
Supplementary	
  Text:	
  Mathematical	
  formulation	
  of	
  the	
  Subcellular	
  Spatial	
  
Razor.	
  
	
  
A.	
  The	
  subcellular	
  spatial	
  razor.	
  	
  
	
  
The	
   spatial	
   razor	
   assumes	
   that	
   a	
  
given	
   protein	
   can	
   be	
   in	
   the	
   nucleus	
  
(n)	
  and	
  in	
  the	
  cytoplasm	
  (c)	
  for	
  both	
  
unstimulated	
   (u)	
   cells	
   and	
  
stimulated	
   (s)	
   cells.	
   The	
  
corresponding	
   abundances	
   (Fig	
   S1)	
  
are	
   !!,!  ,!!,!  ,!!,!  ,!!,!   .	
   There	
   are	
  
three	
  SILAC	
  ratios	
  given	
  by:	
  
	
  
!! =   !!,! !!,!,	
  	
  	
   	
   [1]	
  
!! =   !!,! !!,!,	
  	
  
!! = (!!,! +   !!,!) !!,! +   !!,! .	
  
	
  
The	
   values	
   for	
   the	
   fractions	
   of	
   the	
   protein	
   in	
   the	
   nucleus	
   in	
   unstimulated	
   and	
  
stimulated	
  cells,	
  !!  and  !!,	
  are	
  closely	
  related	
  to	
  the	
  SILAC	
  ratios:	
  
	
  
!! =   !!,! !!,! +   !!,! =    !! −   !! !! −   !! ,	
  	
   	
   	
   	
   [2]	
  
!! =   !!,! !!,! +   !!,! =   !! !! −   !! !! !! −   !! .	
  
	
  
Furthermore,	
  the	
  fractions	
  !!  and  !!	
  are	
  closely	
  related	
  to	
  the	
  parameters	
  used	
  in	
  a	
  
three-­‐dimensional	
  orthogonal	
  basis	
  set	
  for	
  the	
  experimental	
  results	
  (see	
  below).	
  	
  
	
  
!! !! = !! !!,	
  	
   	
   	
   	
   	
   	
   	
   	
   	
   [3]	
  
!! !! = 1− !! 1− !! 	
  
	
  
Experimental	
   application	
   of	
   the	
   spatial	
   razor	
   requires	
   fractionating	
   the	
   total	
  
cellular	
  proteins	
   (total	
   fraction)	
   into	
   two	
  subcellular	
   fractions	
  such	
   that:	
  nucleus-­‐
enriched	
   fraction	
   +	
   nucleus-­‐depleted	
   fraction	
   (cytoplasm)	
   =	
   total	
   fraction	
   and	
  
measuring	
   the	
   set	
   of	
   SILAC	
   ratios	
   {Sn,	
   Sc,	
   St}.	
   Although	
   formulated	
   here	
   for	
   the	
  
nucleus,	
  a	
  spatial	
  razor	
  could	
  also	
  be	
  applied	
  to	
  other	
  subcellular	
  locations	
  through	
  
the	
  use	
  of	
  sample	
  triplets	
  such	
  as	
  {mitochondria-­‐enriched,	
  mitochondria-­‐depleted,	
  
total-­‐fraction}.	
  
	
  
B.	
  An	
  orthogonal	
  basis	
  set.	
  	
  
	
  
Because	
  changes	
  in	
  both	
  the	
  total	
  abundance	
  and	
  the	
  subcellular	
  distribution	
  of	
  a	
  
protein	
   influence	
   its	
  abundance	
   in	
   the	
  nucleus/cytoplasm,	
   the	
   set	
  of	
  SILAC	
  ratios	
  
{Sn,	
  Sc,	
  St}	
   are	
  not	
  an	
  orthogonal	
  basis	
   set.	
  As	
  we	
  have	
   shown	
  previously,1	
   the	
  3D	
  
orthogonal	
   basis	
   set	
   !! !! , !! !! , !! 	
  separates	
   changes	
   in	
   total	
   protein	
  
abundance	
  (St)	
  from	
  changes	
  in	
  nucleus/cytoplasm	
  distribution	
  (the	
   !! !! , !! !! 	
  
