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Overproduction, crystallization and preliminary
crystallographic analysis of a novel human
DNA-repair enzyme that recognizes oxidative DNA

damage

DNA glycosylases repair oxidative DNA damage caused by free
radicals. Recently, NEIL1, a human homolog of Escherichia coli
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DNA glycosylase endonuclease VIII, has been identified and shown
to exhibit broad substrate specificity for a variety of types of
pyrimidine-base damage. An active C-terminal deletion construct of
NEIL1 was overexpressed in E. coli and crystallized. The unliganded
NEIL1 crystallizes in space group R3, with unit-cell parameters
a=b=1322,c=511A. Complete data sets were collected from
native, selenomethionyl and iodinated NEIL1 to 2.1, 2.3 and 2.4 A,

respectively.

1. Introduction

Reactive oxygen species are generated endo-
genously; when produced in the vicinity of
DNA, these free radicals cause a plethora of
types of DNA damage, including base modifi-
cations, base loss and single-strand breaks
(reviewed in Wallace, 2002). A battery of DNA
glycosylases initiate the repair process by first
removing the oxidatively damaged bases and
then, in a concerted lyase reaction, cleaving the
DNA backbone to generate a single-nucleotide
gap. DNA polymerization followed by ligation
completes the base-excision repair process.

In Escherichia coli, two different DNA
glycosylases, endonuclease III (EcoNth) and
endonuclease VIII (EcoNei), recognize and
repair oxidized pyrimidine DNA bases
(Wallace, 2002). Single E. coli mutants defec-
tive in either EcoNth or EcoNei do not show a
mutator phenotype; however, nth nei double
mutants exhibit elevated spontaneous muta-
tion frequencies, suggesting that they serve as
backup activities for each other (Blaisdell et al.,
1999; Jiang et al., 1997; Saito et al., 1997).
hNTH1, a homolog of EcoNth, was the first
human pyrimidine DNA glycosylase to be
characterized (Aspinwall ez al., 1997; Hilbert et
al., 1997); we and others have recently identi-
fied three new human homologs (NEIL1, 2 and
3) of EcoNei (Bandaru et al., 2002; Hazra,
Izumi et al., 2002; Hazra, Kow et al, 2002;
Morland et al., 2002; Takao et al., 2002; Wallace
et al., 2003). Multiple sequence alignments
showed that the active-site residues, the helix—
two-turns-helix and zinc-finger motifs are
conserved between EcoNei and the human
NEIL proteins, with the exception of NEILI,
which lacks the zinc-finger motif (Bandaru et
al., 2002). Unlike EcoNei, the NEIL1 amino-

acid sequence does not contain any of the four
cysteine residues that coordinate zinc in the
E. coli enzyme. The substrate specificity of
NEIL1, however, resembles that of EcoNei in
that NEIL1 recognizes all oxidized pyrimidine
bases (Bandaru et al., 2002; Hazra, Izumi et al.,
2002). As a first step towards elucidating the
nature of substrate recognition by the human
NEIL1 enzyme, we have overexpressed, puri-
fied and crystallized this glycosylase.

2. Material and methods
2.1. Protein expression and purification

A pET vector carrying full-length NEIL1
was transformed into Rosetta (DE3)pLysS
cells (Novagen) and grown at 289 K for ~16 h.
Recombinant C-terminally His-tagged NEIL1
protein (398 amino acids, with an estimated
molecular weight of 44.7 kDa) was purified as
described previously (Bandaru et al., 2002).
Crystallization trials for full-length C-termin-
ally His-tagged NEIL1 failed to yield any
crystals. This inability to grow crystals was
corroborated by the fact that the protein was
polydisperse regardless of the temperature or
buffer conditions used, based on dynamic light-
scattering (DLS) experiments performed on a
DynaPro MS-X instrument (Protein Solu-
tions). Hence, two different approaches were
employed to engineer a protein construct that
would be more amenable to crystallization.

