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Flow cytometry
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So they call this
flow cytometry
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Available technolo




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

single cell/well
up to 384 well plate

re-culture after sorting (2D, 3D)
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Principy prutokove cytometrie a
sortrovani

m Svetlo
m Fluorescence

m Zdroje excitace, optickeé systémy a
zpusoby detekce fluorescence

= Fluidni systémy
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Fotometrie:

m Svetlo — elektromagnetické zareni viditelné lidskym okem (400-750
nm, nejcitlivéjsi ~ 550 nm). Pri méreni pod 400 nm (UV, IF) se jedna
detekci zareni (radiometrie).

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

m foton — elementarni Castice. Popisuje je jejich vinova délka, frekvence,
energie a hybnost. Zivotnost fotonu je nekonecCna (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, plsobi na néj gravitace dle

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

m  Energie fotonu je vyjadfena 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)]

m Energie je vyssi pri kratsich vinovych délkach a nizsi pfi delSich
vinovych delkach.




[Laser power

E=hv and E=hc/A

m One photon from a 488 nm argon laser has an
energy of

E= 6.63x1034 joule-seconds x 3x108

488 x 1073

m To get 1 joule out of a 488 nm laser you need
2.45 x 10'8 photons

m 1 watt (W) = 1 joule/second a 10 mW laser at
488 nm is putting out 2.45x10'° photons/sec

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



What about a UV laser?

E= 6.63x10734 joule-seconds x 3x108
—
325 x 1073

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

What about a He-Ne laser?

E= 6.63x10734 joule-seconds x 3x108
—
633 x 1073

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

3 Ed. Shapiro p 77

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



Rozptyl svétla

m Hmota rozptyluje svetlo vinovych délek které neni
schopna absorbovat

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

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

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

Rayleigh Scattering Mie Scattering Mie Scattering,

- v larger particles
Mo s -,
l % % o~

— = Direction of incident light Shapiro p 1 06

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



Rayleightuv a Mieuv rozptyl

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

m  Mieuv rozptyl je charakteristicky
pro Castice vétSi nez je vinova
délka svétla (bila zarfe kolem
sluneéniho kotouce, mlzné
svétlo)

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

Snelluv zakon
m Pri Sireni zareni z prostredi
Transmitted opticky ridsiho do opticky
— (refracted)Beam  hustSiho prostredi se

Incident Beam
paprsky lamou smérem ke
O 0 kolmici.
- : m P¥i Sifeni zareni z prostredi
V opticky hustsiho do opticky
ridsiho prostredi se
— paprsky lamou smeérem od

Reflected Beam kolmice.

n, sin @, = n, sin G,
Latka index lomu

Vzduch

(normalnf tlak) 1,0003

led 1,31

voda 1,33

etanol 1,36

sklo 1,5az1,9

sul 1,52 .

saffr 1,77 Shaplro p 106

diamant 2,42



Incident ray

Brewster’s Angle

Reflected ray
(polarised)

Polarizac¢ni uhel — thel dopadu pri

kterém Castecné polarizované svétlo I
prochazi povrchem bez odrazu. |

Reflracted ray
(slighty polarised)

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

Photo ©2000 — J.P. Robinson

Oscillation
Transmitted Direction

Absorbed




Ohyb a rozklad svétla

Kratké vinove delky jsou
“ohnuty” vice nez dlouh¢

79 A’ /00'

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



Electromagnetic Spectrum
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Only a very small region within the ES
is used for flow cytometry applications

© 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 CaF,)

- 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 http://www.nndb.com/people/131/000097837/
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. Stoxes, M. 4., F.R.S.,
Fellow of Pembroke College, and Lucasian Professor of Mathemalics in the
University of Cambridge.

Received May 11,—Read May 27, 1852.
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podnét.
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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, fluorescencnich barev. Fluorescenéni znaéka (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 10-9 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 initially excited by absorption (Stage 1) return to 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 to high incident light levels

at the same wavelength.
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Fluorescencni spektra

Fluorescencni proces je cyklicky.
Kromé fluorochromu nevratné zniceného (photobleaching - ,,vysviceni") mize byt
opakované excitovdn.

