NUKLEOVE KYSELINY

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

- Strassburg — vinn¢ kvasinky — izolace ,,mati¢re animale®.

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

3. Altman (1899)

pokracoval v experimentech svého predchiidce ( 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¢ni princip
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NUKLEOVE KYSELINY

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

- Strassburg — vinn¢ kvasinky — izolace ,,mati¢re animale®.

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

3. Altman — pokracCoval v experimentech svého predchidce

( Zivoc¢iSné tkan€ — thymus a kvasinky) — nazyva izolovanou latku — kyselina nukleova - DNA

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

5. Avery, MacLeod ,McCarty (1943) DNA prenasi genetickou informaci — infekcni princip

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




NUKLEOVE KYSELINY

Slozenil :

o Dusikate baze - purmové, pyrimidmové
o Sacharid - rbosa, deoxyribosa

o H;PO,




Funkce :

DNA - nositel genetické mformace
¢ Viry
o Prokaryonta —cytoplazma

o Eukaryonta - jadro, mitochondrte, chloroplasty

RNA - realizace genetické informace (u RNA vird 1 nosite] geneficke

informace)
- Ribozymy - biokatalyzatory
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BASES

Baze

RNA

Tha bases are nitrogen-containing ring
campounds, either pyrimidines or purines.,
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Monosacharidy

SUGARS

PENTOSE

two Kinds are used

a five-carbon sugar

Each numbered carbon on the sugar of a nuclectide is

fallowed by a prime mark; therefore, one speaks of the
“H-primea carbon,” etc.

[i-o-ribose
used in ribonucleic acid

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




Nukleosid

BASIC SUGAR
LINKAGE

MNglycosidic
band

[he base is linked to

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




Kyselina fosforeCna

PHOSPHATES

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




Nukleotid

NUCLEQTIDES

A nucleotide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more
phosphate groups.

BASE
MH,

Y

FHOSFHATE |
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Mucleotides §
are the OH CH
subunits of SUGAR

the nucleic acids




Nazvoslovi

basa

e

BASE + SUGAR = NLICLEQESI

basa

L

BASE + SUGAR + PHOSPHATE = NUCLECGTIDE

BASE

adenine
guanins
cytosine
uracil

thymine

NUCLEOSIDE ABBR.
ade il
guarfasine ) G
eybidine] C
U
thyrfidine]

Mucleotides are abbreviated by
threse capital letters. Some examples
Fol lena:

AMP = adenosinelmonoohosphatal

dAMF = decxyadenosine monophasphate
UDP = uridineldiphosphatel
ATP = adenosineffriphosphate |




Funkce nukleotidu
prenaSecCe energie (ATP, GTP)

fosforylac¢ni Cinidla (ATP — kinasy) - kofaktory

aktivatory meziproduktu biosyntéz — UDP-glukosa,
CDP-cholin

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

stavebni slozky nukleovych Kkyselin




Polynukleotid — nukleova kyselina

0

“O—P—O0—CH,

o
phosphodiest
linkage
l',i!
T O0—P—0—CH-

exampla: LNA




Struktura a funkce DNA

AT.G,C+deoxyribosa + ®

Primarni struktura - sekvence basi 5-3

Sekunddirni struktura - Watson, Crick (1933) - dvojsroubovice

+Chragaftovy pravidla — pomer bazi v DNA
A+G=T+C A=T G=C A+(C=G+T

*Donohue - baze v tautomernich ketoformach

sFranklinova -RTG difrakéni 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
Clovék 309 294 199 19.8
Kuie 288 292 20.5 21.5
Kobylka luéni 293 293 20.5 20.7
PSenice 273 27.1 22.7 22.8
Kvasinky 31.3 329 187 17.1
E. coli 2477 23.6 260 25.7

nezavisi na tkani

nezavisi na stari
nezavisi na nutri¢nich faktorech
nezavisi na zZivotnim prostiedi




Jerry Donohue

tautomerni formy bazi

Thymina

Adening
THEUI.IMM
etk foorm of
Thymine
and the sy
Il!Ehl ferm

oy gen . fitmgen Hydrogan

I.rmm @ Hpdrogen bﬂ”ds :
Guanine Cytogine
Thee cubdabed
. bex ook fom ol
Guaning
anil tFe pere
Lieuty ferm

