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Crystallization and preliminary X-ray analysis of
human liver a-enolase

Enolase is a multifunctional enzyme that plays important roles in many
biological and disease processes. a-Enolase from human liver (hENO1) was
expressed as a soluble protein and purified by affinity column chromatography
and gel filtration. Crystals were obtained by the hanging-drop vapour-diffusion
method and diffracted to 2.5 A resolution. The crystals belonged to space group
P2,, with unit-cell parameters a = 72.85, b = 66.02, ¢ = 79.43 A, B =94.54°.

1. Introduction

Enolase (2-phospho-p-glycerate hydrolyase; EC 4.2.1.11) is a key
enzyme that catalyzes the reversible dehydration of 2-phospho-
glycerate (PGA) to form phosphoenolpyruvate (PEP) in the glyco-
lytic and gluconeogenesis pathways (Reed er al., 1996). In mammals,
three isozymes of enolase, o, § and y, are expressed by different
genes in a tissue-specific manner. a-Enolase is found in a variety of
tissues, while B-enolase is muscle-specific and y-enolase is neuron-
specific (Chai et al., 2004). The isozymes form heterodimers or
homodimers to exhibit enzymatic activity (Liu & Shih, 2007).

The crystal structure of yeast apo enolase (Lebioda & Stec, 1988;
Stec & Lebioda, 1990) has been reported and was followed by studies
of catalytic and inhibitory complexes (Zhang et al, 1997; Stec &
Lebioda, 1990; Wedekind et al., 1995; Larsen et al., 1996), contributing
to the understanding of the catalytic mechanism of enolase in general.
Crystal structures of bacterial enolase (Ehinger ef al., 2004; Hosaka et
al., 2003), Trypanosoma brucei enolase (Navarro et al, 2007) and
human y-enolase (hNSE) have also been determined (Chai et al.,
2004). hNSE is a major brain protein that is used as clinical marker
for neuronal and neuroendocrine cells. Recent research has revealed
that human «-enolase (hENO1) is a multifunctional protein that
takes part in cancer metastasis, infection and autoimmune diseases
(Liu & Shih, 2007; Kim & Dang, 2005). The sequence identity
between hENO1 and hNSE is 83% (361 of 430 residues). Structural
comparisons between hENO1 and hNSE will contribute to an
improved understanding of their differences in function. The protein
residues that are conserved between hENO1 and other enolases have
been determined by multiple sequence alignment (Fig. 1). It is thus
important to determine the structure of hENO1 and compare it with
other published enolase structures. We have been working towards
the structural determination of human liver hENOI. Although the
structure of hENO1 has been reported very recently (Kang et al.,
2008), our crystal was obtained in different conditions and belonged
to space group P2, which is very different from the published results.
Here, we present the expression, purification, crystallization and
preliminary crystallographic studies of hENO1 from human liver.

2. Materials and methods
2.1. Cloning and expression

The Matchmaker two-hybrid system human liver cDNA library
from Clontech (Takara Bio, USA) was used as a source for PCR
amplification of the target gene (gi:16507965) and the primers for

288  doi:10.1107/51744309109004138

Acta Cryst. (2009). F65, 288-290



crystallization communications

PCR were 5'-CGCGGATCCATGTCTATTCTCAAGATCCATGC-3'
and 5-CCGCTCGAGTTACTTGGCCAAGGGGTTTCTG-3'; the
BamHI and Xhol sites for restriction enzyme digestion and ligation
are shown in bold and the stop codon is shown in italics. The double-
digested DNA fragment was purified using agarose gel and then
inserted into expression vector pET28a(+) (Novagen) containing an
N-terminal Hiss tag. The recombinant plasmid containing the target
fragment was confirmed by nucleotide sequencing and transformed
into Escherichia coli strain BL21 (DE3) for protein expression. A
single colony was selected and cultured in 10 ml Luria—Bertani (LB)
medium at 310 K overnight; the overnight culture was added to 1.0 1
fresh LB containing 50 pg ml~' kanamycin and grown until an ODgyy
of 0.6-0.8 was reached. 0.5 mM isopropyl B-p-1-thiogalactopyrano-
side was then added to induce protein expression. After growth for a
further 6 h at 303 K, cells were harvested by centrifugation at 4000g.

2.2. Protein purification

The cell pellet was resuspended in buffer A (20 mM Tris—HCI,
500 mM NaCl pH 7.5) and lysed by ultrasonication on ice. The cell
debris was removed by centrifugation for 30 min at 39 000g twice and
the supernatant was loaded onto a 5 ml HiTrap Ni**-chelating column
(GE Healthcare, USA). The bound target protein was eluted by
applying a linear gradient of 50-500 mM imidazole in buffer A. The
eluate containing target protein from the nickel column was then
loaded onto a Superdex 75 XK 16/60 gel-filtration column (GE
Healthcare, USA) for homogenous separation. A Superose 6
HR10/30 column (GE Healthcare, USA) was used to analyze the
protein further. Gel-filtration column chromatography was carried
out at 277 K in buffer C (20 mM Tris—HCI, 200 mM NaCl pH 7.5); the
concentration of the protein sample solution applied to the column

was about 2 mg ml~'. The purity of the protein was checked using
SDS-PAGE at each step.

