
Supplementary	
   Fig.	
   1.	
  Conforma5onal	
  analysis	
  of	
   N-­‐acetylhexosamines.	
  The	
   vibra+onal	
  spectra	
  of	
  
the	
   lowest	
   energy	
   structures	
   of	
   both	
   anomers	
   of	
   protonated	
   GlcNAc,	
   GalNAc	
   and	
   ManNAc	
   are	
  
obtained	
  by	
  Density	
  Func+onal	
  Theory,	
  as	
  described	
  above,	
  and	
  match	
  the	
  experimental	
  spectra.	
   A	
  
colour	
  code	
  is	
  used	
  to	
  represent	
  the	
  OH	
  (red),	
  NH	
  (blue)	
  and	
  CH	
  (black)	
  elonga+on	
  modes.	
  In	
  all	
  cases,	
  
the	
   lowest	
   energy	
  structures	
   obtained	
   by	
  quantum	
  chemistry	
   calcula+ons	
   are	
   4C1	
   chairs.	
  OH6	
  and	
  
OH1	
   modes	
   have	
   a	
   rela+vely	
   fixed	
   frequency	
   (around	
   3680	
   cm-­‐1	
   and	
   3640	
   cm-­‐1,	
   respec+vely)	
  
regardless	
  of	
  the	
  isomer.	
  In	
  contrast,	
  the	
   frequencies	
  of	
  OH3	
  and	
  OH4	
  range	
  from	
  3400	
  cm-­‐1	
   to	
  3650	
  
cm-­‐1	
  are	
  strongly	
  isomer-­‐dependent,	
  which	
  explains	
  the	
  sensi+vity	
  of	
   the	
   IR	
  fingerprint	
  to	
  the	
  nature	
  
of	
   the	
  monosaccharide.	
   Interes+ngly,	
   theory	
   predicts	
   that	
  pairs	
   of	
   anomers	
   have	
   the	
   same	
   stable	
  
conforma+on.	
   Yet	
   their	
  OH3	
   and	
   OH4	
  modes	
   as	
   well	
   as	
   the	
   NH	
   mode	
   of	
   the	
   N-­‐acetyl	
  group	
   are	
  
anomer-­‐dependent,	
   providing	
  dis+nc+ve	
   theore+cal	
  signatures	
   for	
   individual	
  anomers.	
  Here,	
   the	
  N-­‐
acetylhexosamine	
   standards	
   consist	
   of	
   natural	
   anomeric	
   mixtures.	
   Therefore,	
   the	
   theore+cal	
  
signatures	
  of	
  both	
  anomers	
  must	
  be	
  taken	
  into	
  account	
  to	
  reproduce	
  the	
  experimental	
  signature.
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Supplementary	
  Fig.	
   2.	
   Iden5fica5on	
  of	
   the	
  diagnos5c	
  features	
  of	
  alpha	
  and	
  beta	
  anomers.	
   (a)	
  As	
  
predicted	
   by	
   theory	
   (Supplementary	
   Fig.	
   1)	
   individual	
  anomers	
   of	
  monosaccharide	
   standards	
   have	
  
dis+nc+ve	
   signatures,	
   both	
  being	
  present	
   in	
   rela+ve	
   amounts	
   in	
   the	
   spectrum	
  of	
   natural	
  anomeric	
  
mixtures.	
   This	
   property	
   is	
   exploited	
   to	
   iden+fy	
   the	
   contribu+ons	
   of	
   both	
   anomers	
   present	
   in	
   the	
  
spectrum	
  of	
  natural	
  samples.	
  The	
  diagnos+c	
  features	
  of	
  alpha	
  and	
  beta	
  anomers	
   thus	
  iden+fied	
  are	
  
shaded	
  in	
  red	
  and	
  blue,	
  respec+vely.	
  (b)	
   Addi+onally,	
  the	
  reference	
   signatures	
  of	
   individual 	
  anomers	
  
chemically	
   blocked	
   by	
   methyla+on	
   at	
   OH1	
   (alpha	
   anomer	
   in	
   red,	
   beta	
   anomer	
   in	
   blue)	
   are	
  
