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AFM	  MEASUREMENT	  OF	  THE	  AVAILABLE	  AREA	  FOR	  PROTEIN	  ADSORPTION	  

We	  implemented	  numerical	  simulations	  in	  order	  to	  study	  the	  effect	  of	  AFM	  tip-‐surface	  convolution	  on	  the	  

measurement	  of	  ns-‐TiOx	  samples	  specific	  area	   (Fig.	  S2).	  With	  these	  simulations	  we	  demonstrate	  that	   the	  

convolution	   effects	   do	   not	   influence	   the	  measurement	   of	   relative	   increase	   of	   specific	   area	   (i.e	   the	   ratio	  

between	  the	  specific	  area	  of	  two	  samples)	  (Fig.	  S3.d).	  Moreover,	  since	  the	  AFM	  tips	  have	  dimensions	  (5	  nm	  

–	  7	  nm)	   very	   similar	   to	   the	   typical	   dimensions	  of	   proteins	  used	   in	  our	   experiments	   (3	  nm	  –	  10	  nm),	   the	  

maximum	  error	  in	  the	  measurement	  of	  the	  absolute	  value	  of	  surface	  area	  available	  for	  protein	  adsorption	  

is	  estimated	  to	  be	  8.5%	  (Fig.	  S3.b),	  while	  on	  average	  this	  error	  is	  below	  3.5%.	  

	  
Surface	  simulation	  

It	   is	   well	   known	   that	   a	   wide	   class	   of	   processes,	   such	   as	   plots	   of	   random	   walks,	   interfaces	   in	   far-‐from-‐

equilibrium	   systems	   and	   interfaces	   resulting	   from	   growth	   processes,	   lead	   to	   objects	   with	   self-‐affine	  

properties	  [1,	  2].	  In	  particular	  the	  surface	  morphology	  of	  films	  deposited	  by	  SCBD	  has	  been	  shown	  to	  evolve	  

with	   the	   deposition	   time	   (film	   thickness)	   according	   to	   simple	   scaling	   laws.	   These	   surfaces	   belong	   to	   the	  

class	  of	  self-‐affine	  fractal	  surfaces	  [3,	  4,	  5].	  The	  in-‐plane	  correlations	  of	  self-‐affine	  surfaces	  (or	  profiles)	  are	  

described	  by	  two	  exponents:	  the	  Hurst	  exponent	  H	  and	  the	  correlation	  length	  ξ,	  which	  is	  the	  characteristic	  

length	  over	  which	  two	  randomly	  chosen	  points	  on	  the	  surface	  (or	  on	  the	  profile)	  have	  uncorrelated	  heights.	  

The	  average	  quadratic	  difference	  between	  heights	  of	  two	  points	  separated	  by	  a	  distance	  Δx	  (also	  called	  the	  

height-‐height	   correlation	   function)	   scales	   as	  Δx2H	   for	  Δx	   <	   ξ,	   then	   it	   saturates	   [2].	   In	   the	   case	   of	   ns-‐TiOx	  

samples	  1-‐5	   (Fig.	  1	  and	  Table	  1,	   roughness	  15	  –	  30	  nm),	   from	  the	  analysis	  of	  AFM	  topographies	  we	  have	  

obtained	  a	  value	   for	   the	  roughness	  exponent	  H	  of	  approximately	  0.8,	  and	  we	  have	  measured	  correlation	  

lengths	  ξ	  ranging	  from	  ~30	  nm	  to	  ~50	  nm.	  In	  order	  to	  simulate	  ns-‐TiOx	  profiles,	  we	  generated	  statistically	  

self-‐affine	   profiles	   using	   the	   random	   midpoint	   displacement	   algorithm	   [6,	   7].	   	   In	   particular	   we	   created	  

sampled	  self-‐affine	  profiles	  with	  H	  of	  0.8	  and	  roughness	  and	  ξ	  similar	  to	  the	  experimental	  data	  for	  samples	  

1,	   3	   and	   5	   (simulated	   surfaces	   SIM1,	   SIM3	   and	   SIM5	   respectively,	   Fig.	   S2.g).	   For	   each	   set	   of	   H,	   ξ	   and	  

roughness,	  we	  generated	  100	  profiles	  with	  213	  points	  and	  with	  a	  spatial	  length	  of	  2	  μm.	  

