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Protein phosphatase �A (PP�A) is an important phosphatase which regulates various cellular processes, such as protein synthesis,
cell growth, cellular signaling, apoptosis, metabolism, and stress responses. It is a holoenzyme composed of the structural A and
catalytic C subunits and a regulatory B subunit. As an environmental toxin, okadaic acid, is a tumor promoter and binds to PP�A
catalytic C subunit and the cancer-associated mutations in PP�A structural A subunit in human tumor tissue; PP�A may have
tumor-suppressing function. It is a potential drug target in the treatment of cancer. In this study, we screen the TCM compounds in
TCM Database@Taiwan to investigate the potent lead compounds as PP�A agent. 	e results of docking simulation are optimized
under dynamic conditions by MD simulations a
er virtual screening to validate the stability of H-bonds between PP�A-� protein
and each ligand. 	e top TCM candidates, trichosanatine and squamosamide, have potential binding a�nities and interactions with
key residues Arg�� and Arg��� in the docking simulation. In addition, these interactions were stable under dynamic conditions.
Hence, we propose the TCM compounds, trichosanatine and squamosamide, as potential candidates as lead compounds for further
study in drug development process with the PP�A-� protein.

1. Introduction

Protein phosphatase �A (PP�A) is an important phosphatase
which consists of a holoenzyme composed of the structural
A and catalytic C subunits and a regulatory B subunit [�…
� ]. As each of these subunits exists many di�erent isoforms,
the holoenzymes of PP�A, can form various distinct trimeric
ABC complexes. 	is enzyme can regulate various cellular
processes, such as protein synthesis, cell growth, cellular
signaling, apoptosis, metabolism, and stress responses [� , 
 ].
Many researches indicate the cancer-associated mutations in
PP�A structural A subunit in human tumor tissue [� …� ]. As
a research in ���� determined that an environmental toxin,
okadaic acid, is a tumor promoter and binds to PP�A catalytic
C subunit [� ], PP�A may have tumor-suppressing function.
As PP�A has tumor-suppressing function, it is a potential
drug target in the treatment of cancer [�� , �� ].

Nowadays, the researchers have determined more and
more distinct mechanisms of diseases [�� …�� ]. According to
these mechanisms, the researchers can identify the potential
target protein for drug design against each disease [�� …
�� ]. 	e compounds extracted from traditional Chinese
medicine (TCM) have been indicated in manyin silico
researches as potential lead compounds for the treatment of
many di�erent diseases, including tumours [�� …�� ], diabetes
[�� ], in�ammation [ �� ], in�uenza [�� ], metabolic syndrome
[�� ], stroke [�� …�� ], viral infection [�� ], and some other
diseases [�
 , �� ]. In this study, we aim to improve drug
development of TCM compounds by investigating the potent
lead compounds as PP�A agent from the TCM compounds
in TCM Database@Taiwan [�� ]. As the disordered amino
acids in the protein may cause the side e�ect and reduce the
possibility of ligand binding to target protein [�� , �� ], we
have predicted the disordered residues in sequence of PP�A-�
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F����� �: Docking pose of PP�A protein complexes with (a) trichosanatine, (b) angeliferulate, (c) dichotomoside E, and (d) squamosamide.

protein before virtual screening. A
er virtual screening of
the TCM compounds, the results of docking simulation are
optimized under dynamic conditions by MD simulations to
validate the stability of H-bonds between PP�A-� protein and
each ligand.

2. Materials and Methods

�.�. Data Collection. 	e X-ray crystallography structure of
the human serine/threonine-protein phosphatase �A (PP�A)
catalytic subunit alpha isoform was obtained from RCSB
Protein Data Bank with PDB ID: �FGA [�� ]. We employed

PONDR-Fit [�� ] protocol to predict the disordered residues
in sequence of PP�A-� protein from Swiss-Prot (UniPro-
tKB: P����
). For preparation, the protein was protonated
with Chemistry at HARvard Macromolecular Mechanics
(CHARMM) force �eld [�� ], and the crystal water was
removed using Prepare Protein module in Discovery Stu-
dio �.
 (DS�.
). 	e volume of the cocrystallized PP�A
inhibitor, microcysteine, was employed to de�ne the binding
site for virtual screening. TCM compounds from TCM
Database@Taiwan [�� ] were protonated using Prepare Ligand
module in DS�.
 and �ltered by Lipinski•s Rule of Five [�� ]
before virtual screening.
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F����� �: Root-mean-square deviations in units of nm and total energies over 
��� ps of MD simulation for PP�A protein complexes with
trichosanatine, angeliferulate, dichotomoside E, and squamosamide.
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F����� 
: Variation of (a) total solvent accessible surface area, (b) hydrophobic surface area, and (c) hydrophilic surface area over 
��� ps of
MD simulation for PP�A protein complexes with trichosanatine, angeliferulate, dichotomoside E, and squamosamide.
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F����� �: Root-mean-square �uctuation in units of nm for residues of PP�A protein complexes with trichosanatine, angeliferulate, dichoto-
moside E, and squamosamide during 
��� ps of MD simulation.

