
Budding yeast 16 12,462,637 6,275
human 46 3.3x%x 107 ~21,000
human mitochondria 16,569 13
rce 24 466 x 108 46,022 -55,615
dog 78 2.4 %109 ~25,000
mouse 40 3.4x10° ~23,000

http://www.edinformatics.com/math_science/human_genome.htm

M. Muller, Biology of Cells and Organisms
University of lllinios, Chicago



Cast druha: Rizeni exprese eukaryotického genomu
Exprese genl (tzn. "vyroba proteint")

1. Housekeeping geny
- exprimovany ve vsech bunkach stale
- rutinni metabolické funkce, burika se udrzuje nazivu

2. Geny exprimované pri diferenciaci bunky
- zapnuti urcité signalni drahy nezbytné pro diferenciaci
- zapnuti pouze po urcitou dobu

3. Geny nutné pro funkci specializované bunky
- stald exprese pouze u urcitého typu bunék
- napl. syntéza protilatek v plazmatickych burikach (terminalné diferencovany B-lymfocyt)

4. Geny zapnuté/vypnuté v reakci na okolni podminky
- napl. po signalizaci hormonem

M. Muller, Biology of Cells and Organisms
University of Illinios, Chicago



V rozdilnych tkanich jsou transkribovany odlisné geny (vznika jinda mRNA)

Brain cells Liver cells
© Isolate mRNA. l ¢
NN NN
NN Va Ve
e Use reverse
transcriptase to make
cDNAs labeled with
fluorescent dyes. \/\ . \ \
\VANRAVAERAVANEY . V2
\\ \/\

© Combine cDNAs and
hybridize to DNA microarray.

€ 2012 Pearson Education, Inc.
B. Staveley, Principles of Cell Biology
Memorial University of Newfoundland



Regulace genové exprese eukaryot

1. Chromatinova remodelace
- oblast chromozomu musi byt otevrena
aby mély enzymy a TF* pfistup ke genu
- epigenetické modifikace:
- metylace DNA
- metylace a acetylace histond

2. Transkripcni kontrola
- vazba TF na regulacni oblasti DNA
- vypinani/zapinani tvorby mRNA

3. Post-transkripcni apravy
- zpracovani pre-mRNA do mRNA - sestfih
- RNA interference (RNAI)

4. Kontrola translace
- translacni iniciacni faktory reguluji
intenzitu translace

5. Post-translacni procesy
- modifikace proteinu do formy aktivniho
proteinu

" Nucleus Chromatin

1. Chromatin
remodeling

“Open” DNA

L (some DNA not closely
2 Lanscrphion L/ bound to proteins)
.__\_""‘--._._‘_ 2 ; . . _/_'____
— Primary transcript
3 | (pre-mRNA)
. 3.RNA processing '
Wy, Capcote s wmTal 4
' W Mature mRNA -,«1."'-"’"'
cytoplasm - "‘“""”""“’_ﬂ.-\-‘.\\',.‘_.-,,,_:m_‘ 'MW??%SM'NCM., .........
4. mRNA stability \/
-_______.-—""'_._-_--"""—-— ——
I e \ —
= |

Degraded mRNA
(mRNA life span

5. Translation varies)
. S wm mRNA
k\rjf 1
6. Post-translational || M Fol/pepiide

modification (folding,
glycosylation,

transport, activation, g‘@’\
degradation of é
protein) {- ,a Active protein

x:ﬁ*

* TF (Transkripcni faktor): protein schopny spoustét Ci jinak regulovat transkripci DNA

© 2011 Pearson Education, Inc.

(DNA-protein complex} %
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Chromatinova remodelace

- oblast chromozomu musi byt oteviena (dekondenzovand) aby mély enzymy a TF pfistup ke genu
- chromozom je tvoren komplexem histonovych proteini a DNA, nazyvanym CHROMATIN

- transkripce muze probéhnout, pouze pokud se "zabaleny" heterochromatin dekondenzuje do
"rozbaleného" euchromatinu

- chromatinové remodelace patfi mezi nejtypictéjsi epigenetické modifikace

Chromosome

DNA

Group of 8
histone proteins
H1 protein
attached to
“linker” DNA

and nucleosome

Epigenetic factor e

L
=
|
Gene Methylation, or the
i ; attachment of a methyl
When DNA is accessible, £houip 10, DNA o€ reglons
_)< guanine are paired
N\

th is active. 5
egenelsactive where cytosine and
A (“CpG sites"), has

tended to receive
¢ the most attention in
epigenetic research so
far. Less is known about
hydroxymethylation, an
oxidized derivative of

methylation.

(c) 30-Nanometer fiber

Histone >(
DNA winds around /
histones for compaction )(

and gene regulation.
h

Hydroxymethyl Group
Gene

When DNA is b, <
inaccessible, the
gene is inactive.