	  

Specific	  area	  definition	  

For	  a	  topographic	  map	  consisting	  in	  an	  array	  of	  N	  height	  values	  {hij},	  the	  specific	  area	  SA3D	  is	  the	  ratio	  of	  the	  

three-‐dimensional	   area	   calculated	   on	   the	   image	   to	   the	   projected	   area,	   i.e.	   the	   AFM	   scanning	   area.	   It	   is	  

calculated	  as:	  

€ 

SA 3D =
1
N

1+ ∇hij
2

ij
∑ , 	  

where	   is	  the	  squared	  modulus	  of	  the	  surface	  gradient.	  For	  a	  profile,	  the	  specific	  area	  SA2D	  is	  the	  ratio	  

of	  the	  effective	  length	  to	  the	  projected	  length	  on	  x-‐axis	  direction.	  It	  is	  calculated	  as:	  
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€ 

SA 2D =
1
l

dxi
2 + dhi

2

i
∑ .

	  

The	  roughness	  of	  ns-‐TiOx	  films	  is	  calculated	  from	  AFM	  maps	  as	  the	  root-‐mean-‐squared	  deviation	  of	  surface	  

heights	  from	  the	  average	  value.	  

	  

Probes	  convolution	  

To	  study	  the	  effect	  of	  tip-‐surface	  convolution	  on	  the	  measurement	  of	  the	  specific	  area	  available	  for	  protein	  

adsorption	   we	   implemented	   an	   algorithm	   for	   studying	   the	   convolution	   between	   simulated	   profiles	   and	  

AFM-‐like	  and	  protein-‐like	  probes.	  We	  generated	  AFM-‐like	  probes	  as	  cones	  with	  half-‐angle	  θ=10°	  truncated	  

and	  capped	  by	  a	  sphere	  of	  radius	  R	  of	  5	  nm	  and	  7	  nm	  (TIP5	  and	  TIP7),	  accordingly.	  We	  have	  obtained	  these	  

probes	  using	  the	  following	  expression	  [8]:	  

€ 

P(x) =

z0 − R2 − (x − x0)
2 for (x − x0) ≤ Rcos(ϑ)

z0 −
R

sin(ϑ)
+ cot an(ϑ)(x − x0) for (x − x0) > Rcos(ϑ)

z0 −
R

sin(ϑ)
− cot an(ϑ)(x − x0) for (x − x0) < −Rcos(ϑ)

⎛ 

⎝ 

⎜ 
⎜ 
⎜ 
⎜ 
⎜ 
⎜ 

,	  

where	   (x0,z0)	   are	   the	   coordinates	   of	   the	   centre	   of	   the	   sphere.	   For	   generating	   probes	   similar	   to	   proteins	  

(protein-‐like	  probes),	  we	  took	  into	  account	  the	  dimensions	  of	  the	  proteins	  used	  in	  our	  experiment	  and	  we	  

generated	  probes	  of	   half-‐angle	  θ=0.1°	  with	   a	   curvature	   radius	   of	   3	   nm,	   5	   nm,	   7	   nm	  and	  10	  nm	   (PROT3,	  

PROT5,	  PROT7	  and	  PROT10.	  These	  values	  are	  in	  the	  range	  of	  the	  Stoke	  radii	  of	  the	  proteins	  we	  used	  in	  the	  

experiments:	  3.8	  nm	  for	  BSA	  and	  10.7	  nm	  for	  fibrinogen).	  It	   is	  well	  known	  that	  the	  geometrical	  distortion	  

caused	  by	   the	   tip	   to	   the	   data	   is	   not	   related	   to	   Fourier	   convolution,	  which	   is	   linear	   and	   invertible,	   but	   is	  

