Bi8920 Fluorescencni mikroskopie

Fluorescencni mikroskop
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Program prednasky:

e konstrukce a princip fluorescencniho
mikroskopu

e objektivy

e zdroje svétla
e filtry
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Otto Heimstaedt a Heinrich Lehmann (1911-1913)

» sestrojili prvni fluorescencni mikroskop s UV excitaci
» autofluorescence bakterii, protozoi, rostlinnych a Zivocisnych bunék
* organické makromolekuly - albumin, elastin, keratin

Stanislav von Prowazek (1914)

* pozorovani ve fluorescencnim
mikroskopu vazbu fluorofor(
na zivé bunky

* odhaleni puvodce tyfu —
Ricketsia prowazekii b S Fhonvay ot
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Fluorescencni mikroskop

* je mikroskopem svételnym
* |ze pozorovat i v prochazejicim , bilém* svétle
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Zakladni princip fluorescencni mikroskopie

Principle of Excitation and Emission

= Ultraviolet SUV)
and Visible
Light Emitted
Blue —
Light
Excitation
uv
Exciter Lignt
Filter
- - \‘.{‘
s
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Fluorescent

Speoknen Figure 3
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Transmisni fluorescencni mikroskop
(Transmition light fluorescence microscope)

Optical Path of The Transmitted Light
Fluorescence Microscope

emisni filtr

excitacni filtr

Eyepiece

Barrier filter

UV protective shade
Objective

Widelield darkfield condenser
UV protective tube

Exciting filter

1'\" > 2
ENSIS

Shutter
Heat absorbing filter
Collector
Super high pressure mercury lamp WV ERS/»
Pre-centered tungsten bulb SO I
>
W
v
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Transmisni fluorescencni mikroskop

* vyhodnéjsi pouziti kondenzoru pro temné pole
* excitacni svétlo nemiri do objektivu

* oddeélene filtry

~—— Emission Light =
- Barrier
Filter

— Objective =

Excitation
Light
Oblique Rays

= Oil
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Epifluorescencni mikroskop

(Reflected light fluorescence microscope)

kostra

zdroj bilého svétla
kondenzor

stolek

objektivy

tubus

okulary

ovladaci prvky:
makro+mikrosroub
ovladani svétla
filtry, clony...

ILUMINATOR

zdroj svétla
kostky
clony, filtry

Peltier-Cooled
CCD Camera

Eyepieces

Evfrtlcai )
scopic
bt —

Filter Optical
Block Turret

Breathshield ——
(UV Shield)

Figure 1

Transmitted

Light Filters

Fluorescence Microscope

Arc-Discharge
Lamphouse
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Invertovany fluorescencni mikroskop
e prace s vysokym vzorkem (kultivacni nadoby)

Olympus IX70 Filter
Inverted Trssue Culture Tray

Microscope /- Tungsten
Halogen
Peltier-Cooled "2 l Lamphouse
CCD Camera L
Apenu‘s k\r

Inverted
| Microscope
- Condenser/Lamphouse
Pillar

L —

DIC Prism and Phase Ring
Condenser Turret

Mercury/Xenon
AHrc mp

35-Millimeter
Camera

System
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Nelnance Mirror  Base/Frame _o“ e
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Fluorescencni nastavec (iluminator)

Fluorescence Vertical (Episcopic) llluminator

Removable Collector
Fieldand pHeat Lens
Aperture Fjiter System
Diaphragms
Field
Lens

Filter Block
Turret Turret

Housing

ns
Rotatable Filters of Xonon (XB0)

Sht?tter Polarizer Arc-Discharge

(Ogt'ltglcelgck) Figure 4 (amphouss
Breathshield
(UV Shield)
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Koéhlerovo osvetleni pro odrazené svéetlo (1893-4)

* usporadani optickeé soustavy pro idealni osvétleni
* vysledek: svétlo vyplni cely otvor objektivu

a) maximalni osvetleni AT
zvyseni intenzity diky kolektorove  Wicroscopy
cocce, zdroj svétla blizko ohniska
cocky

Tungsten

Halogen

b) stejnomérné osvétleni :
amp

filtry k redukci , hot-spots” , onde

’ v . . " : perture
(mista s nadmérnou intenzitou) Diaphragm
nebo difuzni fitr
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Osvetleni

* osvétleni je tvoreno 3 konjugovanymi (stejné zaostrenymi) rovinami
A) rovinou zdroje svétla

B) rovinou aperturni clony K&hler lllumination in Reflected Light Fluorescence
v s . . s Image
fluorescencniho iluminatoru B Dg;'he",'g o Plane
on S
C) zadni ohniskovou Field

