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Correlative light electron microscopy using
gold nanoparticles as single probes
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a) Sketch of FWM set-up. Short optical pulses in resonance with the optical
absorption peak of a gold nanoparticle (AuNP) are focused onto the sample,
using an inverted microscope, and generate a FWM field which is collected in
epi-geometry, detected with a heterodyne interference scheme. AOM: acousto-
optic modulator. (P)BS: (polarising) beam splitter. P: polariser. MO: microscope
objective. b) Example of volumetric FWM microscopy on a single 10nm-radius
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AuNP, with line-profiles along x and z at the y-position in the centre of the
AuNP and corresponding Gaussian fits (red lines). The nanoscale centroid
localisation precision in 3D (6x0=1.1nm, 6z0=4.3nm) and the fullwidth at half
maximum (FWHM) obtained from the fit are indicated. ¢) CLEM of 10nm-
radius AuNPs bound to the epidermal growth factor protein in human cancer
(HeLa) cells. Individual AulNPs are detected background-free in FWM (left),
measured directly on 300nm thick resin sections post-cell fixation, ready for EM
analysis. The same pattern is found in transmission EM (TEM), highlighted by
the orange circles. Two cells are visible, with their nucleus indicated (N). The
nucleus is surrounded by the organelle-containing cytoplasm. The top row shows
crops (0.2umx0.2um) of the TEM image for each AuNP as numbered. The
confocal reflection image simultaneously acquired with FWM is shown
underneath the TEM image. Grey scales are from O to M as indicated (M=1
correspond to 31mV rms detected). Credit: Iestyn Pope, Hugh Tanner, Francesco
Masia, Lukas Payne, Kenton Paul Arkill, Judith Mantell, Wolfgang Langbein,
Paola Borri and Paul Verkade

Correlative light electron microscopy (CLEM) is a powerful tool in
bioimaging, as it combines the ability to image living cells over large
fields of view with molecular specificity using light microscopy (LM)
with the high spatial resolution and ultrastructural information of
electron microscopy (EM). To highlight biomolecules of interest and
determine their position with high accuracy in CLEM, researchers must
ensure they are labeled with probes that are visible both in LM (typically
by fluorescence) and in EM (using electron dense material). However,
existing probes have a number of drawbacks, including lack of stability
under LM (photobleaching) and lack of integrity.

In a new paper published in Light Science & Application, a team of
scientists, led by Professor Paola Borri from Cardiff University and
Professor Paul Verkade from the University of Bristol, United Kingdom,
has developed a new CLEM approach that uses small gold nanoparticles
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as a single probe visible in both LM and EM with high contrast and
photostability, with no need to use fluorescent probes.

For LM, they exploited an optical microscope developed in Professor
Borri's group. This microscope detects the non-linear optical response of
gold nanoparticles, called four-wave mixing (FWM). With this method,
the researchers were able to detect individual small gold nanoparticles as
single probes of the epidermal growth factor protein in human cancer
cells, located with nanometric precision background-free by light
microscopy, and correlatively mapped with high accuracy to the
corresponding transmission electron microscopy image.

Owing to the background-free and photostable FWM response of
individual gold nanoparticles, well visible in EM due to their electron
dense composition, FWM-CLEM opens new avenues for highly accurate
correlative microscopy workflows without the need to use unstable
fluorophores or additional fiducial markers, thus greatly simplifying
sample preparation protocols.

The scientists summarize the operational principle of their FWM
microscope as follows: "In its general form, FWM is a third-order non-
linear light-matter interaction phenomenon wherein three light fields
interact in a medium to generate a fourth wave. Here, we use a scheme
where all light waves have the same center frequency, in resonance with
the optical absorption peak of a gold nanoparticle. For excitation and
detection, we use a combination of short optical pulses of about 150fs
duration, called pump and probe, generated by the same laser source.
The detected FWM can be understood as a pump-induced change in the
ability of the gold nanoparticle to transmit and scatter light, which
manifests as a change in the probe beam scattered by the particle in the
presence of the pump.

"FWM detection is remarkably photo-stable and high contrast. With this
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method we are able to detect individual small (down to Snm radius) gold
nanoparticles inside scattering and auto fluorescing cells and tissues
completely free from background, at imaging speeds and excitation
powers compatible with live cell imaging, with a sensitivity limited only
by photon shot noise. We have also seen that FWM is a sensitive
reporter of gold nanoparticle shapes, promising for multiplexing by
shape recognition in future applications."

The researchers conclude, "FWM-CLEM opens new exciting
possibilities for correlative light electron microscopy workflows,
overcoming existing limitations with fluorescent probes and/or fiducial
markers which are not needed in our method. Generally, we believe that
FWM-CLEM will have a widespread impact. For example, combined
with existing strategies to label with or even encapsulate gold
nanoparticles inside virions, FWM opens the exciting prospect to track
single virions over long observation times, background-free and deep
inside living cells and tissues, to then pin-point events of interest (e.g.
genome release) in the context of the cellular ultrastructure by CLEM."

More information: Iestyn Pope et al, Correlative light-electron
microscopy using small gold nanoparticles as single probes, Light:
Science & Applications (2023). DOI: 10.1038/s41377-023-01115-4
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