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Molecular docking has been used to compare and contrast the binding modes of oestradiol with the wild-type and
some disease-associated mutant forms of the human CYP1b1 protein. The receptor structures used for docking were
derived from molecular dynamics simulations of homology-modelled structures. Earlier studies involving molecular
dynamics and principal component analysis indicated that mutations could have a disruptive effect on function, by
destabilizing the native properties of the functionally important regions, especially those of the haem-binding and
substrate-binding regions, which constitute the site of catalytic activity of the enzyme. In order to gain more insights
into the possible differences in substrate-binding and catalysis between the wild-type and mutant proteins, molecular
docking studies were carried out. Mutants showed altered protein—ligand interactions compared with the wild-type as
a consequence of changes in the geometry of the substrate-binding region and in the position of haem relative to the
active site. An important difference in ligand—protein interactions between the wild-type and mutants is the presence
of stacking interaction with phenyl residues in the wild-type, which is either completely absent or considerably weaker
in mutants. The present study revealed essential differences in the interactions between ligand and protein in wild-type
and disease mutants, and helped in understanding the deleterious nature of disease mutations at the level of molecular
function.

[Achary M S and Nagarajaram H A 2008 Comparative docking studies of CYP1b1 and its PCG-associated mutant forms; J. Biosci. 33 699-713]

1. Introduction

and Stoilov 2000). It could thus be surmised that mutations

The human cytochrome p450 1bl (CYP1bl) enzyme
belongs to the P450 class of proteins, which are
oxidoreductase enzymes catalysing the oxidation of
substrates (mainly toxic xenobiotics or endobiotics) and
detoxifying them (Oesterheld 1998). Deleterious mutations
in the enzyme have been implicated in the serious childhood
disease primary congenital glaucoma (PCG). The precise
mechanism by which this happens or the pathway that
is affected due to mutations in CYPIbl has not been
characterized. Sequence and structural analyses have so far
revealed several mutations in the CYPIbI gene, some of
which are found only in PCG-affected individuals (Sarfarazi
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in CYP1b1 have a deleterious effect on catalytic activity. The
catalytic activity of the p450 class of proteins in general may
be limited by a few checkpoints, such as the accessibility of
substrate, the exit of the product, substrate-binding, haem-
binding, interaction with reductase, charge transfer, etc.
Mutations may affect any of these processes, thus leading to
loss of function.

Our earlier studies on structural analysis of the wild-
type (WT) and the PCG-mutant (MT) forms of CYP1bl
by means of molecular dynamic (MD) simulations (Achary
et al 2006) and principal component analysis (Achary and
Nagarajaram, unpublished results) gave valuable insights
into the nature of possible structural changes as a result of
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mutations, especially at the functionally important regions
(FIRs). The studies suggested that the mutations could have
a disruptive effect on function, by destabilizing the native
properties of FIRs. The haem-binding region (HBR) and
substrate-binding region (SBR) in the MTs had altered
structural and dynamic properties. Since these regions
constitute the site of catalytic activity of the enzyme, we
undertook a comparative study of the binding of a substrate
in the active site of WT and MTs by means of molecular
docking in order to reveal the possible differences in their
substrate-binding properties.

The ligand that CYPIbl metabolizes in vivo in the
context of PCG is not known. However, CYP1b1 is found
to be involved in the metabolism of the endogenous
steroid oestradiol (E2), the metabolites of which have been
implicated in carcinogenicity (Liehr and Ricci 1996; Spink
et al 1998). CYP1b1 was shown to catalyse the conversion
of E2 to 2- and 4-hydroxylated metabolites (figure 1) (Hayes
et al 1996). In vitro kinetic studies of CYP1bl harbouring
common polymorphisms indicated altered activities in the
conversion of E2 to its 2- and 4-hydroxylated forms (Shimada
et al 1999). Further, hydroxylation of E2 is considered to be
the characteristic reaction catalysed by CYP1bl (Murray et
al 2001). Therefore, E2 was considered as a suitable ligand
for the current comparative docking analysis of the WT and
MT structures of CYP1b1.

2. Material and methods

Dockings were performed using the GOLD software (http:
//gold.ccdc.cam.ac.uk), which uses a genetic algorithm (GA)
to find the binding modes of the ligand. The docking protocol
has four main steps: (a) ligand preparation; (b) receptor
preparation; (¢) docking using a search algorithm; and (d)
analysis of the binding modes using a scoring function.
Docking calculations were done on a Dell Poweredge 6800
server running on Redhat Enterprise Edition 4.0 of the Linux
operating system.

