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1665 — Robert Hooke 1. mikroskop

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

Figure 2. Microscopy from the 17th te the 215t centuries (sce page 10).
(A) Robart Hooke's microscope as detailed in Micrographia, published in 1665 (23). Irage repro duced
with permilssion of the Charles Deering MoConmick Library of Specal Cellections at Northwestern
Unaersity, USA, (8) A schemetic of Hooke's micrescope showing the relevant components. Image
reprocuced with permission from the Moleculzr Expressions Microscopy Primer
[wwrw.microscopy.tsu.cdu/primer/ mussumyhocke html), (O Leica Micresystems' TCS ADES confocal
scan head, commercially available from 2002 fuwaleica-microsysiems.com). The numibered
componenis ae a5 lollows: 1, UV laser: 2, IR laser; 3, visible range laser: 4, UV scousto-optical lunable
filer; 5, IR electro-optical modulstor; &, visible range acousts-optical tunshble filker; 7, UV adaptation
oplics: & UY excitation pirhole; 9, [ excilaton pinhole; 10, VIS excitation pinhole: 77, primary bam
splitter; 12, acjustable pupl umenation; 13, 'K'-scanner with rotator; 74, microscope and ohjective; 15,
transmitied light dewector: 76, confocal detection pinhole; 77, analyzer whesl; 78, specirophotometer
prism: 79, photomuliiplier channel 1; 20, pholomuliplier channel 2; 27, photomuttiplier channel 3; 22,
phelomultiplier channel 4; 23, extzral optical port; 24, nondescanned reflected light dewecions.

RICTUMAMD YOO em Vol Ve meiwmem IR mdibmed Ree T Db e -



ozorovani ve svetlem poli (zakladni metoda, «diferencialni interferencni

s niz se urcité setkal kazdy, kdo s mikroskopem kontrast
sinterferencni mikroskopie

nékdy pracoval ve ékule}
*polarizacni mlkroskople

Fig. 1: Witamin { orystals olbserved in polansed
gt

fluorescencni mikroskopie



oreceptorové bunky oka (ROZLISOVACi SCHOPNOST OKA)

- funkéné analogické k senzorlim (picture elements, pixels) na CCD chipu televizni kamery
- absorbuji svétlo z obrazku, formuji ho na retiné pomoci rohovky a ¢ocky
- posilaji nervové impulsy do mozku
- -2 typy tycinky — senzitivhéjsi
- — nocni vidéni
cipky — barevné vidéni pii dostatecné intenzité svétla
— s rozdilnou senzitivitou ke spektru — viditelnou ¢ast spektra rozdéluji na 3 pruhy,
ktere lidskeé oko vnima jako red, green, blue (RGB)

— 3 zakladni barvy lidského vidéni

Microscopic Anatomy of the Retina

Visible Light Spectrum
e LIt ravinlet Infrared ——

400 50D 600 T00
Yavelength Manomeers)

Vitreous Humor

Fig. 1: Anatomy of the human eye and the retina.

G.L.T. Imaging & Microscopy 04/2003, pp 58082, GIT VERLAG GmbH & Ceo. KG, Darmstadt, www.imaging-git.com



llustrace vlivu numerické apertury objektivu na Zrnka mikromletého vapence, pozorovana v tzv.

rozlisovaci schopnost mikroskopu. Horni temnem poli objektivem zvétsujicim 6, 3krat, avsak
snimek — zrka mikromletého vapence, 0 podstatné mensi numerické aperiure (NA =
pozorovand v tzv. temném poli objektivem 0,03);

zv&tdujicim 6,3krat, NA = 0,20. 1 — izolovany bodovy objekt (zrmko) se zietelnymi

Airyho krouzky,

2 — dvé zmka nachazejici se ve vzdalenosti
zhruba odpovidajici teareticke rozlisovaci
schopnosti zvolengho objektivu,

3 — nékolik splyvajicich zmek.

Numericka apertura nejkvalitnéjSich objektivu byva ~ 1,3 az 1,4.

Numericka apertura objektivu (NA) je vyjadrena matematickym zapisem n sin
6, kde

n je index lomu prostredi pred objektivem

6 je polovina vrcholového uhlu kuzele paprsku vstupujicich do objektivu.




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.

NA = (n)sin|p)
(a) p=7" NA=0.12

n=Refractive index is limiting (b) W = 20° NA = 0.34
(arr=1.0, oil=1.51) (c) 1 = 60° NA = 0.67

Figure 2

— 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=0.611/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 Manufacturer

— Numerical aperture Flat-Field

—  Optical corrections Correction - ‘
Linear ) Mumerical

«  Achromatic: color (red/blue) Magnification Aperture
corrected.

