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ABSTRACT

Anti-freeze proteins( AFPs) in case of cold addpieganisms helps to avoid or reduce damage ® dinganism
caused by freezing stress. Without the AFPs,rwatdecules will add to an ice lattice that resuite crystal
growth and there by causes heavy damage to thgeti€3ue to this property of these proteins are cenarally
used for cryopreservation purpose. Here in thiskweffect on physiological pH on the structure amdlction of the
type Il antifreeze protein has been established @tystallography structure of the protein was ofbéa from
Protein Data Bank. Molecular dynamics simulationtloé protein was performed at 1 nano second (1686 p
seconds) in a series of physiological pH environmranges from 2-11.The constant physiological ctbodiwas
chosen for the simulation as protein in water atdégree Celsius and the salt concentration 0.15kl.fi@sults
indicates the stability of the protein within atsile pH range between 4 and 6.
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INTRODUCTION

The antifreeze proteins (AFPs) are also calleccassiructuring proteins (ISPs) are a class of prstproduced in
many vertebrates, plants, fungi and bacteria tleamji their survival in subzero environments [1FPs bind to
small ice crystals to inhibit growth and recrystaltion of ice that would otherwise be fatal foe thrganisnj2].In
comparison to widely used antifreeze substancesdikylene glycol, AFPs do not have lower freezdont in
proportion to concentration. So this allows thematt as antifreeze at very less concentrationsufab¢300) of
those of other dissolved solutes, hence minimikes effect on osmotic pressure [3]. The bindingatailities of
AFPs has been studied and attributed to their bindibility at specific ice crystal surfaces [4]. Watypes of
antifreeze glycoprotein or AFGPs are also widelynftb in fishes of Antarctic regions having molecutaass range
around 2.6-3.3 kD [5].There are basically 4 clasdemntifreeze proteingiz. Type 1,111l and type IV. The Type I
AFPs are mostly studied and these are cysteinegichular proteins containing five disulfide bon@. The
inhibition of freezing incase of the AFPs are thioutp by an adsorption—inhibition mechanism as tadgorb to
non basal planes of ice, inhibiting thermodynantycévored ice growth [7]. There are many applicat for
antifreeze proteins are available for using theséens in increasing freeze tolerance of crgnid and extending
the harvest season in cooler climates ,improvimm fish production in cooler climates, lengthensttelf life of
frozen foods ,improving cryosurgery, enhancing eregtion of tissues for transplant or transfusionriedicine,
therapy for hypothermia etc [8-9].As the functiohtloese proteins resides on stability of the 3Micttire hence,
molecular dynamics simulation based analysis isrdi&s to study the structural stability in diffetgphysiological
environment [10-11].pH dependent molecular dynansitaulation methods are used to predict the sulestra
specifity and selection of enzymes thereby providateep insight to study about structural and fonet aspect
[12]. The ice binding capability in case of antédze protein has been studied in different envirartadeconditions
like gas phase, solvated by water, adsorbed orictherystal plane in the gas phase and in aquedluian by
molecular dynamics simulation method [13].Also temperature dependent unfolding pathway has bemtvesl
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for type lll antifreeze protein by GROMACS (Gronerg Machine for Advanced Chemical Simulation) sofeva
package [14-15].

The prime objective of the study is to evaluate ¢ffect of physiological pH on antifreeze proteiie antifreeze
protein type Il is considered here. The molecularagnics simulation was performed in water in seoiedifferent
pH and the structural basis was evaluated by ciogl energy, root mean square deviation, radiugyoétion,
residue wise root mean square fluctuation, distidimuof hydrogen bonds etc. The study is perforrnoedstablish
the relationship between the physiological pH wfité structural and functional aspect of the argifesprotein.

MATERIALSAND METHODS

The considered antifreeze protein structure wagewetd from Protein Data Bank (PDBWw.rcsb.org/pdh which

is the data base of protein structures. The selqutatein PDB ID: 2AFRvas considered [16 -17].The protonation
process was done with the protein to prepare thessef protonated proteins by using H++ serverclvhivas the
input for molecular dynamics simulation [18he server allows quickly obtaining and estimatifigpKs as well as
other related characteristics of bio-molecules sagksoelectric points, titration curves, and eresr@f protonation
microstates. It also automates the process of prapthe input files for typical molecular dynamissnulations.
Protons are added to the input structure accordirige calculated ionization states of the chahgroups at the
user specified pH. The output structure is in tligRP(PDB + charges + radii) format. In addition tostthe
corresponding coordinate and topology files areegated in the format supported by the molecular eting
package AMBER. The molecular dynamics simulatiors vpgrformed by GROMACS 4.5.4 package by using
AMBER99SB force field [19]. The simulation for eaptotonated protein was set in temperature 268Kpikgesalt
concentration at 0.15M and at 1 nano second.Id idissimulation were performed for each protondtmun of
protein having pH range from 2-11. The computingjlity for the molecular dynamics simulation w#id is High
performance cluster for Biological applications wfhis based on intel Xeon dual Quad core as proceGduster
HpC 1.3 X86-64 bit edition ,total 16 nodes eachimgwGB of memory [20]. After each simulation vars
property like total energy, rmsd, radius of gyratibydrogen bond profiles are computed and analysed
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Figure 1: Total energy profile at different pH

