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Quantify Life! — The Challenge

Concentration?
Molecule mobility?
Molecule interaction?
Diffusion behavior?
lolecule identification?
Reaction kinetics?
Signal transduction?

Translocation?

Explain phenomenal!
Predict models!
Verify assumptions!
Optimize agents!
Improve procedures!
Validate data!

Understand life!
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Types of light microscopes

The bright field microscope is best known to students and is most likely to be found in
a classroom. Better equipped classrooms and labs may have dark field and/or phase
contrast optics. Differential interference contrast, Nomarski, Hoffman modulation
contrast and and a three
dimensional specialized
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Visible Light Microscopy:
Objectives: numerical aperture

NA=ability of lens to gather
light and resolve detail at a
fixed distance from object.
— Dependent on ability of lens to
capture diffracted light rays.
n=Refractive index is limiting
(an=1.0. 01l=1.51)
— Do not mix mediums when
using a lens
Theoretical resolution depends
on NA and the wavelength of
light. NA=n-sin(1)
— Shorter wavelengths=higher
resolution,

~ Resolution limit for green light
(NA=1.4, 100X) 15 0.2 pm.
+ R=0.612.NA

Figure 2 NA « (n)sin(p)
(@) u=7" NA=CQI2
(b) p=20"NA=C.24
(€) 4= GO0*NA =~ 0.87
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Photomultiplier ~ Confocal

Detector Light
Pathways

- Pinhole Aperture

-Barrier Filter
Dichromatic

-Objective Aperture

Specimen
Focal
Planes

Left: conventional beam splitting by dichroic mirrors requires many

optical elements with fixed properties.
Right- the ADBS* is electronically adaptable to all tasks.
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Optical resolution: conventional versus confocal

Conventional Confocal

Res = 0.61*A/NA Res(xy) = 0.4*\ / NA

Res(xz) = 0.45*A / n(1-cosa)

Formulas by Kino

4P| and STED resolution are much higher...



Acquisition of Optical Sections

Change
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[FIG1] An example of the acquired 3-D image of a cell, captured by a
fluorescence microscope.
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[FIG2] Schematic of a general deconvolution procedure.

Pinaki Sarder and Arye Nehorai (2006)



Flg. 3: Via deconvolution, artefacts can be computed out of fluorescence images. a). These artefacts
are caused by the stray light from non-focused areas above and below the focus level. These phenom-
eha, referred to as convolution, result In glare, distortion and blurriness. b). Deconvolution IS a recog
nised mathematical Prog edure for ~‘|IIIEIII.T17IIII_, such artefacts. The I»J‘.H?TIIN_: Hnage |!r'.|'| wed is ~~‘1.‘|r|_‘r'|
with less noise and thus at higher resolution. This Is also advantageous for more extensive analyses



Types of fluorochromes
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Living Cell Studies - GFP technology
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Dendra2 photo-conversion
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63.8 % ‘k 68.7 % 83.4 % k 78.6 %

2b

86.3 %

91.9 % 'k 89.0 %

2a

1b

2b




Dendra2 is an improved version of a green-to-red photoswitchable

fluorescent protein Dendra, derived from octocoral
R A 00 )

Photoconversion by UV laser
"""""""""""""""" H4-Dendra2 @ CPDs /Nucleus

A GO0

Wavalahgth, nm

Hormalized excitation (thin line)
and emis=ion (thick line) for

non-activated (green) and activated
(red) spectra.




Actinomycin-D Actinomycin-D (90 min.)
(0 min. after photoconversion)




Leica TCS SP;5




Incubation chambers for living cell
studies
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Application of UV-laser (355 nm)in
experimental studies on DNA repair




DNA repair

Single-strand damage

corrects
n and
aired (but
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joining

*homologous recombination (HR)




DNA repair

Box 1| The two main types of double-stranded DNA-break repair

Non-homologous end joining

A DNA lesion (a double-stranded DNA break (DSB)) is
sensed by the KuB0—Ku70 heterodimer, which in turn
recruits the DNA-dependent protein kinase catalytic
subunit DNAPKcs, resulting in assembly of the DNAPK
complex and activation of its kinase activity (see the
figure; left panel). Increasing evidence suggests that
DMNAPK functions as a regulatory component of
non-homologous end joining (NHE]), potentially
facilitating and regulating the processing of DNA ends.
DMAPK also increases the recruitment of XRCC4,

DNA ligase IV, XLF and Artemis, which carry out the final
rejoining reaction.

