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FROM MICROSCOPY TO NANOSCOPY

GENOA SKYLINE BY CLAUDIA DIASPRO, 2007
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HUMAN EYE

OPTICAL MICROSCOPE

ELECTRON MICROSCOPE

SCANNING PROBE MICROSCOPE

100 000 nm

200 nm

0.4 nm
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Slide credit: Stefan W. Hell, Max Planck Institute for Biophysical Chemistry, Department of NanoBiophotonics Gottingen




G. Toraldo di Francia, Rev. Opt. 28, 597 (1949).




(credit: EMILIO SEGRE’ archive)

Maria GOoppert-Mayer predicted that an
atom or a molecule could interact with
two photons simultaneously by absorbing
them in the very same quantum event.
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Patterson GH, Lippincott-Schwarz J. (2002) Science
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Intensity

Intensity 2

Intensity N

N = number of molecules

Micr. Res. Tech. (2002) 55:359-4
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Micr. Res. Tech. (2002) 55:359-4
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Fluorescence Polarization
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Cinelli RA, Ferrari A, Pellegrini V, Tyagi M, Giacca M, Beltr
F.,Photochem Photobiol. 2000 71(6):771-6.
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F°GFP

Two Photon Switching Protein

Green Green Green Green
emission emission emission emission
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Switchable - GFP -Single molecule

Phys Rev E Stat Nonlin Soft Matter Phys. 2004 Sep;70(3 Pt 1):030901




S.W. Hell, et al. Far-Field Optical Nanoscopy,

Science 316, 1153 (2007)
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Slide credit: Stefan W. Hell, Max Planck Institute for Biophysical Chemistry, Department of NanoBiophotonics Gottingen




4Pi- Microscopy: Coherent illumination and/or ~ Buorescence detection

70 - 140 nm

>

E (r,2,0)= E, (r,z,0)+ E, (r,—z,9)

4Pi microscopy coherently illuminates the sample
through two opposing lenses. Constructive interference
of the counterpropagating spherical wavefronts narrows
the main focal maximum of the excitation light in the z-
direction, and this forms the basis for a 3- to 7-fold
improved axial resolution.

S.W. Hell (1990). Europ. Patent OS 0491289.

S.W. Hell, et al. (1992), Opt. Commun. 93, 277.

M. Schrader, et al. (1998), Biophys. J. 75, 1659.

H. Gugel, et al. (2004), Biophys. J. 87, 4146.




Axial resolutions: ~150nm
(Type A), ~105nm (Type C)
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theoretical z-response of a thin film

2-photon / 840 nm
1.35NA oil immersion

confocal

4 Pi (A)

z[ m]
Rolf Borlinghaus, Leica Microsystems Heidelberg GmbH Page




experimental z-response of a fluorescent layer

2-photon / 840 nm
1.4 NA oil immersion

4,
Pl
o Y,
nf \
confocal \o 525 nm
™ calculated S
05  z[ m]10
4 Pi

Rolf Borlinghaus, Leica Microsystems Heidelberg GmbH Page




Vicidomini, G., Schneider, M., Bainchini, P., Krol, S., Szellas, T. & Diaspro, A. (2007) J. Microscopy , vol. 225, pp. 88-95.

FWHM=98nm
FWHM=116nm

Confocal Laser Scanning Microscopy (CLSM)

Two-Photon Excitation 4Pi Microscope (TPE4Pi)

TPEA4Pi after deconvolution




4Pi Microscopy: geometry of sample

HCX PL APO 100x/1.35NA GLYC CORR

U QU3 mirror
0
0 Oua

Rolf Borlinghaus, Leica Microsystems Heidelberg GmbH Page




4Pi Microscopy: sample preparation

* Thickness of the sample <50 m (distance between
the 2 coverslips <100 m)

 Coverslips on both sides (Quartz coverslips for best
optical performance in combination with glycerol
objectives)

* Embedding medium with same refractive index as
immersion medium (75% - 85% Glycerol)

* 1 mirrored coverglas for 4Pi adjustment

» 100nm beads added to the sample for quality check

Rolf Borlinghaus, Leica Microsystems Heidelberg GmbH Page




This figure illustrates the determination of the diameter of mitochondria in a yeast cell, following calibration.
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GFP labeled Mithocondria (b) and Golgi (c)
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Stimulated Emission Depletion (STED) Fluorescence Microscopy
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STED Microscopy
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1.0e
: Focal SpOt ... probed with 1 molecule
L ]

0.5; * 20 STED: 770 nm

0.0 T PPN P
0 3 6

IsTED

Fluorescence

9

-250 -150 -50 50 150 250

Slide credit: S.W. Hell x [nm] V. Westphal & S.W. Hell (2005), Phys. Rev. L&, 143903.




Confocal STED 40 nm beads (Molecular Probes)

10 counts/0,3ms 204 5 counts/0,3ms 89

Slide credit; S.W. Hell
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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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Numerous sparse subsets of photoactivatable fluorescent protein molecules are activated,

localized (to approx.2 to 25 nanometers), and then bleached. The aggregate position
information from all subsets is then assembled into a superresolution image.

The performances are largely dictated by the photophysical characteristics of the PA-FPs.

This method has been used to image specific target proteins in thin sections of lysosomes and
mitochondria; in fixed whole cells, we imaged vinculin at focal adhesions, actin within a
lamellipodium, and the distribution of the retroviral protein Gag at the plasma membrane.

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.




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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The principle behind PALM.

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.
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Images of an aggregation of 50 nm diameter plain polystyrene beads with the PA-FP Kaede
deposited thereon. (A) Conventional TIRF image obtained prior to PALM data acquisition.
(B) Summed TIRF image constructed by summing all the activated (red state), background-
subtracted, diffraction-limited single molecule images in the entire PALM data stack.
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(C) PALM image constructed by summing the position probability gaussians determined for
all localized molecules in the data stack.




Comparative summed-
molecule TIRF (A) and
PALM (B) images of
the same region within
a cryoprepared

thin section from a
COS-7 cell expressing
the lysosomal
transmembrane protein
CD63 tagged

with the PA-FP Kaede.
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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.




ULTIMATE RESOLUTION... AGAIN
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Microtubular network of
human embryonic kidney
cell against coverslip
reference monolayer.
Cells in water immersion
geometry.
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ULTIMATE RESOLUTION... AGAIN

Sharpest focal spot

\
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Validation of A NEW square-root resolution law
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