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Reprodukovatelnost vysledku

Nature 533, 452-454 (26 May 2016)
doi:10.1038/533452a

IS THERE A REPRODUCIBILITY CRISIS?
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MONEY DOWN THE DRAIN /55 s v mon

US$800 MILLION

N 000

Annual spending
on ‘bad’ antibodies

US spending on %
protein-binding reagents } %///W
$700 MILLION

$350 MILLION

All costs estimates assume that 50% of antibodies are validated and that researchers buy 'bad’ antibedies as often as they buy ‘good’ ones.

WHAT FACTORS CONTRIBUTE TO
IRREPRODUCIBLE RESEARCH?

Many top-rated factors relate to intense competition
and time pressure.

@ Always/often contribute Sometimes contribute

Selective reporting

Pressure to publish
Low statistical power
or poor analysis

Not replicated enough
in original lab

Insufficient
oversight/mentoring

Methods, code unavailable

Poor experimental design

Raw data not available
from original lab

Fraud

Insufficient peer review

Problems with
reproduction efforts

Technical expertise required
for reproduction

Variability of

standard reagents
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2015 Jan 2;116(1):116-26. doi: 10.1161/CIRCRESAHA.114.303819.
Reproducibility in science: improving the standard for basic and
preclinical research.
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2015 Feb 5;518(7537):27-9. doi: 10.1038/518027a.

Reproducibility: Standardize antibodies used in research.
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WHAT FACTORS COULD BOOST
REPRODUCIBILITY?

Respondents were positive about most proposed improvements
but emphasized training in particular.

@ Very likely Likely

Better understanding
of statistics

Better mentoring/supervision
More robust design

Better teaching

More within-lab validation

Incentives for better practice

Incentives for formal
reproduction

More external-lab validation
More time for mentoring

Journals enforcing standards

More time checking'
notebooks
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WORLD VIEW............

CANELA CRIEN

KATURE | 465

Woodstock, but by reproducibility and open science. Early-career

researchers such as myself have been trained in an era when sci-
entists are acutely aware of problems in the scientific process. We are
taught about replication issues and failures, and are encouraged to
question results that have been left unchallenged for decades, Our
ability to connect through social media lets us sidestep conventional
hierarchies and scrutinize current research practices. Of course, we
wanl to adapl how we do research to improve the scientific landscape
that we will be navigating for decades.

But we are often overlooked. 1 gave a talk at a workshop on open
and reproducible science earlier this year; | wasa PhDD student at the
time, and the only invited speaker who was not a tenured faculty mem-
ber. Another speaker recounted recent changes
brought about by lobbying the highest echelons
of the scientific community, such as mandates
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researchers have little agency to push for such
improvements.

[ could not disagree more. We need all those
who care about better research to stay invested,
and this will not happen by telling the next gen-
eration of scientists to just sit back and hope.
Early-career researchers do not need to wait pas-
sively for coveled improvements, We can create
communities and push for bottom-up change.

ReproducibiliTea is one way to do this. Sam
Parsons, Sophia Criawell and 1 (all trainees)
started this grass-roots journal club in early 2018, at the experimental-
psychology department at the University of Oxford, UK. We hoped

:[I'science had generations, mine would not be defined by war or

£% Ajournalclu
fix science

ReproducibiliTea can build up open science without top-down
B initiatives, says Amy Orben.

OPEN SCIENCE IS A

PROCESS,

NOT A ONE-TIME
ACHIEVEMENT OR
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backed by real-world examples. Sometimes it works, and sometimes it
doesn't, Either way, ReproducibiliTea members tell me how valuable it
is 1o know they are not alone in how they want to see science practised.

ReproducibiliTea works because it is easy and visible. Settingup a
journal club does not require jumping over administrative hurdles,
and it does not need senior support or funding (although we did very
much appreciate a small grant to cover popcorn, sirawberries and
the like). The group at Oxford consists of about a dozen psychology
researchers, but people show up from a range of departments, such
as zoology and anthropology, and even other institutions. Beyvond
attendees, ReproducibiliTea puts open science on the radar of other
academics and senior staff. We have posters, e-mailsand a weekly slot
in our departmental newsletter.

To launch their own ReproducibiliTea group,
motivated researchers need only to select some
articles and set a time and a place. No minimum

group size of meeting frequency is required. They
will then join a community of ReproducibiliTea
journal clubs that continually discuss improve-
ments and support each other. {For more infor-
mation, see hitps://reproducibilitea.org/.)

Some of my favourite sessions had repre-
sentatives from all career stages present — from
undergraduate students critical of what they
were being taught to very senior professors.
Those meetings had a unique feeling of cama-
raderie, even during intensely personal discus-
sions, including how much blame for subpar
practices should fall on individuals versus a broken system,

Similar to other initiatives, such as the Open Science Community
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new automatic cell cloning assay (ACCA) for
determination of clonogenic capacity of CSCs

single cell/well
up to 384 well plate
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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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Pojmy

Fotometrie:

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

m Energie zareni se vyjadruje v joulech

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

m foton — elementarni Castice. Popisuje je jejich vinova délka, frekvence,
energie a hybnost. Zivotnost fotonu je nekoneéna (pfesto 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)

m  Energie fotonu je vyjadrena jako E=hv a E=hc/A [v-frequency (Hz), c —
rychlost svétla (3x108 m/s), A-wavelength (nm), h-Planckova konstanta
(6.63 x 10-34 J/s)]

v v s v

vinovych délkach.




Laser power

E=hv and E=hc/A

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

E= 6.63x10-34 joule-seconds x 3x108

488 x 107

m To get 1 joule out of a 488 nm laser you need
2.45 x 108 photons

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

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



What about a UV laser?