Excitation Emission
spectrum  gx 1 EM1 Spectrum

Fluorescence excitation
Fluorescence emission

L]

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 infensity (EM 1, EM 2, EM 3) that
correspond to the amplitude of the excitation spectrum.

Molecular
-
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 uvnitf velkého vzorku

Fluorescenéni signdl A1 E1
- spekirofluorometer je flexibilni, umoznuje mérit /]

v kontinudinim spektru excitacnich a emisnich A2 /| \
vinovych délek |

- flow cytomeftr potrebuje fluorescencniznacky :
excitovatelné

urcCitou vinovou délkou.

E2
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Bl Fiters
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||

Fluorescence pozadi | |
- endogeni slozky - autofluorescence AV XU
- nendvazané nebo nespecificky vazané znacky EX S1 82 I/O Signals

= reagencni pozadi
Wavelength (A)

Vicebarevné znaceni
- dvé a vice znacek, zaroven monitoruje rbzné funkce Molecuian
- nutné: vhodné zvolit znacky zdroj excitace a separacni filtry
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Fluorescence Output of Fluorophores
Comparing Different Dyes

ABSORPTION FLUORESCENCE
= S—

R-Phycoerythrin (pH 7)

Aloxa Fluor 546 (pH 7)

Toxas Red (pH 7)

BODIPY FL (MeOH)

Alexa Fluor 488 (pH 7)
Fluorescein (pH 9)

Rhodamine Red-X (MeOH)
Tetramethylirhodamine (MeOH)
BODIPY TMA (MeOH)
BODIPY TR (MeOH)

YOYO-1 « DNA (pH 7)

DAP1 + DNA (pH 7)

Indo-1 + Ca* (pH 7)

Cascade Blue (pH 7)

Fura-2 + Ca» (pH 7)
Aminomethylcoumarin (MeOH)
FM 1-43 + Lipid

DiC 4(3) (MeOH)

NBD (MeOH)

Carboxy SNARF-1 (pH 10)
Lucifer Yellow (pH 7)

Dansyl + R-NH; (MeOH)
Propidium lodide + DNA (pH 7)

Mouse 3T3

DNA ~
DAPI

g
< 2 Hind NNl

Molecular
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Fluorochrome chart

Legend
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Procesy interferujici a detekci
fluorescence

I 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 excitovanem stavu odpovida mnozstvi molekul v
bazalni hladine

K. Soucek Bi9393 Analyticka cytometrie



fluorescein goat anti-mouse IgG

Molecular

Photobleaching
- irreversible destruction or photobleaching of the excited fluorophore
anti-human cytochrome oxidase subunit |
20 40
Oregon Green 514 goat anti-mouse IgG
..
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Zaklad prutokové cytometrie

Bunky v suspenzi
protékaji jednotlivé napfic
osvéetlenou Casti kde

rozptyluji svétlo a emituji
fluorescenci,

kterd je detekovdana, filfrovana a
prevedena na digitalni hodnoty

ulozené do pocitace

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



[ ] [ ] b
Optika - zdroj svetla
nutnost zaostiit zdroj svétla na stejné misto, kde je zaostren pritok bunék
Lasery
produkuji jednotlivou vinovou délku svétia (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 smés vinovych délek, které musi byt filtrovany
poskytuji mW svétla

levné - air-cooled
nekoherentni svételny proud

- optické kanaly

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

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



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

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

e COHERENT

K. Soucek Bi9393 Analyticka cytometrie

Ligm Amplihcabon by Stimutaled Emission of Radrahon — _
o — AR } is,‘;,;, ‘ { ( Helium-neon gas reservoir \3.:/"
SURRT T e - " | ! ~ " — {/=!
i | . ()m‘pm {\_ g :j H:gh
100% refloctive 99% reflective oy, SAREERAPSO oo
e e http://en.wikipedia.org/wiki/Helium-neon_laser
- koherentni (souvisly svételny tok)
- h ickv s
monochromaticky A
AASIANAD NS
v v AN NS NS
- soustiedény ‘,J‘QZ .l;’k. BRI



