
Institut Européen de Chimie et Biologie 
2, rue Robert Escarpit - 33607 Pessac, France 
Tél. : +33(0)5 40 00 30 38 - Fax. : +33(0)5 40 00 22 15 
www.iecb.u-bordeaux.fr 

 
 
 
 
 

 
Role of l ipids in nanoscale 
membrane remodeling: from 
poration to nanoelasticity. 

 
 

 
 
 
 
 
Vadim A. FROLOV 
Biophysics Unit (CSIC, UPV/EHU), University of the Basque 
Country and Ikerbasque, Basque Foundation for Science, 
Bilbao, SPAIN 
 

 
 
 
The last century nobel-winning technique, patch-clamp, was designed and have been used for decades to resolve and 
characterize ionic current through individual protein channels. In its original form, the method utilizes a glass pipette with 
a submicron tip to localize a small patch of cellular membrane inside the tip and measure its electrical characteristics in 
real time. We use this highly localized and sensitive approach to characterize membrane remodeling at nanoscale. In line 
with its original purpose, we apply patch-clamp to resolve and quantify individual pores forming in biomimetic membranes 
during local rearrangements of lipid matrix. We characterize pore formation by the specific lipid mixtures containing lyso-
lipids and cholesterol, and, recently, by lipid-coated carbon nanotubes. We also pioneered using nano-positioned patch-
clamp pipettes for localized manipulations of membrane geometry, specifically, for production of short membrane 
nanotubes mimicking structural intermediates of membrane fusion and fission. We found that these nanotubes behave as 
“soft-wall” ionic channels whose conductance can be used to characterize nanoscale membrane mechanics as well as to 
quantify membrane remodeling by proteins. In this talk, I’ll review the basic principles of the technique and our recent 
findings on the membrane permeation by carbon nanotubes and on the mechanisms of membrane remodeling by dynamin 
1, the protein orchestrating membrane scission in endocytosis. 
 
 
References: 
J. Geng, K. Kim, J. Zhang, A. Escalada, R. Tunuguntla, L.R. Comolli, F.I. Allen, A.V. Shnyrova, K.R. Cho, D. Muñoz, Y.M. 
Wang, C. P. Grigoropoulos, C.M. Ajo-Franklin, V.A. Frolov and A. Noy. Stochastic transport through carbon nanotubes in 
lipid bilayers and live cell membranes. Nature 514, 612-615 (2014). 
A.V. Shnyrova, P.V. Bashkirov, S.A. Akimov, T.J. Pucadyil, J. Zimmerberg, S.L. Schmid and V.A. Frolov. Geometric catalysis 
of membrane fission driven by flexible dynamin rings. Science 339, 1433-1436 (2013). 
 


