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ABSTRACT

The interaction of magnesium hydrates at the phosphate oxygen atoms of
the nucleotides (CMP, UMP, dTMP, AMP, GMP, IMP) were studied at the
Hartree-Fock level of Theory. We used LANL2DZ basis set for Mg and 6-
31g* basis set for other atoms. The basis set superposition error (BSSE)
begins to converge for used Method/basis set. SCRF calculations have

KEYWORDS

Abinitio calculation;
Nucleotide
5’-monophosphates,
M agnesium complexes;
Solvent effects.

been performed at HF/6-31G* level and has proved useful in describing the
effects of the solvent and the variations in zero point energies were consid-
ered in the cal culations together with thermo chemical analysis at 298°K in
order to obtain the entropic and free energy variation for the nucleotides and
Magnesium Hydrate complexes of nucleotide 5'-monophosphates.

© 2010 Trade SciencelInc. - INDIA

INTRODUCTION

Meta ionsareknown to have an effect onthe sta-
bility of both DNA and RNA invivo. Physiologicaly,
theimportant complexesarethoseinvolvingMg?. Med
complexesof mononucl eotidesinvolve phosphate mo-
noestersthat carry two negative chargesper phosphate
group, inthennormal protonation state. Conseguently
theroleof the phosphate groups either through direct
metal binding or through e ectrostatic interaction with
themetal 2,

Thelatter kind of structurewasalso described for
the Mg(I1)-hydrate complexes of the 5'-monophos-
phatesinteraction with the phosphate group was sug-
gested to be either adirect one or mediated through
water of molecule, depending ontheconditionsinwhich
the complexes were prepared®4. A nucleotide con-

sstsof three main subunits, the nucl eobaseresidue (pu-
rineor pyrimidine), the sugar part and the phosphate
group(s)8.

Thesolvent effect istaken into account viathe Self-
Cons stent Reection fidd (SCRF) method. Thismethod
is based on Onsager reaction field theory of electro-
static salvation. Inthismodel, the solvent isconsidered
asauniform dielectric with agiven did ectric constant.
The soluteisplaced into acavity within the sol vent.
SCREF approachesdiffer in how they definethe cavity
andthereectionfield.

Wedescribein detail the structures of magnasium
hydrate complexes of nucleotide 5'-monophosphates
usingAb initio quantum-chemical calculation madeat
the Hartree-Fock (HF) theoretical level with 6-31g*
basis set predicted effects of the Magnasium hydrate
on the phosphate coordination.Lanl2DZ for Mg and
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Figurel: Optimized structuresof M g-nucleotidecomplexesin theHF/6- 1g*: L ANL 2DZ I ndir ect (outer -spher €) phosphate
coor dination probably occur e between atomsoxygen phosphate and water moleculesof M g-coor dination
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TABLE 1: Sability energieHartree) for metalated and non-
metalated nuclectidesin gasphasewith HF/6-31g* level

Complexes HF/6-31g*
CMP -1450.764
UMP -1470.623
dTMP -1434.751
AMP -1522.592
GMP -1597.553
IMP -1542.523
Mg(H20)ACMP -1954.752
Mg(H20)5UMP -2050.633
Mg(H20)5dTMP -2014.823
Mg(H20)4AMP -2026.665
Mg(H20)5GMP -2101.543
Mg(H20)5IMP -2122.534

TABLE 2 : E, (Interaction energies), BSSE and E

(Hartree) for complexesin HF/6-31g* level o
Complexes = BSSE E +psse
Mg(H20)4ACMP -0.36075  -0.0188594  -0.3796106
Mg(H20)5UMP -0.36299 0.0282317 -0.3347583
Mg(H20)5dTMP ~ -0.37151  -0.0111472  -0.3826603
Mg(H20)4AMP -0.36437 -0.01306 -0.3774
Mg(H20)5GMP -0.3757 -0.01422 -0.3899
Mg(H20)5IMP -0.3896 -0.01774 -0.3896

