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Pyrimidine oligodeoxyribonucleotides bind in the major
groove of DNA parallel to the purine Watson—Crick strand by
formation of specific hydrogen bonds between thymine and
adenine (TAT triplet) and protonated cytosine and guanine
(C+GC triplet) on the Hoogsteen face of the purine base.!
Alternatively, purine oligodeoxyribonucleotides bind in an
antiparallel orientation relative to the purine Watson—Crick
strand by formation of G*GC and A-AT triplets.> The prereq-
uisite protonation of cytosine in C+GC triplets leads to a
considerable pH dependence in the binding affinity of C-
containing oligodeoxyribonucleotides (Figure 1).!? Substitution
of 5-methylcytosine (™C) for cytosine results in increased
binding affinities near physiological pH.*4¢ In an attempt to
eliminate the necessity for protonation, recent efforts have been
directed toward the synthesis of nonnatural nucleosides which
display the hydrogen bonding functionality of protonated
cytosine.®®

We report that an N7-glycosylated purine, 7-(2-deoxy-3-D-
erythro-pentofuranosyl) guanine (d’G), when incorporated in
a pyrimidine oligonucleotide, binds with remarkable specificity
the Watson—Crick guanine—cytosine (GC) base pair by triple
helix formation. By attaching the deoxyribose moiety at the
N7-position of a guanine base, the third strand orientation in a
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Figure 1. Schematic representations of the base triplets "C+GC (top),
G-GC (middle), and "G-GC (bottom). Arrows indicate 5” — 3’ direction
of the phosphodiester backbone.

G-GC base triplet is reversed and becomes parallel to the purine
Watson—Crick strand (Figure 1).

The phosphoramidite of d’G was synthesized in four steps
from methyl 3,5-di-O-benzoyl-o,3-D-erythro-pentafuranoside
and N2-isobutyrylguanine (Figure 2).” The d’G nucleotide was
incorporated at a single position within 15-mer pyrimidine
oligodeoxyribonucleotide 1 by automated methods.®2 To test the
affinity and specificity of d’G, the association constants for the
formation of 20 triple helical complexes which vary at a single
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Table 1. Equilibrium Association Constants (M™') for 20 Triple Helical Complexes Which Vary at a Single Position*

XY
Z oligo AT CG GC TA
'G 1 <10* 46(+19) x 10° >1.6 x 108 <10*
mC 2 82(x1.9) x 10* 1.7 (£ 0.6) x 10° >1.4 x 108 <104
T 3 >2.1 x 108 54(£0.7) x 10° <10¢ <10¢
G 4 <10¢ <10* <5 x 10° 1.1 (£0.3) x 10°
A 5 1.6 (£ 0.6) x 10° <104 <10* <10¢

@ Data reported are the mean values of three footprint titration experiments == SEM. The titrations were performed at 22 °C, pH 7.0, in the
presence of 100 mM NaCl, 10 mM Bis-Tris*HCI, and 0.25 mM spermine-4HCI and allowed to equilibrate for 120 h prior to footprinting. Association
constants greater than 1 x 10® M™! are reported as lower limits due to the slow kinetics of triple helix formation under these conditions.
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Figure 2. Synthesis of the DMT protected phosphoramidite of d’G:
(a) N,O-bis(trimethylsilyl)acetamide, SnCls, CH3CN, room temperature,
2 h; (b) NaOH, THF, MeOH, H,0, 0 °C, 25 min; (c) DMTCI, pyridine,
room temperature, 4 h; (d) column chromatography: (e) N,N-diisopro-
pylethylamine, 2-cyanoethyl N,N-diisopropylchlorophosphoramidite,
THF, room temperature, 1 h.

common position Z:XY (where Z = 'G, "C, T, G, and A, and
XY = AT, GC, CG, and TA) were determined within a
pyrimidine motif by quantitative DNase I footprint titration (100
mM NaCl, 10 mM Bis-Tris*HCl, 0.25 mM spermine*4HCI, pH
7.0,22 °C) (Table 1).° The sequence context in which the Z-XY
pairings were studied is 5’-d(AAGAGAXAGAGGAAA)-3’
within a 314 base pair DNA restriction fragment.!” The affinity
of 'G is determined by comparison of oligonucleotides 1 and 2
(Z =G, ™C) opposite XY = GC (Figure 3). The sequence
specificity of 'G is determined by comparison of oligonucleotide
1 (Z ="G) opposite each of the four Watson—Crick base pairs
(XY = AT, GC, CG, and TA) (Figure 3).

We find that oligonucleotide 1 (Z = 7G) binds the target site
with an equilibrium association constant =1.6 x 108 M~!, an
affinity equal to that of oligonucleotide 2 (Z = ™C) (Table 1).
Importantly, d’G is specific for GC base pairs; the stabilities
of triple helical complexes containing d’G decrease in the order
d’GGC > d’GCG > d’G-AT, d’GTA (Table 1). The high
affinity and sequence specificity observed are consistent with
a model where G within the pyrimidine motif forms two
specific hydrogen bonds to the purine strand of the Watson—
Crick GC base pair (Figure 1). On the basis of these results,
we envision that a new parallel-stranded motif comprising
wholly N7 purines might be possible for DNA recognition by
triple helix formation.
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Figure 3. (top) Schematic representation of the oligonucleotides and
duplex target sites used in the quantitative DNase footprint titrations
(C indicates ™C). (bottom) Storage phosphor autoradiogram of an 8%
denaturing polyacrylamide gel used to separate the fragments generated
by DNase I digestion in a quantitative footprint titration experiment.
The bars drawn to the right of the autoradiogram indicate the positions
of the 15-mer binding sites within the 314-bp restriction fragment. Lane
1, products of a guanine-specific sequencing reaction; lane 2, intact 3’
labeled duplex after incubation in the absence of a third strand
oligonucleotide; lanes 3—20, DNA cleavage products produced by
oligonucleotide 1 at various concentrations (40 uM, lane 3; 20 uM,
lane 4; 8 uM, lane 5; 4 uM, lane 6; 2 uM, lane 7; 800 nM, lane 8; 400
nM, lane 9; 200 nM, lane 10; 80 nM, lane 11:; 40 nM, lane 12: 20 nM,
lane 13; 8 nM, lane 14; 4 nM, lane 15; 2 nM, lane 16; 800 pM, lane
17; 400 pM, lane 18; 200 pM, lane 19; and 80 pM, lane 20, and lane
21, DNA cleavage products produced in the absence of a third strand
oligonucleotide.