Collect Dlametler Field
Arc Lamp Lens

. . . Lens
~Emissio
rovinou objektivu Plasrr||a Ball ) (%;"sm?
er
* vypadava pritomnost kondenzoru I
a A == Mirror
* osvétleni prichazi z objektivu a je \ A Oblective
., , L. A Arc lr:\age E"E}}.‘,‘?“ Plane
jim take odvadeno at Condenser
perture /
Diaphragm Con:ne(t’uer C
* intenzita a kontrast osvetleni jsou Objective
Figure §
regulovany jen aperturni clonou P
* nemeéni se tim velikost osvétleného pole
\A\VERSIT.q
S s,
B lM’ o
> z
v &L
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Zobrazeni

zobrazeni je tvoreno 3 konjugovanymi rovinami

A) rovinou polni clony

B) rovinou zobrazovaného objektu

Koéhler lllumination in Reflected Light Fluorescence

C) stredni rovinou obrazu Fleld i o
Controls"
* obraz zdroje svétla je mimo rovinu Field C
Collector Diameter Fijeld
v z . v ’ v s Arc ump Lens : Lens | -Emission
zaostreni->stejnomerne osvetleni P'“ﬂl" Ball ' (Barrier)
ilter
. 1 i & | Dichromati
polni clona reguluje zmenu ‘ : <7/ Dichromatic
velikosti osvétleni pole g | [~Oujective
citation Plane
¢ oo : Xl at Gondenser /  Filter
* nemeni se tim intenzita osvétleni Aperture ’
Diaphragm Condeéuer
an
* nastaveni co nejmensi, ale aby Figure & Vigioive B
« v i Specimen—
nebyla vidéet (x photobleaching) s,
g
g 2
> 4
- v s - - - % 5
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Objektivy pro fluorescencni mikroskopii

intenzita fluorescence (jas)
* pocet fotonl na jednotku plochy za ¢as

* U FM snimajicich odrazené svétlo (z preparatu), zavisi na numerickeé

aperture objektivu (NA) a zvétseni (M)
* |ntenzita ~ NA%/M?2

pouziti objektiv(

* plan-fluoritovych a plan-apochromatickych objektiv
* NA=1,3-1,4 pro olejovou imerzi

* musi propoustet UV a VIS svétlo

* sklo musi mit minimalni autofluorescenci

* antireflexni vrstvy
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Ty Py O bj ektiv CI Axial Chromatic Aberration

Blur = 0.30 mm

* Achromaty - jednoduché, slozené ze 2 az 6 Cocek;
je u nich korigovana chromaticka vada, cervena
a modra je zaostrena stejné

wmmee 450nm

S|ngle Lens s 550nM
- == = 650nm

Blur = 0.01 mm

* Apochromaty - korekce barevné vady pro tri
zakladni barvy spektra, vyssi numericka apertura
a lepsi rozliseni detaill Achromat Figure 1

* Planachromaty - barevné korigovany jako achromaty a korigovano i
vyklenuti zorného pole (mikrofotografie)

* Planapochromaty - zcela odstranéno vyklenuti zorného pole i chromaticka
vada, patfi k nejlepsim a nejdrazsim objektivim

* Fluoritové objektivy - z fluoritoveho skla (vynikajici optické vlastnosti),
dobre propousti UV zareni, vhodné pro fluorescenci, ale i pro pozorovam‘\\m%
ve svetlem poli - g

o\ SViy
NENS1S®

~
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Numericka apertura

NA =n.singk  (NA =n.sin o/2)

vzduch (n=1)
n - index lomu prostredi voda (n=1.33)
U - polovina tzv. otvorového uhlu  imerzni olej (n=1.51)

NA = (n)sin(p)
(a) p=7° NA=0.12 s’
(b) p = 20°NA=0.34
(c) p = 60°NA =0.87

Figure 2

imerzni , suchy
objektiv: objektiv

imerzni olej i \1 / r

[ Xy | kryci sklo
|
/\
1
I
r B

podloZnf sklo
Zmeéna indexu lomu prostredi WERST,
http://olympus.magnet.fsu.edu/primer/java/microscopy/immersion/index.html| <.
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Rozlisovaci schopnost I ' IIIII"

* nejmensi vzdalenost dvou bodd, které jesté vnimame jako

oddélené

R=A/2NA
NA = n. sinp

OBJECTIVE TYPE
Plan Achromat Plan Fluorite Plan Apochromat
Magnification | N.A R“(:::“;'” N.A R”(:::";““ N.A R“(:::;“"
4x 0.10 2,75 0.13 212 0.20 1.375
10x 0.26 1.10 0.30 0.92 0.45 0.61
20x 0.40 0.69 0.50 0.55 0.75 0.37
40x 0.65 0.42 0.75 0.37 0.95 0.29
60x 0.75 0.37 0.85 0.32 0.95 0.29
100x 1.26 0.22 1.30 0.21 1.40 0.20

