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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Alison	
  Rodger	
  Capabili1es	
  
Structure	
  &	
  func1on	
  of	
  biomacromolecules	
  

	
  

 
 

Develop new spectroscopies for 
complicated biomolecular systems 
including protein fibres (cytoskeleton or 
prions), membrane systems, DNA-drug 
systems, cellular structures. 
v Fluorescence detected LD  
v Raman linear difference 

•  Circular	
  dichroism	
  and	
  ROA	
  
for	
  protein	
  2ndary	
  structure	
  

•  Drug	
  binding	
  modes	
  
•  World	
  leading	
  linear	
  dichroism	
  

faciliHes	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Alison	
  Rodger	
  Challenges	
  
•  Many	
  of	
  our	
  spectroscopy	
  techniques	
  
involve	
  flow.	
  Fluid	
  dynamics.	
  
•  Where	
  does	
  the	
  light	
  go?	
  What	
  is	
  	
  
signal,	
  what	
  scaOering,	
  what	
  rubbish?	
  
•  We	
  need	
  interes1ng	
  samples.	
  
•  Will	
  Raman	
  linear	
  difference	
  be	
  really	
  useful???	
  

•  Is	
  Raman	
  opHcal	
  acHvity	
  useful	
  or	
  just	
  
difficult?	
  

•  IntegraHon	
  of	
  techniques.	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Prof.	
  P.M.	
  Rodger:	
  Capabili1es	
  
•  Methods:	
  

– Molecular	
  dynamics	
  simulaHons	
  
– StaHsHcal	
  mechanics	
  

•  ApplicaHons	
  include:	
  
– Complex	
  interfaces	
  
– Biomolecules	
  and	
  biominerals	
  
– Self	
  assembly	
  
– Control	
  of	
  crystal	
  nucleaHon	
  and	
  growth	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Prof.	
  P.M.	
  Rodger:	
  Challenges	
  
•  Molecular	
  simulaHon	
  at	
  long	
  Hmescales	
  

•  SimulaHon	
  of	
  rare	
  events	
  (e.g.	
  reacHve	
  
transiHons	
  or	
  nucleaHon)	
  

•  Reliable	
  force-­‐fields,	
  especially	
  for	
  mixed	
  
organic/inorganic	
  systems	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Mark	
  Seymour	
  -­‐	
  Capabili1es	
  
At	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ’s	
  JealoO’s	
  Hill	
  site	
  we	
  have:	
  
•  SeparaHon	
  science	
  (LC,	
  GC,	
  CE)	
  
•  Mass	
  spectrometry	
  (small	
  molecule,	
  proteins,	
  
polymers)	
  

•  NMR	
  (400,	
  500	
  and	
  600MHz	
  with	
  cold	
  probe)	
  
•  Various	
  opHcal	
  techniques	
  
•  OpHcal	
  and	
  electron	
  microscopy	
  
•  Various	
  physical	
  chemistry	
  techniques	
  
•  ComputaHon	
  and	
  modelling	
  
•  Loads	
  of	
  other	
  stuff	
  
•  Lots	
  of	
  plants	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Mark	
  Seymour	
  -­‐	
  Challenges	
  
Current	
  challenges	
  include:	
  
•  Chemical	
  analysis	
  of	
  dust	
  from	
  seed	
  coaHngs	
  during	
  manufacture.	
  
•  End-­‐group	
  analysis	
  in	
  polymers	
  and	
  macro	
  iniHators	
  
•  Determining	
  modificaHons	
  in	
  proteins	
  and/or	
  RNA	
  by	
  mass	
  spec	
  
•  Methods	
  for	
  detecHng	
  poorly	
  ionizing	
  pepHdes	
  in	
  digests	
  
•  Sensors	
  in	
  complex	
  environments	
  e.g.	
  methyl	
  salicylate	
  in	
  plants	
  
•  Chemical	
  analysis	
  of	
  seed	
  surfaces	
  
•  Measuring	
  the	
  rate	
  at	
  which	
  a	
  populaHon	
  of	
  pure	
  crystals	
  grows	
  or	
  dissolves	
  in	
  a	
  

viscous	
  medium	
  
•  Polymer	
  characterizaHon	
  
•  Face-­‐specific	
  adsorpHon	
  of	
  polymers	
  at	
  crystal	
  surfaces	
  
•  Non-­‐invasive	
  3D	
  imaging	
  of	
  pelleted	
  (coated)	
  seeds	
  
•  Enhancing	
  S/N	
  in	
  FTMS	
  
•  Ultra-­‐high	
  resoluHon	
  liquid	
  chromatography	
  
•  Complementary	
  ionizaHon	
  techniques	
  for	
  LC-­‐MS	
  
•  PredicHng	
  aqueous	
  solubility	
  from	
  a	
  chemical	
  structure	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Ann	
  Dixon:	
  Capabili1es	
  
•  Membrane	
  protein	
  expression	
  and	
  purificaHon,	
  
refolding	
  and	
  reconsHtuHon	
  

•  Analyses	
  of	
  membrane	
  protein	
  interacHons	
  using	
  
geneHc	
  assays	
  and	
  biophysical	
  methods	
  (TOXCAT,	
  
GALLEX,	
  AUC,	
  CD,	
  and	
  more)	
  

