MHUKpPOCKONUA M MUKPOCIIEKTPOCKOIUS
0M000beKTOB. /leTeKIs HAHOYACTHII.

Anekceun BanepbeBu4y ®eocaHoB

Kaghedpa 6uouHxeHepuu
buonozuyeckuu ¢pakynbmem MI'Y um. M.B. JlomoHocoe8a

Jlabopamopusi onmu4YyecKkoU MUKPOCKONuUU U criekKmpocKonuu
6uomousiekyn

NbX PAH

Jlekus Ne 2




BremHuii Bua1 KOHQOKaAIbHBIX MUKPOCKONOB (upmbl ZEISS




—— | — KD-S

e — | I8

I3,

Ay
32 MUKpo-OIJY

(A= Ay + Ag+ Ay)

KA,

| POY,

KA,

/

JTazep(bl)

cormacywuwaa onTruka

cucrema
3epKarn-ckaHepoB

00bEKTMB  —T—>

npenapar m

Onrnueckas cxema

CIIEKTPAJIHLHOI'O
KOH(POKAJIHLHOIO

MHUKPOCKOIA (PUPMBI
Zeiss LSM510META




A grating and a prism are two
devices dispersing white light
INto spectrum
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Excitation

1= order _/c Specimen
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Detector

ol

Principal beam

The incident angle, wavelength, and grid constant must fulfill the Bragg-
condition.

As the grid constant is tunable (with piezoelectric mechanical oscillations),
any color can be merged with the optical axis.

The refractive index grid of the AOBS can accommodate several wavelengths
simultaneously for multicolor excitation.

The emitted light is of different color, and so passes the crystal without being
affected by the refractive index grid.



488 nm 561 nm 633 nm
514 nm 594 nm

Y

~

Efficiency (%]
Efficiency [%]

u Dichroic
600 650 700 ' 0 550 600
Emission [nm] Emission [nm]

— Efficiency multichroic

-

Efficency ADBS

s

Lexca advantage
Signal gain by AOBS

Efficiency [%]




el

pu 28

< <
uoIssIuy uoISSIuy

o

Up :o.dlm/
-—

uoIssIuy uoIssIuy

.«oﬁ«ﬁ e




BaxHeMlWlMM npeuMmyLLecTBOM CHeKTparibHoro
nogxoga B  KOHMOKaribHOM  MMKPOCKOMUU
ABJISeTCA BO3MOXHOCTb C NMOMOLLbLI npouenypbl
AEKOHBOMIOLUM CNEKTPOB MNMOJIHOCTLIO pas3aenunuTb
nepekpbiBawowme cnekTpbl dnyopocgopoB wu
NOBbLICUTb TEM CaMbIM HaeXHOCTb aHarnm3a



CreKkTpajbHBIM MOAXO0/1 MO3BOJISIET U3YYaTh BHYTPUKJICTOYHOE pacnpe/ieieHue
HECKOJIbKHUX COeJIUHEHHUN C NMEePEKPHIBAMIMMHUCA CIIEKTPaMu (JiyopecueHIInu

HUKJIOMMHIHOE
IPOMU3BOJAHOE IIPOU3BOAHOE
nupodeodopouaa a XJIOpHHa p6
(1) (UXT)

Poxamun 67K | § L))
MUTOXOHAPHUH JInnuanplie Kamjan

BODIPY-uepamun HXJI
Annapar I'ojbaku




IIpo0Jiema coOOCTBEHHON KJIETOYHOM (PJIyopecHeHIIMH U ee PelleHue ¢
IMOMOIIbIO CIIEKTPAJbLHOI0 MOAX0/a
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coO0CTBeHHAas KJIeTOYHAaA (uryopecueHuuns

Pacnpenesienue Ha MeMOpaHe xKUBbIX KJIeTOK OAT7S ¢payopecueHTHOrO
30u1a GICNAC,-PAA-FIU Ha nekTuHBI



