


1665 — Robert Hooke 1. mikroskop

e 1955 — Marvin Minsky (Harvard)
konfokalni mikroskopie
1957-patentovano

Figure 2. Microscopy from the 17th to the 215t centurics [sec page 10).
(4) Roban Hooka's misroeeosse 25 detoiled in Micrographis, published in 1665 (23). fmage reprodiuced
with permission of the Charkes Deerng MoConick Library of Spedal Collections at Narthwestern
Unversity, USA, (B) A schomatic of Hooke's microscope showing tha relevant componenis, Image
repnchuced with permigsion from the Molecula Expressions Microscopy Frimes
Lwwn.mmicroscopy.u.cdu/primes/muscumyhooke Jitml). [C) Leica Mierosysteens’ TCS AQBS confoeal
scan head, commergially avaikable from 2002 (wwwleica:microsisiems.com). The numbered
componerds are &5 lolows: 7, IV laser; 2, 11 loers 3, visibe range laser: 4, UV scousto-optical lunable
filier; 5, IR dlectro-optical medulstor; & vsible mnge acousto-optical tunsbla Ther; 7 UY adaptation
opies; § UV exciation pirhole; % (& exciiaton piohole; 10, VIS excitation pinkole: 11, primary beam
splitter; 12, acjustable-puph lumenation: 13, 'K-3canner with rotator; 14, microscope and abjective; 75,
ranginiied kg detecion; 16, confocal detection plnhole; 77, analyzer wheel: 18, specirophatometer
prismz 15 photomulliplier channe 1; 22 photamuliplier channe! 22 27, phatomuitiplier charnel 3; 22,
phatomukiplier shannel 4; 23, exizmal ppticd port: 24, nendescanned reflecied light dewecion.
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ﬂﬂfﬂﬂCEi‘GhOka a éoéky

iné intenzité svétla
ektru — viditelnou éast spektra rozdéluji na 2
red, green, blue (RGB)

— 3 zakladni barvy lidského vidéni

Fig._!:_%._n_atnnw f’te human eye and the retina,

G.LT. imaging & Microscopy 04/2003, ppﬁn-w,aﬂ (5. Darmstadt, www. imaging-git.com



apertury objektivu n Zrnka mikromletého vapence, pozorovana v tzv.
"inghsovam schopnost mikmsknm Homi temném poli objektivem zvétsujicim 6 3krat, aviak
smm - zmka mikromletého mpan;;a o podstatné mensi numerickeé aperture (NA =
pozorovana .tz . temném poli objektivem 0,03);
zvatdujicim 6,3krat, NA = 0,20. 1 — izolovany bodovy objekt (zmko) se zietelnymi
. 'Alryhcr krouzky,

& zmka nachazeum se ve '-.-'Zdé_le_r_msh

Numericka apertura nejkvalitnéjsic h’:%ktwu byva ~ 1,3 az 1,4.

Numericka apertura objektivu (NA) je vy]adreﬁa matematickym zapisem n sin
8, kde

n je index lomu prostredi pred objektivem

8 je polovina vrcholového thlu kuzele paprsku vstupujicich do objektivu.

MilEoi Are T WA



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
Figure 2 NA = (n)sin|p)

capture diffracted light rays. (@) p=7" NA=0.12

n=Refractive index is limiting (b) s = 20° NA = 0.34
(air=1.0, oil=1.51) )% e
— 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 ptm.
» R=0.61L/NA




Visible Light Microscopy
Objectives: Specifications and Identification

+  Older lenses need to match oculars.

now lenses are infinity-corrected. 60x Plan Apochromat Objective

» Information on objective barrel:
— Linear magnification Manufscturer

— Numerical aperture Flat-Field : Aberration
Correction . Correction

—  Optical corrections
Linear -5 Numerical

+  Achromatic: color (red/blue) Magnification UX/1.4 Aperture
corrected.

