NUKLEOVE KYSELINY

1. H. Braconnot (30. 1éta 19. stoleti)

- Strassburg — vinn¢ kvasinky — izolace ,,matiére animale®.

2. J.F. Meischer (1868-1869)
- experimenty z hnisem a mli¢im rynského lososa — NUKLEIN

3. Altman (1899)

pokracoval v experimentech svého predchlidce ( Zivoc¢isné tkan€ — thymus a kvasinky) — nazyva
izolovanou latku — kyselina nukleova - DNA

4. Leven (1909)
—izoloval z NK Kkyselinu fosfore¢nou , cukr a baze — pojmenoval dalSi typ NK — RNA

5. Avery, MacLeod ,McCarty (1943)

DNA pienasi genetickou informaci — infek¢éni princip
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NUKLEOVE KYSELINY

1. H. Braconnot (30. 1éta 19. stoleti)

- Strassburg — vinn¢ kvasinky — izolace ,,matiére animale®.

2. J.F. Meischer - experimenty z hnisem a mli¢im rynského lososa — NUKLEIN

3. Altman — pokracoval v experimentech svého predchlidce

( Zivocisné tkané — thymus a kvasinky) — nazyva izolovanou latku — kyselina nukleova - DNA

4. Leven (1909) — izoloval z NK Kkyselinu fosforeCnou , cukr a baze — pojmenoval dalsi typ NK
— RNA

5. Avery, MacLeod ,McCarty (1943) DNA pienasi genetickou informaci — infekéni princip

6. Watson, Crick, Wilkins,(1953) — model sekundarni struktury DNA — Nobelova cena 1962




NUKLEOVE KYSELINY

Slozeni :

¢ Dusikaté baze - puriové, pyrimidmové
¢ Sacharid - ribosa, deoxyribosa

¢ H3P04




Funkce :

DNA - nositel genetické informace
o Viry
o Prokaryonta —cytoplazma
o Eukaryonta - jadro. mitochondrie, chloroplasty
- DNAzymy
RNA - realizace genetické mformace (u RNA vini 1 nositel geneficke
informace)
- Ribozymy - biokatalyzatory

- RNA a ssDNA aptamery — SELEX Systematic Evolution of Ligands
by EXponential enrichment




SELEX

Pocateéni
knihovna

Vybér vhodnych Cilova molekula
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BASES

The bases are nitrogen-containing ring
compounds, either pyrimidines or purines.
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Monosacharidy

SUGARS

PENTOSE

twio kinds are used

a five-carbon sugar

Each numbered carbon on the sugar of a nuclectide is
follovwed by a prime mark; therefore, one speaks of the
“L-prime carbon.” etc.

fi-o-ribose
used in ribonucleic acid

|'i n-#-de EyTIDose
used in deoxyribonucleic acid




Nukleosid

BASIC SUGAR
LINKAGE

Nglycosidic
bond

[ he basa is linked to

the same carbon (C1)
usad in sugar-sugar
bonds.




Kyselina fosforeCna

PHOSPHATES

I he phosphates are normally joined to
the Cf hydroxyl of the nbose or
depxyribose sugar (designated 5°). Mono-,
di-, and triphasphates are common.
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Ihe phosphate makes a nucleotide
negatively charged.




Nukleotid

NUCLEOTIDES

A nuclectide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more
phosphate groups.
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the nucleic acids




Nazvoslovi

basa

oo

BASE + SUGAR = NUCLEOSIDI

basa

Tl

BASE + SUGAR + PHOSPHATE = NUCLEOTIDE

BASE

adenine
guanine
cytosine
uracil

thymine

NUCLEOSIDE
ade
quarfETE]
eyfidine]
thyrfiding]

Mucleotides are abbreviated by
three capital letters. Some examples
Follow:

AMP = adenosinelmonopho=phatal

dAMF = decxyadenosine monophosphate

UDP = uridineldiphgsghatal
ATF = adenosine[Nphosphiate |




Funkce nukleotidu
prenasece energie (ATP, GTP)

fosforyla¢ni Cinidla (ATP — kinasy) - kofaktory

aktivatory meziproduktu biosyntéz — UDP-glukosa,
CDP-cholin

soucasti kofaktort - NAD(P), FAD, PAPS,
vyuziti v terapii - antivirotika(AIDS, herpes) — AZT

stavebni slozky nukleovych Kyselin




Polynukleotid — nukleova kyselina

)

~0—P—0—CH;

~G—P—0—CH;

| <8 0

# phosphodieste

linkage

OH

example: DNA




Struktura a funkce DNA
AT.G,C+deoxynbosa + ®

Primarni struktura - sekvence basi 5-3

Sekundirni struktura - Watson, Crick (1933) - dvojsroubovice

+Chragaffovy pravidla - pomér bazi v DNA
A+G=T+C A=T G=C A+C=G+I

*Donohue - baze v tautomernich ketoformach

+Franklinova -RTG difrak¢ni analyza




Watson

Unnumbered figure pg 9 Concepts in Biochemistry, 3/e

Crick




Erwin Chargaff

Chargaffovy pravidla




Chargaffovy pravidla

Z.astoupeni basi v DNA (molarni %)

Organismus A T G C
Clovek 309 294 199 19.8
Kure 288 29.2 20.5 21.5
Kobylka lu¢ni 29.3 293 20.5 20.7
PSenice 273 27.1 227 22.8
Kvasinky 31.3 329 18.7 17.1
E. coli 247 23.6

26.0 25.7

nezavisi na tkani
nezavisi na stari

nezavisi na nutri¢nich faktorech
nezavisi na Zivotnim prostiedi




Jerry Donohue
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Rosalind Franklin




Obrazek 51

x-mmmmmwm The X' in the centre of Photo 51 :
and their diffracted paths were captured was caused by the helical shape of
on sensitised paper — creating Photo 51 the DNA molecules in the sample




Nobelova cena 1962

Francis Hany James Dewey Maurice Hugh
Compton Crick Watson Frederick Wilkins
(1916-2004) (1928 -) (1916-2004)
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Parovani basi — H mustky

CH,4

Major groove

Minor groove

Major groove

Minor groove




Stabilizujici vazby v DNA




Stohovani bazi




Denaturace - renaturace




Relative absorbance
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Formy DNA

B-DNA - nativnd - 92 % H,0, Na#
pravotociva - 10 part bazi na zavit

vA - DNA - 75 % H,0, rovina bazi 20

pravotoéiva - 11 pén bazi na zavit

7 -DNA -4(CGCGCG)

levototiva - 12 pam bazi na zavt
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Lakladni ciselné charakteristiky tii nejzndméjsich helikélnich forem DNA
Atribut A-DNA B-DNA Z-DNA

Tociva tendence Sroubovice (chiralita) )~ |pravotociva | pravototva | levotoCva

Opsovia’ wiipin 0 PO

parech
Otocent po kazdém opakovinil! UNK My
?rumemy pocet paril na jedno otoden T T 5
stoubovicel !
Sklon paru k osel’ )’ (° °
Vzestup vici ose na jeden par'! J5A0L 3AA0H 374037 m)
‘ nm) fm)

Primér! 3AQ3mm) 20 A2.00m) 18 A (1.8 nm)










Bakterialni DNA
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Bakterialni DNA

Electron micrographs by Laurien Polder. From Kornberg, A. and Baker, T.A., DNA Replication (2nd ed.), p. 36, W.H. Freeman (1992). Used with permission




