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ABSTRACT

The effective fragment potential (EFP) method ieHitient ab initio based polarizable model thigscribes the
explicit solvent effects, is applied to glycineatijde solvated in water. The structures of ndural zwitterionic
glycine dipeptide immersed in water layers of &M@ 6.0 A are investigated by performing RHF/EF®rgetry
optimizations at the RHF/cc-pVDZ level of theorgind the optimized geometries, the stability ef tlydrated
zwitterionic and neutral structures is discussdducturally and in terms of energetics at the seborder Mgller—
Plesset theory (MP2)/cc-pVDZ level.
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INTRODUCTION

The most biological processes occur in solutiotyesu effects must also be considered. The bioklbiaelevant
form of amino acids is the zwitterionic form ane assentially always in this form at neutral pF2[1Zwitterionic
species of amino acids have both a negatively edarcarboxylate group (COO-) and a positively chdrge
ammonium group (NH3+). They are the dominant fonnadiueous solution over a wide range of jpHontrast, in
the gas phase, where interactions with environraenot present, amino acids are mostly in thaitraénonionic
form [3-6]. Fact that the amino acids are zwittesian the water phase implies that interactions wlite water
molecules are a key determinant of the stable emgthic structure. Glycine dipeptide is the simplesptide with
the chemical name 2-[(2-Aminoacetyl)amino]acetiddaBecause of its low toxicity, it is useful asbaffer for
biological systems with effective ranges between205+3.8 and 7.5-8.9 [7], however, it is only maatety stable
for storage once dissolved. It is used in the sgithof more complex peptides [8].

To study the effect of hydration, an explicit saivdreatment can be performed directly with theapabble
continuum model (PCM) [9,10]. The effective fragrnpotential (EFP) method [11,12] is a model po&rdierived
from first principles quantum chemistry. In theezffive fragment molecular orbital method [13], falgments are
treated on the same footing, with the mutual poédion treated in the EFP fashion. Intensive stutli@ve been
performed on solvated alanine by many researcligrd$]. Jensen and Gordon [16] reported that atemidhic
glycine molecule with two water molecules is adlominimum, based on correlated initio calculations with
polarization basis functions. However, with two @ramolecules, the neutral isomer is still loweemergy. Aikens
and Gordon [17] discussed the importance of bultemfr the stability of zwitterionic glycine by plying the QM
method for the important water molecules that arectly interacting with glycine and PCM for bulkater.
Yamabeet al [18] indicated that a water chain consisting®fesal water molecules enhances the proton trantfer
glycine.

Within the scope of this work, the attempt is toedmine the structure and properties of the hydnalthyers around
glycine dipeptide and describe the neutral andteviith minimum energy structures and their stabilit a polar
water environment. The motivation for this studgsa for several reasons. It is now well-establisghatithe effect
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of solvation has to be included in simulations ¢hiave physical meaningful results [19], especifdiyvibrational
spectra [19-25]. Nevertheless, the zwitterioniaxfasf dipeptides in aqueous solution still remaiosnty studied.
Hetch et al. observed correlations between solute-induced geations of the solvent structure and amino acid
hydrophobicity [26]. Later, Idet al concluded, also on the basis of Raman spectrgstiogt the structure of water
in solutions of various amino acids at neutral pi¢sinot depend on the nature of the amino acidcsidas [27].
UN Dash et al experimentallystudied the molecular interaction between aminalsa@nd the solvents, and
concluded that the intermolecular interactions eptiles depend on nature of amino acid and struatfirthe
solvent [28]. OP Chimankaet al experimentally studied the importance of interioagsociation of glycylglycine
with agueous electrolyte solutions [29]. The la¢ladirst-principles study, which would fully covéne aspects of
the dynamics of hydrated amino acids, can be expthby the computational complexity ab initio methods
required to simulate systems with large numbersaittoims (Ehrenfest, Car-Parrinello, or first prineplBorn-
Oppenheimer MD simulations). An analysis of thefoomational dynamics of an alanine dipeptide anadomp the
gas phase [30§ar-Parrinello molecular dynamics study of the ffef protonation in a hydrated glycine molecule
[31] and stability of tetraglycine [32] have be&ported.

In this work, minimum energy structure and stapitift neutral and zwitterionic solvated glycine ditide molecule
is performed. The use of the EFP based QM/MM methibmivs one to consider explicitly to study intdfan
energy between solvent and solute molecules.

2. Computational details

Glycine dipeptide molecules in both neutral andttasionic form were modeled using molecular modgkoftware
Avogadro [33]. The molecular modeling software VE@4] was used to construct water layers of 5.0 @udA

from glycine dipeptide molecule, defined as theseki atom-atom distance from the solute to theesblvThe
RHF/EFP geometry optimization calculations werentloarried out at the RHF/cc-pVDZ level of theorys]3
implemented in the GAMESS-US software suit [36,30].0btain the energies of the zwitterionic formhgfirated
glycine dipeptide relative to those of the neufean, the numbers of water molecules must be theestor each
water layer but a slightly different number is gexted by VEGA. To avoid this problem, a few wateslecules
were removed; for example, at the 5.0 A water laymsisting of 52 and 50 water molecules for thetnaé and

zwitterion, respectively, two water molecules ie tieutral system, which is far away from the solws removed.
The energies of hydrated molecule, free solutesmiekbnt (EFP) for the neutral and zwitterionic fermas carried
out at the MP2/cc-pVDZ level of theory.