2.1 Ligand preparation

The common endogenous steroid E2 was used for docking.
The molecular formula for the ligand was obtained from
pubchem database (http://pubchem.ncb.nlm.nih.gov/) and
the three-dimensional (3D) structure was built using the Java
Molecular Editor software (http://www.molinspiration.com/
jme/) (figure 1).

2.2 Receptor preparation

Multiple receptor structures of WT and MTs were used
for the docking experiment. The receptor structures were
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Figure 1. The structure of oestradiol (E2) and the two main
catalytic products showing the site of oxidation

prepared from the trajectories of MD simulations (Achary et
al 2006). The MD simulation snapshots were clustered using
the Jarvis—Patrick algorithm (Jarvis 1973) implemented in
the GROMACS program g _cluster. Residues in the SBR
were used for the least squares fit. The number of nearest
neighbours considered for clusters was 10 and a minimum
of 3 identical nearest neighbours were required to form a
cluster. The cluster centres of the top 3 highly populated
clusters were selected for further analysis. The structures
were energy minimized in GROMACS using the steepest
descent method with a termination criteria of emtol = 1
kJ/mol, followed by the conjugate gradient method with a
termination criteria of emtol = 0.01kJ/mol. PROCHECK
was used to determine whether the conformation was free
from any bad contacts, and the structures were converted to
the SYBYL-mol2 format using the BABEL software, for use
with the GOLD program.

2.3 Docking using a search algorithm

The residues comprising the SBR (Achary ef al 2006) were
used to define the putative ligand-binding sites and the
corresponding atoms in each case were written to the file
named “cavity.atoms”. The GA settings in GOLD were set
to the “automatic mode” with an “auto scaling” of 1.0. By
this method, the program itself determines the optimum run
parameters depending on the nature of the ligand and the
receptor active site. Thus, parameters such as “crossover
frequency”, “number of GA runs”, “mutation rates”, etc.

are automatically adjusted by the program. The ligand atom
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types were reset in GOLD and a “flood-fill centre radius”
of 20 A was used to define the search space. The docking
results were scored using the GOLD scoring function. In
each case, 50 GA runs were performed.

2.4 Analysis of ligand-binding modes

The docking results of the 50 GA runs were clustered using
a root mean square deviation (RMSD) cut-off of 0.75 A and
the best scoring conformation in each cluster was selected.
The distances of ligand atoms that are the sites of oxidation,
the ligand atom that is closest to the haem Fe and the
average distance of all the ligand atoms from the haem Fe
were computed. The number of hydrogen bonds (HB) and
the number of non-bonded (Nb) contacts between the ligand
and the receptor were computed using LIGPLOT (Wallace
et al 1995).

The volumes of the SBR in the receptor structures used
for docking were calculated using POCKET (Levitt and
Banaszak 1992). Since the program does not recognize
heteroatoms such as haem, the residue name for haem
was modified to that of an amino acid. The SBR volumes
of known crystal structures of the p450-ligand complexes
from the Protein Databank (PDB) were also computed
for reference. While doing this, the ligand molecule from
the complexes was removed before computation of the
volume. The figures of the best docked solutions were
generated using the SPDBYV software (Kaplan and Littlejohn
2001).

3. Results
3.1 Modelling of ligand and receptor structures

Docking studies were carried out to study the binding
modes of E2 to the active site of the WT and MT structures.
GOLD uses a GA to find the optimal ligand-binding modes.
Specifying the approximate location of the binding site
significantly narrows down the search space and time. Thus,
the SBR residues were specified to the program to define the
search space.

In a typical docking study, only one representative
structure for the receptor molecule is considered and
this can severely limit the scope of understanding of
protein—ligand interactions. We therefore considered several
receptor structures carefully selected from MD simulations
in each of the WT and MT molecules. The selected
structures effectively represented energetically favourable
conformational possibilities at the binding site. In essence,
we tried to perform “flexible-protein and flexible-ligand”
docking studies to enhance the sampling space of protein—
ligand interactions.

The receptor structures used for docking calculations
were selected from the clustering of trajectories. Since only
the local conformation of the SBR is required for docking
calculations, a clustering based on the least squares fit
of the SBR residues was done to get SBR conformations
that have longer resident times. The conformations closest
to the cluster centres were saved and subjected to energy
minimization for further analysis.

