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Figure 1. (A) Structural analogy between the proposed transition state
for glycosidic bond cleavage catalyzed by base-excision DNA repair

DNA repair enzymes are responsible for maintaining the protein and inhibitord and2; and (B) sequence of the double-stranded
integrity of heritable genetic information. One class of such 25-mer (ds 25-mer) containing a single/centrally located BG&Agair.
proteins, base-excision DNA repair (BER) enzymes, recognizesASterick indicates 5*P-label.
and removes from DNA aberrant bases that have arisen through
the attack of exogenous or endogenous agents or through error§eveals that it binds a DNA glycosylase with a dissociation
in replication! Left unrepaired, these lesions have profound constant below 1 picomolar.
effects on cell viability and proliferatioh. A major challenge We reasoned that appropriate attachment of a DNA base to
is to identify how BER enzymes recognize their substrates, the pyrrolidine ring inl1 should lead to inhibitors possessing
which often differ only subtly from their normal counterpatts. even stronger binding affinity and greater specificity tHan
However, efforts along these lines have been hampered by theitself. Attaching the base directly to thé-darbon in1 would
fleeting nature of the association between repair enzymes andoe expected to generate an unstable linkdgbus ruling out
their DNA substrates. In principle, this problem could be solved this option. To ensure appropriate stability, we inserted a
by structural alteration of either the enzyme or the substrate, so—CH.— unit between the C:land the base, thus generating
as to stall the normal reaction process and thereby generate 4he pyrrolidine homonucleoside containing inhibitar Al-
long-lived protein-DNA complex. Indeed, mutant versions of  though this formal insertion of aCH,— unit into the glysosidic
bacteriophage T4 endonuclease V and the human uracil DNAPond lengthens the separation between the base and the
glycosylases have been found to bind tightly to DNA containing PYyrrolidine ring relative to that in the substrate, this bond is
analyses of these complexes have yielded the first glimpses into@long similar lines have been shown to be effective agents for
the origin of substrate specificity of BER enzymes. We and glycosylases that act on monomeric nucleoside and simple
other§~8 have pursued an alternate approach based on thecarbohydrate substra.té%.Asate_slt system for these concepts,
modification of the DNA substrate. We have focused our W€ decided to examine the ability of an adenine pyrrolidine
attention on members of a recently identified superfamily of homonucleoside in DNA (ph/A24) to inhibit the adenine DNA
BER enzymes, for which no cocrystal structures are yet egcqsyIase MUtY.l' One component of a repair _pathway
available? Our strategy for the design of altered DNA substrates SPecific for oxidatively damaged DNX, MutY recognizes A

that are capable of being recognized but not repaired centerdnappropriately paired to the lesion 8-oxoguanife), and
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on two distinct concepts, either mimicrpr electronic desta-
bilization of the transition staté for the glycosyl transfer
reaction leading to base excision (Figurel)Of particular

relevance to the present study is the finding that pyrrolidine

a transition-state mimic, binds with exceedingly high affinity

and specificity to a variety of BER enzymésHowever, because

selectively cleaves the A residue.

The synthesis of inhibito2a (Scheme 1) began with-serine
(3), which was converted in four steps and 60% overall yield
to aldehyde4.'®> Allylboration of aldehyde4 using a chiral
boron reagent proceeded with excellent diastereoselectivity (94%
de) to yield5.16 Cleavage of the Boc-protected oxazolidine ring

1 lacks a base moiety, it is unsuitable for studies aimed at followed by TBS protection yielde®. Reaction of6 with
elucidating the specific interactions between the substrate basd"CPBA in methylene chloride gave the corresponding epoxide

and the enzyme active site. Here we report the design an
synthesis of a new class of pyrrolidine-based inhibitors contain-
ing an attached base. Biochemical analysis of one such inhibitor
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Figure 2. (A, left) EMSA assay to detect binding @a to MutY. *?P-labeled oligonucleotide concentration (single- plus double-stranded forms)
= 3.0 pM. MutY concentrations are as indicated. (B, right) Competition EMSA assay to determine the specifitiodflutY: concentration
of 32P-labeled ds 25-mer, 0.2 nM; concentration of MutY, (lane 1) no protein, (land$, 2.0 nM; concentration of unlabeled ds-25mer in lane
3, 20 nM; concentration of unlabeled non specific competitor in lane 4, 20 nM.

of the secondary alcohol provided the phosphoramidite no effect (lane 4). In competition cleavage assays (data not
Using phosphoramiditd 1, we synthesized a 25-mer oligo- shown), we determined that the addition of an equivalent amount
nucleotide containing a centrally modified phA unit-GGA of phA/PG-containing DNA inhibited, by greater than 50%,
TAG TGT CCA phA GTT ACT CGA AGC-3). Deprotection MutY-catalyzed cleavage of a native?@ substrate, even when

of the oligonucleotide and concomitant conversion of the the enzyme was present in 50-fold excess over substrate.

6-chloropurine into adenine were accomplished by incubation  Here we have reported a new class of mechanism-based

of the oligonucleotide with aqueous ammonia at°&5for 12 inhibitors that bind with unprecedented strengt € 1 pM)

h.® The phA-containing 25-mer was-¥P-end labeled and o a base-excision DNA repair protein, MutY. We expect
annealed to a complementary 25-mer having 88eresidue,  yariants of 2a, having a different base moiety, will bind
thereby generating a duplex 25-mer containing a singly, centrally gpecifically to other BER enzymes, especially those belonging
located phA?G pair (ds 25-mer, Figure 1B). to a recently identified superfamily of DNA glycosylaseBhis

The binding affinity of MutY for the ds 25-mer containing  new class of pyrrolidine homonucleosides should thus prove

PhASG was investigated with the use of the electrophoretic yajuaple in structural studies aimed at elucidating the molecular
mobility shift assay (EMSA}® This assay detects the difference p5sis of DNA damage recognition and repair.

in electrophoretic mobility of the free ds 25-mer and the

MutY-ds 25mer complex (Figure 2A). With the ds 25-mer

present at a concentration of less than 3 pM, addition of 1 equiv

of MutY resulted in virtually complete formation of the ds 25-

merMutY complex (Figure 2A), thus indicating that tikg for

the protein-DNA interaction is well below 3 pM, and certainly

below 1 pM2° By contrast, theKq of MutY for the congener

of the ds 25-mer bearing the simple pyrrolidihén place of

2awas determined to be 6% 11 pM. Thus, the binding of ~ JA970828U

MutY is stimulated at least-50-fold by the presence of the 20y Und ditions in which [DNAR Ko pT———

_ _ H HE H P naer conaitions In wnic < Kg, the concentration ot protein
CHZ .a.den.me .umt |n_2a .A hlgh_ degree_ of specificity for . that affords 50% formation of a proteiDNA complex is approximately

the inhibitor in this binding interaction was inferred on the basis equal toKs. As 1 equiv of MutY is sufficient to drive formation of a ds

of competition assays (Figure 2B), in which a 100-fold excess 25merMutY complex essentially to completion in Figure 2A, we conclude

of nonradioactive counterpart of the ds 25-mer completely out- that the binding observed under these conditions is controlled by stoichi-

. . . ometry rather thaiy. This necessarily means that the DNA concentration
competed complex formation with the radiolabeled ds 25-mer in Figire 2A (3 pM) is will aboveKg, henceKq can safely be assumed to

(lane 3), whereas a 100-fold excess of nonspecific DNA had be less than 1 pM. Attempts to determine Eemore precisely have been
frustrated by the tendency of DNA to favor the single-stranded state at
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