related	   to	   the	   dilation	   algorithm,	   also	   known	   as	  Minkowsky	   addition	   [9,	   10].	   In	   particular,	   using	   custom	  

routines	   and	   the	   dilation	   algorithm	   of	   the	   Image	   Processing	   Toolbox	   of	   Matlab	   (MathWorks),	   we	   have	  

obtained	   the	   convoluted	  profiles	  by	  means	  of	   a	   translation	  of	   the	   structuring	  element	   (the	   tip)	   over	   the	  

original	   self-‐affine	   profiles.	   In	   order	   to	   obtain	   a	   spatial	   resolution	   similar	   to	   the	   experimental	   data	   (0.98	  

nm/pixel),	  after	  performing	  the	  convolution	  between	  the	  simulated	  profiles	  and	  the	  tips,	  we	  down-‐sampled	  

to	  2048	  points	  each	  profiles.	  

In	   Fig.	   S2	   the	   experimental	   profile	   of	   sample	   5	   (SMP5,	   Fig.	   S2.a,d)	   is	   compared	   with	   a	   representative	  

simulated	  profile	  SIM5	  (Fig.	  S2.c,f)	  and	  to	  the	  simulated	  profile	  SIM5	  after	  convolution	  with	  AFM	  tip	  of	  5	  nm	  

radius	  (TIP5,	  Fig.	  S2.b,e)	  on	  different	  length	  scales	  (on	  the	  scale	  of	  2	  µm	  in	  the	  left	  panels	  and	  of	  500	  nm	  on	  

the	   right	  panels).	   SIM5	  profile	   after	   convolution	  and	  a	   representative	  experimental	  AFM	  profile	   are	   very	  

similar.	  This	  observation	  is	  confirmed	  by	  the	  comparison	  of	  the	  SA2D	  values,	  showing	  that	  the	  specific	  areas	  

of	   the	   convoluted	   SIM1	   (SIM1_TIP5),	   SIM3	   (SIM3_TIP5)	   and	   SIM5	   (SIM5_TIP5)	   profiles	   are	   close	   to	   the	  

values	  measured	  for	  ns-‐TiOx	  samples	  1	  (SMP1),	  3	  (SMP3)	  and	  5	  (SMP5),	  respectively	  (Fig.	  S2.g).	  
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Results	  

We	  performed	  the	  convolution	  between	  the	  simulated	  surfaces	  and	  different	  probes	  in	  order	  to	  compare	  

the	  effect	  of	  probe	  dimension	  on	   the	  measurement	  of	   the	   surface	  area	   (Figure	   S3.a).	  We	  used	  AFM-‐like	  

probes	  of	  5	  nm	  and	  7	  nm	  curvature	  radius,	  and	  protein-‐like	  probes	  with	  radius	  between	  3	  nm	  and	  10	  nm.	  

We	  calculated	  the	  difference	  between	  specific	  area	  measured	  by	  the	  two	  AFM	  tips	  and	  the	  available	  area	  

for	  protein	  adsorption	  for	  protein	  probes	  of	  different	  dimensions	  (Fig.	  S3.b).	  	  

The	  difference	  between	  the	  measured	  surface	  area	  and	  the	  area	  at	  the	  atomic	  scale	  level	  (SA2D)	  is	  between	  

23%	  and	  35%.	  However,	  being	  the	  dimension	  of	  the	  AFM	  tips	  and	  proteins	  on	  the	  same	  length	  scale,	  the	  

difference	  between	  the	  specific	  area	  measured	  by	  AFM	  and	  that	  available	  for	  protein	  adsorption	  is	  at	  most	  

8.5%,	  and	  on	  average	  below	  3.5%.	  Moreover,	  increasing	  surface	  roughness,	  the	  AFM	  specific	  area	  and	  the	  

area	  measured	  with	   different	   protein	   probes	   follow	   very	   similar	   linear	   trends	   (Fig.	   S3.c).	   Because	  of	   this	  

similarity,	   taking	   into	  account	   the	   relative	   increase	  of	   surface	  area	   (i.e	   the	   ratio	  between	  SIM5	  and	  SIM1	  

area),	   the	  difference	  between	  the	  measurements	  of	  AFM-‐like	  and	  protein-‐like	  probes	   is	  at	  most	  of	  2.2%.	  

