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ALV

— je schopna modre svétélkovat (bioluminescence). Ca?* interaguje s
fotoproteinem aequorinem.
— modré svétlo excituje green fluorescent protein.

4LV 4

— luminescence vznika degradaci coelenterazinu za katalytického pusobeni
luciferazy.

— modré svétlo excituje green fluorescent protein.

Aequorea victoria “Crystal jelly Renilla reniformis "Sea Pansy"

http://www.whitney.ufl.edu/species/seapansy.htm



Fluorescencni proteiny

NormalH With GFP As Tracer
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http://www.conncoll.edu/ccacad/zimmer/GFP-ww/GFP2.htm




Chimeric green fluorescent protein as a tool for
visualizing subcellular organelles in living cells

Rosario Rizzuto, Marisa Brini, Paola Pizzo,
Marta Murgia and Tullio Pozzan

Department of Biomedical Sciences and CNR Center for the Study of Mitochondrial

Current Biology 1995, 5:635-642

Physiology, University of Padova, Via Trieste 75, 35121 Padava, ltaly,
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Unreactive at STP, but a great
electron acceptor

Biological activation via
radicals, transition metals
Generally, radical
intermediates are enzyme-
bound

4 e~ reduction to water

-———
~~a
~

Reacts with virtually any molecule at diffusion-limited rates
The molecule that makes ionizing radiation toxic

Actually a chemical reductant

Not so terribly reactive with most biomolecules
Mitochondrial superoxide the major source of
active oxygen

Maintained at very low concentration
Superoxide dismutases

Not so terribly reactive with most biomolecules
Maintained at very low concentration
Catalases, peroxidases, GSH, etc...

© Simon Melov
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2’,7’-dichlorofluorescin diacetate
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Fluorescent sensors for
detection of H,0,
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Ratlometric images of the group of Hela cells before (A), 20 sec after (B), and 600 sec
after (C) addition of 180 ul of H,0,. Images were pseudocolored using "ratio" lookup table
of NIH ImageJ software: blue-green-red-white colors represent lowest-intermediate-high-

line) spectra.
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Changes In the excitation spectrum of isolated
HyPer in response to H,0, addition. Emission was



Variants & fusions

HyPer

SV40 poly A

= pHyPer-cyto vector &@
= pHyPer-dMito vector

— Duplicated mitochondrial targeting sequence (MTS) is fused
to the HyPer N-terminus. MTS was derived from the subunit o -
VIl of human cytochrome C oxidase [Rizzuto et al., 1989; LSV TRy A Hyper

Rizzuto et al., 1995].

SVa0poly A

= pHyPer-nuc vector oyt

— Three copies of the nuclear localization signal (NLS) fused to
the HyPer C-terminus provide for efficient translocation of
HyPer to the nuclei of mammalian cells [Fischer-Fantuzzi and pUCari

VeSCO, 1 988] HSV TK poly A

HyPer

pHyPer-nuc vector,
5.5kb

triple NLS

Kan"/Neo" SVa0 poly A
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Stably transfected Hela cells expressing
mitochondria-targeted HyPer.

Image from Dr. Christian Petzelt (Marinpharm).
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Dynamics of intracellular H,0, production

in a HeLa cell undergoing Apo2L/TRAIL-
induced apoptosis.

A-C — confocal images of Hela cells expressing
cytosolic HyPer in 176 min (A), 200 min (B) and
240 min (C) after Apo2L/TRAIL addition; D —
Intensities of HyPer (green) and TMRM (red) flu-
orescence in the cell.