We had originally identified human NEIL1
in the genomic database with PSI-BLAST
using  Arabidopsis  thaliana  formamido-
pyrimidine DNA glycosylase (AthFpg) as the
seed sequence. Subsequently, we cloned and
expressed human NEIL1 and showed it to
be a homolog of E. coli endonuclease VIII
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(Bandaru er al, 2002). Moreover, it was
known that the C-terminal 109 amino acids
of AthFpg are not required for either
substrate  binding or DNA-glycosylase
activity (Ohtsubo et al., 1998). We therefore
surmised that based on the sequence align-
ment of AthFpg and NEIL1, a C-terminal
deletion construct of NEIL1 could be
designed that might retain glycosylase
activity. Multiple sequence alignments of
AthFpg and NEIL1 along with other
members of the Fpg/Nei family predicted
that deletion of the C-terminal 56 amino
acids in NEIL1 should not affect the
glycosylase  activity or DNA-binding
capability. Accordingly, a deletion construct
of NEIL1 missing the C-terminal 56 amino
acids (NEIL1CAS6) was constructed by
PCR and subcloned into a pET30a vector
(Novagen) between Ndel and Xhol sites.
In the second approach, a Predictor of
Naturally Disordered Regions (PONDR; Li
et al., 1999) was used to detect disordered
region(s) in NEIL1 that may hinder crys-
tallization. PONDR analysis of AthFpg
and NEIL1 showed that both proteins have
a disordered C-terminal region (Fig. 1).
Interestingly, the disordered region
predicted in AthFpg by the PONDR
analysis corresponds to the C-terminal 109
residues shown to be dispensable for
glycosylase activity (Ohtsubo et al., 1998).
Based on this observation, we designed a

construct missing the entire disordered
region (C-terminal 106 amino acids) in
NEIL1 (Fig. 1). Little or no soluble protein
expression was observed with this construct.
A series of shorter C-terminal deletion
constructs were cloned and checked for
expression. These studies showed that dele-
tions of >100 amino acids did not yield any
protein expression. Therefore, a NEIL1
construct missing the C-terminal 100 amino
acids (NEIL1CA100) was constructed for
crystallization studies (Fig. 1).

The  truncated NEIL1CAS56  and
NEIL1CA100 protein constructs carrying a
C-terminal hexa-His tag, which comprises
eight amino acids (LEHHHHHH), were
expressed and purified as described above.
As shown in Fig. 2, both protein constructs
were purified to homogeneity. Both freshly
prepared and flash-frozen truncated NEIL1
proteins retained DNA glycosylase/lyase
activity on a thymine glycol-containing
double-stranded substrate, although
NEIL1CA100 was less stable and lost
activity over time.

2.2. Crystallization and X-ray diffraction
experiments

Preliminary crystallization conditions for
both NEIL1CA56 and NEIL1CA100 were
obtained using a sparse-matrix screen
(Jancarik & Kim, 1991; Crystal Screen I,
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Figure 1

PONDR analysis of (a) AthFpg and (b) full-length NEIL1. Regions with a PONDR score of >0.5 are predicted to

be disordered. Disordered regions of 40 amino acids or longer are identified by thick lines.

Hampton Research) by the hanging-drop
vapor-diffusion method, mixing 1 pl protein
solution (5mgml~' in 20 mM HEPES pH
7.6, 150 mM NaCl, 1mM DTT, 0.1 mM
EDTA, 10% glycerol) with 1 pl well solution
and equilibrating against 0.6—-1 ml reservoir
solution. The incubation temperatures for
the crystal trays were determined based on
DLS experiments performed on a DynaPro
MS-X instrument (Protein Solutions).
Temperatures at which the protein was
monodisperse were deemed to be suitable
for crystallization. Despite the fact that it
was missing most of the C-terminal dis-
ordered region, unliganded NEIL1CA100
protein precipitated in most of the condi-
tions, even at low protein concentration. In
contrast, NEILICAS6, which still retains
some of the region predicted to be disor-
dered (Fig. 1), crystallized in Crystal Screen
I condition 17 (30% polyethylene glycol
4000, 0.1 M Tris—-HCI pH 8.5, 0.2 M lithium
sulfate) at 285 K. After microseeding, unli-
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Figure 2

Coomassie-stained SDS-PAGE gel of recombinant
full-length and truncated NEIL1 proteins. Lane M,
molecular-weight standards in kDa; lane 1, full-length
NEIL1; lane 2, C-terminal 56-residue deletion
construct; lane 3, C-terminal 100-residue deletion
construct.

Figure 3
Crystals of wild-type NEIL1CAS56. Typical dimen-
sions are 0.2 x 0.15 x 0.05 mm.
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Table 1

Data-collection statistics.

