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ABSTRACT: 2-Deoxyribonolactoned) is produced in DNA as a result of reaction with a variety of DNA
damaging agents. The lesion undergg@esimination to form a second metastable electrophilic product

(4). In this study, DNA containing 2-deoxyribonolactor® &nd its-elimination product4) are generated

at specific sites using a photolabile nucleotide precursor. 2-Deoxyribonolactone is not incised by any of
the 8 AP lyases tested. One enzyrascherichia coliendonuclease lll, cross-links &) and the lesion
strongly inhibits excision of typical abasic sites by this enzyme. Two of the enzymes, FPG and NEIL1
known to cleave normal abasic sited py effecting3,0-elimination form cross-links to the butenolide
lesion @). The observed results are ascribable to characteristics of the enzymes and the lesions. These
enzymes are also important for the removal of oxidative base lesions. These results suggest that high
concentrations 08 and4 may exert significant effects on the repair of normal AP site and oxidative base
lesions in cells by reducing the cellular activity of these BER enzymes either via cross-linking or competing
with binding to the BER enzymes.

Cellular DNA is constantly subjected to endogenous and can process the AP site after the glycosylase action by
exogenous agents that alter its chemical structure, whichinducingp- or §,0-elimination @). S-Elimination gives rise
can be mutagenic or lethal if not repaired in a timely and to fragmented DNA containing am/-unsaturated aldehyde,
appropriate manner. A variety of enzymatic pathways have 4-hydroxypentenal, at its-8erminus 9, 10). In contrastf3,o-
evolved to protect the cell from the effects of DNA damage. elimination leads to cleaved DNA containing ‘afhosphate
One pathway, the base excision repair pathway (BER) (8). A variety of DNA damaging agents, including the anti-
involves individual removal of modified nucleobases by tumor agents bleomycin and the neocarzinostatin chromo-
DNA glycosylases 1—4). These enzymes are roughly di- phore (NCS), produce structurally distinct abasic sites that
vided (but not exclusively) into two families, which repair are oxidized at the C£J or C1 3) positions (1—14). The
pyrimidine and purine derived lesions, respectivedy-§). 2-deoxyribonolactone3j lesion represents a conservative
Functional homologues of many of the enzymes exist amongstructural change from an AP site. However, beneath the
prokaryotic and eukaryotic species. Some of these enzymesstructural similarity betweefi and3 lies the very different
are simple DNA glycosylases, resulting in the release of the chemical reactivity of an aldehyde and ester, respectively.
nucleobase and concomitant abasic siteAP)! formation. We recently showed that 2-deoxyribonolacto8ggXxploits
Large amounts of AP sites are also formed independent ofthese differences and similarities to cross-link DNA repair
BER via spontaneous depurinatiof).(In mammalian cells,  enzymes 15, 16). Herein, we explore the generality of this
Apel incises AP sites vidfphosphodiester bond hydrolysis process with respect to 2-deoxyribonolacto8g §nd the
(8). However, many DNA glycosylases are complex glyco- metastable lesio(¥) derived from it.
sylases that are associated with an AP lyase activity, which
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10.1021/bi027168c CCC: $25.00 © 2003 American Chemical Society
Published on Web 02/04/2003




