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Co je to DNA?
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Jak uvidet DNA?



DNA je ve viditelnem svetle bezbarva

Baze DNA absorbuiji
o ultrafialové svétlo

Absorbance Units




Muzeme si pomoci fluorescenci?

Fluorofory absorbuji fotony UV nebo viditelného zareni a poté je zase emituji
(obvykle s nizsi energii)
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DNA nijak zajimave nefluoreskuje...




...ale fluoreskuji nektere latky, kdyz se na
DNA navazou!

(a)

Fig. 3. (a) Ethidium bromide; (b) the process of intercalation, illustrating the lengthening and
untwisting of the DNA helix.

ethidium bromid



Elektroforéeza DNA v agarozovém gelu:
trideni molekul DNA podle velikosti

-

priprava gelu
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Je mozné videt gen?

* Gen je (ne zcela presné receno) usek DNA kodujici protein
* nékolik stovek paru bazi z nékolika miliard (v lidkém genomu)
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GAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAG
CATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGAT
AGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGC
CCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGG
GG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCT
CCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGC
TCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGG
CGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCG
GTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTG
GCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TAGGTTGTGAGGCGCTGCCCCCACCATGAGC
GCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTG
TGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTT
TCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATG
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACC

TGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TG

GGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGC

TCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATA
GCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCC
CCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAG
G T



GAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAG
CATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGAT
AGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGC
CCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGG
GG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCT
CCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGC
TCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGG
CGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCG
GTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTG
GCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TAGGTTGTGAGGCGCTGCCCCCACCATGAGC
GCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTG
TGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTT
TCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATG
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACC

TGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TG

GGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGC

TCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATA
GCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCC
CCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAG
G T



1963 Julius Marmur: renaturace DNA

SOXOEA

1 denaturace (za horka)
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Hybridizace DNA (RNA): tvorba dvousroubovice z retézce
sondy and komplementarniho cilového retézce

hybridizaéni sonda

-znama sekvence navrzena
(syntetizovana) tak, aby se parovala s
CGAATACGACCTTA cilovou DNA, ktera nas zajima

— O\ e

CGAATACGACCTTA
) GCTTATGCTGGAAT

GCTTATGCTGGAAT
\/ target DNA

-detekovana pomoci hybridiza€ni sondy




Vicebarevné znaceni?

FLUOROPHORES - UV to Red
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Fluoresence In Situ Hybridization

Fluorescencni in-situ hybridizac
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Proteiny rozsvecuji svetylka na DNA

Protein

Chem. Sci. 2012, 3, 2797

Sovatochromic

* nékteré fluorofory spatné ,sviti“ ve
vodé, ale dobfe v nevodném prostredi

* navazany protein vodu vytesni a
fluorescence se zesili

Riedl J et al., Chem Sci 3, 2797 (2012).
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Riedl J., et al., J Org Chem 77, 8287 (2012).

Svetlo meduzy: zeleny fluoreskujici protein
(fluorofor sviti Iépe, kdyZ nemUiZe rotovat: napf. je-li uvéznén v
proteinu)
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Jak vanocni vyzdobu DNA uskutecnit?

* mUzeme si nechat chemicky vyrobit a koupit znacenou DNA (drahé, a
koho bavi umélé stromecky?)

e obycejnou DNA muzeme znacit pomoci chemick{/ch reakci

0 g

HN Pl

.

DNA

bidentate N-ligand O ‘‘‘‘ ol O N "
(bpy)

* DNA muzeme poskladat pomoci enzymu primo ze znacenych
stavebnich kamenu



Znaceni DNA pomoci enzymu a
modifikovanych stavebnich kamenu
— deoxynukleosid trifosfatu



Prodluzovani primeru

(podstata replikace DNA) LT o <3@

OH

templat

1 ACCATGAGCGCTGCTCAGATAGCGATG

primer

dATP
dGTP
dCTP
dTTP

v DNA polymeraza

1| ACCATGAGCGCTGCTCAGATAGCGATG
TGGTACTCGCGACGAGTCTATCGCTAC




Prodluzovani primeru L f
(podstata replikace DNA) o040l k_; )