Lidsk¢ chromozomy

00 XK A M
KKK 1

Xh g% X¥ XA XX_ AR

XK XA XX xxa B2
19 20 21 22 xBy




Jadro — mitoticky chromozom

Metafaze - spiralizace

Normalné¢ - despiralizace

5 — 8 um — DNA 2 metry
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Chromatin

short region of
DNA double helix

"beads-on-a-string”

form of chromatin

30-nm chromatin
fiber of packed
nucleosomes

section of
chromosome in an
extended form

condensed section
of chromosome

entire
mitotic
chromosome

NN NN

—

\'ﬁ r—’/_/cEntromere

Aom

X

Nukleosom
(koralky)

(civka)

(smycka)

1400 nm

MNMET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT
IS 50,000x SHORTER THAN ITS EXTENDED LENGTH




Nukleosom — DNA + 5 tiid histonu

DNA H1 histone

? MNucleosome

Core of B Histone Molecules

2x H2A -2xH2B -2xH3 -2x H4




Exon a intron

Gene

Exon constifute the mRNA 5 %
and translated into protein

ntron Infervening sequence 95 %




Exon a intron

Transcription Translation ; :
DNA mRNA  tRNA ‘amno  Polypeptide

A T AT
C B — ¢ 2
C G I

Exon & cC G——* *
A U A—
i A ]
A u A—T—§ @

s e e

C G C
T A U

Intron G C G
A U A
C G C

____ G ___ ¢ __G___ _____________ o

T A ey
= c c——4A A
T A U—

Exon A U A —
c G c—1—4@ ®
1 A U —
G Cc G—
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Vyznam intronu
. — re-mRNA

l splicing s
alternatively
B BN spliced

MRNAS
l translation l
&

protein
isoforms




Stanoveni sekvence DNA

* RestrikCni enzymy

* Chemicke St€peni — Maxam Gilbertovo
metoda

* Enzymova metoda

* Pyrosekvenovani (enzymova metoda)
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RestrikCni enzymy

(a) EcoRI (b) FEcoRV

| |

5 TG R - 3 5 G AT e 3

-~ - - . . o - 49 -

—C-—T-T-A—- A~ G5 3F—C-T-A-T-A-G Y5
‘ T

vy Cleavage site <« Twofold symmetry axis




RestrikCni enzymy

Chromosome 1 Chromosome 11
DNA has DNA has only
3 target 5|tes 2 of the target sites
C/\\I\\O\\/f\\/f\\//\’\/f\\//\\l\\//\\ﬁiﬁ &/ﬁk\\/f\'\/f\\//\\/f\\/f\\xf\’\/f\\//\“l\\/)
| < B > | |- C > |

Cleave with
restriction enzyme
and electrophorese

am C
Fragment C is

the size of
— A A + B combined




RestrikCni enzymy

A8 ETD E CF-EBOH




Maxam Gilbertova metoda

Maxam-Gilbertova metoda
— znaéeni 5 konce <P
— specificke chenucke stépeni

— elektrotoréza




Maxam Gilbertova metoda

L AAGTTAGCCTCAGTT 3
= TTCAATCGGAGTCAA EENS

dsDNA znacena na 5°- koncich
[




Maxam Gilbertova metoda

Kyselina a piperidin dimetylsulfat a piperidin  kyselina, NaCl a piperidin hydrazin a piperidin




Maxam Gilbertova metoda

dimetylsulfat a piperidin

@32P AAGTTAGCCcTCAGTT EE




FUNKCE
RNA versus DNA

Ribosa - Deoxyribosa

hitrogenous
Bases

Blage pair

Sugar
pnoaphete
backbone

RMA DMNA

Milrogenous Mitrogenous
Bases Ribonucleic acid Deoxyribonuchelc ackd Basas

Jednovlaknova - Dvouvlaknova




Formy RNA

- mediatorova, messenger,

mformaéni - 5-10 %t

60 tRNA

ribosomalni - §0 %

transferova, pfenosova - 10-15 %
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Formy RNA

o mRNA - medidtorova, messenger,

mformacni - 3-10 %t i .
¢ RNA - ribosomalni - 80 % l ...... "
l —— nukleasa
. AAAAAAAAA Pasha protein
o fRNA - transferova, prenosova - 10-15% TSI, pre A
nucleus |
cytosol *
'ﬁ'l:l tR:q-..!l \/MD pre-miRNA
Dicer endonukleasa
1993 Victor Ambrose —'L MRNAIMIRNAT

ERNNNRRNNENY miRNA

miRNA - microRNA

. miRISC




Micro RNA

Pre-miRNA

_ Nucleus

Urwind. Ribosome
'\.‘:\x; %
'\'I\\‘._-. o 2

<3 Asymmetric Target

2 RISC Scme mRNA

~a) miRNA
. SEEEby. mRNA Cleavage




Formy RNA
o mRNA - medidtorova, messenger,
mformaéni - 5-10 %t
o r RNA - ribosomalni - 80 %
o fRNA - transferova, prenosova - 10-15%

60 tRNA

miRNA - microRNA

siRNA — small interfacing RNA




Centralni dogma mol.biologie

Crick 1958 - cesta od NK Kk proteinu

DINA

Replication
Illm'm' matiunf DA duplicates

ST VLSRN DR DR

|
I nforrnalion

¥
s\i\‘r\/\qq Transcription

PIHA synthesiz
o TN

nucleus

Informalion
Masm
nuclear envelope

Translation
Protein synthesis

DINA

Protein




Centralni dogma mol.biologie

DNA 5 — A-G-A-G-G-T-G-C-T — 3’
33— T-C-T-C-C-A-C-G-A—5’

¢ Piepis

mRNA 5 — A-G-A-G-G-U-G-C-U— 3

tRNAS

Polypeptide

U-C-U C-C-A C-G-A

Arginine Glycine Alanine

¢ Preklad

—Arg—Gly—Ala—




Prokaryota

(B) PROCARYOTES

DNA

TRANSCRIPTION

mEMNLA e

TRAMNSLATION




Eukaryota

(A} EUCARYOTES (B)

cytoplasm
nucleus
m'tr-:n rs BRONS

gene
lTRANSCF&IPTIGN

primary RNA transcript

ADD 5 CAP AND
RMA cap

POLY(A) TAIL
AAAA

lRNﬁ. SPLICING

mRNA (A AN

| EXPORT
mRNA (E— AAAA

l TRANSLATION
protein




zdvojeni - DNA—DNA

Replikace

tvorby 1dentickych kopii DNA




Replikace DNA

Parent DNA é
A
First generation %
(a) Semiconservative (b) Conservative
replication replication

Figure 11-1 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Meselsonuv a Stahluv experiment
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Centrifugace

20. leta 20. stoleti - - pocatky
laboratornich centrifug a analyticke centrifugace;
teoreticke zaklady metody

50. I¢ta - Brakke - centrifugace v gradientu
hustoty




Theodor Svedberg
(1884-1971)

Nobelova cena za chemii 1926

pojmenovana po ném
Svedbergova jednotka pro vyjadieni
sedimenta¢niho koeficientu




Centrifugace

e Odstranéni hrubych Castic z roztoku

Sediment (pelet) — supernatant
 Izolace organel nebo biomakromolekul

* Stanoveni zakladnich parametru — MW,
hustota, sedimentac¢ni koeficient




Pouziti

Centrifugace




150 000 ot/min

Ultracentrifugace

1000000 ¢g




g=wW.r

rad - uhlova rychlost
(rad/s)

w=2Nnf

f — otaCky/min




Preparativni ultracentrifuga




Rotory

» Uhlovy — diferencialni centrifugace

* Vykyvn¢ — zonalni centrifugace




Diferencialni centrifugace

» opakovana centrifugace se zvysSujici se rychlosti
otacek = gravitaci

Dekantace
supernatantu

= "

3000g/10 min

1000g/10 min

etC




Uhlovy rotor

D€ = =00
SO =m=~=300300

I
6.0 4.0
Volume (mL)

