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Biology	  is	  Complex	  



NS	  can	  easily	  differenNate	  different	  hydrogen	  isotopes	  

Element	   Coherent	  ScaPering	  
Length	  (b)/	  10-‐5	  Å	  

Hydrogen	   -‐3.74	  
Deuterium	  	   6.671	  
Carbon	   6.646	  
Nitrogen	  	   9.36	  
Oxygen	  	   5.803	  
Sulphur	   2.847	  
Phosphorous	   5.13	  



Natural	  contrast	  between	  biomolecules	  is	  present	  due	  to	  14N	  

Element	   Coherent	  ScaPering	  
Length	  (b)/	  10-‐5	  Å	  

Hydrogen	   -‐3.74	  
Deuterium	  	   6.671	  
Carbon	   6.646	  
Nitrogen	  	   9.36	  
Oxygen	  	   5.803	  
Sulphur	   2.847	  
Phosphorous	   5.13	  



The	  easiest	  Labelling	  technique	  is	  to	  change	  the	  Labelling	  of	  the	  soluNon	  
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The	  easiest	  Labelling	  technique	  is	  to	  change	  the	  Labelling	  of	  the	  soluNon	  



Isotopic	  Labelling	  Changes	  the	  SLD	  of	  Biomolecules	  
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Where	  do	  you	  get	  your	  labelled	  samples?	  



StarNng	  an	  experiment	  :	  CalculaNng	  ρ	  

Lipid	  /	  Solvent 
Neutron	  scaMering	  length	  

density	  (ρ)	  (10-‐6	  Å-‐2) 

D2O 6.35 

H2O -‐0.56 

Silicon 2.07 

Silicon	  oxide	  (SiO2) 3.41 

Deuterated-‐tails	  (gel	  phase) 7.45 

Hydrogenous-‐tails	  (gel	  phase) -‐0.37 

h-‐Protein	  in	  D2O ~3.4 

h-‐Protein	  in	  H2O ~2.0 

h-‐DNA	  in	  D2O ~3.2 

h-‐DNA	  in	  H2O ~3.8 



Web	  tools	  can	  help	  :	  NIST	  
hPps://www.ncnr.nist.gov/resources/acNvaNon/	  	  



Biological	  ScaMering	  Tool	  Website	  :	  ScaMering	  Length	  Density	  Calculator	  
hMp://psldc.isis.rl.ac.uk/	  



Choose	  your	  Contrasts	  	  



BEWARE	  

•  D2O	  and	  H2O	  although	  chemically	  very	  similar	  are	  not	  the	  same!	  

•  Slight	  Differences	  in	  Nature	  of	  Hydrogen	  and	  Deuterium	  Bonding!	  

•  Due	  to	  more	  restricted	  O-‐D	  bond	  vibraCon	  vs.	  O-‐H,	  D2O	  forms	  stronger	  
dipole-‐dipole	  bind.	  

•  D2O	  Melts	  at	  3.7°C	  vs.	  0°C.	  
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Sample	  deuterium	  labelling	  is	  o=en	  required	  :	  SANS	  

Callow et al, J Molec Biol 2007, 369:177–185 



Clifton et al et al, J. Biol. Chem 2012 

Sample	  deuterium	  labelling	  is	  o=en	  required	  :	  SANS	  



Sample	  labelling	  is	  o=en	  required	  :	  NR	  



Sample	  labelling	  :	  X-‐rays	  find	  electron	  rich	  elements!	  



Clifton et al, Langmuir, 2015, 31, 404-412.  

Sample	  deuterium	  labelling	  is	  o=en	  required	  :	  NR	  



Determining	  Coverage	  and	  Asymmetry	  



Asymmetric	  DPPC	  (inner	  leaflet)	  :	  	  Ra-‐LPS	  (outer	  leaflet)	  bilayer	  deposited	  	  
on	  Silicon	  in	  EDTA	  containing	  buffer	  
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MagneNc	  Contrast	  



§  Polarised neutron reflection used to probe the structure of  an antibody 
on gold (separated by a thioPEG monolayer). 

§  Polarised neutrons are used as this provides a means of achieving extra 
contrast in samples having a magnetic metal layer (Fe or Ni) under the 
gold surface. 

§  This  contrast  is  attained  without  resorting  to  hydrogen/deuterium 
exchange in the biological layer.

A.P. Le Brun et al Eur. Biophys. J. (2008) 37, 639 
 

of OmpAZ plus 
thioPEG 

MagneNc	  Contrast	  



Clifton et al Angew. Chem. Int. Ed. (2015) 



Sample	  deuterium	  labelling	  is	  o=en	  required	  :	  QENS	  

Element	   Coherent	  ScaPering	  Length	  
(bcoh)/	  10-‐5	  Å	  

Incoherent	  ScaPering	  
Length	  (binc)/	  10-‐5	  Å	  

	  
Hydrogen	   -‐3.74	   25.274	  

Deuterium	  	   6.671	   4.04	  

Wood	  et	  al,	  JACS,	  2010,	  4990-‐4991	  



Conclusions	  

•  Isotopic	  Labelling	  is	  a	  powerful	  tool	  to	  examine	  complex	  biological	  structures	  
with	  NS	  

•  SoluCon	  labelling	  is	  by	  far	  the	  easiest	  way	  to	  match	  out	  components	  of	  a	  
complex.	  

•  Deuterium	  labelling	  of	  the	  samples	  is	  o)en	  require	  –	  if	  so	  label	  the	  cheapest	  
part!	  

•  Checks	  should	  be	  made	  to	  ensure	  labelling	  does	  not	  change	  the	  physiochemical	  
properCes	  of	  the	  samples.	  	  



Further	  Reading	  

•  Small	  angle	  neutron	  and	  X-‐ray	  scaPering	  in	  structural	  biology,	  recent	  examples	  from	  the	  literature,	  
2008,	  Cameron	  Neylon,	  Eur	  Biophys	  J,	  DOI	  10.1007/s00249-‐008-‐0259-‐2.	  

	  

•  Neutrons	   for	   biologists:	   a	   beginner's	   guide,	   or	   why	   you	   should	   consider	   using	   neutrons.,	   2009,	   J.	  
Lakey,	  J.	  R.	  Soc.	  Interface,	  6,	  Supp	  5,	  S567-‐73.	  

•  Examining	   protein-‐lipid	   complexes	   using	   neutron	   scaPering.	   L	   Cli=on,	   C.	   Neylon	   and	   J.	   H.	   Lakey,	  
Lipid-‐Protein	  InteracNons,	  Methods	  in	  Molecular	  Biology,	  2013.	  	  	  

•  Small	  Angle	  X-‐ray	  and	  Neutron	  ScaPering	  from	  SoluNon	  of	  Biological	  Macromolecules,	  D.	  I.	  Svergun,	  
M.	  H.	  Koch,	  P.	  A.	  Timmins,	  R.	  P.	  May.	  

•  Small-‐angle	  scaPering	  for	  structural	  biology-‐Expanding	  the	  fronNer	  while	  avoiding	  the	  pimalls.	  David	  
Jacques	  and	  Jill	  Trewhella.	  Protein	  Science,	  19,	  642-‐657	  


