High-speed and high-resolution AFM monitors membrane protein interactions
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Membrane-mediated protein-protein and protein-lipid interactions, membrane protein localization, and
related dynamics, modulate membrane protein function [1]. So far membrane structure and dynamics
could not be studied altogether lacking the technique that analyzes unlabelled proteins at
submolecular lateral and high temporal resolution. Here we used high-speed atomic force microscopy
(HS-AFM, [2]) to characterize the movements and interactions of unlabelled porin OmpF (Fig. 1, [3])
and aquaporins (Fig. 2, [4]) in native membranes. First an introduction to AFM and its use in
membrane biology will be given, followed by an introduction to the membrane proteins and the
membrane structure as a current challenge in biology. Using HS-AFM, we are able to describe
essential novel aspects that govern membrane protein assembly and membrane superstructure.
Protein motion scales roughly with membrane crowding. However molecules display individuality of
diffusion behavior ranging from fast moving to immobile molecules trapped by favorable protein-
protein associations. We describe the molecular interaction and assembly rationales that we compare
with coarse-grained molecular dynamics and Monte Carlo simulations. Furthermore, the development
of a hybrid microscope combining high-speed atomic force microscopy and optical microscopy for the
analysis of cells will be discussed. HS-AFM may open a novel research avenue that bridges structure
of individual membrane proteins and supramolecular membrane architecture.

Figures:

Fig. 2) HS AFM movie frames (frame rate 250 ms) showmg native AQPO array assembly (A E) and
disassembly (E-H).
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