Values in parentheses refer to the highest resolution shell.

Native SeMet SeMet-1 1

Resolution (A) 20-2.10 217-210)  20-2.30 (240-230)  20-2.40 (255-240)  20-2.30 (2.40-2.30)

Unique reflections 18495 14770 12854 14357
Redundancy 11.9 (11.9) 5.2 (47) 6.0 (3.6) 3.0 (2.0)
Ruerget 0.085 (0.383) 0.095 (0.437) 0.089 (0.292) 0.078 (0.241)
Completeness (%) 95.1 (100) 99.9 (100) 98.4 (91) 97.0 (85.5)
Overall I/o(I) 39.6 (5.6) 13.7 (2.8) 19.5 (2.8) 15.8 (2.5)
Risof — 0.093 0.147 0.158

No. sites — 4 Se 48Se, 51 81

T Rumerge = 2_ I — (I)|/3_ I, where (I) is the average intensity from multiple observations of symmetry-related reflections. % Riso
= Y |Fpy — Fpl/Y_|Fpl, where Fp is the observed structure-factor amplitude for the native data set and Fpy is the observed

structure-factor amplitude for the heavy-atom derivative.

ganded NEIL1CAS6 yielded diffraction-
quality crystals at 285 K in 2-7 d (Fig. 3)

A selenomethionyl variant of NEILI1-
CA56 was prepared by inhibiting methio-
nine biosynthesis (Doublié, 1997) and was
purified as described above. A litre of
induced culture yielded ~0.5mg pure

SeMet-NEIL1CAS56 protein, enough to
grow crystals for diffraction studies.
Crystallization  conditions for SeMet-

NEIL1CAS6 were similar to those used for
the native protein.

Crystals were harvested from their crys-
tallization drops and flash-cooled in liquid
nitrogen. Data from NEIL1CAS56 crystals
were collected on a MAR345 image-plate
detector using Cu Ko radiation generated
by a Rigaku HR-300 X-ray generator.
Assuming one monomer per asymmetric
unit, a Matthews coefficient (Matthews,
1968) of 2.25 A> Da~! was calculated, which
corresponds to ~45% solvent content.
Molecular-replacement attempts were made
using other members of the Nei family as
search models, but they uniformly failed to
produce a clear solution. In addition to
producing the selenomethionyl protein, we
chose to attempt phasing with halides
(Dauter & Dauter, 2001; Dauter et al., 2000),
which we performed while waiting for
synchrotron beamtime to collect multi-
wavelength data from the selenomethionyl
crystals. The native NEIL1CAS56 crystals
were soaked in sodium iodide solutions
(0.125-0.25 M Nal for 2-15 min; Dauter &
Dauter, 2001; Dauter et al., 2000). SeMet
crystals were also soaked in iodide solutions,
which provided a double derivative (Rould,
1997). All derivative data were collected at
100 K using Cu Ko radiation on a MAR 345
image-plate detector and care was taken to
collect accurate and redundant data. A
summary of the data-collection statistics is

shown in Table 1. Data were integrated and
scaled using DENZO and SCALEPACK
(Otwinowski & Minor, 1997).

2.3. Phasing

CNS was used to locate and refine the
four Se sites in the diffraction data collected
using Cu Ko radiation (Briinger et al., 1998).
The resulting selenium phases were used in
isomorphous difference Fourier calculations
to identify the iodide sites. All sites were
then refined with SOLVE; RESOLVE was
used for density modification (Terwilliger,
2002). It should be noted here that
combining the selenomethionyl and iodide
derivatives provided enough phasing infor-
mation to yield an interpretable electron-
density map, confirming the usefulness of
halide soaks (Dauter & Dauter, 2001;
Dauter et al., 2000) and selenium substitu-
tion in the phasing of protein structures,
even in cases where the number of methio-
nines is below average (one methionine in 86
amino acids compared with an average of
one in 50; Lemke et al., 2002). In addition, all
of the data sets were collected using Cu Ko
radiation, giving credence to the assertion
that when selenomethionyl protein crystals
are in hand, one should not wait for
synchrotron time to attempt phasing,
provided of course that the diffraction data
are accurate (Lemke et al, 2002). Model
building and refinement of the structure are
in progress and structural details will be
described elsewhere.
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University of Vermont under the Howard
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