LASER vs. Arc lamp

How Flow Cytometers Work 1 125
4000 4
632.8 nm r Y T
3500 4 “a - foe == 2 ! L]
g 1 ]
: : NOF
1 e bl
< A A S
- 1 | w— :
e Yl s :
l . 10 W Xa At
> 2000 4 . 1 b
E ] o
= 3
1500 4 E -
i . sm \ H
1000 4 i 3
w 7 T cowoneo
500 { H X F
http://en.wikipedia.org/wiki/Image:Helium_neon_laser_spectrum.png ) . 1 I 1 ¥ W
0 . v v v v . . - ] e "
00 350 400 450 500 550 600 650 700 750 800
" i of
Wavelength (nancmeters) Figare 444, Output characterttics of arc (Hg, Xek quartrdatogen (QTH) and (D,) Lamps (courtesy

Oriel Corp.).

H.M. Shapiro, Practical Flow Cytometry, 4th ed.
r‘[
Cb-—::(%?—&

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

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

odpovidd velikosti, tvaru a opfticke
homogenite bunek

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



Forward Angle Light Scatter

Laser

FALS
Sensor

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




Optika - ,Side Scatter” kanal

. Cast svétla rozptylena kolmo do strany od
osy smeru svételneho paprsku side (90°)
scatter channel

- 1ntenzita ,,s1de scatteru* odpovida velikosti,
tvaru a optické homogenité bunck

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



90 Degree Light Scatter

Laser

FALS Sensor

90LS Sensor

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




Optika - Light Scatter

. ,,Forward scatter” zachycuje povrchove
vlastnosti a velikost ¢astic

- mUZe byt pouzit k rozliseni Zivych o
mrivych bunék

- ,Side scaftter" odpovida inkluzim uvnitr
bunek

mozno odlisit granuldarni a negranuldarni
populaci

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




Optika - fluorescencni kanadly

- fluorescence emitovanad z kazdého
fluorochromu je detekovdna pomoci
specifického fluorescenéniho kandalu

. specifita detekce je kontrolovana
vinovou selektivitou filtru a zrcadel

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



Fluorescence Detectors

IfIfIfIfIfIf-f;.fififif-f-f-f-f-f-f

FALS Sensor

Fluorescence detector
(PMT3, PMT4 etc.)

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




Optika - vlastnosti filtru

. jsou konstruovdany z materidlu
absorbujicich urcitou vinovou délku

(a0 propoustéji jinou)

« prechod mezi absorbanci a transmisi
neni presny; nutné specifikovat lom
svetla pri konstrukci filtru

=

CHR@Ii

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



Optics - vlastnosti filtru

. ,Long pass" filtr propousti vinovou
délku nad ,fezanou’ délkou

. ,,Short pass* filtr propousti vinovou
délku pod ,fezanou' délkou

. ,,Band pass” filtr propousti vinovou
déelku v okolo
specifické vinove délky




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

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

phy



Optika - vliastnosti filtru

- pokud je filtr umistén v 45° uhlu ke
zdroji svetla, svétlo, které ma projit
tak projde, ale blokované svétlo je
odrazeno v 90° 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 filtru

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

- multikandlové usporaddani musi
splnovat

spekiralni viastnosti pouzitého
fluorochromu

spravny rad usporadani filtrd a zrcadel

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



Optika - detektory

e dva obecné typy detektoru

fotodioda

e pouziva se pro silny signdl (forward scatter
detector)

fotondsobic (photomultiplier tube - PMT)

o citlivéjsi nez fotodioda, muze byt poskozen
presvicenim

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



Photomultiplier tubes (photomultipliers, PMTs)

