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The existence of lipid microdomains and their role in cell membrane organization are currently
topics of great interest and controversy. The cell membrane is composed of a lipid bilayer with
embedded proteins that can flow along the two-dimensional surface defined by the membrane|[1, 2].
Microdomains, known as lipid rafts, are believed to play a central role in organizing this fluid
system, enabling the cell membrane to carry out essential cellular processes, including protein
recruitment and signal transduction [2, 3]. Lipid rafts are also implicated in cell invasion by
pathogens, as in the case of the HIV [4, 5]. Therefore, understanding the role of lipid rafts in cell
membrane organization not only has broad scientific implications, but also has practical implications
for medical therapies.

One of the major limitations on lipid organization research has been the inability to directly analyze
lipid composition without introducing artifacts and at the relevant length-scales of tens to hundreds
of nanometers [6]. Fluorescence microscopy is widely used due to its sensitivity and specificity to
the labeled species [7, 8], but only the labeled components can be observed, fluorophores can alter
the behavior of the lipids they label [9], and the length scales relevant to imaging cell membrane
domains are between that probed by fluorescence resonance energy transfer (FRET) imaging (<10
nm) and the diffraction limit of light. Topographical features can be imaged on this length scale by
atomic force microscopy (AFM) [9-11], but the chemical composition of the observed structures
cannot be determined. Immuno-labeling can be used to study the distribution of membrane proteins
at high resolution, but not lipid composition. We are using imaging mass spectrometry by secondary
ion mass spectrometry (SIMS) in concert with other high resolution imaging methods to overcome
these limitations [12, 13].

The experimental approach of this project is to combine molecule-specific stable isotope labeling
with high-resolution SIMS using a Cameca NanoSIMS 50 to probe membrane organization and test
microdomain hypotheses[12]. The NanoSIMS is an imaging secondary ion mass spectrometer with
an unprecedented combination of spatial resolution, sensitivity and mass specificity. It has 50 nm
lateral resolution and is capable of detecting 1 in 20 nitrogen atoms while excluding near-neighbor
isobaric interferences. The tightly focused cesium ion beam is rastered across the sample to produce
simultaneous, quantitative digital images of up to five different masses. By labeling each specific
components of a membrane with a unique rare stable isotope or element and mapping the location of
the labels with the NanoSIMS, the location of the each labeled component can be determined and
quantified [14-16].

This new approach to membrane composition analysis allows molecular interactions of biological
membranes to be probed at length-scales relevant to lipid rafts (10s to 100s of nm) that were not
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previously possible [6]. Results from our most recent experiments analyzing whole cells will be
presented.
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