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1535 Hobenesckaa npemusa no xumum
npucyXaeHa 3a cynepdnyopecueHTHYIO
MUKPOCKONUIO CBEPXBbICOKOTO
paspelueHus

Hobenesckas npemus B obnactm xummum 2014 ropa npucykaeHa LtedaHy Xennto (Ffepmanus),

Yuneamy MepHepy (CLUA) n 3puky betuury (CLLA) 3a BKnag B pas3sutme $payopecLeHTHOM

MUKPOCKOMNMUN CBEPXBbLICOKOro paspeweHna. 06 3stom coobuwiaetca Ha camte Hobenesckoro
KomuTeTa.

NaypeaTtamu Hobenesckol npemum no xumuun 8 2013 rogy ctanm MapTtuH Kapnnyc, Maiikn /lesutt n Apu Yopulen 3a co3gaHue MHOTroypoBHEBbIX moaenen
CNOXKHbIX cuctem.

Buepa, 7 okTabpa, Hobenesckasa npemua B obnactn ¢umsmkm 2014 roga bbina npucyKaeHa ANOHCKMM ydyeHbim Mcamy AKkacaku, Xupown AmaHo n Cioasm
Haxamypa 3a nsobpeteHne CBETOANO0A0B - 3HeproapeKTUBHOro " 3KO0/I0FMYECKH 4yncToro WCTOYHMKA cBeTa.

HobeneBckas npemusa B 061actv meguumHbl u dusmnonormm 2014 roga 6biia npucykaeHa 6 oktabpsa Hesposory AxkoHy O'Kudy (BenmkobputaHusa), a Takke

¢dusmnonoram Maii-bputt Mosep n 3aBapay Mosepy (Hopserva) 3a OTKpbITUE KNETOK MO3ra, KOTOpble OTBEYaloT 3a camoonpeefieHne B NPOCTpaHCTBe
(BHYTpEeHHWUI GPS mos3ra).



Eric Betzig, Stefan Hell, and W. E. Moerner Win 2014 Nobel Prize In Chemistry
Awards: Superresolution fluorescence microscopy has made it possible to capture nanoscale

images of cells

Moerner
Credit:
L.A. Cicero

Betzig

Credit:

Matt
Stanley/HHMI

Hell

Credit: Max Planck
Institute for Biophysical
Chemistry



W. Moerner Bnepsblie B MUPE CMOT AETEKTMPOBATb OTAENbHYIO GpyOpPECLUPYIOLLYO MOAEKYNY. ITO
6b1n10 coenaHo B IBM’s Almaden Research Center in San Jose, Calif. 3atem, pabotas B University of
California, San Diego Moerner oTKpbI/1 BO3MOXHOCTb BK/IFOYEHMUSA U BbIKNOYEHMA NO KOMaHAe
oaHoro n3 BapmaHToB GFP. [pun Bo36yKaeHMM cBETOM C A/IMHOW BOIHbI 488-nm GFP Bbiropan u He
mor bbITb 3a4encTBOBaH cHoBa. Ho Moerner o6Hapy»Xua 4to 0b/1iy4eHmne CBETOM C AJIMHOWN BO/HbI
405-nm peaKTnBMpoBano 6esioK, U OH MOr CHOBA BO3bYy»KAaTbCA CBETOM C AJINHOM BOHbI 488-nm .

Eric Betzig 3271011 OCHOBbI 411 MUKPOCKONMW OANHOYHbIX MOJIEKYA, Pa3paboTaB MEXaHU3M,
NO3BO/IAIOLWMN KaK Obl «BK/IHOYATLY U «BbIKAKOYATL» PIYOPECLEHTHOE CBEYEHME KarXKA0M MOJIEKYAbI.
Takue poToBKIOYaemble 6enku ctanm ocHoBor ans PhotoActivated Localization Microscopy
(PALM), paspaboTtaHHoi B 2006 roay Eric Betzig coBmecTtHo ¢ Harald Hess in. OpurnHanbHas
yCTaHOBKa 6b1/10 cobpaHa npamo B Kunnon KomHaTte Harald Hess.

Stefan Hell. PazpaboTtaHHbit um meTog—STimulated Emission Depletion (STED) microscopy —
MMeeT NPUHUMNMaNbHble oTan4ma. lNMpu ncnonb3doBaHmn STED microscopy oauH na3epHbIN nyy
cTumynmnpyet payopecueHumio Gayopoxpoma, TOrAa Kak Apyron NepeKkpbiBatoWMn ero 1a3epHbli
Nly4 C TOPOUOANbHBIM CEYEHNEM BbIKAIOYAET GpyopecLEeHLMM BE3AE 33 UCKIIOYEHNEM
HaHOpPa3MepHOro obbema, NO3BOAAA NPU CKaHMPOBAHMKM 0Bpa3LLa NOCTPOUTb n30bpaxkeHue ¢
HaHOPa3MepPHbIM pa3peLLleHnem.

