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Supplementary	
  Table	
  	
  1.	
  	
  Proteins	
  selectively	
  identified	
  with	
  high	
  confidence	
  
in	
  alk-­16	
  samples	
  by	
  mass	
  spectrometry.	
  	
  Data	
  was	
  categorized	
  as	
  high	
  
confidence	
  if	
  the	
  sum	
  of	
  assigned	
  spectra	
  was	
  at	
  least	
  10	
  fold	
  greater	
  for	
  alk-­‐16	
  
samples	
  than	
  the	
  sum	
  of	
  spectra	
  identified	
  in	
  the	
  DMSO	
  samples.	
  	
  Further,	
  in	
  order	
  
to	
  be	
  considered	
  a	
  high	
  confidence	
  candidate,	
  the	
  protein	
  must	
  have	
  been	
  identified	
  
with	
  spectral	
  counts	
  greater	
  than	
  5	
  in	
  at	
  least	
  2	
  of	
  3	
  runs.	
  	
  Data	
  was	
  compared	
  to	
  
other	
  palmitoylome	
  protein	
  proteomic	
  data	
  sets	
  from	
  the	
  El-­‐Husseini1,	
  Freeman2,	
  
and	
  Cravatt3	
  	
  groups	
  and	
  proteins	
  were	
  shaded	
  blue	
  if	
  they	
  had	
  not	
  been	
  identified	
  
in	
  these	
  previous	
  experiments	
  (X	
  indicates	
  identification).	
  	
  Ribosomal	
  subunits	
  not	
  
previously	
  identified	
  were	
  differentiated	
  with	
  yellow	
  shading	
  as	
  many	
  other	
  
ribosomal	
  subunits	
  have	
  been	
  previously	
  characterized	
  as	
  palmitoylated	
  proteins.	
  
Proteins	
  with	
  potential	
  myristoylation	
  sites	
  (N-­‐terminal	
  glycines)	
  are	
  marked	
  with	
  
an	
  asterisk.	
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Supplementary	
  Tabale	
  2.	
  Proteins	
  selectively	
  identified	
  with	
  medium	
  
confidence	
  in	
  alk-­16	
  samples	
  by	
  mass	
  spectrometry.	
  Medium	
  confidence	
  
proteins	
  must	
  have	
  had	
  a	
  5	
  fold	
  or	
  greater	
  number	
  of	
  assigned	
  spectra	
  in	
  the	
  alk-­‐16	
  
samples	
  as	
  compared	
  to	
  DMSO	
  samples	
  and	
  a	
  spectral	
  count	
  of	
  at	
  least	
  5	
  in	
  1	
  of	
  3	
  
runs.	
  	
  Data	
  was	
  compared	
  to	
  other	
  lipidated	
  protein	
  proteomic	
  data	
  sets	
  from	
  the	
  El-­‐
Husseini1,	
  Freeman2,	
  and	
  Cravatt3	
  groups	
  and	
  proteins	
  were	
  shaded	
  blue	
  if	
  they	
  had	
  
not	
  been	
  identified	
  in	
  these	
  previous	
  experiments	
  (X	
  indicates	
  identification).	
  	
  
Ribosomal	
  subunits	
  not	
  previously	
  identified	
  were	
  differentiated	
  with	
  yellow	
  
shading	
  as	
  many	
  other	
  ribosomal	
  subunits	
  have	
  previously	
  characterized	
  as	
  
palmitoylated	
  proteins.	
  Proteins	
  with	
  potential	
  myristoylation	
  sites	
  (N-­‐terminal	
  
glycines)	
  are	
  marked	
  with	
  an	
  asterisk.	
  	
  	
  	
  CD14,	
  a	
  previously	
  characterized	
  GPI-­‐
anchored	
  protein	
  is	
  marked	
  with	
  two	
  asterisks.	
  	
  Candidate	
  viral	
  proteins	
  were	
  
shaded	
  purple.	
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Supplementary	
  Table	
  3.	
  	
  Primers	
  used	
  for	
  cloning	
  and	
  mutagenesis.	
  