2.3. Crystallization

The purified protein was concentrated to 16 mgml™" using a
Millipore centrifugal filter device with a 10 kDa cutoff. The concen-
trated protein solution contained 20 mM Tris—-HCI and 200 mM NaCl
pH 7.5. Crystallization experiments were performed by the hanging-
drop vapour-diffusion method at 289 K. 1 pl protein solution was
mixed with an equal volume of reservoir solution and equilibrated
against 500 pl reservoir solution. Several commercially available
crystallization screening kits from Hampton Research such as Crystal
Screen, Crystal Screen 2 and Index Screen were used as initial screens
for crystallization conditions.

2.4. Data collection

X-ray diffraction data were collected on a Bruker SMART 6000
CCD detector using Cu Ko radiation from a Bruker—Nonius FR591
rotating-anode generator operated at 45 kV and 100 mA. During data
collection, the crystal was maintained at 100 K using cooled nitrogen
gas. The crystal-to-detector distance was set to 6 cm. A total of 1250
frames were collected with 60 s exposures, with a 0.3° ¢ scan per
frame. Diffraction data were processed using the online PROTEUM
software suite (Bruker).

3. Results

When expressed in E. coli BL21 (DE3), hENO1 showed good solu-
bility. The molecular weight of the target protein (434 amino-acid
residues) was calculated to be 47 kDa from the sequence and the
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Figure 1

Multiple sequence alignment of enolases. Asterisks indicate strictly conserved residues. The alignment was performed using the program ClustalX (Thompson et al., 1997).
ENOA_HUMAN, human «-enolase; ENOB_HUMAN, human S-enolase; ENOG_HUMAN, human y-enolase; ENO1_YEAST, Saccharomyces cerevisiae enolase 1. All
protein sequences are from the SWISS-PROT database (Watanabe & Harayama, 2001).
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Figure 2
Chromatogram of hENO1 on a Superose 6 HR 10/30 column (GE Healthcare,
USA). UVyg0am absorption curves of gel-filtration standard proteins (Bio-Rad
Laboratories, USA) and hENO1 are shown as dashed and solid lines, respectively.

Figure 3

Crystal of hENO1 grown in 0.1 M ammonium acetate, 0.1 M bis-tris, 20% (w/v)
polyethylene glycol monomethyl ether 2000 pH 5.5 using the hanging-drop vapour-
diffusion method. The dimensions of the crystal are approximately 0.07 x 0.07 x
0.2 mm.

protein was detected on SDS-PAGE as ~51 kDa, including the Hisg
tag added to the N-terminal position which had a molecular weight of
4 kDa (MGSSHHHHHHSSGLVPRGSHMASMTGGQQMGRGS).
After two-step chromatographic purification, homogenous samples
suitable for crystallization trials were obtained. The Superose 6 HR
10/30 gel filtration gave a peak at ~50 kDa, indicating that hENOL1 is
a monomer in solution (Fig. 2). Crystals were optimized from Index
Screen condition No. 78 (Hampton Research) containing 0.2 M
ammonium acetate, 0.1 M bis-tris pH 5.5, 25%(w/v) polyethylene
glycol (PEG) 3350. Crystals suitable for data collection were obtained
at 289 K under conditions containing 0.1 M ammonium acetate, 0.1 M
bis-tris pH 5.5, 20% (w/v) polyethylene glycol monomethyl ether 2000
(Fig. 3). Using 15%(v/v) PEG 400 and 5% (v/v) sucrose as the cryo-
protectant, the crystal diffracted to 2.5 A resolution and belonged to

Table 1
Data-collection statistics for hENO1.

Values in parentheses are for the highest resolution shell.

Resolution range (A) 50-2.5 (2.62-2.5)

Data completeness (%) 99.2 (95.6)
Ruerget (%) 7.5 (47.6)
Average (I/o(I)) 7.5 (1.63)

Space group . P2,
Unit-cell parameters (A, °) a=7285,b=66.02,
¢=7943, B=9454

No. of observed reflections 145275
No. of unique reflections 23747
Molecules per ASU 2

Va (A>Da™) 2.0
Solvent content (%) 38.6

T Ruerse = Domt 2 i(hkl) — (I(hkD)| /30 > 1,(hkl), where the summation is over all
Bijvoet-equivalent observations.

space group P2,, with unit-cell parameters a = 72.85, b = 66.02,
c=7943 A, B =94.54°. We have determined the hENOI1 structure by
molecular replacement using the coordinates of PDB entry 3b97
(Kang et al., 2008) as a search model. The result confirms that there
are two molecules per asymmetric unit, which gives a V), value of
20A%Da™! (Matthews, 1968) corresponding to a solvent content of
38.6%. The crystallographic parameters and data-collection statistics
are listed in Table 1.
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