Correction

: . : 5 I o
Fluorite: optical aberration Spggit?éiazrd : n;:zirjmn

corrected Properties
Apochromatic: color (red, green, Tube Length

blue and spherical aberration
corrected Cover Slip Color Code

Thickness — Spring-Loaded

Microscope tube length Front Lens

Coverglass thickness (0.17mm)
Immersion medium (air, water. oil)




Vytvareni digitalniho obrazu
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Svétlo generuje elektronovou diru cestou fotoelektrického efektu. Naboje se sbiraji, spojuji

se ve svazky a nasledné jsou transportovany pres CCD senzor, naboj se prevadi na elektricke
napéti. To je amplifikovano na samotném chipu i mimo neg;.

Analogové ¢islicovy konvertor prevadi napéti (signal) na binarni format o rtizné bitové hloubce.

Bit Depth and Gray Levels in Binary Images Mm kamery zavisi na pouzitém
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Fluoresc I mikroskopie

- Jablonski Energy Diagram

Ground State

( fﬁ;ﬁ:ﬁ"} Excited Singlet States S
107"° Seconds ¢ 3 —]_E“ o States
= 25 = ergy
Internal d 4 Intemal
Conversion 1} Conversion
d L]
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Aequorea victoria

Fenomeén fluorescence prvni pozoroval Sir George
Gabriel Stokes roku 1852

Jev byl fyzikalné 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 Tichém oceanu green flourescent
protein - GFP

GFP
chromophore




n pjici citlivost fluorescence

hzita zdroje
st optického systému

o ochromatoru
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confocal microscopy

Kontrolovana hloubka pole

Eliminace degradace obrazu mimo ohnisko

pomoci prostorove filtrace
Corfocal
Finhaoles

Eliminace Airy disc pattern

Série optickych rezu o definované

Detectar

Objective

Object
in Focal Plane
_____________ notin Focal Plane

Nipkow disck scanning
[LSCM




Fig. 4: Intensity profiles of the Airy disk patterns Fig.5: Airy disk patterns of different size as an
of one specimen detail and of two details at example for the resolving power of low NA (laft)
different distances. and high NA (right) objectives.

Pod rozlisovaci schopnosti mikroskopu se chape minimalni vzdalenost dvou bodl objektu, které se jeste
zobrazi jako navzajem oddélené. Zadny objektiv nemdz2e zobrazit bodovy objekt opét jako bod. | pfi
dokonalé korekci vsech mozZnych vad zobrazeni, kieré souvisi s technologii vyroby objektivu, jsou
obrazem bodu Airyho krouzky. Tak se nazyva difrakcni obrazec vznikajici ohybem zobrazujiciho se svetla
na ¢ockach objektivu. PFi zobrazeni dvou blizkych bodu se mehou jejich Airyho krouzky prekryvat, az se
pfi jisté minimalni vzdalenosti stanou temeér nerozlisSitelnymi. Tato mez se bézné odhaduje dle
Rayleighova kritéria (1879), ktere v podstate vychazi ze skutecnosti, Ze lidsky zrak zaznamena pozvolny
predel mezi dvema difrakcnimi krouzky teprve tehdy, poklesne-li intenzita mezi nimi alespon o 20 % oproti
pfilenlym maximim. Pro modré svétlo (viditelné zarfeni nejkratSich vinovych délek) se teoreticka
rozliSovaci schopnost blizi hodnoté kolem 0,17 m. Prakticka rozliSovaci schopnost realnych objektivu
zavisi oviem také na tom, jak dokonale se pfi vyrobé podari zkorigovat ruzné vady zobrazeni.



Princip fluorescencniho mikroskopu

A
e [l
Excitacni filtr,
(nastaven na modrou I
tj. 450-490 nm ) \ < Bariérovy filtr,
(nastaven na zelenou
tj. 520-560 nm )

=

“*— Dichroické zrcadlo,
odrazi svétlo pod 510 nm
a propousti nad 510 nm
\ !
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Tandem scanning microscopes
based on Nipkow disk

Source of light

pinholes in the disk
Dichroic mirror

, ICCD

rotation | |

a Sample



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 to as convolution, result in glare, distortion and blurriness. b). Deconvolution is a recog-
nised mathematical procedure for eliminating such artefacts. The resuiting image displayed is sharper
with less noise and thus at higher resolution. This is also advantageous for more extensive analyses.

KONVOLUCE - artefakty obrazku DEKONVOLUCE — matematicka
— nezaostiena mista pod nebo nad Mmetoda slouzici k eliminaci
rovinou zobrazeni (u flourescenéni  artefaktu obrazku

mikroskopie nebo u histologickych  — Vysledny obrazek ma mené
Fezll - zare, deformace obrazu., Sumu a vetsi rozliseni

zastreni).

— omezuje presnost a rychlost

analyzy obrazu
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Ar/Kr Laser Innova 70 (Coherent)

Laser head Rear view on the laser

Internal aperture
Screws adjusting rear mirror

Light open/closed



SC35/

3D-projections
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Co je to FRAP?