I3TOT MeTop, cBexpa3spellatowen GpayopecueHTHOM CNEKTPOCKONMK yay4LLaeT NaTepasibHoe
paspelleHne, Ho NPAKTUYECKM HE MEHAET paspeLlleHne no ocu Z.



CBeTOBasi MUKPOCKOIINSA: pa3pelieHue

OnTtuueckoe nsobpakeHne TOUKU He ABNAETCA TOUYKOMN, NpeacTaBnseTt coboi
3D pacnpepgeneHue UHTEHCUBHOCTU, onucbiBaemoe PSF.

dopmuposaHue onTMHecKoro nsobpakeHmne obpasua moxert 6biTb PacCUUTaHO
KakK PSF Bcex ero Touyekx.

JekoHBoNOUMA NpeacTaBaseT cobon peweHne obpaTHOM 3a4aumn: onucaHue
CUrHanoB BO BCEX TOYKax 06pa3ua no onTuueckomy us3obparkeHuto
(http://micro.magnet.fsu.edu/primer/digitalimaging/deconvolution/

deconvolutionhome.html).

Point Spread Function
PSFtot(x,y,z) = PSFill(x,y,z) . PSFdet(x,y,z)
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Object

N3o06paxeHne TOUKN, HaXoaALENCH B Image
c¢hoKarnbHOM NJIOCKOCTU He ABNSETCA TOUYKOMU,

a npeacraBnsaeT cobomn pacnpegeneHue

cCurHana Ha onpegeneHHoun nnowaau. Ero PSE

onucbiBaeT (hyHKUMA pacnpeneneHus

curHana us Touykum (Point Spread Function - Image formation in & confocal microscope:; &
PSF). PSF 3aBucuT ot onTn4eckom CUCTEMbI central longitudinal (X2 slice. The 30 acouired
MUKpPOCKOoNa U ANMUHbI BOJTHblI UCMTYCKaemMoro distribution arizes from the convalution of the real

CcBTe light sources with the PSF.



NpocTpaHCTBEHHOE pa3peLueHue




Paspernienre MUKpOCKOIia

NA = n.sin(a)

&a,uoz,

4 =wavelength of the light used (effective wave-
length of white light: 550 nm)
n = refractive index of the optical medium betweean

the front lens and cover glass (air=1; H,0 = 1.33;

immersion oil = 1.518)
o = half the opening angle of the objective used
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JlazepHan CKaHUpyoWaa MUKpockonu
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Mpuruun MynetugotoHHon Mukpockonun
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MpuHunn MynetudgoronHon Mukpockonum
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Daryl Lim, Tim N. Ford, Kengyeh K. Chu, and Jerome Mertz

Boston University, Department of Biomedical Engineering, 44 Cummington Street, Boston, Massachusetts 02215

HiLo Microscopy

Fig. 2 Volumetric imaging of a mouse brain hippocampus slice (100
pm thick) labeled by r\toplasm c EGFP by in utero electroporation.
z-stacks comprising 200 slices with 0.5 um step size were acquired
with a Hilo microscope and a commercial confocal microscope
(Olympus FluoView 1000), in both cases using a 20x water immer-
sion objective (Olympus UApo/340). Co-located z-slices (single frames)

‘-

(a) Wide-field image of rat

g (b) HiLo image.
colonic mucosa



Steltzer

Selective Plane Illumination/Digital Scanned Laser Light
Sheet Fluorescence (SPIM/DSLM)

SPIM Principle: Carrera
heam path and optical
componcnis.
Tube lens
Detection
Filter
Lightguide  Collirnator Cylindrical lens
Objective
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Keller et al. (2008); figure 1 YCICNCEXPress
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TIRF u SIRF muxkpockonusn
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CBEpPXBbICOKOE pa3peLleHme

Forster (or Fluorescence) Resonance Energy Transfer (FRET)
microscopy techniques.