- _ immersio
Fluorite: optical aberration spggi::éiazrd ol mMTgir:mn

corrected Properties

ri Working
Apochromatic: color (red. green. Tube Length Distance
blue and spherical aberration

correctad Cover Slip Color Code

Thioknses = Spring-Loaded

Microscope tube length Front Lens

Coverglass thickness (0.17mm)
Immersion medium (air, water. oil)
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Analog Image Digital Sampling Pixel Quantization
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118[307] 11 |17s|

kirického efektu. Naboje se sbiraji, spojuji
CCD senzor, naboj se prevadi n:

Fia. 2: Bit deoth and arev levels in ciaital imaoss
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FLUORO OMY:

3 skupiny

1. fluorochromy neso
. molekulu, ktera jE ;:lleliaina
. ur€itou strukturu {pratﬂétkyg
“lektiny, ..... a tzv. quantum dots)

strukturu {DAPI) ho s
jejich fluorescence, s menicim
se mnozstvim navazané T_!
molekuly

3. fluorochromy produkovane
samotnymi organismy (GFP) —
znazornovani zivych buneék,
vyvojové studie a viibec pouziti
v molekularni biologii
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Fenomeén fluorescence prvni pozoroval Sir George
Gabriel Stokes roku 1852

Jev byl fyzikalne popsan Alexanderem Jablonskim
roku 1935

Pocet uzivanych fluorochromu se uzavrel v 90.letech
20. stol.

‘Shimomura izoloval v roce 1962 z meduzy Aequorea
victoria zijici v Tichem oceanu green flourescent
protein - GFP

GFP
chromophore

Aequorea victoria



Sacl (82

Fpnl (1)

xmal 14

Smal (18]
EcoRI (53700 BamHI {19)
Aatll (52997 Eagl(125)
AmpR_promoter Bell (513
ORF frame 2 Hpal (5<%
Ampicillin Xhal (G25)

Mdel (Gd9)

e w QGG {mChernd
Fzpl (5297 ORF frame 3
FAsel (45997 mCherny

A Parull {12297

pFPWmCherny
5372 bp

Hindlll (1368
EcoRW (1525)
Nhel (1567

=

ORF frame 2




Dendra2 photo-conversion

49.1 %

83.4 % ¢y 786 %




Dendra2 is an improved version of a green-to-red photoswighable
fluorescent protein Dendra, derived from octocoral
Dendronephthya sp. [Gurskayaet al., 2006].

Wavalangth, nm

Hormalized excitation (thin line)
and emission (thick line) for
non-activated (green) and activated
(red) spectra.




Kontrolovand hloubka pole

liminace degradace obrazu mimo ohn
i prostorove filtrace

&

Datectar

Ohbject
in Focal Plane
————————— — — —notin Focal Plane




Fig. 4! Intensity profiles of the Airy disk patterns Fig.5: Alry disk patterns of different size as an
of one specimen detall and of two detalls at example for the resolving power of low NA (left)
different distances. and high NA {right) ohjectives.

Pod rozlisovaci schopnosti mikmakapu se chape minimalni vzdalenost dvou bodl objektu, kieré se je
zobrazi jako navzajem oddélené. 2adny nb]éﬁ‘ﬁﬁ'#m 2zobrazit boduvy objekt opét jaku bnd

na ¢ockach objektivu. Pri zobrazenl dvou blizkych bodu se mahou jejich Airyho kmuzky pF
pfi jisté minimalni vzdalenosti stanou temer neruz[lﬁielm'm! Tato mez se bhezZné odhaduje
Rayleighova kritéria (1879), které v podstaté vychazi ze skuteénosti, ze lidsky zrak zaznamena pozvolny
pFedél mezi dvéma difrakénimi krouzky teprve tehdy, poklesne-li intenzita mezi nimi alespori o 20 % oproti
prilehlym maximum. Pro modre svétlo (viditelne zareni nejkratSich vinovych delek) se teoreticka
rozliSovaci schopnost blizi hodnoté kolem 0,17 m. Prakticka rozliSovaci schopnost reainych objektivi
zavisi oviem také na tom, jak dokonale se pfi vyrobé podari zkorigovat ruzné vady zobrazeni.



