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Obecny uvod do prutokove
cytometrie

m Zakladni principy, moznosti prutokove
cytometrie a jeji aplikace

m Historie

m Aplikace
— Proliferace
— Bunecna smrt




Tyto Castice maji néco spoleCneho ...

Protozoa

. urcCité parametry techto castic mohou byt mereny
pomoci prutokové cytometrie. % BD
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Co je prutokovy cytometr?
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Co muzeme analyzovat pomoci
prutokove cytometrie?
m PocCitat Castice v suspenzi
m Oddelit zivé Castice od nezivych

m Hodnotit 10*5 az 10*6 Castic za mene
N

nez 1 minutu

m Kvantifikovat rozptyl svetla, ale |
intenzitu fluorescence

m Fyzicky separovat jednotlivé Castice
(populace) pro dalsi analyzu

Upraveno podle J.P. Robinson Purdue University BMS 631



new automatic cell cloning assay (ACCA) for
determination of clonogenic capacity of CSCs

FLUORERCENT

single cell/well
up to 384 well plate

Lases Bavam Pk

through ahe ol

re-culture after sorting (2D, 3D)




Jake jsou principy?

m Rozptyl svetla (Light scatter) pomoci laseru
nebo UV lampy

m Detekce specificke flurescence

m Hydrodynamicky zaostreny proud castic
m Elektrostaticka separace castic

m Moznost multivariacni analyzy dat

Upraveno podle J.P. Robinson Purdue University BMS 631



Detinice

= Prutokova cytometrie (flow
cytometry)
— Mereni vlastnosti proudicich Castic (bunek)

— také znamo jako Fluorescence-Activated
Cell Sorting (FACS)

= Prutokova separace (flow sorting)

— fyzicka separace Castic (bunek) na zaklade
parametru mérenych prutokovou cytometrii




Technické soucasti

mZdroje svetla

m DetekCni systemy
m Fluidni system

m Separace

mSber dat

m Analyza dat

J.P. Robinson Purdue University BMS 631



Technické soucasti

m DetekcCni systemy

Fotonasobice (Photomultiplier Tubes (PMTs))
dive 1-2
nyni 3-8

Diody

detekce rozptylu svétla (light scatters)

mZdroje svetla

Lasery (350-363, 420, 457, 488, 514, 532, 600, 633 nm)

Argon ion, Krypton ion, HeNe, HeCd, Yag
UV (Arc) Lampy

Mercury, Mercury-Xenon

J.P. Robinson Purdue University BMS 631





http://www.invitrogen.com/site/us/en/home/support/Research-Tools/Cell-Staining-Tool.html
http://www.invitrogen.com/site/us/en/home/support/Research-Tools/Cell-Staining-Tool.html
http://www.invitrogen.com/site/us/en/home/support/Research-Tools/Cell-Staining-Tool.html

Historie barveni biologickych materialu

Az do poloviny 19. stoleti — byly pouzivany pouze pfirodni barviva

Anton van Leeuwenhoek pouzil v roce 1719 Safran na
obarveni svalovych bun¢k p— L eeuwenhoak

Microscope
(circa late 1600s)



http://www.euronet.nl/users/warnar/leeuwenhoek.html

Historie barveni biologickych materialu

Paul Ehrlich - 1879 pouzil kysela a zasadita barviva pro
odliseni acidofilnich,eosinofilnich a neutrofilnich
leukocyti

Clin Lab Med. 1993 Dec;13(4):759-71.

The Ehrlich-Chenzinsky-Plehn-
Malachowski-Romanowsky-Nocht-
Jenner-May-Grunwald-Leishman-
Reuter-Wright-Giemsa-Lillie-Roe-Wilcox
stain. The mystery unfolds.

Woronzoff-Dashkoff KP.



Historie barveni biologickych materialu

Princip fluorescenéniho Mikroskopu - August Kohler - 1904

Kohler's Original Woodcut Olyiine ez Fiter
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http://micro.magnet.fsu.edu/primer/anatomy/anatomy.html


http://micro.magnet.fsu.edu/primer/techniques/fluorescence/fluorhome.html

Coons et al 1941 — vyvinuli techniku
fluorescencniho znaCeni protilatek - oznacili
anti-pneumokokoveé protilatky pomoci
antracénu. To jim umoznilo detekovat
protilatky i patogeny v tkani pomoci UV
fluorescence.

“Moreover, when Type Il and 111
organisms were dried on different parts of
the same slide, exposed to the conjugate
for 30 minutes, washed in saline and
distilled water, and mounted in glycerol,
individual Type Il organisms could be
seen with the fluorescence

Immunological Properties of an Antibody Containing a Fluorescent Group

Albert H. Coons, Hugh J. Creech and R. Norman Jones
Department of Bacteriology and Immunology, Harvard Medical School, and the Chemical Laboratory, Harvard University
Proc. Soc. Exp.Biol.Med. 47:200-202, 1941

Coons a Kaplan (1950) - konjugovali fluorescein s isokyanatem
(FITC) — ziskali lepsi signal — dale od autofluorescence.

J.P. Robinson Purdue University BMS 631



Friedman

Friedman (1950) — kombinoval kysely
fuchsin, akridinovou zlut'a berberin pro
detekci bunék nadoru délohy pomoci
fluorescencniho microskopu

|'* oo Acid Fuchsin
Malss |Kx
HEN:@:CH Acid magenta
- Acid rubin

NaOESJ% ch,  Acid roseine
M Hz

Absorption Max 540-545



P.J. Crossland-Taylor

”S h eath F I OW“ p r| N C| p the wide column of particles will

Ext. diam.
0-012 in,

Ext. diam,
0-028 in.

(2a)

1 in.

(1) Needle in holder ; (2) and (2a) inflow tubes: (3 wide-bore
tube ; (4) observation area for (3); (5) vortex ; (3) flushing tube

J.P. Robinson Purdue University BMS 631

“Provided there is no turbulence,

then be accelerated to form a
narrow column surrounded by
fluid of the same refractive index
which in turn is enclosed in a
tube which will not interfere with
observation of its axial content.”

.

A Device for Counting Small Particles
suspended in a Fluid through a Tube

ATTEMPTS to count small particles suspended in
fluid flowing through a tube have not hitherto been
very successful. With particles such as red blood
cells the experimenter must choose between a wide
tube which allows particles to pass two or more

ahanacnd aanass o meantisolan cantian A o narraw f11ha

P. J. CrosLAND-TAYLOR*

Bland—-Sutton Institute of Pathology,
Middlesex Hospital,
London, W.1.
June 17.

No. a3s0  January 3, 1953 NATURE



Wallace Coulter

= Wallace Coulter -
Coulter orifice - 1956 -

m (patent 1953) — mereni
zmeny vodivosti behem
pruchodu bunék v
suspenzi malym otvorem

Originalni
patentova
aplikace
W.Coultera 1953

Photo by J.Paul Robinson

J.P. Robinson Purdue University BMS 631



Jak pocitat bunky?

Hemocytometer (Blrkerova komurka) byla
standardem pro pocitani bunék do ~ 1950

Rozméry jsou 3x3x0.1 mm. Obvykle jsou ¢ervené
krvinky (1 x 108/mm3 )pocitany po nafedéni 1:200
Leukocyty (5x103/mm3) jsou fedény 1:10 v roztoku
lyzujicim Cervené krvinky

Statisticka chyba:

— koeficient variance (CV) je pfi 500 spocCitanych bunkach
4.4%
— chyba pipetovani a fedéni je ~ 10%

Upraveno podle J.P. Robinson Purdue University BMS 631



High Resolution Color Image

Visual Labeling

Roche Innovatis
Cedex
i



Coulter Counter

Prvni komer¢ni verze CC
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Beckman Coulter

= Multisizer™ 3&4 COULTER COUNTER®
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The Coulter Principle Applied in the Multisizer 4




Roche Innovatis
CASY TT

Dead cells have a membrane that is permeable Viable cells have an intact membrane,
for the electrical current. They are measured by which excludes the electnical current They
the size of the cell nucleus. are measured by the true cell volume.
'5 - 1=
= —— < g - 2
[X] 1 L (x] -_—
i EE. , dead cell E - ) viable cell
= . d bl =] —
@ 1 - @ e
o == e o -
- —
T T T 1 r T T
o 10 20 30pm 0 10 20 30um

Figure 1: Viability Measurement by Electrical Current
Exclusion. The status of the cell membrane distinctively
affects the electrical signal generated when a cell is
passing the measuring pore.




