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Slozky nukleovych kyselin
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Klinicky uzivana nukleosidova a nukleotidova léCiva
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Derivaty a analogy nukleosidti a nukleotidu s
modifikovanou bazi

ef’ekt na zachovava
parovani parovani bazi
NH, bazi
NH,
NEN-N i
k | \> N7 N modifikuje
SN N S velky zlabek
HO N |
@) HO
O
H OH
: _ R OH OH zachovava
adenosine parovani e oSN parovani bazi
bazi
j\/ | Né‘j modifikuje
velky zlabek
HO A OAN
o) HO 0
OH stabilia vuci
OH enzymatickému
stepeni

2’-deoxycytidine 2'-deoxycytidin

II~ Organicka syntéza

Bioorganic & Medlcmal Chemxstry of Nuclelc Acids
Joint laboratory of IOCB and Charles University

7

cytostatické nukleosidy

O"F."O'F." o\ e
O O O
NH, OH
modifikované dNTPs
N 7
NS
HO o
OH
C-nukleosidy

Farmakochemie (medicinal chemistry)

Chemicka biologie



Hocek group

*UM

Hlavni oblasti vyzkumu

Bioorganic & Med:clnal Chemxstry of Nucleic Acids
Joint laboratory of IOCB and Charles University

1. Synteticka metodika 2. Farmakochemie

J. Med. Chem. 2005, 48, 5869

CrOSS-coupling reactions Chem. Commun. 2007, 4729 — ~ o
Tetrahedron Lett. 2007, 48, 5589 S. 2 s_ Bioorg. Med. Chem. Lett. 2006, 16, 5290
)I Eur. J. Org. Chem. 2008, 2783 F NH; Bioorg. Med. Chem. 2008, 16, 1400
k \> T s \> Org. Biomol. Chem. 2008, 6, 2377 Nk/ Y Nk/ N Bioorg. Med. Chem. 2008, 16, 2329
e Tetrahedron 2008, 64, 10355 SN N syo~N  J- Med. Chem. 2010, 53, 460

C-H activations J Org Chem 2008, 73’ 9048 HO ChemMedChem 2010, 5, 1386
L B— Pdl_ - k ‘)—Ar Tetrahedron Lett. 2010, 51, 2464 ONH-192 AB.61 B!oorg. Med. Chem. 2012, 20, 5202
N o 6 Bioorg. Med. Chem. 2012, 20, 6123

& Cul, base J. Org. Chem. 2011, 76, 5309 GS-341530 GS-341527 g. : . » 2U,

US8093226(B), WO2009089804(A1)

Synlett 2012, 23, 1305 .
y Novel cytostatics ? WO02010121576(A2)

3. C-nukleosidy pro chemickou biologii 4. Funkcionalizovane nukleove kyseliny

. pro bioanalyzu nebo chemickou biologii
“Qc. 25l

J. Org. Chem. 2006, 71, 7322
J. Org. Chem. 2007, 72, 6797
J. Org. Chem. 2008, 73, 3798
ChemBioChem 2008, 9, 2796
Tetrahedron 2009, 65, 4471
Biochemistry 2009, 48, 10866
Chem. Rev. 2009, 109, 6729
J. Org. Chem. 2010, 75, 442

i Z
cross-couplings
4 4
A
=X -
nucleophilic zOR
substitutions v /Y
\i‘PGO o — X

OPG

Biochemistry 2010, 49, 727
Eur. J. Org. Chem. 2010, 2666
Eur. J. Org. Chem. 2010, 5432
J. Org. Chem. 2011, 76, 6619
Biochemistry 2011, 50, 7243
J. Org. Chem. 2011, 76, 7781
Synthesis 2012, 44, 953

Eur. J. Org. Chem. 2012, 1759

Chem. Eur. J. 2007, 13, 6196

Chem. Eur. J. 2007, 13, 9527

Angew. Chem. Int. Ed. 2008, 47, 2059
Org. Biomol. Chem. 2008, 6, 3657
Chem. Eur. J. 2009, 15, 1144

Nucleic Acids Res. 2009, 37, 7612
Angew. Chem. Int. Ed. 2010, 49, 1064
J. Org. Chem. 2011, 76, 3457
ChemBioChem 2011, 12, 431

Chem. Eur. J. 2011, 17, 5833

Chem. Eur. J. 2011, 17, 14063
Angew. Chem. Int. Ed. 2011, 50, 8727
Chem. Soc. Rev. 2011, 40, 5802