Remarkably,	  the	  AFM	  measurement	  of	  the	  relative	  increase	  of	  surface	  area	  is	  very	  similar	  also	  to	  the	  same	  

measurement	  at	  the	  atomic	  scale	  level,	  with	  a	  maximum	  discrepancy	  of	  just	  2.8%.	  

	  
	  
	  
PSIM:	  FLUORESCENCE	  SIGNAL	  LINEARITY	  

Even	  if	  there	  are	  several	  techniques	  for	  studying	  proteins	  adsorption	  that	  use	  labeled	  proteins	  such	  as	  total	  

internal	  reflection	  fluorescence	  (TIRF)	  [11,	  12],	  as	  far	  as	  we	  know,	  the	  problem	  of	  the	  linearity	  between	  the	  

fluorescent	  signal	  and	  the	  amount	  of	  adsorbed	  proteins	  has	  never	  been	  coped	  with	  systematically.	  Using	  

PSIM	  we	  developed	  an	  assay	  that	  allows	  checking	  for	  the	  possible	  influence	  of	  the	  fluorescent	  marker	  and	  

for	  the	  linearity	  of	  the	  fluorescent	  signal	  as	  a	  function	  of	  the	  amount	  of	  adsorbed	  proteins	  (Fig.	  S4.a).	  We	  

prepared	   an	   array	   composed	   of	   4	   sub	   arrays	   of	   6	   lines	   (10	   replicates	   per	   line).	   In	   each	   sub-‐array	   we	  

maintained	  constant	  the	  protein	  concentration	  but	  we	  varied	  the	  part	  of	  the	  proteins	  that	  were	  labeled.	  In	  

different	  sub-‐arrays	  we	  tested	  different	  protein	  concentrations	  (0.75	  μM,	  1.5	  μM,	  3	  μM	  e	  6	  μM)	  in	  order	  to	  

check	  for	  concentration	  dependent	  effects	  (Fig.	  S4.b).	  Since	  in	  a	  sub-‐array	  the	  total	  protein	  concentration	  is	  

kept	   constant	   we	   expect	   to	   have	   the	   same	   amount	   of	   adsorbed	   proteins	   along	   sub-‐array	   lines	   and	   the	  

fluorescent	  signal	  should	  scale	  linearly	  with	  the	  part	  of	  labeled	  proteins.	  Any	  deviation	  from	  this	  behavior	  

can	  be	  attributed	  to	  a	  different	  interaction	  of	  labeled	  proteins	  compared	  with	  not-‐labeled	  ones	  or	  to	  a	  non-‐

linearity	  of	   the	   fluorescent	   signal.	   The	   relation	  between	   the	  part	  of	   labeled	  proteins	  and	   the	   fluorescent	  

signal	   is	   linear	   in	   the	   whole	   concentration	   range	   considered	   in	   the	   assay	   (Fig.	   S4.c).	   This	   result	  

demonstrates	  that	  the	  fluorescence	  signal	  is	  proportional	  to	  the	  amount	  of	  adsorbed	  proteins	  and	  also	  that	  

the	   used	   dye	   does	   not	   influence	   protein-‐surface	   interaction.	   This	   essay	   exploits	   PSIM	   high-‐throughput	  
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capability	  of	  testing	  different	  proteins	  solutions	  on	  the	  same	  sample	  and	  it	  allows	  verifying	  the	  linearity	  of	  

the	  fluorescence	  signal	  in	  a	  fast,	  easy	  and	  reliable	  way.	  