»High Throughput Flow Cytometry*

m automatizace + robotizace = urychleni a
efektivita sberu dat (mereni desitky
vzorku za hodinu s minimalnim
zasahem operatora )

m vyuziti principu vicebarevné analyzy

K. Soucek Bi9393 Analyticka cytometrie



Automatizovane¢ systemy meéieni vzorku
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Adaptér pro nasavani vzorki z
mikrotitrani desky




Automatizovany ,,microsampler*
systém
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http://www.cytekdev.com/cd/

@ 2002 Wiley-Liss, Inc. Cytometry 47:183-191 (2002)
DOT 10,1002/ cyto. 10067

Mixing Small Volumes for Continuous
High-Throughput Flow Cytometry: Performance of a
Mixing Y and Peristaltic Sample Delivery

W. Covyt Jackson,' F. Kuckuck,' B.S. Edwards,' A. Mammoli,” C.M. Gallegos,” G.P. Lopez.’
T. Buranda,' and LA. sklar'”
!Department of Pathology and Cancer Research Facility, University of New Mexico Health Sciences Center,
Albuquerque, New Mexico
zl}eparmlent of Mechanical Engineering, University of New Mexico College of Engineering, Albuquerque, New Mexico
3[)epa1rrmem of Chemical and Nuclear Engineering, University of New Mexico College of Engineering,
Albugquerque, Mew Mexico

Received 26 July 2001; Revision received 13 December 2001; Accepted 18 December 2001
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High Throughput Flow Cytometry

Frederick W. Kuckuck,' Bruce 8. Edwards,"* and Larry A. Sklar'®

'Cytometry, Cancer Research and Treatment Center, University of New Mexico Health Sciences Center,
Albuguerque, New Mexico
*Department of Pathology, University of New Mexico Health Sciences Center, Albugquerque, New Mexico

Received 18 September 2000; Revision Received 4 January 20001 Accepted 13 January 2001
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Fic. 1. High throughput flow cytometry. A: Schematic view of the flow
cytometer, autosampler, and peristaltic pump. B: Adjacent samples of
latex microspheres separated by air in the (.02-in (254-pm) ID tubing
between the peristaltic pump and the flow cytometer.
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The steps 1n a high-throughput
fluorescence-microscopy experiment.




Analysis

Raw movie Segmented and classified cells Phenotype kinetics Heat map

R

Deviation from controls

Blitotic index

Time

[..up'\_.'riljhl ORI Nature |"u|..l|i:.||ia'|¢:| ﬂruup-
MNature Reviews | Molecular Cell Biology




Table 1. Comparison of the Key Attributes of High-Throughput Flow Cytometry and High-Content Microscopy

Key Attributes

HT Flow Cytometry

High Content Microscopy

Cell types

Optimal for suspension cells; adherent cells need to be detached

before sampling.

Optimal for adherent cells; suspension cells need to be immaobilized
before analysis.

Plate requirements

Standard multiwell round-, v-, or flat-bottom plates can be used.

Optically clear plastic or glass bottom plates; uniform flat bottom
required.

Bead assays

Optimal technique for performing multiplex bead-based assays

Limited use—beads must be localized to bottom of well.

Label-free measurements

Forward scatter (size) and side scatter (granularity) measurements
are standard.

Brightfield microscopy is offered on some instruments.

Cell throughput

Tens of thousands of cells per second

Tens to hundreds of cells per second

Typical 96-well plate read
time

<5min; independent of the number of fluorescent parameters

5-60min; dependent on the number of fluorescent parameters

Dynamic range

High dynamic range; very faint to very bright signals can be
detected in the same sample.

Lower dynamic range

Spatial measurements

No

Yes

Typical data file size

1 to 100MB per plate

100 to 1,000 MB per plate

VOL. g NOD.1 =

FEBRUARY 2011 ASSAY and Drug Development Technologies



Fig. 1. The HTFC Screening System (IntelliCyt Corporation). (a)
2-laser, 4-color flow cytometer; (b) an x, y, z autosampler; (c) a low
pulsation peristaltic pump; (d) orbital plate shaker that accom-
modates 96- and 384-well plates; (e) system computer with
HyperView installed to set up experiments and process plate data.

VOL.9 NO.1 e FEBRUARY 2011 ASSAY and Drug Development Technologies
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Fig. 4. Screenshot from HyperView showing an example of the Well Identification process. Data
from the 384-well plate is collected in to a single flow cytometry standard file, which is shown in the
main window. The data are deconvolved by the software algorithm to identify each peak with a well
address on the plate. One row is expanded to show temporally spaced individual peaks.
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Garry Nolan

Peter Krutzik

»,Fluorescent cell barcoding“ T

nature\methods

B High-throughput flow oytometry
B Measuring rapid newronal firing

M Live-cell imaging of RNA screens
B A review of force spectroscopy



http://proteomics.stanford.edu/nolan/
http://www.stanford.edu/group/nolan/

Stimulate and treat with drug

Standard phospho flow

Permeabilize with methanol

Phospho-antibody flucrescence

Fluorescent cell barcoding in flow cytometry allows
high-throughput drug screening and signaling profiling.

