
LECTURE 13
Breaking the resolution limit 
Ilan Davis, March 2011

SPIM
STED
4Pi
I5M
PALM / STORM 



Breaking the Resolution Barrier
OMX  !! ! ! -Time resolution

Structured Illumination! -XY resolution and some Z

STED!! ! ! -XY resolution and some Z

SPIM !! ! ! -Tomography depth penetration

4-Pi! ! ! ! -Z resolution

I5M ! ! ! ! -Z resolution

PALM, STORM, PALMERA, FIONA, iPALM



SPIM (Selective Plane Illumination Microscopy)

(or theta microscope)
Huisken J, Swoger J, Del Bene F, Wittbrodt J, Stelzer EHK (2004) Optical sectioning deep inside live embryos by selective plane illumination microscopy 
Science 305: 1007-1009     http://www.embl-heidelberg.de/ExternalInfo/stelzer/frames.html?publications



Digital Scanned Laser Light Sheet Fluorescence 
Microscopy  (“Scanning SPIM”)

Reconstruction of Zebrafish Early Embryonic Development by Scanned Light Sheet
Microscopy
Philipp J. Keller,1,2* Annette D. Schmidt,2 Joachim Wittbrodt,1,2,3,4* Ernst H. K. Stelzer1

http://www.embl-heidelberg.de/ExternalInfo/stelzer/pdf/Keller_2008b_Science_Reconstruction.pdf



Got youʼs

“Issues” with light sheet microscopy

1) Sheet quite thick - a few microns

2) Shadowing affect - absorption of light from bright
parts of the specimen outside the field of view



Bessel Beam Plane Illumination 
Microscope
Eric Betzig, Janelia Farm

http://www.imaging-git.com/news/bessel-beam-plane-illumination-microscopy

http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.1586.html

Bessel Beam - thinner sheet
But problem with additional lobe - cured by 2photon



Toward fluorescence nanoscopy
Stefan W Hell Nature Biotechnology  21, 1347 - 1355 (2003)
http://www.nature.com/nbt/journal/v21/n11/full/nbt897.html

STED microscopy reveals that synaptotagmin remain sclustered after synaptic vesicle exocytosis 
Willig et al. (2006) (Hell) Nature 440, 935
http://www.nature.com/nature/journal/v440/n7086/pdf/440879a.pdf
http://www.nature.com/nature/journal/v440/n7086/pdf/nature04592.pdf

STED (Stimulated Emission Depletion) 



STED (Stimulated Emission Depletion) 





4Pi -two objective lenses (S.Hell)

Resolution increase in Z

Toward fluorescence nanoscopy
Stefan W Hell Nature Biotechnology  21, 1347 - 1355 (2003)
http://www.nature.com/nbt/journal/v21/n11/full/nbt897.html



I5M (wide field method)
Gustafsson MG, Agard DA, Sedat JW. I5M: 3D widefield light microscopy with better than 100 nm axial resolution. J. Microscopy 195:10-16, 1999.
http://www.blackwell-synergy.com/links/doi/10.1046/j.1365-2818.1999.00576.x

CCD
Illuminate and 
Observe from both 
objectives



PALM = Photoactivated localization microscopy / iPALM  / PALMERA

STORM = Stochastic optical reconstruction microscopy 

FIONA = Fluorescent imaging with one nanometer resolution  / DOPI

SHREC = single-molecule high-resolution colocalization

Other abbreviations:

FCS = Fluorescence correlation spectroscopy

FLIM = Fluorescence lifetime imaging

FLIC = Fluorescence interference contrast 

FLIP = Fluorescence loss in photobleaching

FRAP = Fluorescence recovery after photobleaching

FRET = Fluorescence resonance energy transfer

SSTM = Saturated structured illumination microscopy

STED = Stimulated emission depletion

TIRF = Total internal reflection

3D-SIM = 3 dimentional structured illumination microscopy

Super resolution and precision methods



Photoactivatable / Convertable FP

Photoactivated localization microscopy 
(PALM)
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PALM    Developed by Betzig and Hess (Janelia)



To understand iPALM
First you need to understand a few more 
principles of quantum physics and 
interferometry



Michelson Interferometer

Alfred Michelson
Nobel Prize 

1907

Michelson-Morley experiment to measure speed of light through the “aether”
No difference in speed caused by the movement of the earth through the 
“aether”



Young’s diffraction slits

Wave particle
duality of light









60nm sheet of silver



New methods coming in fast and 
furious !

http://www.nature.com/nature/journal/v466/n7306/full/nature09163.html

Chu Nature 2010 
0.5 nm precision - closed feedback loops 

Singer Nature 2010
Super-registration - bleed through dichroic 
http://www.nature.com/nature/journal/v467/n7315/full/nature09438.html



Which super resolution / precision
method to use ? 
3D SIM -General method true super resolution - only modest (x2) resolution gain
Live SIM -About to be available from API as OMX Blaze. 
Saturated SIM -Not yet available for biology, not clear if will work for biology
SPIM - build your own - Zeiss version - delayed launch?
Betzig Bessel Beam -  Too new to know ?
STED - from Leica. Need a physicist and not as good as Hell’s instrument
4Pi  - from Leica. Absolutely need a physicist. Little reported biology so far. 
I5M - same specimen mounting difficulties as 4Pi
FIONA - Relatively straight forward - centroid analysis
PALM/STORM - Simple hardware. Software more complex. Various flavours.
Will be widely used. But remember - it is precision of single molecule position 
calculation - NOT true resolution ! So always has issue of density of labelling. 
Too dense - slow to capture.  Too sparse - true structures not resolved in cell.
Efficiency of detection of single molecules - not clear.  Difficult to apply to live 
material



The End


