


Genetika

obor zabyvajici dédic¢nosti a variabilitou kvantitativnich a
kvalitativnich znak( vSech Zivych organismua

Genomika

obor genetiky, ktery se snazi stanovit Uplnou genetickou
informaci organismu a interpretovat ji v terminech zivotnich
pochodl

DOIMINANT Gene

Zakladni pojmy

zakladni jednotka dédicnosti (genetické informace)

konkrétni Usek molekuly DNA, ktery nese informaci pro tvorbu
bilkoviny nebo nukleové kyseliny (RNA)

sklada se z exonu a intronu
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Zakladni pojmy

Chromozom
* funkéni celek dédiéného zaznamu genetické informace v bunce
* jadro bunky , 22 par( autozom( + 1 par gonozom{

Lokus
* umisténi genu na urcitém misté na konkrétnim chromozomu

Alela

* konkrétni forma genu

Heterozygot
e dvé rizné varianty (alely) daného genu nebo jeho ¢asti

Homozygot
* dvé stejné varianty (alely) daného genu nebo jeho ¢3sti

Genotyp

* kompletni i geneticka informace konkrétniho jedince nebo oznaceni
alel pfitomnych v daném genu

* kombinace alel v urcitém lokusu na paternalnim a maternalnim
chromozomu diploidniho genomu

Haplotyp

* skupina genU (lokus(), které jsou ve vazbé a jsou tudiz preferencné
predavany rodici potomkiim pohromadé

* linearni kombinace gend/alel na jenom z homolognich chromozom
(vyjimecné dochazi k rekombinaci)
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Zakladni pojmy
7 e 4

* Polymorfismus
* existence nékolika (prfinejmensim dvou) alel pro
dany gen, z nichz nejméné Casta ma populacni
frekvenci alespon 2 1%

* Mutace — i

* procesy, pri kterych dochazi ke zménam v
genotypu v dusledku plsobeni riznych faktort
prostredi

* méneé Casta alela ma populacni frekvenci < 1%

Oh my oadness!
Vinnie's mT&ffngf

Embarrassing moments at gene parties



* DNA was discovered in 1869 by Swiss researcher Friedrich Miescher, who was originally trying
to study the composition of lymphoid cells (white blood cells). Instead, he isolated a new
molecule he called nuclein (DNA with associated proteins) from a cell nucleus

e 1950 - Rosalind Franklin and Maurice Wilkins — X-ray photoghraph of DNA

e 1953 - James Watson and Francis Crick - deduced how nucleotides are organized within DNA,
create a model of DNA- double helix

e 1962 The Nobel Prize in Physiology or Medicine (Watson and Crick)



DNA vs. RNA

* molekula DNA = kyselina Parameciun Parlor
H 4 Can you make pentose
deoxyribonukleova oo ok
to helicase?!

v . v v O 5'
— Dvousroubovice — 2 fetézce

v opacném sméru
— Polynukleotidovy retézec
* Dusikatd baze (T, A, C, G) spojena
vodikovymi muUstky
* Zbytek kyseliny fosfore¢né
* Cukerna slozka — deoxyribdza

O
3 2
HO OH =ribose
H = deoxyribose

Wow, youre
even LONGER

in person!

| mean, of COURSE, he's
going to be more popular.
He has double strands!

It's completely unfair.

* molekula RNA = kyselina ribonukleova
— jednovldknova

DNA Deoxyribonucleic Acid) LNA (Ribonucleic Acid)

SJ33SIG RSO

Johan decided now was not the time

— P0|ynuk|eotidovy Fetézec to mention double-stranded RNA. . S —)
* Dusikatd baze ( U, A, C, G) spojend vodikovymi e Rib
mUstky (SUQSSG
* Zbytek kyseliny fosforecné Generaly R
* Cukerna slozka —ribdza b Sing\e-s’rmnded
— Typy — mRNA, tRNA, rRNA mRNA tRNA rRNA

,_ﬁv'f“ég %am‘gw% e @AmoebaSisters

Ffﬂ ' e @ Adenine () Aden?ne
. J @ Thymine ® Uracil
@ Cytosine @ Cytosine

@ Guanine @ Guanine




NUKLEOSID x NUKLEOTID x BAZE x DNA

Nukleotidy = zakladni stavebni kameny NA

A) Nukleova baze

) 2 0 NH,
4 CH3
3 N/j 5 H—)N\)j H_)N\Jj N/)j
2%« AN AN A

S

C,

] . . HOCH HOCH

= Puriny —adenin (A); guanin (G) ' o

u Pyrlmld'ny - CytOSln (C),' thymln (T = DNA);UraCI| (U - RNA) Pyrimidine Uracil (U) Thymine (T) Cytosine (C)

. RNA only DNA only both DNA and RNA HO  OH(H) HO  OH(H)

B) Nukelosld R NH, o purine nucleoside pyrimidine nucleoside

=  Nukleova baze + pentdza (ribdza; deoxyribdza) "(IN\> N/’IN\> H—N ‘ N\> X = OH or NHy: ¥ = H.OH or NHp: 2 = H or CHs

= N-glykosidicka vazba O E KN v N)\\N N

. J H 2

C) —NUkIeOtld Purine Adenine(AJH Guanine (G}H

=  Fosforylovany nukleosid

Adenine Adenosin
Vs NH, * stavba NK
Dalsi funkce (|: ‘ " * energeticky bohaté slouceniny ATP, ADP, AMP
o . . hlf “‘ﬁ’ D + kofaktory (koenzym A, NADPH, NADH) -

Skladovani a prenos energie CH*N’C"N/ * radikdl v kofaktoru transferazy S-adenosylmethioninu (SAM)

- . : £ High-energy bonds * cyklicky adenosinmonofosfat (CAMP) - bunécna signalizace

Hydrolyza fosfoanhydridové vazby C/O\C/CH2 Mo PR,
= VeétSina ATP je intracelularni NI/ Si—do—p-ol b0l _p_o - létivo-antiarytmikum
C c [ I I
. , | oIH OiH ) ° ° ° ;o funkce neuromoduldtoru a homeostatického regulatoru (reg. stability vnitf. prostredi).
Slgnalnl mO|EkU|V = phoslphate * blokace uvolfovani vsech aktivujicich neurotransmitert -rozsifeni krevnich cév a pokles
s 4 s . L ] krevniho tlaku, adenosin snizuje srdecni frekvenci (Iécba taychykardii)
. Intracelu la rni Slgnallzace Adenosine * inhibice agregace krevnich destic¢ek

