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Abstract	  

Blood	  has	  a	  complex	  proteome	  with	  a	  huge	  span	  of	  protein	  abundances,	  and	  we	  are	  

currently	  exploring	  sample	  preparation	  strategies	  addressing	  this	  potential	  

challenge.	  We	  first	  evaluated	  the	  possibility	  to	  simply	  reduce	  complexity	  by	  

fractionating	  blood	  samples	  (prior	  to	  targeted	  proteomics),	  using	  combinations	  of	  

centrifugal	  filters	  that	  are	  promoted	  as	  having	  differing	  molar	  mass	  (MM)	  selectivity.	  	  

However,	  systematic	  fractionation	  was	  not	  possible,	  as	  the	  units	  had	  surprisingly	  

unpredictable	  MM	  filtration	  profiles.	  Hence,	  labeling	  implying	  MM	  selectivity	  of	  

centrifugal	  filters	  shouldn’t	  be	  taken	  literally.	  

One	  filter	  combination	  (100+50K)	  however	  appeared	  to	  reduce	  human	  serum	  

albumin	  (HSA)	  compared	  with	  much	  of	  the	  proteome	  (assessed	  using	  gel	  

electrophoresis	  and	  staining).	  However,	  for	  our	  target	  protein	  beta-‐catenin,	  a	  

“dilute-‐and-‐shoot”	  approach	  (without	  any	  attempt	  to	  remove	  high	  abundant	  

proteins)	  was	  what	  enabled	  identification	  of	  beta-‐catenin	  in	  blood	  with	  nano-‐liquid	  

chromatography	  mass	  spectrometry	  (nano-‐LC-‐MS).	  Thus,	  minimal	  sample	  

preparation	  can	  be	  an	  option	  in	  targeted	  blood	  proteomics.	  

All	  blood	  samples	  prepared	  and	  analyzed	  (using	  ultrafast	  nano-‐LC-‐MS)	  were	  of	  

considerable	  complexity,	  and	  we	  document	  the	  importance	  of	  using	  external	  

standard	  spiking	  and	  minimum	  three	  MS/MS	  transitions	  to	  confirm	  the	  presence	  of	  

target	  proteins.	  
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Introduction	  

Blood	  proteomics	  using	  MS	  finds	  a	  challenge	  in	  the	  enormous	  range	  of	  protein	  

abundance	  in	  samples	  [1].	  For	  instance,	  HSA	  is	  present	  at	  ~40	  mg/mL,	  while	  target	  

compounds	  may	  be	  present	  at	  ng/mL	  levels	  or	  lower.	  It	  can	  therefore	  be	  desirable	  to	  

avoid	  high	  abundant	  proteins	  (or	  their	  protease	  derived	  peptides)	  entering	  the	  

separation/detection	  system	  e.g.	  LC-‐MS,	  as	  they	  may	  interfere	  with	  the	  detection	  of	  

protein	  targets	  (e.g.	  through	  ion	  suppression	  effects	  [2]).	  	  

Several	  approaches	  have	  been	  described	  for	  reducing	  and	  removing	  high	  abundant	  

proteins.	  This	  can	  include	  performing	  gel	  electrophoresis	  (GE)	  of	  the	  sample	  and	  

collecting	  the	  GE	  fraction	  of	  interest	  away	  from	  the	  rest	  of	  the	  gel	  for	  further	  

processing.	  Immunocapturing	  (e.g.	  antibodies	  attached	  to	  beads)	  can	  be	  used	  to	  

isolate	  proteins	  of	  interest	  prior	  to	  LC-‐MS	  [3].	  Alternatively,	  very	  abundant	  proteins	  

can	  be	  removed	  using	  immunodepletion	  columns,	  or	  using	  “proteominer”	  kits	  as	  a	  

strategy	  to	  “even	  out”	  the	  amounts	  of	  individual	  proteins	  that	  enter	  the	  LC-‐MS	  

system	  [4].	  However,	  these	  strategies	  can	  be	  difficult,	  expensive	  or	  time-‐taking	  (e.g.	  

washing,	  destaining	  etc.	  the	  GE	  bands,	  or	  product/method	  development	  of	  

immunocapturing).	  Also,	  with	  many	  of	  these	  approaches	  there	  may	  be	  a	  risk	  of	  

uncontrolled	  adsorption,	  disabling	  detection	  and	  hence	  leading	  to	  false	  negatives.	  