Cytograph. Stolni pfistroj schopny méfit rozptyl svétla He-Ne laseru (1970).




Mack Fulwyler- sorter

Mack Fulwyler - sorter 1965 - Los Alamos National Labs — jeho sorter separoval Castice
na zakladé elektronicky méreného objemu (stejny princip jako Coulter counter) a
separoval pomoci elektrostatického vychyleni.

Cilem bylo sortrovat ervené krvinky,protoZe u nich byla naméfena bimodalni distribuce
bunécného objemu. Princip separace byl zalozen na principu inkoustoveé tiskarny
Richarda Sweeta ze Stanfordu (1965)

nnnnnnnnnnn

Po té co bylo objasnéno, ze bimodalita ¢ervenych krvinek je artefakt byla tato skupina schopna separovat neutrofily a lymfocyty z krve.

J.P. Robinson Purdue University BMS 631




Richard Sweet

Richard Sweet vyvinul elektrostatickou
inkoustovou tiskarnu jejiz princip vyuzil

Mack Fulwyler pro svuj bunécny sorter.

NICKEL MAGNETOSTRICTIVE
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I'16. 1. Ink-jet oscillograph.

J.P. Robinson Purdue University BMS 631

THE
REVIEW OF SCIENTIFIC
INSTRUMENTS

VOLUME 36, NUMBER 2 FEBRUARY 1965

High Frequency Recording with Electrostatically Deflected Ink Jets*

Ricuarp G. SWEET
Systems Teclmiques Laboratory, Stonford Elecironics Laboratories, Stanford University, Stanjord, California
(Received 28 September 1964)

1.0 mm

I"16. 3. Ink-drop formation.






Mack Fulwyler- sorter




© 2005 Wiley-Liss, Inc. Cytometry Part A 67A:61-67 (20035)

Mack Fulwyler in His Own Words

J. Paul Robinson
Purdue University Cytometry Laboratories, Bindley Biosciences Center, Purdue University, West Lafayette, Indiana
Received 12 July 2005; Revision 15 July 2005; Accepted 15 July 2005

MACK FULWYLER IN HIS OWN WORDS 65

April 30, 1968 M. J. FULWYLER 3,380,584
PARTICLE SEPARATOR
Filed June 4, 1965 5 Sheets-Sheet 1

27 ACOUSTIC
DRIVER

Fig. 1. The Fulwyvler instument as
installed in Dr. Boris Rotman’s Labora- 35
tory in Brown University, immediately
prior o disassembly in March 2005,
The instrument had not been altered
or moved since installation in 1967,
except for the addition of a laser ﬂm: 5
instead of the UV lamp. i

COLLAR

GENERATOR

23 | COLLECTOR |

57

TO PULSE
GENERATOR

Fic. 4. A page from Fulwyler's

patent on the cell separation technol Macl»:'wju}%?byler
ogy patent #3,380,584 showing the 8y
fundamental components of the in- A Cr e B Pt

vention of the cell sorter.

-‘m7



Leonard Arthur "Len" Herzenberg

From Hulett, HR, Bonner, WA, Barrett, J, and Herzenberg, LA. Cell Sorting: Automated Separation of Mammalian Cells

as a Function of Intracellular Fluorescence. Science 1969; 166: 747-749. Reprinted with permission from AAAS.

Cell Sorting: Automated Separation of Mammalian Cells
as a Function of Intracellular Fluorescence

Abstract. A system for high-speed sorting of fluorescent cells was able to sort
mouse spleen cells from Chinese hamster ovarian cells after development of
fluorochromasia. Highly fluorescent fractions separated after similar treatment
from mouse spleen cells immunized to sheep erythrocytes were enriched in anti-
body-producing cells by factors of 4 to 10.




Klicove ,,cytometricke® publikace

1934:
1947:
1949:
1961:
1964:
1965:
1965:
1965:
1968:
1969:
1969:
1969:

Moldovan — Fotoelektrické mereni bunék v kapilare

Gucker — fotoelektrické pocitani bunék

Coultrav pocitac &astic

Rotman poprvé pouziva fluorescenci pro kvantifikaci enzymaticke reakce
Sweet — elektrostaticka inkoustova tiskarna

Fulwyler — kvéten 1965 - patent elektrostatického sorteru

Kanetsky — spektrofotometrické méfeni bunék

Fulwyler — listopad 1965 — publikace o bunécné separaci v Casopise Science
Gohde — prvni ¢lanek o fluorescencni pritokové cytometrii (v némcing)
Gohde — patent

Van Dilla — druhy ¢lanek o fluorescenéni pratokové cytometrii

Mullaney — prvni Clanek vénujici se popisu rozptylu svétla jako cytometrického

parametru

1969:
1973:
1977:
1978:
1983:
1984:
1987:
1991:

Heryenberg — tfeti ¢lanek o fluorescenéni prutokové cytometrii

Gohde — patent dvojiho znaceni

Gohde — popis kompenzaci signalu pfi dvojtém znaceni

Kachel — flow imaging — kombinace prutokové cytometrie a analyzy obrazu
izolace a detekce jader (DNA) z tkani zalitych v parafinu

kongres o nomenklatufe cytometrie DNA

Graz - vysokorychlostni sortrovani chromozémi

Robinson — automatizace klinickych systému — pratokovy cytometr a ¢tecka

¢arkovych kédu

Zdroj — ISAC 2006 —The Wall of History



. K ¢emu to vSechno je... napriklad...

Position Announcements
Flow Cytometer Research Technician
Flow Cytometer - Research Technician

The Ocean Biogeochemistry Laboratory at Bigelow Laboratory of Ocean Sciences is seeking an
energetic and motivated technician to join our research group. The primary responsibility of the
successful candidate will be operation of our high-speed flow cytometer/ cell sorter in support
of our oceanographic research. This technical position requires extensive knowledge of
cytometric principles, an ability to troubleshoot and maintain analytical instrumentation, prior
experience in method development, a willingness and capability of going to sea to operate the
flow cytometer (cruises from 1 to several weeks), and a high degree of self-confidence and
independence. A wide diversity of sample types are analyzed ranging from enumerating and
sorting single cells from aceanic samples to quantification of cellular rate processes employing
fluorogenic assays to combining isotopic methods with flow sorting.

The successful applicant must have at least a B.Sc. degree and 2+ years of demonstrated
experience with flow cytometric cell sorters as a primary operator. The successful applicant must
also be highly organized, have a strong ability to multi-task, be self-confident and independent.
This position will initially be for one year with continuation for additional years based upon
successful job performance.

Send CV, cover letter, and contact information for 3 references to jobs@bigelow.org. Please
reference (RT-2012-4) in the subject line. Review of applicants will begin immediately and
continue as applications are received until the position is filled. The preferred starting date is no
later than 1 January 2013, but this may be negotiated. Salary will be commensurate with prior
experience. Bigelow Laboratory is an Equal Opportunity Employer.