Homologous recombination repair

A DNA lesion is recognized by the MRN
{MRE11-RAD50-NBS51) complex, which is recruited to
the DSB to generate single-stranded DNA by resection
(see the figure; right panel). The single-stranded ends are
bound by replication protein A (RPA), RAD51 and RAD52
and can subsequently invade the homologous template,
creating a D-loop and a Holliday junction, to prime DNA
synthesis and to copy and ultimately restore genetic
information that was disrupted by the DSB.

Mon-homologous end joining Homologous recombination

Break Break
D5B DsB

Sensing !KuED—I{u?ﬂ

Recruitment of DMNAPK

!DMFﬁmﬂﬂ

Activation of DNAPK
Artemis

Sensing ﬂm

Resaction

Misteli and Soutogou (2009)
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Experiments of Gabriela Sustaékova, Eva Bartova and Lenka Stixova




Y H2AX Nuclei
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GFP-BMI1-U20S cells

irradiated ROIs transmission light after DNA damage i DIt einafice after imicro-iradiation
e A experimental data
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GFP-BMI1-U20S cells
irradiated ROls H3K27me3

Non-treated cells

Experiments of Gabriela Galiova
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GFP-BMI1-U20S cells

= & ¢ after DNA damage
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ATP depletion

A GFP-BMI1/yH2AX/Nucleus

irradiated ROl after irradiation
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Sustackova et al., JCP, 2011



GFP-HP1B/yH2AX/Nucleus

irradiated ROl after irradiation
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Experiments of Gabriela Sustaékova



acetylated lysines overlay nucleus

Experiments of Gabriela Sustaékova and Sona Legartova



Jlitional molecular-biology methods wi
application for confocal microscopy




FRAP — BMI1

PcG bodies in Iiving cell 1 Fluorescence recovery after photobleaching - BMI1 protein
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Experiments of Stanislav Kozubek
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Immunocytochemistry
to identify potential
scerclagogucs
2nd antibody
{labelled)

15l antibody

p://lwww.celanphy.science.ru.nl/
uce%20web/construction.htm

EB group, IE
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di-meH3 (K9) 17 kDa

di-meH3 (K9)

di-meH3 (K4) 17 kDa

Total pmleln

level

Acetyl H3 (K9) EI 17 kDa

B Acetyl H3(K9)

CONTROL TSA F CONTROL

di-meH3(K4)

Bartova et al., JCS (2005)



Single particle tracking

HP1B-CONTROL HP1B-TSA HP1B-Vorinostat

HP1B -Vorinostat
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Fluoresence In Situ Hybridization

Labeling with
fluorescent dye

http://www_accessexcellence org/RC/IVL/IGG/fish.htm!



Chr. #1 paint
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CGH on metaphase spreacs
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Comparative genome hybridization

11q12-q14
anp




Advanced microscopic techniques
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Transmission Electron Microscopes (TEM)
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MUORUALUMN

Galiova et al. EJCB (2008)
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Seanning Electron Microscopes
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http://en.wikipedia.org/wiki/Optical_axis
http://en.wikipedia.org/wiki/Optical_resolution
http://en.wikipedia.org/wiki/Confocal_microscopy

The operation mode of a 4PI microscope Is shown In
the figure. The laser light is divided by a beam
splitter (BS) and directed by mirrors towards the
two opposing objective lenses. At the common focal
point superposition of both focused light beams
occurs. Excited molecules at this position emit
fluorescence light which Is collected by both
objective lenses, combined by the same beam
splitter and deflected by a dichroic mirror (DM)
onto a detector. There superposition of both emitted
light pathways can take place again.



