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ABSTRACT KEYWORDS
There are several tautomers of nucleobases. Schematic study on the Nucleobases,
tautomerization of guanine (G) has been analysed from certain reaction Tautomers,
pathway. The differences of energies of severa tautomers are found very Abinitio;
small. Tautomerization of G hasbeen analysed by using B3LY P/6-31+G(d,p) Basepair;
calculations. The formation of tautomers dueto H shifting from compatible DNA.

H-bonding sitesis shown in this tautomerization pathway. Transformation
of normal G to tautomer cisG1 isfound most favourable and other tautomers
areformed at narrow energy gaps. The activation energies of forming transG4
and 1cisG4 tautomersis small compared to those of other tautomershaving
large differences of energiesfrom normal G The energy difference of cisG1
tautomer fromnormal G issmall(0.720 kcal/moal). Hence the existence of this
particular tautomer might be more feasible than others which also agree
with the experimental reports. © 2014 Trade Science Inc. - INDIA

INTRODUCTION anumber of guaninetautomers, which may berdevant
to biological reactions. There are numerous causes of
tautomerization, however photo e ectron excitation and
prototropic rearrangement arethe major mechanisms
of forming tautomers. It may be noted that intramo-

Tautomerization of Nucleic acid bases
(nucleobases) has beenfound in many literatures1,
Thechangesinthemolecular formsof these nucleobases _ _ _
may lead to damage of genetic codeand unfavoured !ecular_protqn _transfer in hydrqted guaninethat might
metabolism resuiting development of several chronic  |"Voveinassistingtautomerization of G hesbeenshown
diseases. Thefivenud a)bw, Adenine (A), CytOS ne insomeliterature®. Theformation of tautomersdueto

(C), Guanine(G), Thymine(T) and Uracil (U) may ex- photo _exci tation and subsequent sol_vati on by thesur-
ist in various tautomeric forms. Among these rounding water molecules are considered to be com-

nucleobases, Guanine can easily tautomerize to form petitivereactions'®. Herethetransformationsof groups

severa molecular formsasshowninFigure 1. Thegen- likeketoto enol, amine to_l mineor viceversaarein-
eration of tautomersareshown from theintrinsicexci-  d€ed thecommon mechanismsof forming tatomers

tation state features using UV-spectroscopy and su- (Figure2). Itisto be noted that the guaninetautomers
personic expansion techniques™®. Hence, several ex- might affect on the structure and stability of GC base

perimental studieshave reported the existenceof quite parinDNA. Ontheother hﬁnd theindividua taJton]e'S
could form tautomer base pairsthrough H-bondsina
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Figure1: Tautomersof guanineand H-migration sites.

different manner. It may be mentioned that most avail-
ablemismatched pairing may be associated with the
mechanism of prototropic tautomerization of the
nucl eobases because of the unambiguous small differ-
encesin the stability among tautomerg-17,

Theacidic nature of the hydrogen bonding siteis
also importantly apredominant factor for the changes
of molecular formsin G. It hasbeen shownin several
studieshow the atomic sitesof N1, N2, N3, N7, N9
and O6 of guanine are protonated or hydrogen bonded
with water mol eculesin solution environments (10-18,
Figure 2). Tautomerization iscond dered to bethe con-
sequence of themigration of H atomfrom onesiteto
variousstes. It hasbeen cited in severd referencesthat
theinteraction of meta ionwith certainstesof G might
lead to tautomers. It may be dueto the change of acid-
ity or basicity of these Stesafter coordinationwith meta
ion™, The acid-base characteristics and hydrogen
bonding capacity of variousdonor sitesof G vary sig-
nificantly. Inturn thetautomeri zation processislikely to
bethrough H-migration between counter siteshaving
amall variaion of basicities.

Many dominant G tautomers have beenidentified
Phq sical CHEMISTRY o

from severd experimenta andtheoreticd studieg®"2,
However, some tautomers may not be easily detect-
ableduetosmall differencesinthesability. All thepre-
vious studiesfocused on the structure and stability of
taunomers, but the tautomerization pathway had not
been thoroughly considered. Hence, the present study
has been taken up to anaysethe strategies of forming
G tautomers.