Submission Forms

Submit Job
Announcements

Submit Student
Opportunities

Employment and Student
Opportunities

Positions Offered
Student Opportunities
Job-Related Links
Career Information
Aquatic Science Careers
Careers in Public Policy
Early Career Scientists

Programs and
Opportunities

Programs for Recent PhDs|

Date: April 9, 2012 - 8:00am

ABOUTUS 4/9/12 - Job Opportunity: Biological
o About Us Oceanography Technician

@ Contact Information

@ Map & Directions Biological Oceanography - Job Opportunity

ANNOUNCEMENTS
= Employment
Opportunities
© Events
@ News

@ Seminars

The Biological Oceanography Lab is seeking assistance (half-time or more) on Dr.
Welschmeyer's ballast treatment testing project associated with the California
Maritime Academy (CMA). The duties will include training/execution

many routine chemical and biological oceanographic analyses (e.g., DOC/POC,

chlorophyll a, live organism microscopy, epifiucrescence microscopy, flow
cytometry, bacteria culturing assays, etc.). The employee will travel often
between MLML and CMA.

Requirements: the employee must be available for two consecutive 48 hour
periods (or more) each week; full time work is ideal. (Student schedules with
M-W or T-Th classes will not work). A willingness to work long hours (odd hours)
is mandatory; excellent pipeting skills, notetaking, and spreadsheet skills would be
appreciated (state drivers license is helpful). Pay is $20/h immediately; work wil
proceed through summer with possible sampling trips to southern California and
South America.

Please contact Dr. Nick Welschmeyer by email
(Welschmever@miml.calstate.edu™) for information.

Position Available
FLOW CYTOMETRY TECHNICIAN

Oceanography, MIT

The Chisholm Laboratory at MIT
(http://web.mit.edu/chisholm/www/) is seeking a full-time
flow cytometry technician to participate in research involving
oceanic cyanobacteria. The position requires a Bachelors
degree in science or engineering and two years experience.
Applicants must have a solid background in and experience
with flow cytometry, including extensive knowledge of
hardware, data analysis, and experimentation. Duties
include maintenance of flow cytometry instruments,
experimentation, and assisting other lab members with flow
cytometry as needed. Must be able to work as a member of a

multidisciplina

Please send a resume and 3 letters of recommendation to Dr.
Marcia Osburne (mosburne@mit.edu), or Dr. Marcia Osburne,
MIT, 15 Vassar St. rm 48-336B, Cambridge, MA 02139



http://www.mbari.org/expeditions/SOFeX2002/images/Feb2/Zackary.jpg

K ¢emu to vSechno je... napriklad...

43 miliona lidi na svété je infikovano virem HIV (WHO)

rocné zemre ~ 2 miliénu lidi na HIV/AIDS (v Africe je ~ 11 milionu AIDS sirotku)
kvantifikace CD4 T lymfocytu je kliCovy parametr pfi monitorovani léCby
Prutokova cytometrie je ,zlaty standard®

Optimalizované postupy a zafizeni pro levné (< 3 EUR / vzorek) a rychlé detekce (250
vzorku / den)

: Kill the cost, safe live“

PDMS
microfluidics


http://innovate.ee.ucla.edu/welcome.html

Co tomu predchazelo...

m Rozvoj techniky umoznujici rychlou a
reprodukovatelnou detekci cytometrickych
parametru.

m Nové vedecke poznatky vedouci k definici
vhodnych diagnostickych markeru.




ISAC presents: Mack Fulwyler -
Innovator, Inventor & Pioneer

http://www.cyto.purdue.edu/cdroms/gh/HTML/start.htm?loc=http://www.cyto
.purdue.edu/cdroms/gh/HTML/video/video.html?v=Flowtheinvention.wmyv

http://www.cyto.purdue.edu/cdroms/cyto10a/seminalcontributions/fulwyl
er.html

&9



http://www.cyto.purdue.edu/cdroms/gh/HTML/start.htm?loc=http://www.cyto.purdue.edu/cdroms/gh/HTML/video/video.html?v=Flowtheinvention.wmv
http://www.cyto.purdue.edu/cdroms/cyto10a/seminalcontributions/fulwyler.html

Informacni zdroje — prutokova

cytometrie

Practical Flow Cytometry, Howard M. Shapiro, Wiley-Liss; 4th edition

Cytometry: New Developments, Volume 75, Fourth Edition (Methods in
Cell Biology), Zbigniew Darzynkiewicz, Academic Press; 4th edition

Pratokova cytometrie v klinické praxi, T. Eckschlager a kol., Grada 1999

Flow Cytometry with Plant Cells: Analysis of Genes, Chromosomes and
Genomes; Jaroslav Dolezel (Editor), Johann Greilhuber (Editor), Jan Suda

(Editor), February 2007

“Tomas Eckschlager a kolektiv

CYTOMETRY, 4™ EDITION
NEW DEVELOPMENTS

PRUTOKOVA
CYTOMETRIE
V KLINICKE PRAXI

A X

PRACTICAL FLOW CYTOMETRY

HOWARD M., SHAPIRO

Tyto knihy je mozné zaptij¢it po domluvé ke studiu do knihovny BFU.

Vice informaci o knihach o prutokové cytometrii najdete na:

Edited by Jaraslay Dolesel, EWILEY-VCH
Johann Greithuber and jan Suda —_—

Flow Cytometry

with Plant Cells

Analysis of Genes, Chromesomes and Genames



http://www.cyto.purdue.edu/flowcyt/books/bookindx.htm

Informacni zdroje — prutokova
cytometrie (metody a protokoly)

m The Handbook of Flow Cytometry Methods
m Current Protocols in Cytometry

 HANDBOOK
FLOW (= 7

' CYTOMETRY
: METHODS

www.cyto.pdrd{le.edh/...‘]s‘lil(ieQOAG'J 28e018.jpg

Tyto knihy je mozné zaptij¢it po domluvé ke studiu do knihovny BFU.

Vice informaci o knihach o prutokové cytometrii najdete na:


http://www.cyto.purdue.edu/flowcyt/books/bookindx.htm

Informacni zdroje — cytometrie
(Casopisy)

[ Cytometry

http://www3.interscience.wiley.com/cgi-bin/jhome/33945

http://wwwa3.interscience.wiley.com/cgi-bin/jhome/102019902

Jednotliva &isla Cytometry Part A (od roku je mozné zaptjéit po domluvé ke studiu do knihovny BFU.



http://www3.interscience.wiley.com/cgi-bin/jhome/33945
http://www3.interscience.wiley.com/cgi-bin/jhome/102019902

Informacni zdroje — (Internet)

m Purdue University, Cytometry Labs

m International Society for Analytical
Cytology

m Molecular Probes (Invitrogen)



http://www.cyto.purdue.edu/
http://www.isac-net.org/
http://www.isac-net.org/
http://www.isac-net.org/
http://probes.invitrogen.com/handbook/
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Fluidika - Lamindrni vs. turbulentm

proudéni

*Turbulentni proudéni je
charakteristicke chaotickymi
(stochastickymi) zménami

=Laminarni proudéni —
kapalina proudi v paralelnich
vrstvach které se vzajemné
nemisi

wikipedia org

K. Soucek Bi9393 Analyticka cytometrie



Rozptyl svétla

m Hmota rozptyluje svetlo vinovych delek které neni
schopna absorbovat

m Viditelné spektrum je 350-850 nm proto malée
castice a molekuly (< 1/10 A) spiSe viditelné svétlo
rozptyluji

Pro malé cCastice byl popsan tzv. Rayleightlv
rozptyl (scatter) jehoz intenzita je ~ stejna vsemi
smery

Rozptyl vétSich Castic charakterizuje tzv. Mieuv
rozptyl. Jeho mnozstvi je vetSi ve smeru v jakém
dopada svétlo na ozarenou castici = na tomto
principu je zalozeno mereni velikosti castic pomoci
prutokoveho cytometru

- Faytelgh Scatlering e Scatiering ke Scatiering,

e Diitciont el it light Shapiro p.106

http://hyperphysics.phy-astr.gsu.edu/hbase/atmos/blusky.html



George Gabriel Stokes (1819 — 1903)

Anglicky fyzik a matematik
pusobici na univerzité v Cambridge

1852 — popsal fluorescenci

Nazev vznikl z anglického slova fluospar
(fluorit, kazivec = nerost CakF,)

- ke svému pozorovani pouzil roztok
chininu, jako zdroj svétla slunec¢ni
paprsky, jako excitacni filtr slouzilo tmavé |
modré okenni sklo a jako emisni filtr byla http://www.nndb.com/people/131/000097837/
pouzita sklenice bilého vina

G. C. Stokes ,,On the Change of Refrangibility
of Light“ Philosophical Transactions of the
Royal Society of London, 1852, vol. 142, p.
463.)

