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Temperature Dependency on Conformational Sampling of
12-Crown-4 by Simulated Annealing

Changdev G. Gadhe'’ and Seung Joo Cho*'

Abstract

In this manuscript, we report a protocol to determine most of the lowest energy conformations from the ensemble of
conformations. 12-crown-4 was taken as study compound to get the most of energy minima conformations. Molecular
dynamic (MD) simulation for 1 nanosecond (ns) was performed at 300, 500, 700, 900 and 1100 K temperature. At
particular interval conformations were sampled. Then Gaussian program was used to minimize compounds using PM6
energy levels. Duplicates were removed by checking energy as well as mirror image conformations, and only unique
conformations were retained for the next 6-31+G* level minimization. It was observed that upto certain increment in
temperature the number of unique conformations were increased, but afterword it decreased.
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1. Introduction

In the drug discovery process, getting a low energy
conformation of the drug or protein molecule is always
a big task. However, there are number of methods to get
a lowest energy or global minimum conformation. It
includes simulated annealing, replica exchange molec-
ular dynamics and locally enhanced sampling!!. The
usual goal of a conformational analysis is the identifi-
cation of all accessible minimum energy structures of a
molecule. Even for the small and simple molecules
there may be a large number of such structures. Lowest
energy conformation is referred as the global minimum
energy conformation. It is not necessary to be a global
minimum energy conformation to a biologically active
3D structure.

Systematic search method is a conformational search
method in which variable torsion angles are used to get
different conformations. The idea to improve systematic
search have been described by the Bruccoleri et al*l. A
random conformational search method have been

'Department of Biochemistry, Centre for Bioinformatics, University of
Madras, Guindy campus, Guindy, Chennai-600025, India

2Department of Bio-New Drug Development and Department of
Cellular - Molecular Medicine and Research Center for Resistant Cells,
College of Medicine, Chosun University, Gwangju 501-759, Korea

Corresponding author : gadhe.changdev@gmail.com, chosj@chosun.ac kr
(Received : February 18, 2013, Revised : March 20, 2013,
Accepted : March 25, 2013)

devised, in which structure is selected from the previ-
ously generated iterative process then randomly modi-
fied and minimized™7.. If this process resulted in new
structure, then it is added to the list, otherwise dis-
carded.

The aim of this study is not to get all the possible con-
formations, but it is to get most of the lowest energy
conformations for a molecule. Here, we developed a
protocol to get access to the lowest energy conforma-
tions. 12-crown-4 is used as a case study compound

(Fig. 1).

Fig. 1. Three dimensional (3D) structure of 12-crown-4
shown in ball-stick model. Oxygen represented in red,
carbon in grey and hydrogen in white.



Temperature Dependency on Conformational Sampling of 12-Crown-4 by Simulated Annealing 9

2. Experimental Section

Developed protocol to access lowest energy confor-
mations of molecule is shown in Fig. 2. First 12-crown-
4 was sketched by the SYBYLS.1®! software package
and minimized by setting all the default parameters.
Minimized structure was saved as protein database
(pdb) format. This structure was imported in AMBER
12! suite of package. The energy minimization of the
structure was performed using the AM1-BCC!'! charge
and antechamber program with general amber force
field"!. Importance of calculation of partial charge and
its application to atoms is reviewed elsewhere!!>!3],
Amber parameter of the molecule was saved into topol-
ogy and coordinate files. /n vacuo steepest descent and
conjugate gradient minimization for total 500 steps with
12 A cutoff were performed, which include first 250
steps of steepest descent and remaining conjugate gra-
dient minimization. After energy minimization the
restart coordinates were generated which were used in
the next MD simulation process. MD simulation was
performed in vacuo with Langevin temperature control-
ler coupled with collision frequency of 1.0 (gamma_In).
The output and trajectory coordinates were saved after

Sketching of molecules
Using SYBYL

Energy minimization
With default option

Molecule saved in PDB format
|

Antechamber geometry optimization

With AM1-BCC charge

l | General amber force field |

Saving amber parameter topology and
coordinate files for molecule

Steepest descent l

Amber minimization

Conjugate gradient in vacuum

Simulated annealing

every 100 steps. Total 500000 steps simulation with dis-
integration time of 0.002 picosecond (ps) was per-
formed with 12 A cutoff. Initial and final temperature
was set each to 300, 500, 700, 900 and 1100 K, respec-
tively. Sander program was used to run production sim-
ulation of 1 nanosecond. Five simulations with the
simulated annealing temperature were performed and
coordinate and trajectories were saved for further anal-
yses.

