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Abstract 
High resolution proton NMR techniques have been used to study the interaction between the seif complemen- 

t~Dicke~ondodecamerd(CGCGAATTCGCG),and twodistamycin analoguescontaining aretroinvertedamide 
bond. The results indicated that both analogues, although binding the Dickerson dodecamer less strongly than 
distamycin, span the central AATT segment in the minor groove in a similar fashion. 

Investigation of the binding of small ltgands to DNA is an imponant topic in physical as well as in medicinal 

chemistry. In fact, due to the central role of DNA in the regulation of blochenucal processes, compounds capable 

of interaCting with it exhibit a wide spectrum of annviral and antttumoral activity and the comprehension of the 

pmeters governing the binding is a significant step in a rational approach to design new drugs which perform 

their action at the gene level. Many biophysical studies of the interactson of small molecules with synthetic 

oligonucleotides are currently carried out both in the crystalhne state and In solution, where Nuclear Magnetic 

Resonance has resulted to be the most powerful tool for the analysis of the structure and dynamics of drug-nucleic 

acid complexesi. In this context the natural oligopeptide antibiotic distamycin m has received parncular attention 

as a model of compounds which bind prefe~ntially to the AT rich region in the minor groove of the ~ght-Hyde 

B-DNA double helix. It has been shown that the molecule adopts a planar crescent-shaped conformation that 

enables it to fit snugly in the narrow minor groove forming close Van der Waals contacts between the hydrogens 

of the pyrrole rings with C2H protons of adenine moieties, as well as hydrogen bonds between the amide hydrogen 

atoms and the N-3 of adenines and O-2 of thymines. The AT binding specificity is explained by the presence of the 

guanine ~groups lying in the minor groove of GC rich regions which sterically inhibits the penetration of the 

molecule*. 

In order to give a further insight in the mode of interaction of small non-intercalating ligands to DNA and, 

PartiCUlady, to get information about the relative weightof the vanous factors which are responsible for the binding, 

we have undertaken a project dealing with the study of the complexes formed between some distamycin analogues 

and synthetic fragments of DNA. In this frame we have been mvestlgating two compounds which differ from 

distamycin in possessing a retroinversion at the level of the first (2) or the third (3) amide bond and we present here 

‘H-NMR data’ on their interaction with the Dickerson dodecamer d(CCCGAATTCGCG),. 

The two distamycin analogues 2 and 1 have been synthesized as described previously”. The self complemen- 

tary dodecamer d(CGCGAATTCGCG), was prepared using a Beckman 2OOA synthesizer. purified by ion 

exchange HPLC on a Partisil 10 SAX column using linear gradient of KH,PO, 20% CH$N, pH=7 from 10 mM 

too.35 M and desalted by gel titration on a Biogel P2column. Double strand DNA concentration used in the various 

NMR experiments ranged from 1 to 4 mM, in buffer consisting of 10 mM sodium phosphate fpH 7.00) and IO mM 

sodiumchloride. Both drugs and DNA concentration were determined spectrophotometrlcally using the appropria- 

te extinction coefficients. 
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A prerequisite for the study of the interaction drug-DNA IS the assignment of the signals of both components 

in the complex. In the case of the complex formed between dtstamycin and the Dickerson dodecamer, this was 

accomplished by transferring the mformation gained on the free oligonucleottde by sequence specific assignment 

to the complex through 2D exchange and 1D NOE (in H,O) NMR experiment9. The situation was quite different 

for the complexes between the same dodecamer and the two analogues 2 and 3. In fact, both compounds are less 

active than distamycin and, accordingly, they show higher rate of dissociatton with DNA” thus formmg kinetically 

instable complexes on the NMR time scale. Therefore, when a less than equtmolecular amount of drug is present 

in the solution, no apparent doubling of DNA or drug proton resonances is observed except for a broadening of some 

signals in the complex formed between 2 and the dodecamer (at 290°K) which turn in sharper peaks at higher 

temperature (>310”K). The srgnals of most of the aromattc protons in the complexes have been consequently 

assigned by inspection of spectraobtamed at several pomts in a titration of thed(CGCGAATTCGCG),duplex with 

2 or 3. 

Fig. 1 shows the aromatic region of the ‘H spectra of the mixture 1: 1 of d(CGCGAATICGCG), with 3 (a) 

and the dodecamer alone (b) in D,O solution whereas in table 1 are reported the variations of chemical shifts for 

aromatic, HI’, H2’ and H2” protons of the same dodecamer Induced by formatton of the complex with 2 in 

comparison with the corresponding data for protons which have been positively identified in the complex with 

distamycir?. 

