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Abstract

The inclusion complexes of AQ and CQ withe different native gclodextrirs (U, b -Gbphd o
have been analyzed by using molecular docking with the help of R&tohk server. The guest
molecules such as AQ and CQ along witifferent native CDsas the host has been organized by
AM1 method. An interaction has been proposedvirtual state based on the data obtained through
docking outcome. According to geometric shape complementarity score, approximate interface area
size of the complex and atomic contact energy for the obtained supramolecular complexes of the
chosen guest with thredifferent native CDs, the structure has been provided and compared with
each otherfor the applications such aanti-bacterial activity and so on.
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INTRODUCTION

Supramolecular chemistry isilsta young field; meaning that it can be rather difficult to define exactly

what it encompasséadeed it is a field that has developed rapidly due to contributions from a variety of
related fieldsThe supramolecular chemistry gives a broad idea ofnmtiercular interactions has been
performed by hosfjuest system. The cyclodextrin is mostly hopeful to form inclusion complexes,
especially withdifferent kind ofguest molecules with propand suitablestructure]1].In supramolecular
chemistry;hostguestchemistry describes complexes that are composed of two or more molecules or
ions that are held together in unique structural relationships by forces other than those of full covalent
bonds. Hosguest chemistry encompasses the idea of molecular recogaitibinteractions through non
covalent bonding. There are commonly mentioned types etawealent interactions: hydrogen bonding,
dipole-dipole, charge transfer, van der Waalsn d-- “~ st ac ki ng The moneovakemtt i on s
interactionspossess many number aflvantages than the covalent interactions. All supramolecular
chemistry is based on how to recognize molecules, how to affect molecules, and how to express specific
functions due to molecular interactions via non covalent interactions.

The understanding of nesovalent all intermolecular interactions are of supreme importance in
supramolecular chemistry and in biological chemig®}. Supramolecular chemistry which is also
defined as O66chemistry beyond the molecul edbd i s
a hot topic in current chemical research. Therefore, in order to get across the basic concepts of
Asuper mol ecul esdo and A ssuwprthasimg breanalogyaftom dalydifmiThet r y 0
construction of supramolecular system involves seleetinge specifianolecularassemblybetween host
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and guesf3-4]. Towards this goal, the molecular recognition of many simple host molecules, such as
crown ethers, cyclodextrinand calixarenes, have been extensively studipdlhe synthetic hosjuest
inclusion complexes have better then natural system defined conformations and therefore can be
investigated experimentally and theoretically in more detail.

Supramolecular systems are becoming progressively impaahextensively usefuh various areas of
chemistry, such asontrol and catalysis of chemical reactidfs/], organic synthesi8], molecular
recognition[9], design of materials for molecwacale electronicgl0], chemical separatiorjl], bio-

organic chemistry{12] and so on The macrocyclic molecule like CDs has attracted an increasing
popularity, especially for their applications in biomedical field. One major reason is that the CDs are
basically friendly to the biological environment and exhibit good biocompatibilji8sl7]. Another

reason is that the hegtiest inclusion complexatiobased on the macrocyclic molecule is a facile and
reversible process, which provides fiassibility d feasibleto design stimulresponsive supramolecular
systemg18]. The various biomedical applicahs of the hosguestsystems discussed contain several
leading directions, that is, drug delivery, gene delivery, drug/gene co delivery, bio imaging and
photodynamic therapy (PDT). Therefore, a lot of research has demonstrated the significant roles of CDs
in supramolecular chemistry, especially for the preparation eb&®d supramolecular assemblies for
biological application$19-22].

Computational appppc hes t hat &édockdé small mol ecul es into
0 s ¢ o r exmectecbomplementarity to binding sites agenerally utilizedn hit identification and lead
optimization. To be sure,ithere arepresentlya various drugs whose development waisitensively
influenced by ordependent o structure based design and screeniteghniques for example,HIV
protease inhibitorsAll things consideredthere stay huge difficultiesin the application of these
approachesspecifically according tocurrent scoring scheme®n a fundamental levetiocking process
involves the prediction of ligand conformation and orientation (or posmsifje a focused ontargeted
binding site. In general, there are two aims of docking studies: &ea@iractural modeling and correct
prediction of activity. However, the identification of molecular features that is responsible for specific
biological recognition, or the prediction of compound modifications that improve potency, are complex
issues thaarefrequently hardo understanR3].