REGT GIErag

Wamar Grddne

= Hycrogen
& CEppan

B Moogen
@ Cobon

& Fhespnotue




Rosalind Franklin




Obrazek 51

X-rays were sent through the DNA strand 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

Major groove

Minor groove

Major groove

Minor groove




Stabilizujici vazby v DNA




Stohovani bazi




Denaturace - renaturace




Relative absorbance

0.2 -

Denaturace - renaturace

T Denatured (82°C)

Native (25°C)
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Formy DNA

B-DNA -nativai 92 % H,0, Na*
pravototiva - 10 para bazi na zavit

+A - DNA - 75 % H,0. rovina bazi 20

pravotoctva - 11 pam bézi na zavi

7 - DNA -(CGCGCG)

levotoéiva - 12 par bazi na zavit




groove

Major

groove

Irving Geis/ Geis Archives Trust. Copyright Howard Hughes Medical Institute. Reproduc ed with permission
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Likladni Ciselné charakteristiky tif nejzndméjsich helikalnich forem DNA

Atribut

Tociva tendence Sroubovice (chiralita)'”

Opakovini”

Otodent po kazdém opakovanil!

Prumémy pocet pari na jedno otoceni
stoubovice!!

Sklon paru k osel’
Vzestup vici ose na jeden par'”

Primerl!

A-DNA B-DNA I-DNA

pravotocrvd | pravotolva | levotocivd

wokeidén i po kazdem o kazdych dvou
il parech

N IR

1] 10,5 |2

20° b I

2554005 344034 374037 m)

) )

3AQ30m) 20A(20m) 18418 m










Bakterialni DNA

_._.__..._..__._ AT 7 ._....____.. P -
o F,.ﬂum..”-.._.____._L+nﬂr1;,._,fmu., f.vnu_a _______ m
- 3 i b - AT
:._J .u.__E _:.__ ._..q...h._m_.__..__._ > ..“__m._.__ 1F.h______._.._ H..u. .,_..ﬂ

i S ~ N R ' ._".__.._._..,w_ ' ____._.”. Ty =

26148
- .__.____..,,__r WA ____,___,..__mr._____ \
e ) 4. _.J. |
=g )

= ()

’ e
:
/A A
& /i
Y () :

_

“_“__ ] =
[) —
O -

_..- “ Kol




Bakterialni DNA
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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




Lidské chromozomy

VER T
TRVETY

KM 58 X¥ XA XX AD
13 14 15 16 17 18

R XA XKk Ax ‘ﬁ_l
19 20 21 22 &3y




Jadro — mitoticky chromozom

Metafaze - spiralizace

Normalné - despiralizace

5 — 8 um — DNA 2 metry




Chromozom
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Chromatin

G ANANAN NN

Nukleosom
(koralky)

"beads-on-a-string”
form of chromatin

30-nm chromatin
fiber of packed
nucleosomes

(civka)

section of
chromosome in an
extended form

(smycka)

condensed section
of chromosome

—

\7 r—’//c:En tromere

entire
mitotic
chromosome

1400 nm

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




Nukleosom — DNA + 5 trid histonu

DNA H1 histone

2 Nucleosome

)

Core of B8 Histone Molecules

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




Exon a intron

Gene

Exon constitute the mRNA 5 %
and translabed into protein

ntron Infervening sequence 95 %




Exon a intron

Transcription Translation : :
DNA mRNA  tRNA ‘qano Polypeptide
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Vyznam intronu

B R

l splicing s
alternatively
B BN spliced

MRNAS
l translation l
&

protein
isoforms




Stanoveni sekvence DNA

* RestrikCni enzymy

* Chemicke Stépeni — Maxam Gilbertovo
metoda

* Enzymova metoda

» Pyrosekvenovani (enzymova metoda)
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Restrik¢ni enzymy

(a) FEcoRI (b) EcoRV

Y Y
—GrA A T T C-3 55—-—GA TA T C 3

-~ - e A . . - 4 -

33—C-T-T- A AG 5 3I—C-T- AT A G5
‘ T

y Cleavage site ® Twofold symmetry axis




Restrik¢ni enzymy

Chromosome 1 Chromosome 11
DNA has DNA has only
3 target sites 2 of the target sites
1 2 % 1 3
NY NONININONININ \//\\/% &/AI@\\//\’\//\\O\'\/N\//\\//\’\/N\O\“I\\O
g A | <« B > | e > |