Pnctocakhode Ancde
Elactr ons \
Incident l" connoctd
e : -.‘ connectors
N~ Scintiator \ \ —
N~ AT \ —
\4 \ A \4 =
}:1
Light ocus
ng Dynode
oton
Bh electrode Pho:ormj iplier tube (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



Fotodioda

Porovnani s PMT

Vyhody:

1. excelentni linearita signalu

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

. Odolnost vii¢i mechanickym vliviim

. nizk4 cena

. malé velikost a hmotnost

. dlouha Zivotnost

. Vysoka kvantova tc¢innost (~80%)

O o0 N N W R~ W

. Nepotiebuje vysoka napéti

Nevyhody
1. Mal4 plocha

2. Nemoznost integralniho zesileni
3. Mnohem niZni citlivost

4. Pocitani fotonli pouze u specidlnich produkti

i

v/ v

5. Kratsi ¢as odpovédi

http://en.wikipedia.org/wiki/Photodiode
K. Soucek Bi9393 Analyticka cytometrie




P e

»za/“ based Flow Cytometry

W
.

Dichroic % PMT
Filters % 3

R

Z L]

Bandpass
Filters

PMT

Laser

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



BD FACSCalibur system

FrL1
530/30
fssc 488/10
FL2  s85/42 90/10 Beam Splitter
D
FL4  661/16 | 1, DM 560sP
DM 640LP

£

670LP Half-Miror
Fluorescence

o Collection Lens

-

fFL3

Beam Combiner

FSC Diode

488 nm

Red Diode Laser
~635 nm

Blue Laser 488/10

Focusing
Lens

K. Soucek Bi9393 Analyticka cytometrie




BD LSR II system

FL2

i

575/25

530:28 488/25
= _D___ T '_D-- ssC
& -
- 2 -
380 LP Py FL6
-
&10

FL5 MH‘ 510 LP

Use 660

13 titer for 6338m Laset
/ 620 SP Use 61020 iter for 488nm Laser

51020 o =

670 LP

ﬂ
|
1
488 pass/
633 reflect |
"

325nm

FL4

Collection Lens

- Flow FSC
Laser Call
UV pass/
488 & 633 reflect Focusing Lens

Fluorescence FL3

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



BD FACSVerse system

http://www.bdbiosciences.com/instruments/facsverse/features/index.jsp




Aria Il

stream

cuvette flow cell
/ individual collection
fibers

A
/ fluorescence objective lens
nozzle

& BD




Common 350 457 488 514 610 632
Laser 300nm_400nm __ 500nm 600 nm 700 nm

Lines

PE-TR Conj.

Texas Red

Pl

Ethidium

‘ PE

FITC

cis-Parinaric acid

Upraveno podle J.P. Robinson Purdue University BMS 631




Octagon Detection System

PerCP-Cy5.5




“kostka’ pro konvenCni
fluorescencni mikroskop

] !:_,:_.:._.:____-
N
HL

1 Excitation filter
2 Dichroic mirror

3 Emission filter




Acousto Optical Beam Splitter AOBS®

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

Jeica

MICROSYSTEMS




Acousto Optical Beam Splitter
AOBS® s, o stV
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Acousto-Optic Tunable Filters in Confocal Microscopy
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http://micro.magnet.fsu.edu/primer/java/filters/aotf/index.html "
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Supercontinuum Generation

-a nonlinear process for strong spectral broadening of light

Supercontinuum White Light Lasers for
Flow Cytometry

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







The benefits of AOBS®

100

eAdaptable to any new dye  ,, _
8 lines simultaneously 10

g

eReflected light imaging ’
eHigh transmission

eTruly confocal — real optical sectioning
eFast switching

oFreely tunable

eFluorescence correlation spectroscopy
with multi-line lasers

350 400

] T
450 500 550 600 650 700 750 800

Transmission curves
Blue: triple dichroic, blue, green, red
Red: AOBS® tuned to 488, 543,594, 633 nm