E= 6.63x10-34 joule-seconds x 3x103
—
325x 107

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

What about a He-Ne laser?

E= 6.63x1073% joule-seconds x 3x108
—
633 x 10~

=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




Rozptyl svétla

m Hmota rozptyluje svetlo vinovych délek které neni
schopna absorbovat

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

Pro malé Castice byl popsan tzv. Rayleightlv

rozptyl (scatter) jehoz intenzita je ~ stejna vsemi
smery

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

Rayleigh Scattering Mie Scattering Mie Scattering,

Pl larger particles
o ==
A I

T s Shapiro p.106

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




Rayleightuv a Mieuv rozptyl

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

m  Mieuv rozptyl je charakteristicky
pro Castice vetsi nez je vinova
délka svétla (bila zafe kolem
slunecniho kotouce, mizné
svétlo)

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

K. Soucek Bi9393 Analyticka cytometrie



Ohyb a rozklad svétla

Kratké vinove délky jsou
“ohnuty” vice nez dlouhe¢

79 A’ ldq’

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



Elektromagnetike spektrum
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Pouze mala oblast spektra je pouzivana pro cytometrické aplikace
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George Gabriel Stokes (1819 — 1903)

Anglicky fyzik a matematik
plsobici na univerzité¢ 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
excitani filtr slouzilo tmavé modré okenni |
sklo a jako emisni filtr byla pouzita sklenice http://www.nndb.com/people/131/000097837/
bilého vina

\\“'If'/// [ Solution o7 o7
= % of quinine G. C. Stokes ,, On the Change of Refrangibility of
A S — . e . . .
-’ g emssion fier — [ight “ Philosophical Transactions of the Royal
Eer kg S
(Bue-giass from o " Society of London, 1852, vol. 142, p. 463.)
GG. Stokes '
[ 463 ]
HO ) XXX. On the Change of Refrangibility of Light. By G. G. Sroxes, M. 4., F.R.S.,
Fellow of Pembroke College, and Lucasian Professor of Mathematics in the
L&) University of Cambridge.
He ™

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

Fluorescence (patii mezi fotoluminiscencni zdareni, které je vyvolano bud Ucinkem

jiného dopadadaijiciho zdareni, nebo Ucinkem dopadajicich cdstic) je vysledek fii
fdzového u jevu nékterych chemickyc latek - fluorochromu, fluorescencnich barev.
Fluorescenc¢ni znacka (préba) -fluorochrom schopny lokalizace do uréitého
bilologockého vzorku nebo odpovidat na specificky podnét.

——(B)

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

Molecular

[ ]

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 fime, the
fluorophore undergoes conformational changes and is also subject fo 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 gquenching, fluorescence
energy transfer and intersystem crossing (see below) may also depopulate S1. The
fluorescence quantum yield, which is the rafio 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 fransmitted
light relative to high incident light levels

at the same wavelength.

K. Soucek Bi9393 Analyticka cytometrie




Charakteristiky fluorescence

intenzita — pocet fotonl prochazejicich v daném sméru jednotkovou
plochou za jednotku Casu

* spektralni sloZzeni — spektralni hustota fotonového toku na jednotkovy
interval vlnovych délek nebo frekvenci

* polarizace — smér kmitani elektrického vektoru elektromagnetické viny
* doba dohasinani — je dana vnitini dobou Zivota excitovanc¢ho stavu, z
néhoz dochazi k emisi; Gizce souvisi s pochody vedoucimi k nezafrivé

deaktivaci tohoto stavu

* koherencni vlastnosti — vztahy mezi fazemi svételnych vin




Fluorescencéni spektra

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

Molecular
L]

c
o . .
= Excitation Emission
:,"_5 spectrum gy EM1 Spectrum
]
*
@
ot EX 2
é
@ EX 3
o
=
T
T T L] 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




Fluorescencni barviva

* Fluorescencni barviva (fluorofory, fluorochromy) jsou chemické slou€eniny, které obsahuji ve své molekule reaktivni skupinu,
ktera je schopna reagovat s nukleofilnimi skupinami (NH,, OH, SH).

+ Obecné se fluorofory déli na vnitfni (vlastni, intrinsic) a vnéjsi (nevlastni, extrinsic).

Vnitini fluorescence
* Vnitini fluorescence bunék je dana pritomnosti vnitfnich fluorofortl, mezi které patfi proteiny, redukované formy NADH a
NADPH, vitamin A, cytochromy, peroxidaza, hemoglobin, myoglobin &i chlorofyl.

» Proteiny vyzafuji fluorescencni zafeni v UV oblasti spektra. Hlavnimi fluorofory v proteinech jsou aromatické aminokyseliny
(fenylalanin, tryptofan, tyrosin), jejichz absorpéni i emisni pas lezi mezi 240 a 300nm.

» Ostatni uvedené latky vyzafruji ve viditelné oblasti spektra (modra, Zluta ¢i Cervena).

Vnéjsi fluorescence
* VnéjSi fluorofory jsou pouzivany mnohem cCasté&ji nez vnitini.
» Jsou pfidavany ke studovanému vzorku a podle typu vazby jsou déleny na fluorescenéni znacky a fluorescenéni sondy.

Fluorescenéni znacky
* Nejcastéji se pouzivaji k fluorescenénimu znaceni proteinu, ke kterym se vazou kovalentni vazbou.

* Nejznaméjsimi fluorescencénimi znackami jsou FITC (fluorescein-5-isothiokyanat) a TRITC (tetramethylrhodamin-5-
isothiokyanat, tetramethylrhodamin-5-isothiokyanat).

