Widefield Fluorescence Microscopy

Confocal Fluorescence Microscopy

Nipkow Disk

Invented in 1884 by Paul Nipkow,a contemporary of Abbe.

Central element of an early incarnation of the television.
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Common Laser System Configurations
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Light Amplification by Stimulated Emission of Radiation

1917 Albert Einstein stimulated emission possible
1950s  Charles Townes built first “MASER”
Gordon Gould coined term LASER

1960 Theodore Maiman built first LASER (ruby)
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Cavity Resonance Modes and Gain Bandwidth
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Common Laser System Configurations
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Laser Lines

Ta‘ble 1.1. Principle emission lines of gas lasers useful for confocal laser scanning
microscopy

Laser Wavelength (nm)

uv Blue Green Red

Helium-cadmium 325 442

Helium-cadmium (RGB) 442 534, 538 636
Low power argon ion
Water-cooled argon ion 351, 364 457, 488 514, 528
Argon-krypton mixed gas 488 568 647
Helium-neon (green)
Helium-neon (red) 633
RGB, red, green and blue; UV, ultraviolet. 1182

Acousto-Optic Tunable Filters in Confocal Microscopy

Figure 4

e

Fiber
-~

A

Undeﬂecu'zd
Light Beam

= cgﬁ 1‘/ |/
AcoustoOptic Mirror
Tunable Filter

Laser -
Systems =
Helium Argon Argon
Cadmium = lon—1|" Krypton-|
Laser Laser | Laser
(442 nm) (514 nm) (568 nm)
I ) I 3 A
— — = /)

Dichromatic Hot
irror Mirror
(442nm)  (525nm) (568, 648 nm)

Alignment

Detector
Pinhole

Fluorescence -
Barrier
Filter

In-Focus
Light Rays

Dichromatic —
Mirror

‘Objective =g

Specimen”

—Photomultiplier
Detacto Laser Scanning
Confocal Microscope

—— Out-of-Focus

ptica
R Rare Configuration

Excitation Laser
Filter Excitation

Excitation
Light

Rays Li r!l Source
inhole
Aperture

Focal
Flanes Figure 2




Laser Beam Divergence in the Near and Far Field
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Confocal Microscope Scanning System Configurations
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Confocal Microscope Scanning System Configurations
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Pollen Grain Serial Optical Secti by Confocal Mi
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Three-Dimensional Volume Renders from Confocal Optical Sections
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Photocathode Spectral Responses
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Gain and Offset Adjustment in Confocal Microscopy
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What to look for in a fluorophore

Fluorescence Spectrum
Quantum Yield
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Fluorophores
ABSORPTION FLUORESCENCE
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Structure and Spectral Profiles of Cyanine Flucrochromes
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Aequorea victoria

Green Fluorescent Protein
Aequorea Victoria
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Green Fluorescent Protein

GFP transcriptional reporter
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The excitation spectrum of native GFP from 4. victoria
(blue) has two excitation maxima at 395 nm and at 470 nm.
The fluorescence emission spectrum (green) has a peak at
509 nm and a shoulder at 540 nm.

GFP transcriptional reporter
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Fluorescent Protein Spectral Profiles
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Photoconversion Reactions in Optical Hi

PA-GFP Kaede Kindling Dronpa PS-CFP
Figure 1

Spectral Profiles and Photoactivation of PA-GFP
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Photoconversion Spectral Profiles and Images of Kaede Fluorescent Protein
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Tracking Organelle Movements with Kindling Fluorescent Protein
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Reversible Photoswitching of Dronpa Fluorescent Protein
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Fluorophore Laser Excitation Efficiency

488 nm 568 nm

Confocal Microscopy Information Flow Schematic Diagram
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Two-Photon Jablonski Energy Diagram
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2-photon excitation (2PE)

*Both photons must arrive within < 10-'8 sec

*Fluorescence emission varies with the square of excitation intensity
*Requires photon density ~ 10 x greater than for single photon exc
3 photon excitation also possible ( ~ 10 x greater than for 2PE)
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Fluorophore Excitation in Multiphoton Microscopy
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*Absence of out-of-focus absorption allows
more of the excitation light photons to reach the
desired specimen level.

*The red and infrared light employed in two-
photon excitation undergoes less scattering
than light that is bluer in color (shorter
wavelengths).

*The effects of light scattering are less
detrimental to two-photon microscopy than to
confocal microscopy
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*Absence of out-of-focus absorption allows
more of the excitation light photons to reach the
desired specimen level.

*The red and infrared light employed in two-
photon excitation undergoes less scattering
than light that is bluer in color (shorter
wavelengths).

*The effects of light scattering are less
detrimental to two-photon microscopy than to
confocal microscopy

Single and Two-Photon Scanning Profiles

One-Photon Excitation
X-Z Scan

Two-Photon Excitation
X-Z Scan

Z Scan

Figure 5
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*Absence of out-of-focus absorption allows
more of the excitation light photons to reach the
desired specimen level.

*The red and infrared light employed in two-
photon excitation undergoes less scattering
than light that is bluer in color (shorter
wavelengths).

*The effects of light scattering are less
detrimental to two-photon microscopy than to
confocal microscopy
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Titanium-Sapphire Laser

Mode-Locked, Pulsed Laser

Tunable between 700 — 1200 nm

100 fsec pulses @ 100 MHz

Support frequency doubling to 350 — 600 nm
Costs ~ $160,000
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