Structural and kinetic analysis of a highly catalytically promiscous enzyme
with seven activities

Stefanie JondsBert van Lod Marko Hyvéneh Florian Hollfelder

Department of Biochemistry, University of Cambridge, CB2 T@abridge — United Kingdom

Catalytic promiscuity, i.e. the ability of enzymes tatalyse several chemically distinct
reactions has implications for our understanding af/sme function and evolution.

Recent publications have shown that promiscuous side sgivof enzymes could be the
starting point for the evolution of new enzyme funcsiospecialised for the former side
activities. Hence, the low-level side functions foundpromiscuous enzymes could be the
remaining traces of their evolutionary past and could senge as an additional criterion for
the definition of enzyme superfamilies.

Apart from the evolutionary implications, catalytic pnscuity is also interesting under an
enzymological point of view. It is generally assumeat #mzymes are only able to bring about
remarkable rate enhancements of up t6 th010d° if their active sites are finely tuned to
differentiate efficiently between the substrate in gihheund state and the altered structure in
the transition state. Even minor changes in bond lepgtigdes and charges would have to be
specifically recognized by the active site. Nevertlglétsseems that some highly reactive
catalytic features in enzymes, e.g. metal-activated npbiles, confer a catalytic flexibility
which is paid for with comparably small decreases ddlgat efficiencies.

We present the 1.42 A crystal structure of a phosphonateester hydrolase (PMH) from
Rhizobium leguminosaruthat establishes PMH as a new member of the alkphinsphatase
superfamily. PMH shows remarkable catalytic promiscwiith seven different activities of
high rate accelerationskeifkunca) ranging from 1& to 10. Apart from phosphonate
monoesters it hydrolyses sulphate monoesters, phospl@teesters, -diesters, -triesters,
sulphonates and glucosides. This means that PMH cammipoaccommodate a wide range of
substrate charge, size and reaction centres but isablsoto catalyse reactions that show
dissociative and associative anionic as well as catitnainsition states in solution. PMH
therefore combines a large number of the activities pteseother members of the alkaline
phosphatase superfamily.

Its structure shows homology to sulphataseskarabli alkaline phosphatase, which underlines
the evolutionary relationship between these two enzfanglies, not only catalytically but
also structurally. The metal-activated nucleophile ingbive site is a formylglycine, which
originates from post-translational modification ofysteine and has so far only been found in
sulphatases. Kinetic analysis of active site mutamssvs that PMH employs a mechanism to
hydrolyse phosphonates which is analogous to arylsulpdmtenydrolysing sulphate
monoesters, sharing a very similar active site cortiposiHence, small changes in the
catalytic machinery during the evolution of sulphatased ahosphatases could have
facilitated the switch in selectivity towards a phosphar sulphate substrate.

Thus, our structural and catalytic evidence provides furthpat for the theory that
promiscuous activities could be the starting point fore@ution of new enzyme functions.



