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Abstract

Collagen mimetic peptides (CMPs) and collagen-likproteins (CLPs) that mimic either structural or
functional characteristics of natural collagens hag many applications to engineering collagen-like nte-
rials for potential biomedical use. Molecular modehg studies on collagen and collagen-like peptidesig-
gest that triple-helical stability can vary along he amino acid chain. GFO is collagen-like peptideon-
structed using building script (BuScr) triple helix builder, whose stability is calculated in same sigting
software and the Tm is found to be 30.74C.The stabilized GFO peptide is docked withz- cyclodextrin
using auto dock 4.01v freeware and found atom-atonmteraction with amino acids like Phe 11, Gly7 re-
spectively. The estimated free energy of bindingsicalculated using auto dock was found to be as 28.
kcal/Mol with Inhibition Constant, Ki = 880.75 nM at 298.15K. The interaction and negative binding
shows there is stability between the docked complethis study is conducted experimentally to confirm
the same process in a wet lab.To the docked complesolvent is added in two ways either for the whole
complex else to specific docked region using specioptions protocol available in Accelrys’ Discovey
Studio 2.1v.Cascade dynamics studies are carried tofor two different solvated complex with ensembles
NVT and NPT, the changes in energy are observed gnin the production stage for both complexes. Fi-
nally, the trajectory path is generated using pringple component analysis(PCA) for the complex showss
small unit of changes in total energy at 302.526KHis computational study is correlated with experima-
tal study shows, the stability of the Peptide compk in solvent environment.
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Introduction

Collagen is more important protein that found im th plays a very important role in maintaining the s&imd
extracellular matrix form in the body, it is the joa body of mammals [3,4]. Chemically the collagen is
insoluble fibrous protein in connective tissuelfljelps made up of amino acids, that too specifically Giggi
to maintain the structural integrity, suppleness tfim-  Proline, Hydroxyproline, and Arginine. Structurally
ness in tissues, also maintains the constant rérefwa is, triple helical domain in twisted peptide, undgcro-
skin cells [2]. The elasticity of the skin is mairdue to  scope collagen is observed like elongated fibilgs
the presence of collagen, due to aging of cellpcddn  mostly found in tissues such as tendon, skin, bone,
of collagen in the cell becomes slow and other celblood vessels, and the digestive tract and abunidant
structures will lose its uniqueness [3].The deaems the cornea [5]. Collagen like peptide is also sanoel-
production of collagen leads to skin thinner, sag#)- lagen structurally and functionally and it finds more
kles, sometimes the skin will damage easily thaum  applications in the biomedical field. Computer siaiu
may lead to hair on the skin gets lieless [4],agdin  tion study of collagen-like peptide GFO is necegsar
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before carrying out the experimental analysis a$ th

GFO collagen-like peptide. Simulation can providle 1 Analysisof docking Interaction calculation

detail information about the motion of particles @2 The energy parameters of the docked complex, GFO
function of time; many studies on simulation of -b& collagen like peptide witln —Cyclodextrins Interaction
molecules using different kind’s software are efrout4 energy is carried out between the complexes toironf
in many Bioinformatics research organizations [B].interaction is strong between the docked complelemo
CHARMM based simulated of biomolecules is mérecules. On the other hand, for the sample complexadlv
common than other simulating methods, the compitanitial energy for stability is calculated.

tional methods of study the molecular dynamics meth

ods provide useful information on biomolecules s Solvation of complex

physical motions, a small change in conformatior ofAll the biomolecules are functioning in an aqueeus
protein with respective to time plays an importesielO Vvironment, some molecules may lose its stabilityewh
in the function of their own [7]. In our researchgll interaction with water, but in other cases increaite
studied the various energy parameters for GFO gef?i Stability in aqueous environment. In this curretuidy,
cyclodextrin with water and without water; perHapswater molecules are added to the docked complegusi
simulation is carried with complex for peptide, /&4 the periodic boundary conditions with optioning arf
dextrin with water. The objective of this reseamfd thorhombic cell shape. In addition, it preparescede
collagen-like peptide begin been computed desiéﬁingonstraints to allow simulation of these waterstha
peptides using the appropriate software its eneagyyed 7 explicit periodic boundary [10].