[ 463 ]

XXX. On the Change of Refrangibility of Light. By G. G. Stoxes, M.A., F.R.S.,
- Fellow of Pembroke College, and Lucasian Professor of Mathematics in the
University of Cambridge.

M Received May 11,—Read May 27, 1852.
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Princip fluorescence

Fluorescence je vysledek fii fazového u jevu nékterych chemickyc latek -
fluorochromU, fluorescenénich barev. Fluorescenéni znaéka (proba) -fluorochrom
schopny lokalizace do urcitého bilologockého vzorku nebo odpovidat na specificky
podnét.

Stage 1 : Excitation

A photon of energy hvEX is supplied by an external source such as an incandescent
lamp or a laser and absorbed by the fluorophore, creating an excited electronic singlet
. state (S1'). This process distinguishes fluorescence from chemiluminescence, in which the
81 @ excited state is populated by a chemical reaction.

) I R S-. Stage 2 : Excited-State Lifetime

The excited state exists for a finite time (typically 1-10 10-9 seconds). During this time, the
h‘-"l-:x I,e \ h\"Em (3> fluorophore undergoes conformational changes and is also subject to a multitude of

possible interactions with its molecular environment. These processes have two important
consequences. First, the energy of S1' is partially dissipated, yielding a relaxed singlet
excited state (S1) from which fluorescence emission originates. Second, not all the
molecules initially excited by absorption (Stage 1) return to the ground state (S0) by
L J fluorescence emission. Other processes such as collisional quenching, fluorescence
energy transfer and intersystem crossing (see below) may also depopulate $1. The
fluorescence quantum yield, which is the ratio of the number of fluorescence photons
emitted (Stage 3) to the number of photons absorbed (Stage 1), is a measure of the
relative extent to which these processes occur.

Jablonski diagram illustrating the processes
involved in the creation of an excited
electronic singlet state by optical
absorption and subsequent emission of
fluorescence. The labeled stages 1, 2, 3 are
referred to in the text.

Stage 3 : Fluorescence Emission

A photon of energy hvEM is emitted, returning the fluorophore to its ground state SO. Due
to energy dissipation during the excited-state lifetime, the energy of this photon is lower,
and therefore of longer wavelength, than the excitation photon hvEX. The difference in
energy or wavelength represented by (hvEX-hvEM) is called the Stokes shift. The Stokes
shift is fundamental to the sensitivity of fluorescence techniques because it allows
emission photons to be detected against a low background, isolated from excitation
photons. In contrast, absorption specirophotometry requires measurement of transmitted
light relative to high incident light levels

at the same wavelength.

s
5

o8
D’ﬁ
M =
o
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Fluorescencni spektra

Fluorescencni proces je cyklicky.
Kromé fluorochromu nevratné zni¢eného (photobleaching - ,vysviceni*) miuze byt
opakované excitovan.

Excitation Emission
spectrum  Ex 1 EM1 Spectrum

Fluorescence excitation

T T L] L T I

Wavelength

Excitation of a fluorophore at three different wavelengths (EX 1, EX
2, EX 3) does not change the emission profile but does produce
variations in fluorescenceemission intensity (EM 1, EM 2, EM 3) that
correspond to the amplitude of the excitation spectrum.

Fluorescence emission

K. Soucek Bi9393 Analyticka cytome



Detekce fluorescence

Vybaveni pro fluorescenci

(1) zdroj excitace

(2) fluorochrom

(3) vinové filtry pro izolaci emitovanych fotonu od excitovanych
(4) detektory pro registraci emitovanych fotonu

Fluorescenéni pristroje

- spektrofluorometer méfi promérné vlastnosti objemu vzorku v kyveté.

- fluorescenéni mikroskop popisuje fluorescenci jako jev v prostorovém systému souradnic
- flow cytometer méri fluorescenci v proudicim toku, umoznuje detekovat a kvantivikovat
subpopulace uvnitt velkého vzorku

Fluorescencni signdl A1 E1
- spekirofluorometer je flexibilni, umoznuje mérii f
v kontinudinim spektru excitaénich a emisnich
vinovych délek

P
- flow cytometr potiebuje fluorescenéni znaéky % e \ Spectra
excitovatelné = .
urcitou vinovou délkou. E B Bl Fiters
Fluorescence pozadi L
- endogeni sloiky - autofluorescence A YV S
- nendvazané nebo nespecificky vazané znack EX 81 82 I/O Signals

= reagencni pozadi
Wavelength ())

Vicebarevné znaceni
- dvé a vice znacek, zaroven monitoruje rizné funkce Morecuian
- nutné: vhodné zvolit znacky zdroj excitace a separacni filtry

K. Soucek Bi9393 Analyticka cytome
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—— Rhodaming Red-X (MeOH)
ll—
—
—
—
——

e ) _ Cascade Blue (pH 7)

Fluorescence Output of Fluorophores
Comparing Different Dyes

514 588 ABSORPTION FLUORESCENGCE Mouse 3T3
442 488 | 548 813 — —

R-Phycoenythrin (pH 7)
Adoxa Fluor 546 (pH 7)
Toxcas Rad (pH 7)
BODIPY FL (MaOH)
Alexa Fluor 488 (pH T)
Fluoneacaein (pH )

Tetramethyirhadamne (MaOH)
BODIPY TMA (MeOH)
BODIFY TR (MeOH)

YOYO-1 + DMNA[pH 7)

DAP! + DNA (pH 7

Inder-1 + Cad= (pH 7)

e Fura-2 + Ca® (pH 7)
— Aminomethylcoumarin (MaOH)
_ FM 1-43 + Lipid
e DHIC 4(3) (MoOH)
e —— NED (MaOH)
e Carboucy SMARF-1 (pH 10)
—— Luciter Yellow (pH 7)

— Dansyl + R-NH; (MeOH) N

e Propidium lodida + DNA (pH 7) o %Q' 40 O o O

400 500 800 700 ) O O »
TR A

Wavelength {nm)

S A Hind Il

propidium iodide

Molecular

:
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Zpusoby pro zobrazeni dat
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Vicebarevn¢ analyzy generuyi
mnoho dat...
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Export files with
different settings
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Cell tracking and proliferation
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daughter cells

3 CELL 1 CHROMOSOME
DIVISION REPLICATION AND
CELL GROWTH

(/CEDLL(\\I

2 CHROMOSOME .

SEGREGATION

- Figure 17-1. Molecular Biology of the Cell, 4th Edition.




