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Abstract: Proton NMR and X-ray structural investigations have previously established that the guanosine~adenosine mismatch
adopts either a G(anti)-A(anti) or G(anti)-A(syn) alignment, which appears to depend on the flanking sequence of the DNA.
The present NMR study demonstrates a pH-dependent switch from G(anti)-A(anti) pairing at neutral pH to protonated
G(syn)-A(anti) pairing at acidic pH. This result was observed in self-complementary DNA dodecanucleotides containing either
the (G-G-G)-(C-4-C) segment where the A at the mismatch site is flanked by cytidines or the (C-G-C)-(G-4-G) segment
where the A at the mismatch site is flanked by guanosines. The observed variability of repair efficiencies for G-A mismatches
in DNA helices could reflect more than one type of guanosine-adenosine alignment and their differential recognition by the

repair system.

The formation and repair of base pair mismatches are central
questions relating to the functional fidelity of the genetic appa-
ratus.? Mismatch formation is a consequence of either bios-
ynthetic errors or mispairing during genetic recombination.
Thermodynamic measurements have been reported for the he-
lix—coil transition in base pair mismatch containing DNA frag-
ments in solution.>* There appears to be no apparent correlation
between the thermal stability of the mismatch and the probability
for its recognition and repair.® Further, the repair efficiencies
for a given mismatch are dependent on the flanking sequence.
These observations stress the importance of establishing the
alignment of bases at mismatch sites and elucidating changes in
these structural features as a function of flanking sequence and
solvent conditions.

There has been dramatic recent progress in elucidating the
structure of base pair mismatches with both solution NMR"# and
single-crystal x-ray® studies demonstrating that the purine-py-
rimidine G-T and A-C mismatches align by Wobble!® pair for-
mation. The purine-purine G-A mismatch is of special interest
since it is a common structural element in RNA folding.!! The
early research demonstrated that single G-A mismatches could
be readily incorporated into DNA helices and were resistant to
single-strand nucleases.!? Structural studies on the pairing of
G-A mismatches gave conflicting results, with the NMR solution
studies demonstrating G(anti)-A(anti) mismatch formation!14
and the X-ray studies at 2.5-A resolution demonstrating G-
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Chart 1

C1 - 62 -G3 - G4-A5-A6-T?- T8- C9-A10-C11-612
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612-C11-R10-C9-T8-77-A6- A5-64-63 - 62 - C1

Chart 11

C1 - 62 -R3 - G4-AS5-A6-T7- 18- C9-G10-C11-612
. .

612-C11-610-C9-78-T7-A6- AS-64-A3 - 62 - (1

(anti)-A(syn)'® mismatch formation. The NMR and X-ray studies
were undertaken on different sequences, and the alignment of G-A
mispairs could depend on the flanking base pairs. Indeed, G-
(anti)-A(anti) pairing demonstrated by NMR for the central pairs
in a decanucleotide helix!? was confirmed by a 1.3-A resolution
X-ray'® study undertaken on the same DNA helix. Theoretical
computations have demonstrated that the G(anti)-A(anti) and
the G(anti)-A(syn) pairs in the interior of helices exhibit com-
parable stability.!”'* The present NMR study demonstrates a
third pairing scheme for G-A mismatches, which is stabilized at
low pH and adopts the unexpected protonated G(syn)-A(anti)
alignment in aqueous solution.

We report below on NMR studies of self-complementary do-
decanuleotide duplexes containing symmetrically related G-A
mismatches positioned three base pairs in from either end of the
helix. The sequences are d(C-G-G-G-A-A-T-T-C-A4-C-G) in
which the A at the mismatch site is flanked by cytidines (G-A
12-mer; Chart I) and d(C-G-A4-G-A-A-T-T-C-G-C-G) in which
the A at the mismatch site is flanked by guanosines (A-G 12-mer;
Chart IT). The present paper will emphasize the pH-dependent
G-A mismatch structural transition by focusing on the G-A 12-mer
duplex (Chart I).

Experimental Procedures

The G-A 12-mer and A-G 12-mer deoxyoligonucleotides were syn-
thesized on a 10-umol scale with phosphoramidite chemistry on a Beck-
man | plus DNA synthesizer. The general procedures for synthesis,
deprotection, and HPLC purification have been reported previously.!®
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Figure 1. (A) Proton NMR spectrum (6.0-14.5 ppm) of the G-A 12-mer
duplex in 0.1 M NaCl, 10 mM phosphate, and 92% H,0, pH 8.3 at 0
°C. (b) One-dimensional NOE difference spectrum following 0.4-s
saturation of the 13.42 ppm imino proton of G3 (designated by arrow).