=  Napr. cAMP a cGMP

T
Adenosine monophosphate (AMP)

* zvysené hladiny adenosinu -sniZeni zanétu- aktivace /inhibice -neutrofilni granulocyty a

i fagocytdzu

(second messenger)

T
Adenosine diphosphate (ADP)

* bdéni a spanek —inhibice centra probuzeni a bdéni neurotransmiterem GABA -

Koenzymy
= Napf. Koenzym A

T
Adenosine triphosphate (ATP)

adenosin - produkt degradace ATP — vétsi spotieba ATP bunkou —vyssi konc. — vétsi tlak

na spanek - béhem spanku —rozklad adenosinu, tvorba ATP -tlak na spanek klesa.
* zvySena koncentrace v mozku -metabolicky stres (anoxie , ischémie , prodlouzené
obdobi bdélosti) — ochrana mozku potlac¢enim jeho aktivity a zvySenim pratoku krve.
* kofein se vaZe na stejné receptory 1.hromadéni adenosinu (bez pocitu unavy)

2. aktivace kortizolu a adrenalinu
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Zkracuje celkovou
dobu spanku

B) I

Prodluzu;e dobu
potfebnou k usnuti

Zhorduje samotnou
kvalitu spanku

Zkracuje interval
hlubokého spanku

Zplsobuje éastéjsi
probuzeni v prib&hu noci

KDY BEHEM DNE PIT KAVU?

[
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8:00 - 9:00
Cas vysokého kortizolu

9:30 - 11:30

Cas na kavu

12:00 - 13:00
Cas vyséiho kortizolu

13:30-17:00

Cas na kavu

21:00 - ...

Cas na spanek

17:30 - 18:30
Cas vy&&iho kortizolu

i oYUy e e e —_—

zvysena koncentrace % mozku -metabolicky stres (anome |schem|e prodlouzene
obdobi bdélosti) — ochrana mozku potlacenim jeho aktivity a zvySenim pritoku krve.
kofein se vaZe na stejné receptory —hromadéni adenosinu (bez pocitu unavy)



Nukleové kyseliny

The mitochonddal genome
is & circular DNA molecule
that contains approximately
16500 bases and has 37
genes. There are many
copies of mitochondrial
genomes within each
mitochondria

Hostitelské NK/Infekéni ¢ast

Mitochondrial DNA
formsa circular DNA
maolecule

£

ce

/.‘

Chromosome
A chromosome is @
single plece of colled
DNA, Humans have 23
pairs of chromosomes

A single ilrond of nuchear  ocated in the nudeus.
DNA containi many g#nes  pyciear DNA contains
and nucleotide sequences

approximately 3 billion
bases and has in excess
of 20,000 genes.

INTRACELULARNI

+ DNA - jadro, mitochondrie, ,exclusome
« mRNA a ncRNA (miRNA, siRNA)

“
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Cell biologists identify new organelle present
in mammalian cells made of rings of DNA

Researchers at ETH Zurich recently identified a previously unknown compartment in
mammalian cells. They have named it the exclusome. It is made up of DNA rings
known as plasmids. The researchers have published details of their discovery in the
journal Molecular Biology of the Cell.




Nukleové kyseliny

EXTRACELU LARNI
cirkulujici cell-free DNA
* ncRNA

+ extracelularni vezikuly
— exozomy, mikrovezikuly, apopticka téliska
— nesou gDNA, mtDNA, RNA, proteiny, lipidy

Applications for cancer:

Cancer diagnosis and early

Hostitelské NK/Infekcni ¢astice/Mikrobiom

I
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| Screening
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Monitoring disease progression

The human body is host to trillions of: f ‘ Cancer prognostic biomarker

@&
9’”

Q o
S
| Exosome f}’( ' § ?—'T

CTC ﬁ%

g3 MRNA &> 3

BACTERIA VIRUSES FUNGI

|
I
|
I
1
|
I
I
I
|
Predicting treatment response :
I
1
I
|
|
I
|
I
|
I

‘\% CIDNA «

Liquid biopsy



MOLEKULARNE BIOLOGICKE DOGMA
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Replikace DNA

. ) STOP COPYING ME
= tvorba kopii molekul DNA zajiStujici pfenos genetické informace | : L]‘ _

z materské do dceriné bunky

 S-faze bunécného cyklu

* semikonzervativni proces — 1 nové + 1 staré vlakno

* Slozky potrebné pro replikaci
e templat — materské vlakno
e primer — kratky oligonukleotid s volnym 3"OH koncem
* enzymy
. nukleotidy DNA replication

DNA po!ymerase

T L

-
Original DNA e P

) 4l MI_FFI‘I‘IT 7 Topsomers

Lagging stand Okazakl ki I
i fragment  RNA Prlmase
primer

Helicase ——
\ N\

Leading stand

X4

Parent DNA

how complex eukaryotic organisms replicate DNA, scientists first studied replication in prokaryotic models, like

Download from
Dreamstime.com




Replikace DNA

Replikace je zahajena ve specifickych mistech — pocatcich replikace (, origins®)

Vznik replikacni vidlice
* helikaza — umoznuje oddalit obé molekuly dvojsroubovice
* SSB proteiny — napomahaji udrzet vlakna rozdélena

l DNA REPLICATION: P%ol'e'msl

DNA
_ PoLYMERASE

DNA primaza — tvorba RNA primerd

o

ToPOISOMERASE

T SiNGLE-STRANDED
BINDING PROTEINS
DNA PoLYmERASE

DNA polymeraza — katalyzuje prodluzovani fetézce
* sekvence nového vldkna -komplemetarita bazi - adenin + thymin
(2 vodikové mustky) a cytosin + guanin (3 vodikové mustky)

