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Abstract—The stability of the parallel-stranded (ps) DNA duplexes is increased when the dA-residues are replaced by the 7-sub-
stituted 7-deaza-2'-deoxyadenosine derivatives 3a,b or the dG-residues by the 8-aza-7-deazapurine 2'-deoxynucleosides 6 and 7a,b.
Also the N-7-glycosylated adenine 5 forms stable base pairs in ps-DNA while it destabilizes oligonucleotide duplexes with anti-
parallel chain orientation. The presence of a 2-amino group as in compound 4b is critical for the DNA-structure, leading to a much
greater destabilization of the ps-hybrids than of aps-DNA. © 2000 Elsevier Science Ltd. All rights reserved.

Parallel-stranded (ps) DNA is formed when the guanine—
cytosine Watson—Crick base pair of antiparallel-stranded
(aps) DNA is replaced by the isoguanine—cytosine pair
(I) and/or isocytosine— or 5-methylisocytosine—guanine
pairs (II).!= The adenine-thymine pair has not to be
displaced as it shows ambiguous base pairing (III and
IV) which allows the formation of parallel and anti-
parallel duplexes without modification. Nevertheless,
the stability of the base pair III is lower than that of IV
resulting in less stable ps-hybrids when the number of
adenine—thymine pairs (III) is higher than that of the
base pairs I and I1.° In order to overcome this problem
it was of interest to stabilize ps-DNA by the incorpora-
tion of modified bases which strengthen aps-DNA.7-8
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In a first set of experiments, the 2’'-deoxyadenosine
residues were replaced by the base-modified nucleosides
3-5 (Table 1). The oligonucleotides of Tables 1-3 were
synthesized on solid-support using phosphoramidite
chemistry.”!® The composition of the oligomers was
proven by enzymatic hydrolysis’ and MALDI-TOF
spectra. As standard duplexes with parallel chain orien-
tation the hybrids 9-10 and 11-12 containing 2’-deoxy-
isoguanosine (iGy, 1) and 2’-deoxy-5-methylisocytidine
(m3Cyq, 2) were chosen. The T-values of the duplexes
are shown in Table 1.
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As can be seen, the incorporation of the 7-substituted
7-deazaadenosine derivatives 3a,b (synthesis of the
nucleosides''~!7) stabilizes the ps-duplex (9-13 and 9-15
versus 9:10). A slight destabilization is observed when
the 8-aza-7-deazaadenosine 4a is introduced (9-17 ver-
sus 9-10). Compared to the standard duplexes 9-10 and
11-12 the 2-amino-8-aza-7-deaza-2'-deoxyadenosine (4¢)
has no significant influence on the duplex stability (—
9-21 and 11-22), while the amino-8-aza-2-7-deazapurine
nucleoside 4b leads to a strong decrease of the T,,-value
(9-19 versus 9:10). The N-7-glycosylated adenine 5 is
well accommodated in ps-DNA.!%!° The most probable
base pair motifs for the duplexes are shown in the
motifs V-VIII.
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In a second series of experiments, the influence of mod-
ified guanine derivatives on the stability of ps-duplexes
was studied. For this purpose compounds 6, 7a,b were
chosen which stabilize aps-DNA.® They were incorpor-
ated opposite to 2'-deoxy-5-methylisocytidine (2),
thereby replacing 2’-deoxyguanosine. The incorporation
of 8-aza-7-deaza-2'-deoxyguanosine (6) stabilizes the
base pair (IX) as demonstrated in the case of the ps-
duplexes 9-25 and 11:26 (Table 2). A further stabilization
is observed when the 7-halogenated derivatives 7a or 7b
are incorporated instead of 2’-deoxyguanosine (9-27,
9-29 versus 9-10; 11-28, 11-30 versus 11:12). Depending
on the sequence the stabilization is 2° per base pair for
compound 7a and almost 3° per base pair in the case of
the ps-duplex 9-29 containing compound 7b.
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In a third set of experiments (Table 3), the modified
nucleosides 3a, 4b,c, 5 and 7b were incorporated into
parallel as well as into antiparallel dodecamers, and the
stability of these duplexes was investigated. According
to Table 3, the 7-substituents of the 7-deaza-2’-deoxy-
adenosine (3a) or 8-aza-7-deaza-2'-deoxyguanosine (7b)
stabilize both ps- and aps-duplexes. The ATy, in the ps-
DNA is + 1.5° per base pair for compound 3a and +1°
for 7b. The influence of the modified bases on the duplex
stability is stronger in aps-hybrids than in ps-DNA. Here,
the T,,-value is increased by 2.5° per modified base for
3a and 3° per base pair for 7b. The incorporation of the
8-aza-7-deaza-2,6-diaminopurine nucleoside 4c¢ increa-
ses the stability of the aps-duplex (12-21 versus 12-10)
while it does not alter the stability of a ps-hybrid (9-21
versus 9-10). A strong destabilization is found, how-
ever, when the 2-amino-8-aza-7-deazapurine nucleoside
4b was replacing dA in a duplex with parallel chain
orientation (9-19 versus 9-10). In contrast to that, the
T-decrease in the aps-duplex is rather small (12-19
versus 12-10). The N-7-glycosylated adenine 5 is well
accommodated in parallel DNA while its incorporation
in aps-DNA results in a rather labile duplex (9-31 versus
12:32).

