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Crystallization and preliminary X-ray
crystallographic analysis of the Hsp100 chaperone
ClpB from Thermus thermophilus

ClpB from Thermus thermophilus (TClpB) has been crystallized
by the vapour-diffusion method in the presence of adenosine
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5'-(B,y-imido)triphosphate (AMPPNP) and adenosine 5'-(y-thio)tri-
phosphate (ATPyS), respectively. Complete native data sets have
been collected from frozen crystals, which belonged to the primitive

orthorhombic space group P2,2,2,

1. Introduction

Bacterial ClpB and its yeast orthologue heat-
shock protein 104 (Hsp104) are ATP-depen-
dent molecular chaperones which form large
ring structures and belong to the Clp/Hsp100
family of ATPases associated with diverse
cellular activities (AAA™; Schirmer et al., 1996;
Neuwald et al, 1999; Vale, 2000; Ogura &
Wilkinson, 2001). In principle, two classes of
Clp/Hsp100 proteins can be distinguished: class
1 proteins such as ClpA, ClpB/Hsp104 and
ClpC consist of two distinct but conserved
Walker-type  nucleotide-binding  domains
(NBD), while class 2 proteins such as bacterial
ClpX and ClpY (HslU) contain only a single
NBD that is sufficient for function (Schirmer et
al., 1996). Unlike other class 1 proteins,
however, members of the ClpB/Hsp104 family
have a longer middle region or ‘linker’ that
separates the two NBDs. This ClpB/Hsp104-
linker is essential for chaperone activity
(Cashikar et al., 2002), but its precise structure
and function is only poorly understood owing
to the lack of a high-resolution crystal struc-
ture. Moreover, unlike other Clp/Hspl100
proteins, ClpB/Hsp104 does not associate with
the structurally and functionally unrelated
ClpP protease and does not direct the
proteolytic degradation of its substrate
proteins (Gottesman et al., 1997; Horwich et al.,
1999; Wickner et al., 1999; Dougan et al., 2002).
ClpB/Hsp104 rather functions exclusively
as a molecular chaperone by facilitating the
disaggregation of stress-damaged proteins
(Sanchez & Lindquist, 1990; Sanchez et al.,
1992; Parsell et al., 1994; Mogk et al., 1999). The
full recovery of these proteins requires the
assistance of the cognate DnaK/Hsp70
chaperone system (Glover & Lindquist, 1998;
Goloubinoff et al, 1999; Mogk et al., 1999;
Motohashi et al., 1999; Zolkiewski, 1999).
Currently, little is known about the struc-
ture—function relationship of ClpB/Hsp104
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molecular chaperones. The crystal structure of
an isolated N-terminal domain and that of
NBD1 of Escherichia coli ClpB (Li & Sha,
2002, 2003) have been determined recently.
While these structures have provided the first
insight into this remarkable molecular
machine, the structure of the full-length
protein and of its functional assembly remain
elusive. To understand the structural basis for
protein disaggregation, we have crystallized
full-length 7ClpB in complex with AMPPNP
and ATPyS, respectively.

2. Experimental

2.1. Expression, purification and
crystallization of TClpB

E. coli BL21 (DE3) cells were transformed
with an expression plasmid (pMCB1)
containing the c/pB gene under control of the
T7 RNA polymerase promoter (Motohashi et
al., 1999). Cells were grown at 310 K to mid-log
phase in Luria-Bertani medium and induced
by the addition of 1 mM isopropyl-B-p-thio-
galactopyranoside (IPTG). The cells were
grown for a further 3 h after induction and
harvested by low-speed centrifugation at
277 K. For purification, the cell pellet was
disrupted by passing through a microfluidizer
processor (Microfluidics Corporation). TClpB
was purified from the supernatant by several
column-chromatography steps in the following
order: DEAE-Sepharose (BioRad), butyl-
Sepharose (Tosohaas) and Mono-Q (Amer-
sham Biosciences). After this process, the
protein was judged to be greater than 98%
pure by sodium dodecyl sulfate gel electro-
phoresis (data not shown). The purified protein
was aliquoted and stored at 193 K.

