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HsIVU is an ATP dependent protease in E. coli like pro-
teases La (Lon) and Ti (CIpAP/ClpXP).! It is composed of
two multimeric components, 19 kDa HslV and 50 kDa HslU
proteins.> While HslU itself has an ATPase activity, HslV
has a weak peptidase activity so that it slowly degrades cer-
tain hydrophobic peptides, such as N-carbobenzoxy-Gly-
Gly-Leu-7-amino-4-methyl-coumarin and polypeptides such
as insulin B-chain and casein.* But the proteolytic activity
of HslV is increased significantly (up to 150 fold) by associ-
ating with HslU in the presence of ATP.’ The primary amino
acid sequence of HslV is similar to certain S-type subunits of
the 20S proteasomes of archaebacterium Thermoplasma aci-
dophilum with 18% identity.” While B-type subunits of the
208 proteasomes show 72-point symmetry, HslV is a dimer
of hexamers with 62 point symmetry. The crystal structure
of HslV solved at 3.8 A resolution shows that in spite of the
different symmetry, the folds and the contacts between sub-
units are conserved, compared with [B-type subunits of the
208 proteasomes. ® In the case of HslU, it is 50% identical to
the ClpX protein of E. coli in amino acid sequence. Accord-
ing to the analysis of HsIU using electron microscopy, HslUs
make ring-shaped forms in the presence of ATP or AMP-
PNP (ATP analogue). This ring is composed of 6 or 7 HslU
molecules to form hexameric or heptameric rings.” HslU
contains two Cys residues, Cys261 and Cys287. It has been
suggested that Cys261 is involved in oligomerization and
that Cys287 is related to the ATPase function.® In order to
reveal the three-dimensional structure, and the mechanism
of oligomerization between HslUs, and between HslU and
HslV, the HslUc261v was crystallized and studied with X-ray
crystallographic method.

Experimental Section

The pGEM-T vector (Promega) carrying the /s/V’U operon
(named pGEM-T/HsIVU) was constructed as described pre-
viously.®’ Site-directed mutations were created by the PCR
method, which consists of two sequential PCRs, using
pGEM-T/HsIVU for HslU mutant as the templates. The pri-
mary PCR was carried out using mutagenic primers, which
were designed to replace Cys®®! of HslU with Val, and then
the second PCR was performed. After the secondary PCR,
the mutated fragments were ligated into pGEM-T vector.
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The resulting plasmids were digested with Nrul and Bglll,
followed by ligation of the restriction fragments into the
PGEM-T/HsIVUcz61v plasmids. The resulting plasmids were
transformed into E. coli strain XL2 Blue. Substitution of the
nucleotide by mutagenesis was confirmed by DNA sequenc-
ing.

E. coli cells harboring pGEM-T/HsIVUc261v were grown
overnight, lysed in 2% (w/v) SDS, and electrophoresed on
13% (w/v) polyacrylamide slab gels containing SDS and 2-
mercaptoethanol. Two major bands representing 19 kDa
(HslV) and 50 kDa (HslUc261v) polypeptides were detected
in cells carrying the recombinant plasmids, but not in cells
containing only the vector. To purify HslUcerv, the crude
extracts of the E. coli cells harboring pGEM-T/HsIVUcas1v
were loaded onto a phosphocellulose column equilibrated
with 50 mM KH,PO4/K,HPO;, buffer (pH 6.5) containing 5
mM MgCl,, 0.5 mM EDTA, 1 mM DTT, and 10% (v/v)
glycerol (referred to as buffer A). After collecting the flow-
through fraction, the column was washed extensively with
the same buffer, and the proteins bound to the column were
eluted with the same buffer containing 0.4 M phosphate.
HslUcz61v was recovered in the flow-through and HslV in
the 0.4 M phosphate eluate. For purification of HslUcae1v,
the flow-through fraction from the initial phosphocellulose
column was dialyzed against buffer containing 20 mM Tris-
HCI (pH 7.8), 5 mM MgCl, , 0.5 mM EDTA, 1 mM DTT,
and 10% glycerol (referred to as buffer B) and loaded onto a
DEAE-cellulose column equilibrated with the same buffer.
After washing the column with buffer B containing 0.15 M
NaCl, proteins were eluted with a linear gradient of 0.15-0.3
M NaCl. The fractions containing HslUc1v were pooled,
diluted 1 : 1 with buffer B, and applied to a heparin-agarose
column equilibrated with the same buffer. Proteins bound to
the column were eluted with a linear gradient of 0.2-0.5 M
NaCl. The HslUce1v containing fractions were pooled, con-
centrated by ultrafiltration using a YM30 membrane (Ami-
con), and chromatographed on a Sephacryl S-300 column
equilibrated with buffer B containing 0.1 M NaCl. Then
HslUc261v Was concentrated.

Two crystal forms that belong to different space groups
were grown with hanging drop-vapour diffusion method at
room temperature (293 = 1 K). One form of HslUcz61v crys-
tals (Figure 1A) was grown on a siliconized cover slip by
equilibrating a mixture containg 1 UL of protein solution
(10.6 mg mL™") containing 2 mM ATP in buffer A and 1 L
reservoir solution (100 mM Tris-HCI pH 8.0, 6-8% PEG 4K,
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Figure 1. Orthorhombic (A) and hexagonal (B) crystals of HslU
mutant (C261V) from Escherichia coli. The maximun dimensions
are 0.1 x 0.1 x 0.1 mm.

100-300 mM NaCl, 20 mM MgCl,, 2 mM DTT, and 1 mM
EDTA) against 1 ml of resorvoir solution. The crystals with
maximum dimensions of 0.1 X 0.1 X(0.1 mm grew in one
week. X-ray diffaction data were collected on an R-AXIS IV
image-plate system attached to a Rigaku rotating-anode gen-
erator (RU-300) providing CuKa radiation and running at 50
kV and 90 mA with a 0.3 mm focus cup at room temperature
(293 £ 1K).

Preliminary intensity data were collected where the dif-
fraction beyond 5.5 A resolution was recorded, and the crys-
tals belong to the primitive orthorhombic space group
(P21212 or P22121). The unit cell parameters of the crystal
were determined to be a=80.0, b=138.1, and c=175.0 A with
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1933400 A’ unit cell volume, using DENZO." Assuming
that asymmetric unit contains three molecules with a molec-
ular mass of 49.6 kDa, Vy value is calculated as 3.25 A’D™,
resulting in a solvent content of 62.2%. The other form of
crystals (Figure 1B) was grown under the same crystalliza-
tion condition, and experiment was performed in the same
manner. The crystal diffracted beyond 6.5 A. The unit cell
parameters were determined as a=b=81.0 and c=174.6 A,
and this crystal belongs to primitive hexagonal space group
(P6; or P64). Assuming that asymmetric unit contains one
molecule, Vi value is calculated as 3.33 A’D™', resulting in
a solvent content of 63.1%.

This work is the initial step toward revealing not only the
structure of HslU mutant and its complex with HslV com-
plex but also the mechanism of oligomerization. A search
for better-diffracting crystals is continuing by varying the
crystallizing conditions.
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