N.A. = Numerical Aperture

pro 550nm - zelena

Bi8920 Fluorescencni mikroskopie - jaro 2017 - 02 / 8.3.
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Zdroje svetla pro fluorescencni mikroskop

Visible Light Spectrum
<— Ultraviolet Infrared —»
400 500 600 700
Figure 1 Wavelength (Nanometers)
Wi‘:\‘:‘::rgnt:t:z;ge Perceived Color
340-400 Near Ultraviolet (UV; Invisible)
400-430 Violet
430-500 Blue
500-570 Green
570-620 Yellow to Orange
620-670 Bright Red
670-750 Dark Red
Over 750 Near Infrared (IR; Invisible)
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Zdroje svetla pro svetelny mikroskop

zarovky - el. proud rozzhavi vlakno

wolframova zarovka

* 300-1400nm

* W vlakno ve vakuu nebo inertni atmosfére (Kr, Xe)
* nasveétlo se spotrebuje 5-10% energie (zbytek na teplo)
» vysoka teplota vlakna (az 2500°C pri 100W)
* s casem klesa intenzita svétla, cernani

Tungsten Halogen Lamphouse
Ventilation

wolframovo-halogenove Zarovky Figure 1
* v ochranné atmosfére pritomnost jodu
nebo bromu

T';:r}gsten
' ' VIS Ve a
* vlakno ma delsi zivotnost cotector gl

Lens _,

Sy L
@ (@ " M %
Z
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Zdroje svetla pro fluorescencni mikroskop

vybojky

naplnéna plynem pod vysokym tlakem (xenon, pary rtuti)
obsahuje elektrody

svetlo vznika ionizaci plynu mezi elektrodami

10x-100x jasnéjsi nez zarovky

pripojeno pocitadlo hodin Fluorescence Microscope Arc-Discharge Lamp Housing

1'\. - —f— ¥ ..I‘I
Mer::ury é—E -

g
: M :
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Rtutova vybojka (HBO)

* obsahuje rtutové pary

* neposkytuje souvislé spektrum

* emituje v nékolika Uzkych pasmech
e UV, fialova, modrq, zelena, zluta, oranzova
e Zivotnost 200-400h

0.10 365 “al | § Emission
s | T 365 Hg
é 0.08 i |
= HBO 100  S—
: F s
@ Iy
z 008 | 546 77
g‘ i
g 0.04 : 613
g L
'; 0.02 |
: T —d
600 650

300 400 500 600 700 800 Ainm)  VERS
Wavelength (nm) o p
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Xenonova vybojka (XBO)

* obsahuje xenon

* stejna intenzita ve viditelném spektru
* v UV nizka emise

* v IR vysoka emise -> prehfivani

e Zivotnost 400-1200h

Xenon Arc Lamp Emission Spectrum

| Fi
| || gure 3

XBO - Xenon Burner 1 l

Relative Spectral
Rad Iat?on

300 400 500 600 700 800 9S00 1000 1100 1200 1300

Wavelength (Nanometers) ERS/p,

N
g s,
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Zdroje svetla pro fluorescencni mikroskop

LASER -Light Amplification by the Stimulated Emission of Radiation

* emituje paprsek svétla o urcité vinové délce (nebo nékolika délek)
* svétlo je koherentni — ma stejnou frekvenci, smér kmitani, fazi
* vInova délka je specificka v zavislosti na typu kostrukce a materialu

Common Laser System Configurations

' -
: & i
Vi
Carbon -
Ti:Sapphire
Dioxide Laser " ;.; Mode Lo&ped Laser
Argon-lon h_'
ser o ]

Lasers N ERS7p
Semiconductor ki S s,
Laser Helium-Neon Figure 2

Laser

-

JSV Iy
E
¢
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A

Konstrukce laseru:

aktivni prostredi v rezonatoru (rtizné skupenstvi-pevné, plyn,
kapalina, plazma)

zdroj zareni (elektricky proud, vybojka, chemicke reakce..)
odrazneé zrcadlo

polopropustné zrcadlo

laserovy paprsek

Bi8920 Fluorescencni mikroskopie - jaro 2017 - 02 / 8.3.
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Princip laseru

* zdroj energie vybudi elektrony aktivniho prostredi ze zakladni energetické
hladiny do vyssi energetické hladiny -> excitace