Princip fluorescen ¢€niho mikroskopu

«»

4

L Okular ]
Excita éni filtr, I

(nastaven na modrou

tj. 450-490 nm) \ = Bariérovy filtr,
(nastaven na zelenou
tj. 520-560 nm )

Zdroj *
svétla

= Dichroické zrcadlo,
odrazi sv étlo pod 510 nm
a propousti nad 510 nm
p 4

Preparat \ $  Objektiv

Vstupni S¢érbina, dli¢ svazk, dichroickeé zrcadlo, AOTF (akusto-optickylid svazki)




AOBS a AOTF

Left: comvenbors! beam spliting by dichroec mirors regaires many
pptical elements with fixed properties
Right- the ADBS™ iz electronically sdapable to all tasks
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Melles Gn

ontrpller of micrc
temperature

Luxmeter

DC 12 V for Peltier element

25 um fiber







Tandem scanning microscopes
based on Nipkow disk

Source of light

pinholes in the disk
Dichroic mirror

, = ICCD

rotation | |

a Sample




SC35/

3D-projections




Scanning in 2D and 3D by confocal microscope

2D

Laser beam moves firstly along x axis
and then starts with new line in y axis.

3D

— Begin

Finishing scanning of one thin optical
slice in xy plane, the scanning plane
IS moved in z axis to other slice



Optical resolution: conventional versus confocal

Conventional Confocal

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

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

Formulas by Kino

4Pl and STED resolution are much higher...



Fig. 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-
ena, referred 1o as convolution, result in glare, distortion and blurriness. b). Deconvolution Is a recog-
nised mathematical procedure for eliminating such artefacts. The resulting Image displayed Is sharpes
with less noise and thus at higher resolution, This Is alse advantageous for more extensive analyses.

KONVOLUCE - artefakty obrazku  DEKONVOLUCE — matematicka
— nezaostfena mista pod nebo nad Metoda slouzici k eliminaci
rovinou zobrazeni (u flourescenéni artefaktl obrazku |
mikroskopie nebo u histologickych — Vysledny obrazek ma meéné
fezl - zare, deformace obrazu, sumu a vetsi rozliseni

zastreni).

— omezuje presnost a rychlost

analyzy obrazu
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Inkuba €ni kom urky pro p Fimy mikroskop

Partition with opening

on the bottom of the chamber
(for experiments under upright
microscope)

— cells can be grown
on both upper and lower
sides of the chamber; this
part is filled fully with medium,

Cover glass 24x50 mm

— medium reaches /7
under the glass tubes; cells

are not grown here Termistors in short tubes on

the side of the chamber

Glass tubes bent under the upper glass (to enable CO,
to flow above medium in the part Il of the chamber)




IMJID2b(1-424)-GFP
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Vyuziti UV laseru 355 nm ke studiu DNA reparace

GFP-BMI1-U20S cells
A micro-irradiated

ve)

GFP-BMI1/yH2AX /Nuclei

CONTROL

Experiments of Gabriela Galiova




GFP-BMI1-U20S cells

irradiated ROIls transmission |ight after DNA damage i BMI1 kinetics after micro-irradiation
\Srdes v .&*‘ J experimental data

——

theoretical curve

Non-treated cells
Relative values

60 30 100 120 140
Time (s)

L]
]
(3]
©
(]
e
©
Q
=
<
wn
e

D GFP-BMI1-U20S cells CONTROL
a) irradiated ROIs H3K27me3 irradiated ROIs H3K9 acetylation

