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has provided a lead for the development of new anticancer drugs
but also has led to the validation of topoisomerase | (topl) as a

Major groove

chemotherapeutic target. Topl is a nuclear enzyme responsible Major groove c TTTTTTiwa
for solving the topological problems associated with DNA replica- €1 +1G [ ’—* ........

tion and transcription by nicking and resealing one strand of DNA ~ -f------ L -- ‘_‘ _ "TT_

. ] . A | ] AT Nonscissile o Scissile
in a DNA duplex® These processes are achieved by a reversible — 2 scissile ]
transesterification reaction between Tyr723 of top1 and the phos- N°"S°'S:;i':or WMO HO? Minor groove
phodiester bond of the DNA. The X-ray crystal structure of the g £ d E

ternary complex consisting of DNA, top1, and topotecan (THT,

a therapeutically useful analogue of CPT, shows that the pentacyclic
ring system of CPT intercalates into the DNA base pair step at the
cleavage site, resulting in increased physical distance between theTable 1. The MP2 Energies of Models A—F

cleaved DNA termini and, consequently, inhibition of the religation  models Eve (aU)? AEypg® Eye (aU)° N

step catalyz_ed_ by topfilinterestingly, none of the thr_ee previous_ly —3188.935708 000 3188903671 0.00
proposed binding models of CPT at the cleavage site are consistent —3188.867778 42.63 —3188.828201 47.36
with the X-ray crystal structure.” —3188.899863 22.49  —3188.860667 26.99

Figure 1. Two-dimensional schematic representation of different orienta-
tions of camptothecinl) in the cleavage site.
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Previous experimental data have shown that CPT has a strict —3188.921567 8.87  —3188.888630 9.44
requirement for T at the-1 site and a strong preference of G at :gigg'gggggg 15'32 :gigg'ggéggé ;gi

the +1 site of the cleaved straffdThis sequence preference was
observed both in vitro and in viv®? The reason for this sequence aMP2 energies without BSSE.AEyp; and AEypz refer to the energy
selectivity has not been explained. Since 60% of the solvent- difference (kcal/mol) between modaland other models: MP2 energies
accessible surface areais covered by base-stacking interactions with BSSE.

and only one direct hydrogen bond is present between top2,4nd  The three resulting individual structures were utilized to replace
we hypothesized that the primary—s stacking interactions the original units in the complex in step 2, resulting in moAel
between CPT and the flanking base pairs would dictate the binding (Figure 1)1 (5) CPT was then rotated to different orientations in
orientation of CPT at the cleavage site, as well as the immediate the intercalation complex, and the ethyl group was minimized in
DNA sequence selectivity. The computational evidence to support every orientation to avoid any steric clash using the MMFF94 force
this hypothesis is the subject of the present communication. field and MMFF94 charges in Syb¥#,providing model8—F. (6)

The models used in the calculations were constructed by the These six models were then subjected to a single-point energy

following steps. (1) Topotecan and the flanking base pairs were calculation at MP2/6-31G(d), where the basis set superposition error
extracted from the crystal structure (PDB 1KA4T). (2) The deoxy- (BSSE) for the complex was calculated using the counterpoise
ribose rings were replaced by methyl groups, and the substituentscorrection method? It is important to include electron correlation
on positions 9 and 10 of TPT were replaced by hydrogen atoms. to accurately represent the stacking interactigns.
(3) The energies of the camptothecin molecule; TAbase pair, The calculated MP2 energies of the six models are listed in Table
and G-C base pair were each optimized separately at the HF/ 1. In contrast to the previous molecular mechanics calculafions,
6-31G(d,p) level of theory in Gaussian®3A frequency calculation this MP2 calculation, with or without BSSE, clearly demonstrates
was included in each case to ensure the structural minimum. (4) that the experimentally observed modelhas the lowest energy
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I The cleavage sites stabilized by CPT in the SV40 viral genome
- > Eint .
+C_— D DNA were analyzed extensively by Pommfeaind the frequency
EE'D Ecpr - of the CPT sites for four different sequences is presented in Table
b lE1 Ecomplex 2. All of the observed CPT sites show large interaction energies
- A (entries 1+4). Although the possible CPT sites, as demonstrated
+ | by the relatively large interaction energy, shown in entries 6 and 7
- Ecer were not detected in the SV40 genome, a high correlati®r=(
Ebp' 0.968) between the interaction energy and the known frequency of
Eint = E1 + E2 = Ecomplex - Ebp - EcpT - BSSE  Eq (1) CPT sites was observed (Figure 283uggesting that the intercala-

Figure 2. Schematic and mathematical representatioB;@f Ep, andEpy tion energy is a pre_d(_)mlnant, if not exclusive, factor governing
are the respective energies of the base pairs in their normal distance andhe sequence selectivity of CPT.

their separated distance as seen in the complex. In conclusion, the binding orientation of CPT in the DNfopl
Table 2. The Interaction Energies (kcal/mol) Calculated at the Cleavag_e site was studied by a!n ab. initio_quantum mechanics
MP2/6-31g(d) Level of Theory and Observed Frequency of calculation, and the calculated orientation was found to match that
Different CPT Sites in the SV40 Genome observed experimentally. Furthermore, the DNA sequence selectiv-
entry e e Ex(MP2) frequency (P)% ity of CPT was studied, and a good correlation was observed
between the calculated interaction energy and the frequency of CPT
1 T G —6.69 75 o : ) ;
> T A 597 16 sites in the SV40 genome. Since the calculations only invelve
3 T C —557 7 stacking interactions and are capable of predicting binding orienta-
4 T T —4.48 2 tion and binding site selectivity, it can be concluded that hydrogen
5 G T —2.76 Ng bonding of the ligand to the surrounding amino acid residues of
S g g :g'gg ND’ the protein, or to the base pairs, is of minor significance. The present
8 A G ~303 ND method should be applicable to other polycyclic topl poisons to

generate similar models for further structure-based drug design.

a2The bases listed correspond to those next to the cleavage site on the
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among the six models. Although the long axis of CPT is paralle
to the long axis of the base pairs in all the four mod&tsD, the
energy differences without BSSE range from 8.87 to 42.63 kcal
mol. These energy differences can be rationalized based on Supporting Information Available: Three-dimensional presenta-
electrostatic complementarity between CPT and the flanking basetion of modelsA—F and their Cartesian coordinates. Electrostatic
pairs (Figure 1S} Apparently, modelsB and C experience potential surface maps of CPT and base pairs. Correlation figure of
electrostatic repulsion between CPT and the neighboring base paird=int Versus frequency. This material is available free of charge via the
(Figure 1S):! The other two model€E andF, having CPT’s long Internet at http://pubs.acs.org.

axis perpendicular to that of the base pairs, surprisingly show
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