* postupna excitace vétsiny elektronl aktivniho prostredi

Spontaneous and Stimulated Processes

* pri prestupu elektronu na nizsi hladinu dojde Before  _ After
k emisi fotonu Spontansous = '
Emissi pper One
Emission —’-Level Photon_
. . s vr . . s Lower
* fotony interaguji s dalsimi excitovanymi Level (a)
elektrony, spousteji stimulovanou emisi fotonu Suuiated @ 2
SN\ .
JUU -
. , ‘s ‘ . . Photon Lower
* emitovane fotony maji stejnou frekvenci a fazi Level (b)
* mezi zrcadly (v rezonatoru) dochazi k odrazu paprsku fotonu a jeho
opétovnému pruchodu prostiredim -> zesilovani toku fotonu
v, s v o s $\\IERS,7”
* paprsek opousti telo laseru pruchodem skrze polopropustne zrcadlo QMQ
X L
> Z
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Stimulovana emise

Stimulated Emission in a Mirrored Laser Cavity

Figure 1

http://olympus.magnet.fsu.edu/primer/java/lasers/heliumneonlaser/index.html
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Laser lllumination Source Emission Spectra

Nejcastéji pouzivané lasery .
oy Sy : Krypton Emission Spectrum
vyuziti - konfokalni mikroskopie
Kryptonovy laser g I -
emituje v UV i VIS (647 nm) & - 2
H 5 l g,
Argonovy laser § ’
emituje vUViVIS(488a514nm) &
~ Argon Emission Spectrum
£
He-Ne, He-Cd ... =
[+ 4
Argon-lon Laser
Figure §
Srmee I — B
AN | e 300 700 800
el Wavelength (Nanometers)
\k\\JERS/’

Auombly SQthnu g

SV
Qﬁ W
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)
—
v
M‘g
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Output Wavelengths of Common Lasers

Laser Type Wavelength(s)

(Spectral Region) (Nanometers)
Argon Fluoride Excimer (UV) 193
Krypton Chloride Excimer (UV) 222
Krypton Fluoride Excimer (UV) 248
Xenon Chloride Excimer (UV) 308
Xenon Fluoride Excimer (UV) 351

I Helium Cadmium (UV, Visible)

325, 442 |

Dalsi uzivané lasery
ve fluorescencni
mikroskopii

Bi8920 Fluorescencni mikroskopie - jaro 2017 - 02 / 8.3.

Krypton (Visible 476, 528, 568, 647
Argon (Visible) 488, 514
Copper Vapor (Visible) 510,578
Nd:YAG Frequency Doubled (Visible) 532
I Helium Neon (Visible, Near IR) 543, 594, 612, 633, 1150, 3390'
T = Laser vs. fluorochrom
Rhodamine 6G Dye (Visible, Tunable) 570-650
Ruby (Visible) 694 http://www.olympusmicro.
Diode Semiconductor (Visible, Near IR) 630-1600 Com/p rimer/iava/excitatio
Ti:Sapphire (Visible - Near IR) 680-1130 nefficiencv/index.html
Nd:YAG (Near IR) 1064 -
Erbium (Near IR) 1540
Hydrogen Fluoride (Near IR) 2600-3000
‘\\\JERS”;’
Carbon Dioxide (Far IR) 9600, 10600 S 5
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Filtry ve fluorescencni mikroskopii

SOLUTION

. OF QUININE ?
- =

YELLOW-GLASS

OF WINE
EMISSION FILTER
TRANSMITS > 400nm

G.G. STOKES

BLUE -GLASS
IN CHURCH WINDOW
EXCITATION FILTER < 400nm

Figure 1.6. Experimental schematic for detection of the Stokes shift.

excitacni filtr — propousti takove svétlo, které je schopno vyvolat
excitaci s naslednou emisi u daného fluoroforu

emisni (bariérovy ) filtr — propousti svétlo, které je emitovano RS,
\N ERSp
fluoroforem Soa 28"

Bi8920 Fluorescencni mikroskopie - jaro 2017 - 02 / 8.3.
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FM obsahuje 3 typy filtru v optické draze
ulozeny v bloku (kostce) — dulezita orientace

e excitacni filtr
* emisni filtr

* dichromatickeé (dichroické) zrcatko (beamsplitter)

Fluorescence Emission

Fluorescence 100

Filters

Barrier 80

(Emission) Threaded 3

Filter Retaining >t
Ring 2 60

:
Dichromatic g -

(Beamsplitter) Incoming =
Mirror Light Waves 20
Figure 2 0

Ical Block
Iter Cube) Excitation Filter

Fluorescence Filter Spectral Profiles

Bi8920 Fluorescencni mikroskopie - jaro 2017 - 02 / 8.3.