2450 Biochemistry, Vol. 42, No. 8, 2003 Kroeger et al.

Scheme 1: Formation of 2-deoxyribonolactoBg gnd Its inhibitor of BER enzymes containing nucleophiles in their
B-Elimination Product4) in DNA active sites. To our knowledge, no information concerning
0 o} e reactivity o containingt with repair enzymes has
0 ONA Q th tivity of DNA t @ with rep y h
~0=P=0 0} Damage 0T O O been reported. These possibilities and the above observations
o- DQ -_— o Dgo prompted us to investigate the generality of the cross-linking
~~-O—P—0 ot reaction between repair enzymes &and4 with a variety
o o- of BER enzymes.
|
Q Q A EXPERIMENTAL PROCEDURES
“OPTO o ~0—P—01 o _
0" —4\:>=0 — o Go Materials and General MethodsAll H,O used was
o o 4 obtained from a Nanopure Barnstead still. Commercially
~0—P-0~ ~0-P-0" available DNA synthesis reagents were obtained from Glen
0" o Research IncE. coli endonuclease lll, endonuclease VIII,
Scheme 2: Cross-linking of 2-deoxyribonolactos t and formamld.opynmldlne Dl\_lA\I—egcosyIase. are reagent
Endo Il and Pol3 enzymes routinely prepared in our laboratories. Yeast oxo-
guanine glycosylase |, yeast endonuclease lll, and human
«»o—('? o '/HzN”'-VSm Mo_ﬁ o o oxoguanine glycosylase | are gifts from Dr. Serge Boiteux.
g__ Lo Endo Il g__ OH Human endonuclease VIl is a gift from Dr. Tapas Hazra.
? 3 Q N~Lysiz Radionuclides were obtained from Amersham. T4 polynucle-
~0~~0 ~0~~0 otide kinase was obtained from New England Biolabs.
© . © Oligonucleotides were synthesized on an Applied Bio-
j pe o systems Inc. 394 DNA synthesizer. DNA manipulations were
ol '/HQNMLysyz 'o—ﬁ'»—o o carried out using standard proceduré8)( Radioactive
g_— o o Polp o- W samples were counted via Cerenkov counting, using a
o - Q N~Lysz Packard Tri-Carb 1500 scintillation counter. Phosphorimag-
~0—p—0 Wo_gfo ing analysis was carried out using a Storm 820 Molecular
5

Dynamics Phosphorimager equipped with Imagequant soft-
ware (Version 5.1). Oligonucleotide containigg(6) was

tion in aqueous solution, which is accelerated by copper : : :
phenanthroline complexes (Scheme 2P,(22). Previous Ereelg\?vre(zzdg;is previously described and photolyzed as described

studies in whicl8 was produced by NCS indicated that the
lesion inhibits DNA repair and is a mutational hotspot
(23—26). In vitro replication of a template containirgjby
Klenow exo resulted in preferential incorporation of deoxy-
adenosine opposite the lesid?7f. Using a DNA substrate
in which 2-deoxyribonolactong) was produced at a defined
site from a photolabile nucleoside precursor, we reported that” ", ) )
Escherichia coliendonuclease 11l (endolll) was irreversibly 22> C for 5 min, followed by slow cooling to room
inhibited in a process involving Lys120 (Scheme 2p)( temperature. ) i
Cross-linking3 to endolll is the first example of irreversible Generation of Butenolide4] in Duplex DNA @). To
inhibition of DNA repair by a lesion. The lactong)(also ~ 9enerate butenolide, 2.3 pmol of3P-8 was incubated in
cross-links to DNA polymerasg (Pol 8) following incision 100 mM Tris-HCI (pH= 9.9) at 29°C (30). Total reaction
by Apel (L6). Although direct structural evidence was not Volume was 5QuL. To assess percent cleavage based on
obtainable in either system, experiments with wild type and duration of treatment, an aliquot was taken every 10 min
mutant enzymes supported the hypothesis that the respectivéo’ 90 min then analyzed by 20% denaturing gel.
lysine side chains previously implicated in nucleophilic attack ~ 2-Deoxyribonolactone3) and Butenolide4) Cross-Link
on 1 were attacking the carbonyl carbon 3nresulting in AssaysCross-linking reactions were carried out at°87in
stable amide bond formation. 10 mM MOPS (pH= 7.4), 100 mM NacCl, and 2 mM EDTA.
Cross-linking to the nucleophilic side chains of two en- All enzyme and DNA solutions were kept on ice prior to
zymes that are involved in the excision of AP sites provides mixing. Enzyme was added (final concentrations of 20, 100,
chemical support for why cells treated with the antitumor and 500 nM) to 5 nM 532P-8 (for 3) or 5 nM 5-32P-9 (for
antibiotic NCS are resistant to DNA repair and may be 4). The final reaction volume was 20L. Reactions were
biologically significant (5, 16, 23). The potential signifi-  incubated at 37C for 60 min and then transferred im-
cance of inhibition by3 is underscored further by the fact mediately to ice, whereupon 24 of 2X loading buffer (100
that the lesion is formed under anaerobic conditions in the MM Tris-HCI (pH = 6.8), 4% SDS, 150 mM DTT, 20%
presence of the radiosensitizing agent tirapazamine, indicat-glycerol, and 0.05% bromophenol blue) was added to each
ing that the lesion could play a role in the destruction of reaction and mixed by pipet. Reactions (i) were loaded
hypoxic tumor cells 21). Furthermore, kinetic studies on  onto a 12% SDS PAGE (0.4 mm thick), and the gel was run
the stability of3 reveal that this lesion is-20 times more  in TG buffer (25 mM Tris, 192 mM glycine, and 0.1% SDS)
likely to undergo spontaneous elimination in solution than at 12 mA.
an AP (1) site 22). The metastablg-elimination product Inhibition of AP () Cleavage.AP (1) containing DNA
(4) is also electrophilic and therefore a potential irreversible (12) was obtained by reacting-%?P-11 (200 nM, 10 pmol)