must be investigated at each step. After dockinmigé 8

with a- cyclodextrin it was introduced into the wa&r Cascade molecular dynamics

environment to find the stability of the complexaél0 The output of the solvation was employed as input f
simulations were carried in three different stepshsadl the cascade molecular dynamics simulation, in this
dynamics heating/cooling, equilibrate and produg#o process initially energy minimization is performed
using different ensemble for a complex of GFO ¢&flathe complex structure prior to dynamics study taxe

gen-like peptideg- cyclodextrin and water. 24 the conformation and remove steric overlap that pro
25 duces bad contacts. Most commonly Steepest Descent,
Experimental details 26 Conjugate Gradient (CONJ), the methods available in

27 CHARMmM was used [11]. The objective of the molecu-
Collagen builder 28 lar dynamics is to generate a realistic model efrac-

The triple helix collagen builder script or THe RugLY ture's motion, perform conformational searchingy-pr

used to build the GFO peptide that mimics as ligaS0  duce a time series analysis of structural and etierg
gen. The three chains A, B and C in. fasta formapp Properties, explore the energy decay, and analgke s
loaded individually to perform this task. GFO Cgm@z vent effects. The method used in CHARMmM to constrai

these motions is the SHAKE algorithm [12]. SHAKE is
available in the Equilibration, Heating, Minimizati,

and Production protocols, as well as the Standard D
namics Cascade are most commonly used to perform
7 this task in Accelrys discovery studio 2.01v.

like peptide was built as per instructions giventhné)’?’
user defined manual of BuScr and its time and K
profiles is calculated in BuScr collagen buildec/TK>>
scripting language is an inbuilt program in THe B
and also provide a user friendly platform to perfdah
scripting task8,9].

39 Results and Discussion
Peptide-cyclodextrin interaction 40
The structure, based drug designing concept iseafipl Triple helix and its stability
to perform docking here the two molecules, amord@e The collagentype 1 sequence starts from
tide will act as receptor and cyclodextrin act digand.
It follows the old concept of lock and key modehlyo
the appropriate key can fit into the lock. Simjambniy#3 260-site-a2 (Gss- D277):GFOGTOGLOGFKGIRGHN
the molecules that as binding site or shape congiem
tary can fit into it. This task was performed ushugto-
Dock 4, it is freely available under the GNU GeifefaGLD was built in THeBuScr triple helix builder aitd
Public License. In this current study, Docking $tgtb stability Tm was found by 30.7@ .The stability profile
were carried out using the program Auto dock 4, €&F®f GFO collagen like peptide is shown in the Fig 1.
collagen-like peptide with -Cyclodextrins. 47

48 GFO Peptide -cyclodextrin interaction
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Leikinaet al., And other collagen researchers stated thainteraction energy of -676.332 kcal/mol. Now thensa

it is less stable, so complex should be formed a&earit
structurally and functionally stab#3]. The concept of
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Figure 1. T, Profile of GFO collagen like peptide

same is applicable for GFO Collagen like peptide

triple helix built collagen like peptide GFO is 4

with a- cyclodextrin to confirm the atom-atom confact

in between them. For this peptide-chemical com
docked the two molecules using AUTODOCK
with Auto grid and auto dock calculations. In agtad

b

6

Grids were laid over a three-dimensional cubi05 0
where the GFO Collagen like peptide occupied the_ce

ter of the box. On the other hand, cyclodextrin ro
maker, torsions, and aromatic criteria were irig
and prepared further fed for the docking. Docki
processed with Genetic algorithm; this algorith
commonly used method for receptor —ligand int
During docking, it was about nearly 2500000 nu
energy evaluations with 150 individual populatidre
and 27000 generations is carried out to get thdtre
one run, the same process is carried for next mu'ne7
Among them, least estimated binding energy rurng
sen to analyze the interaction and it was consitlal
the best run in docking and interaction. Estimaihmﬂ-7
ing Energy is the summation of the intermoleculak %
ergy, the torsional energy and the Internal eneft 5
interaction between them confirms the peptideabi 6
ity. Hence, it confirms the experimental resultcolla-: 7
gen stabilized by adding the cyclodextrin. Fig ®w 8
GFO Collagen like peptide-docked interaction wit
Cyclodextrin and its interaction with aminoacid
stated in Table 1.