Table 1: Showing the various parameter s analysed during molecular dynamics simulation

Se’;lr c')él Parameters Mode of analysis S mtiurl]f: on -[lggjs
1. Total energy Energy profile at different pH
2. Root mean square deviation C-alpha back boniatit®v during simulation 1000 Pico
3. Root mean square fluctuatiop  Residue wise fatan at different pH during simulation second GROMA
4. Radius of gyration Compactness of proteins dusimulation CS45.4
5. Hydrogen bonding profile Hydrogen bonding ocenoe/distribution at different pH during simulatio
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RESULTSAND DISCUSSION

Like other proteins in case of antifreeze proteihie ionisation equilibrium also influences theustural and
conformational flexibility [21]. The process can lsemputed by molecular dynamics simulation in dilda
physiological environments. The conformational skngpof the proteins leading to discover the #ighstate of
the protein which is associated with its functiétso the effect of pH on different antifreeze pintdas been

studied extensively which indicates these protaits in a broad range of pH [22].

TOTAL ENERGY
The major objective of energy value calculatiordgtis to check the stability of the protein durisighulation at a

variable pH and constant salt concentration angbégature in terms of total energy. The total engngfile of the
protein in different pH is given in the figure 1&tresult indicates the protein shows stability imast all
physiological pH (both in acidic and basic) innbsrof the total kinetic and potential energy.

RM SD (Root M ean Square Deviation) ANALYSIS
RMSD refers to root mean square deviation from Haahke of the structure to the initial starting stawe.RMSD is

a measure for conformational stability of the pirde The plots of RMSD were obtained from moleculgnamics
simulation and given in figure 2.Theoverall RMSDsafaund to be suitable and minimum deviation watsioled
for acidic pH (at pH 2) in comparison to maximunvidéion in alkaline pH (at pH 10).
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Figure 2: Backbone RM SD at different pH

RADIUSOF GYRATION CALCULATION
Radius of gyration (Rg) is the mass weighted roeamsquare distance of a collection of atoms fitwgir tommon

center of mass. Here the analysis provides theathdimension or compactness of the protein. Tlo¢ @i radius of
gyration in simulation time in different protontedndition of the protein is given in figure 3.Thtpshows the
deviation remains within the range of 1.52-1.6 maater. The protein at lower pH shows greater \ianathan at
higher pH.The maximum fluctuation in all cases dgrB00-1000 pico seconds may be due to completedbs

secondary structures [23].

RMSF (ROOT MEAN SQUARE FLUCTUATION) ANALYSIS
The root mean square fluctuation (RMSF) is a memsf the deviation between the position of ptand some

reference position. Here residue wise RMSF wasutatied for the protonated proteins during simutais given in
figure 4.The result indicates the residues 60-&10-110 shows grater fluctuation at all pH.Thetiiation due to

the protonation that influences the solvent adb#itg in specific residues [24].
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Figure 3: Radius of gyration at different pH
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Figure 4: Root mean squar e fluctuation at different pH

HYDROGEN BONDING PROFILE ANALYSIS
The hydrogen bonding profile was computed from mi@ecular dynamics simulation as given in Figuréhg.
number of hydrogen bond increases at pH 7 anddughy decreases in all acidic and alkaline pH.

Many experimental methods are available to study shructural stability of biomolecules like protgifi25].
Molecular dynamics simulation at specific envirominés one of the suitable methods to compute mddecu
property leads to prediction about protein functi@]. Since the stability of a functional proteian be predicted
by the above studied parameters, hence the pH basktular dynamics simulation suggests the bedecutar
mechanism of stability of these proteins.
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Figure5: Hydrogen profile at different pH
CONCLUSION

The pH induced effect on structure of a type llifeetze protein has been analysed by using moleciytaamics
simulation method. The pH is considered to be aonfajctor in solvent medium in case of proteinsiterproper
function inin-vitro/in-vivo conditions. Observing the great importance of éhastifreeze proteins particularly in
cryo preservation purpose the study of structume function of the proteins in different pH isiamportant issue.
The overall result supports that the pH level 4-8uitable to maintain the structural stabilityttoé protein. Further
analysis like protein folding pathway and stabilgjudy by creating mutagenesis in residues wouldcigaly
essential to design novel AFPs with improved furctand the same could be potentially used in thenédical
field.
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