Cleave with
restriction enzyme
and electrophorese

a C
Fragment C is

the size of
— A A + B combined




Restrik¢ni enzymy

-8 D E CFoOEOH




Maxam Gilbertova metoda

Maxam-Gilbertova metoda
— znaceni 3 konce *-P
— specificke chemucke stépeni

— elektrotoréza




Maxam Gilbertova metoda

S AAGTTAGCCTCAGTT 3’
3- TTCAATCGGAGTCA A ECN-S

deDNA rnaceana na 5. kancich




Maxam Gilbertova metoda

Kyselina a piperidin dimetylsulfat a piperidin  Kkyselina, NaCl a piperidin hydrazin a piperidin




Maxam Gilbertova metoda

dimetylsulfat a piperidin

®3ZP AAGTTAGCCTCAGTT JEB




FUNKCE
RNA versus DNA

Ribosa - Deoxyribosa

hirogenous
Bases

Bega pair

Sugar
phasphate
backbone

RNA

Milrogenous Mitrogenouws
Bases Ribonucleic acid Decxyribonucleic acsd Basas

Jednovlaknova - Dvouvlaknova




Formy RNA

mRNA - mediatorova, messenger.

mformacni - 5-10 %t

RNA - ibosomalni - 80 %

tRNA - transferova, prenosova - 10-15 %

0UtRNA




tRNA
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Formy RNA
¢ mMRNA - medidtorova, messenger,
mformacni - 5-10 %t

+ RNA - nibosomalni - 80 %

o RNA - transferova, prenosova - 10-15 %

OUtRNA

1993 Victor Ambrose

miRNA - microRNA

nucleus

cytosol *

\/M) pre-miRNA
l Dicer

MiIRNA/MIRNA*
duplex




Micro RNA

LT )
Lk ,.-_1

et

1

5 Pre-miRNA

Nucleus

Translational Repression

ORFE
/-' Ribosome
Asymmetric S;ﬂ:* m Taé?ﬁ '
RISC ; Sy L
assembly miRNA

mRNA Cleavage




Formy RNA
¢ mMRNA - medidtorova, messenger,
mformacni - 5-10 %t

+ ENA -ribosomalni - §0 %

o RNA - transferova, prenosova - 10-15 %

0UtRNA

miRNA - microRNA

siRNA — small interfacing RNA




Centralni dogma mol.biologie

Crick 1958 - cesta od NK k proteinu

DITA

Replication
l,lnfnr matiun1 DMA duplicates

P PLSLI DL MU ERIET DR

|
I nforrmalion

¥
S\;\I\M'? Transcription

RIMA synthesis
N

nucleus

Informalion
Masm
nuclear envelope

Translation
Protein synthesis

DNA

Protein

Protein




Centralni dogma mol.biologie

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

¢

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

¢

—Arg—Gly—Ala—




Prokaryota

(B} PROCARYOTES

DMNA

TRANSCRIPTION

mEMNA e——

TRANSLATION

protein !




Eukaryota

(A} EUCARYOTES (B)

cytoplasm

nucleus

intrans

BXONS
DA,
| ]

S | -:I:-ZI_

gene

TRANSCRIPTION
primary RMA transcript l
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zdvojeni - DNA—DNA

Replikace —

tvorby 1dentickych kopii DNA

Replica DNAs




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

DNA extracted from cells is mixed with CsCl

Step 1 solution and placed in centrifuge tube.
L |
Y Y
e L o)
= | Step 3 Analysis
Centrifuge tube ——
> OO
DNA molecules
move to positions where
> 00X ([ their density equals that
Solution is centrifuged for a ot Col] Selubon:
Step 2 few days at very high speed. | o
[ - - ]

anE o

"

CsCl forms a
density gradient with
the greatest density
l at the bottom.