	  

	  

PSIM:	  PROTEIN	  IMMOBILIZATION	  

We	  tested	  protein	  stability	  on	  the	  time	  scale	  of	  the	  washing	  steps	  of	  PSIM	  experiments	  (6	  minutes),	  using	  

Fluorescence	  Recovery	  After	  Photobleaching	  (FRAP).	  This	  technique	  allows	  monitoring	  the	  rate	  exchange	  of	  

immobile	  proteins	  and	  measuring	  the	   immobile/mobile	  part	  ratio	  [13,	  14].	  Fluorescently	   labeled	  BSA	  at	  8	  

μM	  was	   incubated	  with	  ns-‐TiOx	  titania	  samples	  for	  1	  h.	   	  Part	  of	  the	  adsorbed	   layer	  was	  bleached	  with	  an	  

intense	   laser	   pulse	   and	   the	   fluorescence	   recovery	   in	   the	   bleached	   part	  was	  measured	   every	   10	  minutes	  

(Fig.	  S6)	  the	  same	  settings	  for	  bleaching	  and	  imaging	  used	  for	  FPQ	  experiments	  were	  used	  (see	  Methods).	  

FRAP	  data	  show	  that	  almost	  100%	  of	  the	  adsorbed	  proteins	  are	  immobilized	  in	  the	  time	  scale	  of	  the	  PSIM	  

experiment,	  and	  this	  result	  is	  surface	  morphology	  independent	  (Fig.	  S6).	  

	  

	  

PROTEIN	  PROPERTIES	  

Bovine	  Serum	  Albumin	  (BSA)	   is	  a	   large	  globular	  protein	  with	  molecular	  weight	  of	  66	  KDa	  [15].	   It	   is	  widely	  

used	   as	   model	   protein	   for	   studying	   the	   adsorption	   process	   because	   it	   belongs	   to	   the	   class	   of	   Albumin	  

proteins,	   which	   constitute	   more	   than	   50%	   of	   proteins	   in	   plasma,	   and	   because	   of	   its	   availability,	   ready	  

solubility	   and	   solution	   stability.	   It	   is	   generally	   used	  as	   carrier	   for	   conjugation	   in	   antibody	  production,	   for	  

blocking	   non-‐specific	   binding	   sites	   in	   immunochemical	   and	   immunoblot	   applications	   such	   as	   ELISA	   or	  

Western	  Blot.	  BSA	  physical	  ancd	  chemical	  properties	  have	  been	  widely	  characterized	  [15-‐18];	  BSA	  is	  made	  

by	  a	  single	  polypeptide	  chain,	  consisting	  of	  about	  583	  amino	  acid	  residues	  and	  no	  carbohydrates.	  At	  pH	  5-‐7	  

it	  contains	  17	  intrachain	  disulfide	  bridges	  and	  1	  sulfhydryl	  group	  [15,	  17].	  Its	  PI	  is	  4.7	  in	  water	  at	  25°C	  [19,	  

20].	  Its	  overall	  dimensions	  are	  4	  x	  4	  x	  14	  nm	  (ellipsoid)	  and	  it	  has	  a	  Stokes	  radius	  of	  3.83	  nm	  [21].	  

Fibrinogen,	  or	  Factor	  I,	  is	  a	  soluble	  plasma	  glycoprotein	  synthesized	  by	  the	  liver	  with	  a	  molecular	  weight	  of	  

approximately	  340	  KDa.	  The	  study	  of	   fibrinogen	  adsorption	   is	  particularly	   relevant	  because	   it	   is	   the	  most	  

important	   protein	   of	   the	   blood	   coagulation	   system,	   being	   responsible	   for	   blood	   clotting.	   Fibrinogen	   is	   a	  

large	  protein	  and	  it	  consists	  of	  two	  identical	  subunits	  that	  contain	  three	  polypeptide	  chains:	  alpha,	  beta	  and	  

gamma.	  The	  α-‐chain	  has	  an	  approximate	  molecular	  weight	  of	  63.5	  KDa,	  the	  β-‐chain	  56	  KDa,	  and	  the	  γ-‐chain	  

