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Base-specific Photocleavage of DNA induced by Nanosecond U.V. Pulsed Laser 
Radiation or Methylene Blue Sensitisation 
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Excitation of DNA in neutral solution either with short-duration, intense pulses of excimer laser (248 nm) radiation 
or with low  intensity red-light (633 nm) sensitisation by methylene blue causes cleavage of the DNA backbone 
selectively at guanine. 

The development of photochemical procedures which could 
complement (or even replace) current DNA sequencing 
methods is of considerable interest. One appoach could be to 
use base-specific photocleavage of DNA to replace the 
chemical methods of Maxam and Gilbert.1 However as it is 
known that the photochemistry of DNA is dominated by 
photoreactions of the bases (e.g. thymine dimerisation) and 
that breaking of the sugar-phosphate backbone is a very 
inefficient process,2 such a strategy might seem unlikely. We 
report here that excitation of DNA with short-duration pulses 
of U.V. radiation causes such cleavage, base-selectively at 
guanine. 

Irradiation of DNA with ‘picosecond’ 314 or 
‘nanosecond’ 5-7 pulses of U.V. radiation has recently been 
shown to cause rupture of the DNA backbone. Our present 
experiments have been carried out with a standard (Lambda 
Physik EMG 102) KrF excimer laser used to provide U.V. 
pulses (248 mm; pulse-width 22 ns; energy 70 mJ). The laser 
beam is focussed down so as to excite uniformly a small (4-50 
pl) sample of DNA solution contained in a tube of diameter 
1.5 or 2.3 nm. By suitable focussing and filtering of the beam it 
is possible to control the intensity of the pulse within the range 
1 x 109-5 x 1012 W m-2. The cleavage of DNA by this 
radiation has been studied using covalently closed circular 
(plasmid pBR322) DNA. As expected from the earlier 
reports,sJj it was found that low intensity light caused little 
change in the electrophoretic behaviour of this DNA, whereas 
at the same fluence but at intensities greater than lo9 W m-2 
single strand nicking occurred and the open circular and linear 
forms were produced. This intensity dependence indicates 
that the bond-rupture reaction is initiated by multi-photon 
(probably consecutive two photon) excitation, as previously 
observed with picosecond e~citation.3.~ At an intensity of 5 x 
1010 W m-2, the quantum yield for single strand cleavage was 
found to be ca. 1-2 x 10-5. The base specificity of the 
cleavage was determined using a 5’-terminus 32P-labelled 
DNA sample (4.3 kbase EcoRI-Hind I11 restriction fragment 
of pBR322) and subsequent electrophoresis on sequencing 
gels in parallel with the products formed by conventional 
Maxam-Gilbert chemical treatment of the same fragment. 17 
Some samples of irradiated DNA were also treated with alkali 

1- Photolysis conditions. (i) For the KrF laser, 50 pi of labelled DNA in 
a horizontally held tube (internal diameter 2.3 mm) were given 20 
pulses of 50 mJ at an intensity of 5.5 x 1011 W m-2. 25 p1 of the sample 
were then treated with 0.23 M NaOH at 70 “C for 30 min. Samples were 
precipitated in ethanol, resuspended in 80% formamide, and de- 
natured for 2 min at 90°C before loading onto a 8% 
polyacrylamide-7 M urea DNA sequencing gel. (ii) 20 pl samples of 
MB+ and DNA ([Nucleotide] = 40 VM, [Nucleotide]/[MB+] = 15) 
were irradiated for 30 min. Samples were then dried, resuspended in 
80% formamide, denatured for 5 min at 95 “C, and electrophoresed as 
above. It may be noted that the denaturing conditions used (2-5 min 
at 90°C) might possibly be sufficient to induce some additional 
cleavage at sites where the bases had been modified during irradia- 
tion. 

before electrophoresis. Sections of the autoradiograph 
obtained in these experiments are shown in Figure 1 (Lanes 
3-5). It may be noted from the pattern of the bands that 
cleavage is observed only at guanine and that a band is present 
for each guanine base in the sequence. The band intensity 
varies considerably from site to site. Interestingly it is also 
found that the electrophoretic mobility of the cleavage 
products not treated with alkali is less than that of the 
Maxam-Gilbert fragments whereas samples which had been 
treated with alkali after irradiation have apparently identical 
electrophoretic properties to those of the Maxam-Gilbert 
chemically-cleaved guanine products. $ 

