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Biological context

Oxidative DNA damage is one of the most important
mechanisms responsible for mutagenesis, carcinogen-
esis, aging, and various diseases (Farr and Kogoma,
1991). To repair such damage virtually all aerobic
organisms have a DNA repair mechanism, base ex-
cision repair (BER). Formamidopyrimidine-DNA gly-
cosylase (Fpg), a 269-residue metalloprotein with a
molecular weight of 30.2 kDa, is a key BER en-
zyme in prokaryotes. The principle biological role
of Fpg is to remove the promutagenic DNA lesion
7,8-dihydro-8-oxoguanine (8-oxoG) (Boiteaux et al.,
1987). Fpg binds double-stranded DNA and performs
three catalytic activities: (i) DNA glycosylase, (ii) AP
lyase, and (iii) deoxyribophosphodiesterase. In order
to understand how Fpg performs its many biological
activities on DNA in solution, the structure and func-
tion of Escherichia coli Fpg is being studied by NMR
spectroscopy (Buchko et al., 2000).

Methods and experiments

Progress in making backbone assignments was ac-
complished using a combination of residue-specific
labeling (Dahlquist et al., 1985) and perdeuteration
(Venters et al., 1996) of the protein. Using 14 dif-
ferent residue-specific labeled samples the majority
of the 15N to 1HN cross peaks in the 15N/1H HSQC
spectrum of Fpg were identified as arising from an
A, C, G, E/Q, D/N, F, T, I, V, L, R, K, Y, or M.
Using an ∼ 0.8 mM NMR sample of 2H-, 13C-, and
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15N-labeled Fpg, two-dimensional HSQC and three-
dimensional HSQC-NOESY, HNCA, HNCOCA, HN-
COCACB, HNCACB, HNCO, and HNCACO data∗∗
were collected at 25 ◦C using Varian 900-, 800-,
750- and 600-Niova spectrometers. In many of the
experiments the data was collected with deuterium
decoupling and TROSY.

Extent of assignment and data deposition

In total, cross peaks for 209 out of the 252 possible
1HN resonances (269 residues minus 16 prolines and
the terminal amide) were observed (83%) and 180 of
these were assigned (86%) (Figure 1A). Twenty-nine
cross peaks labeled with a question mark could not be
unambiguously assigned primarily because neither the
‘i−1’ 13Cβ nor the ‘i’ 13CO cross peak was observed
in HNCOCACB or HNCACO experiments, respec-
tively. Not shown in Figure 1A is the cross peak for
G238, with a 1HN chemical shift of 3.03 ppm, repre-
senting the most shielded glycine 1HN reported in the
BioMagResBank. Figure 1B shows the sequence of
E. coli Fpg with the location of elements of secondary
structure predicted on the basis of sequence align-
ment and crystal structure of Thermus thermophilus
Fpg (Sugahara et al., 2000). The crystal structure of
T. thermophilus Fpg shows the protein to consist of
a C- and N-terminal domain with only ∼45% of the
protein consisting of α-helices and β-sheets. The large
number of turns and loops in the protein may account
for the less than expected number of 15N/1H HSQC
cross peaks. The residue-specific amide assignments
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Figure 1. (A) Two-dimensional 15N/1H HSQC spectrum of Fpg (∼ 0.8 mM, 300 mM potassium phosphate, 3 mM DTT, 50 µM NaN3, pH 7.1,
25 ◦C) collected at a 1H resonance frequency of 900 MHz. The residue-specific assignments of the cross peaks arising from the backbone amide
groups are indicated. Backbone amide groups that could not be unambiguously assigned are labeled with a question mark (?). The remaining
cross peaks correspond to the amide groups of asparagine and glutamine residues. The inset is an expansion of the congested region near the
center of the spectrum. Not shown is residue G238 with a 1HN chemical shift of 3.03 ppm. (B) Amino acid sequence of E. coli Fpg. Amino
acid residues highlighted with a plus (+) sign are residues for which 15N/1H HSQC cross peaks have been assigned. The predicted secondary
structure for E. coli Fpg, based on sequence alignment and the crystal structure of T. thermophilus Fpg (Sugahara et al., 2000), is illustrated by
open (α-helix) and closed (β-sheet) rectangles. The remainder of the structure is predicted to be composed of turns and loops.

for Fpg, indicated with plus (+) signs in Figure 1B,
show that the assignments are distributed through-
out the sequence with most of the assignments at, or
nearby, residues predicted to adopt secondary struc-
ture. The only exceptions are a paucity of assigned
15N/1H HSQC cross peaks for residues in the first
and last predicted α-helical regions which may indi-
cate that these helical regions are shorter in E. coli
than in T. thermophilus Fpg, or, these sites experience
substantial motion in solution.

A table containing the 15N, 1HN, 13Cα, 13Cβ and
13CO chemical shifts are available from the authors as
supplementary material and is deposited in the BioMa-
gResBank in Madison WI, USA (accession number
5219).
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