From these data it is apparent that the binding of the dodecamer with 2. and 2, as in the case of dtstamycin, 

results in the largest shift differences for the central four -AATT- base pairs. Similarly, the C2H resonances of A5 

and A6 are drifted downfield while those of the other more affected protons, namely C6H of T7 and T8, are shifted 

upfield. 
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Fig 1. Aromatic regton of 500 MHz ‘H-NMR spectrum of the dodecamcr d(CGCGAATTCGCG),alone (b) and in presence of an 
equimolecular amount of the analogue 2 (a). 

Table 1: vartattons of chemical shafts (ppm) of DNA resonances caused by the presence of eqtnmolecular amounts of distamycin 
0 (AS 1)’ and of the analogue 2 (AS 2)h 

Proton A6 1 A62 Proton A6 1 A6 2 

Cl C6H 
Cl CSH 
Cl Cl’H 
Cl C2’H 
Cl C2”H 
G2 C8H 
G2 CI’H 
G2 C2’H 
G2 C2”H 
c3 C6H 
C3 CSH 
C3 Cl’H 
C3 C2’H 
C3 C2”H 
G4 C8H 
G4 Cl’H 
G4 C2’H 
G4 C2”H 
A5 C8H 
A5 C2H 

A5 Cl’H 
A5 C2’H 
A5 C2”H 
A6 C8H 

A6 C2H 

A6ClH 
A6 C2’H 
A6 C2”H 

0.00 

0.00 

0.00 

0.06 
0.28 

-0.05 
-0.10 
-0.20 
0.42 

0.00 
-0.14 
-0.5 1 
-0.59 
0.58 

0.01 
0.02 
0.00 
0.00 
0.00 
0.01 
0.01 
-0 03 
-0.02 
0.01 

-0.02 
0.01 
0.01 
-0.06 
0.04 
-0.07 
0.00 

-0.01 
-0.02 
-0.10 

0.35 
-0.05 
0.10 
-0.07 

-0.43 

0.1.5 
0.04 
0.12 

T7 C6H 
T7 CI’H 

T7 C2’H 
T7 C2”H 
T8 C6H 

T8CI.H 

T8 C2’H 
T8 C2”H 
C9 C6H 

C9 CSH 

C9 CI’H 
C9 C2’H 
C9 C2”H 
GIO C8H 
GlO Cl’H 
GlO C2’H 
GlO C?“H 
Cl1 C6H 
Cl 1 CSH 
Cl 1 Cl’H 
Cl 1 C2’H 
Cl 1 C2”H 
Gl? CSH 
GI2Cl’H 
G12 C2’H 
G12 C2”H 

0.16 0.09 
0.22 0.23 
0.45 

0.18 
0.14 

0.23 0.18 
0.31 
0.45 0.37 
0.60 

0.22 
0.14 

0.07 0.12 
0.3.5 
0.00 0.09 
0.13 
0.21 0.24 

0.13 
0.16 

0.07 0.03 
0.07 0.02 

-0.03 
-0.01 

0.00 0.01 
0.04 0.00 

0.01 
-0.03 
-0.01 

0.00 -0.01 
-0.01 
-0.03 
-0.02 

_ 
a. The loss of the symmetry of the DNA duplex caused by bmdmg of dlstamycm and the slow rate of dtssoctatton of the complex 

lead to a doublmg of many DNA resonances over the spectrum. 
b. The resonances for H 1’. H2’and H2” of the DNA m the complex have been asstgncd by a combinauon of NOESY and COSY spectra. 
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These data indicated that both analogues, although binding the Dickerson dodecamer less strongly than 

distamycin, also span the central -AATT- segment in a similar way. This interaction could be confirmed in the case 

of the complex with compound 2 by observing the Nuclear Overhauser Effect (NOE) between proximal protons 

from both drug and DNA’. Prehminarly, it was necessary to ashign resonances for the protons on the concave side 

of the curved molecule of compound 2 in the complex. This was accomplished as follows. 

In the free drug the six aromatic protons resonate as broad singlets in the region from 6 7.6 to 6.8 (D,O 

solution). The distinction between a- (6 7.59, 7.24, 7.24) and p- (6 7.30, 6.98, 6.90) pyrroic protons was 

straightforward, based on the NOE effect observed for H-5 signals by irradiation at the methyl groups‘ resonances. 

Then, the mutually long range coupled signals at 6 7.59 and 7 30 could be confidently assigned to H-S and H-3 of 

the pyrrole ring 1 on the basis of their higher chemical shafts. The latter resonance in the complex was identified 

as the singlet at6 7.08, partially overlapped to the T7 C6H signal, by following the variation of chemical shift during 

a titration of the drug with the dodecamer and was the starting datum to assign the other important signals for the 

drug protons, namely H-3 of ring 2 and 3 and the twocentral amide protons, through a NOESY experiment in H,O 

(fig. 2). In this solvent not all the exchangeable protons could be observed: among the signals present in the 

spectrum, thesingletat6 lOS4showed twocrosspeakswith the signalsat67.08 (H-3ofring l)and67.03, whereas 

theprotonresonating at 6 9.67 was correlated with proton:, resonating at 6 7 03 and 6 6.77. Consequently, the signals 

at 6 lo.54 and 9.67 were identified as the resonances of the amide protons NH-2 and NH-3 respectively, and the 

signais at 6 7.03 and 6.77 could be assigned to H-3 protons of ring 2 and 3. respectively. 

