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A number of laboratories have reported on the abilities of 
nucleoside analogs and their derivatives to support triplex 
formation between an oligonucleotide third strand and duplex 
DNA.1 Here we demonstrate that oligopyrimidine I carrying 
Ar4-(6-aminopyridinyl)-2'-deoxycytidine (1) can form stable 
triplexes with DNA duplex IHII. The 3',5'-di-0-acetyl derivative 
of 1 was prepared by refluxing 4-(l,2,4-triazol-l-yl)-l-(/S-D-3,5-
di-0-acetylribofuranosyl)pyrimidin-2(l//)-one2 with 2,6-diami-
nopyridine in pyridine for 3 days.3 This nucleoside was converted 
to the iV-benzoyl-5'-0-dimethoxytrityl-3'-0-/8-cyanoethyl-./V,A'-
diisopropylphosphoramidite, which was used to prepare I by 
standard phosphoramidite procedures.4 In addition to nucleoside 
1, oligopyrimidine I contained thymidine and 5-methyl-2'-
deoxycytidine (C). 

Figure 1 shows absorbance versus temperature profiles of 
solutions containing equimolar concentrations of oligomers I, II, 
and III. The biphasic curves are indicative of triplex formation, 
where the first transition corresponds to melting of strand I. This 
interpretation was confirmed by CD spectroscopy. The CD 
spectra of triplexes 1-H-IH(I-A-T) and I-n-HI(l-C-G) at 10 0C 
showed a characteristic reduction of Ae at 220 and 280 nm relative 
to the calculated Ae for H-HI and noninteracting I.1'-5 At 40 0C, 
a temperature at which the triplex has melted but the duplex is 
still intact, the observed spectra were identical to the calculated 
sum of the spectra of I and duplex H-HI. 

Triplexes of different stabilities were observed with each base 
pair combination at position X-Y of duplex IHH(X-Y). The 
rm's for HHn(I-A-T), 32 0C, and 1-H-HI(I-C-G), ~36 0C, 
were 12-14 0C higher than those observed for HMn(I-T-A) or 
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Figure 1. Temperature versus A^to profiles of MI-III(I-X-Y) measured 
at pH 7.0 in a buffer containing 0.1 M sodium chloride, 20 mM magnesium 
chloride, and 50 mM 3-(JV-morpholino)propanesulfonic acid (MOPS) 
buffer. The oligomer concentration was 1 jiM per strand, and the solutions 
were heated from 0 0 C to 60 8C at a rate of 0.5 deg/min. Base pairs 
X-Y in II-III are shown at the right of each curve, and the curves are 
offset for clarity. 

Figure 2. Partial 300-MHz 1H NMR spectra of 1 in DMSO-(Z6. 

I-n-HI(l-G-C). In the case of 1-H-HI(I-C-G), a broad biphasic 
transition was consistently observed between 24 0C and 44 0C. 

Hydrophobic interactions between the pyridinyl ring of 1 and 
neighboring bases may contribute to triplex formation by I. In 
the case of 1-H-HI(I-G-C), hydrogen bonding between the N-3 
(protonated) and N-4 positions of the amino tautomer of the 
cytosine ring of 1 and G of the G-C base pair appears to be sterically 
feasible. The observed reduction in Tm of 1-H-HI(I-G-C) to 15 
0C at pH 8.0 is consistent with such a hydrogen-bonding scheme. 
The more stable MMU(I-A-T) and MMU(I-GG) triplexes may 
involve additional hydrogen-bonding interactions, as shown 
schematically below. Both triads invoke an unusual imino 

tautomeric form of 1. This tautomer provides a pattern of 
hydrogen bond donor and acceptor groups which would allow 
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formation of two hydrogen bonds with the C-G base pair and 
three hydrogen bonds with the A-T base pair. Only a single 
hydrogen bond can be drawn between the pyridinyl amino group 
of 1 and the 0-6 of G or the 0-4 of T if 1 is in the amino tautomeric 
form. This hydrogen-bonding scheme could account for the higher 
Tm of HMII(I-A-T) relative to that of 1-IHII(T-A-T), a triplex 
whose third strand employs two hydrogen bonds per base triad 
and melts at 22 0C at pH 7.0.6 

Support for the existence of the imino tautomeric form comes 
from examination of the 1H NMR and UV spectra of 1. As 
shown in Figure 2, resonances corresponding to H-5 of cytosine 
and the Py-H3 of the pyridinyl ring are unusually broad at 22 
0C but appear as sharp doublets at 67 0C.7 Such broadening 
could be due to restricted rotation about the C4-N4 bond caused 
by formation of the imino tautomer of 1. Similar broadening 
was not observed for 04-(3-aminophenyl)-2'-deoxyuridine (2), 
an analog of 1 which cannot tautomerize. The UV absorption 
maxima of 1, 288 and 327 nm, appear at longer wavelengths 
relative to those of deoxycytidine, 270 nm, and diaminopyridine, 
308 nm.8 This red shift is consistent with conjugation between 
the cytosine and pyridine rings, which could occur as a result of 
tautomerization. The UV spectrum of 2, on the other hand, does 
not show a similar red shift. 
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The broad biphasic transition observed for MMI(I-GG) 
suggests the presence of more than one distinct type of triplex. 
Recent studies by Koshlap et al. show that the nonnatural base 
4-(3-benzamido)phenylimidazole specifically recognizes T-A and 
C-G base pairs as a result of intercalation.9 Intercalation may 
also play a role in triplex formation by base analog 1. 

Our results suggest that 1 and similar base analogs which can 
potentially contact both bases of a base pair might be used to 
extend the types of duplex sequences recognized by third-strand 
oligopyrimidines. Experiments to explore this possibility and to 
more completely characterize the interactions of 1 are currently 
in progress. 
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