77
8
G4
G2 s
t
63
G12
A
B
G2 G4
t
t
T M T M T T T B v T T
14 12 10 8 6

Figure 2. (A) Proton NMR spectrum (6.0-14.5 ppm) of the G-A 12-mer
duplex in 0.1 M NaCl, 10 mM phosphate, and 92% H,0, pH 4.3 at 0
°C. (B) One-dimensional NOE difference spectrum following 0.4-s
saturation of 8.59 ppm amino proton (designated by arrow).

NMR spectra were recorded on 2.5 mM dodecanucleotide duplexes
in 0.1 M NaCl, 10 mM phosphate, and 0.1 mM EDTA, aqueous solution.
The pH values quoted in D,O solution are uncorrected pH meter read-
ings.

Proton and phosphorus spectra were recorded on Bruker AM 400 and
AM 300 spectrometers, respectively. Phase-sensitive two-dimensional
NOESY and COSY data sets were recorded under conditions described
previously? and processed with the Dennis Hare FTNMR software.

Results

Exchangeable Proton Spectra. The exchangeable proton spectra
(6-14.5 ppm) of the G-A 12-mer duplex in H,O buffer, 0 °C,

(20) Gao, X.; Patel, D. J. J. Biol. Chem. 1987, 262, 1697316984,

J. Am. Chem. Soc., Vol. 110, No. 15, 1988 5179

A .
i o o ©
i : 14 e
: (8N}
Mo
Ao ©c.
W ® 64 €8 F ©
ch — c1l o
oc! Cos
63 ) Rcis
! D —8T7
(=)
50 Ll
~ ciz2  *E T8 ©
T e
A0 8 )
. ; - -
8.4 8.0 7.6 7.2
B. o
#- —94 1m
Y i oci1s
L A c9 D ©
I | 1 163 0
. o C2s 48
| BC1 !
| G2@ J [ T7

AS PCls AN _O.
2 612 _I8 ©
A6 o

8.4 8.0 7.6 7.2

Figure 3. Expanded contour plots of the phase-sensitive NOESY (250-
ms mixing time) spectra of the G-A 12-mer duplex in 0.1 M NaCl, 10
mM phosphate, and D,0, 25 °C at (A) pH 6.8 and (B) pH 4.2. This
region establishes distance connectivities between the base protons
(7.0-8.6 ppm) and the sugar H1’ and cytidine HS protons (5.0-6.4 ppm).
The cytidines H5~H6 cross peaks are designated by asterisks and labeled
cross peaks are discussed in the text. The lines follow connectivities
between adjacent base protons through their intervening sugar H1’ pro-
tons.

exhibit dramatically different chemical shifts indicative of distinct
neutral pH (pH 6.5-8.5) (Figure 1A) and low pH (pH 4.0-5.5)
(Figure 2A) conformations. We also detect resonances from both
conformations at intermediate pH values characteristic of slow
exchange between structures on the NMR time scale.

The imino protons in the neutral pH conformation at 0 °C have
been assigned from one-dimensional NOE measurements and are
listed above the resonances in Figure 1A. The imino proton of
G3 at the G3:-A10 mismatch site is broad at 0 °C in the neutral
pH spectrum but narrows on raising the pH and temperature. We
detect a NOE between the 13.42 ppm imino proton of G3 and
the 7.95 ppm H2 proton of A10 for the G3-A10 mismatch in the
G-A 12-mer at pH 8.3 and 0 °C (figure 1B).

The imino protons of the G-A 12-mer acidic pH conformation
at 0 °C (Figure 2A) have been assigned from one-dimensional
NOE measurements, as well as saturation transfer experiments
ona 1:1 mixture of neutral and acidic pH conformations at pH
5.8. Thus, saturation transfer was observed between the 13.46
ppm imino proton of G3 in the neutral pH conformation and the
10.52 ppm imino proton of G3 in the acidic pH conformation.
The exchangeable protons at 10.23 and 8.59 ppm are assigned
to amino protons at the G3-A10 mismatch in the acidic pH
conformation since they exhibit a strong NOE to each other and
to imino protons of the flanking G2:C11 and G4-C9 base pairs
in the G-A 12-mer duplex at pH 4.2 (Figure 2B).