Pattabiraman has constructed a parallel right-handed
DNA from dA—dT reverse Watson—Crick base pairs on
the basis of molecular mechanics calculations.? Corre-
sponding duplexes have been prepared by Jovin.?! One
outcome of this model was the equal size of the grooves,
in contrast to the distinct grooves of B-DNA. Recently,
a parallel decamer duplex containing iG4—dC, m’iCq—
dG and dA-dT base pairs with all pairs in the reverse
Watson—Crick pairing mode was investigated by NMR
spectroscopy.?”> In general, this work supports the
model of Pattabiraman,?° but more detailed structural
information was given. Furthermore, it was shown that
intercalators are effectively bound to ps-DNA.
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Table 1. T,,-values of oligonucleotides modified by iGy, m*iC4 and 2'-deoxyadenosine derivatives®?

ps-Duplexes © T (°C) ps-Duplexes © T (°O)
5'-d(ATiICiCAiGTTATIGA) (9) 39 5-d(TiCATAAICTIGiGAT) (11) 44
5-d(TA G GT CAATACT) (10) 5-d(A GTATT GA C CTA) (12)

5-d(AT iCiCAIGTTAT iGA) (9) 43 5'-d(TiCAT AAICT iGiGAT) (11) 48
5-d(T3a G GT CAAT3a CT) (13) 5'-d(A GT3aTT G3a C C TA) (14)

5-d(AT iCiCAIGTTAT iGA) (9) 41 5-d(TiCAT AAICT iGiGAT) (11) 43
5'-d(T3b GGT CAAT3b CT) (15) 5'-d(A GT3bTT G3b C CTA) (16)

5-d(AT iCiCAiG T TA TiGA) (9) 37 5'-d(TiCAT AAICT iGiGAT) (11) 44
5'-d(T4a G GT C4adaT4a CT) (17) 5'-d(A GT4aTT G4a C CTA) (18)

5-d(AT iCiCAIGT T AT iGA) (9) 25 5-d(TiCA TAAICT iGiGAT) (11) 27
5’-d(T4b GGT C4b4bT4b CT) (19) 5'-d(4bGT4bTT G4b C CTA) (20)

5-d(ATICiCAiG T TATIGA) (9) 38 5'-d(TiCAT AAICTiGiGAT) (11) 45
5-d(TA G GT C4c4cTA CT) (21) 5'-d(A GT4cTT G4c C CTA) (22)

5-d(ATICiCAIGT T ATiGA) (9) 37 5-d(TiCATAAIC TiGiGAT) (11) 38
5-d(TAGGTCS55TACT) (23) 5'-d(A GTS TT G 5 C CTA) (24)

aUV-measurements (260 nm) were performed in 1 M NaCl, 0.1 M MgCl, and 60 mM Na-cacodylate buffer, pH 7.0. Single strand concentration is
5 uM.

®Numbers refer to the related nucleosides.

¢d(iC) =m?>Cyq = compound 2.

