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Abstract: Modified G*C, *GC or *G*C base pairs have been incorporated at the 3 and 8% positions of a self-
complementary decadeoxyoligonucleotide. The influence of these modifications on duplex stabilities has been
studied by absorption spectroscopy. It has been found that a few of them have thermal stabilities similar to that
of the AT base pair. © 1997 Elsevier Science Ltd.

The hybridization of DNA fragments immobilized on solid-support with oligonucleotides allow the
detection of mutations" . However, the efficiency of this strategy reaches its limit when the number of
mutations or defects becomes great as in the case of the B-globine® or CFTR? genes and more particularly the
p53 human gene whose mutations number over 6, 000% . Recently a new strategy based on the hybridization of
nucleic acids with an array of oligonucleotides of the same length immobilized on a flat area has been
developed with the aim of analyzing long pieces of nucleic acids or a great number of nucleic sequences’’. This
strategy which implies the specific detection of hybrides without mismatch faces a basic difficulty due to the
large difference of duplex stabilities depending on their base composition. Thus GC rich DNA duplexes
involving a mismatch can be thermally more stable than perfect AT rich duplexes of the same length. Therefore
the discrimination between perfect and mismatched hybrids becomes difficult when a great number of
sequences are involved. To solve this problem, many studies were undertaken, however until now none has
been successfully completed.

In this paper, we report the results of studies developed in order to obtain nucleic acid duplexes whose
stabilities are independent or slightly dependent on their base composition. The method consists in modifying
one or both nucleic bases of the GC base pair to obtain modified G*C, *GC or *G*C base pairs with thermal
stabilities similar to that of the natural AT base pair. This approach involves the incorporation of the modified
base(s) in the probes by a chemical synthesis process and in the nucleic acid fragments to be analyzed
enzymatically. The latter constraints involve the choice of modified nucleosides whose 5°-triphosphates can be
accepted by the DNA polymerases. For these reasons in the preliminary study we choose deoxycytidine

derivatives substituted either at the 5-position by a methyl (dS'M°C) or bromo (4% C) group or at the amino
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group position by an alkyl (d*™C, d*¥'C, d**™°C) or propargyl (d**°"'C) or allyl (d**"'C) group as weli as
deoxyinosine (dI) and 7-deazadeoxyguanosine (d’°G) as dG analogs. These modified bases are able to form
with the natural or modified bases IC, I*C, "“GC, "°G*C or G*C base pairs whose thermal stabilities could be

modulated by certain R; and R; substituents (figure).
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Figure : Structures of the modified GC base pairs.

Due to the important work required for the synthesis of duplexes whereby every dC and/or dG has been
replaced by their d*C and/or d*G analogs, we chose to study self-complementary duplexes involving ten base
pairs whose GC base pair at the 3" and 8" positions are either modified or replaced by an AT base pair (table).
To increase the probability of obtaining a modified GC base pair whose thermal stability is slightly different
from that of the AT base-pair, studies were developed with duplexes involving either a base pair formed by a
natural and a modified nucleic base (G*C or *GC) or a base pair formed by two modified bases (*G*C). The
synthesis of the self-complementary decadeoxynucleotides 1 to 19 was performed by phosphoramidite
chemistry on solid phase using commercial products for d*™C, d*®C, d’°G and dI. The phosphoramidite
derivatives of d*™C, d**'C, d*"°C, d*PP*®'C and d**"™C were prepared from modified nucleosides obtained
by activation of the C4 position of 2’-deoxyuridine treated with phosphorus oxychloride in the presence of
triazole followed by aminolysis to afford the expected alkyl derivatives'®. The absorption studies of the
duplexes were performed with 2 pM of each oligonucleotides in 102 M sodium cacodylate pH 7 buffer
containing 1 M NaCl and 2 10™* EDTA on a UVIKON 941 cell changer spectrophotometer. The melting

temperatures (Tm) were taken as the temperature corresponding to the half-dissociation of the complex.
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Duplex Tmx1°C| ATm/2 | ATl

n° X Y

1 A T| 340 -45

2 G C| 385 +45
3 G Mecl 425 +4.0 +85
4 G SBrel 430 +45 +90
5 G Moot 340 -45 0
6 G Brel 325 -6.0 -15
7 G “Pocl 265 =120 -15
8 G sAd el 270 -115 -70
9 G Shoppl o1 27,0 -115 =70
10 G Ci 365 2.0 +25
1 G Mectl 390 +0.5 +5.0
12 G’c Brel o 420 +35 +8.0
13 G™ Mecl 305 -8.0 =35
14 G* sAel 270 -115 -1.0
15 1 cl| 290 -9.5 -5.0
16 I Mecl 325 -6.0 -15
17 I Brel o 350 -3.5 +1.0
18 [ Mecl 250 -13.5 -9.0
19 I AMCl 180 -20.5 -16

Table : Melting temperatures of duplexes (2 uM strand concentration) in 10 M sodium

cacodylate pH 7 buffer containing 0.1 M NaCl and 2 10* M EDTA and A Tm (°C).

The results of the hybridization study show that thermal stabilities of the duplexes are in agreement with
the expected values. Thus for duplexes involving the GC (2) or d’°Gec (10), or IC (15) base pairs, the
replacement of C by SMec (3, 11, 16) or SBre (4, 12, 17) increases the thermal stability of the hybrids, whereas
the substitution on the amine function of dC (5-9, 13, 14, 18, 19) has a destabilizing effect. The replacement of
G (2-8) by d’°G (10-14) leads to a slight destabilization while the substitution of G by I (15-19) induces a
stronger destabilization which could be due to the difference of the hydrogen bond numbers (3 for GC and 2 for
IC) as well as to other factors such as the stacking between adjacent nucleic bases and hydration of the
complexes. The latter two parameters seem to be important when comparing the stabilities of duplex 1 (Tm, =
34°C) and 15 (Tm,s = 29°C) having AT and IC base pairs, respectively, which are isomorphous and possess 2
hydrogen bonds. Regarding the thermal stabilitiy of duplexes 3 to 19 owning modified GC base pairs compared
to that of duplex 1 involving AT base pairs at the same positions, we can note the following points :

- In the series of duplexes 3 to 9 involving G*C base pairs, duplexes 5 (Tms = 34°C) and 6 (Tmg =
32.5°C) which possess the G*™°C and G**'C base pairs, respectively, have thermal stabilities slightly different
from that of duplex 1 used as a reference (Tm; = 34°C) (it is important to note that the margin of the error on

the Tm values is = 1°C).
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- In the series of duplexes 10 to 14 with "“GC or "“G*C (with *C = MeC, >BrC, *MeC and +AIC) base
pairs, the Tm values obtained are different from that of duplex 1 involving AT base pairs at the same position.

- In the series of duplexes 15 to 19 involving XY base-pairs equal to IC or [*C, the thermal stabilities of
duplexes 16 (Tmye = 32.5°C) and 17 (Tmy7 = 35°C) built with the base-pairs I°M°C and I°®’C, respectively, are
equivalent to that of the duplex 1.

These preliminary results show that it is possible to find one modified GC base pair whose thermal
stability is equivalent to that of the AT base pair. To reach this objective several approaches can be used. The
simplest one involves the modification of one of the base pair to reduce the GC base pair stability as in the case
of the G*™°C and G**'C. The second more complex approach allowing more possibilities consists in using of
two modified bases as in the case of the I"M°C and I’®'C base pairs. The development of this new strategy
involves the synthesis of sequences in which every GC base-pair is replaced by the modified base selected to
verify that their thermal stability is independent of their base composition. This work is in progress and will be

published elsewhere.
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