J. Org. Chem. 2012, 77, 1026

Org. Biomol. Chem. 2012, 10, 49
Chem. Eur. J. 2012, 18, 4080

Chem. Commun. 2012, 48, 6921
Chem. Sci. 2012, 3, 2797



CROSS-COUPLING REAKCE
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Cross-coupling reakce pro modifikace nukleobazi
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C-H aktivaéni reakce pro modifikace nukleobazi

C-H arylace C-H borylace

R' ' X Y Bopiny,

AN Ar—hal L ¢ (r(COD)OMel, ] o/
N N =~ N )
Gy T KL Lo — = L

N“TN - (| : ©)2 N“N N~ N NN 0T\

o ul, base Mo Bn Bn
Q Ar—nhal 0 Q
R'\ H R'\ Ar R'\ H
N - N N
J NG G .
O~ 'N H O~ 'N H 0O~ 'N™ “Ar
| (Cul), Cs,CO4 | ]
] Rl Rl
NH,
N Y
Priklady modifikovanych N“ B N NH>
nukleobazi pfipravenych cross- |\\ N“ N\ N
. . N N l N“
coupling reakcemi nebo/a C-H HO ], N | \
aktivacemi: o N l\\N .
OH OH
Chem. Commun. 2007, 4729 J. Org. Chem. 2010, 75, 2302
Y 0O O
R' Ar R H
N
N~ N OJ\N H O)\N Ar
Bn |l?| |l?l
Org. Biomol. Chem. 2009, 7, 866 Eur. J. Org. Chem. 2009, 3698

J. Org. Chem. 2011, 76, 5309



Obecna metoda pripravy 2,6,8,9-tetrasubstituovanych purintt kombinaci
chemo-regioselektivnhich N-arylaci/alkylaci, cross-coupling reakci a C-H arylaci
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Farmakochemie
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Syntéza deazapurinovych ribonukleosidu
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RozSireni genetické abecedy
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Modularni syntéza C-nukleosidu
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DNA s modifikovanymi nukleobazemi - aplikace
Bioanalyza/diagnostika
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Functionalizované ON a DNA s modifikovanymi bazemi

CHEMICKA SYNTEZA %*
Aplikace: '

O” 'N

fosforamiditova DMTrO O
syntéza na

pevném fazi
DIAGNOSTIKA / \;F‘yo\/\CN
N
CHEMICKA o T
BIOLOGIE g

pracna mnohakrokova syntéza modifikovanych
fosforamidita

omezena kompatibilita s fosforamiditovou
syntézou (l,, NH; atd.)

nizké vytézky pro dlouhé ON

NANOTECHNOLOGIE

ENZYMATICKA SYNTEZA

inkorporace polymerasou




Nova dvoukrokova metodika syntézy modifikovanych nukleovych kyselin
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Step 2: incorporationl

Reviews: Hocek, M.; Fojta, M. Org. Biomol. Chem. 2008, 6, 2233-2241.
Hocek, M.; Fojta, M. Chem. Soc. Rev. 2011, 40, 5802-5814.



Cross-coupling reakce dNTPs ve vodnych roztocich
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Reviews: Hocek, M.; Fojta, M. Org. Biomol. Chem. 2008, 6, 2233-2241.
Hocek, M.; Fojta, M. Chem. Soc. Rev. 2011, 40, 5802-5814.



Primer Extension (PEX) inkorporace modifikovanych dNTP

GGGTACGGCGGGTAC
5'—- CTAGCATGAGCTCAGTCCCATGCCGCCCATG -

DNA polymerase
dATP TTP dCTP dGTP

! CGT!CTCG! TCrGGGTACGGCGGGTAC -

— CTAGCATGAGCTCAGTCCCATGCCGCCCATG -

- -

U1 W

P| + C- CPA T- UBA A- ABAG- GPA
-
® - -

-
- - .
‘ - = >
- -
112 3 4 5 67 8 9 10




PCR inkorporace modifikovanych dNTPs

5'-GACATCATGAGAGACATCGCCTCTGGGCTAATAGGACTACTTCTAATCTGTAAGAGCAGATCCCTGGACAGGCAAGGAATACAGGTATTTTGTCCTTG-3"
- 3'-TTCCTTATGTCCATAAAACAGGAAC-5'

»

+ 3 x natural dNTP + functionalized dNTP (A1-A4 or T1-T2)

t}| PCR

5'-GACATCATGAGAGACATCGC-3'

functionalized A
5' -GACATCATGAGAGACATCGCCTCTGGGCTAATAGGACTACTTCTAATCTGTAAGAGCAGATCCCTGGACAGGCAAGGAATACAGGTATTTTGTCCTTG-3 "
3'-CTGTAGTACTCTCTGTAGCGGAGACCCGATTATCCTGATGAAGATTAGACATTCTCGTCTAGGGACCTGTCCGTTCCTTATGTCCATAAAACAGGAAC-5"