To assess differemtocking methods, it is importatd consider how the protein atigand arespoken or
represented. There are thriemdamentakrepresentations of the receptor: atomic, surface and[2id
Among these, atomic representationdesmmonly just utilizedin conjunction with a potential energy
function [25] andregularly just dring final ranking procedureslife tothe computational complexity of
evaluating paiwise atomic interactions). Surfabased docking programs are typically, but not
exclusively, used in proteiprotein docking[26].The molecular surface representationseissentially
answerable for generating a great part of the examination[2i8reThese methodsndeavor to adjust
points onsurfaces by minimizing the angle between the surfaces of opposing mol&uesquentlya
rigid body approximation is still the standard for many preteistein dockingechniquesThe ilization

of potential energy grids was pioneered by Goodforthi85 and various docking programs use such grid
representations for energy calculations. €keential thoughit s t o st ore i nformati o
energetic contributions on grid poimdth the goal that is just should be perused during ligaadrsg: In

the most basiform, grid points store two kinds of possibilitiedectrostatic and van der Waals

Since 1995, a great number of researches were focused on the study of inclusion complex of cyclodextrins
by semiempirical methods AM1 and PM3 tibtain electronics properties and to have more information
about geometry of the complex. The results suggested that PM3 should be more advantageous than AM1
and give results which coincide with tegperimental observations 2000 some studies were éadrout

about the performances of AM1 c&rPM3 methods on CD system®n the basis of AM1 and PM3
calculation results for some model icleglugplmoserils i n
suggested that PM3 should be advantageous to AM1 in Ciistng because PM3 can predict the O

HéO hydrogen bonds better than AM1. This proposa
a n d¢CDbwith AM1 and PM3, in which AM1 gave badly distorted geometries due to unreasonable
hydrogen bonding, where&13 reproduced the crystalline structures rather well.

Computational approach have the potential not only of speeding up the drug discovery process thus
reducing the costs, but also of changing the way drugs are designed and its formulations. Ratijonal Dru
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Design (RDD) helps to facilitate and speedup the drug designing process, which involves variety of
methods to identify novel compounf®8, 29. One such method is the docking of the drug molecule with
the receptor (target). The site of drug action, Whscultimately responsible for the pharmaceutical effect,
is a receptor.9 Docking is the process by which two molecules fit together in 3D space.

[12] ChristensenG, ZouHY, ArangoME,et al.Cytoreductive antitumor

activity of PR2341066 a novel inhikiior of anaplastic lymphoma

kinase and-det, in experimental models of anaplastic lacgé

lymphomaMol Cancer TheR007,6:331422.

[13] Leite TB, GomesD, MitevaMA, Chomilier J, Villoutreix BO, et al.

Frog:aFreeOnline drug3D conformation generat. NucleicAcids

Res(2007) ,35

Therefore, docking is useful for predicting both the strength and type of signal produced. Molecular
docking is one of the most frequently used methods in strubaged drug design, due to its ability to
predict the binthg-conformation of small molecule ligands to the appropriate target binding site.

2. Molecular docking study

The most probable structure of tigeiests like AQ and CQ with three different types of Gis
determined also by molecular docking studiesgislie PatcHDock serve{30]. The 3Dstructural data

of host and guestsasobtained from crystallographic databases. The guest matagatedocked in to

the hostmolecules cavity using PatctbDock server by submitting the 3D coordinate datgudstand

host molecules. Docking was performed with complex type configuration settings.-BPatéhserver
follows a geometnpased molecular docking algorithm to find the docking transformations with good
molecular shape complementarity. Palxtck algorithm sepatas the Connolly dot surface
representation[31-32] of the molecules into concave, convex and flat patches. These divided
complementary patches are matched in order to generate candidate transformations and evaluated by
geometric fit and atomic desolvatiemergy scoring33] function. RMSD (root mean square deviation)
clustering is applied to the docked solutions to select theewundant results and to discard redundant
docking structures.

Semiempirical quantum mechanical calculations
The ground stat of guestmolecules were optimized usingArgus Lab program byAM1 method.
MolSoft, MolBrowser tool was used to visualize the 3D structural data.

