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MEG Strategy and Mission 

ÅAdvance our knowledge of the working of enzyme systems through 

integration of experimental, theoretical and computational methods

ÅTranslate this knowledge into new applications from a firm 

knowledge base of the structures, dynamics and catalytic properties 

of enzyme systems. Unashamedly we take a óreductionistô approach.

History

ÅMEG formally established 2005

ÅFurther recruitment since has established a state-of-the-art 

infrastructure for analysis of enzyme systems (total investment from 

Research Councils, UoM and Industry > £20M)

ÅKey developments: fast reaction facility; X-band EPR 

instrumentation; robotics for enzyme evolution; x-ray crystallography; 

computational chemistry/modelling; HP NMR; other spectroscopies

ÅCurrently 11 PIs and ~ 50 researchers



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

Contacts and expertise

David Leys (Xtallography) 

Jon Waltho (NMR)

Steve Rigby (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)



Bringing reactants and cofactors together:

B12 dependent ornithine aminomutase 

ÅB12 and PLP-dependent 

enzyme

ÅFermentative degradation 

of L-ornithine by Clostridium 

stricklandii

ÅTwo subunits OraS and 

OraE of 12.8 kDa and 82.9 

kDa respectively.

Åa2b2 structure

Wolthers et al J. Biol Chem. 283, 34615 (2008) 

http://images.google.co.uk/imgres?imgurl=http://www.madrimasd.org/blogs/salud_publica/wp-content/blogs.dir/97/files/819/o_clostridium_botulinumG.jpg&imgrefurl=http://www.madrimasd.org/blogs/salud_publica/2007/10/23/77167&usg=__cabUBdioPISlbquJ_7tC8KnxERc=&h=291&w=350&sz=34&hl=en&start=2&itbs=1&tbnid=NsvuGvN3YRxLuM:&tbnh=100&tbnw=120&prev=/images%3Fq%3Dclostridium%26hl%3Den%26gbv%3D2%26tbs%3Disch:1


OAM with 2,4-
diaminobutyrate

Open and closed states of OAM

Exchange 
coupling

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)



Domain dynamics in human cytochrome 

P450 reductase and related proteins

Titration to blue 

di-semiquinone form

Brenner et al FEBS J (2009)
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Internal electron transfer is slow in CPR

ÅIf the rate was free energy optimised, electron transfer would be 

over a distance of >25 Å

ÅElectron transfer is gated by an adiabatic process (proton transfer; 

conformational change) Brenner et al FEBS J (2009)



ELDOR studies reveal a frustrated energy landscape

in di-semiquinone CPR

Hay et al JACS (2010) in press



Large-scale dynamics in interprotein electron transfer

Dynamics required to 

shorten electron 

tunneling distance 

below 14 Å

Leys et al Nature Struct. Biol. 10, 219-25
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ETF ïa dynamic redox protein

SAXS and WMMD of free ETF

WMMD of TMADH:2ETF complexLeys et al Nature Struct. Biol. 10, 219-25



Example 3

New models for catalysis ïchallenging transition state theory

(integrating fast reaction kinetics, light activation, computation and structure)



Isotope effects as probes of H transfer mechanisms

ÅTunnelling

ÅDynamics

ÅCoupled motions

ÅTransition states

Inform on:

Masgrau et al Science 312, 237-241

Heyes et al J. Biol. Chem. 284, 3762-3767



New models for enzymatic H-transfer

Heyes et al J. Biol. Chem. 284, 3762-3767; Hay et al Biophys J. 98, 121-128 



Example 4

Exploiting biocatalysts

(integrating structure, engineering, evolution, light activation and microfluidics)



Robotic screening and evolution of 

new enzymes

ÅScreen 3000 clones per day

ÅóOn lineô automated purification, 

assays

ÅFocussed libraries based on 

structural knowledge

ÅTargets: activated a/bunsaturated 

compounds
Toogood HS et al ChemCatChem in press; 

Fryszkowska  A et al AdvSynCat 351, 2976-2990