M. Muller, Biology of Cells and Organisms
University of Illinios, Chicago



Chromatinova remodelace
- Chromatin-remodeling complexes - skupina protein(, které méni strukturu chromatinu

- KONDENZACI a DEKONDENZACI chromatinu zajistuji enzymy:

1. Histon acetyl transferazy (HAT)
- rozbaluji (dekondenzuji) chromatin do euchromatinu

2. Histon deacetylazy (HDAC)
- zabaluji (kondenzuji) chromatin
do heterochromatinu

3. Dnmt (DNA methyltransferazy)
- Metylace DNA (cytozinu)
- zabaluji (kondenzuji) chromatin

[ R 8 et R e A T T b
Figure 18-4 Biological Science, 2/e © 2005 Pearson Prentice Hall, Inc.

M. Muller, Biology of Cells and Organisms
University of lllinios, Chicago



Chromatinova remodelace - EPIGENETIKA

"Studuje zmény v genové expresi (bunécného fenotypu), které nejsou zptisobeny zménou nukleotidové
sekvence DNA, ale mohou byt dédicné"

DNA sekvence (A, C, T, G) je jako manual a epigenetické modifikace jako zvyraznovace, které podtrhuiji
rdznymi barvami r(izné dalezité ¢asti v jednotlivych bunkach.

Na rozdil od DNA sekvence se epigenetické znacky méni béhem vyvoje, v reakci na vnéjsi podminky a
mohou se téz dedit.

Easy to read DNA

Hard to read DNA



Chromatinova remodelace - EPIGENETIKA

- hlavné kovalentni modifikace a) DNA a b) histont
- tyto byvaji synonymem pro "epigenetiku"
- mezi epigenetické regulatory radime téz siRNA a miRNA (souhrnné RNA interference - RNAI)

a) modifikace DNA

- metylace cytosinu
- inhibuje transkripci
- umlceni exprese

- Dnmt (DNA methyltransferaza) Acetylated lysine
- v CpG ostriivcich* ¢ CH;
Lysine g0
: -
oo . , . e NH,* Acetylation by I\I.IH
b) modifikace histonovych proteinti — 1y CBP HAT CH,
- metylace nebo acetylace NHz and NH, .-~ Ly ——— cp,
v . Dnmt3a N k) [ # Deacetylation I
- hlavné acetylace lysinu 41\ J\N [--- CH, by HDACs CH,
. . . . G
- aktivuje transkripci “Unknown  © | T e SN
mechanism DNA H 0 H 0
- HAT a HDAC
I:u'le Il\fle Me m
€l 6 & le Al c] (Gl ) il A
'
Me M

Wiwj
ARE AR ) )

)

*CpG ostruvky: nukleotidy C a G vedle sebe na

stejné DNA fetézci (cytosin - fosfdt - guanin)
www.nature.com




Histonovy kod

Hypotéza, Ze informace kodovand v DNA je ¢dstecné fizena chemickymi modifikacemi histont

- spolu s DNA metylacemi tvofri epigeneticky kod

- zatimco DNA kdéd maiji vSechny somatické buriky stejny, histonovy a epigeneticky kdd je specificky pro

kazdou buriku ¢i tkan

- modifikovany byvaji N-konce, které vycCnivaji z nukleozomu
- nejCastéji byva modifikovan lyzin (K)

octamer of core histones:
H2A, H2B, H3, H4 (each

one x2)
core DNA

- A histone H1 o/
[ s ) (o]
AL \'{l}\ f linker DNA
1
A 120 119
I‘\R\) @ ( ‘j (ﬂ\_ K K fR\ '(S
y E - K. R . \_/J - . < N \_‘,J ( P;l
. E -~ 12 ~— K — P \L/f - K o
N 5 15 H2B | H2A | ’
N2 20 5 +
— SN
o0 @ HDAC (’ ) HAT |
1 18 | k- H3 ) )
s 5 12 KT~ . J (A LM
P K- 8 — KT (M) _'/i (BN ) \‘—D (‘E‘\’ S
sy K A | \PXA)Y 2 K " (p A
..Ex (K‘ = q o P - K A
s '\\p\) AN, (9} S—K 23 18 14“"8 K- -

Nature Reviews | Cancer

Nukleozom: skilddad se z osmi histonovych proteint (2 od kaZdého ze 4 druht: H2A, H2B, H3 a H4) a z navinutého retézce

DNA dlouhého 147 nukleotidu

Histony: proteiny, okolo kterych je omotdna DNA. 5 druhi (H1, H2A, H2B, H3 and H4)



Nomenklatura histonovych modifikaci

1. Jméno histonu (napt. H3)

2. Jednopismenna zkratka aminokyseliny (napf. K pro lysin) a pozice AA v proteinu (pocitano od N'-konce)
3. Typ modifikace (Me: methyl, P: phosphate, Ac: acetyl, Ub: ubiquitin)

4. Pocet modifikaci (pouze methyl mlze mit vice - az tfi - kopie na AA zbytek)

Priklad: H3K4me1l znaci monomethylaci ¢tvrté AA od N'-konce (lysinu - K) na proteinu H3

