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                                                         CHAPTER I
INTRODUCTION

1.1 Introduction

Cell is the basic unit of life. All organisms are composed of one or more cells, where humans are made up of many millions of cells. Living cells are complex structures with variety of functions. They synthesize numerous small and large molecules, including very large molecular structures, termed macromolecules. The macromolecules include nucleic acids, polysaccharides, and lipids, Deoxyribonucleic acid (DNA) and Ribonucleic acid (RNA), proteins etc. Macromolecules participate in a complex array of biological process, such as storing and transferring genetic information (nucleic acids), catalyzing biochemical reactions (proteins called enzymes), holding cells and organisms together  (structural proteins and polysaccharides), transporting small molecules across cell membranes or from one location (transport proteins) to another, and protecting an organism against disease agents (protein and bodies). Although their structures and functions are quite different, all natural macromolecules have one common characteristic; they are polymer constructed by combining together hundreds, thousands, and sometimes millions of smaller, pre fabricated molecules called monomers.

1.2 Nucleic Acid

Nucleic acid is an organic substance found in the chromosomes of living cells, which play a central role in the storage and replication of hereditary information. It is a macromolecule composed of chains of monomeric nucleotides, which carry genetic information or form structures within cells. In most organisms, nucleic acid occurs in combination with proteins and the combined substances are called nucleoproteins. 
The term "nucleic acid" is the generic name for a family of biopolymers, named for their role in the cell nucleus. The monomers from which nucleic acids are constructed are called nucleotides. Each nucleotide consists of three components: a nitrogenous heterocyclic base, which is either a purine or a pyrimidine; a pentose sugar; and a phosphate group. Nucleic acid types differ in the structure of the sugar in their nucleotides - DNA contains 2-deoxyriboses while RNA contains ribose (where the only difference is the presence of a hydroxyl group). Also, the nitrogenous bases found in the two nucleic acid types are different: adenine, cytosine, and guanine are found in both RNA and DNA, while thymine occurs only in DNA and uracil occurs only in RNA. Other rare nucleic acid bases can occur, for example inosine in strands of mature transfer RNA.
Nucleic acids are usually either single-stranded or double-stranded, though structures with three or more strands can form. A double-stranded nucleic acid consists of two single-stranded nucleic acids held together by hydrogen bonds, such as in the DNA double helix [Fig 1.1]. In contrast, RNA is usually single-stranded, but any given strand may fold back upon itself to form secondary structure as in tRNA and rRNA. Within cells, DNA is usually double-stranded, though some viruses have single-stranded DNA as their genome. Retroviruses have single-stranded RNA as their genome. The sugars and phosphates in nucleic acids are connected to each other in an alternating chain, linked by shared oxygens, forming a phosphodiester bond [Fig 1.2 and 1.3]. In conventional nomenclature, the carbons to which the phosphate groups attach are the 3' end and the 5' end carbons of the sugar, which gives nucleic acids polarity. The bases extend from a glycosidic linkage to the 1' carbon of the pentose sugar ring. Bases are joined through N-1 of Pyrimidines and N-9 of Purines to 1' carbon of ribose through N-β glycosyl bond.

1.3 Nucleic Acid Components

Nucleic acid components are of three types;

· Nucleotides

· Nucleosides

· Nucleobases

The structure of nucleic acid is shown in Fig [1.4].

1.3.1 Nucleotides

            The Nucleotides are compound in which nitrogenous bases (Purines and Pyrimidines) are conjugated to the pentose sugar (ribose or Deoxyribose) by a 
β-glycosidic linkage. This is the configuration in the polymeric Nucleic acids. Nucleotides are the basic building blocks of nucleic acids and they are energy carriers. Nucleotides   mainly contains three components, they are,

· Phosphoric acid

·  Ribose or deoxyribose (five-carbon sugars)

· Nitrogenous base.

A nucleotide consists of a nucleoside and one phosphate group [Fig1.5]. Nucleotides are the monomers of RNA and DNA, as well as forming the structural units of several important cofactors - CoA, flavin adenine dinucleotide, flavin mononucleotide, adenosine triphosphate and nicotinamide adenine dinucleotide phosphate. In the cell nucleotides play important roles in metabolism, and signaling. Nucleotides are named after the nucleoside on which they are based in conjunction with the number of phosphates they contain, for example:

· Adenine bonded to ribose forms the nucleoside adenosine. 

· Adenosine bonded to a phosphate forms adenosine monophosphate. 

· As phosphates are added, adenosine diphosphate and adenosine triphosphate are formed, in sequence. 
1.3.2 Nucleosides


Nucleoside is a base linked to sugar. Nucleosides are glycosylamines made by attaching a nucleobase (bases) to a ribose or deoxyribose (sugar) ring. The nucleosides commonly occurring in DNA and RNA include cytidine, uridine, adenosine, guanosine and thymidine. When a phosphate is added to a nucleoside (by phosphorylated by a specific kinas enzyme), a nucleotide is produced. Nucleoside analogues such as acyclovir, therefore are used as the antiviral agents. The Nucleosides are generally named for the particular Purine or Pyrimidine present. Nucleotides containing ribose are called Ribonucleosides, while those possessing deoxyribose as Deoxyribonucleotides. 
The name of the Purine and Pyrimidine nucleosides are related to the bases that occur in RNA and DNA. 