�.�. Docking Simulation. For virtual screening, the TCM
compounds were docked into the binding site using a shape
�lter and Monte-Carlo ligand conformation generation using
LigandFit protocol [�� ] in DS�.
. 	e docking poses were
then optionally minimized with CHARMM force �eld [�� ]
and then calculated their Dock Score energy function by the
following equation:

Dock Score= Š �ligand/ receptor interaction energy

+ligand internal energy� .
(�)

Finally, the similar poses were rejected using the cluster-
ing algorithm.

�.�. Molecular Dynamics (MD) Simulation.	e molecular
dynamics (MD) simulation for each protein-ligand complex
under dynamic conditions was performed by Gromacs �.
.

[�
 ]. 	e topology and parameters for PP�A-� protein with
charmm�� force �eld and ligands were performed by the
pdb�gmx protocol of Gromacs and SwissParam program
[�� ], respectively. Gromacs performed a cubic box with edge
approx �� �A from the molecules periphery and solvated with
TIP�P water model for each protein-ligand complex. 	e
common minimization algorithm, Steepest descents [�� ],
was employed with a maximum of 
,��� steps to remove
bad van der Waals contacts. A
er a neutral system using
�.��
 M NaCl model was created by Gromacs; the steepest
descents minimization with a maximum of 
,��� steps was
employed again to remove bad van der Waals contacts. For
the equilibration, the Linear Constraint algorithm for all
bonds was employed for the position-restrained molecular
dynamics with NVT equilibration, Berendsen weak thermal
coupling method, and Particle Mesh Ewald method. A total
of 
��� ps production simulation was then performed with
time step in unit of � fs under Particle Mesh Ewald (PME)

option and NPT ensembles. 	e 
��� ps of MD trajectories
was then analyzed using a series of protocols in Gromacs.

3. Results and Discussion

�.�. Disordered Protein Prediction.	e result of the disor-
dered residues predicted by PONDR-Fit with the sequence
of PP�A-� protein from Swiss-Prot (UniProtKB: P����
) is
illustrated inFigure �. For PP�A-� protein,Figure �indicates
that the structure of binding domain is stable as the major
residues of binding domain do not lie in the disordered
region.

�.�. Docking Simulation. For virtual screening, Dock Score
energy function is used to rank the top potential TCM
compounds; the chemical sca�old of top four TCM candi-
dates with high binding a�nity is displayed inFigure � with
its scoring function and sources. 	e top four TCM com-
pounds, trichosanatine, angeliferulate, dichotomoside E, and
squamosamide, were extracted fromTrichosanthes rosthornii
Harms,Angelica sinensis, Stellaria dichotomaL., andAnnona
squamosaL., respectively. A
er the virtual screening, the
docking poses of top four TCM compounds in the binding
domain of PP�A-� are displayed inFigure �. All the top
four TCM compounds have interactions with key residues
Arg�� and Arg���. Trichosanatine exists hydrogen bonds (H-
bonds) with key residues Arg�� and Arg���. Angeliferulate
has H-bonds with residues Arg��, Gln���, Arg���, and a �
interaction with residue Trp���. Dichotomoside E forms H-
bonds with residues Arg��, Tyr���, Gly��
, and a � interaction
with residue Arg���. Squamosamide has both H-bond and�
interaction with residue Arg���. In addition, there exist H-
bonds with residue Leu��� and a� interaction with residue
Arg��. 	ose interactions hold the top four TCM compounds
in the binding domain of PP�A-� protein.
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F����� �: Root-mean-square deviation value (a) and graphical depiction of the clusters with cuto� �.� nm (d) for PP�A protein complexes
with trichosanatine, angeliferulate, dichotomoside E, and squamosamide.