&
o

2.0

0.0




Gradientova centrifugace

Hustotni bariera Diskontinualni Kontinualni




Gradientova centrifugace

Hustotni bariera Diskontinualni Kontinualni

OOCO00
OOCO0O




Vykyvny rotor

C —r 40%
o P
R ¢ | - 30%
1(\" b ‘-\. ' ﬁ """ | '
| a t ' J ‘ .
| § t ' - 20%
'\'. ; ..J- i r |
. - [ -
Figure 2 e | | | - 10%
(o]
n Y [ | I 0%

I I
5.0 4.0 3.0 2.0 1.0 0.0
Volume (mL)




Gradientova centrifugace
media
Sacharosa

Glycerol - | Hypertonicke prostredi

Ficoll - dextran ( Nutno pfipravit gradient

Percoll — S10,

J

CsCl 3} Gradient vznika béhem centrifugace
Cs,S0O,




Gradientova centrifugace

Minimum Mixing
density chamber
solution &
| Peristaltic pump

Stirrer




Gradientova centrifugace

|lzopyknicka

Nerovnovazna




Gradientova centrifugace

Rate-zonal centrifugation

Sample

g force I
g force I

s/

Isopycnic centrifugation

Time

-4
Tlme

‘B




Gradientova centrifugace




Diferencialni versus gradientova
centrifugace

11\3'nur ot | Pour out; Four out:
600 g 15,000 g+ | [ 190,600 g o 200,000 g ¢
10 min B min B min |2 |~ ~ Pour out
|
J .d d |
ey
E( r{ r{i L \JJ
Flltpreri Nuclel  “Mitochondria, “Plasma Ribosomal  Soluble
homoganate chloroplasts, ~— memborane,  subunils, portion
lysosames, microsomal sl of
and fraction polyribo- cytoplasm
peroxisomes  (fragments of - somes (eytosoll
endoplasmic
reticuluml,
and large
polyribosames

4 x

Increasing density of
sucrose (gfiom2)

centrifugation

Organells
| fraction

|
11}9 i Lysosomes :
111 112 gxumﬂr“\i

116 |

Mitochondria — =
{1.18 gfomd)

Peroxisomes
{1.23 glem?d]

After
centrifugation

Before

1x




Meselsonuv a Stahluv experiment

DNA extracted from cells is mixed with CsCl

Step 1 solution and placed in centrifuge tube.

[ ]
Y Y

e

[
= | Step 3 Analysis
OO

DNA molecules
move to positions where
their density equals that
of CsCl solution.

18

Centrifuge tube —

Y

:

Solution is centrifuged for a
Step 2 few days at very high speed.
[

Y

LLoh
CsCl forms a
density gradient with

the greatest density
at the bottom.

Density gradient centrifugation

Figure 11-2a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Meselsonuv a Stahluv experiment

Direction of sedimentation
Parent "°N-DNA

>

(both strands
heavy)

Heavy DNA
Normal “*N-DNA
(with two light
strands)

Light DNA

Preliminary experiment

Figure 11-2b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Meselsonuv a Stahluv experiment

Experimental results

Hybrid DNA
After one generation on
MN-NH,CI

I
/oA

Light Hybrid
DNA DNA

%
$

After two generations on

N-NH,Cl

Figure 11-2c Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

Actual experiment

Conclusions

First generation:
Both DNASs con-
tain one light
and one heavy
strand.

Second generation:
Two hybrid DNAs
and two light

DNAs are formed.




Replikace

DNA + NTP + Mg?** + 7 enzymu

,s

N7

Mew stand

E;' f]|||| al 1“]L AN
Leading ternplate

DHA polymerase

o7 =ingle-standed DN A

%. binding proteins

5 XTOODODIDBIK.
=, Parental DINA

DA primase




Ucast enzymu na replikaci

Table 11.2
Proteins necessary for DNA replication in E. coli
Protein Function
Helicase Begins unwinding of DNA double helix
DNA gyrase Assists unwinding
SSB proteins Stabilize single strands of DNA
Primase Synthesis of RNA primer
DNA polymerase 111 Elongation of chain by DNA synthesis
DNA polymerase | Removal of RNA primer and filling in gap with DNA
DNA ligase Closes last phosphoester gap to form phosphodiester bond

Table 11-2 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Prokaryontni replikace

Completed chromosomes

OLG

Terminus

Replication

forks Newly

synthesized
strands

Original circular Original
chromosome strands
Figure 11-4 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Prokaryontni replikace

DNA polymerase TIT
holoenzyme

fa)

(b

new RNA primer

NN NININGNGN GRINUNIN
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Eukaryontni replikaci

Parent strands
Daughter strands Origins of replication
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|

Replication Replication
forks bubbles
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Rephkace u drosofily

L
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From Kreigstein, H.J. and Hogness D S., Proc. Natl. Acad. Sci. 71 173 (1974)
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Enzymova metoda sekvenace DNA
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Template strand 3" HO 5
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Primer strand
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1989- 2003 Projekt lidského genomu

Paralelni sekvencovani

ghput = Lowest seq g cost per base
«More genomes per week «Better efficiencies: less labor and less space

Automatizace

Capit arr

Each of sx arrays has
&4 capaianes

Anode chamber
—_—
LPA matrix iz injectsd
urder high prassura from
UIREL DEST

- Cathode stage

.....

=+ B DAgE 5 B%




1 DNA —1 vzorek

A)

ddA@ dICT@ gdNTPs — each with a
ddT . ddG O different fluorescent label

Sequencing reactions,
fractionation of products

ddT . Imaging system

dadc @ Detector

Fluorescent bands
move past the detector

(8)
CACCGCATCGAAATTAACTTCCAAAGTTAAGCTTGG

N

10 20 30




300 sekvenatoru




Verejne consortium x Celera Genomics
Francis Collins Craig Venter




Clone-hy-clone

Hierarchical Shotgun Sequencing Method

Genomic DNA

— - D T
T, . } BAC Library
™ -~ N—
NI
Create Contig Map
Sequence Each Contig
— with Shotgun Approach
S IR
- \*’ - Wm@qmlmes
GCATTTCGAGTTRCCTGGRACARCCAGTG GCTTGATIGGCCAATRAATAGTATAT

CCAGTGGTRACTGAGGACGCARGAGGCTTGH
GCATTTCGAGTTACCTGGACARCCAGTGGTRACTGAGGRACGCAARGAGGCTIGATIGGCCARATRATAGTATAT
Generate Fimished Sequence
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Whole-genome shotgun

‘Whole Genome Shotgun Sequencing Method

Genomic DNA

7 (\:/f:_\-% = Sequence Each Fragment
w? 3 Wi S with Shotgun Approach

GCATTTCGAGTTRACCTGGACARCCAGTG GCTITGATIGGCCAATRAATAGTATAT
CCAGTGGTRACTGAGGACGCARGAGGCTTGA

Align Contiguous Sequences
GCATTICGAGTTACCTGGACARCCAGTGGCTACTGAGGACGCARGAGGCTTGATIGGCCAATAATAGTATAT

Generate Fiushed Sequence




Caisréd atie Leries of millians

of safquiance reads

REaimile

l

l__f.-'




unor 2001:

. International Human Genome
Sequencing Consortium publikuje
draft lidskeho genomu v ¢asopisu
Nature 15.2.2001.

- Celera Genomics, Inc. publikuje svou
sekvenci lidskeho genomu v
¢asopisu Science 16.2.2001.