We	  were	  therefore	  curious	  to	  whether	  commonly	  used	  centrifugation	  filters	  could	  

be	  easily	  used	  for	  preparing	  blood	  proteins	  into	  simpler	  fractions,	  of	  differing	  MM	  

distributions.	  This	  is	  not	  a	  “selling	  point”	  of	  the	  manufacturer,	  but	  the	  brand	  names	  

of	  centrifugation	  filter	  variants	  indeed	  suggest	  varying	  affinity	  to	  molecular	  sizes	  (e.g.	  

5,	  10,	  30,	  50	  and	  100K).	  Also,	  these	  filters	  are	  demonstrated	  as	  enriching	  particular	  

model	  proteins	  of	  corresponding	  molar	  masses	  (e.g.	  cytochrome	  C	  (12.4	  kMM)	  
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enriched	  using	  3	  or	  10	  K	  filters,	  and	  IgG	  (156	  kMM	  with	  a	  100K	  filter).	  Can	  filtration	  

steps	  be	  very	  simply	  combined	  to	  produce	  rough	  “heart-‐cuts”,	  with	  enriched	  targets	  

and	  reducing	  higher	  abundant	  proteins	  (e.g.	  HSA)?	  	  

We	  tested	  this	  approach	  using	  whole	  blood,	  plasma,	  serum,	  and	  a	  commercial	  

protein	  ladder	  standard	  mixture,	  with	  focus	  on	  simple	  sample	  preparation	  and	  

detection	  of	  beta-‐catenin	  (a	  key	  player	  in	  cancer-‐related	  Wnt	  signaling	  [5])	  in	  blood	  

using	  ultra-‐fast	  nano-‐LC-‐MS.	  	  

We	  also	  investigated	  if	  omitting	  sample	  preparation	  altogether	  (apart	  from	  

proteolytic	  digestion)	  could	  be	  a	  viable	  option	  for	  target	  identification,	  considering	  

the	  high	  resolution	  and	  sensitivity	  of	  today’s	  nano-‐LC-‐MS	  technology.	  

	  

Materials	  &	  Methods	  

Materials	  and	  reagents	  

The	  water.	  Polyvinyllidene	  fluoride	  membrane	  (PVDF,	  Immobilon®-‐P),	  recombinant	  

beta-‐catenin,	  trifluoroacetic	  acid	  (TFA)	  and	  10,	  30,	  50	  and	  100K	  Amicon	  centrifugal	  

filters	  used	  in	  this	  study	  was	  from	  Merck	  Millipore	  (Darmstadt,	  Germany).	  Optima®	  

water	  used	  in	  the	  mobile	  phase	  was	  of	  obtained	  from	  Fisher	  Scientific	  (Oslo,	  

Norway).	  Bromophenol	  blue,	  Coomassie	  Brilliant	  Blue	  (R-‐250),	  dithiothretiol	  (DTT),	  

glycerol,	  isopropanol,	  sodium	  dodecylsulfate	  (SDS),	  ProteoSilver™	  Silver	  Stain	  Kit,	  

formic	  acid	  (98%)	  and	  iodoacetamide	  (IAM)	  were	  aquired	  from	  Sigma-‐Aldrich	  

(St.Louis,	  MO,	  USA).	  Glacial	  acetic	  acid,	  methanol	  (MeOH,	  technical	  grade),	  and	  HPLC	  

grade	  acetonitrile	  (ACN)	  were	  from	  VWR	  (Radnor,	  PA,	  USA).	  Ethanol	  was	  from	  

Kemetyl	  (Vestby,	  Norway).	  PageRuler™	  Prestained	  Protein	  Ladder	  (10-‐180kDa)	  and	  

NuPAGE®Novex®	  12%	  Bis-‐Tris	  protein	  gels	  and	  20X	  MOPS	  SDS-‐PAGE	  running	  buffer	  
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were	  from	  Life	  Technologies	  (now	  part	  of	  Thermo	  Fisher	  Scientific,	  Waltham,	  MA,	  

USA).	  Tris-‐HCl	  pH	  7.0	  was	  from	  Oslo	  University	  Hospital	  (Oslo,	  Norway).	  Human	  

whole	  blood,	  serum	  and	  plasma	  (pooled	  from	  anonymous	  healthy,	  donors	  

consenting	  use	  for	  research	  purposes)	  were	  purchased	  from	  the	  Blood	  Bank	  of	  Oslo	  

University	  Hospital.	  	  The	  Trypsin/LysC	  mix	  was	  purchased	  from	  Promega	  Corporation	  

(Madison,	  WI,	  USA).	  Whatman-‐papers,	  Trans-‐Blot	  SD	  Semi-‐Dry	  Electrophoretic	  

transfer	  cell,	  and	  ChemiDoc™	  were	  aquired	  from	  Bio-‐Rad	  Laboratories	  Inc	  (Hercules,	  

CA,	  USA).	  HRP-‐rabbit	  antibody	  (mouse	  anti-‐rabbit	  IgG-‐HRP:	  sc-‐2357)	  was	  purchased	  

from	  Santa-‐Cruz	  Biotechnology	  Inc.	  (Heidelberg,	  Germany).	  ECL	  Prime	  Western	  

Blotting	  Detection	  Reagents	  were	  obtained	  from	  GE	  Healthcare	  (Amersham,	  UK).	  

