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Abstract: Oligodeoxyribonucleotides containing a novel disulfide crosslink are shown to be amenable to
chemical sequencing using standard sequencing reagents following reduction of the disulfide with DTT and
selective alkylation of the free thiols with N-ethylmaleimide. This strategy will facilitate conformational and
molecular recognition studies of DNA stabilized by crosslinking.

The number of methods to crosslink DNA has increased dramatically over the last several years.! While
such procedures are useful tools to study nucleic acid structure and function, the presence of the crosslink itself
poses difficulties in the application of techniques normally used to characterize DNA. For example,
experiments designed to probe DNA conformation or DNA recognition elements usually require the generation
of reference sequencing ladders using base-specific modifying reagents. However, obtaining a complete,
uninterrupted sequence from crosslinked DNA using chemical methods has not been achieved. This is due both
to incompatibilities between the crosslink and sequencing reagents, and the irreversibility of the crosslinking
reaction, which results in aberrant migration behavior of cleaved and modified DNA on sequencing gels. In
addition, enzymatic sequencing only provides information up to the point of modification, where the
polymerase reaction is terminated,!e and is not applicable for sequencing small oligonucleotides. We report
that disulfide crosslinked DNA?2 is amenable to chemical sequencing following reduction of the disulfide and
selective alkylation of the resulting thiols. This strategy yields unambiguous sequencing ladders suitable for
structural or molecular recognition studies of crosslinked DNA.

Prior to sequencing, [32P] 5' end-labeled 2 (Figure 1)2b was reduced with dithiothreitol (65 mM in 0.1 N
NayPOy, pH 8) for 8 h at 4 °C followed by ethanol precipitation and selective alkylation with N-ethylmaleimide
(NEM, 5 mM in 50 ul of 50 mM Tris-Cl, pH 8.4 at 37 °C, with 5 pL aliquots of 50 mM NEM added at 0.5 h
intervals).3 After ethanol precipitation, the DNA was resuspended in formamide and fractionated on a
denaturing 20% polyacrylamide gel. The linear DNA 3 was excised, electroeluted, desalted using a NAP-5

column (Pharmacia) and used in sequencing reactions T T T

without further modifications to the sequencing TT ! : Tr TT T T=
protocol.# Figure 2 shows 1 and 3 subjected to standard| S08 &g &g o
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gel mobility, the cleavage pattern of 3 resembles the .8 .8 ¢ No
cleavage pattern of 1 by gel electrophoresis indicating] A T s/_"_{\s o0 A o R

that NEM is selective for thiols and that the adduct is| 2 & Nd 3 ‘:"B‘

stable toward standard sequencing reagents. Alkylation b -8

of the free thiols was required to avoid rapid reoxidation| Figure 1.
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to the disulfide during the course of the sequencing protocol.

In conclusion, these results show that DNA containing an engineered disulfide crosslink may be

chemically sequenced following reduction and selective alkylation of the thiols. Indeed, we have successfully
applied this technique in conformational studies of duplex and triplex DNA containing disulfide crosslinks.
This finding should make disulfide-modified DNA fully accessible to the variety of experiments normally used

to study nucleic acid structure and function.

Finally, the reduction-alkylation strategy may Pip:'l;ildine c GeA T
be generally useful in studies of DNA r y 1 ] 1" ;
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containing other thiol modifications.!d.6

Figure 2. Sequencing reactions for C, G,
G+A and T residues were performed using
hydroxylamine hydrochloride pH 6, dimethyl
sulfate, formic acid and potassium
permanganate, respectively.* Modified DNA
was cleaved by heating in 10% piperidine at
90 °C for 30 min. Cleavage products were
resolved on a 20% polyacrylamide
sequencing gel. Lanes 1-3; uncut 1, 2, and 3,
respectively. Lanes 4-5; piperidine cleavage
of unmodified 1 and 3 showing the selectivity
of alkylation. Lanes 6-13; sequencing
reactions of 1 and 3. A minor band migrating
as 2 in sequencing reactions of 3 is due to loss
of the thiol protecting group and reoxidation
to 2 during piperidine cleavage.
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