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excellent concordance between prediction and experiment.
The methodology is readily generalizable to other protein
families and pathways.
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Method

* Protein with multiple ZNF domains.
* Select “exemplars” from a filtered list of 126 ZNFs [3]

identified via an amino acid pattern-based search
methodology and annotated as DNA repair proteins.

* Use bioinformatic filtering of Protein Data Bank (PDB) [11]
atomic structure files to exclude ZNFs that contain no Zn
ligand.

* |terative refinement of As binding affinity
predictions via comparison with experiment.

* Application of QM/MM methods to study
ZNF domains in full protein structural context.

Thus, the relative binding selectivity of As versus Zn for a given
protein is given by AAGnind [8] Which is simply related to the
free energy difference from Egs. (1) and (2).

Introduction

In practice, we evaluate the free energy contribution to the
binding affinities by using the expression from the first line of

Eq. (5).

* Manually filter the remaining 71 ZNFs to exclude those with >
1 zinc ligand.

e Extract PDB structure IDs for each candidate ZNF using
automated scripting.

* Select candidate PDB X-ray or NMR structure files for
guantum mechanical calculations based on analysis of
reported resolution and date of publication.

Computational Details
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* All calculations were performed using the Gaussian 09 [13]
electronic structure code with the B3LYP exchange-correlation
functional (B3LYP) [9,10] which gives a high average accuracy
of order 2 kcal/mol for thermochemistry.

 Extract corresponding atomic coordinates for the first-level
amino acid shell surrounding the metal ion from PDB

structure file.

Figure 1: Zinc fingers are relatively small protein domains that involve a tetrahedral
interaction between at least one zinc ion (orange sphere in figure) complexed with cysteine
and histidine residues. (a) from Ref. [5]. (b),(c) from Ref. [4].
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* Geometries for all exemplar proteins were first optimized on a
6-31+G™* basis set, then on a 6-311+G* basis set, and finally on
a 6-311++G** basis set.

* During the optimization process, bond length constraints
were imposed to preserve the rigidity of the protein backbone
and prevent unrealistic geometry changes.

* Use Avogadro visualization tool [12] to replace zinc atom with
arsenic for each ZNF motif and perform geometry
optimization.

Arsenic and DNA repair

* Arsenic is an established human carcinogen.

* It can also amplify the carcinogenicity of other DNA damaging
agents, e.g. UV radiation [1], thus acting as a co-carcinogen.

* One proposed mechanism for carcinogenic and co-

. . . . * The bonds bet Zn/As and its four directly- ted
carcinogenic actions of arsenic is inhibition of DNA repair. e bonds between Zn/As and its four directly-connecte

. . atoms in Figure 1 were all held fixed.
* This also suggests a strategy to augment chemotherapeutic

regimens via As inhibition of DNA repair.

* Two DNA repair proteins, PARP-1 and XPA, have been found to
be direct arsenic targets based on arsenic interaction with
their C;H, and C, zinc finger (ZNF) domains [2].

* Vibrational analysis was performed for each fully-optimized
structure at the 6-311++G** |evel and imaginary frequencies
were not found, indicating that the optimized structures
correspond to energy minima.

1D4U (XPA,Ca) 1SP1 (SP1,C2H2)

2130 (PARP-1,C3H)

Figure 2: Molecular structures of ZNFs in different DNA repair proteins. Designation “2L30 (PARP-1,
C3H)” indicates “PDB accession ID 2L30 for ZNF PARP-1, C3H-type motif”;
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