Higher transmission, wider bands and steeper slopes with AOBS®



<~ BD

Fluorescence Spectrum Viewer

fe-science/cell-analysis/labeling-

z , z http://www.lifetechnologies.com/us/en/home/li
echnologies - chemistry/fluorescence-spectraviewer.html

o http://www.biolegend.com/panelselector
- ®
x BIOLegend http://www.biolegend.com/spectraanalyzer

The path to legendary discovery™

http://www.biolegend.com/webtoolstab

K. Soucek Bi9393 Analyticka cytometrie




Zaklad prutokové cytometrie

Bunky v suspenzi
protékaji jednotlivé napric

osvetlenou Cdasti kde

rozptyluji svetlo a emituji
fluorescenci,
kterd je detekovdna, filtrovdna a

prevedena na digitalni hodnoty

ulozené do pocitace.

Sortrovaci Na jejich zdkladé je vybrand
populace separovana.
modul

upraveno podle 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 zaostfeného fluidniho
systému analyzuje buniky v zaostreném svételném
paprsku (laseru).

Pratokova Oplastujici
komora kapalina
‘ . /—

+
-----
o

ATy T
0 o v

2 M

Zaostieny laserovy
paprsek

upraveno podle J.P.Robinson




Fluidni syst¢em: BD FACSArma II

Fluidics Cart Cytometer g*‘m"“ ena
/) VL

//

///

AIR
PRESSURE

SHEATH
FILTER

ASPIRATED
AIR WASTE
PRESSURE (DEGAS)

BULK

. INJECTION
° ASPIRATED
D

s (VACUUM)




I \ Laser Beams / I

Hydrodynamic focussing in the
cuvette
Sample Sample
Sheath Sheath
Sample High sample
pressure low, pressure,
small core broader core
stream. Good stream.
— —t for DNA Bad for DNA —
analysis analysis



Fluidni systém
Pozitivni tlakovy system

- zalozen na rozdilnem 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

« fixni objem (50 pl, 100 pl)

» moznost urceni absolutnich poctu
bunek

Syringe

4+
+++
+++

3-way valve Flowcell
| 7'
[ :I Sample Waste

Sample loop

upraveno podle J P.Robinson



Hydrodynamicky a fluidni
system

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

® nosnha kapalina je voda nebo fyziologicky
roztok

® nosnha kapalina pro sortrovani musi byt
fyziologicky roztok

= vzorky jsou hnany tlakem nebo pomoci pistu




Fluidika

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

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




Fluidika

m Pokud jsou podminky optimalni pak
vzorek proudi stredem bez smesovani s
nosnou kapalinou

m takovy stav nazyvame laminarni
proudeni (laminar flow)




Fluidika - Laminarni vs. turbulentm

n._

proudéni

*Turbulentni proudeéni je
charakteristické chaotickymi
(stochastickymi) zménami

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

wikipedia org

K. Soucek Bi9393 Analyticka cytometrie



Fluidika - Laminarni vs. turbulentni
proudéni
m Osborne Reynolds (1842 -1912)

definoval podminky laminarniho
proudeni (1883) o~

"http://en wikipedia.org/wiki/Osbome_Reynolds"

K. Soucek Bi9393 Analyticka cytometrie



Fluidika - Laminarni proudéni

® Zda bude prutok laminarni je mozné urcit pomoci
Reynoldova Cisla

Re = ap % where
d = tube diameter

£ = density of fluid

v = mean velocity of fluid

n = viscosity of fluid

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




Fluidika

m Zavedeni malého objemu kapaliny do

velkého zpusobem, kdy se stava
,Zaostrenym” ve smeru toku, nazyvame

hydrodynamicke zaostrovani.

Arruien MicromioLoGy, Sept. 1972, p. 384-388 Vol. 24, No. 3
Printed in U.S.A.