Density gradient centrifugation

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




Centrifugace

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

50. leta - Brakke - centrifugace v gradientu
hustoty




Theodor Svedberg
(1884-1971)

Nobelova cena za chemii 1926

pojmenovana po ném
Svedbergova jednotka pro vyjadreni
sedimenta¢niho koeficientu




Centrifugace

* Qdstranéni hrubych Castic z roztoku

Sediment (pelet) — supernatant
 Izolace organel nebo biomakromolekul

» Stanoveni zakladnich parametru — MW,
hustota, sedimentacni koeficient




Pouziti

Centrifugace




150 000 ot/min

Ultracentrifugace

1000000 g




g=a’r

rad w- uhlova rychlost
(rad/s)

w=27Nnf

f — otaCky/min




Preparativni ultracentrifuga




Rotory

» Uhlovy — diferencialni centrifugace

* Vykyvn¢ — zonalni centrifugace




Diferencialni centrifugace

» opakovana centrifugace se zvysujici se rychlosti
otacek = gravitaci

Dekantace
supernatantu

—\ .

10 min

1000g/10 min

tcC. - 3

(

—
—
e’
..—-.\
—

A o

a
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Uhlovy rotor

8.0 6.0 4.0 2.0
Volume (mL)

.0




Gradientova centrifugace

Hustotni bariera Diskontinualni Kontinualni

O U




Gradientova centrifugace

Hustotni bariera Diskontinualni Kontinualni

QOOCO0
OOO0000




Vykyvny rotor

C - 40%
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Gradientova centrifugace
media
Sacharosa

Glycerol - | Hypertonicke prostiedi

Ficoll - dextran > Nutno pfipravit gradient

Percoll — S10,

J

CsCl 3 Gradient vznika béhem centrifugace
Cs,S0O,




Gradientova centrifugace

Minir!'ll.lm Mmmg
density chamber
solution l
\ Peristaltic pump
Stirrer




Gradientova centrifugace

|lzopyknicka

Nerovnovazna




Gradientova centrifugace

Rate-zonal centrifugation

Sample

g force |
k4

ghmel

|




Gradientova centrifugace




Diferencialni versus gradientova
centrifugace
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10 min

— |
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Meselsonuv a Stahluv experiment

DNA extracted from cells is mixed with CsCl

Step 1 solution and placed in centrifuge tube.
L |
Y Y
e L o)
= | Step 3 Analysis
Centrifuge tube ——
> OO
DNA molecules
move to positions where
> 00X ([ their density equals that
Solution is centrifuged for a ot Col] Selubon:
Step 2 few days at very high speed. | o
[ - - ]

anE o

"

CsCl forms a
density gradient with
the greatest density
l 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

|15
/N

Light Hybrid
DNA DNA

%
$

After two generations on

MN-NH,CI

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

Actual experiment

Conclusions

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

Second generation:
Two hybrid DNAs
and two light

DNAs are formed.




Replikace
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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
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Eukaryontni replikaci
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Enzymova metoda
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2003 - Projekt lidského genomu

Paralelni sekvencovani Automatizace
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300 sekvenatoru




Pyrosekvenovani

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

(DNA)n + dANTP — (DNA)n+1 + PP1 (polymeraza)




Pyrosekvenovani

Iterative additions

b = dATP * dCTP = dGTF = dTTP
dCTP
Mu-AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primad Template
PPi




Pyrosekvenovani

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

(DNA)n + dANTP — (DNA)n+1 + PP1 (polymeraza)

* Vznikly pyrofosfat je uvolnén z polymerazy a muze slouzit
jako substrat pro ATP sulfurylazu. Pri1 teto reakci dojde ke
kvantitativnimu prevedeni pyrofosfatu na ATP.

PPi + APS — ATP + SO,? (ATP sulfurylaza)




Pyrosekvenovani

Iterative additions

b = dATP * dCTP = dGTF = dTTP
dCTP
Mu-AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primad Template
PPi




Pyrosekvenovani

« Béhem treti a Ctvrté reakce je ATP prevedeno na svételny signal
pomoci enzymu luciferazy a nasledné je svételny signal
detekovan a vyhodnocen programem.

Luciferaza + D-luciferin + ATP — Luciferaza-luciferin-AMP + PP1

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




Pyrosekvenovani

Iterative additions

b = dATP * dCTP = dGTF = dTTP
dCTP
Mu-AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primad Template
PPi




Pyrosekvenovani

* Posledni enzymatickou reakci je reakce apyrazy, ktera odstrani
nezainkorpované nukleotidy a ATP, aby nasledné mohlo dojit k
zopakovani celého vySe popsané¢ho procesu a mohlo byt
analyzovano zafazeni dalSiho nukleotidu. Tato degradace je
nezbytna, aby bylo zajiSténa synchronizace mezi syntézou a
detekci svételného signalu.

