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ABSTRACT

A total of 95 crystal structures of CDK2 were selected after considering criteria such as resolution and
absence of missing residues in the active site; and subjected to cross-docking. 14 out of 95 crystal
structures exhibited docking accuracy for greater than 70% of ligands at RMSD cut off 2A in the cross-
docking studies. These 14 crystal structures were selected for the second part of the study, which
included validation using DUD sets and enrichment calculations. 8 out of 14 crystal structures possessed
the enrichment factor of >10 at 1% of the ranked database. ROC-AUC, AUAC, RIE, and BEDROC were
calculated for these 8 crystal structures. 2WXV produced maximum BEDROC (0.768, at a=8) and RIE
(11.22). 2WXV as a single initial crystal structure in the virtual screening protocol is likely to produce
more accurate results than any other single crystal structure.
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INTRODUCTION

Virtual Screening (VS) assists in the prediction of
biological activities of a large set of compounds before
synthesizingthem. This enables prioritization of synthesis
and saves on time and money aspects, at the same time
helps in rationalizing the drug discovery process. When
the three-dimensional structure of the protein under
considerationis available, molecular dockingis the method
of choice for virtual screening. However, the choice of
protein structure affects the success of a docking based
virtual screening very significantly’.

A crystal structure depicts the protein conformation
which is optimally adapted for interaction with one
specific ligand? and therefore, may not accommodate
chemically diverse ligands. Thus, use of any one of the
available crystal structures for virtual screening, without
consideration of its suitability, could lead to significant
bias in the virtual screening. The obvious solution to this
problemistoincorporate protein flexibility into the docking
program so that chemically diverse ligands can also be
accommodated. One approach ofincorporating some level
of protein flexibility into virtual screening is “soft docking™in
which some steric clashes*between proteinandligand are
relaxed, thereby allowing the overlap of protein andligand

surfaces®. Another way is to find a promiscuous protein
structure which is able to accommodate a wide range of
diverse ligands in the best possible way®. Generation of
acceptable alternate conformations of the receptor using
the predetermined rotamer library is also used to address
the issue of receptor flexibility®. An ensemble of protein
structures” has also been used. Each of these methods,
however, is associated with a set of limitations®, which
make the choice of a method to address the protein
flexibility issue more difficult.

Cyclin-dependentkinase 2 (CDK2) represents one such
flexible kinase. It is an enzyme involved in the regulation
ofthe cell cycle. Specific cyclin/CDK2 complexis involved
in the cell cycle at two different phases®. It complexes
to its regulatory protein Cyclin E, undergoes a series of
conformational changes followed by phosphorylation to
yield a fully active complex*®. This complex helps transition
from G1 to S phase while binding of CDK2 to Cyclin A helps
progressionthroughthe S phase®'°. Excessive production
of CDKs or insufficient production of endogenous cyclin-
dependentkinaseinhibitors is reportedto disruptthe normal
regulation of cell cycle leading to cancer®. The effects of
CDK2 inhibitors on the cell cycle and their potential
value in the treatment of cancer have been extensively
studied''. Therefore, development of small molecule
inhibitors, which target CDK2 for the treatment of cancer,
has gained considerable interest.
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Multiple crystal structures have been deposited
in the protein data bank for CDK2 complexes with
chemically diverse inhibitors. The inhibitors belong to the
chemical classes such as purines''® pyrimidines'*1®,
oxindoles™'7, indenopyrazoles''®, benzodipyrazoles?,
quinazolines?!, aminopyrazoles?>23, aminothiazoles® ,
imidazopyridines®*? and flavonoids?.

Several studies in the past have reported use of
multiple protein structures available for CDK2, in an
attempt to address the issue of receptor flexibility?e.
These include studies done by Barril (2005)%°, Thomas
(2006)%° and Duca (2008)%"-%2, These studies were done
to address many questions including effect of flexible
docking and use of multiple cavities on the docking poses
and binding affinities, effect of different softwares®**2and
methodologies in comparing various crystal structures,
and possibility of use of one single structure for docking
and screening when multiple conformationally distinct
structures are available. All these reports indicate that
since a protein cavity is optimally adapted to accommodate
a specific ligand, it may be biased for ligands of that
chemical class and may not accommodate other ligands.
Two of these studies®3' recommended GLIDE to be
better software than GOLD. The results regarding use of
multiple conformations of a receptor for docking-based
studies were not consistent in all the previously published
papers®*3. Docking into multiple protein conformations
was reported to produce over-fitting artefacts rather than
actualimprovements in scoring accuracy®'-*2. None of the
papers recommend a single protein conformation as the
most suitable for docking-based virtual screening.