distribution	
  plane).	
   In	
   this	
  distribution	
  plane,	
   for	
  any	
   fraction	
  of	
   the	
  protein	
   fu	
   in	
  
the	
  nucleus	
  in	
  the	
  unstimulated	
  cells,	
  a	
  unique	
  curve	
  is	
  obtained	
  as	
  the	
  fraction	
  of	
  
the	
  protein	
  in	
  the	
  nucleus	
  in	
  the	
  stimulated	
  cells	
  is	
  varied	
  over	
  0	
  <	
  fs	
  <	
  1	
  (Fig.	
  S2).	
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Fig.	
  S1.	
  The	
  spatial	
  razor	
  model.	
  



The	
  origin	
  of	
  the	
  plot	
  corresponds	
  to	
  fu/fs	
  =	
  
1,	
   i.e.	
   to	
   no	
   change	
   in	
   distribution	
   upon	
  
stimulation	
   of	
   the	
   cells.	
   Conservation	
   of	
  
mass	
  requires	
  that	
  the	
  data	
  points	
  lie	
  in	
  the	
  
two	
  indicated	
  quadrants	
  of	
  the	
  distribution	
  
plane,	
  which	
  correspond	
  to	
  N	
  	
  C	
  and	
  C	
  	
  
N	
   redistribution	
  of	
   the	
  subcellular	
   location	
  
following	
  cellular	
  stimulation.	
  
	
  
C.	
  Measurement	
  and	
  correction	
  of	
  St.	
  
	
  
Fractionation	
   of	
   the	
   sample	
   into	
   nuclear	
  
and	
  cytoplasmic	
   samples	
   tends	
   to	
   increase	
  
coverage	
  of	
  the	
  cellular	
  proteome	
  since	
  the	
  
fractions	
   are	
   less	
   complex	
   than	
   a	
   total	
  
lysate	
   sample.1	
   An	
   estimate	
   of	
   St	
   for	
   as	
  many	
   proteins	
   as	
   possible	
   is	
   essential	
   to	
  
maximize	
   the	
   number	
   of	
   proteins	
   that	
   can	
   be	
   analysed	
   for	
   subcellular	
  
redistribution	
  and	
  can	
  also	
  be	
  used	
  to	
  normalize	
  the	
  distribution	
  plane	
  (see	
  below),	
  
but	
  may	
  be	
  difficult	
  to	
  achieve	
  experimentally	
  for	
  less	
  abundant	
  proteins	
  in	
  a	
  total	
  
lysate	
  sample.1	
  In	
  the	
  present	
  experiments	
  we	
  have	
  optimized	
  proteome	
  coverage	
  
and	
  estimated	
  St	
  by	
  joint	
  co-­‐processing	
  of	
  the	
  MS	
  data	
  recorded	
  for	
  the	
  nuclear	
  and	
  
cytoplasmic	
  samples.	
  Because	
  30	
  μg	
  of	
  nuclear/cytoplasmic	
  proteins	
  were	
  used	
  for	
  
the	
   MS	
   analyses	
   of	
   each	
   biological	
   replicate,	
   and	
   because	
   the	
   fractionation	
   gave	
  
about	
   250/1450	
   μg	
   of	
   nuclear/cytoplasmic	
   proteins,	
   this	
   involved	
   an	
   effective	
  
enrichment	
  of	
  the	
  nuclear	
  proteins	
  by	
  r	
  =	
  5.8-­‐fold	
  during	
  the	
  MS	
  analyses.	
  Because	
  
the	
  ratio	
  Sn/Sc	
  is	
  independent	
  of	
  St	
  (see	
  eqn.	
  [1]),	
  this	
  has	
  no	
  effect	
  on	
  the	
  parameter	
  
