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Introduction

Nowadays, it is evident that a number of biology-related disci-
plines (medicinal chemistry, pharmaceutical sciences, chemoin-
formatics, bioinformatics, biochemistry, pharmacology, etc.)
overlap considerably. For this reason, collaboration among sci-
entists working in these fields, and the sharing of information
and tools is essential.

Biosciences and crystallography have a strong tradition in
terms of freely-available resources, whereas chemists are rather
more reluctant to share their skills with other scientists.[1, 2] This
cultural tendency to reject the challenge of multidisciplinary
tends to isolate chemists from other researchers with different
backgrounds, as is shown by the fact that, for example,
chemistry and bioinformatics often concern the same topic
while adopting different viewpoints and vocabularies. We have
already discussed this difficulty in communication in a previous
paper, using recognition forces in ligand–protein complexes as
an example.[3] Nevertheless, many computational resources de-
veloped by chemists are of potential interest to researchers
working in different scientific areas.[4]

This study was undertaken to show how a simple, well-de-
signed application can get the most out of a typical computa-
tional chemical resource, extending the use of currently-avail-
able tools from chemistry to biosciences. In particular, the
paper describes a computational strategy aimed at extracting
the most information from grid-based interaction energy
maps, using GRID and BIOCUBE4mf as an example. GRID (Win-
dows version 22 b, http://www.moldiscovery.com) was original-
ly designed by Peter Goodford and is now distributed by Mo-
lecular Discovery (see Supporting Information for a brief sum-
mary of the theory) and BIOCUBE4mf (version 1.1.0, freely
available at www.casmedchem.unito.it, see Supporting infor-
mation for more details), developed in our laboratory, is a
simple but essential tool that enables the interpretation of
GRID outputs in more practical terms.

The results of the application are illustrated through four ex-
amples covering a wide range of chemical and biochemical
topics : a) characterization of the surface properties of the Bacil-
lus anthracis protective antigen heptameric prepore cavity;
b) rationalization of mutagenesis experiments applied to the
cytosolic sulfotransferase (SULT) superfamily; c) investigations
of the potassium channel (KvAP) selectivity; and d) study of
the pharmacokinetic relevance of the surface features of some
1,4-dihydropyridine (1,4-DHP) third-generation drugs.

Discussion

BIOCUBE4mf: an example of a “bridge” between ACHTUNGTRENNUNGchemistry
and neighboring disciplines

As outlined in the Introduction, the growing overlap of scien-
tific disciplines calls for a strong collaboration among research-
ers. However, researchers often meet with difficulties in com-
munication, consequently ad hoc tools are required to enable
concepts to be transferred among different disciplines to pro-
duce improvements in research activities. BIOCUBE4mf is the
first tool specifically designed and implemented to overcome
difficulties in communications between scientists working in
neighboring fields since it extracts the most relevant informa-
tion from a chemical resource of huge potential, such as GRID
(one of the most powerful software packages available to pro-

Many computational tools routinely used in chemistry could suc-
cessfully be applied to the biosciences since protein–protein and
protein–ligand interactions are governed by the laws of chemis-
try. This paper shows that it is possible to extend the use of exist-
ing computational tools from their traditional application field
(e.g. chemistry) to culturally-related research areas by the imple-
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duce grid-based energy maps), and makes them of practical
use to bioscientists.

Figure 1 a shows an example of grid-based energy maps as
visualized by GVIEW, the application used (GRID version 19 on-
wards) to visualize MIFs (Molecular Interaction Fields) together
with (macro)molecular targets, for the B. anthracis protective
antigen heptameric prepore cavity, using the potassium ion
(K+) as a probe. The light pink areas in Figure 1 a are the isosur-
faces joining all points having an interaction energy value with
the K+ probe of �9.0 kcal mol�1. This is a nice graphical repre-
sentation, but how useful is it in practice for research purpos-
es? BIOCUBE4mf is the answer to this question.

Firstly, BIOCUBE4mf converts the GRID output (light pink re-
gions in Figure 1 a) to a pdb file that can be read by most mo-
lecular modeling software. This result cannot be underestimat-
ed; the comparative visual inspection of the results through
superposition of molecules and interaction fields plays a key
role among bioscientists.

Secondly, BIOCUBE4mf distinguishes the main from the addi-
tional information present in a GRID output through a simple
points clusterization technique. Despite the simplicity of the
method, the presence of these clusters allows identification
and selection of regions where relevant interactions occur. The
size and relative distances of these interaction regions can be
obtained by using different probes, BIOCUBE4mf can then
easily assemble a complete map of interaction pattern.