Lidsky genom - 2003

* Geny tvori cca Ctvrtinu genomu, jen asi 1,5%
ale koduje proteiny, rRNA a tRNA, zbytek
jsou introny

 u bakterii 90 % genomu kodduje proteiny, 10 %
jsou regulacni oblasti

* Drosophila 13 %




Table 13.3
Some Sequenced Genomes

Organism Genome size (kb) Number of
Chromosomes

Mycoplasma genitalium 580 1
(human parasite)

Borrelia burgdorferi 1444 1
(agent of Lyme disease)

Haemophilus influenzae 1830 1
(human pathogenic bacterium)

Mycobacterium tuberculosis 4412 1
(cause of tuberculosis)

Escherichia coli 4639 1
(bacterium)

Saccharomyces cerevisiae 11,700 16
(yeast)

Drosophila melanogaster 137,000 4
(fruit fly)

Oryza sativa 430,000 12
(rice)

Homo sapiens 3,200,000 -

(human)

Table 13-3 Concepts in Biochemistry, 3/e
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Sekvenovani

1,000,000,000

100,000,000 -

Leh)
T -
'ch 10,000,000 -
&
2 1,000,000+
&  100,0000-
O
o 10,000
w
A 1,000+
O
L
- 100 -
Z

10-

Single
molecule?

Massively parallel
sequencing

Short-read
sequencers
. = Microwell
Capillary sequencing A o
Gel-based systems
Second-generation
Automated capillary sequencer
slab got First-generation
capiliary
L ] T | ) I T | 1
1980 1985 1990 1995 2000 2005 2010 Future
Year

Stratton et al. 2009 Nature 458:719-724




Pyrosekvenovani
sekvenovani druh¢ generace

* Prvni reakci je DNA polymerace pomoci DNA polymerasa,
kdy dochazi k zatrazeni prislusneho deoxynukleotid trifosfatu
(dNTPs) za uvolnéni pyrofosfatu.

(DNA)n + dNTP — (DNA)n+1 + PP1 (polymerasa)




Pyrosekvenovani

Iterative additions

- = dATP * dCTP = diGTP = dTTP
dCTP
m...AGEGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template .




Pyrosekvenovani

* Prvni reakci je DNA polymerace pomoci DNA polymerasy,
kdy dochazi k zarazeni prislusneho deoxynukleotid trifosfatu
(dNTPs) za uvolnéni pyrofosfatu.

(DNA)n + dNTP — (DNA)n+1 + PP1 (polymerasa)

* Vznikly pyrofosfat je uvolnén z polymerasy a miize slouZit
jako substrat pro ATP sulfurylasu. Pti1 této reakci dojde ke
kvantitativnimu prevedeni pyrofosfatu na ATP.

PPi + APS — ATP + SO,* (ATP sulfurylasa)




Pyrosekvenovani

Iterative additions

- = dATP * dCTP = diGTP = dTTP
dCTP
m...AGEGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Tempilate
PPi




Pyrosekvenovani

« Bdéhem tieti a Ctvrté reakce je ATP prevedeno na svételny signal
pomoci enzymu luciferasy a nasledné je svételny signal
detekovan a vyhodnocen programem.

Luciferaza + D-luciferin + ATP — Luciferasa-luciferin-AMP + PPi1

Luciferaza-luciferin-AMP + PP1 + O2 — Luciferasa + Oxyluceferin
+ AMP + CO2 + svétlo




Pyrosekvenovani

Iterative additions

- = dATP * dCTP = diGTP = dTTP
dCTP
m...AGEGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Tempilate
PPi




Pyrosekvenovani

» Posledni enzymatickou reakci je reakce apyrasy, ktera odstrani
nezainkorpovane nukleotidy a ATP, aby ndsledné mohlo dojit k
zopakovani celeho vySe popsaného procesu a mohlo byt
analyzovano zatfazeni dalSiho nukleotidu. Tato degradace je
nezbytna, aby bylo zajiSt€na synchronizace mezi syntézou a
detekci svételného signalu.

ATP—AMP + 2P1 (apyrasa)

ANTP—dNMP + 2 Pi (apyrasa)




Pyrosekvenovani

> dATP

AGCGTCA
TCGCAGT

-

Primed Tempilate

Ilterative additions ——

= dCTP — = dTTP

v

dCTP

» dGTF

AAATTG..,
DNA polymerase

PP




454 pyrosekvenovani

Technologie vyuziva paralelni sekvenace: vice nez

-2 milion sekvenci zaroven.

-Lze ziskat az 1GB (gigabazi) informace béhem jedné
analyzy (cca4.5 h).

Vyuziti:

-sekvenace genom{ (nahodné nastépena genomova
DNA je sekvenovana a sestavena)

- studium metagenom( (j. souhrn vsech gend,
pfitomnych v daném prostredi, pouziva se DNA
extrahovana ze vzorku ptdy, vody, sedimentu,
mikrofldry streva ad.)

- tzv. amplikonové sekvenovani. Vlastni sekvenaci Zarizeni je velmi nakladné (cca 17
predchazi PCR zacilena na 16S nebo 18S geny mil. K¢&), analyzy jsou ale dostupné
prokaryot a eukaryot komercné, takze vétsina laboratori v

soucasnosti vyuziva sluzeb externich
- analyza typu ,shotgun®™ — veskera DNA / RNA, sekvenachich stredisek.

ziskana ze vzorku




454 Pyrosekvenovani

i)




Sekvenovani treti generace

~
Step 1

- e
Step 2 Step3
Heavy Atom Labeling DMA Alignment on Substrate

NN

BEE 2222 » O P
ATGCCTAAAGCTTACAGAG




Sekvenovani

Sequencing Costs in the Genome Era

§10M R
Sanger | sapger— HGP High
HG Final
Roche/454
Humina
ABI Solid
Helicos

¥IM HG Draft

D T T S~ A - —— —— ——

2009 2002 2003 2004 2005 2008 2007 2008 2008 2010 2011 2092 2013




PCR Mullis NC1993

Target sequence
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SR by heating to 95°C.
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5 I 3

3 e e — ) '

Hybridize primers
by cooling to 50°C. Y

Step 2

IV
5 — 3
3 : : : 5

1 IV

5" I 3'
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I’
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Step 3

I 1V
5" I 3’
T EEEEEE——— 5/
I’
DNA is synthesized
by extending the primers at 72°C.
\
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Thermocycler
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http://www.dnalc.org/resources/animations/pcr.

html




PCR mRNA — reverzni transkripce

Cepicka 4 5'UTR  Koédujicisekvence (CSD) 3'UTR poly-A
S'h | [ AAA]3

lSyntéza cDNA

5*_ AAA |3’
—

TT TS
Syntéza cDNA Oligo-dT

5 RAA|3"
3’ 1. vidkno cDNA [TTT)S

l PCR

Primer

EE # 3’
3 1. viskno cDNA LA o

Primer

| 2. vidkno cDNA [ E}
31 1. vldkno cDNA SN




Real time

1. Navazani: SYBR® Green | se vaZe béhem kaZzdého
cyklu na dvouviaknovou DNA.

2. Denaturace: Ve fazi denaturace DNA je SYBR®
Green | uvolnén z vazby na DNA a celkova fluorescence
dramaticky klesa.

3. Polymerizace: B&éhem annealingu primera a elongace
fetézce se Sybr Green opét zacina navazovat na
vznikajici dvouvlaknovou DNA - fluorescence stoupa.

FORWARD PRIMER
—— - [ ]
- @
L

REVERSE PFRIMER

4. Ukonéeni polymerizace: Emitovana fluorescence
dosahuje maxima.

= =S A
- O O 0 O

4.|.




Real time PCR
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Real time PCR
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Real time PCR

& LightCycler® 480 Software release 1.5.0 =18 x|

Instrument:  No active instrument Database: My Computer (Research)

IZUH 10 11 jp13 _:J User: Utilisateur1

Analysesll\bs Quant/2nd Derivative Max for mmeS ;I .'.. .