 
Description  Primer (5ʼ to 3ʼ) 
 
IFITM3 For      GAATTCCCATGAACCACACTTCTCAAGC 
 
IFITM3 Rev  GTCGAC TTAAGTGTGAAGGTTTTGAG 
 
CD9 For   AGATCTATGCCGGTCAAAGGAGGTAG 
 
CD9 Rev   GAATTC TCACTAGACCATTTCTCGGCTCCTGC 
 
IFITM3 C71A   ATACACTCTTCATGAACTTCGCATGCCTGGGCTTCATAGCCTATGCC 
 
IFITM3 C72A    ATACACTCTTCATGAACTTCTGCGCACTGGGCTTCATAGCCTATGCC 
 
IFITM3 C71, 72A   ATACACTCTTCATGAACTTCGCAGCACTGGGCTTCATAGCCTATGCC 
 
IFITM3 C105A    CCTACGCCTCCACTGCTAAGGCACTGAACATCAGCACCTTGGTC 
	
  
hIFITM1 For  GAATTCCCATGCACAAGGAGGAACATGA 
 
hIFITM1 Rev  GTCGACCTAGTAACCCCGTTTTTCCTGTA 
 
hIFITM2 For  GAATTCCCATGAACCACATTGTGCAAAC 
 
hIFITM2 Rev  GTCGACCTATCGCTGGGCCTGGACGA 
 
hIFITM3 For  GAATTCCCATGAATCACACTGTCCAAAC 
 
hIFITM3 Rev  GGCC GTCGACCTATCCATAGGCCTGGAAGA 
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Supplementary	
  Table	
  4.	
  	
  Primers	
  used	
  for	
  quantitative	
  PCR	
  reactions	
  
	
  
Description  Primer (5ʼ to 3ʼ) 
	
  
hβ-actin For  ACTGGAACGGTGAAGGTGAC 
 
hβ-actin Rev  GTGGACTTGGGAGAGGACTG 
 
hRPS11 For  GCCGAGACTATCTGCACTAC 
 
hRPS11 Rev  ATGTCCAGCCTCAGAACTTC 
 
hα-tubulin For  GCCTGGACCACAAGTTTGAC 
 
hα-tubulin Rev  TGAAATTCTGGGAGCATGAC 
 
mβ-actin For  AGGTGACAGCATTGCTTCTG 
 
mβ-actin Rev  GCTGCCTCAACACCTCAAC 
 
mRPS11 For  CGTGACGAAGATGAAGATGC 
 
mRPS11 Rev  GCACATTGAATCGCACAGTC 
 
mα-tubulin For  TGCCTTTGTGCACTGGTATG 
 
mα-tubulin Rev  CTGGAGCAGTTTGACGACAC 
 
mIFITM3 For  AACATGCCCAGAGAGGTGTC 
 
mIFITM3 Rev  ACCATCTTCCGATCCCTAGAC 
 
Influenza NP For CAGCCTAATCAGACCAAATG 
 
Influenza NP Rev TACCTGCTTCTCAGTTCAAG	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



	
   7	
  

	
  
	
  
Supplementary	
  Fig.	
  1.	
  Identification	
  of	
  alk-­16	
  labeled	
  proteins.	
  (A)	
  Structure	
  of	
  
az-­‐rho.	
   	
   (B)	
   Structure	
   of	
   azido-­‐diazo-­‐biotin.	
   	
   (C)	
   Selective	
   enrichment	
   of	
   alk-­‐16	
  
labeled	
  proteins.	
  	
  (D	
  and	
  E)	
  DC2.4	
  cells	
  were	
  incubated	
  for	
  2	
  h	
  with	
  50	
  µM	
  alk-­‐16	
  or	
  
DMSO	
   as	
   a	
   control.	
   	
   Cell	
   lysates	
   were	
   reacted	
   with	
   az-­‐diazo-­‐biotin	
   by	
   CuAAC	
   for	
  
enrichment	
  of	
  alk-­‐16	
  labeled	
  proteins	
  with	
  streptavidin	
  beads.	
  	
  (D)	
  Proteins	
  eluted	
  
from	
  beads	
  using	
  sodium	
  dithionite	
  were	
  separated	
  by	
  SDS-­‐PAGE	
  and	
  visualized	
  by	
  
coomassie	
   blue	
   staining.	
   	
