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1 Introduction

The aim of my research is to produce a Bayesian model that will predict how toxic a pesticide
is when used on a certain plant.

One way of going about this research is to consider the shapes of the pesticide and protein
molecules. We can investigate to see whether a relationship exists between the similarity in
shapes of the two molecules and a given measure of toxicity.

To do this we will need to find a way of measuring the shape difference between the two
molecules. There has already been numerous studies in the area of matching two sets of la-
belled point coordinates, see Dryden, I.L. and Mardia, K.V. (1998). In our case, the situation is
more complex. Here we will list other factors that cannot be overlooked when finding an atomic
match between a protein and a pesticide molecule.

1. The atoms are unlabelled so we have n!
(n−m)!

combinations of atomic matching to consider
where m and n are the number of atoms in the pesticide and protein molecule respectively and
usually m < n. Below is an example showing three possible matches of two given molecules.
The circles represent the atoms in each molecule. The molecule with two atoms is the pesticide
and the molecule with three atoms is the protein.
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2. We have to consider partial matching of the pesticide to the protein as matching the entire
molecule may not necessarily lead to an optimal match.

3. The atomic coordinates we will use do not represent points but rather atomic centres. There-
fore we need to include a measure for the atomic radii so that the atoms do not coincide when
the molecules are matched. We are aiming for a lock and key match rather than an exact match.

4. Chemical properties such as charges within the molecules that may make a certain match
more or less likely.

5. The atoms have the freedom to rotate around the bonds so we are not dealing with rigid
structures.

Within this paper we will discuss the first three factors described above.
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Finding an optimal match

To find an optimal atomic match of the pesticide to the protein we can use a program called
BKTest, written by N. Gold, (2003), and originally developed by C. Bron and J. Kerbosch,
(1973). BKTest was initially created to see how closely the shapes of two protein binding sites
match by considering the coordinates of the CA atoms in each residue. We have tweeked the
original version to transform BKTest into an ’atomic matching program’.

Inputting the atomic coordinates of both molecules, BKTest will create distance matrices and
use these to find a maximal common-induced subgraph to locate the best match.

The output is simply a list containing the arbitrary labels of p, p ≤ m, paired atoms from the
protein and the pesticide that provide this optimal match.

So here we have a method of finding an optimal match that takes into account partial matching.
Now we need a method that provides the appropriate transformation parameters to transform
the pesticide to optimally fit the protein considering that the atoms cannot coincide.

Constraining the optimal match

Using the optimal match found using BKTest, we can use a non-linear minimization (nlm)
function to output the estimated parameters that will transform the pesticide to provide this
optimal match.

Let XM and YM be the (3×p) matrices for the pesticide and protein respectively which contain
the initial atomic coordinates of the p matched pairs. That is, the columns xM

j and yM
j contain

the initial atomic coordinates of the jth matched pair, j = 1, ..., p.

We want to minimize tr(DT
MDM) where

DM = BxByBzXM + A − YM .

The (3×p) matrix A has identical columns a = (a1, a2, a3)
T whose elements are the translation

parameters in the x, y and z dimension respectively. The three rotation parameters are within
the three rotation matrices Bx, By and Bz.

Now we have to include constraints so that atoms do not coincide. These constraints will apply
to all atoms involved in the two molecules and not just those that were matched when using
BKTest. We will have (m × n) constraints in total so that none of the m pesticide atoms will
coincide with any of the n protein atoms.

Let X and Y be the (3 × m) and (3 × n) matrices for the pesticide and protein respectively
which contain all the initial atomic coordinates, those matched and those not matched. Then
the constraints we need to satisfy are

∑
(Bxi + a − yj)

2 ≥ rij, ∀i = 1, ..., m, j = 1, ..., n,

and xi, yj are the ith, jth columns in X and Y . These columns are the initial coordinates of
the ith atom in the pesticide and the jth atom in the protein respectively. So the left-hand-side
of the inequality is simply the squared Euclidean distance between the atomic centres of atom
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i from the transformed pesticide and atom j from the protein and rij is the sum of the radii of
atoms i and j squared.

The nlm is used to return a large value if any one of the (m × n) constraints are not satisfied.
If all the constraints are satisfied, the function will locate a local minima and the output is six
estimated parameters which will optimally transform the pesticide to best fit the protein.

So we have shown how we can find an optimal match with non-coincident atoms. Further work
will involve accounting for the flexibility and the chemical properties of the two molecules.
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