TABLE 3a: Thermochemistry analysisof the complexesat
HF/6-31g* level

Zero point Thermal Thermal  Thermal free
Complexes energies energies enthalpies energies
(Hartree) (Hartree) (Hartree) (Hartree)
CMP -1450.508035 -1450.488797 -1450.487853 -1450.559426
UMP -1470.379717 1470.360829 -1470.359885 -1470.431209
dTMP -1434.481262 -1434.462658 -1434.461713 -1434.531543
AMP -1522.324416 -1522.304661 -1522.303717 -1522.374898
GMP -1597.27171 -1597.252077 -1597.251133 -1597.321293
IMP -1542.091738 -1542.076630 -1542.075686 -1542.135978
Mg(H20)4CMP -1954.374938 -1954.347274 -1954.346330 -1954.431938
Mg(H20)5UMP -2050.242326 -2050.211466 -2050.210522 -2050.303913
Mg(H20)5dTMP -2014.408897 -2014.377170 -2014.376225 -2014.474458
Mg(H20)4AMP -2026.277343 -2026.248395 -2026.247451 -2026.33704
Mg(H20)5GMP -2101.149735 -2101.119737 -2101.118793 -2101.210341
Mg(H20)5IMP  -2122.129950 -2122.098536 -2122.097592 -2122.191895

nucl eotide 5'-monophosphates have been carried out.
Hydrogen bonding will be discussed interm of observ-
able propertiessuch asgeometry. Thebasis set super-
position error (BSSE) was compuited, through the coun-
terpoise method™ implemented in the Gaussian 98

TABLE 3b: Thermochemistry analysisof thecomplexesat
HF/6-31g* level

Total  E(Kcal/mol) Trandlation Rotational Vibrational

Complexes thermal  electronic
CMP 172.637 0.000 0.889 0.889 170.860
UMP 164.726 0.000 0.889 0.889 162.949
dTMP 180.680 0.000 0.889 0.889 178.902
AMP 180.435 0.000 0.889 0.889 178.657
GMP 188.322 0.000 0.889 0.889 186.545
IMP 170.613 0.000 0.889 0.889 168.836
Mg(H20)4CMP  253.952 0.000 0.889 0.889 252.174
Mg(H20)5UMP  262.205 0.000 0.889 0.889 262.427
Mg(H20)5dTMP 279.742 0.000 0.889 0.889 277.965
Mg(H20)4AMP  261.568 0.000 0.889 0.889 259.791
Mg(H20)5GMP  265.563 0.000 0.889 0.889 263.786
Mg(H20)5IMP  273.039 0.000 0.889 0.889 271.261

TABLE 3c: Thermochemistry analysisof the complexesat
HF/6-31g* level

Complexes Total

T thermal Electronic Translational Rotational Vibrational
Cal/mol-kelvin)

cMP 70791 0.000 2.981 2981 64830
UMP 69.053  0.000 2.981 2981 63091
dTMP 68556  0.000 2.981 2981 62594
AMP 74512 0.000 2.981 2981 68551
GMP 74698  0.000 2.981 2981  68.736
IMP 61292  0.000 2.981 2981 55330
Mg(H20)4CMP 104357  0.000 2.981 2981 9839
Mg(H20)5UMP 113659  0.000 2.981 2981  107.697
Mg(H20)5dTMP 115502  0.000 2.981 2981  109.541
Mg(H20)4AMP 108271  0.000 2.981 2981  102.309
Mg(H20)5GMP  112.465  0.000 2.981 2981  106.504
Mg(H20)5IMP 116346  0.000 2.981 2981  110.385

code, for the most stable complexes. PCM calcula
tionsin thisreport have been performed at the HF/6-
31g* level in GAUSSIAN 984,

COMPUTATIONAL DETAILS

Thestructuresof al the systemswere optimized
using the framework of the Hartree-Fock and
LANL2DZ basisset for Magnesium and 6-31g* basis
set!01 for other atoms. Theinteraction energiesof the
counterpartsestimated asthe energy difference between
the complex and thei solated componentsand were cor-
rected for the basis set superposition error (BSSE).
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TABLE 3d: Thermochemistry analysisof thecomplexesat
HF/6-31g* level

Complexes

Total

T hermal Electronic Trandational Rotational Vibrational
S(Cal/mol-kelvin)

cMP 150.638  2.183 43195 35024  70.236
UMP 150113  2.183 43204 35021  69.705
dTMP 146.968  2.183 43186 34636 66963
AMP 149.813  2.183 43410 35077 69143
GMP 147.664  0.000 43545 35334 68784
IMP 126.896  2.183 43419 35437 45857
Mg(H20)4CMP  180.178  0.000 43975 35611  100.592
Mg(H20)5UMP 196558  0.000 44108 36103  116.348
Mg(H20)50TMP  206.749  0.000 44094 36613 126,042
Mg(H20)4AMP 188515  0.000 44142 36372  108.001
Mg(H20)5GMP  192.680  0.000 44248 36582  11.850
Mg(H20)5IMP  198.478  0.000 44267 36510  117.701

TABLE 4: Dipolemoment (debye) for structuresM g-nucle-
otidesand nuclectidesin gasphaseand varioussolvent in HF/
6-31g’ level

Complexes pﬁ:; Dichlo- = .