Fluorescenéni sondy
+ vnéjsi fluorofory, které se vazi ke struktufe nekovalentni vazbou a €asto pfi tom méni své fluorescenéni vlastnosti. Tyto
fluorofory jsou pouzivany ke studiu zmén konformace bilkovin, tloustky membran, membranového potencialu apod.

+ Kiidentifikaci a vizualizaci nukleovych kyselin se pouziva fada fluorescenénich sond (napf: akridinova oranz, ethidium bromid,
DAPI a dalSi).

Nejznaméjsi a také nejpouzivanéjsi fluorescenéni sondou pro vizualizaci veSkeré jaderné DNA je DAPI. Chemicky se jedna o
4'.6-Diamidino-2-fenylindol. Jeho absorpéni maximum je pfi 345 nm, maximalni fluorescence je pfi 455 nm (modry fluorofor

» DalSim ¢asto pouzivanym fluoroforem je akridinova oranz. Jedna se o fluorescencni sondu, jejiz absorp¢ni a emisni pasma se
liSi podle substratu, ke kterému je vazana DNA/RNA. Obé jmenované jsou vétSinou dodavany v podobé chloridovych soli.




Detekce fluorescence

Vybaveni pro fluorescenci

(1) zdroj excitace

(2) fluorochrom

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

Fluorescencni 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 Al E1
- spektrofluorometer je flexibilni, umoznuje Mmérit f
v kontinudinim spekiru excitacnich a emisnich
vinovych délek

- flow cytometr potrebuje fluorescencni znacky
excitovatelné

urcCitou vinovou délkou.

\ Spectra

Bl Fiters

Intensity

Fluorescence pozadi L
- endogeni slozky - autofluorescence A YV =
- nendvazané nebo nespecificky vazané znacky EX 51 S2 I/O Signals

= reagencni pozadi
Wavelength (A)

Vicebarevné znaceni
- dvé a vice znacek, zdroven monitoruje rizné funkce Mooouian
- nutné: vhodné zvolit znacky zdroj excitace a separacni filtry
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Fluorescence Output of Fluorophores
Comparing Different Dyes
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Fluorochrome chart
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Procesy interferujici a detekci
fluorescence

= Quenching - ,zhadeni“ fluorescence pomoci polarnich
rozpousStédel, tézkych ionta.

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 hladiné

K. Soucek Bi9393 Analyticka cytometrie



Photobleaching

- irreversible destruction or photobleaching of the excited fluorophore

anti-human cytochrome oxidase subunit |

Oregon Green 514 goat anti-mouse IgG

fluorescein goat anti-mouse IgG

Molecular

L]
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Zaklad pratokoveé cytometrie

Bunky v suspenzi
- protékaji jednotlivé napric
osvétlenou Casti kde

rozptyluji svétlo a emituji
fluorescenci,

kterd je detekovdnaq, filtfrovdna @
prevedena na digitalni hodnoty

ulozené do pocitace

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



] ) )Y 4
Optika - zdroj svetla
nutnost zaosfiit zdroj svétla na stejné misto, kde je zaostren prutok bunék

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

Obloukové lampy (Arc-lamps)
produkuji smés 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 separuji uréité vinové délky

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




LASER(y)
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http://en.wikipedia.org/wiki/Helium-neon_laser

- koherentni (souvisly svételny tok)
- monochromaticky
- soustiedény

Thermal emitter
{lamp)

Laser
http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html

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

e COHERENTH
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LASER vs. Arc lamp
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Optika - ,Forward Scatter” kandl

- Cast svétla rozptylend ve stejné ose
jako je smér svételneho 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 sm¢ru svetelného paprsku side (90°)
scatter channel

- 1ntenzita ,,side scatteru® odpovida velikosti,
tvaru a optické homogenité bunck

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




90 Degree Light Scatter

Laser

= 1!
]
"

1
¥
.

-'l-'l-'l-'l-'-l-

90LS Sensor

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

FALS Sensor




Optika - Light Scatter

. ,,Forward scatter” zachycuje povrchove
vlastnosti a velikost Edstic

- muUZe byt pouizit k rozliseni Zivych a
mrivych bunék

. ,,Side scatter' odpovidd inkluzim uvnitr
bunek

mozno odlisit granuldarni a negranuldarni
populaci

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




Optika - fluorescencni kanaly

. fluorescence emitovand z kazdeho
fluorochromu je detekovdna pomoci
specifického fluorescenéniho kandlu

. specifita detekce je kontrolovana
vinovou selektivitou filtru a zrcadel

original from Purdue University Cytometry Laboratories; modified by R.F. Murphy
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Optika - vlastnosti filtru

. jsou konstruovdny z materidlu
absorbuijicich urcitou vinovou déelku

(0 propoustéji jinou)

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

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



Optics - vliastnosti filtru

. ,Long pass* filtr propousti vinovou
délku nad ,,fezanou' délkou

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

. ,,Band pass” filtr propousti vinovou
délku v okolo
specifické vinové délky




Standard Long Pass Filters

520 nm Long Pass Filter

Light Source Transmitted Light
>520 nm
Light
Standard Short Pass Filters
. 575 nm Short Pass Filter
Light Source Transmitted Light
<575 nm

Light

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



Standard Band Pass Filters

630 nm BandPass Filter

White Light Source Transmitted Light

i

620 -640 nm Light




Optika - vlastnosti 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

. dichroické filtry, dichroickd 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 mére
jednoho ,scatteru”

