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The homeodomain from the engrailed protein of Drosophila has been crystallized
from ammonium phosphate at pH 6.8. The crystals form in space group P6122 (or
P6522), with cell dimensions a =b=44.8 A and ¢ = 118.2 A. These crystals diffract to
1.8 A resolution. A complex containing the engrailed homeodomain and a duplex DNA
site also has been crystallized. The cocrystals form in space group C2 with a = 131.2 A,
b=455A,c=729 A and 8 = 119.0°. These crystals diffract to 2.6 A resolution.
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The homeodomain is a 60-residue DNA-binding motif found in many eukaryotic
proteins that regulate gene expression (1). Amino acid sequences of homeodomains show
some similarities with the helix-turn-helix motif of prokaryotic DNA-binding proteins
(2,3), and NMR studies of the Antp homeodomain have confirmed that homeodomains
contain a helix-turn-helix structure (4). Although genetic studies have pinpointed some of
the critical amino acids involved in recognition (5,6,7), relatively little is known about the
homeodomain/DNA interactions.

In order to better understand the structural basis of homeodomain/DNA
interactions, we have begun X-ray crystallographic studies of the homeodomain from the
engrailed protein of Drosophila. The engrailed protein is required for proper development
of segments during embryogenesis (8). Closely related homeodomains have been found in
several other organisms, including man (9), and sequence comparisons suggest that the
engrailed protein is representative of a distinct subfamily of homeodomain proteins (1).
We report here the crystallization of the engrailed homeodomain and crystallization of a
complex of the engrailed homeodomain with duplex DNA.
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METHODS
A polypeptide containing the 60 residues of the engrailed homeodomain (10), along

with an additional methionine residue on the N-terminus, was expressed in E. coli (11).
Gel shift and DNase footprinting experiments confirmed that this polypeptide specifically
recognizes engrailed binding sites in vitro. To purify the polypeptide, overproducing E.
coli cells were sonicated and cellular debris was removed by centrifugation. Adding 0.5%
polyethyleneimine and centrifuging again removed many other proteins. The engrailed
homeodomain was further purified by chromatography on an S-Sepharose FPLC column
and on a C4 HPLC column. The protein was concentrated to about 9 mg/ml for
crystallization experiments.

Crystals of the engrailed homeodomain were grown using the hanging-drop vapor
diffusion technique (12), and the best crystals were grown from 74% saturated ammonium
phosphate (pH 6.8) at room temperature. Crystals of an engrailed homeodomain-DNA
complex were obtained by systematically varying the DNA length when surveying
crystallization conditions (13). Crystallization conditions were tested with several different
binding sites, since it is not yet know which site(s) are important for development. The
largest crystals were obtained using a DNA duplex that has 21 bases on each strand and has
an overhanging 5' end:

ATTAGGTAATTACATGGCAA
AATCCATTAATGTACCGTTT.

(This had initially been synthesized for cocrystallization with the yeast o2 protein, but gel
shift experiments show that it binds to the engrailed homeodomain with a Kp = 1-2 x 10
M.) These crystals were also grown using the hanging-drop vapor diffusion method. The
drops contained 4.5 mg/ml of protein and an equimolar amount of duplex DNA in a buffer
containing 30 mM bis-Tris-HCl, pH 6.7. When the drops were set up, the pH was raised
to 8.0-9.0 by the addition of ammonium hydroxide; crystals grew as the ammonium
hydroxide diffused out and the pH returned to 6.7.

X-ray diffraction data was collected on a Xentronics multiwire area detector using a
Rigaku rotating anode X-ray source.

RESULTS _AND DISCUSSION
Crystals of the E iled H i .

The largest engrailed homeodomain crystals measure roughly 0.8 mm in their
longest dimension and 0.4 mm in the shortest dimension. Precession photographs revealed
that the crystals form in one of the enantiomorphic space groups P6122 or P6522 and have
unit cell dimensions a = b=44.8 A and ¢ = 118.2 A. Assuming one protein monomer
in the asymmetric unit, the calculated volume per dalton of protein (Vi) of the crystals is
2.30 A3/Da, and this corresponds to a solvent content of 47% (14).

Native data has been collected to 1.8 A resolution on a multiwire area detector. A
4.0 A data set was also collected after soaking the crystals in 1 mM K,PtCly, and two Pt
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sites were identified in the difference Patterson map. Additional derivative soaks are in
progress.

C Is of E led H 1 in/DNA_C I

The largest cocrystals of the engrailed homeodomain/DNA complex measure about
0.8 mm in their longest dimension and about 0.4 mm in the shortest dimension. Gel
electrophoresis of dissolved crystals proved that they contained both protein and DNA.

Precession photographs revealed that the cocrystals form in space group C2 with
a=1312A,b=455A,c=72.9 A and p = 119.0°. The volume of the unit cell is most
consistent with the assumption that there are two 1:1 complexes in the asymmetric unit.
This gives a calculated Vi of 2.26 A3/Da and a solvent content of 46%.

A complete native data set has been collected to 2.6 A. We also have collected data
from several cocrystals that contain iodo-uracil substituted for thymine at specific positions
in the duplex, and difference Patterson maps suggest that these will be excellent
derivatives. A high-resolution structure should give us a much better understanding of
homeodomain-DNA interactions.
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