The three cluster centres selected for docking were the
three most populous conformations of the active site of the
molecule during the simulation. The C* RMSD of the SBR
residues between any of the three clusters in the WT and
MT clusters ranges from 2 A to 4 A, indicating significant
differences in conformation at the active site between the
WT and MTs. Table 1 gives the volumes of the active sites
of WT and MT molecules, corresponding to the structures
of the three cluster centres. The active site volume in the
case of WT for the first two conformations was around 270
A3, while it was more in the third cluster. In A115P, M132R,
P193L, E229K and G466D, the volumes of the three clusters
have more variation compared with WT, with an average
volume that is higher than that of WT. The active site
volumes in WT and most of the MTs were within the range
found in the crystal structures of p450-ligand complexes
(figure 2), while in some MTs, the volumes were towards the
higher limit of the range.

3.2 Protein-ligand interactions in WT and MTs

In each case, the solutions of 50 GA runs were ranked
according to the GOLDSCORE fitness function. The scoring
in the function is based on the energy terms, namely, protein—
ligand HB energy, protein—ligand van der Waals energy,
ligand—internal van der Waals energy and ligand—torsional
strain energy. GOLD has an inbuilt clustering method based
on the RMSD values, which is used to cluster ligand poses
having an RMSD of <0.75 A. According to the fitness
function, the top scoring ligand orientations are considered
as the best ligand poses. To be biologically meaningful, the
ligand orientation should be such that the reactant atoms or
the site of oxidation is proximal to the Fe of haem.

For the purposes of the present study, the best ligand-
binding poses for the receptor structures representing the
three clusters in the WT and MTs were compared with each
other.

Table 1 gives the GOLD fitness scores of the best docking
solutions for E2 binding. The scores are in the range of
40-50 in the WT and MT molecules. The table also gives
the distances at which the ligand is positioned from the
haem Fe. The average distance of the ligand atoms from
haem Fe, and the distances of the sites of 2-hydroxylation
and 4-hydroxylation from Fe are also given. In WT, E2 is
bound at a distance of 10 A in the first cluster and about
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Table 1.

The volume of the substrate-binding region (SBR) of the three clusters of wild-type (WT) and mutant (MT) structures along

with the GOLD fitness scores of the docking calculations, the number of hydrogen bond (HB) interactions, number of non-bonded (Nb)

contacts and the distance of ligand atoms from the haem Fe.

Ligand-Fe Ligand 20H  Ligand 40H Ligand— Ligand—
Cluster ~ Volume of GOLD average site—Fe site—Fe receptor receptor Nb
no. SBR (A% fitness score  distance (A) distance (A)  distance (A) H-bonds contacts

WT 1 275 38 10 8 11 1 53

2 261 46 12 11 12 1 85

3 432 46 12 11 13 0 66
Al15P 1 279 44 11 8 0 65

2 280 41 11 7 0 73

3 649 46 9 13 12 0 84
M132R 1 695 40 7 5 0 69

2 324 46 6 8 7 1 94

3 165 49 7 11 10 0 86
Q144pP 1 308 45 6 10 9 0 90

2 260 44 7 10 10 1 84

3 310 42 7 10 11 2 70
P193L 1 139 39 7 10 10 0 67

2 683 42 14 15 14 0 81

3 434 38 14 18 18 0 56
E229K 1 235 42 7 5 6 1 68

2 356 39 13 17 17 1 57

3 784 44 11 13 11 1 74
S239R 1 236 49 8 4 0 73

2 274 51 6 10 9 0 94

3 188 61 6 3 0 127
R368H 1 215 44 5 5 5 2 139

2 216 40 13 15 14 0 81

3 241 33 12 12 14 0 106
G466D 1 598 42 8 0 78

2 306 39 9 2 69

3 319 40 3 0 87

12 A in the second and third clusters (table 1). The 2- and
4-hydroxylation sites are at 8 A and 11 A, respectively, in
the first cluster, and about 11 A and 12 A, respectively, in the
second and third clusters.