Availability of a number of crystal structures of CDK2,
co-crystallised with chemically distinct ligands have
multiplied in the past 10 years since the publication of
these studies. This prompted us to explore the crystal
structures of CDK2 in an attempt to ascertain the single
and most suitable structure for docking-based studies.
As indicated in the previous studies®3', we decided to
use GLIDE for docking as it is recommended to be the
best software.

METHODOLOGY

Structure-based Docking

Protein Preparation

There are 382 crystal structures of CDK2 depositedin
RCSB PDB, out of which we selected 95 crystal structures
as shown in Table I, including monomeric CDK2, CDK2
bound to Cyclin A, and inhibitors; and resolution between
1.50t0 2.7 A. The selection was based on the criterion of
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resolution and absence of missing residues in the active
site. This was followed by the addition of hydrogen atoms.
The hydrogen atoms were then optimized using OPLS
2005 force field and the protein-inhibitor complex was
minimized using the impact refinement module. A docking
grid was computed for each of the 95 protein structures
using co-crystallized ligand as the reference3?® 34,

Ligands and Ligand Preparation

For 95 co-crystallized ligand molecules, cyclin A/CDK2
inhibition data (IC,,) was available in the literature. These
co-crystallized ligands had IC,, values ranging from 0.3
nM to 1000 pM. The ligand molecules were subjected to
a conformational search (Macromodel v 10.0) and the
lowest energy conformation was used for the docking
experiments334,

Molecular Docking

Docking was carried out using extra precision (XP)
mode (since it is recommended in earlier studies® 32) of
GLIDE (v 5.9) using default parameters implemented in
Maestro 9.6, Schrodinger. Every ligand was docked into
all 94 non-native crystal structures. The G-score value
was calculated by taking into consideration the favourable
van der Waals, coulombic, lipophilic and hydrogen-
bonding interactions. Penalties for steric and buried polar
clashes were also considered. The root-mean-square
deviation (RMSD) for each ligand between the docked
conformation andthe one observedin the crystal structure
were calculateds? 353,

RMSD = sqrt ([Z distance atom , - atom_ . J/N),
where N is the number of atoms]

Validation using a decoy set

Decoys are molecules thatare presumedto be inactive
(that is, these are not likely to bind to the target) and are
used to validate the performance of a virtual screening
workflow. The decoy set of 2074 molecules was used from
the public domain database of decoys, Directory of Useful
Decoys (DUD). The decoys were used after calculating the
chemical similarity between the decoys and the actives.
A set of 51 chemically diverse known inhibitors of CDK2
and other molecules belonging to the chemical class of co-
crystallizedligands wasincluded as activesinthe database.
This database was used for comparative evaluation of the
performance of the crystal structures.

Screening of database using molecular docking

Screening of the database consisting of active and
decoy molecules was done using of GLIDE 5.9 with default
parameters implemented in Maestro 9.6.
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Criteria for performance evaluation

A virtual screening method retrieves ‘n’ molecules
called as ‘hits ‘from a database consisting of ‘N’ entries.
The *hitlist’ consists of compounds that possess activity
against atarget of interest and are called as ‘actives’ or
‘true positives (TP) and compounds called as ‘decoys’
or ‘false positives’(FP) which lack activity. Active
molecules that are not identified by the VS method as
‘hits’ are defined false negatives (FN), whereas the
decoys that are correctly rejected represent the true
negatives (TN).

Enrichment Factor (EF)

This descriptor takes into account the improvement
of the rate at which hits are retrieved by a VS protocol
as compared to a random selection and is calculated
by using Equation 1. It measures the performance of
a method in consideration with respect to a randomly
performing method by calculating the fraction of found
known actives in the top x% percentage of the ranked
list, compared to the ratio between actives and decoys
in the entire database®%.