Non-‐fat	  milk	  was	  purchased	  from	  AppliChem	  GmbH	  (Darmstadt,	  Germany).	  PBS-‐

Tween	  tablets	  were	  aquired	  from	  	  Medicago	  Inc.	  (QC,	  Canada).	  Primary	  antibody	  of	  

beta-‐catenin	  (mouse	  anti-‐beta-‐catenin)	  was	  obtained	  from	  BD	  Transductions	  

Laboratories	  (CA,	  USA).	  0.45	  μm	  filters	  and	  10,	  30,	  50	  and	  100K	  amicon	  centrifugal	  

filters	  were	  purchased	  from	  Merck	  Millipore.	  Eppendorf	  vials	  were	  aquired	  from	  

Eppendorf	  Norge	  A/S	  (Oslo,	  Norway).	  	  

	  

Sample	  preparation	  

Centrifugal	  filtration	  and	  0.45	  μm	  filtration	  

Spin	  filtration	  was	  executed	  as	  recommended	  by	  the	  manufacturer	  with	  the	  

exception	  of	  the	  combined	  filtration.	  The	  chosen	  centrifugation	  time	  was	  15	  min	  at	  

14,000	  g.	  The	  combinations	  were	  30	  and	  10,	  50	  and	  30,	  and	  100	  and	  50K	  filters.	  The	  

100	  and	  50K	  filter	  combination	  will	  be	  explained	  as	  example.	  500	  µL	  whole	  blood,	  

serum	  or	  plasma	  were	  applied	  to	  the	  100K	  filter	  and	  centrifuged	  at	  14,000	  g	  for	  15	  
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min.	  Further,	  the	  filtrate	  was	  applied	  to	  a	  50K	  filter	  and	  centrifuged	  at	  14,000	  g	  for	  

15	  min.	  The	  resulting	  supernatant	  was	  collected	  by	  reversing	  the	  filter	  to	  a	  new	  

Eppendorf	  vial	  and	  collected	  for	  further	  analysis.	  Filtration	  through	  0.45	  μm	  filters	  

were	  done	  according	  to	  the	  manufacturers	  protocol.	  Briefly,	  the	  samples	  were	  

applied	  and	  centrifuged	  at	  1000	  g	  for	  2	  minutes	  and	  collected	  in	  an	  Eppendorf	  vial.	  	  

	  

Preparation	  of	  samples	  for	  LC-‐MS/MS	  

An	  in-‐solution	  digested	  protein	  standard	  of	  0.05	  ng/µL	  HSA	  and	  5	  ng/µL	  beta-‐catenin	  

dissolved	  in	  50	  mM	  Tris-‐HCl	  (pH	  8.0)	  with	  0.1	  %	  TFA	  (v/v).	  Protein	  samples	  were	  

reduced	  in	  5	  mM	  DTT	  for	  15	  minutes	  at	  70°C	  and	  incubated	  for	  30	  minutes	  in	  15	  mM	  

IAM.	  To	  each	  sample	  1	  μg	  Trypsin/LysC	  was	  added	  and	  incubated	  at	  37°C	  for	  18	  

hours.	  After	  digestion,	  TFA	  was	  added	  to	  a	  final	  concentration	  of	  0.1	  %	  (v/v).	  

For	  matrix	  matching	  studies,	  plasma	  samples	  (100+50K	  filtrated	  and	  1:100	  diluted)	  

were	  digested	  with	  the	  above	  described	  procedure,	  and	  a	  tryptic	  digest	  of	  2.5	  ng	  

HSA	  and	  250	  ng	  beta-‐catenin	  standards	  were	  added	  to	  a	  final	  volume	  of	  100	  µL.	  	  