Approaches

m Cell cycle analysis
m DNA synthesis analysis
m Cell tracking




What 1s important for sample
preparation and staining ...

m Sample processing depends on the particular
analysis ...
— Single cell suspension

— Vital stain
« diffusion
 active transport

— fixation (ethanol, formaldehyde)
— permeabilization (detergents)




Bunécny cyklus

interphase
-Gz | G1
S phase phase M phase phase
MITOSIS CYTOKINES;S.
chromosome prophase g
replication prometaphase

| metaphase
PRUGREL anaphase
cytoplasm telophase

Figure 18-1. Molecular Biology of the Cell, 4th Edition.

o
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trigger mitosis machinery

M- Cdk

3 e
\/

S- Cdk

trigger DNA repllcatlon machinery

Figure 17-16. Molecular Biology of the Cell, 4th Edition.


http://www.cellsalive.com/cell_cycle_js.htm

oocyte grows without  FERTILI- fertilized egg divides without growing
dividing (months) ZATION (hours)

B AW
?*@*G)*@*@*@* egg )* X
| I !
T mm tadpole feeds, grows,

and becomes an adult frog

J

-

Figure 17-8. Molecular Biology of the Cell, 4th Edition.
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https://www.youtube.com/watch?v=dXpAbezdOho
https://www.youtube.com/watch?v=qq5k1sWqLO0

Cell cycle analysis

One of the oldes application of flow cytometry, analysis of the
cells in cell cycle phases based on the quantification of DNA

flow cytometry is convenient method for quick and relatively
precise determination of cell cycle

DNA is simply labeled using fluorescent dye specific for DNA
Propidium iodide
4'.6-diamidino-2-phenylindole (DAPI)

- fluorescence increases after binding to DNA. Membranes
have to be permeabilized.

Hoechst 33342

Vybrant® DyeCycle™

DRAQ5

Quaternary benzo[c]phenanthridine alkaloids (QBASs)

I. Slaninova, J. Slanina and E. Taborska, "Quaternary benzo[c]phenanthridine alkaloids--novel cell permeant and
red fluorescing DNA probes," Cytometry A, vol. 71, no. 9, pp. 700-708, 2007.

- labeling of live cells (possible cytotoxicity)




- propidium iodide
- DAPI

- Hoechst 33342
-7-AAD



Cell cycle histogram: how to analyze?

m |tis not recommended to statistically analyze it using simple
gating in the histogram

m |tis necessary to use software tolls for modeling of distribution
of cell cycle phases
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Current Protocols in Cytometry



ModFit LT" ®

An impressive new version of the industry standard.

FE. W T W N TRV

MultiCycle for Windows

Advanced DNA Cell Cycle Analysis Program
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Analysis of
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Analysis if BrdU incorporation

= Bromodeoxyuridin (BrdU) is incorporated into
DNA instead of thymidine during S-phase

= BrdU is detected using specific antibody after the
fixation and partial denaturation of DNA (acid,
DNAse)

m DNA can be stained in the last step




Analysis if BrdU incorporation
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Flow Cytometer Setup for Flow Cytometer Setup for
Becton Dickinson Hardware Coulter Hardware
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Protein

Metabolically or enzymatically
azide-modified protein

I
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TAMRA, Dapoxyl®, or biotin alkyne

Isctopel(s) Click-iT™ alkyne

technologies | & inVitngen '

Click azide/alkyne reaction

aw

N

Cu(l), 1 hour

Click-iT™ azide

>
\ Stable triazole conjugate

"\..p’
- Y

FN

Room temperature

® = ., | "’ﬁ;@ 1

:é_ W 1]

Biotin Streptavidin IgG antibody )

MW 3 25 42

Both required for detection

~68,000

Both required for detection

~150,000


http://www.invitrogen.com/site/us/en/home.html

Aplikace Click-IT (Invitrogen)

Multiplex imaging with Click-iT® RNA
assays.

NIH3T3 cells were incubated with 1
mM EU, formaldehyde-fixed, and
permeabilized with Triton® X-100. EU
incorporated into newly synthesized
RNA (red) in some cells was detectied
using the Click-iT® RNA Alexa Fluor®
594 Imaging Kit. Tubulin (green) was
detected with anti-tubulin mouse IgG9
and visualized with Alexa Fluor® 488
goat anti-mouse IgG. Nuclei (blue)
were stained with Hoechst 33342.



Click-IT (Invitrogen)
applications

analysis of DNA synthesis (EdU - 5-
Ethynyl-2'-deoxyuridine)
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3H-thymidine

Tritiated (3H) thymidine

)



3H-thymidine

* Original method for measuring cell
proliferation

 Radioactive

* Not compatible for multiplexed analyses




BrdU

BrdU (5-bromo-2'-deoxyuridine)







BrdU

Acid or DNase >







BrdU

* Non-radioactive

* Multiplex compatible but, strand separation
requirement for anti-BrdU access, can affect:

« Ability for other antibodies to bind

* Morphology

« Ability for dyes that require dsDNA to
bind efficiently, i.e., cell cycle dyes




Click-iT™ EdU
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EdU (5-ethynyl-2'-deoxyuridine)







Click-iT™ Edu

* Non-radioactive

* No DNA denaturation required

» Simplified protocol

« Small molecule detection

» Multiplex compatible, including
* Other antibodies

* Dyes for cell cycle analysis




Click-iT™ EdU - limitations

Table 4 Click-iT® Plus EdU compatibility with DNA content stains

Click-iT® Plus EdU Stain Compatibility
DNA Content Stain Alexa Fluor® 647 Alexa Fluor® 488 reﬂ?rseﬂ?
picolyl azide picolyl azide
FxCycle™ PI/RNase Yes Yes No
FxCycle™ Violet Yes Yes No
FxCycle™ Far Red No Yes Yes
SYTOX® AADvanced™ Yes Yes Yes
Propidium iodide (PI] Yes No Yes

Table 2 Click-iT® Plus EdU detection reagent compatibility

Fluorescent molecule Compatibility*

R-phycoerythrin (R-PE) and R-PE based tandems
(i.e., Alexa Fluor® 610-RPE)

Fluorescent proteins (GFP) Compatible

PerCP, allophycocyanin [APC] and APC-based
tandems [i.e. Alexa Fluor® 680-APC)

Compatible

Compatible

Organic dyes such as Alexa Fluor® dyes,

fluorescein [FITC) Compatible

Use Qdot® nanocrystals after the Click-iT® Plus

Qdot® - .
ot” nanocrystals detection reaction.

*Compatibility indicates whether the fluorescent molecule itself or the detection methods involve
components that are unstable in the presence of the copper catalyst used for the Click-iT® Plus EdU
detection reaction.




Cyclin Expression: Periodicity

cyclin A
* cyclin D

<«—cyclinE

f

cyclin B




Intracellular protein detections n
combinations with DNA analysis
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Detection of mitotic cells

m Histone H3 is specifically
phosphorylated (Ser10, Ser28, Thr11)

m Double stain of DNA and H3-P identifies
populations of the cells in M-phase

Comp-Blue 586_42-4-CD133_1(AC133) PEBlue 5386_42-A

Comp-Red 660_10-A::pH3._streptavidin HiLyte Fluor47 Red 660_10-A
o & = = S

B L e

0 K 10K 18K 1K HK
0 8K MK 15K dK HK

Comp-Vioket 448_45-A: Hoechst 33342 Violet 448_45-A Comp-Vick! 448 45.A Hoechst 38042 Viok 448 45.A



Tracking of cell division

m Nonspecific labeling of cellular proteins using
carboxyfluorescein diacetate succinimidyl ester
(CFDA-SE or CFSE, CellTrace™ Violet, CellTrace™
Far Red DDAO-SEt)

q f
CH,~C-0 \I:ﬁ T 1 _0-C-CH, Om[,.« x D,,U{;x],_;,ﬂ O~ DI 20
T _, S [PROTEN |-,
Esterase —
“}—O - 4. .C-0 > I\ c-0
0 [ “‘““’fllcl} | J I

{ = A A :

MN—0— C M—0Q—C PROTEIN —MNH— G
L < » [PROTEIN |-

\ D A\ o O

(8] (8]

Cell Membrane

CFDA, SE CFSE

- MMolecular




".m

Number of cells

{tu— o«

Tracking of

Fourth

A. Generation Third

Generation

Second
Generatlon
First
.4_, . Generation

=

B

Brightness

40 4

Count

ABEE s
biosystems"
by ,tiﬁ technologies”

