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ABSTRACT

Oral cancer is a most prevalent cancer worldwide. Natural products are promising resource nawaesgarch.
Hence, Quinine was selected for the present study. CD44, an@m$rane glycoprotein is a main hyaluror
acid(HA)binding receptoexpressed in cells, exhibits high affinity towards iHéreasing tumorigenesis. Altere
CD44 glucosylationits, affects binding. Hencesomputational modellingsimulation approach is applied t
understand the effect of variants on the overall structure, functionality of the CD44.Present study demon
T27A mutations affecting the protein structural stétgihindering the functionOur simulation studies for CD4
in complex with quinine a natural compound, in its wild type and T27A mutant version state elucidated tt
to mutation,protein has lost the required conformational space to recogbine, the Quinine potentially tight,but
not with wild state.
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INTRODUCTION mutations in the phosphorylation site of cytoplasmic
Oral Squamous Cell Carcinoma (OSCC) is most prevafiéipain of CD44 hinder its adhesion functid@hou
cancer worldwide with noticeable human deathreported chemoresistance in functional CD44 variants,
rate.The surwial rate of the disease has not increase@ompared to wild type carriers [15]. In this scenanie,
though the advancements in the treatment as surgerfl‘ave carried at this present modelling and simulations
and chemeradio therapy.The major cause of failure to Study to understand the mutational changes on the
cure this OSCC could be the resistance towardverall structure, functionality of CD44. Althoughany
therapies reoccurrence [1]. Hyaluronan major mutations were reported for functional damage to the
component of efra cellular matrix and ligand for CD44Protein. we have selected six major mutations i.e, A27
plays significant role in oral squamous cell carcinonf@*1A, TLO2A,S112A,S122A,R162A reported around the
progression [2].CI4, atransmembrane glycoprotein, glycosylation site of CD44 based on the importance on
hyaluronic binding receptor, expressed in a wide varietys functionality keeping in view of the complete
of cells [ 3, 4, B Previously it was reported thase of Crystallized structure accessibility [16].

CD44 as a marker for early molecular diagnosisirug
[6], prostate [7] colorectal [8],breast [9],gynaecologic MATERIALS AND METHODS

[10Q], gastric[11], headand neck cancer [12], lymphomaSelectionof Single Nucleotide Rlymorphism (SNPSs)
[13], osteosarcom§l4]. Changes in CD44 Glucosylatiofor in silico analysis

site alters CD44 bindg to hyaluronic acid, any
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Human CD44 gene information data was collected fromnajectory output and the total secondary structure
Online Mendelian Inheritance in Man [17] and Entreelements change in the protein structure during
Gene on National Centre for Biological Informatiosimulation.

(NCBI) dbSNP was used to take SNPs reported in CBdAdprocessing and preparation

gene asociated with Oral cancer [18].6 SNPs werprotein target structure

analysed further.The CD44 proteins amino aci@rystal structure of CD4#rotein in complex with
sequence was retrieved from the Uniprothyaluronic acid was resolved byra§ diffraction,with a
database(P16070).Protein 3D structure from proteimesolution factor of 2.30A was retrieved from Protein
data bank (LUUHW9]. Data Bank [26] whictvas further modified for docking
Mutant protein modeling calculations as follows:CD44 protein was imported to
For a protein 3D structuresicentral to analyze its Maestrov9.6.Miking use of Protein preparation wizard,
Fdzy OG A2yt A (& Ycsb.6rF ®éhthidsthe2 Bchrpdingef[a7Pincluded biological units and assigned
protein coded by CD44 gene (PDB ID 1UUH), comprisiomnd orders, created zereorder bonds to metals,
158 amino acids. Six mutations were studied usimgjsulfide bonds, added missing hydrogens and capped

aYdzill S | NB&AARAZSE Ay  &edini{cahkeidd ® ngtofines foh i& SdieNdorm@ o ® ¢
visualization program deleted all water moleculesgenerated metal binding
MD simulations in water states for hetero atoms. Also verified for missing side

