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ABSTRACT

Amino acids are considered as the building units of protein structures. The amino acid glycine was subjected to ab
initio quantum mechanical calculations at HF/3-21g** level of theory. Glycine is optimized in gas phase then
different solvents were applied using Polarizable Continuum Model (PCM) and the integral equation formalism
variant (IEFPCM) which is the default SCRF method. The studied solvents are water, acetonitrile, DMSO,
nitromethane, methanol, ethanol, acetone, dichloro-methane, dichloro-ethane, cholorbenzne, diethyle ether, toluene,
benzene, CCL4 and cyclohexane respectively. Results indicate small geometrical changes in the COOH group as a
result of solvation. Total dipole moment indicates an increase in the reactivity of glycine due to the effect of
solvation with water. This may be an indication that water is the most favorable solvent for biological molecules

such as amino acids and consequently proteins. The calculated HOMO-LUMO band gap energy remains unchanged
with changing the type of solvents.
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INTRODUCTION

Amino acids are considered as the building unitgmitein structures. Studying amino acid structutesugh
different spectroscopic tools is considered adithestep towards understanding the molecularcttine of proteins.
Amino acids could be observed in gas phase in ¢utral form, which means that its net charge ofrttodecule is
corresponding to zero [1]. In the aqueous soluaond in solid phase, amino acids could perform ewihic

molecules that enable the formation of hydrogendsamnd stabilize the ionic conformation [2]. Theireoracid L-

alanine is the smallest naturally occurring chaatino acid. The assignment of its fundamental vibmnais of

importance for understanding its activity. Wherehs, crystalline form study helps in the study afide range of
intermolecular interactions essential for chemistng biology. On the other hand, low frequency afiions are
important in enzymatic reaction because it contaifrmation on weak reactions [2-3]. Moreover, #mino acid
glycine is the simplest protein structure unit [4/Also, it is the smallest and unique non-chinalimo acid that can
act as a neuro-inhibitor in mammalian nervous sysfEhe molecule represents non-rigid propertiesegerad by
internal rotation and the wagging of amine group Fecently, glycine has been the object of paldicattention
due to its possible presence in interstellar spaud to its use in the design of bio-nano-devicds Among

biological molecules the asparagine is an imporamno acid that functions in the metabolic contfbbome nerve
cells and brain tissues. Whatever, little work basn done to study the vibrational properties phesgines [7-9].

Scientists in both chemical and biochemical fiefdg/ their great interest to study the applicatidrhydrogen
bonding. It is stated that, hydrogen bonding is ipm@sent in nature. It plays a critical role inhlizing the
structures of biological molecules such as proteinsucleic acid. In view of the role of water metstructural and
functional properties of macromolecules and theiteriactions, considerable attention has been paidhé
exploration of the properties of solvated biomolesy5]. Alanine among other structures was stlithg D-Gauss
molecular modeling technique [10]. Amide group agnmther groups were subjected to D-Gauss molecular
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modeling to investigate the physical reasons feirtfunctionality [11]. Higher level of theory wdsllowed to
analyze the metal interaction with protein [12PDFT together with FTIR were utilized to investigdhe spectral
and deconvolution of the natural protein gelati8][1Semiemperical calculations were used to ingest the
mechanism of Cr interaction with natural proteiM][1Also DFT was used to investigate and analyse th
spectroscopic features of organic structures sadh €, 5 dimethylfuryl) ethylidene] (dicyclopropyl rig/lene) 2,

5 furadione [15]. Recently the functionality ofnse amino acids could be achieved with the help ofeoular
modeling to understand biological interactions &l as many other interactions [16-21].

Based upon these considerations modeling studybeitlirected toward glycine with a special intetests COOH
functional group, total dipole moment and energgdogap. This modeling study will be conducted vathinitio
calculations at HF/3-21g** level of theory.

MATERIALSAND METHODS

2. CALCULATION DETAILS
All calculations were carried out with GAUSSIANO022] implemented on personal computer at Spectrgscop
Department, National Research Centre.

Glycine is optimized in gas phase, water, acetimitbMSO, nitromethane, methanol, ethanol, acetaliehloro-
methane, dichloro-ethane, cholorbenzne, diethyleretoluene, benzene, CCL4 and cyclohexane. Baattwre is
studied with hartree fock level of theory using33® basis set.

