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Expresia genetickej informacie
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Erwin Schrodinger™: ,Makromolekula, v ktorej je zakodovana geneticka
informacia, by mala byt vynimocne stabilna.”
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DNA nie je staticka, ale podlieha zmenam

(a)

Base
pairs

Phosphate-Sugar
backbones

(b)

James D. Watson, Francis Crick - objav Struktury DNA (1953)

DNADAY

SLOVAKIA




DNA nie je staticka, ale podlieha zmenam

DNA Damage
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Indukované poskodenia DNA

3 skupiny mutagénov:
» Fyzikalne — UV zZiarenie, ionizacné Ziarenie

» Chemickeé — alkylacné latky, interkalacné agensy ...

» Biologické — virusy, transpozény ...

Hermann Joseph Miiller

objav, ze dedicné zmeny — mutacie m6zu vznikat’ posobenim X
Ziarenia (Nobelova cena za fyzioldgiu a medicinu 1946)




ne mutagény

Fyzika
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lonizacné Ziarenie (X-Ziarenie, gama ....) sp6sobuje mutacie ionizaciou molekul

UV ziarenie spdsobuje mutacie excitaciou molekul.
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Priamy a nepriamy vplyv ziarenia




Type of Da mage: Double-strand break Chemical bond between Chemical modification Chemical Linkage of
neighboring nucleotides of a nucleotide Two Strands
C C . = Normal cellular activity +  Ultraviolet {(UV) light «  Reactive oxygen species (ROS) - Reactive oxygen species (ROS)
ommon Lauses: . Ionizing radiation (including X- - Chemotherapeutic drugs + Chemotherapeutic drugs
rays) «  (Other cellular and environmental «  Other cellular and environmental
+  Chemotherapeutic drugs chemicals chemicals
- DNA repair of other types of «  Normal modifications that
damage regulate what genes are active




Thermal Effects

Heat generated on the face by 15 minutes of cell phone use due to their
electromagnetic radiation

non-lonizing radiation

L O O O O
10 107 10* 10% 10F 1047 1032 104
KHz MHz GHz

Svetova zdravotnicka organizacia (WHO)

ho zaradila do skupiny 2B, t.j. agensy

pOtenCiélne Spf)SOijl:ICe rakovinu. Before using mobile phone After using 15 minute mobile phone




Chemicke mutagény

1942 Auerbachova — dokazala, ze chemické latky (dusikaty yperit) sp6sobuje
mutacie v bunkach

Konzervacéné latky, pesticidy, polycyklické aromatické uhlovodiky, tazké kovy...
Typy:

Analégy baz

Interkalacné Cinidla

Latky, ktoré chemicky menia DNA
Latky, ktoré vytvaraju retazcové vazby

Alkylacné latky




Chemické mutageny

- latky, ktoré vytvaraju retazcové vazby

cis-platina - cytostatikum
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Chemické mutageny

latky, ktoré chemicky menia DNA

kyselina dusita sposobuje
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Biologicke mutagény

) Mobilne genetické elementy — 40. roky 20. stor,
Barbara Mc Clintock u kukurice spdsobuju inzercie,
delécie a translokacie

1 Virusy

B. Mc Clintock (1902-1992) 1983 Nobelova cena za
) objav mobilnych genetickych elementov




Biologické mutagény - mutacie indukované transpozonmi

Transposable
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Poskodenie DNA
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Potreba eliminacie DNA poskodeni

V bunke vznikne kazdy deri 10000 - 20000 (1-2 x 10%) poskodeni DNA .

V ludskom tele (10%? buniek) treba denne opravit priblizne 1 000 000 000
000 000 000 DNA poskodeni (1 x 101°- 10%8).

Napriek tomu, ze bunka ma mechanizmy na eliminaciu takychto poskodeni,
niektoré z nich nie su opravené , coho dosledkom dochadza k vzniku
mutacii, starnutiu a roznym ochoreniam, vratane karcinogenézy a
neurodegeneracie.



Odpoved bunky na poskodenie DNA

Poskodenie DNA

Zastavenie Apoptéza  Aktivdcia Oprava
bunkového transkripcie poskodenia
cyklu DNA



Existencia reparacnych mechanizmov

Zdrava bunka ma mechanizmy na eliminaciu poskodeni DNA

Rychlost vzniku DNA poskodeni = rychlost opravy DNA poskodeni

Postihnuta bunka

Rychlost vzniku DNA poskodeni > rychlost opravy DNA poskodeni

=> mutacie, karcinogenéza, apoptodza, senescencia




Dosledky poruch opravy DNA u ludi
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Xeroderma Pigentosum (XP) Cockaynov s

yndrom (CS)
*UV senzitivita *UV senzitivita
*nizky vzrast *mentalna retardacia
*neurologické abnormality *neurologické a vyvinové poruchy
eCasta rakovina epredcasné starnutie