Ll

T " T

e n 1

CellTrace™ Yiolet VLT-84

cell division

Murnber

a0

1404

1201

0

Events (counts)

- 2 4] 8 4] 2} -~
(=] [=] (=] =] (=] (=]
(IR RN NN |

~
(=2 =}

—_ ] ] 8 [ o2}
(= (=} (=] (=] (=]
LU i

W Farent
B Generation 2

L] 150

Channals IVL1-A-VL1-A)

200

"y
[=]
o

M Generation 3
W Genaration &
W Generalion 5
Generation &
W Generation 7
W Genaration &
W Genaration ¥
.[—Llrlli:r alion 10

250

101

CO4 Alexa Fluor® 468

0

L1

102 103
CFSE fluorescence

iy i iy
CellTrace™ Vicle! ¥L1-A

104



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 cytome


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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"for the discovery and development of the green fluorescent
protein, GFP"
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Photo: 1.
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Photo: UCSD

Osamu Shimomura Martin Chalfie Roger Y. Tsien
(0 1/3 of the prize 1 1/3 of the prize (B 1/3 of the prize
UsA USA UsA

Marine Biclogical Columbia University University of California
Laboratory (MBL) New York, NY, USA San Diego, CA, USA;
Woods Hole, MA, LUSA; Howard Hughes Medical
Boston University Medical Institute

School

Massachusetis, MA, USA

b. 1928 b. 1947 b. 1952
{in Kyoto, Japan)

http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/



Fluorescent proteins

m bioluminescence resonance energy transfer (BRET)

Aequorea victoria - jellyfish

— Blue bioluminescence. Ca?* interacts with aequorin photoprotein.
— Blue light excites green fluorescent protein.

Renilla reniformis — coral

— luminescence appears after degradation of coelenterazine in the presence
of luciferase enzyme.

— Blue light excites green fluorescent protein

Aequorea victoria “Crystal jelly “ Renilla reniformis ""Sea Pansy"

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




" :
Aéquorin

http://www.conncoll.edu/ccacad/zimmer/GFP-ww/GFP2.htm

Fluorescent proteins
@ Osamu Shimomura
— 1961 discovered GFP and aequorin



Fluorescent proteins.

m Douglas Prasher
= Martin Chalfie

Science. 1994 Feb 11;263(5148):
Green fluorescent protein as a marker for
gene expression.

Chalfie M, Tu Y, Euskirchen G, Ward WW,
Prasher DC.

Department of Biological Sciences, Columbia
University, New York, NY 10027.

| A complementary DNA for the Aequorea
victoria green fluorescent protein (GFP)
produces a fluorescent product when
expressed in prokaryotic (Escherichia
coli) or eukaryotic (Caenorhabditis
elegans) cells. Because exogenous
substrates and cofactors are not required
for this fluorescence, GFP expression
can be used to monitor gene expression
and protein localization in living
organisms.

B MICE EXPRESSING GFF


http://www.in-cites.com/papers/DrMartinChalfie.html

Fluorescent proteins

NormalH With GFP As Tracer

{atne For
Protein

_{=ene For
Protein

Protein

Protein With &GFF

‘Bop Lode Stop Lode
For Protein For Profein

http://www.conncoll.edu/ccacad/zimmer/GFP-ww/GFP2.htm



Roger Tsien

m ~ 2002 — mutated FP = wide
spectrum of colors

http://www.tsienlab.ucsd.edu/




synchronized

Analysis of
cells
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Fucci
(fluorescent ubiquitination-based cell cycle indicator)
cells

@as  mKO2-Cdr1(30/120)
-l mAG-Geminin(1/110)

Chemistry & Biology 75, February 2008 ©2008 Elsevier Ltd

Ubiquitin E3 ligase complexes

G1 - APCCdnl Nature Methods - 5, 283 (2008)

S, G2, M- SCFSkp?







Fucci

o~ 104 500
S mKO2(+)mAG() mKO2(+)mAG(-)
x NKUE(+)MALG(+) 4004 nKOZ2(+ mAG(+)
E 2 EJ.. ésh:_'-- '-:‘.'h (+])
o S 3001 '
= o
G1 G1/5 S ¥ O
[ = = 200
@ 1 ¥]
mKO2- € O
hCdt1 ; 100
(30/120) = N /AN
10° 10' 10° 10 10" D 200 400 600 800 1000

e .-... Flu. intensity of MAG Hoechst 33342
(1/110)

merge & RS P _' = b &
+DIC LR :

- .l..

Visualizing Spatiotemporal Dynamics
of Multicellular Cell-Cycle Progression

Asako Sakaue-Sawano, ' Hiroshi Kurokawa, ' Toshifumi Morimura,? Aki Hanyu,® Hiroshi Hama,! Hatsuki Osawa,’
Saori Kashiwagi,? Kiyoko Fukami,? Takaki Miyata,® Hiroyuki Miyoshi,” Takeshi Imamura,® Masaharu Ogawa,?
Hisao Masai,® and Atsushi Miyawaki:2.*
Laboratory for Cell Function and Dynamics
“Laboratory for Cell Gulture Development
Advanced Technology Development Group, Brain Science Institute, RIKEN, 2-1 Hirosawa, Wako-city, Saitama 351-0198, Japan
3Life Function and Dynamics, ERATO, JST, 2-1 Hirosawa, Wako-city, Saitama 351-0198, Japan
“School of Life Science, Tokyo University of Phamnacy and Life Science, 1432-1 Horinouchi, Hachioji, Tokyo 182-0392, Japan
“Departments of Biochemistry, The Cancer Institute of the Japanese Foundation for Cancer Research, 3-10-6 Ariake, Koto-ku,
Tokyo 135-8550, Japan
®Department of Anatomy and Cell Biology, Nagoya University Graduate School of Medicine, 85 Tsurumai-cho, Syowa-ku,
Magoya, Aichi 466-8550, Japan
. . . o "Subteam for Manipulation of Cell Fate, BioResource Center, RIKEN Tsukuba Institute, 3-1-1 Koyadai, Tsukuba, Ibaraki 305-0074, Japan
http ://cfds,braln.rlken,] p/Fuccl.html SGenome Dynamics Project, Tokyo Metropalitan Institute of Medical Science, 3-18-22 Honkomagome, Bunkyo-ku, Tokyo 113-8613, Japan
“Comespondence: matsushi@brain.riken.jp
DOl 10.1016/.cell.2007.12.033




Summary

= DNA analysis

— Require fine sample preparation, debris
elimination, sw tool for precise analysis of
histograms

— It is possible to combine with analysis of other
parameters e.g. DNA synthesis

= Cell division enumeration
— Mostly for synchronized populations
= Fluorescent proteins

— Fucci - elegant tool for in vitro a in vivo
experiments




Detection of cell death
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Viability detection

m Simple analysis

m principle

— Detection of plasmatic membrane integrity using fluorescent probes
— propidium iodide, ethidium bromide, 7-amino actinomycin D
* Only dead cells are positive

— Detection of physiological function of the cells (enzymatic activity) —

Rhodamine-123, Calcein-AM

* Only live cells are positive

m How to stain dead cell and fix&perm it afterwards?
— ethidium monoazide

— Pomoci LDS-751 (laser dye styryl-751) je mozné odliSit mrtvé buriky i po

fixaci

— LIVE/DEAD® Fixable Dead Cell Stain Kits, Zombie Dyes™

Bio

The path to legendary discovery™

Reactive dye Excitation source Exs Em*
blue fluorescent reactive dye (L23105) uv 350 450
violet fluorescent reactive dye (L34955) 405 nm 416 451
aqua fluorescent reactive dye (L34957) 405 nm 367 526
yellow fluorescent reactive dye (L34959) 405 nm 400 575
green fluorescent reactive dye (L23101) 488 nm 495 520
red fluorescent reactive dye (L23102) 488 nm 595 615
far red fluorescent reactive dye (L10120) 633/635 nm 650 665
near-IR fluorescent reactive dye (L10119) 633/635 nm 750 775

*Approximate fluorescence excitation (Ex) and emission (Em) maxima, in nm.