PN Ac Ac Mo Ac P M o A LA
1 Ie Ic [ ] Ie IC: 1 Ie
+8GRGKGGKGLGKGGAKRERKVLRD RSSIJIDSKSKARAKGGQKGRGS v
H2A I pRETESHHKAKGK.
120
Ci _Ac GiAc Ac Ac  Ac Ac H3 GTKAVTKYTSSK-c
MePMe MeMePP Me MeAc Me MgMgP Me AcUb
N’ ARTKQTARKSTGGKAPRKQLATKAARKSAPATGGVKKP KGDKKQARTVAKKSGKKBAPASKAPED v
AcMe Ac AcP Ac Ac
Me Methylation AC Acetylation Ci Citrullination
Ub Ubiguitination P Phosphonation
@ m m @
NHs \NHz \NH N

%A

Iyaing mathyllysaing dimathyllyaine trimathyllysina



Priklady znamych histonovych modifikaci

Acetylace histonu vede k rozvolnéni chromatinu a aktivaci exprese.
Na rozdil od metylace DNA neplati, ze metylace histonu vzdy znamena umlileni (represi) exprese genu.

Type of Histone

modification H3K4 H3K9 H3K14 H3K27 H3K79 H4K20 H2BK5
mono-methylationl actiuation!ﬁ!: activation!’] activation!”l | activationl’)l®! | activation!”! | activationl’!
di-methylation | activation | repressionl®! repression’®! | activation!®!

_ , o o | activation,[®! o
tri-methylation | activation®! repressionl’] repression!’] o repressionl”]

repression!’]
acetylation activation®] | activationl”!

Video: Histonové modifikace

V kostce:

HDAC - Histon deacetylazy potlacuji expresi HDAC1, HDAC2, HDAC?2...

HAT - Histon acetyl transferazy  aktivuji expresi Gen5, CBP/p300, PCAF, SRC-1, ACTR, ESA1, MOZ...
Histon methyltransferazy aktivuji/potlacuji exp. Suv39H, CARM1, PRMT1...

DNMT - DNA methyltransferazy potlacuji expresi DNMT1, DNMT3...


https://www.youtube.com/watch?v=eYrQ0EhVCYA
https://www.youtube.com/watch?v=eYrQ0EhVCYA

Pioneer Transcription Factor (TF)
TFE, ktery se dokdZe vdzat na kondenzovany (uzavreny) heterochromatin

- objevenr. 2002*

- U€astni se zejména zahajeni diferenciace a aktivace bunécné-specifickych gend

- prikladem je pioneer transkripcni faktor ASCL1, ktery zahajuje (trans)diferenciaci do neuronu**
(navic MYT1L zajistuje vypnuti non-neurondlnich gen(; napt. fibroblastovych pfi transdiferenciaci)

% ASCL1+BRE2+MPFEIL —%4
(O] MNGN2 %{
ES cell iN cell

BREZ +MPL

2
+NEBRSD1
Additional TF K‘ASCL /' \
AAT) Myt1] mRNA
Fihmblaﬁt el Lt :
/. iM cell
NG NLK‘ j JBRNE*& MYTIL

iN = indukovany neuron \1
ES = embryondlIni kmen. burika Mo reprogramming

Pioneer Factor

1. Bind

* Cirillo et al., 2002, "Opening of compacted chromatin by early developmental transcription factors HNF3 (FoxA) and
GATA-4". Molecular Cell. 9 (2): 279-89.
** Wapinski 2013; Chanda 2014



EPIGENETIKA

epigenetické zmény mohou byt ovlivnény okolnimi podminkami (vékem, nemoci, vyZivou...)

Vzristajici epigenetické rozdily v pribéhu Zivota u monozygotickych dvojcat*

- dvojcata jsou po narozeni epigeneticky identicka, avSak po nékolika letech Ize detekovat rozdily v
genomickeé distribuci 5-methylcytosinu DNA a acetylaci histon(

- rozdily se zvétsuji pokud maiji dvojcata rozdilny Zivotni styl nebo neziji spolu*

EPIGENETIKA A VYZIVA

Epigenetické zmény zplisobené prenatdlnim vystavenim hladomoru**

- okolni podminky mohou u lidi zpUsobit epigenetické zmény, které pretrvaji po cely Zivot
- testovani DNA metylace u genu IGF2 mezi sourozenci stejného pohlavi

- lidé prenatalné vystaveni hladu béhem hladomoru v Holandsku 1944-1945

- snizena metylace DNA v genu pro insulin-like growth factor Il (IGF-2)

- zvySena nachylnost k obezité a srde¢nim onemocnénim ¢i schizofrenii

* Fraga et al., PNAS 2005
** Heijmans et al., PNAS 2008



EPIGENETIKA A VYZIVA
Rozdil mezi vceli kralovnou a délnici

- vCeli kralovna a délnice maji shodny genom
- rozdily v metylaci DNA u vice nez 550 genl

Kralovska vyziva

- "Royal jelly" je latka, produkovana véelimi délnicemi pro vyzivu larev, které jsou predurceny se
vyvinout ve vceli kralovny