* syntéza od 5" konce ke 3" konci

DNA REPLICATION [®BYJUS
— DNA polymerase
Chromosome
Free nucleotides
i
Leading strand
Helicase Original DNA
Lagging strand \> ; =ERR E
\ e !—Rep\ication fork
LU Ly
Original DNA  DNA polymerase
strand
E» Adenine Thymine Cytosine @K Guanine

R 3
U Vedouci Fetézec
oy

Ay
Ay
S ’\"\.-"L . .. NA—ponmerasa

Mové syntetizovany fetézec

Swiraci protein

Rodicovska DNA 3
Primasa S

Novy Okazakiho ~RNA-primer i

fragment
\ \Vazebny protein pro udrZeni
= Y jednofetézcove struktury DMNA

Vaznouci retézec

Okazakiho fragment



Continuously symthesis

Discontinupusly symthasis

Connect fragments bogether
via phasphodiester bond

Replikace DNA

Templatova vlakna antiparalelni — jeden retézec opozdén

Vedouci retézec — jeden RNA primer na zacatku, replikace probiha bez preruseni

Opozdujici se fetézec —ve sméru 5°- 3" se diskontinuitné tvori kratké Okazakiho fragmenty o / .-"'"_ o '

Adding nueleotide
and synthesize new strand

Helicase
Ereak Hydrogen bond
and “UNZIP

double heliz structure

NS replicatsan fark

eading sirand

*

(kazdy z nového RNA primeru), které se nasledné spoji DNA ligaza 4 ) TN I
N\ o,
RNA primery jsou odstranény 5°-3"exonukleazovou a nahrazeny 3’-5"polymerazovou aktivitou N ————
DNA Replication
DNA polymerase 5 Leading Strand

kst
Double Stranded DNA

2nd Pol a-AND-1
bound to CMG

AND-1

Okazaki
Fragments




Hayflickav limit pro kazdou buriku (replikativni senescence)
- béhem kazdého cyklu se 5 konec zkracuje
(odstranéni primery z okazakiho fragmentu) -
ztrdta 5-200 bp - prdmérna doba - 40 -60 déleni

What We Lose With Age

- . |
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© - @
Cell © %
Chromosome éﬁ) @ 8
0
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As cells divide © \oj
Y Y Y Y
over time... \ : \> \>
WL ...telomeres shorten, and eventually

the chromosome

cell division stons

telomere ﬁ- [ \

L o Neg
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& telomerase
3 P
.
RMA template
&
e L ¥

Black Represents Parental DNA Strands
Red Represents \IL |\f 53 nthesized DMA Strands

o P

Replika¢ni aparat musi Celit exogennim a endogennim vliviim,
které mohou ovlivnit jeho postup zastavou replikacnich vidlic.
Hromadéni zastavenych replikacnich vidlic a jejich pripadny kolaps

vedouci k formaci zlom( na DNA, které predstavuji zasadni hrozbu pro

integritu genomu, se nazyva replikacni stres.

REPLIKACNI STRES (prof. Jifi Bartek)

Nadorova transformace - mnohokrokova zalezitost: Prvni
zména — zpravidla aktivace onkogenu zpUsobena
(toxickych latek v prostredi, kourenim, ozarenim ci
metabolickou zménou) — vyvold chaos v procesu
replikace genomové DNA, replikacni stres, ktery bunka
detekuje a reaguje na tento stav ,nebezpeci nddorové
premeény“ apoptdzou.

Selhani kontrolnich mechanism0 apoptézy -
nekontrolovatelné déleni poskozené bunky — dalsi
replikacni stres - chromozomalni zlomy a mutace DNA.
Replikacni stres pak plisobi opacné, misto sebevrazdy
vyvolava dalsi a dalsi mutace.

Replikacni stres se da méfit (u prednadorovych bunék)



Transkripce

prepis informace ze sekvence DNA do sekvence RNA
jadro bunky
templat - vliakno DNA

transkripty se z templatu uvolnuji jako jednoretézce
DNA-dependentni RNA polymeraza

3 typy (strukturné podobné, prepisuji rizné typy gen()

* RNA pol. | (geny kédujici rRNA)

* RNA pol. Il (geny kédujici hnRNA)

* RNA pol. lll (geny kdédujici tRNA)
* vyzaduje pritomnost transkripénich faktor(
(rozvolnéni retézcl DNA, umisténi RNA polymerazy
na promotor a uvolnéni z promotoru)

*  Promotor = startovaci misto na DNA — TATA box,

Transcription
Codon

J q /// p
’ Base pair ; / £
¢ ¢ y
Pre-mRNA > 4 Cell nucleus
4 s
— Cytoplasm
JEp—
. ;
mRNA! \
B <:a‘5 BT
y, g Translation
A :
2 » ¥ Protein
-] “ )
| | Amino acids
| tRNA N Growing protein
o ) chain
Q
e -
o \
i, 57
&
ST ETE ;
Ribosome—— Codon

)
CAT box “M N i —
. V4 Vé Vs — 1\ L ___‘.__\~_-,..:’<1:\',?, ,
* Terminator = koncové misto - AAAA (S b{,
S, z
F
Zkﬂrfy‘y

Antisense strand
TGACGGAT

RMNA polymerase
AGLCGLAAG

lllllllllllllllllll

lllllllllllllll

Sense Strand



Posttranskripcni modifikace

Modifikace primarnich transkript(:

Pripojeni cepicky na 5'konec (podili se na fizeni

translace mRNA)

o]

HaN

Pripojeni polyadenylaéniho retézce na 3’konec

Sestrih (splicing) RNA — vystfiZzeni intron( za

vzniku zralé mRNA

CH
h 3

o]

OH OH

o—

O—o=0

Obrazek 3 - Struktura tzv. RNA Eepicky

7-methylguanosine

O=T1u=0

Capping

Cap Intron
5' (}PI:'U‘
Exon
I“G
5' FPE
I“G @
5 PR

Messenger RNA

RNA splicing

0 -2 o

DNA N
Promater
Cap Exon
Pre-mRNA 4 _ﬂ_
S'UTR
mRNA |
Polypeptide

3 mBENA

Polyadenylation
SI

Poly A tail

RMA-coding sequence

Transcription by RNA palymerase [1,
Addition of 5 cap when 20-30
nucleotides of pre-mRANA made
Addition of 3" poly(A) tail,