Nonexchangeable Proton Spectra. The nonexchangeable base
and sugar ring protons of the G-A 12-mer duplex have been
assigned by analysis of phase-sensitive NOESY spectra (250 and
50 ms mixing times) in D,O buffer, 25 °C, at pH 6.8 and 4.2.
Expanded contour plots of the 250-ms mixing time NOESY
spectra establishing distance connectivities between the base
protons (7.0-8.6 ppm) and the sugar H1’ and cytidine H5 protons
(5.0-6.4 ppm) for the G-A 12-mer duplex at pH 6.8 and 4.2 are
plotted in Figure 3, parts A and B, respectively. Each base (purine
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Figure 4. Expanded stacked plots of the phase-sensitive NOESY (50-ms
mixing time) spectra of the G-A 12-mer duplex in 0.1 M NaCl, 10 mM
phosphate, and D,0, 25 °C at (A) pH 6.8 and (B) pH 4.2. This region
establishes distance connectivities between the base protons (7.0-8.6
ppm) and the sugar H1" and cytidine HS protons (5.0-6.4 ppm). The
cytidine H5-H6 cross peaks are designated by asterisks while the base
to its own sugar H1’ cross peaks for G3 and A 10 are labeled in the figure.

H8 or pyrimidine H6) proton exhibits an NOE to its own and
5'-linked sugar H1’ proton®! so that the G-A 12-mer sequence can
be traced from C1 to G12 including the G3 and A10 residues at
the G-A mismatch site for both the neutral pH (Figure 3A) and
acidic pH (Figure 3B) spectra.

The strongest cross peaks correspond to the NOEs between the
H6 and HS5 protons of the cytidines with their short fixed inter-
proton distance of 2.5 A (designated C1*, C9*, and C11* in Figure
3). The cross-peak intensity of the base to their own sugar H1’
NOE:s will depend on whether the glycosidic torsion angle is anti
(interproton distance 3.7 A) or syn (interproton distance 2.5 A),
The NOE is weak in the former case and of comparable intensity
in the latter case to the NOE between the H6 and H5 protons
of cytidine.?® This intensity comparision is best undertaken at
short mixing times to avoid artifacts due to spin diffusion. The
same expanded regions as in Figure 3 are plotted as stacked plots
for the 50-ms mixing time NOESY spectra of the G-A 12-mer
duplex in D,0 buffer, 25 °C, at pH 6.8 and 4.2 in Figure 4, parts
A and B, respectively. The neutral pH stacked plot demonstrates
that the base to its own sugar H1’ NOEs for G3 and A10 is much
weaker than the NOEs between the H6 and H5 protons of the
cytidines (Figure 4A).

The base to sugar H1” NOE for A10 is also weak compared
to the NOE between H5 and H6 for the cytidines in the acidic
pH stacked plot (Figure 4B). By contrast, the combined cross-
peak intensity for the superpositioned NOEs between the base
and H1’ proton of G3 and between the HS and Hé6 protons of C9
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Figure 5. Expanded contour plots of the phase-sensitive NOESY (250-
ms mixing time) of the G-A 12-mer duplex in 0.1 M NaCl, 10 mM
phosphate, and D0, 25 °C at (A) pH 6.8 and (B) pH 4.2. This region
establishes distance connectivities between base protons in the symme-
trical 7.0-8.4 ppm. The arrow in (A) points out that a cross peak is
missing and in (B) that a cross peak is present between the HE proton
of G3 and the H2 proton of A10 at the G3-A10 mismatch site.

(superpositioned cross peaks G3 and C9*, Figure 4B) is twice the
intensity for the resolved NOEs between the HS and Hé protons
of C1 and C11 (cross peak C1* and C11*, Figure 4B) in the acidic
pH stacked plot.

Expanded NOESY contour plots (250-ms mixing time) of the
symmetrical 7.0-8.6 ppm base proton region of the G-A 12-mer
duplex in D,0 buffer, 25 °C, at pH 6.8 and 4.2 are plotted in
Figure 5, parts A and B, respectively. We detect a cross peak
between the H8 proton of G3 and the H2 proton of A10 in the
acidic pH contour plot (cross peak designated by arrow, Figure
5B) that is absent in the neutral pH contour plot (designated by
arrow, Figure 5A).

A parallel two-dimensional proton NMR study have also been
undertaken on the A-G 12-mer duplex (Chart II) at neutral and
acidic pH. The exchangeable proton NMR spectra of the A-G
12-mer duplex at acidic pH were broader than the corresponding
spectra of the G-A 12-mer duplex at acidic pH. The results for
the A-G 12-mer duplex were similar to what were observed for
the G-A 12-mer duplex (Figures 1-5) at both neutral and low pH.

