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l. Image Acquisition

la|]-> Fundamentals of confocal microscopy

Ib|-> Fundamentals of fluorescence
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Il. Deconvolution

lll. Segmentation

IV. Analysis
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* Principles of Fluorescence Spectroscopy, Joseph R. Lakowicz 4.1
Introduction to Fluorescence

|-> Quenching, Bleaching ...
|-> Polarisation ...
|-> Steady-State and Time-Resolved Fluorescence...

|-> Forster Resonance Energy Transfer ...

* Photomultiplier www.olympus-lifescience.com/en/microscope-resource

/primer/digitalimaging/concepts/photomultipliers

* Chrome Spectra Viewer www.chroma.com/spectra-viewer

* Thermo Fisher Spectra www.thermofisher.com/order/spectra-viewer
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Third Edition

Principles of
Fluorescence Spectroscopy

AN .
41 Springer


https://www.chroma.com/spectra-viewer
https://www.chroma.com/spectra-viewer
https://www.chroma.com/spectra-viewer
https://www.thermofisher.com/order/spectra-viewer
https://www.thermofisher.com/order/spectra-viewer
https://www.thermofisher.com/order/spectra-viewer
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Luminescence : Interactions ...

 intra- and intermolecular...
- Fluorescence At ~ 10-8s produce changes ...
- Phosphorescence At ~ 103-10% - spectral

« lifetimes
« polarization
* intensity ...
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Absorption / Excitation Emission
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EHz PH THz GHz
. Enerqy of a photon : (~1-5eV)
MeV keV eV E = hy= hC?\,'1|C=V7\,
v, frequency [s7]
h, Planck's constant [6.626 10-34 Js™]
A, wavelength [m]
v X uv IR MW | RW c, speed of light [~3 108 ms™]

Internal Valenz Vibration Rotation ESR/
Nucleus Elecrtrones Molecules NMR
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Penetrates Earth's
Y N Y N
Atmosphere? Y | Y
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 10° 1072 107° 0.5x10 ° 1078 10710 10712

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nucleli

Frequency (Hz)

104 108 10% 10%° 10% 10% 10%°

Temperature of
objects at which
this radiation is the
most intense
wavelength emitted

)

1K 100 K 10,000 K 10,000,000 K
-272 °C -173 °C 9,727 °C ~10,000,000 °C
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w radiacion Levels: vibrational

w/o radiacién |J -> heat

W= electronicos

-> energy transfer (FRET)
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- Photomultiplier
Detector Detector ) aser Scanning
Pinhole Confocal Microscope
Aperture — — Optical
Out-of-Focus
Fluorescence - Light Rays NG wEion
Bﬁf{gr Excitation Laser
Filter Excitation
In-Focus Source
Light Rays |
Dichromatic
Mirror Excitation

Objective Light Source

Focal
} Planes

SpeCImen [’ https://zeiss-campus.magnet.fsu.edu/print/livecellimaging/techniques-print.html
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From Geometric Optics to Diffraction Theory:

Diffraction: The deviation of an electromagnetic
wavefront from the path predicted by geometric optics
when the wavefront interacts with a physical object such
as an opening or an edge.

Aperture

Optical aixs

Figure 2.1 Diffraction of a converging spherical wave at a circular aperture
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Non-geometric optics /

Diffraction theory

PSF= |U|2=f(],)
U, Kirhoff's Diffraction Integral

Focd plane

Jo, Bessel function series

(Born & 1-1—-’6{;". Prir:fpi.srs of Optics, 6th edition 1988,
Pergamon Press)
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Bertocchi, Cristina & Goh, Wah & Zhang, Zhen &
Kanchanawong, Pakorn. (2013). Nanoscale Imaging by
Superresolution Fluorescence Microscopy and Its
Emerging Applications in Biomedical Research. Critical

reviews in biomedical engineering. 41. 281-308.
10.1615/CritRevBiomedEng.2014010448.
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Bertocchi, Cristina & Goh, Wah & Zhang, Zhen &
Kanchanawong, Pakorn. (2013). Nanoscale Imaging by
Superresolution Fluorescence Microscopy and Its
Emerging Applications in Biomedical Research. Critical
reviews in biomedical engineering. 41. 281-308.
10.1615/CritRevBiomedEng.2014010448.
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and the diffraction limit

A Diffraction limits the resolution
of light microscopy
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B Sizes of various biological entities
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Bo Huang, Hazen Babcock, Xiaowei Zhuang, Breaking the Diffraction Barrier: Super-Resolution Imaging of Cells, Open Archive Published:December 17,

2010 DOl:https://doi.org/10.1016/j.cell.2010.12.002



https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://doi.org/10.1016/j.cell.2010.12.002
https://doi.org/10.1016/j.cell.2010.12.002
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