Finally, BIOCUBE4mf quantitatively evaluates the estimated
volume of the selected clusters, and lists the results in an ASCII
file. In particular, BIOCUBE4mf identifies the number of points
below a certain energy value. This operation appears trivial,
but in practice it is the only way to select a reasonable energy
level, using the number of MIF points as criterion through
which to study the investigated topic. The choice of energy
cut-off values is in fact a major problem in energy-based grid
maps, since no general rule exists to select the cut-off value
owing to the close dependency of this value on the structure
investigated. Moreover, with the multifile option, it is possible
to compare two or more MIFs by the calculation of some well-
known similarity/dissimilarity indexes, for example, Tanimoto,
Carbo, Hodgkin, etc.[5]

Results obtained by applying the GRID/BIOCUBE4mf strategy
to four selected examples spanning a wide range of chemical
and biological topics are discussed below. These applications
were chosen to demonstrate the versatility of the method,
which can be applied to a variety of research fields.

Figure 1. The zone around the B. anthracis protective antigen heptameric
prepore cavity (see test for details) The prepore cavity was limited by select-
ing those amino acids that show a distance from the centroid of less than
25 �. (pdb code: 1TZO, missing amino acids were not added since they
were not necessary for this study). K+ probe is used. a) Visual representation
as provided by GVIEW (NPLA = 1.5). b) Visual representation as provided by
BIOCUBE4mf, visualized by MOE. c) Visual representation as provided by BIO-
CUBE4mf, visualized by MOE, but the clusters generated by BIOCUBE4mf
and due to one subunit are in green. The distance from one point of the
cluster and the centroid is also shown.
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Characterization of the surface properties: the case of
B. anthracis protective antigen ACHTUNGTRENNUNGheptameric prepore

B. anthracis, the organism causing anthrax, is potentially one of
the most dangerous biological weapons. The protective anti-
gen (PA) is the central component of the three-part protein
toxin secreted by B. anthracis. After binding to cell receptors
and proteolytic activation, PA forms a heptameric prepore,
which then undergoes pH-dependent conversion to a pore,
mediating translocation of the edema and lethal factors to the
cytosol.[6] Blockage of the prepore/pore by a small molecule
could inhibit the mechanism of action of the anthrax toxin.
The design of an ad hoc prepore/pore blocker requires a de-
tailed understanding of the chemical features of the PA cavity,
which is expected to be negatively charged.[7] The crystal struc-
ture of the B. anthracis protective antigen heptameric prepore
was taken from the PDB database (pdb code: 1TZO), and GRID
(Windows version 22 b, http://www.moldiscovery.com) calcula-
tions were run using K+ as a probe. Results found by GVIEW
are shown in Figure 1 a, where the isosurfaces joining all points
having a favorable interaction energy value with the K+ probe
(threshold cutoff: �9.0 kcal mol�1) are shown in light pink. Fig-
ure 1 a shows that the interactions of the probe with the pore
are localized to particular regions; characterization of these re-
gions may provide insight into the interactions. Figure 1 b
shows cubes and clusters obtained by BIOCUBE4mf, which re-
quired ~30 sec to generate Figure 1 b from Figure 1 a. Fig-
ure 1 c illustrates one of the main features of BIOCUBE4mf,
which enables the user to select one or more clusters at a
time, or in other words, to separate clusters of greater interest
from the others. As an example, in Figure 1 c we selected
those clusters due to a monomeric subunit (green), and calcu-
lated the distance from the centroid of the whole protein for
one of them (16.9 �). The results can be applied to design new
prepore blockers with precise chemical features.

The crystal structure of the anthrax toxin protective antigen
heptameric prepore was downloaded from PDB database (pdb
code: 1TZO). Missing amino acids were not added since they
were not necessary for this study. The prepore cavity was limit-
ed by selecting those amino acids that show a distance from
the centroid of less than 25 �. GRID calculations were run
using NPLA = 1.5 and the phosphate dianion (PO2�

4 ) as a
probe.