Structured lllumination Microscopy (Elyra, N-SIM)
4Pi-microscopy

Fluorescent/Electron Microscopy

Fluorescence PhotoActivation Localization Microscopy (FPALM),
Stochastic Optical Reconstruction Microscopy (STORM)
STimulated Emission Depletion microscopy (STED microscopy)
PhotoActivated Localization Microscopy (PALM), Fluorescence



FRET basics
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N-SIM

(x-y 100nm)

Utilzation of high spatial frequency laser interference to illuminate sub-resolution
structure within a speomen prodoces moeé fringes, which are captured. These moiré
fringes include modulated information of the sub-resolution structure of the specimen
Through image processing, the unknown sj T be recavered to
achieve resolution beyond the limit of conventional optical microscopes.

lution ima by proc g multiple moiré pattemn ima

An image of moiré pattems captured in this process indudes information of the minute structures within a specimen. Multiple phases and
orientations of structured illumination are captured, and the displaced “super resolution” information is extracted from moiré fringe
information. This information is combined mathematically in “Fourier™ or aperture space then transformed back into image space creating

an image at double the conventional resolution fimit

Create super resolution images by processing muitiple images

Utilizing High Frequen

The capture of high resolution, high spatial frequency information i limited by the
Numerical Aperture (NA) of the cbje: s, and spatial frequencies of structure beyond
the optical system aperture are excluded (Fig. A)

uminating the specimen with high frequency structured illumination, which is
multiplied by the unknown structure in the specimen beyond the classical resolution
limit, brings the displaced *super resolution” information within the optical system
aperture (Fig. B)

T

When this “super resolution” information is then mathematically combined with the
smdard mformation captured by the abjective lens, it results in an effective doubiing of
A, and therefore resolution of the optical system (Fig. C)

T
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h TIRF- and with conventio
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Konghokanvnasa mukpocxkonus no cpaenenuto c
4P1: ghynkuua pacceanua mouku

KoHdokanbHasa mukpockonus

= |




4 pi Hacmpoiika
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Pazpewarowan cnocoonocmo: Teopemuueckan
paspeuwtarouias cnocooHocms no Z ocu moHKoU nNiaéHKuU
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4AP1 2ceomempus odpazua

< 50 MKM




Ilpumep ucnonwvzosanusn: E. Coli, bakmepus

N3o6paxeHue,

nony4yeHHoe Ha _

KOH(POKanbLHOM 4PiTun C

MMKpOCKONe Ob6bekTmB: 100x 1.35 NA APi Tun C
Ob6bekTuB: 100x 1.35 NA [ nmuepuH C peKkoHBOmMoLnEN
[InLepuH Bo3byxaeHune: 488 HM

BoiasneHne metku: 650 HM —

Bo30 eHune: 488 Hm
YA 700 HMm

BbisBneHmne meTtku: 650 HM —
700 HM

Escherichia coli



Tumynovustit 1ucm dCypHana
Nature Biotechnology (Hell et al, 2003)

nare

Optical imaging
Photorhabdus [uminescens genome
On-target cytokine activation

TpéxmepHoe nsobpaxeHune
MUTOXOHAPWAaNbHOro KoMMsekca
XXUBOW KITETKU OPOXOKEN

HanoxeHHoe Ha UBETHYIO CKAHMPOBAHHYIO
3NEKTPOHHYI0 MUKpOoTorpadmio
MUTOXOHAPWM U LLEPOXOBATOrO
9HOOMNMasmMaTU4YeCcKoro peTukynyma



MuKkpockonusa 4Pi c ogHUM 06 BbEKTMBOM
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Fluorescent/Electron Microscopy
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Eric Betzig, Stefan Hell, and W. E. Moerner Win 2014 Nobel Prize In Chemistry
Awards: Superresolution fluorescence microscopy has made it possible to capture nanoscale

images of cells

Betzig

Credit:

Matt
Stanley/HHMI

Moerner
Credit:
L.A. Cicero




W. Moerner BrnepBsble B MMPE CMOT AeTEKTUPOBATb OTAE/IbHYI0 GIYyOPECUMPYIOLLYIO MONEKYNY. ITO
6b1n10 caenaHo B IBM’s Almaden Research Center in San Jose, Calif. 3atem, pabotas B University of
California, San Diego Moerner oTKpbl/1 BO3MOXHOCTb BKIOYEHUA U BbIKIOYEHUA NO KOMaHAe
oAHoro 13 BapmaHToB GFP. Mpu BO36YKAEHUN CBETOM C A/IMHOM BOIHbI 488-nm GFP Bbiropan u He
Mmor 6bITb 3aaencTBoBaH cHoBa. Ho Moerner o6Hapy»Kun 4to 06/1iy4eHrne CBETOM C AJIMHOW BOJTHbI
405-nm peaKTnBMpoBano 6esoK, U OH MOTr CHOBa BO36YyK4aTbCA CBETOM C AJIMHOM BO/IHbI 488-nm .

