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Surface Charge Mapping with a Nano-pipette
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Surface charges in a biological
system are molecules exposing
ionic charges to the surround-
ing media. The surface charges
form a local electrostatic envi-
ronment that rejects particles of like charge and attracts particles of opposite
charge. Mammalian cell membranes are composed of a mixture of lipids and
proteins; these form a unique pattern of surface charges that guide cell-cell
interactions and the uptake of charged particles [1]. The surface charge pattern
is fluctuating and characterising it has however proven a challenging task.
Here we introduce a new method for measuring surface charges based on the
Scanning Ion-Conductance Microscope [2]. In the SICM setup (figure 1A),
the ionic current through a nano-pipette is used to detect surface topography
from an occlusion of the tip area, as the pipette is moved towards a sample
surface. We have recently presented a one nanometre vertical resolution for the
imaging of biological materials [3], and we have been working on improving
the method to enable the measurement of surface charges. We have found that
the ionic concentration in the nano-pipette apex is slightly affected by surface
charges on the sample (figure 1A, B). This accumulation of ions can be tuned
by applying a varying current, and by using this we have developed a method
to characterise the surface charge. In our work we apply a theoretical approach
by solving Poisson and Nernst-Planck equations to support the method, and we
report the experimental mapping of surface charges on a well-defined sample
[4]. We believe that this new method will be a great asset especially for the
characterisation of model.
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