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In order to examine whether the widths of the grooves play a role in the base-flipping propensities
of un-, hemi-, and fully-methylated DNAs (as indicated in Tables 1 and 2 in the manuscript) we
calculated these widths and the results are shown in Table S1 below. The width of the minor-groove
seems to be largest for the fully-methylated CpG site, whereas, the width of the major-groove is
largest for the hemi-methylated site. Thus, this trend exhibits no correlation to, and therefore can

not explain, the free energy propensities of flipping-out the cytosine bases.

Table S1: The widths of the major and minor grooves for un-, hemi- and fully-methylated C6pG7
sites. The calculations were performed on the average structures of the trajectories of the alchemical
mutations in which both cytosines are intra-helical. The average structures were computed from
the covariance matrix analysis in Gromacs'. The groove widths were calculated using the Curves+
software? at three levels along the CpG sites (6.0, 6.5, and 7.0, in which the first and the last corre-

spond to the C6:G6’ and G7:C7’ base-pairs, respectively). All values are reported in A.

Major Groove Minor Groove

60 | 65 | 7.0 ||60]65]|7.0

UMe || 145 | 13.8 | 133 || 7.2 | 6.6 | 5.3
HMe || 164 | 16.0 | 163 || 6.9 | 6.4 | 6.0

FMe || 14.1 | 140 | 144 || 87 | 7.5 | 85
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Analyses of X-ray DNA structures have shown that the backbone dihedral angels e and ¢, which
are coupled, can exhibits two states, BI and BII. In the more common BI state (¢ — ( < 0) the phos-
phate group is positioned more symmetrically between the major and the minor-grooves, whereas
in the BII state (e — ¢ > 0) it is closer to the minor-groove. Computer simulation studies revealed
that C5 methylation of cytosine stabilizes the BI conformation®. We calculated the fraction of time
the backbone conformation of the two cytosines in the CpG step is in BI conformation (Table S2
below). For the DNA conformation in which both cytosines are intra-helical, the BI state is observed
more than 91% of the time and the small differences observed for the different methylation states
are probably not significant. However, when one of the cytosines changes its intra-helical state to an
extra-helical there is a substantial increase in the stability of the BII conformation. In two cases, a
trend in which methylation decreases the stability of the BI state is observed. However, in the other
two cases this trend does not hold, eliminating possible correlation with the relative free energy

changes for base-flipping.

Table S2: The fraction of time one of the cytosine nucleotides of the CpG site, thus, (m)C6 or
(m)C7’, is in the BI state. The calculations are performed for unmethylated, hemi-methylated, and
fully-methylated CpG sites, in both, normal B-DNA structure (intra-helical state) and in a DNA
structure in which one of the cytosines is completely flipped-out of the DNA helix (extra-helical

state).

Intra-Helical State Extra-Helical State

Nucleotide Un- | Hemi- | Fully- || Un- | Hemi- | Fully-

(m)C6 [flipped-in] || 0.99 | 097 | 0.98 [ 099 | 0.50 | 0.01
(m)C7’ [flipped-in] | 091 | 094 | 094 || 0.99 | 050 | 0.62

(m)C6 [flipped-out] — — — 098 | 0.66 | 0.47
(m)C7’ [flipped-out] || — — — 0.50 | 0.82 | 0.01
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Figure S1: A snapshot of the fully-methylated DNA taken from the alchemical mutation simulations
(AG,) showing the deformation of the double-helix and the loss of two base-pairs employing the
AMBER99 force-field* (a). The employment of the parmbsc0 force-field® (b) did not exhibit this
behavior. For both structures the base pair G7:C7’ is colored in red, whereas the base-pair C8:G8’
is colored in cyan. The rest of the DNA duplex and its backbone lines are shown in orange and dark

blue, respectively.
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