WUccnenoBaHus Ha YpOBHE eAMHUYHBLIX MOJIEKYI U UX KOMMJIEKCOB
MeToaamMmu chnyopecueHTHON MUKPOCKONUU

HanpaBneHue pasBuBaeTtcs 6onee 10 ner

OcHOBHas naesa — HayYUTbCSA NPOCTPAHCTBEHHO U30NMUPOBaThb, PerMcTpMpoBaTh
W aHanM3npoBaTb Crabbin curHan ot o4HOM MONeKynbl (0A4HOro KOMMMeKca)

C NPOCTPaAHCTBEHHbIM pa3peweHuem (2D u 3D pacnpegeneHue MosrieKkyn)
C pa3pelwieHneM BO BpeMeHu (aHanum3 npoueccoB C y4acTUEM MOSEKYIlbl)

C OQ4HOBPEMEHHOM perncrTpaumen curHana B AByX U bonee cnekTpanbHbIX
AvnanasoHax (KoHdopMauMOHHbIe NepecTPoOnuKU, B3auMoaeucTBmUs MOJIeKyn)



WUccnenoBaHus Ha YpOBHE eAMHUYHBLIX MOJIEKYI U UX KOMMJIEKCOB
MeTonamMmu chnyopecLueHTHOM MUKPOCKONUU

Heobxoanmo obecnevyunTb:

1.Hanu4ue gpnyopoghopa e cocmase MOJIEKYIbI;

2. HaJlu4ue 8bICOKOYyecmeumesibHbIX cucmemM demeKuyuu;

3. coaslacoeaHue rnpocmpaHcmeeHHo20 pacrnpedesieHUs1 briyopecyupyroujux
MOJIeKyJ1 C pa3pewarouwel crnocob6HoCMbIO OnNMU4YeCKO20 MUKPOCKoOna

TpeboBaHus K conyopodopy:

BbICOKaf APKOCTb (3KCTUHKLMUA, KBAaHTOBbIU BbiXxoA chriyopecueHLnn);
BbiCOKas (pOoTOCTaOUNBLHOCTD;

crnabast YyBCTBUTESIbHOCTb CMEeKTPalribHbIX MapaMeTPoOB K MUKPOOKPYXKEHUIO;
3aMUccusa B KpacHOM obriacTtu cnekTpa

Cucrtembl geTekUuUn:
naBuHHbIe poToanoAbl; BbiICOKOYyBCcTBUTENbHbIE EM-CCD Kamepbl €
rmyooKkum oxnaxpeHnem

Pa3spelwiaowas cnocoOHOCTbL ONTUYECKOro MUKPOCKONaA:

OObIYyHbIN: AX=AY=200 HM, AZ — He obecne4ynBaeT;

KoHdokanbHbIN, MHOFOOTOHHbLIN AX=AY=200 HM, AZ=500 HMm;
TIRF-mukpockon AX=AY=200 HM, AZ=150 HMm.

Uccneayemble MoneKynbl AOMKHbI pacrnosiaraTbCA Ha pacCTOsIHUAX bonbLie
2AX, 2AY, 2AZ ppyr ot gpyra.




UccnepgoBaHuAa Ha ypoBHE €AUNHUYHbLIX MOJIEKYJ1 U UX KOMIMJ1IEKCOB

MeToaamMu cpnyopecueHTHON MUKPOCKONUMU

Pe3ynbrathbl pa3BuUtus:
1. PaspaboTaHbl MeToAbl ONTUYECKON MUKPOCKOMNUMU

CBEpPXBbICOKOro paspelleHnusi, OCHOBaHHble Ha
AeTekuMn eauHuYHbIX Monekyn (PALM, STORM).

Kommepuecku noctynHbl (Zeiss, Nikon).
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Stochastic Optical
Reconstruction
Microscopy
STORM




NIKON CORPORATION
STO R M Instruments Company Nikon
A technique that creates a super-resolution image from a fixed sample labeled

with photo-switchable dye pairs. It consists of many acquisition cycles and a post
acquisition analysis cycle.
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A Sunday Afternoon on the island of La Grande Jatte — Georges-Pierre Seurat

March 30, 2023 6



(a) (c)

!