Y

Intren Exon Intron Exan Poly(A) tall
[ AsAsAAA..3
RNA splicing: FUTR

infrons remaoved

v
Protein-coding sequence
I aasAnAN,. 3

Translation

o
I -
£ :\‘



Translace

Preklad genetické informace z mRNA do sekvence AMK v polypeptidu (pomoci genetického kddu)

completed

* Faze —iniciace, elongace, terminace
] , o C/\’?‘;;otein molecule
*  Enzym - Aminoacyl-tRNA syntetdza (20 druha)
. s . A
ligdza - navazani AMK na tRNA; katalyzuje: &
ribosomal
1. navdzdni AMK k ATP - aktivace a vznik aminoacyl-adenylat (pfechodny produkt -tRNA, na 3' —adenosin) — messenger RNA subunits
direction of translation
2. pfipojen pres karboxylovou skupinu aminokyseliny k 2' nebo 3' hydroxylové skupiné koncového T
adenosinu tRNA molekuly, ¢imz vznika tzv. aminoacyl-tRNA - putuje na A-misto ribozomu - misto translace @@@
transfer RNA that @

£ % RN R
ALt Y '\.\. ku‘ 18
L A AN

xe L

3. proofreeding — hydrolyza AMK a tRNA donated a segment @
amino acid
Inicia¢ni komplex se tvori na 5'konci mRNA (¢epicka), zkoumd mRNA od 5’konce a . /
hledd iniciaéni kodon AUG polypeptide — (@ peptide bond ,U % .f\//@
e Terminace translace: UAA, UAG, UGA | @ minoseid ."\ D "/
e tRNA 1 oV ) b
:~ V_, .: ; P | ,J” _ G

E ’ ribosomal
cj\\\g;() anticodons Lap G Gy St
GUA
. uC A
* 1gen-1protein A G CCUGUUCGCAAGCCUCUAGC
, er s s . o 5 3 v ]
geny kdéduijici vice proteini: e e — G
., .. mRNA direction of translation - N~ <~ 3
Alternativni sestfih N4
Rlzné ¢teci rdmce messenger RNA codons
© Encyclopaedia Britannica, Inc.

Rlzna mista iniciace a terminace . . i ; . .
e 1 protein - potfebny pro vice biolog. procesu

Preskok v ¢tecim ramci - nob | o
Epigenetika * 1 biologicky proces - vice proteint



Translace

« 1. translace na ribozomech v cytosolu P b St~
. 7, Y4 \ hihaos c? . AT
* 2. translace na ribozomech vazajici se na RER _ ) e _ r I

MRNA pro polypeptid (protein/ prekurzor hormonu) sekretovany
z bunky ven/ soucast membrany

* The attachment is always temporary (depends on the cell’s need to secrete) »
* Anindividual ribosome might be membrane-bound when it is making one protein, but free in the -
cytosol when it makes another protein
* Proteins bound for a variety of locations (ER, Golgi, lysosomes, plasma membrane, secretion...) are
translated by ribosomes in the cytoplasm but need to get into the ER.
* The signal required for their transport into the ER is a short signal sequence at the beginning of L] -
the protein. When this begins to emerge from the ribosome's exit tunnel -- before translation of ;\f’ 3 -
the rest of the protein -- it binds to a signal recognition peptide (SRP) that guides the ribosome to — Q)
bind the ER. Then the protein can be channeled directly into the ER as translation continues. When C%Sp - A
translation finishes, the ribosome dissociates from the ER again. " "t QY e \" Cytoplasm
Posttranslacni tpravy Ribosome
organelové cileni
g n.:etllylaéifnn Acetylation mRENA @V\
slozeni do aktivniho stavu e st Signal
14 [ F4 4 i ipidation pﬂpﬂd&
tercialni a kvartérni struktura St 5 P
T Signal
@ recognition
article Protein
SAP)
Hydroxylation Glycosylation SRP
Pro, Lys Ser, Thr, Asn l'BC'ﬂP‘tﬂr.-'
cyTosoL Proin |
Deamidation Proteolysis :
Gln, Asn All
CISTERNAL
SPACE




TRANSPORT PERIPHERY

- cells consume a large amount of their available energy for the
process of translation and for protein folding, it is not surprising
that most stresses cause an inhibition in global protein
synthesiscell

-stress (cancerogeneisis-hypoxia, acidosis and nutrient starvation)
- cause the accumulation of unfolded proteins in the ER - a major
organelle that is involved in protein synthesis, preservation of
cellular homeostasis, and adaptation to unfavourable environmen;
folding capacity of the ER is limited.

- the accumulation of unfolded proteins in the ER causes stress
triggering an unfolded protein response in order to promote cell
survival or to induce apoptosis in case of chronic stress.

- synthesis of “housekeeping” proteins is paused in stressed cells,
whereas the translation of a pool of proteins necessary for the
adaptive stress response is maintained, via alternative
mechanisms of translational initiation

- ER stress triggers activation of the unfolded protein response
(UPR) - alters both transcriptional and translational programs to
coordinate adaptive and/or apoptotic responses

-UPR aims to restore cellular homeostasis and to promote cell
survival by inhibiting protein synthesis, improving protein folding
ability, increasing the degradation of unfolded proteins. However,
when damages are irreversible after intense and prolonged
activation, UPR induces cell death.

i Y -
~nS s MRMAS q proteins g RBPs f"*--; RMA granule Kinesins

(9. dynain complex K Myosins “ microtusules  ingallly actin cytoskeleton

Figure 1. Simplified model of protein and mRNA trafficking in eukaryotic cells. Typically, proteins are thought to be synthesized in the
soma by free ribosomes (A) or endoplasmic reticulum (ER)-bound ribosomes (B) and then transported to different destinations in the
cells where they elicit their function. Socme mRNAs associate to RNA-binding proteins (RBPs) and are transported in RNA granules (C)
by microtubules using motor proteins kinesis and dynein (C i) or by actin using myosin (C ii ). Once they reach the target compart-

ment the mRNAs are translated into protein.
https://www.researchgate.net/publication/350032586_RNA_Localization_and_Local_Translation_in_Glia_in_Neurological_and_Neurodegenerative_Diseases_Lessons_from_Neurons/figures?lo=1