superimposed	
  and	
  compared	
  with	
  the	
  spectrum	
  of	
  the	
  natural	
  mixture.	
  Due	
  to	
  the	
  methyla+on	
  of	
  the	
  
reducing	
  hydroxyl,	
  the	
  intense	
  OH1	
  modes	
  normally	
  observed	
  around	
  3640	
  cm-­‐1	
   	
  are	
  absent	
  (shaded	
  
in	
  grey).	
   Apart	
   from	
   this	
   excep+on,	
   all	
   features	
   of	
   the	
   methyl-­‐blocked	
  species	
   (b)	
   are	
   found	
  in	
   the	
  
spectrum	
  of	
  the	
  natural	
  anomeric	
  mixture	
  (a),	
  which	
  validates	
  that	
  they	
  have	
  the	
  same	
  conforma+on.	
  
Hence,	
  aVer	
  discarding	
  the	
  OH1	
  spectral	
  range,	
  the	
  spectra	
  of	
   the	
  methylated	
  standards	
  can	
  be	
  used	
  
as	
  references	
  to	
  iden+fy	
  diagnos+c	
  features	
  of	
  the	
  anomers	
  in	
  the	
  spectrum	
  of	
  the	
  natural	
  sample.	
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Supplementary	
  methods

Sample	
  prepara+on.

Monosaccharide	
   standards:	
   monosaccharides	
   standards	
   were	
   purchased	
   from	
   Sigma	
   Aldrich	
   or	
  
carbosynth	
  Ltd	
  (UK)	
  and	
  used	
  without	
  further	
  purifica+on.	
  
Disaccharide	
  standards:	
  GlcNAc	
  β(1→6)	
  GlcNAc	
  and	
  GlcN	
  β(1→4)	
  GlcNAc	
  were	
  prepared	
  as 	
  reported	
  
earlier	
  by	
  Defaye	
  et	
  al.	
  and	
  Drouillard	
  et	
  al.	
  respec+vely1,2	
  
Glc	
  α(1→4)	
  GlcNAc,	
  Glc	
  β(1→4)	
  GlcNAc,	
  Man	
  α(1→4)	
  GlcNAc	
  and	
  Gal	
  α(1→4)	
  GlcNAc,	
  were	
  prepared	
  
according	
  to	
  the	
  protocols	
  of	
  Both	
  et	
  al.3	
  and	
  Gray	
  et	
  al.4

Other	
  disaccharides	
  were	
  purchased	
  from	
  Sigma	
  Aldrich,	
  carbosynth	
  Ltd	
  (UK)	
  or	
  Dextra	
  Laboratories	
  
Ltd.	
  (UK).
Chito-­‐oligosaccharide	
   sample:	
   It	
   was	
   prepared	
   as	
   reported	
   by	
   Chambon	
   et	
   al.5	
   Note	
   that	
   no	
  
experimental	
  evidence	
  of	
  the	
  posi+on	
  of	
  the	
  enzyma+c	
  deacetyla+on	
  was	
  available.

Computa+onal	
  chemistry.	
  

To	
  obtain	
  the	
  conformers	
  of	
  tmonosaccharides,	
  we	
  used	
  the	
  following	
  procedure:	
  First	
  of	
  all,	
  we	
  
employed	
  the	
  molecular	
  dynamic	
  to	
  produce	
  geometries.	
  This	
  step	
  consisted	
  in	
  3	
  parts,	
  first	
  the	
  
ini+al	
  geometry	
  was	
  heated	
  at	
  a	
  temperature	
  of	
  3000	
  K	
  for	
  1	
  ps,	
  allowing	
  exhaus+ve	
  explora+on	
  of	
  
the	
  poten+al	
  energy	
  surface;	
  then	
  the	
  system	
  was	
  equilibrated	
  for	
  an	
  other	
  ps;	
  finally	
  1000	
  
geometries	
  were	
  captured	
  with	
  10	
  fs	
  intervals	
  for	
  10	
  ps.	
  During	
  this	
  step,	
  the	
  forces	
  were	
  computed	
  