Information IPrograrn: amplification, Color Compensation: Off

Subset: |1 = [ '@.. Amplification Curves -

1123415 (617 [8 19 oz 35 eh7iafaRaRi 2

5 &

E

Fluorescence (465-510)
=
=

L
o
s

N

5
S

I.Ahs Quant results _:I
@ Positive O Negative @ Uncertain @ standard
e

Samples Res) 3 o 5 » = £ S m I .

2

Include | Color| Pos| Name Cp | Concentr: Cycles
[ e 23,49  1,02E-
_
v W p11e-7 23,80 8, 65E-
B oize-7 24,04 7,64E StandardiCurve
v M D13 e-s 19,26 9, 60E-
¥ W Dpae-s 19,27 9,571 Emcofial S&ﬂ—‘\“’
———— |"| Efficiency: 1,699
“ — : Shope: 4345 ]
Replicate Statistics e
Samples | MeanCp | STD Cp |Mean conc| STD conc |+ 10

D7, D8, D¢ 27,46 0,25 1,17E-8 2,82E-9 mi

75 ¥ 55 & 55 5
pio, D11, 23,77 0,27 8,84E-8 1,30E-8 ;l

Log Concentration

85 8 45 4
B N o~ i [V e [ cntotes [V




intenzita fluorescanca

flucrescenéni

(C), (C), (CJy Ppocetcykld

ogiNg)

v R

“standard curve”

k = -log(1+E)




Real time PCR proteinu

Protein — DNA




Real time PCR proteinu

| | |
Concentration




Transkripce — prepis - DNA—RNA

DNA + NTP +1 enzym

Nascent RNA RNA DNA template
5’ (5'—> 3) polymerase 3 strand
(3! — 5:)

b

Transcription
bubble




RNA polymeraza

NA |
+ (NMP),, P2 (NMP), , ; + PP;
RNA

Lengthened
RNA
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5!
DNA

H_J
Promoter

o subunit binds to RNA polymerase;
Step 1 o subunit recognizes promoter.
RNA polymerase binds to DNA

3!
5!

e RNA polymerase

- Ue.

o subunit

Coding strand

Template strand

RNA synthesis is initiated

RNA
f_"ﬁ"‘—"\.

—_—

o subunit dissociates from
—— @ RNA polymerase; RNA
polymerase begins moving
along the template strand

o~ Ribonucleoside triphosphates f
are used to synthesize RNA A

i h‘)

\ RNA

polymerase
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T = T

\RNA

polymerase

Step 2 RNA chain elongates

RNA transcript

Figure 11-22 part 2 Concepts in Biochemistry, 3/e
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5."
3."

Sf

Step 3 p factor interacts with RNA polymerase;

transcription is terminated

umnmmmmmmum%um

RNA transcript

RNA, DNA, RNA polymerase, and
p factor are released

\

[ RNA polymerase

Rva S TPPPTTTTTTTITITITITITITIT *

transcript
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Courtesy of Ulrich Scheer, University of Wirzburg, Germany
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Syntéza eukaryontni RNA

q

% exon 1
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Ovalbumin gene

7700 bp >

DNA

Transcription and

5' capping

Extra RNA
Primary
transcript
GMP + methylace
MituEe L123456 7
mRNA B B | 40-250 A
l*— 1872 —»‘
nucleotides
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Regulace translace

(@) Absence of inducer

A

lac operon —— »

r ol

Repressor binds to
operator, preventing
transcription of lac operon

@

Repressor

(b) Presence of inducer

w @5

polymerase lac MRNA

, &
Inducer Transcription of
lac structural genes

Inducer-repressor
complex does not
bind to operator




Synt¢za bilkovin

1. Transcription

Chn .
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Translace — preklad - RNA—protein

mRNA + ribozomy + (tRNA-AMK)n + IFn + EF + RFn

Growing polypeptide chain NH;
NH3
| NH* Amino acid
Op  PeptidyltRNA B residue
A-site

—

minoacyl-tRNA
tRNA

gl L I J |
Messenger RNA

|
direction of ribosome
movement on mRNA




Ribozomy (rRNA + proteiny)

A —> 23S rRNA
{ —> 5S rRNA

—> 34 proteins

50S (

70S

—> 16S rRNA

305 —> 21 proteins

(a) Prokaryote

Figure 12-1 Concepts in Biochemistry, 3/e
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5.8S IRNA <=—
28S rRNA <—

5S rRNA <——
49 proteins <—

60S

80S
18S rRNA <—

33 proteins <—— 405

(b) Eukaryote




Ribozomy E.coli




Polyribozomy Bombyx mori

Courtesy of Oscar L. Miller, Jr. and Steven L. Mc Knight, University of Virginia




nové vznikajici protein
aminokyseliny

Katalyticka funkce — peptidyltransferaza

velka podjednotka

Tl

Rozpoznavaci funkce




Aktivace AMK

NH, NH,
Step 1
NS S
2
N I O D BRI & B D
HN —C—H+ 0 —FP—0—FP—0—P—0—CH, — HN —C—C—0—P—0—CH, + PP,
- = Z = aminoacyl-tRNA | | _
] R ‘ 0 0 0 H H H synthetase R 0 o
Amino acid
OH OH OH OH
ATP Aminoacyl-AMP
(or aminoacyl-adenylate)
NH, NH,
Step 2 2 i
NT N
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H O H O 0 g N>
a L | { [ [ N
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H H
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O=P—0— CHE/— O._ Adenine

O_ A

Aminoacyl-tRNA




mRNA 5’

~ Anticodon
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Polypeptide

Adaptors

Nucleic acid

Codon 1

Codon 2

Codon 3
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C Codon 1
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A Codon 3
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Geneticky kod

Tripletovy 4= 64 T T
C jtﬁNA C :)
Degenerovany db db

I
U Cc A anticodon AUG
5 i G U codon UAC  mRNA 3
2nd base in codon
. y y U C A|G
Universalni AR R
U Phe | Ser Tyr Cys C w
S Leu | Ser | sTopP |sTOP | A e
= Leu | Ser | STOP | Timp G =
o Leu | Pro His Arg U i
k= C Leu | Pro His Arg [ =1
o Leu | Pro Gin Arg A O
g Leu | Pro Gln Arg G -4
- lle Thr Asn Ser L o
A € A4 - A | e Thr | Asn Ser C =
epiekryvajici se AR A
Met | Thr Lys Ary G
Val Ala Asp Gly U
G Val Ala Asp Gly C
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Val Ala Glu Gly e




Reading Frame

— First reading frame start

Second reading frame start

vr Third reading frame start

Y Y
.G.U.U.C .A .G.C.C.U.A .A .G—.A.

Third reading frame
Second reading frame

First reading frame




Inicializace

Inactive 705 ribosome

Shine-Dalgarno
sequence
B 4 ALTCH 3T
-+
Met
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306 initiation complex

T0S initiation complex
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P site A site

P site A site
|
NH
R. v (‘IH
‘ = (‘“:
NH I“JH
R — éH peptidyltransferaza R, — CH
| — " |
O0=C 0=C
NH 'NH, NH
R, —CH R .7 (‘DH R,,iCH
0=C O:é 0=C
S e
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mRNA + IF 4 308 subunit

mRNA 5’ AUG UUU
308 subunit fMet
UAC
fMet

mRNA 5’ AUG UUU

P NA

3!’