	  

Instrumentation	  

Gel	  electrophoresis	  

Samples	  were	  boiled	  in	  1X	  SDS	  sample	  loading	  buffer	  (1	  %	  (w/v)	  SDS,	  1	  mM	  DTT,	  20	  

%	  (v/v)	  glycerol,	  20	  mM	  Tris-‐HCl	  pH	  7.0,	  0.01	  %	  (w/v)	  bromophenol	  blue)	  at	  70°C	  for	  

15	  minutes.	  Prepared	  samples	  were	  loaded	  onto	  NuPAGE®	  Novex®	  12	  %	  Bis-‐Tris	  

protein	  gels	  and	  separated	  for	  1	  hour	  at	  200	  V	  in	  1X	  MOPS	  running	  buffer.	  After	  

separation,	  the	  gels	  were	  fixated	  overnight	  (o/n)	  in	  10	  %	  (v/v)	  acetic	  acid,	  25	  %	  (v/v)	  

isopropanol,	  65	  %	  (v/v)	  water).	  The	  gels	  were	  then	  subsequently	  soaked	  in	  
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Coomassie	  Blue	  Staining	  solution	  (10	  %	  (v/v)	  acetic	  acid,	  0.005	  %	  (w/v)	  Coomassie	  

Brilliant	  Blue	  and	  90	  %	  (v/v)	  water)	  for	  1-‐2	  hours.	  The	  gels	  were	  destained	  in	  40	  %	  

(v/v)	  MeOH,	  10	  %	  (v/v)	  acetic	  acid	  and	  50	  %	  (v/v)	  water.	  Imaging	  was	  done	  with	  a	  

benchtop	  scanner.	  	  

Silver	  staining	  was	  done	  with	  ProteoSilver™	  Silver	  Stain	  Kit	  according	  to	  

manufacturers’	  protocol.	  For	  all	  gel	  images,	  see	  Supplementary	  file,	  Figure	  S1.	  	  

	  

LC-‐MS	  setup	  

The	  autosampler	  of	  the	  Easy	  nLC	  1000	  pump	  was	  set	  to	  pick	  up	  1	  µL	  volume	  of	  the	  

sample	  and	  an	  appropriate	  volume	  was	  chosen	  to	  load	  the	  sample	  onto	  the	  0.1	  mm	  

x	  50	  mm	  silica	  based	  C18	  monolith	  pre-‐column	  at	  a	  flow	  rate	  of	  5	  µL/min	  of	  H20	  with	  

0.1%	  FA	  (v/v).	  The	  pre-‐column	  was	  equilibrated	  with	  4	  µL	  at	  a	  flow	  rate	  of	  3.00	  

µL/min	  of	  H20	  with	  0.1%	  FA	  (v/v),	  while	  the	  0.1	  mm	  x	  150	  mm	  silica	  based	  C18	  

monolith	  analytical	  column	  was	  equilibrated	  with	  5	  µL	  at	  a	  flow	  rate	  of	  3.00	  µL/min	  

of	  H20	  with	  0.1%	  FA	  (v/v).	  The	  silica	  based	  C18	  monolithic	  columns	  were	  produced	  as	  

described	  in	  [6].	  A	  linear	  gradient	  from	  0-‐36	  %	  B	  was	  performed	  in	  7	  min	  and	  30	  sec,	  

where	  mobile	  phase	  A	  was	  H20	  with	  0.1%	  FA	  (v/v)	  and	  mobile	  phase	  B	  was	  ACN	  	  with	  

0.1%	  FA	  (v/v).	  An	  additional	  linear	  gradient	  from	  36-‐95	  %	  B	  in	  1	  min	  and	  15	  sec	  

followed	  by	  95	  %	  B	  for	  3	  min	  and	  30	  sec.	  in	  order	  to	  wash	  out	  any	  remaining	  

peptides.	  In	  addition,	  a	  faster	  gradient	  from	  0-‐36	  %	  B	  was	  performed	  in	  3	  min	  and	  45	  

sec.	  For	  both	  gradients	  the	  flow	  rate	  utilized	  was	  1600	  nL/min.	  	  A	  custom	  

autosampler	  wash	  was	  performed	  using	  20	  µL	  of	  80	  %	  ACN/20	  %	  H2O/	  0.1	  %	  FA	  

(v/v/v),	  followed	  by	  20	  µL	  of	  100	  %	  H2O/	  0.1	  %	  FA	  (v/v).	  A	  Thermo	  TSQ	  Quantiva	  

mass	  spectrometer	  (Waltham,	  MA,	  USA)	  equipped	  with	  a	  NSi	  ion	  source	  was	  used	  in	  
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positive	  ionization	  mode	  for	  this	  study.	  The	  spray	  voltage	  was	  set	  to	  1000	  V.	  Sweep	  

gas	  was	  not	  necessary	  when	  using	  the	  nano	  LC-‐system,	  and	  was	  therefore	  set	  to	  0	  