   (E)	
   10	
  µg	
   of	
   lysate	
   from	
   alk-­‐16	
   labeled	
   DC2.4	
   cells	
   and	
  
10%	
  of	
   selectively	
   enriched	
   alk-­‐16	
   labeled	
   proteins	
  were	
   separated	
   by	
   SDS-­‐PAGE	
  
and	
  blotted	
  for	
  calnexin	
  to	
  confirm	
  the	
  selective	
  retrieval	
  of	
  palmitoylated	
  proteins.	
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Supplementary	
   Fig.	
   2.	
   	
   Evolutionary	
   conservation	
   of	
   palmitoylated	
   cysteine	
  
residues	
  among	
  IFITM	
  family	
  isoforms.	
  	
  (A)	
  IFITM	
  family	
  members	
  from	
  various	
  
species	
   were	
   aligned	
   using	
   the	
   Clustal	
   V	
   method.	
   	
   Amino	
   acids	
   corresponding	
   to	
  
palmitoylated	
   cysteine	
   residues	
   of	
   mouse	
   IFITM3	
   are	
   shaded	
   red.	
   	
   Additional	
  
membrane-­‐proximal	
   cysteines	
   present	
   in	
   other	
   IFITM	
   isoforms	
   but	
   not	
   in	
   IFITM3	
  
are	
  shaded	
  blue.	
  	
  (B)	
  )	
  	
  HeLa	
  cells	
  grown	
  in	
  6-­‐well	
  plates	
  were	
  transfected	
  overnight	
  
with	
  2	
  ug	
  empty	
  vector	
  or	
  vector	
  encoding	
  the	
  indicated	
  human	
  IFITM	
  isoforms	
  and	
  
labeled	
   with	
   50	
   µM	
   alk-­‐16	
   for	
   2	
   h.	
   	
   Cell	
   lysates	
   were	
   subjected	
   to	
   anti-­‐HA	
  
immunoprecipitation,	
   reacted	
  with	
   az-­‐rho	
   by	
   CuAAC,	
   separated	
   by	
   SDS-­‐PAGE	
   and	
  
visualized	
  by	
  fluorescence	
  gel	
  scanning.	
  Comparable	
  protein	
  loading	
  was	
  confirmed	
  
by	
  anti-­‐HA	
  western	
  blotting.	
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Supplementary	
  Fig.	
  3.	
   	
  Costaining	
  of	
   IFITM3	
  and	
   IFITM3-­palmΔ 	
  with	
  cellular	
  
markers.	
   	
   HeLa	
   cells	
   were	
   transfected	
   with	
   pCMV-­‐HA-­‐IFITM3	
   and	
   pCMV-­‐HA-­‐
IFITM3-­‐palmΔ	
  and	
  stained	
  with	
  anti-­‐HA	
  (red)	
  and	
  TOPRO-­‐3	
  (blue).	
  	
  Cells	
  were	
  also	
  
treated	
   with	
   FITC-­‐conjugated	
   cholera	
   toxin	
   B	
   (CTX	
   B)	
   (green)	
   or	
   stained	
   with	
  
antibodies	
  against	
  EEA1	
  or	
  golgin-­‐97	
  (green).	
  Scale	
  bars	
  represent	
  10	
  µm.	
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Supplementary	
   Fig.	
   4.	
   	
   Palmitoylation	
   of	
   GFP-­CD9.	
   	
   (A)	
   HeLa	
   cells	
   were	
  
transfected	
  with	
  pEGFP-­‐C1	
  or	
  pEGFP-­‐C1-­‐CD9	
  and	
  labeled	
  with	
  50	
  µM	
  alk-­‐16	
  for	
  2	
  h.	
  	
  
Cell	
   lysates	
   were	
   reacted	
   with	
   az-­‐rho	
   by	
   CuAAC	
   followed	
   by	
   SDS-­‐PAGE	
   and	
  
visualization	
  by	
  fluorescence	
  gel	
  scanning.	
  	
  Anti-­‐CD9	
  immunoprecipitation,	
  reaction	
  
with	
   az-­‐rho	
   by	
   CuAAC,	
   and	
   SDS-­‐PAGE	
   allowed	
   visualization	
   by	
   fluorescence	
   gel	
  
scanning.	
   Equal	
   protein	
   loading	
  was	
   confirmed	
  by	
   anti-­‐GFP	
  western	
   blotting.	
   	