•  2D	
  and	
  3D	
  protein	
  NMR	
  methods	
  for	
  analyses	
  of	
  
protein-­‐protein	
  interacHons	
  (including	
  membrane	
  
proteins),	
  ligand	
  binding	
  and	
  structure	
  determinaHon	
  

•  NMR	
  for	
  measurements	
  of	
  dynamics	
  
•  Core	
  molecular	
  biology	
  methods	
  
•  PepHde	
  design,	
  synthesis	
  and	
  purificaHon	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Ann	
  Dixon:	
  Challenges	
  
•  Signal	
  :	
  noise	
  of	
  NMR	
  data	
  
•  Low	
  protein	
  yields,	
  especially	
  for	
  membrane	
  
proteins	
  and	
  proteins	
  with	
  isotopic	
  labels	
  

•  Robust	
  methods	
  to	
  obtains	
  high	
  quality	
  data	
  
for	
  proteins	
  in	
  membranes	
  and	
  lipid	
  bilayers	
  

•  New,	
  more	
  biologically	
  relevant	
  membrane	
  
mimeHcs	
  for	
  use	
  in	
  soluHon	
  NMR	
  

•  AlteraHve	
  methods	
  for	
  measuring	
  binding	
  
affiniHes	
  and	
  acHvity	
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§  Bio-Analytical Chemistry 
§  Focus on metal metabolism,  

including that of plants,1 and  

in context of human health2 

§  Development of metallo- 
proteomics approaches3 (protein 
chromatography, biological and 
inorganic Mass Spectrometry (ICP-MS)) 

§  Structure determination (by solution 
NMR) of metal-handling proteins 

§  Characterisation of intact  
(metallo)proteins by native ESI-MS  
and other biophysical techniques 

 1 Blindauer and Schmid, Metallomics 2010 
2 Barnett et al., Biochem. Biophys.Acta 2013 
3 Barnett et al., Anal. BioAnal. Chem. 2012 
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Links	
  to	
  	
  
•  Electron	
  microscopies	
  
•  TheoreHcal	
  simulaHons	
  (MD,	
  Monte	
  Carlo,	
  DFT)	
  	
  

Molecular	
  self-­‐assembly	
  @	
  surfaces	
  	
  

CapabiliHes	
  
•  Thin	
  film	
  growth	
  
•  Surface	
  morphology	
  down	
  to	
  the	
  molecular	
  scale	
  
•  Surface	
  chemical	
  composiHon	
  
•  Surface	
  electronic	
  properHes	
  

Giovanni	
  Costan1ni	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Giovanni	
  Costan1ni	
  

Challenges	
  

PreparaHve	
  Mass	
  Spectrometry	
  

High-­‐res	
  
TEM	
  

Ultra	
  high-­‐res	
  
SPM	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

<	
  Isaac	
  Liu>	
  Capabili1es-­‐	
  Nano-­‐Bio	
  Force	
  Spectroscopy	
  

I.	
  AFM	
  Single	
  Cell	
  Force	
  Spectroscopy	
  (Liu	
  et	
  al	
  2014,	
  FEBS	
  LeOer)	
  	
   II.	
  Single	
  Cell	
  MechanotransducHon	
  	
  

109 pN Optical 
Trapping 

III.	
  OpHcal	
  Tweezers	
  for	
  Single	
  Cells	
  	
  
(Zhang	
  &	
  Liu,	
  Roy	
  Soc	
  Interface	
  2008)	
  	
  	
  	
   IV.	
  Biomechanical	
  Modelling	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Challenges-­‐Bridging	
  Gaps	
  between	
  Cell	
  &	
  Molecule	
  

DisHnguish	
  molecule	
  force	
  from	
  cellular	
  force	
  	
   Molecule-­‐level	
  imaging	
  for	
  living	
  cell	
  	
  	
  

OpHcal	
  tweezers	
  for	
  measuring	
  molecule	
  force	
  	
  MulH-­‐scale	
  biomechanical	
  modelling	
  (Images	
  
adopted	
  from	
  Nature	
  Materials,	
  12,	
  p.1064	
  (2013))	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Tony	
  Bristow-­‐AstraZeneca	
  
•  Associate	
  Principal	
  ScienHst	
  in	
  mass	
  
spectrometry	
  within	
  PharmaceuHcal	
  
Development	
  at	
  AstraZeneca	
  in	
  Macclesfield.	
  

•  Focuses	
  on	
  the	
  applicaHon	
  and	
  development	
  
of	
  mass	
  spectrometry	
  at	
  all	
  stages	
  in	
  the	
  
development	
  of	
  pharmaceuHcals.	
  

•  Chair	
  of	
  the	
  BriHsh	
  Mass	
  Spectrometry	
  Society	
  
(BMSS).	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Tony	
  Bristow-­‐AstraZeneca	
  
•  CharacterisaHon	
  of	
  complex	
  pharmaceuHcal	
  ingredients	
  and	
  batch	
  to	
  

batch	
  variability	
  (excipients).	
  
•  Trace	
  quanHtaHon	
  of	
  organic	
  molecules	
  (potenHal	
  genotoxic	
  

impuriHes).	
  
•  Trace	
  quanHtaHon	
  of	
  metals.	
  
•  Removal	
  of	
  metals.	
  
•  Delivering	
  processing	
  understanding	
  in	
  all	
  areas	
  of	
  pharmaceuHcal	
  

development	
  (drug	
  substance	
  and	
  product).	
  
