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Proliferating neurospheres
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Epapuoyss s 2oveotiaxns Mikpookormiog
TNV ATEIKOVIOY {OVTAVOY KVTTAPDV
(Live cells imaging)
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AL OPLGNOS QUCRATOV
(Spectral unmixing) T i

An advanced fluorescence technique
that  utilizes  hardware  (usually
Incorporated into a confocal detector
unit) to separate the emitted light from
multiple fluorophores Into separate
spectral components. Linear unmixing
IS the accompanying computational
process, related to deconvolution, “ g
which uses the spectra from each AR
fluorophore as though it were a point-

spread function of fixed location to
separate or unmix the component /\
signals. The technique is a powerful »
analytical tool that can be used to

discriminate distinct fluorophores with
highly overlapping spectral profiles.
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Time-lapse mapatpnon KVTTUPIKOV SLUIPEGEMV
OVYKUTWKAOV EUPPO@v Apocopriag




Metagopa Evépyerog Xvvroviepov @0opiopov
(Fluorescence Resonance Energy Transfer-FRET)
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FRAP : Fluorescence recovery after photo-bleaching
FLIP : Fluorescence loss in photobleaching
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FRAP
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Fluorescence Recovery After Photobleaching (FRAP) - Translational
mobility (lateral diffusion coefficients) of fluorescently labeled
macromolecules and small fluorophores can be determined by
photobleaching recovery techniques. In FRAP, a very small, selected
region (several micrometers iIn diameter) is subjected to intense
Illumination, usually with a laser, to produce complete photobleaching of
fluorophores in the region. The result is a dramatic reduction or
annihilation of fluorescence. After the photobleaching pulse, the rate and
extent of fluorescence intensity recovery iIn the bleached region is
monitored as a function of time to generate information about
repopulation by fluorophores and the kinetics of recovery.




Fluorescence Loss in Photobleaching (FLIP) - In a technique related to
FRAP, a defined region of fluorescence within a living cell is subjected
to repeated photobleaching by illumination with intense irradiation. Over
a measured time period, this action will result in complete loss of
fluorescence signal throughout the cell if all of the fluorophores are able
to diffuse into the region that is being photobleached. By calculating the
rate at which fluorescence iIs extinguished from the entire cell, the
diffusional mobility of the target fluorophore can be determined.
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A derivative technique of laser scanning confocal microscopy where
fluorochrome excitation Is based on an infrared or long wavelength
visible light laser beam whose energy density is adjusted to allow
frequency doubling or tripling at the point of beam focus in the
specimen. Fluorophores in the specimen are simultaneously excited by
two or three photons to produce excited state transitions that are
equivalent to single-photon fluorescence. For example, two and three
photon excitation at 900 nanometers is equivalent to excitation by higher
energy photons of 450 and 300 nanometers, respectively. Multiphoton
microscopy enables deep penetration into thick tissues and eliminates the
need for a pinhole aperture because fluorescence emission Is restricted to
a sinale focal nlane.



Maturation of Class 5 Neurons
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CHEMICAL STRUCTURE OF CARBOCYANINE DYES
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Fluorescent Carbocyanine Dyes

Lipid soluble---Become incorporated
into the plasma membrane

Honig and Hume found in 1985 that
these dyes are excellent retrograde and
anterograde tracers in the developing
nervous system.

They do not affect the survival,
development, or basic physiological
properties of neurons and do not spread
from labeled to unlabeled neurons. Cells
become retrogradely labeled mainly by
lateral diffusion of dye in the plane of
the membrane, rather than fast axonal
transport.. An additional feature of
carbocyanine labeling is that neuronal
processes are brightly fluorescent for the
first few days in culture, presumably
because dye rapidly diffuses into newly
inserted membrane. Godement et al.,
1987 showed that these dyes can be
used to label axonal projections in
fixed tissues.
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Radial glial guided neuronal migration: an
electron microscopic study
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Methods of labelling migrating cells
In vivo: morphological studies

Lineage analysis: replication
iIncompetent retrovirus with
lacZ reporter gene

Lin and Cepko, 1999



Organotypic (‘slice’) cultures of the brain

Brain embedded in agarose

Vibratome sections~400um

1h incubation in
4°C medium
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Radial glia proliferation and migration

provided by Dr. A. Kriegstein






In vitro assay for neuronal migration:
labelling with Oregon Green BAPTA




Somal translocation: real-time imaging

t=72 min

Nadarajah et al., 2002






Glial-guided locomotion: real-time
imagin
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Nadarajah et al., 2002
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Neupoyéveon oTov evAAIKo eyKEPAAo

SWZ astrocyta Transit-armplifying Meurablast SGEE astrocyka Precursor Meuron
progenitor
GFAR! GFAF GAFAF GFAR" GFAF GFAR
Dinz* Dixz Restin Mestin Mestin
DCX* DX DCX
PEA-MCAM' MNouN*

Calbindin!