Simulations wererun in "Desmondv3.6 Package" [20chains, loops to fill via prime module integrated inside
21]. Water molecule simulated by predefined TIP3Rparallel plate waveguide (PPW) simulator and none was
[22]. Orthorhombic interval periphery state was set upbserved. Using refine tab all-coystllized ligands and
for shape,size indication replicating unit shield at a waters were identified and removed from the structure,
distance of 10Ay&tem was neutralized electrically,the optimization of Hoond network to fix overlapping
with suitable counter Na+/€lion addition to balance hydrogens, protonation states, hydroxyl hydrogen
charge, kept at random in solvated system. After thi$, 1 2 Y& > Yz2aild tA]1Ste LRairlAizya
minimization, relaxation of protein/proteitigand residues,/ K A WEFAABNYSY QF a PRENIWDE Q
complex under NPT ensemble via default practice oésidue selection was done by protein assignment script
Desmond 23, 24] which includes 9 stageenly 2 of Schrodinger. At pH7.0, the protein was minimized by
minimization and 4 short simulations (equilibrationapplying OPLS2005 force field [28,].2€ontrolled
phase) are involved before starting the actuaminimization was done until the average root mean
production time. square eviation of the norhydrogen atoms are 0.30A.
Summary of simulation stages Ligandand docking

Simulation was initiated by setting up periodic boundarfhe 3D coordinates of quinine were retrieved from
conditions inNPT unit through OPLS 2005 force fiel®ubchem database.igands for docking studies were
element [28,29. Thetemperature maintained was 300K prepared using Autodock mgltoolsvl.4.6. Before ligand
and 1 atmospheric pressure via Nedeover preparation,ligand structure wasmergy minimized by
temperature coupling, isotropic scaling [25]his was OK | N Y Q&  Flankiié sthtd SvasRset to
followed by running 10ns NPT production simulatiogenerate all possible states at pH7.0 £ 2.0. Keeping in
each and savipthe arrangements obtained at 5ps gapview, the flexibility of rings per ligand, its chance to alter
Analysis of molecular dynamics (M@rajectory conformations all through docking calculations have
These weranalysedoy using simulation quality, event, specified togenerate low energy ring conformation via
simulation interaction diagram programs of Desmon@llowing maximum possible rotatable bonds.
for calculating Energies, romteansquare deviation, Autodock Version 4.0 is used to predict binding pose
fluctuation. Total intramolecular hydrogen bonds,with associated energy of the quinine compound with
radius of gyration,secondary structure elements of CD44 wild type protein as well as targeting the most
protein conferring stability. These validates the systerdamaging mtation found out through the simulation
stability throughout the simulated length of chemicalstudies to know the effect of mutations on the binding
time for the given temperaturgyressureyolume ofthe  of this natural inhibitor. Protocol followed for carrying
total simulation box as well as each frame of simulatedut the docking studies using Autodock version 4.0 in
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order to predict binding pose and IC50 valuesglwith  docking modes represented by LGA cluster analysis, the
associated binding energies is of default parametertowest energy docking mode with respective 1C50
Briefly, the energy scoring grid box was set to 126, 136ediction was seleted from each docking simulation.
and 126 A (x, y, and z) centered at X14938 Y =- [Each compound was allowed with active rotatable
4.1771and Z =1.0507with 0.375 angstroms grid points bonds making them flexible.

spacing assigned with defthu atomic salvation

parameters. The grid box was designed such that tHRESULTS AND DISCUSSION

total CD44 protein domain was surrounded by theffect of SNPs on polarity, hydrophobicity, structural
three-dimensional grid box cantered at its own. giapjlity and functionality of the protein

Lamarckian Genetic Algorithm (LGA) forms a dockifghch amino acid has isvn unique properties, such as

engine, with all parameters set to filt. After each glecular weight, size, polarity/charge  and

