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Oteviena encyklopedie

Cytometrie je souhrnné oznacCeni pro skupinu metod pouzivanych pro
méfeni rlznych charakteristik bunék. Proménné, které Ize méfit
cytometrickymi metodami, zahrnuji velikost bunky, poCet bunék, morfologii
bunék (tvar a strukturu), faze bunééného cyklu, obsah DNA a pfitomnost Ci
nepfitomnost specifickych proteind na bunééném povrchu nebo v
cytoplazmé. Cytometrie se pouziva k charakterizaci a pocitani krevnich
bunék v béznych krevnich testech, jako je uplny krevni obraz. Podobnym
zpusobem se cytometrie také pouziva ve vyzkumu bunécné biologie a v
|eékarské diagnostice (napfiklad k odhalovani rakoviny i AIDS).

Pratokova cytometrie
Spektralni pratokova cytometrie
Hyperspektralni cytometrie
Obrazova cytometrie
Hmotnostni cytometrie
Cytometrie in vivo



Informacni zdroje — (Internet)

> Purdue University, Cytometry Labs
http://www.cyto.purdue.edu/

» International Society for Advancement of
Cytometry

http://www.isac-net.org/

> Excyte

https://expertcytometry.com

» hitps://twitter.com/ISAC_CYTO

» https://twitter.com/flowcytometryUK
» https://twitter.com/FlowJoNow
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https://twitter.com/flowcytometryUK
https://twitter.com/FlowJoNow

Ceska spoleénost pro analytickou cytometrii, z. s. & - ~ '
Pro¢Byiélenem CSAE?
CSf} pro sVe éleny:

* organizuje konferena Analyticka cy‘t_g'Lnetrle kazde
dva roky (s lécastl vybranych zahranlcn@ rec¢nikd z

'vse oblas i cytometrie).,
r 2 l

. podporuje Vam| orgamzovane cytometrické seminare ‘
. (inan¢né, organizacné, odborné)

y * udéluje ceny v soutézi o nejlepsi publikaci
. s cytometrickou tématikou (cilem je zviditelnit®
'Y zajimavé prace, poskytnout uznani kvalltnlm pracnm)

CSAC je malou organizaci a Zije jen
aktivitou svych élenu.

Co muzete udélat Vy
pro CSAC:

- svym clenstvim podporit aktivity

-

¢SAC - poskytuje cestovni granty CSAC pro mla:lfe cleny na

- aktivné nabidnout spolupraci na Er omepiiCke akce .
tématech, jez se Vas tykaji «.informuje o aktivitach ISAC/ ES%

- zorganizovat seminar na téma, * umoziuje kontakt s podobn zameren
které Vam chybi a neformalni vyménu zkusen L

- pomoci s obsahem webovych * podporuje rozvoj cytometrle el f e
stranek (doplnit odkazy, prelozit + zprostredkovava vymeénu zkusenoLs.,tI/meZI Cleny .
do anglictiny) a svétovou cytometrickou komunitou

-

https://www.csac.cz




Tyto castice maji neco
spolecného ...

Fd

Protozoa

... urcCité parametry techto castic mohou byt méreny
pomoci prutokové cytometrie. % BD
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Bunécné znaky

Graative BioMart

4
/ o What Is Cluster of Differentiation ;l it LI

Cluster of differentiation (CD) is a
surface marker that identifies a
CD4D Cos2

particular differentiation lineage
j COTs recognized by a group of monoclonal

COaT.

e

antibodies.

CD antigens are molecules originally
defined as being present on the cell
surface of leucocytes and recognized
by specific antibody molecules, but
now including some intracellular
molecules and molecules present an
Surface cells other than leucocytes.

Immuna-
globulin

co22

CDZ0

HLA-DR

coig

Physiologically, CD antigens do not
belong in any particular class of
molecules.

CDS
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https://www.biolegend.com/Files/Images/BioLegend/literature/images/04-0027-02hu_mo_web.pdf

Bunécné znaky
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Co je prutokovy cytometr?




Signal processing

Analog/digital
J\ FSC ~ cell size —» conversion

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

reenflo B L (H, W, A)

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

> Area (])

[

A

analog signal intesity
VOLTAGE

time

K. Soucek Bi9393 Analyticka cytometrie



Co muzeme analyzovat pomoci prutokové
cytometrie?

» Pocitat Castice v suspenzi

» Oddélit zivé Castice od nezivych

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

» Kvantifikovat rozptyl svétla, a intenzitu fluorescence pro
jednotlivé bunky (Castice)

» Fyzicky separovat jednotlivé Castice (populace) pro dalSi
analyzu

o podle J.P. Robinson Purdue University BMS 631



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

single cell/well
up to 384 well plate

L
------- L] EEEEE
------- 1

FLUORERCENT




Jake jsou principy?