Nat Methods. 2006 May;3(5):361-8.

K. Soucek Bi9393 Analyticka cytometrie


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16628206&query_hl=1&itool=pubmed_docsum
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Fluorescent cell barcoding in flow cytometry allows
high-throughput drug screening and signaling profiling.
Nat Methods. 2006 May;3(5):361-8.
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Cytometric bead array (CBA)

m Multiplexed Bead-Based Immunoassays

m flow cytometry application that allows
users to quantify multiple proteins
simultaneously
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Multiplex microsphere-based flow cytometric platforms for protein analysis
and their application in clinical proteomics — from assays to results
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http://onlinelibrary.wiley.com/doi/10.1002/elps.v30:23/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/elps.200900211/full
http://onlinelibrary.wiley.com/doi/10.1002/elps.200900211/full

CBA

A

488nm

580nm

By~

Mean Fluorescence

D.AA. Vignali | Journal of Immunological Methods 243 (2000) 243255

\jownnatrix Beads

Streptavidin
ALEXA 488

488nm

Biotinylated =i
S Detection
Antibod .
y Antibody
‘ 104
TCATGF .
103 u"'f ? 109 ig B1 L6129
AT A A3 L3 L4 1K2
Ay it ENILaoLss
102 o 102 ™G G i
A E TNF Ol
P, Biotin
101 101
o
ol
™
109 100
100 10 102 100 104 100 10 102 102 104
FL2 FL2
3
Interleukin-4 Interferon-y
o
10 L1 T
o
o
o
[1-]
107 7
L=
- -01
L T e e . .
oo 10 ' 10" 10 1 0w 10" 1w’ 10° 10 1

Standard Concentration (ng/ml)

Standard Concentration (ng/ml}



CBA

m multiplexing capabilities
m speed
m incorporation of multiple assay formats

m rapid assay development and
reasonable cost

m automation




Biologické aplikace prutokove
cytometrie

m Cytogenetika
— analyza chromozém(

e karyotyp
e sortrovani
— chromozdmové DNA knihovny
— FISH znaceni (chromosome painting)

K. Soucek Bi9393 Analyticka cytometrie



Analyza a sortrovani chromozomu

Proc. Natl. Acad. Sci. USA
Vol. 76, No. 3, pp.1382-1384, Ma:

Genetics

Measurement and purification of human chromosomes by flow
cytometry and sorting

(isolated chromosomes/DNA cytophotometry/flow microfluorometer)
A. V. CARRANO, ]J. W. GRAY, R. G. LANGLOIS, K. ]. BURKHART-SCHULTZ, AND M. A. VAN DiILLA

Biomedical Sciences Division, L-452, Lawrence Livermore Laboratory, Livermore, California 94550
Communicated by Donald A. Glaser, December 18, 1978




Analyza a sortrovani chromozomu

m synchronizace bunek — zisk
metafaznich chromozomu
(colcemid, hydroxyurea)

®m izolace chromozomu

m znaceni DAPI nebo Hoechst vs.
chromomycin A3 (CA3) nebo
mithramycin

= celkova DNA vs. G/C-bohaté
oblasti

http://www.scienceclarified.com/Ca-Ch/Chromosome.html

interphase

metaphase '