Photolysis and HybridizatiorPhotolysis was carried out
on 50 pmol of 5%P-6 (10 mM MOPS, pH= 6.9, and 100
mM NaCl) in 100uL. The reaction was photolyzed for 1.5
h at Amax = 350 nm in a Rayonet Photoreactor and then
transferred to a 0.6 mL Eppendorf tube. Complement (75
pmol) was added and hybridized by heating the reaction at
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in 20 mM Tris-HCI (pH 8.0), 1 mM EDTA, and 1 mM DTT A B C

with UDG (4 units) in a total volume of 50L for 1 h at 37 — — —
°C. Inhibitor DNA was added& final concentration 20, 100

nM; 10: final concentration 100 nM) to’'52P-12 (20 nM), M" - .~

and reactions were treated with 1 nM endolll at°87 Total
reaction volume was 20L. Aliquots were taken at 1, 3, 5,
7, and 10 min. Formamide loading dye was added to each
aliquot, and samples were run on 20% denaturing gel.
Lactone 8) Cleavage AssaysCleavage assays were
performed on 5%2P-8 (100 nM) in 10 mM Hepes-KOH (pH
= 7.4), 100 mM KCI, 10 mM EDTA, and 0.1 mg/mL BSA.
Enzyme was added (50 nM final concentration) and incu- _ ;
bated at 37C for 5, 10, 15, and 20 min. Formamide loading '
buffer was added to samples, which were placed on ice, then ki

run on 20% denaturing PAGE. ‘

Butenolide §) Cleavage AssayReactions were carried  Fgure1: Reaction of duplex DNAS) containing 2-deoxyribono-
out on 3-3P-9 (40 nM) in 10 mM HEPES-KOH (pH= 7.4), lactone B) or its butenolide 4) elimination product with endo I

100 mM KCI, 10 mM EDTA, and 0.1 mg/mL BSA. Enzyme gAI? 5'_-32Pt-82 tO’ 2(2, %Oo,thaf_}d_ 5(00H %’Vé)egdgolll-lo(g)'-szg-goo
(endolll, Fpg, endoVIIl, NTH1, NEIL1, NEIL2, yOGG1, 'ofowing treatment Olo with 1ns (pH 9.9): Y, 20, » an
hOGG1, or NTG2) was added, and reactions were incubatedn'vI endo lll. (C) 3-*P-8: 0, 20, 100, and 500 nM endo IlI
at 37°C for 30 min. Half of each reaction was treated with
50 mM BME for 1 h at 25°C. Formamide loading dye was
added to all samples, which were then run on a 20%
denaturing gel.

p-Mercaptoethanol (BME) Treatme®ME (50 mM) was

drastically reduce the extent of cross-linking to endolll
observed (Figure 1)30).