The Polarizable Continuum Model (PCM) using theegnal equation formalism variant (IEFPCM) is thdaaét
SCRF method. This method creates the solute caiatya set of overlapping spheres. It was initialgvised by
Tomasi and coworkers and Pascual-Ahuir and cowsijg3-25].

Total dipole moment (TDM) is calculated at the salewel of theory. The highest occupied moleculdbitaf
(HOMO) and lowest unoccupied molecular orbital (LO)M respectively. The energy difference between the
HOMO and LUMO is termed the HOMO-LUMO band gap whis termedAE. For verification, the vibrational
frequencies were calculated in order to ensuretktieabbtained structures are corresponding to apditnstructures.

RESULTSAND DISCUSION

The ab initio (HF/3-21g**) optimized structure dfe glycine in gas phase is indicated in figure dr. the effect of
solvents Figure 2 presents the ab initio (HF/3*2lgalculated glycine in solution (S) where S isater;
acetonitrile; DMSO; Nitromethane; Methanol; EthgnoAcetone; Dichloro-Methane; Dichloro-Ethane;
Cholorbenzne and Diethyle Ether respectively. Thectures of glycine are indicated in symbols ahdnt the
surface is indicated with some kind of interesedied towards COOH group. This group is considé¢inedmost
reactive group in the protein structure.

The effect of solvents upon glycine is indicatedahble 1. The table presents the results of bogtead=C-O, bond
distances C=0 and C-O, the total dipole moment (J@Md the energy band gap as HOMO-LUMO difference
(AE).

Results indicate slight geometrical effect suclamsncrease in the bond angle which is noticed @nggfrom gas
phase to water then slightly decreased to the m@ngasolvents. The bond distances of COOH hasthfigicreased
ongoing from gas phase to different solvents. Is wadicated earlier that the reactivity of a givenucture is
increased with increasing its total dipole momemd a@ecreasing its band gap energy [11]. Regardahculated
total dipole moment in table 1 it is clear thatveoits except CCL4 increases the total dipole morimelidating that
glycine is more reactive in solvents. The highedtu® was recorded with water. Calculated HOMO-LUMénd
gap energy shows no indication which remains ungéanvith changing the type of solvents.
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Figure 1. HF/3-21g** Ab initio calculated Glycinein gas phase

Figure 2. HF/3-21g** Ab initio calculated Glycinein solution (S) where Siswater; acetonitrile; DM SO; Nitromethane; M ethanol;
Ethanol; Acetone; Dichloro-Methane; Dichloro-Ethane; Cholorbenzne and Diethyle Ether respectively

Tablel. HF/3-21g** Ab initio calculated bond angle O=C-O (as degree), bond lengths C=0 and C-O (as angstrom) respectively, total
dipole moment (TDM) as Debye, HOM O-LUMO band gap energy (AE) aseV, for glycinein different solvents

Solvent 0=C-O0 C=0 C-O TDM  AE

Gas phase 108.687 0.995 0.995 3.471 15.683
Water 109.780 0.999 0.999 6.997 15.645
Acetonitrile 108.767 0.999 0.999 4506 15.635
DMSO 108.748 0.999 0.999 4.5094 15.638
Nitromethane 108.767 0.999 0.999 4508 15.635
Methanol 108.744 0.999 0.999 4501 15.635
Ethanol 108.815 0.999 0.999 4.476 15.635
Acetone 108.744 0.999 0.999 4.456 15.638

Dichloro-Methane 108.738 0.999 0.999 4.345 15.636
Dichloro-Ethane  108.815 0.999 0.999 4.476 15.635
Cholorbenzne 108.751 0.998 0.998 4.229 15.637
Diethyle Ether 108.746 0.998 0.998 4.152 15.639

Toluene 108.738 0.997 0.997 3.920 15.649

Benzene 108.744 0.999 0.999 4.456 15.638

CCL4 108.727 0.997 0.997 3.891 15.652

Cyclohexane 108.727 0.998 0.998 4.192 15.640
CONCLUSION

Ab initio results at HF/3-21g** level of theory fglycine indicate small geometrical changes inG@OH group as
a result of solvation with different solvents. Tieactivity is indicated in terms of the calculatethl dipole moment
and HOMO-LUMO band gap energy. Total dipole moniadtcates an increase in the reactivity of glycihe to
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the effect of solvation with higher reactivity irase of water. No indications regarding the caledatOMO-
LUMO band gap as it remains unchanged with changliegtype of solvents. These results indicate hater
among many other solvents is the most favorablebfological molecules such as amino acid and cauresetty
protein.

