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OUTLINES

 How to mimic biological membranes
Supported lipid bilayers (SLB) and Atomic 

Force Microscopy (AFM)

 Development of a membrane biosensor based                               
on porous silicon

 Direct incorporation of solubilized proteins into 
supported lipid bilayers



Requirements for Membrane in Biosensor

Mimicking the membrane composition

Continuous membrane

Separation of 2 compartments

Stability

Membrane decoupling from the substrate

As a result, there has been an increasing emphasis on
surface-based membrane platforms in recent years. These
offer inherent stability because of the underlying support-
ing surface, as long as they are kept hydrated. In their
original form – the solid-supported lipid bilayers (SLB, e.g.
[6], Figure 1a) – have a severe drawback for studying
membrane protein function in that they offer little space
between the lipid membrane and the solid support to
accommodate hydrophilic domains of the integrated
protein [2]. The limited aqueous compartment also
restricts electrochemical measurements because only a
limited number of ions can be transported to the proximal
side of the membrane before the osmotic gradient becomes
too high [2,7]. However, advances have been made in this
area enabling both creation of membranes on suitable
electrode substrates [6,8] and demonstration of electroche-
mical measurements on inserted membrane proteins
[9,10]. The most significant improvements in terms of
properties, preparation and functionality in the area of
solid-supported membranes have come from strategies
aiming to decouple the membrane from the underlying
electrode substrate. This decoupling has been achieved
primarily by forming a supported lipid bilayer on a short
hydrophilic polymer spacer, typically oligo(ethylene glycol)
with a lipid anchor [11], so-called tethered lipid bilayers

[2,11,12] (tSLB, see Figure 1b). The increased space of a
few nanometers allows integration of membrane proteins
without undesired surface interaction, but the reservoir is
still too restricted to monitor continuous ion transport and
the preparation can be difficult for solvent-freemembranes
[11].Membranes can also be formed on top of hydrogels and
other thicker (!10 nm) polymer cushions [13,14] creating a
greater reservoir, but there are few successful demon-
strations of electrochemical measurements [14,15].

Factors driving the current development of supported
lipid membrane sensors over other techniques for mem-
brane sensing, such as cell patch clamp, whole-cell sensing
and black lipid membranes, are the ease of formation of
membranes, control of complexity, stability and the appli-
cability of a large range of highly sensitive surface ana-
lytical techniques. To date, no single approach has
successfully combined solutions to all of the main design
criteria for membrane biosensors summarized in Table 1.
This article highlights recent advances aiming to combine
the advantages of the original black lipid membranes,
referred to here as free-spanning membranes, and sup-
ported lipid bilayers. Through combination of nano- and
microfabrication with self-assembly of free-spanningmem-
branes it has been demonstrated in recent years that a
platform could be designed that fulfils the criteria for drug

Figure 1. A selection of membrane sensor platforms (a) Supported lipid bilayer on hydrophilic support [52]. Typically a hydrophilic semiconductor or oxide substrate has to
be used for direct assembly of a supported lipid bilayer (SLB). The support will act a as a working electrode (WE) for electrochemical measurements. (b) Tethered supported
lipid bilayer. Covalently attached hydrophobic molecules with a hydrophilic linker – often derived from lipids – are used to tether and support the lipid membrane to a gold
WE [53,54]. (c) Free-spanning membrane or black lipid membrane as it could look in a self-assembled membrane sensor array [16,17,23,27]. Lipid membranes containing
ion-channels separated into functional spots, for example by non-fouling polymer barriers, span apertures in a solid support. It has free liquid access on both sides to
accommodate large proteins and to easily conduct electrochemical measurements. The schematics show how such a platform combined with microfluidics could be used
for parallel voltage clamp measurements on different single transmembrane proteins.
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Large Unilamellar Vesicle (LUV) Fusion 

Vesicle fusion 

screening, biomimetic sensing and transmembrane protein
research. Major steps have been taken with this approach
in terms of sensitivity, versatility, ease of membrane for-
mation and stability. Although a general means for functio-
nalizing free-spanning membranes with transmembrane
proteins still needs to be demonstrated, we discuss some
novel approaches to overcoming this problem and for sta-
bilizing and packaging free-spanning membranes for com-
mercial biosensor applications. Together, these advances
have the potential to enable long-term stable membrane
functionalized sensor platforms with which continuous
recording of charge transport even through single ion-chan-
nels and transporters can be achieved.

