¢Como superar el limite de resolucion en
microscopia optica?

Superresolution optical fluctuation imaging (SOFI)

Omar Ramirez



The neuronal ER participates in synaptic potentiation
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The neuronal ER participates in synaptic potentiation
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*Neurotransmitter receptor synthesis and transport

*Calcium storage/release
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The neuronal ER is a subdiffraction sized structure

The ER tubule diameter is < 40 nm,
far below the ~ 250 nm resolution
of conventional optical
microscopes.

Cooney et al., J Neuroscience,
2002



The neuronal ER is a subdiffraction sized structure

COS-7 cells Primary hippocampal neurons
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Light diffraction determines and limits resolution

Abbe’s formula: A ,
min

Airy Disk

3-D Visualization Barely Resolved

Spatial Position No Longer Resolved




Current superresolution techniques

Technique Confocal
Resolution limit ~250 nm
PSF g';::::::a
Advantages Broadly available
Drawbacks Diffraction limited

(A/2)
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Current superresolution techniques

Technique Confocal SIM STED

Resolution limit ~250 nm ~120 nm ~60 nm

PSF ;:::2::: b

Advantages Broadly available Multicolor Two color
Flexible labeling Single scan imaging
Live cell Live cell
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(A/2) to (A/4) Sensitive to alighment

Sensitive to alignment Expensive



Current superresolution techniques

Technique

Resolution limit

PSF

Advantages

Drawbacks

Confocal

~250 nm

Broadly available

Diffraction limited

(A/2)

SIM

~120 nm

¢

Multicolor
Flexible labeling
Live cell

Resolution limited
to (A/4)
Sensitive to alignment

STED PALM
~60 nm ~30 nm
Two color Multicolor

Single scan imaging Single molecule

Live cell tracking

Limited dye availability
Sensitive to alignment

No endogenous
labeling
Expensive



Some examples

SIM

Wide-field
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Some examples

Wide-field

Bars:
5 um (insets, 0.5 um)




We need a

Superresolution optical fluctuation

imaging (SOFI) method

fluctuating light source:

Quantum dots

Core (Cd/Se)
Shell  (ZnS)

Polymer
coating

Biomolecule

(22 antibody)

g £
» B

Joerg Enderlein

Normalized Fluorescence

Simultaneous excitation
at 365 nm

Size dependent emmision
1.4f e o
A, (nm) 520 555 569 590 615

31 ! 1111}




Superresolution optical fluctuation
imaging (SOFI) method

ON/OFF fluctuation

Qdot 525 nm emission wavelength,wide-field microscope,
10 Hz movie with a CCD camera




Image formation with SOFI
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2nd order SOFI applied to a neuronal ER image
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Two channel 2nd order SOFI

Wide-field

SOFI 2nd order




2nd order SOFI endoplasmic reticulum
3D reconstruction




2nd order SOFI endoplasmic reticulum
3D reconstruction

MRFP-KDEL

SOFI advantages:

 Easy/cheap implementation

 Multiscale

 Multicolor







Photoswitchable fluorescent proteins for

SOFI: Dronpa
400 nm
490 nm, 0.4 Wiecm?  0.14 W/cm?
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Ando, Science, 2004



Structured illumination

Stimulated emission depletion

Single molecule localization

SIM

STED

PALM/STORM

=
3 -

Wide-field CCD

Scanning PMT/APD

Wide-field CCD

Current superresolution techniques

Excitation PSF

&

STED pulse PSF

Effective PSF

Interference of
exciting light
with sample
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(Moiré effect)

e
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Gauss fitting

of individual spots
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(Pointillism)
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confocal

Features

Do not require special
photophysics

3D and multicolor
capability
ms-s

Expensive/complex
equipment

Require special dyes

Limited flexibility for
multilabaleing

ms-min

Require >1000 images
per slice

Require special dyes

s-min

Schermelleh, JCB, 2010



Current superresolution techniques

. Resolution
Technique . PSF Advantages Drawbacks
Limit
Confocal ~250 nm :::::::§ Broadly available Diffraction limited (A/2)
Multicolor Resolution limited to (A/4)
SIM ~120 nm Flexible labeling Sensitive to alignment
Live cell
Two color
. . . Limited dye availability
Single scan imaging . .
STED ~60 nm . Sensitive to alignment
Live cell .
Expensive
High spatial resolution No multicolor
PALM ~30 nm [

Single molecule tracking

No endogenous labeling
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34 KDEL_525_0003_Z_49.95_Sofil.tif (50%)
10231023 pixels; 8-hit; 1022K

KDEL 30min glut
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Super-
resolution
microscopy
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Synaptic organization and the need for superresolution imaging

Dani A., Neuron, 2010
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Structured illumination
SIM
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SIM

Structured illumination

Current superresolution techniques
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Structured illumination

SIM

Wide-field CCD
wiae-neia LD

Current superresolution techniques

Interference of
exciting light
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Features

Do not require special
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Structured illumination

Stimulated emission depletion
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Structured illumination

Stimulated emission depletion
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Stimulated emission depletion

STED

Scanning PMT/APD

Current superresolution techniques
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Structured illumination

Stimulated emission depletion

Single molecule localization
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Structured illumination

Stimulated emission depletion

Single molecule localization
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