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* [lepBbi NPUMOOP TMINA MUKPOCKOMA ObIA
MNOCTPOEH OKOAO 1590 r. HMAEPAQHACKMMU
MACTEPOMM BpaTbamm AHceHamm. C 1610T.
HOYMHAETCSH ObICTPOE COBEPLLUEHCTBOBAHME
MMKPOCKOMOB.

 PobepT YK (1635-1703) - PO3HOCTOPOHHUM YYEHbIM
1M n3obpetareAb. B 1665 roay onybAMKOBOA TPYA
«Mumkporpadomsmn. PaccmartpmBag TOHKMM Cpe3
NPOOKM MOA MMUKPDOCKOMOM, ODHAPRYXKMA
MHOXXECTBO MEAKMX F4EEK M HA3BAA MX
"KAETKAMM'".




Y10 Takoe cBet?
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Light is electromagnetic radiation.
What we usually describe as light is

0.01Am  1rw v im 1m only the visible spectrum of this
radiation with wavelengths between
400nm and 700nm.

s0o0m_~" woom  The elementary particle that defines

light is the photon.
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There are 3 basic dimensions of light

a) Intensity (amplitude) which is related to the perception of brightness

b) Frequency (wavelength), perceived as colour

c) Polarization (angle of vibration) which is not or weakly perceptible to humans
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MHKPOCKOITHA
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BoNbLUMHCTBO KNETOK UMEET AnameTp oT 1 Ao 100 MKM B
anameTpe, X MOXXHO HabntoaaTb B CBETOBOW MUKPOCKOT, TaKXkKe
MOXXHO U BonbLUKe OpraHensbl: 94p0, XIoponnacThl,
MUTOXOHOPUWN.

[MaBHasa XxapakTepucTnka MMKpPOCKona — ero paspeLuatoLlas
CNOCODOHOCTB, T.€. CNOCOBHOCTbL MUKPOCKONa pasnnyaTth
0OBbEKTbI, HAXoAsILLMECS OKOMNO ApYr Apyra Ha HEBOSbLLOM
PaACCTOSIHUN. DTO CBOMCTBO SABNAETCS AaXke bofiee BaXXHbIM YeMm
yBenuyeHune. N3obpaxeHne MOXeT ObITb YBENMNYEHO KaK YrogHO
(Hanpumep, NPOEKTUPOBaAHMEM Ha DONbLLON 3KpaH), HO Takoe
yBeNnM4YeHne He NpMBOaANT K BO3pacTaHUo Habnogaemoro
YPOBHS AeTanusaunu.

[Mpenen pa3pellieHnsa CBETOBOIrO MMUKpOCKoNna NnpmubnnanTensHo
0.2 MKM. [1Ba 0ObeKkTa pa3geneHHble MEHEE YEM Ha 3TO
paccTosiHue, byayT CMOTPETLCS Kak ogHa KapTUHKa.



Imaging Techniques

. Lowest Resolvable Approx Lower
Technique Image Formed By Unit Limit
: : : : 1 um
Optical Microscopy Light Rays Microns (um)

(monochromatic light)

Confocal Microscopy

Coherent Light Source

Microns (pum)

1 pm

(Laser) (X-Y Direction)
Transmission
Electron Microscopy ¢ 2 A
(TEM) Electrons Angstroms (A) (high resolution TEM)
Scanning Electron Electrons Nanometers (nm) to 10 nz
Microscopy (SEM) Angstroms (A) (100°4)
Atomic Force &
Scanning Tunneling Molecular Mechamtical i
Microscopies ° eculfiobeesc anica Angstroms (A) (theorotical)
coretica

(AFM/STM)




CBeToOBass MUKPOCKOIU S

Line of vision
Ocular lens (eyepiece)

