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MINI-ANTISENSE OLIGONUCLEOTIDES 

D. YPyshnyi, I.A.Pyshnaya, S.G. Lokhov, E.M.Ivanova, V.F.Zarytova'^ 

Novosibirsk Institute of Bioorgmic Chemistry, Siberian Division of RAS, 
Novosibirsk 630090, Russia 

ABSTRACT A new strategy of selective DNA target ino&fication was proposed. The 
using of reactive derivatives of short oligonucleotides in the presence of flanking effector 
pair allows one to modify DNA target only when the perfect complementary complex of 
DNA target and oligonucleotide tandem is formed. 

The important problem remaining to be resolved is the enhancement of specificity 

and selectivity of the DNA recognition by oligonucleotide probes. The long oligonucle- 

otides have high hybridization properties and they are able to form sufficiently stable 

unperfect complexes with DNA. The short oligonucleotides have many possible bindmg 

sites within DNA sequence and their complexes are extremely unstable. Recently we 

have shown that site-specific interaction between short oligonucleotide and DNA can be 

intensified by a pair of flanking effectors, diphenaziniuin derivatives of short oligonucle- 

otides'. 

In this work comparative study of selective DNA recognition by alkylating deriva- 

tives of oligonucleotides of various length in the presence of effector has been carried 

out. 

The modification of Mtarget (20-mer) by alhylating (RCl)  reagent based on dode- 

ca-, octa-, and tetranucleotide without effectors or in the presence of both native 

octanucleotide and its phenazinium (Phn)  derivative in the complexes 1-3 was investi- 

gated. 

In the perfect complex 1 .  l a  reagent KCI-pN,, modified the M target efficiently 
(FIG. 1 a) but unfortunately the alkylation of several nucleotide bases was registered (FIG.2, 

line 1) (complexM+ pN,,(X=C), Tm=56"C). Whereas in the presence of effector EI(P/zn) 
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FIG I Temperature dependence ofM target modification extent in perfect complexes (X=C) 
a) l . l a  - curve I ,  1.2a - curve 2, b) 2.1 - curve 1 2.2 - curve 2, c) 3.la - curve 1 ,  3.2a - curve 2 
in the buffer 0 I M 'VaCI, 0 01 M tns-HCl (pH 7 2) 1 mM EDTA The Concentration ofMtarget 
waq 5 x 10' M, the concentrations of the oligonucleotide components were 1 x 10 ' M 

(complex 1.2a) only one base G9 of the target was alkylated and the extent of the whole 
target modification by the reagent was significantly decreased at temperature lower than 

20 M I  10 I 

1.1) 3 ' C G T A G T T C  G I  C G A G G T C C G T p 5 '  
RC'l-pC A G X T  C C A G  G C A 

KCf U \ , ~ ( X ~  

1.2) C G T  A G T T C  GT C G A G G T C  C G T p  
RCI-pC A G X T  C C A G G C A 

pG C A T  C A A  Gp 
P/lnl EI (phn)  l P h n  

C G T A G T T C  G T C  G A G G T C  C GTp 
3.1) I<( 'I-~IC A G X 

lcC1-pp\p(XJ 
p G C A T C A A G  pT C C A Ci G C A 

El E 2  

3.2) C G  T A G T T C ' G I  C G A G G T C C G T p  
RC'I-pC A G A' 

pG C A T  C A A Gp pT C C A G G C  Ap 

EZ(Phn) 
Phnl I P h n  Phnl 1'Phn 

2.1) C G T A G T T C G T C  G A G G T C  C G T p  
R('/-pC A G C  T C C A 

RCl PN&V 

2.2) C G T  A G  T T  C G T  C G A G G T  C C GTp 
R(?-pC A G C T C C A 

pGC A T C  A A Gp 
Phnl 1'Phn 

-1'Phn = -OCH2CH2NH-Phn 

Phnl- = Phn-NH-CH2CH2CH2NH- 

55°C (FIG la ,  2, line 2). Because the complex A4 + El(Fhn) had Tm = 55"C, It was 
suggested that in the presence of E l(iu/in) the reagent IK'1-pN,, alkylated the target at 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
3
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



MINI-ANTISENSE OLIGONUCLEOTIDES 1567 

20-55°C preferably in tandem complex and at temperature higher 55°C did it from com- 
plex M + RCI-pN,,. 