�.�. Molecular Dynamics Simulation.In LigandFit protocol,
each compound was docked into binding site using a shape-
based docking with rigid body of PP�A-� protein. 	e inter-
actions between each compound and PP�A-� protein men-
tion above may not be stable under dynamic conditions. We

employed MD simulation for each protein-ligand complex to
study the stability of interactions for each docking pose. 	e
information of root-mean-square deviations (RMSDs) and
total energies over 
��� ps of MD simulation is displayed in
Figure �. It indicates that the atomic �uctuations of protein
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F����� �: Docking poses of middle RMSD structure in the major cluster for PP�A protein complexes with trichosanatine, angeliferulate,
dichotomoside E, and squamosamide.

complexes with top four TCM compounds tend to be stable
a
er ���� ps of MD simulation, and there is no signi�cant
variation in the total energies for each complex during
MD simulation. To analyze the possible e�ect of each top
TCM candidate for the PP�A-� protein, Figure 
 displays
the variation of solvent accessible surface area for PP�A-�
protein over 
��� ps of MD simulation. For top four TCM
candidates, they have similar hydrophobic and hydrophilic
surface areas when the MD simulation tends to be stable,
which indicates that those compounds may not a�ect the
sharpness of PP�A-� protein a
er they dock in the binding
domain.Figure � illustrates the root-mean-square �uctuation
of each residue of PP�A-� protein during 
��� ps of MD
simulation. It indicates that they have similar deviation for
key residues in the binding domain of PP�A-� protein during

��� ps of MD simulation. In Figure �, root-mean-square
deviation value for each PP�A-� protein complex illustrates
the RMSD values between each MD trajectory of 
��� ps
of MD simulation, and graphical depiction of the clusters
with cuto� �.� nm is employed to de�ne the middle RMSD

structure in the major cluster as the representative struc-
tures for each complex a
er MD simulation. 	e docking
poses of the representative structures for each protein-ligand
complex are illustrated inFigure �. For angeliferulate and
dichotomoside E, the interactions between protein and ligand
mention in docking simulation are not stable under dynamic
conditions, which indicates that those two TCM compounds
cannot binding stabilized in the binding domain of PP�A-
� protein. For trichosanatine, the representative docking
poses in �.�� ns indicate that it has similar docking pose
as mentioned in docking simulation and maintains the H-
bond with key residue Arg��. In addition, it forms H-bonds
and � interactions with residues His���, Tyr���, and Trp���
a
er MD simulation. 	e docking pose of squamosamide
in �.�� ns of MD simulation also has similar docking pose
as mentioned in docking simulation and maintains the H-
bond and� interactions with key residue Arg��� and H-bond
with Leu���. To analyze the stability of these H-bonds, the
occupancy of H-bonds overall 
��� ps of molecular dynamics
simulation are listed inTable �, and the variations of distance
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F����� �: Distances of hydrogen bonds with common residues during 
��� ps of MD simulation for PP�A protein complexes with trichosan-
atine and squamosamide.

for each H-bond in the PP�A-� protein complexes with
trichosanatine and squamosamide are illustrated inFigure �.
For trichosanatine, it has stable H-bonds with residues Arg��
and His���, and the distances with residues Arg��� are stable
in �.� nm. For squamosamide, it has stable H-bonds with
residues Arg��� and Leu���.

4. Conclusion
	is study aims to investigate the potent TCM candidates
as lead compounds of agent for PP�A-� protein. 	e top
four TCM compounds have high binding a�nities with
PP�A-� protein in the docking simulation. However, the
results of docking simulation are optimized under dynamic
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T���� �: H-bond occupancy for key residues of PP�A protein
with trichosanatine and squamosamide overall 
��� ps of molecular
dynamics simulation.

Name H-bond interaction Occupancy

Trichosanatine

Arg�� : HH�� /O�� �%
His��� : HD� /O� �%
His��� : NE� /H
� ��%
Tyr��� : HH /O� ��%
Arg��� : HE /O�� ��%

Arg��� : HH�� /N�
 �%

Squamosamide

His��� : O /H
� �%
Arg��� : HE /O�� ���%
Leu��� : HN /O�� ��%
Leu��� : HN /O�� ��%

H-bond occupancy cuto�: �.� nm.

conditions by MD simulations to validate the stability of H-
bonds between PP�A-� protein and each ligand. Although
angeliferulate and dichotomoside E have potent binding
a�nities with PP�A- � protein in the docking simulation,
the interactions between protein and ligand mentioned in
docking simulation are not stable under dynamic condi-
tions. For the other two top TCM candidates, trichosana-
tine and squamosamide, there exist stable interactions with
key residues Arg�� and Arg��� under dynamic conditions.
Hence, we propose the TCM compounds, trichosanatine and
squamosamide, as potential candidates as lead compounds
for further study in drug development process with the PP�A-
� protein.