Bunecny cyklus

MONTAZ - v 7 ’ o Ve ’ \%4 L4 O e V4 \v4
MITOTICKEHO BUNESHE DELE N = usporadany sled procesu, pfi kterych bunka zdvoiji svlij obsah a nasledné
UHETENKA vy’ v v Ve Vé v Vé . . Vé
1 " se rozdeéli na dvé bunky dcefiné (kazda z nich ponese stejné chromozomy)
spuiténi mechanismu mitozy a SEI:EET L:;_T;:::m,,

Cil: reprodukce genetického materialu pro pristi generaci bunék

VSTUP DO M
—

T

WYSTUPZ M

* Jednobunécné organismy
* sladéno s ristem — materskd b. musi dorlst do urcité velikosti, aby se rozdélila

*  Mnohobunécné organismy
* sladéni replikace DNA s vyvojovym programem bunky
* sladéni replikace a déleni kazdé buriky s vyvojem pfislusné tkané nebo organu
* dospélost - buriky se déli, kdyz je potfeba (nahrazeni odumirajicich bunék, obnova
poranéné tkané)

VSTUP DO S e ztrata kontroly nad bunéénym cyklem -> rakovina

spusténi mechanismu
replikace DNA

REPLIKACE DNA PrOkaryQtic Ceﬂs

LOOK, MOM!
NO NUCLEUS!

regular cell dividing cell

Seddon - -

Harry has the little talk
about the birds and the bees.

Image of chromosomes in uncondensed form [left] and condensed
form in dividing cell (rght).



Bunecny cyklus

Interfaze — G1, G2, S (90%)

e priprava na bunécéné déleni, vnéjsi jaderna membrana je spojena s ER

* nepriznivé podminky

* setrvani v G1/vstup do GO; buriky nerostou, mohou tak setrvat i nékolik mésict/let
GO-faze

* G2-faze
* dvojnasobné mnozstvi DNA (nez v G1)
* syntéza proteinl potiebnych na vstup

do mitdzy s BB
ap

* S-faze
* replikace DNA
* syntéza proteinl asociovanych s DNA

M faze (mitotickad)
* mitdza x meidza

Mitosis

DNA synthesis

* jaderné déleni, kondenzace chromozomu — az 10 000x

e karyokineze a cytokineze
* klesa syntéza RNA a protein(

(&8 Gap 1

genes become “silent” during cell division, not being transcribed into proteins or regulatory molecules?

how genes get properly re-activated after cell division?

vétSina bunék mnohobunéénych organism (jsou

diferencované a specializované k vykonu urcité
funkce, nedéli se)

po prijeti prorlstového faktoru mohou vstoupit
zpét do bunécného cyklu

G1l-faze

nejdelSi a nejvariabilnéjsi
bunka se zvétsuje a zdvojuje organely
na konci této faze se nachazi kontrolni bod: bod
restrikce
* burika ma dostatek Zivin a rlstovych faktorq,

vykazuje vysokou metabolickou aktivitu ->
prejde bod restrikce a pokracuje do dalsi faze

* nedostatek Zivin, obdrzeni antiproliferacniho
signalu -> zpomaleni postupu fazi/opusténi
cyklu (pfechod do GO)

Although chromosomes are extremely compact during cell division gene expression was still on — albeit at a low level — during replication

“What ultimately drives cell differentiation are sequences of enhancer molecules located away from the gene they act on.

far-away modifiers “nap” during division, since it only lasts about 30 minutes — relatively quickly in biological terms — and come back online after a cell division cycle is complete.




Bunecny cyklus

kladeny vysoké naroky na presnost Oh my | Get it together and
s baen fun. but 8 ) Jeremq.'

* bezchybna replikace b think wa sheuld
(o ) s it p. storts any minvte now!!
¢ Spravne razeni fazi
* mitdza pred dokoncenim replikace -> ztrata genetické
informace min. u jedné bunky

* ghakes head
disapprovingly *

* dvojnasobna replikace pred mitdzou -> zvyseny pocet kopii
genl na pfislusné ¢asti chromozomu -> nerovnovaha v genové
expresi, nizka viabilita

* presnd segregace chromozomu
* koordinace s vyvojovymi programy

ridici elementy — cyklin dependentni kinazy
*  Fidi aktivitu mnoha proteinl zapojenych do replikace DNA a mitdzy tim, Ze je ve specifickych mistech
fosforyluji (aktivace/inaktivace)

. .. N v .
Cyklin + CDK -> komplex se pfipoji na protein cyelin Cdk-activating kinase (CAK)

-> fosforylace proteinu -> po fosforylaci se komplex e
rozpadne a dojde ke zméné aktivity proteinu
| ATP | ATP |

/ T-loop
Cdk active site activating phosphate
(A) INACTIVE (B) PARTLY ACTIVE (C) FULLY ACTIVE



Metody molekularni biologie

B cenea JPhsigs
¢ D N A . Special ‘é‘ fuses Only
¢ R N A b In all Living Cells

Protein

* PROTEIN \ & ...

DNA » m—p RNA

Biological Information
Flow




Prace s biologickym materialem
PLNA KREV - PLAZMA, SERUM ,SLINY, BUNKY, TKANE, TELNi TEKUTINY

!

@ |zolace DNA, RNA, PROTEINY

!

Detekce a Kvantifikace

S !