@ invitrogen

LIVE

DEAD

~




Viability detection

Propidium lodide LIVE/DEAD Far Red

2000
2 1500
g /Iive /dead
£ 1000 1
£ I |
=
=z

2
N L/ L,J
1 10 100 1000 10,000
Pl fluorescence
- 3 4 5
Current Protocols in Cytometry 0 10 10 10 10

Live/Dead far red




Apoptosis

- Programmed cell death

- described by J. F. Kerr in 1972 to differentiate it
from necrosis

- genetically controlled, complex process, directed
self-destruction of the cell

- important for homeostasis



Apoptoza

Viable

AN 1

NATURE REVIEWS [ MOLECULAR CELL BIOLOGY 232 [ MARCH 2008 | VOLUME 9



Morphology —
necrosis vs. apoptosis

m Loss of integrity of
cytoplasmic membrane

m Swelling of cytoplasm,
increase of cell volume

m Desintegration of nucleus
and other organelles

m Lysis of the cell

Swelling of cytoplasm
without loss of cell
integrity

Cell shrinkage

Condensation of the
nucleus and specific
chromatin fragmentation

Sustained organelle
integrity

Formation of apoptotic
bodies



Two Different Types of Cell Death

y mépchandnial charges PraaTEb R r_r-rJJ-_.ﬁ:-ﬂ
Nekroz i ey &
! T ! | illII b - .I' .-'II ",
a £ L ¥ ;
L~y / % . | i ! -.,:'l oy

Diagnostics




Phase contrast Hoechst

NATURE REVIEWS [ MOLECULAR CELL BIOLOGY 232 | MARCH 2008 | VOLUME 9



Biochemistry —

necrosis vs. apoptosis

= Without specific
molecular control

Passive process

without energy (ATP)
Uncontrolled nuclear

DNA destruction

Without role of
mitochondria

Loss of ion balance
control

Activation of specific
signhaling pathways —
caspases, nucleases

Energy (ATP)
consumption

Specific fragmentation
of DNA

Release of regulatory
molecules from
mitochondria

Changes in symmetry
of lipid membranes



Physiological role—
Necrosis vs. apoptosis

m Affects cell
populations

2 Induced by non-
physiological
stimuli

m Destruction of

surrounding tissue

— release of toxic

compounds

® Induces
inflammation

m Affects single cells

® Induces via
physiological
stimuli

m phagocytosis

= Withoutt presence
of inflammation



General hallmarks of apoptosis

m Characteristics of cellular membranes
m Characteristics of nucleus

m Detection of specific genes and
proteins regulating apoptosis




Regulation of apoptosis

3 Granzyme B pathway 1 Extrinsic pathway
O FasL/TNFa

Plasma membrane Perfarin

ot

Cytoplasm. .

BAD | BID
tBID ) %K DBMF Ca]u(
BAX-BAK ¥ A a O
channels Mitochondrion %ﬂﬁ BIM
| O,
BH3-only
proteins
BCL-2
subfamily
BCL-2 s}
subfamily °
&5~ Cytochrome ¢
=]
APAF
Caspase-9
Caspase-3 <> » &> Caspase-7 &> Caspase-3

Caspase-6 <_» <« Caspase-2
Caspase-8 <> &> Caspase-10




Characteristics of membranes

= Plasmatic membrane
— Integrity of plasmatic membrane

— Important changes in symetry
« Externalization of phosphatidilserines (PS) — ,,eat me*
signal for phagocytes

« Annexin V - high affinity to PS — sensitive probe for
asymmetric membrane

Apoptosis
e

Annexin V-PE
conjugate U U U U
7 )

L i
pasms CLCLLCLTICRR  shospratiayserne
";}%h%y‘:. Y

D
)
Cytoplagm Cytoplasm

27
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Annexin V staining: phosphatidylserine exposure
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Annexin V/PI assay

Importance of timing

(apoptosis, necrosis, secondary necrosis)

FL3-H / PROPIDIUM IODIDE

control
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e |
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100

Annexin-V-Fluo
5% 26 %

A. Hyrslova Vaculova

w-abdserotec.com




Detection of PS translocation

* Pros
— specific marker, relative early

— possible to combine with other vital markers
e.g. CD antigens

 Cons
— Necessary to label already dead cells

— Optimization of the protocol for particular cell
type

I — Measurement has to be done quickly

I — Not possible to analyzed in fixed cells




Characteristics of membranes

m Mitochondrial membranes

— Changes in outer mitochondrial
membrane permeability

— Changes in mitochondrial membrane
potential AY

— Release of apoptosis mediator form
mitochondrial intermembrane space
into cytoplasm



Death signal convergence onto mitochondria

Fas ligand Death receptors Survival factors
Incle e ndent stimuli

G !

Calcineurin Kinases
PP

Fas

D=
FADD

Caspase-2

[ and other caspases,

granzyme B, cathepsins,
calpain

Bad

/‘ &
Effector ,,/ s

caspases J\-\IAPM

Apoptosis nuclear DNA / .

degradation

Baliga B., Kumar S. (2003) Cell Death Differ. 10: 16-18
Desagher S., Martinou J. C. (2000) Trends Cell Biol. 10: 369-377
Van Loo G., et al. (2002) Cell Death Differ. 9: 1031-1042



Mitochondria a AY,
Ap =AY - 60 ApH
Ap ~ electrochemical proton gradient (180mv)

AY,, ~ mitochondrial membrane potential (MMP)
(150mV)

ApH ~ pH gradient

Ap drives ATP-ADP
transport, import |
mitochondrial proteins

and transport of e - + + MATRIX
metabolites

ATP synthase

electron-transport chain

™ inner membrane
outer membrane
Alberts, B., et. al. (2002), Molecular Biol. of the Ce




Mitochondria, A¥Y , and apoptosis

Depolarization of mitochondrial membrane and
A¥Ym loss can be consequence of ,permeability

transition pores“ (PTP) or loss of integrity of outer
mitochondrial membrane

Depolarization of mitochondria is associated with:

e ischemia/reperfusion
e oxidative stress
e cell death



Mitochondria, A¥Y , and apoptosis

WVOAC
AMT
Bax

Cytc

L

HEEOO

Water, solutes

[ ]
Opening of the PTP /

Bax channel BaxVDAC channel Lipidic pore or protein=lipid complex
Trends i Cad Sology

Desagher S., Martinou J. C. (2000) Trends Cell Biol. 10: 369-377.

VADC ~ voltage-
dependent
anion chanel

ANT ~ adenine-
nucleotide
translocator



Ay, detection

eelecirodes
* Radioactive probes

e Lipophilic fluorescent cation

3: E.R.
LOADING

1: CYTOPLASMIC
LOADING

2: MITOCHONDRIAL

Cossarizza, A. (1998), Purdue Cytometry CD-ROM Volume 3 LOADING



Fluorescent probes for A¥Y_, analysis

indicator Ex. =>Em. Notes
3,3'-dihexyloxacarbocyanine iodide 484 => 501 - detects whole cellular
(DIOC6(3)) potential
- inhibition of Complex |
- phototoxic
MitoTracker® Green 490 => 516 - covalent binding
- activation of PTP,
inhibition of Complex |
MitoTracker® Orange 554 => 576 Fixation compatibility @
MitoTracker® Red 579 => 599 Fixation compatibility @
MitoFluor® Green 490 => 516
MitoFluor® Red 594 598 => 630
MitoFluor® Far Red 680 680 => 700
rhodamine 123 507 => 529 - phototoxicity
- Inhibitory of mit. ATPase
5,5',6,6'-tetrachloro-1,1', 3,3'- 514/585 => monomers vs. aggregates
tetraethylbenzipai lylcarbocyanine 529/590 - fotosensitive
iodid@lcz(i’a))
tetrame odamiae.ethyl 549 => 574 - Low phototoxicity
ester, perchloro’reﬂ (TMRE) )
tetramethylrhodamine, MetTyT ester, 549 => 573

perchlorate (TMRM)