LGA runAuto dockreports the best dockinggse along pydrophobicity values. In view of this fact, we have

with associated binding energy values for each dockegydied the effect of SNPs on the protein structure, but

complex, and the results are rveported based on clustqfaid more attention to its polarity and hydrophobicity, o
Pyttearad . AyRAY3I DAGOA dnldrey ol REE & 28 RP 02§ NK b @476 NES K
a sum of six energy terms of dispersion/repulsionstyycture and functionality. The results of the detailed
electrostatic interactionshydrogen bonding, deviation | yiteara T2NISTFTFSOG 2F vdzil GA2

from covalent geometry, desolvation effects andyygrophobicity are presented in Table.1.
internal ligand torsional constraints. From a total of 10

Table 1:Mutations in CD44 associated oral cancerEffect of the mutations on the change in polarity and
hydrophobicity

Change in polarity Change in Hydrophobicity

S.No Protein Polarity due to mutation Hydrophobicity due to mutation
1 T27A Polar to Yes Hydrophlhc.to Yes
non-polar Hydrophobic
2. R4la Folaro Yes Hydrophilic to Ves
non-polar Hydrophobic
3. Tiopa Folarto Yes Hydrophilic to Ves
non-polar Hydrophobic
4. s11op FOlarto Yes Hydrophilic to Ves
non-polar Hydrophobic
5. sippa FOlarto Yes Hydrophilic to Ves
non-polar Hydrophobic
6. Rl62a Holaro Yes Hydrophilic to Ves
non-polar Hydrophobic

From the analysis it was revealed that, all the siand charge distribubn that is ideal for binding
mutations have shown polarity changes. On the othamegativelycharged groups (it is able to form multiple
hand, potentially hydrogen bond forming rdsies, hydrogen bonds) to create stabilizing hydrogen bonds
serine and threonine, were found to be mutated withthat can be important for protein stability.

non-hydrogen bond forming amino acid alanine, and i$he above predictions were based on the standard
thus rarely directly involved in protein function, but itevaluations that Glutaine (Q); Asparagine (N);
can play a role in substrate recognition or specificityHistidine (H); Serine (S); Threonine (T); Tyrosine (Y);
Arginine also mutated as alamd at 41 and 162 Cysteine (C); Methionine (M); Tryptophan (W) were all
positions, these two residues critical for the interactiompotentially hydrogen bondorming residues. Polarity
with substrate binding as they are more in protein activehanges in the protein, due to the abowgentioned

or binding sites. Arginine contains a complexutations, might cause severe malfunctions in the
guanidinium group on its side chain that has a geometrotein with even minor changes in pH conditions.
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Moreover, the six mutations that were mentionedmean square fluctuations (RMSF), energy parameters,
above were found to be altered from hydrophobictotal number of intramolecular hydrogen bonds, radius
residues to hydrophilic ones. of gyration and the secondary structure elements (SSE)
3.3 MD simulations of the protein with the time dependent function of MDs
In order to understand thémpact of these mutations for our quantity aalysis. Chemical time scale used in
on the overall protein conformational stability this present study is of enough for the side chain

comparatively, we have carried out 10 nanoseconds 88 I NNJ y3SYSydia Ay LINRISAYyQa

MDs for each protein. Various parameters have beevarious conformations. The detailed MD simulations
analysed throughout the simulation trajectory, were depicted in Table.2.
especially Root mean square dmion (RMSD), Root

Table 2:MD simulation statistics

Protein Graph Energy RMSD ROG Intra HBonds
color Range Mean Range Mean Range Mean Range Mean
code
CD44 Blue [-4551.315;- - [0.000, 1.345 [14.780, 15.036 [96.000, 113.310
apo 3655.784] 4166.838 2.382] 15.493] 133.000]
T27A Red [-4811.153; - [0.000, 1.814 [14.853, 15.368 [94.000, 111.845
3971.391] 4358.253 2.606] 15.716] 126.000]
R41A Green [-4748.709; - [0.000, 1.659 [14.773, 15.326 [90.000, 106.194
3771.636] 4279.806 2.662] 15.942] 132.000]
T102A  Yellow  [-4549.427; - [0.000, 1.472 [14.845, 15.081 [95.000, 110.966
3897.624] 4231.241 2.226] 15.334] 130.000]
S112A  Pink [-4549.688; - [0.000, 1.191 [14.750, 14.993 [98.000, 113.172
3698.265] 4157.115 1.625] 15.251] 132.000]
S122A  Black [-4665.187, - [0.000, 1.377 [14.854, 15.096 [98.000, 112.856
3704.173] 4226.500 2.331] 15.410] 129.000]
R162A Brown [-4487.203; - [0.000, 1.426 [14.889, 15.094 [100.000, 113.737
3954.838] 4238.485 1.982] 15.371] 126.000]

