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Struktura kurzu

Prednasky
8 lekci o prutokové cytometrii a aplikacich
1 lekce o mikroskopii
- 3 lekce zamérené na ,microarrays”
- m  CvicCeni
Soucdasti kurzu je praktické cviceni. Pfesto bude jedna prednaska vénové,na praktické
l demonstraci. Vybrana zafizeni budou demonstrovana pfimo v laboratofich BFU

m Test
Kurz bude zakonCen zkouskou ve formé testu shrnujiciho latku za cely semestr. Vysledek testu
bude tvofit 75% celkového hodnoceni.

m Seminar

Kazdy student bude prezentovat kratky seminar jehoz téma bude konzultovano s prednasejicim
a bude se tykat zaméreni kurzu. Téma seminare bude shrnuto v kratkém textu ve stylu
hesla pro CZ Wikipedii. Na zakladé této prezentace a odevzdaného textu bude udélen
zapocet a hodnoceni vlastniho seminare se bude také z 25-ti % odrazet v celkové znamce.




Seminar studentu

m Tema seminare musi vychazet z probirane
technologie a musi byt schvaleno
prednasejicim.

= Cilem je demonstrovat pochopeni principu ze

Kterych vychazi a jejich uplatnéeni v biologii.

m Prezentace musi byt pripravena napr. v
PowerPoint(u). Prezentaci je nutné predlozit v
predstihu prednasejicimu ke konzultaci a
posouzeni.

m Maximalni délka prezentace je 15 minut a
nesmi byt kratsi 10-ti minut.

= Obsah prezentace shrnout v kratkem ,Wiki"
textu.




Seminar studentu — priklady témat

Zakladni principy prutokové cytometrie

Analyza dat z pratokového cytomeru

Zakladni principy separace pomoci prutokové cytometrie
Principy fluorescence a fluorescencéni znacky

Zaklady detekce fluorescence a zpracovani signalu.

Aplikace prutokové cytometrie
— Imunofenotypova analyza krevnich desticek.
— Vyuziti pritokové cytometrie v diagnostice alergickych onemocnéni.
— Analyza DNA pomoci prutokové cytometrie.
— Aplikace prutokové cytometrie pfi studiu imunologie bezobratlych.
— Chromozémova analyza pomoci fluorescenéni mikroskopie a prutokové cytometrie.
— Extracelularni detekce cytokinu.
— Monoklonalni protilatky v prutokové cytometrii.
— Imunofenotypova analyza perifernich lymfocytu.
—  Vyuziti pritokové cytometrie v cytogenetice.
— Stanoveni bunécné viability.
— Metody detekce apoptozy.
— Mérfeni enzymatickych aktivit pomoci pritokové cytometrie.
— Zdroje excitace a optické systémy v pratokové cytometrii.
— Detekce CD4+ T bunék u HIV pozitivnich pacienta.
— Aplikace FRET a FRAP.
— Viceparametrové analyzy v pratokové cytometrii.
— Pratokova cytometrie v diagnostice nadorovych onemocnéni.
— Intracelularni detekce cytokina.
— Imunofenotypova analyza krevnich desticek.
— Vyuziti pritokové cytometrie v diagnostice alergickych onemocnéni.




Informacni zdroje — prutokova

cytometrie

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

m  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

I I
Joann Grcihaber aod o Suds
Tomas Eckschlager a kolektiv
CYTOMETRY, 4™ EDITION : r Flow Cytometry
NEW DEVELOPMENTS PRUTOKOVA with Plant Cells
< CYTOME:I‘RIE Analysis of Genes, Chromssames and Genames
< 4+ o V KLINICKE PRAXI ;

PRACTICAL FLOW CYTOMETRY

HOWARD M. SHAPIRO

Tyto knihy je moZné zapij¢it po domluvé ke studiu do knihovny BFU.

Vice informaci o knihéch o pritokové cytometrii najdete na:


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

Y. HANDBOOK
1 NT | ! :

FLOW

 CYTOMETRY
 METHODS

Tyto knihy je moZné zapij¢it po domluvé ke studiu do knihovny BFU.

Vice informaci o knihéch o pritokové cytometrii najdete na


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

Informacni zdroje — cytometrie
(Casopisy)

.

B Cytometry

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

!
! .
N

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

Jednotliva &isla Cytometry Part A (od roku je moZné zapujéit 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 — cytometrie
(CD-ROM)

CYTOMETRY

15t International Cytomics Conferance |

Volume Seven

2003
Cases in

FLOW CYTOMETRY

wv ",

Michael J. Borowitz, MD, PhD

Mark A. Silberman, MD

.m?ﬁE?J

nethJ

Purdue University Published By:Multimedia Knowled: : on With
Cytometry Laboratories XXIII Purdue University Cytometry Laboratories

www.cyto.purdue.edu

Je mozné zapujcit po domluve.




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://probes.invitrogen.com/handbook/

Informacni zdroje - mikroskopie

m Taatjes D. J. Cell Imaging Techniques, Methods and Protocols,
Humana Press, Totowa, New Jersey, 2005

m  Stephens D. Cell Imaging, Scion Publishing Ltd., 2006.

m Pawley, J. (Ed.), Handbook of Biological Confocal Microscopy, 3rd ed.,
2006

L e,
BrovoGical CoNFOCAL
MicrosCory

Techniques

Methods and Protocals

Edited by

Cell Imaging

Douélas J. Taatjes
Brooke T. Mossman

.

Tyto knihy je moZné zapiijit ke studiu do knihovny BFU.




Informacni zdroje - microarrays

Microarray Analysis, Mark Schena, Wiley-Liss 2003

Guide to Analysis of DNA Microarray Data, Second Edition, Steen
Knudsen, Wiley-Liss 2004

DNA microarrays: a molecular clonning manual. Bowtell D, Sambrook
J., Cold Spring Harbor Laboratory Press, New York, 2003.

-
l Mlc-ﬂumnf

A MOLECULAR CIONING MANUAL

ANACYSIS®

.Iiil.illjijl.f

David Bowtell and Joseph Sambrook @

Tyto knihy je mozné zaptijéit po domluvé ke studiu do knihovny BFU.



Obecny uvod do prutokove
cytometrie

m Zakladni principy, moznosti prutokové
cytometrie a jeji aplikace
m Historie




Tyto Castice maji néco spoleCneho ...

Protozoa

... urcCité parametry techto castic mohou byt mereny
pomoci prutokové cytometrie. % BD



http://images.google.com/imgres?imgurl=http://www.mondialresearchgroup.com/images/bd_logo.jpg&imgrefurl=http://www.mondialresearchgroup.com/index.php%3FwhereTo%3Dhumt10&usg=__p-_arlNnInzqTHIp4dWy7t6rMnw=&h=200&w=457&sz=38&hl=en&start=3&sig2=h3xZXrCDfjzgYLTOwZYXyg&um=1&tbnid=yxK9aRolzJ6hwM:&tbnh=56&tbnw=128&prev=/images%3Fq%3DBD%2Blogo%26hl%3Den%26rlz%3D1B3GGGL_enCZ231CZ231%26sa%3DN%26um%3D1&ei=X3C2StiVHp-imwPV0PTUDw




Co muzeme analyzovat pomoci
prutokove cytometrie?

m Pocitat Castice v suspenzi

m Oddelit zive Castice od nezivych

m Hodnotit 10*5 az 10*6 Castic za méné
nez 1 minutu

[
l m Kvantifikovat rozptyl svetla, ale i
=

intenzitu fluorescence
m Fyzicky separovat jednotlivé castice
(populace) pro dalsi analyzu

Upraveno podle J.P. Robinson Purdue University BMS 631



Jake jsou principy?

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

[ m Detekce specifickeé 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)

B9 . Pratokovy sorting (flow sorting)

— Separace Castic (bunek) na zaklade
parametru mérenych prutokovou cytometrii

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

l J.P. Robinson Purdue University BMS 631




Technicke soucasti

mZdroje svetla
m DetekCni systemy
n m Fluidni system
m Separace
mSber dat
mAnalyza dat
]

J.P. Robinson Purdue University BMS 631



Technické soucasti

mDetekcni systemy

Fotonasobice (Photomultiplier Tubes (PMTs))

drive 1-2
nyni 3-6

Diody
detekce rozptylu sveétla (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. Robin ersity BMS 631
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Historie barveni biologickych materialu

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

A.van Leeuwenhoek pouzil v roce 1719 Safran na obarveni
svalovych bunék

Leeuwenhoek
Microscope
(circa late 1600s)



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

Historie barveni biologickych materialu

Paul Ehrlich - 1879 pouZil kysela a zdsadita barviva pro
odliseni acidofilnich,eosinofilnich a neutrofilnich
leukocytii

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 fluorescencniho Mikroskopu - August Kohler - 1904

Kéhler's Original Woodcut Olympus IX70 Filter
Inverted Tissue Culture Tfla!f
Microscope = Tungsten
- Halogen
Peltier-Cooled : —Lamphouse
CCD Camera & p -
-it Inverted
/ | Microscope
Apertures \z;\ — Condenser/Lamphouse

| 4 ar

DIC Prism and Phase Ring
Condenser Turret

Mercuanlenon
Arc Lamp
Housing
]

Binocular
Observation

35-Millimeter
Camera

August Kéhler
(1866-1948)

—Microscope
Electrical
Control System

Microscope
Mechanism Base/Frame

http://micro.magnet.fsu.edu/primer/anatomy/anatomy.html



Neni jasné zda Is to have each microscopical
Moldavan vubec svuj cell passing through the

capillary tube, register itself

,pocitac bunek” sestrojil. | automatically on the
Ve svém. ¢lanku pOpisuje photoelectric apparatus, thus

creating a micro-current which

mnoho problémﬁ, ale can be amplified and recorded.”
l zadné vysledky. J’

Andrew Moldavan
“The purpose of the experiment

Photo-Electric Technique for the Counting of Microscopical Cells

Andrew Moldavan

Montreal, Canada
Science 80:188-189, 1934

J.P. Robinson Purdue University BMS 631



protilatky i patogeny v tkani pomoci UV

Coons et al 1941 — vyvinuli techniku
fluorescencniho znaceni protilatek - oznacili
anti-pneumokokoveé protilatky pomoci
antracenu. To jim umoznilo detekovat
fluorescence.

“Moreover, when Type Il and 1l
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 Ill 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

(FITC) — ziskali lepSi signal — dale od autofluorescence.