Arb.	  The	  temperature	  on	  the	  ion	  transfer	  tube	  was	  set	  to	  350oC.	  From	  injection	  to	  

injection,	  the	  total	  time	  was	  <20	  min.	  The	  selected	  reaction	  monitoring	  (SRM)	  

conditions	  used	  were	  a	  cycle	  time	  of	  1	  sec.,	  and	  calibrated	  RF	  lens	  was	  activated.	  The	  

Q1	  and	  Q3	  resolution	  was	  set	  to	  0.7	  FWHM,	  the	  CID	  gas	  was	  set	  to	  1.5	  mTorr,	  while	  

the	  chrom	  filter	  was	  set	  to	  3	  sec.	  	  

The	  peptides	  from	  HSA	  and	  beta-‐catenin	  that	  were	  monitored	  in	  the	  standard,	  filter	  

and	  diluted	  serum	  samples	  are	  listed	  in	  Supplementary	  information,	  Figure	  S2.	  

	  	  

Western	  blot	  

After	  SDS-‐PAGE,	  the	  proteins	  were	  transferred	  to	  a	  PVDF	  membrane	  between	  two	  

Whatman-‐papers	  using	  a	  Trans-‐Blot	  SD	  Semi-‐Dry	  Electrophoretic	  transfer	  cell	  	  for	  2	  

hours	  200	  mA.	  Prior	  to	  transfer,	  the	  PVDF-‐membrane	  was	  soaked	  according	  to	  

manufacturers	  protocol.	  Blocking	  of	  the	  membrane	  was	  done	  for	  2	  hours	  at	  room	  

temperature	  in	  blocking	  buffer	  containing	  5	  %	  (w/v)	  non-‐fat	  milk	  in	  1X	  PBS-‐Tween	  

solution.	  Primary	  antibody	  of	  beta-‐catenin	  was	  added	  to	  10	  mL	  of	  blocking	  buffer	  to	  

a	  final	  concentration	  of	  1	  µg/mL	  and	  incubated	  o/n	  at	  4°C.	  After	  incubation	  o/n,	  the	  

PVDF-‐membrane	  was	  washed	  with	  PBS-‐T-‐solution	  6	  x	  10	  minutes	  before	  adding	  HRP-‐

rabbit	  antibody	  dissolved	  in	  blocking	  buffer	  to	  a	  final	  ratio	  of	  1:2000	  (v:v),	  and	  

incubated	  at	  room	  temperature	  with	  slow	  agitation	  for	  2	  hours.	  Prior	  to	  incubation	  

with	  detection	  reagent	  (ECL	  Prime	  Western	  Blotting	  Detection	  Reagents),	  the	  PDVF-‐

membrane	  was	  washed	  with	  PBS-‐T.	  	  

Detection	  was	  done	  with	  the	  ChemiDoc™	  imaging	  system.	  	  
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Results	  

Processing	  of	  undiluted	  whole	  blood,	  serum	  and	  plasma	  

Unprocessed	  blood	  (i.e.	  whole	  blood),	  serum	  and	  plasma	  were	  centrifuged	  through	  

10,	  30,	  50	  and	  100K	  filter	  devices.	  GE	  analysis	  of	  the	  different	  samples	  collected	  

following	  centrifugation	  showed	  little	  difference/system	  in	  filter	  performance;	  most	  

of	  the	  filters	  are	  able	  to	  concentrate	  proteins	  in	  general,	  seemingly	  with	  no	  

particular	  preference	  regarding	  MM	  (Coomassie	  stain,	  Figure	  1a).	  This	  was	  in	  

accordance	  with	  protein	  levels	  measured	  using	  UV-‐spectroscopy	  (results	  not	  shown).	  

However,	  there	  was	  a	  tendency	  that	  the	  100K	  filters	  allowed	  more	  proteins	  to	  elute	  

through	  the	  filter	  (Silver	  stain,	  Figure	  1a,	  lane	  4).	  Filtration	  through	  0.45	  µm	  filters	  of	  

whole	  blood	  did	  not	  affect	  centrifugal	  filter	  performance.	  For	  the	  attempted	  “heart-‐

cuts”	  there	  was	  little	  system	  in	  MM	  distributions,	  with	  typically	  low	  amounts	  of	  

proteins	  (Silver	  stain,	  Figure	  1b).	  