Nl vice nez
Nebo

fluorescence , pouzivime
mnohonasobne kanaly (a detektory)

- multikandlové usporaddani musi

splhovat

spekiralni viastnosti pouzitého

fluorochromu

spravny rad usporadani filtrd a zrcadel

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




Optika - detekiory

e dva obecné typy detektory

fotodioda

e v minulosti zejména pro silny signdl (forward
scatter detector)

e souCasnost — vysoce citlivé AVALANCHE"
fotodiody (APD)

fotondsobic¢ (photomultiplier tube - PMT)
e Citlivéjsi nez béznd fotodioda, muze byt
poskozen presvicenim

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



Photomultiplier tubes (photomultipliers,
I

Zékladni charakteristika:

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

-rychla frekvence odpovédi

-velké pracovni napéti (1000 — 2000 V)

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

PMTs)

K. Soucek Bi9393 Analyticka cytometrie



“bezna‘“ fotodioda Nevyhody

Porovnani s PMT 1. Mala plocha

Vyhody: 2. Nemoznost integralniho zesileni

1. excelentni linearita signalu 3. Mnohem nizni citlivost

4. Pocitani fotonl pouze u specialnich

2. rozsah spektralni detekce 190 nm to

1100 nm (silicon) produktd
3. nizky $um 5. Kratsi ¢as odpovédi
http://en.wikipedia.org/wiki/Photodiode Odolnost vi¢i mechanickym vlivim

nizka cena

dlouha Zivotnost

4.

5.

6. mala velikost a hmotnost

7.

8. Vysoka kvantova u¢innost (~80%)
9.

Nepotiebuje vysoka napéti

Soucasnost: ,, AVALANCHE® fotodiody (APD)

- Vysoce citliveé polovodice - srovnatelné s PMT

https://en.wikipedia.org/wiki/Avalanche photodiode

K. Soucek Bi9393 Analyticka cytometrie




Example Channel Layout for Laser-
based Flow Cytometry

PMT
3

Dichroic <

Filters
Flow cell ‘
’ %
" 2

Bandpass
Filters

PMT

pE
Fra e
o]

h
e
trrnnls

L

......
-----
......

GE
ArErEy
A

.....

SR

g
AN Lo

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




BD FACSCalibur system

Fr
530/30
Pssc 4s8/10
FL2  s585/42 \\m 90/10 Beam Splitter
o
FL4 N
| 661/16 | i, DM 5605P

b

; DM 640LF

i
670LP Half-Miror
Fluorescence

Collection Lens

l: FL3

Beam Combiner

s FSC Diode

Blue Laser Red Diode Laser
=535 b Focusing

Lens

488/10

K. Soucek Bi9393 Analyticka cytometrie



BD LSR II system

FL2
J
alhl2h
530:28 488/25
FER - - SSC
-
-
380 LP Pl FL6
FL5 r /’/.q all sioLp
N N - e § o G501 53 iter for &33nm Laser
}_i,f-'"' 620 5P | Use 63030 e foe 498nm Lase!
54020 470 LP Y
FL4 e &G LP
Ul Flugrescancs FL3
i Coflection Lens
A8 pass/ 1
633 raflact
325nm Flow FSC
Laser Caill

UY pasgs
A58 & 633 rallect Focusing Lens

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




BD FACSVerse system

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




Aria I1

stream .
e

/

-cuvette flow cell
..f"f” individual collecton
fibers

fluorescence objective lens



The 405nm, 488nm and 638nm excitation lasers are
positioned to reduce fluorescent noise. They enable the
system to support 16 or more fluorescent parameters.

Microfluidics flow cell chip maximizes signal
with auto positioning to guarantee high sensitivity.
Made of durable plastic with an embedded quartz
cuvette, the chip is easy to replace when needed

The Flowpoint detection system precisely tracks
the core stream shape and position in the flow cell
as well as the cross sectional position of each passing

particle to provide highly reliable measurements.
This patented technology visualizes core stability
and enables the highest resolution.

Scatter analysis
Forward and Side Scatter parameters to allow relative
size and complexity measurements.

0,000

Emitted light is directed through through a 32
Channel PMT that produces 66 data pcints of signal
detection to analyze emitted photons from 420nm to
800 nm to ensure accurate visualization.

SP6800 spectral analyzer

A unique prism collection system
Delivers light through 10 consecutive prisms allowing
optimal signal separation while minimizing light loss.

—h A
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~~
e
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Image Stream & Flowsight Amnis —
kombinace prutokove cytometrie a analyzy
obrazu

amnis




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

Proprietary
RAE - Shten BRIGHTFIELD
SYSTEM

Laser Retro

Auto Focus & Velocity System
Detection System

Filter Wheel M
In — &

O\ r Hot Mirror
iy {'ﬂ: <
Splitter
Multi-spectral OBJECTIVE LENSES
Decomposition Unit Optional MultiMag: 20X & 60X

LASERS

B3 3% =328 =)
| |

| |

Optional Excitation Lasers

Optional Full Brightfield




ell Cycle and

Autophagy

Mitosis




CellStream, Luminex
©




Common 350 457 488 514 6710 632
quer 300 nm 409 nm 500_ nm 600_nm 700 nm
Lines l ; PE-TR Conj.

Texas Red

PI

Ethidium

PE

FITC

cis-Parinaric acid

Upraveno podle L. Robison Purdue Universiy BAS 631




Octagon Detection System




“kostka’ pro konvenCni
—| fluorescencni mikroskop

-

=" 1 Excitation filter

s

N 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 ADBS® i5 electronically adaptable to all tasks.

