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Abstract: The triplex formation of disulphide containing oligonucleotide with 

duplex DNA using melting temperature studies is reported. The stability of the 

triplex formed with disulphide containing oligonucleotide was compared with 

unmodified oligonucleotide and C-5 propyne deoxyuridine containing 

oligonucleotide. Melting temperature (Tm) values of the triplexes formed with 

disulphide containing oligonucleotide were found to be 37 oC and 46 oC at  pH 

7 and 6 respectively. The triplexes formed with C-5 propyne deoxyuridine 

substituted oligonucleotide showed Tm values at 27 oC and 42 oC at  pH 7 and 

6. The Tm values of the triplexes formed with unmodified oligonucleotide were 

found to be 18 oC and 32 oC at pH 7 and 6 respectively. This clearly 

demonstrates that disulphide containing oligonucleotide stabilzes triplex DNA 

structure better than unmodified oligonucleotide as well as C-5 propyne 

deoxyuridine containing oligonucleotide when targeted with duplex DNA at 

both the mentioned pH values. 

Keywords: C-5 Thiopropyne substituted oligonucleotides, Tm studies, Triplex formation, C-5 Propyne 
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Introduction 

High affinity, sequence specific recognition of double stranded DNA by oligonucleotide 

analogues is important for the selective control of gene expression
1-3. 

The triple helix 

formation with RNA single strand may interfere with transcription in DNA and translation 

in RNA
4,5

. Since the discovery of the poly U, poly A poly U nucleic acid triple helix, variety 

of base triplex motifs other than U-A:U have been characterized
6-9

. However, two
10-11

 

structural motifs have become popular. These two motifs differ in the composition of base triplet 

and strand polarity. In pu-pu:py motif the third strand is purine  rich  and  is in  an  antiparallel 
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orientation to the Hoogsteen side of the purine strand of the Watson Crick duplex. This 

motif exhibits G -G C, A- A: T and T- A: T base triplet
12

.
  
In py-pu:py motif the third strand 

consists  only of pyrimidine bases and  is paired to the Hoogsteen side of purine strand in a 

parallel fashion. The py-pu:py motif shows T-A:T and C+- G: C
9
,
10 

base triplets. Formation 

of the C- G: C triplet requires condition of low pH (<6.0) necessary for protonation of the 

third strand cytosine. The free nucleotide has a pK of 4.5 but this is elevated when 

oligonucleotides containing cytosine is used for triplex formation. The increase in pK   

depends on number and location of cytosines
13

. Several cytosine analogues have been 

synthesized in attempt to overcome this restriction
14-31

. Till now most of the bases analogues 

which have been prepared for triplex formation are derivatives of cytosine and have been 

designed to overcome the requirement for conditions of low pH. It is well known that C+ G-C 

is more stable than TAT. An approach different for increasing triplex stability is to modify 

the TAT triplet. Few efforts have been made to improve the stability of TAT triplet
32-41

. 

Experiments with 5- propargylamino- dU as a charged analogue of thymine to stabilize TAT 

triplet have been described
35

. Here, in we describe, stabilization of triplex using disulphide 

containing oligonucleotide. Using an earlier described method
42

 thiol groups were 

incorporated at two adjacent thymidines of TTCTTTCTTTTC (Table 1). There after 

disulphide bond (Table 1) was made by oxidizing thiol groups
43

. The disulphide containing 

oligonucleotide thus prepared was targeted with double stranded oligonucleotide. For 

comparison, unmodified as well as C-5 propyne deoxyuridine containing oligonucleotides 

were also studied. Thermal denaturation studies showed that disulphide containing 

oligonucleotide was superior to unmodified as well as propyne deoxyuridine modified 

oligonucleotides. 

Experimental 

The unmodified oligonucleotides and C-5 thiopropyne substituted deoxyuridine containing 

oligonucleotide were synthesized, deprotected, purified and analysed (base composition) as 

described else where
42

. Propyne deoxyuridine containing oligonucleotide was synthesized 

using 5-(1- propyne) -2’- deoxyuridine phosphoramidite (Glen Research). The propyne 

deoxyuridine containing oligonucleotide was deprotected and purified as the unmodified 

oligonucleotides. The preparation of disulphide containing oligonucleotide and purification 

was carried out as described earlier
43

. The purification of the oligonucleotide, 3, was carried 

out using 5’CCTCTTAAGAAAGAAAAGCTTCCT3’, 5, as template. The 15 nmole  of   3 

and  15 nmole  of purified  5  were mixed  in buffer (100 mM NaCl, 10 mM MgCl2 and 10 mM 

PIPES) and exposed to air for 5-6 h and left overnight at 4 
o
C. The solution was dialyzed 

against water (4x2.0 L) for 16 h and dried in Speed Vac concentrator. The dried 

oligonucleotides thus obtained were purified by gel electrophorsis on 20% polyacrylamide 

containing 7 M urea, followed by crush, soak and dialysis methods. The oligonucleotide, 3, 

thus obtained was quantitated by UV absorbance at 260 nm. The molar extinction coefficient 

for oligonucleotide containing the non-natural residues was determined by taking molar 

extinction coefficient of 5- (1-propyl)-2’- deoxy uridine (Glen Research), ε = 3.2 X10
-3

.      