	  As	  these	  samples	  were	  not	  diluted	  before	  the	  spin	  filtration,	  we	  wondered	  if	  the	  

fractionation	  capability	  of	  the	  filters	  were	  affected	  by	  the	  sample	  complexity	  (i.e.	  

overloading):	  

	  

Processing	  of	  diluted	  plasma	  with	  100K	  cut-‐off	  devices	  

Plasma	  was	  chosen	  in	  the	  following	  experiments	  for	  simplicity,	  and	  diluted	  10,	  100	  

and	  1000-‐fold	  before	  spin	  filtration	  to	  see	  if	  sample	  concentration	  was	  a	  factor	  

regarding	  spin	  filter	  selectivity.	  Figure	  1c	  (Coomassie	  stain)	  shows	  that	  the	  

distribution	  of	  proteins	  was	  the	  same	  as	  with	  undiluted	  samples.	  Hence,	  lowering	  

the	  protein	  amount	  applied	  to	  the	  filter	  did	  not	  aid	  selectivity.	  	  
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Spin	  filtration	  of	  marker	  proteins	  used	  for	  SDS-‐PAGE	  

We	  questioned	  whether	  the	  lack	  of	  selectivity	  was	  due	  to	  a	  sample	  complexity	  in	  

general	  and	  assessed	  the	  filters	  using	  a	  simple	  commercial	  kit	  of	  8	  marker	  proteins,	  

very	  commonly	  used	  for	  SDS-‐PAGE	  MM	  calibration.	  The	  marker	  protein	  standard	  

sample	  (denaturated	  form)	  was	  applied	  to	  10,	  30,	  50	  and	  100K	  filters,	  respectively.	  

Again,	  there	  was	  no	  clear	  difference	  between	  the	  filters	  in	  protein	  selectivity	  

(Coomassie	  stain	  Figure	  1d).	  	  

	  

The	  GE	  pattern	  of	  the	  filter	  combination	  100	  and	  50K,	  indicated	  that	  HSA	  had	  been	  

reduced,	  as	  its	  band	  was	  far	  more	  defined	  and	  less	  dominating	  (Figure	  1b,	  lane	  10,	  

detail).	  We	  therefore	  asked	  whether	  this	  ad-‐hoc	  approach	  could	  be	  used	  to	  reduce	  

sample	  complexity	  prior	  to	  LC-‐MS	  determination	  of	  a	  target	  protein	  (beta-‐catenin).	  

100	  times	  diluted	  serum	  and	  serum	  treated	  with	  100+50K	  filters	  were	  analyzed	  using	  

a	  very	  fast	  nano-‐LC-‐MS	  platform	  (<8	  minutes).	  As	  shown	  in	  Figure	  2,	  a	  proteotypic	  

peptide	  of	  beta-‐catenin	  was	  in	  fact	  only	  detectable	  in	  the	  diluted	  sample	  and	  not	  the	  

filter-‐treated	  sample	  (using	  <8	  minute	  nano-‐LC-‐MS).	  Interestingly,	  the	  filter	  approach	  

captured	  a	  protein	  that	  contained	  a	  peptide	  that	  was	  extremely	  similar	  to	  beta-‐

catenin´s	  signature	  peptide.	  This	  could	  have	  easily	  lead	  to	  a	  false	  identification	  of	  

beta-‐catenin	  in	  the	  filter	  sample	  (even	  when	  using	  a	  strict	  criterium	  of	  three	  

identifying	  MS/MS	  transitions).	  However,	  the	  use	  of	  an	  external	  standard	  spiked	  to	  

the	  sample	  showed	  that	  the	  peptide	  in	  the	  filter	  sample	  was	  not	  a	  beta-‐catenin	  

proteotypic	  peptide	  (differing	  retention	  times),	  and	  that	  the	  peptide	  in	  the	  diluted	  

sample	  was	  indeed	  a	  match	  (same	  retention	  time	  +	  increase	  in	  peak	  area	  after	  
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spiking	  +three	  identifying	  MS/MS	  transitions).	  	  A	  Western	  blotting	  assay	  confirmed	  

the	  absence	  of	  beta-‐catenin	  in	  the	  fraction	  sample,	  and	  presence	  in	  the	  “dilute-‐and-‐

shoot”	  sample.	  A	  rough	  estimate	  of	  the	  beta-‐catenin	  concentration	  based	  on	  the	  LC-‐

MS	  data	  is	  ~3	  µg/mL.	  	  