•  On-­‐line	
  parHcle/granule	
  size	
  distribuHon	
  measurements	
  and	
  on-­‐line	
  

porosity	
  measurements.	
  
•  Surface	
  characterisaHon	
  and	
  properHes	
  -­‐	
  when	
  are	
  they	
  important	
  to	
  

processes	
  (blending,	
  granulaHon,	
  compression,	
  dissoluHon)	
  
•  New	
  modaliHes	
  –	
  oligonucleoHdes	
  and	
  anHbody	
  drug	
  conjugates	
  

(ADCs).	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Tony	
  Bristow-­‐AstraZeneca	
  
•  DetecHon	
  of	
  low	
  levels	
  of	
  one	
  polymorph	
  in	
  the	
  
presence	
  of	
  another	
  (and	
  amount	
  of	
  crystalline	
  in	
  
amorphous	
  &	
  vice	
  versa).	
  

•  Assessment	
  of	
  	
  differences	
  in	
  solid	
  state	
  properHes	
  of	
  
acHve	
  pharmaceuHcal	
  ingredients.	
  

•  QuanHtaHve	
  on-­‐line	
  reacHon	
  monitoring.	
  
•  DetecHon	
  of	
  low	
  molecular	
  weight	
  non-­‐UV	
  acHve	
  polar	
  
molecules	
  in	
  excess	
  of	
  API.	
  

•  Understanding	
  dissoluHon	
  behaviour	
  of	
  our	
  products	
  
and	
  how	
  this	
  may	
  be	
  changed	
  on	
  stability.	
  

•  Studying	
  dynamic	
  mulH-­‐component	
  systems	
  at	
  a	
  small	
  
scale,	
  as	
  opposed	
  to	
  single	
  measurements	
  on	
  single	
  
components.	
  	
  Examples	
  drug	
  release	
  from	
  nanoparHcles.	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Dr	
  James	
  Covington:	
  Capabili1es	
  
H2	
  

•  Development	
  of	
  Microsensors/systems	
  
•  Focus	
  on	
  Gas	
  Phase	
  detecHon	
  
•  Extensive	
  test	
  faciliHes	
  for	
  material/sensor	
  

development	
  	
  

•  Material/transducer	
  integraHon	
  
•  Smart/ASIC	
  electronic	
  design	
  

•  System	
  development	
  for	
  arHficial	
  olfacHon	
  
•  Industrial	
  applicaHons	
  of	
  sensor	
  systems	
  

and	
  of	
  gas	
  phase	
  analysis	
  of	
  samples	
  
School	
  of	
  Engineering;	
  J.A.Covington@warwick.ac.uk	
  

•  3D	
  Micro-­‐prinHng	
  facility	
  
•  Manufacture	
  of	
  micro-­‐fluidic	
  devices	
  
•  Composite	
  material	
  development	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Dr	
  James	
  Covington:	
  Challenges	
  

School	
  of	
  Engineering;	
  J.A.Covington@warwick.ac.uk	
  

…in	
  Complex	
  Environments	
  

•  Security	
  ,	
  CWAs	
  and	
  TICs	
  
•  Distributed	
  sensor	
  networks	
  

•  POCT	
  for	
  medical	
  diagnosis	
  
•  Personalized	
  healthcare	
  &	
  monitoring	
  

Innova1ve	
  Sensors…	
  
Solving	
  Problems	
  of:	
  
•  SensiHvity….ppm/ppb/ppt	
  
•  SelecHvity……Single	
  chemical	
  
•  Cost…..Under	
  £100?	
  £10?	
  £1?	
  
•  Form	
  Factor…..Small/Mini/Micro?	
  

•  Low	
  Power….mW/µμW	
  

•  By	
  novel	
  materials	
  –	
  substrates	
  -­‐	
  	
  
	
  	
  	
  	
  	
  	
  operaHonal	
  modes	
  &	
  filters	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Mark	
  P.	
  Barrow	
  -­‐	
  Capabili1es	
  
•  Fourier	
  transform	
  ion	
  cyclotron	
  resonance	
  mass	
  spectrometry	
  	
  
•  Ultrahigh	
  resoluHon	
  analysis	
  of	
  complex	
  mixtures	
  
•  Range	
  of	
  different	
  ionizaHon,	
  dissociaHon,	
  and	
  

chromatographic	
  methods	
  available	
  
•  Petroleum	
  and	
  environmental	
  samples	
  
•  Data	
  analysis	
  to	
  produce	
  profiles	
  which	
  can	
  be	
  compared	
  

(e.g.	
  before	
  and	
  aqer	
  a	
  process)	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Mark	
  P.	
  Barrow	
  -­‐	
  Challenges	
  
Industrial/environmental	
  challenges	
  
•  ProducHon	
  and	
  processing	
  of	
  petroleum	
  
•  Biofuels	
  
•  Environmental	
  effects	
  upon	
  petroleum	
  profiles	
  
•  Environmental	
  monitoring	
  methods	
  (e.g.	
  oil	
  sands	
  industry)	
  
	
  
Analy1cal	
  challenges	
  
•  IonizaHon	
  methods	
  
•  Structural	
  informaHon	
  
•  Data	
  analysis	
  and	
  data	
  mining	
  
•  CorrelaHon	
  of	
  molecular	
  composiHon	
  with	
  sample	
  properHes	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