DNA RNA - mRNA PROTEIN
Detekce polymorfismu a mutace Analyza genové exprese Analyza protein
1. PCR (amplifikace konkrétniho fragmentu)- RFLP Nothern Blott Imunohistochemické metody
(nastépeni spec. restrikénimi enzymy) — detekce na ELFO Real-Time PCR 1. Western Blott
2. Real-Time PCR Analy’za transkriptomu 2. ELISA
3. Sekvenace Analyza proteomu
4. Micro-arraya Mi MS
icroRNA
Sekvenace Y, -4
S i i 2 ; Analyza exprese Analyza bunek
Klonovani v plasmidech, Zasah do genové exprese, CRISPR . . .
Interference Pritokova flow-cytometrie
Epigenenom DNA RNA Protein
metylace DNA
histonové modifikace transcription translation

e

\Drepﬁca tion 2 rewverse

transcription



Single dose of zilebesiran
safely and effectively lowered
blood pressure for six
months

American Heart Association Scientific Sessions 2023, Late-
Breaking Science Abstract in LBS.04

New drug zilebesiran effectively lowers

blood pressure for six months, study finds
¥/100/100]

Download PDF Copy [9) Reviewed

American Heart Associotion Mov 13 2023

A single injection of the experimental medicaticon zilebesiran was safe and effective in
reducing systolic bloed pressure in people with mild-to-moderate high blood pressure
for up to six months, as detailed in the Phase 2 of the KARDIA study, reported as late-
breaking science today at the American Heart Association's Scientific Sessions 2023. The
meeting, Nov. 11-13, in Philadelphia, is a premier global exchange of the latest scientific
advancements, research and evidence-based clinical practice updates in cardiovascular
science.

Zilebesiran is an investigational RNA interference agent targeting angictensinogen (AGT),
a hormene produced predominantly in the liver that contributes to blood pressure
regulation.

€€ Uncontrolled high blood pressure is o feading cause of death and disease, so
there s o need for new treatments that provide sustafned blood pressure controf
over longer periods of time. This will improve outcarmes for people with
Aypertensfon. Uncontroffed hypertension aiso increases the risk of heart disedse.”



DNA diagnostika

* Detekce pritomnosti nukleové kyseliny specifické sekvence

* Identifikace ZivocCiSného druhu
* Paternita
* Identifikace jedince - forenzni ucely
* Profil DNA —SNPs
* Analyza struktury (sekvence) nukleové kyseliny SIS

* Stanoveni genotypu
* Detekce klinicky vyznamnych mutaci a polymorfismu
e Dédicné choroby

Autosomal recessive

v Father O O Mothe
* Detekce v onkogenech a supresorovych genechv. &
nadorech i @,,

* Prenatalni, preimplantacni diagnostika
« Kvantifikace nukleové kyseliny se specifickou sekvenci '

qalnmpan
% anipan

* Hodnoceni intenzity a zmény exprese genll —tumory

S

@
g ennmpan
3§ «mmpan
=
) go
¢ euumpan
2 qmumman

anmpan
& 2 allimpan

S
H
4
<
S
ng
=
[
-
IS

» Kvantifikace proteinli a typu jejich posttranslacni modifikace

E] alamy stock photo



Biologicky material

DID YOU KNOW?

e Biologicky material je vSe, co bylo Ci je soucasti 5 by
Ve ’ . ) ‘fffff 'J-’
nebo produktem zivého organismu o H A

_ suend bylinna ¢ajova smés P
— ohryzek od jablka ;‘;*f,-—-‘f,?;fz},f"f'.
p W e ¢ , <ff =3

— dubove prkno Snail’s teeth are the
vevs strongest biological material
— koCici trus/srst on Earth. They can withstand
. pressure high enough to turn

— zkumavka s virem SARS-CoV-2 Carbon into Diamond.

— télni tekutiny — moc, krev, plazma, sérum, sliny,
ejakulat, hlen

| have cloudiness,
you have this weird smell.

7 v \'4
— tkané, bunky R
Somple i3 doing 4
this merning.

www.biocomicals.com




Izolace nukleovych kyselin

* V nativnim stavu z pfirozeného materialu — v dostate€ném mnozstvi a pozadované Cistoteé.

 NKje potreba zbavit vSech vSech latek,které se po lyzi bunék stavaji soucasti hrubého lyzatu a jejichz
pritomnost by branila u¢innému specifickému plsobeni enzym( pouzivanych k dalSim analyzdam

° Izolace genomOVé DNA Homogenization/ Phase Extraction/
Lysis Separation Precipitati R pension
* lzolace RNA — diraz na ochranu pred degradaci T T -
W m Water/TE

phenol

« Stanoveni koncentrace a Cistoty DNA/RNA &
— Spektrofotometrie

e Kontrola kvality a integrity - ELFO

Separation Precipitation

Sample ID @ ‘ ‘
6.00 DNA & RNA Sample type RNA
H 7| Baseline =
5.00 4 1
1
@ 1 SWnm
= 1
S 4.004 1 SW Abs (10mm)
8 1
G ! :
2 300+ ! Protein 260nm Abs (10mm)
g : ‘I‘ 280nm Abs (10mm)
I 2.00 = ¢ : : 260/280
o
b I : : 260/230
1.00 = 1 ] 1
: o
1 1 = [7] Multi Sample Spectrum display
0.00 1 1 1
1 1 1
1 L 1
Ll L] T L] L L) L) I | L] Ll L]
220 230 240 250 260 270 280 290 300 310 320 330 340 350
Conc. ng/ul
Wavelength nm

Exit ” Blank Clear Data Table H Save Graph ” Exportto Excel ” Measure




PCR — Polymerase chain reaction
* Amplifikace vybraného Uuseku DNA
*  Mnohondsobna in vitro replikace ve zkumavce - retézova reakce dSDNAm

vychazi z DNA replikace l

e Kary Mullis, 1983
* DNA fFetézce duplexu muize byt denaturovana a znovu spojena Tm

ainjesadwa) Buiseasou|

* DNA replikace in vivo vyzaduje nékolik enzymti l

- separace retézcll

- syntéza kratkych RNA primer( ! HH ' ! "H ' "H'!' !

- syntéza dvou novych DNA helix( ssDNA

DNA replikace in vitro vyzaduje pouze jeden enzym MW

(1957 Arthur Kornberg dokazal existenci DNA Polymerazy)

AZ S OBJEVEM A POUZITIM TERMOSTABILNI POLYMERAZY
(TERMOFILNI BAKTERIE) ZISKALA PCR NA VYZNAMU
FUNKCE OSTATNICH PROTEINU JE in vitro NAHRAZENA ZMENOU TEPLOT !