1.3.3 Nucleobases

Nucleobases are heterocyclic aromatic organic compounds containing nitrogen atoms. Nucleobases are the parts of RNA and DNA involved in base pairing. Cytosine, guanine, adenine, thymine are found predominantly in DNA, while in RNA uracil replaces thymine. These are abbreviated as C, G, A, T, U, respectively. Nucleobases are complementary, and when forming base pairs, must always join accordingly: cytosine-guanine, adenine-thymine (adenine-uracil when RNA). The strength of the interaction between cytosine and guanine is stronger than between adenine and thymine because the former pair has three hydrogen bonds joining them while the latter pair has only two. Thus, the higher the GC content of double-stranded DNA, the more stable the molecule and the higher the melting temperature.
Two main nucleobase classes exist, named for the molecule which forms their skeleton. The bases can be divided into categories on the basis of their structures, namely 

i) Pyrimidines

ii) Purines

Pyrimidines and Purines are building blocks of nucleic acids. Purines are the double-ringed and Pyrimidines are single-ringed compounds. Adenine and guanine are Purines, while cytosine, thymine, and uracil are all Pyrimidines. Hypoxanthine and xanthine are mutant forms of adenine and guanine, respectively, created through mutagen presence, through deamination (replacement of the amine-group with a hydroxyl-group).

i) Pyrimidines

The Pyrimidine base consists of a six membered ring with two nitrogen atoms as show in Fig 1.6. The main Pyrimidines bases are cytosine, uracil and thymine. Uracil is found in RNA and thymine almost exclusively in DNA.Cytosine is found in both RNA and DNA.

a) Cytosine Base

An organic molecule composed of one carbon-nitrogen ring. It is a Pyrimidine component of nucleic acids and nucleotide cytosine always forms complementary base paring with guanine. Cytosine is one of the five main bases found in DNA and RNA. It is a Pyrimidine derivative, with a heterocyclic aromatic ring and two substituents attached (an amine group at position 4 and a keto group at position 2). The nucleoside of cytosine is cytidine. In Watson-Crick base pairing, it forms three hydrogen bonds with guanine. Cytosine was discovered by Albrecht Kossel in 1894 when it was hydrolysed from calf thymus tissues. A structure was proposed in 1903, and was synthesized (and thus confirmed) in the laboratory in the same year. In cytosine, the amino group acts as the hydrogen donor and the C-2 carbonyl and the N-3 amine as the hydrogen-bond acceptors.

b) Thymine Base

It is a Pyrimidine occurring in DNA but not in RNA; always base –pairs with a DNA Purine base called adenine. Thymine is one of the four bases in the nucleic acid of DNA that make up the letters GCAT. The others are adenine, guanine, and cytosine. Thymine (T) always pairs with adenine. Thymine is also known as 5-methyluracil, a pyrimidine nucleobase. As the name suggests, thymine may be derived by methylation of uracil at the 5th carbon. In RNA, thymine is replaced with uracil in most cases. In DNA, thymine (T) binds to adenine (A) via two hydrogen bonds to assist in stabilizing the nucleic acid structures. Thymine combined with deoxyribose creates the nucleoside deoxythymidine. Thymidine can be phosphorylated with one, two or three phosphoric acid groups creating TMP, TDP, or TTP (thymidine,mono-,di-ortriphosphate repectively). One of the common mutations of DNA involves two adjacent thymines or cytosine, which, in presence of ultraviolet light, may form thymine dimers, causing "kinks" in the DNA molecule that inhibit normal function.

c) Uracil Base

The Pyrimidine uracil found in RNA (during transcription) but not in DNA; always base pairs with a Purine base called adenine in DNA (during transcription) or RNA (during translation). Uracil is a common and naturally occurring Pyrimidine derivative.  Originally discovered in 1900, it was isolated by hydrolysis of yeast nuclein that was found in bovine thymus and spleen, herring sperm, and wheat germ. It is a planar, unsaturated compound that has the ability to absorb light. Found in RNA, it base pairs with adenine and is replaced by thymine in DNA. Methylation of uracil produces thymine. It turns into thymine to protect the DNA and to improve the efficiency of DNA replication. Uracil can base pair with any of the bases depending on how the molecule arranges itself on the helix, but readily pairs with adenine because the methyl group is repelled into a fixed position. Uracil pairs with adenine through hydrogen bonding. Uracil is the hydrogen bond acceptor and can form two hydrogen bonds. Uracil can also bind with a ribose sugar to form a ribonucleoside, uridine. When a phosphate attaches to uridine, uridine 5'-monophosphate is produced.

ii) Purines

Purine bases are heterocyclic compounds consisting of Pyrimidine ring and an imidazole ring fused together [Fig 1.6]. The ring system was proposed by Emil Fischer, a German scientist. Two Purines that are constituents of nucleic acids are adenine (6-amino Purine) and guanine (2-amino 6-hydroxy Purine). Adenine and guanine are found in RNA and DNA. 

a) Guanine Base

Nucleotide derivatives of guanine perform important functions in cellular metabolism. Guanine is one of the most important Nucleic Acid Bases (NAB) occurring in both DNA and RNA .In addition to, being the largest Nucleic Acid Bases (NAB), it has also the most complex tautomeric equilibria. Guanine is intimately involved in the preservation and transfer of genetic information .Guanine has a group at C-6 that acts as the hydrogen acceptor, while the group at N-1 and the amino group acts as the hydrogen donors. The first isolation of guanine was reported in 1844 from the excreta of sea birds,[1] known as guano, which was used as a source of fertilizer. About fifty years later, Fischer determined the structure and also showed that uric acid can be converted to guanine. Guanine is one of the five main nucleobases found in the nucleic acids DNA and RNA, the others being adenine, cytosine, thymine, and uracil. In DNA, guanine is paired with cytosine. With the formula C5H5N5O, guanine is a derivative of purine, consisting of a fused pyrimidine-imidazole ring system with conjugated double bonds. Being unsaturated, the bicyclic molecule is planar. The guanine nucleoside is called guano- sine.
Guanine, along with adenine and cytosine, is present in both DNA and RNA, whereas thymine is usually seen only in DNA, and uracil only in RNA. Guanine has two tautomeric forms, the  major keto form and rare enol form. It binds to cytosine through three hydrogen bonds. Guanine has a group at C-6 that acts as the hydrogen acceptor, while the group at N-1 and the amino group at C-2 act as the hydrogen donors. Guanine can be hydrolyzed with strong acid to glycine, ammonia, carbon dioxide, and carbon monoxide. Guanine is first deaminated to Xanthine. Guanine oxidizes more readily than adenine, the other purine-derivative base in DNA. Its high melting point of 350°C reflects the intermolecular hydrogen bonding between the oxo and amino groups in the molecules in the crystal. Because of this intermolecular bonding, guanine is relatively insoluble in water, but it is soluble in dilute acids and bases.
b) Adenine Base