308 initiation complex
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i LA

+ GDP + P,

508 subunit

mRNA 5’ AUG UUU
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) f) Protein degradation




Posttranslacni modifikace

« fosforylace/defosforylace — enzymy kinazy a fosfatazy ptipojuji ¢1 odpojuyi
fosfatovou (PO,*") skupinu k proteinu na jeho serinové / threoninové
zbytky nebo tyrosinové zbytky. Fosforylace/defosforylace Casto puisobi
jako prepinaC mezi aktivni a neaktivni formou proteinu.

« glykosylace — napojovani sacharidii na protein. Sacharidové zbytky jsou
nejcastéj1 pripojovany na serin/ threonin — v pripadé tzv. O-glykoproteint,
nebo asparagin v piipadé N-glykoproteint. Navazani sacharidii miize
stabilizovat konformaci proteinti; sacharidové slozky mnoha proteint se
ucastni rozpoznavacich interakci (protein-sacharidové a nové objevene
sacharid-sacharidove¢ interakce)




Posttranslacni modifikace

e ubikvitinace — pfipojeni male¢ho proteinu ubiquitinu k upravovanému
proteinu pies aminokyselinu lysin ( jeji volny —NH, konec). Ptipojovani
ubiquitinu na proteiny slouzi jako molekularni hodiny, které urcuji stari
proteinu. Proteiny s mnoha navdzanymi ubiquitiny jsou degradovany v
cytoplasmé pomoci proteazomu. Kromé této funkce, specifické navazani
nékolika molekul ubiquitinu slouZzi k regulaci funkce nékterych proteint

* sumoylace - ptipojeni proteinu SUMO1, regulace funkce proteinu.

* proteolyza — odstépeni ¢asti molekuly proteinu — vede Casto k aktivaci nebo
desaktivaci funkce proteinu.




Posttranslacni modifikace

acetylace — acetylace koncové —NH, lysinu snizuje jeho bazicitu a
zeslabuje tak 1ontové interakce

hydroxylace — hydroxylace prolinu nebo lysinu v kolagenu, slouzi ke
stabilizovani specifické konformace molekuly kolagenu (trojita
Sroubovice).

disulfidické miustky - oxidace dvou -SH skupiny cysteinu na -S-S-

vazba prostetickych skupin — napt. FAD, FMN, hem, nutn¢ pro funkci
nékterych enzymu




Kontrola exprese genu

NUCLEUS CYTOSOL protein
translation activity
primary control control
RNA 3 : :
DNA . transcript . mMRNA =—=__ mRNA protein Iaciive
T 2 o \ protein
transcriptional RNA |
control processing nuclear pore
control

N nuclear envelope




Table 12.4
Antibiotic inhibitors of protein synthesis

Antibiotic Mode of Action

Puromycin Causes early termination by mimicking the action of an aminoacyl-tRNA; acts on prokaryotes
and eukaryotes

Streptomycin Causes misreading of mRNA and inhibits initiation; acts on prokaryotes

Tetracycline Binds to the A site of ribosomes and blocks entry of aminoacyl-tRNAs; acts on prokaryotes

Erythromycin Binds to ribosome and inhibits translocation; acts on prokaryotes

Chloramphenicol Binds to 50S subunit and inhibits peptidyl transferase; acts on prokaryotes

Cycloheximide Inhibits translocation of eukaryotic peptidyl-tRNA

Linezolid Blocks formation of 70S initiation complex in prokaryotes

Table 12-4 Concepts in Biochemistry, 3/e
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Step 1. Obtain gene to be Gene io be mRNA encoded
transferred. transferred by gene to be

— transferred )
Nucleotides

restriction reverse

endonuclease transcriptase chemical

synthesis

Discarded
DNA —
fragments

Gene to be transferred
Steps 2 and 3. Attach gene to vector (with sticky ends)

Plasmid conditions that
or favor hase pairing

viral vector

restriction

endonuclease

DNA ligase

w

Gene attached to vector
(recombinant DNA)

Steps 4 and 5. Introduce recombinant

DNA into host cell. . .
introduce inio
host cell (transformation)

Genetically altered host cell
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Vyuziti AC pro purifikaci
rekombinantnich proteinu

fuzni kotva

Glutathion S-
transferasa
GST

Histidinova
kotva
His-tag

Maltose Binding
Protein
MBP

Protein A

Green
Fluorescent
Protein
GFP

imobilizovany ligand

redukovany glutathion

Chelatovany nikl nebo
kobalt

Amylosa

1gG

Anti-GFP antibody

podminky vazby

Neutralni pH,
nedenaturujici prostredi,
glutathion musi byt
redukovany a GST musi
byt aktivni

Neutralni pH bez
redukénich a oxidacnich
latek

Neutralni pH,
nedenaturujici prostredi;
pridavek NaCl k snizeni
nespecifické sorbce

Neutralni pH,
nedenaturujici prostiedi

Neutralni pH,
nedenaturyjici prostredi

podminky eluce

volny redukovany
glutathion

>200 mM Imidazol,
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chelatacni ¢inidlo
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Green Fluorescent Protein
Aequorea victoria




Green Fluorescent Protein
NC 2008

Osamu Shimomura  Martin Chalfie Roger Tsien

1zoloval GFP z meduzy jak GFP navazat na jiné proteiny vysvétlil fluorescenci




Green Fluorescent Protein

GFP AMK sekvence — 238 AMK
MSKGEELFTGVVPVLVELDGDVNGQKFSVSGEGEGDATYGKLTLNFICT
TGKLPVPWPTLVTTFSYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTI
FYKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKMEYNYNS
HNVYIMGDKPKNGIKVNFKIRHNIKDGSVQLADHYQQNTPIGDGPVLLP
DNHYLSTQSALSKDPNEKRDHMILLEFVTAARITHGMDELYK

Alpha-Helix Green Fluorescent Protein

B Beta-Sheet
% i Polypeptide
Structure

réé :
Barrel- y i /
~ 40 A F b ' Glye7
- | PE{".-’,',’E uﬂrg"' Chromophore
| Figure 1




Green Fluorescent Protein
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Green Fluorescent Protein




Green Fluorescent Protein
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Table 13.1
Recombinant proteins and their use

Protein

Use

Human insulin
Human somatotropin
(growth hormone)
Bovine somatotropin (BST)
Porcine somatotropin
Pulmozyme (DNase)
Tissue plasminogen activator (TPA)

Erythropoietin
Interferons

Atrial natriuretic factor
Leptin

Hepatitis B vaccine
Herceptin

Superoxide dismutase

Treatment of diabetes
Treatment of dwarfism

Enhances milk production in dairy cattle

Enhances growth in pigs

Treatment of cystic fibrosis

Treatment of heart attack, stroke victims;
dissolves blood clots

Stimulates erythrocyte production in anemia

Antiviral agent; treatment of cancers

Reduces high blood pressure

Treatment of obesity

Treatment of hepatitis

Monoclonal antibody to treat metastatic
breast cancer

Destroys reactive oxygen species;
treatment of arthritis

Table 13-1 Concepts in Biochemistry, 3/e
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Cell-free protein synthesis

In vivo

Frotein Exprassion
Transform cells with
plasmid of interest

Recombinant protein
production

Protein

1-2 weeks Farlmian

CFrFPS

| Extract Preparation

—

Remowe cellular
debris arnd
chirosmosormal

-Amino acids

-MNucleotides
-Template
-Cofactors

-Salts

1-2 days

Protein
purification

VvVLP




Genova terapie

In vivo Ex vivo
I klonovany gen X* I

selekce a
namnoieni
bunék X*

transfer
genu

navrat geneticky
modifikovanych bunék
pacientovi




Not required for
lytic infection
p A

i |

T A
Cleave by restriction
enzyme and separate

the fragments

+

Remaining A DNA contains genes
required for infection but is too
small to package

