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Abstract — The atomic force microscopy(AFM) has been used, as a powerful tool, to investigate physical properties of
supported-lipid layers. Prior to the advent of the AFM, no observation was performed for the physical phenomena at the
nanometer-scale. This microscope provides nanometer-scale morphology by scanning surfaces with the cantilever and
presents force curve by monitoring the behavior of the cantilever that approaches to surface and retracts from the sur-
face. From the morphology, the structures of the supported lipid layer and the effect of other molecules on the structures
have been investigated. From the force curve, the surface properties—electrostatic and mechanical properties-of the sup-
ported lipid layers have been studied. In this article, characterization of the structure and surface properties of the sup-
ported lipid layer is explained. Future perspectives and direction are also discussed.
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Fig. 1. Gray scale tapping mode images (5 pmx5 pm) of mixed
DPPC/DOPC monolayer on mica: (A) 25 °C; (B) 30 °C;
(C) 35 °C; (D) 40 °C; (E) 45 °C; (F) 50 °C; and (G) 25 °C
back from 50 °C. Reprinted with permission from [25].
Copyright 2008, Elsevier Science.
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Fig. 2. Effects of calcium on direct incorporation of trasnmem-
brane proteins into SLBs. LH1-RC complexes from Rb.
Veld. were directly incorporated at 4 °C into DOPC/
DPPC SLBs using 0.2 mM DDM (a,b) or 0.05 mM
DOTM (c). Flat lipid membranes(white asterisk) alter-
nate with corrugated membranes that correspond to
lipid domains enriched in proteins as attested by high
resolution AFM imaging in (b) where core complexes
can be easily delineated(see white ellipses). Inside these
domains, pure lipid phase(black arrows) as well as holes
corresponding to fully solubilized membranes(white arrows)
are observed. The brighter spots correspond to non-fused
vesicles. In the presence of S mM CaCl2, neither mem-
brane solubilization nor protein incorporation is detected
(d). The z-color scale is 20 nm (a,c,d) or 15 nm (b). The scale
bars are 1 um (a, c), 2 um (d), 10 nm (b). Reprinted with
permission from[26]. Copyright 2007, Elsevier Science.
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Fig. 3. In situ time-lapse AFM images of PrP106~126 amide diffusion in POPC SLB buffered by HBS. The visual field is 10 pmx
10 pm. Height scale is 10 nm. The image at 0 min represents the membrane without the presence of the peptide. The white
arrows indicate the FHDs and pores formed after the injection of PrP106-126 amide. The rectangular frames indicate the
destroyed regions on the SLB caused by the AFM tip. Section analysis (1): FHDs are ~2.5 nm higher than the surrounding lipid
bilayer along the black line in the image of 36 min. Section analysis (2): the depth of the deepest pore on FHDs is about 5.2 nm
along the black line in the image of 90 min. Reprinted with permission from [29]. Copyright 2007, Elsevier Science.
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Fig. 4. Time set of AFM images showing the MPG hydrolysis
when a 2.5 nM CRL solution was flushed into the liquid
cell. The dark areas are the bilayer structural defects,
which expands after adding the enzyme due to MPG
hydrolysis and subsequently desorption of the DPPC
bottom layer. (a) Prior to flushing the enzyme into the
cell; (b) 12 min after flushing the enzyme into the cell;
(c-f) selected images 44-82 min after flushing the enzyme.
Inset in ‘a’ shows the height measure (white line) of the
bilayer, corresponding to 5.5 nm depth. Reprinted with
permission from [32]. Copyright 2006, Elsevier Science.
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Fig. 5. Scheme of a force curve with the different regions of the
approach and retraction. Descriptions for the different
regions are included in the text.
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Fig. 6. Thickness measured by AFM as a function of the 2/3 power
of the externally applied force F at 25 °C. Bars are the
standard deviation of five measurements. Reprinted with
permission from [25]. Copyright 2008, Elsevier Science.
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Fig. 7. Force-distance curves recorded over DPPC and DOPC at
25 °C: (A) long range to present adhesion pull off forces
and (B) short range to present jump distances. Reprinted

with permission from [25]. Copyright 2008, Elsevier Sci-
ence.
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Fig. 8. Normalized force(F/R) vs probe-sample displacement (x)
curves for the indentation of various LB bilayers using
—OH-modified AFM probes(approach only). DSPE/DSPE,
MGDG/DSPE, DGDG/DSPE, and DOPE/DSPE bilayers
are represented. Lines are to guide the eye. Reprinted with
permission from[34]. Copyright 2003, American Chemi-
cal Society.
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Fig. 9. Normalized force(F/R) vs probe-sample displacement (x)
curves for the indentation of various LB bilayers using
—CH;-modified AFM probes(approach only). DSPE/DSPE,
MGDG/DSPE, DGDG/DSPE, and DOPE/DSPE bilayers
are represented. The breakthrough even occurs essen-
tially on contact in all cases. Lines are to guide the eye.
Reprinted with permission from[34]. Copyright 2003,
American Chemical Society.
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Fig. 10. Surface force measurements made between a silica sphere
and surface in the three running buffers. The normalized
surface forces were calculated by dividing the measured sur-
face forces by the radius of the silica sphere. The measure-
ments made in 1 mM NaCl-0.2 mM NaOAc, 10 mM NaCl-2
mM NaOAc, and 100 mM NaCl-20 mM NaOAc solutions at
pH 4 are shown with squares, diamonds, and circles, respec-
tively. Surface forces were calculated by using DLVO theory
for the constant surface potential and surface charge density
boundary conditions. The ionic strength of the solution was
calculated using the known concentrations of NaCl and
NaOAc. Normalized force (F/R) vs probe-sample displace-
ment (x) curves for the indentation of various LB bilayers
using “OH-modified AFM probes(approach only). DSPE/
DSPE, MGDG/DSPE, DGDG/DSPE, and DOPE/DSPE bilay-
ers are represented. Lines are to guide the eye. Reprinted
with permission from|35]. Copyright 2006, American Chem-
ical Society.
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