FRAP (Fluorescence Recovery after Photobleaching)

- navrat fluorescence v definovane oblasti vzorku po vysviceni ‘bleaching
procesu’.
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Inkubaéni komurky pro primy 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 /",
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)



GEKP in zebrafish (Danio rerio)

www.ifom-ieo-campus.it/research/mione.php




Forster Resonance Energy Transfer
~ Fluorescence Resonance Energy Transfer (FRET)

* popisuje mechanismus prenosu
studium interakci proteinu energie mezi dvéma fluorescenénimi
nebo blizkych molekul molekulami

* fluorescenéni donor je excitovan svoji
Energy specifickou fluorescenci o excitacni
vinove délce

* dalekonosnym dipol-dipole vazebnym
mechanismem nezarivym prenosem

128 nm :
Stokes- Shill l e
excitovana druha molekula - akceptor

525 nm

donor se vraci do elektronov
N o zakladniho stavu

-_"popsanﬁf mechanismus
energie je nazyvan "Forster
B-Ax ! -Cxlc-axhl energy transfer” (FRET), pojmenovano

C podle némeckého védce Theodora
Forstera. Pokud jsou obé& molekuly
fluoresceéni, je casto uzZivan nazev
“fluorescence resonance energy
transfer”, ackoliv energie neni

Exll] =




Priprava preparatu "
P Prep Imunocytobarveni

Immunaohistochemistry Process
Diract Lakaling

.-"-;_ -
| 27 Immunocytochemistry
#,ff - to identify potential
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naurotransmitier)

http:/fwww._celanphy. science.ru.nl
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http:/iwww.chemizon com .

Immunc:cytochernistry

Visualization of Brain Cells by Immunocytochemistry
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Fluoresence In Situ Hybridization

Labeling with
flucrescent dye




3D-FISH a konfokalni mikroskopie

1912 probe

v

-

.

Maximalni obraz

Vsech rezu

Galerie optickych rezu

3D reconstrukce CT

Weierich et al., (2003) in press
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Segmentace FISH signalu




Automaticka analyza obrazu



EFIEH 2.0 [Feiss+MicroMax]) [Mar 21 2001)

File “ideo Mode Edit Fiter Segment Mucleus Manuwal segmentation  30-Wiew
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Comparative genome hybridization

326.3-27 = .
del —— e
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CGH on metaphase spreads

R

+ Cot1 DNA

chromo=somal O HNA




azeni
neé splnéni tfrech na sobé nezavislych Kriterii

‘Sensitivity
na-to-noise ratio)

B - J'_.‘

The ‘imaging triangle’

Acquisition speec
(temporal resolution)



ELEKTRONOVOVY MIKROSKOP
Transmisni nebo rastrovaci (skenovaci)

Na kazdé misto vzorku je zaméien Uzky paprsek elektronl (prochazi jej po fadcich
— odtud fadkovaci). [nterakci dopadajicich elekironu s materidlem vzorku vznikaji
ruzné detekovatelné slozky. Jak paprsek putuje po vzorku, méni se podle
charakteru povrchu uroven signalu v detektoru. Z téchto signall je pak sestavovan
vysledny obraz. Ziskany obraz je standardneé monochromaticky.

Zdrojem elektronu je elekironova tryska, nejéastéji wolframové Zhavené vlakno,
umistene v tzv. Wehneltove valci.

Elektrony jsou urychlovany sméerem k vzorku urychlovacim napetim (typicky 0,1-
30kV).

Svazek elektronu (paprsek) je upravovan, zaostfovan elekiromacne o
cockami. Tubus obsahuje zpravidla jednu nebo vice kondenzorovwych cocek,
objektivovou ¢ocku, vychylovaci civky rastru a civky stigmatorll pro korekci
astigmatismu.




Introduction to Electron

Microscopy
Electron Microscopes were not T eroscone S icrescome

developed until the Twentieth
Century

The first Transmission Electron
Microscope (TEM) was built in
1932

Atomic Force

Scanning Tunneling Mi
ICroscope

The first Scanning Electron Microscope
Microscope (SEM) was built in =i
1942

The Scanning Tunnelling
Microscope was developed In
1982.

The Atomic Force Microscope
YR TS~ Aﬁ\!ﬁlﬁl"\ﬂ!‘l ii"'l '1GQ:
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Skenovaci (Rastrovaci) Elektronovy Mikroskop
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-rozliseni prevysuje moznosti konvenéni
mikroskopie pomoci double-objective
imaging systéemu podobnému CLSM -
nutna zvlastni skla (draha)

-4az7krat vyssi axialni rozliSeni nez
CLSM/MP

-aplikace limitovana hloubkou 10 mikront

W -technicky naroény

-nutnost precizné sesazenych ¢oéek a
velmi precizné nastaveny laser
-komeréné dostupny, ale velice drahy



WHAT IS A SYNCHROTRON

A synchrofron is a device that accelerates electrons fo 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.




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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