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BUIVMOE DJIEKTPOMATHUTHOE U3JIVUEHUE

OnmuyecKkas MUKpOCKONUA
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IIOYEMY BAJKHA OIITUYECKAS MUKPOCKOIINA?

A description in terms of both
space and time is necessary to
understand cellular function

+ Synthesis of biomolecules
Modification of biomolecules
Interactions between biomolecules
Transport of molecular components

Cell Signaling

Gene Activation
Monitoring of sub-cellular dynamics
requires observation of live cells.




JINOPAKITMIOHHBIN
[TPEJIEJI

B ciaydyae HeKorepeHTHOro cBeTa, IIQJamINero Ha OOBEKT,
HalMeHbIllee JHHENMHOEe PaCCTOSIHME, KOTOPOe MOMKET Pa3pelInuTh
OIITHYECKAas CHCTEMA, OIIPEeaeIIeTCs COOTHOIIIEHEM

A
1873 rom, J. AGOe

YwucinoBaa aneprypa NA = n - sin(u /2), roe u — yrijioBas aneprypa
O0BbEeKTHBAa MHUKPOCKOIIA, T. €. YroJ MeKOy KpaHuMHU JIyYaMU
KOHMYECKOI'0 CBETOBOI'0O IIYUKAa Ha BXO0Je OIITUYECKOH CCTEMEI.

OTUM oIpenessieTcs OrpaHMYeHHe Ha MUHHMAJBHBIE pasMep
00BbeKTa, KOTOPBIHI MOKHO yBEPEHHO Pa3peIInThb C
IIOMOIIIHIO0 OIITHYECKOT0 MHUKPOCKOIIA.



OIITUYECKOE PA3PEIIEHUE

Airy Discs

. . For independent, incoherent sources:

Ak,

Intensity Distributions

Rayleigh criterion: spacing = radius.
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Sparrow criterion: contrast = 0 (flat top).
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EITE OJMH BAPMAHT OLIEHKU
JINOPARIIMOHHOI'O ITPEJIEJIA
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Ax -Ap, 2 h
[P« = Po Sin 9 < pg sin(u /2) < py
Po=h/A

Ap, = 2(h /A)-NA.

MOXHO cunTaTb, YTO 4N 3aXBa4YEHHOro NIMH30M POTOHA MakcMMaribHas
HeonpeneneHHOoCTb UMNYyrbca BOOSMb OCK X B 0bLeM crnyyae byaet B ABa
pa3a bonbLue, Yem MoAyIrb Npoekunn nmnynsca: Ap, = 2p, sin(u/2).
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ATIITAPATHAA OYHKIINA
(ODYHEIIMA PACCEAHUA TOYKN)
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The PSF describes the response of
an imaging system to a point source.




ATITIAPATHAA ®YHKIIUA
(DYHEKLIA PACCEAHUA TOYKI)

object plane lens  focal plane image plane Ideal image formation as two successive
Do(x.5) ¥ () D, (X.Y) Fourier transforms:

O, (x. ) —LoW, (uy)—L5d,(X.Y)

In practice, the Fourier transform is limited
to a range of spatial frequencies given by a

g f E filter, or optical transfer function (OTF):
T t ,
" 3 FT,OTF(uy) . ; FT
(Do(A,J‘) ("‘ I\Pl(ll,‘)—)(DI(X.Y)
object plane  lens1 focal plane lens2 image plane
D, (x.¥)

‘Dx(z\:’.l ) W, (u.v)=FT[®,(x,y)]|x OTF (u.v)

e vt . By appying the convolution theorem, we find
' that the image is blurred by the point spread
function (PSF):

®,(X,Y) =Dy (x,7)® PSF(x, y)




DJIVOPOD®OPHI

e Exited smate Organic Fluorescent Nanocrystal
- dye Protein (FP)
| Y
T,J
—>
v
r—— v
M - ) Ground state
[High energy)
Absorption b Emission Spectral
(@ Spec?nt:m ®) Spectrum () erlap

Floure Stokes shift

Relative Intensity

<+ UV Wavelength Wavelength Wavelength IR



PROTEINS...