Table 2. Tp-values of oligonucleotides modified by iGg4, m®iC4 and 2’-deoxyguanosine derivatives®P°

ps-Duplexes® Twm (°O) ps-Duplexes® Twm (°C)
5-d(ATiCiCAIGTTATIGA) (9) 39 5-d(TiCATAAICTIGIGAT) (11) 44
5-d(TAGG T C AATA CT) (10) 5-d(A GTATT GA C CTA) (12)

5-d(ATiCiCAIGTTATIGA) (9) 40 5'-d(TiCATAAICTiGIGAT) (11) 47
5'-d(TA 6 6 T CAATA CT) (25) 5'-d(A 6 TATT 6 A C CTA) (26)

5-d(ATiC iCAIGTTATIGA) (9) 43 5-d(TiCATAAICTIGIGAT) (11) 48
5-d(TA7a7a T CAATA CT) (27) 5'-d(A7aTATT7aA C CTA) (28)

5'-d(ATiC iCAIGTTATIGA) (9) 45 5'-d(TiCATAAICTiGiGAT) (11) 48
5-d(TA7b7bT CAATA CT) (29) 5'-d(ATbTATT7bA C CTA) (30)

a<See Table 1.

Table 3. Comparison of the T,-values of ps- and aps-oligonucleotide duplexes containing modified bases®

ps-Duplexes® T (°O) (ATw)d (°C) aps-Duplexes® Tm (AT,
5-d(ATiCiCAIGTTATIGA) (9) 37 3'-d(ATCCAGTTATGA) (12) 46

5-d(TA G GT CAATA CT) (10) 5-d(TAGGTCAATACT) (10)

5'-d(ATiCiCAIGTTATIGA) (9) 40 (+3) 3-d(AT CCAGTTA TGA) (12) 51 (+5)
5-d(T3aGG T CAAT3aCT) (13) 5'-d(T3aGGTCAAT3aCT) (13)

5-d(ATiCICAIGT T ATiGA) (9) 20 (=17) 3-d(AT CCAGT T AT GA) (12) ) (—4)
5-d(T4bGG T C4b4bT4bCT) (19) 5-d(T4bGGTC4b4bT4bCT) (19)

5'-d(ATiCICAIGT T ATiGA) (9) 37 ) 3-d(ATCCAGT T ATGA) (12) 50 (+4)
5-d(TAG G T C4cdcTA CT) (21) 5'-d(TAGGTC4c4cTACT) (21)

5'-d(ATiCICAIGT TATIGA) (9) 39 (+2) 3-d(AT C C AGTTATGA) (12) 52 (+6)
5'-d(TA7bTbT CAATA CT) (29) 5'-d(TATHTBTCAATACT) (29)

5"-d(ATiCICAIGT TATIGA) (9) 35 (-2) 3-d(ATCCAGT TATGA) (12) 26 (—20)
5.d(T5G G T C55T5CT) (31) 5'-d(T 5GGTC 5 5 T5CT) (32)

2Measured UV-spectrophotometrically (260 nm) in 0.1 M NaCl, 10 mM MgCl,, 10 mM Na-cacodylate buffer, pH 7.0. Single strand concentration is
5 uM.

b<See Table 1.

4The ATy, is the Ty, difference compared to the parent duplex.
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Combining the data of structural investigation®’-2? with
the present study on the incorporation of modified
purine bases leads to the conclusion that (i) 7-deazapurines
such as pyrazolo[3,4-d]pyrimidines (8-aza-7-deaza-
purines) form stable reverse Watson—Crick base pairs in
ps-DNA and have a similar influence on the duplex
stability as in aps-DNA, (ii) the 7-substituents, such as
halogens or alkynyl residues of pyrrolo[2,3-d]pyr-
imidines or pyrazolo[3,4-d|pyrimidines are still well
accommodated in the groove of ps-DNA and stabilize
the duplex structure. This might be caused by an
increase of hydrophobicity and/or stacking interactions
of the helix; (iii) an N-7-glycosylated adenine (5) forms a
rather stable ps-DNA while aps-DNA becomes labile;
thus the reversal of the glycosylation sites has an ana-
logous effect on the base pair recognition as the
exchange of substituents (dG—iGy); (iv) a 2-amino
group, e.g. in the 2-amino-8-aza-7-deazapurine nucleo-
side 4b destabilizes a ps-duplex (9:10—9-19; —17°C)
much more strongly than in a duplex with antiparallel
chain orientation. (10-12—12-19; —4°C) indicating the
autonomous structure of ps-DNA.
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