Actives®

Selected

/N Xu/;elected (1 )
Actives /N

total total

EF¥ =

Sensitivity (Se)

It is defined as the ratio of the retrieved true
positive compounds (TP) to all active compounds in the
database, which is the sum of TP and FN (Equation 2).
Sensitivity values can range from 0 to 1, where Se = 0
means that no actives were retrieved from the database
and Se = 1 means that the search returned all active
compounds®7:38,

TP
TP + FN @

Specificity (Sp)

Itis defined as the ratio of the number of true negative
compounds (TN) divided by the sum of TN and the number
of retrieved false positive compounds (FP) (Equation 3).
Specificity ranges from 0 to 1 and denotes the percentage
of truly inactive compounds. Sp = 0 indicates that all
inactive molecules are selected by error as actives and
Sp = 1 represents that all inactive compounds have been
correctly rejected®-,

TN
Sp=—-" @)
TN + FP
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Receiver Operating Characteristic Curve

The ROC curve method describes the sensitivity (Se)
forany possible change of selected molecules as a function
of (1-Sp) and considers all Se and Sp pairs for each score
threshold. A ROC curve is plotted by setting the score
of the active molecule as the first threshold. Afterwards,
the number of decoy within this cut off is counted and
the corresponding Se and Sp pair is calculated. This
calculation is repeated for the active molecule with the
second highest score and so forth, until the scores of
all actives are considered as selection thresholds. The
calculation is done using the post-docking processing
script in Maestro 9.6%:%,

Area under ROC Curve

Another way of interpreting the results of ROC
curves was by calculating the area under the ROC
curve. The area under the curve (AUC) was calculated
as the sum of all rectangles formed by the Se and 1-Sp
values for the different thresholds. This calculation was
also done using the post-docking processing script in
Maestro 9.6 and represented by Equation 4 as given
below where threshold Si is the score of the ith active
molecule®”%,

AUC=D [(Se, ) (5p,., -Sp)]

Robust Initial Enhancement (RIE)

The RIE is a descriptor that does not suffer from
large value variations if only a small number of actives
are investigated. The rank for the i" active molecule was
related to the number of scored compounds investigated
a. To get a weight of approximately 1 for the active
molecule which was located at the beginning of the list
and to retrieve decreased weights for increasing ranks of
the actives, an exponential function described in Equation
5 was utilized®*4.

actives
S=Zexp (-rank(i)/a) (5)
i=1
The sum of all weights for all active molecules S was
then related to the mean sum <S>, which was derived
from calculations where the active molecules gotrandomly
selected ranks. This led to the calculation of final RIE
descriptor as represented in Equation 6.
(6)

S

RIE=——"—
0so




Boltzmann-enhanced discrimination of ROC
(BEDROC)

The aim is to derive a new descriptor that addresses
the early recognition problem like the RIE descriptor, but
also possesses the advantages of AUC, such as values
limited by 0 and 1 or a measurement of the performance
above all thresholds. The BEDROC descriptor is a
generalized AUC descriptor that includes a decreasing
exponential weighting function that focuses on active
molecules ranked at the beginning of the ordered
list. Equation 7 displays the formula of the BEDROC
descriptor3®41,

R sinh (0/2)
cosh (a/2) - cosh (a/2-aR ) 7)
1 RIE 1,

+ = +
1 _ea(l—Ra) [04 1 -ed

BEDROC = RIE %

if aR < landa#0

RESULTS AND DISCUSSION
Selection of crystal structures and the cross-
docking approach

A total of 382 crystal structures of CDK2 were
deposited in protein data bank. Of these, 320 crystal

structures were presentin complex with chemically diverse
co-crystallized ligands. Some of these structures were
monomeric structures were some are bound to cyclins.
CDK-2 is reported to bind to different cyclins including
cyclin A and cyclin E ®'°, Since different cyclins are likely
to produce different conformational changesinthe CDK2,
we focussed our attention on conformational changes
induced by cyclin A, and considered the structures for
monomeric CDK2 as well as CDK2 bound to Cyclin A. We
primarily looked at high resolution (<2.7A°) structures. The
second criterion used was an absence of missing residues
in the active site of CDK2. Thus, the complexes with
missing atoms/residues in the active site were discarded,
giving us 95 crystal structures. The third criterion was
exploring the possibility of selecting one CDK2 structure
from a group of crystal structures bearing same ligand
or chemically similar ligands. This attempt was based
on the assumption that chemically similar ligands bring
about similar conformational changes in the flexible
kinase domain. However, we observed that these 95
ligands exhibited a significant diversity in their structures,
as confirmed by calculation of Tanimoto coefficients.
Therefore, we could not eliminate any crystal structures
based on this criterion and continued the study with 95
crystal structures as shown in Table I. These structures

Table I: PDB IDs of 95 crystal structures used in this study

Sr. No. PDB ID Sr. No.