FTICR	
  Mass	
  Spectrometry	
  InstrumentaHon	
  

•  Bruker	
  12T	
  SolariX	
  FTICR	
  mass	
  spectrometer	
  
–  ESI,	
  nanospray,	
  NanoLCMS	
  
–  CAD/SORI/ECD/ETD/EID/EDD	
  	
  
–  MALDI	
  and	
  MALDI-­‐imaging	
  
–  APPI,	
  APCI,	
  EI	
  
–  GCMS	
  and	
  LCMS	
  
–  MSn	
  

•  Custom	
  instruments	
  
–  UV	
  photo	
  dissociaHon	
  spectroscopy	
  
–  2D	
  FTICR	
  mass	
  spectrometry	
  
–  New	
  ionizaHon	
  sources	
  

Prof.	
  Peter	
  B.	
  O’Connor	
  

CapabiliHes:	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

High	
  quality	
  MSn	
  
spectra	
  

>500,000	
  resolving	
  power	
  and	
  
sub-­‐ppm	
  mass	
  accuracy	
  on	
  all	
  
fragments	
  

•  Protein	
  idenHficaHon	
  and	
  sequencing	
  
•  Protein	
  modificaHons	
  

–  DeamidaHon,	
  GlycaHon,	
  etc	
  
–  Protein	
  –	
  drug	
  interacHons	
  (Cancer	
  

therapeuHcs)	
  
–  Protein	
  complexes	
  

•  Drug	
  molecule	
  structures	
  
•  Glycan	
  (and	
  other	
  oligosaccharide)	
  

structural	
  analysis	
  
•  DNA	
  modificaHons	
  
•  Polymers	
  (sequencing,	
  endgroups,	
  etc)	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

JEOL	
  Ltd.	
  Capabili1es	
  
Available	
  to	
  access	
  to	
  NMR	
  spectrometers	
  in	
  JEOL	
  Ltd	
  
HQ	
  and	
  JEOL	
  UK	
  Ltd	


European	
  JEOL	
  demo	
  center	
  
(Welwyn	
  Garden	
  City)	


Warwick	
  University	


Tokyo	
  HQ	
  laboratory	
  
(Tokyo,	
  Japan)	


Support	
  travel	
  fee	
  to	
  access	
  to	
  JEOL	
  HQ	
  
laboratory	
  (Tokyo,	
  Japan)	


Warwick	
  University	
  is	
  able	
  to	
  access	
  to	
  400~600	
  MHz	
  solid	
  NMR	
  spectrometers	
  
0.75	
  (110	
  kHz	
  MAS)	
  ~	
  8mm	
  (~600ul	
  sample	
  volume)	
  MAS	
  probe	
  is	
  available	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

JEOL	
  Ltd.	
  Challenges	
  

Warwick	
  
University	


JEOL	
  Ltd.	
  
NMR	
  lab	
  

At	
  
London	
  or	
  
Tokyo	


New	
  solid	
  NMR	
  applicaHon	

Ultra	
  high	
  speed	
  MAS	
  which	
  JEOL	
  developed	
  is	
  focusing	
  for	
  new	
  solid	
  NMR	
  
applicaHon.	
  
This	
  technique	
  is	
  expected	
  for	
  Biology,	
  Pharmacy,	
  Material,	
  etc…	


Knowledge	
  transfer,	
  
Sending	
  PhD	
  
student	


Accept	
  PhD	
  
student,	
  training	
  in	
  

industry,	
  
Financial	
  support	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

MaVhew	
  I.	
  Gibson	
  Capabili1es	
  
Interfacing Materials with Biology –

m.i.gibson@warwick.ac.uk   
www.warwick.ac.uk/go/gibsongroup    

Nature Commun, 2014, 5, 3244   Chem. Sci 2014,,   Angew. Chem. Int. Ed., 2012, 51, 7812,,	
  	
  	
  Angew 
Chem. Int. Ed., 2008;  J. Am. Chem. Soc., 2010, 132, 15130,  Angew.	
  Chem.	
  Int.	
  Ed.,	
  2009,48,	
  48,	
   

Polymers and Nanoparticles. 
Imaging to delivery 

Analytical GlycoSciences 
and (low cost) Biosensing 

(Cryo)storage of 
Proteins, cells and tissues 

Cell Culture, Biosensing, Cryopreservation, Glycoscience, Antibodies, Carbohydrates, Polymers 
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

•  Protein	
  and	
  Cell	
  based	
  Therapy	
  Stability,	
  storage,	
  distribuHon	
  
•  Cellular	
  analyHcs.	
  How	
  to	
  measure	
  in	
  vivo/in	
  vitro	
  

•  ‘Accessibility’	
  of	
  mathemaHcal	
  methods	
  to	
  analyse	
  available	
  
datasets	
  (bioinformaHcs)	
  

•  Interconnected	
  thinking.	
  Breaking	
  down	
  barriers	
  between	
  
people’s	
  ‘labels’	
  	
  

•  Defining	
  challenges	
  and	
  soluHons	
  based	
  on	
  need,	
  rather	
  than	
  
fiwng	
  to	
  preferred	
  soluHons	
  

MaVhew	
  I.	
  Gibson	
  Challenges	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Corinne	
  Smith	
  -­‐	
  Capabili1es	
  

•  Biophysical	
  Analysis	
  of	
  protein	
  
mechanism	
  using	
  electron	
  
microscopy,	
  fluorescence,	
  light	
  
scaOering	
  ITC	
  and	
  SPR	
  

•  3D	
  structure	
  determinaHon	
  of	
  
macromolecular	
  complexes	
  using	
  
cryo-­‐electron	
  microscopy	
  and	
  
single	
  parHcle	
  analysis	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Corinne	
  Smith	
  –	
  Challenges	
  
Mechanisms	
  of	
  endocytosis	
  	
  

•  How	
  can	
  we	
  control	
  the	
  assembly	
  of	
  clathrin	
  triskelions	
  into	
  
clathrin	
  cage	
  structures?	
  	