|log2(Sn/Sc)|	
   that	
   was	
   used	
   to	
   select	
   those	
   proteins	
   showing	
   the	
   strongest	
  
redistribution	
   following	
   stimulation	
   of	
   the	
   cells	
   (see	
   main	
   text).	
   However,	
   the	
  
experimental	
  value	
  for	
  changes	
  in	
  abundance	
   !!∗ 	
  is	
  shifted	
  from	
  the	
  real	
  value	
  (St)	
  
by:	
  !! → (!"!,! +   !!,!) !"!,! +   !!,! = !!∗ .	
   This	
   can	
   be	
   written	
   in	
   terms	
   of	
   a	
  
correction	
  factor	
  that	
  involves	
  the	
  enrichment	
  factor	
  r	
  and	
  the	
  experimental	
  SILAC	
  
ratios	
  Sn,	
  Sc	
  and	
  !!∗:	
  
	
  

!! = !!∗
!!
!!
∗!! ! !!!!!!∗

! !!
!!
∗!! ! !!!!!!∗

!!!!!
!!
!!
∗!! ! !!!!!!∗

!!
!!

!!
!!
∗!! ! !!!!!!∗

.	
  	
   	
   	
   	
   	
   	
   [4]	
  

	
  
The	
   correction	
   factor	
   is	
   symmetric	
   with	
   respect	
   to	
   enrichment/depletion	
   of	
   one	
  
fraction	
   relative	
   to	
   the	
   other.	
   Note	
   that	
   for	
   fs	
  =	
   fu	
   (no	
   redistribution),	
  !!∗ = !! ,	
   i.e.	
  
there	
   is	
   no	
   distortion	
   of	
   St	
   for	
   any	
   value	
   of	
   fu.	
   This	
   is	
   because	
   in	
   the	
   absence	
   of	
  
subcellular	
   redistribution,	
   a	
   conservation	
   of	
   mass	
   equation	
  !! = !! = !! 	
  applies.	
  
The	
   magnitudes	
   of	
   the	
   corrections	
   can	
   become	
   substantial	
   for	
   large/small	
  
enrichment	
  factors	
  r	
  coupled	
  with	
  substantial	
  redistribution	
  (0.5   ≳ !! !! ≳ 2),	
  but	
  
this	
   is	
   independent	
   of	
   whether	
   there	
   are	
   large	
   changes	
   in	
   total	
   abundance	
   with	
  
1   ≪ !!  or  1 ≫ !!	
  (Fig.	
  S3A).	
  The	
  correction	
  does	
  not	
  affect	
  Sn/Sc,	
  but	
  causes	
  a	
  shift	
  
in	
   the	
   distribution	
   plane	
   along	
   a	
   line	
   parallel	
   to	
   the	
   line	
   Sn/St	
   =	
   Sc/St,	
   with	
   the	
  
magnitude	
   of	
   the	
   shift	
   dependent	
   on	
   the	
   enrichment	
   factor	
   r	
   and	
   on	
  !! !!	
  (Fig.	
  
S3B).	
   This	
   affects	
   estimations	
   of	
   the	
   basal	
   distribution	
   between	
   the	
   nuclear	
   and	
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Fig.	
  S2.	
  For	
  different	
  values	
  of	
  fu,	
  the	
  location	
  in	
  
the	
  distribution	
  plane	
  as	
  fs	
  is	
  varied	
  over	
  0	
  <	
  fs	
  <1.	
  	