Acknowledgment
This work is supported financially by the Scieneel & echnology Development Fund (STDF), Egypt, Gidat
4751.

REFERENCES

[1] J Kong; S Yu SActa Bioch Bioph Sin 2007, 39, 549.

[2] A K Rai; R Singh; KN Singh; VB Singh2006) Spectrochem. Acta A. 63: 483-490

[3] N Vyas, A K OjhaJ Mol Sruct. Theochem.2010, 940, 95.

[4] G Fischer, N Cox, M Franci€hem. Phys. 2005,313, 39.

[5] N Vyas, A K Ojha, A MaternyVib. Spect. 2011, 55, 69.

[6] M L Senent, M Villa, R Doringuez-®mez, A Fernandez-Clavert. J. Quantum Chem. 2005, 104, 551.

[7] M Biczysko, J Bloino, | Carnimeo, P Panek, VrBiae.J. Mol. Sruct. 2012, 1009, 74.

[B] M T Rosado, ML T S Duarte, R Faustéb. Spectrosc. 1998, 16, 35.

[9] J Casado, FJ Ramirez, JT Lopez Navareteol. Struct. 1995, 349, 57.

[10] A J D MorenoBraz. J. Phy. 1999, 29, 380.

[11] M Ibrahim, AAMahmoud J. Comput. Theor. Nanosci. 2009, 6, 1523.

[12] M Ibrahim, A Al-Hossain, Z Al-Fifi.J. Comput. Theor. Nanosci. 2010,7, 2044.

[13] M Ibrahim, O Osman, M Abd El-Aal, M Ei@pectrochim. Acta A. 2011, 81, 724.

[14] E Nashy, O Osman, AA Mahmoud, M Ibrahigpectrochim. Acta A. 2012, 88, 171.

[15] M Ibrahim, AA El-Barbary, MM El-Nahass, MA Kagh MAM EI-Mansy, A M Asiri. Spectrochim. Acta. A.
2012, 87,202.

[16] M Ibrahim, N A Saleh, W M Elshemey, A A Elsayd/ed. Chem. 2012, 8, 826.

[17] M Ibrahim, NA Saleh, WM Elshemey, AA Elsayedini. Rev. Med. Chem. 2012, 12, 447.

[18] P K Bose, N Paitya, S Bhattacharya, D D&afa, K M Chatterjee, S Pahari, K P Ghat@uantum Matter.
2012, 1, 89.

[19] M Narayanan, A J PeteQuantum Matter. 2012, 1, 53.

[20] Q Zhao.Quantum Matter. 2013, 2, 9.

[21] I Will, A Ding, A Xu. Quantum Matter. 2013, 2, 17.

[22] J Frisch, G W Trucks, H B Schlegel, G E Scisgsdvl A Robb, J R Cheeseman, J A Montgomery, T ¥m\K
N Kudin, J C Burant, J M Millam, S S lyengar, J Tash V Barone, B Mennucci, MCossi, G Scalmani, NJ&eG
A Petersson, H Nakatsuji, M Hada, M Ehara, K Toy&dukuda, J Hasegawa, M Ishida, T Nakajima, Y déorO
Kitao, H Nakai, M Klene, X Li, J E Knox, HP Hratem, J B Cross, C Adamo, J Jaramillo, R Gompertg, R
Stratmann, O Yazyev, A J Austin, R Cammi, C PoimdWlv Ochterski, P Y Ayala, K Morokuma, G A Voth, P
Salvador, J J Dannenberg, V G Zakrzewski, S DappcD Daniels, M C Strain, O Farkas, D K Maliok,D
Rabuck, K Raghavachari, J B Foresman, J V Ortigu A G Baboul, S Clifford, J Cioslowski, B B $aov, G
Liu, A Liashenko, P Piskorz, | Komaromi, R L Martib J Fox, T Keith, M A Al-Laham, C Y Peng, A
Nanayakkara, M Challacombe, P M W Gill, B JohndéhChen, M W Wong, C Gonzalez, J A Pople. Gaus8&n
Revision C.02 Gaussian Inc., Wallingford (ZD04.

[23] S Miertus, E Scrocco, Tomasihem. Phys. 1981, 55, 117.

[24] J Tomasi, B Mennucci, R Camn@hem. Rev. 2005, 105, 2999.

[25] M Cossi, N Rega, G Scalmani, V BarodeComp. Chem. 2003, 24,669.

380
www.scholar sresear chlibrary.com



