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ABSTRACT Trypanosoma brucei orni- 
thine decarboxylase, expressed and purified 
from E.  coli, has been crystallized b y  the vapor 
diffusion method using P E G  3350 as a precipi- 
tant. The crystals belong to the monoclinic 
space group P2, and have cell constants of a = 
66.3 A, b = 151.8 A, c = 83.7 A, and p = 101.2'. 
While larger crystals are twinned, smaller crys- 
tals (0.4 x 0.3 x 0.05 mm3) are single. 
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INTRODUCTION 
The first committed step in polyamine biosynthe- 

sis is the decarboxylation of ornithine to produce 
putrescine; this reaction is catalyzed by a pyridoxal 
phosphate (PLP)-dependent enzyme, ornithine de- 
carboxylase (0DQ.l Because polyamines are re- 
quired for cell growth and differentiation, ODC has 
generated interest as a drug target.2 a-Difluoro- 
methylornithine (DFMO), an  inhibitor of ODC, has 
been used for the treatment of sleeping sickness 
caused by African trypanosomes, Pneumocystis car- 
inzi pneumonia in AIDS patients, and, in combina- 
tion with other drugs, as an anti-tumor agent.3,4 We 
have undertaken structural studies of Trypanosoma 
brucei ODC with the prospect of improving on 
DFMO as an anti-trypanosomal agent. 

T. brucei ODC is a dimer composed of two identi- 
cal 47 kd monomers; the gene for the enzyme has 
been cloned and expressed in E. ~ o l i . ~ , ~  Mutational 
analysis suggests that the active site is shared be- 
tween the two Each subunit is likely to 
be composed of two  domain^.^ The larger N-terminal 
domain contains residues that interact with PLP; 
Lys-69 was identified as the residue that forms a 
Schiff base with PLP'O and Glu-274 as the residue 
that stabilizes the pyridine nitrogen of PLP.l ' The 
C-terminal domain contains residues that may be 
involved in substrate interactions.lO,ll Additionally, 
site-directed mutagenesis has identified a number of 
other residues that are required for full enzyme ac- 
tivity,8,12,13 Sequence comparison, secondary struc- 
ture prediction, and hydrophobicity profiles were 
used to model the structure of the ODC N-terminal 
domain, which is not homologous to any of the PLP 
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binding enzymes of reported structure. The analysis 
predicts that  the N-terminal domain of ODC folds 
into a P/a-barrel.14 In this paper we describe im- 
provements in protein purification and the crystal- 
lization conditions that have produced crystals 
suitable for structure determination by X-ray crys- 
tallography. 

PROTEIN EXPRESSION 
AND PURIFICATION 

ODC was expressed in E. coli as a fusion protein to 
an N-terminal 6xHis-tag followed by the tobacco 
etch virus (TEV)-protease cleavage site and was pu- 
rified from the soluble fraction of the lysed bacteria 
by Ni2+-NTA agarose column chromatography as 
described.6 The 6xHis-tag was removed from ODC 
by overnight treatment at room temperature with 
glutathione-S-transferase (GST)-TEV-protease fu- 
sion protein,15 which was immobilized on glu- 
tathione-agarose beads. The supernatant from this 
incubation was loaded onto a Ni2+-NTA agarose col- 
umn and ODC with the 6xHis-tag removed (pro- 
cessed form) was recovered in the flow-through. The 
yield of the processed ODC was about 60-70%. To 
eliminate aggregated forms of the enzyme the sam- 
ple was concentrated by ultrafiltration in the pres- 
ence of dithiothreitol (DTT) (10 mM) and PLP (1 
mM) and was loaded onto a High-Load 16/60 Super- 
dex 200 gel-filtration column in 10 mM HEPES- 
NaOH, pH 7.2, 2 mM DTT, 50 mM NaC1, 0.5 mM 
EDTA, 0.015% Brij35. The major fraction of ODC 
was eluted with a retention time corresponding to a 
dimer (90 kd). The protein was homogeneous by so- 
dium dodecyl sulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE) and was concentrated to 
20-25 mg/ml for crystallization experiments. 

Abbreviations: ODC-Trypanosoma brucei ornithine decar- 
boxylase, PLP-pyridoxal phosphate, PEG-polyethylene gly- 
col, DFMO-a-difluoromethylornithine, GST-glutathione-S- 
transferase. 
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TABLE I. Crystallization of Trypanosoma brucei Ornithine Decarboxylase 

Conditions Crystal form 
1. Hampton screen solution #22: 30% PEG 4000, 0.1 M 

Tris-HC1, pH 8.5, 0.2 M sodium acetate, 20 mg/ml 
ODC 16°C 
20% PEG 3350, 0.1 M Tris-HC1, pH 8.0, 0.2 M 
ammonium acetate, 10 mM D'M', 20 mg/ml ODC, 
16°C 
Microseeding from condition 2 using the same 

Clusters of microcrystals 

2. Clusters of plates; the largest plates were 
0.7 x 0.4 x 0.03 mm3 

Individual crystals, plates 0.7 x 0.4 x 0.1 mm3 3. 
conditions 

CRYSTALLIZATION AND DATA ANALYSIS 
A Hampton screen" was used to identify approx- 

imate crystallization conditions in hanging drops. 
ODC (2 pl of 20 mg/ml) was combined with an  equal 
volume of a reservoir solution. Crystallization trials 
were carried out for both the His-tagged and pro- 
cessed forms of ODC. The His-tagged protein did not 
yield crystals under any of the tested conditions, 
while the processed ODC produced crystals from the 
Hampton screen solution #22 (Table I, row 1). The 
conditions were optimized by varying the identity of 
the salt (included at 0.2 M were sodium chloride, 
sodium acetate, sodium sulfite, ammonium chloride, 
ammonium acetate, nickel sulfate, sodium phos- 
phate, or magnesium sulfate), the polyethylene gly- 
col (PEG) type (PEG 400, 1500, 3350, 4000, 6000, 
and 8000; all obtained from Fluka, Chemika) and 
concentration (5-30%), the protein concentration 
(10-35 mgiml), the buffer (Na-HEPES, Tris-HC1, so- 
dium cacodylate, 0.1 M), the pH (6-9), and the tem- 
perature (4", 16", 22°C). The best crystals were clus- 
ters of thin yellow plates (Table I, row 2). To obtain 
single crystals, the clustered crystals were crushed 
and used for microseeding (Table I, row 3). The larg- 
est crystals were about 0.7 x 0.4 x 0.1 mm3 and 
grew in sitting drops (5-50 pl). 

Diffraction measurements were recorded with the 
rotating anode X-ray source and the Rigaku image 
plate detection system at - 185°C. Crystals were fro- 
zen for X-ray analysis in liquid nitrogen after soak- 
ing in PEG 400 solutions by 5% stepwise increases 
in PEG concentration ranging from 15 to 35%. The 
diffraction limit was 2.6 A, the space group P2,, and 
the cell constants a = 66.3 A, b = 151.8 A, c = 83.7 
A, and p = 101.2". 
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