The ligand makes a single HB interaction with 1350 of
f-strand S9 or K463 of S-strand S17, respectively, in the first
and second clusters. The other interactions are those of van
der Waals contacts with the receptor, which is the largest
in the case of cluster 2. In the case of MTs, the distance at
which the ligand is bound varies considerably between the
three clusters studied, indicating changes, as noted earlier, in
the active site conformation in the MTs. This is also seen in
table 1 wherein the volume of the active site varies more in
the MTs than the WT. The GOLD fitness function has been
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optimized for a better prediction of ligand-binding positions
rather than ligand-binding affinities (Jones et a/ 1997),
and thus the best scoring solutions obtained in the various
docking runs of WT and MTs are an indication of the best
ligand-binding positions rather than the relative strength of
ligand-binding. Hence, no attempt was made to compare
the binding affinities between WT and MTs; however, the
orientations and binding positions were compared.

Table 2 gives a list of Nb contacts between the protein
residues and the ligand. In WT, the ligand has Nb contacts
with the residues of the F-, G- and I-helices, S-strands S9
and S17, and loops B'/S6, K/S9. In the first cluster, the
ligand is oriented perpendicular to the axis of the I-helix,
having Nb contacts with loop K/S9 and fS-strand S9 near the
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roof of the SBR. In the other two clusters, the orientation
of the ligand is parallel to the I-helix and makes additional
contacts with the residues of loop B'/S6. Figure 3 gives the
schematic representation of ligand-binding in WT and MTs
in the first three clusters. In the first cluster in WT, E2 is
bound with its phenol group oriented towards the haem. The
2-hydroxylation site is close to Fe at a distance of 8 A. In the
second cluster, the ligand is oriented parallel to the I-helix
and the haem plane, while in the third cluster, the ligand is
positioned more towards the B-helix and parallel to I-helix.
In both the second and third clusters, the reactive sites in the
ligand are at a distance of 10-12 A from Fe. The ligand also
has stacking interactions with aromatic side-chains F231,
F261 and F134 (table 2) in the second and third clusters,
which is not the case in the first cluster. The main difference
between the ligand poses in the second and third clusters is
that in the second cluster, the 2- and 4-hydroxylation sites
are near the haem, whereas in the third cluster, there is a
180° turn in the ligand, so that reactive groups are away
from the haem. The orientation in the second cluster seems
to be the biologically correct binding pose.

In all the three clusters of MT A115P, the ligand has
additional Nb contacts with the B-helix and haem, apart from
contacts with the I-helix and loop B’/S6. The haem is displaced
in position with respect to WT. The orientation of the ligand
is perpendicular to the axis of the I-helix, similar to that in
cluster 1 of WT. As seen from figure 3, in this orientation there
is no proper stacking interaction with the aromatic residues in
the active site. The ligand protrudes into the space available
between the I-helix and haem, and is thus located at a shorter
distance from the Fe of haem. In M132R, there is a similar
change in the position of haem and change in the conformation
near the haem-binding region as that of A115P, thus creating
more volume. The ligand, as a result, binds close to the haem,
making contacts predominantly with haem and the I-helix, and
lesser contacts with the K-helix, and loops K/S9, B'/S6. In the
first two clusters, the ligand is oriented parallel to the axis of
haem and the I-helix, but closer to the haem as seen from table
1. As seen from figure 3, the ligand at this position has no
interaction with the aromatic side-chains as found in WT. In
the third cluster, the ligand is oriented vertically, similar to that
in cluster 1 of WT, but is much closer to haem. In Q144P, in all
the three clusters, the ligand is oriented in a horizontal position
similar to that found in WT but at a much closer distance of
about 7 A from haem. Interactions with the aromatic groups
are again absent and the ligand has Nb interactions with the
same structures as seen in M132R.

In P193L, ligand orientation is similar to that of cluster
1 of WT but is much closer to the I-helix as seen from the
interactions in table 2. In the second cluster, as seen from
figure 3, the ligand is located parallel to the haem plane and
the I-helix but much further away from the haem and makes
more contacts with the F-helix. The distance from the Fe

of haem as seen from table 1 is 14 A, which is more than
that of any of the other structures. The binding at a place
much further from haem indicates a larger volume of active
site, which can be observed from table 1. The orientation of
the ligand in cluster 3 is more towards the B-helix and loop
B'/S6. As seen from figure 3, the ligand makes interactions
with the aromatic side-chains, but is located much further
from the reaction centre of haem.

