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DNA nanophotonics
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Control
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Optical manipulation of NPs

Au 60 nm + Ag 60 nm
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Superresolution microscopy

Fluorescence microscopy

Diffraction limit
100 nm

RASTMIN nanoscopy
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Fluorescence Microscopy



Fluorescence Microscopy

High specificity and sensitivity Low invasiveness 3D imaging

1. Fluorescent markers: molecules (fluorophores), fluorescent proteins, guantum dots, nanoparticles,...
2. Labeling strategy: antibodies, nanobodies, transfection, drug-like fluorescentmolecules, etc...
3. Imaging method: wide-field, scanning (1-photon, 2-photon), light-sheet

4. Signal:intensity, lifetime, FRET, polarization, ...



Fluorescent Molecules (Fluorophores
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Fluorescent Molecules (Fluorophores)
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Fluorescent Molecules (Fluorophores)
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Fluorophores
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Fluorescence Microscopy
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Fluorophores
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The fate of excited states
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The fate of excited states
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Jiablonski diagram
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Fluorescence rates
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Fluorescence blinking
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Direct spectroscopic
observation of quantum
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Th. Basché, S. Kummer & C. Brauchle

Institut flr Physikalische Chemie, Universitat Minchen,
Sophienstrasse 11, 80333 Munchen, Germany
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Fluorescence blinking
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Fluorescent proteins
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Quantum dots
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Quantum dots
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Labelling strategies

- Geneticallyencoded fluorophores (fluorescent proteins)

- Geneticallyencoded tags (Halo-tag, SNAP-tag, ...) + synthetic ligand

- Immunolabeling: antibodies, directly labeled, primary-secondary, Fab fragments, nanobodies
- High affinity small fluorescent molecules (drug-like, DNA intercalators, etc.)

- DNA, RNA hybridization



Fluorescence microscopy modalities
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Fluorescence microscopy modalities
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Wide-field fluorescence microscopy
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Wide-field fluorescence microscopy
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Wide-field fluorescence microscopy
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Evanescent field
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Total Internal Reflection Fluorescence (TIRF) microscopy

Epifluorescence TIRF

I ~100-200 nm




Wide-field fluorescence microscopy
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Wide-field fluorescence microscopy
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Wide-field fluorescence microscopy




Scanning fluorescence microscopy
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Scanning confocal fluorescence microscopy
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Scanning confocal fluorescence microscopy
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Scanning confocal fluorescence microscopy
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Scanning confocal fluorescence microscopy
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Scanning confocal fluorescence microscopy
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Advanced Microscopy: Laser Scanning Confocal Microscopy.
Methods in molecular biology 784 (2011) 169-80 Detector



Scanning confocal fluorescence microscopy




Light-sheet fluorescence microscopy
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Light-sheet fluorescence microscopy
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The “Ultramicroscope” 1903

© ZEISS Archives

—~KESSINGER’S LEGACY REPRINTS—

Colloids And The
Ultramicroscope

A Manual Of Colloid Chemistry
And Ultramicroscopy
(1914)

Richard Zsigmondy
Jerome Alexander

Richard Zsigmondy
Nobel Prize in Chemistry 1925




Light-sheet fluorescence microscopy
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Light-sheet fluorescence microscopy

https://huiskenlab.com/flamingo/

PROF. DR. JAN HUISKEN
Georg-August-University Gottingen
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Light-sheet fluorescence microscopy

% LUXENDO ng.

Drosophila Embryo Development

What is it?

Transgenic line expressing His2Av-mCherry as fluorescent nuclear reporter. The
fruit fly embryo was imaged for almost one complete day (4 x 200 slices every
30 seconds).

Courtesy of:

Lars Hufnagel
European Molecular Biology Laboratory (EMBL)
Heidelberg, Germany

Transgenic line expressing His2Av-mCherry as fluorescent nuclear reporter
1 day imaging (4 x 200 slices every 30 seconds)
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Light-sheet fluorescence microscopy

X LUXENDO .@gﬂ

Zebrafish Development

What is it?

Zebrafish imaged on the MuVi SPIM, Stitched from 5 stacks in Imaris, each 340
slices, 16 hour/10min. Fish growth can be observed.

Courtesy of:

Dr. Liu Jingxia
Huazhong Agricultural University
China

Zebrafish imaged 16 hours every 10min
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Light-sheet fluorescence microscopy

MOVIE S1

3D ANALYSIS OF HUMAN CRANIAL
NERVE DEVELOPMENT

RELATED TO FIGURE 1 AND FIGURE S1

Human cranial nerve development
M. Belle et al. Cell 169 (2017) 161-173



Light-sheet fluorescence microscopy

System Correctioq Oply |

' . '.-'4‘

https://www.hhmi.org/news/new-microscope-captures-detailed-3-d-movies-cells-deep-within-living-systems
Liu et al., Science 360, eaaq1392 (2018)
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Two-photon fluorescence microscopy
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Two-photon fluorescence microscopy
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Two-photon fluorescence microscopy
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CANDLE - Center for the Advancement of Natural Discoveries using Light Emission, Yerevan, Armenia
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Confocal, two-photon, and light-sheet fluorescence microscopy

Light-sheet microscopy

Confocal microscopy Two-photon microscopy
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Tomer et al. “Advanced CLARITY for rapid and high-resolution imaging of intact tissues”

Nature Protocols 1682 9 (2014)



Fluorescence signals:

intensity

Spatial distribution
|dentification — presence/absence
Morphology

(Quantitative abundance)
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Fluorescence signals: lifetime
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Fluorescence Lifetime Imaging (FLIM)

Pulsed or modulated light sources

Time resolved detection
Sensor marker
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Fluorescence Lifetime Imaging (FLIM)

Transmission image shows the leaf
structure

The endogenous chloroplast fluorescence
is shown in green.

Fluorescence lifetime imaging reveals
oxidative potential for each chloroplast.

Leica Microsystems 60



Fluorescence signals: Forster Resonance Energy Transfer (FRET)
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FRET imaging

Intensity FRET efficiency

FRET measurements

- Intensity

- Lifetime

FRET information

- Molecularinteractions

- Conformational changes



Fluorescence signals: anisotropy

e Polarized excitation

* Polarized detection

Polarized - Molecular environment (viscosity)

Rotational \ ' - Molecular association
Polarized C Anisotropy - .
FRET l - nergy transter




Diffraction-limited spatial resolution

Diffraction-limitedimaging
Tubulin




Super-resolution fluorescence microscopy

Barabas, F.M., et al. Automated quantification of protein periodic nanostructures in fluorescence nanoscopy images:
abundance and regularity of neuronal spectrin membrane-associated skeleton.
Sci Rep 7 (2017) 16029
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Single-Molecule Localization Microscopy (SMLM)
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Single-Molecule Localization Microscopy (SMLM)

11
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Single-Molecule Localization Microscopy (SMLM)
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Single-Molecule Localization Microscopy (SMLM)
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Single-Molecule Localization Microscopy (SMLM)
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Single-Molecule Localization Microscopy (SMLM)
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STORM - Stochastic Optical Reconstruction Microscopy
PALM - Photo-Activated Localization Microscopy

PAINT - Points Accumulation for Imaging in Nanoscale Topography



Single-Molecule Localization Microscopy (SMLM)




Single-Molecule Localization Microscopy (SMLM)

Federico Barabas — PhD thesis



Single-Molecule Localization Microscopy (SMLM)

Federico Barabas — PhD thesis



Single-Molecule Localization Microscopy (SMLM)

Let’s go to the lab and see how it is done
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