47	  KDa	  [22-‐24].	  Fibrinogen	  is	  converted	  by	  thrombin	  into	  fibrin,	  which,	  by	  means	  of	  a	  polymerization,	  forms	  

a	   fibrin	   clot.	   Fibrinogen	   clotting	   underlies	   pathogenesis	   of	   MI,	   thromboembolism	   and	   thromboses	   of	  

arteries	  and	  veins,	  since	  fibrin	   is	  the	  main	  substrate	  for	  thrombus	  formation.	  Fibrinogen	  activation	   is	  also	  

involved	   in	   pathogenesis	   of	   inflammation,	   tumor	   growth	   and	   many	   other	   diseases	   [25-‐26].	   Fibrinogen	  

proteins	  have	  a	  rod-‐like	  shape	  with	  dimensions	  of	  6	  x	  9	  x	  45	  nm,	  and	  a	  Stokes	  radius	  of	  about	  10.7nm.	  
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Streptavidin	  is	  a	  tetrameric	  protein	  (molecular	  weight	  =	  52	  KDa),	  with	  overall	  dimensions	  of	  	  4.5	  x	  	  5	  x	  5.5	  

nm	   [27].	   It	   is	   isolated	   from	   the	   actinobacterium	   Streptomyces	   avidinii.	   This	   protein	   is	   remarkable	   for	   its	  

extraordinarily	  strong	  affinity	  for	  biotin	  (binds	  up	  to	  four	  molecules	  of	  biotin	  with	  an	  association	  constant	  

of	  about	  10-‐15	  M)	  [28,	  29].	  This	  property	  makes	  the	  investigation	  of	  streptavidin	  adsorption	  of	  great	  interest	  

for	   many	   applications.	   In	   fact,	   streptavidin	   is	   extensively	   used	   as	   probe	   in	   immunochemical	   systems,	  

conjugated	  to	  antibodies,	  enzymes	  or	  fluorochromes	  for	  detection	  and	  purification	  of	  various	  biomolecules.	  	  

	  

	  

FLUORESCENCE	  PHOTOBLEACHING	  QUANTIFICATION	  

We	  used	  confocal	  microscope	   for	   reproducing	  PSIM	  results	  and	  we	  developed	  a	  quantitative	  method	   for	  

measuring	  the	  amount	  of	  adsorbed	  proteins.	  Confocal	  microscope	  allows	  imaging	  the	  fluorescence	  of	  the	  

protein	  layer	  in	  presence	  of	  protein	  solution,	  giving	  the	  possibility	  to	  perform	  quantitative	  measurements	  

(Figure	   4).	   Since	   the	   confocal	   microscope	   resolution	   (500	   –	   1000	   nm	   with	   settings	   used	   for	   our	  

experiments)	   is	  well	   above	   the	   dimension	   of	   the	   protein	   layer	   (10	   -‐	   100	   nm),	   the	  measured	   signal	   (raw	  

signal)	   is	   the	   sum	   of	   the	   adsorbed	   protein	   layer	   signal	   and	   the	   signal	   coming	   from	   proteins	   present	   in	  

solution	   in	   the	   resolution	   volume	   (background	   signal).	   In	   order	   to	   isolate	   the	   fluorescence	   signal	   of	  

adsorbed	  proteins	  the	  correct	  measurement	  of	  the	  background	  profile	  is	  needed.	  Background	  profile	  has	  a	  

complex	   shape	   in	   correspondence	   of	   the	   interface	   between	   the	   nanostructured	  material	   support	   (glass	  

coverslip)	  and	  the	  protein	  solution.	  It	  is	  indeed	  affected	  by	  point	  spread	  function	  (PSF)	  convolution	  effects	  

and	   by	   optical	   aberrations	   caused	   by	   the	   refractive	   index	   mismatch	   between	   PBS	   and	   glass.	   Spherical	  

aberration	  produces	   fluorescence	   intensity	   loss	  along	   the	  z	  axis	  and	   the	  effect	   increases	   rapidly	  with	   the	  

refractive	   index	  difference	  and	  with	   the	  distance	  of	   the	  object	   from	   the	   support	   (nominal	   focal	  position,	  