Genova terapie

Infectived phage
containing foreign
DNA fragment

In vitro
packaging
Anneal and €
ligate
/ Chimeric
| DNA
| ———

~15-kb foreign
DNA fragment




Genova terapie

« Klasicka genova terapie
— zajistit produkeci latky, ktera chybi

— aktivovat bunky imunitniho systému ve snaze pomoci
odstranit nemocné bunky

* Neklasicka genova terapie

— 1nhibice exprese genu asociovanych s patogenezi

— korekce genetického defektu a obnoveni normalni genové
exprese




Clovék: mozni kandidati na
genovou terapii

* nemocil, které jsou zpusobené defektem v
jedinem genu: ADA deficiency, cysticka
fibrosa, hemophilia, familialni
hypercholesterolemie, alpha-1 antitrypsin
deficience

* nemoci, kter¢ vznikaji nespravnou interakci
nckolika genu: diabetes, hypertenze




Table 13.2

Human gene therapy projects currently in or preparing for clinical trials

Disease

Defective Protein, Gene, or Inserted DNA

Lesch-Nyhan syndrome

Amyotrophic lateral sclerosis
(ALS, Lou Gehrig’s disease)

Adrenoleukodystrophy (ALD)

Severe combined immunodeficiency
(SCID)

B-Thalassemia

Familial hypercholesterolemia

Hemophilia
Duchenne’s muscular dystrophy
AIDS

Inherited emphysema

Cystic fibrosis

Cancer

Hypoxanthine—guanine phosphoribosyl
transferase (Section 19.5)

Superoxide dismutase

Very long chain fatty acid synthetase
transporting protein

Adenosine deaminase

B-Globin, a polypeptide of hemoglobin

Liver receptor for low density lipoprotein
(LDL) (Section 18.5)

Blood-clotting factors
Dystrophin

The gene to produce a ribozyme that

cleaves HIV RNA
a-Antitrypsin

A product that unclogs lung mucus is inhaled
in a nasal spray

E1A and p33 tumor suppressor genes

Table 13-2 Concepts in Biochemistry, 3/e
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Geneticka daktyloskopie

The Process of DNA Typing

via PCR

1 ng or less of starting material

T




Brief History of Forensic DNA Typing

« 1980 - Ray White describes first polymorphic
RFLP marker

1985 - Alec Jeftreys discovers multilocus
VNTR probes

« 1985 - first paper on PCR

« 1988 - FBI starts DNA casework

* 1991 - first STR paper

« 1995 - FSS starts UK DNA database
« 1998 - FBI launches CODIS database




Pouziti restrikCnich enzymu - RFLP
Restriction Fragment Length Polymorphism

DNA l PCR with
Extraction labeled primers

OO0

O0O000O

aser Detection Electrophoresis




Variable Number Tandem Repeats
9 —100 pb

G AG G C 6 G GAG G C 6 G I—
S - 1 coccerccoce I

N GAGGCGGGAGGCGGGAGG C GG I
B c rccaccerecacecTecacc N 3 repeats

S G £ G GCGGRAGACGAaAGACGa aaaacaa N i recaiis
R cTccaeceTeceacccTeccaecccreccacc P

'GAGGCGGGAGGCGGGAGGCGGGAGGCGGGAGGCGGGAGGCGG

CTCCGCCCTCCGCCCTCCGCCCTCCGCCCTCCGCCCTCCGCC § repeats




Short tandem repeats
2—-6pb

Repeat moncmer P [ REI (7] ap ap

A/T 50 1.75 1.0 0.2

C/G il 0.12 11 0.4

AG/CT 27 0.27 2.0 0.24
AC/GT 20 0.60 2.0
AT/TA 25 0.78 2.6
CG/GC 10 0.02 2.6

AAC/GTT 0 0.22 3.9 0.55
AAG/CTT 12 0,053 35

AGG/CCT 11 0.077 35




Short tandem repeats

AATG

— \ /

—l N N_—

7 repeats
—
—— N NN —
<—
8 repeats

 Homozygot — ob¢ alely stejné
« Heterozygot alely rtizn¢ dlouh¢




Short tandem repeats

13 CODIS Core STR Loci
with Chromosomal Positions

r
TPOX
-
D351358 E E
E M
THO1 B
D55818 HDBS"TQ VWA
FGA M D75820
LCEFlPD 3 =
1 2 3 4 5 6 T 8 9 10 11 12
-
E —— AMEL
D135317 E g o = -
E D16S539 » D18S51 021511 AMEL
J O & ™ U L £

1 14 15 16 17 18 19 20 20 22 X ¥

Combined DNA Index Systém - 13
UK DNA Database -10




Multiplex PCR

*10 STR najednou

Citlivost 1 ng DNA

*Moznost zpracovat smési a degradované
vzorky

*Riizn¢ fluorescencni barvicky pro prekryvajici
se alely




An Example Forensic STR Multiplex Kit
AmpFISTR® Profiler Plus™

Kit available from PE Biosystems (Foster City, CA)

T T T g e m— —
100 bp 200 bp 300 bp 400 bp
D3 vWA FGA
A D8 D21 D18
D5 D13 D7 NED (yellow)

I I I I I I I I I ROX (red)

GS500-internal lane standard

9 STRs amplified along with sex-typing marker amelogenin in a single PCR reaction




Human Identity Testing with Multiplex STRs

AmpFISTR® SGM Plus™ kit
100 125 150 175 200 225 250 275 200 325

melogenin > Dg THO1
D19 \ANA 791 D16
|

I |l I ’ ||l. | | meA l l ){F ’l r|

probability of a random

match: ~1 in 3 trillion
amelogenin D3

A

D8 VWA D21 i 0o
Wi TH01| FGA o
| ul I ]! | ”Jl i J' ’I "l A

Slmultaneous Analys1s of 10 STRs and Gender ID




Short tandem repeats
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Short tandem repeats
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Short tandem repeats

. LANA e ibp)
HQ,J 100 128 150 175 200 228 250 275 300
] LDES11/9
00 me D21511 FGA D7S820
o0 VWA D138317 o
3200 _|
1600 |
o A~
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Vzorky biologickémo materialu

e Krev

e Semeno

e Mo¢

e Sliny
* Vlasy
* Kosti ‘ ‘

e Zuby

e Tkan¢




Testy paternity

Zjednoduseng¢ testy

« STR na Y chromosomu — muzskych potomku
srovnani s otcem

» Mitochondrialni DNA — dédi se po matce —
matroklinni dédi¢nost
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Mitochondrialni Eva
pred 200 000 let v Africe
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Y -chromozomalni Adam
pred 110 000 let v Africe
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DNA chipy

Cl GeneChip
: Mouse Genome
(_/( \ 4302 0 Array




DNA Chlpy Fotolitografie
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DNA chipy
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DNA chipy - barva skvrn
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DNA chipy - vybaveni




DNA chipy software
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Proteinove chipy




Proteinove chipy — typy interakci

Protilatka Antigen Ligand

A~ \ @§§

Detekce: SELDI MS, fluorescence, SPR, electrochemicka, radioaktivity,




Lecture 1.1

Anti-GST Probe

AMBECCDDEFE
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241

D =l Mmth B DR




Side View:
Before Transfes:

(¥ dectrode

(=) electrode

bands m gel nirocelulose sheet
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Blotting

Direction of
Transfer
(electric field

Mote: All the layers are pressed tightly together.