Cyclohexane roethane Acetone Acetonitrile DMSO H20
Mg(H20)4CMP 20.2892 21.5076 22.84444 23.0436 23.1347 23.154823.807:
Mg(H20)5UMP 12.4763  13.1976 14.1154 142510 14.3709 14.332714.900¢
Mg(H20)5dTMP13.4593  13.9561 145832 14.6339 14.7004 14.6828
Mg(H20)4AMP 14.2439  15.0850 16.0740 16.2290 16.3016 16.317616.753¢
Mg(H20)4GMP 14.2372  15.1980 16.4538 16.6735 16.7778 16.797417.261:
Mg(H20)5IMP 11.6008 12.3542 13.3680 135235 13.6197 13.636414.192¢
CMP 11.7544 12.3581 13.0954 132464 13.3078 13.325513.879:
UMP 44.3789  46.3420 48.3312 48.6335 487726 48.812649.593¢
dTMP 32.8183 34.4562 36.0694 36.2926 36.3945 36.419637.103:
AMP 26.2045 27.8922 290.7839 30.0692 30.1984 30.239830.840(
GMP 35.7554 38.1199 40.8177 41.2240 41.4123 41.460642.861¢
IMP 46.5329 48.5499 50.6131 50.9110 51.0454 51.083651.635:

TheBoys-Bernardi counterpoise method™, gpplied at
the Magnesium hydrate nucl eotide complexes geom-
etry, is used to account for BSSE According to this
method:
ECorr':EInta'ar:tion+AEBSSE

whereE_._ . iscorrected-interaction energiesand:

Corr”
AE,  =[E* (complex)]+[E*

Magnesium Hydrate =M agnesium Hydrate

dinenucleotide Pyrimidinenucleotide (Compl EX)]
where E* indicatesthat the energy of components at

complex geometry cal cul ated of Methods/Basis set of
complex geometry.
Tomas ’sPolarized Continuum Modd (PCM)* de-

Pyrimi-

—= Fyll Poper

TABLES: Freeenergy (Kcal mol %) for structuresM g-nucle-
otidesand nucleotidesin varioussolvent in HF/6-31g" level

Solvent
Complexes Dichloro-
Cyclohexane Acetone Acetonitrile DMSO H20
ethane

Mg(H20)4CMP -10.43 -22.79 -27.11 -18.91 -2499 -48.07
Mg(H20)5UMP -8.33 -19.13 -23.54 -14.72 -20.82  -46.81
Mg(H20)5dTMP -9.15 -17.92 -22.34 -13.04 -19.93

Mg(H20)4AMP -9.18 -19.40 -23.70 -14.84 -21.57 -44.55
Mg(H20)4GMP -10.86 -23.39 -28.06 -19.24 -26.04 -52.87
Mg(H20)5IMP -7.72 -18.24 -22.75 -13.60 -2021  -44.32
CMP -71.88 -129.43  -13855 -134.33  -140.83 -165.71
UMP -99.92 -184.20  -197.06 -19454  -201.34 -241.11
dTMP -85.02 -152.95  -163.28 -159.54  -166.40 -192.75
AMP -83.33 -152.06  -162.71 -158.94  -165.89 -194.76
GMP -87.96 -163.02  -174.93 -171.38  -178.46 -212.81
IMP -94.4 -172.65 -184.56 -181.26  -188.32 -224.81

TABLE 6: Polar solute— Solvent (A) and solute polarization
(B)for structuresM g-nucleotidesand nuclectidesin various
solvent in HF/6-31g" level