Dosledky poruch opravy DNA u ludi

7/ Cross section
of colon and Polyps on mucosal
rectum membrane of colon

Hereditarny nonpolypdzny
kolorektalny karcindm



Mutacia — nie vzdy negativna

Somatickd mutacia vytvorena u jablk Delicious

Poévodna mutacia vznikla v
somatickych bunkach —
somaticka mozaika

Vegetativnhe rozmnozovanie
umoznilo zachovanie
mutacie




Mutacie v génoch kodujucich globiny u Cloveka

Sickle Cell hermoglobin
forms long, inflexible chains

HBB Sequence in Normal Adult Hemoglobin (Hb A):

MNucleotide CTG ACT CCT GAG GAG AAG TCT

Amino Acid Leu Thr Pro Glu Glu Lys Ser
1 1 I
3 6 2

HBB Sequence in Mutant Adult Hemoglobin (Hb S):

Nucleotide CTG ACT CCT GTG GAG AAG TCT
Amino Acid Lew Thr Pro Val Glu Lys Ser
I I I
3 -] -]

MNormal red blood cells
are compact and
flaxible, enabling them
to squeeze throwgh
small capillaries

Sickled red blood cells
are stiff and angular,
causing them to
become stuck in small
capillaries




Niektoré mutacie mozu poskytovat selekénu vyhodu
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Niektoré mutacie mozu poskytovat selekénu vyhodu

Normal adult Mutant sickle-cell
B-globingene B-globingene
HBB? Mutation  HBB®
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Ako inak moze prostredie ovplyvnovat nase geny?
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Waddington's Epigenetic Landscape

m&
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C.H. Waddington

Vyvinovy biolég C.H.Waddington pouzil pojem epigenéza — vysledna forma organizmu vznika
postupnymi kreativnymi procesmi (symbidza genetiky a vyvinovej bioldgie).




Epigeneticka krajina — Conrad H. Waddington

Dynamic acetylation/
_phosphorylation

Increase in

methylation Cell

differentiation

1 .l Il ”J l f f’;ﬁr'h'llj.{.’I"J

Cell state A Cell state B Cell state C  Cell state D

TBS

Figure : Integrating different histone modification types in Waddington's Epigenetic
Landscape. The model presented by Conrad Waddington shows how a cell
becomes more and more determined during development and that the possibility
for differentiation decrease...

http://dx.doi.org/10.1016/j.tibs.2010.05.006




Waddingtonov model vysvetluje diferenciaciu buniek u mnohobunkovych

organizmov

JUMC |— Expression of neuron-

specific gene
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Ny daughter cells
Single
cell \ '{:\:J

JOWC }— Expression of epithelial-
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Epithelial cell
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Moze aj vonkajsie prostredie ovplyvnovat nase geny?

honeybee
(Apis mellifera)

queen
© 2006 Encyclopadia Britannica, Inc.

Nie je vCela ako vcela...



Nie je vCela ako
vcela...

Kralovna a robotnice — rovnaky
genotyp, odlisny fenotyp

robotnica kralovna
Hmotnost tela 100 mg 250 mg
Dosiahnuty vek 38-140 dni 1-3 roky
Pelovy vacok Ano Nie
Voskové ilazy Ano Nie
Pocet vajeCnikov 2-12 150-180




Nie je vCela ako vcela...

Standardna vyZiva

L, » robotnica
diploidna
materska kasicka - ,
samicia ! . kralovna
XX larva inhibicia metylacie DNA

. kralovna

@
=4

worker




Nie je vCela ako vcela...

Standardna vyZiva

L, » robotnica
diploidna
materska kasicka - ,
samicia ! . kralovna
XX larva inhibicia metylacie DNA X kralovna

—

Materska kasicka sposobuje
preprogramovanie genov |

4
s
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Nie je mys ako mys...

Agouti “Twin” Sisters




Nie je mys ako mys...

» Tieto mysi su geneticky identicke, ale fenotypom sa vyrazne lisia.

» Agouti protein sa za normalnych okolnosti exprimuje iba v urcitom stadiu vyvinu mysi.

» Ak sa gén Agouti prepisuje neustale a vo vsetkych bunkach, vznika zlté sfarbenie a mysi
maju sklon k obezite (nositelia tejto alely maju aj vacsiu predispoziciu na rakovinu a
cukrovku).




Nie je mys ako mys...