)

GFP — 0ejok, BBIIEJIEeHHBIH U3 Md‘,u;y:s I, Aequorea victoria,
KOTOPBIN JIIOMIHECITIUPYET B 3€JIEHOM nnanasI)He (max 509 BEM) npn
OCBEIIIeHNM ero CUHHM cBeToM. B macTodiiiee BpeMsa I'eH OeJIKa
IMAPOKO  HCIIOJIB3yeTCA( ~B  \KauecTBe /| CBETIIIeMca  MeTKH
B KJICTOYHOM M MOJICKYJIAPHOR- OnoJjorum (pasmep ~ 3 Em). B 2008
rogy O. Cumomypa, M. Handu n R.\Teben monyannn Hobenesckyro
IPEMHIO II0 XMMHHM «33a OTKDBITHE M  pPaspaloTKy 3eiéHoro )
ryopeciierTroro 6enxa GFP». |

\

B HaHoONTMKe 3TOT BENoK U ero
Npon3BoaHbIE (XPOMOJIOpbI C PasfINYHbLIMU
LBEeTaMM JIIOMUHECLIEHLIMM) NCMOSb3YIOTCS B
cybBosiHoBOM dornyopecueHTHON
CMeKTpocKkonuu ¢ paspewieHnem o 10 HM




..."1JIM RBAHTOBDBIE TOYRU

Luminescent Nanocrystals — CdSe-ZnS Quantum Dots
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Semiconductor nanocrystals and metal nanoclusters
exhibit bright luminescence and high photostability.




DOJIVOPECIIEHTHAA MUKPOCKOIINA
HNPOROI'O ITOJIA

LI

== =

Excitation

CCD '
hitp://www.brc.comell.edu
Camera DM

Widefield fluorescence image of a plant leaf
green: epidermal cell GFP marker
red: chlorophyll autofluorescence in lower cell layers

Emission filter

Problems:
* No depth discrimination, all sample layers contribute to the image

» The entire sample is exposed to excitation light; blur due to scattering



DJIYOPECIIEHTHAS CIIEKTPOCKOIIUA
[TOJTHOI'O BHYTPEHHEI'O OTPAYKEHNS

Total Internal Reflection Fluorescence (TIRF) Microscopy

Two different realizations:

TIRFM Instrument Configurations
Figure 3

Prism type Objective type
TIRFM TIRFM

NHTEHCMBHOCTb M3My4YeHuUs], MPOHMKAaIOLLIEro BO BTOPYIO cpeay 3aTyxaeT rno

SKCMOHEHUManNbHOMY 3aKOHY, Y4TO MO3BOSNISIET AETEKTUPOBATbL OITYyOPECLEHTHbIE @
00bekTbl, BO3OyKOaemble 3TUM U3Ny4YeHUEM, B NOrPaHNYHOM Crioe TOMLLMHOWN

~100 HM™ c paspelueHmem o 10 Hm




[TpuHINI TIRF MUKPOCKOIIUN

water

Evanescent wave

Intensity

a8 >
critical  © Ny >N

angle Snell's law of refraction: I( z)= f Oe_z 4

n,siné, =n, s b,

for 6, =6, :sinf, =1=sin 6. = N, Penetration depth of evanescent wave: ~100 nm.
n




KOH®OKAJIBHAI MUKPOCKOIIUA
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KOH®OKAJIBHAA MUKPOCKOIINS

Confocal Microscopy Principle

Marvin Lee Minsky
{1927 Present)

- - 3-D PSF
PINHOLE L
APERTURE ™\ I!I
i
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SOURCE

Widefield Confocal

OBJECTIVE >

PLANE OF FOCUS _

SPECIMEN

typical parameters: w,~ 0.25 um
3. F. Lichtman, Sci. Am. (August 1994) 30-35. =
ichtman, Sci. Am. (Augus ) w,= 0.8 pm



[ITPUMEPBHI U30BPAKEHUN

confocal

Confocal
/ Standard
Fluorescence

widefield

www.brc.comell.edu

Image acquisition by Fm

‘f : green: epidermal cell GFP marker
* beam Stee”ng ( aStJ red: autofiuorescence of the chlorophyili
« sample stage scanning (slow) in the chloroplasts in lower cell layers