OH OH OH

OH

templat

1 ACCATGAGCGCTGCTCAGATAGCGATG

dATP
dGTP
dCTP
dTTP

+ DNA polymeraza




Prodluzovani primeru s modifikovanymi dNTP

primer

i | |
OH OH OH b
templat

W ACCATGAGCGCTGCTCAGATAGCGATG

dGTP j;P

dCTP
dTTP

DNA polymeraza

4

W ACCATGAGCGCTGCTCAGATAGCGATG

TGGT%GTCGCG%CGAGTCT@TCGCT&C



Prodluzovani primeru s modifikovanymi dNTP 4
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skupina prof. Michala Hocka
syntéza modifikovanych dNTP

Synthesis of base-modified dNTPs

Aqueous Sonogashira O _Z
)ﬁ/ cross-coupling H‘N 7
o 9 o A 0o o o W /’I
0-P—-0-P-0—-P-0 » 0-P—-0-P-0—-P-0 -
! ! I 0 I I I O dNTP
O O O Pd(OAc),, TPPTS O O O
EtsN, AN/water 5-substituted
OH 100°C pyrimidine dNTPs ©
NHz Aqueous Suzuki NH;
,\IJ\)\/I(\g cross-coupling N/| N
I L I L
0™-P—0-P-0—P-0 o > O-P-0-P-0-P-0 o
O O O Pd(OAc), O O O
C32C03, TPPTS i} .
OH AN/water, 100°C 7-substituted 4,

7-deazapurine dNTPs



Muzeme videt zmenu jednoho
pismenka v DNA (bodovou
mutaci)?



GAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAG
CATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGAT
AGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGC
CCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGG
GG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCT
CCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGC
TCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGG
CGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCG
GTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTG
GCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TAGGTTGTGAGGCGCTGCCCCCACCATGAGC
GCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTG
TGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTT
TCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATG
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACC

TGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TG

GGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGC

TCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATA
GCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCC
CCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAG
G T



GAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAG
CATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGAT
AGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGC
CCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGG
GG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCT
CCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGC
TCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGG
CGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCG
GTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTG
GCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TAGCTTGTGAGGCGCTGCCCCCACCATGAGC
GCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTG
TGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTT
TCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATG
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACC

TGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TG

GGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGC

TCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATA
GCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCC
CCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAG
G T



GAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAG
CATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGAT
AGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGC
CCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGG
GG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCT
CCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGC
TCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGG
CGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCG
GTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTG
GCCCCTCCTCAGCATCTTATCCGAGTGGAAGG T Q*TTGTG GGCGCTGCCCCCACCATGAGC
GCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTG
TGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTT
TCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATG
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACC

TGAGCGCTGCTCAGATAGCGATGGETCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TG

GGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGC

TCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATA
GCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGAGGCGCTGCC
CCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAG
G T
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Detekce mutaci



Detekce mutaci

NOIPH»-

primer

templat

dd%ZTP dd<ﬁ«'>l'P ddCTP ddTTP

DNA polymeraza

v

OGP 5




Misto svetylek elektrické proudy?

Angew. Chem. Int. Ed.
2008, 47, 2059

Chem. Eur. J. 2011, 17, 5833
N\
N N=

L Redox coding of DNA bases
M=RuorOs M*bpy,

Chem. Eur. J. 2009, 15, 1144 Chem. Eur. J. 2011, 17, 14064

Eur. J. Org. Chem.
2009. 3519




Jaroslav Heyrovsky

Nobelova cena 1959

Elektrochemické metody ... polarografie
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Emil PaleCek (od 50 let): polarografie DNA

(Reprinted from Nature, Vol. 188, No. 4751, pp. 656-657,
November 19, 1960)

Oscillographic Polarography of Highly
Polymerized Deoxyribonucleic Acid

ProcEEDING from my finding'? that nucleotides,
nucleosides and the bases of nucleic acids can be
analysed by alternating current oscillographic polaro-
graphy?-®, 1 have algo tried to study polymerized
deoxyribonucleic acid by this method.

The apparatus used was a Polaroskop P 524
(Kiizik, Praha). With this apparatus it is posssible
to plot dE/dt against B (Fig. 1). The analysis was
carried out by means of the dropping mercury
electrode in the same electrolytes as were used in
my previous work'2 All measurements were car-
ried out with specimens of deoxyribonucleic acid
from calf thymus.