5'-d(GTC ACG TGC TGC AXA CGA CGT GCT GAG CCT)

6X=5
added to 2.3 pmol of '5%2P-8 or 2.3 pmol of 5-32P9 and 7X=3
incubated at 25C for 1 h. Total reaction volume was 50
uL. The reaction was then evaporated to dryness and 5-d(GTC ACG TGC TGC AXA CGA CGT GCT GAG CCT)
resuspended in 5@ of H,O. The presence of a BME adduct 3-d(CAG TGC ACG ACG TAT GCT GCA CGA CTC GGA)
was determined by 20% denaturing g8l). Cross-linking 8X=3
reactions with enzymes were then carried out as described 9X=4
above. 10X=5
11X=duU
12X=1
w0 o) A0
5 B 3@10 0 5'-d(GTC ACG TGC TGC A A CGA CGT GCT GAG CCT)
om © O 3-d(CAG TGC ACG ACG TAT GCT GCA CGA CTC GGA)
13
RESULTS

Seven additional BER enzymes from a variety of species

Reaction between 2-Deoxyribonolactor®) énd Base were then screened for their ability to effect incision of
Excision Repair Enzyme¥/e recently reported that unlike  2-deoxyribonolactone3j in 8. 2-Deoxyribonolactone was
the unoxidized, normal abasic sitB,(2-deoxyribonolactone  not a substrate for any of these enzymes. No cross-linking
(3) irreversibly inhibitsE. coli endonuclease Il by cross- of 3to any of these enzymes was observed at concentrations
linking to Lys120 (5). Before determining how general this as high as 100 nM (Table 1). Small amounts10%) of
reaction was, we sought to improve conditions for lactone cross-linking were observed when the lactone lesion was
formation from5 (eq 1) and its cross-linking to endolll. By incubated with very high concentrations (500 nM) of FPG,
photolyzing the radiolabeled oligonucleotide contairtr{(@) hOGG1, yOGG1, NTG2, and endoVlIl (see Supporting
prior to hybridizing to its complement in MOPS buffer, we Information).
were able to achieve 880% conversion of the ketone. Generation of Duplex DNA Containing the Butenolide
Ketone conversion was based upon the measured amount ofncision Product 4) of 2-Deoxyribonolactonelj and Its
alkali labile lesion formed®) and represents an upper limit Interaction with Base Excision Repair Enzymésitial
for the yield of 3 (29). Subsequent incubation & with reports by Sigman et al. suggested DNA containirig 3
endolll produced cross-linked product in yields as high as terminal butenolide fragments are very labile and readily
50% (based upon the calculated amount of lactone present)undergod-elimination to yield 3-phosphate termini32).
an approximately 2.5-fold increase over that originally More recently, Sugiyama and Oyoshi showed that butenolide
reported (Figure 1)1(5). The degree of cross-linking is in-  (4) containing fragments derived from 2-deoxyribonolactone
dependent of which terminus of the oligonucleotide contain- (3) were observable by LC/MS upon treatment with Tris
ing 5 in 8 is radiolabeled. Further characterization of the buffer (pH 9.9) 80). The metastable nature ¢f was
constitution of the oligonucleotide in the cross-link was confirmed in detailed kinetic studies, which show tifat
obtained by pretreating the duplex with Tris buffer (100 mM, andd-elimination occur with comparable rate consta® (
pH 9.9) fa 1 h (25°C) prior to incubating with enzyme.  Butenolide generation froin 8 was optimized with respect
These conditions cleave the lactone strand (see below) ando time and temperature under Sugiyama’s buffer conditions
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Table 1: Percent Cross-Linking of 2-Deoxyribonolacto8gif
Duplex DNA (3-3?P-8) as a Function of BER Enzyme
Concentration

Table 2: Percent Cross-Linking of Butenolid® (n Duplex DNA
(5'-%%P9) as a Function of BER Enzyme Concentration

Percent 2-deoxyribonolacton®) cross-linked

[Enzyme] (nM)

Percent butenolided] cross-linked
[Enzyme] (nM)

enzyme 20 100 500
enzyme 20 100 500 endolll 4
endolll 1.2 9.6 54 NTHI 2
NTH1 2 yOGG1 5
yOGG1 5 hOGG1 6
hOGG1 7 NTG2 4
NTG2 2 FPG 0.4 22 100
FPG 3 endoVIll 23
endoVIl 6 NEIL1 8 28 50
NEIL1 2

ctl Fpg NEIL1

9 10

1 2 3 4 5 6 7 8 1"

A -
-
A G =
3 e a2
A o= - Ficure 3: Cross-linking of duplex DNA (5%2P-9) containing

butenolide4 to FPG and NEIL1. Ctl: no reaction. [FPG] and

FiGURe 2: Generation and trapping of theelimination product [NEILL]: 20, 100, and 500 nM.