Copyright © 1972 American Society for Microbiology

Hydrodynamic Focusing and Electronic Cell-

Sizing Techniques

M. L. SHULER, R. ARIS, ano 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 technique 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
system 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. Soufek Bi3393 Analyticks cytometrie




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

vzorkem urcuje objem proudiciho
vZOorku

m Kontrola neni uplna — zmeny treni
mm  Mohou zpusobit zmény v rychlosti

l proudeni vzorku




Fluidika — systém s
volumetrickou 1njekei

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
¢astic

m Behem hydrodynamickeho ostreni jsou
bunky vystaveny trecimu stresu na
ruznych mistech jejich povrchu.

m Tfeni zpusobuje jejich orientaci delSim
koncem ve smeru proudeni.

B = Stres muze také zpusobit jejich deformaci.




Fluidika — orientace a deformace c¢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
disoriented 1 a very
individual way. v=>3
n's.”

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




Fluidika — prutokové komory

= Prutokové komory

— UrCuji osu a velikost prutoku nosné
kapaliny a vzorku

— Vymezuji misto pro hydrodynamicke
zaostreni

— Slouzi take jako misto kde dochazi k
ozareni bunék zdrojem svetla




——————————

flow cell

/interrogation point

___—laser beams

- ————nozzle

ozl locking
®) lever
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Fluidika — prutokové komory
Zakladni typy prutokovych komor

— Jet-in-air
» Nejlepsi pro sortrovani, horSi opticke viastnosti

— Flow-through cuvette
+ Vyborné optické vlastnosti, muze byt pouzita pro
sortrovani
— Closed cross flow
» Nejlepsi opticke charakteristiky, nelze sortrovat
— Open flow across surface
» Nejlepsi opticke charakteristiky, nelze sortrovat

Upraveno podle J.P. Robinson Purdue University BMS 631




How Flow Cytometers Work / 169
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Upraveno podle J P. Robinson Purdue University BMS 631

Zaneseni prutokové komory

Lidsky vlas zablo_k_u—je 0 a
kompletné narusi kvalitu
proudéni.



Particle Delivery: Hydrodynamic Focusing
Conventional Instrumentation: Low Flow Rates (12uL/min)

Hydrodynamic core
l Narrow particle focus = Narrow distribution

Laser Cross
Sectional Area

o —

|
!

Intensity

/ \ « Sample coreis ‘pinched’ by fast flowing sheath
e Sample volume ratios of 100 — 1000
e Large ratios => low sample inputs

« Resolution of particle populations

[ ——2

molecular
probes
by,efﬁtechnologies’

sheath =

sheath




Particle Delivery: Hydrodynamic Focusing
Conventional Instrumentation: High Flow Rate (60uL/min)

Hydrodynamic core

l Broad particle focus = Broad distribution
Laser Cross ‘ »
. — 1 c
Sectional Area 3 d
O
Intensity
/ \ e Increased sample input = increase core size

e Particle distributions broadened, CVs increase
e Instrument resolution decreased

 Historically, low volumetric sample rates used (25 pl/min
— 150 pl/min)

[ ——2

molecular
probes
by ,&5{@ technologies”

sheath
sheath =




Attune® Acoustic Focusing Cytometer

Acoustic focusing cytometry

—— Capillary
Cell

Piezoelectric
ultrasonic device

sl | aser 1 (violet)

sl |_aser 2 (blue)

technologies



Acoustic Focusing = Better Precision
1000 pL/min

Narrow particle focus = Narrow

12 uL/min
distribution

<> |
S % 5 5
S g Acoustic focusing of particles occurs 51 ®
< [= < i
2 > prior to mixing with sheath fluid 2 >
<4—I Acoustic focusing Module
molecular
probes ', o oo

by ,e(& technologies”
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Movement
via

