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1. Introduction

Relative sizes and conventional microscopy techniques
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http://micro.magnet.fsu.edu/cells/index.html
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1. Introduction

Nanotecnogy offer new tools for imaging at the nanoscale:
the Scanning Probe Microscopes (SPM)

BASIC PRINCIPLE OF A SCANNING PROBE MICROSCOPE

Tip is scanned relative to the sample
(or sometimes the sample is scanned)

«< »

Tip measures
some property of

the surface A feedback mechanism

is used to maintain the
tip at a constant height
above the sample

http://www.nanoscience.com/education/tech-overview.html
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1. Introduction
Watching an SPM at work...

http://www.youtube.com/watch?v=yvZleHfF364
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1. Introduction
There exist a large family of SPMs:

Atomic Force Microscope (AFM), Scanning Near Field Optical Microscope

(SNOM),Scanning Tunneling Microscope (STM), Scanning lon Conductance

Microscope (SICM), Scanning Electrochemical Microscope (SEC
P £

-_—

M), etc....

AFM probe SNOM probe STM probe

(]

SICM probe SECM probe
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1. Introduction

What Physical Properties can we measure with an SPM?
1-Surface Topography

AFM Topography (2D colour image) 3D image reconstruction

[y |

E.Coli Bacterium E.Coli Bacterium
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1. Introduction

What Physical Properties can we measure with an SPM?

2-In addition to topography some other physical property depending on the

type of SPM

Examples:
SNOM (optical contrast)

Human chromosomes in the metaphase
(Transmission SNOM). Here the DNA is
strongly helical in the dark areas.

(A. JauB, Single Mol. 3 (2002) 4, 232-235)

softer.

Force Volume image of a living NKR
fibroblast. Here the darker areas are
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AFM (stiffness)
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Biophysical Journal 78(1) 520-535

Bioelectrical SPMs

L 4

(G. Gomila, UB-IBEC)

ol

1. Introduction
Bioelectric scanning probe microscopies:

smaller biological entities (virus, singl
resolution

Examples:
SICM (ionic conductivity)

0.0

um
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pm

lonic currents in a cardyomyocite
sarcolemma. Spots represent the
position of ionic channels

NATURE CELL BIOLOGY 2 (9): 616-619 SEP 2000

SPMs whose main objective is to measure bioelectric signals from single cells or

SECM (electrochemical activity)
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Oxygen currents measured on PC12
neuronal cells in PBS solution. Darker
colours means larger oxygen currents

Langmuir 22 (25) (2006) 1029910306
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1. Introduction

What properties we would like to measure with the Bioelectric SPMs?
Examples

%%E}Hg e Electrocardiogram
AR
% ‘i, |
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i Impedance Tomography
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Single cell properties versus whole organ properties?

@ )

Voltammetric
microelectrode

Skull

—> Dialysate

Dialysis probe

&0

Laboratory rat/mouse
wild type/mutants Human

Tissue from
mouse/human
e €| Singlecell
(= , -
Cuktured cells Inverted microscope stage
Objective

Annual Review of Analytical Chemistry 2010.3:299-318

Applicaton
pipette
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What is the current state of the art in Bioelectric SPMs?

Tissue and Oraan big.electric techniques

Under
development

Under
development

38
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2. Scanning lon Conductance Microscopy
Measurements of cell membrane ion transport on single cells

Standard set-ups: Micropippete based electrodes

Measurement  set-up  for
measurements on single cells

electrical

—Tip
opipette
ode

m 1o
Filled with 3M KCl and
metal Aw/AgCl elecirode

38
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2. Scanning lon Conductance Microscopy
With conventional techniches single ion channel currents can be measured

Single ion channel measurements vs microscopic (thousands of ion channels) measurements
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2. Scanning lon Conductance Microscopy

Measuring topography and ionic currents on small scale systems (nanopipette)

ionscope.com

SICM probe
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2. Scanning lon Conductance Microscopy

Set-up
Nanopipette

Current amplifier

Scanner Feedback

30 nm

XY scanner

http://www1.imperial.ac.uk/medicine/about/divisions/medicine/experimental_genetics/cell_mol_endo/microscopy/
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2. Scanning lon Conductance Microscopy

Topographic imaging capabilities os SICM:

B Topographic image
) 3.10 nm .

