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Most damaged bases in DNA are removed by the base-excision (B) a9 DNA-O
DNA repair pathway. The key components of this pathway are N NH 0
DNA glycosylases, enzymes that recognize damaged bases anc 0:<N l N/J\NH b
catalyze scission of their glycosidic boA@he human 8-oxogua- A ?  DNAD
nine DNA glycosylase (hOGG1) is responsible for repair of the 8-oxoguanine THE inhibitor

mutagenic lesion 7,8-dihydro-8-oxoguanine (oxdGhe X-ray

structure of a catalytically inactive mutant of hOGG1 bound 10 gigre 1. Putative mechanism of base excision catalyzed by human
oxoG-containing DNA revealed the molecular basis for lesion oxoguanine DNA glycosylase (hOGG1) and structures of the oxoG
recogn_ltlor‘f but left unanswered many questions concerning the sypstrate and tetrahydrofuranyl (THF) abasic inhibitor.

catalytic mechanism. Here we report the X-ray structure of wild-

type hOGGL1 bound to a substrate-based inhibitor. The structure 1,4 global structure of the THFROGG1 complex is similar
lends insight into the coupling of base recognition and catalysis, 1, that of K249Q hOGG1, with a root-mean-square deviation of
and suggests a previously unanticipated role for a key asparticy g 3 for the protein backbone (Figure 2). The most significant

ac;;jorgsc,la(ilue |n|the enzymtle. t catalvsi hanism in which th differences between the two structures lie in the region of the
employs a covalent catalysis mechanism in which the base-recognition pocket. Specifically, electron density corre-

€-amino group of Lys 249 attacks C-df oxoG,thereby expelling sponding to the oxoG base is absent in the FHEPGG1
the oxoG base(Figure 1). A key question concerns the mech- structurel® despite the presence of oxoG in the crystallization

anism by which the enzyme activates the nucleophilicity of Lys medium. Vacanc " . -
) ; | . y of the 0xoG recognition pocket is accompanied

249. This issue is obscured in the X-ray structure of the mutant by local adjustments of the protein backbone and of several amino

hOGG1-DNA compleXby the presence of glutamine (Q) in place acid side-chains (Figure 2C). In the K249Q structure, Phe 319

of lysine (K) at position 249 (K249Q hOGG1), which was intro- "~ : :
duced to enable the formation of a stable recognition complex. 7-stacks with 0x0G, and His 270 hydrogen bonds to the phosphate
on the 3-side of 0xoG. In the absence of oxoG, the O-helix is

To illuminate details of the active-site structure and function, we shifted away from the active site (see Supporting Information)
decided to cocrystallize the wild-type hOGGL with a *mutant resulting in retraction of Phe 319. Furthermore, His 270 is no

substrate o WhiCh the enhzyme can bind but not perform catélysis. longer hydrogen-bonded to its phosphate but instead is swiveled
DNA containing the abasic tetrahydrofuranyl (THF) moieity to w-stack with the Phe 319 aryl ring. The hydrocarbon side-

DNA is one such substrate-based inhibitor of hOGG1, binding - . . .

the enzyme with an equilibrium dissociation constant of 0.01 nM gh_alg fOf Glnf315,Gth<_a resl,ldu% tfhat |ntera(r:]tst Wt'th the V\?atson

(S.D.B. and G.L.V., unpublished results). We therefore attempted fick face ﬁ oxg IS Te ?Xﬁ brom gag(;] eto rar_g‘, ccr)]n 0(;'

to cocrystallize a ternary complex containing wild-type hOGG1, mation In the absence of the base, with its amide headgroup

ox0G base, and a 16-mer duplex containing a single THF re&idue. extderéc)ieg s!lgh;!y |ntobthekbbase recognition poc_:ket I(I_:lgu;)es ig