TSA-treated cells E

Non-treated cells

Experiments of Gabriela Galiova




GFP-BMI1-U20S cells
after DNA damage

IP: without Ab
IP: without Ab
+ TSA

WB: BMI-1 WB: H3K9me3

. IP: HP1a

o e
HP1(/3T3 cells

-
O
14
=
=
@)
O

irradiated ROI

Experiments of Gabriela Galiova and Lenka Stixova




DalSi metody vyuzivane fluorescatni mikroskopii




rster Resonance Energy Transfer
orescence Resonance Energy Transfer (FRET)
* popisuje mechanismus prenosu

proteinu energie mezi dvéma fluorescenénimi
nebo blizkych molekul  molekulami

- fluorescenéni donor je excitovan svoji
specifickou fluorescenci o excitaéni
vinove délce

» dalekonosnym dipol-dipole vazebnym
mechanismem nezafivym prenos
excitovana druha molekula - akcept

| A28 nm
" Stpkes Shil
o 525 nm

El[ih = E-AJ{ b -cC]{{E-a}[ h]

némeckého veédce Theodora
a. Pokud jsou obé molekuly
echi, je casto uzivan nazev
nce resonance energy
ackoliv  energie neni



http://www.youtube.com/watch?v=pteO6FRWo03g

Priprava preparatu .
/ Hipr prepar Imunocytobarveni

| Immunohistochemisiry Process
Diract Labaling

.-"’-’_ -
S : | a1 /'_ deosr Immunocytochemistry
,-f/ / ; . to identify potential
,-"". 2 ). ? Scorelagoguss
e // / 2nd antibody
flabelled)
Inciract Labeling =
o 2 T sl antibod
i 1 hita 2° 15t antibody
// / . (against
_ naurctransmitier
Indirect Labaling with Signal Amplifieatian hifp: Nwww.celanphy. science.runl

Immunocytochemistry

Visualization of Brain Cells by Immunocytochemistry



Fluoresence In Situ Hybridization

Labeling with

flucrescent dye .
\ y
‘ o
O

b

hitp:/'wans accessexcel llence org/RCALIGGIfish_himl



3D-FISH a konfokalni mikroskopie

1912 probe

v -

Galerie optickych fezu

-

Maximalni obraz
VSech fezu

Weierich et al., (2003) in press
3D reconstrukce CT (2003) in p







Automaticka analyza obrazu




Comparative genome hybridization

4p13.3-pl6
del

\
12p amp gp & s..dg;,,
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CGH on metaphasespreads

+ Cot1 DMNA

chromosamal OHA




_ paprsek elektront (prochazi jej po radcum
cich eiektronu S materlalem vznrku vznt

ob]ektwovou &k _ vac ' |
astigmatismu.

¢ockami. Tubus obsahu jla jednu nebo

—

vice kondenzoroy
cnrky stigmétoru pro korekci



Introduction to Electron
Microscopy

Electr'On M[croscopes were l"lOt Trans;ﬂn;::::sﬂiﬁ:ctmn
~ developed until the Twentieth
~ Century

Scanning Electron
Microscope

A The first Transmission Electron
Microscope (TEM) was built in &=

Scanning Tunneling Atomic Force

* The first Scaﬁ?ﬁm I lectron Micrnés-::ope Microscope
Microscope (SEM) WEESweERl 7k
1942 '

* The Scanning Tunnelling
Microscope was developed in
1982.

 The Atomic Force Microscope

wime Aavialanad n 102K




NAF




Transmisni Elektronovy Mikroskop (TEM



vaci (Rastrovaci) Elektronovy Mikroskop

i J . B 51 i ;", Sy




-rozliseni prevysuje moznosti konvenéni
mikroskopie pomoci double-objective
imaging systemu podobnému CLSM —
nutna zvlastni skla (draha)
-4az7krat vyssi axialni rozliseni nez
CLSM/MP
-aplikace limitovana hloubkou 10 mikronu
-technicky naroény
-~ -nutnost precizné sesazenych cocek a

