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CALORIES AND DESIGNER WATER

ABSTRACT

Elucidation of how the thermodynamic parameters are
determined by the molecular structures in a bimolecular interactions
is becoming a fundamental driving force in the rational design of
drugs. If we can determine the structure of the target and the
potential drug we should be able to predict the equilibrium constant
for their interaction based on simple relationships. With this
information the temporally and financially expensive process of
synthesis and affinity determination of lead compounds can be
dramatically reduced.

Using a series systems for which highly refined structural
information is available the thermodynamic effect of interfacial

water has been investigated. Based on this work we are able to draw

INTRODUCTION

The Role of water molecules in
biomolecular interactions has been an issue
of some controversy and great debate over
the last few decades. The hydrophobic
effect, the concept that interactions are
energetically driven by the removal of
entropically unfavourable water molecules
from exposed hydrophobic surface as this
surface is buried in the binding site, is

predominant in how most think of

Key Words: 1) Drug Design

conclusions on how water may be important in drug design.

3) Thermondynemic Parameters

2) Water Molecules 4) Repressor Protein

thethermodynamecs interactions. The
appearance of a water molecule in an
interface is typically regarded opposing high
affinity interactions. In the work some
evidence is presented that suggests that
water molecules can, under certain
conditions, actually contribute to binding.
Inclusion of water molecules in an interface
can result in a favourable thermodynamic

outcome.
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RESULTS & DISCUSSION

The relationship between thermodyna-
mic and sturctural data is of central
importance in understanding how
biomolecu- lar interactions occur and indeed
how they might go astray leading to disease
states. In addition, if this relationship is
determined the prediction of thermodyna-
mic parameters for an interaction should be
possible. This has obvious consequences in
the pharmaceutical industry, where, for
- ~ample, if the structure of a particular
target and a series of potential drug
compounds are known then the affinities of
these compounds can be predicted and
hence the temporally and financially
expensive processes of synthesis and testing
can be circumvented. Study in this area
requires the direct measurement of
thermodynamic parameters associated with
going from one state to another and high
resolution structural data. With the recent
advances in calorimetric instrumentation
and the increasing availability of structural
information progress is being made.

The most successful link between
thermodynamic and structural detail has
been observed in the relationship between
the change in heat capacity, ACp, and the
burial of surface area. This was based,
initially, on studies of heats of transfer of
hydrocarbons into aqueous solvents and
protein folding/unfolding equilibria®411-13),

however, theoretically the relationshipwas

believed to be sufficient for all interactions
1), In the cases where discrepancies
appeared to exist when burying binding
surface area, additional surface area burial
could be inferred on conformational
changes that putatively occurred on binding.
This is an attractive model since it leads to
the idea of induced fit(®) which adds another
level of specificity to the interaction.

We decided to investigate this
relationship using the interaction of #rp
repressor protein and a twenty base pair
oligonucleotide including the putative trp
operator connate site. This system was
chosen because it is one of the best
structurally characterized interactions
available. The X-ray crystallographic
structures of the free protein® and
oligonucleotide(!) as well as the complex(1)
have been determined to better than 2.0 A,
and NMR spectroscopic structural
determinations of the protein® and
complex®) are also available. Using
isothermal titration calorimetry (ITC)(D we
obtained a value of the ACp for the
interaction®. The experimentally
determined ACp and that obtained from the
empirical relationship described above were
very different (-950 cal.mol1.K"! and
approximately -380 cal.mollK"!
respectively). On close inspection of the high
resolution structures it was clear that water
mediated the interaction of protein and

DNA. Water molecules visualized by X-ray
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crystallographic methods are presumed to
be constrained in the identified position for
residence times in excess of nanoseconds;
bulk solvent is much more dynamic(!®). This
led to the hypothesis that this water
contributed to the additional ACp measured
experimentally that was not accounted for in
the empirical relationship.