by	
  the	
  semi-­‐empirical	
  poten+al	
  PM76	
  carried	
  out	
  using	
  MOPAC2012.7	
  We	
  chose	
  PM7	
  because	
  it	
  was	
  
developed	
  to	
  correct	
  the	
  hydrogen	
  bonding	
  treatment.	
  The	
  velocity-­‐Verlet	
  algorithm8	
  was	
  used	
  to	
  
calculate	
  the	
  posi+ons	
  and	
  the	
  veloci+es.
The	
  ini'al 	
  geometries 	
  were 	
  then	
  op'mised	
  with	
  PM7	
  and	
  duplicates 	
  were 	
  discarded	
  based	
  
on	
  geometric	
  and	
  energe'c	
  parameters 	
  (two	
  structures	
  are	
  considered	
  iden'cal	
  if	
  ∆E	
  <	
  0.5	
  
kcal/mol	
  and	
  ∆d	
  for	
  bonded	
  and	
  non-­‐bonded	
  atoms	
  is	
  inferior	
  to	
  0.2	
  Å).
In	
  the 	
  second	
  step,	
  we	
  reop'mised	
  the	
  candidate	
  geometries	
  with	
  Density	
  func'onal	
  Theory	
  
(DFT)	
  using	
  the	
  func'onal 	
  B3LYP9-­‐11	
  and	
  the	
  basis 	
  set	
  6-­‐31G*	
  12-­‐13.	
  Once	
  again	
  we	
  eliminated	
  
iden'cal	
  geometries.
For	
   the 	
  final	
   step,	
   the	
  geometries	
  were	
   further	
   op'mised	
   and	
   the	
   harmonic	
   vibra'onal	
  
frequencies	
  were	
   calculated	
   using	
   DFT	
   with	
   CAM-­‐B3LYP14	
   and	
   a	
   higher	
   basis	
   set	
   6-­‐311+
+G(2df,2pd).	
  The	
  mode	
  analysis	
  was	
  carried	
  out	
  with	
  Gabedit.15

All 	
   the 	
   DFT	
   calcula'ons 	
   were	
   done 	
   by	
   using	
   the	
   Gaussian	
   09	
   suite.16	
   The	
   geometry
op'misa'on	
  was	
  done	
  using	
  'ght	
  convergence	
  criteria.
We	
   compared	
   the 	
  theore'cal 	
  spectra 	
  with	
  experimental 	
  ones 	
  a^er	
   scaling	
   the	
  harmonic
frequencies.	
  The	
  scaling	
  factor	
  employed	
  to	
  best	
  match	
  the	
  experiment	
  was	
  0,947.
The	
  total	
  energies 	
  of	
   the 	
  final	
  geometries 	
  were	
  computed	
  at	
   a	
  MP2	
   level	
  using	
   the 	
  Pople
basis 	
  set	
  6-­‐311++G(3df,3pd).	
  All 	
  these	
  single-­‐point	
  calcula'ons 	
  were	
  run	
  in	
  the	
  3.0.2	
  version
of	
  ORCA.17

Important	
   note:	
   at	
   this 	
  level 	
  of	
   theory,	
   the	
  intensity	
   of	
  H-­‐bonded	
  modes	
  is 	
  overes'mated
and	
   their	
   experimental 	
   broadening	
   is 	
   not	
   reproduced.	
   Yet,	
   they	
   can	
   be	
   assessed	
   with
confidence 	
   based	
   on	
   their	
   frequency	
   and	
   the 	
   correla'on	
   between	
   the 	
   experimental
broadening	
  and	
  the	
  H-­‐bonded	
  character	
  observed	
  in	
  the	
  mode	
  analysis.
A	
  example 	
  of	
  simula'on	
  of	
  the	
  vibra'onal 	
  frequencies	
  is 	
  shown	
  in	
  Supplementary	
   Fig.	
  1	
  for
lowest	
  energy	
  conformers	
  of	
  three	
  N-­‐acetylhexosamines.MS/IR	
  analysis
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