KOHOOKAJIBHAA ®JIVOPECIIEHTHAA
CIIEKTPOCKOIIUA C TMCKOM HUITKOBA
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4-TT1 KOHOOKAJIBHBIN ®JIVOPECIIEHTHBIN
MUKPOCKOTI

confocal

. 'nn 8

Confocal 4 Pi Deconvoluted

4P|

E. coli
Dil stain

47 peann3oBaH Ha OCHOBE ABYXOOBLEKTUBHOW CUCTEMbI, KOTOpasi NO3BONSET
YyNyylWwmnTb paspeLlleHne BAOb ONTUYECKOM ocu bnarogapsi CyMMUpPOBAHUIO B
dooKanbHOM TOYKE OBYX BCTPEYHbIX chepnyeckmx ppoHTOB CBETA.



JIBYX®OTOHHBIN JIASEPHBIVI MUKPOCKOII

2-Photon Microscopy in Brain Tissue Imaging

a e
]
A

S$50nm

A

two-photon
fluorescence

water immersion
objective

glass
coverslip  dental

j a// acrylic

skull

: -.r;c\.m

artificial dura

venules and
arterioles

pial cortical
arteries capillary beds

Two-photon microscopy of in vivo brain function. (a) Basic mechanism of two-photon fluorescence. (b) Schematic of surgical
preparation of exposed cortex, with sealed glass window and microscope objective positioning. Green dot shows location of two-
photon fluorescence. (c) Two-photon map of the vasculature following intravenous injection of dextran-conjugated fluorescein. Black
dots and stripes show red blood cell motion. (d) Dual-channel imaging of neuronal (green) and vascular (red) signals: Oregon Green
488 BAPTA-1 AM calcium sensitive dye stained neurons, Texas dextran red is the intravascular tracer. (e) Three channel imaging of
Tg2576 APP Alzheimer's disease mouse model with amyloid-targeting dye (blue), GFP expressing neurons and dendrites (green) and

vasculature (red). Kherlopian et al., BMC Systems Biology 2 (2008 ) 74.



[TPUHITUII IBYX®OTOHHON MUKPOCKOIINN

Infrared laser
(Mode-locked)

Dichroic
Beam Splitter

Objective |

Scanning
mirror

Dichroic
Beam Splitter

-—=" Green PTM

Green Filter

Flurophores

i-Focal Plane

[1Ba poToHa, obnagaroLme HU3KOU
9Heprunen, Bo3dyxaatot doroopodop
B TEYEHME OQHOr0 KBAHTOBOIO
cobbITusA. PesynsraTtoM siBnsieTcS
nocneaytowee ncnyckaHme
BO30OY)XOEHHLIMX MONEKYNamu
dontoopecueHTHOro goToHa, aHeprus
KOToporo 6onblue 3Hepruu
BO30OYyaaroLwmx OTOHOB.
BeposTHOCTb TOro, 4to oba hoToHa
BO30OYyXAeHUs1 OyayT NornoweHb!
OLHOM MOJEeKynon, odeHb Marna.
[ToaToMy HEODBXOAMMO MOLLHOE
nMnynbCcHoe Bo36yxaeHune. [1nsa Toro
YTOObI NOMYYUTbL ABYXMEPHOE
nnKcenbHoe n3obpaxeHue,
NPON3BOAUTCS CKAHMPOBaHUE B
dookarnbHOM NNockocTu obpasua.



N30BPAKEHUS, IIOJIVYEHHLIE
JIBYX®OTOHHBIM 4-1111 MUKPOCKOIIOM

Hippocampus neuron synapse
Postsynaptic: EGFP-Prosap2
Presynaptic: Bassoon-Texas Red

-

HeLa cell transfected with mt-EosFP
Two-photon activation @ 810 nm
Two-photon excitation @ 970 nm

Ivanchenko et al., Biophys. J. 92 (2007) 4451.



MHJKPOCKOIIUA
CTPYRTYPUPOBAHHOI'O OCBEILIEHMA.

Structured lllumination Microscopy (SIM)

Reciprocal space reconstruction
9 images required:

3 grating translations
3 grating rotations

c d e

J AddekT myapa




M BCE-KE...

...Still Limited by Diffraction

Confocal

4Pi/I°PM




METOJI TIOJTABJIEHUA CITOHTAHHOT'O UCITYCKAHUS
B KOHOOKAJIBHON MUKPOCKOIINN

Stimulated Emission Depletion (STED) Microscopy

. In a confocal scanning microscope, much

higher resolution can be achieved if we can
switch off molecules in the periphery of the

E excitation PSF (“PSF Engineering”).