Fig. 2. Part of 500 MHz NOESY (Tm NH-’ 
300 msf spectrum in H,O of the com- 
plex ofthe analoguez iith the dodeca- 
mer d(CGCGAATTCGCG), showing 
the intramolecular and uttermolecular 
NOE contacts of the amide protons 
NH-2 and NH-3 of the drug. 

Once identified most of the drug proton resonances in the spectrum of the complex. the binding configuration 

was established from the mtermolecular NOES observed between compound 2 ,md the DNA through a series of 

NOESY spectra in D,O performed at dtfferent mtxing tunes ( 100, 150, 300, SO0 ms). These spectra contain both 

lnte~oiecular NOES used to assign HI’, H2’ and H2” DNA resonances followmg the seyuencial connectlvlties*, 

and intermolecular NOES to identify drug-DNA contact points (fig. 3). The above cited H,O NOESY also showed 

two intermolecular contacts between both the twocentral amide prntnnz and the C2H proton of adenine 6. No other 

cross Peak involving exchangeable resonances could be noticed in this spectrum. 
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Fig. 3. Part of 500 MHz NOESY (Trn 300 ms) spectrum in D20 of the complex of the analogue 2 with the - 
Dickerson dodecamer showing the DNA intramolecular base-Hl’ cross peaks and the intermolecular 

NOE contacts (in boxes) involving the p protons of the pyrrole rings in the drug. 

The results of these experiments are summarized in table 2. Among the most intense peaks there are 

those correlating the three H-3 protons of the pyrrole rings with the C2H hydrogens of the adenine moieties, 

thus clearly indicating that these protons are the points of closest contacts between the drug and DNA. The 

above data provide direct evidence that the drug molecule indeed binds the central-AATT-sequence of the 

Dickerson dodecamer as in the case of distamycjn. Quantitative NOE measurements are currently in progress to 

get a better determination of the complex in solution with the aid of computer methods. 

A significant feature of the interaction of distamycin and other minor groove binders with symmetrical 

DNA fragments pertains to the presence of two equivalent and exchanging ligand binding sites on the 
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Drug proton DNA proton 
H.i- 1 AS CZH 
H3-1 AhC!‘H 
H3-2 Ah CZH 
H3-2 l-7 C1.H 
H3-3 Ah CIH 

Drug proton 
Hi-3 
H3-3 
NH-1 

NH-? 

DNA proton 
T7CI.H 
TRCI‘H 
Ah C’H 
Ah C’H 

ohgonucleotide sequence. When the kinetics of bindrng is siow on the NiMR time scale. the\ process IS supported 

by the presence of exchange cross peaks ~on~~e~t~~~~ two DNA r~m~ances in the comple\ that were originally 

dertved from a symmetry related pair (the binding of the asymmetrtc drug ~~~olecule to the ohgomer destroys the 

symmetry of the duplex)‘. The high rate of dtssoctatton of the complc\es formed by compound Land F with the 

dodecamer and the consequent absence of doubling of any resonance 111 the ‘W- NMR spectrum prevented us from 

observing such an exchange of the ltgands between the wo btndmg sues of the DNA sequence. 

This study along with the irlvest~gation of complexes formed bytandlor other dtsuuuycm analogues wtth 

related DNA sequencex will allow to better understand the force responstblr for the mter‘tctton of the.se minor 

groove binding molecules with DIVA. The prelimtnary resultsdescrtbed here \etrm toemphastzr the role played by 

the hydrogen bonds involvmg NJ+ 1 and NH-3 in the bmdtng of the natural ;ultlbiotw dwilnycln to DNA. At the 

moment, the lack of these mteractton\ appears to be the sole cause why the Dtchcrson dodecamer embodtes 

~ompound~and~ tn the mmor groove lesz, efftctently than dtstam! cm. In fact, molecular modehng of ~~~ll~pound~ 

2 and 3 indicated that both molecules can assume a cre\cent shape w h~ch &ould match the curvature of the minor 

groove as well as dtstamycin, thus allowing Van der Waals interactloll between the sowtx pyrrole5 of the drug 

and adenine rings to occur. This concl~~ot~ IS supported, tn the ~‘a+e of the cornpIe\ of 2 urth the Dtckcrson 

dodecamer. by the intense NOE rntrrmolecular cross peaks I~VO~VII~ g the pt-oton\ helong~ng to the above cited 

moieties. 
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