An organic molecule composed of two carbon-nitrogen rings. It is a Purine component of nucleic acids and nucleotides. Adenine always forms complementary base- pairing with thymine. Adenine is a nucleobase (a Purine derivative) with a variety of roles in biochemistry including cellular respiration, in the form of both the energy-rich adenosine triphosphate (ATP) and the cofactors nicotinamide adenine dinucleotide (NAD) and flavin adenine dinucleotide (FAD), and protein synthesis, as a chemical component of DNA and RNA. The shape of adenine is complementary to either thymine in DNA or uracil in RNA. Adenine is one of the two Purine nucleobases (the other being guanine) used in forming nucleotides of the nucleic acids. In DNA, adenine binds to thymine through two hydrogen bonds to assist in stabilizing the nucleic acid structures. In RNA, which is used in the cytoplasm for protein synthesis, adenine binds to uracil. Adenine forms adenosine, a nucleoside, when attached to ribose, and deoxyadenosine when attached to deoxyribose. It forms adenosine triphosphate (ATP), a nucleotide, when three phosphate groups are added to adenosine. Adenosine triphosphate is used in cellular metabolism as one of the basic methods of transferring chemical energy between chemical reactions.
1.4 Bonding

A chemical bond is the physical process responsible for the attractive interactions between atoms and molecules, and that which confers stability to diatomic and polyatomic chemical compounds. In general, strong chemical bonding is associated with the sharing or transfer of electrons between the participating atoms. Molecules, crystals, and diatomic gases, indeed most of the physical environment around us are held together by chemical bonds, which dictate the structure of matter.
Bonds vary widely in their strength which is associated both with the energy required to break them, and the forces they exert on the atoms they hold together. Generally covalent and ionic bonds are often described as "strong" , whereas hydrogen bonds and vander Waals bonds are generally considered to be "weak", although there exist overlaps in strength within these bond classes [Fig 1.7].

They are four types of bonding,

      i) Covalent bond

      ii) Electrostatic or ionic bond

      iii) Vander Waals interactions

      iv) Hydrogen bond

1.4.1 Covalent Bond

In a covalent bond, electrons are shared between atoms. If shared equally, they are non polar covalent. If shared unequally they are polar covalent. Double or triple covalent bonds may be formed if two or three pairs of electrons are shared as shown in Fig 1.8.

1.4.2 Ionic Bond

An ionic bond is formed between two atoms when electrons are transferred from one atom to the other. While one atom gains electrons and becomes negatively charged, the second loses electrons and becomes positively charged. 

1.4.3 Vander Waals Interactions

Vander Waals forces are very short –lived intermolecular attractive forces which are believed to exist between all kinds of atoms, molecules and ions when they are sufficiently close to each other as shown in the Fig 1.9.

1.4.4 Hydrogen Bond
Hydrogen bonding in biological molecule is important because proteins, nucleic acids and polysaccharides contain many groups which mainly participate in hydrogen bonding and may be in a specific order in the primary structures of such molecules. Thus if the molecular energy in those molecules is to be minimized, the number of hydrogen bonds must be maximized without increasing the energy, or distorting other types of bonds. 

Hydrogen bonding forms in water as the hydrogen atoms of one water molecule are attracted towards the oxygen atom of the neighboring water molecule. In a water molecule (H2O), the oxygen nucleus with +8 charge attracts electrons better than the hydrogen nucleus with its +1 charge. Hence, the oxygen atom is partially negatively charged. The hydrogen atoms are not only covalently attracted to their oxygen atoms but also attracted towards other near by oxygen atoms. This attraction is the basis of the’ ‘hydrogen bond’ as shown in the Fig 1.10.

The water hydrogen bond is a weak bond, never stronger than about a twentieth of the strength of the O-H covalent bond. It is strong enough, however, to be maintained during thermal fluctuations and below, ambient temperatures. The attraction of the O-H bonding electrons towards the oxygen atom leaves a deficiency on the far side of the hydrogen atom relative to the oxygen atom. The result is that the attractive force between the O-H hydrogen and the O-atom of a near by water molecule is stronger when the three atoms are in a straight line (that is, O-H ……O) and when the O-atoms are separated by about 0.28 nm.

Each water molecule can form two hydrogen bonds involving their hydrogen atoms, plus two further hydrogen bonds utilizing the hydrogen atoms attached to neighbouring water molecules. These four hydrogen bonds optimally range themselves tetrahedrally around each molecule as found in ordinary ice.

Types of Hydrogen Bonding

Hydrogen bonds have been classified in to major classes

                 i) Inter-molecular hydrogen bonding

                 ii) Intra-molecular hydrogen bonding

i) Inter-Molecular Hydrogen Bonding

Inter-molecular hydrogen bonding is one that exists between two or more molecules. Water or hydrogen fluoride shows the property of association. Since a large number of their respective molecules are linked together through bonding as show in the Fig 1.11.

ii) Intra-Molecular Hydrogen Bonding 

Intra-molecular hydrogen bonding, the hydrogen atom is bounded to two atoms of the same molecules .i.e. hydrogen bond is formed between a hydrogen atom and an electronegative atom present in the same molecule (intra means within). This type of hydrogen bonding may lead to the linking of two groups to form a ring structure and such an effect is one kind of chelation. The occurrence of this type of hydrogen bond does not disturb the normal bond angles as shown in the Fig 1.12.