Funkce dichromatického zrcatka

* u mikroskopl s odrazem fluorescence

* odrazi excitacni zareni

* propousti emisni zareni

* sklon 45° k excitacnimu i emisnimu filtru

Dichromatic Mirror Function in Reflected Light Fluorescence lllumination

issio Emission
SHENON | S er

Filter : : Light Light
Block Above Below
Cut-Off—  Cut-Off

Source |
<+ Light :
o I |
EF

ht . Exg:}tauon
w ' er
D Cut-oft DICRIOmatic’ ey (EF)

2 ()

(a) Figure 2
Q
Excitation Reflected Light Fluorescence
lHlumination lllumination Emission
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rozdeleni filtra dle sirky propousténého spektra
* short pass — propousti kratsi vinové délky nez je urcita hodnota
* long pass — propousti delsi vinové délky nez je urcita hodnota

* wide band pass —omezen z obou stran spektra

* narrow band pass —omezen na uzké rozmezi vinove deélky

100 Short Pass Filter Long Pass Filter Dichromatic Beam Splitter
Y
2
g 3 Block Block Pass Reflect
z
(4
v 0

uv (a) IR UV (b) IR UV (c) IR

Short Pass and Long Pass
Wide Band Pass Filter Narrow Band Pass Filter Filter Combination SP-LP

.’100 sP LP
B ; Block Block Block Block Block Block
E Pass Pass Pass
0 SWERSIZ,
uv (a) IR UV (b) IR UV (c) |

R .QM
o

aNA®
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2
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Za

cladni typy kostek - Olympus

Excitation Dichi oic Barrier
e Filter (nm) Mirror (nm) Filter
v U-MWU 330385 100 420.-
v U-MNU 360370 100 420.-
Filter Color Codes
U | umnuBp 360370 100 420-460
v U-MNV 400-410 155 455.. e e Type
BV | umwBv 100-440 155 475-- = Ulirintetet
BV | umNBY 420-440 155 475-- = o
B U-MWB 450-480 500 515-- B i
B | uMwB 160-490 505 515IF-- - B
Interference
I8 U-MNIB 470-490 505 S15IF - I8 e
B |UMNBBP | 470490 505 515.550
G Green
B |UMWBBP | 460490 505 515.550 . =
G U-MSWG 180.550 570 590-- Staining Method
G U-MWG 510.550 570 590-- Brightfield,
BF Phase Contrast,
G U-MNG 530550 570 590. and DIC only
16 U-MNIG 520.550 565 580IF -
v U-MWIY 545.580 600 G101F -
WERS7»
s %
$ §
7
. v s . . . %
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Kombinace excitacniho a emisniho filtru

http://www.olympusmicro.com/primer/java/fluorescence/optical
paths/index.html

Kombinace fluoroforu s blokem

OLYMPUS

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchi
ngfilters/index.html

NIKON
http://www.microscopyu.com/tutorials/flash/spectralprofiles/ind
ex.html SIVERSIZ,

VENSIS
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Filtry pro vicenasobné znaceni
* double band

OA'ENS\S :

* triple band
for DAPI/FITC/TRITC U-DM-DA/FI/TR2 *3
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Wavelength (nm)
s EXCItAtion filter  wws= Emission filter s Dichromatic mirror 0\4\““3”%
5‘ M
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Excitacni balancer

* pripouziti vicepasmovych kostek

* zmeéna intenzity excitacnich vinovych délek \
* dvojice short pass a long pass filtru

Excitation lllumination Balancer Filter Configuration and Spectral Profiles

_100 — 100 z Thin-Film Rectangular

S Interference Filter

g “ Excitation Balancer

3 80 80 7

Q 1

%so 60 § -

3 &= UV- Absorblng

£ 40 40 Flu

2 2 g

e & &= Blue-Absorbing

=20 20 ] Flu hore

- § (FITC)

é &= Green-Absorbing
0 0 S Fluorophore
300 400 500 600 700 (Texas Red)

Wavelength (Nanometers) Figure 1

‘\\‘JF‘RS’T

4/ANA\’)

http:/Ammww.microscopyu.com/tutorials/java/fluorescence/excitationbalancer

‘yJSVW

2
’/VENS\S .
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Filtry a zdroje svetla
pro fluorescencni mikroskopii

http://media.invitrogen.com.edgesuite.net/tutorials/3Light So
urces Filters/player.html

VERS
|
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. )
VENSIS
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