Krizenie:

zIta, tucnad mys (agouti) x zItd tucna mys (agouti)

female yellow mouse (agouti gene unmethylated and active)
+ normalna, bezna strava b 3
v 7 v s Ve . e
Potomstvo: zIté tuéné mysi (agouti) -

.;':;_‘ - ‘J

- i !
T jf—’ e }-’"
- -

Offspring mostly yellow and unhealthy;
agoutl gene unmethylated and active




Nie je mys ako mys...

Ale! Krizenie:
zIta, tuéna mys (agouti) x zIta tucna mys (agouti)

+ okrem beznej stravy vitaminové doplnky (B12, kyselina listova,
beta Iln, ChOIIIn) ferale yellow mouse (agouti gene unmethylated and active)

V4 7 Ve "’" 3
Potomstvo: chudé hnedé mysi ﬂ-‘._,')_,,
diet supplement during
P;E.;’Qni;:glar:it?;rlgnrgu‘;:h /\"e distary supplementation
h’ ‘::,.l"" "::_,j"{ ‘—f
v+ Y D@

Cfspring mostly brown and healthy; Offspring mostly yellow and unhealthy;
agouti gena methylated and silenced agout| gene unmethylated and active




Ako je to mozné?

fernale yellow mouse (agouti gene unmethylated and active)

diet supplement during

pregnancy and nursing with no dietary supplementatian
additional methyl groups

@ | 49y
Y Y | (@ @

Offspring mosthy brown and healthy; Oiffzpring mostly yellow and unhealthy;
agouti gene methylated and silenced agout| gene unmethylated and active




Ako je to mozne?

U oboch mysi je alela agouti pritomna v gendme

i
=

Zmena v potrave vsak sposobila jeho vypnutie -‘
<7, Agouti Gene

—— Agouti gene
4 Obese

variable
maethylation
% Prone to cancer
and diabetes

methyl groups

gﬁv._g@g&g

L —

math:.rlatod
Pl T TN, — e N,
I~ —
f_-"\_-"-._-‘-\_‘; l_‘—‘-\-_-—"._-‘\__p
agouti mRNA briefly made during dwnlopmnt agouti gene is continually sctive, producing mRNA
agouti gene silanced remainder of mouse life. acress the mouse lifespan,

healthy meowse with broven fur mouse with yellow fur;
develops obesity and diabetes during adulthood.




Aku ulohu hra metylacia DNA v regulacii génovej expresie?

1 chromozém obsahuje 1 aZz 20 cm DNA (10%* az 2 x 10° um) (1 chromozdm = 1 molekula DNA)




Aku ulohu hra metylacia DNA v regulacii génovej expresie?

Proteins

a Closed chromatin: transcriptional repression b Open chromatin: transcriptional activation
HDAC HDAC

Nature Reviews | Drug Discovery



Aku ulohu hra metylacia DNA v regulacii génovej expresie?

Zabranenie expresii génov
v metylovanych oblastiach




Od genetiky k epigenetike...

» Rovnaky genotyp # rovnaky fenotyp

» Nejde o zmeny v sekvencii DNA (mutacie)

» Grécka predpona epi- znamena nad, cez




Mechanizmy epigenetickych procesov

Metylacia DNA Muodifikacie Histdn remodelujice Mekodujica
histonoy komplexy RMNA




Monozygotné dvojcata su geneticky identické, ale...




Na veku zavislé epigenetické zmeny u
monozygotnych dvojciat

5,00 70,00 45,00
4,50 65,00 -l- 40,00 - -
4,00 60,00 =
55.00 | 35,00 «
L 3,504 Lz T
& & 50,00 T L £ 30,001
= R - = 45,00 3
- b
5w ! 25,00 «
=] " 40,00 -
2,00 « B 35,00 4 i 20,00 =
1,50 o T 30,00 4 T 15,00 « T ]
3-year-old 50-year-old 3-year-old S0-year-old 3yearwold 50year-old
twins twins twins twins twins twins

» Pocas prvych rokov Zivota sa MZ dvojcata epigeneticky nelisia
» StarSie MZ dvoj¢ata vykazuju vyznamné rozdiely v epigendme:
—  Zmeneny celkovy obsah a distribucia 5-metylcytozinu v DNA

—  Zmeny v acetyldcii histébnov ovplyviujuce génovu expresiu.




Zima hladu v Holandsku 1944

SCIENCE

The Famine Ended 70
Years Ago, but Dutch
Genes Still Bear Scars

Spotreba kaldrii klesla z 2,000 na 500 za den

Babies born during the Dutch H
with higher rates of
have found the genetic sw

er Winter became adults
low researchers may

itches that made it happen.