The main features of Mtarget modification by octanucleotide reagent RCf-pN, were 

the same as in the case of the dodecanucleotide reagent (FIG. 1 b). The alkylating reagent 

RCZ-pN, modified effectively at temperatures lower 35°C the wide number of the nude- 

otide bases of izf target. (Complex M + pN,, Tm = 35°C). In the presence of effector 

BI(Phn) only one base G9 of the target was modified and the extent ofMtarget alkyla- 

tion decreased at temperature lower then 35°C. 

The other influence of effectors on the target modification was observed for 

tetranucleotide reagent RCf-pN4. The tetranucleotide pN, has extremely weak hybridiza- 

tion properties and cannot form any complex with Mtarget; that is why the reagent ACI- 

pN, cannot modify the target2. The data obtained showed that in the presence of effector 

pairs El+E2 or El(Phn) +E2(Phn) (complexes 3 la and 3.2a) the reagent RCf-pN4 modi- 

fied M target (FIG. 1 c )  and only one base G9 of the target was alkylated (for example, 
FIG.2, line 6). The extent of target modification is in good correlation with the hybrid- 

ization properties of effectors. The highest alkylation was observed when phenazinim 

effector pair was used ( complex 3.2a). Thus, the diphenazinium effectors positively 

affect on the modification of the target by the tetranucleotide reagent in contrast to their 

effect on longer oligonucleotide reagents. 

The comparison of the Mtarget modification in the unperfect complexes was fulfil- 

led using the tetra- and dodecanucleotide alkylating reagents in the mismatched duplexes 

lb and 3b @=A). The equal efficiency of M target modification at 37°C by the 

dodecanucleotide reagent in the both perfect 1.1 a and mismatched 1.1 b complexes (60% 

and 61%, respectively) was shown (FIG.2, lines 1,3). The same results of modification 

were obtained in the presence of effector El  (Fhrtl); only in complexes 1.2a and 1.2b the 

extent of modification of Mtarget was decreased till 35% (FIG.2, lines 2,4). 

On the other hand the tetranucleotide reagent was very sensitive to the presence of 
mispair in the full length 20-mer tandem duplex. No modification of the target was ob- 

served in mismatched complex 3. Ib (FIG.2, line 7), while in perfect complex (3. la) the 

extent of modification was 40% (FIG.2, line 4) 

Thus, the usage of cooperative tandem of short oligonucleotide derivatives esector- 

reagent-effector provides the superselective modification of DNA target under physi- 
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FIG 2 Autoradiogram of 20% denaturating P4GE ofM target 
modification products (after piperidine treatment) 
in the perfect ompleves (X=C) 1 1 a- line 1, 1 2a - line 2, 
3 2a - line 6, 
in the unpeifect complexes (X=A) 1 1 b - line 3 ,  I 2b - line 4, 
3 2b - line 7 
at 37°C in the buffer 0 I M NaC1, 0 0 I M Tns-HC1 (pH7 2). 
I mM EDTA The concentration ofA4 target was 5 x 10 ’ M, 
the concentrations of oligonucleotide components were I Y 

IO’M 
lines 5 and 8 - 4+C 

ological conditions Effectors should be applied to the nucleic acid inodification by very 

short oligonucleotide reagents 

The use of “miniantisense” approach allows to modify DNA selectively avoiding the 

formation of unperfect reactive duplexes That is practically impossible in the case of 

reagents based on long oligonucleotides 

This work was supported in part by Grant No 96-04-50- 19 1 from the Russian Founda- 
tion of Fundamental Research 
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