Prior to crystallization, the protein was
chromatographed on a Superose-6
exclusion column (Amersham Biosciences) to
isolate the TClpB hexamer and was concen-
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trated to 15 mg ml™" in 10 mM Tris-HCI pH
7.6, 100 mM NaCl, 10 mM MgCl, and 5%
glycerol. The protein concentration was
estimated by measuring the absorption at
280 nm in 6.0 M guanidine-HCl, 20 mM
potassium phosphate buffer at pH 6.5
using a molar extinction coefficient of
57180 M~' cm™! calculated by the method
of Gill and von Hippel (1989). For crystal-
lization, 5 mM AMPPNP or ATPyS were
added directly to the protein sample. Native
crystals (Fig. 1) were obtained at 291 K using
the hanging-drop vapour-diffusion method
by mixing 2 pl of protein sample with an
equal volume of well solution consisting
of 4-5%(w/v) polyethylene glycol 4000,
200 mM sodium acetate pH 4.1-4.3, 200 mM
KCl and 20% glycerol. Crystals appeared
after two to three weeks and reached
maximum dimensions of 0.04 x 0.08 x
0.3 mm after two to three months.

2.2. X-ray crystallographic analysis of the
crystals

Crystals were harvested into stabilizing
solution consisting of 6% (w/v) polyethylene
glycol 4000, 200 mM sodium acetate pH 4.1-
4.3,200 mM KCl and 20% glycerol and were
transferred into a cryoprotectant solution
consisting of stabilizing solution with a final
glycerol concentration of 25%. The crystals
were suspended in small nylon loops at the
end of Hampton mounting pins (Hampton
Research) and flash-frozen by plunging into
liquid nitrogen.

Data were processed and scaled using the
HKL software package (Otwinowski &
Minor, 1997) and analyzed using CNS
(Briinger et al., 1998) and the CCP4 suite of
programs (Collaborative ~Computational
Project, Number 4, 1994).

Figure 1
Crystals of full-length 7ClpB in complex with
AMPPNP.

3. Results and discussion

A number of different crystal forms were
obtained, which all diffracted poorly (data
not shown). After extensive screening of
potential crystallization conditions, we
obtained crystal forms of TClpB (Fig. 1)
which diffracted to 3.2 A (AMPPNP) and

3.6 A resolution (ATPyS), respectively,
using synchrotron radiation (Table 1).
Table 1

Statistics of the native data sets for TCIpB.

Values in parentheses are for the highest resolution shell.

Complete native data sets were collected at
NSLS beamline X25 and were used for
preliminary crystallographic analysis.

A self-rotation function was calculated
using the REPLACE program (Tong &
Rossmann, 1990). The self-rotation function
revealed the existence of a single sixfold
rotational axis along the crystallographic
twofold screw axis parallel to a (Fig. 2). It is
possible that the observed sixfold rotational

Type Native Native
Space group P2,2,2, P2,2,2,
Source ) NSLS X25 NSLS X25
Wavelength (A) 1.10 1.10

Detector type
Resolution (A) .
Unit-cell parameters (A)

a 109.2

b 139.6

c 213.0
Ligand AMPPNP
No. reflections 215099
No. unique reflections 52294
Data completeness (%) 95.9 (70.4)
Ilo(I) 27.7

Ryym (%)

B4 CCD 2K x 2K Brandeis
48.8-3.2 (3.3-3.2)

3.6 (27.5)

Quantum 4 ADSC
492-3.6 (3.7-3.6)

1092
139.0
210.5
ATPyS
279835
37661
99.9 (100)
12,5

45 (41.4)

T Roym = D p H(hkl) — (I(hkD))| />, I(hkl), where (I(hkl)) is the mean of the symmetry-equivalent reflections of I(hkl).
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Stereographic projection of the self-rotation function with « = 60°. The self-rotation function is contoured at the
1o level with a 1o cutoff. The resolution of the data used was 84 A, with a radius of integration of 30 A.
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axis coincides with the crystallographic
twofold screw axis, giving rise to a helical
assembly with three molecules in the asym-
metric unit. The presence of three molecules
in the asymmetric unit would result in a Vy,
of 28 A’Da™!, corresponding to a solvent
content of 55%, which is near the median of
the commonly observed values of Viy
(Matthews, 1968).
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