ATP—AMP + 2P1 (apyraza)

dNTP—dNMP + 2 Pi (apyraza)




Pyrosekvenovani

- Iterative additions

- - dATP » dCTP = dGTP » dTTP
dCTP
mmlﬁctﬂ'cn AAATTG..
TCGCAGT DNA polymerase
Primed Template
PPi
MNucleoti de sequence
L) & - F-1 =5 cC T -




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 genomt (nahodné nastépena genomova
DNA je sekvenovana a sestavena)

- studium metagenomu (4. souhrn véech gend,
pritomnych v daném prostredi, pouziva se DNA
extrahovana ze vzorku pldy, vody, sedimentu,
mikroflory streva ad.)

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

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

ziskana ze vzorku




Pyrosekvenovani




Sekvenovani

1,000,000,000 4

Kilobases per day per machine

100,000,000 4
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1,000,000
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1004
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Short-read
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pyrosequencing

Capillary sequencing

Gel-based systems
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Automated capillary sequencer

First-generation
capliiary
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Year

Stratton et al. 2009 Nature 458:719-724




Verejne consortium x Celera Genomics
Francis Collins Craig Venter




Clone-hy-clone

genomova DNA

!

fragmenty cca 150 000 bp

l

klonovani v BAC (bacterial artificial chromosome)

!

urceni pozice klonu v genomu na zakladé fyzického mapovani
(STS - sequence tagged site, fingerprint - Stepeni restriktazami)

digesce kazdého klonu na kratké fragmenty cca 500 bp

!

sekvenovani

!

sestaveni celé sekvence kazdeho klonu pomoci poditace




Whole-genome sholtgun

genonlov:—:'l DNA

fragmenty 2, 10, 50 kbp

!

klonovani v plasmidech E.coli

!

sekvenovani

sofistikované pocitacové metody k sestaveni celé sekvence




unor 2001:

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

. Celera Genomics, Inc. publikuje svou
sekvenci lidskéeho 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 koduje 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 23

(human)

Table 13-3 Concepts in Biochemistry, 3/e
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PCR mRNA - reverzni transkripce

Cepicka o 5'UTR  Kédujicisekvence (CSD) 3'UTR Poly-A
5'H [ [ARAJ3

lSyntéza cDNA

S*h AAA |3
Syntéza cDNA Oligo-dT

l PCR

Primer

Eﬂﬁ #

3 1. vidkno cDNA L o

Primer

| 2. vidkno cDNA 3’
31 1. vidkno cDNA [TT1]s




Real time PCR

1. Navazani: SYBRE Green | se vake béhem kaddeho
cykiu na dvounddknovou DNA

2. Denaturace: Ve fazr denaturace DMA je SYBRE
Greaen | uvolnén z vazby na DMNA a caelkové fluorescence
dramaticky kiesa

3. Polymerizace: Béhem annealingu primerl a elongace
fetérce sa Sybr Green opét zading navazovat na
vznikajici dvouvlaknovou DNA - fluocrescence stoupa.

FOMARS PR
&
e
o o
A
-
e —

LA LELT L

4. Ukonceni polymerizace: Emilovana flucrescence
dosahuje maxima.




Real time PCR
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Real time PCR
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Real time PCR
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RNA polymeraza
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RNA polymerase
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RNA polymerase binds to DNA
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31
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RNA transcript

transcription is terminated

Step 3 p factor interacts with RNA polymerase; ‘l/ E

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

RN ——
transcript
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Initiation

Courtesy of Ulrich Scheer, University of Wirzburg, Germany
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Regulace translace

(a) Absence of inducer
| - lac operon —-|

Repressor binds to
operator, preventing
transcription of [ac operon

e

2
Repressor

(b) Presence of inducer

J._
{ PR
RNA— W l i 'L
polymerase lac MRNA
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e
Inducer Transcription of
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e
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Translace — preklad - RNA—protein
mMRNA + ribozomy + (tRNA-AMK)n +1Fn + EF + RFn