PDBID | Sr.No. | PDBID | Sr.No. | PDBID

20. 1CKP 39.

1DI8 58. 1DM2 77. 1E1V

21. 1G5S 40.

1Gll 59. 1H1S 78. 1KE5

22. 1KE7 41.

1KE8 60. 1KE9 79. 1019

23. 10IT 42.

1P2A 61. 1PF8 80. 1PKD

24, 1PXL 43.

1PXM 62. 1PXN 81. 1PXP

25. 1R78 44,

1VYW 63. 1VYZ 82. 1TWOX

26. 1YO1 45.

1YKR 64. 2A4L 83. 2B52

27. 2B54 46.

2B55 65. 2BKZ 84. 2BPM

28. 2BTS 47.

2C5N 66. 2C5Y 85. 2C68

29. 2C6l 48.

2C6K 67. 2C6L 86. 2C6M

30. 2C6T 49.

2DSH 68. 2DUV 87. 2IW6

31. 2R3G 50.

2R3J 69. 2R3K 88. 2R3M

32. 2R30 51.

2R64 70. 2UZE 89. 2UZL

33. 2VTH 52.

2VTI 71. 2VTJ 90. 2VTL

34. 2VTN 53.

2VTO 72. 2VTP 91. 2VTQ

35. 2VTS 54.

2VTT 73. 2VU3 92. 2W05

36. 2WPA 55.

2WXV 74. 3BHT 93. 3BHU

37. 3EZR 56.

3F5X 75. 3LE6 94. 3NS9

ole|Jlo|lo|rlald|[2|lao|@|N|o|o|s | w (v

38. 3ULI 57.

3WBL 76. 4ERW 95. 4KD1
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Table lI: Enrichment parameters for decoy set screening using 8 PDB Ids

ROC-AUC| AUC | RIE BEDROC

EF EF No. of different chemical

20

(1%) | (5%) | classes retrieved in top 1%

0.85 0.84 | 3.33 0.535

24 11 4

0.80 0.80 | 5.76 0.363

12 71

0.84 0.84 | 7.59 0.478

24 9.4

0.97 0.96 | 4.76 0.300

14 6.3

0.84 0.83 | 7.68 0.483

22 9

0.80 0.79 | 6.95 0.438

20 8.6

0.85 0.84 | 7.80 0.491

20 5.9

0.92 0.91 | 11.22 0.707

36 14

i i
0
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% Ligands (RMSD < 154)

% Ligands (RMSD < 20 &)

Fig. 1: Centered histogram of a number of grids having a given
percentage of Iigandsadocked with RMSD of (a) 1.0 A or better (b)
1.5 A or better (c) 2.0 A or better

% Ligands

1GIl 10IT 1P2A 1PXP 1Y91 1YKR 2B54 2BTS 2C5Y 2C60 2VTJ 2VTR 2W05 2WXV
H AtRMSD cutoff 1.0A W AtRMSD cutoff1.5A = AtRMSD cutoff 2.0 A

Fig. 2: % of Ligands retrieved for 14 PDB IDs at 1.0 A, 1.5 A and
2.0 A RMSD cut off
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represented three different conformational
states including the monomeric CDK2, the cyclin
A-CDK2 complexand cyclin A-CDK2 complex with
phosphorylated Thr 160.

In order to identify the crystal structure of
CDK2 for use in docking-based virtual screening,
we decided to use cross-docking as our first tool.
Since a particular protein conformation is optimally
adaptedtosuitthe ligand presentinits binding cavity,
the cross-docking experiments can investigate how
well a given ligand is docked across all protein
conformations. We initiated the study by docking
each of the 94 ligands into each of 94 non-native
protein structures, and the pose thus obtained
for each ligand was characterized by its docking
accuracy which is represented in terms of RMSD.
Docking accuracy is the degree of agreement
between the orientation and conformation of a
ligand observed in the crystal structure and the
pose derived from docking experiments. RMSD
values were calculated for the docked pose of each
of 94 ligands with respect to their pose attained
in the crystal structure as mentioned earlier. The
acceptable RMSD value was set to lesser than or
equalto2 A% 14 outof 95 crystal structures exhibited
docking accuracy for greater than 70% of ligands
at this cut off. The remaining crystal structures
exhibited docking accuracy values lesserthan 65%
at RMSD cut off value of 2A° (Fig. 1 and 2).

