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Cleavage of DNA by Irradiation of Substituted Chart 1
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Georgia Institute of Technology i restriction fragmertt. Air-saturated phosphate buffered
Atlanta, Georgia 30332 solutions of the intercalated quindheere irradiated at 350 nm.
Receied May 13, 1996 These samples were treated with hot piperidine, to visuali;e

alkaline labile damage, and analyzed by gel electrophdresis
which reveals cleavage at thé-G of each GG step of the
restriction fragment. However, the efficiency of reaction at the
various GG steps varies significantly. Thé-Gs of the

There is widespread interest in compounds that cleave DNA
in unique and controllable ways.One focus of this field is

the discovery of nucleases that are activated by visible or near'sequences’&GAAA-B’, and B-GGAAT.3 are cleaved more

UV light.2 Photonucleases offer special advantages as foot-f tv th ther GG st T thi ined
printing reagents and for examination of processes such as LequEnty h an'ot er 4 hsfpsh o as?issc Is',tl’\theh e>éam||ne
transcriptior® Intensive investigation has revealed compounds the photochemistry and photophysics of AQC wi € dupiex
operating by diverse mechanistic paths that cleave DNA when dodecanucle_oudg shown in Chart 1.
irradiated. Of special relevance to our work are recent reports AQC was irradiated in the presence of 4Rl of the duplex
that irradiation of simple naphthalimitf®® derivatives or  dodecanucleotidé? at the Send of the GG-containing strand)
riboflavin®® causes piperidine-requiring, selective cleavage at @nd 80uM of the quinone (a 6:1 ratio of base pairs to quinone)
the 5-G of GG steps in duplex DNA. Investigation of this N 10 mM sodium phosphate buffét. Following piperidine
reaction mechanism led to the conclusion that it proceeds by tréatment, analysis of the reaction mixture by polyacrylamide
direct electron transfer from a guanine at the GG step to the gel electrophoresisshows selective cleavage of the labeled
triplet state of the naphthalimide or riboflavin. stranql at the GG step. The products of this reaction were
We recently reported that irradiation of certain anthraquinone examined by HPLC and mass spectrometry to quantitate the

derivatives leads to piperidine-requiring, GG selective cleavage eff|C|en.cy of cleavage. .

of duplex DNAS Our investigation of this reaction showed that ~!rradiated samples of AQC and the duplex dodecanucleotide
these anthraquinones bind to DNA by intercalation. We report Were treated with piperidine and thehdephosphorylated with
herein analyses of the products formed from the irradiation of Pacterial alkaline phosphatase. The oligonucleotide products
AQC intercalated in DNA and examination of the reaction Were separated by HPEEand identified by comparison with
mechanism. Cleavage of DNA is observed at th&5or each authentic samples. Five products are detected. The major
GG step in a 248 base pair restriction fragment. Surprisingly, Products are SGCGCAAT-3 and 3-GAAA-3' from 5-G

the cleavage efficiency depends on the sequence flanking theclavage, lesser amounts 6fGCGCAATG-3 and 5-AAA-3'

GG step. Investigation of a duplex dodecanucleotide designedfrom 3-G cleavage, and the' §STTCCATTGCGC-3 strand

to mimic the most efficiently cleaved GG step in the restriction detected intact. This confirms the GG selective cleavage
fragment reveals formation of 7,8-dihydro-8-oxoguanine (8- obse(ved by gel electro_phore5|§. The quantum.ylelds for these
Ox0G). These findings, and time-resolved laser spectroscopic'€actions were determined using an anthraquinone-2,6-disul-
experiments, indicate that cleavage of theS5of GG steps is ~ fonate actinometéf to be 1.3x 107 and 1.1x 10°° for

initiated by electron transfer to an excited AQC intercalated in cléavage at '5G and 3-G, respectively (5G:3-G cleavage
DNA. Subsequent formation of a stabilized G radical cation 9:1):* These results are similar to those of Saito and co-workers

leads to its damage and then to strand scisSion. or the GG-selective cleavage for naphthalimide where the ratio
is reported to be 84:16, but the “limiting” quantum yield is much
lower (3.0 x 10~%) than for AQC. In the absence of,(the
guantum yield for reaction initiated by AQC is reduced more
than 10-fold. Clearly, @is required for efficient cleavage of

The ability of AQC to cleave DNA was examined by
polyacrylamide gel electrophoresis of a radiolabeled 248 base
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DNA.14 Significantly, the DNA cleavage efficiency for AQC
increases ca. 70% to 24 10-2 when superoxide dismutase
(SOD, 15 U/mL) is included in the reaction mixture.