Demonstration of increased stability for free-spanning
membranes
Reducing aperture dimensions for free-spanning mem-
branes on a biosensor chip down to the nanometer range
– as depicted in Figure 1c and a typical substrate shown in
Figure 3b – has been envisaged as the most straightfor-
ward way to increase membrane stability compared with
traditional black lipid membranes, which could span aper-
tures of hundreds of mm to several mm. Increase in mech-
anical stability with reduced aperture size has recently
been demonstrated by Simon et al. who compared lipid
bilayers formed by the Langmuir-Blodgett technique
(Figure 2b) across 1000 nm, 650 nm and 300 nm apertures

Figure 2. Methods used to assemble lipid membranes on sensor substrates. (a) Vesicle fusion (i) Self-assembly through vesicle fusion is a simple technique in which
unilamellar lipid vesicles rupture upon contact with a surface and form a supported lipid membrane covering the interface [55–57]. Vesicle fusion occurs spontaneously on
some hydrophilic substrates (e.g. silicon oxide and silicon nitride) to form planar bilayers [55,58]. (ii) On hydrophobic surfaces (e.g. pre-formed thiol-alkyl monolayers) lipid
monolayers are formed instead of bilayers from lipid vesicles [9]. (iii) More complex tethers providing additional aqueous space under the self-assembled lipid layer such as
hydrophilic spacers with covalently bound lipids (see Figure 1b) can be used to drive liposome fusion similar to (ii) [11]. (b) Langmuir-Blodgett techniques: (i) A motorised
stage is used to move the substrate between an aqueous (green background) and a gas phase (white background). A lipid monolayer is held at a defined tension at the
interface, which controls the packing density. Using a hydrophilic substrate and starting in solution, a lipid monolayer can be deposited by removal of the substrate [16]. (ii)
Vertical reinsertion of the lipid monolayer formed in (i) through the interface deposits a (second) monolayer on top, which results in a lipid bilayer. (iii) If the substrate is
instead taken through the interface horizontally the same result is achieved, but it is referred to as Langmuir-Schäfer deposition or sometimes as ‘tip-dip’ when capillaries
are used [20]. (c) Detergent dialysis and painting. (i) Detergent dialysis: by forming micelles of lipids mixed with detergents, lipid material can be deposited from aqueous
solution at a solid interface. The detergent is continuously removed from the micelles by dialysis leading to decomposition of the micelles and the formation of a planar
lipid bilayer at the interface [12]. (ii) Painting and solvent extraction: a drop of organic solvent (solvent molecules depicted as green shapes in the membrane in the figure)
containing dissolved lipids is added to a surface in an aqueous phase. The amphiphilic lipids will align at the solvent interface. When the solvent is extracted the lipids at the
interface fuse to form a bilayer at the substrate–aqueous solution interface [17].

Table 1. Design criteria and current developments for free-spanning membrane biosensor platforms for commercial applications
Design criterion Requirement Current developments

Sensitivity ‘Gigaohm seal’ enabling measurements of single ion-channels and transporters Single ion-channel sensitivity achieved
(e.g. [26,45])

Stability Membrane stable >1 day for screening applications Achieved in several formats (e.g.
[17,23,44])

Ease of formation
of solvent-free
membrane

Absolute reproducibility in formation by a parallel process. Requires self-assembly Not fully solved but examples
demonstrated (e.g. [18,21,23,35])

Ease of membrane
protein insertion

Insertion of wide classes of membrane proteins without need for full purification
and reconstitution of each protein. Should also include large proteins sensitive to
unfolding

No general method demonstrated, but
specific examples demonstrated (e.g.
[33,35,37])

Robustness Can be packaged and stored for months (or regenerated). Can withstand mild
drying conditions, for example brief air exposure during sample mounting

Mechanical stabilization but not drying
demonstrated. Membrane properties
need further verification (e.g. [42,44])

Arrays It should be possible to miniaturize the platform onto a chip with multiple sensing
spots for parallel measurements both for multiplexed sensing and for parallel
screening applications

Not demonstrated for small apertures
but recent examples for black lipid
membranes in microfluidic devices [51]

Cost Needs to be economically competitive compared with less information-rich
methods such as fluorescence assays on cell fragments for drug screening.
Implies parallel measurements and that expensive reconstitution and handling of
membrane components should be avoided

Not investigated
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mercial biosensor applications. Together, these advances
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functionalized sensor platforms with which continuous
recording of charge transport even through single ion-chan-
nels and transporters can be achieved.