CBE€TAOITIOAbHAN MIVIKPOCKOIIVISL, KOTOPYIO YaIlle€ BCETro

Ha3bIBAIOT ITPOCTO MUKPOCKOIIVISL, Focal plane

of objective
lens

Reflecting prism
TEeMHOIIOAbHAasI MYKPOCKONLS; - (pa30BO-KOHTpacCTHasI

MUKPOCKOIINAA B TEMHOM AN CBETAOM I104€ (HOSMTMBHBIﬁ

AN HEeraTlVIBHBIN Cl)aBOBBII/I KOHTpaCT); Objective lenses

*/..—- Specimen on stage
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—
k Condenser lenses

Base with light source

Q ™~ Lamp field stop




CBeTA01104bHasI MUKPOCKOIIVS

IIpu cBeTA0II0ABHOM MUKPOCKOIINY VAV MUKPOCKOIINY B
CBET/A0M I104e 1300pakeHre popMUPYeTCs 1104,
BO3A€eIICTBYIeM IIPSIMOTO CBETOBOTO IIOTOKa IIPsMO
IIPOXOASILIETO Yepe3 3ydaeMblil OOBeKT.

HOquaeMoe I/I306pa>KeHI/Ie - TeMHO€ Ha CBE€TA0OM I10Ae.

/aHHBINI METO/, TI03BOAsIeT XOPOIIO Pa3ANdNUTb CTPYKTYPY
I AeTaAl 13y4aeMOro oObeKTa, eCAy OH COCTOUT U3
4gacTell C pa3HOM OITUYECKON IIAOTHOCTBIO (DPUTPOLIUATEI,
AMKOLUTHI). /a5 DTOrO MeToAa He Hy>KHBI CIlelliaAbHbIe
AOIIOAHUTEAbHbBIE YCTPOVICTBA.

OCHOBHOVI HE40CTAaTOK — HU3KIUI KOHTPaCT M300pa>keHsl.

Line of vision

Ocular lens (eyepiece)

Reflecting prism

Focal plane
of objective
lens

Objective lenses

*/ Specimen on stage

- |

k Condenser lenses

Base with light source

Bl amp field stop




TemMHuormoaprHas MUKPOCKOTIIVSI

Mukpockonus B TEeMHOM I10/€ 3peHIsI OCHOBaHa Ha
cAeAyIoleM IIPUHIINIIE - Ay4M OCBeIllal0T OObeKT He
CHI3Y, a COOKy I He II0IIaAaloT B r1a3a HaDA0AaTeAs:
I10/1e 3peHIs OCTaeTCsl TEeMHBIM, a OOBeKT Ha ero (poHe
OKa3bIBAeTCsI CBETAIVMCS. DTO AOCTUTAeTCs C IIOMOIIBIO
cIel1aAbHOTO KOHAeHcopa (Itapa0010114) 1AM OOBIMHOTO
KOHAEHCOpPa, IIPUKPBITOTO B LIeHTpe KPY>KKOM UYepHOI
Oymarmu.

[TpemaeTHOE
CTERIIO

IIpsiMble Ayun OT OCBeTUTeAsI B OOBeKTIB He I10alaloT.
OOBeKTHI IPY TEMHOIIOABHON MUKPOCKOIIUN BBITASIAST
SIPKO CBETSAINVIMIICSI Ha TeMHOM ¢OHe.

- KorgeHcop

ITpu ncrioabp3oBaHUM HTOIO METOAA XOPOIIIO pa3AMIUMBbl I
Me/AKye OOBeKThl, HO AeTaAll U CTPYKTypa KPYIIHBIX |i| ’ | ‘ I
00BEKTOB (OT 2-3 MKM) IpaKTU4YeCK! He pa3ANdVIMBI, TaK -1 i
KaK BIAEH TOABbKO CBEeTAINUIICSI KOHTYp. Aas
TE€MHOITIOAbHOV MUKPOCKOIINN HY>KE€H TEMHOIIOAbHBIN