- tyto larvy jsou geneticky identické s ostatnimi, vyrlstaji v tzv. "Queen cup"

- tato dieta mj. utlumuje expresi DNA methyltransferase Dnmt3

- experimentalni umléeni genu Dnmt3 pomoci RNA interference (RNAI) u larvy vedlo k vyvoji v kralovnu

u72% larev*
-_— T

¥ 3 . T i i o y i
y v
| 1 : A

http://learn.genetics.utah.edu/content/epigenetics/nutrition/

* Kucharski et al., Science 2008



EPIGENETIKA A VYZIVA

Vyziva hraje velkou roli v metylacnim statusu i u clovéka
Zdrojem methyl-skupiny (-CH,) pro metylaci DNA u ¢lovéka je esencialni aminokyselina n

B-komplex (soubor vitamint B):
Piasobi jako koenzymy a donory -CH; v metabolismu methioninu
- Kyselina listova (folic acid; folate; vitamin B9)
- Vitaminy B12 a B6
- Cholin (téz oznacovan jako B4)

choline
S-Adenosyl methionine (SAM) e b EMIETIDS
- meziprodukt pfi ziskavani -CH; z methioninu
- téz vyzivovy doplnék

NH;
N

¢ ¢

ooc\:/\/s+ N N)

OH OH

University of Utah, Health Science; http://learn.genetics.utah.edu/content/epigenetics/nutrition/
* Waterland, J. Nutr 2006

HsC
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EPIGENETIKA A VYZIVA - KDE SE BERE METHYL SKUPINA?

Ziskani methyl-skupiny z aminokyseliny methioninu

- probiha ve vsech burikach téla, zejména v jatrech

- prijemci methyl-skupiny jsou nukleové kyseliny, proteiny, lipidy...

- methionin zbaveny -CHj, se v téle recykluje pres homocystein pfidanim -CH; za ucasti tetrahydrofolatu
(THF), B12 a cholinu (a jeho metabolitu betainu)

., Mz Hz
HEC—S—C—C—ElZ—CDD'
Hoe—s— CO0™ —p i Her
E | o Adenine
ethioni MHa, S-adenosyl-
methionine ATP FF;+ B m ethionine
T on (SAM)
THF acceptor
-1 eth}.rl-THF§ methvlated acceptor
| H, H
adenosine H,O S_CE—CE—E—CDD‘
H, H: H CH NHz,
HS—C—C—C—coo- ¢ ? y
| o Adenine
hom ocysteine MH, S-aden osyl-
H H hom ocysteine
_H _H

https://www.rpi.edu/dept/bcbp/molbiochem/MBWeb/mb2/partl/aacarbon.htm



EPIGENETIKA A VYZIVA - KDE SE BERE METHYL SKUPINA?

Methylation o tetrahydrofolat
DNA Lipid at kys. listové
Protein pr -CH, skupiny

Phosphatidylcholine Phosphatidylethanolamine

S-Adenosyl
Methionine (SAM)

S-Adenosyl
Methionine gmocysteine (SAH)
(Met)
Dimethylglycine THF
@ itamin B12
Choline (B4) Choline Trimethylglycine ctathion-syntdzy
o -medti -

(TMG, betaine) Homocysteine

donor -CH, skupin
(HCY)

pro recyklaci methi
-Serine Glutathione
Acetylcholine

hmin B6
p aktivni forma PLP

v
Cystathionine 8 Cysteine benzym cystathion

h syntazy (CBS)



EPIGENETIKA A VYZIVA

Food Origin Epigenetic Role

Sesame seeds, brazil

Methionine nuts, fish, peppers, SAM synthesis
spinach
Leafy vegetables,
Folic Acid sunflower seeds., Methionine synthesis
baker's yeast, liver
Vitamin B12 T 11\-'&:1:, el Methionine synthesis
milk
Meats, whole grain
Vitamin B6 | products, vegetables, Methionine synthesis
nuts
SAM-e ;:’pllli?;:;temﬁ_ Enzymes transfer methyl groups
(SAM) PP P from SAM directly to the DNA

unstable in food

Egg yolks, liver, soy,
Choline cooked beef, chicken, Methyl donor to SAM
veal and turkey

Ol =t S Break down the toxic byproducts of

Betaine shellfish, and sugar T
beets

University of Utah, Health Science; http://learn.genetics.utah.edu/content/epigenetics/nutrition/



EPIGENETIKA A VYZIVA
VyZiva bohatd na zdroj methylové skupiny (cholin a foldt) ovlivriuje metylaci DNA hlavné v prenatdlnim
VyVoji.