. velmi precizné nastaveny laser
-komercne dostupny, ale velice drahy



4pi: improved axial resolution. The typical value of 500-
/00 nm can be improved to 100-150 nm which corresponds
to an almost spherical focal spot with 5-7 times less vaine
than that of standard confocal microscopy

beam spliter,

Detector

g~
= B=




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 thlck and produce images of 30 nm resolutions. X-ray
microscopy, that has the more pronounced properties of laser

b S ot

saanﬂﬁlg:ﬁanfocal microscopy (LSCM), has been a long-standing goal
for e mental science (Seres et al., 2005). Since the cells are
@;{ transmissive water window", where organic

[maged-:mmﬁ?& X
material absorbs apy'- imately an order of magnitude more strongly

S T

. than water, chemical contrast enhancement agents are not required
view the distribution of ce lular structures (Meyer-lise et al., 2001).

ch experlments c:Bils mtm be rapldly frozen tcr be studied on a

Fig. 4, Mudd of human mann epitieial cells |T: I| lebellad For HEA ph u [actor (S m3N0L 1A ) Xonay mdoroerep b of o siggle nucheus
alter siheer enbrarge meni I‘:|i.»- ||||.:-.',~: %@ b g kd o WL IR 18l X=r; creeenpe mages, (B Some pocteus alter ooloor
cofing to smphasize the kebel, 10} Contral; single nocleus thot was expreed |:'l.'.II'I-".Iil‘_|.' anfibadies ond sjler enhnneement but ot primnry
antihodies, This omaee Iy nh i rr1~|h'-. from two mdnidual 3'\ rey mimmascape mnges, Magntfoution = 24000 (.05 NA sdth 20 nm

plzel size ul 51 ';-1 Th = 2.4

Mever-Tlse et 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.




Fig. 1. Subdiffraction resolution imaging with 3D-SIM. (A . (o 5 phases for each z-section
and B) Cross section through a DAPl-stained C2C12 cell iy
nucleus acquired with conventional wide-field illumination - L |/ %
(A) and with structured illumination (B), showing the striped o

interference pattern (inset). The renderings to the right 4

illustrate the respective support of detection in frequency ' $
space. The axes k,, k, and k, indicate spatial frequencies
along the x, y, and z directions. The surfaces of the
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
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
each z position, allowing the shifted components to be
separated and returned to their proper location in frequency

3 image stacks at 3 angles

—= o

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 um.

3D-SIM reconstructed

6 JUNE 2008 VOL 320 SCIENCE www.sciencemag.org

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. ,i!u_;]and,2
Mats G. L. Gustafsson,” Heinrich Leonhardt,"*t John W. 5Edﬂ‘lz'T




Stimulated Emission Depletion microscopy, or STED
microscopy, Is a fluorescence microscopy technigueubes
the non-linear de-excitation of fluorescent dyes to overe

the resolution limit imposed by diffraction with standar
confocal laser scanning microscopes and conventiondkla
optical microscopes.

STED SP-5 LSCM

anti-RPA-647.confocal anti-RPA-647 STED
N A TL . 1% GFP-OCT3/4 overlay

confocal STED confocal

anti-PCNA-647 STED




Super-resolution microscope systems from Carl Zeiss
ELYRA product family combines PAL-M (Photo-activated
localization microscopy) and SR-SIM technology
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Fluorescence microscopy technique comparison

Petri Dish D EI |:| x |:| |:| o |:|

oil ' ' ' — '
Objective

¥
WFEM SDCM CLSM TIRF
4PI1: 0.1 - 0.12 pm!
Z resolution 4 AE Al , ) .
widefield: ~1.13 pm  SD6000: ~ 0.84 pm SP5: ~ 0.50 um TIRF: 0.1 -0.3 pm
measured

thin samples < 5 pm moderately thick thick > 30 pm I does not matter !
moderately thick + deconvolution 5um—30 pm Only evanescent waves

samples



Confocal Laser Scanning Microscopy — advanced systems

Leica TCS SP5 — universal system for everything!