Number of
Events

Fluorescence
(Photons)

Resolution Versus Photon Count

1000
0
x-Dimension -Dimension
(Nanometers) - -500 anometers) 0 0
Centroid x Centroid y

200 photons 1000 71000 (Nanometers) 60 60 (Nanometers)

Figure 3

Resolution Versus Photon Count

Resolution Versus Photon Count

Localization accuracy ~20-30nm laterally E D

and ~50nm In Z 2000 photons




Uses Photo-Switchable fluorescent dye
pairs to stochastically switch on Reporters
through many cycles. and
Reporters

Step 1) Inactivate reporter molecule by irradiation of 647nm

Step 2: Excite “Activator” to activate “Reporter” molecule.

561nm

Cy3 | I
‘ Alexa647

Target sample Step 3 : Excite “Reporter” and emission light is captured
{molecule) by camera.

<

|

. Alexat47

Target sample
(molecule)

Cy3

... Repeat these procedures to reconstruct image



20 nm optical resolution with standard fluorophores
Heilemann et al. (2009)

And thus the native hue of resolution (Shakespear, Hamlet)

30/03/2023 9 Carl Zeiss Microscopy GmbH, Dr. Monika
Marx, TASC



The number of photons makes the difference!

Before After
activation activation
Activation Ex 7 Em Ex Em
Flucrophore wavelength (nm) {nm) {nm) (nm) (nm) Reversible
Cyanine dyes Cy5 & Alexa 647 350-570" NI ' 647 665 Yes
' Cy5.5 674 ' 692 !
. Cy7 . 746 773
Photochromic SRAS45 375 x Green
rhodamine ‘ SRA552
SRAS577
SRAG17

Caged fluorescein
Caged
Q-rhodamine
Cyan/dark-to- PA-GFP ‘ 400
green FP ' PS-CFP2 400
Green-to-red FP Kaede 508

EosFP 405 505

Dendra2 405-488 490
Dark-to-red FP PAmMCherry 405 NF
Reversible FP Dronpa 405 NF

Dronpa?2
Dronpa3
rsFastLime
bsDronpa

EYFP

Huang & Zhuang, Annu. Rev. Biochem. (2009)



Samples for localization microscopy
Fluorescent proteins suitable for PAL-M

PAL-M relies on fluorochomes that can be either photoactivated, photoconverted or

reversibly photoswitched (e.g. certain fluorescent proteins). Dends -9 =
400
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Photoactivable FPs O ' O Kaede ®-0 10
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30/03/2023 11 Carl Zeiss Microscopy GmbH, Dr. Monika

Marx, TASC



Conventional

Cyb5/Alexa 647

~6000
photons/cycle

. = oy
Vimentin

EosFP

~1000
photons/cycle




Stochastic Reconstruction

raction Limited
oomed Image




Alexad405 Alexab47 CY2 Alexab47 CY3 Alexab47
- . .

3 kinds of “Activator” and 1 kind of “Reporter” are available.

Alexa405 - Alexa647 Compound
CY2 - Alexa647 Compound
CY3 - Alexa647 Compound




N-STORM IS MULTI COLOURI!

Fluorescent

Deactivation

photoactivation
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Bales st ol, Scence (2007)

Note: 9 dye pair combinations currently available
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ORM 10x resolution increase

Confocal STORM
resolution 200 nm resolution ~ 20 nm
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3D STORM Module

*  Cylindrical lens between the microscope and EMCCD camera introduces an elliptical
distortion that increases depending on how much the molecules are above or below the
plane of focus.

»  Typical resolution in Z is improved to ~50nm within ~ = 500nm
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S | 3D Imaging of the Microtubule Network
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Whole cell 3D STORM

Mitochondria

Huang, Jones et al, Nat. Meth. (2008)
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NIKON CORPORATION

The Superresolution Platform from Carl Zeiss rements SR Niln
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