. . OR
functionalized T
5'-GACATCATGAGAGACATCGCCTCTGGGCTAATAGGACTACTTCTAATCTGTAAGAGCAGATCCCTGGACAGGCAAGGAATACAGGTATTTTGTCCTTG-3"'

3'-CTGTAGTACTCTCTGTAGCGGAGACCCGATTATCCTGATGAAGATTAGACATTCTCGTCTAGGGACCTGTCCGTTCCTTATGTCCATAAAACAGGAAC-5"'
PCR (20-40 cycles) ) 400 bp >
DNA polymerase, /YY\
3 natural dNTPs, dNTP

N ANANIANCANIANL/ 200 bp —>

3

long DNA containing high number of modifications in both strands




- Redoxni znaceni a kodovani DNA bazi
e

Angew. Chem. Int. Ed.

2008, 47, 2059 Chem. Eur. J. 2007, 13, 9527

SBn
Chem. Eur. J. 2011, 17, 5833
7N\ N\ — Elektrochemicka analyza
=N N= a minisekvenace
M = Ru or Os “M2'+bpy2 f }
Chem. Eur. J. 2009, 15, 1144 1V oV +1V

O,N

Eur. J. Org. Chem. 2009, 3519 Chem. Eur. J. 2011, 17, 14064

Aplikace v bioanalyze/diagnostice

Spoluprace s Doc. M. Fojtou (BFU), Prof. J. Barkem (PrF UK) atd. —
Centrum excelence grant (2012-2018)
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Multipotencialové redoxni kédovani nukleobazi
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Balintova, J.; Plucnara, M.; Vidlakova, P.; Pohl, R.; Havran, L.; Fojta, M.; Hocek, M.
Chem. Eur. J. 2013, 19, 12720-12731.



Nové fluorescenéni znacky pro DNA — studium interakci DNA-prote

Chem. Sci. 2012, 3, 2797

Sovatochromni
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N
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branénim rotace

OH
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©)

J. Org. Chem. 2012, 77, 8287

Sovatochromni a pH sensitivni

N NH,
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J. Org. Chem. 2012, 77, 1026
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DNA modifikace reaktivnimi skupinami pro biokonjugace

Barveni DNA

@)

H
©=

C H
\i Ci

Konjugace s peptidy/proteiny
obsahujicimi Lysin

2010, 49, 1064

3—@
S

CH=0

NH’\/\rCOR

NHR

o

-
.

Vyvijime dalSi bioortogonalni
reakce jinych reaktivnich skupin

Angew. Chem. Int. Ed.

Chem. Eur. J. 2012, 18, 4080

6369.5

‘ <+— -CH=N-peptide ——>
*e

.. <+— -CHO

primer

4675.0




Bioorthogonalni konjugace DNA s peptidy/proteiny - Michaelovy adice Cys

Primer extension ;. 10% SDS- PAGE

= a) Western blotting b) radiolabelled DNA
NZ =

Q Q 9 OAN kDa
0°P-0-P-0-P-0-\ 150 e
O._ é' é' 100 g
75 o=

dCVSTP OH S —
O 50 - e ey

37 e

dATP, dGTP, TTP

v

DNA polymerase

25

-
o - - b e e
L

‘ . DNA2'S_p53CD

1 2 3 4 5
+ - - - p53CD
- 4+ - - p53CD_C275S
+ - p53CD_C277S
-+ p53CD_R273H

Dadova, J.; Orsag, P.; Pohl, R.; Brazdova, M.; Fojta, M.; Hocek, M. Angew. Chem. Int. Ed. 2013, 52, 10515-10518.



Studium vlivu modifikaci na stépeni DNA restrikénimi endonukleasami

2 _TTG_LATTCACTCTCTTT—3 ., EcoRl

5'-TTG
3'-AACTTAAGTGAGAGAAA-5'

pLATTCACTCTCTTT—3'
3'-AACTTAApP

GTGAGAGAAA-S5'

NH, NH, // NH, 0 o)
=
J LY G fl/ b
N N~ N SN N 07N 0Z N
\ \ \ AN AN
o) o o) 0 o} o o) 0 o) 0
O O— O— O O
Afel, Pvull, Rsal, Rsal, Kpnl, Sacl, PspG/ Afel, Pvull, Rsal, Afel, PspGl
Kpni, PspGl, Sacl, PspG/ Scal, Kpnl, PspGl,
Sph! . , . . . Sacl, Afll, Bgill
P A, T — nékteré modifikace jsou tolerovany 9
NH
2 Afel
N N/ _ 228 & Ba
4 2888883 2 Siss
¥ e - § L -
C — zadné modifikace nejsou tolerovany nmanens e Bapr

A Sk gl L UG )
Macickova-Cahova, I.: Hocek, M., Nucleic Acids Res. 2009, 37, 7612-7622. 't f twmnmwess
Macic¢kova-Cahova, H.; Pohl, R.; Hocek, M. ChemBioChem 2011, 12, 431-438.