X-RAY MICROSCOPY

Soft X-ray microscopes can be used to study hydrated cells up to 10
um thick and produce images of 30 nm resolutions. X-ray
microscopy, that has the more pronounced properties of laser
scanning confocal microscopy (LSCM), has been a long-standing goal
for experimental science (Seres et al., 2005). Since the cells are
imaged in the X-ray transmissive "water window", where organic
material absorbs approximately an order of magnitude more strongly
than water, chemical contrast enhancement agents are not required

. to view the distribution of cellular structures (Meyer-lise et al., 2001).

In such experiments, cells must be rapidly frozen to be studied on a
cryostage, showing information which is closely similar to 4D-living
cell observation by LSCM.
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Mever-Tlse ¢t al., 2000)




WHAT IS A SYNCHROTRON

A synchrotron is a device that accelerates electrons to almost the speed of light. As the

electrons are deflected through magnetic fields they create extremely bright light. The light is

channelled down beamlines to experimental workstations where it is used for research.




Subdiffraction Multicolor Imaging
of the Nuclear Periphery with 3D
Structured lllumination Microscopy

Lothar Schermelleh,** Peter M. Carlton,?* Sebastian Haase,>* Lin Shao,?
Lukman Winoto,? Peter Kner,2 Brian Burke,® M. Cristina Cardoso,* David A. ﬁ.gand,,z
Mats G. L. Gustafsson,” Heinrich Leonhardt,"*t+ John W. Sedat®*+

Fig. 1. Subdiffraction resolution imaging with 3D-SIM. (A 5 phases for each z-section
and B) Cross section through a DAPI-stained C2C12 cell

nucleus acquired with conventional wide-field illumination ‘ %
(A) and with structured illumination (B), showing the striped :

interference pattern (inset). The renderings to the right

illustrate the respective support of detection in frequency ¢

space. The axes k, k, and k, indicate spatial frequencies X
along the x, y, and z directions. The surfaces of the # image el ats wielen

renderings represent the corresponding resolution limit. The

depression of the frequency support (“missing cone”) in z .
direction in (A) indicates the restriction in axial resolution of P’

conventional wide-field microscopy. With 3D-SIM, the axial

support is extended but remains within the resolution limit.

(C) Five phases of the sine wave pattern are recorded at . 2 @ \\ @ ////
each z position, allowing the shifted components to be [k / = \ /
separated and returned to their proper location in frequency
space. Three image stacks are recorded with the diffraction
grating sequentially rotated into three positions 60° apart,
resulting in nearly rotationally symmetric support over a
larger region of frequency space. (D) The same cross section
of the reconstructed 3D-SIM image shows enhanced image
details compared with the original image (insets). The
increase in resolution is shown in frequency space on the
right, with the coverage extending two times farther from
the origin. Scale bars indicate 5 pm.

3D-SIM reconstructed

6 JUNE 2008 VOL 320 SCIENCE www.sciencemag.org




Stimulated Emission Depletion microscopy, or STED
microscopy, Is a fluorescence microscopy technique that
uses the non-linear de-excitation of fluorescent dyes to
overcome the resolution limit imposed by diffraction with
standard confocal laser scanning microscopes and
conventional far-field optical microscopes.

STED

SP-5 LS.

anti-RPA-647.confocal -~ | anti-RPA-647 STED
K BRI ., . L HP1a overlay

confocal STED confocal STED




OLUTION (subdiffraction) in xy plane

W. and J. Wichmann (1994). Opt. Lett.
ng the diffraction resolution limit by stimulated emission"
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Super-resolution microscope systems from Carl Zeiss
ELYRA combines PAL-M (Photo-activated localization
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Quantify Life! — The Challenge

Concentration?
Molecule mobility?
Molecule interaction?
Diffusion behavior?
lolecule identification?
Reaction kinetics?
Signal transduction?

Translocation?

Explain phenomenal!
Predict models!
Verify assumptions!
Optimize agents!
Improve procedures!
Validate data!

Understand life!
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