http://www.nccr-oncology.ch/scripts/page9243.html


http://pubchem.ncbi.nlm.nih.gov/

nalyza a sortrovani chromozomu

Sheath

Piezoslectric
/ transducer

Photomultiplier

Puise height analysis,
sorting circuitry

@ © 1986 Nature Publishing Group http://www.nature.com/naturebiotechnology

HUMAN CHROMOSOME-SPECIFIC DNA
LIBRARIES: CONSTRUCTION AND AVAILABILITY

M.A. Van Dilla™, L.L. Deaven™ K.L. Albrighc*, N.A.Allen’, M.R. Aubuchon”,
M.F.Bartholdi’, N.C.Brown', E.W.Campbell’, A.V.Carrano”, L.M.Clark®, L.S.Cram",
B.D.Crawford', J.C.Fuscoe”, J.W.Gray", C.E.Hildebrand’, P.J Jackson®, J.H.Jett',
J.L.Longmire®, C.R.Lozes’, M.L.Luedemann’, J.C.Martin', ].§.McNinch',
l.,_].Mcinckef, M.L.Mendelsohn”, ]AMeyne', R.K. Moyzis*, A.C‘Munk*,].Pcrlman',
D.C.Peters’, A.].Silva", and B.J.Trask".

National Laboratory Gene Library Project, * Lawrence Livermore National Laboratory. Biomedical Sciences Division, University of
California, P.0. Box 5507 L-452, Livermore, California 94550, " Los Alamos National Laboratory, Life Sciences Division,
University of California, Los Alamos, New Mexico 87545, = To whom correspondence should be directed.
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HUMAN CHROMOSOME-SPECIFIC DNA
LIBRARIES: CONSTRUCTION AND AVAILABILITY

M.A. Van Dilla™®, L.L. Deaven'®,K.L. Albrighe‘, N.A.Allen”, M.R. Aubuchon’,

M.F.Bartholdi’, N.C.Brown’, E.W.Campbell’, A.V.Carrano’, L.M.Clark’, L.S.Cram’,

B.D.Crawford’, J.C.Fuscoe”, J.W.Gray", C.E.Hildebrand®, P.J.Jackson", J.H.Jett",

J.L.Longmire, C.R.Lozes’, M.L.Luedemann®, J.C.Martin', ].§.McNinch,

L..J.Meincke', M.L.Mendelsohn”, J.Meyne', R.K. Moyzis", A.C.Munk', ].Perlman",
D.C.Peters’, A.].Silva", and B.J.Trask’.
National Laborat

California, P.O. Box 5507 L-452, Livermore, California 94550, * Los Alamos National Laboratory, Life Sciences Division,
University of California, Los Alamos, New Mexico 87545, =~ To whom correspondence should be directed.

; Gene Library Project, ~ Lawrence Livermore National Laboratory, Biomedical Sciences Division, University of

CONSTRUCTION OF A PHASE | CHROMOSOME-SPECIFIC {#18)

HUMAN GENE LIBRARY IN CHARON 21A USING HIND Il {LLNL)

Grow cells (Human fibroblasts or hybrids)

Isolate chromosomes

Extract DNA (hi MW)

a .-
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Package recombinant molecules
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Phage multiply (amplification
= 108) & lyse hoat cells (plaques)

in vitro

Wash of f amplified, recombinant
. phage = Ehromosome-specific gene library

Charactesize (purity; representation)

Distribute; information repository

E. coli lawn
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Sortrovani chromozomu
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Current Protocols in Cytometry

Pisum sativum




Sortrovani chromozomu

A

DAPI fluorescence

Peak |

Peak Il

B Current Protocols in Cytometry
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Mithramycin fluorescence

Vicia faba

Chromosome analysis and sorting in Vicia satfiva using flow cytometry

P. KOVAROVA! A NAVRATILOVAZ J. MACAS? and J. DOLEZEL!**




Aplikace prutokove cytometrie v
mikrobiologn

m ekologie
m potravinarstvi
m bioterorismus



http://www.cyto.purdue.edu/flowcyt/research/micrflow/

Aplikace prutokove cytometrie v
mikrobiologn

Relative Size Ratios for Bacteria, Yeast, and Eukaryotes

Measurement Bacteria Yeast Eukaryote
Diameter 0.5-5 3-5 1()-30)

Surface area 3-12 30-75 300-3000
Volume 0.3-3 20-125 500-1500
Dry cell mass 1 10 300-3000

Current Protocols in Cytometry




Aplikace prutokove cytometrie v
mikrobiologn

= viabilita
m metabolické funkce
m sortrovani

m analyza aerosolu (Fluorescence
Aerodynamic Particle Sizer (Flaps))




