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DNA lesions give rise to mutations and can be a primary da 4b 4c
chemical transformation en route to cancer. Elegant methods exist Piperidine - + - - - -+ -
for detecting specific sequences in DNA, which are useful for DMEDA - - + +
sensing mutations and single nucleotide polymorphisrhgiow- A(93 °c) +
ever, sensitive detection of DNA lesions is mostly limited to mass T
spectrometric analysis of individual lesions (or their nucleobases) .
following complete chemical or enzyme degradation of the nucleic
acids®® Appropriately tagged alkoxy amines (e.g., aldehyde reactive
probe,ARP), which selectively react with abasic site&R), are
one of the few reagents available for detecting specific lesions in
DNA.78We now report a sensitive method for selectively detecting
the oxidized abasic lesion 2-deoxyribonolactohg ih DNA.
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Figure 1. Autoradiogram demonstrating selective detectioh dfy 3 (50
mM) in the presence of DMEDA (50 mM).
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2-Deoxyribonolactone is produced in DNA by the neocarzi-
nostatin chromophore, and other damaging agents, including
y-radiolysis?1°Recent experiments using independently generated
reactive intermediates suggest thatis produced in greater

quantities than predicted by the accessibility of thé-Bydrogen o1 a5 a sensor for 2-deoxyribonolactone by traphifitne utility
e 13 . .

atom to a diffusible species.** The formation and detection &f of biotinylated cysteine3) for detectingl was examined using a

is important because the lesion possesses interesting properties. FcHupIex @a) containing the lesion at a defined sia cleavage

example, 2-deoxyribonolactone S one of only two lesions known 44t 6a) with considerably retarded migratory ability relative

to form DNA-protein cross-link$?™1® Furthermorel exhibits & {5 556 consisting of @hosphate or amine adducts was observed

mutation spectrum ifEscherichia colithat is clearly distinct from when4awas treated witt8 and DMEDA (Figure 1). This product

L .

that of anAP site: was stable to heating at 98C, which is consistent with the
5-d(GTC ACG TGC TGC AXA CGA CGT GCT GAG CCT) expectations for cyclic amidéa. Furthermore, MALDI-TOF MS
3-d(CAG TGC ACG ACG TAT GCT GCA CGA CTC GGA) analysis of reaction betweénand3 under comparable conditions

4aX=L; 4b X = AP; 4c X = C4-AP detected a product that corresponds to the expected molecular
weight of 6b.23

studies suggested that an appropriately substituted cysteine could

5'-d(GAA GAC CTL GCC GTC C)
5

R-0O OH
2-Deoxyrbionolactone has been detected using GC/MS and/or JOL 0 K/\(O
HPLC folloyving alkaline digestion_of oxidative_ly damage_d DNA Hs HN™ “NH HNJLNH S NH
as its persilylated ether and by direct analysis of its elimination " 0 | \—SQ
product @).1819 These methods underestimate the amount of )\[(N N o
present in DNA because the conditions used to release the lactoné®N i mﬂ S S 3 I (\/);\H
prior to silylation may destroy some of the lesion, &id unstable 6a R = 5-d(GTC ACG TGC TGC A)
(Scheme 1). We designed a strategy that takes advantage of the 6b R = 5-d(GAA GAC CT)
Scheme 1 Optimized reaction conditions that prodiuézin 20% yield were
~01 o w0~ o o used to determine the selectivity tffor the butenolide derived
?_go_, QO _,:zgo from L overAP andC4-AP, which were independently generated
o in otherwise identical duplexedglf, 4c).2425The latter is formed

in significant amounts by agents such as bleomycin and the enediyne
unique reactivity ol. and incorporates an amplification mechanism antitumor antibiotics, whereas endogenous conditions produce
to increase sensitivity. The butenolidé) (has previously been  approximately 10,00AP sites per cell per da$?%27 Cysteine
generated using\,N'-dimethylethylenediamine (DMEDA) and  derivative 3 did not trap theC4-AP lesion in4c (Figure 1). In
trapped in situ by nucleophilé8 The reaction products have been contrast, two adducts were detected when the AP dit \as
used as a fingerprint to detett in oligonucleotided?2! These subjected to the conditions used for trappingbut these were
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unstable at 90C. These data show th&t selectively detect 18 20
over AP or C4-AP. The biotinylated cysteine also does not react 16 .
with thymidine glycol, a prototypical dihydropyrimidine lesiéh. r 14 (15 3
Finally, it is worth noting thatL (4a) does not react with c 2 b
commercially availableARP (data not shown), suggesting that % ! [0 B
simultaneous detection & and 2-deoxyribonolactone lesions will g Ei :E-_
be possible using these two reagents. < 04 s
The sensitivity for 2-deoxyribonolactond. ) detection was 02
enhanced by taking advantage of bietawvidin binding in conjunc- o i ] . i i i o
tion with horseradish peroxidase (HRP) catalysis (Scheme 2). After 0 5 10 15 20 25 30 3
NCS (uM)
Scheme 2 Figure 3. Detection of 2-deoxyribonolactoné Y by 3 and avidin-HRP
e conjugate in duplex DNA (287 nt) treated with varying amounts of NCS.
© © 0 DM::E’DA o HRP—“K/\f taking advantage of its distinctive chemical reactivity. The cysteine
L NH biotin probe 8) will be useful for measuring the amounts of
O " 2-deoxyribonolactone formed in DNA exposed to various forms
& of oxidative stress.
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treating4a with DMEDA and 3 (followed by heating at 90C) Supporting Information Available: Experimental procedures for

and removing excess reagents, the DNA was adsorbed on thecarrying out lactone detection usiBgnd control experiments; MALDI-
surface of a well in a microtiter plate. The plate was washed with TOF analysis of reaction &. This material is available free of charge
avidin—HRP conjugate, followed by addition of 1,2-diamino- Via the Internet at http://pubs.acs.org.

benzene. Oxidation of the diamine was monitored at 490 nm after
15 min (Figure 2). A linear correlation with respect to the quantity

of L was observed, and absolute amounts of 2-deoxyribonolactone (1) Tyagi, S.; Marras, S. A. E.; Kramer, F. Rat. Biotechnol.200Q 18,
present were determined via phosphorimage analysis of radiolabeled @ élk%%;égi Tanaka, K. Fukuta, T.: SaitoJl.Am. Chem. So@003
da 125, 9296-9297.
(3) Sando, S.; Abe, H.; Kool, E. T. Am. Chem. SoQ004 126, 1081~
8- 1087.
] (4) Park, S.-J.; Taton, T. A.; Mirkin, C. AScience2002 295, 1503-1506.
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