  



cytoplasmic	
   compartments.	
   However,	
   if	
   the	
   enrichment	
   factor	
   r	
   is	
   known,	
   the	
  
entire	
  3D	
  space	
   !! !!∗ , !! !!∗ , !!∗ can	
  be	
  corrected	
  (Fig.	
  S3C).	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  
In	
   practice,	
   for	
   the	
   enrichment	
   factor	
   of	
   r	
   =	
   5.8	
   in	
   the	
   present	
   experiments,	
   only	
  
very	
   few	
   proteins	
   were	
   modified	
   appreciably	
   by	
   correction	
   for	
   nuclear	
   protein	
  
enrichment.	
  For	
  example,	
  for	
  the	
  present	
  data	
  sets,	
  only	
  22	
  OxS	
  proteins	
  showed	
  >	
  
10%	
  variation	
  between	
  St	
  and	
  St*	
  (Fig.	
  S3C).	
  The	
  slightly	
  altered	
  locations	
  of	
  these	
  
proteins	
  in	
  the	
   !! !! , !! !! , !! 	
  space	
  did	
  not	
  change	
  the	
  overall	
  interpretation	
  of	
  
the	
  nature	
  of	
   their	
  response	
   to	
   the	
  stimulations	
  and	
  mainly	
  affects	
  estimations	
  of	
  
the	
  basal	
  skewing	
  of	
  abundance	
  between	
   the	
   two	
  compartments.	
  For	
   this	
   reason,	
  
the	
  supplementary	
  data	
  tables	
  and	
  the	
  figures	
  in	
  the	
  main	
  text	
  have	
  been	
  prepared	
  
on	
  the	
  basis	
  of	
  uncorrected	
  values	
  of	
  St.	
  For	
  other	
  applications	
  of	
  the	
  spatial	
  razor,	
  
where	
   enrichment	
   factors	
   might	
   be	
   larger	
   or	
   more	
   extreme	
   compartmental	
  
redistribution	
  is	
  encountered,	
  a	
  correction	
  for	
  subcellular	
  sample	
  enrichment	
  could	
  
become	
  essential.	
  	
  
	
  
In	
  principle	
  it	
  is	
  possible	
  to	
  use	
  the	
  subcellular	
  spatial	
  razor	
  determine	
  the	
  fraction	
  
of	
  a	
  protein	
  in	
  the	
  nuclear	
  compartments	
  for	
  both	
  unstimulated	
  (fu)	
  and	
  stimulated	
  
(fs)	
  cells	
  (eqns.	
  [2]).	
  As	
  we	
  have	
  described	
  elsewhere,2	
  this	
  is	
  a	
  robust	
  method	
  for	
  
dealing	
  with	
  MS	
  sampling	
  of	
  different	
   sample	
   types	
   (nucleus	
  and	
  cytoplasm),	
  but	
  
requires	
   an	
   independent	
   measurement	
   of	
   St	
   to	
   allow	
   checks	
   for	
   each	
   protein	
   of	
  
conservation	
   of	
   mass	
   during	
   cellular	
   fractionation,	
   protein	
   extraction	
   and	
   MS	
  
sampling.	
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Fig.	
  S3.	
  Effects	
  of	
  nuclear	
  enrichment	
  during	
  MS	
  data	
  collection	
  on	
  values	
  of	
  St	
  and	
  on	
  estimation	
  of	
  
basal	
   nucleo-­‐cytoplasmic	
  distribution.	
   (A)	
  Variation	
  of	
   (St*/St)	
   for	
   different	
  values	
  of	
   the	
  nuclear	
  
enrichment	
   factor	
   r	
  with	
   unstimulated	
   nuclear	
   fraction	
   fu	
   =	
   0.5	
   and	
   variation	
   of	
   the	
   stimulated	
  
nuclear	
   fraction	
   fs	
   over	
   the	
   range	
   fs	
   =	
   2-­‐7	
   -­‐>	
   0.5	
   -­‐>	
   1	
   –	
   2-­‐7	
   in	
   steps	
   of	
   2-­‐n.	
   (B)	
   Variation	
   in	
   the	
  
subcellular	
   distribution	
   plane.	
   (C)	
   Correlation	
   between	
   corrected	
   (St)	
   and	
   uncorrected	
   (St*)	
  
changes	
  in	
  total	
  abundance	
  for	
  the	
  experimental	
  MS	
  data	
  for	
  treatment	
  of	
  IMR90	
  cells	
  with	
  TBP.	
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