1.5 Objective of the Present Work

The main objective of the present work is

· To optimize the monomers of guanine base and complexes using density functional method (DFT).

· To find the stability of guanine base after the explicit inclusion of water molecules.

· To confirm the optimized structures as global minima through frequency calculation.

· To find the presence of hydrogen bonding through interaction of energy and AIM analysis and NBO analysis. 
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Fig 1.1. Base pairs in Helix
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Fig 1.2. Back bone of Nucleic Acid

[image: image30.png]lonic Bond (Sodium Chloride [table salt])

@ * @ @ @
S s g

Chargs  Charge

Covalent Bond (Chiorine Gas)

©6 - @

Hydrogen Bond (Water Molscules)

Lo 8°

Hydrogen H)




Fig 1.3 Nucleic Acid base with Sugar and Phosphate backbone
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Fig 1.4. Structure of Nucleic Acid


Fig 1.5. Nucleoside-Nucleotide


Fig 1.6.Structure of Pyrimidines and Purines

Fig 1.7. Structure of Bonding


Fig 1.8 Structure of Covalent Bond


Fig 1.9. Structure of vander waals interactions


Fig 1.10 Structure of Hydrogen Bonding


Fig 1.11. Inter-molecular Hydrogen Bonding


Fig 1.12 .Intra-Molecular Hydrogen Bonding
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                                                         CHAPTER II
REVIEW OF LITERATURE

2.1 Introduction

Guanine is one of the bases, which form pairs to make up the rungs of the DNA and RNA helix. Guanine involved in the preservation and transfer of genetic information. Guanine interacts with other bases like Cytosine, Thymine, water molecules and various elements, which are studied by using various theoretical methods like Ab initio, Density Functional theory etc. The following are the various studies of guanine.
 Schoone. K, et al., (1999) studied the tautomeric and vibrational characteristics of 1, 7-dimethylguanine (17DMG), 7-methylguanine (7MG) and 9-methylguanine (9MG) by a combined experimental matrix-isolation FT-IR and computational methods. 
The theoretical methods used are the RHF, MP2 and DFT/B3LYP method with the 6-31+ (+) G** basis set. For 17DMG, only the most stable amino-oxo tautomer form can be detected in the FT-IR spectrum. The FT-IR spectra of 7MG and 9MG reveal the presence of two tautomers in the matrix in detectable amounts: the amino-oxo-N1H form and the amino-hydroxy form. The amount of the amino-hydroxy form of 7MG is very small 
(≈ 1%), while the amino-hydroxy form of 9MG, for which the two rotamers can be distinguished in the spectrum, is as abundant as the amino-oxo form. A comparison of the experimental and calculated IR frequencies demonstrates that the most accurate spectral parameters are predicted by the DFT/B3LYP method, especially when this method is used with a set of different scaling factors.

Chander.A.K, et al., (2001). observed the geometries, energies and vibrational properties of four cyclic complexes formed between guanine and water by using density functional theory (B3LYP) combined with the 6-31+G(d,p) basis set .The results obtained with geometry optimized made without any constraint are compared with the ones previously obtained when considering the amino group hydrogen  atoms as non planar (NPA). They also found that the intermolecular distances and hydrogen bond energies for the FULL and NPA geometries do not greatly differ a small in the basicity of the N3 acceptor atom. The same remark also holds for most of the vibrational modes except for the wagging and twisting modes of the amino group, which are very sensitive to the geometry of the group.

Gonza´ lez1, et al., (2003) performed a Monte Carlo study of systems containing a nucleic acid base or base pair with water molecules using improved potential functions. These potential functions enable experimental data on both single base–single water interaction energies and enthalpies of base hydration to be reproduced. Hydration shell structures of base pairs are dependent on the pair geometry. Structural elements of hydration shells can contribute to the pair stability and hence to the probability of mispair formation during nucleic acid biosynthesis. The distribution of water molecules around bases and base pairs is essentially nonhomog.

Wei Kong, et al., (2008) studied the variation of the pump-probe technique to unravel the photo dynamics of nucleic acid bases and their water complexes. The work aims at bridging studies from the gas phase with those in the solution phase. The results indicate that the intrinsic properties of the pyrimidine bases can be dramatically modified by the surrounding environment. As isolated species, the bases exhibit fast internal conversion into a long lived dark state. When surrounded by water molecules, however, the bases in the dark state can be quenched effectively, and the dark state becomes unobservable to our nanosecond laser system. Although contradictive to the long held belief that DNA bases possess intrinsic photo stability under UV irradiation. The long lifetime [image: image7.png]


of the dark state implies that in the early stages of life’s evolution prior to the formation of the ozone layer, the abundant UV flux should have limited the existence of these bases, and their evolution into complex secondary structures. A protective environment, such as water, is crucial in the very survival of these carriers of the 
genetic code.

Schneider. B, et al., (2009) computed the ordered hydration sites for the nucleotide bases in B-type conformations using the crystal structure data on 14 B-DNA decamer structures. A method of density representation was extended so that positions, occupancies, and distributions of the hydration sites were predicted around a B-DNA double helix by a method analogous to crystallographic refinement. The predicted hydration sites correctly reproduce the main features of hydration around the B-DNA dodecamer. The available crystal data in this study shows that the same extent of hydration of guanine and adenine, and of cytosine and thymine.