J.P. Robinson Purdue University BMS 631

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



Friedman

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

ik «. Acid Fuchsin
Mad=5 |R“H
HEN Acid magenta
Acid rubin
NaDSSJ\ Acid roseine
m Hz

Absorption Max 540-545




von Bertalanify & Bickis

Ludwig von Bertalanffy (1901-1972)
von Bertalanffy & Bickis (1956)

- metachromaticka fluorescence Akridinové oranze byla pouzita pro detekci RNA v
tkani

- pouzili ji také pro rozliSeni normalnich a nadorovych bunék

H CI

+

N,
(CHS)EN@cﬁ N(CHz), Absorption Max 467 nm

H

J.P. Robinson Purdue University BMS 631



Gucker - 1947

Vyvinul prutokovy cytometr pro detekci baktérii v
aerosolu.

Utajena prace vynikala behem Druhé svetové valky
a byla publikovana v roce 1947.

Cilem byla rychla detekce vzdusSnych spor a baktérii

l béhem vale¢ného konfliktu.
N

Instrument: Proudi vzduch prochazel skrz
osvétlenou komurku. Jako zdroj svétla slouzila
lampa ze svetlometu a pro detekci byl pouzit
fotonasobic.

J.P. Robinson Purdue University BMS 631



(2)
o (3)
)
T (5)
(6)

l (?m
1 in.

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

J.P. Robinson Purdue University BMS 631

P.J. Crossland-Taylor
,,Sheath FlOW“ prinCip the wide column of particles will

“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

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

el ek ot n amm s ass A st i aw oG naTneatss Frrho

P. J. CrosLaND-TAYLOR*

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

No. 4340 ]anuary 3, 1953 NATURE



Wallace Coulter

= Wallace Coulter -
Coulter orifice - 1956 -

m (patent 1953) — méreni
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



krvinky (1 x 108/mm?3 )poditany po narfedéni 1:200
Leukocyty (5x103/mm3) jsou fedény 1:10 v roztoku
lyzujicim Cerveneé krvinky

Statisticka chyba:

— koeficient variance (CV) je pfi 500 spocitanych burikach
4.4%
— chyba pipetovani a redéni je ~ 10%

Jak pocitat bunky?
= Hemocytometer (Burkerova komurka) byla
standardem pro pocitani bunék do ~ 1950
m Rozméry jsou 3x3x0.1 mm. Obvykle jsou Cervené
M -
l |
.

i

(T R
JLLNANIET
SVZ2NIOU

Upraveno podle J.P. Robinson Purdue University BMS 631



Visual Labeling

Roche Innovatis
Cedex
1
] - |
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Beckman Coulter

= Multisizer™ 3&4 COULTER COUNTER®

Digital Pulse Processor
Analog Pulse Processor

Praamp

Valves
axn ,@ :
\ r i P ¥
i ., rocessed Sy 1
,u’j,/ \\ Pulses
£y b
/ \
Electrolyte 13

" Internal

Electrode

‘-\ External
Electrode

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 electrical current. They
the size of the cell nucleus. are measured by the true cell volume.
‘E - =
s — = g - i
a8 Eg:‘ dead cell = - J viable cell
[} e - —
@ 1 4 - @ -
fre = - o -
> -
T T T 1 T T T
0 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).




separoval pomoci elektrostatického vychyleni.

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

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

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

NICKEL MAGNETOSTRICTIVE
TRANSDUCER CHANGES
LENGTH AT 100-kc RATE

I00-ke INPUT, INK AT 66
TO VIBRATE psi
NOZZLE 5
100-kec VIBRATION\‘*/ wrghGA\lRAGLESI’NPUT
0.0035-cm diaM. iz JINK DROPS
INK JET DIVIDES
INTO DROPS AT i

100-kc RATE
+8000 V dc

—~-8000 YV dc

INTERCEPTED
0/3URPLUS INK

AIR FLOW
750 cm/sec

ENCLOSURE {SHOWN RETRACTED)
DIRECTS AIR FROM BLOWER
ACROCSS INK STREAM

I'16. 1. Ink-jet oscillograph.

J.P. Robinson Purdue University BMS 631

THE
REVIEW OF SCIENTIFIC
INSTRUMENTS

Mack Fulwyler pro svlj bunécny sorter.

VOLUME 36, NUMBER 2 FEBRUARY 1965

High Frequency Recording with Electrostatically Deflected Ink Jets*

Ricnarn G, SweEr
Systems Teckmigues Laboratory, Stanfoed Eleciromics Loboratories, Stanford Uwiversity, Stanford, California
(Received 28 September 1964}

1.0 mm

I"16. 3. Ink-drop formation.



Mack Fulwyler- sorter




Mack Fulwyler- sorter




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

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— fsrhse ACOUSTIC
GENERATOR

DRIVER
13

Fiz. 1. The Fulwvler instrament as
installed in Dr. Boris Rotman’s Labora- 35
tory in Brown University, immediately COLLAR
prior to disassembly in March 2005, GENERATOR
The instrument had not been altered
or moved since inswallation in 1967,

except for the addition of a laser 4’%} 22
instead of the UV lamp.

23

/9

TO PULSE
GENERATOR

bFic. 4. A page from Fulwyler's INVENTOR,

patent on the cell separation technol- ok Fkaier
opy patent #3,380,584 showing the By
fundamental components of the in- et o P

vention of the cell sorter. %7



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: Moldovan — Fotoelektrické mefeni bunék v kapilare

1947: Gucker — fotoelektrické pocCitani bunék

1949: Coultrav pocita€ Castic

1961: Rotman poprvé pouziva fluorescenci pro kvantifikaci enzymatické reakce
1964: Sweet — elektrostaticka inkoustova tiskarna

1965: Fulwyler — kvéten 1965 - patent elektrostatického sorteru

1965: Kanetsky — spektrofotometrické méfeni bunék

1965: Fulwyler — listopad 1965 — publikace o buné¢né separaci v Casopise Science
1968: Gohde — prvni ¢lanek o fluorescenéni pratokové cytometrii (v némciné)

1969: Gohde — patent

1969: Van Dilla — druhy €lanek o fluorescenéni pratokové cytometrii
1969: Mullaney — prvni ¢lanek vénujici se popisu rozptylu svétla jako cytometrického
parametru
1969: Heryenberg — tfeti ¢lanek o fluorescenéni prutokové cytometrii
.

1973: Gohde — patent dvojiho znaCeni

1977 Gohde — popis kompenzaci signalu pfi dvojtém znaceni

1978: Kachel — flow imaging — kombinace prutokové cytometrie a analyzy obrazu
1983: izolace a detekce jader (DNA) z tkani zalitych v parafinu

1984: kongres o nomenklature cytometrie DNA

1987: Graz - vysokorychlostni sortrovani chromozomu

1991: Robinson — automatizace klinickych systému — pratokovy cytometr a Ctecka
¢arkovych koédu

Zdroj — ISAC 2006 —The Wall of History



K ¢emu to vSechno je... napriklad...

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
multidisciplinary team. Opportunities for travel to field sites
in Hawaii and Bermuda, and participation in oceanographic
research cruises.

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

EDTA blaad

/20 pl fresh whole
.

15 min incubation Connect o the -
at redm Larmpearabsre CyFiow and run AL
in the dark 15

Partec test
luba contains
Mab and buller

K ¢emu to vSechno je... napriklad
43 miliéna lidi na svéteé je infikovano virem HIV (WHO)
rocné zemre ~ 2 milionu lidi na HIV/AIDS (v Africe je ~ 11 milionu AIDS sirotka)
kvantifikace CD4 T lymfocytu je kli€ovy parametr pfi monitorovani 1éCby
Prutokova cytometrie je ,zlaty standard®
Optimalizované postupy a zafizeni pro levné (< 3 EUR / vzorek) a rychlé detekce (250
vzorkl / den)
5 :


http://www.partec.de/products/CyFlowSL.pdf



http://www.cytometryforlife.org/

Co tomu piedchazelo...

m Rozvoj techniky umoznujici rychlou a
reprodukovatelnou detekci cytometrickych
parametru.

= Nove vedecke poznatky vedouci k definici
vhodnych diagnostickych markeru.




ISAC presents: Mack Fulwyler -
Innovator, Inventor & Pioneer



http://www.isac-net.org/index.php?option=content&task=view&id=498
http://www.isac-net.org/index.php?option=content&task=view&id=498

Shrnuti prednasky

= Uvod do kurzu

m Zdroje literatury

m Historie prutokové cytometrie
m Zakladni principy

Na konci dneSni prednasky by jste méli:

1. védét jake jsou pozadavky pro tento kurz

2.  znat zékladni zdroje informaci

3. mit struény piehled o historii priitokove cytometrie

4. orientovat se v nékterych zakladnich principech priitokove cytometrie




B19393 Analyticka cytometrie

Karel Soucek, Ph.D.

Oddeéleni cytokinetiky
Biofyzikalni Ustav AVCR, v.v.i
Kralovopolska 135

612 65 Brno

e-mail: ksoucek@ibp.cz
tel.: 541 517 166

K. Soucek Bi9393 Analyticka cytometrie



Principy prutokove cytometrie a
sortrovani

m Sveéetlo
m Fluorescence

m Zdroje excitace, opticke systémy a
zpusoby detekce fluorescence

= Fluidni systémy

K. Soucek Bi9393 Analyticka cytometrie



Pojmy

Fotometrie:

Svétlo — elektromagnetické zareni viditelné lidskym okem (400-750
nm, nejcitlivéjsi ~ 550 nm). Pfi méreni pod 400 nm (UV, IF) se v
podstaté detekci zareni (radiometrie).

Energie zareni se vyjadruje v joulech
Svételny tok (radiant flux) je udavana jako hodnota energie v Case ve
wattech (1 watt= 1 joule/sekundu)

foton — elementarni Castice. Popisuje je jejich vinova delka, frekvence,
energie a hybnost. Zivotnost fotonu je nekonecna (presto vznikaji a
zanikaji), existuji pouze v pohybu. Ma nulovou klidovou hmotnost, ale
nenulovou energii, definovanou vztahem E = hv, kde h je Planckova
konstanta a v frekvence. Nebot' ma energii, pusobi na néj gravitace dle

obecné teorie relativity a on sam gravitacné pusobi na okoli.
(http://cs.wikipedia.org/wiki/Foton)

Energie fotonu je vyjadrena jako E=hv a E=hc/A [v-frequency (Hz), ¢ —
rychlost svétla (3x108 m/s), A-wavelength (nm), h-Planckova konstanta
(6.63 x 1034 J/s)]

Energie je vySSi pfi kratSich vinovych délkach a nizsi pfi delSich
vinovych délkach.



energy of
E= 6.63x1034joule-seconds x 3x108

[Laser power
E=hv and E=hc/A
= One photon from a 488 nm argon laser has an

— = 4,08X10'19 J
488 x 103

m To get 1 joule out of a 488 nm laser you need

488 nm is putting out 2.45x10'6 photons/sec

[
2.45 x 1018 photons
= 1 watt (W) = 1 joule/second a 10 mW laser at
.

