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Structure and mechanism of
C-acyltransferase from pseudomonas
protegens

Structural snapshots of multiple enzyme-
ligand complexes pave the road for semi
rational enzyme engineering
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C—C bond forming reactions are the key transformations
to set up the carbon framework of organic molecules. In
this sense, the Friedel-Crafts acylation is commonly used
for the synthesis of aryl ketones, that are motifs in many
fine chemicals and natural products. Although various types
of catalysts have been described for this reaction, a bio-
catalytic version, which may benefit from the chemo- and
regioselectivity of enzymes, has not yet been introduced.
Here, we describe a bacterial multi-component C-acyltrans-
ferase from Pseudomonas protegens that can catalyze Frie-
del-Crafts C-acylation of phenolic substrates in buffer with-
out the need of CoA-activated reagents reaching up to >99%
conversion [1,2]. We determined x-ray crystal structures of
the complex using diffraction data from two different crys-
tal forms at 2.8 and 3.4 A resolution, respectively. This mul-
timeric enzyme consists of three subunits — PhlA, PhIB and
PhIC. They are arranged in a Phl(A,C,),B, composition, in
which the four copies of PhIB mediate the binding of two
PhlA and two PhIC dimers to form the complete oligomer.
Soaking the native donor/acceptor monoacetylphlorogluci-
nol into crystals of ATase and solving the complex structure
revealed together with mutations that only residues from
PhIC interact with the substrate, which indicates that this
is the subunit responsible for the transferase activity we
observed.
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Aromatic amino acid ammonia-lyases and 2,3-aminomutases
contain the post-translationally formed prosthetic 3,5-dihy-
dro-4-methylidene-5SH-imidazol-5-one (MIO) group [1]. The
so-called MIO-enzymes may be used for the stereoselective
synthesis of enantiopure o- or f-amino acids, making these
chemical processes more environmentally friendly and more
affordable. Although, a number of structures are available in
the PDB for MIO enzymes, the catalytically important Tyr-
loop [1] is either missing or is in a catalytically inactive confor-
mation, due to the “loop-out” conformation in eukaryotic phe-
nylalanine ammonia-lyase (PAL) structures (eg.: PDB:1W27
[2]). Lack of protein structure in a catalytically competent con-
formation impeded understanding the PAL mechanism and the
key reasons for the enantioselectivity of the enzyme.

Our recent study characterized novel amino phosphonic
acid inhibitors of MIO enzymes. [3] Enzyme kinetic mea-
surements and isothermal titration calorimetry demonstrat-
ed that addition of a methylidene substituent to the B-carbon
atom of the phosphonic acid analogue of the natural sub-
strate, 1-Phe, enhanced binding (K, = 40 nM) and reversed
the enantiopreference of the enzyme. [3] Importantly, inhib-
itors characterized in this study, also facilitated the crystalli-
zation of PcCPAL. The resulting refined structure is shown on
Figure 1. It confirms the N-MIO catalytic mechanism and
demonstrates that the strong binding of (S)-APPAis due to a
covalent-like hydrogen bond between its phosphonic acids
group and the catalytic Tyr110.

Further key insights were gained, as the protein also crys-
tallized in complex with cinnamic acid, the product of the
natural reaction, and d-phenylalanine, the non-reactive en-
antiomer. In addition we could also employ sodiumborohy-
dride to reduce the MIO group, thus render the enzyme cat-
alytically inactive without significantly distorting the active
site geometry. Such reduced enzyme crystallized from the
same conditions as the native enzyme in the presence of the
natural substrate lI-phenylalanine. Taken together these three
new structures refine our understanding of the ligand bind-
ing modes and the catalytic mechanism of PcPAL. More-
over, analysis of the structures identified three key residue
positions in the carboxyl-binding region that can be targeted
for altering the enantioselectivity of the enzyme.

1. Figure: Electron densities and modeled structure of the
active site of PcPAL in complex with covalently bound but
still reversible inhibitor (S)-APPA[3]. Unequivocally iden-
tifying the geometry of the bound ligand and the covalent
bond formed (1.4 A) with the MIO group. Resolution 1.9 A.
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The protein complex formed by the Ca*" sensor neuronal
calcium sensor 1 (NCS-1) and the guanine exchange factor
protein Ric8a co-regulates synapse number and probability
of neurotransmitter release, emerging as a potential thera-
peutic target for diseases affecting synapses such as Frag-
ile X syndrome (FXS), the most common heritable autism
disorder [1]. Using crystallographic data and the virtual
screening of a chemical library [1,2], we identified a set of
heterocyclic small molecules as potential inhibitors of the
NCS-1/Ric8a interaction. The aminophenothiazine FD44
interferes with NCS-1/Ric8a binding and it restores normal
synapse number and associative learning in a Drosophila
FXS model [3]. The crystal structure of NCS-1 bound to
FD44 and the structure-function studies performed with
structurally close but inactive analogues explain the FD44
specificity and how this small compound can inhibit such
big protein-protein interface: FD44 stabilizes NCS-1 in a
conformation that impedes Ric8a recognition [3]. Our study
demonstrates the druggability of the NCS-1/Ric8a interface
and uncovers a suitable region in NCS-1 for development of
additional drugs of potential use on FXS. In fact, we have
combined the structural information obtained by X-ray
crystallography, together with advanced computational
methodologies to understand the basis of FD44 affinity and
selectivity and find drug-like molecules with improved ac-
tivity. Since other neuronal disorders share with FXS the
synaptic density and morphology abnormalities, we believe
that our compounds would be also useful for a whole range
of synaptopathies, such as Rett Syndrome, autism, schizo-
phrenia or bipolar disorder.