PacnpepeneHue AJIK-nHagyumpoBaHHoro npotonopdgupuHa IX B cpese
TKaHU 6a3annomMbl YerioBeKa nocrie MecTHOro HaHeceHwus
amuHoneBynunHoBowu kucnotbl (AJIK) B Buae masum

U3obpaxeHue cpesa pacnpegeneHune pacnpepgerneHune
B npoxo.qﬂu.l,eM benom cBeTe npotonopcgpupuHa IX 3HOoreHHom chnyopecueHLum
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pacnpe.qenel-me
donyopecueHUN, U3IMEpPEHHOEe HanoXxeHne n3oopaxeHumn
¢ dunsrpom 610-660 Hm

O — anugepwmuc; O- nepma; b — bazannoma; TonwuHa cpesa -10 MKkm



Leica SP8 C onToB0JIOKOHHBIM Jia3epoOM Cylep-HenpepbIBHOIO CIIEKTPa
(white-light laser; supercontinuum laser )

Power Amplmer Supercontinuum http/ en.WIkIPEdIa'Org Continuum

4 Generation Source
Picosecond Laser
at 1060 nm n_n
- ~<Uy Ik E
v/
]Pwng

Seed Source Supercontinuum Fiber

A Monynpo3spaysoe
(BonoxosHan f}p)rroa[-:dleaVMEHbLLAH nokaarens 3epKano
- peweTxa) npenoMnesns)

A 3epkano Brewnnn obonorxa

W3nyvenue leHepaums . .6 0.8 1.0 1.2 1.4

HAKANKH

Wavelength (um)

(Bonswan - S
yKcnosan N\ / (Manas yucnosan
aneptypa) aneprypa)

& O6onouka AKTUBHOE BONOKHO o ]
(BonHoson Hakauku) (Fesepaums nanyveHns) http://ru.W|k|ped|a.org

Cxema HaKa4yKH Jia3epa B BOJOKHE € IBOMHBIM IOKPbITHEM

http://en.wikipedia.org

DOTOHHO-KPUCTAJIMYECKOE
ONTHYECKOE BOJIOKHO.
MukpocTpyKTypa o0pasyercs
reKCaroHaJbHO YNIAaKOBAHHBIMHU
BO3AYIIHBIMH KAHAJIAMH




Two dimensional (excitation and detection wavelengths)
search for the most selective and bright detection of
fluorophores
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High Quality Imaging — at New Wavelengths

Hela cells

Excitation Emission

[nm] [nm]
Nuclei (DAPI) 405 410-450
Microtubules (Alexa 488) 495 500-540
F-Actin (TRITC) 548 555-590

Mitochondria
(Mitotracker 590) 600 608-800




Leica SP8: BocbMu-uBeTHasi KOH(OKAJIbLHAT MUKPOCKOIHS C
NCIOJIb30BAHMEM ONITOBOJIOKOHHOIO Jia3epa cynep-HenpepbLIBHOTO
crnexrTpa («0esoro» jazepa)

Paramecium spec : 8 color stain e
MPOCTEUIIINN OTHOKJIETOUHBIA OpPTraHU3M i
Courtesy : Alberto Diaspro, Ph.D. University of Genoa ¥ f""'" v
CY2, exc 491 nm, emis 499-505 nm R LW
NMDA Receptors o - .

Lp, exc 474 nm, 509-514 nm,
beads in vacuols

Acridine Orange, 484 nm, emis 520-532nm,
nucleus

Cy3, exc 551 nm, emis 555-575nm, Gaba-B- L.
R1 receptors

TexasRed, exc 562 nm, emis 605-612 nm,
vacuoles and endosoms

ALEXA 594, exc 594nm, emis 615-625nm,
nuclear and cellular membrane

ALEXA 633, exc 633nm, emis 655-665nm,

clathrine vesicles

CY5, exc 640 nm, emis 661-675nm,
cilia



Hybrid Gallium-Arsenide-Phosphide detector
(GaAsP-detector)

-== PMT 6357

MICROSYSTEMS
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Hybrid detector= PMT+APD

*'/ MICROSYSTEMS

PMT brings large dynamic range
APD brings superior sensitivity



Hybrid detector= PMT+APD

PMT brings large dynamic range
APD brings superior sensitivity

Photocathode @ Photocathode @

800 Volt

Electron
— Bombardment
Gain

Avalanche
Diode

Avalancha
Gain

Principle of photomultiplier tube, which Princple of hybrid detector, which
generates broad electrical pulses. results in sharp electrical pulses.




