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SHG 

Paolo Bianchini and Alberto Diaspro (2008) Three-dimensional (3D) backward and forward second harmonic generation 
(SHG) microscopy of biological tissues. J. Biophoton. 1, No. 6, 443 – 450
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SHG in the backward pathway: Diaspro, A et al.. (2002), Proc. SPIE, 4622, 24-31.

copyright LAMBS MicroScoBio

SHG
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SHG - Zoumi, A.; Yeh, A. & Tromberg, B.J. (2002), Proc Natl Acad Sci U S A 99(17), 11014—11019.

collagen fibers

SHG
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Peritumoral murine blood vessels acquired in the living animal under general anesthesia (ketamine-xylamine, IM). Bianchini and Diaspro (2008) J.Biophotonics

SHG
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SHG
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BOOKS
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Single molecule structure is still not resolved

Micr. Res. Tech. (2002) 
55:359-4  

Chirico, G., Cannone, F., Bere0a, S., Baldini, G., Diaspro, A., Micr. Res. Tech., 55:359‐364 (2002) 
Chirico G., Cannone F., Baldini G., and Diaspro A.  Biophysical J., 84 (2003).

Chirico G., Cannone F., and Diaspro A., J.Phys.D,36 (2003).

LAMBS-LABS connection  

FROM MICROSCOPY TO NANOSCOPY
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Intensity χ

Intensity 2χ

Intensity Nχ
N = number of molecules
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Micr. Res. Tech. (2002) 
55:359-4  

LAMBS-LABS connection  
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F ∝ N χFluorescein       c=1μM @ 8mW

110µm

 χ

 3χ

 2χ

Micr. Res. Tech. (2002) 
55:359-4  

LAMBS-LABS connection  

FROM MICROSCOPY TO NANOSCOPY
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Single Molecule Aggregates           

Micr. Res. Tech. (2002) 
55:359-4  

LAMBS-LABS connection  
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Biophys J. 2003 Jan;84(1):588-98

Single Molecule Photobleaching of Sparse 
Aggregates           

LAMBS-LABS connection  
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Fluorescence Polarization

Single Molecule

Aggregates

Emission Polarization 

J Biomed Opt. (2003) 8(3):
391-5

LAMBS-LABS connection  
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S.W. Hell, et al. Far-Field Optical Nanoscopy, Science 316, 1153 (2007)
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Rolf Borlinghaus S.W. Hell, et al. Far-Field Optical Nanoscopy, Science 316, 1153 (2007)

FROM MICROSCOPY TO NANOSCOPY
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E. Rittweger, D. Wildanger and S. W. Hell EPL, 86 (2009) 14001
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Slide credit: Stefan W. Hell, Max Planck Institute for Biophysical Chemistry, Department of NanoBiophotonics 
Göttingen

ABBE, E (1873) ARCHIVE F. MIKROSKOP.ANAT. 9, 413-420

S.W. Hell, et al. Far-Field Optical Nanoscopy, Science 316, 1153 (2007)

FROM MICROSCOPY TO NANOSCOPY
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Subdiffraction-resolution imaging of the ER in a living mammalian cell - YFP tag.
Hein, B., K. I. Willig, S. W. Hell (2008): "Stimulated emission depletion (STED) nanoscopy of a fluorescent 
protein-labeled organelle inside a living cell". Proc. Natl. Acad. Sci. USA 105 (38), 14271-14276.
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PALM (photoactivated localization microscopy) is an optical 
method for imaging intracellular proteins at nanometer spatial 
resolution.

Betzig E, Patterson GH, Sougrat R, Lindwasser OW, Olenych S, Bonifacino JS, Davidson MW, Lippincott-Schwartz J, Hess H. 
Imaging intracellular fluorescent proteins at nanometer resolution. Science. 2006 Sep 15;313(5793):1642-5. 
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The principle behind PALM. A sparse subset of 
PA-FP molecules that are attached to proteins of 
interest and then fixed within a cell are activated 
(A and B) and then imaged until most are 
bleached (C). This process is repeated many 
times (C and D) until the population of 
inactivated, unbleached molecules is depleted. 
Summing the molecular images across all 
frames results in a diffraction-limited image (E 
and F). However, if the location of each 
molecule is first determined by fitting the 
expected molecular image given by the PSF of 
the microscope [(G), center] to the actual 
molecular image [(G), left], the molecule can be 
plotted [(G), right] as a Gaussian that has a 
standard deviation equal to the uncertainty 
s(x,y) in the fitted position. Repeating with all 
molecules across all frames (A’ through D’) and 
summing the results yields a superresolution 
image (E’ and F’) in which resolution is dictated 
by the uncertainties s(x,y) as well as by the 
density of localized molecules. 
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Partial summed molecule fluorescence image (center) and PALM image (right) constructed during the acquisition of 300 single molecule frames (left) out of  
20,000 frames used to construct the images.Scale bar is 0.5 micron.

The principle behind PALM.
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Betzig E, Patterson GH, Sougrat R, Lindwasser OW, Olenych S, Bonifacino JS, Davidson MW, Lippincott-Schwartz J, Hess H. 
Imaging intracellular fluorescent proteins at nanometer resolution. Science. 2006 Sep 15;313(5793):1642-5. 
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Central to the performance of photoactivated localization microscopy (PALM) is the precise localization of single fluorescent molecules performed by a least-
squares fit of an assumed two-dimensional gaussian point spread function (PSF) to each single molecule image.

where s is the standard deviation of the PSF, a is the pixel size in the image (taking into account the system magnification), Nm is the total number of photons 
measured from molecule m, and bm is the number of background photons collected in the fitting windowused for molecule m. 
Therefore,  PALM design is predicated on achieving the highest possible diffraction limited resolution (i.e.,  small s) and collection efficiency (high Nm )consistent 
with minimal background noise bm .

The superresolution image resulting from the sum of all such rendered molecules thus provides a probability density map where brightness is proportional  to the 
likelihood that a PA-FP molecule can be found at a given location.

The principle behind PALM.
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Betzig E, Patterson GH, Sougrat R, Lindwasser OW, Olenych S, Bonifacino JS, Davidson MW, Lippincott-Schwartz J, Hess H. 
Imaging intracellular fluorescent proteins at nanometer resolution. Science. 2006 Sep 15;313(5793):1642-5. 
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Comparative summed-molecule TIRF (A), PALM (B), TEM (C), and PALM/TEM overlay 
(D) images of mitochondria in a cryo-prepared thin section from a COS-7 cell 
expressing dEosFP-tagged cytochrome-C oxidase import sequence.
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Vicidomini et al, Traffic 9:1828; 2008
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S.W. Hell, et al. Far-Field Optical Nanoscopy, Science 316, 1153 (2007)
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http://www.ebsa2009.org

THINK DIFFERENT! THINK EBSA 2009 in GENOA
http://www.ebsa2009.org

http://www.fluorescence-foundation.org
http://www.fluorescence-foundation.org
http://www.fluorescence-foundation.org
http://www.fluorescence-foundation.org