Demonstration of increased stability for free-spanning
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Reducing aperture dimensions for free-spanning mem-
branes on a biosensor chip down to the nanometer range
– as depicted in Figure 1c and a typical substrate shown in
Figure 3b – has been envisaged as the most straightfor-
ward way to increase membrane stability compared with
traditional black lipid membranes, which could span aper-
tures of hundreds of mm to several mm. Increase in mech-
anical stability with reduced aperture size has recently
been demonstrated by Simon et al. who compared lipid
bilayers formed by the Langmuir-Blodgett technique
(Figure 2b) across 1000 nm, 650 nm and 300 nm apertures

Figure 2. Methods used to assemble lipid membranes on sensor substrates. (a) Vesicle fusion (i) Self-assembly through vesicle fusion is a simple technique in which
unilamellar lipid vesicles rupture upon contact with a surface and form a supported lipid membrane covering the interface [55–57]. Vesicle fusion occurs spontaneously on
some hydrophilic substrates (e.g. silicon oxide and silicon nitride) to form planar bilayers [55,58]. (ii) On hydrophobic surfaces (e.g. pre-formed thiol-alkyl monolayers) lipid
monolayers are formed instead of bilayers from lipid vesicles [9]. (iii) More complex tethers providing additional aqueous space under the self-assembled lipid layer such as
hydrophilic spacers with covalently bound lipids (see Figure 1b) can be used to drive liposome fusion similar to (ii) [11]. (b) Langmuir-Blodgett techniques: (i) A motorised
stage is used to move the substrate between an aqueous (green background) and a gas phase (white background). A lipid monolayer is held at a defined tension at the
interface, which controls the packing density. Using a hydrophilic substrate and starting in solution, a lipid monolayer can be deposited by removal of the substrate [16]. (ii)
Vertical reinsertion of the lipid monolayer formed in (i) through the interface deposits a (second) monolayer on top, which results in a lipid bilayer. (iii) If the substrate is
instead taken through the interface horizontally the same result is achieved, but it is referred to as Langmuir-Schäfer deposition or sometimes as ‘tip-dip’ when capillaries
are used [20]. (c) Detergent dialysis and painting. (i) Detergent dialysis: by forming micelles of lipids mixed with detergents, lipid material can be deposited from aqueous
solution at a solid interface. The detergent is continuously removed from the micelles by dialysis leading to decomposition of the micelles and the formation of a planar
lipid bilayer at the interface [12]. (ii) Painting and solvent extraction: a drop of organic solvent (solvent molecules depicted as green shapes in the membrane in the figure)
containing dissolved lipids is added to a surface in an aqueous phase. The amphiphilic lipids will align at the solvent interface. When the solvent is extracted the lipids at the
interface fuse to form a bilayer at the substrate–aqueous solution interface [17].
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Ease of formation
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demonstrated (e.g. [18,21,23,35])
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No general method demonstrated, but
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[33,35,37])
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Mechanical stabilization but not drying
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Continuous planar phospholipid bilayer supported on porous

silicon thin film reflector

Formation and structure of porous silicon

Phospholipid bilayer deposition on porous silicon and characterization

INTRODUCTION:

Reconstituting artificial membranes for in vitro studies of cell barrier mechanisms and properties are of major interest in biology. Supported lipid bilayer (SLB) systems prepared on mineral

oxides (mica, silica, glass, oxidized silicon wafers, titania, quartz) and organic polymers are widely accepted as useful models for natural biomembranes (1,2). Porous nanostructured

substrates are emerging as good candidates for supporting phospholipid bilayers because the membranes can possibly retain their fluidity and they offer more interstitial free space in the

pores for incorporation of membrane proteins or for the study of membrane function (3-8). Here we present the deposition of a planar phospholipid bilayer on mesoporous silicon thin films. In

addition to its role of supporting and stabilizing the bilayer, the underlying porous silicon reflector acts as a label-free optical biosensor (9).