(4) of 2-deoxyribonolactone3j in 9. Lane 1: dA sequencing
reaction. Lanes 26: 5-3P-8. Lanes 711: 5-%P-10. Lanes 2 . . .
and 7: no further treatment. Lanes 3 and 8: piperidine (1 M, 90 the butenolide Z2). On the basis of the published rate
°C, 20 min). Lanes 4 and 98-mercaptoethanol (50 mM, 2K, constants for elimination fror and4, we strove to achieve

60 min). Lanes 5 and 10: Tris (pH 9.9, 10 mM, 25, 1 h). Lanes  approximately 50% conversion. This was achieved h at
6and 11: Tris (pH 9.9, 100 mM, 2%, 1 h)+ f-mercaptoethanol  >5°¢ 3 period that is consistent with the recently measured
(50 mM, 25°C, 60 min). half-life for 3 und imil diti

alf-life for 3 under similar conditions2@2).
(30). Reaction progress was monitored by denaturing PAGE  Several enzymes, including endolll, yielded small amounts
separation and phosphorimaging analysis '$?B-8. Al- of cross-linked products upon reaction with solutions con-
though no cleavage @ is observed in the absence of Tris taining butenolide4 (9) at high concentration (500 mM,
(pH 9.9), we were unable to detettdirectly by denaturing  Table 2). Given that som@&was still present, one could not
PAGE, as only fragments containingghosphate termini  rule out that the cross-link observed in the presence of these
were observed. DNA containirtgy(10) is not cleaved under  enzymes, and especially in the case of endolll, was not due
any of these conditions. Evidence for the intermediacy of to reaction with this lesion. However, FPG and human
the butenolide 4) was obtained via trapping witfi-mer- endonuclease VIl (NEIL1) showed a significant amount of
captoethanol (Figure 2). Multiple adducts, in additionto 3  cross-linking over the 26500 nM enzyme concentration
phosphate, are observed. These observations are consistenange (Table 2, Figure 3). One should note that the extent
with our previous report on thiol trapping of fragments of cross-linking reported in Table 2 takes into account the
derived from3 via reaction withN,N'-dimethylethylenedi-  fact that only 50% of the DNA contains butenolidé).(
amine B1). The 3-phosphate is believed to result from Corroborative evidence suggesting that the cross-linked
adventitious cleavage of unreact@dipon precipitation, as  products were the result of reaction with the oligonucleotide
has been observed previous®9(31). However, we cannot  fragment containing the'dutenolide was sought because
rule out the possibility that is incompletely trapped by thiol.  of our inability to obtain mass spectral evidence. As expected,
The recent kinetic studies d& mentioned above indicate  no cross-linking was observed upon reaction of the duplex
that it would be fruitless to try to conve® completely to (13) resulting from complete excision 8f(data not shown).
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FiGURE 4: Effect of pretreating '5*2P-9 containing butenolidet
with 3-mercaptoethanol on cross-linking to FPG. Lane 1-32B-
8. Lane 2: 53%P8 + FPG (500 nM). Lane 3: '5P8 +
pB-mercaptoethanol (50 mM, 28C, 60 min). Lane 4: 5%2P-8 +
B-mercaptoethanol (50 mM, 2%, 60 min)+ FPG (500 nM). Lane
5: 5-3%P8 Tris (pH 9.9, 100 mM, 25C, 1 h) (8-32P-9). Lane 6,
5'-32p9 + FPG (500 nM). Lane 7: '5%2P-9 + B-mercaptoethanol
(50 mM, 25°C, 60 min). Lane 8: 5%2P-9 + S-mercaptoethanol
(50 mM, 25°C, 60 min)+ FPG (500 nM).

80 -

‘ = (81=0nM
70 - 7 [8]=18nM
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Ficure 5: Effect of 8 and 10 on endolll (1 nM) cleavage of'5
32P-12 (20 nM).
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The actual concentration of lactone containing DNA was
based upon conversion of the ketone to NaOH labile material,
as previously described. In these experiments, this was
accomplished by radiolabeling an aliquot of the photolysate.
Adventitious cleavage d@ was found to be as high as 8%.
Since it is uncertain when scission occurred, the lactone
concentration was not adjusted, and those noted (Figure 5)
represent an upper limit.