Focusing Pump

Attune

Laser

Focusing Fluid
Reservoir

Flow Cell
I — | I—
: Capillary
: Assembly
Sample Loop

Focusing Fluid
Filter

Focusing Fluid

.
.
.
H
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.
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Attune (2 lasers, 6 detectors setup)

laser | detector fluorochrome
Pacific Blue, Alexa Fluor 405, Brilliant Violet 421
Horizon V500, LIVE/DEAD Aqua
LIVE/DEAD Yellow, Qdot 605
488
BL1 530/30 FITC, GFP, Alexa Fluor 488, Calcein, LIVE/DEAD Green, ALDEFLUOR, HiLyte 488
BL2 |574/26 PE, propidium iodide, Hilyte 555
BL3 (640 LP PerCP, Pe-Cy7, PerCP-eFluor 710, LIVE/DEAD Red, 7-AAD

technologies




Attune - Key performance features include:

» Breakthrough acoustic technology that focuses cells or particles

* Highest sample delivery rates commercially available (up to 1,000 pL/minute)
» User-selectable collection rates

« Equipped with: Blue/Violet: 488 nm (20 mW) and 405 nm (50 mW) lasers

» 8 parameters—6-color detection plus side scatter and forward scatter

+ User-changeable bandpass and dichroic filters

+ Simplified fluorescence compensation

* Manual and automated compensation

» Adjustable PMT voltage settings

» Detection of up to 20,000 events/sec and 20 million events/file

« Calibrated delivery volumes for volumetric analysis and absolute cell counts
» Electronic resolution of 6 decades

* Low fluid consumption (about 1 L/day); self-contained fluids

* Countertop instrument—fits on standard lab bench or in laminar

Software:

* No software licensing fees

*  Output file format: FCS 3.0

» Live gating with automatic saving
+ User and administrator log-in

’
technologies



Cancer
The Attune® Acoustic Focusing Cytometer, with its fast acquisition times and increased precision, overcomes the technological hurdles involved in analyzing
CECs.

Stem Cells

Side Population Analysis

In this study, we demonstrate the ability of the Attune® Acoustic Focusing Cytometer with the blue/ violet laser configuration to quickly analyze a large number
of events in search of very rare populations of stem cells.

Human Mesenchymal Stem Cells (hMSCs)
Adult human mesenchymal stem cells (hMSCs) are rare fibroblast-like cells capable of differentiating into a variety of cell tissues, including bone, cartilage,
muscle, ligament, tendon, and adipose.

Cell Cycle Analysis
Cell cycle analysis is just one example of an application in which precise detection of differences in fluorescence intensity between multiple cell populations is
critical...

Cell Proliferation
Successful proliferation analysis by dye dilution requires sensitive instrumentation and an extremely bright dye to accurately distinguish fluorescently labeled
cells from autofluorescence after several cell divisions...

Marine Sample Analysis
Flow cytometry is a powerful tool for studying the biology, ecology, and biogeochemistry of marine photosynthetic picoplankton...

Immunophenotyping
The Attune® Acoustic Focusing Cytometer exhibits excellent segregation of populations in immunophenotyping experiments (with up to 6 colors)...

Apoptosis
The Attune® Acoustic Focusing Cytometer is compatible with a broad offering of reagents and kits for flow cytometric apoptosis testing...

GFP & RFP Detection
Data for GRP and RFP detection were collected from the Attune® Acoustic Focusing Cytometer using human osteosarcoma cells (U20S) and BacMam
CellLight® reagents...

Microbiological Applications
In recent years the application of flow cytometry to the study of various microbiological phenomena has increased, finding utility in studies that include detection

and quantification...
’

technologies



Example: Detecting human circulating endothelial cells
using the Attune® Acoustic Focusing Cytometer

SSC-H (109

Circulating endothelial cells (CECs) are mature cells shed from blood vessel
walls during the natural process of endothelial cell turnover.

