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2D NMR Spectroscopy 

allows magnetic interactions (correlations) between spins to be detected and 

depicted in a 2-dimensional diagram. 

NOE = Nuclear Overhauser Effect 
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5'-TGAGCCG-3' 
3'-ACTCGGC-5' 

Chemical shifts of the non-exchangeable protons in a 

double-stranded DNA heptamer 

Scheek, R. M.; Boelens, R.; Russo, N.; van Boom, J. H.; Kaptein, R. 

Biochemistry 1984, 23, 1371-1376.  
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3‘-terminus: 

No 3‘-phosphate 

to deshield H2“  

Model of B-DNA 

(4 base-pairs) 



5'-TGAGCCG-3' 
3'-ACTCGGC-5' 

Chemical shifts of the non-exchangeable protons in a 

double-stranded DNA heptamer 

3‘-terminal nucleotide: 

no deshielding of H2“ by 

the 3‘-phosphate 

Scheek, R. M.; Boelens, R.; Russo, N.; van Boom, J. H.; Kaptein, R. 

Biochemistry 1984, 23, 1371-1376.  



5´ 

3´ 3' -terminus: H3' has no P to couple with 

 identification of the 3' -nucleotide 

5´ 

3´ 

The base proton has correlations with its own sugar, 

as well as with the 5'-sugar, but not with the 3'-sugar. 

OH 



Sekvenční konektivity 5´3´cukr-báze 

kroku 5´-GpT-3´ v kontextu B-DNA  

Konektivity 3´5´jsou podstatně delší! 

5´-G 

3´-T 
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Strukturní informace získaná ze spekter NMR 

 

1. Odstupy mezi atomy ze spekter NOESY (Nuclear Overhauser Effect 

SpectroscopY): intenzita cross-peaku  r-6 

 

2. Dihedrální úhly odvozené ze spin-spinových konstant získaných ze 

spekter COSY (COrrelated SpectroscopY) pomocí Karplusovy rovnice 

 

3. Informace získané z chemických posunů 

 

 

1., 2: Je možno zohlednit ve výpočtech molekulového modelování jako 

„restraints“ 

 

3.: Kvantifikace vlivu okolí na chemický posun je komplikovaná, proto jej 

těžko lze zohlednit automaticky při výpočtu struktury.  

 



V jiných pramenech má Karplusova rovnice tvar uvedený dole. Ukažte, že obě 

rovnice jsou ekvivalentní a vypočtěte vztah mezi koeficienty A, B, C a P, Q, R 

 
3JHH = Pcos2f + Qcosf + R 

http://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/spectrpy/nmr/nmr2.htm 

Velikost vicinálních spin-spin-interakčních konstant závisí na dihedrálním úhlu  

H-X-X-H. Tuto závislost popisuje tzv. Karplusova rovnice. 
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Molecular modeling is an ensemble of methods for the study 

of molecular conformations, based on energy calculations. 

It comprises geometry optimizations by minimizing the 

energy and molecular dynamics simulations. 
 

Empirical energy calculation: 

Force-field parameters (fix) Structural variables  {f(rN)} 





Two main techniques are used to optimize the geometry of a molecular model: 

1. Molecular mechanics calculations: Using an optimization algorithm, we 

move the atomic coordinates so as to minimize the empirical potential. 

2. Molecular dynamics simulations: We assign random velocities to the 

atoms, whose mean square corresponds to a chosen temperature. Then, in 

infinitesimal steps, we let the atoms move in the empirical potential. 

MD simulations allow us: 

- to describe the dynamical behaviour of the molecule and to include solvent 

- to overcome energy barriers 

- to estimate the Gibbs free energy of the solvated molecule 



Principal problem of Molecular mechanics calculations:  

For most of the molecules, many conformations close in energy exist, and 

our calculations are not accurate enought to define which conformation 

corresponds to the global minimum. 

Therefore, we have to check the calculated model against experimental 

structural data. 