CONCLUSION:

Deposition of a continuous planar phospholipid bilayer is demonstrated on porous silicon thin films. Atomic force microscopy coupled with fluorescence imaging provides evidence of

continuous bilayer deposition at the surface, and interferometric optical measurements yield information on the behaviour of the lipids at the internal and external surfaces of the porous

films.
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Not change in the effective optical thickness (EOT) was observed after the addition of the phospholipids. This indicates that

phospholipids did not infiltrate the porous matrices. Variations in the amplitude of the FFT peak suggests adsorption of lipids at

the outer surface of the porous films.
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Porous silicon

Optical properties (fluorescence, reflectivity)

Tunable structural properties (surface, volume, 
size of the pores)

Silicon chemistry (surface modification)

Reservoir of buffer

Continuous planar phospholipid bilayer supported on porous

silicon thin film reflector

Formation and structure of porous silicon

Phospholipid bilayer deposition on porous silicon and characterization

INTRODUCTION:

Reconstituting artificial membranes for in vitro studies of cell barrier mechanisms and properties are of major interest in biology. Supported lipid bilayer (SLB) systems prepared on mineral

oxides (mica, silica, glass, oxidized silicon wafers, titania, quartz) and organic polymers are widely accepted as useful models for natural biomembranes (1,2). Porous nanostructured

substrates are emerging as good candidates for supporting phospholipid bilayers because the membranes can possibly retain their fluidity and they offer more interstitial free space in the

pores for incorporation of membrane proteins or for the study of membrane function (3-8). Here we present the deposition of a planar phospholipid bilayer on mesoporous silicon thin films. In

addition to its role of supporting and stabilizing the bilayer, the underlying porous silicon reflector acts as a label-free optical biosensor (9).

CONCLUSION:

Deposition of a continuous planar phospholipid bilayer is demonstrated on porous silicon thin films. Atomic force microscopy coupled with fluorescence imaging provides evidence of

continuous bilayer deposition at the surface, and interferometric optical measurements yield information on the behaviour of the lipids at the internal and external surfaces of the porous

films.
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Deposition of phospholipid SUV

on the top of PSi.
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Not change in the effective optical thickness (EOT) was observed after the addition of the phospholipids. This indicates that

phospholipids did not infiltrate the porous matrices. Variations in the amplitude of the FFT peak suggests adsorption of lipids at

the outer surface of the porous films.

Interferometric reflectance spectra from porous silicon

films exposed to phospholipid liposome (0.125 mM)

suspensions.
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Preparation of the porous silicon

Si + 6F- + 2h+ +2H+ SiF6
2- + H2 

Anodization conditions

• P type silicon 

• Solution of HF/Ethanol (3/1 in volume)

• Current density 22.5 mA/cm2 for 5 min

• Thermal oxidation 450˚C for 2 hours then 
treatment with NaOH (1M)



Si + 6F- + 2h+ +2H+ SiF6
2- + H2 

• Pores diameter 5-9 nm

• Thickness 3.7 µm

22,5 mA/cm2

Preparation of the porous silicon

Anodization conditions



light sourceto spectrometer

Optical properties of porous silicon
Sensing using Optical Reflectivity from Fabry-Pérot Layers
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 n is the refractive index, L the thickness , ! the wavelength

Fabry Perot interference pattern

  m!=2nL  
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 n is the refractive index, L the thickness , ! the wavelength

Fabry Perot interference pattern

  m!=2nL  



Aqueous medium

Supported lipid bilayer by vesicle fusion

Multilamellar vesicle (MLV) Liposome

Extrusion

SLB

EggPC  + 10% DOTAP/DPTAP + 0.1% Rhodamine-DHPE

Dioleoyl-TrimethylAmmonium-
Propane

 EggPC L-!-phosphatidylcholine



99,9% coverage

EggPC/DOTAP

Supported Lipid Bilayer

10 µm



99,9% coverage

EggPC/DOTAP

Supported Lipid Bilayer

5 min
25 µm

D =1.58 µm2/s
Mobile fraction = 78%

FRAP

10 µm x 10 µm



25% of the human genome encode transmembrane proteins.

Target of 70% of the commercially available drugs.

Alpha helix
(GPCR)

#eta barrels
(porin)

~ 200 structures available in the PDB (~ 20 eukaryotic).

In a Structural point of view

In a nano-biotechnological point of view

Direct Incorporation of transmembrane proteins

within artificial bilayers



How to incorporate transmembrane proteins within artificial bilayers ?

Proteoliposome

fusion

Tethered proteins

reconstitution

Incorporation



Direct Incorporation of transmembrane proteins 

within artificial bilayers

Francesca Gubellini
Manuela Dezi
Daniel Levy

UMR168
CNRS



Direct incorporation of protein into liposomes
destabilized with glycosylated detergent

Reconstitution from fully solubilized samples

Rigaud et Levy, Meth in Enzymol. (2003)

Unique
orientation

Direct incorporation of protein into SLB



1

2

3
AFM Imaging 

of non crystalline proteins

 SLB destabilization

[detergent] ~ cmc

 Incorporation

Direct incorporation of protein into SLB



n-Dodecyl-$-D-Thiomaltopyranoside (DOTM)
cmc = 0.05 mM

n-Dodecyl-$-D-Maltopyranoside (DDM)
cmc = 0.2 mM

15 min incubation with detergent (1.5 x cmc à 20°C)

Octyl-$-D-glucopyranoside (OG)
cmc = 17 mM

- SLB are stable above the cmc with low cmc detergent and more 

resistant than liposomes.