  

•  How	
  can	
  we	
  analyse	
  neutron	
  scaOering	
  data	
  for	
  heterogeneous	
  
clathrin	
  cages	
  structures?	
  	
  

•  How	
  can	
  we	
  interpret	
  the	
  significance	
  of	
  weak	
  binding	
  events	
  in	
  
clathrin-­‐mediated	
  endocytosis?	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

<J.	
  Lewandowski>	
  Capabili1es	
  
•  Solid-­‐state	
  NMR	
  	
  
•  Main	
  experHse	
  structure	
  and	
  dynamics	
  of	
  
proteins:	
  fibrils,	
  membrane	
  proteins,	
  protein	
  
complexes	
  

•  Molecular	
  interacHons	
  
•  Fast	
  magic	
  angle	
  spinning	
  and	
  working	
  with	
  
small	
  amounts	
  of	
  material	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

<J.	
  Lewandowski>	
  Challenges	
  
•  QuanHficaHon	
  of	
  protein	
  moHons	
  by	
  
relaxaHon	
  

•  Structure	
  and	
  dynamics	
  of	
  large	
  biomolecular	
  
complexes	
  –	
  needs	
  integrated	
  approaches	
  

•  SensiHvity	
  
•  OpHmal	
  sample	
  preparaHon	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Dr	
  Simon	
  Spencer:	
  Capabili1es	
  
•  Bayesian	
  staHsHcs	
  (handling	
  uncertainty)	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Dr	
  Simon	
  Spencer:	
  Challenges	
  
•  Gewng	
  hold	
  of	
  datasets	
  
•  Gewng	
  hold	
  of	
  datasets	
  with	
  replicates	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

David	
  Rossell	
  (Stats).	
  Capabili1es	
  
StaHsHcal	
  methods	
  for	
  biostats	
  &	
  bioinformaHcs	
  
Visualization Data analysis Experimental 

design 
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Figure 1. chroGPSfactors visualizes functional associations between epigenetic factors. Similarity between 76 individual epigenetic factors
(Supplementary Table S1), as determined from their genomic profiles with iOverlap, is represented in a heatmap with hierarchical clustering den-
drogram (A) or 2D (B) and 3D (C) reference maps using classical MDS (left) or isoMDS (right). R2 and stress (s) are indicated. Factors are colored
according to their biological activity: RNApol II (purple), regulation of transcription (green), boundary/insulator function (gray), HP1-(blue) and
Polycomb (PC)-dependent silencing (yellow). See also Supplementary Video S1 for visualization of the 3D-map in motion (Supplementary Section
S10.1).

Nucleic Acids Research, 2013 3

 by guest on N
ovem

ber 27, 2013
http://nar.oxfordjournals.org/

D
ow

nloaded from
 

EpigeneHc	
  factors	
  &	
  state	
  of	
  
genes	
  in	
  modEncode	
  

(Font-­‐Burgada	
  et	
  al,	
  NAR	
  2014)	
  

Gene	
  expression	
  
in	
  tumour	
  

models	
  (Janic	
  et	
  
al,	
  Science	
  2011)	
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Figure 1. High TGF-b Expression Predicts CRC Relapse
(A) Overall TGFB mRNA expression in CRC stages I–IV. Values are z-scores with standard deviation (SD) from the mean (**p < 0.01, two-tailed Student’s t test).

(B) Smooth function correlates overall TGFB mRNA expression with relative risk of recurrence. Patients with stage IV cancer were excluded from this analysis.

Red dashed lines: 95% confidence interval (CI). Blue dashed lines: thresholds for patient selection into groups with low (L; blue, 44 patients), medium (M; gray, 86

patients), and high (H; red, 134 patients) TGFB expression; p values and increase in HR per each increase in standard deviation of expression (+1 SD) are shown.

(C and D) Kaplan-Meier plots display recurrence-free survival (RFS) over time (C) and grouped by AJCC stage (D) for groups defined in (B) . HR and p values

compare RFS over time for patients grouped according to TGFB levels (L versus M, L versus H, and M versus H).

(E) Cox proportional hazards multivariate analysis of TGF-b expression and AJCC staging in identifying patients who remained disease-free upon therapy.

See also Figure S1.

Cancer Cell

Stromal TGF-b Signals in Colon Cancer Metastasis

Cancer Cell 22, 571–584, November 13, 2012 ª2012 Elsevier Inc. 573
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The Role of Compositional Variation and Underdamped Mechanics

near Membrane Inclusions

S. Alex Rautu,1 George Rowlands,1 and Matthew S. Turner1, 2
1Department of Physics, University of Warwick, Coventry, CV4 7AL, United Kingdom

2Centre for Complexity Science, University of Warwick, Coventry CV4 7AL, United Kingdom
(Dated: February 24, 2014)

We study the e↵ect of membrane proteins on the shape, composition and thermodynamic stability
of a surrounding membrane. We consider proteins that couple to the height, slope and composition of
the surrounding membrane in a rather general manner. When the coupling between the composition
and curvature is strong enough the membrane shape and composition switches from over-damped
to under-damped decay well before the membrane becomes linearly unstable. We show that this
is associated with a change in the sign of the thermodynamic cost of protein insertion. We show
how this can drive the early stages of coat assembly necessary for vesiculation (budding) while
suppressing the activity of mechanosensitive membrane channels and transporters.