Communications to the Editor

than 20 p20 Intersystem crossing of anthraquinone is reported
to occur in less than 10 gg. Our experiments indicate that
both singlet and triplet contact ion pairs are formed.

We postulate three general reaction pathways for the ion
pair: (i) back-electron transfer to regenerate ground states; (ii)
migration of the base radical cation by “hopping” through the
bases of the DNA helix; (iii) reaction with water or,O
According to this hypothesis, the rapid (200 ps) initial decay
of the quinone radical anion occurs from the singlet contact
ion pair. This reaction will be in the Marcus inverted redgibn
sinceAGyer= —0.98 eV, if a guanine has been oxidiZ8and
J is estimated to be 0.6 e%. Because of this short lifetime,
efficient cleavage of DNA will not result from the formation
of singlet ion pairs.

We associate the long-lived quinone radical anions and DNA
cleavage reaction with triplet contact ion pairs. The increased
ion pair lifetime may permit the radical cation (“*hole”) to
migrate (hop) if a suitable path in the DNA exists. If the hole
hops from A to GAGhep= —0.1 eV, and withh = 0.6 eV this
reaction will occur on the microsecond time sc#leThe base
sequence thus determin&&nop and whether a path is suitable
for hopping. The increased cleavage efficiency seen for certain
GG-containing sequences in the restriction fragment may be
due to their ability to support hole hopping. Similarly, migration
of the hole out of a GG trap will be slow, because of its low
oxidation potentiaf, thus fixing the hole for reaction with D
or O; and subsequent cleavage of the DNA. Also, the increased

The chemical processes that result in reaction of the dode-lifetime of the triplet ion pair will permit reaction of the quinone
canucleotide are partly revealed by further examination of the radical anion with @ and similarly provides time for the hole
reaction products. An irradiated sample was hydrolyzed with to hop. The reduction in the quantum yield for cleavage in
acid, silanized, and analyzed by the GC/MS single-ion monitor- O,-free solution is consistent with this central role fof & is

ing technique developed by von Sonntag and co-workerhis

the increase in quantum yield seen in the presence of SOD. We

procedure reveals the presence of 8-OxoG and confirms thathave shown that superoxide is generated by irradiation of
the cleavage of the DNA proceeds with the formation of an intercalated quinone in air-saturated solutidnSuperoxide will

oxidized guaniné®

guench the base radical cation in competition with its reactions

The reactions of AQC intercalated in the duplex dodecamer that lead to DNA cleavage.

and in duplex (dGdG) which does not have a GG step, were

In summary, we postulate that GG selective DNA cleavage

examined by time-resolved laser spectroscopy. Irradiation of is initiated by electron transfer from a base to the triplet state
intercalated AQC in either oligonucleotide with a 20 ps laser of an intercalated quinone. The base radical cation of the triplet
pulse immediately generates equal amounts of an intermediatecontact ion pair can hop away from the intercalation site if the
with Amax = 540 nm assigned to the quinone radical arfioH. base sequence is suitable. The quinone radical anion is trapped
The absorption of the radical anion decreases to ca. 70% of itsby O, to form superoxide. The hole will be trapped at GG
initial value within 200 ps of the laser pulse for both oligo- steps where damage caused by reaction with water,ois O
nucleotide® and then is essentially unchanged for 10 ns. We revealed by treatment with piperidine.

showed previously that for Nsaturated solutions of calf-thymus
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in Scheme 1. Calculations indicate that electron transfer from
any of the DNA bases to the excited singlet or triplet state of  g,,,,ting Information Available: Autoradiograms demonstrating
AQC is exothermic. In this circumstance the rate of electron Gg selective cleavage in the dodecamer and the restriction fragment

transfer to give a quinonebase contact ion pair should be rapid. (3 pages). See any current masthead page for ordering and Internet
Experimentally, we observe this reaction to be complete in less access instructions.
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