Conflict of Interests

	e authors declared that there is no con�ict of interests.

Authors’ Contribution

Kuan-Chung Chen and Hsin-Yi Chen had equal contribu-
tion.

Acknowledgments

	e research was supported by Grants from the National
Science Council of Taiwan (NSC���-���
-B���-��� and
NSC���-����-E-���-���-), Asia University (Asia���-CMU-
� and ���-Asia-��), and China Medical University Hospi-
tal (DMR-���-�
�, DMR-���-���, and DMR-���-���). 	is
study is also supported in part by Taiwan Department of
Health Clinical Trial and Research Center of Excellence
(DOH���-TD-B-���-���) and Taiwan Department of Health
Cancer Research Center of Excellence (MOHW���-TD-B-
���-��).

References

[�] I. M. Porter, K. Schleicher, M. Porter, and J. R. Swedlow, •Bod�
regulates protein phosphatase �A at mitotic kinetochores,Ž
Nature Communications, vol. �, article ����, ����.

[�] S. Wera and B. A. Hemmings, •Serine/threonine protein phos-
phatases,Ž	e Biochemical Journal, vol. ���, part �, pp. ��…��,
���
.

[�] M. C. Mumby and G. Walter, •Protein serine/threonine phos-
phatases: structure, regulation, and functions in cell growth,Ž
Physiological Reviews, vol. ��, no. �, pp. ���…���, ����.

[�] V. Janssens and J. Goris, •Protein phosphatase �A: a highly
regulated family of serine/threonine phosphatases implicated in
cell growth and signalling,Ž	e Biochemical Journal, vol. �
�,
part �, pp. ���…���, ����.

[
] D. M. Virshup, •Protein phosphatase �A: a panoply of enzymes,Ž
Current Opinion in Cell Biology, vol. ��, no. �, pp. ���…��
, ����.

[�] R. Ruediger, M. Hentz, J. Fait, M. Mumby, and G. Walter,
•Molecular model of the A subunit of protein phosphatase �A:
interaction with other subunits and tumor antigens,ŽJournal of
Virology, vol. ��, no. �, pp. ���…���, ����.

[�] G. A. Calin, M. G. di Iasio, E. Caprini et al., •Low frequency
of alterations of the� (PPP�R�A) and� (PPP�R�B) isoforms of
the subunit A of the serine-threonine phosphatase �A in human
neoplasms,ŽOncogene, vol. ��, no. �, pp. ����…���
, ����.

[�] R. Ruediger, H. T. Pham, and G. Walter, •Disruption of protein
phosphatase �A subunit interaction in human cancers with
mutations in the A� subunit gene,ŽOncogene, vol. ��, no. �, pp.
��…�
, ����.

[�] C. Bialojan and A. Takai, •Inhibitory e�ect of a marine-sponge
toxin, okadaic acid, on protein phosphatases. Speci�city and
kinetics,ŽBiochemical Journal, vol. �
�, no. �, pp. ���…���, ����.

[��] W. Chen, Z. Wang, C. Jiang, and Y. Ding, •PP�A-mediated
anticancer therapy,ŽGastroenterology Research and Practice, vol.
����, Article ID ��
���, �� pages, ����.

[��] A. H. Schönthal, •Role of serine/threonine protein phosphatase
�A in cancer,ŽCancer Letters, vol. ���, no. �, pp. �…��, ����.

[��] Y. Jiang, X. Li, W. Yang et al., •PKM� regulates chromosome
segregation and mitosis progression of tumor cells,ŽMolecular
Cell, vol. 
�, no. �, pp. �
…��, ����.

[��] I.-C. Chou, W.-D. Lin, C.-H. Wang et al., •Association analysis
between Tourette•s syndrome and two dopamine genes (DAT�,
DBH) in Taiwanese children,ŽBioMedicine, vol. �, no. �, pp. ��…
��, ����.

[��] T. Yamamoto, W.-C. Hung, T. Takano, and A. Nishiyama,
•Genetic nature and virulence of community-associated
methicillin-resistantStaphylococcus aureus,ŽBioMedicine, vol.
�, no. �, pp. �…��, ����.

