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\ Introduction

Abstract: Our recent studies on charged nucleic acid bases
suggest that the most stable ionic tautomers might be structurally
different from the most stable neutral species. In most of the
cases these molecular systems cannot be predicted with

Hybrid QM-C Approach

Hybrid quantum mechanical-combinatorial (HQM-C) approach allows for
screening of combinatorially generated library of structures, which properties are
calculated with QM methods. The algorithm (flowchart below) consist of 3 major

common chemical knowledge. For example, we were able to
identify the most stable tautomers of anionic nucleic acid bases
among not-studied so far enamine-imine tautomers.

Therefore, we have described a hybrid quantum mechanical-

steps marked in blue.

Structures are generated with
TauTGen program. They are stored
in Carlesian coordinates (.xyz files)

Management of files with

combinatorial (HQM-C) procedure for identification of low energy
tautomers of a molecule. The procedure consists of (i)

coordinates and preparation of
input files (for QM calculations)
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(Generate strum@

combinatorial generation of a library of tautomers, (ii) screening
based on the results of geometry optimization of initial structures

performed at the density functional level of theory, and (iii) final or all

done with UNIX commands and
shell scripts

refinement of geometry for the top hits at the second order
Moller-Plesset level of theory followed by single-point energy
calculations at the coupled cluster level of theory with single,
double, and perturbative triple excitations. The library of initial

job execution.

structures via parallel

Prepare to perform calulationsT™
These steps are done
f

NWChem or Gaussian98/03
jobs executed via queuing
system of computation server

Perform QM calculations——c

Analyse outputs and
take action if needed

structures of various tautomers is generated with TauTGen, a
tautomer generator program.

The identified most stable tautomers where analyzed at two levels.
First their geometries and properties where calculated with
quantum chemistry methods. Second, the whole set of tautomers

Set of Perl scripts 1o extract

important information from
NWChem/Gaussian output files
(e.g. httpi/igaussot sf.nef) )

Prescreen the results ==

Perform higher level calculations (=
[for top hits identified in prescrsening
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was analyzed using chemoinformatics methods. 2D substructure
features of a set of nucleic acid bases tautomers were coded into

level MP2 geometry optimizations and
frequency calculations. NWChem or Molpro
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Screen the results
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used for all higher level calculations.

using substructure analysis approach. We were able to identify
structural features that seem to be correlated with high stability of
particular ionic tautomers.

Generation of Tautomers

TauTGen — the TauTomer Generator program builds desired tautomers
from a frame of heavy atoms and a number of hydrogens.

ALL
TauTGen TAUTOMERS
P —>  WITHIN
i SPECIFIED
CONSTRAINTS

TauTGen generates all possible combinations how to distribute all
available hydrogens among all defined sites..

Niites
Number of combinations =
Nhydrogens

Sites and molecular framework

For each generated combination TauTGen checks constraints in the following order:
» constraints on the maximum and minimum number of hydrogens at each atom of
molecular framework
site constraints (see below)
» stereoconfiguration check to reduce the number of sterecisomers to a set of
» diasterecisomers (Enantiomer detection is done by comparing stereoconfiguration

fingerprints)
These sites aw
used to build I

rotamers

These sites are used to
build stereois

These sites are active only if C8
/ has two hydrogens (sp3
hybridization of C8)

This site is active if C8 has
only one hydrogen (sp2
hybridization of C8)

Future of HQM-C |

Tautomers

-Proton transfer
-Developed tools: TauTGen, GOT
-Characterization at the DFT level
-Library size: ~500 molecules
Congeners
-Substitution with halogen atom
-Software tools: ConGener
-Characterization at semiempicical level
-Library size: ~100000 molecules
Any derivatives (application in molecular design)
-Substitution with any group
-Tools: in preparation
-Characterization at semiempirical or DFT level
-Library size > 2000000

2005-2006

2007

Complication level

2008 (?)

Various Persistent Organic Pollutants exist in the environment as families of
halogen substituted congeners (molecules based on the same carbon skeleton
but different by a substitution pattern). To facilitate computational studies on these
species we developed ConGENER software package. The main program
combinatorially generates all congeners of a parent molecule. The quantum-
mechanical calculations provide descriptors used for QSAR/QSPR calculations to

perform environmental toxicity studies.
substituents  (like methoxy- or
number of derivatives was tested in
chemical space using HQM-C
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Similarity between orbital holograms
A and B is calculated using
Euclidean distance

SOMO orbital
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Hierarchical group-average
agglomerative clustering and
substructure analysis (based on
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Clustering using Tanimoto similarity

Clusters (n_act/n_tot)
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Dendrogram confirms

weighted fingerprints) was performed
for a reduced set of 165 tautomers.

Most of adiabatically bound anions
are grouped in one cluster

G(N2,NL,N3,2C8), G(N2,N1,N7,2C8),
G(N9,N2,N1,2C8), G(2N2,N1,2C8),
G(N2,N3,N7,2C8), G(N9,N2,N3,2C8),
G(2N2,N3,2C8), G(N9,N2,N7,2C8),
G(2N2,N7,2C8), G(N9,2N2,2C8).
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Common feature is the presence
of two hydrogens on C8

The substructural features unique to adiabatically bound anions of guanine are:
* Absent hydrogen at C2, when there is a hydrogen at C4 or C6
* Absent hydrogen at C4, when there is a hydrogen at C2 or C6 or N7
» Absent hydrogen at C5, when there is a hydrogen at N3 or N1 or C8 or N9
* Absent hydrogen at C6, when there is a hydrogen at C2 or C8 or N7
» Absent hydrogen at C8, when there is a hydrogen at C5 or C6
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that adiabatically bound
anions (G1-G14) are
different from G and GN.

Clustering

In the later step of
clustering one cluster
with all top five (and 7
in total) most stable
tautomers is formed.

G GN G6G11 G1G12G3 G2 G8 G9G13 G14 G5 G7 G10 G4

Similar orbitals but

Different orbitals but similar vDE ~ Si9nificantly different VDE

Summary

The hybrid quantum mechanical-combinatorial approach was used to identify low
energy tautomers of anionic guanine. Many previously unknown tautomers turned out

to be more stable than any of the previously known tautomers.

We employed chemoinformatics techniques to characterize these new species. We
identified structural features that seem to be correlated with high stability of particular
anionic tautomers. We could demonstrate that the majority of the most stable anions
are very similar as they are grouped together during clustering. At the same time, the
analysis of SOMO electron density demonstrated that these new species are

significantly different from the anions of the most stable neutrals.
The future extensions of HQM-C approach are presented.
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