Growing polypeptide chain NH3

NH3
Amino acid
OH residue
A-site
%noacyl-tRNA

tRNA

sl 1 1 1 |
Messenger RNA

|
direction of ribosome
movement on mRNA




Ribozomy (rRNA + proteiny)

L£ — > 235 rRNA
| —> 55 IRNA

—> 34 proteins

50S (

70S

—> 16S rRNA

303 —> 21 proteins

(a) Prokaryote

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

5S t1RNA <—
49 proteins <—

60S

80S
18S rRNA <—

33 proteins <—— 405

(b) Eukaryote




Ribozomy E.coli

Courtesy of James Lake, UCLA




Polyribozomy Bombyx mori

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




nove vznikajici protein

podjednotka ribozomu

Katalyticka funkce — peptidyltransferaza

Rozpoznavaci funkce
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Polypeptide
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Kodon

QPCOPOOOCCOOPOOOPCOO®

Codon 1

Codon 2

Codon 3

Codon 4

Codon 5

Codon 6

Codon 7
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Reading Frame

— First reading frame start

Second reading frame start

Yr Third reading frame start

Y
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Third reading frame
Second reading frame

First reading frame
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Posttranslacni modifikace

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

« glykosylace — napojovani sacharidu na protein. Sacharidove zbytky jsou
nejcastéji piipojovany na serin/ threonin — v pripadé tzv. O-glykoproteint,
nebo asparagin v pripadé N-glykoproteint. Navazani sacharidi miuze
stabilizovat konformaci proteint; sacharidove slozky mnoha proteint se
ucastni rozpoznavacich interakci (protein-sacharidové a noveé objevene
sacharid-sacharidové¢ interakce)




Posttranslacni modifikace

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

e sumoylace - pfipojeni proteinu SUMOI, regulace funkce proteint.

e 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 mistky - oxidace dvou -SH skupiny cysteinu na -S-S-

vazba prostetickych skupin — napt. FAD, FMN, hem, nutné pro funkci
nékterych enzymi
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NUCLEUS CYTOSOL protein
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primary control control
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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
© 2006 John Wiley & Sons
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Green Fluorescent Protein
NC 2008
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izoloval GFP z meduzy jak GFP navazat na jiné proteiny vysvétlil fluorescenci




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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ADNA

Genova terapie

Not required for

Iytic infection
e A

i |
S [
T A

48.5 kb

Infectived phage
containing foreign
DNA fragment

Cleave by restriction
enzyme and separate In vitro
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Anneal and
ligate
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e

small to package

~15-kb foreign
DNA fragment




Genova terapie

* Pokud by se zdafilo
zasahnout kmenové
bunky, mohla by se do
nich vlozit spravna alela
napf. pomoci viroveho
vektoru

* Navzdory zpravam z
denniho tisku, zatim
existuje jen teoreticky

Cloned gene

{(normal

allele, TN
absent \ f
from \ ; Insert RNA version of normal allele

patient’'s \ | into retrovirus.

cells)
Viral RNA
\ /
\ f’g Let retrovirus infect bone marrow cells
!

that have been removed from the

Retrovirus |\ h
capsid } i patient and cultured.
| !
| f
\ f
A
€) Viral DNA carrying the normal
allele inserts into chromosome.
Bone
marrow
cell from
patient

R

©) Inject engineered
cells into patient.




Cloveék: Mozni kandidati na
genovou terapil

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

* nemoci, které¢ vznikaji nespravnou interakci
nékolika 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 p53 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

W




Brief History of Forensic DNA Typing

* 1980 - Ray White describes first polymorphic
RFLP marker

« 1985 - Alec Jeftfreys discovers multilocus
VNTR probes

« 1985 - first paper on PCR
« 1988 - FBI starts DNA casework
e 1991 - first STR paper

AT T




Pouziti restrikCnich enzymu - RFLP
Restriction Fragment Length Polymorphism

O |
O |
DNA PCR with O |
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O |
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Variable Number Tandem Repeats

9 —-100 pb

T eaGGCcGGEGAGGC GG
R ¢ TC 0 CCCTCC O C ¢ I

I cAcccacaasacaacacccac
S C T C C G ccCTecacceTec ac c

S G~ G G CGGGAGACAGAAGAcCGaaaaacea
R cTccaeceTeceacccTeccaecccreccacc

"GAGGCGGGAGGCGGGAGGCGGGAGGCGGGAGGCGGGAGGCGG
CTCCGCCCTCCGCCCTCCGCCCTCCGCECCCTCCGCCCTCCGCC

2 repeats

3 repeats

4 repeats

6 repeats




Short tandem repeats
2—6pb

Repeat moncimer

P 1)