	  

Discussion	  

Centrifugal	  filters	  are	  excellent	  for	  enriching	  proteins	  in	  general,	  from	  solutions	  

containing	  small	  molecules	  and	  salts,	  and	  for	  performing	  on-‐filter	  sample	  

preparation/tryptic	  digestion	  (filter	  aided	  sample	  preparation	  =	  FASP	  [7]).	  We	  were	  

however	  rather	  surprised	  that	  the	  various	  filters	  were	  so	  similar/unpredictable	  in	  

performance,	  with	  seemingly	  very	  little	  differences/system	  in	  actual	  MM	  distribution	  

profiles.	  We	  believe	  this	  in	  contrast	  to	  a	  rather	  common	  

expectation/misunderstanding	  of	  the	  traits	  of	  centrifugal	  filters,	  and	  our	  conclusion	  

is	  to	  avoid	  speculating	  too	  far	  in	  the	  differences	  in	  these	  products,	  despite	  

implicating	  brand	  names	  (e.g.	  5K	  or	  30K).	  	  

It	  may	  instead	  be	  wise	  to	  evaluate	  several	  filter	  types	  for	  each	  analyte/application,	  

even	  though	  the	  brand	  name	  may	  (unintentionally)	  imply	  a	  mismatch.	  An	  example	  is	  

with	  FASP	  [6],	  a	  30K	  filter	  is	  more	  suited	  for	  comprehensive	  proteomics	  preparation	  

and	  protease/peptide	  collection	  compared	  to	  a	  10	  K	  filter,	  although	  vast	  amounts	  of	  

proteins	  do	  not	  fit	  into	  these	  size	  categories.	  	  	  

One	  filter	  combination	  (100+50K)	  seemed	  to	  be	  feasible	  for	  reducing	  HSA	  sample	  

abundance,	  and	  may	  be	  a	  useful	  tool	  for	  rough	  fractioning,	  depending	  on	  the	  

recovery	  of	  the	  analyte	  in	  question.	  For	  our	  analyte	  (beta-‐catenin),	  however,	  a	  

“dilute-‐and-‐shoot”	  approach	  fared	  far	  better.	  Nano-‐LC-‐MS	  may	  have	  reached	  a	  level	  
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of	  chromatographic	  resolution	  and	  sensitivity	  that	  allows	  for	  many	  blood	  circulating	  

protein	  molecules	  to	  be	  detected	  (via	  proteotypic	  peptides)	  with	  minimal	  sample	  

preparation.	  	  

Beta-‐catenin	  has	  been	  suggested	  as	  being	  a	  serum	  marker	  for	  genotype	  4/hepatitis	  

C-‐associated	  hepatocellular	  carcinoma	  [8].	  Previous	  documentation	  of	  the	  presence	  

of	  beta-‐catenin	  (more	  familiar	  as	  an	  intracellular	  regulator	  of	  Wnt	  signaling)	  in	  blood	  

had	  relied	  upon	  antibody	  based	  assays	  [8],	  and	  is	  here	  strengthened	  by	  the	  use	  of	  

proteotypic	  peptide	  identification	  with	  MS,	  and	  additional	  WB	  experiments.	  It	  should	  

also	  here	  be	  mentioned	  that	  a	  potential	  false	  positive	  in	  one	  of	  the	  sample	  was	  

avoided	  by	  using	  external	  standard	  spiking,	  and	  minimum	  three	  MS/MS	  transitions.	  

This	  is	  particularly	  important	  for	  complex	  samples	  (as	  more	  interferents	  are	  present),	  

fast	  LC	  (interferents	  can	  have	  similar	  retention	  times)	  and	  when	  using	  a	  triple	  

quadrupole	  MS	  (which	  has	  lower	  resolution	  than	  e.g.	  Orbitrap	  MS).	  	  

	  

Conclusion	  

Centrifugation	  filters	  were	  not	  considered	  to	  be	  clear	  candidates	  for	  fractioning	  

blood	  proteins.	  “Dilute-‐and-‐shoot”	  approaches	  in	  fast	  targeted	  blood	  proteomics	  is,	  

however,	  a	  surprisingly	  promising	  option.	  In	  complex	  samples,	  one	  cannot	  be	  too	  

careful	  when	  identifying	  targets	  with	  mass	  spectrometry.	  Beta-‐catenin	  was	  

confirmed	  as	  being	  present	  in	  blood.	  	  

Raw	  data	  for	  is	  available	  at	  Figshare.com	  [9].	  