Designing mutagenesis experiments

Members of the cytosolic sulfotransferase (SULT) superfamily
catalyze the sulfation of a multitude of xenobiotics, hormones
and neurotransmitters.[8] The protein folds of the SULT enzymes
whose structures have been solved are essentially superimpos-
able; however, some subtle but important differences in the
active sites do exist. The human SULT 1A3 enzyme, for exam-
ple, displays a high selectivity for endogenous and xenobiotic
catecholamines (particularly dopamine) not shared by its close
relative SULT 1A1, even though the two enzymes are more
than 93 % identical at the amino acid sequence level (i.e. only
20 out of 295 residues differ). Analysis of these sequence differ-

ences showed that a number of them occur close to one an-
other (residues 143–152). Mutation of two amino acids in this
section of the SULT 1A3 protein to the corresponding SULT 1A1
residues (His 143!Tyr and Glu 146!Ala) clearly demonstrated
that Glu 146 was the major determinant of the specificity of
SULT 1A3 for dopamine. Moreover, the influence of Glu 146
probably controls the orientation of many compounds in the
SULT 1A3 active site, explaining the selectivity of SULT 1A3 for
catechols over the corresponding phenols.

Given these findings, we studied the differences introduced
by the two mutations (His 143!Tyr and Glu 146!Ala) into the
original 3D structures of SULT 1A3, employing a different ap-
proach rather than the traditional visual inspection of the inter-
actions formed with the substrate (either crystallized or
docked). After downloading SULT 1A3 from the protein data-
base, this and the corresponding mutated structures were sub-
mitted to GRID. The neutral flat NH amide (N1) and carbonyl
oxygen (O) probes were used to monitor the hydrogen bond-
ing (HB) pattern. GRID output files (.lont and .kont) were then
used as input for BIOCUBE4mf, and the following energy cut-
offs were chosen: �8.5 kcal mol�1 (N1) and �7.0 kcal mol�1 (O).
The SIMI option in BIOCUBE4mf gave the results shown in
Table 1; the crystallographic structure has greater similarity

with the 143 mutant than with that 146 mutant (Tanimoto in-
dexes 0.916 and 0.881, respectively). In other words, BIOCU-
BE4mf analysis clearly indicates that mutation at position 146
alters the HB pattern of the active site more profoundly than
mutation of the 143 residue.

The relevance of this finding in the design of mutagenesis
studies is evident, given the widespread and increasing use of
this technique to investigate the role of individual amino acids
implicated in ligand binding or signal transduction. The choice
of the “best” mutation for a given amino acid is not a trivial
problem, as is shown by an examination of the literature. As
an example, while some studies use alanine to replace putative
residues and prove their importance in the functionality profile
of the protein, since its lateral chain is small and thus in princi-
ple not able to alter the secondary structure of the protein,
other studies prefer to test a number of residues bearing side
chains of different lengths, charges or bulky groups leading to
steric hindrance. Moreover, it is common practice to replace

Table 1. Numerical output obtained from BIOCUBE4mf: Data obtained by
BIOCUBE4 mf (N1 probe) to characterize mutagenesis studies on
SULT 1A3.

3D structure Tanimoto index[a] Hodgkin index[a]

A B

SULT 1A3[b] SULT 1A3_143[c] 0.916 0.956
SULT 1A3 SULT 1A3_146[d] 0.881 0.937
SULT 1A3_143 SULT 1A3_146 0.806 0.893

[a] The Tanimoto and Hodgkin indexes refer to the couple of structures in
columns A and B. Dimensions of the GRID box were: X+39.8:+53.3;
Y+106.8:+120.3; Z-11.3:+22.2. The parameter NPLA was set to 2.0.
[b] Original 3D structure (pdb code: 2A3R). [c] Mutation in position 143.
[d] Mutation in position 146.
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hydrophobic amino acids with hydrophilic residues when in-
vestigating the oligomerization properties of a peptide,
though no definitive rule has ever been proposed to further
explain this connection. With the GRID/BIOCUBE4mf strategy, it
is possible to check how much the replacement may alter the
original structure through analysis of simple numerical indices,
which refer to a sophisticated background analysis.

The X-ray structure of SULT 1A3 was obtained from the pro-
tein database (pdb code: 2A3R). The corresponding mutated
structures were obtained using the ad hoc tool, rotamer ex-
plorer, implemented in MOE (Version 2007.09, Chemical Com-
puting Group Inc. , Montreal, Canada).

Potassium ion channel selectivity

Potassium ion channels are transmembrane proteins that serve
a wide range of important physiological functions, most of
which rely on the ability of the channel to allow K+ to perme-
ate, but not the smaller and more abundant Na+ ion.[9] Given
this situation, we reasoned that selectivity could also be inves-
tigated using the GRID/BIOCUBE4mf strategy using K+ and Na+

as probes. Indeed, maps like that shown in Figure 1 c, can also
be calculated for the KvAP channel and, in principle, results
obtained with the K+ probe should be different from the corre-
spondent results obtained with Na+.