- Both gel and fluid phases are preserved.

1 µm

Control SLB treated with detergent

Dioleoyl-phosphatidylcholine

Dipalmitoyl-phosphatidylcholine
DOPC/DPPC (1:1)



Incorporation of proteins from the photosynthetic 

apparatus of bacteria

RC-LH1
Rhodobacter spheroides

MW 300 kDa

LH2
Rhodopseudomonas acidophila

MW 110 kDa

LH, Light-Harvesting



Experimental procedure
 500 ng (1.5 picomole) in 0.075 mM DOTM, 150 mM KCl, 10 mM Tris pH 7.4

 15 min incubation with RC-LH1

Contact mode

3 !m x 3 !m

Incorporation of RC-LH1 from Rhodobacter spheroides

1 !m x 1 !m



1 !m x 1 !m

Incorporation of RC-LH1 from Rhodobacter spheroides



!  ~ 10 nm
"h = 0.65 nm ± 0.3 nm

300 nm scan

Incorporation of RC-LH1 from Rhodobacter spheroides



Membrane
remodelling

Proteins diffuse in the fluid phase and segregate in the lipid bilayer

Contact mode

Unidirectional
incorporation

150 x 75 nm

10 x 10 µm

Incorporation of RC-LH1 from Rhodobacter spheroides

Formation of quasi-crystalline areas



160 nm x 160 nm

80 nm scan

Biophysical J (2006) 91, 3268-3275
Ultramicroscopy (2007) 107(10-11):928-33. 

Incorporation of LH2 from Rhodopseudomonas acidophila

! = ~ 6 nm

Experimental procedure
 100 ng (1 picomole) in 0.075 mM DOTM, 150 mM KCl, 10 mM Tris pH 7.4

 15 min incubation with LH2



5 mM CaCl2

FosCholine-16

Calcium effect on protein incorporation



screening, biomimetic sensing and transmembrane protein
research. Major steps have been taken with this approach
in terms of sensitivity, versatility, ease of membrane for-
mation and stability. Although a general means for functio-
nalizing free-spanning membranes with transmembrane
proteins still needs to be demonstrated, we discuss some
novel approaches to overcoming this problem and for sta-
bilizing and packaging free-spanning membranes for com-
mercial biosensor applications. Together, these advances
have the potential to enable long-term stable membrane
functionalized sensor platforms with which continuous
recording of charge transport even through single ion-chan-
nels and transporters can be achieved.

Demonstration of increased stability for free-spanning
membranes
Reducing aperture dimensions for free-spanning mem-
branes on a biosensor chip down to the nanometer range
– as depicted in Figure 1c and a typical substrate shown in
Figure 3b – has been envisaged as the most straightfor-
ward way to increase membrane stability compared with
traditional black lipid membranes, which could span aper-
tures of hundreds of mm to several mm. Increase in mech-
anical stability with reduced aperture size has recently
been demonstrated by Simon et al. who compared lipid
bilayers formed by the Langmuir-Blodgett technique
(Figure 2b) across 1000 nm, 650 nm and 300 nm apertures

