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a b s t r a c t

DPF2 is an evolutionary highly conserved member of the d4-protein family characterized by an
N-terminal 2/3 domain, a C2H2-type zinc finger (ZF), and a C-terminal tandem PHD zinc finger. DPF2
is identified as a transcription factor and may be related with some cancers in human. Here, we report
the crystal structure of the C2H2-type zinc finger domain of human DPF2 with a canonical C2H2 fold,
which contains two beta strands and one alpha helix. Several conserved residues, including Lys207,
Lys216 and Arg217, constitute a positively charged surface in C2H2 domain, which implicates that it
has the potential to bind DNA. The side chains of the residues Y209, C211, C214, K216, Y218, L224,
H227 and H232 form the hydrophobic core of C2H2 domain, which indicates a potential-binding surface
in the human DPF2.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

DPF2 (ubi-d4/requiem) is a member of the d4-protein family
characterized of structural similarity and evolutionary conserva-
tion [1,2]. All proteins of this family contain a unique domain 2/3
in the N-terminal region, a Cys2His2 (C2H2) ZF or Krüppel-type
ZF in the central part of the protein followed by a C-terminal tan-
dem plant homeodomain (PHD). In d4-protein family, neuro-d4
(DPF1) and cer-d4 (DPF3) are expressed in the central and periph-
eral nervous system of vertebrate, whereas DPF2 is equally ex-
pressed in all other tissues and organs. It was assumed that
proteins DPF1 and DPF3 are involved in the transcription regula-
tion of neurospecific gene clusters, while DPF2 was identified as
an transcription factor and may participate in developmentally
programmed cell death [4–7]. The human DPF2 has previously
been mapped to 11q13 [2], a region associated with several cancer
forms. So, DPF2 may be involved in leukemia or other cancers with
other genes connected with cancer.

In d4-protein family, the PHD fingers are hall marker of the pro-
teins implicated in chromatin-mediated transcriptional control.
The d4 proteins are involved in transcriptional regulation of gene
via changing the condensed/decondensed state of chromatin in nu-
cleus. It has been reported that the PHD domain of its homolog,
DPF3, could specifically recognize unmodified or acetylated his-
tone H3 [8,9] and the interaction is severely diminished by histone
ll rights reserved.
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methylation [10]. And the three-dimensional solution structures of
the double tandem PHD fingers of DPF3b showed that the tandem
PHD12 fingers worked as one functional unit in recognition of his-
tone [10], while the link between the C2H2 finger and the PHD12
fingers is obscure. The C2H2 finger belongs to a family involved
in sequence-specific DNA binding [3], which implied that DPF2
could bind histone and DNA simultaneously via individual do-
mains. However, the molecular mechanism between DPF2 and
DNA, or the tandem PHD12 fingers and C2H2 finger of DPF2 re-
mains unclear. To shed light on further biological function investi-
gation of DPF2, we present the high-resolution crystal structure of
DPF2 C2H2 zinc finger domain and identify a conserved and posi-
tively charged interface potential to bind DNA.
2. Materials and methods

2.1. Protein expression and purification

The fragment of human DPF2 (residues D206-H232) coving
C2H2 ZF domain was subcloned into a pET-28a-MHC vector via li-
gase-independent cloning. The recombinant protein was over ex-
pressed in Escherichia coli BL21 (DE3) with the pRARE plasmid for
codon-biased expression. Cells were grown in minimal media at
37 �C to an optical density of approximately OD600nm = 2.5. Protein
expression was induced with 100 lM isopropyl-1-thio-D-galacto-
puranoside (IPTG) and the cell cultures were grown for approxi-
mately 16 h at 15 �C after induction. The protein was purified by
affinity chromatography on Ni–NTA resin (Qiagen Mississauga,
ON) and size exclusion chromatography using a Superdex 75 col-
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umn (GE Healthcare, Tyrone, PA) in 20 mM Tris–HCl pH 7.5,
200 mM NaCl, 1 mM DTT, 20 lM ZnCl2. The His-tag was cleaved
from C2H2 ZF by the addition of 0.05 mg of TEV protease per mil-
ligram of C2H2 ZF protein, followed by incubation in ice for 12 h.
The sample was then passed through a Ni–NTA column and the
flow-through was collected and concentrated to 5 mg/mL for
crystallization.