I have established that in a medium of molar
ammonium formate, deoxyribonucleic acid shows an
anodic indentation at the same potential as deoxy-
guanylic acid (Fig. 2). Other characteristies of both
indentations are also analogous (dependence on direct
voltage, temperature, concentration of the electro-
lyte), which appears to indicate that that due to

—

dE AN~
dt ,I.“__;
| I
-
Ceska Hlava 2014 : i
A

Fig. 1. Graph of dE/d¢ against E. The nature of the mnlerhl
analysed is characlerized by the potential of the Iudmmlmnt
which is similar to the WaYE POten-
tlal. ‘Tho quantity of the material is et by the depth
of the indentation. For qualitative nm\!.}nlu. the height 1T, which
can be m red much more easily, is scncml!y measured.
K, Cathodic part ; 4 anodic part

"Fi[.:.e. 100 m._,m dea\\'rnhonuclmr
et

id/ml. 1 3 nmmnnll

mate

Fig. 3. Apurinic Lurrupﬂndmu to 2 of deoxyribonuelel
Fig. 4. 900 pgm. ole acid - 'mg p S 111 [l alti in
- chloride-ammon hydroxide. Indentations llul: tb El)tmlt I; deoxy nhon\mleu- id, IT: protein, T




Elektroaktivita DNA

mercury and amalgam electrodes

< R oxidation
0X AOX
3 1 oxidation of a G(r}eduction product G
IA\ o Tbx (), €
D\ I/\\ C
L R \/ \‘\ \%— s N
adso"r'?fiaﬁldesorpfiblﬂ --------------- : | | |
-1.5 -1.0 -0.5 0 0.5 1.0 1.5
< potential/V vs. SCE
reduction

CA

carbon electrodes

A

v




,~Spektrum® redox potencialu ruznych
znacek

mercury and amalgam electrodes

A
v

G Gox A
3 : Os,L (farad) G*

1L I T
0 0.5 1.0 1.5
potential/V vs. SCE

Fc conjugates [Os (bpy),]*"*

nitrophenyl

Os,L (cat) _ carbon electrodes

v

a palette of labels producing distinct electrochemical responses
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Angew. Chem. Int. Ed.

2008, 47, 2059 Chem. Eur. J. 2007, 13, 9527
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Chem. Eur. J. 2011, 17, 5833

) Redox coding of DNA bases
M=RuorOs M?bpy,
Chem. Eur. J. 2011, 17, 14064

Eur. J. Org. Chem.
2009, 3519



Kombinace benzofurazanu a nitrofenylu

3BF a/nebo 3NO, v 30-meru DNA

Poméry vysek pikt BF/NO,

04
| A i m HMVIDE 45
m PGE
¢ : T
£ c%\' L 30 expected ratios of electrons
NO,ed 3l 0 25 involved (HMDE)
o i S - -, - ______
—— 3 BF+3NO, &
90+ ——3NO, —~ 1.5
—3BF N Y FEORN
1.2 09 _., 06 03 1.0
eV 0.5 0.5
—A 1 -+ . . . ---i--- I __
<' PGE D - I E I I I L
v v Vv v v vV 42 v
= O O O O O O O O
= O -
—38BF O N O . R\
—— 3BF + 3NO,
_3N02 v ’ 4 4 V'
Pristup vhodny pro snadné seldovani
| relativnich zmen v zastoupeni jednotilvych bazi
gy 00 v danem useku DNA

Balintova J., et al. Chem Eur J 19, 12720 (2013).






Bioconjugations

Angew. Chem. Int. Ed.
2010, 49, 1064

~ -DNA se opatri hacky pri jeji
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reactive groups for post-synthetic bioconjugations and cross-linking:
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Zachyceni proteinu na DNA nesouci vhodny

hacek
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* reakce Michaelovych akceptort na DNA s —SH
skupinami proteinu

 podminkou je spravné navazani proteinu na sekvenci
DNA, kterou rozpoznava, aby se obé reaktvni skupiny

dostaly do vzajemne blizkosti Dadova J. et al., Angew Chem Int Edit 52, 10515 (2013).



Molekularni
v , - cell lysis Sy e
rybareni ' B \

human cancer cells

cross-linking DNAZEVS

* vychytavani specifického :
proteinu z bunécného lyzatu <

3k = 6-FAM

Dadova J, Vrabel M, Adamik M, Brazdova M, Pohl R, Fojta M, Hocek M (2015) Azidopropylvinylsulfonamide as a New Bifunctional Click Reagent for Bioorthogonal
Conjugations: Application for DNA-Protein Cross-Linking. Chem-Eur J 21:16091-16102
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