[�
] C.-H. Wang, W.-D. Lin, D.-T. Bau, I.-C. Choua, C.-H. Tsai,
and F.-J. Tsai, •Appearance of acanthosis nigricans may precede
obesity: an involvement of the insulin/IGF receptor signaling
pathway,ŽBioMedicine, vol. �, no. �, pp. ��…��, ����.

[��] Y.-M. Chang, B. K. Velmurugan, W.-W. Kuo et al., •Inhibitory
e�ect of alpinate Oxyphyllae fructus extracts on Ang II-
induced cardiac pathological remodeling-related pathways in
H�c� cardiomyoblast cells,ŽBioMedicine, vol. �, no. �, pp. ���…
�
�, ����.

[��] Y. M. Leung, K. L. Wong, S. W. Chen et al., •Down-regulation
of voltage-gated Ca2+ channels in Ca2+ store-depleted rat
insulinoma RINm
F cells,ŽBioMedicine, vol. �, no. �, pp. ���…
���, ����.

[��] S. P. Mahamuni, R. D. Khose, F. Menaa, and S. L. Badole,
•	erapeutic approaches to drug targets in hyperlipidemia,Ž
BioMedicine, vol. �, no. �, pp. ���…���, ����.



�� Evidence-Based Complementary and Alternative Medicine

[��] C.-L. Jao, S.-L. Huang, and K.-C. Hsu, •Angiotensin I-con-
verting enzyme inhibitory peptides: inhibition mode, bioavail-
ability, and antihypertensive e�ects,ŽBioMedicine, vol. �, no. �,
pp. ���…���, ����.

[��] M.-C. Lin, S.-Y. Tsai, F.-Y. Wang, F.-H. Liu, J.-N. Syu, and F.-
Y. Tang, •Leptin induces cell invasion and the upregulation of
matrilysin in human colon cancer cells,ŽBioMedicine, vol. �, no.
�, pp. ���…���, ����.

[��] K.-P. Su, •In�ammation in psychopathology of depression:
clinical, biological, and therapeutic implications,ŽBioMedicine,
vol. �, no. �, pp. ��…��, ����.

[��] M. A. Leissring, E. Malito, S. Hedouin et al., •Designed inhibi-
tors of insulin-degrading enzyme regulate the catabolism and
activity of insulin,ŽPLoS ONE, vol. 
, no. 
, p. e��
��, ����.

[��] C.-Y. Chen and C. Y.-C. Chen, •Insights into designing the
dual-targeted HER�/HSP�� inhibitors,ŽJournal of Molecular
Graphics & Modelling, vol. ��, no. �, pp. ��…��, ����.

[��] S.-C. Yang, S.-S. Chang, H.-Y. Chen, and C. Y.-C. Chen,
•Identi�cation of potent EGFR inhibitors from TCM data-
base@Taiwan,ŽPLoS Computational Biology, vol. �, no. ��,
Article ID e�������, ����.

[�
] Y. A. Tsou, K. C. Chen, H. C. Lin, S. S. Chang, and C. Y. C.
Chen, •Uroporphyrinogen decarboxylase as a potential target
for speci�c components of traditional Chinese medicine: a
virtual screening and molecular dynamics study,ŽPLoS ONE,
vol. �, no. ��, Article ID e
����, ����.

[��] Y. A. Tsou, K. C. Chen, S. S. Chang, Y. R. Wen, and C.
Y. Chen, •A possible strategy against head and neck cancer:
in silico investigation of three-in-one inhibitors,ŽJournal of
Biomolecular Structure & Dynamics, vol. ��, no. ��, pp. ��
�…
����, ����.

[��] K. C. Chen, S. S. Chang, F. J. Tsai, and C. Y. Chen, •Han
ethnicity-speci�c type � diabetic treatment from traditional
Chinese medicine?ŽJournal of Biomolecular Structure &
Dynamics, vol. ��, no. ��, pp. ����…���
, ����.

[��] K.-C. Chen, M.-F. Sun, S.-C. Yang et al., •Investigation
into potent in�ammation inhibitors from traditional Chinese
medicine,ŽChemical Biology & Drug Design, vol. ��, no. �, pp.
���…���, ����.

[��] S.-S. Chang, H.-J. Huang, and C. Y.-C. Chen, •Two birds
with one stone? Possible dual-targeting H�N� inhibitors from
traditional Chinese medicine,ŽPLoS Computational Biology,
vol. �, no. ��, Article ID e������
, ����.