2

A

8
9

8
81

I nitial energy estimation of complex gg

The docked GFO collagen like peptide witdy 4
cyclodextrin form a single complex structure, ia

tion energy is calculated in various energy parar[seg

Such as, potential energy is 713.87221 kcal/mol]
der Waals energy is -37.54061 kcal/mol, Electrd
energy is -67 6.33160 kcal/mol and their respedii
teraction Energy is -713.873 kcal/mol with VDW Ir
action Energy of -37.5406 kcal/mol and Electro
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complex is proceeded to estimate its initial enengy it
was found, its potential energy, Van der Waals gner
Electrostatic energy and RMSD gradient as
2132.47175kcal/mol, 1096.24050 kcal/mol, -
1685.66742 kcal/mol and 175.07678 (kcal/(mol x Ang-

Binding
Interaction Energy
Collagen CD (kcal/mol)
Aml_no Position
acid
GFO Phe 11 -8.26
Gly 7

strom)) respectively.

Table 1. GFO Collagen like peptide docked interaction
analysis

1Solvation of complex-GFO collagen like peptide and
a-cyclodextrin
ater molecules are added to the complex struatfire
FO collagen like peptide andcyclodextrin in the cell
shape of orthorhombic arrangement with ExplicitiPer
odic Boundary solvation model. The radius of 20A
-around the complex with 7A minimum distance bound-

ilsary and random speed of 314159 was kept, as default

process this study. The aim of this solvation stisdip
find the stability of the complex after adding thvater
molecule to the system. We further calculated ththe
energy parameters and found the positive energyeyal
which implies the less stable after adding the wate
molecules. Henceforth, before studying the dynarfcs
the system, we tried to minimize the complex strrect
using the steepest descent and conjugate gradiant.
initial minimization stage, typically using the nat
steepest descent (SD) algorithm to resolve anyainit
poor contacts within the system without creatingéda
distortions in the overall structure. Steepest eeisc
(SD) algorithm with Minimization Max Steps of 500
and the Minimization RMS Gradient of 0.1, now seaton
minimization is applied to complex with a Conjugate
Gradient algorithm concept with Minimization Max
Steps of 500 and the Minimization RMS Gradient from
0.0001 respectively(Table 2).

e

Cascade Simulation of complex with water molecules
Then dynamics simulation studies have performed in
docked complex with water by adjusting the tempera
ture of a molecule from 277K-313 K using the pragra
called dynamics by heating under simulation package
Discovery Studio. Then molecular dynamics simutatio
. heating stage was employed to add thermal energy to
the system to reach a target temperature.
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Figure 2. Interaction of GFO Collagen like peptide docked:toyclodextrin

