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Sequence-specific chemical modification of a hybrid bacteriophage 
M 13 single-stranded DNA by alkylating oligonucleotide derivatives 
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Alkylating oligonucleotide derivatives react with the complementary sequences in hybrid M 13mp7 bacteriophage single- 
stranded DNA and destroy the infecting ability of the DNA. The reagents do not damage M 13mp9 single-stranded DNA 

lacking the target nucleotide sequence. 
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1. INTRODUCTION 

Recently we have demonstrated the possibility of 
accomplishing sequence-specific chemical modifi- 
cation of single-stranded DNA fragments by al- 
kylating derivatives of oligonucleotides which can 
form complexes with the complementary nucleo- 
tide sequences in single-stranded nucleic acids 
[l-3]. In this communication sequence-specific 
chemical modification of a single-stranded bacte- 
riophage DNA is described. We have compared 
damaging effects of reactive oligonucleotide 
derivatives bearing alkylating aromatic nitrogen 

complementary target nucleotide sequence, and 
toward single-stranded DNA of bacteriophage 
M13mp9 lacking this sequence. The reagents were 
found to inactivate the target DNA much more ef- 
ficiently as compared to the non-target one. 

2. MATERIALS AND METHODS 

Oligonucleotides were synthesized by the triester method [4]. 
Alkylating groups were coupled either to 3’-terminal ribose of 
oligonucleotides [5] or to 5’-terminal phosphate [6]. 
Oligonucleotide derivatives bearing a phenazine group were 
prepared essentially as described recently [7]. Three reagents 
were used for modification of DNA: 

mustard groups toward the single-stranded hybrid 
bacteriophage M13mp7 DNA which possesses the CH3 
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Cloning, isolation and labelling of the 300-nucleotides long 
DNA fragment corresponding to a sequence present in the tick- 

borne encephalitis virus RNA were described earlier [2]. 
Bacteriophage DNAs and the DNA fragment were incubated 

with the oligonucleotide derivatives (2 x 10e4 M) for 12 h at 
37°C in Tris-Cl-, pH 7.6, 0.1 M NaCl, 1 mM EDTA. Concen- 
tration of the bacteriophage DNAs in the reaction mixtures was 
2 x lo-’ M and that of the isolated DNA fragment was 4 x 

lo-’ M. After alkylation, the reaction mixture was added to a 
IO-fold excess of water, and l-10 ~1 of this solution were used 
for infection of the competent JM103 Escherichiu coli cells. The 
competent cells were prepared by the CaC12 treatment in ice [8]. 
In control experiments, it was found that components of the 
reaction mixture do not interfere with the infection of the 
bacterial cells. The cells were grown on plates containing XGal 
and IPTG-supplemented medium, and the plaques formed after 
overnight incubation at 37°C were counted. 

3. RESULTS AND DISCUSSION 

As a target for sequence-specific modification, 
the single-stranded DNA of hybrid bacteriophage 
M 13mp7 containing a 300-nucleotides long insert 
sequence was used [3]. Oligonucleotide reagents 
I-III were targeted to the complementary sequence 

rACCCTTCTCCCApNHCHzRC1 

-AGCGTGCCTTGAATGGGAAGAGGGTCAGGTTCCAT- 

RClCHrACCCTTCTCCCAp 

RClCHrACCCTTCTCCpPhn 

in this insert. Recently we have demonstrated 
sequence-specific chemical modification of this 
isolated insert DNA fragment with reagents I and 
II [3]. As a control non-target DNA, 
bacteriophage M13mp9 DNA was used. This DNA 
does not possess the target sequence. The most 
closely related sequences present in this DNA are 
at least different from the target sequence by 4 
nucleotides. 

The single-stranded DNAs were reacted with all 
the oligonucleotide derivatives under conditions 
providing >90% efficient alkylation of the target 
sequence, judging from the data of parallel ex- 
periments in which the isolated insert fragment was 
modified in the presence of equivalent amount of 
the M13mp9 DNA (fig.1). The treated DNA 
samples were used for transfection of the compe- 
tent JM103 E. coli cells. DNA infectivity was 
determined as the number of plaques formed 
under standard conditions. Table 1 represents the 
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Fig.1. Autoradiogram of gel electrophoresis of the target 
3 ‘-end labelled single-stranded DNA fragment, cleaved by 
alkylation with oligonucleotide reagents 1 (lane 1) and III (lane 
2) and piperidine treatment. The fragment (2 x 10e8 M) was 
incubated for 12 h at 37°C with 1 x 10m4 M reagents in 0.01 M 
Tris-HCI, pH 7.5,0.1 M NaCl, 0.001 M EDTA, containing 1 x 
lo-’ M Ml3mp9 DNA. Lane 3, piperidine-treated DNA 

fragment. 

Table 1 

Inactivation of hybrid bacteriophage M13mp7 DNA and 
bacteriophage Ml3mp9 DNA by complementary 

oligonucleotide derivatives 

Oligonucleotide derivative Infectivity of DNA 

(Q) 

Hybrid M13mp9 
M13mp7 DNA 

DNA 

No reagents added 100 100 
Oligonucleotide d(ACCCTCTTCCC) 100 100 
Phn-pd(CCTCTTCCC) 35 95 
I 72 95 
11 8 97 
111 4 84 

Experimental details are described in section 2 
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results of a typical experiment on the DNA inac- 
tivation. It is, seen that non-reactive oligo- 
nucleotide derivatives and reagent I do not 
influence the infectivity of the DNAs while 
reagents II and III substantially inactivate the 
target DNA in contrast to the non-target one. 

The target nucleotide sequence is not essential 
for the functioning of the bacteriophage DNA, 
therefore the damaging effect of the modification 
is most probably related to the interference with 
the DNA replication. E. coli has an efficient 
system for reparation of DNA damages caused by 
the alkylation of single bases, and oligonucleotides 
attached to DNA can be eliminated by the bacterial 
DNA polymerase which possesses nuclease activity 
[9]. Therefore it is clear why reagent III, which 
forms a more tight complex with the complemen- 
tary DNA sequence and should be more resistant 
toward nuclease hydrolysis, is more efficient in the 
DNA inactivation. It is interesting to note that 
non-reactive oligonucleotide derivatives bearing a 
phenazine group at their 5 ‘-termini show some ef- 
fect on the target DNA infectivity probably due to 
the formation of a tight complex with the DNA. 

The obtained results show that alkylating 
oligonucleotide derivatives targeted to specific 
nucleotide sequences can be used as reagents for 

the specific inactivation of predetermined single- 
stranded DNAs. 

Acknowledgement: The authors thank Dr I.V. Morozov for the 
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