BrdU/GFAP /BrdU/GFAP

Katsimpardi et al., Stem Cells, 2008



Il - Maturation and Functional Integration of
Newborn Neurons




Provided by Dr. P-M.Lledo






Movtédo erayousving In VIVO Ekppaonc
OVYKEKPIUEV@V TPWTEIVAV UAPTOPMV

—hGFAPL Gre recombinase  STOP P LacZ =
prom ™ ]- fl‘x’p’ """ oxp SECE
hGFAP-Cre mouse R26R mouse

hGFAP promoter {\&o hGFAP promoter

inactive "~ hGFAP-CrexR26R ~a  active

mouse
—p stor P >< - >
A \\i

Exppaon oe minBoouoic kottdpwv, Omov eivor eVEPYOS 0 DTOKIVITHG



Yrnapyovoa teyvoyvaaoia ....

T&yvoloyio Cre-lox

—NGFAPL & o fecombinase = —> STOP N LacZ ju

prom X loxp loxp
hGFAP-Cre mouse R26R mouse

hGFAP promoter &o hGFAP promoter

Eroyauevn iotocidikn
In Vivo onuavon

inactive 4"~ hGFAP-CrexR26R ~u  active 1 —
—Pstor Pl — > —
(. (o N Pirs'
=SS - > Xgal
LK} UETOYWYT HOVTELD TpavuoTIoNod &
Nevpixa Blootika (éxppoon/ OTEPEOTOLIKES UETOUOTYEDTEIS KUTTAPDV 5 > ’
Kirrapa amevepyomoinon) | vveotiokn Ameikovion

z&*
# cor'Tex

l \ ‘ "‘ sfrncn‘um
\\’ :’/
AP: +1 La‘l‘ 1 75 D:1.0

Kvrrapo Schwann



http://www.mshri.on.ca/nagy/GFP mice.jpg

¥ Améppaln Tng uéeng aptnpiag

Tou eykepaAikoU @Aoiol: {wiko Ischemic Ischemic
HOoVTEéAO EYKEPAAIKOU ETreIg0diou. CQE\%’}X,‘ . ‘pen'umbra
TO I10XAIUIKO KEVTPO egival n “7: ’{,,."” >

TEPIOXA OTNV OTTOiA N POR AipATOC g\

pewbvetat  oto  15%  Tn¢ o |\ T

QUOIOAOYIKAC TIPAC, €VW aThv L = ¥ 5

IOXAIUIKA  Teplpépeld n  pon
peiwvetar  oto  15-40% T1n¢

PUOI0AOYIKAC TIUAC.

Occlusion
clot or embolus

HeTTeipapatikh  autodvoon eykepahopueAitida (Experimental Autoimmune
Encephalomyelitis-EAE): Twikd povtého ZkAnpuvang kartd TTAdkag (Multiple
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The Cell-viZio allows

e In vivo and in situ small animal imaging with a flexible mini-probe

e Functional imaging thanks to a confocal fluorescence technology
e Microscopic observations with a lateral resolution down to 5 um

e Dynamic observations with real time acquisition







Branhow

Brainbow is a term coined to describe a process by which individual neurons of the brain are
mapped with fluorescent proteins, which allow the neurons to glow with specific colors under a
light source. By controlling and varying the amount of red, green, and blue derivatives of GFP
expressed in individual neurons, it is possible to map each neuron with a distinctive color.
The technigue was developed in the Spring of 2007 by a team led by and Jeff Lichtman and
Joshua Sanes both professors in the Department of Molecular and Cellular Biology at Harvard
University. While earlier techniques allowed for mapping only a few neurons, the new method
allows more than 100 differently mapped neurons can be simultaneously mapped in this manner.
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