KOHZEHCOpP.
® ®

CEeT



Da30BO-KOHTpACTHASI MUKPOCKOIIVS

IInockocts

e [IpU NPOXOXKAEHUM NMYYKA CBETA YEPES
HEOKPALLEHHbIM OOBbEKT M3MEHAETCA AMLLIb dOA3a
KOAEDOAHMI CBETOBOM BOAHbI, YTO HE
BOCMNPMHUMAETCH HEAOBEYECKMM FTAQ30M.

e HTOObI M30DPAXKEHUNE CTAAO KOHTPACTHbIM,
HEODOXOAMMO MPEBPATUTL FOA30BbIE M3IMEHEHMS

CBETOBOM BOAHbI B BUAMMbBIE OMMAUTYAHbDIE. B
e OTO AOCTUTAETCH C MOMOLLLBIKO AOA30OBO- S
KOHTPACTHONO KOHAEHCOPA M dOA30BOro porammme "N

JIsHzEI
° KOHASHCOpa

0OObEKTMBA. {



(DaSOBO-KOHTpaCTHaH MIKPOCKOIINA SHAYNMTEAbHO
ITOBBIIIIACT KOHTPACTHOCTD OOBeKTa " JCIIOADb3YETCA

AA VISYHCHIS HATVIBHBIX ITPEIIapaTOB.

Living Cells in Brightfield and Phase Contrast

E
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Stokes shift
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D ayopecrieHTHasI MUKPOCKOIIVISI

/ITOMVIHeCIJeHTHas MUKPOCKOIIMS OCHOBaHa
Ha CIIOCOOHOCTY HEKOTOPBIX BEIIeCTB I10J
BAVISTHVIEM I1a4alOIlero Ha HUX CBeTa
VICITyCKaTbh Ay4U C APYrou (OOBIYHO
0OABIIEeN) AAMHOV BOAHBI
(paroopecrimposats). Takue BeljecTsa
Ha3bIBAIOT (PAIOOPOXPOMaMU
(AKpUAVIHOBBIN XKEATBIN, POAaMUH U Ap.).
O0OBeKT, 00paboTaHHLI (PAIOOPOXPOMOM,
IIPY OCBEIeHNN YAbTPa(dp10A€TOBBIMU
AydaMy IpuoOpeTaeT APKUI LIBET B
T€MHOM I10/€ 3PpEeHMN.

detector

ocular _y )
emission filter

dichroic mirror
—_—

.
=
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light source

excitation filter

specimen



Nikon B-2E (Medium Band Blue Excitation)
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V-1A (Narrow Band Violet Excitation)
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Green Fluorescent Protein (GEFP)

Class of proteins that naturally
fluoresce

First isolated from the jellyfish

238 amino acid long protein that
naturally fluoresces green (509 nm) in
the presence of blue (488 nm) light

Through genetic engineering,
scientists have artificially engineered
many variations of GFP




DAEKTPOHHAasI MUKPOCKOII

BO3MOXHOCTU ONTUYECKUX MMUKPOCKOMOB OrpaHUYEHb
CNMAWKOM OonblUoX AONMUHOW BOSHbI BUOMMOIO CBETa
(6000 A). OOBbEKTbI, pa3Mepbl KOTOPbIX MEHbLUE 3TOU
BENMUYUHbI, HAXOOATCA 3a npegenamMmmn paspellatoLlen
CNOCODOHOCTU CBETOBOIo MUKPOCKONa.

B 3NeKTpOHHOM MUKPOCKOMNE BMECTO CBETOBLIX BOJIH
MCMOSb3YIOTCA 3NEKTPOHHbIE 1y4dn, obnagatoLime
ype3BblMaMHO Manlon AONMHOWM BOJIHbBI WU BbICOKOWU
paspeLuaroLen cnocobHOCTbIO

1 A (aHrcTpem) =
0,1



Intro to Electron Microscopy
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Light microscope

Electron microscope

« Similar to optical microscopy except with electrons
rather than photons

. Used to image samples with a resolution of 10 A
o Canimage many different structural geometries