3.4 Protein structure conformational fieibility and resulting in maximum backbone RMSDD#.6 A. This
stability analysis difference in the deviation range explains the change in
RMSD values of wild type, mutant proteins weretability of the mutant protein, which in turn reflects the
analysed to understand the effect of mutations on theimpact of substituted amino acid in the protein
protein structure. We calculated the RMSD for altructure. T102A and R41A mutated structures showing
protein backbones during the MDS with reference to itminimum deviation compad to wild type, but R41A
initial structure (Fig.1). However, the wild type proteinshowing highest deviation from 6000 ps to till the end,
was found to be stabilized at an RMSD value of 1.345r&sulting in a backbone RMSDI1..0 to 2.662 A during
whereas most of the mutant protein RMSD values wertne simulations. S112A and S122A mutated structures
higher than the wild type, with exception of S112Avere not showing much deviation compared to wild
GKAOK gSNBE t26SN GKIy {Kit@pe doitf SR22AIMWIIG midNdBViatoR ¢tCBEO0 wsa { 5
certain points. Figure. 3 clearly demonstrate that the mutations have
In Figure 1, T27A and R162A mutated structurensiderable destabilizing effects on protein structure.
showing maximum deviation till the end of theRMSD in the mutant is higher than the wild type,
simulation compare to wildype. These two mutants indicating that excessive flexibility is gained after the
remained distinguished throughout the simulationmutation.

l.j
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Figure 1.RMSD graphs of the CD44 wilgpbe protein compared with the mutant versions of the protein.
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Figure 2RMSF graphs of the CD44 wild type protein compared with the mutant versions of the protein
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Figure 3Energy graphs of the CD44 wild type protein compared with the mutaersions of the protein.
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Figure 4:Total number of intra molecular hydrogen bonds graphs of the CD44 wild type protein compared with
the mutant versions of the protein.
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Figure 5:Radius of Gyration graphs of the CD44 wild type protein compavégth the mutant versions of the
protein.

We have also monitored the RMSF fluctuations of eaatontributing for their stability (Fig. 4). From Table 2 it
NBaARdzS Ay 2NRSNJ (2 RS G Soddvbe yifsreditiaShe wazimbing murdbgr@&l113%akaF S O (i
the protein residues dynamic behaviour of residuesnolecular hydrogen bonds was obsedvfor wild type,
From Figure.2 it can be inferred that residue leveb112, and R162A proteins and the T27A, R41A, T102A,
fluctuations for T27A, R41A, and SA2Rere quite high and S122A Proteins have 111, 106, 110 and 112-intra
when compared with wildype and other mutations up molecular hydrogen bonds respectively. The least
to 2.8 A, for residues located between 120 and 156umber of 106 intra Hbonds were found for R41A
positions. Analysis of the fluctuations revealed that thenutation. This data suggests that TR R41A and T102A
greatest degree of flexibility was shown by the T27Autations have higher flexibility compared to other
mutant protein. mutations and wild type protein.