3.RESULTS AND DISCUSSION
3.1.Complexation Of Aq In Different Native Cds

3.1.1. Compl ex@si on Of Aq I n

The crystallographidatalases are provided 3Btructuresof U-CD and AQ and shown iRigures l1a
and 1b. With the helpof PatchDock server, théAQ (guest molecule) molecule was docked into the
inner cavity of:CD. Further the server hagven the seved possible docked molecule for the most
probable and suitable structurecading to the energy parametgeometric shape complementarity
score, approximate interfaggeassize and atomic contact energy of the assuowedplex [Table 1].
Accordingto Table 1, highest geometric shape complementarity sco028, approximate interface
area size is 470.00%%ndatomic contact energy818.96 kcal/mol for the docked AQ-CD with 1:1
stoichiometric structure and taken as the highest probable and energetically favorable model.
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(b)

Fig.1. Ball and stick representation of (@CD (b) AQ and (c) 1:1 inclusion complex; the oxygen atoms are
shown as blue, carbon atoms are shown as green, hydrogen atoms are shown as rose, nitrogen atoms are
shown as light blue and chlorine atoms are shown asrbght

Table 1. Scores of the top 10 docked modelsAp: ED inclusion complexomputedusingPatchDock

server.
Model Geometric ;hape pproximate interface area size of the cotomic contact ene
complementarity score Az kcal/mol

1 4028 470,00 -31896

2 3922 46450 -32537

3 3780 47230 -37382

4 3716 43750 -34410

5 3682 46110 -36960

6 3600 41950 -384.85

7 3516 40600 -37883
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8 3482 42380 -37659
9 3414 42090 -31057
10 3414 41970 -294.82

Semiempirical quantum mechanical calculations

The internal diameteand the height of thé}CD are approximately5.7 A and 7.8 A (Figure 2)
respectively According to the shape ardimensionsof :CD molecule, it is clear that the guest AQ
molecule cannot be included the whole part into@@D cavity, because of the overall height is around
double aboutl1.10A (i.e., he vertical distance betwe@ii Ciig). Hencejt is possible to locatthe half

of AQ molecule inside the-CD cavity.

13.7 A
S.7A

(b)

Fig 2 (a) Structure of}CD, (b) structure oAQ, (c) Frontposeand (d) Backposestructure of 1:1 host
guest inclusion complex &Q: U-CD.

Table 2. Bond distances and orientationA®.

AQ bonddistance inA Orientation
C1T Cis 1110 Vertical
CsT Nio 7.40 Vertical
CsT O 5.63 Horizontal
Cusl Cp2 6.67 Horizontal

3.1.2.COMPLEXATION OF AQ IN b-CDs
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The crystallographic dat abab amsl AQ and shpumanv i d e c
Figures 3 and 3h With the help of Patebock server, the AQ (guest molecule) molecule was docked
i nto the i rCD.durther thevserveyhasogfvenbhe several possible docked molecule for the
most probable and suitable structure according to the energy parameter, geometric shape
complementarity score, approximate interface areas size and atomic contact energy of tked assum
complex [Fable 3. According to Table 3, highest geometric shape complementarity score in 4028,
approximate interface area size is 473.00 A2 and atomic contact eBéfgy1 kcal/mol for the docked
A Q :-0D with 1:1 stoichiometric structure and taken as the highest geohall energetically favorable

model.

Fig3.Bal | and stick -Ck(p)rAQanc (o) tl:aihclusion complex;(tha dxygen atoms are
shown as blue, carbon atoms are shown as green, hydrogen atoms are shown as rose, nitrogen atoms are
shownas light blue and chlorine atoms are shown as light rose.

Table 3. Scores of the top 10 docked modelsAd): -CB inclusion complexomputed usingatchDock

server.
Geometric shape  pproximate interface area sinf the compgomic contact eng
Model : )
complementarity score A kcal/mol
1 3982 473.70 -341.71
2 3962 478.70 -320.49
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3 3892 468.00 -344.86
4 3870 504.00 -340.05
5 3852 467.70 -334.21
6 3830 399.10 -290.95
7 3790 491.00 -371.36
8 3744 465.60 -356.89
9 3744 477.20 -35345
10 3720 520.80 -388.54

Semiempirical quantum mechanical calculations

The internal diameteand the heighof the b-CD areapproimately 7.8 A and 7.8 ARig 4) respectively.
According to the siCh maeculenitds cldar time thes guastnA moldculebcannot
be included t he -Chlavityebecpuse df the omerath height is ardund toabout
11.10A (i.e., the vertical distance betweeniCCiig),). Hence, it is possible to locate the half of AQ
mol ecul e -Chhcavityde t he D

Fig4( a) St r «CD,t(h) stractue bf AQ, (clrontposeand(d) Back posestructue of 1:1 host
guest inclusio@.complex of AQ: b
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3.1.3. COMPLEXATION OF AQ IN 2-CD

The crystallogaphic databases are provided Siuctures ob-CD and AQ and shown iRigures 5a and

5b. With the help of BtchDock server, the AQ (guest molecules) molecule was etbakto the inner

cavity of 2-CD. Further the server has given the several possible docked molecule for the most probable
and suitable structure according to the energy parameter. Geometric shape complementarity score,
approximate interface areas size atoimic contact energy of the assumed complable 4]. According

to table 4, highest geometric shape complementarity score in 4150, approximate interface area size is
491.00 & and atomic contact energ$47.49 kcal/mol for the docked AQ-CD with 1:1 sbichiometric
structure and taken as the highest probable and energetically favorable model.