After Transfes:
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H

(=) dectrode

bands on
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Blotting NK

cleavage with

one or more Z 8
restriction e "
.— _~ _ electropho S
enzyme ‘4—-“:;.\":\_ P re:u_s: V27 A 33
— N ARy R
\/:\: ey O R
g e W17 7 1 1] 55
| - 5 'z
_transfer to T @
nitrocellulose D
nitrocellulose filter filter
with DNA fragments
positioned identically
to that in the gel weight
711 contaagi:::gseogi
477/ 1117 ! , % 7,
/0 1t rigin) nitrocellulose %té/o/éi/n/t/ Iregments
/RN A — filter % tissue%
= — ; filter paper
| hybridize \‘////////% wick
with labelled
DNA probe = =
/7 ~ X
/ glass support
/ / autoradiograph plate
/ showing hybrid DNA
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DNA

HYBRIDIZACE

Detekce

radioaktivni proba — vysoka senzitivita, Southern blot
‘neradioaktivni proba — biotin — streptavidin, dioxigenin




Detekce DNA

.lTTACGGGTCT
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THREE DIFFERENT DNA BANDS BOUND TO MEMBRANE




Izolace nukleovych kyselin




Cil 1zolace

* (Odstranéni proteinu

* DNA vs RNA

* 1zolace specifickeho typu NK




Typy NK

genomicka (chromosomalni) DNA
organclova (mitochondrie, chloroplasty) DNA
plasmidy (extra-chromosomalni) DNA

virova (ds nebo ss) DNA nebo RNA

komplementarni mRNA




Nejpouzivan¢€jsi metody
na zaklad¢ rozdilné rozpustnosti — extrakce, srazeni
na zaklad¢ vlastnosti - chromatografie — polarita-
adsorpcCni, naboj-1onexova

- elektroforéza — velikost

sedimentace - gradientova ultracentrifugace




Postup

1. Rozbiti bunék a membran pro uvolnéni NK

2. Inaktivace DNA- nebo RNA-degradujicich enzymu
(DNasy, RNasy).

3. Separace NK od dalSich komponent uvolnénych z
bunky.

— Extrakce/Precipitace
— Chromatografie, elektroforéza
— Ultracentrifugace




Extrakce/Precipitace




2 The cells are removed
and broken to give
a cell extract

1 A culture of bacteria is grown
and then harvested

-
Centrifugation - -
S DR
\/\ W\ Cell extract
Bakterie
Tkans Pellet of cells
T¢lni tekutiny
Organic
extraction
- -
“’:ff Ay
1";" " Pure DNA
4 The DNA is 3 The DNA is
concentrated purified from

the cell extract




Izolace genomicke DNA

Typicka procedura
1.Sklizeni bunék
2.Lyse bunek

* Lysozym

* 0.5% SDS + proteinase K
(55° n¢kolik hodin)

3.Fenolova extrakce

Jemné trepani nékolik hodin
(pH 8)
4.Ethanolova precipitace

5.Pusobeni RNAsy a proteinasy K
6.Opakovani kroku 3 a 4.




Extrakce/Precipitace

Krok 3: Organicka extrakce

Smichani vzorku s
organickou fazi ve
stejném pomeéru.

phenol:chloroforrr;

Hruby lyzat obsahujici NK
a dalSi soucasti bunky

Centrifugace

Vodna

/ faze

Pouziti vodné faze

|

v

k Interféze \/

. Organicka
faze

Opakovana extrakce pro zvysSeni Cistoty

Vodna faze obsahuje NK, organicka
faze lipidy. Nerozpustné slozky
(denaturované bilkoviny pfitomné
v interfazi.




Extrakce/Precipitace

Krok 4: Precipitace NK

|
pred  Po / ﬂ \

Supernatant 70% EtOH
Centrifugace E Promyti = Centrifugace .
> —— > >
N
pelet —g7” N N

Rozpusténi
(H,O, TE, etc.)
Pfidani EtOH a soli

« 2-2,5 objem EtOH
«-20°C

* Vlysoka |

* pH 5-5.5




Detail kroku 5
Pouziti nukleas pro odstranéni nechténé DNA nebo RNA
a proteas pro odstranéni zbyvajicich proteinu véetné

pridaného enzymu

+ DNase

m‘

+ RNase (protein)

v

Proteinasa K




Chromatografie




Spin kolonky

Princip izolace RNA pomoci centrifugacnich RNA vazebnych kolonek

Naneseni promyvaciho
roztoku

Naneseni homogenatu
na kolonku

Navazani RNA na kolonku
L centrifugaci "

RNA-vazebna kolonka
= < <
=K T i  mem—
l
_— @ —_—
@

—_—
Sbérna zkumavka =

Naneseni eluéniho roztoku
nebo vody
Centrifugace

s promyvacim roztokem Vyvazani RNA z kolonky
centrifugaci do gisté sbé&rné zkumavky

= S =
i




AdsorpCni chromatografie

Na* Na* Na* Na

7799

Si Si Si Si




Adsorp¢ni chromatografie

Krok 1: Priprava lyzatu Krok 2: Adsorpce na silikagel

Aplikace na \ 3 Centrifugace | ~

kolonku { : ; "

Silica-gel membrana

v

Extrakéni pufr pro vazbu DNA a
RNA na silikagel:

* nizké pH

« vysoka iontova sila

* chaotropni soli

Odpad




Adsorp¢ni chromatografie
Krok 3: Vymyti kontaminant

Centrifugace

Promyvaci pu———e

NK — . oe—NK

‘0
‘Q
*

Krok 4: Eluce NK o

|&——  Odpad

Centrifugace =

Eluéni pufr

NK 15

Elu¢ni pufr: l
Vysoke pH
Nizka iontova sila




Ionexova chromatografie




Ionexova chromatografie

Vazba pfi nizkém pH nizke I

1

CH,CH;

Eluce zvySenim pH nebo vysokou I

DEAE (diethylaminoethanol)

(I:H2 Base

ST T
J.:Ell_ t,-:
= AEET

Chemical structure
of DNA




Preparativni elektroforeza




Preparativni elektroforeza




Preparativni elektroforeza




Separation of Nucleic Acids by CsCl Gradient Centrifugation

a
y v
- \
4
— - am - —
4
b
—_ Sample loaded onto top of »
Sample of nucleic acid concentration gradient > -~

Experiment begins

Tubes placed in ultracentrifuge and rotated at high
speed; Sample is separated into its two components

e(-of @

ool

e w - wewww

- T NL
] I e ]

i weuwew




Protein\ | %

Linear and

oc DNA \\“H _ -

Supercoiled /’L— Plasmid DNA
DNA -

\—/-—— RNA

(a) An EtBr-CsCl
density gradient




Izolace RNA - specialni pristupy

 nutno pouzit inhibitory RNAsy
* extrakce guanidium chloridem

» fenolova extrakce pi1 pH <4 (pH 8 pro DNA)

Traditional Phenol Extraction

Phenol, pH 4 Phenol, pH 8
= . P
] Sy
" -
<« RNA (aqueous) «— DNA + RNA
(agqueous)

§ <— DNA

<« Protein
(organic)

<«—— Protein
(organic)

RNA DNA




[zolace RNA - specialni pristupy
 pusobeni RNase-free DNAse

» selektivni precipitace rRNA, mRNA s LiCl

* oligo-dT afinitni chromatografie - mRNA

i




Kontrola Cistoty a kvantifikace NK




Kontrola NK

* spektrofotometricky
e kvalita
e kvantita T
 gelova elektroforéza
* kvalita
A 1.0 = 50 /mlss = 33 /mlss
DNA 2 4 pg/mild ug
Az60/A2s0 1.6-1.8
A 1.0 = 40 pg/ml
RNA 2 HE
Az60/A2s0 ~2.0




Kontrola degradace: DNA

genomicka
<« DNA

=

11

DNA
(degradovana)




Kontrola degradace: RNA

9 kb-

25S
3 kb~

18S

1 kb-
0.5 kb

Small
RNAs

Arabidopsis  Alfalfa  Corn  Spinach