Eric Betzig 3271011 OCHOBbI 411 MUKPOCKOMUU OANHOYHbIX MOIEKY/, pa3paboTaB MexaHU3Mm,
NO3BONAIOWMNA KaK Obl «BKIHOYATbY» N «BbIKAOYATb» GAYOPECLEHTHOE CBEYEHME KAaXKA0N MONEKY/IbI.
Takue doToBKAOYaeMble 6enku ctanm ocHoBon ana PhotoActivated Localization Microscopy
(PALM), paspaboTaHHom B 2006 roay Eric Betzig coBmecTtHo ¢ Harald Hess in. OpuriHanbHas
YyCTaHOBKa 6b1/10 cobpaHa npAmMo B *unom komHate Harald Hess.



B xoge nposeaeHua PALM, doToaKTMBmnpyemble 6en1Kn 0g4HOBPEMEHHO BKAKOYANNUCH U BbIKAOYANMUCH B
Hebonblwom Konmnyectse. bblno HeobxogmMmo, YTobbl MHANMBUAYANbHbIE MONEKY/IbI HAXOANAUCH APYT OT
Apyra Ha AOCTAaTOYHOM PACCTOAHWUU, YTODbI NX NOKaNM3auma morna bbiTb TOYHO onpeaeneHa. Umnax
CTPOMACA KaK pe3ynbTaT 06paboTKM MHOrOKPAaTHO NOBTOPAEMbIX LIUK/IOB PErNCTPaLMN CUTHANA
HebOoNbLIOro Yncna oTaenbHbix Monekyn payopodopa. CxogHble metoabl Obinn TaKKe pa3paboTaHbl B
2006 roay Xiaowei Zhuang B Harvard University (stochastic optical reconstruction microscopy, or
STORM) n Samuel T. Hess of B University of Maine (fluorescence PALM, or fPALM).



Single-Molecule Superresolution
Basic Microscope Configuration
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Fig. 2. Targeted versus stochastic time-sequential readout of fluorophore markers of a
nanostructured object within the diffraction zone whose lower bound is given by A/2n.
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A Normal Fluorescence Image
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Photoswitchable proteins and PALM (S. Jakobs; H. Hess)
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PALM microscopy




Hell

Credit: Max Planck
Institute for Biophysical
Chemistry

Stefan Hell. PaspaboTtaHHbin um metoa—STimulated Emission Depletion (STED)
MIiCcroscopy — MmeeT NpuHUUnuanbHble otanuma. Npu ncnonbsosaHmnm STED microscopy
O[MH Na3epHbIN Nyd cTumynmpyet ¢piyopecueHUmto Gayopoxpoma, Toraa Kak apyrom
NepeKpbIBAOLWMIM €ro Na3epHbI JIyd C TOPOUAA/IbHbIM CEYEHMEM BbIKAOYAET
dnyopecueHUMm Be3ae 3a UCKAOYEHUEM HAaHOPa3MepPHOro obbema, N03BONAA NPU
CKaHMPOBaHMKM 06pa3L,a NOCTPOUTb N3006paXKeHMe C HAHOPA3MEPHbIM Pa3peLLEHMEM.
3TOT MeTop, cBexpa3spellarowen ¢piyopecueHTHON CNEKTPOCKONUK yayyliaeT
NaTepasibHoOe pa3spelleHne, HoO NPaAaKTUYECKM HE MEHAET pa3peLleHme No ocu Z.



STED: Lateral resolution enhancement

Excitation PSF

I\X\n RN ]

STED PSF

Effective PSF

Stimulated Emission Depletion — STED microscopy

Hell, Wichmann, Opt. Lett. 19 (1994), 780



Beam geometry (II): the full STED donut is created by
superimposition of two half donuts from two beams
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Fig. 4. Side-by-side comparisons.
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Confocal

Fluorescent Glas Nanoparticles
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Microtubular Network in Ptk2 Cell



Spherical nanosized focal spot unravels the interior of cells
Roman Schmidt, Christian A Wurm, Stefan Jakobs, Johann
Engelhardt, Alexander Egner & Stefan W Hell