COMPUTATIONAL METHODS

The standard compl ete geometry optimization of
different structures have been carried out by using
B3LY P/6-31+G(d,p) calculations. The corresponding
energiesof tautomerization (AE), changesof thermal
(AH) and Gibbsfree energies (AG) of tautomersare
estimated. The changesof Gibb’s free energy are cal-
culated at 298K. To construct the possible
tautomerization reactionsof forming varioustautomers,
thepotentia energy plotsthrough ahypothetical trang-
tion ate structures area so computed with B3LY P/6-
31+G(d,p) calculations, and thereby estimated there-

A udéan Journal
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Figure2: Somemechanismsof tautomerization of guanine.

spective activation energies. Before performing poten-
tial energy scan, the hypothetical transition state struc-
turesarecarefully identified. All ca culationswere car-
ried out with Gaussian 03 program code®,

It isimportant to estimate theequilibrium congtants
(Kp) andthe pK _ of tautomerswith respect to normal
nucleobase. Thevaluesmay be compared withthere-
ported va uesof mgjor tautomers, and thefeasibility of
equilibration among tautomers and with normal
nucleobase may be analysed. The pK _and K _ values
arecd culated from thefollowing equation.

AG

2303 RT

pKe =

Where, K_ = Equilibrium constant, AG = Gibb’s free
energy change, T = 298K, and R = Gas constant.

K_ = e—AG/2.303RT
E

pK . of several tautomersare not available, how-
ever the computed values may be taken to compare
the poss bl etautomeri zation reactions.

RESULTSAND DISCUSSIONS

The formation of some tautomers of guanineis
showninFigure 1. Thesetautomersmay beformed as
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TABLE 1. Computed AE, AH, AG, ZPE, K _ and pK . of guaninetautomer swith B3LY P/6-31+G(d,p) calculations.

Nucleobase(B) Tautomery(T) Ener gies (kcal/mal) Ke pKe
G— G2 19.477% 19.522°, 19.929°,-0.423¢ 25x10 14.590
1cisG4 21.628° 21.610°, 22.083",-0.078"° 79x10™" 16.169
cisGl 0.720% 0.336°, 1.043°,-0.392" 0172 0.764
cisG5 22.232° 22.255°, 22.828°,-0.232° 19x10% 16.715
transG5 23.844° 23.956°, 24.411°,-0.299° 1.3x10™8 17.874
cisG4 36.127° 36.234°, 36.176°,-0.227° 32x10% 26.488
trans G3 15.985° 15.492°, 15.494°,-0.496° 45x10™"? 11.345

a—> AE, Electronicener gy changefor thereaction, b— AH, Enthal py changefor thereaction, c— AG, Freeener gy changefor
thereaction, d—->AZPE, Zero point ener gy, K _—Equillibrium congtant of thereaction.

aresult of sequentiad H-migration fromtheH bonding
stesof guanine. Themechanismsof tautomerization of
G through hypothetical transition statesare shownin
Figure2. Typical guaninetautomers, suchas G2, cisG1
andtransG3 arefound to besignificantly stableand the
variousenergiesof forming thesetautomersfromG are
shownin TABLE 1. The energy levels of these tau-
tomersareshownin Figure 3. Thetautomersformed at
small AEvauesmay existinequilibriumwithGinsev-
era reaction steps. However, the AA values of some
tautomersformed at much higher energy level sthan nor-
mal G have been computed from the potential energy
plots (Figure 4). The activation energies of
tautomerization pathwaysfor sel ected tautomersare
givenin TABLE 2. The AE valuesof tautomersshown
inTABLE 2indicatevariation of energiesfrom 0.720
t0 36.127 kcal/mol. Thetautomers having small AE
vauesmay be sengtiveto H-migration pathway toform
different tautomersasshownintherelevant mechanism
of tautomerization. Thepopulation of certain tautomers
within closeenergy levelscan bevisudizedin Figure 3.

Based on thetautomer popul ation within certain
energy levelsshowninFigure2, itispossiblethat some
tautomers may form subsequently from magjor stable
tautomers. Resonance among thosetautomersthat ex-
ist within small AE vauesisexpected. Thechangesof
energies(AE, AH, AG and AZPE) for tautomerization
from the normal nucleobasesareshownin TABLE 2.
Nevertheless, the present study al so concerns about
thetautomerization through hypothetical trangtion state
leading toless stabletautomers.