In the first cluster of E229K, the ligand is oriented
perpendicular and close to haem, with Nb contacts with
haem and the I-helix. In the second cluster too, the ligand
is perpendicular to haem but situated away from it and has
contacts with the F-helix and loop K/S9 and f-strand S17
located towards the roof of the SBR. As in other cases,
because of the perpendicular orientation of the ligand, there
are no stacking interactions with the aromatic side-chains
in the active site. Ligand orientation in cluster 3 is similar
to that observed in cluster 3 of P193L in terms of stacking
interactions with aromatic side-chains, but the ligand is
located closer to the I-helix than the B-helix. In S239R,
the ligand is in a similar orientation in the first 2 clusters
as seen from the Nb contacts listed in table 2. The ligand
is much closer to haem and the I-helix, and points towards
the substrate-access channel, as seen from the contacts with
the B-helix in table 2. In the third orientation, the ligand is
parallel to the plane of haem and located about 6 A from the
haem Fe.

In the first cluster of R368H, the ligand is oriented
parallel to haem plane at a close distance of 5 A. This results
in contacts only with haem and the I-helix. In the second
cluster, the ligand is located a distance of 13 A, similar to
the WT, but is more towards the I-helix making contacts
with it, in contrast to the contacts observed in WT with the
F-helix and loop K/S9 along with the I-helix. This precludes
proper interaction of the ligand with the aromatic side-
chains in the active site. In the third cluster, the orientation
of the ligand is partly similar to that of cluster 2 in WT, and
has similar contacts. However, from table 1, it can be noted
that the ligand orientation differs from WT in that its 2- and
4-hydroxylation sites are further away from the haem Fe.
As seen from figure 3, in clusters 2 and 3, a change in the
relative position of haem with respect to the active site is
observed.

From table 1, it can be seen that in G466D, the SBR
volume in the first cluster is higher than that of WT and
the ligand is bound at a closer distance of about 6 A from
the haem Fe, thus making contacts predominantly with
haem and the I-helix. The ligand orientation in the second
cluster is similar to that in the third cluster of WT but is
more towards the I-helix with no contact with the F-helix.
The ligand conformation in the third cluster is perpendicular
to the haem Fe, accommodating the minor change in the
position of haem relative to the active site.

J. Biosci. 33(5), December 2008
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4. Discussion

The docking studies of E2 binding to CYPIbl and its
MT forms is based on receptor structures derived from
MD simulation of homology models. The fact that the
3D structure of CYPs is highly conserved despite the low
sequence similarities justifies the utility of CYP homology
models in structural studies. The initial models used in
the current study were stereochemically good, with 92%
of the residues falling in the most favoured regions of
the Ramachandran map and with a PROCHECK G-score
of —0.21. The VERIFY-3D plots for these models also
showed satisfactory 3D—1D scores for all the residues in
the sequence. The structures were also simulated for a fairly
long time (50 nanoseconds) and this ensured sufficient
relaxation of the structures.

From the observations mentioned in the Results section,
the binding of the ligand to the active site of CYP1b1 seems
to predominantly depend on the hydrophobic interactions that
the ligand makes with the protein, indicating that binding
specificity arises largely as a consequence of the volume and
geometry of the binding site rather than polar interactions.
There was only 1 HB between the ligand and the receptor.
This is plausible as E2 is largely hydrophobic in nature.
The GOLD fitness scores and the Nb contacts have some
correlation, indicating the importance of the Nb contacts in
ligand-binding. The CYP1bl active site region has a cluster

20
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of side-chains of aromatic amino acids, which stack with
the ligand molecules. The hydrophobic nature of the active
site was also observed in the crystal structures of CYP3A4
(Williams et a/ 2004) and CYP24A1 (Masuda et al 2007).

In this study, the ligand pose corresponding to the second
cluster is similar to that found for “estriol” in CYPS5I
(Podust et al 2004) (PDB-ID: 1x8v) — a ligand that is
structurally similar to E2 among all the known p450-ligand
complexes. In this complex, estriol is bound at a distance
of 8 A (average distance of all atoms from Fe) (see figure 2
[Estriol]). The equivalent sites corresponding to the 2- and
4-hydroxylation sites of E2 are also at a distance of 8 A
from the haem Fe. The orientation of the ligand is parallel
to the haem plane and along the axis of the I-helix. Stacking
interactions are also seen with the aromatic side-chains Y76,
E78, F255, similar to those found in the present study. From
these observations, the docking pose observed in cluster 2 of
WT is considered as a reference to compare and contrast the
ligand poses in the other MTs.