«  Mostly limited by radiation damage from the electron
beam



HexoTopble MOAeAU ~
9A€KTPOHHOTO

MIKPOCKOIIa




I Iponyckaromniast 1 CKaHUPYIOIIas
pAeKTpOoHHasl MuKpockonus (I'EM n SEM)

e Transmission Electron
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Negative Staining

f
f ‘

. Biological samples are often W
imaged using negative ke
staining -

* The elements of biological
molecules do not inferact
strongly with the electron
beam

* |Instead they are seated in a
material that does and then
the negative space of the
sample is imaged in this
marterial

http://www.izw-berlin.de/electron-microscopy.html



Paszmep xuieunoit naaouku (Escherichia coli, E. coli) —
04—0,8x1—3 MkMm.

Pasmep Oakrepuodara T7 — mpumepno, 100 um



HAyopecueHdTHas 1 TPaHCMUCCNOHHAs 9A€KTPOHHAX MUKPOCKOIINA

TOMOIIVICTEMHIAVPOBAHHOIO K-Ka3eHa

e

dnyopecueHTHasa (A) n anektpoHHas (b-E) mukpockonus

rOMOLUNCTENHUITMPOBAHHOIO K-Ka3enHa rnocrie 24-yacoBou peakunun C
TOMOLINCTEUNHTNOJITIAKTOHOM MNpU 37°C.

A-[1 - romouucTenHUNnMpoBaHHbIe NpenaparThbl, E - KOHTpONbHbIN Npenapar.



Immunochemical Applications

It is very easy to image
gold clusters with EM due
to gold’s properties

Thus the use of gold
labeled antibodies is
particularly helpful in
Immunochemistry

Labeled antibodies will
bind fo their antigen

EM can then be used to === =3=3
|deﬂ'|'|fy 'I'he |OCC]'|'iOﬂ Of http://www.nano.org.uk/news/images/imagel.1282120449.jpg
antibodies and by

extension the antigens




Cryo-Microscopy

« Samples are often frozen in
order to preserve the
stfructure against radiation
damage from the electron
beam

* |In order to not damage the
stfructure when freezing, the

sample is flash frozen

o Ifice crystals were allowed to form they
would damage the sample

« Samples are typically dunked

info liquid ethane or propane
(~11°K)

Plunger

Liquid ethane




KondokaabHast MUKPOCKONUS

* KOHAOOKAABHAOS MUKPOCKOMMSA — DTO OAMH M3 METOAOB OMTUYECKOM
MUKPOCKOMMK, KOTOPbIM ODAQAQET CYLLLECTBEHHbLIM KOHTPACTOM MO
CPABHEHMIO C OObIYHBIMM KAQCCHUYECKMMM MUKPOCKONAMU. OTAUMYUTE ABHOM
OCOOEHHOCTbIO AOHHOTO METOAQ SBAIETCH MCMNOAb3OBAHME AMATDPATMbI,
CMNOCOOHOM OTCEKATH MOTOK JOOHOBOIO PACCEIHHOIO CBETA.

* B KOHODOKOABHOM MUKPOCKOME B KOXKAbIM MOMEHT BPEMEHM MPOUCXOANT
perMcTpauUms M3obpaxeHms OAHOM TO4YkM 0ObekTA. [TOAHOUEHHOE
M300PAKEHME MOAYHAETCA 30 CHET CKAHMPOBAHMA NEPEABMKEHMS OOPA3LLA
MAU NEPECTPOMKM ONTUHECKOM CUCTEMBI. [ToCAE OOBLEKTMBHOM AMH3bI
PACMOAOXKEHA AMACPPATMA HEDOABLLIOTO PA3MEPA TAK, YTOObI CBET,
MCIMYCKAEMbIM MCCASAYEMOM TOYKOMU, MOOXOAMA YEPES HEE I
PEMCTPUPOBAACH, A CBET, MCXOAILLIMM OT APYTMX TOYEK, 30AEPXKMBAACH
ANACDPATMOMN.