N
2754 % 275.4 nm 0.00 nm
S-protein monolayer SICM image Oligodendrocytes from adult pig brain

(Shevchuk, Angew. Chem. Int. Ed. 2006, 45, 2212 —2216) Annual Review of Analytical Chemistry 2010.3:299-318
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2. Scanning lon Conductance Microscopy

Towards nanoscale patch clamp

PATCH-CLAMP
AMPLIFIER
Single
v P Ch I
Recording
Topographic
. . SICMCONTROL Image
Aicropipetia Acquisition

(J. Gorelik et al. / Molecular and Cellular Endocrinology 217 (2004) 101-108)
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2. Scanning lon Conductance Microscopy

Towards nanoscale patch clamp

oLl

Departament
d'Electronica

lon current recording on a
Microvinil of an A6 cell in the
Whole cell configuration

@ 0.0p Current recording
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(J. Gorelik et al. / Molecular and Cellular Endocrinology 217 (2004) 101-108) s p:‘
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2. Scanning lon Conductance Microscopy

Towards nanoscale patch clamp

[0.4um 4~ 2um

R +60 o tdlsnd Ll ™
Rm +40 WI?M MJJML.L
Rm +20 ~S UL A ik

RiM +0 sttt ot s
Rm -20

(mV) 1pA
100 ms

of a patch clamp micropipette
1o the defined distance(d) from
the cell surface

l SICM controlled approach

SICM topographical
imaging and micropipette
positioning over the region
of interest

Cell surface

1 Forming GQ-seal and
patch-clamp recording

Biophysical Journal 83(6) 3296—-3303
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2. Scanning lon Conductance Microscopy

Towards nanoscale patch clamp

Detecting the position of an ion channel
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Figure 3 Functional imaging of the distribution of single K,;, channels in the
cardiomyocyte sarcolemma. a-d, Maps of K™ current (a, ¢) and of surface
topography superimposed on the K* current map (b, d) of a small area of a single,
quiescent cardiac myocyte. Individual K channels are detected in the parallel

NATURE CELL BIOLOGY 2 (9): 616-619 SEP 2000
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3. Nanoscale dielectric Microscopy

Measuring the passive electrical properties (conductivity, polarizability) at the nanoscale

A voltage bias is applied between a conductive tip and the sample on a conductive substrate.
The current flowing through the sample is measured by a current detector.

Current sensing set-up

conductive
probe

~ current
detector

force
feedback

O O

topography Ioc

O’Shea SJ et al. J. Vac. Sci. Technol B 1995
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4. Nanoscale dielectric Microscopy

Conductivity measurement of a natural plasma membrane (Purple Membrane)

DC current sensing AFM example: Imaging

PM
monolayer

g 3 oy WY fc;:j I A
= . " - .
0 el : L s witimssttetin e
0 100 200 300 400 0 100 200 300 400
X (nmy) X (nm)

I. Casuso, G. Gomila, et al., Nanotechnology (2007)
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4. Nanoscale dielectric Microscopy

Conductivity measurement of a natural plasma membrane (Purple Membrane)

DC current sensing AFM example: |-V spectroscopy

injection
tunnel

bias(V)

I. Casuso, G. Gomila, et al., Nanotechnology (2007)
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4. Nanoscale dielectric Microscopy

Dielectric permitivity measurement of a natural membrane (Purple membrane)

Example: Capacitance measurements at the nanoscale
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L. Fumagalli, G. Gomila, et al. Nano Letters (2009)
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Dielectric permitivity measurement of a single bacteria (Salmonella)

Optical microscopy images

Bacteria
/
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4. Nanoscale dielectric Microscopy

Dielectric permitivity measurement of a single bacteria (Salmonella)

& of the molecular
ﬁ %& dipoles to the
‘ . applied AC
R electric potential.

D. Esteban, G. Gomila, et a. (in preparation)

2 bacteria
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5. Summary

1-SPMs provides the possibility to measure the topography of cells and biological
entities (virus, biomolecules) at the nanoscale in physiological conditions

2-Bioelectric SPMs provides, in addition, the possibility to measure the bioelectric
properties (ionic currents, conductivity, permittivity, etc.).

3-Bioelectric SPMs are still under development: much room for improvement and
innovation (research).

Bioelectrical SPMs (G. Gomila, UB-IBEC)

Addendum:

Projects in development at the NanoBioelec group at IBEC (G. Gomila)
Nanotools and nanotechniques for bioelectric studies in single bacteria cells
(2011-2013)

Volumetric Scanning Microwave Microscopy: an Analytic al and Research Tool
for Nanotechnology (2012-2015)

Opportunities for Master Thesis and PhD Thesis!

Contact: ggomila@pcb.ub.es
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