This can be done by adding to the empirical energy a „penalty function“, 

accounting for discrepancies between experiment and the calculated 

model. 



From NOESY spectra, we usually obtain upper and lower limits for a given interatomic 

distance dj, dj
upper and dj

lower. A pseudo-energy term is then added for distances higner 

than the upper limit or lower than the lower limit: 

Similar penalty terms are added for deviations of dihedral angles from the 

experimental upper and lower limits. 











Context 

Cisplatin and Oxaliplatin are efficient antitumor drugs with 

different cytotoxic properties.1 The differences in their 

biological effects are believed to be related to different 

structural perturbations they cause to their cellular target, 

DNA. Oxaliplatin contains a chiral diamine ligand, and the 

question arises how the chirality affects the adduct 

structure. 

 

We are therefore investigating DNA oligonucleotides 

bearing adducts of cis-Pt(NH3)2
2+, Pt(R,R-DACH)2+, and 

Pt(S,S-DACH)2+, using NMR spectroscopy and molecular 

modeling. 

 

 1 E. Raymond, S. Faivre, S. Chaney, J. Woynarowski, E. Cvitkovic, Mol.Cancer Ther. 2002, 1, 

227-235. 

Příklad využití technik NMR 

pro strukturní studii 

 

 
Unexpected intrastrand-to-

interstrand rearrangement of 

Pt-GG crosslinks formed 

between an analogue of the 

antitumor drug cisplatin and a 

DNA duplex: Evidence for 

kinetic instability of Pt-N 

bonds 

 
Kubicek, K.; Monnet, J.; Scintilla, S.; 

Kopecna, J.; Arnesano, F.; Trantirek, 

L.; Chopard, C.; Natile, G.; Kozelka, 

J. Chem. Asian J. 2010, 5, 244-247 

 

 



A simple method to investigate the interstrand 

crosslink separately: heating to 40 °C  

At room temperature, the intrastrand and interstrand 

crosslinks form an approximately 1:1 equilibrium. 

Above 15 °C, the intrastrand crosslink starts to melt 

and at 40 °C, its signal coalesce and disappear from 

the NOESY spectra. At this temperature, it was thus 

possible to study the interstrand crosslink 

separately. 

 

 

An unexpected result 

In this work, we have prepared and purified the adduct 

with Pt(S,S-DACH)2+. During the NMR analysis, we 

observed that the intrastrand crosslink reversibly 

rearranged to a new species that we identified as an 

interstrand crosslink with the 5’-terminal G. 



500 ms NOESY spectra of a 2.6 

mM solution pH 7.2 (20 mM 

phosphate) containing 1 and 2  

peaks of initial species 

(Pt-crosslinked DNA duplex) 

Peaks of newly formed species 

(turned out to be a DNA duplex 

containing an interstrand crosslink). 

They correspond to a strongly 

shielded proton with many contacts. 
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crosslink 

1 

288 K 313 K 

Interstrand 

crosslink 

2 

No signal 

 

500 ms NOESY spectra of a 2.6 mM solution pH 7.2 (20 mM phosphate) 

containing 1 and 2 



3D model of the interstrand crosslink shows a very unusual DNA structure  

The methyl group of T7 (green) is 

intercalated between the two 

platinated guanines (yellow), with 

many contacts to other protons 

(blue). This intercalation resembles 

to that seen in recognition complexes 

between cellular proteins and kinked 

DNA. 

Conclusion 

Pt-N bonds are kinetically unstable and 

can break at physiologically relevant 

rate. 

Kubicek, K.; Monnet, J.; Scintilla, S.; Kopecna, J.; Arnesano, F.; Trantirek, L.; Chopard, C.; Natile, G.; 

Kozelka, J. Chem. Asian J. 2010, 5, 244-247  

The intercalation of thymine CH3 

between two guanines explains 

the strong shielding of this methyl 

group! 