Discussion

The proton NMR data establish that the G-A mismatch in the
G-A 12-mer duplex adopts different pairing orientations at neutral
pH (pH 6.5-8.5) and at acidic pH (pH 4.0-5.5). (The complete
exchangeable and nonexchangeable proton chemical shifts for the
G-A 12-mer at neutral and acidic pH are listed in Table II,
supplementary material.)
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Chart I11

Glanti)- Atanti)

General Conclusions. The imino proton data (Figures 1, 2)
establish formation of stable G2-C11 and G4.C9 Watson—Crick
base pairs flanking the G-A mismatch site for the G-A 12-mer
at neutral pH (Figure 1A) and at acidic pH (Figure 2A).

The directionality of the base to sugar H1’ NOEs (Figure 3)
is consistent with formation of right-handed helices?! including
the segment incorporating the G-A mismatch site in the G-A
12-mer duplex at neutral and acidic pH. Further, the magnitude
of the base to sugar H1” NOEs relative to the cytidine H5 to H6
NOEs (Figures 3, 4) demonstrates that the Watson—Crick base
pairs adopt anti glycosidic torsion angles?? for the neutral and
acidic pH G-A 12-mer duplex conformations.

An NOE is detected between the H proton of A10 and the
HS5 proton of C11 for the G-A 12-mer duplex at pH 6.8 (cross-
peak A, Figure 3A) and at pH 4.2 (cross-peak A, Figure 3B).
These results establish that A10 adopts a anti orientation about
the glycosidic bond at the mismatch site and that the helix is
right-handed at the A10-C11 step.

G(anti)-A(anti) Alignment at Neutral pH. Several lines of
evidence demonstrate G3(anti)-A10(anti) pair formation (Chart
III) for the G-A 12-mer duplex at neutral pH. The magnitudes
of the NOEs between the H8 of G3 and its own H1’ proton and
the H8 proton of A10 and its own H1’ proton are both weak
compared to the NOEs between the H5 and Hé of cytidines
(Figure 4A), consistent with anti glycosidic torsion angles for G3
and A10 at the mismatch site. The observed NOE between the
imino proton of G3 and the H2 proton of A10 (Figure 1B) con-
clusively demonstrates G(anti)-A(anti) pairing (Chart III) for the
G-A 12-mer duplex at neutral pH. The anti orientation of the
purine—purine bases at the mismatch site increases the cross-strand
C1'—=C1’ separation from its value in purine-pyrimidine pairs. The
increased separation may account for the absence of a cross-strand
NOE between the H2 proton of A10 in the G3-A10 pair and the
H1’ proton of G4 in the adjacent G4-C9 pair (Figure 3A) in the
G-A 12-mer duplex. The perturbation resulting from the increased
C1’-C’ separation also extends to the backbone phosphates as
reflected by a 1.5 ppm spectral dispersion for the 11 phosphates
in the G+A 12-mer duplex at neutral pH (Figure 6A, supple-
mentary material). One phosphate resonates downfield at 3.22
ppm and another resonates upfield at 4.73 ppm relative to the
remaining phosphate resonances that are dispersed between 4.0
and 4.6 ppm for the G-A 12-mer duplex at neutral pH.

The sugar H1’ proton of G2 exhibits an unusually high upfield
shift of 5.07 ppm (Figure 3A) for the G-A 12-mer duplex at
neutral pH suggestive of a perturbation monitored at G2 that is
adjacent to the G3(anti)-A10(anti) mismatch site. Similar upfield
sugar H1’ proton chemical shifts have been previously reported
for residue G2 adjacent to the A3-0°meG10 O-alkylation site at
the dodecanucleotide level?* and also for a G residue adjacent to
the 5-end of a (A)s*(T)s segment of a 11-mer complementary
duplex.?* A conformational perturbation is also predicted for
the C9-A10 step since the NOE between the H8 of A10 and the
sugar H1” of C9 (cross peak designated by arrow, Figure 3A) for
the G-A 12-mer duplex at neutral pH was weaker than predicted
for an unperturbed helix.