Biological membranes are crucial to the structure and
function of living cells [1]. Transmembrane proteins that
play important roles in transport, adhesion and signalling
[2, 3] are embedded in membranes that themselves consist
of a mixture of lipids and other amphipathic components.
Several experimental studies have shown that the inter-
action with the adjacent lipid molecules can regulate the
function of membrane proteins [4–7]. Here we are primar-
ily interested in the non-specific lipid-protein interactions
that arise from the coupling of their hydrophobic regions
[8–14], although our theory does allow for enrichment of
certain component(s) near the protein. We employ a con-
tinuum theory in which small deformations of the lipid
environment near a rigid inclusion can be described by
a number of local field variables, such as the profile of
the mid-plane of the bilayer, its composition and thick-
ness [15–21]. The free-energy cost associated with thick-
ness deformation is completely decoupled at lowest order,
and can be independently analyzed although we do not
attempt to do so here [20].

We allow for the enrichment of curvature sensitive in-
clusions in the vicinity of a membrane protein or, equiva-
lently, the variation of lipid assymmetry between leaflets
that is typically characterized by a spontaneous curva-
ture, which is non-zero for asymmetrically doped bilay-
ers [23, 33–36]. This is a thermodynamic property of
lipid monolayers, that is operationally defined as their
preferred mean curvature in the absence of any mechan-
ical stresses on the membrane [34]. Irrespective of its
microscopic origin, this curvature is normally treated as
a well-defined global property, neglecting its spatial vari-
ation within the individual membrane leaflets. This as-
sumption is not generally valid and consequently a local
description is needed to account for inhomogeneous re-
gions of membranes. This is particularly the case for the
environment near membrane proteins, where the induced
deformation fields provide the possibility of selection of
certain lipids, or surfactants, due to their preference to
localize in a leaflet of specific curvature [36, 37].

FIG. 1. (color on-line) A membrane inclusion showing the
mid-plane of the bilayer (blue line) at height u(r, ✓). Al-
though the rigid inclusion is depicted as a three-dimensional
object, its surface variation in the ẑ direction is coarse-grained
out so that its geometry is defined by its radius r0 and two
functions describing the height U(✓) and contact angle U 0(✓)
of the hydrophobic belt. These parameterize the protein-
membrane interface (red line) where u(r0, ✓) = U(✓) and
n̂ · ru(r0, ✓) = U 0(✓) with n̂ as the inward unit normal vec-
tor. Besides a balance of normal forces, the net torque on the
rigid inclusion must vanish which can lead to an equilibrium
tilt angle  in the direction labels by ".

To model this, we consider a two-component surfactant
system, where the local compositional asymmetry be-
tween the di↵erent layers is phenomenologically coupled
to the local mean curvature of the membrane [38, 39].
This can be viewed as a mixture composed of two species,
in which one of the components favors the formation of
planar bilayers, whereas the other has a high a�nity to

✔	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Warwick	
  Ventures	
  -­‐	
  Challenges	
  
•  REF	
  Impact	
  2020	
  

–  IdenHfying	
  targets	
  	
  and	
  applying	
  resources	
  NOW	
  in	
  order	
  to	
  
maximise	
  impact	
  in	
  5	
  years’	
  Hme	
  

•  Proof	
  of	
  Concept	
  funding	
  and	
  strategy	
  
–  Securing	
  and	
  applying	
  more	
  funds,	
  using	
  project	
  management	
  
and	
  external	
  experHse	
  and	
  resources	
  in	
  a	
  way	
  that	
  generates	
  
more	
  Impact	
  

•  More	
  effecHve	
  research	
  commercialisaHon	
  
–  Engaging	
  with	
  internal	
  &	
  external	
  partners,	
  alumni	
  and	
  other	
  
Warwick	
  stakeholders	
  to	
  expand	
  our	
  commercial	
  network	
  for	
  
access	
  to:	
  

•  Markets	
  –	
  what	
  pulls	
  technology	
  out	
  of	
  the	
  laboratory	
  
•  Management	
  –	
  	
  an	
  experienced	
  commercial	
  team	
  aOracted	
  by	
  the	
  
Market	
  opportunity	
  

•  Money	
  –	
  available	
  if	
  you	
  have	
  Market	
  +	
  Management	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Professor	
  Charles	
  Hutchinson	
  
Clinical	
  Radiology	
  Imaging	
  	
  
We	
  cover:	
  
•  Magne1c	
  Resonance	
  (1.5	
  and	
  3T)	
  
•  Computed	
  Tomography	
  (Spiral	
  CT	
  at	
  128	
  slice,	
  0.625	
  
pitch.	
  Dual	
  energy	
  CT	
  and	
  Veo	
  (low	
  dose)	
  capable)	
  

•  Positron	
  Emission	
  Tomography	
  (PET-­‐CT)with	
  F18	
  and	
  
SPECT	
  (Single	
  proton	
  emission-­‐CT)	
  