REI W)

op op
AT 50 1.75 1.0 0.2
C/G 4l 0.12 11 0.4
AG/CT 27 0.27 2.8 0.24
AC/GT 20 0.38 2.8
AT/TA 25 0.78 2.8
CG/GC 10 0.02 2.8
AAC/GTT o 0.22 3.5 0.55
AAG/CTT 12 0.053 3.5
AGG/CCT 11 0.077 3.5




Short tandem repeats

AATG

— N/

— E N N e

7 repeats
—_—
Immmsmmm— BN B B
=
8 repeats

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




Short tandem repeats
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with Chromosomal Positions
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Multiplex PCR

*10 STR najednou

Citlivost 1 ng DNA

*MozZnost zpracovat smési a degradovane
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 T T 1 —
100 bp 200 bp 300 bp 400 bp
D3 vWA FGA
A D8 D21 D18
D5 D13 D7 NED (yellow)

I M 1 1 1 1 |roxew

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

100 125 150 175 200 225 250 275 300 325

1 1 1

U3 5 THO1

| i VWA -, D16
' | D18 D2

n \\

elogenin
D19
| . FGA
I \] | 11—
probability of a random
match: ~1 in 3 trillion

amelogenin D3
E
i
|
ﬂp THO1
+_..!.H| n|

Slmultaneous Analysis of 10 STRs and Gender ID

——
— T

— L

D19
VWA -
- D2

I'I 1'|




Short tandem repeats
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Short tandem repeats
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Short tandem repeats
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Vzorky biologickémo materialu
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Testy paternity

Zjednodusene testy

 STR na Y chromosomu — muzskych potomku
srovnani s otcem

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

Kapkovani

DNA Klone

Aufspotten *

Fotolitografie




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~ \ @5@

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




Lecture 1.1

Ant1-GST Probe
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Side View:
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Blotting

Protein Blotting Springer Protocols

Protein Blotting

and Detection
Methods and Protocols

Edited by
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Vyhody blottingu

Dostupnost biomakromolekul

Z.akoncentrovani biomakromolekul

Redukce doby a mnozstvi potfebnych

chemi

calii

Imobi1

1zace biomakromolekul — moznost

uchovavani

Moznost vicenasobné detekce
Mechanicka stabilita




Tankovy elektroblotting
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Tankovy elektroblotting




Tankovy elektroblotting
Min1 Protean Trans Blot Cell




,Semi dry* blotting

+ ANODA
FILTRACNI | _ BLOTOVACI
PAPIR MEMBRANA
FILTRACNI | GEL
PAPIR

. _ <ATODA




,Semi dry* blotting
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Membrany

‘nitrocelulosa - nejbéznéjsi

polyviniliden difluorid — vysoka vazebna kapacita
«diazobenzyloxymethyl — chemicka aktivace
*lonexove membrany - preparativni

-aktivovana sklenena vlakna — pro primou sekvenaci




DNA

HYBRIDIZACE

Detekce

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




Detekce DNA
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THREE DIFFERENT DNA BANDS BEOUND TO MEMBRANE
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Detekce proteinu
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[zolace nukleovych kyselin




Cil 1zolace

» Odstranéni proteinu

* DNA vs RNA

* 1zolace specifickeho typu NK




Typy NK

genomicka (chromosomalni)
organelova (mitochondrie, chloroplasty)
plasmidy (extra-chromosomalni)

virova (ds nebo ss)

komplementarni (mRNA)




Nejpouzivan€jsi metody
na zaklad¢ rozdilne rozpustnosti — extrakce, srazeni
na zaklad¢ vlastnosti - chromatografie — polarita-
adsorpCni, naboj-ionexova

- 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, elektroforeza
— 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

i -
Centrifugation - -
i Rk
T - VL S
\/ N Cell extract
Bacterial culture \

Pellet of cells

Organic
extraction
¥ i  —
"'113"*"\' U
" u‘?:{ Ny oy
ol "7 Pure DNA
4 The DNA is 3 The DNA is
concentrated purified from

the cell extract




Izolace genomicke DNA

Typickad procedura
1.Sklizenti bunéek

2.Lyse bunek

— 0.5% SDS + proteinase K
(55° nékolik 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 poméru.