Lixiang Sun, et al., (2009) examined the variations of N1–H proton release energy of G–M (M = Li, Na) by employing density functional theory using B3LYP/6-31++G**//B3LYP/6-31+G* method. There are three modes (NO mode, N mode and 
O mode) when the hydrated-M+ bonds to guanine. The bonding energy of the hydrated M+ to the guanine reduces the number of water molecules. The proton release energies of the G–M+ complexes are calculated at the condition of the different numbers of water molecules and the different modes of water molecules bonded on the G–M+. The results show that the difference of proton release energy on three modes is very small, and the proton release energies of the Na+ complexes are slightly larger than those of the 
Li+ complexes. The effect on the N1–H proton release is very small when the water molecules bond on the M+ cation, but the effect is very large when the water molecule bonds on the N1–H proton and the proton releases as the hydrated proton. The IR vibrational frequencies of the hydrated G–M+ complexes are calculated using analytic second derivative methods at the B3LYP/6-31+G* level. The vibrational frequency analyses show that the changes of the vibrational frequency are consistent with the changes of geometry and the changes of the N1–H proton release energy. The N1–H proton release (N1–H proton release energy: 45–60 kcal/mol) of the guanine occurs easily under the biological environment.

Oleg V. Shishkin, et al., (2009) analyzed the stability of all stable monohydrates of the oxo-amino N9H (Gua9), oxo-amino N7H (Gua7), and hydroxy-amino N9H (Gua9*) tautomers of guanine at the MP2/6-31G (d) level of theory. Five stable complexes for the Gua9 tautomer and seven for the Gua7 and Gua9* tautomers have been revealed. They can be divided into three groups. The first group includes hydrates where the nucleo base appears to act as a proton donor and acceptor simultaneously. The second group contains hydrates where guanine is either a proton donor or a proton acceptor. Two additional complexes of water with the Gua7 and Gua9* tautomers are stabilized by non-conventional hydrogen bonds: C–H…O and N…H–O with participation of the nitrogen atom of the amino group. All hydrogen bonds between the nucleo base and water are rather weak. It was demonstrated that the geometry of the amino and carbonyl groups and the N1–C6 bond are the most sensitive to interactions with water.

Raman. M, et al., (2009) studied the many natural and biological systems including collagen and DNA polymers by a process of molecular self-assembly. 
The developed two novel structural models and built heterogeneous DNA/collagen complexes through a preferable arrangement of multiple hydrogen bonds (H-bonds) between DNA and collagen molecules. The simulation results based on three sets of criteria indicate that one of the models with five collagen molecules, which are positioned around each strand of DNA molecules, emerged to form a suitable polymer complex with the maximum number of H-bonds.
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METHODOLOGY

3.1 Introduction 

In the early twentieth century, physicists found that classical mechanics does not correctly describe the behavior of very small particles such as electrons and nuclei of atoms and molecules. The behavior of such particles is described by a set of laws called quantum mechanics. Physical chemists use quantum mechanics to calculate the aid of statistical mechanics. Thermodynamic properties for example, entropy, heat capacity of the first step in solving a quantum chemical problem is usually showing the Schrödinger equation with the electronic molecular Hamiltonian. This is called the electronic structure of molecule. It can be said that the electronic structure of molecules or crystals implies their properties. 

3.2  Quantum Mechanical Methods 

The four main approaches to calculate molecular properties are ab initio methods, semiemprical methods, the density functional methods and the molecular mechanics method. Semiempirical molecular quantum–mechanical method uses a simpler Hamiltonian than the correct molecular Hamiltonian and uses parameters whose values are adjusted to fit experimental data or the results of ab initio calculation. In contrast, an ab initio (or first principles) calculation uses the correct Hamiltonian and the values of the fundamental physical constants. The density functional method, does not attempt to calculate the molecular wave function but calculate the molecular electron probability density ρ.

3.2.1 Ab Initio Methods 

The “ab initio” term is the first principle for polyatomic molecules, the presence of many nuclei makes quantum-mechanical calculations. Ab initio calculation uses the true molecular Hamiltonian and does not use empirical data in the calculation (ab initio means “from the beginning”, in latin). Harder for diatomic molecules moreover, the electronic wave function of a diatomic molecule is a function of one parameter – the inter nuclear distance. In contrast, the electronic wave function of a polyatomic molecule depends on several such as parameters the bond distances, bond angles, and dihedral angles of rotation about single bonds. A full theoretical treatment of a polyatomic molecule involves calculation of the electronic wave function for a range of each of these parameters. The equilibrium bond distances and angles are then found as the values that minimize the electronic energy including nuclear repulsion.

The Hartee-Fock method calculates the antisymmetrized product Фo of spin orbitals that minimizes the variational integral ∫ Ф* Ĥ Ф dt, where Ĥ is the true molecular Hamiltonian. Therefore, a Hartee – Fock calculation is an ab initio (as is an SCF) calculation that gives only an approximation to the Hartee-Fock wave function. 

Limitations of Hartee- Fock Theory


In the Hartee- Fock approximation one solves equations for the behavior of each electron in the average field on the remaining electrons. Unfortunately electrons respond to each other in an instantaneous manner through the coulomb’s law. That’s the motion of each pair of electron is correlated and this electron correlation is neglected in the HF model which forms its draw back. The correlation energy is defined as 

                                              Ecorr = Eexact - EHF                                                       3.1

i.e. the difference between the (non-relativistic) exact energy and the HF limit energy. Great deal of modern work in the field of electronic structure calculation is aimed at taking electron correlation into account. 