37 Ed. Shapiro p 77
original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



=6.12x 10" J so 1 Joule at 325 nm = 1.63x10'® photons

What about a He-Ne laser?

E= 6.63x10-3* joule-seconds x 3x108
—

What about a UV laser?
6.63x10-34 joule-seconds x 3x10%
—
325 x 1073
L

633 x 103
=3.14x 10" I so 1 Joule at 633 nm = 3.18x10'® photons

31 Ed. Shapiro p 77
original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




»
|

m The inverse of the period
e ey, (wavelength) is the frequency
{ N in Hz

S N A
1»‘% 0@0 1

A

Axis of Electric Field

Polarization and Phase: Interference
m Electric and magnetic fields
' are vectors - i.e. they have
' both magnitude and direction
[
.

3rd Ed. Shapiro p 78
original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Interference

0° 90° 180°270°360° - Wavelength

AA AA AA AA

not change, but the

A1 MR A+B J
LAl

spnyjdury

D The frequency does

amplitude is doubled

L
il e commen

%l U‘ Interference

h h diffe f
l Al i, C+D D?;sf:;; o 7

*ll U¢ cancel each other out
y
A

fﬂ TT? Destructive

TE

Cytometry” Wiley-Liss, p79

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Rozptyl svétla

= Hmota rozptyluje svetlo vinovych delek které neni
schopna absorbovat

m Viditelné spektrum je 350-850 nm proto malé
castice a molekuly (< 1/10 A) spise viditelné svetlo
rozptyluji

Pro male cCastice byl popsan tzv. Rayleightlv

rozptyl (scatter) jehoz intenzita je ~ stejna vsemi
smery

Rozptyl vetSich Castic charakterizuje tzv. Mieuv
rozptyl. Jeho mnozstvi je vetsi ve smeru v jakem
]

dopada svetlo na ozarenou castici = na tomto
principu je zalozeno mereni velikosti castic pomoci
prutokového cytometru

Raylaigh Scaltering Mie Scattering Mia Scattering,
larger particlas
,ﬂ"" ge
—— Wffgr e —~ ,

—

e "‘-a,___“_H ‘,‘."& --—-:_:'_:— -

inection of incident light Shapiro p 1 06
http://hyperphysics.phy-astr.gsu.edu/hbase/atmos/blusky.html ;



Mieuv rozptyl je charakteristicky
pro Castice vétsi nez je vinova
délka svétla (bila zare kolem
sluneéniho kotouce, mlzné
svétlo)

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

Rayleightuv a Mieuv rozptyl

m Rayleighttuv rozptyl — molekuly a
velmi malé Castice neabsorbuji,
ale rozptyluji svétlo které ma
mensi vinovou délku nez je
jejich velikost (modré nebe - g
vzduch rozptyluje Iépe kratSi
vinové délky)

T

K. Soucek Bi9393 Analyticka cytometrie



0

t m Pri Sireni zareni z prostredi
0, opticky hustsiho do opticky
ridsiho prostredi se
— paprsky lamou smérem od
Reflected Beam kolmice.

n, sin @; = n, sin O,

Latka index lomu

Odraz a lom

Snellav zakon

m P¥i Sireni zareni z prostredi

Transmitted opticky ridsiho do opticky
Incident Beam (refracted)Beam hustsiho prostredi se
paprsky lamou smérem ke
0 kolmici.
[

Vzduch

(normalni tlak) 1,0003
led 1,31
voda 1,33

etanol 1,36

sklo 1,5az 1,9

stl 1,52 .

saffr 1,77 Shaplro p 106 I
diamant 2,42




Incident ray

Brewster’s Angle R
0, |
Polariza¢ni thel — thel dopadu pfi 3
kterém Castecné polarizované svétlo :
prochdzi povrchem bez odrazu. E
:
Reflracted ray

http://en.wikipedia.org/wiki/Image:Brewsters-angle.png

(slighty polarised)

Photo ©2000 — J.P. Robinson

Oscillation
Transmitted Direction

|

Absorbed




Ohyb a rozklad svétla

Kratké vinové delky jsou
“ohnuty” vice nez dlouhe¢

o klad

}_
N

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy
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Only a very small region within the ES
is used for flow cytometry applications

Electromagnetic Spectrum
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J. P. Robinson, Purdue University



George Gabriel Stokes (1819 — 1903)

Anglicky fyzik a matematik
pusobici na univerzit€¢ v Cambridge

1852 — popsal fluorescenci

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

- ke svému pozorovani pouzil roztok chininu,
jako zdroj svétla slunecni paprsky, jako
excitacni filtr slouzilo tmavé modré okenni |
sklo a jako emisni filtr byla pouzita sklenice htp://www.nndb.com/people/1 31/000097837/
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. Stokes, M.A., F.R.S.,
-~ Feliow of Pembroke College, and Lucasian Professor of Mathemalics in the
University of Cambridge.

Received May 11,—Read May 27, 1852,

K. Soucek Bi9393 Analyticka cytometrie



podnét.
S/’
@ -_—0 S'I
Ve |:1 :: hvey (3)
Y

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

Molecular

L]

Princip fluorescence

Fluorescence je vysledek ftfi fdzového u jevu nékterych chemickyc Iatek -
fluorochromU, fluorescenénich barev. Fluorescenéni znac¢ka (préba) -fluorochrom
schopny lokalizace do urCitého bilologockého vzorku nebo odpovidat na specificky

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
excited state is populated by a chemical reaction.

Stage 2 : Excited-State Lifetime

The excited state exists for a finite time (typically 1-10 10-? seconds). During this time, the
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 inifially excited by absorption (Stage 1) return fo the ground state (SO) by
fluorescence emission. Other processes such as collisional quenching, fluorescence
energy transfer and intersystem crossing (see below) may also depopulate S1. 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.

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 spectrophotometry requires measurement of transmitted
light relative fo high incident light levels

at the same wavelength.

K. Soucek Bi9393 Analyticka cytometrie



Fluorescencni spektra

Fluorescencni proces je cyklicky.

Kromé fluorochromu nevratné znic¢eného (photobleaching - ,,vysviceni*) mize byt
opakované excitovdn.

c
*E Excitation Emission
£ spectrum  gx 1 EM{ Spectrum
R
)
2 EX 2
:
o EX 3
o
=
TH
T T T T

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 cytometrie



Detekce fluorescence

Vybaveni pro fluorescenci

(1) zdroj excitace

(2) fluorochrom

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

Fluorescenéni pristroje

- spektrofluorometer méri primérné viastnosti objemu vzorku v kyveté.

- fluorescencni 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 mérit f
v kontinudinim spektru excitacnich a emisnich
vinovych délek

- flow cytometr potrebuje fluorescencni znacky
excitovatelné

urCitou vinovou délkou.

\ Spectra

Bl Fiters

Intensity

Fluorescence pozadi

- endogeni slozky - autofluorescence

- nendvazané nebo nespecificky vazané znacky
= reagencni pozadi

I/O Signals

Wavelength (A)
Vicebarevné znaceni
- dvé a vice znacek, zaroven monitoruje rizné funkce
, - . - . . v s e Moleculsr
- nutné: vhodné zvolit znacky zdroj excitace a separacni filtry

K. Soucek Bi9393 Analyticka cytometrie
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! Table of Fluorochromes
T
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http://pingu.salk.edu/fcm/fluo.html
http://pingu.salk.edu/fcm/fluo.html

Create Your Virtual Cell

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



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

Procesy interferujici a detekci
fluorescence

O Quenching - ,zhaseni“ fluorescence pomoci polarnich
rozpoustédel, téZkych iontu.

m Bleaching — zména struktury fluorescenéni

molekuly vedouci ke ztraté fluorescence (pusobenim
svetla a nebo chemickou interakci.

m Photon saturation - stav kdy mnozstvi molekul

v excitovaneém stavu odpovida mnozstvi molekul v
bazalni hladiné

K. Soucek Bi9393 Analyticka cytometrie



Photobleaching

- irreversible destruction or photobleaching of the excited fluorophore

anti-human cytochrome oxidase subunit |

20 40 90
Oregon Green 514 goat anti-mouse IgG

fluorescein goat anti-mouse IgG

hﬂuleculslr'
Drﬂbui

K. Soucek Bi9393 Analyticka cytometrie



prevedena na digitalni hodnoty

osvétlenou Casti kde

rozptyluji svétlo a emituji
fluorescenci,

kterd je detekovdanaq, filtrovana @

ulozené do pocitace

Zaklad pritokové cytometrie
Bunky v suspenzi
protékaji jednotlivé napric
.