MATTER AN, 31, 2010 il o e By 4 T

Ovplyvnenych 4.5 miliénov ludi ) it it N g e
Ply y 0000 | '

Deti narodené v tom case boli malé, nizke a mali mnoho ochoreni vratane edémov, anémie, diabetu a depresie

U deti zien, ktoreé Zili vtom obdobi, ale rodili o 20-30 rokov, sa vyvinuli rovnaké problémy hoci uz vyrastali v
normalnych podmienkach



Epigenetické ochorenia

Disease Symptom Aetiology

.ﬂ:TFt X syndrome Intellectual disabilities, a-thalassasmia Mutations in Angenehypomethylahonofceﬂam repeat and satelite
sequences

F;ag|ie X syndrome Chromosome instability, intellectual disabilties | Expansmn and rnethylatl:::no?GGG rapeat in FMR;S UTR, promater :
methylation

IEF syndrome Chromosome instability, immunodeficiency DONMT3b mutation;TENA hypomethylation

Angelman’s syndrome Intellectual disabilities Deregulation of one or more imprinted genes at 15g11-13 {matarné]i +++++

Prader-Willi syndrome Ohbesity, intellectual disabilities Deregulation of one or more imprnted genes at 15g11-13 (paternal)

B“S Organ overgrowth Deregulation of one or more imprinted genes at 11p15.5 (2.g. IGF2)

F{ettsyndrome ............................... I.r.ﬂtellectual O S e e e e s

e i e R A R K Methylatu}n e ghmepGlsland e s

e e Mlcrosatelﬂtemsiaburty ....................................................................... = “novomethybamnofﬂ.}!_m ...........................................................................

""""""""""""""""""" Disruption of Ab, p3 pathway, uncontrolied proliferation _De novo methylation of various gene promoters

......................................... S S e Ui SNEEéRGTéHM i S

...... Overexpression of IGF2, silencing of COKNTC Loss of imprinting

‘I.:;t‘;kaema Disturbed hasmatopoiesis Chromasomal translocations involving HATs and HMTs

ﬁa‘l'ainstaln—Taybt syndrome Intellectual disabilities Mutation in CREB-binding protein (histone acetylation)

Ec;%ﬂn—l_owry syndome Intellectual disabities T Mutation in Rsk-2 tﬁ.igi.one phosphorylation)




\VSetko je vsak omnoho komplikovanejsie...

» v ludskom tele je asi 100 miliard buniek, t.j. priblizne 200 epigendmov
» HUGO — Human genome project — sekvencia [udského gendmu je znama

» ,mame mapu, ale potrebujeme zistit, ktoré cesty su otvorené a ktoré
zatvorene”

» Projekt ludského epigendmu



Projekt [udskéeho epigenomu HEPY

Human Epigenome Froject

» Cielom HEP je identifikovat vsetky chemické zmeny a vztahy... ktoré
sprostredkovavaju realizaciu DNA kodu. Vdaka tymto informaciam bude
mozno lepsie porozumiet procesom, akymi su prirodzeny vyvin, starnutie,
karcinogenéza a rozvoj inych ochoreni, ako aj vplyvu environmentalnych
faktorov na ludské zdravie.




Co vietko moze vplyvat na epigendm?

Strava

Lieciva

Environmentalne polutanty
FajCenie

Alkohol

STRES

...zmenena metylacia tumor supresorovych génov a onkogénov moze viest k vzniku
rakoviny




Bisfenol A

» Chemicka latka, ktord sa nachadza v plastovych flasiach
» Zmenend metyldcia DNA u mysi (znizend o 31%), vyvin obéznych, Zltych mysi

» Nie vSetky mysi boli obézne, t.j. vystavenie mysi bisfenolu A negarantuje vznik tucnej, Zltej
mysi, ale zvysuje pravdepodovnost vzniku takejto mysi!!!

» Doplnenie stravy o latky prinasajuce metylové skupiny (kyselina listova, vitamin B12)
posobilo proti redukcii DNA metylacie.



Transgeneracny prenos

Generation [ Generation 1] Generation [1]

A woman who smokes while pregnant induces epigenetic
changes in three generations at once: in herself, her unborn daughter,
and her daughter’s reproductive cells.




Gendm mame vo vlastnych rukach

Sloboda (nie sme ,,otrokmi“ vlastnych génov), ale hlavne zodpovednost

Cca 20% génov podlieha epigenetickému riadeniu, t.j. takmer kazdy piaty gén sa da
ovplyvnit prostredim

Porozumenie procesu opravy DNA poskodeni a tiez mechanizmu epigenetickych
zmien moze pomoct pochopit mechanizmy spojené so starnutim, a tiez liecit niektoré
zavazné ochorenia (rakovina, dedi¢né ochorenia....)
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