3.2.2 Density Functional Theory 


Density functional theory is an extremely successful approach for the description of ground state properties of metals, semi conductors, and insulators. The success of density functional theory (DFT) not only encompass standard bulk materials but also complex materials such as proteins and carbon nanotubes. The main idea of DFT is to  describe an  interacting system of fermions through its density and not through its many – body wave function. For N electrons in a solid, which obey the pauli principle and repulse each other through the coulomb potential, this means that the basic variable of the system depends only on three spatial coordinates X, Y and Z rather than 3* N degree of freedom.3.2.2.1 Thomas ThomasFermi Model
The dft replaces N-electron wave function ((x1, x2,…..xn) and the associated Schrodinger equation by the much simpler electron density  ρ(r) . In an electronic system, the number of electrons per unit volume in a state gives the electron density ρ(r) for the state. It is designated by ρ(r).
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This can be represented in terms of ψ as
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This is a non-negative function of the variable x, y, z, integrating to the total number of electrons. Thomas Fermi in the 1920’s realized that statistical consideration can be used to approximate the distribution of electrons in an atom. The theory was proposed on the assumption that “Electrons are distributed uniformly in the six dimensional phase space for the motion of an electron at the rate of two for each h3 of volume, there is an effective potential field that itself is determined by the nuclear charge and the distribution of electrons”. By introducing the statistical theory of Fermi, the kinetic theory functional of the electron moving in the homogeneous field can be expressed as
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where,                              
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This is the Thomas-Fermi kinetic energy functional. Taking into account the classical electrostatic energies of electron-nucleus attraction and electron-electron repulsion and neglecting the exchange and correlation terms, the total energy becomes
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This is the energy functional of the Thomas-Fermi theory of atoms where an assumption was made that the electron density for the ground state of an atom minimizes the energy functional ETF[ρ(r)]. 


Number of modifications were made on this theory.  The failure of this theory is that it couldn't explain the atomic binding in molecule.  This theory was dropped with the introduction of Hohenberg-Kohn theorem and they considered the Thomas Fermi as an approximation to an exact theory of DFT.
 3.2.2.2 The Hohenberg- Kohn Theorem
The Hohenberg- Kohn theorem forms the basis for density functional theory of atoms and molecules. Even though ρ(r) is considered as a basic variable it should contain all the information that is available from the many particle wave function. For the ground state of a system this has been proved by Hohenberg and Kohn in terms of two theorems.

The Hohenberg- Kohn first theorem states that “The non degenerate ground state of an N electron system moving under the influence of their natural coulomb repulsion and a static external single particle potential v(r) is completely characterized by ρ(r) in other words v(r), Ψ and hence all the ground state properties of the system are unique functional of density.

The second theorem of Hohenberg- Kohn proposed called Variational theorem, stating that ground state density and hence all other quantities including the energy is obtainable through minimization of E (ρ) with respect to ρ under the constraint (,
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The ground state density must satisfy the variational principle which yields the Euler-Lagrange equation,
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3.2.2.3 Kohn-Sham Equation

From Hohenberg- Kohn theorems, the ground-state energy of an electronic system, E[ρ] can be expressed as a functional of the electron density ρ(r).Kohn and Sham have deduced the Hohenberg- Kohn theorems to the practically useful equation for the ground state properties of atoms and molecules. They defined a set of non-interacting one electron wave functions, Φi, which moves in an effective potential:
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And the Φi’s satisfy the one electron Kohn-Sham equations,
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The kinetic energy for a non-interacting electron gas has been calculated as
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The non-classical part of the electron-electron interactions has been put in to the exchange and correlation functional along with the correlation associated with the kinetic energy simplication,
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where
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and T[ρ] is the kinetic energy for the electron gas. Now the practical difficulty has been associated in the single term Exc[ρ].Thus the Kohn-Sham theory may be regarded as the formal exactification of the Hartree theory with the exact Exc and all many body effects are in principle included.

3.3 Basis Set

A basis set is a set of functions used to describe the molecular orbitals, which are expanded as a linear combination of atomic orbital called basis functions. These bases are functions collectively called as the basis set. 

3.3.1 Types of Basis Set

There are three types of basis set such as,

· Minimal basis set 

· Double- zeta (DZ) basis set

· Spilt- valence (SV) basis set 
Minimal Basis Set

A minimal (or minimum) basis set consists of one for STO for each inner- shell and valence-shell AO (atomic orbital) of each atom.
Double-Zeta (DZ) Basis Set

A Double-zeta (DZ) basis set is obtained by replacing each STO of a minimal basis set by two STOs that differ in the orbital exponents zeta. A triple –zeta (TZ) basis set replaces each STO of a minimal basis set by three STOs that differ in their exponents.
Spilt-Valence (SV) Basis Set

A spilt-valence (SV) basis set uses two (or more) STOs for each valence AO but only one STO for each inner-shell (core) AO. An SV basis set is minimal for inner-shell AOs and double zeta (or triple Zeta or …) for the valence AOs. Spilt valence sets are called valence double zeta (VDZ), valence triple zeta (VTZ), according to the number of STOs used for each valence AO. 

3.4 Basis Set Super Position Error
In quantum chemistry, calculations of interaction energies are susceptible to basis set super position error (BSSE) finite basis sets are used. As the atoms of interacting molecules or two molecules approach one another, their basis functions overlap. Each monomer “borrows” functions from other near by components, effectively increasing its basis set and improving the calculation of derived properties such as energy. If the total energy is minimized as a function of the system geometry, the short-range energies from the mixed basis set must be compared with the long-range energies from the unmixed sets, and this mismatch introduces an error.

The counterpoise approach (CP) calculates the BSSE by reperforming all the calculations using the mixed basis sets, through introducing “ghost orbitals”, and then subtracts this error a posteriori from the uncorrected energy. Though conceptually very different, the two methods tend to give similar results.

Interaction energies between two atoms or molecules A and B typically calculated as the energy difference between the product complex AB and its components A and B 

                                          E int=EAB –[E(A)+E(B) ]                                                 3.14

EAB is  used  to indicate the geometry of the product complex AB, while EA/EB indicates the geometry of the separate reactants. The interaction energies calculated according to the equation are often too large and lead to severe complications of systems bound through dispersion interactions or hydrogen bond.