D




METO/JT IIOJTABJIEHUA CIIOHTAHHOTO MCITYCKAHUSA
B KOHO®OKAJIBHOM MUKPOCKOITNU (STED)
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METO/JT IIOJTABJIEHUA CIIOHTAHHOTO MCITYCKAHUSA
B KOHO®OKAJIBHOM MUKPOCKOITNU (STED)

Size of the Effective PSF

The width of the effective 1 2
excitation PSF scales with the d = :
inverse square root of // .. \/1 el (1 2nsima

lstep = 100 Ig

lstep = 10 g

lsteEp = 2 I

lsteD = Is




STED: PE3VJIBTATEI

STED Image of Color Centers with 8 nm Resolution

Energy diagram of
nitrogen-vacancy (NV)
centers in diamond
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Confocal and STED imaging of NV centers

Rittweger et al,, Nat. Photonics 3 (2009) 144



[TPUHIIUIILI OIITUYECKON MUKPOCKOIINU
CBEPXBBICOKOTO PA3PEIIEHNS

Photoswitching
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[TPUHIIUIILI OIITUYECKON MUKPOCKOIINU
CBEPXBBICOKOTO PA3PEIIEHNS

Photoswitching and Photoconversion in IrisFP

— .
0 D,n o },u
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o o
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é ’ &

Adam et al., Proc, Natl. Acad. Sci. USA 105 (2008) 18343,

Fuchs et al., Nature Methods 7 (2010) 627.




[TPUHIIUIILI OIITUYECKON MUKPOCKOIIUU
CBEPXBBICOKOI'O PABPEIIEHMS

Precision of Single Molecule Localization

A

> d=

2NA

1 photon

10 photons 100 photons 1,000 photons




MUKPOCKOIINA ®OTOAKTUBAIIMOHHOU

JIORAJIN3AIINN

PhotoActivation Localization Microscopy (PALM)

200 - 300 nm
resolution

xlry Faﬂms ana me Limit of Resolution

Resolution

lJmIt Unresolved
Resolved *
b?., e
# ‘ . , - .‘

ox‘

.0
A Alry /

Patterns —

’a°:":°s"°"s'
o rea
Fun Figure 1

OSIt
resolutlon




MUKPOCKOIINA ®OTOAKTUBAIIMMOHHOU
JIOKAJIN3AIIMYU (PALM)

identification localization

_TIR-PALM ¢ ‘epi-PAL
2
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MUWEKPOCKOIIUA ®OTOAKTUBAITMOHHOM
JIOKAJIN3AIIMYU (PALM)




MUKPOCKOIINA ®OTOAKTUBAIIMMOHHOM
JIOKAJIN3ALIMN (PALM)

Fixed Hela Cell - PALM Image Using Rita-psRFP
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Fluorescence image of microtubules of a
fixed HelLa cell (6,000 frames of 100 ms).



MUKPOCKOIINA CTOXACTUYECKOU
OIITUYECKON PEKOHCTPYKIIU (STORM)

O6biyHan hnyopecUeHTHas MUKPOCKONUA
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MUKPOCKOIINA CTOXACTUYECKOU
OIITUYECKON PEKOHCTPYKIIU (STORM)
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MUKPOCKOIINA CTOXACTUYECKOM
OIITUYECKON PEKOHCTPYKIIUHM (STORM)

TpexmepHas rnokanusauus
oTAeSbHbIX nyopodopos.
Cxema nnncTpupyeT NpuHLMN

Z (nm)
onpegeneHna koopanHat Z
400 donyopecueHTHOro obbekTa n3
Objective SMNINNTUYHOCTU €ro
n3obpaxeHus.
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Imaging -200
Lens
-400

EMCCD




MUKPOCKOIINA CTOXACTUYECKOU
OIITUYECKON PEKOHCTPYKIIU (STORM)
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[IPUMEHEHME ITIJIASMOHUEN: HAHOCKOII

(Scanning Near-field Optical Microscope — SNOM)
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[TPUHITUIIBI MUKPOCKOIIY SNOM
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