Gatable Hybrid detector

o Non-optical removal of reflection light
o Based on Time-gating mechanism
o Available with WLL and HyD only

o The WLL s a pulsed laser
« Use time information to discriminate between wanted (fluoresence decay)
and non-wanted fluorescence (reflection)

Applications

Removal of non-wanted background
Enhancement of image contrast
High SNR even at “difficult” samples
o Weak staining

o Samples mounted on strongly reflective surfaces
o Samples with intrinsic back scattering

Adjsinbie LighiGate window o Fluorescent dye with very short Stokes shift




Removal of back scattered light

Exoitation: 470 nm Bxcitation: 510 nm
z Overlay
] Nt L Tl
1 <’.;'4"’::"
n el o
. i ," ‘:' Ugh’tGate Oﬂ
S
g ot LightGate on
o

Very helpful for live cell imaging!
Sample: fixed Hela cells, 1. tubulin stained with BD Horizon V-500, 2. nucleus stained
with Chromeo 505, xy scan



Confocal microscopes LSM710, LSM780,
LSM800, LSM880 an LSM980 of
Zeiss company (Germany)




10. Zoom optics
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Munumym: 488, 543, HM
JIOTIQITHUTEILHO: : , 514, 594 um

Excitation laser lines
Twin Gate main beam splitter ;
Galvo scanning mirrors pe
Objective

Pinhole and pinhole optics

Secondary beam splitters

Recycling loop
Quasar detection u nlt ¢ 10 4 JJINH BOJIH B036Y)KI[6HI/I$I OIHOBPCMCHHO B OTHOM CKAHC,

* 710 100 paznuyHbIX KOMOMHAIIMNA JIMH BOJIH JIa3€POB;
* cucrema gerekiuu: 2 DY, 32 GaAsP nerexropa;

Emission filters

11. Airyscan detector * YpPOBEHb IIIyMa JIETEKTOPOB CHIUIKEH B 3 pasa;

¢ CIICKTPAJBbHOC pa3pCIICHUC 10 3 HM,
¢  IOPOACMOHCTPHUPOBAHA BOSMOKXHOCTb PCTUCTPAIUN 10 10
KpaCI/ITeHeﬁ OAHOBPCMCHHO.



Onrnueckas cxema Zeiss LSM710

ViFlex PTC laszr ports

(405, 440, In Tune; ps+aw)

IR PTClaser port

(tunable Ti:Sa)

Vis PTC laser ports & Vis AOTF

Moritoring diodzs

InVis TwinGate bzam splitter

(upgradsble)

Vs TwinGate bzam splitter

(user exchangeable)

Scan mirrors (FOV 20, 6k x €K

Master pinhale

Splittzr for external charnels

Spectral separation and recycling loop
Spectral beam guides

QUASAR PMT spzctral channel # 1

QUASAR PMT spzctral channels 4 2-33 [or# 2)
QUASAR PMT spzctral channel # 34 {or ¥ 3)
Ext. channeis % 4 + S:APDs, FLIM, FCS etc)

The Beam Path

The unique design allows the best p
combination of efficiency, flexibility,
maintenance and upgrade opportunities

