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Al-driven detection and analysis
of label-free protein aggregates

Misfolded protein aggregation is
closely associated with incurable
neurodegenerative diseases such
as Alzheimer, Parkinson, and
Huntington diseases. To advance
treatments and diagnostics,
amechanisticunderstanding
of aggregate formation and its
role in disease pathogenesis is
essential. One of the prevail-
ing challenges lies in the lack
of suitable tools to monitor the
different phases of aggregation.
Fluorescence microscopy offers
high specificity and spatiotempo-
ral resolutionin living samples,
but fluorescent labelling has been
shown to cause drastic modifi-
cations of the biochemical and
biophysical properties of the
formed aggregates and may not
accurately reflect their physiolog-
icalbehaviour. These limitations
underscore the need for alterna-
tive label-free techniques that can
provide amore comprehensive
understanding of the dynamics
of protein aggregation without
introducing unwanted perturba-
tions. Current label-free methods
such as Raman and autofluores-
cence microscopy are useful,
but they are limited in specificity,
contrast and temporal resolution.
We have therefore developed
‘label-free identification of
neurodegenerative disease-
associated aggregates’ (LINA),
which achieves 96% accuracyin
identifying and analysing protein
aggregatesin cells, while avoid-
ing the drawbacks of fluorescent
labelling and overcoming the lim-
itations of other label-free tech-
niques. LINAisbased ontraining
aconvolutional neural network to
map between label-free (bright-
field or quantitative phase) and
fluorescent images, such that
after training, only alabel-free
inputimage is needed for the
model to determine the presence
or absence of aggregates.

Using LINA, we were able
to measure and compare the
dry mass and area of differ-
ent Huntingtin aggregates,
which vary intheir composi-
tion (different polyglutamine
repeat lengths or the absence
of certain domains). We found
that Huntingtin proteins with
shorter polyglutamine repeat
lengths have a higher average
dry mass and area than those
with longer repeats, illustrating
theimportance of their different
ultrastructures and aggregation
mechanisms. LINA facilitated
the dynamicidentification
of label-free aggregates from
live-cellimages, and enabled the
precise measurement of their
dry mass and area fluctuations
during growth. Hence, LINA
replicated the benefits of
fluorescence microscopy, while
avoiding alterations and pho-
totoxicity. LINA demonstrated
high generalizability and robust-
ness across various imaging con-
ditions, aggregate types and cell
lines. With its potential as a sim-
ple, fast, gentle, highly-specific
and automated method, LINA
promises accurate identification
and analysis of protein aggre-
gates, offering high-fidelity
results for neurodegenerative
disease research.
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Intrinsic calibration and deformation
mapping for expansion microscopy

using GelMap

Expansion microscopy (ExM)
isan emerging technique that
increases the resolution of

light microscopy by physically
expanding biological speci-
mens. In EXM, specimens are
embedded into swellable
hydrogels, followed by homog-
enization of the samples to
ensure even expansion. ExM has
seenrapid adoption by many
research groups contributing
toits development, in part

due to the great potential of
ExM for volumetric imaging
and visualization of biological
ultrastructures, and its ability to
increase the achievable resolu-
tion of conventional micro-
scopes. Despite this, widescale
adoption has been hampered by
alack of standardized practices
for quantitative determination
of expansion factors and assess-
ment of sample quality and
potential deformations induced
by anisotropic expansion.

The current best practice for
validating an ExXM experiment is
toimageastructure of interest
before and after expansion and
compare the two datasets. How-
ever, this is time-consuming
because of the doubled imaging
time and the need to locate the
same cellular structure after
expansion. As the gel volume
increases 1,000-fold at 10-fold
expansion, challenges with sam-
ple navigation after expansion
preclude routine evaluation of
reproducibility and variability
across different samples.

To overcome these challenges,
we have developed GelMap, a
flexible workflow for introducing
ascalable fluorescent reference
grid into the ExM hydrogel. The
GelMap grid expands together
with the sample (for example,
cells or tissue) and thereby
intrinsically calibrates the gel.

Consequently, if expansionis une-
venorifthesampleis deformed,
forexample, due toincomplete
homogenization or poor sample
mounting, the grid will provide
avisual readout that can be used
to correct for this deformation.
The GelMap workflow is
easily accessible and does
notrequire extensive special-
ized equipment — standard
micropatterning techniques can
be used to pattern a fluorescent
grid onto glass coverslips. With
theinclusion of GelMap grids
inthe ExM workflow, scaling
calibration and correction for
deformations no longer require
imaging before expansion.
In cases in which sampleimaging
before expansionis still desired,
for example, for live-cell imag-
ing, the inclusion of numbers
and lettersinthe grid drastically
reduces the time spent finding
the same cell after expansion.
GelMap therefore contrib-
utes avital quality-control
step to the ExM workflow. This
isanimportant step towards
standardization of this method,
whichis crucial for quantitative
accuracy and reproducibility, in
basicresearch andin clinical and
diagnostic settings.
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