As before, GRID output files (.lont and .kont) were then used
as input for BIOCUBE4mf, and a preliminary energy cutoff of
�20 kcal mol�1 was chosen, so as to obtain a rough indication
of the numerical results. Figure 1 a and the data listed in
Table 2 appear to suggest that a) the channel pore in proximity

to the potassium selectivity filter (characterized by the well-
known sequence motif Thr�Val�Gly�Tyr�Gly) is, as expected,
the region in which the highest concentration of cubes is lo-
cated and b) KvAP preferably interacts with Na+ rather than
with K+ ions. The obvious absurdity of this second result was
probably due to the fact that �20 kcal mol�1 is too high a cut-
off value, and thus not sufficiently selective. The energy cut-off
was lowered, and different values were tested (Table 2). The
numerical results are intriguing, since they show that, in an
energy range of �20 to �45 kcal mol�1, the number of cubes
and clusters arising due to K+ is relatively constant, whereas

for Na+ the number of cubes decreases markedly, while the
number of clusters increases. Finally, at an energy cut-off of
�48 kcal mol�1, MIFs due to the Na+ ion did not allow forma-
tion of any cube (nor therefore of any clusters). These data are
represented graphically in Figure 2 b–e, showing the selectivity
of the KvAP channel for K+ over Na+ ions (all BIOCUBE4mf cal-
culations were performed in ~1 min). Additional proof of the
reliability of the results is given in Figure 3, which clearly
shows that the calculated cubes (in white) mainly coincide
with two experimental known potassium sites (P2 and P3), and
are in line with the remaining four (P1, P4, P5 and P6) of the
original X-ray structure. The relevance of this result can readily
be confirmed by using it to validate the results of homology
modeling results. Briefly, once a number of structurally reliable
3D protein models have been generated (i.e. without any in-
consistency), the ability of these models to reproduce K+ over
Na+ selectivity can be quantified by the GRID/BIOCUBE4mf
technique, and the numerical values used to rank models for
their “physiological” relevance.

Finally, to illustrate another BIOCUBE4mf feature that would
be of great interest to many bioscientists, Figure 4 a analyzes
the previously-mentioned sequence motif Thr�Val�Gly�Tyr�
Gly of the potassium channel selectivity filter[9] using an N1
probe (�3.0 kcal mol�1) to verify the hydrogen bond acceptor
properties of the amino acid sequence. It might then be of in-
terest to visualize the contribution of the hydroxyl moiety of
the lateral Tyr chain alone, since it is outside the channel filter.
This can be achieved in two different ways, and the results are
shown in Figure 4 a and b. In Figure 4 a, after visualizing the
whole set of selected points in dark grey, those at a given dis-
tance (3.5 �) from the phenolic oxygen atom were determined
by MOE tools and colored in black. In Figure 4 b, the same pro-
cedure was applied to the cubes.

The X-ray structure of the voltage-dependent potassium
channel, KvAP, of Aeropyrum pernix was obtained from the pro-
tein database (pdb code: 1ORQ). Starting from the monomer
coordinates, the symmetry operators present in the pdb file
were used to obtain the entire fourfold symmetric structure of
the pore with MOE. Dimensions of the GRID box were: X-
15:+15; Y-15:+15; Z+21:+71, the NPLA parameter was set to
1.5 and the K+ and Na+ probes were used.

The peculiar pharmacokinetic behavior of 1,4-DHP
third-generation drugs

GRID/BIOCUBE4mf can also be applied to small molecules.
Here we discuss the relevance of our computational strategy
in rationalizing the peculiar pharmacokinetic behavior of two
calcium channel antagonists, amlodipine and lercanidipine
(Figure 5 a–d). The 1,4-dihydropyridines (1,4-DHPs) are a well-
known class of calcium channel antagonists, used to treat hy-
pertension. Amlodipine and lercanidipine belong to the third
generation of 1,4-DHPs, characterized, in terms of their phar-
macokinetics, by their prolonged effect (long clinical half-
life).[10, 11] The long-lasting action of these compounds is ascri-
bed to their strong affinity for cell membranes, confirmed by
their elevated membrane partition coefficient D7:0

mem (log D7:0
mem is

Table 2. Numerical output obtained from BIOCUBE4mf: MIFs data as cal-
culated by BIOCUBE4mf to describe KvAp channel selectivity for potassi-
um versus sodium ions.