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Optika - zdroj svétia

- nutnost zaosfiit zdroj svétla na stejné misto, kde je zaostien prutok bunék

- Lasery
produkuiji jednotlivou vinovou délku svétla (325, 488, ~630nm)
poskytuji mW - W svétia
mohou byt “levné” - air-cooled , nebo drahé - water-cooled
poskytuji koherentni svételny proud

- Obloukové lampy (Arc-lamps)
produkuji vinovych délek, které musi byt filirovany
poskytuji mW svétla
levné - air-cooled
nekoherentni svételny proud

- optické kanaly

. cesta svétla z mista ozareni bunék k detektoru
- optické casti urcité vinové délky

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



- koherentni (souvisly svételny tok)

- monochromaticky 3 A

- soustredény [JJ% Z}’L mewu

Thermal emitter Laser
http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html (lamp)

http://www.ilt.fraunhofer.de/eng/100053.html

e COHERENT,

L-gnt Ar‘npmlcahon by Snmulaﬁeﬂ Em-s;mn of Rad ation
Laser Catl / = Anode
Y autpt \x Hefiwm-mean gas reservoir -%}-: |
SR i . i e
' ke e - { Laser bove tube "’ n
I’Jr.rl'prﬂ' ...... _.&f High
coupler Gilaes emvelope i
% raflactive 99% reflactive reflector
i rror mirror
http://en.wikipedia.org/wiki/Helium-neon_laser
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http://www.coherent.com/

LASER vs. Arc lamp

How Flow Cytomepers Waork | 125
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H.M. Shapiro, Practical Flow Cytometry, 4th ed.

o

http://www.olympusmicro.com/primer/anatomy/sources.html
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Optika - ,,Forward Scatter* kanal

- Cast svétla rozptylend ve stejné ose
jako je smér svételného paprsku
 Intenzita ,,forward scatteru”

odpovida velikosti, tvaru a opticke
homogenite bunek

l original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




FALS
Sensor
modified by R.F. Murphy
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. Cast svétla rozptylena kolmo do strany od
osy smeru svételneho paprsku side (90°)
scatter channel

.
- 1ntenzita ,,side scatteru* odpovida velikosti,
tvaru a optické homogenité bunék
N

I Optika - ,Side Scatter kanal

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



FALS Sensor
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90 Degree Light Scatter

Laser
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modified by R.F. Murphy
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Optika - Light Scatter

~Forward scatter" zachycuje povrchove
viastnosti a velikost Eastic

muzZe byt pouiit k rozliseni Zivych a
mrivych bunék

wSide scatter” odpovidd inkluzim uvnitr
bunek

mozno odlisit granularni a negranuldarni
populaci

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Optika - fluorescenéni kanaly

. fluorescence emitovanad z kazdého
fluorochromu je detekovana pomoci
specifického fluorescenéniho kanalu

. specifita detekce je kontrolovdana
vinovou selektivitou filtru a zrcadel

l original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Fluorescence detector
(PMT3, PMT4 etc.)

Fluorescence Detectors
FALS Sensor
0

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Optika - viastnosti filiru

. jsou konstruovdny z materidlu
absorbuijicich urcitou vinovou délku

_ (a propoustéji jinou)

- pfechod mezi absorbanci a transmisi
neni presny; nutné specifikovat lom
svetla pri konstrukci filtru

T

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy


http://www.chroma.com/

Optics - viastnosti filtru

. ,Long pass" filtr propousti vinovou
délku sJrezanou" délkou

« ,Short pass” filtr propousti vinovou
délku ~rezanou" délkou

. ,,Band pass" filtr propousti vinovou
délku v okolo
specifické vinovée délky

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Standard Long Pass Filters

520 nm Long Pass Filter
Transmitted Light

| {

>520 nm
Light

Standard Short Pass Filters

575 nm Short Pass Filter
Transmitted Light

| é

<575 nm
Light

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy

Light Source

Light Source




Standard Band Pass Filters

630 nm BandPass Filter

White Light Source Transmitted Light

[

620 -640 nm Light

l original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




Optika - viastnosti filiru

I - pokud je filtr umistén v ke

zdroji svetla, svétlo, které ma projit
T porojde, ale blokované svétlo je
l odrazeno v 20° Uhlu
]

. dichroickeé filtry, dichroicka zrcadla




Dichroic Filter/Mirror

Filter placed at 45°

Light Source Transmitted Light

é

[
Retlected light
original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Optika - usporadani filirv

« k spoleCnému méreni vice nez
jednoho ,,scatteru” nebo
fluorescence , pouzivime
mnohonasobne kanaly (a detektory)

« multikandlové usporadani musi
splhovat

spekiralni viastnosti pouzitého
fluorochromu

N
l spravny fad usporadani filtrd a zrcadel

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy




e dva obecné typy detektoru

fotodioda
e pouziva se pro silny signal (forward scatter

detector)
fotonasobic¢ (photomultiplier tube - PMT)
e citlivéjsi nez fotodioda, muze byt poskozen
T

I Optika - detektory

presvicenim

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



Photomultiplier tubes (photomultipliers, PMTs)

Elacirons
Wncidant [ i Eletrical
phioton 7 -,II "y connectars
- _— - —
'\\_________ Scintilator S o =, fa® '|I'
T g y =
\ —
v O D
N | i
s
Light F-:"J-CI.ISiII III'
phgicn alcirads Dymode .

Photomultipliar twbe (PMT)

Zakladni charakteristika:

-vysoce citlivé detektory (jeden foton)
-velké zesileni signalu/nizky Sum
-velka plocha detekce

-rychla frekvence odpovédi

-velké pracovni napéti (1000 — 2000 V)

http://en.wikipedia.org/wiki/Photomultiplier

K. Soucek Bi9393 Analyticka cytometrie


http://en.wikipedia.org/wiki/Image:Photomultipliertube.svg

http://en.wikipedia.org/wiki/Photodiode

Fotodioda

Porovnani s PMT

Vyhody:

1
2
3
4
5.
6
7
8
9

. excelentn{ linearita signdlu

. rozsah spektrdlni detekce 190 nm to 1100 nm (silicon)
. nizky Sum

. Odolnost vici mechanickym vlivim

nizka cena

. mal4 velikost a hmotnost

. dlouha Zivotnost

. Vysoka kvantové tcinnost (~80%)

. Nepotrebuje vysoka napéti

Nevyhody

1

. Mala plocha

2. Nemoznost integralniho zesileni

3. Mnohem nizni citlivost

4. Pocitani fotond pouze u specidlnich produktt

5. Kratsi ¢as odpovédi

K. Soucek Bi9393 Analytickd cytometrie



Example Channel Layout for Laser-
based Flow Cytomeiry

% PMT
3

g

éég‘%g‘gﬁ'i':51:25-:25-:;;-.:.

Dichroic
Filters 5%

Bandpass
Filters

Tossss

Flow cell

PMT
Laser

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy



BD FACSCalibur system

Pssc ass/10

FL2 sg85/42 90/10 Beam Splitter
o

i

FL4  661/16

A DM 5605P

DM 640LP
i

&70LP Half-Miror
Fluorescence
Collection Lens

I FL3

Beam Combiner

Red Diode Laser - 488/10 FSC Diode
=825 hen Focusing

Lens

488 nm

Blue Laser

K. Soucek Bi9393 Analyticka cytometrie


http://www.bdbiosciences.com/immunocytometry_systems/
http://www.bdbiosciences.com/immunocytometry_systems/

BD LSR II system

FL2
|
57525
53028 dohiss
. = 58C
i F—yfosee ‘,D_
-
- _z .
380 LP - FLE
FL5 / 2Ll 510 LP
y
: Ulis SEOINT fiter od B33Am | agal
/ 620 5P L Uger & 1000 Kt for 49Bnm Liser
510v20 Ly

- 8o LP

|| Flucrescanca FL3

; Collection Lens

|

488 pass/
I 632 raflact
|
” L
325nm Fi FSC
Laser Call
UV pass/
4B8 & 633 raflact Focusing Lens

http://jcsmr.anu.edu.au/facslab/facs/LSR2.html


http://jcsmr.anu.edu.au/facslab/facs/LSR2.html

Aria II

l nnzz]e

siream

cuvette flow call
.-""'// individual collection
fibers

fluorescence objective lens

& BD



Common 350 457 488 514 610 632
Laser 300 nm 400 nm 500 nm 600 nm 700 nm

Lines IL

PE-TR Conij.

Texas Red

Pl

i

Ethidium

PE

FITC

cis-Parinaric acid

!
!
N

Upraveno podle J.P. Robinson Purdue University BMS 631



Octagon Detection System
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o -, ¥ - -~
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“kostka” pro konvencni
fluorescencni mikroskop

o

" 1Excitation filter
Ny 2 Dichroic mirror
3 Emission filter




Acousto Optical Beam Splitter AOBS®

Left: conventional beam splitting by dichroic mirrors reguires many
optical elements with fixed properties.
Right: the ADBS™ is electronically adaptable to all tasks.

Jeica

MICROSYSTEMS




Acousto Optical Beam Splitter

Ty Undiffracted
Wave_ Zeroth
Acoustic Ical VN d Order
Extraordinary Absorber |— ﬁr'"*-' Beam
Wave
Waikoff V
Dlﬂranted
E:-ttﬁh:'.-r'::llnar'_qur
. - Wave
ocuse
Non-Polarized TeO, Crystal |
Input Light Acousto-Optic
Beam Lun;igle Fi e:jr
Piezoelectric natomy an
Acoustic Transducer Diffraction
Walkoff Process
Airllliglje ; Radio
requenc .
a |ﬁput y FIQUI‘E 1

Acousto-Optic Tunable Filters in Confocal Microscopy -

sLaser 3
. tems
Figure 2 P
Helium Argon Argon :
Single Cadmium - {En —_— Kr!,rf%tnn -
Mode Laser Laser

Laser
(442 nm) (514 nm)
\u )

Undeﬂected
Light Beam -

Cold Dichromatic Hot
Mirror

Mirror Mirror
(442 nm) (6265 nm) (568, 648 nm)

(568 nm)

Acousto-Optic
Tunable Filter

http://micro.magnet.fsu.edu/primer/java/filters/aotf/index.html .
http://simple.wikipedia.org/wiki/Tellurium @

MICROSYSTEMS


http://micro.magnet.fsu.edu/primer/java/filters/aotf/index.html
http://micro.magnet.fsu.edu/primer/java/filters/aotf/index.html

Supercontinuum Generation

-a nonlinear process for strong spectral broadening of light

TJECHNICAL NOTE

Cytometry
==

Supercontinuum White Light Lasers for
Flow Cytometry

William G. Telford," Fedor V. Subach,” Vladislav V. Verkhusha® Cytometry Part A » 75A: 450459, 2009







The benefits of AOBS®

100

eAdaptable to any new dye m

l «8 lines simultaneously 0 v

eReflected light imaging . ' T P

. . . 350 400 450 500 550 600 650 700 750 200
eHigh transmission o

. . . Transmission curves

0TI‘U|y Confocal - real Opt|ca| Sect|0n|ng Blue: triple dichruic, hlue, green, red
eFast switching Red: AOBS® tuned to 488, 543,534, 633 nm
.Freely tunable Higher transmission, wider bands and steeper slopes with AOBS®
eFluorescence correlation spectroscopy

with multi-line lasers




A

Fluorescence Spectrum Viewer

!
!
N
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http://www.bdbiosciences.com/spectra/
http://www.bdbiosciences.com/spectra/

Zaklad prutokové cytometrie

- Bunky v suspenzi

orotékaji jednotlivé napric

osvétlenou Casti kde

rozptyluji svétlo a emituji
fluorescenci,

kterd je detekovadna, filtrovdna a

orevedena na digitalini hodnoty

ulozené do pocitace.