FRAP

FRET AB, SE

Live Data Mode

ROI spectrophotometer

APD

SMD - FCS, FLIM, FCCS
Spectral FLIM

High Content Screening Auto
2-photon, 3-photon

Leica DM6000 CFS — Confocal Fixed Stage

Leica TCS SP5 STED



Leica TCS SP5: the only broadband confocal

Leica TCS SP5 basic features

« full range of lasers: 355, 405, VIS, IR up to
1300 nm

 conventional scanner up to 8192x8192 pxls

* resonant scanner up to 29 f/s for 512x512pxls
* AOBS — Acousto-Optical Beam Splitter

» Up to 5 confocal spectral detectors

» SuperZ Galvo and Pifoc

Wide range of UNIQUE upgrades: <
» White Light Laser .
O

- Spectral FLIM 0{\

* online ROI spectrometer

0@ « STED — superresolution in xy plane

Separate UNIQUE systems
* Leica DM6000 B CFS - electrophysiology

*

* Leica 4PI — high resolution in z axis N\

O



Leica TCS SP5: The Only Broadband Confocal

Resolution and speed in one system

= Structure
High resolution optical sections
3D Structures
Correlation analysis

Single Point lllumination

= Dynamic
Movement analysis

Kinetic measurements




Leica TCS SP5- Leading in Multispectral imaging

Ideal for multi-labelled specimens
and fast events:

= Up to 5 SP Prism Spectrophotometer
channels for sensitivity and flexibility

= AOBS - the dynamic beam splitter
for sensitivity, selectivity and flexibility

= Spectral FLIM - a new dimension of
experiments

= ROIl-spectrometer captures
dynamic spectral events




Leica TCS SP5- Leading in Multispectral imaging

Leica SP — Leica Spectral detection (1997)

© Prism = 5 spectral confocal detectors simultanously
@ Sliders _ _
© Detector Q = Arbitrary settings of spectra

Low photobleaching, high efficiency

\

Intuitive operation




White Light Laser — set of lasers or just one tuneable source?

Excitation Spectra

<

(Alexa 488, Alexa 546, Alexa 568, Toto-3) 7 \

488nm 543nm 633nm HeNe 594 ) 4 /z
DPSS 561 4

|

Ar laser \ }
458, 476, 488, 4 \

496, 514 d v/

|-h T T T T T

400 450 500 550 600 630 700

= Setof gas, DPSS or DL lasers
= No tunability
= Sub-optimal excitation = Sophisticated merge module

= Cross-excitation fixed . .
= Expensive solution

= Only several combinations of wavelengths



White Light Laser — new lambda scan, new wavelengths

= setting of excitation wavelength and intensity in software or at Panel Box ,Smart Wavelength
and ,Smart Intensity*
» Lambda Square Scan: lambda excitation and emission over whole visible spectra

* Acaquisition Motls:

G

q mumm Campensation




Leica STED— STimulated Emission Depletion
SUPERRESOLUTION (subdiffraction) in xy plane

Hell, S. W. and J. Wichmann (1994). Opt. Lett.
"Breaking the diffraction resolution limit by stimulated emission"

A
Ax-—24
1
2nsina4/1+— .
V' neurobiology
membrane biology

membrane rafts
intracellular transport

Willig Kl et al. Nature 2006 Kellner RR et al. Neurosience 2007
Sieber JJ et al. Biophy J 2006 Lin W et al. PNAS 2007
Kittel RJ et al. Science 2006 Seebach J Cardiovas. Res. 2007

Fitzner D et al. EMBO J 2006 Sieber JJ Science 2007




Quantify Life! — The Challenge

Concentration? Explain phenomenal!

Molecule motility? Predict models!

Molecule interaction? : :
Verify assumptions!

Diffusion behavior? .
Optimize agents!

olecule identification?
Improve procedures!

Reaction kinetics?

Validate data!
Signal transduction?

Translocation? Understand life!

Possibilities: FCS - FCCS - FLIM — FRET - FLCS - gated FCS