- nékteré regiony genomu pak zUstavaji odmethylovany (zapnuty) po cely Zivot
- methyl-deficientni dieta v dospélosti vede také ke snizeni methylace DNA, ale je reverzibilni

Gen Agouti
- vyskytuje se u vSech savcll _ ;{*
s v. . Agouti Gene A
- normalné je u mysi zamethylovan: @
- hnéd4 srst, normalni viha A
it |
- pokud je u mysi odmethylovan: ’\j4
- Zluta srst, obézni ,ﬂ“-i
%

- sklony k diabetu a rakoviné
methyl groups

=

N N

- pfi krmeni zluté mysi v brezosti stravou bohatou na _ $
zdroj methyl-skupin se narodili hnédi potomci, zdravi . p- j » ’ﬁ},
po cely Zivot (Zluté matce uz tato dieta nepomohla) 5‘;_5 .
)
- )

Identicky genom ..
Healthy

""--\.\_‘_\_\_H

University of Utah, Health Science; http://learn.genetics.utah.edu/content/epigenetics/nutrition/



EPIGENETIKA A VYZIVA

Bisphenol A (BPA)
- sloucenina k vyrobé plastli (plastové lahve, plechovky)
- snizuje metylaci DNA (prokazdno na Agouti genu u mysi*)
- BPA podavané matkam, potomstvo bylo zluté a obézni
- pokud vsak zaroven s BPA krmili methyl-rich dietou - potomstvo hnédé a neobézni

These Two Mice are Genetically ldentical and the Same Age

While pregnant, both of their mothers were fed
Bisphenol A (BPA) but DIFFERENT DIETS:

The mother of this mouse The mother of this mouse

received a normal mouse | received a diet supplemented

diet with choline, folic acid,
betaine and vitamin B12

University of Utah, Health Science; http://learn.genetics.utah.edu/content/epigenetics/nutrition/
* Dolinoy et al., PNAS 2007



EPIGENETIKA

Genomicky imprinting (vtiskovani)

- exprese alely zavisi na pohlavi rodice, od néhoz byla zdédéna

- napt. pro urcity gen je exprimovana pouze otcovska alela (nemethylovany u spermii)
- materska alela v oocytech je metylovana

- d&j musi byt reverzibilni, aby pfi tvorbé spermii byly obé alely nemethylovany

- morfologickd, anatomicka i etologicka odliSnost samice muly a samice mezka
- identicky genom

Mula Mezek
krizenec samce osla se krizenec samice osla se
samici koné samcem koné




EPIGENETIKA - X-inactivation

Proces, pri kterém je inaktivovdna jedna z kopii X-chromozomu u samic savcd.

- k umléeni transkripce dochazi zabalenim do heterochromatinu, nepristupného transkripci

- dlvod: zabranit, aby samice mély dvojnasobnou expresi genli na X-chromosomu nez samci

- u placentalnich savcl (¢lovék) je volba X-chromosomu pro inaktivaci ndhodna (ve fazi raného embrya)
- vaCnatci maji vzdy umléen otcovsky X-chromozom

- Vizualni manifestace inaktivovaného X-chromozomu: na X-chromozomu se nachazi gen pro zbarveni
srsti kocky (strakaté jsou vzdy samice a fika se jim "calico")

non-orange male

X chromosomes J——
ele for
::zf'/ orange fur p_
Early embryo: .
kit = ——Allele for .
3 black fur lico fermale
Cell division and _
X chromosome calico
Two cell inactivation fermale >
populations 5 B
in adult cat: (_\\\rfnactwe M -—Aclwe X Fladk lemale
Active X—::: *\{D
Black fur Orange fur X
xX X xX Y
(W] [N

[ 1 ¥ no color genes
[ 1 X chromosome with orange gene

(M1 X chromosome with non-orange gene



EPIGENETIKA - X-inactivation

- jedna se o epigenetickou zménu, ktera vede ke zméné fenotypu

- X-inaktivace je reverzibilni u zarodec¢nych bunék

- Zeny Casto prenaSecky chorob vazanych na X-chromozom (u heterozygotek je ten nemocny X-
chromozom inaktivovan*), ale ve vajicku se reaktivuje

- muZz ma X vzdy aktivni (100% zdravy nebo 100% nemocny)

X-linked recessive

Unaffected
father

Carrier Affected
mother father

XX XY
l\

Unaffected
mother

XX

XY
Unaifected Unaffected | Unaiffected Carrier Unaffected Carrier
son daughier son daughter son daughter son daughter
[ Unaffected [ Unaffected
[ Carrier [ Carrier
Il Affected [l Affected

Note: a few carriers may be mildly affected due to skewed X-inactivation.