The 14 top performing crystal structures
consist of 2 cyclinA-CDK2 complexes and 12
monomeric structures of CDK2. Additionally, with
the exception of 10IT, all other top performing
crystal structures are deposited after the paper
published by Barril?® and Thomas®*°. We could not
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Fig. 3: Enrichment Factors (EF) at percentage of screened
ranked dataset for Structure-based Molecular Docking

compare Duca’s work®" %2 in a similar way as that paper
reports use of in-house crystal structures, details not
being available.

The 14 crystal structures that exhibited a good
docking accuracy were subjected to decoy set validation
in the second part of the study for selection of crystal
structure/s for virtual screening. The results of screening
by docking were analyzed using enrichment factors
(EF) and the results are depicted in Fig. 3. The cross
docking studies indicated ability of the crystal structures
to accommodate chemically diverse ligands whereas
enrichment studies were considered necessary to check
the ability of these crystal structures to retrieve actives
from a larger dataset.

Enrichment Calculations using DUD set validation
approach

Out of the 14 crystal structures, 8 crystal structures,
viz.PDBid 10IT, 1P2A,1Y91, 1YKR, 2BTS, 2C60, 2W05
and 2WXV possessed the enrichment factor of >10 at 1%
of the ranked database. The highest values of enrichment
factor were obtained in docking based screening using
crystal structure with PDBid 2WXYV. Crystal structures with

PDB accessionids 10IT and 1YKR performed similarly at
1% (EF=24). 2BTS performed slightly better than 2C60
and 2WO5. 1P2A performed the worst amongst all the
crystal structures. The enrichment factor values at 5% of
ranked database indicated that 2WXV performed the best
at this level too and, was followed by 10IT. Interestingly,
the crystal structures with PDBid 1YKR, 1Y91, and 2W05
which performed betterat 1% in comparisonto 1P2A, failed
to do so at 5% of the ranked dataset indicating in greater
retrieval of the decoys at this level. Furthermore, out of
9 chemical classes, 2BTS and 2WXV could retrieve the
highest number while 10IT and 1P2A retrieved least for
1% of ranked dataset. We selected 8 crystal structures
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which were associated with enrichment factor value
above 10 at 1%.

The ROC curve was the second classic enrichment
metric used in this study owing to their ability to provide
visual as well as a numerical summary of the screening
behavior®%, We plotted ROC curves for the selected
8 crystal structures. The ROC curves are shown in
Fig. 4.

An ideal ROC curve will start from zero and extend
vertically on X-axis till it reaches the value of 1 and then
extend rightward indicating complete sensitivity and
specificity. The ROC curve for crystal structure with PDB
id 1Y91 depicts performance, whichis poorin comparison
toacrystal structure that will perform random as it crosses
the line for random performance. The ROC curve for PDB
id 1Y91 begins at the origin zero and extends upward
on X-axis till a 0.18 indicating retrieval of actives only.
Thereafter, the curve begins to shift slightly right and up
indicating that decoys are also being retrieved. At x=0.3,
the curve moves only rightwards indicating that only
decoys are being retrieved. The next three points on the
curve indicate retrieval of actives followed by retrieval of
decoys. The last active was retrieved at x=0.4 and the
curve terminated abruptly indicating that all 51 actives
were not retrieved. A visual inspection of the eight ROC
curves also indicated that 2WXV performed better than
the other crystal structures.

Since the protein 1Y91 the last active was retrieved at
x=0.65,y=0.4 for 1Y91, we investigated this particularcase
in detail. The kinase domain of CDK-2 is well known for
its conformational flexibility like any other kinase domain.
Different ligands which bind to the ATP binding site of the
kinase domain of CDK-2 are reported to induce different
conformational changes* in the kinase domain, resulting
in either narrowing or widening of the ATP cleft. Binding
of 1Y91 ligand to its native protein causes narrowing of
the ATP binding cleft whereas widening is seen in the
other 7 shortlisted proteins due to the native ligands.
Narrowing of the binding site allows the 1Y91 ligand to
adopta U-shaped conformation, thereby enablingitto form
a salt-bridge with Asp145, located deeper inside the cleft.
Our observation indicated that ligands containing a basic
primary amino group only are able to form the salt-bridge
with Asp145 in addition to a hydrogen bond with Asn132.
We observed that the ligands devoid of a basic primary
amino group were not able to form the H-bond.