Elevated levels of CECs have been reported in a host of pathological conditions
including cardiovascular disorders, infectious diseases, immune disorders, post

transplantation analysis, and cancer.
CEC:s are reported to be present in very low numbers: 0.01%—-0.0001% of all

peripheral blood mononuclear cells
B

o = N W A O O ~N ®
P T S T T T S S

FSC-H (109

4

SSC-H (109)

CD31-/CD34+ CD31+/CD34+

CD34-PE - BL2-H
)

coat/cos €D31+/CD34-
T

10? 10° 10* 10° 100

CD3 - Pacific Blue™ - VL1-H

c = N W A OO N ®
P — P R

10¢ 4 10°
SYTOX® AADvanced™ - BL3-H

SSC-H (109)

CDA45-/CD3-/CD19-

O =4 N W s OO N @
P S S S W

= [[]co4s-/cos-jco1s-
[] coz1-jcoaa+
[CJcos14/co34+
[Jcos1-/cos+
[ co31+/co3s-

Event Count

8,600,152
7,372,407
4,029,176
76,852
24
444
1,442

74,942

% Parent

85.729%
54.652%
1.907%
0.031%
0.578%
1.876%

97.515%

% Total
100.000%

46.850%
0.8%4%
0.000%
0.005%
0.017%
0.871%
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Attune® Throughput Compared to Hydrodynamic
Focused Instruments

Maximum Sample Input Rate (ul/min)
100 200 300 400 500 600 700 800 900 1000

™ Instrument 1 -
Instrument 2 H
Hydrodynamic Instrument 3 H
Focused m
Instruments Instrument 4 F|
Instrument 5 |”
- Instrument 6 H
Attune® m

 Attune® can analyze at sample rates from 25uL/min to 1000uL/min without losing accuracy
* Traditional Flow Cytometers can only run at most 150uL/min and will sacrifice data quality

» Higher sample rates enable dilution of limited samples and analysis of Rare Events Faster

molecular
probes
by Lﬁ technologies™



Table 1. Comparison of acquisition times using a hydrodynamic focusing cytometer or the Attune® Acoustic Focusing Cytometer. A blood sample
was taken from an individual with aplastic anemia, and each instrument had a stop gate set on 1 million granulocyte events.

Instrument Time to acquire 1 million

Relative rate compared to
granulocyte events

hydrodynamic focusing

(collection rate)

Hydrodynamic focusing

cytometer (high) 63 min 33 sec =
Attune® Acoustic Focusing :

Cytometer (200 pL/min) 13 min 20 sec 4.8x
Attune® Acoustic Focusing .

Cytometer (500 pL/min) 5 min 47 sec 11.0x
Attune® Acoustic Focusing :

Cytometer (1,000 pL/min) 3 min 13 sec 19.7x

’
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Attune souhrn

Vyhody:

erychlost meéreni

*jednoduché ovladani

*sw licence bez omezeni

esnadna vymena emisnich filtru

*nizka spotreba nosné kapaliny (cca 1L denné)

Limitace:

‘jen dvalasery (6 barev) SRS
*pouze originalni roztoky |
edlouhy (i kdyz automaticky) shutdown

*sw nedokaze importovat FCS data

enutnost nastavit urcity akvizicni objem vzorku



Fluidika - shrnuti

® Pratok musi byt laminarni (Reynoldovo #)
— R, <2300, flow je vzdy laminarni

m Vzorky mohou byt injikovany a nebo proudit na zakladé
rozdilnych tlaku

m Existuje mnoho typu prutokovych komor

® Pro presnost méreni je nutné 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 Snurce” predtim nez dojdou do bodu

kde protnout paprsek laseru.

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

jednotlivych bunek!




Shrnuti prednasky

m Svétlo
m Fluorescence

m Zdroje svétla a optické systémy prutokového
cytometru

m Fluidni systemy

Na konci dneSni prednasky byste méli:

znat zakladni principy rozptylu svétla a

fluorescence;

veédet jake zdroje svétla se vyuzivaji v pratokové cytometrii;

a jakym zplisobem je detekovano;

znat zakladni principy fluidnich systémi a laminarniho proudéni.

A g Y D =

K. Soucek Bi9393 Analyticka cytometrie



