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Thiolase is an enzyme that catalyzes condensation reactions between two acetyl-CoA molecules to
produce acetoacetyl-CoA. As thiolase catalyzes is the first reaction in the production of n-butanol,
knowledge of the molecular and regulatory mechanism of the enzyme is crucial for synthesizing
high -value biofuel. Thiolase from Clostridium butyricum (CbTHL) was expressed, purified, and crystallized.

X-ray diffraction data were collected from the crystals, and the 3-dimentional structure of the enzyme
was determined at 2.0 A. The overall structure of thiolase was similar to that of type II biosynthetic
thiolases, such as thiolase from C. acetobutylicum (CaTHL). The superposition of this structure with that
of CaTHL complexed with CoA revealed the residues that comprise the catalytic and substrate binding
sites of CbTHL. The catalytic site of CbTHL contains three conserved residues, Cys88, His349, and Cys379,
which may function as a covalent nucleophile, general base, and second nucleophile, respectively. For
substrate binding, the way in which CbTHL stabilized the ADP moiety of CoA was unlike that of oth-
er thiolases, whereas the stabilization of B-mercaptoethyamine and pantothenic acid moieties of CoA
was quite similar to that of other enzymes. The most interesting observation in the ChTHL structure was
that the enzyme was regulated through redox-switch modulation, using a reversible disulfide bond.
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Table 1. Data collection and refinement statistics

CbTHL

Data collection
Space group
Cell dimensions

P2:212,

a, b, c (A) 95.132, 116.096, 169.832
a, B v () 90.00, 90.00, 90.00
Resolution (A) 50.00-2.02 (2.09-2.02)*
Reym OF Rumerge 7.0 (24.0)
I/sl 28.95 (4.72)
Completeness (%) 94.4 (89.0)
Redundancy 47 (4.0)
Refinement
Resolution (A) 95.84-2.02
No. reflections 110923
Rwork / Riree 213 / 25.0
No. atoms 11523
Protein 11335
Ligand/ion 0
Water 286
B-factors 32.668
Protein
Ligand/ion
Water
R.m.s. deviations
Bond lengths A) 0.416
Bond angles (°) 0.028

*Values in parentheses are for highest-resolution shell.
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Fig. 1. Structure of CbTHL. (A) Tetrameric structure of CbTHL.
The tetrameric structure of CbTHL is shown as a cartoon
diagram. Each monomer is distinguished with different
colors. (B) Monomeric structure of CbTHL. The mono-
meric structure of CTHL is shown as a cartoon diagram.
The N-terminal, the C-terminal, and the Loop domains
are highlighted with colors of orange, cyan, and hot red,
respectively. The CoA molecule is shown as a sphere
model.
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Fig. 2. Stereo view of substrate binding mode of CbTHL. The CbTHL structure is shown as a cartoon diagram. The CoA molecule
is shown as a stick model with magenta color. The residues involved in the CoA binding are shown as stick models with

cyan color, and labeled appropriately.
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Fig. 3. Redox-switch modulation of CbTHL. The CbTHL struc-
ture is superposed with the oxidized form of CbTHL.
The regions that undergo structural changes upon the
formation of disulfide bond are shown as orange and
cyan colors for CbTHL and CaTHL, respectively. The di-
sulfide bond and two cysteine residues forming the di-
sulfide bond are shown as stick models.
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