* OMNMCAHHbBIM METOA MCCAEAOBOHMUS MO3BOAJET M3YHATb BHYTPEHHIOIO CTRYKTYPY
PA3AMYHbBIX KAETOK. C €ro MoMOLLLbIO MOXHO MAEHTUAOMLMPOBATb OTAEAbHbIE
MOAEKYAbI 1 CTRYKTYPbI KAETKM, MMKPOOPTAOHM3MbI, O TAKXKE AMHOMUYECKME
NPEOLLECCHI, NPOTEKAIOLLIME B KAETKAX.



KondokaabHast MUKPOCKONUS

BO3MOXXHOCTb MOAYYQTb TPEXMEPHOEe CYOMUKPOHHOE PACLLIMPEHUE
OObEKTOB, A TAKXKE 3HAYMTEABHO PACLLMPUACCH BO3IMOXKHOCTb MPOBEAEHMS
HEePA3PYLUAIOLLLETO AHOAM3A MNPO3PAYHbIX OBPA3L0B. BAAroAaps
MCMOAb3OBAHMIO B YKA3OHHbIX MMKPOCKOMAX B KAYECTBE MCTOYHMKOB CBETA
AQ3EPOB, AOCTUIAETCS MOBbILLEHME UX PA3PELLAOLLLEN CMTOCODBHOCTM.

[0 CPOBHEHMIO C KCEHOBBIMM MAM PTYTHBIMM ACMICMM AQ3€EPbI
OTAMHYAIOTCS CYLLECTBEHHBIMM MOEUMYLLLECTBAMM, TOK KOK ODACACIOT
CMOCODOHOCTBIO MOHOXPOMATUYHOCTU, A TOKXKE BbICOKOM MAPAAAEABHOCTH
MCMYCKAEMOro My4yka CBETA.

KOHODOKAABHASN MUKPOCKOMMSA MO3BOAFET MOAYYATb YAYYLLEHHOE
pa3peLleHne BAOAbL OCH Z.

CreumnaAbHbIE MPOrPAMMbI, KOTOPbIMWM OCHALLLEHbI KOHAOOKOAbHbIE
MUKPOCKOTMbI, MO3BOAIIOT U3 CEPUM OMTUHECKMX CPE30B CO3AABATH
OObEMHbBIE M30DPAXKEHMA OOBEKTOB, A TAKXE PACCMATPMBATL MX MOA
PA3HbIMM YTAOMMU 3DEHMS.

[oUMMEHEHNE MYABTUCTIEKTPAABHOTO AC3EPHOTO CKAHMPYIOLLLETO
KOHJOOKAABHOIO MMKPOCKOMNA ACET BO3MOXHOCTb M3y4QATb
KOAOKOAM3ALMIO B KAETKE PA3AMYHBIX BELLLECTB.

MYABTUCNEKTOAAbHbIN PEXMM MO3BOAIET MPOBOAMTE HO KOHJOOKAABHOM
MBIKDOCKOTME MCCAEAOBAHMUS MO MeToay FISH.

ChokyCcHpOBaHHbIH
nyy

JlazepHbiit UCTOYHUK
cBeTa Bo30yxaeHua

®

T0YEYHaER
auagparma
MCTOYHMKA CBeTa

Obpaszey

DoKanboHble
NNOCKOCTH

IDOTOYMHOXHTEND
(NPUEMHMIK U3NYYEHUS)

ToyeyHas
aguadparma

HecgokycHpoBaHHble
GnyopecUeHTHbIE MyyYn

— | [UXpOMaTHYECKOE

3epkano

- [00vekTHE

CeeToBOI Nyy
B030yxaeHua




Compatible Lasers, Wavelengths, and Dyes

Fluorescence | DAPI, FITC, Fluo-3, GFP, Cy-2, TRITC (Rhodamine), Cy-3, PI,
Dyes Hoechst Alexa Fluor 488, BODIPY, DsRed, Alexa 546, Alexa 568,
33542 Calcium Green, Acridine BOBO-3, Calcium Orange, Dil,

