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Analysis of cancer initiation and metastasis
of viral carcinogenesis of head and neck cancer
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Dynamics of function and regulation of the endoplasmic reticulum
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Autophagy: an intracellular recycling system
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A brief overview of

nuclear pore complex dynamic structures and diverse function
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Nanopipette biosensors for single-cell analysis

Imperial College London, Division of Medicine, London W12 ONN, UK
WPI Nano Life Science Institute (NanoLSI), Kanazawa University, Japan

Yuri Korchev

Molecular Biology has advanced we know much
about the individual molecular components that
make up living cells down to the level of the
individual atoms. The challenge, however, is to fully
understand the functional integration of these
components. This requires determining how the
molecular machines that make up a living cell are
organized and interact together not at the atomic
length scale but on a nm scale. To do this we need to
develop and applying nanoscale techniques for the
visualization and quantification of cell machinery in
real-time and on living cells. This will lead to
detailed, quantitative models of sub-cellular
structures and molecular complexes under different
conditions for both normal and diseased cells.

This approach ultimately requires the development
of novel biophysical methods. We have recently
pioneered the development of an array of new and
powerful biophysical tools based on Scanning Ion
Conductance Microscopy that allow quantitative
measurements and non-invasive functional imaging of
single protein molecules in living cells (Fig. 1)

Scanning ion conductance microscopy and a
battery of associated innovative methods are unique
among current imaging techniques, not only in
spatial resolution of living and functioning cells, but
also in the rich combination of imaging with other
functional and dynamical interrogation methods
(Fig. 2) [1]. There are significant advances to deliver
nanotechnological solutions to biosensing that are
affordable, integrated, fast, capable of multiplexed
detection and monitoring, and crucially to offer high
selectivity for the specific detection of trace levels of
analyte in biological fluids. Herein, we design a new
class of nanometric field-effect-transistor (FET)
sensors [2] and dubbed nexFET (nanopore extended
Field Effect Transistor) [3] that combine the
advantages of nanopore single molecule sensing,
FETs and recognition chemistry.

Specifically, we report on a polypyrrole
functionalized nexFET biosensor, with controllable
gate voltage that can switch on/off, and slow down
single molecule DNA actively transported through
the nanopore. This strategy enables higher molecular
throughput, enhanced signal-to-noise and even

heightened selectivity via functionalization of the
nexFET with an embedded receptor. This is shown
for sensitive and selective detection of an anti-insulin
antibody in the presence of its IgG isotype as well as
within complex mixtures such as blood serum Fig. 3.

Self-assembled nanoporous sensors at the tip of
nanopipette can be used for simultaneous SICM
imaging and chemical imaging and also can be
combined with FET sensors.
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Figure 1. SICM imaging of protein complexes in live sperm.
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Figure 2. SICM image of live hippocampal neurons (a-b) and
Nanoscale-targeted patch-clamp recordings of functional
presynaptic ion channels (c)
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