G(syn)-A(anti) Alignment at Acidic pH. The configuration
about the glycosidic bond of G3 and A10 defines the pairing
orientation at the G3-A10 mismatch site in the G-A 12-mer duplex
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Chart 1V

Chart V

Glsyn)- A +(ontj)

at acidic pH. The base to its own sugar H1” NOE for A10 is weak
in intensity while that for G3 is comparable in intensity to the
NOE betwen the H5 and H6 protons of cytidine for the acidic
pH conformation (Figure 4B). These data demonstrate that G3
is syn and A10 is anti for the G3-A10 mismatch at acidic pH.

The G3(syn)-A10(anti) orientation (Chart 1V) is further
supported by the observed NOE between the 7.56 ppm H8 proton
of G3 and the 8.11 ppm H2 proton of A10 (Figure 5B) for the
G-A 12-mer duplex at acidic pH. By contrast, the absence of this
NOE is consistent with G3(anti)-A10(anti) orientation (Chart
I1I) for the G-A 12-mer duplex at neutral pH.

The separation between the C1’ atoms for a G(syn)-A(anti)
mismatch site is comparable to that observed for standard
Watson—Crick purine-pyrimidine base pairs. Consequently, the
phosphate backbone is minimally perturbed as reflected by an 0.65
ppm spectral dispersion for the 11 phosphates in the G-A 12-mer
duplex at acidic pH (Figure 6B, supplementary material).

The formation of a syn orientation at G3 for the G3-Al0
mismatch at acidic pH results in an upfield shift of the 5.24 ppm
HY’ proton of adjacent G4 (cross-peak G4, Figure 3B) along with
a perturbation in the C2-G3 step, which results in the NOE
between the H8 proton of G3 and the H1’ proton of C2 (cross
peak designated by arrow, Figure 3B) being weaker than predicted
for an unperturbed helix. Further, the cross-strand NOE between
the H2 of A10 and the H1’ proton of G4 is not detected for the
G3(syn)-A10(anti) mismatch site in the G+A 12-mer duplex at
acidic pH (Figure 3B).

The imino proton of G3 resonates at 10.52 ppm in the G-A
12-mer duplex at acidic pH (Figure 2A), which corresponds to
the chemical shift range for unpaired G imino protons in nucleic
acids. The syn orientation of G3 prevents its imino proton from
hydrogen bonding with acceptors on A10 and may account for
its strandlike value.

We are unable at this time to differentiate definitively between
the 2-amino protons of G3 and the 6-amino protons of A10 for
the 10.23 and 8.59 ppm amino protons at the G3-A 10 mismatch
site in the G-A 12-mer duplex at acidic pH (Figure 2A). Both
these chemical shifts are ~2 ppm downfield from the 8.0-8.5 ppm
and the 6.5-7.0 ppm chemical shifts observed for the hydrogen-
bonded and exposed amino protons, respectively. The 2-amino
protons of G3 may from hydrogen bonds with the backbone
phosphate while the 6-amino proton of A10 forms a hydrogen bond
with the 6-carbonyl of G3 in the G3(syn)-A10(anti) orientation
(Chart 1V).

Protonated G3(syn)-A10(anti) Pair. The observed pH de-
pendence of the conformational transition at the mismatch site
may be indicative of protonation of the G(syn)-A(anti) site at
acidic pH. The pairing of G3(syn) and Al10(anti) would be
stabilized by one hydrogen bond in the un-ionized form (Chart
IV) and by two hydrogen bonds in the protonated form (Chart
V). The trinucleotide segment C9(anti)-A10(anti)-C11(anti)
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Table I. Proton Chemical Shift Differences between the G-A 12-mer Duplex at pH 6.8 (Neutral pH Form) and pH 4.2 (Acidic pH Form)*™

purine chemical shift differences, ppm

pair NH1 H8 H2 HV H2"2 H3¥ H4
Cl1-G12 -0.06 -0.05 -0.02, 0.05 0.0 -0.01
G2-Cl1 -0.39 0.03 0.79 0.37,0.02 0.03 0.11
G3-A10 -2.94 -0.34 0.11 -0.35,0.21 =-0.11 -0.07
G3-A410 0.27 0.14 -0.05 0.03, -0.10 0.03 0.04
G4-CS 0.0 0.21 -0.28 -0.07,0.12 -0.02 -0.06
AS5-T8 0.01 -0.07 0.02 -0.02, -0.02 -0.02 -0.02
A6-T7 0.00 -0.02 0.01 -0.01, 0.02 0.0 0.0

pyrimidine chemical shift differences, ppm

pair NH3 Hé HS5/CH, H1’ H2"2’ H¥ H4
CI1-G12 0.25 0.17 0.03 0.13, 0.30 0.04 0.03
G2-Cl! 0.11 -0.05 0.17 0.17,0.27 0.10 0.05
G4.C9 0.33 0.29 -0.03 0.31,072 0.08 0.14
AS.T8 0.0 0.04 -0.02 0.06 0.0s, 0.07 0.03 0.01
A6:T7 -0.11 0.00 0.0 0.01 0.03, 0.04 0.03 -0.02