2.2. Crystallization, X-ray data collection and structure determination

The C2H2 ZF domain of human DPF2 was crystallized by the sit-
ting-drop vapor diffusion method at 291 K with mixing the equal
volumes of the protein solution 5 mg/mL and the reservoir solu-
tion, which consists of 0.1 M CHES pH 9.5 and 30% PEG 3000. Dif-
fraction experiments were performed at 100 K. Diffraction data
from two isomorphous crystals were collected at wavelengths of
1.2651 Å and 1.2834 Å, respectively at beamline 19ID of the Ad-
vanced Photon Source (Argonne, Illinois, USA) and reduced with
the HKL software suite [21]. Further experimental details are listed
in Table 1. The structure was solved by the multiple wavelength
anomalous diffraction [22] method using aforementioned high en-
ergy remote and peak wavelength data sets SHELX [23] software.
The protein model was traced automatically with ARP/WARP
[24]. Further refinement was performed with the programs COOT
[25] PHENIX [26], and REFMAC [27]. The MOLPROBITY server
was used periodically for validation of the model’s geometry [28].

2.3. Accession numbers

The structure factors and coordinates have been deposited in
the protein Data Bank under accession codes 3IUF.

3. Results and discussion

3.1. Overall structure

The crystal structure of the C2H2 zinc finger of DPF2 (residues
D206-H232) is well defined. The overall structure exhibits a
Table 1
Data collection and refinement statistics.

Data collection
Space group P21212
Cell dimensions
a, b, c (Å) 24.71, 57.66, 22.58
a, b, c (�) 90, 90, 90
Wavelength (Å) 1.2651
Resolution (Å) 40.0–1.80 (2.44–2.55)
Rmerge (%) 11.8 (52.2)
I/rI 27.8 (3.4)
Completeness (%) 99.9 (98.7)
Redundancy 8.2 (6.0)

Refinement
Resolution (Å) 22.7–1.8
No. reflections 3240
Rwork/Rfree 19.3/23.7
No. atoms
Protein 263
Water 18
Average B-factors (Å2)
Protein 22.1
Water 29.6
R.m.s. deviations
Bond lengths (Å) 0.016
Bond angles (�) 1.49

Values in parentheses correspond to the highest resolution shells.
canonical C2H2 fold, which contains a short antiparallel b-sheet,
where b1 (209–211) and b2 (215–218) strands are connected by
b-turn (C211DIC214) and a a helix (221–230). The bba fold is stabi-
lized by tetrahedral coordination to a zinc ion involved in the thiol
groups of cys211, cys214 and the Ne2 atom of His227 and His232
(Fig. 2A). In d4 protein family, all d4 proteins have PHD zinc finger,
while other domains may be absent. In Drosophila melanogaster,
the DPF2 does not have a C2H2 ZF, instead of the stretches of the
positively charged amino acids that could serve as the nuclear
localization signals [11]. From the crystal structure of DPF2 ZF do-
main, we found a novel interface distributed with the positive
charge, which consists of Lys207, Lys216 and Arg217. The positively
charged interface is found to be conserved among its orthologs,
which implicates that its potential to bind DNA is well conserved,
and it likes other members in C2H2 ZF family (Fig. 2B1 and B2).