Orange, BCECF, Oregon Green | Mitotracker Orange, DS Red

Laser 408nm 488nm 543nm

Detector Blue Red




MIMKPOQOOTOTPATOMI MbILLIMHOTO
SIMOPUMOHA BO3PACTOM OKOAO AECATU
C MOAOBMHOM AHEM MOCAE
OMAOAOTBOPEHUA. DMOPUMOH
OKPALLUEH ADAYOPECLLEHTHBIM
MAPKEPOM, BbIIBAIOLLIMM KAETKM
NpeALleCTBEHHUKM HEPBHOM TKOHM,
30TEM TKOHM SMBPUOHA ObIAU
OOPABOTAHbI TOK YTOObI CAEAQTH MX
NP O3PA4YHbIMU. M300paKEHME
NOCTPOEHO M3 CEPMM MAOCKOCTHbIX
CPE30B, AAY TOTO YTOObI CAEAQTH
BUPTYOAAbHYIO OOBbEMHYIO MOAEAbD
SMOPUOHC



ATOMHO-CI1A0Basl MUKPOCKOIIVIST

ONTMYeCKAd CUCTEMA UIMEPAET Light Source
OTKAOHEHMUS 30HAQ, CKOHUPYHIOLLLETO
NOBEPXHOCTb

i

MeEXAY ATOMOAMM 30HAC M ODPA3BLA  Focusing Optics
AEMCTBYIOT CUABI 107 =10 H (npu
3a30pe npumepHo 1 A ).

Position Sensitive Detector

Cantilever
~ 9  ZFeedback

Unrestricted Optical Access from Below the Sample Plane



ATOMHO — C110BOVI MUKPOCKOII

IloTeHIIMaabHasI DHePIUs B3aIMOAEeVICTBYSI aTOMOB

Nputsa)xeHne aToMOB

OTTaZIkuBaHue aToMoB| —|

Figure 9.8. Potential energy diagram for the interaction
of two atoms




J0HA aTOMHO —

CI110BOTIO
MVKPOCKOIIa
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Ctpykrypa nosepxuoctu (mo ganaoim ACM)

Aabda-1akTasbOyMuH Kamnrma-xkasenH

35




OnpeaeaeHue TOAMVHBI ITAeHKHU ¢ toMoigbio ACM

Anbda-naktanbbymuH (14 ka) Kanna-ka3sewuH (19 k[1a)

724,1 nm

362,0 nm

15

20 um

=700 HMm = 400 HM

36 y




CyniepdayopecrieHTHas1 MUKPOCKOIIVS
CBEPXBBICOKOTO pa3pereHs

« HobOeAeBCcKag NpemMms no XMMMmM MNPUCY>XKAEHA 30
CYNEPDAYOPECLEHTHYIO MMKPOCKOMMIO CBEPXBLICOKOIO
pas3peLleHns

« HobeAeBcKkaa npemmsg B OOAACTU Ximmnn 2014 oA MPUCYKAEHA
LLtedbany Xeaato (FTepmanmd), Yrnabamy MepHepy (CLLUA) m
2puky betumry (CLLUA) 30 BKAQA B pA3BUTME JOAYOPECLIEHTHOM
MUKPOCKOMMM CBEPXBLICOKOTO PA3PELLEHMS.




CyniepdayopecrieHTHas1 MUKPOCKOIIVS

CBEPXBBICOKOTO pa3pelieHis]

W. Moerner BnepBsbi€ B MUPE CMOT AETEKTUPOBATb OTAEABHYIO
ADAYOPECLMPYIOLLLYIO MOAEKYAY. DTO ObIAO CAEAAHO B IBM’s Almaden
Research Center in San Jose, Calif. 3atem, pabotas B University of California,
San Diego Moerner oTKpbIA BO3MOXHOCTb BKAKOYHEHMA U BbIKAIOYEHMS MO
KOMOHAE OAHOIO 13 BAPMAHTOB GFP. [pun BO3DY>XXAEHMM CBETOM C AAMHOMU
BOAHbI 488-nm GFP BbIrOPAA M HE MOT ObITb 30AEMCTBOBAH CHOBA. HO Moerner
OOHAPYXUA YTO OBAYHEHUNE CBETOM C AAMHOM BOAHbBI 405-nm
PEAKTMBUMPOBAAO BEAOK, M OH MOTI CHOBA BO3DY>XXAOTbCH CBETOM C AAMHOM
BOAHbI 488-nm .