All the simulations were post-processed using ptraj
program and snapshots were generated at particular
interval. We generated 100 snapshots at 10 ps interval
for all the simulated annealing and saved in pdb format.
Total 500 snapshots were generated. Internally devel-
oped script was used to process 500 structures and con-
verted in Gaussian readable input format. We performed
two steps optimization for all the 500 structures,
because it is considered that the obtained structures at
particular interval are very high in energy or crude. First
we performed PM6 optimization and then the same
structures were deleted using self consistent field (SCF)
energy and mirror image conformation. Next, the
obtained structures after SCF and mirror image detection
were further used as an input in 6-31+G* optimization.

Lowest energy conformations

Same nurror image conformations T Visual

Deleted using SCF energy inspection

Gaussian 6-31%* level optimization

Same mitror image conformations Visual
Deleted using SCF energy inspection

Gaussian PM6 optimization

Gif files converted to dat | T
Babel program used to
convert pdb to gjf

Ptraj program used to get
100 snapshots at particular

Interval and saved in PDB format

f

Input files for further 1 ns
MD simulation

Sander program used
for 1 ns MD simulation

v

Fig. 2. Protocol used in this study to access lowest energy conformations. (Developed by Prof. Seung Joo Cho).
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3. Results and Discussion

After simulated annealing and post-processing PM6
minimization, the number of structures retained is given
in Table 1. The obtained lowest energy structure among
all was considered to be relatively most stable and
ranked as one, and other structures were assigned rank
relative to first. The retained structure after PM6 min-
imization has been converted again for the next level of
minimization using developed script. More expensive
and time consuming 6-31+G* level energy optimization
was performed to get the lowest energy minimum struc-
tures from first level. Analyses were performed again
based on the mirror image detection and SCF energy.
The number of lowest energy structures retained after
this analyses were reported in Table 1 and plotted in
Fig. 3. It is observed that the increased temperature
leads to retention of more structures, but at 1100 K the
numbers of retained structures are decreased.

4. Conclusion

We developed a protocol to access most of the lowest
energy conformations for a molecule. Here, we used

Table 1. Temperatures used to simulate 12-crown-4 and
number of structures retained after PM6 and 6-31+G*
optimizations after deletion of mirror image structure.

Unique conformation Unique conformation
Temperature

SYBYL, AMBER and Gaussian suites of packages to
get most of the lowest energy structures. Temperature
dependencies were observed in the retention of struc-
tures upto certain level and later on reduction in number
of structures was observed. Upto 900 K, the number of
lowest energy structures were increased gradually, but
at 1100 K it decreased with the higher level of optimi-
zation (6-31+G*). It concludes that the simulated
annealing with quantum mechanical optimization could
be an effective approach to get lowest energy confor-
mations.
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Fig. 3. Plot of temperature dependent energy minima.

J. Chosun Natural Sci., Vol. 6, No. 1, 2013



Temperature Dependency on Conformational Sampling of 12-Crown-4 by Simulated Annealing 11

zation approach to the multiple-minima problem in [10] A.Jakalian, B. L. Bush, B. D. Jack, and C. I. Bayly,

protein folding”, Proc. Natl. Acad. Sci. U. S. A. Vol. “Fast, efficient generation of high-quality atomic

84, pp. 6611-6615, 1987. charges. AM1-BCC Model: 1. Method”, J. Comp.
[8] S. H. R. SYBYLS.1; Tripos Inc., St. Louis, MO Chem., Vol. 21, pp. 132-146, 2000.

63144 USA (2008). [11] J. Wang, R. M. Wolf; J. W. Caldwell, P. A. Kollman,
[9] D. A. Case, T. A. Darden, T. E. Cheatham, III, C.

L. Simmerling, J. Wang, R. E. Duke, R. Luo, R. C.
Walker, W. Zhang, K. M. Merz, B. Roberts, S.
Hayik, A. Roitberg, G. Seabra, J. Swails, A. W.
Goetz, 1. Kolossvary, K. F. Wong, F. Paesani, J.
Vanicek, R. M. Wolf, J. Liu, X. Wu, S. R. Brozell,
T. Steinbrecher, H. Gohlke, Q. Cai, X. Ye, J. Wang,
M.-J. Hsieh, G. Cui, D. R. Roe, D. H. Mathews, M.
G. Seetin, R. Salomon-Ferrer, C. Sagui, V. Babin, T.
Luchko, S. Gusarov, A. Kovalenko, and P. A. Koll-
man, AMBER 12, University of California, San
Francisco (2012).

and D. A. Case, “Development and testing of a gen-
eral amber force field”, J. Comp. Chem., Vol. 25,
pp- 1157-1173, 2004.

[12] S. J. Cho, “Meaning and definition of partial

charge”, J. Chosun Natural Sci., Vol. 3, pp. 231-236,
2010.

[13] S. J. Cho, “Calculation and application of partial

charge”. J. Chosun Natural Sci., Vol. 3, pp. 226-230,
2010.

J. Chosun Natural Sci., Vol. 6, No. 1, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