When the energy parameters for the MD simulationThe radius of gyration (Rg) is the massght root
trajectories of the wild type along with associatedmeansquare distance of collection of atoms from their
mutated proteins were analysed and revealed that thegommon centre of mass. Therefore, it provides
were maintaining the total energy of the system in ansight into the overall dimension of the protein. Finally,
range of-4358 and-4157 Kcal/mol (Fig. 3). Whereas, fowwe haveanalysedthe radius of gyration (ROG) for the
the wild type protein the energy system wag4166 wild-type protein along with its associated mutations
Kcal/mol of. Among theabovementioned energies, contributing to their compactness (Fig. 5). From graphs
S112A mutated protein was showing the least possiblecan be inferred that sirmutant proteins not showing
minimized total energy 04157 Kcal/mol, whereas the much difference compared to wild type when
highest energy 0f4358 Kcal/mol was consumed byconsidering the statistical data, however T27A mutation
T27A mutation. From the results, it is clear that as thbas shown the highest compactness in the protein with
mutation residue position increases, the total energy 0£5.368 A, whereas the wild type protein has shown to
the system increases as well, suggesting that thHee compacted with 1588 A. These data suggest that
mutations occurring at the core of the protein structureT27A mutation has caused structural destabilizing
would further minimize its overaéinergy. effects leading to the loss of protein compactness when
We alsoanalysedthe intra-molecular hydrogen bonds compared to the data with wild type ROG.

in the protein along with its reported mutations

2 )
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Figure 6:a) Secondary structure elements (SSE) graphs of the CD44 wild type protein compared with the mutant
versions of the proteinb) Detailed Secondary structure elements (SSE) graph of T27A mwension of CD44.
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Figure 7:Superimposition of pre and post MD simulation snapshots of CD44 in its T27A mutant state pointing
some of the structural features movement observed which were thought to be crucial in CD44 overall structural
stability.
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When the secondary structure elements (SSE)D44Quinine docking analysis
contributing to the overall proteinstability were Recently, aconsiderable amount of literature has
analysed it was observed that all the proteins weresuggested high potent activity of quinine compound
maintaining an average of around 64% SSE, mostgainst cancer. In continuation to the quest of
composed of helices rather than strands and loops, withnderstanding the potential of this natural compound,
an exception of R161P mutation. When we furthewe have recently performed a lab scale stutty
investigated R161P was showing 68%E it is less whenevaluate the anticacer effects of quinine on KB and
compare (Fig.6) with the wild type and other mutantsHEp2 cancer cells. Our MTassaybasedstudies has
There are no noticeable changes in their residual levetvealed that quinine haanIC50 value ofiH p dPH o0 >Y T2 NJ
as the general profile of residual fluctuation of wilpe H N KNJ I YR MMT ®dy m>Y F2 Nlna.y KNJ gA U
and mutants are minimal in each protein without anyWhereag Al 61 & wMnT®py>Y | YR MHOC
abnormal flueuation. From these MBimulationbased [30]. Quinine was reported for reduced iINOS, CDX-
analysis it was revealed that T27A mutation has highé;, Bci2, mutant p53 and upegulated Bax, caspase
impact on the CD44 protein structure stability causingxpressions suggesting its grbliferative role [31] In
hindrance in its functionality due to the changes in itshis scenario, taking our present study to a sfagher,
overall structural features (Figure 7). Highexfbility we have investigatedhe impact of mutations on the
and major structural changes observed in T27A mutairhibitor recognition functions of CD4stotein, docking
version of protein suggests decrease in stability of thanalysis was carried out with specific inhibitor quinine
protein which is a direct indication towards its possibléndicated that the mutations contribute to weaker
loss ordecreased functionality interaction with the drug, primarily due to loss of
interactions of the drug with surrounding residues. We
utilised wildtype (CD44uining), T27A(T27Aquinine)
for our analysis (Figure.8).

Figure 8:Docking pose of quinine compound inside the active binding site of CD44 showing the mutant residue
T27A.

Comparing the bindig free energy of CD44 to tlkeug, complex -6.05 Kcal/mol withoc ® ¢ H >esut¢ KA a
mutant T27A exhibited the weakest interaction with thesignifies better conjugéon of inhibitor to the binding
SYSNHe @l ftdzS 2F bLpodpy YdoketfoktihéerddeptoroMutari(T27 4 cordplep exibite@ F
inhibition constant when compared to wiype
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the least binding affinity towards quinine according taype CD44 and T27A mutant was studied through MD
the docking score results. simulations.

