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DNA C1' radicals lead to abasic site damage with the formation

. . 4 . . Figure 1. The 2-deoxyuridin-1-yl radical reaction manifold.
of 2-deoxyribonolactone residuésSuch alkaline-labile lesions g Y Y

result in strand scissidrand have been reported to be mutagenic

and resistant to repair nucleagéthe mechanistic aspects of C1 d

radical reactions under either anoxic or aerobic conditions are 8 a

currently under dispute. Figure 1 shows the reaction manifold s

for CI' radicals illustrated for the specific case of thé 2 £ b €

deoxyuridin-1-yl radical (1). Reaction ofl with a thiol such as §

glutathione returns the initial nucleoside or its anomer, whereas ©

reaction with oxygen gives a Chperoxyl radical 8) that can c

ultimately lead to 2-deoxyribonolacton&) ( These reactions have LI B B L NLINS BLAR R R R

been discussed over the past two decddbes quantitative kinetic 0 2 4 6 8 0 100 200 300 400
measurements were not possible. Synthetic advances led to time (us)

nucleos?des modified with photoreactive groups that_ are specific Figure 2. Left: Signal decay at 320 nm after photolysis of precugor
CY radical precursors, and Greenb&tgand Chatgilialoglé in (a) He-sparged water, (b) He-sparged water containing 0.1 M

reported product studies from radicalproduced by photolysis  gjutathione, and (c) nonsparged water /& 0.3 mM). Right: Signal
of precursor?, that are consistent with the general pathway in  growth at 350 nm after photolysis @f(d) and ditert-butyl ketone (€) in
Figure 1. ESR and UV spectra of radidalvere recently reported,  nonsparged methanewater (1:99) containing 1.0% 104 M TNM.
and computational results revealed structural details of this

radical’” In this work, we report the application of laser flash Ia B L 16
photolysis (LFP) methods for measurements of the kinetics of {; 1 ﬁ;
reactions of radical with thiols and of superoxide release from - ] - 1.4 =
peroxyl radical3. S | 15 S
Radicall was produced by 266-nm laser photolysis of precursor X o X
7 as previously describedThe initial cleavage process must “ 1.0
produce the pivaloyl radical, MEC(O)», and1 as the major A | L 08
products because no further growth in the UV spectrurhwés 0+ —
observed with ns-resolution after initial production by the laser 0.00 0.05 0.10 0 1 2
flash (Figure 2). The UV spectrum of radichdecays slowly in [RSH] (M) 10* x [TNM] (M)

He-qurged solutions bu.t faster in the presence of oxygen due toFigure 3. (A) Observed rate constants for decayldh the presence of
fo[Tafllo n of peroxyl radica8. A rat_e const_antl(r)7of 1x10 cysteine (squares) and glutathione (circles). (B) Observed pseudo-first-
M~ s™* was reported for the reaction @fwith O." _ order rate constants for formation of nitroform anion in methanater

~ When radicall was produced in He-sparged solutions contain- (12-gg, v:v) at 22°C. The line is simulated pseudo-first-order behavior
ing thiols, the rates of signal decay increased due to formation of for release of superoxide radical anion wkh= 1.49 x 10* s’ and

2 (Figure 3A). Second-order rate constants for reactionk aif reaction of (Q)*~ with TNM with k = 2.3 x 10° M~ 5L,

pH 7 and 20°C were (2.3+ 0.5) x 10° M~ s for 2-mer-

TWayne State University. captoethanol, (2.2 0.4) x 10° M~* s~ for cysteine, and (4.4
§Universit‘adi Napoli “Federico II”. 0.3) x 10° M~1 s for glutathione (errors atd®. The ratio of
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trations of TNM are desired to avoid convolution of the pseudo-
first-order rate constant for reaction of TNM with O with
the first-order rate constant for g9 release, but TNM reacts
rapidly with all reducing radica?s® and competes with oxygen
trapping reactions that give peroxyl radicals. An acceptable
balance was found with TNM concentrations of about 104
M; convolution of the TNM reaction kinetics was minor (see
below).
(G)" +C(NO),—~ O, + (NOye + C(NO); (1)

LFP studies were conducted with precurg@nd with ditert-
butyl ketone (which gives pivaloyl anrt-butyl radicals upon
photolysis) in the presence ob@nd TNM, and signal growth at
350 nm was monitored. Nitroform anion was produced in two
stages (Figure 2); fast signal growth observed in the first few
microseconds from reactions of the initial radicals with TNM was
followed by slower growth. For six independent studies with di-
tert-butyl ketone in water at 25C ! the weighted average pseudo-
first-order rate constant for nitroform anion formation in the slow
process was (0.95 0.04) x 10* s For six studies with
precursor7 under otherwise identical conditions, the weighted
average pseudo-first-order rate constant was (£8%06) x 10*
s L

The slow nitroform-forming reaction observed with tei-
butyl ketone is ascribed to release of eithgrad(0O,)*~ from the
pivaloylperoxyl radical, (CH);CC(O)O0, because fragmentation
of the tert-butylperoxyl radical, (CH);COOCs, will be several
orders of magnitude slowét.The same reaction(s) occurred in
studies with precursaf because the pivaloylperoxyl radical again
was formed. The increased rate was due to reaction(s) of the C1
peroxyl radical3. Loss of Q from 3 is likely to be slow (see
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for which the kinetics are knowii.Control reactions with TNM-
containing blank solutions indicated that direct photolysis of TNM
did not complicate the analysis.