Table 2. GFO collagen complex after two stage of minimarati
Q2

Initial 94

GFO collagen Initial o= iential  van der Waals Clcc"0-  RMSgra- - Final RMgg

) - tential En- static En- dient gradiende
like peptide Energy En-

with a-CD eroy(  calimol) ergy(kcalimoly , S (keal/(mol kcal(molan

kcal/mol) 9y (kcal/mol)  *angstrom gstromP8

99

) 100

SteepestDe-  ra71442  -127336.48  2698.8095  -87975.935  332108.611.880801

scent 102

Conjugate
Gragiont 12733647 14347876 24881105 97873.532  1.88222 2.%%%47
105

Table 3. Simulation of docked complex with water using NVT

Initial
Initial . _— Van der Electro- RMS Final RMS
Potential Z;)tal En- E(:;erntlal E'r?;nc TSQ: Waals static En- Gradient Gradient
Stage  Energy gy 9y gy P Energy ergy (kcall (kcal/(mol
(kcal/ (kcal/ (kcal/ ture
(kcal/mol mol) mol) mol) (K) (kcall (kcal/ (mol  x X Ang-
) mol) mol) Ang- strom)
strom)
Heating -143478.7 -131970 -139700. 7730 313.1  2502.-96968.4 2.151 19.90
Erqal:ilg-n -139700.9 -133998.7 -141439 7441 301.4 2588.2 9345 19.90 19.512
Produc-
tion -141439.9 -134032.5 -141822. 7789  315.57 2500.84 8432.5 19.512 19.86
Table 4. Simulation of docked complex with water using NPT
Initial
In't'al. Total En- Potential Kinetic Tem- van der Elect_ro- RM.S Final RMS
Potential ergy Energy Energy  pera- Waals static Gradient Gradient
Stage  Energy ol (keall  (kcall  tre ENer9y  Eneray o (keall o ok
(kcal/mol mol) mol) mol) (K) (kcal/ (kcal/ (mol x Angstrom)
) mol) mol) Ang- 9
strom)
Heating -143478 -131970  -139700  7730.7 3131  2502-96968.4 2.1 19.90
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Equilibra-

tion -139700. -133998  -141439 7441.1 301.45 2588.25 5984 19.90 19.51
Produc-
tion -141439 -135011. -142418. 7406.7 300.06 2635.3403684 19.51 19.29
Table5 Best conformation generated by different ensembles
Potential Van der Electrostatic  Kinetic T|_me Temperature
Ensemble ener walls Ener Ener in In K Total energy
*)% energy *)% *)% S
NVT -141,822  2,500.84 7,789.63 -98,432.6 4 315.576 -134,032
NPT -142,418  2,635.35 7,406.73 -99,036.1 4 300.063 -135,012
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Figure 4. Potential and kinetic energy changes in thregeasan two different ensembles.

A standard molecular dynamics simulation staglést tion of the GFO collagen like peptide with cyclottéx
employed to equilibrate the system at a target é&eaap (CD) and water complex, the process was carried out
ture. The purpose of the equilibration stage iertsure individually for both ensembles and found a veryabm
that the energy in the system was distributed gppro change in energy parameters and pressure. The-funda
ately among all degrees of freedom. This allows thenental motions of a trajectory path of complex ene
system to achieve thermal equilibration at the d@arg ated by means of Principal Components using charm,
temperature. Finally, production of dynamics isrieakr  Principal Components Analysis (PCA) is similar be t
out to calculate the final energy parameters ofctha-  quasi-harmonic analysis derived from vibrationaldmo
plex GFO collagen like peptide with cyclodextrindiC  els [14].The same process is carried out for tiheaton

and water. The two different types of ensembles NVTof GFO collagen like peptide with cyclodextrin (CD)
(Table 3) and NPT (Table 4) was studied, for dockedomplex with harmonic restraint. In this study thater
complex with water and observed the variationsyin d molecules are added only in the specific dockeibrneg
namics heating, equilibration and production. Compa instead of the whole complex as shown in figur&ig.

son Kinetic and potential energy of the two ensemid 5 shows the water molecules added to specific dbcke
shown in the Fig 4. Finally, the production in dgmies  region, even in this complex the cascade dynammds a
results different conformation of the docked comple trajectory motion study is carried and the resshew
with various energy parameters with respect to tim¢ very small unit change in energy, temperature ard-p
temperature. Table 5 shows best conformations genesure.

ated using NVT and NPT with energy parameters. The

best conformation is fed as input for generatirgyrtio-
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Conclusion

Hence, from this study, we conclude that dockedpter
of GFO collagen like peptide with cyclodextrin (Cith
solvation in the specific docked region or in whotem-
plex shows small changes in energy parametersnéate
cascade molecular dynamics studies using two difter
ensembles such as NVT and NPT show variation @l fin
production stages in both complex of GFO collagke |
peptide with cyclodextrin (CD) with solvation inglspe-
cific docked region and GFO collagen like peptidiéhw
cyclodextrin (CD) with solvation in the whole coragl
molecule. Finally the trajectory path is generatrsihg
principle component analysis for the complex shaws
small unit of changes in total energy at 302.526#sT
computational study is correlated with experimestaty
shows, the stability of the peptide complex in solven-
vironment.
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