3.5 Atoms in Molecules

The atoms in molecules or quantum theory of atoms in molecules approach in a quantum chemical model characterizes the chemical bonding of a system based on the topology of the quantum charge density. In addition to bonding, AIM allows the calculation of certain physical properties on per-atom basis, by dividing space into atomic volumes containing exactly one nucleus. In QTAIM an atom is defined as a proper open system, i.e. a system that can share energy and electron density, which is localized in the 3D space. Each atom acts as a local attractor of the electron density, and therefore it can be defined in terms of the local curvatures of the electron density. The mathematical study of these features is usually referred in the literature as charge density topology.
3.5.1 The Major Conclusion of the AIM approach are

· A molecule can be uniquely divided into a set of atomic volumes. These volumes are divided by a series of surfaces through which the gradient vector field of the electron density has no flux. Atomic properties such as atomic charge, dipole moment, and energies can be calculated by integrating their corresponding operators over the atomic volume.

· Two atoms are bonded if their atomic volumes share a common interatomic surface, and there is a (3,−1) critical point on this surface. A critical point is defined as a point in space where the gradient is zero. A (3, −1) critical point is defined as a critical point at which two of the eigenvalues of the Hessian matrix at the critical point are negative, while the other eigenvalue is positive.

· The interatomic bonds are classified as either closed shell or shared, if the Laplacian of the electron density at the critical point is positive or negative, respectively.

· Geometric bond strain can be gauged by examining the deviation of the bonding critical point from the interatomic axis between the two atoms. A large deviation implies larger bond strain.

3.6 Natural Population Analysis

A Number of methods have been developed for calculating atomic charge from quantum mechanical wave function. Natural Bond Orbital analysis is the name of the whole set of analyses technique. One is the Natural Population obtaining the occupancies (how many electrons are assigned to each atom) and the charges rather than using the molecular orbitals directly. NBO uses the natural orbital and the eigen function of first order reduced density matrix. These are then localized procedure which allow orbitals to be defined as those centered on atoms and those encompassing pairs of atoms. These  can be integrated to obtain the charges on atoms. Extension of NPA is natural bond orbital analysis, which partitions the NPA charge into bonding, ant bonding, core orbitals. For      each donar NBO (i) and a acceptor NBO (j), the stabilization energy E is explicity estimated by the following ,

                                            E2 = ∆E i j = q i .F2 (i,j )  ∕  € i  - € j                            3.15

 where q i  is  the ith  donar orbital occupancy   € i  - € j  are diagonal elements (orbital energies) and E 2(i,j)  is off-diagonal elements respectively associated with NBO fock matrix. NPA is much less basis set dependent whereas in NBO techniques, the basis set effects are readily apparent. 

3.7 Computational Details of Present Study

· In the present work, the molecular geometries of all guanine base and their complexes were fully optimized using the density functional theory at B3LYP level of theory using 6-31G* basis set.  

· The interaction energies of the complexes are corrected by using a counterpoise correction to a basis set super position error.

· To confirm the presence of hydrogen bonding and to know the information about charge transfer, NBO analysis has been carried out.

· All the calculations were performed using Gaussian 03 package
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CHPATER IV
                                       RESULTS AND DISSCUSION

4.1 Introduction

                 Guanine is one of the most important nucleic acid bases (NAB) occurring in both DNA and RNA. In addition to being the largest NAB, it has also the most complex tautomeric equilibria. The interaction between guanine and one or two water molecules can influence the NH2-nonplanarity phenomena. In the present investigation an attempt has been made to explain the isolated form of guanine base and the effect of explicit inclusion of water molecules attached to the polar exocyclic and NH groups of the bases. Here water acts as a proton donor towards the carbonyl bond, while accepting a proton from the vicinal NH bond of guanine. The geometrical parameters of the guanine (G) [Fig 4.1], guanine with one water molecule (G+1) [Fig 4.2] and guanine with two water molecules (G+2) [Fig 4.3] were optimized at B3LYP/6-31G* level of theory and are summarized in Table 4.1. The vibrational frequency calculation shows that G, G+1and G+2 are true minima on the potential energy surface. The isolated form of guanine is found to be in plane. The water molecules bonded to the amino and keto groups increase the steric hindrance between the hydrogen atoms and thus reduce the planarity in the G+1 and G+2 complexes. This explanation is also supported by the fact that the bond length, bond angles and dihedral angles were found to be increased near the amino and keto groups after explicit inclusion of water molecules as shown in Table 4.1. 

4.2 Hydrogen Bonding

In the present study, interaction with water modeled by explicit inclusion of two water molecules on Guanine bases; there exist two hydrogen bonds: 

· Base as a proton donor.

· Water as a proton donor.



To substantiate the presence of hydrogen bonding and to get information that is more precise whether it is proper or improper hydrogen bond, bond length, interaction energy and charge transfer were calculated using Aim and NBO analysis for all the guanine at B3LYP/6-31G* level of theory. 

4.3 Interaction Energy
It has been found from the Table 4.2 that the guanine with two water molecules (G+2), which is the most stable structure at B3LYP/6-31G* level of theory, has more interaction energy than the guanine with one water molecule (G+1). The multiple hydrogen bonds in G+ 2 complexes make it more stable than G+1 complex. This result shows that the hydrogen bonds present in G+2 complex are all strong hydrogen bonds when compared to G+1 complex.

4.4 Topological Analysis

Previous studies have shown that when a hydrogen bond is formed and it is associated with the appearance of bond critical points (bcp) between hydrogen atom and the acceptor atom, which are linked by connected bond path.  This critical point has typical properties of a closed shell interaction; the value of charge density at bcp ρ(r) is relatively low and Laplacian charge density (2ρ(r) is positive, indicating that the interactions is dominated by construction of charge away from the interatomic surface towards each nuclei. 