Proteinligand MD simulations in water Simulation studies using Quinine witkvild and T27A
Since molecular docking represents only a lsingmutant

shapshot of proteigligand interactions, we have The dynamic behaviour of wild and mutant protein via
performed molecular dynamic simulations in order tesimulations. The RMSD ddbutions were plotted as
study the proteirgligand interactions in motion the time dependant function of MD simulations
contributing for their stable bound conformation and tobetween the wildtype and mutant (T27A Two
visualize the effect of ligand binding on pratei independent simulations were carried out.
conformational changes. The effect of quinine on wild

i
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Figure 9:MD simulation revealed interactions of CD44 with quinine compound in its wild state (without any
mutation).

The results in Figure 9 shows that the RMSDs of tiecording to this observation the ligand has diffused
trajectories for the wildtype complex was @ll below away from its initial binding site in the early simulations,
3.0A for the first 5ns.Throughout the simulation periodwhich leads to the inefficient binding with T27A mutant
no significant fluctuations were observed in theprotein.Indeed,wild-type andmutant complexeaches
backbone of the wildype implying that the binding of a steady equilibrium except T27A. Mutant T27A remain
quinine at the active site of the proteins is not onlydifferent throughout the simulation, resulting in
stable and strong but also deaot disturb the protein greatest backbone RMSDD8.2A.This deviation range
backbone stability. When mutant protein residue difference make clear the alteration in the stability of
fluctuations were calculated in presence of ligandnutant protein, which further reveal the strength of
quinine, it was observed that movements andsubstituted amino acid in protein structure.

continuous fluctuations noticeable at 1ns (Fig 9b).n order to calculate the residual mobility of each lead
RMSD value of the ligand observed the figure is molecules in CB#proteincligand complexes (wittype
significantly larger than the RMSD of the proteinand mutant),RMSF was calculated in easmymplexand

Time (nsec)
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the graph was plotted against the residue number basestarting conformation. Analysis of fluctuation score
on the trajectory period of MD simulation to identify thedepicted that the higher degree of flexibility was
higher flexibility regions in the proteitn proten RMSF observed in mutant(T27A) complexhan wildtype
graph of mutant complexwe can see that the major structure suggesting altered binding of quinine with
peaks of fluctuations have been observed with 125 T27A, thereby making the backbone more flexible to
residues with over 4Aand residues between 14045 move.We also monitor changes in secondary structure
with >4.2A have highest deviation during the MDiuring the simulations, it was observed that wiige
simulations Rest of the residues were found be quite and mutant proteins maintainig an average of around
stable and fluctuating well below 2.0A.Despite the fac4%, there is no significant change observed in the
that mutant complex T27A showed deviation from itsecondary structure of mutant complex (Figure 10).

Figure 10MD simulation revealed interactions of CD44 with quinine compound in its T27A mutation state.
From our analysisit is well revealed that wildype Interaction profile of ligand with wild and mutant
complex form strong hydrogen bond with quinine and itluring MD simulation
is maintained throughot the simulation, while the When one of the best spshots of MD trajectory was
mutant complex T27A showing very wealkanalysed it has been observed that quinine forming
intermolecular hydrogen bonds and these bonds werstrong hydrogen bond with GLU 75 residue at catalytic
not maintained thorough out the simulation time. site of wildtype CD44 protein with over 94% occupancy,
Hydrogen bonds in the wiltype complex helps in but mutant protein was not forming hydrogen bonds
maintaining its rigidity, which was neb with mutant. with GLU 75reddue whereasit was trying to form
T27A mutation showed increased binding energy, lo$s/drogen bond with SER71 with over 2% occupancy only
of hydrogen bond interactions i.e stability loss whemuring MD trajectory (Figure 9). Results of the
compared with wildtype CD44 protein. hydrophobic interactions of the ligand with witgipe

protein shows, that it was found to be interacting with
Phe30His35 and in the mutant protein MD simulations
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