Jeica

MICROSYSTEMS




Acousto Optical Beam Splitter

O ot Undiffracted

ry

Wave Zeroth
Acoustic (o] ¥ =47 \ Order

ical
Extraordinary Absorber T— Xis - Beam
Wave 2 o |
walkﬂ" i .f.ﬁ : ‘;-h:;",_‘;.
I
o Diffracted
>4 Extraordinary
F d ,.; Wave
ocuse
Non-Polarized " TeQ, Crystal I
Inpart LIRS Acousto-Optic
Eea Tunable Filter
i Piezoelectric Anatomy and
ﬂ‘_.ﬁgj'f’tl!lf Transducer Diffraction
o Process
‘*{'l‘g'}ﬂ . Radio
requenc c
; Igpul ¥ Figure 1

Acousto-Optic Tunable Filters in Confocal Microscopy =

Laser

Figure 2 SystEms
Helium Argon ‘
Single Cadmium = {gn —_
Mode Laser Laser
Fiber (442 nm) (514 nm)

Light Beam

Cold Dichromatic

Acousto-Optic Mirror Mirror Mirror
Tunable Filter (442 nm) (625 nm) (568, 648 nm)

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

MICROSYSTEMS




Supercontinuum Generation

-a nonlinear process for strong spectral broadening of light

TECHNICAL NOTE

Cytometry

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







The benefits of AOBS®

eAdaptable to any new dye "
8 lines simultaneously 10

—~

g

eReflected light imaging ’
eHigh transmission

oTruly confocal — real optical sectioning
eFast switching

oFreely tunable

eFluorescence correlation spectroscopy
with multi-line lasers

350 400

450 500 550 GO0 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®




Fluorescence Spectrum Viewers

“y’ https://www.bdbiosciences.com/en-
B D us/applications/research-applications/multicolor-flow-
cytometry/product-selection-tools/spectrum-viewer

ThermoFisher  https://www.thermofisher.com/cz/en/home/life-
SCIENTIFIC science/cell-analysis/labeling-
chemistry/fluorescence-spectraviewer.html

http://www.biolegend.com/panelselector

)
. ®
K BlOLegend http://www.biolegend.com/spectraanalyzer

The path to legendary discovery™

http://www.biolegend.com/webtoolstab

Fluoro F“-| d er’ https://fluorofinder.com

K. Soucek Bi9393 Analyticka cytometrie




Zaklad prutokové cytometrie

Bunky v suspenzi

- protékaji jednotlivé napric
osvetlenou Casti kde
rozptyluji svétlo a emituji

fluorescenci,
ktera je detekovana, filtrovana a
prevedena na digitalni hodnoty

uloZzené do pocitace.

Sortrovaci Na jejich zdkladé je vybrand
populace separovana.
modul




Prutokové systémy a hydrodynamika

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




Prutokova cytometr:

Pomoci hydrodynamicky zaostieného fluidniho
systému analyzuje bunky v zaostieném svetelném
paprsku (laseru).

Prutokova Oplastujici
komora kapalina

5
-

e EeF . e mm a
. £

Fluorescenéni br e
S EL | LR IS
Zaostieny laserovy
paprsek

upraveno podle J.P.Robinson




Fluidni system: BD FACSAma Il

Fluidics Cart

Vo6

Sheath Regulator

SHEATH
FILTER

AIR
PRESSURE

Cytometer

gample Regulator
N

%

VI

N V20

"1

ASPIRATED
WASTE
(DEGAS)

AIR
PRESSURE

BULK

INJECTION
ASPIRATED

WASTE
(VACUUM)




Hydrodynamic focussing in the

cuvette

Sample

Sheath

|

Sample
pressure low,
small core
stream. Good
for DNA
analysis

Laser Beams

Sample
Sheath

|

High sample
pressure,
broader core
stream.

Bad for DNA — —
analysis

-
]




Fluidni system
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 3-way valve

Flowcell
fl
» prutok 1-2 m/s Syringe
» fixni objem (50 pl, 100 pl) :
* moznost uréeni absolutnich pocétu
bunék Q Sample Waste

Sample loop

upraveno podle J P Robinson




Hydrodynamicky a fluidni
system

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

= nosnha kapalina je voda nebo fyziologicky
roztok

® nhosnha kapalina pro sortrovani musi byt
fyziologicky roztok

I m vzorky jsou hnany tlakem nebo pomoci pistu




Fluidika

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

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




Fluidika

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

m takovy stav nazyvame laminarni
proudéni (laminar flow)




Fluidika - Laminarni vs. turbulentm
proudéni

sTurbulentni proudeéni je

charakteristickeé chaotickymi
(stochastickymi) zménami

«Laminarni proudéni -
kapalina proudi v paralelnich
vrstvach ktere se vzajemne
nemisi

wikipedia org




Fluidika - Laminarni vs. turbulentni
proudéni

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

"hitp://en wikipedia org/'wiki/Osbormne_Reynolds"




Fluidika - Laminarni proudéni

m Zda bude prutok laminarni je mozné urc¢it pomoci
Reynoldova cisla

Re = - %? where
d = tube diameter

£ = density of fluid

v = mean velocity of fluid

n = viscosity of fluid

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

| B




Fluidika

m Zavedeni maléeho objemu kapaliny do

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

hydrodynamicke zaostrovani.

Arruen Micromovoay, Sept, 1972, p. 364-388 Vaol. 24, No. 3
Printed in USA.