Sortrovaci Na jejich zdkladé je vybrand
populace separovdna.

upraveno padle J.P.Robinson




Prutokove systémy a hydrodynamika

Getting the cells in the right place (at the right
time)! (Shapiro, pp 133-143 - 3rd ed)




Prutokova cytometr:

Pomoci hydrodynamicky zaostreného fluidniho
systemu analyzuje bunky v zaostfeném svételném
paprsku (laseru).

Prutokova Oplastujici
komora kapalina

LT
------

S

rh

T T LA
S T

) ]
s ol ]

Zaostieny laserovy
paprsek

upraveno podle J P.Robinson



Fluidni syst¢em: BD FACSArna II

Fluidics Cart Cytometer ﬁa‘“"“ Regulator
/v "

AIR
/ PRESSURE

V6
SHEATH
FILTER
ASPIRATED
AIR WASTE
PRESSURE (DEGAS)
BULK
0”-9

. INJECTION
° ASPIRATED
)

(VACUUM)




i
N

Hydrodynamic focussing in the
cuvette samole

Sample
Sheath

Sheath l
Sample High sample
pressure low, pressure,
small core broader core
stream. Good stream.
— - for DNA Bad for DNA — o
analysis analysis

I \ Laser Beams / I
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Fluidni systém

Pozitivni tlakovy system
» zalozen na rozdilném tlaku mezi nosnou
kapalinou a vzorkem
- vyzaduje zdroj vyrovnaného tlaku

(vzduch, dusik)
* rychlost prutoku mezi 6-10 m/s

Pozitivni vytlacovani injekcni system

« prutok 1-2 m/s

.. ) Syringe
+ fixni objem (50 pl, 100 pl) 7
» moznost ur¢eni absolutnich poctu g
bunek 2
2

b_l

+ 4+
4+
+++

J-way valve
'_|1.r Flowcell
L] [

[:I Sample Waste

Sample loop

upraveno podle J P .Robinson



Hydrodynamicky a fluidni
system

= bunky jsou vzdy v suspenzi
= vzorek je obvykle ve fyziologickem roztoku

® nosha kapalina je voda nebo fyziologicky
roztok

= nosha kapalina pro sortrovani musi byt
fyziologicky roztok

= vzorky jsou hnany tlakem nebo pomoci pistu



Fluidika

m potrebujeme bunky v suspenazi,
protekajici v jednom sloupci napric
osvicenym mistem

m U vetsiny zarizeni je toho dosazeno
Injekci vzorku do proudu nosné kapaliny
skrz maly otvor (50-300 pm)




Fluidika

! m Pokud jsou podminky optimalni pak
l vzorek proudi stredem bez smesovani s
.

nosnou kapalinou

m takovy stav nazyvame laminarni
proudeni (laminar flow)




Fluidika - Laminarni vs. turbulentm
proudeéni

*Turbulentni proudéni je
charakteristické chaotickymi
(stochastickymi) zménami

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

Jwikipedia org

K. Soufek Bi9393 Analyticka cytometrie



Fluidika - Laminarni vs. turbulentni
proudeéni

m Osborne Reynolds (1842 -1912)
definoval podminky laminarniho
proudeni (1883)

K. Soucek Bi9393 Analyticka cytometrie



Fluidika - Laminarni proudéni

Zda bude pratok laminarni je mozné urcit pomoci
Reynoldova Cisla

Re = d’p% where
d = tube diameter

£ = density of fluid

v = mean velocity of fluid

n = viscosity of fluid

kdyz R, < 2300, prutok je vzdy laminarni (v trubici)
m R, > 2300, prutok muze byt turbulentni




hydrodynamické zaostrovani.
e i

Hydrodynamic Focusing and Electronic Cell-

Sizing Techniques

M. L. SHULER, R. ARIS, anp H. M. TSUCHIYA

Department of Microbiology, Department of Chemical Engineering and Materials Science, University of
Minnesota, Minneapolis, Minnesota 55455

Received for publication 24 May 1972

The technigue of hydrodynamic focusing, used to improve the resolution of
the Coulter counter for the sizing of bacteria, was examined. Latex particles of
0.26 pm? to 6.7 um? volume were used to examine the characteristics of the
systern with and without hydrodynamic focusing. The system then was evalu-
ated for sizing mixed bacterial populations as well as single populations. Pos-

sible applicatione are also discussed. K. Soudek Bi9393 Analyticks cytometrie

Fluidika
m Zavedeni malého objemu kapaliny do
velkého zpusobem, kdy se stava
,Zaostrenym” ve smeru toku, nazyvame
T



Fluidika

m Jak vstrikovat vzorek a regulovat
rychlost proudeni?
— Rozdilnym tlakem
— Volumetrickou injekci




Fluidika — systém s rozdilnym
tlakem

m Pomoci vzduchu se natlakuje vzorek a
zasobnik s nosnou kapalinou

m Pomoci tlakovych regulatoru se tlak
kontroluje oddelene




Fluidika — systém s rozdilnym
tlakem

m Tlak nosne kapaliny urCuje objem v
Jakém proudi
m Rozdil v tlaku mezi nosnou kapalinou a

vzorkem urcuje objem proudiciho
vZorku

m Kontrola neni uplna — zmeny treni
mohou zpusobit zmény v rychlosti
proudeni vzorku




Fluidika — systém s
volumetrickou 1njekci

m Pomoci vzduchu tlakuje nosnou
kapalinu

m Pomoci pistu injikuje vzorek

m Objem proudiciho vzorku muze byt
regulovan rychlosti pohybu pistu

m Kontrola je uplna (za normalnich
podminek)



Fluidika — orientace a deformace
castic

® Behem hydrodynamického ostreni jsou
bunky vystaveny trecimu stresu na
ruznych mistech jejich povrchu.

m Tfeni zpusobuje jejich orientaci delSim
koncem ve smeru proudeni.

m Stres muze také zpusobit jejich deformaci.




Fluidika — orientace a deformace ¢astic

“a: Native human
erythrocytes near the
margin of the core stream
of a short tube (orifice).
The cells are uniformly
oriented and elongated by
the hydrodynamic forces
of the mlet flow.

b: In the turbulent flow
near the tube wall, the
cells are deformed and
disortented 1n a very
mdividual way. v=3

m/'s.”

Image fromV. Kachel, et al. — Melamed
Chapt. 3




Fluidika — prutokové komory

= Prutokové komory
— Urcuji osu a velikost prutoku nosné

[
kKapaliny a vzorku
— Vymezuji misto pro hydrodynamické
zaostreni
.

— Slouzi takeé jako misto kde dochazi k
ozareni bunek zdrojem svetla




...........

-flow cell

//intermgatiﬂn point

f,‘,,f[aser beams

——

——nozzle

""“\_\_\_\_‘\‘-\-

nozzle locking
lever

BD FACSAria ll




Fluidika — prutokové komory
Zakladni typy prutokovych komor

— Jet-in-air
» Nejlepsi pro sortrovani, horsi opticke vlastnosti
— Flow-through cuvette

« Vyborné optické vlastnosti, mize byt pouzita pro
sortrovani

— Closed cross flow
» Nejlepsi optické charakteristiky, nelze sortrovat

— Open flow across surface
» Nejlepsi opticke charakteristiky, nelze sortrovat

Upraveno podle J.P. Fobinson Purdue University BMS 631



How Fow Cytometers Work [ 169

»

Shapmo 4.edp 169


http://www.google.cz/imgres?q=BD+logo&um=1&hl=cs&client=firefox-a&sa=N&rls=org.mozilla:en-US:official&biw=1024&bih=554&tbm=isch&tbnid=YE48f6t-fQCLTM:&imgrefurl=http://www.bcfpa.net/SubPages/AnnualConference/Conference2005.htm&docid=8Lhd8cD5AKFsEM&w=842&h=319&ei=Xd54Tp-tDdDLswaugImKCw&zoom=1&iact=hc&vpx=396&vpy=173&dur=476&hovh=116&hovw=307&tx=194&ty=65&page=1&tbnh=63&tbnw=165&start=0&ndsp=16&ved=1t:429,r:2,s:0

f i U

Upraveno podle I.P. Robmson Purdue University BMS 631

Zaneseni prutokové komory

Lidsky vlas zablokuje kom
kompletné narusi kvalitu
proudeni.

el

oru a



Fluidika - shrnuti

Prutok musi byt laminarni (Reynoldovo #)
— R, <2300, flow Je vzdy laminarni

VVzorky mohou byt injikovany a nebo proudit na zakladée
rozdilnych tlaku

= Existuje mnoho typu prutokovych komor

® Pro presnost mereni je nutne odstranit a zabranit ucpani
komory




Fluidika — shrnuti 2

« tlak nosné (oplastujici) kapaliny vede pufr kyvetou a vysSi

tlak ve zkumavce se vzorkem zavadi vzorek do kyvety.

* Princip hydrodynamického zaostreni zarovna bunky v
kyveté ,jako perly na Snilirce“ prfedtim nez dojdou do bodu

kde protnout paprsek laseru.

*Hydrodynamické zaostfeni nemuze oddélit bunécné
agregaty. Prutokova cytometrie vyZaduje suspenzi

jednotlivych bunek!




Shrnuti prednasky

m Svétlo
m Fluorescence

m Zdroje svétla a optické systémy prutokového
cytometru

m Fluidni systemy

Na konci dneSni prednasky by jste méli:

znat zékladni principy rozptylu svétla a

fluorescence;

veédet jake zdroje svétla se vyuzivaji v pratokové cytometrii;

a jakym zplisobem je detekovano;

znat zékladni principy fluidnich systému a laminarniho proudéni.

0 g 59N =

K. Soucek Bi9393 Analyticka cytometrie



B19393 Analyticka cytometrie

Karel Soucek, Ph.D.

