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Abstract
Catalysis of phosphoryl transfer reactions involves some of the largest enzymatic rate
accelerations in biology. A substantial step forward in understanding the fundamental
mechanism of phosphoryl group transfer by enzymes came through the use of MgF3’
and AlF, as transition state analogs (TSAs) of the planar PO3  group. The metal
fluoride TSA complexes are particularly informative because *°F NMR can be used to
report on the local electrostatic and protonic environments in the vicinity of the
transferring phosphoryl group.
My PhD study focuses primarily on the phosphoryl transfer mechanism involving two
proteins in the p38 MAPK signal pathway, which plays an important role in
embryogenesis and development and is a potential drug target against cancer and
inflammation.
The direct observation of a TSA complex for tyrosine phosphorylation by a signaling
kinase has been achieved using °F NMR analysis of MEK6DD in complex with
tetrafluoroaluminate (AIFs), ADP, and p38 MAPK (acceptor residue: Tyrl82).
Solvent-induced isotope shifts and chemical shifts for the AlF, moiety indicate that
two fluoride atoms are coordinated by the two catalytic magnesium ions of the kinase
active site, while the two remaining fluorides are liganded by protein residues only.
An equivalent, yet distinct, AIF,~ complex involving the alternative acceptor residue
in p38 (Thr180) is only observed when the Tyrl82 is mutated to phenylalanine. The
formation of square planar AlF, species for both acceptor residues, rather than the
trigonal AIF5° previously reported for a PKA TSA complex (PKA-ADP-AIF:*-SP20),
shows the requirement of MEKG6 for a TSA that is isoelectronic with the migrating
phosphoryl group. This requirement has hitherto only been demonstrated for proteins
having a single catalytic magnesium ion.
The anionic charge induced by partial phosphorylation of p38a was also studied. The
MEKG6DD active site structure is unperturbed by the introduction of an anionic charge
by mutation of the adjacent substrate sidechain (Thr180Asp), although there are
changes in affinity for the mutant p38a substrate.

The NMR backbone assignments of native human p38aMAPK and its activation form
v



were completed with 161 (47%) amide resonances assigned for native form and 102
(30%) amide resonances assigned for the activated form. Also, screening of substrate
peptides for activated p38 MAPK suggested that a short peptide containing the
phosphorylation sites is not enough to induce a conformational change in p38 to form
a TSA complex. This is also supported by the failure to observe any TSA complexes
for MEK6DD and short peptide segments of p38 containing both T180 and Y182.

A pilot study, carried out to ascertain the feasibility of determining the NMR
backbone assignment of MEKS®6, concluded that it would be very challenging because
of its high apparent molecular weight. The optimization of acquisition temperature,
buffer salt concentration, and pH was completed, but more effort is needed in the
future.

In addition, the nature of fluoroaluminate complexes of alkaline phosphatase were
investigated. There are three catalytic metals (Zn:%", Zn,** and Mgu?") in the active
site of this enzyme and two transition states in the hydrolysis process of
phosphomonoesters. The second TSA, with water attacking the phosphorylated
Ser102, was observed using ‘°F NMR, as it is more stable than the first TSA (where
the hydroxyl group of Ser102 attacks the phosphate substrate). It is the first time that
F NMR has been used to investigate phosphoryl transfer catalyzed by an enzyme
that utilizes three metals.

Furthermore, this thesis covers two other projects. Firstly, an investigation of the
interaction between CD2d1CC and oxygen was carried out using ‘H,™N-HSQC,
which indicated that the oxygen sensor (Trp32, Cys18 and Cys78) did not bind with
the substrate as previously proposed from X-ray crystallography studies. Secondly, in
a genome wide exploration of the origin and evolution of amino acids using statistical
methods, a new chronological order for the appearance of amino acids was proposed
(namely, from early to late: L, A, VIE/G, S, I, K, T,R/D, P, N, F, Q, Y, M, H, W, C),
and two conserved evolutionary paths of amino acids were also suggested (namely,

A>G>R>Pand KSY).

Key Words: phosphoryl transfer; transition state; NMR
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