Prechodné chranéni DNA proti stépeni RE

Recognition

site for Rsal
PCR

KOD XL
polymerase

Kielkowski, P.; Maci¢kova-Cahova, H.; Pohl, R.; Hocek, M.

Angew. Chem. Int. Ed. 2011, 50, 8727-8730.



Nova protektivni strategie klonovani a exprese genu

production of TdaD protein from Phaeobacter gallaeciensis using Hisg-tag and pET28c+ plasmid

C) Necol
5—>3 5—>3

template g | | | g
Start Ncol Stop

J«—5 3 <«t—5
Xhol

PCFT‘EQE g' NFOI* * * Ncol* * 3'

(OATR) S p————

Pd(;\l-:raEgETP 5' ‘*NCO|* ‘*’ * *XTO| ‘

‘ : D S T 5

PCR 3 5 N"COI* * * *Nicol * * Xfi'iol 3

(@ATP) 97 ¥ ¥ ¥ ¥ % °

D) Ncol Xhol @
/
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expression thioester
» hydrolase

SiEt;
» NH, .‘f-"f:“‘
JATP = dATESETP = N)\l:\g
g ¢ 9 RN N
0-P-0-P-0-P-0 o
o " (o)
OH
B) C)
400 bp-
400 bp-
100 bp- 100 bp-
L 1 2 L 1 L12345
D) 3 E) ;
6 kb- w S - =)
4kb—-=- =1
- - -y
-— 20 kDa- «-
- 14 kDa- == = S
R
L 1 2 L 1 2 3

Kielkowski, P.; Brock, N. L.; Dickschat, J. S.; Hocek, M. ChemBioChem 2013, 14, 801-804.



Synthesis of base-modified dNTPs .
aseous Sonogashira o Examples from the Hocek lab:
Jj, cross-coupling H‘N =
|
o o o oW o 9 o oW
O-P-0-P-0-P-0 0-p=0-pP-0-P=0 0 - Angew. Chem. Int. Ed.
o o O Pd(OAc)z TPPTS O O O dNTP | 2008, 47, 2059 Chem. Eur. J. 2007, 13, 9527
O Eéso'ﬂbAwaatef S-substituted | SBn
pyrimidine dNTPs
NH, | Aqueous Suzuki NH, N\ Chem. Eur. J. 2011, 17, 5833
cross-coupling = ;
’}'\’ T NI =N Redox coding of DNA bases
N N I*\ N - “M2H
o o o N (HO),B o o o N M=RuorOs M*bpy,
0-P-0-P-0-P-0 0-F-0-F-0-B-0 Chem. Eur. J. 2011, 17, 14064
0 0 , »
5o & \§ J oA 6 b & Chem. Eur. J. 2009, 15, 1144
Cs,C0g, TPPTS 7-substituted
OH ANhwater, 100°C 7-deazapurine dNTPs OH

A) Primer extension (PEX) Incorporation of the modified dNTPs Eur. J. Org. Chem. S
to DNA by polymerase 2009, 3519
N Inhibition of DNA methylation 2011, 50 8727

Chemical protection
against cleavage by REs

Nucleic Acids Res. 2009, 37, 7612
ChemBioChem 2011, 12, 431

DNA polymerase,
3 natural dNTPs,

J. Org. Chem. 2011, 76, 3457

shorter DNA containing
several modifications in
one strand

Bioconjugations

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

Solvatochromic fluorescent
probes

B) Polymerase chain reaction (PCR)

- HoN N
IRONNNNANN
J. Org. Chem. 2012, 77, 1026
PCR (20-40 cycles)
3 natural dNTPs, dNTP %
Chem. Sci.,
2012, 3, 279
N\ZANCANZAN//
N ANAN o
A\ 0
R

N\ N
J. Org. Chem. 7/

long DNA containing high number of modifications in both strands 2012, 77, 8287

NH/WCOR

Chem. Eur. J. NHR
2012, 18, 4080
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