Figure 2. Methods used to assemble lipid membranes on sensor substrates. (a) Vesicle fusion (i) Self-assembly through vesicle fusion is a simple technique in which
unilamellar lipid vesicles rupture upon contact with a surface and form a supported lipid membrane covering the interface [55–57]. Vesicle fusion occurs spontaneously on
some hydrophilic substrates (e.g. silicon oxide and silicon nitride) to form planar bilayers [55,58]. (ii) On hydrophobic surfaces (e.g. pre-formed thiol-alkyl monolayers) lipid
monolayers are formed instead of bilayers from lipid vesicles [9]. (iii) More complex tethers providing additional aqueous space under the self-assembled lipid layer such as
hydrophilic spacers with covalently bound lipids (see Figure 1b) can be used to drive liposome fusion similar to (ii) [11]. (b) Langmuir-Blodgett techniques: (i) A motorised
stage is used to move the substrate between an aqueous (green background) and a gas phase (white background). A lipid monolayer is held at a defined tension at the
interface, which controls the packing density. Using a hydrophilic substrate and starting in solution, a lipid monolayer can be deposited by removal of the substrate [16]. (ii)
Vertical reinsertion of the lipid monolayer formed in (i) through the interface deposits a (second) monolayer on top, which results in a lipid bilayer. (iii) If the substrate is
instead taken through the interface horizontally the same result is achieved, but it is referred to as Langmuir-Schäfer deposition or sometimes as ‘tip-dip’ when capillaries
are used [20]. (c) Detergent dialysis and painting. (i) Detergent dialysis: by forming micelles of lipids mixed with detergents, lipid material can be deposited from aqueous
solution at a solid interface. The detergent is continuously removed from the micelles by dialysis leading to decomposition of the micelles and the formation of a planar
lipid bilayer at the interface [12]. (ii) Painting and solvent extraction: a drop of organic solvent (solvent molecules depicted as green shapes in the membrane in the figure)
containing dissolved lipids is added to a surface in an aqueous phase. The amphiphilic lipids will align at the solvent interface. When the solvent is extracted the lipids at the
interface fuse to form a bilayer at the substrate–aqueous solution interface [17].

Table 1. Design criteria and current developments for free-spanning membrane biosensor platforms for commercial applications
Design criterion Requirement Current developments

Sensitivity ‘Gigaohm seal’ enabling measurements of single ion-channels and transporters Single ion-channel sensitivity achieved
(e.g. [26,45])

Stability Membrane stable >1 day for screening applications Achieved in several formats (e.g.
[17,23,44])

Ease of formation
of solvent-free
membrane

Absolute reproducibility in formation by a parallel process. Requires self-assembly Not fully solved but examples
demonstrated (e.g. [18,21,23,35])

Ease of membrane
protein insertion

Insertion of wide classes of membrane proteins without need for full purification
and reconstitution of each protein. Should also include large proteins sensitive to
unfolding

No general method demonstrated, but
specific examples demonstrated (e.g.
[33,35,37])

Robustness Can be packaged and stored for months (or regenerated). Can withstand mild
drying conditions, for example brief air exposure during sample mounting

Mechanical stabilization but not drying
demonstrated. Membrane properties
need further verification (e.g. [42,44])

Arrays It should be possible to miniaturize the platform onto a chip with multiple sensing
spots for parallel measurements both for multiplexed sensing and for parallel
screening applications

Not demonstrated for small apertures
but recent examples for black lipid
membranes in microfluidic devices [51]

Cost Needs to be economically competitive compared with less information-rich
methods such as fluorescence assays on cell fragments for drug screening.
Implies parallel measurements and that expensive reconstitution and handling of
membrane components should be avoided

Not investigated

Review Trends in Biotechnology Vol.26 No.2
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- Ca2+ + Ca2+

%h DOPC-mica 5.67 ± 0.56 4.36 ± 0.25

%h DPPC -mica 6.69 ± 0.35 5.37 ± 0.14

Calcium effect on protein incorporation



Laura Picas Escoffier
M. Teresa Montero

Jordi Hernández-Borrell

Incorporation of the lactose permease Lac Y

Abramson et al. Science, 2003 



Direct incorporation of the permease Lac Y

Abramson et al. Science, 2003 

1-Palmitoyl-2- oleoyl-phosphatidylethanolamine

1-Palmitoyl-2- oleoyl-phosphatidylglycerol

POPE:POPG (3:1) mixture20 !m x 20 !m20 !m x 20 !m

Calcium buffer
TM-AFM



FIGURE 1

Detergent effect on POPE/POPG bilayer

n-Dodecyl-$-D-Maltopyranoside (DDM)(2 cmc)
FIGURE 1

1.1 nm
5.4 nm



Images acquired in TM-AFM in calcium buffer.

lipid bilayer

protein incorporation

1.2 µm x 1.2 µm

Direct incorporation of the permease Lac Y

Picas et al (2010) BBA Biomembranes, in press

460 nm x 460 nm

Empaquetamiento

compacto Triangular



Summary

Low amount of protein (picomole range)
Unique orientation
Incorporation in the fluid phase and diffusion (weak interaction 
with the substrate)

Lateral resolution below the nanometer range (subunit of 
oligomers can be delineated).

Suitable for functional and nano-biotechnological applications 

Current Opinion Colloid Interface Science 13 (2008) 326–337  

Fill-in (continuous bilayer)
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