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Guanine or a Gy sequencein duplex DNA has been known
asite of the oxidation when the loss of an electron generates
aradica cation. This process has extensively investigated
due to its relevance to genetic mutation and possible
application to molecular eectronics. Recently therole of N1
imino proton of the guanine was studied on aDNA oligomer
which contains 5-fluorinated cytosine (F°C):guanine pair.!
The effect of the replacement of hydrogen by fluorine on the
proton transfer was monitored.

The explanation of this phenomenon and relating reactions
was usually done on the basis of solution-phase pKa data or
computational results on the single nuclear base or C:G pair.
Density functiona theoretical (DFT) calculation on the gas-
phase G:C radicd cation pair showed that the structure with
a proton attached to guanine N1 (hereafter C:(H)G™) is
more stable by 1.4 kcal/mol than that with the proton trans-
ferred to cytosine (C(H)":G").? Ab initio molecular dynamics
simulation on G:C radical cation pair® showed, however, that
C(H)":G" is more stable by 3.6 kca/mol than C:(H)G™
when a fully hydrated model is used, indicating that the
computation including solvation effect is needed to investi-
gate the proton transfer reaction.

In this work, the role of the guanine N1 imino proton in
the migration and reaction of radical cation in FPC:G pair
(FC:(H)G"") was investigated with a DFT quantum mech-
anical method in combination with the Poisson-Boltzmann
(PB) continuum solvation model. The ease of proton transfer
was monitored by calculating the Gibbs energy for both
pairs before and after proton transfer.

In Figure 1 depicted were the chemical species that were
investigated in this work. All QM calculations used the
Jaguar v5.5 quantum chemistry software* Details for the
solvation energy calculation are given esewhere™® We
optimized solvation parameter of fluorine first. The para-
meter was optimized to reproduce experimental pK, value
for heterocyclic aromatic compounds as in our previous
work on Cl.°> The level of theory of the computation was
chosen to be B3LYP/6-31++G**, which was successfully
applied to the tautomerism and pK, calculations of guanine,
isoguanine, oxoguanine, and xanthine.”® Vdw radii of H, O,
C and N were taken from our earlier studies on guanine and

its derivatives.”®

The pKa value of an acid HA in agueous solution isrelated
to the Gibbs free energy change for the deprotonation pro-
cess expressed by

pKa = AGOdeprotym/2.303R-r (1)

where Risthe gas constant and T temperature in Kelvin. The
standard free energy of deprotonation from one of the
deprotonation sites of HA in water, AGueyotaq, 1S defined as

AG teprotaq = AG (A7) +AG’x (H) - AG"x (HA).  (2)

The standard free energy of each species (HA, A~, and HY)
in water, AG%,, can be written by the sum of the gas-phase
standard free energy AG’; and the standard free energy of
solvation in water AG%y:

AGan = AGOg +AGo. ©)

The standard free energy of each species in the gas phase
AG’, is obtained by

AG’y=Eo +ZPE+AAGY - 208 k. 4

The total energy of the molecule at 0 K (Eok) was ca-
culated at the optimum geometry from quantum mechanics
(QM). Harmonic oscillator-rigid rotor approximation was
applied for the calculation: The zero-point energy (ZPE) and
the vibrational contribution to Gibbs free energy change
from 0 K to 298 K (AAGo-,208 k) Were calculated from fre-
quencies calculated using QM. The trandational and rota
tiona free energy contribution was also calculated with the
ideal gas approximation.

The accuracy of pK, calculations depends on two factors:
One is the gas phase basicity and the other is the solvation
energy. The former can be checked against the gas phase ex-
periment. Therefore we calculated gas phase proton affinity
(PA) and gas-phase basicity (GB) at 298K, which are
defined as the enthalpy change and the free energy change,
respectively, for the deprotonation processin gas phase.

PA = AHC, (A7) + AHY, (HY) — AHY (HA), (5)
GB =AGY (A") +AGY (H) — AGY (HA), 6)
where AH% (H")=25RT=1.48 kcal/mol and AG% (H")=
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Figure 1. Chemical species used in the present work.

25 RT-TAS’=1.48-7.76=-6.28 kcal/mol at 298 K.

In Table 2, we summarized the gas phase computational
results, which gave excellent agreements with the experi-
menta data, which are comparable to our earlier study on
chlorine parameterizations.

As discussed earlier, the accuracy of pK, calculations
depends on both the gas phase basicity and the solvation
energy. As shown in Table 2, pKa values were in good
agreement with the experimental data, which indicates that
the vdw parameter for fluorine is well-parameterized.

In the next step, we calculated the Gibbs free energy of

Table 1. van der Waals (vdw) radii used for the solvation energy
calculations

Atom vdw radii (A) scale factor?
N () 141 094
o ) 148 0.94
[ () 183 0.94
H  (attached to sp> N) 1.08 0.94
(attached to sp? C) 1.18 0.94
F 141 0.84

Scaled from the valued reported in reference™®
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Table 2. Proton affinity (PA) and gas phase basicity (GB) and pKa
values

PA PA GB GB
(exp)* (cdc)® (exp)* (calo)®
kcal/mol kcal/mol kcal/mol kcal/mol
2-fluoropyridine 211.1 2121 2033 2044 -044 -1.44
3-fluoropyridine 214.8 2164 207.0 2087 297 336

3reference™. PPresent work (B3LY P/6-31++G**)

pKa pKa

pes | (e)* (caley

Table 3. Gibbs free energy of proton transfer

Bases AGproton transfer, ga AGpYOIOH transfer, qu
C:(H)G*" 1.2 kcal/mol 0.0 kcal/mol
FPC:(H)G* 3.5 keal/mol 5.8 kcal/mol

3Gibbs free energy of proton transfer in the gas phase, defined by AGY
(after proton transfer) — AGY (before proton transfer). "Gibbs free energy
of proton transfer in aqueous solution, defined by AGq (after proton
transfer) — AG%% (before proton transfer)

proton transfer (AGproton ranster) bOth in the gas-phase and in
the agueous solution. For neutral G:C pair, the proton
transferred state is not available as expected. The replace-
ment of hydrogen by fluorine at 5 position of C does not
affect the preference. For radica cations, both states before
and after proton transfer were calculated to be minima.
AGproton ransier VAlUES Were reported in Table 3 aong with
other computational results. The replacement of hydrogen
by fluorine makes AGproton transier D€ More positive in both
cases, which resultsin the inhibition of proton transfer.

In summary, we reported computational results on the
proton transfer in C:G and F°C:G radical cations. The effect
of the replacement of hydrogen by fluorine on the proton
transfer was studied by calculating the Gibbs free energy
difference accompanied by the transfer. Our results show
that the proton transfer from guanine radical cation to F°C is
not favorable, which is consistent with the experimental
result.
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