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I ntroduction

In the past several decades drug development imas adong way in testing assays of
medicinal compounds for drug activity potentialrtiRalarly, the areas of development
have been in computerized molecular modelingiarsdico assays that enable scientists
to test thousands of drug compounds simultanedosidrug potential on various
biological molecules, including proteins. Proteirave been of particular interest as drug
targets because proteins control body functionrevd many specific drug targets that
are highly specific to certain biological systemthim the body. Highly specific targets
are ideal for medicinal research because they thevlwest potential for negative side-
effects. Simulated docking procedures have beealdeed to fully understand how
ligands bind to proteins and these systems hava@eshanedicinal chemists to build
ligands that have high biological activity on piote Understanding docking sites and
docking mechanisms have given chemists even méamation on the process of
making ligand-protein complexes with desirable ertips.

One aspect of ligand-protein binding that has metbfully understood to date is the role
that water plays in both the docking process @rds and the stasis energetics of
proteins. Biological environments are aqueous,@otkeins are not only full of crevices
and caverns, ideal for water molecules to "slipt,ifbut also are covered with both
hydrophobic and hydrophilic regions. These regiaitiact or inhibit water from
interacting with the protein's different surfacasd the multiple hydrophilic regions
produce multiple H-bonding sites, filled with bd#hbond acceptors and donors. The
different regions on a protein that are filled withters can be strengthened or weakened
depending upon the arrangement of water moleculiswvthe protein. They can
furthermore inhibit or aid (by building H-bondingidiges between ligand and protein) by
slowing the conformational change of a protein eeeduring a docking procedure of a
ligand or by being in the ligand's way within theckling site on a protein. Obviously,
then, water is a large contributor to protein comfational change and complexing
abilities, both promoting and inhibiting it in vats ways.

Understanding how water interacts with the proigitherefore necessary to fully
understand how the protein and different ligandsract in different biological
environments. Further understanding the water/progationship and incorporating that
knowledge into a molecular modeling program woulebdjy increase the accuracyiof
silico assays in medicinal chemistry applications, aidiingcture-based drug design.



To date, much work has been done by Dr. Glen Kglktgvirginia Commonwealth
University, as well as many others. The primaryhudblogy developed to date has been
a system known as HINT scoring (Hydropathic INTémats). HINT is a developed
method of scoring water molecules by their hydrbgainteractions, giving a number

that shows the strength of the interactions thawtater molecule has with the protein at
a given site. The HINT score is a number develdpmd a non-Newtonian forcefield

that is based on the partition constant betweeatdrol and water (10§ o) [1, 2]. It

works as follows:
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The HINT equation is a simple representation ofitiberaction between two atoms [1].
andj are the two atoms represented in the above equhljids the interaction score
between the two atoma,is the hydrophobic atom consta$tis the atomic solvent-
accessible surface arélg; is a logic function that assumes the polar nadfirateracting
atoms (-1 or +1), anR;; is an exponential function that relates the distametween the
two atoms andj. rj; tells the distance betweeandj but is related to the Lennard-Jones
function [1].

Inherent within the HINT model is an incorporatioihenthalpy, entropy, salvation and
other energies, although they are not fully quatilé [4]. As such, HINT score is a
valuable number that represents a combinatorial skt that aids in estimating water
behavior within a protein.

Another factor that can be taken into account wingng to understand th ebehavior of
water molecules in proteins is called the Rank. Rhaak is essentially a method that
measures the number of H-bonds that a water meadmasd the ability to make in a given
location [3]. The Rank algorithm works as follows:
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Where 2.80 A is the length of an ideal hydrogendyase., between the water and an
external donor or acceptor, ands the actual distance between the water moleaue a
the target hydrogen binding site on the proteiis. maximally 4, as that is the maximum
number of H-bonds for a single water molecgigis the ideal tetrahedral angle between
all of the hydrogen bonds afghis the actual angle. This value is divided by 6ause
there is a maximum number of 6 angles.

Figure2[1]



Experimentally, Rank and HINT have both been usedhrious applications to aid
medicinal chemists in classifying water behaviocéntain proteins. What has not been
done, to date, is relating the Rank and the HINGrestogether with the goal of being
able to predict the probability of a particular @ratnolecule's behavior in any region of
the protein when the protein is complexed. It isdved that using the Rank values and
the HINT scores of various waters in various pragevould lead to several equations
whose results could be weighted and then run thraustatistical filter, out of which
would come the percent-probability of water beiataimed in a protein. Since HINT
score and Rank both incorporate the necessaryalatdculate such problems, it is
believed that this is the only data needed to caenthe probability.

Methods

The proposed method of developing the algorithipréalict the water molecule behavior
is as follows: to first prepare a training set afadof proteins that contain water
molecules of known HINT score and Rank. This tragnset will then be used to develop
the functions that will relate HINT score and Raaolpercent-conserved waters. Using
these two functions, a proper mathematical weightos established for each one before
using the results of each function in a Bayesiatisical function that will take the two
percent-conserved values predicted from both Radk-HNT score functions, and

output one total percent-conserved value thatesiiablish the likelihood of the

individual water being conserved.

Training sets have already been established tdajettee HINT score function and the
Rank function. They can be seen below:
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The Bayesian statistical analysis will also incogte a training set of waters with known
Ranks and HINT scores. This data set will use tthér “train” the Bayesian algorithm.

Once the Bayesian algorithm has been designed loaste training set, another set of
selected waters in proteins with known affinitiel e tested against the algorithm by
comparing the predicted percent-conserved wateligiren of the algorithm from the
realistic values. This will test the accuracy & thinction.

Potential Results

Using Bayesian statistics to analyze the percens@wation of waters has the potential
of giving molecular modeling programs the abilibyrtot only know the properties of
water molecules in a particular protein, but dlew they will affect the ligand-protein
binding process by determining if they will rem#ioe conserved) or not after the protein
has been complexed. The goal is to get the predi@&ayesian algorithm within 90% or
greater accuracy. This will be an excellent ang weseful addition to the HINT tool in
molecular modeling programs such as Sybyl.
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