Aplikace prutokovée cytometrie v
mikrobiologn

m Sortrovani

— EPICS +
Autoclone®
modul

top view of petri dish
showing sort grid

Current Protocols in Cytometry



Fluorescence Aerodynamic Particle
Sizer (Flaps)
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bunécné déleni
viabilita

membranovy potencial
respirace

produkce H,0,
citlivost k antibiotikim
separace
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Prutokova cytometrie kvasinek

http://www.sbs.utexas.edu/mycology/sza_images_ SEM.htm
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Prutokova cytometrie kvasinek

Beer Quality

Masahito Muro,' Kenichiro Izumi, Takeo Imai, Yutaka Ogawa, and Motoo Ohkochi, Research Laboratories for
Brewing. Kirin Brewery Co., Ltd.. 1-17-1, Namamugi, Tsurumi-ku, Yokohama. 230-8628 Japan

Yeast Cell Cycle During Fermentation anc

I, Am. Soc. Brew. Chem. 64(3):151-154, 2006




Prutokova cytometrie v
hydrobiologni

m studium pico- a nano-
fytoplanktonu (< 20 uM)

m analyza metabolickych
funkci planktonu

m studium pigmentace
(analyza chlorofylu a
fykoeritrinu)




Prutokova cytometrie v
hydrobiologni

0 2001 Wiley-Liss, Inc. Cytometry 44:236-246 (2001)

Monitoring Phytoplankton, Bacterioplankton, and
Virioplankton in a Coastal Inlet (Bedford Basin) by
Flow Cytometry

W.K.W. Li" and P.M. Dickie
Biological Oceanography Section, Bedford Institute of Oceanography, Dartmouth, Nova Scotia, Canada

Received 4 October 2000, Revision Received 2 May 2001:; Accepted 2 May 2001

& 1989 Alan R. Liss, Ine. Cytometry 10:659—-669 (1989)

Using Phytoplankton and Flow Cytometry to Analyze
Grazing by Marine Organisms

Terry L. Cucci, Sandra E. Shumway, Wendy S. Brown, and Carter R. Newell

Department of Marine Resources (S.E.5.} and Bigelow Laboratory for Ocean Sciences (T.L.C., S.E.S.), West
Boothbay Harbor, Maine 04575; Chemistry Department, Bowdoin College (W.5.B.), Brunswick, Maine 04011: Great
Eastern Mussel Farms (C.R.N.), Tenants Harbor, Maine 04857

Received for publication November 2, 19858; accepted April 17, 1989




Prutokova cytometrie v
hydrobiologni

MARINE ECOLOGY PROGRESS SERIES

Vol. 185: 301-307, 1999 Mar Ecol Prog Ser

m analyza DNA o

Cytometric measurement of the DNA cell cycle in the presence
of chlorophyll autofluorescence in marine eukaryotic
phytoplankton by the blue-light excited dye YOYO-1

Published August 20

Frank J. Jochem'”, Doris Meyerdierks®

Institut fiir Meereskunde, Diisternbrooker Weg 20, D-24105 Kiel, Germany
*Universitat Bremen, FB II Meeresbotanik, Postfach 330440, D-28334 Bremen, Germany

Imantania

http://www.soes.soton.ac.uk/staft/tt/

rel. Number of Cells

Micromonas

L

rel. DNA Content

http://planktonnet.awi.de/portal.php?pagetitle=assetfactsheet&asset_id=15127



Prutokova cytometrie v
hydrobiologii
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Prutokova cytometrie bezobratlych

m |ze aplikovat bézné metodicke
pristupy a fluorescencni znacky

m Priklady aplikaci:
— bunécny cyklus
— cytotoxicita
— apoptoza



http://en.wikipedia.org/wiki/Image:Long_tongue_tachinid_fly_edit.jpg
http://en.wikipedia.org/wiki/Image:Miesmuscheln_Mytilus_2.jpg
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Flow cytometry as a tool for analysing invertebrate cells
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ex vivo flow cytometrie - limitace

Ovlivnéni nékterych vlastnosti bunék (morfologie,
exprese znaku);

neumoznuje dlouhodobejsi studie bunecného
metabolismu a bunécnych interakci (komunikace,
adheze) v prfirozeném tkanovém mikroprostredi;
dalsi:

— nizka citlivost pro detekci vzacnych bunecnych subpopulaci
(1-10 bunék/ml ~ 5000 — 50000 bunék v 5 litrech krve
dospélého Cloveka);

— Casove narocna pfiprava vzorku (hodiny, dny);

— diskontinuita odebiranych vzorkd.

