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Beyond structure, the mechanics of plasma membrane components is of key importance to biological 
function. Nanoscale mechanics is however poorly described due to a lack of suitable experimental tools. 
Here, we combined atomic force microscopy and nanomechanical mapping to analyze structure and 
mechanical properties of native eye lens cell membranes. Lens membranes mainly comprise two proteins; 
aquaporin-0 and connexin, forming respectively thin and gap intercellular junctions that sustain 10 

mechanical stress during accommodation. Our results reveal the mechanical heterogeneity of the plasma 
membrane, allowing examination of the mechanical nanoenvironment of individual proteins and the 
flexibilit y of supramolecular assemblies. The remarkable rigidity of gap junctions suggests their role as 
stable intercellular adhesion complexes assuring maintenance of thin junctions, which form more flexible 
supramolecular complexes capable of sustaining pressure differences between cells. Our work proposes 15 

the mechanical properties of individual proteins and protein domains directly related to biological 
function as a novel molecular signature. 

Introduction  

The plasma membrane is a selective physico-chemical barrier that 
mediates specific communication between the cell and the 20 

extracellular space; and it is often described as a two-dimensional 
fluid bilayer formed by lipids, cholesterol, sugars and proteins 
enthrallingly arranged1. In conjunction with the different types of 
receptors, cell adhesion molecules provide mechanical contact 
between the cell interior and the extracellular matrix or neighbour 25 

cells, while membrane transporters and channels allow the 
exchange of metabolites, water, ions and macromolecules2-4. Due 
to the lack of appropriate tools for mechanical mapping at the 
nanometer scale, the mechanical properties of individual 
membrane proteins and supramolecular assemblies has been 30 

systematically overseen until recent AFM-based developments5-

11. However, the mechanical properties of the membrane 
components and their nanoenvironment provide fundamental 
information related to function, since this is the scale at which the 
membrane works. For example, the mechanical stability of 35 

supramolecular protein complexes is important in cell adhesion 
and force transduction12, 13, membrane mechanics directly 
influences the functionality of membrane channels14, and 
flexibility of individual proteins and protein subdomains is 
required for conformational changes that modulate biological 40 

function15. 
 
The eye lens is a highly specialized tissue formed by multiple 
layers of the so-called fiber cells16. To assure transparency, fiber 
cells require exceptionally narrow intercellular spacing. 45 

Additionally, the process of accommodation allows the eye to 
focus at various distances and is assured by the elasticity of the 
eye lens. Hence, the intercellular junctions between the plasma 
membranes of adjacent fiber cells must comply with two 
functional tasks: narrow cell-cell contact and mechanical integrity 50 

of the tissue during deformation. Two major proteins are present 

in the plasma membrane: connexins (Cx) hexamers (connexons) 
and aquaporin 0 (AQP0) tetramers17. The extracellular loops of 
both proteins interact homotypically between adjacent cells to 
form intercellular channel-junctions. The supramolecular 55 

organization of AQP0 and Cx in the lens plasma membrane has 
been extensively studied from both healthy and cataract tissue 
using electron and atomic force microscopy18-20. These studies 
revealed AQP0 and connexons assembled in clusters of several 
adjacent protein repeats forming, respectively, thin junctions of 60 

AQP0 tetramers ordered in a square lattice and gap junctions of 
closely packed connexons. In addition, and possibly due to the 
interaction between Cx50 with AQP0, thin and gap junctions co-
localized forming junctional microdomains19, 21. It has been 
suggested that deficient organization of junctional microdomains 65 

has a direct implication in the development of senile and type-II 
diabetes cataracts22. While a dual role of AQP0 as adhesion 
molecule and intercellular water pore is still matter of debate23-25, 
recent works indicate that, in addition to the known channelling 
function, neuronal connexins play a role as adhesive molecules 70 

able to bear significant forces26-28. Thus, AQP0 and Cx may play 
an important adhesive role to assure the mechanical integrity and 
tight cell-cell binding in the eye lens. Regardless of the well 
known supramolecular architecture of junctional microdomains, 
little is known about their mechanical properties, which is 75 

important for the proper chemical and physical intercellular 
communication that ensures tissue integrity. Here we report the 
direct mechanical mapping of intact membranes from nuclear 
fiber cells of the eye lens using PeakForce atomic force 
microscopy (AFM). Our measurements reveal the rich 80 

mechanical heterogeneity of the plasma membrane identifying 
the flexibility of the different membrane components and 
microstructures. The combination of topographical images and 
elasticity maps provides evidence of direct contact between 
AQP0s of apposing membranes. The remarkable rigidity of 85 

connexin gap junctions and the relative compliance of AQP0 
junctional microdomains suggest that gap junctions play a major 
