Oddeleni cytokinetiky
Biofyzikalni ustav AV CR, v.v.i.
Kralovopolska 135

612 65 Brno

e-mail: ksoucek@ibp.cz
tel.: 541 517 166
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Image Stream & Flowsight Amnis —
kombinace prutokove cytometrie a analyzy
obrazu




STANDARD COLLECTION SYSTEM OPTIONAL COLLECTION SYSTEM
Image Channels: 1-6 Image Channels: 7-12

Prp prietary .
el BRIGHTFIELD
SYSTEM

Laser Retro
System

Auto Focus & Velocity
Detection System

Filter Wheel &_S)

Hot Mirror

S+

Splitter
Decomposition Unit Optional MultiMag: 20X & 60X
LASERS
560 488 405
By Gy =gy
A —— Optional Excitation Lasers

""’-‘-‘\"‘N‘_—..-

amnis

Optional Full Brightfield



I Amnis - aplikace

Cell Signaling oo DNA Damage and Repair , Cell Death

Co-localization Cell Cycle and Mitosis Parasitology

Cell-Cell Interactions : Autophagy _ Microbiology

Morphology Targeted Immunotherapy Oncology

Internalization A Stem Cell Differentiation Oceanography




Principy prutokove cytometrie a
sortrovani

m sorting

® zpracovani signalu
= analyza dat

= kompenzace signalu

K. Soucek Bi9393 Analyticka cytometrie



Dolezel (1999)
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ELECTROSTATIC DROPLET SORTER

_ Analysis Photomultiplier
M Point Tube
s S I B EEEREN

High speed (~10%/sec)
Concentrated sorted
fraction

Laser

Electronics

- Biosafefy hazard
 Mechanical shearing
Problems to sort large

particles

2 Breakoff
Point

Computer

Charged
Deflection
Plates

+ + o Mg
[oleiel{1999) ﬁﬁﬂﬂﬁm&“‘“ d@
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ISAC presents: Mack Fulwyler -
Innovator, Inventor & Pioneer
T



FLUIDIC SWITCH SORTER

« Safety (enclosed stream)

Primary field Secondary field
Si6p SiE . Gen?le to cells _
» Sorting of large particles
(>100 pm)
s fs"-‘”t,ed Low speed (~100/sec)
raction * Dilute sorted fraction
e Waste * Noisy

Sort zone

. |
sheath Mud ] I (hypdrodynamic foousing)

samphs

lolezel (1999)

$




FLUIDIC SWITCH SORTER

« Safety (enclosed stream)

 Gentle to cells \.l.l

-+ Low speed (~ 100 / sec)
- Dilute sorted fraction i
* Noisy ,\

P o

fraction
Collection tube

Dolezel (1999)




SORTING

Nl ° -L__d

7 BD



Drop Delay

L JUUUY

®
o

SORTING
Frequency
Charge
_ "

v BD
Amplitude @



SORTING

. Nozzle Size
|

|
Amplitude

&BD
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SORTING




SORTING
Sork Setup
70 micron 70 psi
70 custom
85 micron 45 psi
85 custom
100 micron |20 psi
100 custom
130 micron | 10 psi
| 120 cr1i1ctoMmM

S0 micron
oo micran
100 micron
130 micron
S0 cuskam
oo cuskom
# 100 cuskom

130 cuskam

",

BD



SORTING

Each sort setup includes:
Sheath pressure
Breakoff window values

Side Stream window

values
Table 3-2 Default Sort Setup values

l Setting 70 micron | 85 micron | 100 micron | 130 micron

Sheath Pressure 70 45 20 10

Amplitude 60 32 12 24

Frequency 87 47 30 12

Drop 1 150 150 150 150

Gap (upper limit) 6 (14) 7 (17) 10 (21) 12 (21)

Attenuation Off Off Off Off

Drop Delay 47.00 30.00 27.00 16.00 @

Far left voltage 100 100 80 60 |
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SORTING - Streams

® & O

{mpl mﬂﬂ
Freq: [ o004
brop1: [333 28

(Gap: B 7

Good

| stream

ﬂ Swest Spot

%.,............ﬁ

T EER
Freg:  [20.0 2t
brop1: [ 256 138

IGap: B 5

Bad

&BD



SORTING - Setup Side Streams

T
j Straarm

1] Sweet Spot

B 70, X
8| voltage i8]l Test Sort [¥7)) Optical Filker | | atteruation A58 waste Drawer Drop Delay: | 39.57 1 auto Delay (]
LA (1T | |

91 _|

Yolkage Center: [ Plate Yoltage: 5,000 Qﬂ
2nd Drop: 20 ?I Srd Drop: | lﬂ_g 4th Drop: 0 ;§', Phase: =

® O O

fumpl: rﬁﬁﬂ
fre [ 2004

Drop1: | 333 339

Gap: I_E. T

M,

\\/




Drop Delay

BD FACS™
Accudrop
technology

m Accudrop beads
m Diode laser

m Camera

m Optical filter

\W»

interrogation
point

drop delay

L

L breakoff
é

N

Waste




Sorting - Sort Masks

Cells are randomized
distributed over the stream

& BD



Sorting - Sort Masks

%/m

% Interrogated

’; % Leading
;e

i




Mask

m A region of the stream monitored for the
presence of cells

m Determines how drops will be deflected if a
sorting conflict occurs

m Measured in 1/32 drop increments

% %4 %8 I16
4 8 16

Mask =0 Mask = 8 Mask = 16 Mask = 32




Conflict Resolution

m Precision modes include three types of
masks

. Precision Mode
_ Yleld Single Fine
. Purity Yield Cell Initial Tune
— Pu rlty Yield Mask: 32 32 0 32 0
_ P h ase Purity Mask: 32 0 32 0 0
Phase Mask: 0 0 16 0 0
Single Cell: D D D D




i f = Target particles in a drop with
I 1/32-drop resolution

[ s [ s . |

Sorting - Sort Masks
Sort decisions are determined by sort masks
j
.




middle drop g

leading drop

Sorting - Yield Mask
The yield mask defines how many drops will be sorted Yield mask of
8/32 indicated in blue; target particle shown in green
trailing drop ;
I Yield Mas> o

(a) (b) (c)



Purity Ma} — — — ==

Sorting - Purity Mask
Purity mask of 8/32 in blue, 4/32 in each adjacent drop;
target particles in green, non-target particles in red
= =
Purity Ma}

(a) (b) (c) (d)



Elekironika

Zpracovani signalu z detektord
Predzesileni

e zesiluje signal pro prenos z detektort do centralni
elektronické casti

Zesileni

e Uprava intensity signalu

e linearni nebo logaritmickeé
Generovani integralu a Sirky pulsu
Analog-digital konverze




Sbher dat

- Data jsou sbirana jako “list”" hodnot,
pro kazdy “parametr’ a pro kazdou
“event” (bunku)

- kazdé méreni z kazdého detektoru
je oznaceno jako “parameter”




Creation of a Voltage Pulse

Laser

Laser

Laser

BD

O

Voltage Voltage

Voltage

V4
Time

/

Time

J\

Time




Height, Area, and Width

Pulse area(A)

Voltage
[ Pulse Height (H)

Pulse Width Time (us)
(W)

@
o
O




Signhal processing

dot plot

1000

(H)

Zesileni
signalu (1)

| lin nebo log

A FSC ~ cell size —_— conversion

}

»

A

FL-1 (530/30nm) ~ green fluo. FL- (H W A)

[ Height
FL-2 (585/42nm) ~ red fluo. Widih \

—>

analog signal intesity
VOLTAGE

- Area (] )

l Analog/digital
o

time
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Charakteristiky pulsu

m Pulsy detekované na prutokovém cytometru jsou analogove jevy
detekované pomoci analogovych zarizeni

m Tyto pulsy trvaji nékolik mikrosekund

m Pokud nemuzeme digitalizovat tento puls v realném c¢ase musime
kombinovat analog-digitalni zpracovani pulsu

l m bézneé trvalo nékolik mikrosekund digitalizovat puls — to nebylo

dostatec¢né pruchodné pro vysokorychlostni sbér dat

® Nove — plné digitalni systémy mohou digitalizovat puls pfimo
pomoci MHz frekvence




Zpracovani signalu: detekce piku

= Protoze analogovy puls je velice kratky (us) je
nabiti kondenzatoru jedinym zpusobem jak
zadrzet.

m Kondenzator je pamet pro puls.

m Pro detekci piku (maxima) jsou kondenzatory
nabijeny v obvodu umoznujicim detekci
zesilujicino signalu.




M¢éfeni integralu a Sitky (width) piku

= V obvodu integratoru odpovida nabiti kondenzatoru
iIntegralu signalu mezi resetem a drzenim signalu.

m Sifka piku je detekovana nabitim kondenzatoru
pripojeného Kk linearnimu generatoru ktery spina na
]

zacatku pulsu a vypina pii dosazeni minima. Napéti
na kondenzatoru pak odpovida dobé trvani pulsu.




Analogové-digitalni prevod

= Analogovy signal musi byt konvertovan na
digitalni puls, aby bylo umozneno jeho dalsi
Zpracovani

= Pomoci analog-digitalni konverze (ADC) —
analogovy vstup/digitalni vystup

= Obvod rozdéluje signal do predvolenych
kanalu

= 8 bitu = 256 kanalu

= 10 bitu = 1024 kanalu
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4 bitova pulzné kodova modulace analogoveého signdlu




Linearni a logaritmicky obvod

m linearni

m logaritmicky

m dynamicky rozsah

m kompenzace fluorescencniho signalu




signalu

m detekce signalu zalozeného na kvantitativnim vztahu
(DNA znaceni) vyzaduje 10 bitove rozliseni

m vySSi pfesnost vyzaduje vysSSi mnozstvi bitu
m soucasna zarfizeni maji rozliSeni 4 fadu v logaritmické
skale - ADC musi mit schopnost rozliseni nejméné

1/10,000 coz odpovida 1 mV v 0-10 V sSkale.
m pro dosazeni této presnosti je nutné 14ti bitové
.

Linearni obvody
m vystupni signal odpovida (pomerove) vstupnimu

rozliSeni

upraveno podle J.P.Robinson



28 =256
210=1024

AD prevodniky

Pocet bit # kanalu rozliSeni
8 256 39.1 mV
10 1024 9.77 mV
12 4096 2.44 mV
14 16384 610 uV
16 65536 153 uVv
18 262144 38.1 uv
20 1048576 9.54 uv
22 4194304 2.38 uv
24 16777216 596 nV

measurement range = 0 to 10 volts
ADC resolution is 12 bits: 212 = 4096 quantization levels
ADC voltage resolution is: (10-0)/4096 = 0.00244 volts = 2.44 mV

K. Soucek Bi9393 Analyticka cytometrie



http://en.wikipedia.org/wiki/Full_scale

ProC pouzivat linearni obvody?

m Kompenzace signalu musi byt provadeny na
linearnich datech. Tzn. ze cela elektronika
musi byt linearni (> 14-ti bit ADC) nebo musi
byt doplnén specialni obvod meazi
predzesilovac a display.

m Pro imunologické fenotypizace potrebujeme

-
l velky dynamicky rozsah.
T

m prutokovy cytometr zesiluje signal na hodnoty
mezi 0-10 V pred ADC.

upraveno podle J.P.Robinson



Kolik bitu?