   (B)	
  
HeLa	
  cells	
  were	
  transfected	
  with	
  pCMV-­‐HA-­‐IFITM3	
  or	
  pCMV-­‐HA-­‐IFITM3-­‐palmΔ	
  and	
  
pEGFP-­‐C1-­‐CD9.	
   	
  Cells	
  were	
  stained	
  with	
  anti-­‐HA	
  (red)	
  and	
  anti-­‐LAMP1	
  (blue),	
  and	
  
GFP	
  was	
  visualized	
  (green).	
  Scale	
  bars	
  represent	
  10	
  µm.	
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Supplementary	
   Fig.	
   5.	
   Costaining	
   of	
   IFITM3-­PalmΔ 	
   with	
   cellular	
   markers.	
  	
  
HeLa	
  cells	
  were	
  transfected	
  with	
  pCMV-­‐HA-­‐IFITM3-­‐palmΔ	
  and	
  stained	
  with	
  anti-­‐HA	
  
(red)	
  and	
  TOPRO-­‐3	
  (blue).	
   	
  Cells	
  were	
  also	
  stained	
  with	
  antibodies	
  against	
  cellular	
  
markers,	
   calreticulin	
   and	
   LAMP1	
   (green),	
   or	
   cotransfected	
  with	
   GFP-­‐CD9	
   (green).	
  
Scale	
  bars	
  represent	
  10	
  µm.	
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Supplementary	
  Fig.	
  6.	
  	
  Non-­infected	
  (NI)	
  controls	
  corresponding	
  to	
  Fig.	
  4b.	
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Supplementary	
   Fig.	
   7.	
   	
   Anti-­viral	
   activity	
   of	
   IFITM3	
   is	
   dependent	
   on	
  
palmitoylation.	
   	
   HeLa	
   cells	
   were	
   transfected	
   with	
   pCMV-­‐HA,	
   pCMV-­‐HA-­‐IFITM3,	
  
pCMV-­‐HA-­‐IFITM3-­‐palmΔ,	
  or	
  pEGFP-­‐C1-­‐CD9	
  and	
  infected	
  with	
  influenza	
  virus	
  at	
  an	
  
MOI	
   of	
   10	
   for	
   6	
   h.	
   	
   Virus	
   NP	
   and	
   IFITM3	
   protein	
   levels	
   were	
   examined	
   by	
   flow	
  
cytometry	
  using	
   anti-­‐NP	
  and	
  anti-­‐HA	
   staining	
   respectively.	
  NI;	
   non-­‐infected.	
  Note:	
  
the	
  HA-­‐tag	
  epitope	
  is	
  derived	
  from	
  an	
  H3	
  influenza	
  virus	
  and	
  is	
  not	
  present	
   in	
  the	
  
PR8	
  strain	
  of	
  H1N1	
  influenza	
  virus.	
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Supplementary	
  Fig.	
  8.	
  Palmitoylation-­dependent	
  anti-­viral	
  activity	
  of	
  IFITM3.	
  	
  
Cells	
   grown	
   in	
   12-­‐well	
   plates	
   were	
   transfected	
   with	
   1	
   ug	
   pCMV-­‐HA,	
   pCMV-­‐HA-­‐
IFITM3,	
   pCMV-­‐HA-­‐IFITM3-­‐palmΔ,	
   or	
   pEGFP-­‐C1-­‐CD9	
   and	
   infected	
   with	
   influenza	
  
virus	
   at	
   an	
  MOI	
   of	
   1	
   for	
   6	
  h.	
  Non-­‐transfected	
   and	
   transfected	
   cells	
   expressing	
   the	
  
proteins	
  of	
  interest	
  were	
  gated	
  on	
  (labeled	
  low	
  and	
  high	
  respectively)	
  and	
  analyzed	
  
for	
   the	
   percentage	
   of	
   these	
   cells	
   that	
   were	
   infected.	
   	
   Histograms	
   show	
   the	
  
percentage	
   of	
   cells	
   staining	
   positive	
   for	
   influenza	
   NP	
   antigen.	
   	
   Gates	
  were	
   set	
   by	
  
comparing	
   to	
   non-­‐infected	
   cells	
   transfected	
   with	
   the	
   same	
   plasmids.	
   	
   Error	
  
represents	
  standard	
  deviation,	
  n=4.	
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