Copyright @ 1872 American Society for Microblology

Hydrodynamic Focusing and Electronic Cell-

Sizing Techniques

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

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

Heceived for publication 24 May 1872

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 ym® to 6.7 um® volume were used Lo examine the characteristics of the
aystern with and without hydrodynamic focusing. The system then was evalu-
ated for sizing mixed bacterial populations as well as single populations. Pos-
sible applications are aleo discussed., K. Soudek B9793 Analyticii 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

= Pomoci tlakovych regulatoru se tlak
kontroluje oddelene




Fluidika — systém s rozdilnym
tlakem

m Tlak nosné kapaliny urCuje objem v
Jakem proudi

m Rozdil v tlaku mezi nosnou kapalinou a
vzorkem urcuje objem proudiciho
vzorku

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

|




Fluidika — system 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 hydrodynamickeho ostreni jsou
bunky vystaveny trecimu stresu na
ruznych mistech jejich povrchu.
m Tfeni zpusobuije jejich orientaci delSim
koncem ve smeru proudeni.
I = 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
disoriented 1n a very
individual way. v>3

m/s.”

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




Fluidika — prutokové komory

= Prutokové komory

— UrCuji osu a velikost prutoku nosne
Kapaliny a vzorku

— Vymezuji misto pro hydrodynamickeé
zaostreni

— Slouzi take jako misto kde dochazi k
N ozareni bunék zdrojem svétla

|




__—laser beams

—————nozzle

e — nozzle locking

fever




Fluidika — prutokové komory

Zakladni typy prutokovych komor
— Jet-in-air

* Nejlepsi pro sortrovani, horsi opticke vliastnosti
— Flow-through cuvette

+ Vyborné optické vlastnosti, muze byt pouzita pro
sortrovani

— Closed cross flow
» Nejlepsi opticke charakteristiky, nelze sortrovat

— Open flow across surface
» Nejiepsi opticke charakieristiky, neize sortrovat

Upraveno podle ] P. Robmson Purdue Unoversity BMS 631




How Flow Cytometers Work [ 1Y

by §

Shapwo 4.edp 169



Zaneseni prutokové komory

.....
e

Lidsky vlas zablokuje komoru a
kompletné narusi kvalitu
proudéni.

Uptaveno podle J P_ Robinson Purdoe Unmversity BMS 631




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

l Narrow particle focus = Narrow distribution

Laser Cross

| | —
Sectional Area

|
f

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

» Resolution of particle populations

| ——4

molecular
probes’
byl{ﬁ technologies”

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)

[ ——4

molecular
probes
by,&:ﬂ? technologies”

sheath
sheath =




Attune® Acoustic Focusing Cytometer

Acoustic focusing cytometry

— Capillary
= Cell

Piezoelectric
ultrasonic device

i | aser 1 (violet)
| — ——

Laser 2 (blue)

ThermoFisher
SCIENTIFIC

Acoustic Focusing ON




Acoustic Focusing = Better Precision

12 “L/min Narrow particle focus = Narrow 1000 “L/min

distribution

< L Ny 7))
= 3 . . . = =3
1 ® Acoustic focusing of particles occurs o1 ®
< S : . : . < S
) > prior to mixing with sheath fluid 9 >

<+— Acoustic focusing Module

molecular
probes ', s




1. Kundt A, Lehmann O (1874) Annalen der Physik und Chemie (Poggendorff s
Annalen) 153:1-11.

2. Curtis HW, Stephans EJ (1982) IBM Technical Disclosure Bulletin 25(1).

3. Yasuda K, Haupt SS, Unemura S (1997) J Acoust Soc Am 102:642-645.

4. Jonsson H, Nilsson A, Petersson F et al. (2005) Perfusion 20:39-43.

5. Kaduchak G, Goddard G, Salzman G et al. (2008) US Patent 7,340957.

Using acoustic radiation force as a concentration method
for erythrocytes

Keniji Yasuda,® Stephan Shuichi Haupt, and Shin-ichiro Umemura
Advanced Research Laboratory, Hitachi, Lid., 2520 Akanuma, Hatovama, Saitama 350-03, Japan

Toshiki Yagi

Zoological Institure, Faculty of Science, University of Tokyo, Hongo, Tokvo 113, Japan

Masaharu Nishida and Yasuhisa Shibata
Instrument Division, Hitachi, Lid., 882 Ichige, Hitachinaka, Ibaraki 312, Japan

(Received 20 May 1996: accepted for publication 7 March 1997)

We investigated the potential damage in icted on erythrocytes by acoustic radiation force when the
cells are concentrated by a 500-kHz ultrasonic standing wave at the pressure node. The extent of the
damage was estimated from the concentrations of potassium ions, iron complexes, and lactate
dehydrogenase released from the cells. After 2 min of ultrasound irradiation at 12.8 mJ/m?, the cells
concentrated on the pressure node, with a cell distribution half-width of 138 um: no significant
release of intracellular components was detected, even after 15 min of urradiation. The results
indicate that even small ions like potassium are not released as a result of ultrasound irradiation on
cell membranes without cavitation, and they demonstrate the potential use of acoustic radiation
force for concentrating living cells in biomedical applications. © 1997 Acoustical Society of
America. [S0001-4966(97)01407-0]
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(a) Apparatus Design (side view) (b) Inside of the flow cell (top view)

FIG. 1. Schematic diagram of the apparatus for concentration of erythrocytes.
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Attune NxT (2nd generation) ThermoFisher