(@) (b)

FigbBal | and sti ck -C&(p)rA@ae (n)tl:a indlusiam complex;(the pxygen atoms are
shown as blue, carbon atoms are shown as green, leydetgms are shown as rose, nitrogen atoms are
shown as light blue and chlorine atoms are shown as light rose.

Table 4. Scores of the top 10 docked modelsAd): -CD inclusion complexomputed usingatchDock

server.
Geometric shap pproximate interface area size of the cofomic contact ene
Model - 2
complementarity score A kcal/mol
1 4150 491.60 -347.49
2 4072 494.00 -350.81
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3 4052 486.80 -342.99
4 3842 467.60 -330.16
5 3828 456.40 -332.08
6 3770 502.10 -334.64
7 3734 436.80 -334.03
8 3718 447.90 -331.11
9 3706 451.10 -340.39
10 3680 452.10 -338.69

Semiempirical quantum mechanical calculations

The internal diameter and the height of /@D are approximately 9.5 A and 7.8 Big. 6) respectively.
According to the s-Ghanmkcula,itid cledrithatahe guesb AQsmolectile cannot be
included the w@eDochvity, because of thenovewll Heihheis asouncbtibabout 11.18

(i.e., the vertical distance betweeniGCi1g). Hence, it is possible to locate the half of AQ molecule inside
t h <D oavity.

Fig6.( a) St rCD,(bustriecture df AQ, (dfront poseand (d) Back posstructure ofl:1 host
guest inclusioftDcomplex of AQ: 0
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3.2. COMPLEXATION OF CQ IN DIFFERENT NATIVE CDs

3.2.1.Complexation Of Cq In| -Cd

The crystallogaphic databases are provided Stuctures of}CD and CQ and shown fRigures 7a and

7b. With thehelp of RatchDock sever, the CQ (guest molecule) molecule was docked into the inner cavity

of U-CD. Further the server has given the several possible docked molecule for the most probable and
suitable structure according to the energy parameter. Geometric shape complanssataj approximate
interface areas size and atomic contact energy of the assummgadex [Table 5]. According toTable 5,

highest geometric shape complementarity score in 3982, approximate interface area size is%a2i90 A
atomic contact energy83681 kcal/mol for the docked CQ-CD with 1:1 stoichiometric structure and

taken as the highest probable and energetically favorable model.

FigZ.Bal | and stick -Ck(p)ra@andd(o)tl:aihclusion complex;tha dxygeh atoms are
shown as blue, carbon atoms ah®wn as brown, hydrogen atoms are shown as white, nitrogen atoms are
shown as light blue and chlorine atoms are shown as green.

Table 5. Scores of the top 10 docked modelgagp: -CO inclusion complexomputed usingpatchDock

server.
Geometric shape  pproximate interface area size of the cotomic contact eng
Model - 2
complementarity score A kcal/mol
1 3982 472.90 -336.81
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2 3606 462.20 -370.43
3 3594 440.10 -345.47
4 3580 443.20 -274.95
5 3546 461.30 -368.11
6 3468 422.20 -337.52
7 3430 411.10 -324.57
8 3344 426.00 -332.36
9 3292 414.50 -321.27
10 3288 437.40 -359.54

Semiempirical quantum mechanical calculations

The internal diameter and the height of th€D are approximatel$.7 A and 7.8 A Fig 8) respectively.
According to the shape and dimensions}@D molecue, it is clear that the guestiOmolecule cannot be
included the whole part into tRéCD cavity, because of the overall height is aroundhie about 12.&
(i.e., the vertical distance betweendCICs). Hence, it igpossible to locate the half of@Cmolecule inside
the U-CD cavity.

Figure 8.( a) St r vCOt () steicture fof CQ, (d¥ront poseand (d) Back posstructureof 1:1
hostguest inclusion complex of CQCD.
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