Cytometry part A 79A: 737-745, 2011



in vivo vizualizace - limitace

m Tloustka tkané

)



Christ with St. Joseph in the Carpenter's Shop
Georges De La Tour, ~ 1640 (Musee du Louvre, Paris).




Pruchod svétla tkani
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The absorption spectrum of a human hand.

The spectrum was recorded with a very sensitive spectrophotometer with the hand in close juxtaposition with
the photocathode (unpublished data of Karl H. Norris, from The Science of Photobiology (KC Smith, ed.,
Plenum Press, 1977; p. 400).




Effective penetration depth in breast tissue
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in vivo flow cytometry — zakladni

prinCipy e s t:?: Acoustic

Y,
: 7 “
Scattering = —
wec 9 ,rr =~ rhemmal
Fluorescence waves
D - Annonmal call Raman e
Transmittance

m Zobrazeni bunék pfimo v krevnim nebo lymfatickém recisti.

m Vizualizace pomoci CCD nebo CMOS kamery po ozareni
konvencni mikroskopickou lampou nebo lasery.

m Detekce absorbce, fluorescence, Ramanova spektra,
fototermalnich nebo fotoakustickych signald.

Cytometry part A 79A: 737-745, 2011



in vivo flow cytometry

Computer for Data
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Cytometry part A 79A: 737-745, 2011



in vivo flow cytometry — bez znaceni

m Nahravka videa pomoci vysokorychlostni CCD nebo
CMOS kamery s vysokym rozliSenim v rezimu
propustnosti nebo odrazu.

Priklad: high-speed transmittance digital microscopy
(TDM)

Limity: hloubka tkane.

TDM muze slouzit k navedeni zdroju zareni pro dalSi
analyzu do urcene oblastl

Cytometry part A 79A: 737-745, 2011



photoacoustic and photothermal
Imaging

m  The photoacoustic effect was first discovered by Alexander Graham Bell in his
search for a means of wireless communication.1 Bell succeeded in transmitting
sound with an invention he called the “photophone,” which carried a vocal signal
with a beam of sunlight that was reflected by a vocally modulated mirror. The
sound could be recovered with an ordinary telephone receiver connected to a
selenium cell illuminated by the light. Bell published the results in a
presentation to the American Association for the Advancement of Science in
1880.

The Photoacoustic Effect
Benjamin T. Spike
Physics 325

April 21, 2006




Schematic 1llustration of photoacoustic imaging
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In Vivo Molecular Photoacoustic
Tomography of Melanomas Targeted by
Bioconjugated Gold Nanocages
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In vivo flow cytometrie — detekce
specifickych signalu

m Detekce fotoakustickych a
fototermalnich jevu

Cytometry part A 79A: 737-745, 2011



in vivo flow cytometry - aplikace
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Shrnuti prednasky

,High-throughput” pratokova cytometrie ...

... a uplatnéni vicebarevné detekce a beads array
sortrovani chromozém

aplikace v mikrobiologii, hydrobiologii a studiu bezobratlych
in vivo pritokova cytometrie

Na konci dneSni prednasky by jste méli:

1.  ve&dét co je to ,,high-throughput,, pritoké cytometrie
...a jak se v ni muze uplatnit princip vicebarevného znaceni.
2. znat zakladni principy méfeni a sortrovani chromozdmil pomoci
pratokového cytometru;
3.  mit pfedstavu o moznych aplikacich pratokové cytometrie v mikrobiologii,
hydrobiologii a studiu bezobratlych;
4.  rozumét limitim a principlim in vivo pratokové cytometrie.

K. Soucek Bi9393 Analytickd cytometrie