We	  encourage	  the	  readers	  to	  link	  to	  their	  discussions	  of	  this	  study	  using	  the	  tag	  

#filter_nanoLC_peerJ.	  
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Figure	  captions	  

Figure	  1:	  (a)	  Filtrate	  and	  concentrated	  samples	  when	  applying	  plasma	  to	  10,	  30,	  50	  

and	  100K	  centrifugal	  filters	  analyzed	  by	  GE.	  In	  all	  cases	  the	  samples	  were	  centrifuged	  

for	  15	  minutes	  at	  14,000	  g.	  Lanes	  2-‐5	  contains	  the	  results	  from	  GE	  with	  silver	  

staining	  to	  enhance	  protein	  band	  sensitivity,	  while	  the	  protein	  bands	  from	  the	  

concentrated	  samples	  (lanes	  7-‐10)	  were	  Coomassie	  stained.	  The	  filters	  were	  able	  to	  

concentrate	  the	  sample,	  but	  did	  not	  have	  any	  selectivity	  regarding	  MM.	  (b)	  Whole	  

blood	  (lane	  2-‐4),	  serum	  (lane	  5-‐7)	  and	  plasma	  (lane	  8-‐10)	  were	  employed	  to	  the	  filter	  

combinations	  30+10K,	  50+30K,	  and	  100+50K	  filters.	  There	  was	  little	  system	  in	  

observed	  MM	  distribution,	  with	  all	  over	  low	  amount	  of	  proteins.	  (c)	  The	  filtrate	  from	  

plasma	  that	  had	  been	  diluted	  10,	  100	  and	  1000	  times	  were	  analyzed	  by	  GE	  (lanes	  4,	  

6	  and	  8)	  and	  applied	  to	  a	  100K	  filters	  (lanes	  5,	  7	  and	  9)	  before	  GE.	  Lowering	  the	  

amount	  of	  proteins	  applied	  to	  the	  filter	  did	  not	  aid	  selectivity.	  (d)	  When	  applying	  a	  

protein	  standard	  (the	  ladder	  used	  in	  GE)	  to	  the	  centrifugal	  filters	  (filtrate	  in	  lanes	  2-‐5	  

and	  concentrated	  sample	  in	  lanes	  7-‐10),	  no	  clear	  difference	  in	  protein	  MM	  selectivity	  

could	  be	  observed.	  The	  contrast	  has	  been	  adjusted	  in	  (d)	  to	  enhance	  the	  protein	  

bands	  from	  the	  standard	  protein	  mixture.	  Figure	  1	  was	  prepared	  with	  Powerpoint	  

software	  (Microsoft).	  Figure	  1d	  was	  made	  clearer	  using	  the	  contrast-‐adjusting	  

feature	  in	  Powerpoint.	  B-‐cat	  =	  beta-‐catenin.	  

	  

Figure	  2:	  Plasma	  processed	  through	  100+50K	  centrifugal	  filter	  combination	  and	  

plasma	  that	  had	  been	  diluted	  100	  times.	  For	  comparison	  we	  developed	  a	  SRM	  MS-‐

method	  for	  beta-‐catenin	  and	  analyzed	  the	  samples	  by	  LC-‐MS.	  Before	  LC-‐MS	  the	  

samples	  were	  in-‐solution	  digested	  in	  order	  to	  generate	  beta-‐catenin	  peptides.	  For	  

the	  plasma	  sample	  processed	  through	  the	  filter	  combination	  (a)	  and	  plasma	  diluted	  

100	  times	  (b)	  both	  samples	  contained	  a	  peptide	  with	  a	  m/z	  =	  741.39,	  the	  value	  

expected	  for	  beta-‐catenin	  proteotypic	  peptide	  NEGVATYAAAVLFR.	  Three	  agreeing	  

fragmentations	  were	  recorded	  for	  the	  peptides	  in	  both	  (c,	  d),	  and	  seemingly	  it	  would	  

confirm	  that	  beta-‐catenin	  is	  present	  in	  both	  samples.	  However,	  when	  adding	  an	  

external	  standard	  to	  the	  sample	  from	  the	  filter	  combination	  (e)	  and	  the	  diluted	  

plasma	  (f),	  beta-‐catenin	  was	  only	  confirmed	  in	  the	  diluted	  plasma	  was	  confirmed	  as	  
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there	  were	  two	  peaks	  in	  the	  chromatogram	  for	  the	  plasma	  processed	  through	  the	  

filter	  combination.	  Western	  blotting	  (detail	  e	  and	  f)	  of	  the	  two	  samples	  verified	  that	  

this	  was	  indeed	  the	  case	  as	  a	  protein	  band	  for	  beta-‐catenin	  was	  only	  observed	  for	  

the	  diluted	  plasma	  sample.	  See	  Supplementary	  information,	  Figure	  S3	  for	  LC-‐MS	  

determination	  of	  the	  beta-‐catenin	  proteotypic	  standard	  peptide.	  
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Figure	  1.	  
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Figure	  2	  
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