Cleavage ofl12 steadily increased over 10 min in the
presence of endolll (1 nM) and was unaffected by 100 nM
DNA containing the ketone precursdiQj. At approximately
equal amounts of lactone and AP site, slightly greater than
50% inhibition of cleavage 012 was observed in the first
five minutes of the endonuclease Ill reaction. Cleavage
reached a plateau in the presence3ahat was inversely
proportional to the concentration of the inhibitor. Interest-
ingly, the amount of cleavage was approximately independent
of lactone concentration in the first minute of the reaction.
At the highest lactone concentration (90 nM), the maximum
amount of cleavage was reached in the first minute and
represents approximately one-sixth of the total amount of
cleavage ofl observed in 10 min in the absence of any
additional DNA.

DISCUSSION

2-Deoxyribonolactone3) and its/5-elimination product
(4) are commonly generated DNA lesions whose structures
resemble the more widely observed AP sifg and its
respectives-elimination product. Given the structural simi-
larities, we expected these oxidized abasic sites to be
recognized by BER enzymes that repdir The lactone
lesions also possess an electrophilic carbonyl group poten-
tially suitable for reaction with the amine side chains
implicated in BER enzyme lyase activity. In contrastlto
the lactones3 and 4) do not require any equilibration or
prior enzymatic reaction to reveal their carbonyl groups,
which are inherently less electrophilic than the aldehyde in
1. However, nucleophilic attack on the carbonyl of either
lactone would result in a permanent covalent bond instead
of a transient Schiff base. Three synthetic methods have been
developed in the past several years that enable one to prepare
DNA containing3 in a controlled manner at a defined site
(29, 33, 34). These methods facilitate examining the reactiv-
ity of 3 and provide means for generatingin useful

More direct evidence that cross-linking because of reaction quantities in DNA. In this study, DNA containing 2-deox-

with butenolide4 was obtained by examining the effect of

yribonolactone 3) was generated using the method developed

B-mercaptoethanol on product formation. No cross-linking in our laboratory (eq 1)29).
was observed in the presence of high concentrations (500 2-Deoxyribonolactoned) is not a substrate for any of the

nM) of either FPG (Figure 4) or NEIL1 (see Supporting

Information) whend was trapped with3-mercaptoethanol
(Figure 2) prior to incubation.
2-Deoxyribonolactone3) Inhibition of AP (1) Excision

by Endolll. Qualitative evaluation of the binding affinity of

endolll for duplex DNA containin@ was obtained indirectly.
Because excision of AP site$)(by Endolll is well-studied,

enzymes studied but does efficiently cross-link to endolll.
Excess endolll is required for obtaining high yields of cross-
linked product. Gel-shift experiments were carried out in an
attempt at determining whether this was due to weak binding
and/or slow covalent bond formation. Endolll binds DNA
containing a reduced AP site with modest affinikygs = 2

x 10° to 2 x 10" M™Y) (35). We were unable to observe

we examined the ability of 2-deoxyribonolactone in an specific binding of endolll to lactone. Only nonspecific

otherwise identical duplex to inhibit this reaction (Figure 5).

Radiolabeled DNA containindl (12) was prepared via
reaction ofl1 with UDG. Treatment with NaOH (1 M, 37
°C, 30 min) showed that was produced ir>99% yield,

binding was observed at high concentrations of enzyme. This
in itself does not affirm that binding of endonuclease Il to
lactone is much weaker than a reduced AP site but could
reflect a high off-rate. Indeed, the ability of DNA containing