Diffraction data f th Iti tal dt lve and 3). A significant backbone rearrangement involving Pro
mracton cata Iom e restiiing orystas e s o0 0 Sove and Ser 41 of thet-A/$-B loop is also evident, but neither the

the structure and refine it to a resolution of 2.6 A. o . . :
driving force nor the consequences of this change are immediately
* To whom correspondence should be addressed. apparent from the structure. The absence of oxoG from the base-
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Figure 2. Active-site structure of hOGG1 bound to DNA. (a and b) Orthogonal views of the-TH@FGG1 structure, related by 9€btation about the

vertical axis. The protein backbone is presented as-aarbon trace in gray; side-chains of key residues are shown in blue. The DNA is shown in gold.

An ordered water molecule in the active site is depicted as a red sphere. (c) Least-squares superposition of the K249Q X-ray structure (reh4, gray) wit
relevant parts of the THFhOGG1 X-ray structure (this work; DNA, gold; protein side chains, blue). A short loop containing Ser 41 is also shown in
blue, as the conformation of this loop differs significantly in the two structures. The retraction of the O-helix, not shown in (c), can be seen in the

Supporting Information.

Figure 3. View of the solvent accessible surface looking into the base-
recognition pocket of the K249Q structure (left, ref 4) and the FHF
hOGG1 structure (right, this work). Note the expansion of the base-
recognition pocket in the absence of oxoG.

conformational changes involving the sugar may contribute
thermodynamically to specific recognition of the correct base.

The structure of wild-type hOGG1 in complex with the THF
inhibitor clearly shows the active-site nucleophile, Lys 249,
extending toward C1 with the e-amino group being well-
positioned for in-line attack, both in terms of distance (3.5 A)
and trajectory (Figure 2A). Asp 268, the only active-site residue
that is absolutely conserved in all members of the protein
superfamily to which hOGG1 belond%,'4 has been suggested
to activate Lys 249 by deprotonating it to the free amine. Unex-
pectedly, however, Asp 268 is far removed from Lys 249, with
the closest N-O distance being 3.7 A. Furthermore, Asp 268
appears to have lost the hydrogen-bonding interaction with His
270 observed in the K249Q structure (Figure 2A). In an attempt
to simulate the actual Michaelis complex, we modeled Lys 249
from the THF—hOGG1 structure into the K249Q structure. This
model® has two noteworthy features: (i) Asp 268 lies well outside
hydrogen-bonding distance from Lys 249 (4.9 A) and in fact is
closer to the endocyclic sugar oxygen (O@—O distance 3.2
A), and (i) Lys 249 makes a very close approach t6 @15 A).

The present analysis has several significant implications for

catalysis. Insertion of a noncognate base into the active site would
be unlikely to trigger the same sequence of events, owing to poor
chemical complementarity with the residues lining the base-
recognition pocket. Second, the structural evidence neither
supports nor refutes the notion that Asp 268 acts as a general
base to deprotonate Lys 249. The data do suggest that another
plausible role for Asp 268 should be considered, namely
electrostatic stabilization of the developing positive charge
developing in the transition state on the deoxyribose mdfety,
especially at Oland C1 (Figure 1A). Finally, proper insertion

of oxoG into its recognition pocket on hOGG1 delivers’' C1
precisely to Lys 249 and appears to compress these reactive
centers together, thus providing both enthalpic and entropic
driving force for the reaction to ensue.
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(13) Mutation of Asp268 to Asn abrogates the catalytic activity of HhH-

understanding the mechanism of base excision by hOGGL1. First,GPD family members, but leaves intact their ability to bind lesions specifically

it appears that the catalytic apparatus of hOGGL1 is assembled

properly only upon insertion of a cognate base into the oxoG
recognition pocket. This draws the O-helix and Phe 319 inward,
freeing His 270 to hydrogen bond with thehosphate and Asp

268, thereby positioning this critical amino acid side-chain for
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18). The residue in AlkA corresponding to Asp 268 has been inferred (Scharer,
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