Cil — ziskani pozadované a specifické sekvence genomové DNA
Princip — mnohonasobna replikace

* cca 30 cykld

* zavislost na teploté reakéni smési

* mnozstvi namnoZené DNA roste exponencidlni fadou (2")

komponenty PCR:
- & B

- templatova DNA ~ - ;Cg;&;

- dNTP O ~

- pufr (pH=8) YTV s,@i?f{;;

Primers Polymerase

- Mg2+ ionty (aktivita a pfesnost polymerazy)

- Primer - krétké specifické useky DNA,

oligonukleotid 20—-25 pb, ohraniceni oblasti amplifikace DNA
- DNA polymeraza

termostabilni (odolava teplotam az 98 °C)

Taq (Thermus aquaticus), Tth (Thermus thermophilus)

- teplota
opakovani cykli:

- denaturace (separace dsDNA)
- navazani primeru

- elongace primert(

- syntéza nového viakna DNA

pomoci zmén teploty!

Region of

5' —
inlerest< 3 ]

TI111
1 4 1

-
e L

-
|

TITT
414

l 98°C

STTTTTTTTTITTITTTTTTIT®  Denaturation
Temperature is increased
3 ETEENEN] 1.-|.]  EEEEEN 5 Lo separate DMNA strands
l 48 t0 72°C
- S TTTTTT T T T >  Anneling
o 3 Temperature is decreased
DN;ETPI:::E 5 Primer 3 Primer to allow primers to base
strands ;
N EEENENERENR F . M. pair to complementary
N T O Y DNA template
l 68 to 72°C
J"}asnli'.lui. ETTTTTTTT®  Extension
Sk 3L gLy AL 5 Polymerase extends
DNA s?rsaifds < - & primer to form nascent
) TF -'rT-l-T_’u' DNA strand
3-|1'|1|1|'|:| 'I"I"|'|'|'|5-"T}\v
Istcycle —»  2ndcycle —  3rdcycle —»  dtheycle -------- -4 » 30th cycle
FHEHH OO OO
T 231 = 2 billion copies
. T T
2% =8 copies [T DT
OO OO .
i R Eapnaential
24 16 copies I Amplification
B TR TTTEITITATII Process is repeated, and
FHTITIIN TR the region of interest is
T amplified exponentially
T
JHH
FH

2% = 32 copies



Prakticka cast cviceni

PCR Protocol

Get the reagents Prepare the mix Set up condifions

Analyze the gel Negative result

oy »
4 o
o




CO? Stanoveni SNP +3953C/T (rs1143634) v
genu pro interleukin IL-1beta u pacientu s
chronickou peridontitidou

Display Settings: [] Abstract Send to:

J Perindontal Res. 2000 Jun;35(3):172-T.

Effect of the interleukin-1 genotype on monocyte IL-1beta expression in subjects with adult periodontitis.
Mark LL" Haffajee AD, Socransky S5, Kent RL Jr, Guerrero D, Komman K, Newman M, Stashenko P.

&«

Author information

Abstract
An association has been reported between polymarphisms in the genes encoding IL-1alpha (-889) and IL-1beta (+3953) (periodontitis susceptibility
trait, PST), and an increased severity of periodontitis (18). o _ ) _

In the present study, we determined if PST positive subjects with periodontitis exhibit elevated
production of IL-1beta. compared to PST negative periodontitis patients. Peripheral blood monocytes were obtained from 10 PST+ and 10 PST- age-
and disease-balanced subjects with adult forms of periodontitis. Monocytes were cultured with a panel of bacterial stimulants, including Escherichia
coli and Porphyromonas gingivalis LPS, and whole formalinized periodontal pathogens P. gingivalis, Bacteroides forsythus and Prevotella intermedia,
and health-associated organisms Veillonella parvula and Streptococcus sanguis. Our results demonstrate that monocytes from PST+ and PST-
patients showed no significant differences in IL-1beta production in response to any stimulant tested. In addition, the periodontal pathogens P.
gingivalis, B. forsythus and P. intermedia failed to stimulate higher IL-1beta responses compared to health-associated species V. parvula and S.
sanguis. A marked interindividual variation in production of IL-1beta was seen, with high, low and intermediate responders present in both PST+ and
PST- groups. We conclude that genetic loci other than the PST palymorphisms are also important regulators of monocyte IL-1 responses.

PRID: 10925872 [PubMed - indexed for MEDLINE]



PROC? cytokiny X onemocnéni parodontu

Zanétlivé onemocnénéni parodontu Healthy Periodontal
- komplexni onemocnéni (endogenni a exogenni faktory) | Disease
1. Pfic¢ina zanétu-mikrobialni plak (anaerobni bakterie) A8 A

— zacCatek imunitni odpovédi Healthy Gums
2. Individudlni predispozice Healtiy Elte te

RIZIKOVE A PROTEKTIVNIi ALELY
IL-1beta — prozanétlivy cytokin — rizikové alely
(Kornman, 1997)

Quintes=ence Int. 2010 Jun;41{6):517-25.
Interleukin-1 as a genetic marker for periodontitis: review of the literature.
Grigoriadou r-.-1E1, Koutayas 30, Madianos PR, Strub JR.

~

Author information
Department of Prosthodontics, School of Dentistry, Albert-Ludwig University, Freiburg, Germany. mariannagrigoriadou@yahon.com

Abstract

Perodontitis is considered to be a multifactonal disease. Studies have indicated that part of the clinical vanability in periodontitis may be explained by
genetic factors. Genes can affect the immunoinflammatory host response to bacterial challenge in the periodontal tissues by means of an
overproduction of proinflammatory cytokines, such as interleukin-1 (IL-1). IL-1 plays an important role in the pathogenesis of periodontitis, through its
involvernent in the regulation of the host's inflammatory response and bone resorption. Therefore, the genes that encode for IL-1 production have

recently received most attention as potential predictors of periodontal disease progression. Hence, the relationship between IL-1 genotype and
pernodontal disease has been investigated by a number of studies. This review article amed to determine whether IL-1 could be regarded as a genetic
marker for periodontitis by reviewing data concerning susceptibility, clinical parameters, and treatment strategies in relation to the IL-1 genotype. The
review concluded that there is currently limited ewidence to implicate a specific IL-1 genotype as a nsk factor for chronic penodontitis in white
populations. However, there is limited evidence that genetic vanation in the IL-1B polymorphism could be a risk factor for aggressive periodontitis.