C ~tinn




Opurunajabnbie pemenusi B LSM /710

The zero-order light
reflected by the grating
IS re-directed into
grating

+20%0 In Intensity



Opurnnaiashbie pemenust B LSM710/780/980

AxkTnBHoe oxnaxgeHne GaAsP petektopa
N «KpacHoro» 6okoBoro OJY -
LLUYM OETEKTOPOB CHMWKEH B 3 pa3a

Busyannsaumnsa B pexume cyeta
dootoHoB ans GaAsP getektopa
N «KpacHoro» 6okoBoro Y

[1o 10 kaHanoB B Channel Mode
[o 34 (32+2) kaHarnoB B CreKkTpasibHOM
pexnme CKaHMpPOBaHUS; CrekTparnbHoe

J l‘ti :
32'KaHaJII)H])II/I pa3pewieHune go 3 HM
GaAsP nerekTop

Flonyqume MOJIHbIX CrNEeKTparibHbIX

CHeKTpaﬂbelﬁ naHHbix (lambda stack) 3a oguH ckaH -

napannenbHbI TUM CKaHMpoBaHUSA!
Moaxoa K JeTeKINH P P

CHUI'HaAJIAa



IHoaynpoBoanukoBbiii GaASP-geTexkTop

).

DAPl CFP  GFP YFP Dil Cherry TxRed CY5

GaAsP-agerexTop 00J1a1aeT yJaydllleHHOM KBAHTOBOM 3()(peKTUBHOCTHIO
B 1uamna3one 420-690 HM mo cpaBHeHHU10 ¢ DIY,

GaAsP (Mannuit-ApceHna-docdua) — GaAsP getekTopbl MOryT paboTatb U B
NosyrnpoBOAHUKOBLIM MaTtepuan oTtokaTtoga C NHTErpasibHOM peXXmme rnonyvyeHud
ynyqweHHbIMU  XapakTtepnctnkamn onA N306pakeHust n B pexxmme cyeta oTOHOB

npeobpasoBaHns (HOTOHOB B 3IEKTPOCUIHArMbI (HOMONHUTeNbHbIE TexHororn FCS, FCCS)



10. Zoom optics

© 00 NEoEUI

Munumym: 488, 543, HM
JIOTIQITHUTEILHO: : , 514, 594 um
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Twin Gate main beam splitter ;
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Emission filters
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Aliry scan detector

SR Mode 1

Impro’kement of resolution to 120 nm (XY)
(Z) at 488 nm excitation

350 n

Airyscan detector is positioned in a
conjugate focal plane to the excitation
spot and utilizes a zoom optic
arrangement to project a defined
number of Airy unit orders onto the
detector to create an optical section.

Airyscan is a 32 channel area detector
and collects a pinhole-plane image at
every scan position



Mitotic cells stained for microtubules (Alexa 555).
Microtubules are imaged at 488 nm using either GaAsP detector or
Airyscan.

Sample courtesy of P. O’Toole, University of York, UK



Confocal

Human RPE cells, ZO1 (tight junction marker) in blue, photoreceptor outer
segments stained with FITC in green, EEA1 (endosomal marker) in red.

Courtesy of S. Almewadar, CRTD, TU Dresden, Germany



Kondoxaabnubiii Mukpockon Nikon C1/A1

C1si true spectral imaging confocal laser scanning microscope
system configured with a 4-laser unit




Overview of DEES
(internal structure of spectral detector)

MyJbTH-aHOTHBIN

32 kaHaJia

. 3 | " . .
Unpolarized light l p  Polanization rotator

; Multiple gratings (2.5/5/10nm)
Polarized beam splitter
Grating properties

Optical fiber

Moayas pis
CIIEKTPAJBLHON JeTeKIUHU

Diff raction ratio (%)

—s— S-polarizing
—#— P-polarizing

Wavelength (nm) 750




Square pinhole Hexagonal pinhole

30% more light m OpurnnajbHble peneHnst
—— Nikon
NS

64% of the area of a circle 83% of the area of a circle

I'ekcaronajibHas KOHPOKAJIbLHAS
anagparma

. e Lw-aingle incidence method
] . . Increased fluorescence efficiency o
Conventional 45° Low-angle s 457 incidlence angle method

incidence angle methad incidence method

Reflaction-transmission
characteristic high
polarization dependence

Transmission rate (%)