SCIENTIFIC

| Attune NxT | invitrogen

Attun NaT | ivitrogen

] =T | =
| 3 s =
SRl
l I iR
-
e l l
¢ nm—— - ‘

Laser Total
configuration Violet Blue detection

Lasers | (Cat. No.) 405 nm 488 nm 532 nm channels*

1 Blue Available as 4 Available as | Available as | Available as 6
(A24864) upgrade upgrade upgrade upgrade

2 Blue/green Available as 3 - 4 Available as 9
(A28995) upgrade upgrade
Blue/yellow Available as 2 4 - Available as 9
(A24861) upgrade upgrade
Blue/violet 4 4 Available as | Available as | Available as 10
(A24862) upgrade upgrade upgrade
Blue/red Available as 4 Available as | Available as 3 9
(A24863) upgrade upgrade upgrade

3 Blue/green/red Available as 3 - 4 3 12
(A28897) upgrade
Blue/green/violet 4 3 - 4 Available as 13
(A28999) upgrade
Blue/red/yellow Available as 3 4 - 3 12
(AZ28993) upgrade
Blue/violet/yellow 4 3 4 - Available as 13
(A24859) upgrade
Blue/red/violet 4 4 Available as | Available as 3 13
(A24860) upgrade upgrada

4 Blue/red/violet/ 4 3 — 4 3 16
green (A29001)
Biue/red/yellow/ 4 3 4 - 3 16
violet (A24858)

* Includes forward scatter (FSC) and side scatter (SSC).




Attune® Throughput Compared to Hydrodynamic
Focused Instruments

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

™ Instrument 1

Instrument 2

Hydrodynamic Instrument 3
Focused -

Instruments Instrument 4

Instrument 5

- Instrument 6

Attune®

 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 ld.'&,’ technologies™




Fluidika - shrnuti

Prutok musi byt laminarni (Reynoldovo #)
- R, <2300, flow je vzdy laminarni

Vzorky mohou byt injikovany a nebo proudit na zakladé
rozdilnych tlaku

» Existuje mnoho typu prutokovych komor

= Pro presnost meéreni 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 hydrodynamickeho zaostreni zarovna bunky v
kyvete ,jako perWoﬁ%{aé(}]obeﬂ%%‘@ﬁ?éaé‘t?annei dojdou do bodu

kde protnout paprsek laseru.

*Hydrodynamické zaostfeni nemuze oddélit bunééné

agregaty. Prutokova cytometrie vyZaduje suspenzi

jednotlivych bunék!




Elektronika

e Zpracovani signalu z detektorl
Predzesileni

e zesiluje signal pro prenos z detektord do centralni
elektronicke casti

Zesileni

e Uprava intensity signalu

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




Sber dat

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

- kazdeé méreni z kazdeho detektoru
je oznaceno jako “parameter”

Flow Cytometry Standard data file format. FCS 3.1

http://www.isac-net.org/images/stories/documents/Standards/fcs3.1_normativespecification_20090813.pdf

- Spidlen, J. et al. Cytometry. Part A : the journal of the International Society
for Analytical Cytology 77, 97-100, (2010).

|




& Properties:150717_DU145 Ctrl.fcs

Help 4 oK
Date:17-JUL-2015 P—
System:windows XP 5.1
Cytometer:FACSAriall SORP (FACSAriall)
File:150717_DU145 Ctrl.fcs —
File URLfile:/C:/Users/user/Desktop/install/Infinicyt/150717_DU145%20Ctrl.fcs Alexa oam = e et
”””””””” fice {405nm}-A | | Fluor PEA | fiuor | [A7ECYTA laosa
$BEGINANALYSIS: 0 e B47-A asA
$BEGINDATA: 4148 —
Alexa
$BEGINSTEXT: 0 Fluor 100 0,42 1,53 1,54 0,02 0,32 9,85
$BTIM: 13:25:01 594-A
$BYTECRD: 4,3,2,1
$CYT: FACSAriall SORP (FACSAriall) T I 14 100 F 0.5 [ 001 008 F
$DATATYPE: F ==
$DATE: 17-JUL-2015 LE=a
SENDANALYSIS: 0 ;u;:; 2,45 2287|| 100/ 01|| 008 15,14] | 085
sl rea [ [ o[ onel[ w0 [ 505 [ ows [
$ETIM: 13:28:55 Alexa il |
$FIL: 150717 _DU145 Ctrl.fcs Fluer || 001 0,09 | 001 [} 100 o | oos
$INST: IBP ST
$MODE: L APGGyT-A| | 0.01 0.04 WI—O 0,05 100 W
$NEXTDATA: 0
$0P: fedr ;d::\ | ] 41,05 |_o|—0| 2,34 o | 100
$PAR: 19
$SRC: 150717
$5SYS: Windows XP 5.1
$TIMESTEP: 0.01 Parameters and Stains
$TOT: 79620 Parameter Stain Range Bits Decades Gain Voltage .
APPLY COMPENSATION: TRUE (sPom) (sPns) ($PnR) ($PnB) ($PnE) ($PnG) (sPnv) Derived from
AUTOBS: TRUE FSC-A 282144 32 oo 1.0 280
CREATOR: BD FACSDiva Software Version 6.1.3 FSC-H 262144 22 0.0 1.0 280
CST BASELINE DATE: D3_24_2015 12:52:48 PM SSCA 202144 2 00 10 210
CST BEADS LOT 1D: 81725 Alexa Fluor 504-A 262144 32 oo 1.0 480
Alexa Fluor 584-H 1262144 32 00 1.0 460
CST SETUP DATE: 03_25_2015 03:01:55 PM DAPI (A05nmyA 22144 32 oo 1o 550
CST SETUP STATUS: SUCCESS WITH WARNING DAF| (A05mmyH eztad 32 oo m 50
CYTHUM: P5Y500001 DAPI (405nm3 W 262144 32 oo 10 650
CYTOMETER CONFIG CREATE DATE: 05_13 2013 01:32:45 FM Alexa Fluor G47-A 262144 32 0.0 1.0 538
CYTOMETER CONFIG NAME: RF_85u 45 psi_SORP Aria_5-laser (2uv-6v-3b-5yg-3r) Alexa Fluot 647-H 262144 32 0.0 1.0 538
EXPERIMENT NAME: DU145_POPRO1_LDYellow_AF488_AF594_PE_APCCy7 PEA 262144 32 0.0 1.0 330
EXPORT TIME: 17-JUL-2015-14:30:11 PEH [pa2na4 32 oo o 330
EXPORT USER NAME: fedr Alexa Fluor 488-A 1262144 32 00 1.0 366
Alexa Fluor 488-H 282144 32 oo 1.0 366
F)_FCS_VERSION: 3 APC-CyT-A 282144 32 oo 1.0 700
FSC ASF: 0.57 APC-CyT-H 262144 32 oo 1.0 700
GUID: dc7612a3-65af-4520-bc0f-51d53273ebea Cdoto05A Geoiad 32 oo 0 0
LASER1ASF: 0.86 Qdot 605-H 262144 3z 0.0 1.0 410
LASER1DELAY: 0.00 Time 1262144 32 00 0.01
LASERINAME: Blue Comp-Alexa Fluor 504-A 1262144
|ASER2ASF: 0.86 Comp-DAPI (405nm}A 282144
LASERIDELAY: -38.47 Comp-Alexa Fluoi 847-A 282144
Comp-PE-A 262144
LASERZNAME: Red Comp-Alexa Fluar 488-A 262144
LASER3ASF: 1.02 Comp-APC-Cy7-A 262144
LASER3DELAY: 77.49 Gomp-Qdot G054 282144
LASER3NAME: UV
LASER4ASF: 0.63
LASER4DELAY: 45.00
LASER4NAME: Violet
LASERSASF: 0.83
LASERSDELAY: -76.49
LASERSNAME: YG
P10BS: 602
P1ODISPLAY: LOG
F10MS: 0
P11BS: 38
PL11DISFLAY: LOG
PlIMS:O e
Pi28s:5 AT
F12DISPLAY: LOG 0t - NS NS
P12MS: 0 - — bl — — |t e
PL38S: 118
P13DISPLAY: LOG A DAF| (405nm}H DAP| (40Snm}Fn Algxa Fluor647-A \{\I xa Fluor 647-H PE-A PE-H Alexa Fluor 488-A Alexa Fluor 488-H APC:CyT-A . . . A_P[::[)!?-_H . Qdot B05-A Qdot B05-H
< <