and <2% of the material underwent adventitious cleavage. 3to inhibit endolll cleavage of AP sites suggests that binding
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by the two abasic sites is comparable (Figure 5). Addition carried out. However, we suggest that the N-terminal amino
of approximately equal amounts of deoxyribonolactone acids in FPG and NEIL1 are responsible for cross-linking.
containing DNA to endolll AP site reactions reduces This is the most conservative explanation based upon what
cleavage by more than one-half. Furthermore, the amountis known about these enzymés 4). However, neither attack
of 1 cleaved in the same time period when 5-fold excess of by other nucleophiles present in the enzyme active site or
lactone DNA ) is present is approximately one-sixth that 1,4-conjugate addition cannot be ruled out. Incised abasic
produced in the absence of any potential inhibitor. These sites are known to react with thiols and amines via 1,4-
data suggest th&tis bound with approximately equal affinity =~ conjugate reactions3(, 49). Finally, we do not know why
by endolll as is a typical AP site. We believe that the E. coliendoVIllI does not cross-link té. The lack of reaction
observed plateau in the cleavage lofs reflective of the may be attributable to the subtle differences between the
irreversible cross-linking of endolll bg, which occurs more  active sites of homologous but distinct enzymes.
rapidly at higher concentrations. In principle, cross-linking can occur via conjugate addition
Endolll is the only enzyme that cross-links ® at to the carbor-carbonr-bond or carbonyl group af. There
concentrations 100 nM. Although quantitative information  is no experimental evidence to eliminate the former pathway.
regarding the lyase activity of all the BER enzymes used in Reaction of4 with g-mercpatoethanol removes thebond
this study is not available, we believe that the literature but also alters the structure of the lesion as a whalke (
suggests that endo Ill, FPG, and endo VIl are more effective 49). Hence, the elimination of cross-linking by prior incuba-
than yOGG1, hOGG1, and NTG2 at nicking AP sites tion of 4 with thiol supports the proposal that the butenolide
(36—42). Others have shown that the AP lyase activity of is the substrate but does not allow one to draw conclusions
FPG and endolll is significantly higher than their glycosylase regarding the site of nucleophilic attack by the enzymes. In
activities 38—40). In contrast, the AP lyase activities of the the absence of affirmative data, application of Ockham’s
oxoguanine glycosylases (OGG1) are significantly lower than razor requires that we propose that cross-linkd t6 FPG
their glycosylase activities3g, 41, 42). We propose that  and NEIL1 occur by nucleophilic attack on the butenolide’s
endolll is distinguished from FPG and NEIL1 by the carbonyl group.
chemical nature of the putative nucleophiles in the respective
enzyme active sites. Endolll utilizes a lysine, which is a CONCLUSIONS
primary amine; whereas FPG, endoVIIl, and NEIL1 employ
more hindered N-terminal prolines to excise AP sit8§, (
38, 43, 44). Studies on other enzymes support the possibility
that the lysine residue in endo Il is more nucleophilic than
the proline groups in FPG and endo VIAg 46). The
deoxyribonolactone3) substrate also plays a role in selectiv-

2-Deoxyribonolactone3d) and its s-elimination product

(4) are produced by a variety of DNA damaging agents. The
structural similarity between these lesions and an AP site
(1) and its respectivgs-elimination product results in the
irreversible inhibition of some BER enzymes via cross-
; - linking to the appropriate amino acid side chain implicated
ity. Although a recent report suggests that the hem|a9gtalin nucleophilic attack of AP sites. There is a correlation
form of an AP site may also react with BER enzymes, itis poyeen cross-linking and individual enzyme lyase activity.
gengrally believed that the acyclic carbonyl containing isomer Only enzymes with more substantial AP lyase activity cross-
of 1 is the substrate aftacked by Lys120 of endofll 10, link either of the lesions. There is also a correlation with
47). Th? more rigid cyclic nature of the Iac_tone may make substrate structure. None of the enzymes form cross-links
accg§3|blllty of3 poorer ikl typlcal_ AP site. In itk both lesions. The butenolidd)(is excised only by those
addition, esters are inherently Iess electrophilic than alde- enzymes that effeat-elimination of AP sites. It is unknown
hydes. Both properties of 2-deoxyribonolactoBemiay deter  \hather these processes occur in vivo, but the ramifications

re?:lCti\?ITl Witg ’\;[ET:Llproline nuclzophiles _prese_zr;]t ri]n IFP_G' of irreversible inhibition of DNA repair suggest that the
enaoVill, an as compared to reaction with the lysine 54 priate investigations are warranted.

residue in endolll.
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butenolide fragment4] is structurally analogous to the

f-elimination product formed enzymatically from AP sites. SUPPORTING INFORMATION AVAILABLE
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