•  Ultrasound	
  with	
  3D	
  and	
  4D	
  imaging,	
  power	
  Doppler	
  	
  
•  Image	
  analysis	
  techniques,	
  	
  

–  anatomical	
  and	
  dynamic	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Challenges	
  
We	
  are	
  interested	
  in:	
  
	
  
•  Pediatric	
  Imaging	
  (Dr	
  Caron	
  Parsons)	
  

–  CharacterisaHon	
  of	
  NecroHsing	
  EntrocoliHs	
  on	
  ultrasound	
  
•  Pulmonary	
  disease	
  (Dr	
  Emma	
  Helm)	
  

–  CharacterisaHon	
  of	
  Usual	
  IntersHHal	
  Pneumonia	
  on	
  CT	
  
•  Nuclear	
  Medicine	
  (Dr	
  Olu	
  Adensanya)	
  

–  Early	
  diagnosis	
  of	
  infecHon	
  in	
  joint	
  replacements	
  
•  MagneHc	
  Resonance	
  	
  

–  Tissue	
  classificaHon	
  (Dr	
  Terence	
  Jones),	
  Brown	
  fat	
  and	
  MyosiHs	
  
–  Hypoxia	
  Imaging	
  (Dr	
  Ravjit	
  Sagoo),	
  at	
  simulated	
  alHtude	
  

•  We	
  also	
  provide	
  a	
  good	
  link	
  to	
  other	
  clinical	
  specialHes	
  as	
  well	
  as	
  
links	
  with	
  engineering,	
  computer	
  science	
  and	
  staHsHcs	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Dr	
  Andrew	
  Reason	
  -­‐	
  Capabili1es	
  
•  I	
  am	
  a	
  biochemist	
  specializing	
  in	
  structural	
  
analysis	
  of	
  biopharmaceuHcals	
  

•  I	
  have	
  worked	
  within	
  the	
  service	
  provision	
  side	
  of	
  
the	
  biopharma	
  industry	
  for	
  the	
  last	
  20	
  years	
  and	
  
have	
  helped	
  gain	
  regulatory	
  approval	
  for	
  more	
  
than	
  100	
  biopharma	
  products	
  

•  My	
  area	
  of	
  experHse	
  resides	
  within	
  the	
  
commercializaHon	
  of	
  high	
  end	
  analyHcs	
  for	
  
assessing	
  the	
  primary,	
  secondary	
  and	
  terHary	
  
structure	
  of	
  proteins	
  and	
  glycoproteins	
  –	
  
including	
  chromatography,	
  electrophoresis,	
  mass	
  
spectrometry	
  and	
  spectroscopy	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Andrew	
  Reason	
  -­‐	
  Challenges	
  
•  Secondary	
  and	
  terHary	
  structure	
  analyses	
  of	
  
biopharmaceuHcals	
  are	
  rouHnely	
  performed,	
  at	
  
present,	
  using	
  Circular	
  Dichroism	
  (CD)	
  and	
  Fourier	
  
Transform-­‐Infra	
  Red	
  (FT-­‐IR).	
  Nuclear	
  MagneHc	
  
Resonance	
  (NMR)	
  is	
  also	
  used	
  as	
  a	
  high	
  end	
  
comparability	
  tool	
  (but	
  does	
  not	
  provide	
  data	
  that	
  can	
  
be	
  raHonalized	
  to	
  terHary	
  structure,	
  in	
  most	
  cases)	
  

•  The	
  US	
  FDA	
  see	
  Hydrogen	
  Deuterium	
  Exchange-­‐Mass	
  
Spectrometry	
  (HDX-­‐MS)	
  filling	
  the	
  gap	
  between	
  the	
  
lower	
  resolving	
  CD/FT-­‐IR	
  and	
  NMR	
  

•  Is	
  HDX-­‐MS	
  the	
  way	
  to	
  go	
  or	
  are	
  there	
  other	
  techniques	
  
which	
  could	
  be	
  brought	
  to	
  bear	
  to	
  fill	
  this	
  gap?	
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Linear	
  Diagnos1cs	
  Ltd:	
  
Capabili1es	
  

•  Development	
  of	
  novel	
  diagnosHcs	
  for	
  medical,	
  
food	
  and	
  defence	
  sectors	
  

•  Nano-­‐biotech	
  and	
  handheld	
  readers	
  
•  Part	
  of	
  a	
  larger	
  group	
  

Point	
  of	
  
contact	
  	
  
tesHng	
  

Biomarker	
  
content	
  

Laboratory	
  
services	
  

Biomarkers	
   Relevant	
  
playorms	
  

Development	
  
experHse	
  

Quality	
  
System	
   Manufacturing	
   Market	
  

capability	
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  Inaugural	
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  Partnership	
  Event	
  

Linear	
  Diagnos1cs	
  Ltd:	
  
Challenges	
  

•  OpHmizaHon	
  of	
  conjugaHon	
  chemistries	
  

•  Reader	
  developments	
  

•  Assay	
  formawng	
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  2014	
  The	
  Lubrizol	
  CorporaHon,	
  all	
  rights	
  reserved.	
  