= Pokud konvertujeme analogovy signal
pomoci 8 bitového ADC — mame 256 kanalu
(28=256) odpovidajicich rozsahu 0-10 V

m Rozdil mezi kanaly je 10/256=~40mV

IV 10V
100mV

0 50 108hann£1580 200 250

upraveno podle J.P.Robinson



Idealni logaritmicky zesilovac

1V 10V
100 mV
Linearni
( 0 50 100 150 200 250
1 mV 10 mV 100 mV 1V 10V
L Log
0 50 100 150 200 250

Channels upraveno podle J.P.Robinson



Logaritmicke zesileni & dynamicky rozsah

(VN

10O0=2=

lin

[
l = log
I =

upraveno podle J.P.Robinson



,,Rat1o circuits

m jsou analogove obvody generujici vystupni signal
odpovidajici pomeru ze dvou vstupnich signalu (dvou
detektorl)

Tvoreno specialnimi moduly tzv. analogove nasobice.

napfr. pro vypocet povrchové denzity navazanych
antigenu délime pocet navazanych molekul velikosti
povrchu bunék (neni bézné)

Detekce intracelularnino pH
Detekce intracelularnich Ca?* (Indo-1)

Ize také kalkulovat pomoci specialnich softwarovych
nastroju

upraveno podle J.P.Robinson



Kompenzace fluorescenCniho
signalu

...pozdeji




m presnost — koeficient variance (CV)
m citlivost, sum, pozadi

m MESF jednotky

m Presnost a linearita




prumer

CV=3.0

Koeficient variance
%CYV definice = St.chyba x 100

e stabilita fluidniho systému
e obarveni (oznaceni) bunck

l Lprﬁmér j
Klicoveé pro jeho hodnotu je:
T

upraveno podle J.P.Robinson



Kvantitativni jednotky - ABC

Antibody Binding Capacity

m mnozstvi protilatky, které se specificky vaze
na populaci bunék (nebo mikrocastic)

m pozn.. Hodnota ABC nemusi odpovidat
skuteCnému mnozstvi antigent na povrchu
bunek nebo Castic

upraveno podle J.P.Robinson



Detekce prahu (Sumu)

1,000,00

100,00(

10,00

1,00

10

Antibody Binding Capacity

o

| | |
0 T 50 100 150 200 250
98% Histogram Channel
Mean Slide from Dr. Abe Schwartz

upraveno podle J.P.Robinson



Urceni ABC

Quantum™
Simply Cellular®

Mouse Antlbody Binding Standards

Number

k Fluorescence 1 -

__
l (_
__

:0'.Bangs Laboratories, Inc.

ABC

Reteren Blk

1

181,000 o
95,000 e~ 4

uo0_e” T

\‘ Wi

Relafive Channel Number




Proc je dulezité urcit prah?

LI 4 a4V 4

(protilatky) detekovatelne pristrojem

[
l B urci, zda pozadi (Sum) interferuje s
N

analyzou




Calibration Curve, FL1 (FITC) Performance Parameter Value
1000000 T5557E ré 0.9997
. 150339 ..--"""' S
EEE HHEEEH oy oo 150000 Coefficient of Response 65
S00
x pieals sl B i
= - 19000
iy . z/,./"‘f;;j } Detection Threshold 95
5 E P Zero Channel 24
2 Ay -
i P ol Maximum Fluorescence 199576
o —i— Caloula ue
1 iy Log Decades 3.94
0 50 100 150 20D 250 Average Residual % 1.73
Linear Channel Mumber

Figure 1. Calibration Curve and Calculations for FL1 Channel (FITC)

Table 1. Performance Parameters

The value of the blank bead in units of fluorescence intensity.

Delection Threshold Indication: The lowest level of fluorochrome that can be detected by the instrument.

The value in units of fluorescence intensity where the calculated regression line
Zero Channel intercepts the fluorescence intensity axis in channel zero.
Indication: The left-hand boundary of the instrument’s sample space.

Log Decades Calibrated full-scale or dynamic range of the detector being examined.

Dako Cytomation



MEFS Units

m Molecules of Equivalent Soluble Fluorochrome
(MESF) Units
— metoda pro urCeni citlivosti pfistroje (Abraham Schwartz)

— smes castic oznaCenych znamym mnozstvim molekul
fluorescencni znacky

— prah uréeny pomoci MESF znamena nejmensi
detekovatelné mnozstvi fluorochromu (BD FACS Aria Il 85

l MEFS — FITC)
I

116,275 Yo
80 - 43, 887 N
BD L|V|ng Colors™ EGFP 14,819 & 4
| Calibration Beads L /
60-, | L p
- : | s 4,560 'e T
. =]
. 50 || |'| | E
=
S 40—
S »
30— Fluorescence Referencg,BIank [
A Threshold [ @ |
20 f -
I\ ¢
107 | ]‘ | , | |
0 . L'._IL.': -\I T | i i
10 10' 10° 10 10

Log Fluorescence Intensity
K. Soucek Bi9393 Analyticka cytometrie



PMT signal

0 Fluorescence intensity

m prakticky pfiklad nelinearity muze byt béhem
méreni mnozstvi DNA v bunikach v GO/G1 a
G2/M fazi bunécného cyklu

m |ze pouzit mikroCastice nebo jine vnitini standardy
l pro kalibraci

I [Linearita detekce
[
0

K. Soucek Bi9393 Analyticka cytometrie



Analyza dat

m Zobrazeni dat
— histogram
— dot plot
— isometric display
— contour plot
— chromatic (color) plots
— 3 D projection
m Gating




Zpusoby pro zobrazeni dat

256

- dColor TEME + Tri

02.01

g

Events

CD4PE

10% 10+*
CD19FITC

s5c-H
1m? 10 102 1073 10

i0* 10* o 1D|:| 1|:|2
CO1FITE FSoH

- dZalor TEME + Trac02.01

10° o’

dCalar TENE + TruCDZ.01

LA
4

CD4PE

S50H
1m? 101 10 107 10

107

E— 0 Ty
10 R R 10 10 10 FéDC-H 10 10

ped fluorescence
ch4 FiE

10°
—y
=
=

w1 d d
FSC-H
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Histogram distribuce Cetnosti

m Histogram zobrazuje Cetnost Castic pro jeden parametr

m Jednoduchy vystup
m Nekorelujeme s dalSim parametrem
m Problém s identifikaci populaci

K. Soucek Bi9393 Analyticka cytometrie

Counts
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Counts
40 80 120 160 200

3Calor TBNKO01.01

0

0 200 400 600 800 1000
FSCH

0

100 10! 102 103 10%
CD16+56-PE



Dot plot

Zobrazuje korelaci dvou libovolnych parametru
Jednotlivé teCky predstavuji konkrétni zmérené buriky (Castice)
Hodnoty pro fadu €¢astic mohou lezet ve stejném misté
Nemame informaci o relativni denzite Castic
Problémy s vykreslenim v pfipadé velkych objemu dat

TCIIIE.IIH

f i

l - dColor TEME.

K. Soucek Bi9393 Analyticka cytometrie

S50-H
1w 10! 102 10° 1w




Density & contour plot

Density plot:
m Zobrazuje dva parametry jako frekvenci Cetnosti
- m barva a nebo jeji odstin odpovida Cetnosti Castic

Contour plot:

m spojnice spojuje body (Castice) se stejnou
hodnotou signalu

m V podstaté simulujeme 3D graf — treti rozmer je
frekvence

K. Soucek Bi9393 Analyticka cytometrie
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Cas jako jeden z parametrii

= HLADIHT2h = HLADIHT2h Time (204.80 sec.) (8) vs FLUO-3 AM (FL1-H) (3)
o . P — = T ——— 5 -
2] R = oy 2}
o = X I
2 E ] MnCl2
2 L y
[in) E [in) W‘\
o =]
¢ 5 |
2 -2 % ionomycin
b L™ ¢ Fmax

o o e — .'I . = H I.' -I ' 5 H — -I\. — -I L | MMMWM‘ MMWWJ

0 200 400 600 200 1000 I 200 400 B0 1000 ] [ Fmnclz
FSCHeight Tirre [204 80 zec.] e
Time

S5 Height
u]
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3D zobrazeni

4Calor TEMNE + TruC2.01

m 2 parametry + Cetnost

m 3 parametry spolecne

ence

Red fluoresc
o
A

K. Soucek Bi9393 Analyticka cytometrie



3 Color Combinations

4+4+4=12

Q// /

L/ Positives

/
/ 4+4=8

FITC

Negatives

upraveno podle J.P.Robinson
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,,Gating*

I "Real-time gating vs. softwarovy
»,gating”
B "Uréeni region
“Strategie ,,gatingu”
l " Analyza kvadrant(
“Boolean ,gating”
B "zpeétny ,gating"




Real-Time vs. Software Gating

®"Real-time (live) gating:
-omezuje akceptovana data behem
mereni

-vyrazuje urcita data béhem nasledné
analyzy

[
l " Software (analysis) gating:
)

upraveno podle J.P.Robinson



UrCeni regionu

" Objektivni nebo subjektivni?
-Skoleni/schopnosti/trénink

"Mozné tvary:
-obdelnik
-elipsa
-“free-hand" (polygon)
-kvadrant

¥ Statistika
- pocet

BN - podil (%)

l - primér, median, S.D., CV, ....




dalor TEME + ThaC02.01

1we ¥ o9

S5CH

_.
=
=
—_
=
iy
—_ et
= B
M e -.;" ,,3.=.5.~.:'
LA

—_

=

[

—_

=)

T

1w?  qp!

uzivatelem
"mnoho regiond v jednou grafu FetH

Region vs. gate
Region
"oblast (plocha) v grafu definovana

"ohranicujeme pomoci nich populace naseho
zajmu

"je mozne je barevné odlisit
"je definovan stejne pro vsechny vzorky v
analyze

Gate

"je definovan jako jeden a nebo vice regiond
zkombinovanych pomoci logickych operatort
(AND, OR, NOT; Booleova logika)

K. Soucek Bi9393 Analyticka cytometrie



Using Gates

?9 lagFITC (4) vs logPE (5)
=]
=18
o b
S
L%D r.:_gf
=
oo 107 108 10° 104
10gFITC
egion 1 established Gated on Region 1

upraveno podle J.P.Robinson



Statistika

. . ’ o v _ 1 1 &
= Aritmericky prumer oA m ) = 2y

= Geometricky pramér . (H)
m Median [ fyds —o,s

— odhad stredni hodnoty

— neni ovlivnén extremnimi hodnotami

= Smérodatna odchylka -y 2w
m Koeficient variance

m Modus — nejcastejsi hodnota

1

Ll

K. Soucek Bi9393 Analyticka cytometrie



160 200

Counts
80 120

0

0 200 400 600 800 1000
FSC-H

Histogram Statistics

File: 3Color TBENKO1.01 Log Data Units: Linear Values
sample 1D Patient 1Dx

Tube: COB/CY/CDAS Panel: 3 Color TBNK
Acquisition Date: 21-Apr98 Gate: No Gate

Gated Events: 15000 Total Events: 15000

X Parameter. FSC-H (Linear)

Marker Left, Right Events % Gated % Total Mean GeoMean CV Median Peak Ch
All 0, 1023 15000 100.00 100.00 570.49 500.40 29.98 612.00 0
M1 559, 855 9306 62.04 62.04 670.83 667.81 956 667.00 672

Statistika pro histogram
|
.