Energy cut-off
[kcal mol�1]

Probe K+ Probe Na+

Cubes Clusters Cubes Clusters
�20 44 14 87 17
�25 16 2 62 1
�30 15 1 39 2
�35 10 1 32 2
�40 10 1 16 2
�45 10 1 8 3
�48 9 1 0 0
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Figure 2. The X-ray structure of the voltage-dependent potassium channel KvAP (pdb code: 1ORQ). a) The four subunits comprising the tetrameric channel are
shown; together with the cubes obtained from BIOCUBE4mf (grey for those extracted from MIF calculated using the Na+ probe at �30 kcal mol�1 and black for
the MIF due to the K+ probe at the same energy cutoff). GRID box is also shown in grey. b) The selectivity filter (Thr�Val�Gly�Tyr�Gly) of the KvAP channel: two
of the four subunits are shown, together with cubes extracted from the MIF calculated using the K+ probe at �30 kcal mol�1. c) The selectivity filter with cubes
extracted from the MIF calculated using the Na+ probe at �30 kcal mol�1. d) The selectivity filter with cubes extracted from the MIF calculated using the K+

probe at �48 kcal mol�1. e) The selectivity filter with points (no cube was found) extracted from the MIF calculated using the Na+ probe at �48 kcal mol�1.
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5.5 and 4.3 for lercanidipine and amlodipine, respectively[10]),
which in turn is mainly due to two chemical features: a) high

hydrophobicity and b) presence of a protonated nitrogen (ler-
canidipine, pKa = ~7.5; amlodipine, pKa = ~9[12]). An elevated
molecular hydrophobicity enables the formation of hydropho-
bic interactions between the drug and the apolar chains of
membrane phospholipids, whereas the presence of a positive
charge allows ionic interactions to occur with the phosphate
moieties of the phospholipids.[13] The clinical half-lives of amlo-
dipine and lercanidipine are due to two different phenomena;
a short plasma half-life for lercanidipine and a long plasma
half-life for amlodipine. These two phenomena are probably
due to a different balance of the two interaction mechanisms
governing membrane affinity. In particular, for amlodipine the
electrostatic contribution is expected to dominate over the hy-
drophobic interaction, whereas for lercanidipine the reverse is
expected, and this fact cannot only be ascribed to the different
percentage of ionized species at pH 7.0. The presence of ionic
interactions might enable amlodipine to remain in the plasma
compartment by linking to ionic groups located on the mem-
brane, whereas hydrophobic interaction could enable lercanidi-
pine to accumulate in the smooth muscle cell membranes,
where calcium channels are located. To quantify the different
ratios of hydrophobic and ionic interactions for the two drugs,
we applied the GRID/BIOCUBE4mf strategy using two different
probes, the DRY probe to mimic hydrophobic interactions and
the PO2�

4 probe to reproduce electrostatic interactions.
The results are given in Table 3 and Figure 5 a–d, and clearly

show the prevalence of ionic and hydrophobic interactions, for
amlodipine and lercanidipine, respectively. Figure 5 a–c show
cubes and clusters obtained from the MIF with PO2�

4 as a
probe (�5 kcal mol�1) in dark grey, for amlodipine (Figure 5 a)
and for lercanidipine (Figure 5 c). Figures 5 b (amlodipine) and
5 d (lercanidipine) give the same information using MIFs gener-
ated with the DRY probe (�0.3 kcal mol�1). Beside the different
extensions, dark grey zones are also located in different re-
gions of the two investigated calcium channel blockers since
they are close to the protonated nitrogen and are rather local-
ized. Conversely, DRY cubes are more dispersed around the hy-
drophobic molecular moieties (e.g. aromatic rings). As expect-
ed, the cubes obtained with different MIFs for the different
molecules cannot be superimposed. Taken together, these
findings could be of great relevance in designing calcium
channel blockers with ad hoc plasma half-life features.

Lercanidipine and amlodipine were built using Corina in
their protonated form.[14, 15] The same stereochemistry (R) was
maintained for both compounds. The GRID NPLA parameter
was set to 2, and the hydrophobic probe (DRY) and PO2�

4

probe were used.

New life for GRID

GRID was taken as an example of software that provides grid-
based interaction energy maps. The choice of this application
was intentional ; we select a product that is solid from a theo-
retical point of view and well known to most medicinal chem-
ists, even more so now because of work recently done by Mo-
lecular Discover as discussed below. It was also selected for its

Figure 3. Comparison between BIOCUBE4 mf/GRID results and X-ray data.
The residues forming the selectivity filter of the KvAP channel (two subunits)
are in balls and sticks, the cubes as in Figure 2 d and experimental (= crystal-
lographic) potassium ions (P1-P6) in white balls.