This hypothesis was supported in the only
other water mediated protein - DNA

interaction that has been characterized with
1000 1
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sufficiently high resolution structurally (17:20)
and thermodynamically (by calor imetricmo-
thods) ©). The interaction of MetJ with
metbox operator is very similar to that of the
trp system Both proteins bind to DNA as
dimers of similar size (ca. 24 kDa in both
case). The binding in both cases is enhanced
by the presence of a cofactor (S-adenosine
methionine (SAM) for Metd and L- tryp
-tophan for trp repressor). Both repressors

bind to the major groove, however, in the

*Trp

0 400 800 1200 16IOO 2000

Buried Hydrophobic Surface Area (A 2)
Figure 1. Comparison of DCp versus change in surface area for transfer of hydrocarbons protein

Jolding and repressor-operator interactions. Determination of Surface Area Burial.

Solvent accessible surface areas were calculated using the program GRASP('®) using atomic
radii as described elsewhere 119, Sovent accessible surface areas were defined as hydrophobic if
the contact atom in the molecule was a carbon or a sulphur. All remaining solvent accessible
surface was defined as being hydrophilic.

For unbound operators, idealised B-DNA structures were constructed using SYBYL (Tripos Inc.
St Louis, USA) and exported as PDB format files for GRASP. Surface areas of unbound repressor
complexes were calculated in GRASP by building surfaces on the protein component of the
repressor-operator complexes as coordinates for the structure of free repressor were not available for
all cases. The crystal structure of the apo -form of the met repressor is used. Strictly the holo -form
should be used, however, there is no significant structural difference between the holo- and free apo
-repressor(1®),

The change in surface area on binding, DA, is the difference between the sum of the sruface
areas of the two unbound molecules and the area of the complex.
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case of Metd a ribbon-helix-helix motif is most important of these arises from the
used whereas a helix-turn-helix binds DNAin restriction of soft vibrational modes of
the trp system. Comparison of the interacting species. Thus, the restriction of
experimentallyand empirically determined water molecules into a binding interface
ACp Showed a large discrepancey (290 could have a major contribution to this effect
cal.molt. K-1and 130 ca.mol!.K"!; Figure in comparison to their more dynamic state in
1.) The high resolution crystallographically bulk solvent. One indication of this effect is
determined crystal structures for the observed in the crystallographic structures in
MetdJ /metbox interaction show that water the form of changes in temperature (B)
plays a mediating role. This adds weight to factors. When the B factor of an atom is
the above hypothesis. reduced on binding with respect to its
The question then becomes; how does unbound form this is indicative of a

.ater increase the ACp? As described by "tightening" of structure. The change in
Sturtevant(? there are several other factors averge B factors on going from free to
that can contribute to the ACp in addition to bound state for both #rp and Met J1 is shown
the burial of hydrophobic surface area. The in figure 2. Although caution must be
A Binding site B SAnge
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Figure 2. The effect of complex formation on the average B factors. Structure factors were calculated
for each coordinate set using XPLOR® and scaled against each other to allow a relative overall
temperature factor for each structure to be determined. B factors for individual residues were then
modified to account for the differences in relative temperature factor, allowing a more meaningful
comparison of values for residues in the free and complexed structures. The difference in average B
factors for each residue of the complex is shown for both trp (A) and the Met] (B) repressors. The
position of secondary structural elements in each repressor are represented by the arrows (strands)
and rectangles (helices) above the graph with residues that interact directly with the operator

indicated.
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applied when one looks at these data (since
the crystal form and packing will have an
effect on these data) it is clear that there are
significant net reductions in the B factors of
those residues involved in the interaction
with the DNA. These interactions involve
the residues in the D and E helices of the
helix-turn-helix motif for the #rp repressor
(residues 66-85) and the residues in the 8
strand that forms a single strand of the
ribbon motif ih Metd (residues 21-29).
Thus, we can conclude that water is
playing a major role in increasing the ACp in
mediating these interactions. The
unfavourable entropic effect of restricting
these water molecules into the binding site
has to be compensated for to give a net
favourable free energy (AG'). It is thus likely
that highly advantageous positioning of
these water molecules allows hydrogen
bonds to form whereby the bond lengths are
such that the potential energy barriers to
bond formation are at their lowest. These
"high strength" hydrogen bonds have a

highly favourable enthalpic contribution.
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