480 530 580 630
Wavelength (nm)
Comparison of fluorescence efficiency

JInxpou4yHbIe 3epKaJjia, padoTauue Mo He0OJbIIUM YIJIOM MAJAeHHUs CBETA



Kondoxkanbublii Mukpockon Fluoview 1000 Olympus




Knacrepmznusa EphA2-CFP u EphA2-YFP
nmoj AeiicrBueM epnrin-A3

Do adppuHa 30c 2 MUH 5 muH 14 muH
— — — — —
-3 Sum . Spm e : Sum T e Sum Spm

CFP

YFP
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Mpunezarowyro K cybcmpamy (cmekny) membpaHy kKnemok HEK293, akcnpeccupyroujux EphA2-CFP u EphA2-YFP,
aHanu3upoeanu Kaxovoie 1,5 muH 6 meyeHue 8 MuH 00 u 17 MuH nocne dobaessneHus dumepa sgppuHa A3 (1
m2/nman)



Knacrepusuusa EphA2-CFP n EphA2-YFP
moj AeicTeueM ephrin-A3




Jlokanu3anusi poAaMUH-MeUYeHHOr0 MUTOTOKCHHA 3 13 siia koOpwl Naja
kaouthia (Rh-CT3NK) B pakoBbIX KjeTKaX

/KuBble KJIETKH aICHOKAPIUHOMBI JIETKOI0 YejioBeka AS49
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Bujaeo nzoopakenue Rh-CT3Nk JIM30COMBI, Hano:xenue
KJIETKH AKPHIVH OpaHKeBbIii U300pakeHu i
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Ilepen rudesibI0 KJIETKH KOJIHYECTBO HHTAKTHBIX JIM30COM
YMEHbIIAETCS

Benbin — nu3ocombl, okpaweHHble LysoTracker; seneHsin — Rh-CT2No; — AlPcC8



MexaHu3M 1eMCTBHUS IMTOTOKCHMHOB U3 s1/1a KOOP MEHSAETCS NPH
BbICOKHX TOKCHYECKUX KOHIEHTPALMSAX

2 3eneHbiii — Rh-CT2No
CvHMM — uMTOonNNasMaTn4YeCKNM UHAUKATOP MHTAaKTHOM memMbpaHbl, BCECF
KpacHbIM — vHAUKaTop saep MepTBbIX KneTok, AlPcC8

25 ¢ 50 c 75c 100 ¢

ey
RERE T T

! L ‘.!
10 mkM Rh-LUT2No + 0,5 mkM BCECF + 5 MkM AIPcC8 (kpacHbin). Knetkn A549

- Ilpu 00JbIINX KOHIEHTPANUAX HUTOTOKCHHBI CBA3BIBAKOTCH € IJIA3MAaTHYEeCKOM

MeMOpaHOH

- CBsi3bIBaHue 00J1a1aeT BHICOKOH MOJIOKUTEIbHON KOONEPATHBHOCTHIO

- Pe3koe Bo3pacTaHue CBA3LIBAHUA NPUBOAMT K MEPMHUAOUIM3ALMM MeMOPAHbI U
ruoeiv KJjaeTku B Tedenuu (0,5-2 MuH



ITageHne MOTEHMAIA MUTOXOHAPHUHI 10 Mepe
HAKOILJIEHMSI B HUX NenTHaAa JaTtapuuHa Ltc2a

u‘.- {




IlageHne nmoreHMaga MUTOXOHAPUM B KiaeTkax K562 mo
Mepe HAKOIJIEHUS B HUX nmenTtuaa Jarapuuna Ltcl

5 min

3esienblii — quiyopecnenH-MeueHHbIH Ltcl; kpacuniii — Rh6G B MuToxonapusx