Figure 1. High resolution electrophoresis gel of the photolysis of 32P 

5‘-end labelled DNA. Lanes from two different sequencing gels 
(Lanes 1-2; 3-5) show Maxam and Gilbert chemical cleavage 
products run in parallel with photolysed samples of the same DNA. 
(Region shown contains bases 4298-4323 of pBR322.) Lane 1, 
Maxam and Gilbert G (guanine) + A (adenine). Lane 2, methylene 
blue-photosensitised products. Lane 3, excimer laser-induced photo- 
products. Lane 4, alkali-treated laser photoproducts. Lane 5 ,  Maxam 
and Gilbert G + A products. 

I In the Maxam-Gilbert procedure’ cleavage at guanine is induced by 
reaction of the DNA with dimethylsulphate and subsequent treatment 
with piperidine. This causes cleavage at the C(5’)-0 bond on the 
5‘-side of the modified base, forming a labelled DNA fragment with a 
3’-phosphoryl group. 
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Dye-sensitised photochemistry might also possibly be base- 
selective, and indeed it was reported some years ago that low 
intensity visible-light irradiation of aerated solutions of 
methylene blue (MB+)-DNA mixtures damaged the DNA, 
such that subsequent alkali treatment led to cleavage specific- 
ally at guanine.8 To investigate this system further we have 
examined by electrophoresis the products formed upon 
irradiation of MB+-DNA mixtures using low intensity (3 mW) 
red light (633 nm) from a continuous HeNe laser. We 
observed that cleavage of the DNA occurs without alkali 
treatment (either in aerated or argon-flushed solutions), with 
quantum yields in the range 1-3 x 10-7 depending on 
conditions and that the cleavage occurs at guanine. The 
cleavage product migrates more slowly than the correspond- 
ing Maxam-Gilbert product, with a mobility similar to that of 
the excimer laser product described above. (There is also a 
minor product observed for most bands, which has the same 
mobility as the Maxam-Gilbert product .) Subsequent alkali 
treatment is known to give products having identical mobility 
to that of the Maxam-Gilbert products.8 

While a more extensive series of experiments will be 
required to determine the mechanism responsible for the 
guanine-specific cleavage of DNA following pulsed u .v. laser 
excitation, some comments can be made at this stage. Firstly, 
as the intensity dependence indicates consecutive two-photon 
excitation of a base, the selectivity may be caused in part by 
the preferential excitation of guanine ground state or its 
excited state. Of the 4 principal nucleic acid bases, guanine 
absorbs most strongly at 248 nm. However it is unlikely that 
this feature is sufficient to explain the observed specificity. 0 
More probably, excitation of a base excited state (perhaps 
mainly the low-lying thymine triplet*) causes photoionisation 
and yields the base’s radical cation. If this is then followed by 
hole migration,gJO Go+ ,  the most stable radical cation, will 
result. Reaction of G*+  with oxygen produces a peroxy- 
radical,llJ2 which can subsequently abstract hydrogen atoms 
from the ribose sugar. It is known from y-radiation studies that 
such radicals can lead to cleavage of the DNA backbone.11313 
It should be noted however that our electrophoresis results 
indicate that the product formed upon excirner laser irradia- 
tion of DNA is different from those produced by y-irradiation, 
where the two fragments detected from 5’-end labelled DNA 
have been shown to have electrophoretic mobilities identical 

0 The recent report5 that 266 nm radiation causes cleavage at all bases 
may possibly indicate that the wavelength of excitation does exert a 
considerable influence. 

and greater than the Maxam-Gilbert fragment. These have 
been identified as species having respectively phosphoryl and 
glycollate termini.14 The decreased mobility of the excimer 
laser product is consistent with a compound formed by 
cleavage of the 3’-phosphodiester bond and still containing a 
substantial fragment of the modified guanine nucleoside. This 
fragment may be removed by alkali treatment, which causes 
cleavage at the 5’-phosphodiester bond, a feature consistent 
with the observed increase in mobility (see Figure 1). The fact 
that a product with similar mobility is formed by MB+- 
sensitised reaction might indicate that in this case too the 
cleavage is initiated (at least in part) by the formation of 
guanine radical cations. 
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