*Nebo je vypnuty u ¢dsti bunék, takZe ma choroba mirnéjsi formu



EPIGENETIKA - X-inactivation

- kazda Zenska somatickd burika obsahuje aktivni (Xa) a inaktivni (Xi) chromozom
- Xi neexprimuje vétsinu gen

Xist (X-inactivation specific transcript)

- hlavni gen zodpovédny za inaktivaci X-chromozomu je exprimovan Xi chromozomem
- prepisuje se do nekddujici RNA

- vaze se na oblasti bohaté na aktivni geny - euchromatin - a inaktivuje je

Xi ma na rozdil od Xa:

- vysSi hladiny metylace DNA
- nizké hladiny histonové acetylace

- nizkou 4-methylaci lyzinu na histonu H3 XISt DNA IOCi
(H3K4)
Xa aktivni chromozom

Xi inaktivni chromozom




EPIGENETIKA A RAKOVINA

Metylace DNA
- u nadorovych bunék je pozorovana celkova hypometylace genomu
- avSak 5-10 % normalné nemetylovanych CpG ostrivki na promotorech je v rakovinnych bunkach
abnormalné metylovano
- hypermetylace na promotorech ovliviiuje jak expresi protein(i tak nekédujici regulaéni RNA
- dUlezité je prostorové rozloZzeni DNA metylaci:
- metylace DNA na promotoru inhibuje transkripci
- metylace DNA uvnitf genU transkripci tolik nevadi

Modifikace histonl

- aktivaéni a represivni modifikace se mohou vyskytovat na stejném histonu - BIVALENTNi DOMENY
- HISTONE CROSSTALK: kombinace aktiva¢nich a represivnich modifikaci vede k rlizné mire aktivace
nebo inhibice exprese

Hypermetylace: Metylacni inaktivace tumor-supresort (p53)
Hypometylace: Aktivace onkogent




EPIGENETIKA A RAKOVINA
Lécba cilena na epigenetiku

Roku 1983 byly poprvé popsany zmény v metylaci DNA souvisejici s rakovinou tlustého streva*™
- pozorovany specifické vzorce v metylaci urcitych gent
- srovnani s nezasazenou okolni tkani
- u 4z 5 pacientll byla pozorovana hypometylace v rakovinnych burikdch
- progresivni hypometylace u metastazujicich pacient(

- DNA hypo- a hypermetylace a zmény v acetylaci histonl byly pozorovany u rakoviny prostaty**
- ovlivnéni velkého mnozstvi gend

Epigeneticka regulace hraje dllezitou roli i v dalSich typech rakoviny: délozniho Cipku, leukémie...

* Feinberg and Vogelstein, Nature 1983
**Lietal., J Natl Cancer Inst 2005




EPIGENETIKA A RAKOVINA

- LéCiva se zaméruji na reverzi epigenetickych zmeén vedoucich ke vzniku rakoviny

- nespecifické a s vedlejSimi ucinky

- musi byt cilena na dany typ rakoviny (napf. nefunkéni tumorsupresor, nebo hyperaktivni onkogen)

1. Inhibitory DNA metyltransferaz (Dnmt)
- hypometylacni efekt

- nastartovani transkripce tumorsupresoru
- azacitidine, decitabine

2. Inhibitory histon acetyltransferaz (HAT)
- inhibice transkripce onkogenu
- vorinostat, romidepsin

3. Inihibitory histon deacetylaz (HDAC)

- kyselina valproova, trichostatin

- podpora exprese genu spojenych s
apoptodzou - zpomaleni progrese rakoviny
- téZ indukce diferenciace u nezralych
bunék (napf. pfi leukemiich)

(a) Local effects 5-aza cytidine

J— BIX 01294

DNAmEthy-
transierase J_
' Histonelysine
methyltransferase
DNA promoter
mathylation *‘
Histone tail Histone tail
acetylation methylation

Hisjone
deacetylases

(b) Global effects
+ Valproic acid

: Suberoylanilide UTF1 | iEa
hydroxamic acid | P53 knockdown pss

Telomerase

* Trichostatin * l
Telomere
Von eyome attrition
arrest

Chromatin Global
CHI:H condensation - suppression

The Cell

TRENDS in Biotechnology



Vyvoj léciv pro epigenetickou terapii

1. Kandidatni malé molekuly jsou nejprve testovany na rakovinnych bunkach in vitro (inhibice
proliferace, indukce apoptdzy, cell-cycle arrest).

2. Zjisténi potencidlnich signalnich drah, které jsou zodpovédné za dany pozorovany efekt (napf.
expresni microarrays).

3. Uginné latky jsou testovany na zvifecich modelech s rakovinou (zjisténi in vivo terapeutického
ucinku - survival, a ddle toxicitu, vedlejsi ucinky a farmakokinetické vlastnosti dané latky).

4. Kandidatni molekuly jsou zahrnuty do klinickych studii.

Small-molecule screen In vitro functional, In vivo preclinical Clinical studies
genomic, and proteomic studies efficacy in cancer model phase |, Il, and I

Prolifaration %
- B B 38
=,
ki :
i
L )

Proliferation %

:

Drug conceniration miz

Current States of Epigenetic Targets for Inhibitors

In development Preclinical Clinical trials FDA approved

KAT; KMT; RMT; KDM; Chromatin re

CBP/EP300; DOT1L1; EZH2; KDM1A

DNMT; HDAC; JAK2; Aurora, PARP; BET (BRD2/3/4)

DNMT (Azacitidine and Decitabine); HDAC (Vorinostat and Ro

*Dawson and Kouzarides, Cell 2012



Transkripcni kontrola
podobné jako u prokaryot se RNA-polymerdza (véts. Il) vaZze na oblast promotoru