In Table4.2, the topological properties like charge density and Laplacian of charge density for H…Y bonds were tabulated for the G and G+1 and G+2 complexes at B3LYP/6-31G* level of theory. In general, for hydrogen-bonded complexes, the charge density ρ(r) and Laplacian charge density (2ρ(r) are in the range of 0.002 –0.34 and 0.016-0.13 a.u, respectively. In the case of complexes the value of ρ(r) varies from 0.017-0.031 and (2ρ(r) varies from 0.056- 0.0909, so that the above values for the complexes indicate that they posses hydrogen bonding, which agrees well with the previous theoretical values. 

4.5 NBO Analysis

To get specific information about the hydrogen bonding, NBO analysis has been performed, which correlates well with the changes in bond lengths and it provides characteristics that are closely connected to the basic chemical concepts. It is used to generate information on the changes of charge densities in proton donor to proton acceptor as well as changes in the bonding and anti bonding space. Since, hydrogen bonding is formed based on the above concept; we have determined the amount of charge density transferred to electron donor bond and the stabilization energy between lone pair of electrons of the acceptor and antibonding orbital of the donors for the guanine with water molecules using NBO analysis.

The NBO occupation numbers of X-H, ‘Y’ lone pair electrons and their stabilization energies of the guanine with water molecules (G+1, G+2) are presented in Table 4.2. On comparing the NBO results of the G with G+1 and G+2 complexes, it has been found that X-H antibonds occupation values and bond length (X-H) of proton donor are found to be high for all the bonds except in few cases and thereby it leads to the elongation of X-H bonds. Besides, these results are due to charge transfer interaction between the orbitals, where the second lone pair of either, oxygen or nitrogen is found to act as acceptor and X-H as donor in the strong intermolecular charge transfer interaction. The stabilization energy E(2) corresponding to hydrogen bond interactions can be considered as the total charge transfer energy, which  is found to be high for all the bonds indicating strong hydrogen bonds.
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SUMMARY AND CONCLUSION

The minimum energy structures of the guanine and guanine with one water(G+1) molecule and guanine with two water molecules(G+2) were optimized using density functional methods. It is observed that the interaction of water molecules affects the geometry of the guanine bases and reduces planarity in the bases. The presence of hydrogen bonds has been identified and studied through the interaction energy, topological and NBO analysis. It is observed that guanine with two water molecules (G+2) is found to have large interaction energy than guanine with one water molecule (G+1). The result of the topological parameters agrees well with the previous theoretical values. The NBO analysis has revealed stronger intermolecular interactions in the complexes, which lead to the charge transfer from the Y atom lone pairs to the σ*(X-H) antibonds.


Figure 4. 1. The optimized structures of Guanine base at B3LYP/6-31G* level of  theory.


Figure 4.2. The optimized structures of, Guanine (G+1) at B3LYP/6-31G* level of theory


Figure 4.3. The optimized structures of Guanine (G+2) at B3LYP/6-31G* level of theory.

Table 4.1. The selected geometrical parameters such as Bond length, Bond angle and Dihedral angle (in deg), atB3LYP / 6-31G* level of theory.

	BONDING
	Species

	
	G*
	G+1*
	G+2*

	R(N3-C4)
	1.383
	1.38229
	1.382

	R(C5=O6)
	1.218
	1.21715
	1.222

	R (N7-H13)
	1.013
	1.01393
	1.014

	R (N10-C8)
	1.315
	1.32419
	1.356

	R (N9-H15)
	1.006
	1.02533
	1.009

	R (N3-C2)
	1.306
	1.3063
	1.306

	R (C11-N10)
	1.356
	1.35905
	1.356

	R (O17-H18)
	-
	0.98450
	0.983

	R (017-H19)
	-
	0.96973
	0.969

	((N3-C4-C5)
	130.26
	130.193
	130.400

	((C4-C5=06)
	131.619
	131.427
	131.236

	((C5-N7-H3)
	112.921
	113.107
	113.264

	((C8-N9-H14)
	119.960
	114.252
	114.759

	((C11-N10-C8)
	112.409
	113.100
	113.173

	((H18-O17-H19)
	-
	103.962
	104.158

	((H18-O17-H14)
	-
	78.998
	80.187

	θ (N3-C4-C5=O6)
	-0.004
	-0.426
	-0.509

	θ (06-C5-N7-H13)
	-0.039
	-2.873
	-2.521

	θ (N7-C8-N9-H14)
	179.825
	169.470
	170.171

	θ (C11-N10-C8- N9)
	-179.968
	-177.286
	-177.573

	θ (N10-C8-N9-C8)
	-0.198
	-12.797
	-11.956

	θ (N1-C11-N10-C8)
	179.995
	179.957
	-179.900

	θ (H18-017-H4-N9)
	-
	-8.352
	-7.435


* G→ Guanine

G+1→ Guanine with one water molecule

G+2→ Guanine with two water molecule

Table 4.2.The hydrogen bond length,electron density(ρ in a.u) Laplacian electron  Density((2ρ  a.u),antibonding orbital σ*(x-H),lone pair n(y)and stabilization energy (in kcal /mol) ), atB3LYP / 6-31G* level of theory.

	BONDING
	H…Y
	ρ
	σ*(x-H)
	n(y)
	E(2)  n(y)
	(2ρ

	G+1
	
	
	
	
	
	

	(N9-H14…017)
	1.929
	0.0307
	0.0409
	1.8747
	13.82(2)
	0.0879

	(017-H18…N10)
	1.958
	0.0307
	0.0384
	1.9589
	14.75(1)
	0.0850

	G+2
	
	
	
	
	
	

	(O17-H18…N10)
	1.979
	0.0293
	0.0352
	1.8766
	13.49(1)
	0.0819

	(N9-H14…O17)
	1.9127
	0.0317
	0.0423
	1.9574
	14.65(2)
	0.0909

	(O21-H22…N3)
	2.176
	0.0190
	0.0154
	1.9574
	6.39(1)
	0.0565

	(O21-H20…06)
	2.13733
	0.0176
	0.0144
	1.84547
	3.52(2)
	0.0567
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