It isgenerally known that guanine is most basic
nucleobase and acquires hydrogen bonding character-
isticwithwater or proton easily in solution environmen.
Thetopicusudlyisadynamica motion problemwhere
thetautomersare converted from oneform to another

TABLE 2: Variation of activation energies(AA) for thecon-
version of normal guaninetofew lessstabletautomers.

Conversions AA kcal/mol
B3LY P/6-31+G(d,p)
GotransG4 6.445
G->G2 63.897
G—ltransG4 18.819
GotransGl 16.386
G—1cisG4 5123

through H- migration, wherelessstabletautomers can-
not be detected during experimentd studies. Sothere-
sultsobtained from quantum mechanicd caculaionscan
be used to understand the stability of several G tau-
tomers. Thesituation for H-migration stepsleading to
less stable tautomers has been anal ysed by choosing
appropriatetrangition state structurewhichisfeasible
for theconverson of norma G tothedesired tautomers.
Theactivation energiesof tautomershavingsmilar sta-
bility with normal G are not cal culated, sincethereac-
tion proceedsthrough direct H-migration pathway.
For instance, the conversion of normal G to other
lessstabletautomersmay be hypothes sed through some
trangtion sate (Figure2). It may not necessarily that dl
tautomerization proceedsthrough this pathway, since
G nud eobase can tautomeri se under various conditions.
In such cases, tautomerization from normal Gto atau-
tomer can s multaneoudly convert to other morestable
tautomers. Such processes can be examined focusing
on particular mechanismthrough ahypothes sed transi-
tion state structure which isappropriatefor that path-
way. Based on this mechani sm of tautomerization, the
activation energieshave been estimated from the po-
tential energy plots. TABLE 2 showsthevariation of
activation energiesfor theformation of sometautomer
G and the potentia energy plotsare shownin Figures

Physical CHEMISTRY — commmm
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4. Hence, in most casestautomeri zation may not follow
direct pathway from normal G Theactivation energies
are large for tautomers G2, 1transG4 and transGl,
whereasthe corresponding valuesfor 1transG4 and
1cisG4 are small despite of acquiring less stability
(TABLES1and?2).

Thechangeof zero point (vibrationa) energiesof
most tautomersare negative and correlateswell with
the changes of AH and AG values. So, the dominant
tautomeric form of G isfound to be cisG1 which may
formdirectly fromnormal G to cisG1 and the mecha
nismisshowninFigure2. Here, enalization of -C=0
group to form corresponding enol tautomer might be
feasible mechanism, and the energiesfor these reac-
tionsarelisedin TABLE 2.

From thecomputed va uesof equilibrium congants,
tautomerization of G to cisG1 isfound to bethedomi-
nant reaction with pK _ value of 0.764, and cisG1is
a so reported to bethe mgjor tautomer of G Similarly,
the other tautomerization reactionsfrom norma G are
not found to befeasible pathway. The pK _ value sup-
portsthe existence of cisG1 asmagjor tautomer asre-
ported in literature(1,9). For the standard
tautomerization reactiongiveninFigurel, the AE, AH,
AG and AZPE aregivenin TABLE 2. Comparison of
the energy values of these tautomers with normal G
showsappreciableenergy differenceandthelatterisin
turnfound at lower energy level. Thepopulation of tau-
tomersat certain energy levelswith small energy gap
showsthe advantages of transformation among these.
However, sometautomersmay exist asminor product
and can readily convert to more stableforms.

Comparison of several guaninetautomerscan be

madefromtherd ative stabilitieswith respect to normal
form of guanine. Thevariationsof therel ative stabili-
ties, entha piesand Gibbsfree energy among few gua-
ninetautomersare significant and most stabletautomer
iscisG1. Theexistence of thesetautomersisaready
reported from theexperimentd studies*¥. The predomi-
nance of few isomerswithinthe certain energy range
withsmadl differenceinthereaivesabilitiesisobserved.
Aswecanseein TABLE 1, thecal culated activation
energiesof forming arbitrarily selected lessstabletau-
tomer is~5-6 kcal/mole, whereastheva uesfor other
tautomersare substantially higher than that of others.
For the tautomeri zation of comparatively stabletau-
tomers, theactivation energiesarenot cal culated since
thesetautomericform can convert tonormal G easily.
Moreover, thetautomerization pathway through H-mi-
grationasshowninFigure 1.