[��] K. C. Chen, S. S. Chang, H. J. Huang, T. L. Lin, Y. J. Wu, and C. Y.
Chen, •	ree-in-one agonists for PPAR-alpha, PPAR-gamma,
and PPAR-delta from traditional Chinese medicine,ŽJournal of
Biomolecular Structure & Dynamics, vol. ��, no. �, pp. ���…���,
����.

[��] K.-C. Chen and C. Yu-Chian Chen, •Stroke prevention by
traditional Chinese medicine? A genetic algorithm, support
vector machine and molecular dynamics approach,ŽSo
 Matter,
vol. �, no. �, pp. ����…����, ����.

[��] K.-C. Chen, K.-W. Chang, H.-Y. Chen, and C. Y.-C. Chen,
•Traditional Chinese medicine, a solution for reducing dual
stroke risk factors at once?ŽMolecular BioSystems, vol. �, no. �,
pp. ����…����, ����.

[��] T.-T. Chang, K.-C. Chen, K.-W. Chang et al., •In silico phar-
macology suggests ginger extracts may reduce stroke risks,Ž
Molecular BioSystems, vol. �, no. �, pp. ����…����, ����.

[��] H. J. Huang, Y. R. Jian, and C. Y. Chen, •Traditional Chinese
medicine application in HIV: anin silico study,ŽJournal of
Biomolecular Structure & Dynamics, vol. ��, no. �, pp. �…��, ����.

[�
] W. I. Tou, S. S. Chang, C. C. Lee, and C. Y. Chen, •Drug
design for neuropathic pain regulation from traditional Chinese
medicine,ŽScienti�c Reports, vol. �, article ���, ����.

[��] K. C. Chen, Y. R. Jian, M. F. Sun, T. T. Chang, C. C. Lee, and C.
Y. Chen, •Investigation of silent information regulator � (Sirt�)
agonists from Traditional Chinese Medicine,ŽJournal of Bio-
molecular Structure & Dynamics, vol. ��, no. ��, pp. ����…����,
����.

[��] C. Y.-C. Chen, •TCM Database@Taiwan: the world•s largest
traditional Chinese medicine database for drug screeningin
silico,ŽPLoS ONE, vol. �, no. �, Article ID e�
���, ����.

[��] W. I. Tou and C. Y. Chen, •May disordered protein cause serious
drug side e�ect?ŽDrug Discovery Today, ����.

[��] C. Y. Chen and W. I. Tou, •How to design a drug for the
disordered proteins?ŽDrug Discovery Today, vol. ��, no. ��-��,
pp. ���…��
, ����.

[��] Z. Xu, B. Cetin, M. Anger et al., •Structure and function of the
PP�A-shugoshin interaction,ŽMolecular Cell, vol. �
, no. �, pp.
���…���, ����.

[��] B. Xue, R. L. Dunbrack, R. W. Williams, A. K. Dunker, and
V. N. Uversky, •PONDR-FIT: a meta-predictor of intrinsically
disordered amino acids,ŽBiochimica et Biophysica Acta, vol.
����, no. �, pp. ���…����, ����.

[��] B. R. Brooks, R. E. Bruccoleri, B. D. Olafson, D. J. States, S.
Swaminathan, and M. Karplus, •CHARMM: a program for
macromolecular energy minimization and dynamics calcula-
tions,ŽJournal of Computational Chemistry, vol. �, pp. ���…���,
����.

[��] C. A. Lipinski, F. Lombardo, B. W. Dominy, and P. J. Feeney,
•Experimental and computational approaches to estimate sol-
ubility and permeability in drug discovery and development
settings,ŽAdvanced Drug Delivery Reviews, vol. ��, no. �…�, pp.
�…��, ����.

[��] C. M. Venkatachalam, X. Jiang, T. Old�eld, and M. Wald-
man, •LigandFit: a novel method for the shape-directed rapid
docking of ligands to protein active sites,ŽJournal of Molecular
Graphics and Modelling, vol. ��, no. �, pp. ���…���, ����.

[�
] B. Hess, C. Kutzner, D. van der Spoel, and E. Lindahl,
•GRGMACS �: algorithms for highly e�cient, load-balanced,
and scalable molecular simulation,ŽJournal of Chemical 	eory
and Computation, vol. �, no. �, pp. ��
…���, ����.

[��] V. Zoete, M. A. Cuendet, A. Grosdidier, and O. Michielin,
•SwissParam: a fast force �eld generation tool for small organic
molecules,ŽJournal of Computational Chemistry, vol. ��, no. ��,
pp. ��
�…����, ����.

[��] R. Fletcher, Optimization, Academic Press, New York, NY, USA,
����.