NFP)	  [30].	  In	  a	  mismatched	  system,	  the	  only	  part	  of	  the	  specimen	  that	  can	  be	  observed	  without	  the	  severe	  

effects	   described	   above	   is	   the	   one	   immediately	   next	   to	   the	   coverslip.	   As	   a	   consequence,	   background	  

quantification	  is	  not	  straightforward.	  	  We	  have	  verified	  the	  presence	  of	  this	  two	  effects	  using	  BSA	  Alexa	  647	  

conjugated	   incubated	  with	   an	   antifouling	   surface	   (glass	   coverslip	   passivated	  with	  BSA)	   (Fig.	   S7.a).	   In	   this	  

experiment	   the	   expected	   ideal	   signal	   is	   a	   step	   function	   (dotted	   line	   in	   Fig.	   S7.b):	   the	   profile	   signal	   in	  

correspondence	   of	   the	   interface	   should	   rapidly	   change	   from	   the	   noise	   level	   to	   the	   background	   level.	  

However,	   as	   mentioned	   above,	   the	   real	   signal	   is	   affected	   by	   PSF	   convolution,	   which	   converts	   the	   step	  

function	  in	  “S”	  shape	  function,	  and	  interface	  optical	  aberration,	  which	  causes	  the	  drop	  of	  the	  background	  

signal	   along	   the	   z	   axis	   (Fig.	   S7.b).	   These	   effects	   make	   the	   background	   profile	   quite	   complex	   in	  

correspondence	  of	  the	  interface	  where	  it	  is	  located	  the	  adsorbed	  proteins	  layer.	  It	  is	  in	  principle	  possible	  to	  

measure	  the	  background	  profile	  with	  a	  calibration	  measurement	  using	  a	  passivated	  surface	  as	  shown	  in	  Fig.	  

S7.a.	  However	  this	  would	  require	  a	  preliminary	  measurement	  and	  would	  reduce	  the	  freedom	  of	  optimizing	  

imaging	  settings.	  	  
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We	  developed	  a	  new	  simple	  approach	  based	  on	  fluorescence	  photobleaching,	  which	  allows	  measuring,	  on	  

the	  same	  image,	  the	  raw	  signal	  and	  the	  background.	  Using	  high	  laser	  intensity	  we	  bleached	  a	  small	  region	  

of	  the	  adsorbed	  protein	  layer	  (approximately	  225	  μm2).	  This	  allows	  isolating	  and	  measuring	  the	  background	  

profile	  in	  a	  part	  of	  the	  image	  (Fig.	  S7.c	  and	  S7.d).	  Subtracting	  the	  background	  profile	  to	  the	  raw	  signal	  it	  is	  

possible	  to	  obtain	  the	  fluorescent	  signal	  coming	  from	  the	  adsorbed	  proteins	  (L),	  which,	  has	  expected,	  has	  a	  

PSF	  like	  shape	  (Fig.	  S7.e).	  	  

To	  quantify	  the	  amount	  of	  adsorbed	  proteins	  (ρ)	  we	  consider	  the	  resolution	  volume	  of	  the	  microscope	  (i.e.	  

the	   minimum	   resolvable	   volume	   in	   a	   specific	   configuration,	   V),	   which	   in	   our	   case	   is	   1μm3,	   the	   protein	  

concentration	  in	  solution	  (C),	  which	  should	  be	  measured	  using	  a	  spectrophotometer,	  and	  the	  fluorescence	  

intensity	  of	  the	  background	  (BG).	  The	  density	  of	  adsorbed	  proteins	  on	  the	  surface,	  in	  proteins/μm2,	  can	  be	  

calculated	  as:	  

€ 

ρ =
L
BG

C⋅ V
V 2 / 3 . 

We	  used	   this	   approach	  because	   it	   has	  not	   limitations	   related	   to	   surface	   roughness	   as	  other	  quantitative	  

techniques	  have,	  such	  as	  quartz	  crystal	  microbalance	  (QCM)	  or	  ellipsometry,	  and	  because	  it	  allows	  an	  easy	  

quantification	  based	  on	  a	  single	  fluorescence	  measurement.	  
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