1. remodelace chromatinu odhali promotor

Chromatin-remodeling
complex (or HATs)

Regulatory
transcription

1. Chromatin remodeling.

3 Exposed DNA |
BT (chromatinis [
relaxed)

Promoter- Promoter Exon Intron Exon Intron Exon
proximal ; :
element

Y 2. Exposure of promoter.
Transcribed portion of gene
for muscle-specific protein



Transkripcni kontrola
podobné jako u prokaryot se RNA-polymerdza (véts. Il) vaZze na oblast promotoru

2. bazalni TFs (modrd) se vaZzou na promotor

3. regulacni TFs (rdzova) se vazou na enhancery (Cervena oblast), silencery nebo na promotor-proximalni
elementy (fialova oblast). DNA muze tvorit vlasenku.
4. bazalni a regulaéni TFs dohromady tvofi INICIACNi KOMPLEX

5. RNA-polymeraza Il se vaZe na promotor a je aktivovana - BAZALNI TRANSKRIPCNI KOMPLEX

LIVILFLOVLIVLILELIVELI VOV MPDIVFVIN POV POPVFVHVAVILOVEFVIVIVIVLH
\ J J J v J\ J
Promoter- Promoter Exon Intron Exon Intron Exon

proximal : ! 2. Exposure of promoter.

Transcribed portion of gene

element i 9
for muscle-specific protein
Regulatory ? &3S, V -
transcription o E ‘ ) a7 A "-"-'"“3{-""‘134;,
factors (pink) . R SR / oe" g OIOY ™" &
. 4 DNA loop e
Mediator - DNA loop 3. Assembly of proteins.
complexes T
(purple) DA BB D\ e
P udriign
Basalltranslcrlptlon Diomoter: Promoter
complex (blue) complex
element J
N N ‘\‘{f?
S 5
¥ - v -."\ \—’ ,’_l‘_.. 4?“;.,’_.__
A Al e i - 7
4 - 4. Attachment of RNA
HANSCFIIPTION polymerase.

O a

RNA polymerase Il —

8 J
Al

Basal transcrintion comnlex




Transkripcni Faktory

1. Bazalni a obecné transkripcni Faktory (TFs)

- ve vSech eukaryotickych burikach

- nezbytné pro transkripci, ale neposkytuji zadnou regulaci

- bazalni: TFIIA, TFIID, TFIIB, TFIIE, TFIIH, TFIIF

- obecné: Octl, CT1, SPF

- nejdUlezitéjsi je TFIID a jeho podjednotka TBP (TATA binding protein)

- interaguji s promotorem

- TFIID je prvni protein, ktery se vaze na DNA pfi zahdjeni transkripce (tvorbé iniciacniho komplexu)

2. Regulacni Transkripcni Faktory (TFs)
- téZ zvané aktivatory iniciace transkripce
- jsou hlavnimi regulacnimi mechanismy genové exprese u eukaryot
- proteiny, které se vazou na:
a) enhancery (zesilovace transkripce)
b) silencery
c) promoter-proximalni elementy
- jsou specifické pro urcité geny (nebo rodiny genu)

Regulatory 3 ’: ;"%5
transcription B E S G N

factors (pink) £%. o Wia  Aead

Mediator ; DNA IOOIJ
complexes .

(purple) LAl

Basal transcription Promoter: Promoter

complex (blue) complex

element



Funkéni klasifikace transkripcnich faktora

1. Konstitutivné aktivni
- pritomné stale ve vSech bunkach
- bazalni a obecné TFIl A-H, Sp1, NF1...

2. Regulacni
a) vyvojové (bunécné specifické) — exprese prisné kontrolovana, ale jakmile dojde k aktivaci, nepotrebuji
dalsi aktivaci — GATA, HNF, PIT-1, MyoD, Myf5, Hox, Winged Helix

b) signal-dependentni — vyZaduji externi signalizaci pro aktivaci
1. extracelularnim ligandem (endokrinni nebo parakrinni) — vazba na DNA v jadre
2. intracelularnim ligandem (autokrinni) — napf. p53 —vazba na DNA v jadre
3. zavislé na membranovém receptoru — nutna signalizacni kaskada vedouci k aktivaci
transkripcniho faktoru (fosforylace)



Kontrolni elementy

Promoter-proximalni elementy

- vzdy umistény v blizkosti promotoru

- na rozdil od promotoru unikatni pro kazdy gen

- tyto oblasti na DNA umoznuji vazbu specifickych regulacnich TFs

- diky PPE je eukaryoticka burika schopna rozliSovat mezi jednotlivymi geny a regulovat expresi

Enhancery a silencery

- zvySuji nebo snizuji miru transkripce

- také genové specifické

- mohou sousedit s promotorem nebo se nachazet uvnitr transkripcni jednotky

- Casto byvaji umistény daleko od promotoru (10-100 bazi), pak se tvori DNA vlasenka
- po smeéru transkripce (downstream)
- proti sméru transkripce (upstream)

- nefunguji pokud se vzdali miliony bazi od promotoru ¢i na jiny chromozom

Start site
Enhancer Promoterr Enhancer Enhancer
—he N —_—— _ f——
— . -2 L s e - JL v JL s J
-——] Upstream Promoter- Exon Intron Exon Intron Exon Downstream —»

proximal element

© 2011 Pearson Education, Inc.



