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A simplified method for in vivo footprinting using DMS
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Important in understanding the regulation of gene transcription
is the elucidation of specific protein-DNA interactions that occur
in vivo. One strategy for such in vivo footprinting involves the
treatment of whole cells with dimethyl sulphate (DMS), which
leads to methylation of guanine residues in DNA at the N7
position (1, 2). This N7 atom lies in the major groove and its
susceptibility to methylation in chromatin is affected by its
proximity to bound non-histone proteins (3). Subsequent treatment
with piperidine breaks the DNA backbone at methylated sites
that can be mapped by various methods, including a sequence
specific, radioactive primer extension assay, using a DNA
polymerase (1, 4, 5). We and others have used Taq DNA
polymerase, since it is very thermostable, allowing for both
greater specificity of priming and multiple extension cycles to
increase signal. Here we demonstrate that DMS treatment is alone
sufficient to terminate Taq polymerisation in our assay, thus
obviating the need for the piperidine treatment step (compare
lanes 1 and 2 in Fig. 1). This is probably because the incubation
at 95°C for 5 minutes that precedes the Taq polymerase reaction
is sufficient to break the unstable glycosidic bonds of methylated
purines (6), and leads to termination by Taq polymerase one
nucleotide before a methylated purine base (Fig. 1).
Piperidine is known to inhibit Taq polymerase (4), and so great
care has had to be taken in ensuring its complete removal by
workers in the past. The omission of the piperidine step thus
makes in vivo footprinting with DMS as simple and fast as
footprinting with UV light, where damaged bases terminate DNA
polymerases directly, without the need for a strand breakage step
(7, 8). Presumably other DNA polymerases (eg Klenow, T7 and
reverse transcriptase) would also terminate at DMS-methylated
purine residues under similar conditions, i.e, if the samples were
heated to ensure base removal prior to primer extension.
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Figure 1. Autoradiogram of a 6% denaturing sequencing gel, showing the effects
of methylation and piperidine treatment on DNA revealed by repeated primer
extension. The DNA was a Xenopus 3 globin gene plasmid, digested with EcoRI.
The sequence-specific radioactive primer was a 5' end-labelled 17mer that
hybridises to the sense strand of the 3 globin gene in the first exon. Lane 1:100
ng of DNA that was partially cleaved at G residues by treatment with DMS and
piperidine (9) and repeatedly primer extended with 0.5 pmols end-labelled
oligonucleotide. Lane 2: 100 ng of DNA that was patially methylated at G residues
by treatment with DMS, then primer extended. Lane 3: G > A sequencing ladder
on end-labelled DNA, produced by repeated primer extension of 100 ng of plasmid
DNA with 0.5 pmols of end-labelled 17mer. In aligning the bands in lanes 1
and 2 with those in lane 3, allowance was made for the fact that piperidine-cleaved
DNA molecules contain a 3’ phosphate and run effectively 1.5 nucleotides faster
than primer-extended products of identical sequence (10). Futhermore, the G
residues mapped in lane 3 are on the opposite strand to those revealed in lanes
1 and 2. Lane 4:5’ end-labelled pAT153/Hpall marker. Lane 5: 100 ng DNA,
primer-extended with end-labelled oligo. All primer extension reactions were
carried out in a volume of 20 pl, containing 100 ng of DNA, 0.5 pmols end-
labelled primer, 2 ul of 10 xbuffer (100 mM Tris-HCl pH 8.3 at 42°C, 500 mM
KCl, 20 mM MgCl,, 0.2% w/v gelatin), 2 ul 5% Tween 20, and a final
concentration of 200 M of each NTP. After gentle mixing the samples were
overlayed with paraffin oil and incubated at 95°C for 5 minutes, in a thermal
cycler. They were then held at the annealing temperature (63°C), while 1 unit
of Amplitaq (Cetus) was added, and then incubated for 2 minutes at 75°C. A
programme of 15 cycles, each consisting of 30 seconds of denaturation at 94°C,
10 minutes of annealing at 63°C, and 2 minutes of chain elongation at 75°C,
was used for the amplification procedure. After the last cycle the samples were
held at the annealing temperature before adding an equal volume of formamide
dyes and loading an aliquot onto the sequencing gel.