MASC	
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  for	
  Doctoral	
  training	
  
Lubrizol	
  Addi1ves	
  

11th	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  56	
  

•  AutomoHve	
  addiHve	
  
synthesis	
  and	
  manufacture	
  

•  Lubricant	
  formulaHng	
  

•  Oil	
  analysis	
  techniques	
  

•  Field	
  and	
  engine	
  tesHng	
  of	
  
automoHve	
  lubricants	
  

•  Standard	
  industry	
  oil	
  
analysis	
  techniques	
  

•  Rheology	
  

•  Colloid	
  science	
  

•  Tribology	
  

•  Surface	
  science	
  

•  Screening	
  tool	
  and	
  bench	
  
test	
  development	
  

Lubrizol	
  Addi:ves	
  
	
  

Analy:cal	
  science	
  
	
  

CapabiliHes	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  57	
  

•  Improving	
  oil	
  fuel	
  economy	
  
without	
  effecHng	
  engine	
  
durability	
  

•  Effect	
  of	
  new	
  automoHve	
  
hardware	
  on	
  the	
  durability	
  
of	
  lubricaHng	
  oils	
  

•  Effect	
  of	
  alternaHve	
  fuels	
  
on	
  the	
  durability	
  of	
  
lubricaHng	
  oils	
  

•  Most	
  techniques	
  designed	
  
for	
  aqueous	
  systems	
  

– Oqen	
  less	
  published	
  
material	
  in	
  oil	
  based	
  
systems	
  

•  Analysis	
  and	
  mechanisHc	
  
study	
  of	
  interacHons	
  in	
  
complex	
  mixtures	
  of	
  oil	
  
soluble	
  components	
  

Lubrizol	
  Addi:ves	
   Analy:cal	
  science	
  

Challenges	
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  MASC	
  CDT	
  Inaugural	
  Industry	
  Partnership	
  Event	
  

Working	
  together,	
  achieving	
  great	
  things	
  

When	
  your	
  company	
  and	
  ours	
  combine	
  energies,	
  great	
  things	
  can	
  happen.	
  	
  
You	
  bring	
  ideas,	
  challenges	
  and	
  opportuniHes.	
  We’ll	
  bring	
  powerful	
  addiHve	
  and	
  
market	
  experHse,	
  unmatched	
  tesHng	
  capabiliHes,	
  integrated	
  global	
  supply	
  and	
  
an	
  independent	
  approach	
  to	
  help	
  you	
  differenHate	
  and	
  succeed.	
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Warwick	
  Electrochemistry	
  &	
  Interfaces	
  Group	
  
www.warwick.ac.uk/electrochemistry	
  (email:	
  p.r.unwin@warwick.ac.uk)	
  

•	
  40	
  people	
  probing,	
  mapping,	
  and	
  analysing	
  processes	
  any	
  surface/interface	
  you	
  can	
  
think	
  off	
  with	
  unique	
  capability!	
  	
  

	
  	
  	
  	
  Electrode	
  reac1vity	
  (baVeries,	
  fuel	
  
cells,	
  sensors….)	
  

Graphene 	
   	
  Nanotubes	
  

Güell,	
  A.	
  G.,	
  et	
  al.,	
  2012,	
  J.	
  Am.	
  
Chem.	
  Soc.,	
  134(17),	
  7258–
7261.	
  doi:10.1021/ja3014902	
  

PaVerning	
  and	
  prin1ng	
  

Kirkman,	
  P.	
  M.,	
  et	
  al.,	
  	
  2014,	
  J.	
  Am.	
  Chem.	
  Soc,	
  136(1),	
  36–9.	
  	
  

McKelvey,	
  K.,	
  et	
  al.,	
  2013,	
  Chem.	
  Comm.,	
  49(29),	
  2986–2988.	
  	
  

Güell,	
  A.	
  G.,	
  et	
  al.,	
  2012,	
  Proc.	
  Natl.	
  
Acad.	
  Sci.	
  USA,	
  109(29),	
  11487–
11492.	
  	
  

	
  Biophysical	
  processes	
  in	
  1ssues,	
  membranes	
  and	
  living	
  cells	
  

McKelvey,	
  K.,	
  et	
  al.,	
  2013,	
  AnalyHcal	
  Chemistry,	
  85(15),	
  7519–26.	
  	
  
Nadappuram,	
  B.	
  P.,	
  et	
  al.,	
  	
  2013,	
  AnalyHcal	
  Chemistry.,	
  85(17),	
  8070–8074.	
  	
  

Diffusion	
  into	
  hair	
  

Nanoscale	
  
photosynthesis	
  

	
  Crystal	
  growth	
  &	
  dissolu1on	
  

J.	
  Phys.	
  Chem.	
  C,	
  2011,	
  115,	
  10147	
  

Hme	
  

25 s 

50 s 
75 s 

100 s 
Phys.	
  Chem.	
  Chem.	
  Phys.,	
  2013,	
  15,	
  1956–1965.	
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Warwick	
  Electrochemistry	
  &	
  Interfaces	
  Group	
  Challenges	
  
•  MulHdimensional/parameter	
  imaging/probing	
  –	
  dream	
  is	
  “lab	
  on	
  a	
  1p”	
  
•  From	
  “sHlls”	
  to	
  video	
  rate	
  func1onal	
  imaging	
  
•  Handling/presenHng	
  large	
  and	
  complex	
  data	
  sets	
  
•  ApplicaHons	
  in	
  even	
  more	
  complex	
  environments	
  
•  At	
  any	
  7me,	
  work	
  with	
  up	
  to	
  6	
  companies	
  –	
  seek	
  to	
  expand	
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