AY,, detection
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tetraethylbenzimidazolylcarbocyanine iodide
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Possible combination of AY,, analysis and other
parameters

Vital staining

=CD antigens (TMRE, CMXRos/anti-CD Ab-FITC)

= PS translocation (TMRE, CMXRos/Annexin V-FITC)
=ROS productions (TMRE/DHR-123)

=Ca?* (TMRE/Fluo-3)

=viability (propidium iodide, 7-AAD)

*fluorescent proteins (TMRE/GFP)




Detection [Ca?*].and AY,,
Fluo-3 AM/TMRE

(HL-60/DMSO/120 h)
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Detection of ROS and AY,,
DHR-123/TMRE

Human promyelocytes HL-60
Valinomycin (100 uM)

NDGA (20 uM)
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Analysis of MMP

* Pros
— Simple, easy, relatively low cost

— Good separation between pos and neg
populations

— Possible to combine with other vital analyses

e Cons

— Specificity has to be confirmed using different
method

B - Not always specific
I — Optimization of probe concentration




Changes at nucleus

= Condensation and fragmentation of
nuclear chromatin

m Characteristic morphology




m Analysis of DNA fragmentation

— sub G,/G, population
— TUNEL




- propidium iodide
- DAPI

- Hoechst 33342
-7-AAD



Analysis of subG,/G, population

Number of cells

DNA index (D)

Current Protocols in Cytometry




buffer

DARZYNKIEWICZ ET AL.
Markers

Control
Jr erhc:sphate-Citric Acid Buffer

DNA Content

Analysis of subG,/G, population

- extraction of low molecular weight fragments of DNA using citrate

HBSS
i 1800, e T
A & cComtrol B G HBss [© G Buffer
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Review Article

Cytometry in Cell Necrobiology: Analysis of Apoptosis
and Accidental Cell Death (Necrosis)

Zhigniew Darzynkiewicz,” Gloria Juan, Xun Li, Wojciech Gorezyca, Tomoyuki Murakami, and

“ollege. Valhalla, New York
pred 2 July 1996



Analysis of subG,/G, population

E pros
— Quick and cheap

— Analysis together with cell cycle detection
— Flexible regarding DNA labeling
m cons
— Limited specificity— size of subG, population is
overestimated, please NEVER use log scale

— Detectable also in mech 3
cells

o — Cells dying in G, phase

o =
0 Pl 100

Count




Terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling - TUNEL

m DNA breaks detection

m 3'-OH ends of single or double strand breaks are
labeled by modified base analogue using
deoxynucleotidyl transferase

m vizualization
— direct (FITC-dUTP)
— indirect (AP, POD, anti-BrdU Ab)

SN TdT

) Br-duTP
]

K. Soucek Bi9393 Analyticka cytometrie



TUNEL

o Control uv CPT vRAD FST
@ 103_: 400+ Gy
3 - _ G; S GoM
-D - T = v,
% 102 ) i
o : GoM
$ 1014 :
() . S
10 [TTTI IIII|IIIIIIII|IIII ITTTI II|I|II|IIIIIIIlI|IIIIIIII IIII|IIIIIIIIII|IIII|
0 ‘ 400 ‘ 800 ‘0 ‘ 400 0 ‘ 400 0 ‘ 400 0 400
200 600 1000 200 200 200 200

DNA content

Current Protocols in Cytometry




TUNEL

= pros
—_ s e n s i t i Ve , s p e c i fi c http://www.iheworld.com/imagegallery/albums/userpics/10003/tunel.jpg
— Possible to combine with cell cycle detection

m cons
— Costly and time consuming
— Large number of cells
— Some fixation procedures generate artifacts



What method we should use?

m always use more then one method;

® recommended to combine methods of
different principles;

m consider your experimental model (cell

type and design) - ,time window"of each
method is different



What else we should consider...?

m each method will give you different
numbers (it is reality) - always specify
methods you used

m kinetics and turnover of dying cell
subpopulation is important

m there is more types of cell death, even
g 'nyour tissue culture dish

m /n vitro and in vivo situation is really
l different




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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Sortrovani chromozomu
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Sortrovani chromozomu

A B Current Protocols in Cytometry
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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

m viabilita
m metabolické funkce
m sortrovani




Aplikace prutokovée cytometrie v
mikrobiologn

m Sortrovani

— EPICS +
Autoclone®
modul

top view of petri dish
showing sort grid

Current Protocols in Cytometry



bunécné déleni
viabilita

membranovy potencial
respirace

produkce H,0,
citlivost k antibiotikim
separace
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http://en.wikipedia.org/wiki/Image:Budding_yeast Lifecycle.png

buddlng

Prutokova cytometrie kvasinek
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Current Protocols in Cytometry



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
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Flow Cytometry
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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/
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rel. DNA Content

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

m |ze aplikovat bézné metodicke
pristupy a fluorescencni znacky

m Priklady aplikaci:
— bunécny cyklus
— cytotoxicita
— apoptoza
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Trendy: instrumentace




Spectral flow cytometry

Sony Biotechnology Inc
} Iy

Products » Resources » Support* AboutUs* ContactUs* Order Info *

Overview Features Applications  Specifications Literature

See Everything

The SP6800 Spectral Analyzer is Sony
Biotechnology Inc.'s newest innovative life
science system fundamentally expanding
the way cell and biomarker analysis can be
performed. This system incorporates a
unique optical bench, Blu-ray™ disc
technology, and advanced algorithms to
deliver some of the most accurate and
precise data available.

The SP6800 Spectral Analyzer also
introduces new Flow Point technology to
analyze core stream and sample event
location within the flow cell. To improve
accuracy of data, this system also
provides unique functions to display and
analyze cellular autofluorescence and
allows the user to easily automatically
remove.

Sheath inlet // outlet
Sample inlet

Insertion Notch

Quartz part




Conventional vs. spectral
analysis

Measured data Analysis results
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« Highly multi-parametric, on a single cell basis

« Facilitates exploration of complex pathways

« Enables discovery of cellular relationships, responses, and
developmental pathways

« Allows deep-profiling of your cell system of interest
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Single Cell Mass Cytometry
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Cells were covalently labeled with a bifunctional compound,
maleimido-mono-amide-DOTA (mDOTA). This compound can be
loaded with a lanthanide(III) isotope ion, and reacts covalently
with cellular thiol groups through the maleimide moiety.

Single-Cell Mass Cytometry of Differential Inmune and Drug
Responses Across a Human Hematopoietic Continuum
Sean C. Bendall, et al.

Science 332, 687 (2011);



Single Cell Mass Cytometry
}

Well #94
Barcoding  Analyte
masses masses
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Ho
165

Tm
169

Lu
175

Combinations

Seven unique lanthanide isotopes were used to generate 128
combinations, enough to barcode each sample in a 96-well plate.
The seven lanthanide isotopes, their masses and their locations on
the 96-well plate are shown.

Single-Cell Mass Cytometry of Differential Inmune and Drug
Responses Across a Human Hematopoietic Continuum
Sean C. Bendall, et al.

Science 332, 687 (2011);



Personalni systemy

CYTONOME VIVA™

Portable GFP Cell Sorter for Your Lab

cytonome

Cytonome Viva™ Ga Desktop System
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PrimeFlow™ RNA Assa
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Briliant Violet polymers
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Shrnuti prednasky

prutokova cytometrie:
m nabizi siroke spektrum aplikaci;

m rychly zpusob analyzy a separace
heterogennich populaci;

B separace populaci;
= multiparametrove analyzy