PMID: 20450394 [PubMed - indexed for MEDLIME]



JAK? METODY MOLEKULARNI{ BIOLOGIE

Prace z biologickym materidlem (PLNA KREV, PLAZMA, SERUM)

!
W

1. Amplifikace DNA Useku - PCR

2. Detekce polymorfniho mista -
Restrikéni analyza

3. Vizualizace - Elektroforéza

%



JAK?

IL-1B +3953C/T (rs1143634) u
subjektu s chronickou peridontitidou

Forward Reverse
—_— 249bp —

CCTTCTGATT TTATACCTAA ACAACATGTG CTCCACATTTCAGAACCTAT CTTCTTCGAC ACATGGGATA ACGAGGCTTA TGTGCACGAT

amplifikace vybraného tUseku
z celkové DNA



http://snpper.chip.org/bio/view-snp/1143634

JAK?

IL-1B +3953C/T (rs1143634)
pomoci restrikcni endonukleazy Taql

Forward Reverse
— 249bp —

CCTTCTGATT TTATACCTAA ACAACATGTG CTCCACATTTCAGAACCTAT CTTCTTCGAC ACATGGGATA ACGAGGCTTA TGTGCACGAT

Byvencuas Taql
EOLCIIJS,. 5'... TTCGA ... 3" detekce useku
[ 5. accr ... 5" g konkrétni variantou C/T

!

C
135bp 114bp



http://snpper.chip.org/bio/view-snp/1143634

JAK?

restrikCnich fragmentu po Stépeni Taq|
(Agarozovy gel)

vox . 249b C
1. Nestepena TT 0
Taql
X, v 7 135b 5'... TTCGA ... 3'
2. Stepena CC i s acor .
114bp

3. Heterozygot CT — 3 pruhy

HAVE YOU SEEN
MY PCR BAND?

249 bp —*

vizualizace DNA fragmentu
po restrikcni analyze




MASTER MIX

Praktické provedeni PCR

Objem v mikrozkumavce: 25yl

Slozeni (1 vzorek):

templatova DNA (2yl)

2 primery (1.25 yl)
MgCl, 25mM (4 ylL)
dNTP mix (0.5 ylL)

Taq polymeraza 1U (1 yl)
pufr (2.5 ylL)

PCR H,0 (12.5 ylL)

—

1 kapka mineralniho oleje

95°C.....
95°C.....

S5minut
1 minuta

60°C.....
72°C.....

Iminuta
Iminuta

ok wnNE

72°C.....
10°C.....

7minut
10minut

} 35x



Prace s mikropipetou

* Pipetu drzim vzdy vertikalné (Spickou dolu).

1 p @B

* Pipetu drzim v dlani zavésenou za ukazovacek a ovladam ji

palcem.
2
* Vlyberu optimalni rozsah objemu!!! Nikdy neprekracuju
rozsah pipety nahoru ani dolG!!!
| * Pred pipetovanim musime na pipetu nasadit prislusnou
E Spicku (dle objemového rozsahu pipety).
5 ]  Vzdy pouzivam novou sterilni Spicku.
>
Mikropipeta . Pf)kuovl opakovaneé plpetulju tent}/vz vroatok, ponecham na
1 - dvoupolohovy ovlada¢ pipeté po celou dobu prace tutéz spicku.
2 -drzak

3 - jednorazova Spicka e ., o, . . ..
» K odhazovani spicek slouzi tlacCitko na bocni strané pipety.



Prace s mikropipetou

Postup:
* Na pipeté nastavim pozadovany objem. Vodorovna Cara na
displeji znaci desetinnou carku.

* Nasadim Spicku na pipetu (dikladné utésnim) — ne rukamal!

* Pipetu uchopim tak, abych si o ukazovaéek podeprel/a drzak a
palcem tak mohl/a pracovat s dvoupolohovym ovladacem.

* Nasati: ovladac stla¢im do polohy , 1“ (Spicka je ve vzduchu),
ponorim do roztoku a pomalu pustim.

* Vypusteni: pipetu ponorim do roztoku, kam chci pipetovanou
latku pridat. Vypustim roztok stlacenim ovladace do polohy
»1% dokoncim stlacenim do polohy ,,2“ a vyjmutim Spicky
z roztoku (stale v poloze ,,2°).

* Ovladac pustim, Spicku vyhodim.

Obr, 3.2.2: Polohy oviadace:

TR




Stop by the lab!
Trivial Name Structure Suggested Chemical Name

We h ave Oldmacdenynenynol

77 2

B-(B-(3-(1-ethyl-1-methylparply)-
hex-4-ynyl}-4 4-dipropyl-2-prop-
2-ynylcyclohex-2-enyl)-4-
methyl-cyclohept-2-en-1-ol

Cowenynenynol p— (£)-6-(2,3-diethylcyclopent-2-
]\ _om enyl)-7,7,10,10-tetraethyl-
(\ cyclodec-8-en-2 4-diyn-1-o0l
piper bois piper boi hats
= . Turkenynenynol w 2-(3,3-diethynyl-2 4-divinyl-6,6-
X 5} diisobutylcycloheptyl)
[ ; cyclopropanol
=
Goosenynenynol -~ (2E, 4Z)-13-
m\*‘:a cyclopropyleyclo-tridec-2,4-
—et dien-8,10-diyn-1-ol

Serpentenynenynol L {/‘:\_/_OH (Z,2)-11-(2-

x Ly EViI 'Ellﬂ isopropylcyclopentyl) undeca-6,
vibe check Extreme J 10-dien-4,8-diyn-1-ol
merry-go-round
Giraffenynenynol (4Z TE)-12-cyclopropyl-3,6,6-
triethyldodeca-4,7-dien-9,11-

diyn-3-ol

Duckenynenynol (£)-4 4-diisobutyl-3-(4 4-
dimethylcyclobut-2-enyl)-2-
prop-2-ynyl-2-but-1-en-3-

ynylcyclopentanol




