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Diffraction limit of imaging techniques

Spatial Resolution of Biological Imaging Techniques

Small Protein Virus Bacteria Cell Hair Ant Mouse Mouse
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The diffraction limit

A Diffraction limits the resolution
of light microscopy

B Sizes of various biological entities
and the diffraction limit

Diffraction limit
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The diffraction limit of light

Ernst Abbe
(1840-1905)



The diffraction limit
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200 nm are not discernible




STED microscopy
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Experimental setup

STED Microscope
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Hell & Wichmann, Opt. Lett (1954)




Confocal versus STED microscopy
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Applications of STED microscopy

Neurophysiology

Dendritic Spines Living Neuron

Hippocampal organotyp slices

CA1 pyramidal neurons

Urban, Willig, Hell, Nageri, Biophys J (2011) 2um



STED, RESOLFT microscopy

Hell, Jakobs, Kastrup, App/ Phys A (2003)
Hell. Nar Biotech (2003)
Hofmann ot al PNAS (2008)

~ 1200 cycles

~ 10° times lower
intensity than in STED

Grotjohann, Testa et al, Nature (20711)
Brakemann ef al Nat Biotech (2011)
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STED, RESOLFT microscopy

Hell, Jakobs, Kastrup App/ Phys A (2003)
Hell. Nar Biotech (2003)
Hofmann ot al. PNAS (20085)

2 hours continual scanning, no visible photodamage.

Living neuron, hippocampal organotyp slice, F-Actin

Testa, Urban er a/. Neuron (2012)



Total internal reflection fluorescence (TIRF) microscopy

Objective-based TIRF with NA=1.65
GFP-marked chromaffin granules

TIR




Principles of TIRF microscopy

Evanescent field produced by TIR
I(z)=1(0)e™?
a’——(zx sin’0 —n, )lw

d <~100nm 1(0) similar to
incident intensity




Experimental setup

Prism-based TIRF for upright microscope
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Experimental setup

Condenser-based TIRF for
upright microscope

Si

high aperture condenser

optical fiber




Experimental setup

Prism-based TIRF configurations
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Experimental setup

Objective-based (prismless)
TIRFM - requires NA>n

Refractive index n

Objective NA

Focus off-axis at BFP

Back focal plane (BFP) /
also called “aperture plane”



Experimental setup

Objective-based TIRFM

A. Laser:
side port

BFP

laser

beam expander picroscope/epi-illuminator

filter cube /objective
field plane
B. Laser:
rear port w/ BFP OBJ SP
mirror or
prism BFP BFP




Experimental setup

Objective-based TIRFM

~ Laser optical fiber:

rear port w/o 0BJ SP
mirror or
prsm --. BFP
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Applications

TIRF with an ARC LAMP source \_\_,__
EPI TIR

dil on glass + lluor@scein in solution

hrocytes



Summary
TIRFM is useful to study the cellular dynamics of:

1. Small random motions of organelles toward or
away from the membrane.

2. Submembrane events: exocytosis, cytoskeletal
dynamics

3. Submicroscopic membrane folding and
indentations

4. Kinetic rates of association/dissociation at the
membrane, even in continuous presence of
fluorophore in bath.

TIRFM is also useful in surface biochemistry:
1. Single molecule fluorescence (low background)

2. Chemical kinetics and diffusion at surfaces
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