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MEG Strategy and Mission

AAdvance our knowledge of the working of enzyme systems through
Integration of experimental, theoretical and computational methods
ATranslate this knowledge into new applications from a firm
knowledge base of the structures, dynamics and catalytic properties

V4

of enzyme systems. Unashamedly we take a Or ¢

History

AMEG formally established 2005

AFurther recruitment since has established a state-of-the-art
infrastructure for analysis of enzyme systems (total investment from
Research Councils, UoM and Industry > £20M)

AKey developments: fast reaction facility; X-band EPR
instrumentation; robotics for enzyme evolution; x-ray crystallography;
computational chemistry/modelling; HP NMR; other spectroscopies
ACurrently 11 PIs and ~ 50 researchers
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Interdisciplinary expertise

- Enzyme chemistry, fast reaction kinetics,
spectroscopy, engineering, evolution, anaerobic
capabilities, isotope effects, laser methods,
single molecule and ensemble spectroscopies,
thermodynamics, light-activated systems

- Magnetic resonance, EPR, ELDOR, ENDOR,
NMR, HP NMR

- X-ray crystallography, time resolved X-ray
crystallography, anaerobic crystallisation

- Computational chemistry, DFT, QM/MM, MD,
theory

- Robotic screening/evolution of enzymes,
classical structure-based engineering, nano-
engineering; microfluidics/microreactors
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Contacts and expertise
David Leys (Xtallography)
Jon Waltho (NMR)

Steve Righy (EPR)

Andrew Munro
(spectros/engineer, kinetics)
Nigel Scrutton (fast reaction
methods, evolution, biophys)
Sam Hay (theory, modelling,
kinetics)

Sam de Visser (comp chem)
Mike Sutcliffe (comp chem)
Derren Heyes (kinetics, light-
activated systems)

Nick Goddard/Peter Fielden
(microreactors; microfluidics)




Example 1
Dynamics coupled to catalysis
(Integrating structure, EPR, fast reaction kinetics and computation)
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AB12 and PLP-dependent
enzyme
AFermentative degradation

_ o Bringing reactants and cofactors together:
B4 B12 dependent ornithine aminomutase
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Wolthers et al J. Biol Chem. 283, 34615 (2008)

of L-ornithine by Clostridium
stricklandii

ATwo subunits OraS and
OraE of 12.8 kDa and 82.9
kDa respectively.

Aa,b, structure
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Wolthers et al J. Biol. Chem. 285, 13942 (2010); Wolthers et al J. Biol Chem. 283, 34615 (2008)



Example 2
Dynamics coupled to long range electron transfer
(integrating crystallography, EPR, fast reaction kinetics and computation)
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Internal electron transfer is slow in CPR

physiological range
14—
12 F Heme/FMN
| '®remodeling
1(8) |, 4pcalc)
~ 6 4BVY BM3 structure
o 4 (p calc)
o & :
o [— "~ Kcat
o 0
> -2
o Al through ~50
o R bonds
@
g 6 AN
3 -8[ ;
& -10 |- life of Michaelis
-12 [~
-14 —
-16 — Cretaceous mass extinction
-1g =2age of universe
T T T T

T T T T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60

Distance (A)

Alf the rate was free energy optimised, electron transfer would be
over a distance of >25 A
AElectron transfer is gated by an adiabatic process (proton transfer:
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ELDOR studies reveal a frustrated energy landscape
In di-semiquinone CPR
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Large-scale dynamics in interprotein electron transfer
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Dynamics required to
shorten electron
tunneling distance
below 14 A

Leys et al Nature Struct. Biol. 10, 219-25
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SAXS and WMMD of free ETF
Leys et al Nature Struct. Biol. 10, 219-25 WMMD of TMADH:2ETF complex



Example 3
New models for catalysis i challenging transition state theory
(integrating fast reaction kinetics, light activation, computation and structure)
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Inform on:
ATunnelling
ADynamics

ACoupled motions
ATransition states

Masgrau et al Science 312, 237-241
Heyes et al J. Biol. Chem. 284, 3762-3767
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Heyes et al J. Biol. Chem. 284, 3762-3767; Hay et al Biophys J. 98, 121-128

Chlorophyllide

New models for enzymatic H-transfer

kJ mol™)

Quappy = 0.01 (1.186) [0.96]

NADPH
S, 0.0
° "R

Qug = 0.91 (0.93) [0.93]

Qpenide = —0.97 (~2.09) [-0.94]

el
R (1) [P] ATy

Qryr = 0.05 (0.00) [-0.95]



Example 4
Exploiting biocatalysts
(integrating structure, engineering, evolution, light activation and microfluidics)
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Robotic screening and evolution of
new enzymes

AScreen 3000 clones per day
AbOn |1 ined aut oma
assays

AFocussed libraries based on
structural knowledge

ATargets: activated a / unsaturated

compounds

Toogood HS et al ChemCatChem in press;
Fryszkowska A et al AdvSynCat 351, 2976-2990