Eric Betzig 30A0XKMA OCHOBbI AAS MMKPOCKOMMM OAMHOYHbBIX MOAEKYA,
PA3PADOTAB MEXAHM3M, MO3BOAIOLLIMIM KOK Obl «BKAKOYATH) M (BbIKAKOHOTbHY
ADAYOPECLLEHTHOE CBEYEHME KAXKAOM MOAEKYADI.

Takme dooTOBKAIOHOEMbBIE BEAKM CTAAM OCHOBOM AAG PhotoActivated
Localization Microscopy (PALM), paspabotaHHom B 2006 roay Eric Betzig
COBMECTHO ¢ Harald Hess.

OPUTMHOABHOS YCTOHOBKAO ObIAO CODPAHA NMPAMO B XXMAOM KOMHATE Harald
Hess. °



CONVENTIONAL

PALM (~10-55 nm)

Photoactivated localization
MICroscopy incorporates info a
sample special fluorescent proteins
that can be foggled between on
and off states when hit with @
parficular wavelength of light. This
allows researchers to illuminate a
subset of molecules in a sample
and eliminate overlapping
fluorescence that would blur
details if everything in the sample
was lit up at once. IPALM
(interferometric PALM) provides
Images in 3-D.



CONVENTIONAL

STORM (~20-55 nm)

Stochastic opftical reconstruction
microscopy, developed around the
same time as PALM, also relies on
fluorescent tags that can be
switched on and off. In STORM's
case, the tags can be dyes or
proteins. Using dyes may require an
extra step, but they can be
switched on and off more quickly
and don't burn out as fast as
fluorescent proteins. Dyes can also
be attached to genetic material.



STED (~30-70 nm)

« Stefan Hell. PaspabotaHHbin m metoa—STimulated Emission Depletion
(STED) microscopy — nmeet NpUHUMMMAAbHBIE OTAMYMA.

* [1pn MCNOAb30BAHMKM STED microscopy O0AMH AQ3EPHbIM AYY
CTUMYAUPYET PDAYOPECLLEHLMIO OAYOPOXPOMA, TOTAQ KOK APYIroM
NepeKPbIBAOLLMM €r0 AQ3EPHbIM AYY C TOPOMAOABHBIM CEYEHUEM
BbIKAIOYOET JOAYOPECLEHLMM BE3AE 30 MCKAIOYHEHMEM
HOHOPA3IMEPHOTo OObEMA, MO3BOAIA NMPU CKAHUPOBAHWMM OOPA3LLA
NOCTPOUTb M30BPAXKEHME C HOHOPA3IMEPHbBIM PA3PELLUEHMEM.

o DTOT METOA CBEXPA3PELLAOLLLEN OAYOPECLEHTHOM CNEKTPOCKOMUM
VAYYLLQET AQTEPAABHOE PA3PELLUEHME, HO MPAKTMYECKM HE MEHIET
pa3peLLeEHNE MO OCK L.




CONVENTIONAL

STED (~30-70 nm)

When a focused light beam
hits a fluorescent-tagged
specimen, it generates a blurry
halo. With stimulated emission
depletion microscopy (STED), a
second laser shines a
doughnut-shaped beam of
light that turns off the excited
molecules in the halo. This
provides a sharper view that,
when scanned across the
sample, produces a
super-resolution image.

STED: R. Medda, D. Wildanger,

L. Kastrup and S.W. Hell/Max
Planck Institute



