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Abstract: Thermal stability of DNA: RNA duplex formation of disulphide bond containing
oligodeoxynucleotide was studied using UV thermal melting (T,,). The disulphide bond containing
oligodeoxynucleotide increased the melting temperature of DNA:RNA duplex by 9.5°C to duplex
containing unmodified oligodeoxynucleotide. The DNA: RNA duplex stability of disulphide bond
containing oligodeoxynucleotide was also enhanced by 3 °C relative to duplex containing C-5 propyne
deoxyuridine substituted oligodeoxynucleotide.
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Introduction

Synthetic oligodeoxynucleotides have greater potential to become a new type of rationally
designed therapeutic agent'>. These compounds interfere with the expression of selected
genes through interactions with m RNA, genome DNA®*® or regulatory proteins®*°.
Antisense oligo deoxynucleotides recognize target mMRNA sequence through Watson- Crick
hydrogen bonding between A and T and G and C. This recognition is highly specific and
may lead to development of less toxic and more site specific therapeutic agents™. The use of
oligodeoxynucleotides as antisense inhibitor of gene expression**? and probes for RNA
processes™>*® requires high affinity for RNA. It has been shown in the past that chemical
modification of oligodeoxynucleotides can improve their therapeutic potential'®*’. The
modifications may be carried out at base, sugar or backbone of oligodeoxynucleotides. The
C-5 propyne analogs of 2’- deoxycytidine significantly enhanced the affinity to double
helix formation with single strand RNA, relative to thymidine and 5- methyl-2-
deoxycytidine®. To improve the affinity of single strand ligand towards single strand RNA
various other successful modifications have been carried out in the past'®?’. Recent
candidates of such chemically modified oligonucleotide analogs include HNA?, locked
nucleic acid (LNA)®*, 2'-MOE-RNA and related 2’-O-modified RNA®, PNA and
modifications thereof*, Morpholino-NAs® and tricyclo-DNA®***. Earlier we have shown
that disulphide bond containing oligodeo xynu- cleotide stabilizes triplex structure*** as
well as DNA: DNA double helix structure®. Here in, we describe binding of disulphide

bond containing oligodeoxynucleotide with ribonucleic acid sequence.
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Experimental
Synthesis of oligonucleotides

The unmodified oligonucleotides (deoxy- as well as ribo-) and C-5 thiopropyne substituted
thymidine containing oligonucleotide were synthesized, deprotected, purified as described
else where®’. Base composition analysis of oligonucleotides was carried out as described else
where®’. Propyne oligonucleotide was synthesized using C-5-(1-propyne) -2’- deoxyuridine
phosphoramidite (Glen Research). Preparation and purification of disulphide bond
containing oligonucleotide was carried out as described earlier®”® .

Synthesis of free thiol containing oligonucleotide (2a)

The duplex containing free thiol groups was obtained by reducing the disulphide bond containing
duplex. A portion of duplex (R+2) was separately treated with 100 mM DTT overnight and
dialyzed against water (4X2L) and dried. Duplex was dissolved in 500 uL of PIPES buffer
(100 mM, NaCl, 100 mM MgCl,, 100 mM NaPIPES) and solution was stored at 4 °C overnight.

Thermal denaturation studies

The duplexes were prepared by mixing one is to one ratio of a DNA oligomers and
complementary RNA target oligomer (1.5 u M each) in PIPES buffer at 7 pH. The mixtures
were heated to 90 °C and allowed to cool down slowly to room temperature. The melting
studies were carried out on a Varian Carry UV- VIS Spectrophotometer equipped with
thermoprogammer. Teflon —Stoppered 1 cm path length quartz cells were used. The melting
was carried out under nitrogen atmosphere. Absorbance (260 nm) was monitored while
temperature was raised from 8 °C at a rate of 0.5 °C/ min.

Results and Discussion

The oligonucleotides synthesized are listed in Table 1. T,, of the duplexes determined is
listed in Table 2. T,, profiles of the duplexes are shown in Figure 1. Ball and stick model of
disulphide bond formed between two adjacent free thiol groups of C-5 Thiopropyne
thymidines is shown in Figure 2. The duplexes were derived from oligonucleotides 1 to 3 and
complementary single stranded RNA. The melting temperature (Table 2) of the duplex (R+2)
is higher by 9.5 °C and 3.0 °C relative to (R+1) duplex and (R+3) duplex respectively. It is
interesting to note that duplex containing disulphide bonded oligonucleotide is relatively more
stable to duplex containing propyne —substituted oligonucleotide. This stabilization may be due
to the favorable geometry of disulphide bond present in the center of the oligonucleotide.

Table 1. Oligonucleotides synthesized

S.No Oligonucleotide Sequence
R 3’ AAGAAAGAAAA S’
1 5 TTCTTTCTTTTC3’

2 S-S
11
5 TTCTTTCTTTTC3
2a HS SH

1
5’TTCTT TCTTTTC 3’
3 rP Pr
1
5 TTCTT TCTTTTC 3’
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Table 2. T,,data of RNA/ DNA Duplexes

Duplexes T, °C
R+1 42.50
R+2 52.00
ATn 09.50
R+2a 46.00
ATn 03.50
R+3 49.00
ATn 06.50

0.5 4 J
0.45 | J
0.4 4 ‘:

0.35 | /
0.3 4

0.25 4 m—/-”‘"f'—

o 10 26 40 =13 70
Temperature, °C

Figure 1. T, profile of RNA / DNA duplexes (A) R+1, (o) R+2, (¢) R+2a, (0) R+3

Absorbance at 250 nm

Figure 2. Disulhpide bond between two adjacent C-5 Thiopropyne thymidines

The oligodeoxynucleotide, 2a containing two free thiol groups increased the Tm of
(R+2a) duplex by 3.5 °C relative to (R+1) duplex. It has been shown that DNA hairpin
containing disulphide cross link increased the T,, by 21 °C relative to the wild type
sequence®“. The oligodeoxynucleotides containing propyne analogs of 2-deoxyuridine and
2-deoxycytidine have been used to stabilize the duplexes'®. The stabilization of duplex in
case of cross linked oligonucleotide was due to the restriction in flexibility of duplex. The
oligodeoxynucleotides containing C-5 propyne analogs of 2-deoxyuridine and
2-deoxycytidine stabilized duplexes due to n- @ interactions. The disulphide modified
oligonucleotide contains triple bonds to promote n- @ interactions as well as a disulphide
bond between the two adjacent deoxyuridines to restrict the conformation.
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