\/ or phenol:chloroform

Hruby lyzat obsahujici NK
a dalSi soucasti bunky

e.g. phenol, chloroform,

Centrifugace

Opakovana

Vodna

o

/ faze

Pouziti vodné faze

R Interfaze

Organicka
faze

extrakce pro zvySeni Cistoty

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

v interfazi.

v




Extrakce/Precipitace

Krok 4: Precipitace NK

—
Pred Po / ﬂ \

Supernatant 70% EtOH
Centrifugace\' Promyti = Centrifugace
—_— —_— = >
N
Pelet %7/ \/ \/

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

« 2-2,5 objem EtOH
«-20°C

* VVysoka |

* 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‘ X

+ RNase (protein)

v

Proteinasa K




Chromatografie




Spin kolonky

Princip izolace RNA pomoci centrifugac¢cnich RNA vazebnych kolonek

Naneseni promyvaciho

roztoku

Naneseni homogenatu
na kolonku

Navazani RNA na kolonku

-] if = @
E RNA-vazebna kolonka centrifugaci
— I — e S e
LUJ
_— > _— ® —_—
Sbérna zkumavka : \ e |
Naneseni eluégniho roztoku
nebo vody
Centrifugace i .
s promyvacim roztokem Vyvazani RNA z kolonky

centrifugaci do Cisté sbérné zkumavky

— %M —
L?J —_— S — L'EJ
v \' =V




AdsorpCni chromatografie




AdsorpCni chromatografie

Krok 2: Adsorpce na silikagel

Krok 1: Priprava lyzatu

Aplikace na

N
»

kolonku

Extrakéni pufr pro vazbu DNA a
RNA na silikagel:

* nizké pH

* vysoka iontova sila
 chaotropni soli

4 L
II"

<

Centrifugace s

Silica-gel membrana

e NK

Odpad




Adsorp¢ni chromatografie

Krok 3: Vymyti kontaminant

Centrifugace

Promyvaci puf———e

NK — Lo . —NK

|—— Odpad

Krok 4: Eluce NK

ol
. Centrifugace
Eluéni pufr — e >
NK —e
Eluéni pufr: l
Viysoké pH

Nizka iontova sila




Ionexova chromatografie




- Ionexova chromatografie

: (I:H2 Base
Vazba pri nizkém pH nizké I |¢0?|

CH,CH;

Eluce zvySenim pH nebo vysokou I

DEAE (diethylaminoethanol Chemical structure
of DNA




Preparativni elektroforéza




Preparativni elektroforéza




Preparativni elektroforéza




Separation of Nucleic Acids by CsCIl Gradient Centrifugation

a
y v
- \
4
- - @ - —
r
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 B

ob ol

wew - wWewww

- - J\L
| | | | | | | | 1




Protein — I E

Linear and
oc DNA ~_ =

=
Supercoiled l Plasmid DNA

DNA -

\—/-ﬂ RNA

(a) An EtBr-CsCl
density gradient




Izolace RNA - specialni pristupy

* nutno pouzit inhibitory RNAsy

e extrakce guanidium chloridem

» fenolova extrakce pr1 pH <4 (pH 8 pro DNA)
 pusobeni RNase-free Dnase

» selektivni precipitace rRNA, mRNA s LiCl

e oligo-dT afinitni chromatografie - mRNA

D—rrrerrrer




Kontrola Cistoty a kvantifikace NK




Kontrola NK

* spektrofotometricky
e kvalita
e kvantita
 gelova elektroforéza
 kvalita o
DNA A260 O = 50 pg/mlss = 33 pg/mlss
Az60/A2s0 1.6-1.8
A 1.0 = 40 pg/ml
RNA 2 HEMR
Az60/A2s0 ~2.0




Kontrola degradace: DNA

genomicka
< DNA

=

=

—

-

_—

e

—-—

-

.l

.- DNA

[ (degradovana)
-




Kontrola degradace: RNA

9 kb

25S
3 kb~

18S

1 kb-
0.5 kb

Small
RMAS

Arabidopsis  Alfalfa  Corn  Spinach