NATURE METHODS | VOL.5 NO.6 | JUNE 2008
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Fluorescence microscopy setup with isotropic 3D focal spot. (a) Beams for excitation, STEDxy (lateral) and STEDz (axial) are combined using a dichroic mirror (DCSP)
and then fed through a beam scanner into a 4Pi unit with two opposing objective lenses (01 and 02; HCX PL APO 100, 1.46 NA OIL CORR; Leica Microsystems). The
fluorescence light (orange) collected by both lenses backpropagates along the same optical path to the detector, passing through the DCSP and a second dichroic
mirror (DCLP). The pivot plane (PP) of all scanning beams is conjugated to the entrance pupils of the objective lenses. The incoming beams are divided by a polarizing
beam-splitter (PBS) and coherently superimposed at both lenses’ common focal plane inside the sample (S). A piezodriven mirror (MP) controls the difference in
pathlength between both cavity arms and thereby the 4Pi phases of all beams. The polarization state of STEDxy and STEDz is adjusted by two half-wave retarder
plates (H1 and H2). Numbers in black circles indicate points for which these polarization states are displayed in c. (b) The excitation beam and the STED beams for
lateral (STEDxy, imprinted with a circular phase ramp (PM)) and axial (STEDz) fluorescent spot compression are polarized under a j 451 with respect to the
perpendicular direction (n) to the splitting plane ( p) of the polarizing beam-splitter. STEDxy and STEDz are polarized orthogonal to each other. (c) Polarization state of
STEDxy (outlined) and STEDz (solid) at indicated points in the setup. By tuning the orientation of the half wave retarder plate H1 and thereby a, the branching ratio
between both arms is adjusted for matching intensities of the partial beams (position 1 and 2). Right behind the polarizing beam-splitter, the partial beams of STEDxy
and STEDz are mutually orthogonally polarized (positions 3 and 3y). Parallel polarization for both beam pairs is rectified by the second half wave retarder plate H2
(positions 4 and 4y). Notably, the relative phase between the STEDxy and STEDz beam pairs now differs by p.
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Isotropic effective focal spot (PSF) on the nanoscale.

(a) Calculated PSF of a confocal fluorescence microscope and the corresponding spherical PSF of the isoSTED
microscope at Im/Is = 15 (NA = 1.4; wavelength parameters).

(b) (b) Experimental counterpart to a as measured with a 21-nm-diameter fluorescence bead. The FWHM of the
confocal setup (1.46 NA) is 165 nm in the lateral and 405 nm in the axial direction. Switching on the STED
pattern shown leads to a largely spherical main focal fluorescence spot.

(c) (c) Gaussian fits through the lateral and axial profiles of the focal spot yield indicated FWHM, corresponding
to an isotropic far-field optical 3D resolution of A/16. Baselines are marked with colored circles.

Scale bars, 250 nm.
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IsoSTED fluorescence microscopy dissects a mitochondrion by focusing light into the interior of a mammalian (Vero) cell; here the distribution of the
protein Tom20 is imaged. (a-c) Optical sections through the bottom (a), center (b) and top (c) planes of the mitochondrion reveal distinct Tom20 clusters. The
x-y image through the center plane shows that the clusters are located at the rim of the organelle. The sections shown are part of a 3D stack of 62 x-y images,
all equally spaced in the z dimension by 22 nm. The image data shown were obtained after deconvolution as described in Methods. (d) 3D reconstruction of the
Tom20 distribution (the red filament is to guide the eye). Inset, sum of all x-y images from z = -240 nm to z = +240 nm. This mimics a nanoresolving (STED)
microscope with standard confocal resolution along the z direction, showing that axial super-resolution is essential for unraveling the protein distribution in this

sub-wavelength-sized organelle. Scale bars, 1 pum.

Two-color isoSTED imaging of mitochondria in Vero cells.
(a,b) Distribution of the outer membrane protein Tom20 labeled with the
H. _ organic fluorophore DY-485XL (a) and of the NK51-labeled matrix protein
inensity (@) | ® intensiy au) mtHsp70 (b). (c) Overlay of the two images showing Tom20 in green and
mtHsp70 in red. (d) Excitation and absorption spectra for DY-485XL

2 10; BY K Detecion STED (dotted line) and NK51 (solid line). The two fluorophores are separated by
508 T subsequently exciting the sample at 488 nm (DY-485XL) and 532 nm (NK51).
fzi Both dyes are depleted by stimulated emission at 647 nm. (e) Reverse

Eoz s staining as a control (Tom20 with NK51 and Hsp70 with DY-485XL) yields

%860 500 550 600 G50 700 similar results as the initial recording (c). Scale bars, 1 um.

Wavelength (nm)
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Lattice light-sheet microscopy: Imaging molecules to embryos at high spatiotemporal resolution
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