DPF2 was found to bind to several SWI/SNF complex subunits
and also to the p52 NF-j B subunit through its nuclear localiza-
tion signal containing the N-terminal region [5].The data in this
paper suggest that the C2H2 ZF domain of DPF2 plays an impor-
tant role in regulation of gene transcription via the interaction
with DNA. On the other hand, we speculate that the different do-
mains of DPF2 may function in a cooperative manner in some
intracellular processes, which could bind histone and DNA via
tandem PHD domain and C2H2 ZF domain, respectively in the
context of nucleosome.
Fig. 1. Structural and sequence comparison of zinc finger (ZF) domains.
(A) Structure-guided sequence alignment of the members of the ZF domains.
The secondary structure of C2H2 zinc finger domain of DPF2 is indicated above the
sequence. The dashed lines indicate gaps introduced to optimize alignments. The
PDB codes of the protein are the same as used in the Fig. 1B. (B) Structural
comparison of ZF domains. Superimposition of NEMO ZF (PDB code 2JVX, green),
Zif268 ZF1 (PDB code 2EMX, yellow), Zif268 ZF2 (PDB code 2EOL, gray) and Zif484
(PDB code 2YTO, cyan) onto DPF2 C2H2 ZF (PDB code 3IUF, red). The side chains are
depicted for the zinc-chelating residues (ball and sticks), the zinc atoms are
highlighted as the red spheres. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)



Fig. 2. Stereo diagram overall structure of DPF2 C2H2 ZF. (A) Overall structure of DPF2 C2H2 ZF. The side chains of chelating the zinc atom (C211, C214, H227, H232) are
shown in sticks and colored in red, the zinc atom is highlighted as a red sphere. The side chains of the residues Y209, C211, C214, K216, Y218, L224, H227, and H232 form the
hydrophobic core of the finger, which are colored red and shown in sticks. (B) (1) The distribution of the positive residues. The conserved residues, including k207, K216 and
R217, constitute a positively charged surface of the protein. The positive radiuses are shown in sticks and colored in blue. (2) Orthogonal view of the surface with the charge
distribution of the protein (blue for the positive charge, and red for the negative charge). (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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3.2. Structural comparisons

In eukaryote, C2H2 zinc finger proteins comprise a large class of
transcription factors, which are observed to be involved in DNA
binding. But there are some examples of zinc fingers, that support
both DNA and protein binding, which can be found in Sp1, human
ZF protein 268(Zif268), YY1, NF-jB essential modulator (NEMO)
and so on [12–15]. To better understand the potential roles of
the C2H2 ZF domain of DPF2, the structural similarity search of
the protein data bank with the pairwise structural comparison
serve DALI [16] was applied. The multiple sequence and crystal
structure alignments of these C2H2 ZF domains show that there
is the high structural similarity among them (Fig. 1A and B). The
high degree of the structural similarity among the C2H2 ZF domain
family allowed us to create a model of this family. By using the
coordinates of NEMO ZF and Zif268 (regions 659–691), our model-
ing suggest that the side chains of the residues Y209, C211, C214,
K216, Y218, L224, H227 and H232 form the hydrophobic core of
the finger of DPF2 (Fig. 2A). The residues Y209, L224, H227 and
Y218 stabilized the hydrophobic core. And the aromatic residue
Y218 is involved in edge-to-face packing to the zinc-chelating
His227 (Fig. 2A).

DPF2 is a hypothesized transcriptional factor, which its nuclear
localization and its conserved PHD zinc finger support the hypoth-
esis that DPF2 encodes for a potential transcription factor [6]. And
the solution structure of the PHD finger of DPF2’s homolog, DPF3b,
has shown the molecular basis of the integrated tandem PHD fin-
ger in these cellular processes [10], while the exact role of its
C2H2 domain is obscure. Recent studies have shown that some
zinc fingers do not participate in DNA recognition, instead they
may serve in protein-binding or RNA-binding in the protein with
multiple ZF domains [17–20]. The data obtained in this paper sug-
gests C2H2 ZF domain’s potential roles in transcriptional regula-
tion via both DNA-binding and protein-binding, respectively in a
cooperative way. The hydrophobic core of C2H2 ZF domain indi-
cates a potential-binding surface in the human DPF2. To look for
exact targets of DPF2 C2H2 ZF and the link with other domains
of DPF2 requires further biological functional studies.
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