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Current Research

* Optical manipulation (printing) of colloidal nanoparticles
e Self-assembled nanophotonic devices — DNA-origami

* Fluorescence nanoscopy
* New methods
e Applications to neurobiology
e 3D chromatin organization
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Single molecule localization through sequential

structured illumination



Fluorescence microscopy




Fluorescence Nanoscopy - 1st Generation

Coordinate-stochastic nanoscopy

Coordinate-targeted nanoscopy (wide-field)
wide-fie

(scanning)

CONFOCAL Wide-field




Supramolecular protein nanostructures

Membrane associated periodic skeleton (MPS) of neurons

CONFOCAL
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Typical nanoscopy resolution in biological systems

oy = 0y, = 15— 60 nm g T \ yiz oo

5, = 30 — 120 nm 2 ;% 200 nm “* 500 nm

We need another push into
the SUb—:I_O nm reg'me Protofilament




Sub-10 nm resolution

Science 355 (2017) 606-612

. . . . L Nano Letters 21 (2021) 840-846
SML-SSI| single-Molecule Localization with Sequential Structured lllumination ano Letters 21 (2021)
Biophysical Reports 2 (2022) 100036
LSA (2022) News & Views accepted

New data

STE D F R ET . . Nano Letters 21 (2021) 2296—-2303
- Super-resolved energy transfer imaging
Nanoscale 13 (2021) 18421-18433

SIMPLER Supercritical lllumination Microscopy Photometric z-Localization with Enhanced Resolution

Nature Communications 12 (2021) 517



Nanometer resolution with fluorescence... what’s the problem?

3 basic obstacles:

1. SBR

2. Label size

3. Sample drift

Masullo et al. “Fluorescence nanoscopy at the sub-10 nm scale” Biophysical Reviews 13 (2021) 1101-1112



Nanometer resolution with fluorescence, why not?

3 basic obstacles:

1. SBR Fluorescence photon budget, detectors, methods

2.Sam p|e d rlft Active stabilization, post-processing corrections

3. Label size Fluorophores, nanobodies, aptamers, ...

Masullo et al. “Fluorescence nanoscopy at the sub-10 nm scale” Biophysical Reviews 13 (2021) 1101-1112



Limited fluorescence photon budget

80 — Irreversible photochemistry

40 -

Fluorescence [counts / 10 ms]

SBR limits:
localization precision
imaging resolution

tracking length/temporal resolution



Limited fluorescence photon budget

_ Solutions
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MINFLUX

Nanoscopy

Balzarotti et al. Science 355 (2017) 606-612
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MINFLUX
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MINFLUX pros and cons

- SM localization using minima of light is more photon-efficient

- Routinely delivers 1-2 nm precision/resolution

- Instrumentally very complex / costly

- Conceptually difficult to grasp




p-MINFLUX
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PyFLUX: open-source Python package for MINFLUX

2| PyFLUX

Measurement

Scan parameters Positioner EBP

Scan Settings

Scan type
X¥-Tracking parameter
Camera LIVEVIEW
ROI
aurrent frame 1 1 Select ROT
- delete ROIs
export current data
Fipper 100x up/down  Move to Crosshair
ar data
ROI Line profile ,
Select ROT 3 average scan
Move to ROI center fitand move
Advanced options Go to main ROI Measure trace

Minflux shutter

Diodelaser control

Browse folder

Measure TTTR
Prepare TTTR

Save options

https://github.com/Stefani-Lab Luciano Masullo = PhD thesis



p-MINFLUX tracking and lifetime multiplexing
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SM L-SS| Single-Molecule Localization with Sequential Structured Illlumination

Spatially structurea Sequential single-molecule Molecular position estimation
illumination (1) fluorescence measurement
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I T l 1 l
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Masullo et al. ”A common framework for single-molecule localization using sequential structured illumination” Biophysical Reports 2 (2022) 100036



SML-SSI
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SML-SSI
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SML-SSI
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SML-SSI
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SML-SSI
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RASTMIN an alternative to MINFLUX implementable in a confocal
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RASTMIN an alternative to MINFLUX implementable in a confocal

SETUP MEASRUREMENT PIPELINE
Sample | Toroidal focus |
T :
NA 1.4 |
foox| | I —1
= = rE
M2 Drift correction Tl
Xy scanner
RASTMIN RASTMIN Ideal camera
L =100 nm L=50nm (or confocal)
N =100
APD “
TCSPC 1000 N =1000
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RASTMIN an alternative to MINFLUX implementable in a confocal

SETUP MEASUREMENT PIPELINE THEORETICAL LOCALIZATION PRECISION
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RASTMIN an alternative to MINFLUX implementable in a confocal

SETUP
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RASTMIN an alternative to MINFLUX implementable in a confocal

NANOIMAGING
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Sub-10 nm resolution

Nature Communications 12 (2021) 517
Nano Letters 21 (2021) 2296—-2303
Nanoscale 13 (2021) 18421-18433
Biophysical Reviews 13 (2021) 1101-1112

SML-SSI

Science 355 (2017) 606-612

Nano Letters 21 (2021) 840-846
Biophysical Reports 2 (2022) 100036

LSA (2022) News & Views to appear soon
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Benchmarking SML-SSI methods
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po-MINFLUX (lifetime) nanoscopy
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Orbital tracking

Optimal orbit radius ~ %2 FWHM of the excitation
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MINFLUX
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RASTMIN
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RASTMAX (a.k.a. single-molecule confocal localization)
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