Narrowingofthe pocketalsorestrictsthe conformational
space of the ligands attempting to bind to the protein 1Y91.
Most of the active ligands contain two or more heterocyclic
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random distribution for which AUC values

lie between 05-1.037-38,

It may be noted that the in one of the

earlier studies by Barril and others?, the
classical metricviz. enrichmentfactorwas

only consideredforthe screening perform-

ance evaluation. Further the enrichment

studies have not been performed by

Thomas® and Duca®'®2, However, com-
paring the values of enrichment factors

at the various percentages of the ranked

database may indicate early recognition
of actives, but it cannot judge the good-

ness of ranking. Additionally, the ROC

curve and the AUC also do not take this
into consideration. Thus, in addition to

enrichment factor, ROC and AUC; ad-

vanced enrichment parameters such as
Robust Initial Enhancement (RIE) and

Boltzmann-Enhanced Discrimination of
ROC (BEDROC) were calculated to ad-

dresstheissue of an early recognition that

is not considered by classical enrichment
metrics®7:38:4041,

RIE quantitatively indicates the

ability of a ranking method to recognize

02

the actives earlier than the decoys.
Table Il indicates the RIE values of the 8

1

pad

selected crystal structures of CDK-2. In

the present study, the 8 selected crystal
structures had an RIE value greater than

g

f

1 indicating a performance better than

random. However, it was evident from
the values mentioned in Table Il; 2WXV

—
—

-—
— ——

outperformed other crystal structures with

.

O Spectnary”

4 specineiny”

7] 10 an RIE value 11.22.

Fig. 4: ROC curves for screened ranked dataset for 8 PDB ids

rings in their structures. Presence of a flexible linker as
well as optimum length of the molecules allows the ligands
to adopt a suitable conformation so as to fit in the narrow
pocket and form interactions with Asp145. Absence of
these two structural features also resulted in inability of
many actives to dock into the protein 1Y91.

The next enrichment parameter related to ROC and
used in the present study was the area under curve
(ROC-AUC). Table Il shows AUC values of the selected
8 crystal structures. All the crystal structures showed an
AUC value of >0.8 indicating a performance superior to
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The values of next advanced metric
viz. BEDROC were calculated at three
levels of a-values viz. 8, 20, and 160. The a-value is a
value that contributes to 6% of the total score at z% of
the rank. The a-value of 20 indicates that 80% of the
maximum contribution of actives comes from the first 8%
ofthelist, whereas a-value of 160 indicates that this 80%
contribution comes from 1% of the list®*#!- As indicated by
BEDROC values at all three a-values, the performance
of 2WXYV is the superlative. The high BEDROC values
indicated 2WXV could retrieve actives earlier than
decoys when compared to other crystal structures. A
close observation of the BEDROC values reveals that
the crystal structure with PDB id 1Y91 performed worst
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with lowest BEDROC value followed by crystal structure
with PDB id 1Y91. The remaining five crystal structures
had comparable BEDROC values.

CONCLUSION

Although the previous reports stated that no single
structure can be best for virtual screening studies,
availability of the new crystal structures opened new
possibilities prompting us to undertake this work. There
was a huge choice for selection of crystal structures
of CDK2 present in complex with chemically diverse
ligands for docking. 95 crystal structures were subjected
to cross-validation studies and 14 were selected. Our
cross-docking analysis also revealed that monomeric
structures are also able to accommodate ligands of
diverse chemical classes apart from the cyclin-CDK2
complexes. Additionally, classical and advanced
enrichment parameters were used for further validation
and selection of a single crystal structure. Taking into
consideration the performance of the protein structures
in cross docking and decoy set validation, we propose
that2WXYV is able to dock a number of chemically diverse
ligands accurately and can detect a greater number of
actives at an earlier stage. Therefore, the use of 2WXV
as single initial crystal structure in the virtual screening
protocol is likely to produce more accurate results than
any other single crystal structure.
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