K. Soucek Bi9393 Analyticka cytometrie



Analyza kvadrantu

< 4Color TBNK + TruC02.01

@)

E IO"" LB .2 'I2""““I‘é-_"'““4
10 10 10 10
CD4-APC
Quadrant Statistics
File: 4Color TBNK + TuC02.01 Log Data Units: Linear Values
sample 1D Patient IDx
Tube: CD3/CDB/CA5/CD4 TuC Panel: 4 Color TBNK + TuC
Acquisition Date: 08-Oct-98 Gate: No Gate
Gated Events: 10000 Total Events: 10000
X Parameter. CD4-APC (Log) Y Parameter. CDB-PE (Log)

Quad Location: 74, 35

Quad Events 9% Gated % Total X Mean X Geo Mean Y Mean Y Geo Mean

UL 1149 11.49 1149 16.67 9.14 1474.42 618.99
UR 2222 2222 2222 7621.69 6806.34 2386.22 2160.04
LL 4783 4783 4783 15.00 10.87 12.01 10.64
LR 1846 18.46 18.46 879.87 646.31 12.24 10.28

K. Soucek Bi9393 Analyticka cytometrie



Logicky ,,Gating* (Booleova logika)

S prekryvajicimi se oblastmi mame mnoho moznosti:

l Fs] - 5

Pl i5) vs FS (2)

-

upraveno podle J.P.Robinson



F5

Boolean Gating
Not Region 1:

upraveno podle J.P.Robinson



Boolean Gating

Not Region 2:

l ps|

Pl (5) v FS (2)

e

1023

upraveno podle J.P.Robinson
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Boolean Gating

Region 1 or Region 2:

Pl (5) vs FS (2)

_ 1023

FS ]

El or B2

upraveno podle J.P.Robinson



Boolean Gating

Region 1 and Region 2:

Pl (51 vs FS (2)

R1 and R2

_ 1023

!
N

upraveno podle J.P.Robinson



10243

FS

Boolean Gating
Not (Regionl and Region 2):
STy
o
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Light Scatter Gating

Side Scatter Projection

Forward Scatter
Forward Scatter Projection

Lymphocytes

T T T T T T T T
600 800 1000

90 Degree Scatter

upraveno podle J.P.Robinson
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Back Gating
logFITC (4 vs logPE (5) | 90ls (3) vs FS (2)

Back [gate

1 R4 F3]
r-: } = °_ . - L F ’
) ° o 3§, b -"- 1'.:= .
- - 2.2 o
. . . ‘ L I
AP LR < 3L ]

log PE
’|||:|3
1023

102

101

100

100 107 0% 104 o duls T T 9023

1
1ogFITC

Region 4 established Back-gating using Region 4

upraveno podle J.P.Robinson



Back Gating

- 4Calor TBME, + ThaC02 .01

4Calor TEME + ThaC02.01

=T i
=1
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3 Parameter Data Display

1023

FS |

90ls (3) vs FS (2)

logFITC (4) vs logPE (3)

IZI- L e e e e L e e e e e e B e e e L
a 9015 1023
2 lagFITC (4 vs logAPC (B) :’E
logAPC logPE
5 )
S )
S, =l
L _ ;e =1
101 102 107 104 o
logFTT'C

104

é logPE () ws logAPC (B)

logAPC

0%

TRESNNITY
0 pgpE?
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Vicebarevn¢ analyzy generuyi
mnoho dat...

QUADSTATS

Log Fluorescence

QUADSTATS

QUADSTATS

QUADSTATS

Log Fluorescence

Log Fluorescence.

[rp—

Log Fluorescence

QUADSTATS

QUADSTATS

5 color

QUADSTATS

A=)
®

Log Fluorescence.

Log Fluorescence

Log Fluorescence.

QUADSTATS

QUADSTATS

=
®
b

QUADSTATS

A=)
®

Log Fluorescence

Log Fluorescence

Log Fluorescence

[rp—

QUADSTATS
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; -+ .++
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QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS
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LagFumescerce

LogFuarescsnce

e

Log Fluorescence

e

Log Fluorescence

e

Log Fluorescence

Ble

Log Fluorescence

oalem

Log Fluorescence

Log Fluorescence

[ —
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Loourescace

e

Log Fluorescence.

e

Log Fluorescence

e

Log Fluorescence
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Zpusoby pomoci kterych Ize upravit
vysledky:

1. Odstraneni ,doublets"
2. Cas jako parametr pro kontrolu kvality

[
Priklad - pro DNA analyzu je treba:
- OC
- OC
- UQ
]

stranit ,,debris” a shluky
stranit ,,doublets”
rzovat konstantni pritok

Analyticka cytometrie



DNA Histogram

# of Events

Fluorescence Intensity
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Co je problem pr1 vicebarevne
detekc1?

Fluorescence Intensity

PE 580/30 Bandpass

FITC 530/40 Bandpass




100%

FITC Alexa
Fluor 430
RPE Fl APC

Heszchst

Normalized Intensity

Emission Spectra—Spectral
Overlap
£

=

o

=
1

1 1 1 1 1 1 1
400 500 EDD 700 800
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Kompenzace fluorescenCniho
signalu pi1 vicebarevne detekci

m Proces pii kterém dochazi k eliminaci
vsech fluorescencnich signalia kromé
signalu z fluorochromu ktery ma byt na
prislusném detektoru detekovan

m Nastaveni pomoci mixu mikrocastic ¢i
bunék oznacenych/neoznacenych
prislusnymi fluorochromy.

K. Soucek Bi9393 Analyticka cytometrie
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Kompenzace fluorescencniho
signalu pi1 vicebarevne detekci

Table 1.14.1

Typical Spillover Matrix for a Three-Color
Compensation?

Detector
Fluorophore
Green Orange Red
FITC 1.000 0.180 0.040
PE (0.009 1.000 (0.213
PE-Cy5 (.005 0.029 1.000

@Note: The diagonal elements are 1, since the contribution of each
fluorophore to its cognate detector is defined to be 100%. In this table, the
FITC into PE spillover is 18%; the PE into FITC spillover 1s 0.9%.

Current Protocols in Cytometry

K. Soucek Bi9393 Analyticka cytometrie
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Current Protocols in Cytometry

Kompenzace fluorescenCniho
Slgnélu FITC.positive &
negative
#2 PE negative beads
o
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Kompenzace fluorescenCniho

1000 ir__’___

FITC positive &
negative

PE negative beads

1000

100

—
]

—
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|
|
|
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I
uncompensated

Jm g
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100

PE (isotype) fluorescence
)

—

=1 [ Y N T R T I A

1 1
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o

1 10 100 1000 1 10 100 1000
CD3-FITC

signalu
NONE!
T

10 100 1000

CD3-FITC

Current Protocols in Cytometry
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Kompenzace fluorescencniho
signalu

1000

Uncompensated Undercompensated
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Nastaveni kompenzaci

" znaCené mikroCastice — pro bézné konjugované fluorochromy

& BD

Setwp | Tube? | Unlabeled | FITC | PE | pFECEOL | APC
CaliBRITE Beads wo | A 1o

color
CaliBRITE 3 three-color kit—Catalog No. 340486 B 1drap { 1drop | 1drop
CaliBRITE two-color kit-Catalog No. 349502 e A 1 drop
CaliBRITE PerCP Beads—Catalog No. 340497 color B Tdrop | 1drop | 1 drop 1 drop
CaliBRITE APC Beads—Catalog No. 340487 A T T3
CaliBRITE PerCP-Cy5.5 Beads with Bead Dilution Buffer—Catalog No. 345036 L%L;cf)r rop rop
For In Vitro Diagnostic Use with FACS brand flow cytometers B Tdrop | 1drop | 1drop 1 drop 1 drop

® znacené bunky — pro vitalni znaceni

4

= parametr - detektor amp.
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lWhich marker for compensation?

Correct Too Much Too Little
Compensation Compensation Compensation

A B C A B C A B C
SR R '

Small errors in compensation of a dim control (A) can result in large
compensation errors with bright reagents (B & C).
Use bright markers to setup proper compensation.




Kompenzace - literatura

Mario Roederer - Compensation in Flow Cytometry
Current Protocols in Cytometry (2002) 1.14.1-1.14.20 John Wiley & Sons, Inc.

M. Loken, D. R. Parks, & L. A. Herzenberg (1977). Two-color
immunofluorescence using a fluorescence-activated cell sorter. J. Histochem.
Cytochem. 25:899-907.

M. Roederer & R. F. Murphy (1986). Cell-by-cell autofluorescence correction for
low signal-to-noise systems: application to EGF endocytosis by 3T3 fibroblasts.
Cytometry 7:558-565.

S. Alberti, D. R. Parks, & L. A. Herzenberg (1987). A single laser method for
subtraction of cell autofluorescence in flow cytometry. Cytometry 8:114-119.

C. B. Bagwell & E. G. Adams (1993). Fluorescence spectral overlap
compensation for any number of flow cytometry parameters. in: Annals of the
New York Academy of Sciences, 677:167-184.
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Shrnuti prednasky

m sorting

m zpracovani signalu

m vizualizace dat a ,gating”
m kompenzace

Na konci dneSni prednasky by jste méli:

Znat zékladni principu sortovani,

popsat zplisob zpracovani signalu,

rozumét lin / log zesileni signalu,

rozeznat jednotlivé zptisoby vizualizace dat,

chapat zdkladni principy ,,gatingu®,

znat princip kompenzace signalu pri vicebarevné detekci.

Sy A 59D
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