Transkripcni kontrola

Zapinani a vypindni urcitych genl v urcitych bunkach pravdépodobné regulovdno unikatnimi
kombinacemi:
1. vazebnych mist na DNA (promotor, promoter-proximalni elementy, silencery a enhancery)
a
2. transkrip¢nich faktord

Analogie s bankovni schrankou

- kli¢ bankéFe - stejny pro viechny schranky, ale sdm o sobé nefunkéni - BAZALNI FAKTOR
- mQj kli¢ - specificky pro uréitou schranku, ale sdm o sobé ji neotevie - REGULACNI FAKTOR




Transkripce genu pro albumin*

VSechny buriky obsahuji RNA-
polymerdzu a bazalni (obecné) TFs.

Jaterni bunky obsahuji regulacni TFs
rozpoznavajici vsechny kontrolni
elementy pro albuminovy gen
(enhancery/silencery/promotor-
proximalni elementy).

Regulacni TFs mozkovych bunék
nerozpoznavaji vsechny kontrolni
elementy albuminového genu.

Control Core

elements promoter
AN ——*— Albumin gene
i = |

J

' \

(a) Liver cell nucleus (b) Brain cell nucleus

Regulatory
@ 0 m transcription @ A 0
factors

General @
@ @ transcription Q Q
factors Q @

RNA
polymerase

DNA

7-D RNA transcript

Albumin gene transcribed
at high level

© 2012 Pearson Education, Inc.

DNA

Albumin gene transcribed
at low level

* Albumin: protein krevni plazmy, tvori 60 % vsech plazmatickych bilkovin. DuleZity pfi transportu ldtek krvi (mastné

kyseliny, minerdly, Iéky). Syntetizovadn v jatrech.



Extracelularni signal (hormon) spousti expresi geni specifickych pro svalovou burku

EXTRACELLULAR SIGNALS TRIGGER CELL-SPECIFIC GENE EXPRESSION.

Extracellular 1. Signal arrives at cell with -
signals e ¢  Message: "Become a muscle cell." :
L PS @
® 9 @

Cell

Nuclear
__envelope

: 2. Regulatory protems are”
e W Regulatory proteins produced in response to signal.
e Q P p 3. Regulatory proteins bind to regulatory 5|tes
in DNA, triggering expression of muscle-cell-
specific genes.
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RNA Gene for muscle-

Promoter Rl -
specific protein
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Jak se proteiny vazou k DNA?

- nejCastéji vazba a-helixu s vétsim zlabkem DNA
- nekovalentni vazby: vodikové mustky a iontové vazby
- sequence-specific recognition

o 00C
Motivy vazby:
Recognition
helix
a) Henx-tu rn-helix (a) Helix-turn-helix motif ::22: i\oren|::ssor

- 2 a-helixy spojené kratkou otackou

b) Zinkové prsty Coiled coil unwound kaucine
- 1 a-helix a 2 antiparalelni B-listy, Ty
vie spojené atomem zinku Q.0l®
- vice jednotek (zinkovych prst() O

Coiled
c) Leucinovy zip call
- 2 a-helixy se okolo sebe ovinuji diky =
pravidelné usporadanym leucinlm e

Recognition
helix

d) Helix-loop-helix
- kratsi a delsi a-helix v dimeru

{c) Leucine zipper motif
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Zinc )
finger | W\}

(b) Zinc finger motif

(d) Helix-loop-helix motif




SUMMARY TABLE 18.1 Regulating Gene Expression in Bacteria and Eukaryotes

Level of Regulation

Chromatin remodeling

Bacteria

Limited packaging of DNA
Remodeling not a majorissue in regulating gene
expression.

Eukaryotes

Extensive packaging of DNA
Chromatin must be opened for transcription to begin.

Transcription

RNA processing

mRNA stability

Paositive and negative control by regulatory proteins
that act at sites close to the promoter
Sigma interacts with promoter.

None documented

Some RNA interference documented

Positive and negative control by regulatory proteins that
act at sites close to and far from promoter

Large basal transcription complex interacts with
promoter.

Mediator complex required.

Extensive processing:
alternative splicing of introns
addition of 5’ cap and 3’ tail

For many genes, RNA interference limits life span or
translation rate.

Translation

Post-translational
modification
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Regulatory proteins bind to mRNAs and/or ribosome
and affect translation rate.

Folding by chaperone proteins
Chemical modification (e.g., phosphorylation) may
change activity.

Regulatory proteins bind to mRNAs and/or ribosome
and affect translation rate.

Folding by chaperone proteins

Chemical modification (glycosylation, phosphorylation)
Ubiquination targets proteins for destruction by
proteasome.



