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Organophosphates (OPs) constitute the largest class of
insecticides used worldwide and certain of them are potent
nerve agents. Consequently, organophosphates-degrading
enzymes are of paramount interest, as they could be used
as bioscavengers and biodecontaminants [1]. The most
efficient OP-degrading enzymes are phosphotriesterases
(PTEs), whose natural substrate(s) still remains unknown.
Here we report the first three-dimensional structure at 2.6
A resolution of a hyperthermophilic PTE (SsoPox),
isolated from the archeon Sulfolobus solfataricus. This
enzyme is of exceptional thermostability, as catalytic
activity is still increasing over 95°C [2]. Structural
analysis suggests that the increased stability of this protein
is achieved by a number of fine structural differences from
the less thermostable homologs. Possible determinants of
thermostability in SsoPox PTE are the deletion and the
stabilization of flexible regions; the dimer of SsoPox is
more compact; an increased number of ion pairs, and their
network organization. In addition, the active site region
reveals some interesting features. First, the presence of an
unexpected hydrophobic channel connected to the active
site may represent an important clue in the search of the
natural substrate of this enzyme. Second, we investigated
the chemical properties of the active site constituted by a
bimetallic center. Using crystallography and anomalous
scattering properties, we characterized in a non ambiguous
way that the active site is constituted of a heterobinuclear
cobalt / iron center. Finally, many evidences provided
from the structure, mutagenesis experiments, and from
previous works on mesophilic PTEs, allowed us to refine
the catalytic mechanism of these enzymes.
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Tyrosine phenol-lyase (TPL; EC 4.1.99.2) is a
homotetrameric pyridoxal-5’-phosphate (PLP)-dependent
enzyme that catalyses the -climination of L-tyrosine (the
reversible hydrolytic cleavage of L-tyrosine to phenol and
ammonium pyruvate [1]). The B-elimination proceeds via
several intermediate steps, including the cleavage of the
Cg—C, bond. In order to reveal details in the enzymatic
reaction and understand structural events during the
catalysis, we determined the X-ray structures of several
different forms of TPL from Citrobacter freundii. All of
them are the structures of non-covalent complexes which
resemble the quinonoid or the aminoacrylate reaction
intermediate. As previously shown [2], the TPL active site
can possess two different conformations: open and closed.
Our study showed that the proposed closure of the active
site during the enzymatic reaction “forces” the quinonoid
intermediate into the “strained” conformation, which
resembles the transition structure, and thus makes the
cleavage of the Cg-C, bond easier. The “strained”
conformation of the quinonoid intermediate is stabilised
by hydrogen bonding and van der Waals interactions with
the active site residues.
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Acetylcholinesterase (AChE) is one of the fastest enzymes
in Nature. It hydrolyses the neurotransmitter acetylcholine
at ~10000 times per second, thus achieving its role in
terminating neurotransmission at cholinergic synapses.
AChE is the target of organophosphorus (OP) nerve
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