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Il CoBpeMeHHble MeToAbl UccriefoBaHNA B HEMPOHayKax.
1. AnekTpodnsmonormyeckme metToabl MCCriegoBaHMA MO3ra
2. OnTuyeckme metoabl UccrneaoBaHUsA Mo3ra

3. XKuBoTHbIe Mogenu natonorMm Mo3sra



PdnyopecueHUUsA

deHOMEH, B KOTOPOM MoOJeKynspHasa abcopobuusa poToHa Bbi3biBaeT
amMmuccuio gpyroro ooToHa ¢ 6onee ANMVMHHON ANMMHON BOJSIHbI
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* Stimulate in the ultraviolet range, and the emitted light is in the visible range.*



Ca 4yyBCTBUTENbHbIE KpacUTenu

Low-affinity calcium indicators
Fura-FF
BTC
Fura-2
Fura-5,
Indo-1)

Excited by UV light

Intermediate-affinity calcium

Fura-4F
- > Excited by UV light
Fura-6F
Excited by visible light under
High-affinity and selectivity (BAPV scanning laser confocal microscopy

Calcium Green, Calcium Orange — Tomchik et al 2007




Ca curHanbl B geHApUTax U LWMNUKax in vivo
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Figure 1. Membrane currents and volume-averaged
[Ca*]

A, pseudocolour image of a calyx of Held  vellow ) and the
medial nucleus of the trapezoid body (MMNTB) principal cell
{blue) in a brain slice. The calyxwas filled with Lucifer
Yellow, the principal cell with Cascade Blue {after Borst et al.
1995). B, time course of the signalling cascade, showing (top
to hottom) the presymaptic AP waveform and resulting Ca®*
current, (inferred) release rate, postsynaptic EPSC and
postsynaptic AP (after Borst ef al. 1995; Borst & Salomann,
1998). C, fluorescence image of a calyx in a brain slice. The
calyx was filled with 1 mu Fura-2. I fluorescence of Fura-2
in calyx (at two ditferent concentrations ) to measure
volume-averaged [Ca™). Note that the measured decay of
the fluorescent signalis much slower than the decav of
calculated, local [Ca®*] transients (see Fig. 4). E, inverted
whole-cell [Ca®"| amplitude (A ™Y in calyx as a function of
exogenous buffer Ca**-binding ratio (&3). Regression line
crosses x-axis atimplied endogenous binding ratio ~40

{ C—Ereprinted after Helmchen et al. 1997).



Ca curHanbl Ha nonynAUuMN HEUPOHOB iN Vivo
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http://www.pnas.org/content/100/12/7319/F1.large.jpg
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drniyopecueHTHbIe 6ernku

GFP RFP

A Red fluorescent proteins trans-chromophore

cis-chromophore

"
RS5 = Mat, Gin, Thr, Cys or Glu .
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dnyopecueHTHbIe 6erku

Excitation
ECFP EGFF EYFP DsRed

5 400 425 450 475 SO0 535 S50 575 GO0

Wavelength (nm})

Emission

Emission
ECFF EGFP EYFP DsRod

425 45 5% S5 BX%  GIS

Wavelength (nm)



Xrnop 4yyBCTBUTENbHbIE Benkn
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NMNoTteH HMnan-4yBCTBUTEJIbHbIEC KPACUTESIN
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FIGURE 2.1. Mechanisms used by VSDs that can change their location in
response to membrane depolarization.
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FIGURE 2.2. Electrochromic mechanism of voltage sensitivity. The fop shows
how the electrons, and therefore the charge distribution, shifts wpon excitation of
a typical electrochromic dve. These images were generated from molecular
orbital calculations where low electron density (i.e. regions of positive charge)
are represented by bluer shades and high electron density (ie.. negative charge) is
represented by redder colors. The lower portion of the figure shows resonance
structures for the ground and excited states of one of the most widely vsed VSDs,
di-4- ANEFPS. In this chromophore, the donor moiety is an aminonaphthyl group,
the linker is a simple double bond and the acceptor is a pyridinium moiety.



NMNoTteH HMnan-4yBCTBUTEJIbHbIEC KPACUTESIN

UsmepsroT aktuBHYO npoBogumMocTb — Na, K, Ca2+ KaHanbl

PARTS OF A NEURON INDIVIDUAL NEURONS POPULATION SIGNALS
Many Detectors - One neuron One Detector - One Neuron One Detector - Many Neurons
Potential changes in dendrites. Follow spike activity of many Signals are population average.
Microinject dye: stain one neuron. individual neurons. Vertebrate brain.

Bath applied dye. Bath applied dye.

0.2 mm

single neuron invertebrate ganglion



single trial
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NMNoTteH Hnan-4yBCTBUTEJIbHbIEC KPACUTESIN




MeToabl 3arpy3ku Kpacutunemn
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MeToabl BU3yanbHOW perucTpauum

A Photodiode amray B CCD-based camera
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To4ye4yHasa whole cell peructpauyums in vivo

Targeted Whole-Cell Recordings
in the Mammalian Brain In Vivo
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To4yeuyHas whole cell pernctpauus in vivo
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doTonus

UV photon %
CO,Me

CO,Me hv
CO;
Y L —=> ; S
s -
ﬁ NO, 4 0 NH; NO

Caging compound % Glutamate

Requirements of caging compounds/ systems:
Masks the biomolecule completely
Releases the biomolecule completely
No deleterious by-products
No biomolecule breakdown

http://flavor.monell.org/%7Eloweg/Techniques.htm



YcTtaHOBKKa gns peructpaunm goTtonmnsom

http://flavor.monell.org/%7Eloweg/Techniques.htm
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Perncrpauusa cpotonmnsom
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OnToreHeTukKa

blue light apens ChEZ

FFF
EMISsiaon

green light
excltes
fluarescence

RFP
MNa’

Channel Rhodopsin

Light-activated channels originally isolated from an algae. Non-
selective cation channel, so opening induced by blue light can be used

to depolarize neurons transfected to express ChR


http://upload.wikimedia.org/wikipedia/commons/9/9a/ChR2scheme.png
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OnToreHeTuka
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OnToreHeTuka

KapTnpoBaHue HeMpoHanbHbIX Nopekuun aktmpaumen ChR2
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Leopoldo Petreanu, Daniel Huber, Aleksander Sobczyk & Karel Svoboda
Nature Neuroscience 10, 663 - 668
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