¢0.1 M NaCl, 10 mM phosphate, D,0O. ¢Positive chemical shift values reflect acidic pH conformation resonating downfield of neutral pH
conformation. ©Exchangeable proton data at 0 °C. Nonexchangeable proton data at 25 °C.

is common to the neutral pH and low pH conformations of the
G-A 12-mer duplex. Yet, the H8 proton of A10 resonates at 8.28
ppm in the neutral pH conformation (Figure 3A) and at 8.53 ppm
in the acidic pH conformation (Figure 3B) of the G-A 12-mer
duplex. This downfield shift at acidic pH may reflect contributions
from ring protonation at A10, and hence we favor formation of
a G3(syn)-Al0+(anti) base pair (Chart V) at acidic pH. The
pK, for adenosine protonation in the free base is approximately
4, but the pK, for A10 protonation may be much higher when
G3(syn)-A10(anti) is embedded in a helix. Similar arguments
have been put forward for formation of a protonated A+-
(anti)-C(anti) base pair.?> We consider G3 protonation of the
G3(syn)-A10(anti) pair at acidic pH unlikely since the H8 proton
of G3 resonates to high field at acidic pH (7.56 ppm; Figure 3B)
compared to neutral pH (7.90 ppm; Figure 3A).

We have not detected an exchangeable resonance that could
be assigned to an imino proton between the N1 of A10 and the
N7 of G3 corresponding to formation of the second hydrogen bond
for the G3(syn)-A10+(anti) mismatch pair (Chart V). Possibly,
this could reflect the high exchange rate for this protonated imino
proton.

Localized Conformational Perturbation. The chemical shift
differences for the base and sugar ring protons of the G-A 12-mer
duplex at neutral and acidic pH are listed for the purine and
pyrimidine residues in Table I. The largest chemical shift dif-
ferences are detected in the (G2-G3-G4)-(C9-A410-C11) segment
centered about the G3-A10 mismatch site. By contrast, the
differences are minimal at the A5-T8 and A6-T7 steps in the center
of the helix. These results suggest that insertion of either G3-
(anti)-A10(anti) or G3(syn)-Al0+(anti) pairs results in local
conformational perturbations that do not extend beyond the base
pairs flanking the purine-purine mismatch site.

The largest nonexchangeable proton chemical shift differences
for the G-A 12-mer duplex on proceeding from neutral pH to low
pH conformations are downfield shifts of 0.79 ppm for the H1’
proton of G2 and 0.72 ppm for the H2’ proton of C9 (Table I).
These shifts most likely reflect changes in the ring current con-
tributions due to alterations in the stacking patterns at the G3-A10
mismatch site.

(25) Hunter, W. N.; Brown, T.; Anand, N. N.; Kennard, O. Nature
(London) 1986, 320, 552-555.

Alternate G-A Pairing Schemes. Several pairing orientations
have been proposed previously for the G-A mismatch, including
the G(anti)-A(anti) pairing'>!%'6 and the G(anti)-A(syn) pairing,'
as well as looped out bases at the G-A mismatch site.2¢

The G(anti)-A(syn) pairing proposed for the G:A mismatch
from X-ray studies on a different dodecanucledotide duplex!® is
not supported by our experimental NMR data on either the G-A
12-mer (Chart I) or the A:G 12-mer (Chart II) duplexes.

Further, the present NMR study finds no evidence for G-A
mismatch conformations where the bases are looped out of the
helix as proposed in a previous NMR study of G-A mismatch
containing DNA fragments.?® The NMR studies on G-A mis-
matches in our paper demonstrate that exchangeable resonances
detected between 10 and 11 ppm reflect formation of G(syn)-
A+(anti) (Chart V) rather than looping out of the bases at the
G-A mismatch site.?

The present experiments have established a pH-dependent
equilibrium between G(anti)-A(anti) and G(syn)-A+(anti) pairs
for both G-A 12-mer and A-G 12-mer duplexes in aqueous so-
lution. These pairs along with the G(anti)-A(syn) pair establish
the presence of more than one type of guanosine-adenosine
alignment and may account for the differential recognition of this
mismatch by the repair system.
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