Melting temperature (Tm) studies 

Solutions for the thermal denaturation studies were prepared by mixing  1:1 of a given  DNA  

oligomers and double stranded DNA   (1.5 µ M each) in a buffer (100 mM, NaCl, 100 m M 

MgCl2, 100 m M NaPIPES) at pH 6 and 7 respectively. The mixtures were heated to 90 
o
C 

and allowed to cool down slowly to room temperature prior to the melting experiments. The 

melting studies were carried out in Teflon –Stoppered 1 cm  path  length  quarts  cells  under  
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nitrogen atmosphere using a varian carry UV- Vis spectrophotometer equipped with thermo 

programmer. Absorbance (260 nm) was monitored while temperature was raised from 10 
o
C 

to 90 
o
C at a rate of 0.5 

o
C/ min. 

Results and Discussion 

The sticks structure of disulphide bond formed between two adjacent C-5 thiopropyne 

deoxyuridines is shown in Figure 1. The oligonucleotide sequences synthesized are tabulated 

in Table 1. Tm data of the triplexes determined by thermal denaturation studies is tabulated in 

Table 2. The Tm profiles of triplexes are shown in Figures 2 - 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The disulphide bond formed between two adjacent C-5 thiopropyne deoxyuridines 

Table 1. The oligonucleotide sequences synthesized 

S.No                         Oligonucleotide sequences 

1 3’ TTCTTTCTTTTC5’ 

2 
                     

S–S 

               I I  

3’ TTCTTTCTTTTC5’ 

3 
                     

P P 

               I I 

3’ TTCTTTCTTTTC5’
 

P=. Propyne 

4 5’GGACTCTATCAGAAAGAAAAGGGACTCTATCAGAG3’ 

3’CCTGAGATAGTCTTTCTTTTCCCTGAGATAGTCTC5’
 

5 5’CCTCTTAAGAAAGAAAAGCTTCCT3’ 

Table 2. Tm Data of triplexes 

Triplexes     Tm 
0
C 7 pH     Tm 

0
C 6 pH  

4 72.95 72.42 

4+1 18.0, 72.12 32.0, 72.50 

4+2 37.0, 72.12 46.0, 72.30 

4+3 27.0, 72.12 42.0, 72.42 
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Figure 2. Tm profiles of 4+1 at 6 pH 

(lower one) and 7 pH (upper one) 

Figure 3. Tm profiles of 4+2 at 6 pH 

(lower one) and 7 pH (upper one)  

 
 

Figure 4. Tm profiles of  4+3  at 6 pH  ( lower)  and  7 pH (upper) 

 The denaturation studies resulted in two transition in all the cases. The first transition 

corresponds to the melting of triple helix and the second transition to the duplex target, as 

shown in Figure 2-4. The Tm values  of   triplexes  are  higher  in case of disulphide 

containing oligonucleotide, 2, as compared to unmodified oligonucleotide, 1, as well as C-5 

propyne deoxyuridine containing oligonucleotide, 3, at both the pH values. The Tm values of 

the triplexes were found to be higher in case of disulphide containing oligonucleotide by 

19 
o
C and 14 

o
C as compared to unmodified oligonucleotide and by 10 

o
C and 4 

o
C as 

compared to propyne deoxyuridine containing oligonucleotide at pH 7 and 6 respectively. 

Hence disulphide containing oligonucleotide is a better candidate for targeting a genomic 

DNA than the unmodified oligonucleotide, 1, as well as propyne deoxyuridine modified 

oligonucleotide, 3. The triplex stabilization appears to be due to the presence of disulphide 

bond which reduces flexibility in the disulphide containing oligonucleotide sequence. Earlier 

Glick et al.
44-45

 have reported synthesis of conformationally restricted DNA hairpin and 

showed by optical melting studies that disulphide cross linked increases Tm by 21 
o
C relative 

to the wild type sequence. Kool et al.
42

 have synthesized bicyclic oligonucleotides by 

making a disulphide bond  in between the circular DNA molecule and have shown that 

bicylic oligonucleotide has very high affinity for single stranded oligonucleotide. Jone 

et al.
33

 have made use of oligonucleotides containing a covalent conformationally restricted 

phosphodiester analog for high-affinity triple helix formation; the riboacetal internucleotide 

linkage. Froehler et al.
34

 have used  oligodeoxynucleotides containing C-5 propyne analogs of 

2′-deoxyuridine and 2′-deoxycytidine for stabilization of  triplex. From this it become clear that 
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conformation restriction as well as π-π
*
 interactions  promote triplex stabilization. In the 

present case we have made use of both the techniques. The thiopropyne modified 

oligonucleotide contains triple bonds as well as a disulphide bond between the two adjacent 

deoxyuridines to restrict the conformation and hence stabilized triple helix.  

Conclusion 

Our Tm study  results  clearly show  that  disulphide containing oligonucleotide stabilizes the  

triplex DNA structure significantly better than both unmodified oligonucleotide  as well as 

propyne deoxyuridine containing oligonucleotide at both the pH values. Thus disulphide 

containing oligonucleotide can be better transcription inhibitor.  
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