Figure 4. The sequence motif Thr�Val�Gly�Tyr�Gly of one of the four subu-
nits of the potassium channel selectivity filter was analyzed, using the N1
probe (�3.0 kcal mol�1) to detect hydrogen bond acceptor properties (grey).
The contribution of Tyr alone as obtained by BIOCUBE4 mf is shown in black.
a) points. b) cubes.
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application in describing surface protein[16–18] and pharmacoki-
netic[19–21] properties.

GRID was designed for investigating macromolecules and
their interactions with small ligands, and takes into account all
major pitfalls of this type of product,[22] namely the sophisticat-
ed treatment of electrostatics, ionization, conformational flexi-
bility and the presence of water molecules in the protein–
ligand interaction. For these reasons, GRID is a very solid piece

of software, with a background
that makes it accessible to most
bioscientists. Nevertheless, it has
largely fallen out of use in recent
years, mainly because of the lim-
ited practical application of the
results.

In 2002, two excellent com-
mercially available software
packages were released, de-
signed to automatically extract
the information present in MIFs
in the form of numerical descrip-
tors, which in turn can be used
to generate 3D-QSAR models:
VolSurf and Almond by Molecu-
lar Discovery.[23] Both pieces of
software are extremely useful in
providing fast and often accu-
rate predictions of a given bio-
logical activity (e.g. log P predic-
tion,[24] blood–brain permea-
tion,[25] protein binding,[26] hERG
blockade[27]) using chemometric
strategies.

However, the VolSurf and
ALMOND packages do not give
an in-depth inspection of GRID
results and moreover cannot be
applied to small compound
series or even single proteins,
limiting the use of GRID in some
ways. With BIOCUBE4mf, we
extend the application of GRID
and similar computational tools
that are of huge potential inter-
est in biosciences as shown by
the examples discussed.

Conclusions

Even if chemists are culturally far from sharing information
with other scientists working in neighboring fields, many com-
putational tools developed for investigating chemical topics
could easily be transferred and applied to biotopics, since bio-
interactions are governed by the laws of chemistry.

This paper describes a computational strategy for the extrac-
tion of the most information from grid-based interaction
energy maps, and its application to biosciences through four
selected examples. In particular, we show that BIOCUBE4mf, a
simple application developed in our laboratories, coupled with
GRID, could also be used by bioscientists to study proteins–
ligand interactions.

The examples discussed highlight two situations that are
particularly suitable for the application of the GRID/BIOCU-
BE4mf approach. The first concerns the design of active site li-
gands using the information obtained from the active site map

Figure 5. Results of the application of the GRID/BIOCUBE4mf procedure to Amlodipine and Lercanidipine, for ease
of interpretation amlodipine and lercanidipine are shown in the same orientation. a) Amlodipine with cubes (dark
grey) extracted from the MIF calculated using the PO2�

4 probe at �5 kcal mol�1. b) Amlodipine with cubes (light
grey) extracted from the MIF calculated using the DRY probe at �0.03 kcal mol�1. c) Lercanidipine with cubes
(dark grey) extracted from the MIF calculated using the PO2�

4 probe at �5 kcal mol�1. d) Lercanidipine with cubes
(light grey) extracted from the MIF calculated using the DRY probe at �0.03 kcal mol�1.

Table 3. Numerical output obtained from BIOCUBE4mf: Data obtained by
BIOCUBE4 mf for amlodipine and lercanidipine

Compound Probe PO2�
4

�5 kcal mol�1

Probe DRY
�0.3 kcal mol�1

Cubes Clusters Cubes Clusters
Amlodipine 198 24 40 15
Lercanidipine 25 5 97 39
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generated with BIOCUBE4mf. The second concerns the com-
parison of two proteins by means of their surface maps ob-
tained using the GRID/BIOCUBE4mf approach. Following the
completion of genome projects for a number of organisms, it
is becoming evident that a relatively large proportion of the
genes identified encode proteins that have no sequence ho-
mology with known proteins. One possible approach towards
understanding protein function is to identify the proteins with
which a particular protein associates. This could be facilitated
by visual inspection of BIOCUBE4mf maps, and by using a
comparison tool to express similarity in quantitative terms.

In summary, the computational strategy described repre-
sents an attempt to move chemistry towards biology, a step
with the more general aim of establishing interdisciplinary net-
works of scientists, which can be seen as one of the biggest
and most important challenges of future scientific research.
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