To study the relative stabilities of hydrated zaiibnic glycine dipeptide systems by comparingrteeergies with
those of the hydrated neutral systems, the relahergy AE* is estimated by subtracting the total eneg§' of
the hydrated neutral system from that of the cpoading hydrated zwitterionic systeEA"™, i.e.,

Etot:E zwit_EneL (1)

The optimized geometry for solvated glycine dipeptis used to compute the energy of the free s¢hdki),
Esol2tand B by removing solvent molecules from the systemif@ily, removing the solute allows one to

compute the energy of the free solvent (s&}"**"andE**"'"* Then, the solvent—solute interaction energies are

Esolu—solv,ZWh:E zZwit _ ( Esolu,zwi'+E solv,zwiw) (2)
Esolu—solv,ne —E ne.__ ( Esolu,ne| +E solv,ne\) (3)
And the relative energy can be decomposed as

AEtot:AEsolL_'_AEsoI\+AEsolL— solv (4)

where AE %"= g _JE SO jascribes the relative stability of two forms dfaine dipeptide without
solvent, AE "= AE V2V _JESMN® gescribes the stability of solvent in the two hatdd forms of glycine

dipeptide  and AE SO soh = g SOl solv.awl_ e sol= solviner o e relative  value of the solute—solvent
interactions in the two forms of glycine dipeptide
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RESULTS AND DISCUSSION

Fig. 1 depicts the optimized solute structure eftieutral and zwitterionic glycine dipeptide invaait phase. Fig. 2
displays the hydrated neutral and zwitterionic gigadipeptide in the water layer of thickness 6.01A zwitterionic
system, the N1-C2 and C12-013 bond lengths incdelge).018 and 0.055 A, respectively, C12-017 blength
decreased by 0.067 A, N1-C2-C3 bond angle increbgeid®, C11-C12-013 bond angle decreased by &rfl no
change in C11-C12-017 bond angle. Table 1 predéetdotal relative energy with the EFP water layérhe

negative sign in the relative energ AE™ means that the zwitterionic system is more staddemay be seen in
Egs. (2) and (3). The relative energy contributigvithin the solute molecule®\E**" in the second column (the
standalone solute energies) do not change very maitth the increase in the thickness of water layEne
zwitterionic system always gains stability relatteethe neutral system.

Table 1. Relative energy contributions (kJ/mol) folRHF/EFP (solvent by EFP) for hydrated zwitterionicglycine dipeptide relative to the
solL solv
neutral form: the internal solute AE and solvent AE energies, as well as the solute—solvent interaction

AE solL— sol . . . .
energy . The cc-pVDZ basis set is used. The number of watemolecules is shown in parentheses.

Water layer (&) JE" | JESON | ygsot-soh | jptot

5.0 (50) 280.51 103.31 -472.97 -89.14
6.0 (74) 255.57 221.75 -559.10 -81.7y7

@
r? | ¢ f

2 . b
(a) (b)
Fig. 1. Optimized solute structures of glycine dipgtide (a) neutral and (b) zwitterionic form in solvent (water) phase. (Red-O, Magenta-
N, Yellow-C and Cyan-H)

(@) (b)

Fig. 2. Optimized structures of hydrated (water lagr of 6.0 A) glycine dipeptide (a) neutral and (bywitterionic form. (Red-O, Magenta -
N, Yellow-C and Cyan-H)

The solvent internal energieAE™" (third column in Table 1), increase with the thieks of water layer. This
implies that the hydrogen bond networks of the wabesters under the influence of neutral glycimgegdtide are
always more strongly bound. In contrast, the foadtumn of Table 1 (the solute—solvent interacémergy:AE"~
V) shows that the solute—solvent relative energiesmore negative (more strongly bound) for thettewonic
systems than for the neutral systems, with strateyactions between the charged groups within #igerion and
weaker hydrogen bond networks within the waterteluggiven byAE*®" ). The values oAES*" and AES®" " are
strongly correlated. The strong interaction betwaerharged group and a water cluster in the hydrabégtterion
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weakens the water hydrogen bond networks, leadidarge positiveAE**" values. The opposite tendency is found
for the neutral systems. The total relative energi&™® in the fifth column of Table 1 are negative foe tvater
layers of thickness 5.0 and 6.0 A . This means tihate is no qualitative change in the relativetraazwitterion

stabilities as the number of water molecules ireegathe hydrated zwitterionic systems are alwayrstable.
CONCLUSION

In this study the geometry optimization of hydrateditral and zwitterionic glycine dipeptide in wal@yers of 5.0
and 6.0 A is carried out via RHF/EFP model. Theissisolvent relative energies are more negativegrstwongly
bound) for the zwitterionic systems than for theutrel systems, with strong interactions between dharged
groups within the zwitterion and weaker hydrogemdametworks within the water cluster. The hydrated
zwitterionic glycine dipeptide is more stable thha neutral form.
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