Whereas the rate constant forJO release from peroxyl
radical 3 found here is similar to that obtained for the related
peroxyl radicald,*?13it is 4 orders of magnitudirger than that
reported by Greenberg and co-workers from measuremetits-of
label incorporation in product ribonolactoe? The origin of
this large difference is not apparent.

The possible reactions of DNA Clperoxyl radicals are
trapping by thiol to give a hydroperoxide (suchdgssuperoxide
radical anion release that produces a cat®nafd, ultimately,
2-deoxyribonolactone6, and Q release that returns the C1
radical’* The rate constant for reaction of the hydroperoxyl radical
(HOQGe.) with thiol is about 120 M?* s 1158 and an upper limit
for the rate constant for reaction of DNA-peroxyl radicals with
glutathione was<400 M~! s 115 Therefore, at physiological
concentrations of glutathione of about 5 mM, superoxide radical
anion release from Chucleotide peroxyl radicals is orders of
magnitude faster than peroxyl trapping, and DNA'-Ggdro-
peroxides are not formed. Rate constants for loss pfr@m
allylperoxyl %2 cumylperoxyl'®® and nucleoside-C4eroxyftc
radicals are on the order of-R s, or 4 orders of magnitude
smaller than the rate constant forJO release fron8. Because
the stability of the Clradical is expected to be similar to that of
a C4 radical on the basis of poor delocalization of the unpaired
electron into the base ringye believe that loss of £from C1'-
peroxyl radicals to give the Ctadicals will not be competitive
with (Oy)*~ release.

In summary, oxygen and glutathione trapping of @idicals
in nature are competitive processes due to the lgwddcentra-
tion in the nucleus? Once formed, the Ceroxyl radicals expel

below), and we ascribe the new reaction to superoxide releasesuperoxide radical anion to give Ckations that lead to
from 3. The observed kinetics for nitroform anion formation with  2-deoxyribonolactone much faster than they can be trapped by
7 are due to a mixture of reactions. From the amounts of signal glutathione to give hydroperoxides. The apparent difference in
growth in the fast and slow stages of nitroform anion formation major reaction pathways for Cperoxyl radicals (superoxide
(Figure 2), we conclude that oxygen trapping relative to initial release) and C4éeroxyl radicals (release of molecular oxygéh)
TNM trapping is somewhaessefficient for the C1 radical 1 is noteworthy.

than for the pivaloyl radical, and we estimate that the rate constant
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in the fast process were dependent on the concentration of TNM,

and photolysis of7 in He-sparged MeOHH,O (10:90, v:v) JA9839872

containing 1x 1074 M TNM at 24 °C gave a second-order rate
constant for the reaction of all reducing radicals with TNM of 4
x 10° M~ s™1, similar to rate constants reported for reactions of
o-heteroatom-substituted alkyl radicals with TNWP.The pseudo-
first-order rate constant increased with increasing TNM concen-

(13) Photolysis of radical precurs8iin the presence of £and TNM gave
the pivaloylperoxyl radical and peroxyl radicalThe kinetic behavior in LFP
studies with varying concentrations of TNM was similar to that in Figure 3B.
For reactions in 30:70 MeOHH,O at 24°C, the limiting value for (@)~
release at high TNM concentrations was2x 10* s™1, in good agreement
with the value of 6x 10* s™* found in pulse radiolysis studies conducted in

. . ) . . . wateri?
tration in the low concentration regime but not in the high o
c_onc_entration regime (Figure 3), a s_ign_ature of_convolu_tion of Me>(u\cm hv Me. 00-
kinetic processes, and the observed kinetic behavior was simulated Meo OME‘ ®s 0, ™~ oG oMe

by the model of consecutive reactions using a rate constant for
reaction of (Q)*~ with TNM that is approximately equal to the
value reported in the literature (% 10® M™! s1)8 The
methodology was confirmed by studying an(Orelease reaction

8 9

(14) Bimolecular reactions of two DNA Cperoxyl radical%to produce
2'-deoxyribonolactone are unlikely due to the low probability that two
macromolecular radicals can meet.
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