The cal culated v uesfor the equilibrium constant
and between normal G and cisG1 showsmorefeasible
pathway compared to the other pathways.
Tautomerization of GtotransG4 isaso possiblesince
the estimated activation energy is~5 kcal/mole. Fur-
thermore, compari son of equilibrium constantsand pKE
vauesfor thetautomerization pathwaysshownin Fig-
ure 1 showsthat the formation of some tautomer spe-
ciesfrom normal G may not bethedirect pathway of
generating other lessstabletautomers. Hence, therda
tive stability of thetautomers may apparently indicate
the specifictautomersthat exist withinsmall chemical
dahility.

The hydrogen bonds between water and guanine
aresomeof theimportant featuresinlocal hydration of
nucleobasesin oligonucleotides. The hydrogen bond-
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ing ability usually depends on the el ectron donor and
acceptor stesof guanine. Theinfluenceof thesewater
mol ecul eson guaninethrough hydrogen bondsmay pro-
duce considerable changein thestructure and stability
of guaninein DNA. Moreover severa mispairingand
imperfect pairing of Watson crick GC base pairs mani-
festsitsdlf the existence of tautomericform of guanine
or cytosine. Theparticipation of intermolecular hydro-
gen bonds between guanine and water moleculeisin-

Physical CHEMISTRY — commmm

deed themajor feature which may be strong, medium
or weak. Regional variation of these hydrogen bond
strengths may lead to Simultaneous proton acceptor or
donor capability of guanine. The existence of stable
guanine-water complex has been reported in somelit-
eratures?Z, Theinformationisquiterelevant to un-
derstand the existence of tautomeric formsof guanine
whichinvolved H-bondsor proton. With these assump-
tions several mechanismsof tautomerization anaysed

A udéan Journal
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inthisstudy may beuseful.

Themodel study reveal ed that the position of pro-
ton taken to represent hydrogen bonding site between
guanineand water leading to variation of activationen-
ergiesthrough interna protrotopic rearrangement to
form tautomers of guanine. Among these mechanisms,
someof the pathways proceed through low activation
energiesand moreover, the observed small values of
equilibrium constant and pK E va uescompared to other
mechanismsmight indicatethe predominanceof certain
tautomers. Inthisinvestigation thekey questioniswhich
mechanism best representsthetautomerization of gua:
ninethrough H-migration pathway. Here, theinterme-
diate specieschosenfor calculating activation energies
arebased on the concept of H bond formation between
guanineand water moleculewhich proceedsviainter-
change of the position of H-bond leading to several
tautomers. Therefore, theresultsmay beusedto andyse
such processesto gainingght into theorigin of guanine
tautomers.

The computed valuesof equilibrium constantsand
pK E vauesof tautomersclearly indicatethe morefea
sbletautomer. Thefeasbility of tautomerizationto cisG1
tautomer isindicated fromthepK E vaueof 1.7, whereas
other tautomerswith large pK E values may not bethe
predominant speci esthrough the chosen mechanism.
Aganitisnot possibleto tracethetautomerization path-
way among these tautomers without specificideaof
reaction pathway. However comparison of pKE val-
ues of tautomerization processes can predict thefeas-
bility of thesemechanisms.

CONCLUSION

The selected tautomers of guaninearelessstable
than the normal guanine. Popul ation of tautomers at
certain energy levelsisaclear indication of theexist-
enceof sometautomersin equilibrium. Thedifference
of energiesbetween norma G and cisGlissmaller than
thoseof other tautomers. Theformation of thistautomer
may bethe primary reaction, which may undergo fur-
ther reactionsto form other tautomers. Otherwisethe
other tautomersmay be generated under different pro-
cesses Largedifferencesin the stability of other tau-
tomerscompared to normal G arefound. Theequilib-
rium constants (K ) and pK _ valuesindirectly demon-
strate the existence of major tautomer cisG1. The

= Pyl Peper

tautomerization pathways chosen for estimating theac-
tivation energies show that someof theless stable tau-
tomersmay form from normal G sincethereactions
passethrough low energy barriers.
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