In earlier studies, it was suggested that the SBR of
the CYPs are relatively rigid and may not have large
conformational changes upon ligand-binding. The crystal
structures of CYP3A4, and ligand-free and ligand-complexed
forms do not exhibit any significant conformational changes
due to ligand-binding (Williams er a/ 2004). However,
conformational changes upon ligand-binding are observed in
the case of CYP2B4 (Scott et a/ 2004). The conformational
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Figure 2. The frequency distribution of (A) Average distance (in A) of the ligand from haem Fe and (B) Volume (in A%) of the active site
region, calculated from 105 p450-ligand complex structures obtained from the Protein Databank (PDB) database.
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Figure 3. (Continued)
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y

R368H G466D

Figure 3. Projection diagrams of oestradiol docked into the three clusters (labelled 1, 2 and 3) of wild-type (WT) and 8 CYP1b1 mutants
(MTs) (A115P, M132R, Q144P, P193L, E229K, S239R, R368H and G466D). The projection diagram of the reference complex ESTRIOL
(CYP51) is also shown. In all the subfigures, oestradiol is coloured blue, and haem is coloured orange. The receptor’s helices and sheets
and loops within 5A from the ligand are represented in ribbon form and coloured in red, blue and brown, respectively. Aromatic side-chains
within 5A of the ligand are also shown in black. For better comparison part of the I-helix is also shown in the background as a ribbon.
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changes in the active site of the receptor seem to depend on
the size of the bound ligand. In this study on docking of E2,
a moderate-sized substrate, into CYP1bl1, the use of dynamic
representatives of the apo-form of the enzyme for the docking
analysis is justified based on the above observations.

Docking of E2 into a homology model of CYP1b1, which
is based on the structure of CYP2CS5, has been studied
previously (Lewis et al 2003). In the study by Lewis et al,
the 4-hydroxylation site of E2 was found to be about 7A
from the haem Fe and ligand-binding to CYP1bl was
proposed to be stabilized by a combination of 7z—= stacking
with aromatic residues and hydrogen- bonding. The
ligand-HB interactions in this model differ from the model
in our study. However, the z—r stacking interactions are
similar to those observed in the present model. In our study,
the CYP1bl model is based on CYP2c9, a human p450
template. Further, a rigorous method of MD simulation
followed by clustering was employed to select the receptor
structure.

Earlier studies on some CYP1b1 MTs and polymorphisms
indicated altered activity towards E2. The MTs G61E and
R469W showed compromised E2 hydroxylation activity
(Jansson ef al 2001), while two polymorphic variants, R48G
and A119S, did not show any change in activity (McLellan
et al 2000). However, in another study, the polymorphic
variants R48G, A119S and V432L exhibited altered kinetics
while N453S exhibited no change in E2 hydroxylation
(Aklillu et al 2002). CYP1b1 activity assays using substrates
other than E2 also indicated differences in activity between
WT and MTs. In a study involving the activity of CYP1bl
towards the substrate (—)benzo[a]pyrene-7R-trans-7,8-
dihyrodiol (B[a]P-7,8-diol), the protein mutations implicated
in PCG significantly decreased the metabolism of the
substrate, while minor differences in activity were observed
in the case of common polymorphisms (Mammen et al
2003). In a study involving the substrate ethoxyresorufin,
the CYPlbl MT E229K showed decreased activity
compared with the WT (Jeannot et a/ 2007). In these studies,
polymorphic/mutation sites do not form part of the SBR, but
have an effect on the catalytic activity of the enzyme. The
mechanism of loss of activity could thus be indirect through
structural and dynamic changes in the enzyme, leading to
altered substrate-binding or access, as observed for the
mutations examined in the present study.

The difference in ligand interactions between MTs
and WT as seen in our study is a result of a change in the
geometry of the SBR, and change in the position of haem
relative to the active site. In WT, the ligand does not make
hydrophobic contacts with haem, but in most of the MTs,
the ligand makes Nb contacts with haem. As seen earlier,
the orientation of the ligand in WT is similar to that found
in the complex of estriol with CYP51. The interaction with
residue F261 of the G-helix, which is found in WT, is absent

J. Biosci. 33(5), December 2008

in all the MTs. An important difference in ligand—protein
interactions between WT and MTs is the presence of stacking
interaction with phenyl residues in WT and their absence or
reduced interactions in MTs. In conclusion, the present study
could explain the nature of the differences in geometry at
the active site region in WT and MTs, which might preclude
favourable protein—ligand interactions in the MTs, thereby
resulting in compromised catalytic activity.
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