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The cell membrane represents the interface between the cell andacquired in tapping mode using 12@n oxide-sharpened silicon
its environment. Understanding molecular interactions that occur nitride V-shaped cantilevers installed in a combination contact/
at the membrane surface as well as within the membrane and theirtapping liquid cell.
effect on membrane stability and cellular processes is therefore |n sjtu fusion of the NBD-PC doped DPPC/dPOPC liposomes
critical for efforts in proteomics and for the development of novel onto the mica surface resulted in the formation of two-phase planar
therapies for the treatment of disease. For example, membrangipid bilayers with the taller domains extendingl.5 nm above
microdomains, including raftsare believed to play a critical role  he shorter domains (Figure 1a). Control studies of DPPC/dPOPC

in important cellular functions such as signal transduétiand bilayers containing no fluorophores exhibited similar phase separa-
membrane trafficking:* While imaging of these structures by

reportect 8 it has been difficult to simultaneously acquire real-

time in situ spectral and structural data with submicron resolution.
Recent advances in near-field scanning optical microscopy (NSOM)
have provided correlated fluorescence and topographic information

with ~30-100 nm resolutiof§®>-** however, concerns remain about ; : X - i
probe-sample interactions, reproducible probe fabrication, opera- Prévious AFM studies of binary lipid systerh? At ambient room

tion in liquid environments, image acquisition times, and decoupling temperature{26 °C), the taller domains therefore correspond to
of the topographical and optical imagéd.o address these concerns ~ the gel-phase DPPO ~ 41 °C), while the shorter domains are
and in support of our studies of membrane protein assemblies andthe fluid-phase dPOPCT§ ~ —36 °C) regions. The~1.5 nm
bilayer dynamics by in situ scanning probe microsc&pye have topographic difference between the two lipid phases has been
married far-field total internal reflectance (TIRF) with atomic attributed to changes in the tilt of the lipid acyl ché&i?.2®
force microscopy (AFM). While combined AFM/TIRF techniques Comparison between feature dimensions measured by AFM and
have been used to study force transmisSicand single-part- those measured by TIRF revealed af5% difference in lateral
icle manipulatiof® in cells, to the best of our knowledge, this is  size (Figure 1c). For this work, we assumed that the decay of the
the first application of this approach to the study of membrane TIRF signal corresponds to the point spread function of fluorophores
systems. located at the domain boundaries. There was no significant optical
Supported planar lipid bilayers were prepared by direct vesicle interference from the supporting mica substrate. While our TIRF/
fusion onto freshly cleaved mica of a binary lipid mixture ([1:1]  AFM system could resolve individual fluorescent domains separated
DPPC/dPOPC) containing2 mol % of a fluorescently labeled by at least~275 nm (as determined by AFM), the true spatial
lipid (NBD-PC, 460/534 nm, Avanti Polar Lipids, Alabaster, AL).  resolution of the combined technique remains untested (Figure 1a).
The fusion process was conducted in situ using a custom thermo-cose inspection revealed that some features in the TIRF image
stated fluid cell fitted to our AFM. To facilitate domain formation, are not present in the AFM image (and vice versa). Variations in

;r\]I(IE#IFI;OFS /?B\nlgflls'?r::“g: Wa;sheear?ce)(rjnlwr;dsg“;?:b'gn];ci:a;sggtlnrle in fluorescence intensity at domain boundaries may reflect localized
buffer Imaging was p ! perature 1 mixing of the DPPC and dPOPC lipids (Figure 1b). Poor resolution
; of domain edges by TIRF may also be attributed to its inherent

The TIRF/AFM instrument was comprised of a Digital Instru- diffraction-limited nat While diff in int
ments Nanoscope llla Bioscope scanning probe microscope (SantaI raction-imited nature. lle difierences In fiuorescence inten-

Barbara, CA) equipped with an extendecange “J” scanner (116 si.ty in the bulk suggest a nonuniform fluprophorg distripution ina
#m x 1164m maximum lateral scan area) mounted on an Olympus given phase, the time ne(?essary to acquire the different |m§ges may
Fluoview 500 confocal microscope equipped with an Olympus TIRF @IS0 play a role. At a typical scan rate of 2 Hz, a 54512 pixel
accessory (10 mW Ar-ion (488 nm) laser (Melles Griot, CA); AFM image would be acquired ir4 min, as compared with the
Olympus 60x 1.45 NA TIRF objective). The TIRF images were 30 fps imaging rate of the TIRF camera system. As such, the TIRF
acquired simultaneously using a cooled CCD camera (CoolSNAP system provides an excellent means of visualizing, and capturing,
HQ, Roper Scientific, AZ). As the TIRF/epi-fluorescence/confocal events that occur on very short, approximately millisecond time
optical paths are independent, we can rapidly interconvert betweenscales. Real-time TIRF imaging did reveal changes in the distribu-
these different optical imaging modalities. All AFM images were tion of fluorescence not attributable to localized photobleaching,

to darker, or shorter, regions in AFM (Figure 1b). Because NBD-
PC is known to partition into the more disordered phase when two
lipid phases coexist!6-18 this suggests that the shorter domains

are the less ordered regions of the bilayer, in agreement with
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Figure 1. Combined AFM/TIRF imaging. (a) Tapping mode AFM image of a 2% NBD-PC/DPPC/dPOPC lipid bilayer with the taller gel-phase DPPC
domains extending-1.5 nm above the shorter fluid-phase dPOPC domains. (b) TIRF image of the same area (gray scale indicates fluorescence intensity).
Bright areas correlate to shorter fluid regions of the bilagescale: a = 30 nm. Scale bara, b = 2 um. (c) AFM/TIRF cross-section overlay. The TIRF

and AFM images were not captured on the same pixel scale.
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