Data Acquisition - Listmode

Event |Paraml | Param?2 | Param3 | Param4
FS SS FITC PE

| 50 100 80 90

2 55 110 150 95

3 110 60 &0 30




Creation of a Voltage Pulse
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Height, Area, and Width

se Wi
(W)




Signal processing

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

FL- (H, W, A)

1000 dot plot
Zesileni
Y . signalu (!) .
— | lin nebo log
0 el 1000
| FL-2 (H)
Analog/digital
J\ FSC ~ cell size — conversion

Height

FL-2 (585/42nm) ~ red fluo. /K

—>

analog signal intesity
VOLTAGE

Width

time

»
»

Area ([)
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Analog to Digital Converter

Analog to Digital

: Conversion
| Signal Digital data
Photon pugg ©U to memory
In N
Voltage In
PMT L
Power Supply Sample Digitize
the pulse the pulse
Levels 0—1000 10 MHz 16,384
Volts levels




* Area:
* Height:
X 16
» Width:

Parameters

14524

Sum of all height values
Maximum digitized value

Area/Height X 64K

Data is displayed on 262,144 scale




AD prevodniky

28 =256
210 = 1024

Pocet bitt # kanalu rozlisSeni
8 256 39.1 mV
10 1024 9.77 mV
12 4096 2.44 mV
14 16384 610 pVv
16 65536 153 v
18 262144 38.1 uv
20 1048576 9.54 uv
22 4194304 2.38 pv
24 16777216 596 nV

measurement range = 0 to 10 volts

ADC resolution 1s 12 bits: 212 = 4096 quantization levels
ADC voltage resolution is: (10-0)/4096 = 0.00244 volts = 2.44 mV

K. Soucek Bi9393 Analyticka cytometrie




Logaritmicke zesileni & dynamicky rozsah

== lin

log

— - AL
O 1023
103 L

o onbalioidiiod

'
- . 1.D1 1.D2

l upraveno podle J.P.Robinson




Charakteristiky pulsu

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

Tyto pulsy trvaji nekolik mikrosekund

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

bézné trvalo nékolik mikrosekund digitalizovat puls — to nebylo
dostatecné pruchodné pro vysokorychlostni shéer dat

Nové — pIné digitalni systémy mohou digitalizovat puls prfimo
pomoci MHz frekvence




Analyza dat

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

|




Zpusoby pro zobrazeni dat
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Shrnuti

m Svétlo
m Fluorescence

m Zdroje svetla a optické systemy prutokoveho
cytometru

m Fluidni systemy
m Signal, data — zakladni princip

Na konci dneSni prednasky byste méli:

znat zakladni principy rozptylu svétla a

fluorescence;

veédét jake zdroje svétla se vyuzivaji v priutokoveé cytometrii;

a jakym zpusobem je detekovano;

znat zakladni principy fluidnich systému a laminarniho proudéni.
Znat zakladni princip zpracovani a vizualizace dat

OV T g 2D N =

K. Soucek Bi9393 Analyticka cytometrie