Solvent
Complexes
Cyclohexane Dichloroethane Acetone Acetonitrile DMSO H20
A -14.90 -33.33 -36.19 -37.50 -37.92 -67.72
Mg(H20)4CMP
B 0.59 2.69 313 334 -341 7.04
A -13.88 -30.82 -33.40 -34.67 -35.03 -68.02
Mg(H20)5UMP
B 0.49 2.32 272 297 298 691
A -12.07 -26.96 -29.49 -30.60 -30.91
Mg(H20)5dTMP
B 0.37 1.81 213 2.30 233
A -12.24 -28.51 -31.20 -32.47 -32.79 -62.80
Mg(H20)4AMP
B 0.42 2.10 249 2.69 274 657
A -14.38 -33.69 -36.82 -38.48 -38.78 -73.77
Mg(H20)4GMP
B 0.55 2.85 3.39 3.69 374 867
A -12.83 -29.64 -32.34 -33.72 -34.20 -65.80
Mg(H20)5IMP
B 043 224 2.67 2.90 297 7.16
A -72.54 -135.46 -143.75 -147.46 -148.51 180.16
CMP
B 0.47 247 2.96 321 329 756
A -102.09 -194.92 -207.59 -231.28 -214.89-263.42
UMP
B 155 6.75 7.93 8.52 8.69 15.01
A -85.51 -159.68 -169.23  -173.37 -174.74-206.99
dTMP
B 0.92 3.75 4.28 451 464 8.06
A -84.42 -160.23 -170.39 -174.90 -176.24-212.30
AMP
B 1.03 4.71 551 5.89 6.02 10.54
A -90.09 -174.73 -186.50 -191.85 -193.27 -237.67
GMP
B 1.59 7.56 8.89 9.55 927 1712
A -95.92 -181.70 -193.16 -198.25 -199.69 -243.43
IMP
B 1.27 544 6.32 6.74 6.86 11.46
—==mmr>  [norganic CHEMISTRY
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finesthe cavity asaunion of aseriesof interlocking
atomic spheres.

RESULT AND DISCUSSION

Theoretica resultsof the cal culated optimized ge-
ometriesfor sructuresof nudleotidecomplexesobtained
intheHF/6-31g*:LANL2DZ areshowninfigure 113,

Fgure 1 show the Hydrogen —bonds between other
phosphate oxygen atoms and N3,07 atoms of
Mg(H20)4CM P and N7 atom of Mg-Purin nucleotides
with water moleculesaround Magnesium that the cal-
culated at the HF/6-31g*.LANL2DZ.

Theresultsof these calculations at the HF/6-31g*
level showed that Metal-nucleotide sugar conforma-
tionsin pyrimidine nucleotide complexesfall into cat-
egories, C3' endo, synandinthepurinenucleotide com-
plexesare C3' endo, anti™.

The computed energies of the complexesfor non
metal ated and meta ated nucl eotides are compared by
HF/6-31g* method (TABLE 1).0On the other hand
meta ation of nucleotideshave been found morestable
thaninnonmetal ated molecules.

TABLE 2showsthevaueof BSSEandE, . for
thestructures. Clearly for theall complexes, va ues of
BSSE arerather small. Therefore, for these casesBSSE
isnegligible

Zero point energy (Hartree) for the CMP nucle-
otide and Mg(H20)4CMP are -1450.508 and -
1954.375, respectively. Theseresultsand thermo chem-
istry analys sare shown that Mg nucl eotide complexes
arestablethan the nucleotides (TABLE 3). Thedataof
TABLE 3isacceptedinto following equation:

E Total _Eo: ERot +ETrans
Solvent effects

Theeffect of solvent on the nucleotidesand Mag-
nesium hydrate complexesof nucleotides show that the
nonmetal ated and metal ated nucl eotideswith thein-
crease of dielectric constants of solvent the

dipolemoment and free energy and Pol ar sol ute-sol -
vent and Sol ute Pol ari zation have been increased.

CONCLUSION

Theresults of calcul ationswere carried out at the

Hartree-Fock leve with LANL2DZ basisset wereagree-
ment withthesmilar complexessystemsof experimenta
datashow that phosphate oxygen atomsof nucleotides
aresuitabledtefor magnes um coordination.

SCRF cal culations on compl exes show that the
polar solute-solvent interactionin different solvent have
been increased with theincrease of did ectric constants
and thegtability of the Magnes um complexesdecrease
withtheincreasing polarity of solvent.
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