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

m Detekce/kvantifikace specifické fluorescence
m Hydrodynamicky zaostreny proud castic

m Elektrostaticka separace castic

m Moznost multivariacni analyzy dat

Upraveno podle J.P. Robinson Purdue University BMS 631
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Historie barveni biologickych materi

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

Anton van Leeuwenhoek pouzil v roce 1719 Safran na
obarveni svalovych bun¢k < Lecuwenhoek

Microscope
(circa late 1600s)

euronet.nl/users/warnar/leeuwenhoek.html



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

ain Your Own Cell

-!I;-hcelrglmoEPFhlecr Popular Applications & Techniques Shop All Products  Services  Support Connect Your Lab Sign In » Quick Order _t!

Limited time only-save up to 50% on our Science essentials. Shop all

Home  Life Sciences » Lab Data Management & Analysis Software :» LabApps » Cell Staining Tool
Cell Staining Tool
Stain your own cell

Stain your own cell using our cell staining tool, for reproducible results with many of our signature fluorescent dyes. Create your perfactly labeled fluorescent cell and

share it with your colleagues using the email or print function. If you have any questions, simply click the help button to send an email to our technical support group.

PRODUCT CAT. NO. LIVE FIXED

o SELECT A STRUCTURE o SELECTACOLOR o SELECT A STAIN

Autophagosomes PRODUCT LIVE FIXED
Cytoskeleton-Actin

Cytoskeleton-Tubulin

Cytoskeleton-Talin

Endoplasmic Reticulum

Fndnenmes


https://www.thermofisher.com/cz/en/home/life-science/lab-data-management-analysis-software/lab-apps/cell-staining-tool.html
https://www.thermofisher.com/cz/en/home/life-science/lab-data-management-analysis-software/lab-apps/cell-staining-tool.html
http://www.invitrogen.com/site/us/en/home/support/Research-Tools/Cell-Staining-Tool.html

Rozptyl svetla

» Hmota rozptyluje svétlo vinovych délek které neni schopna
absorbovat

» Viditelné spektrum je 350-850 nm proto malé Castice a
molekuly (< 1/10 1) spiSe viditelné sveétlo rozptyluji

» Pro malé castice byl popsan tzv. Rayleightuv rozptyl
(scatter) jehoz intenzita je ~ stejna vSemi sméry

» Rozptyl vétSich Castic charakterizuje tzv. Mieuv rozptyl.
Jeho mnozstvi je vétsi ve sméru v jakem dopada svetlo na
ozarenou cCastici = na tomto principu je zalozeno méreni
velikosti castic pomoci prutokového cytometru

Fayteligh Scattering ke Scatizring Rlle Seatiaring,

e e e

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

i Dttt of incident light ShapiI‘O P- 106



George Gabriel Stokes (1819 — 1903)

Anglicky fyzik a matematik
plsobici na univerzit¢ v Cambridge

1852 — popsal fluorescenci

Nazev vznikl z anglickeho slova fluospar
(fluorit, kazivec = nerost CaF,)

- ke svému pozorovani pouzil roztok
chininu, jako zdroj svétla slunecni
paprsky, jako excitacni filtr slouzilo tmavé
modre okenni sklo a jako emisnti filtr byla
pouzita sklenice bileého vina

http://www.nndb.com/people/131/000097837/

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.,
Fellow of Pembroke College, and Lucasian Professor of Mathematics in the
University of Cambridge.

N Received May 11,—TRead May 27, 1852.

K. Soucek Bi9393 Analytickd cytometrie



Fluorescencni spekira

Fluorescencni proces je cyklicky.

Kromé fluorochromu nevratné zniceného (photobleaching - ,,vysviceni*) mize byt
opakované excitovdn.

Molecular

L]

on

¥

Fluorescence exci

L L] L L T I

Wavelength

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

Fluorescence emission

K. Soucek Bi9393 Analyticka cytometrie



Detekce fluorescence

eni pro fluorescenci
1) zdroj excitace
(2) fluorochrom

(3) vinové filtry pro izolaci emitovanych fotonl od excitovanych

(4) detektory pro registraci emitovanych foton0

Fluorescenéni pristroje

- spektrofluorometer mérfi primérné viastnosti objemu vzorku v kyveté.
- fluorescencni mikroskop popisuje fluorescenci jako jev v prostorovém systému

souradnic

- flow cytometer méri fluorescenci v proudicim toku, umozniuje detekovat a

kvantivikovat subpopulace uvnitt velkého vzorku

Fluorescencni signdl

- spektrofluorometer je flexibilni, umoznuje n
v kontinudinim spektru excitacnich a emisni
vinovych délek

- flow cytometr potfebuje fluorescencnizna
excitovatelné

urCitou vinovou délkou.

Intensity

Fluorescence pozadi

\ Spectra

Bl Fiters

- endogeni slozky - autofluorescence IO Signals
- nendvazané nebo nespecificky vazané zr

= reagencni pozadi Wavelength ())

Vicebarevné znaceni N
- dvé a vice znacek, zaroven monitoruje rizné funkce

- nutné: vhodné zvolit znacky zdroj excitace a separacni filtry

K. Soucek Bi9393 Analytickd cytometrie




Fluorescence Output of Fluorophores
‘erent DYyes

514 588 ABSORPTION FLUORESCENGCE MOUS@ 3T3
366 442 488 | 548 813 — —

—— R-Phycoenythrin (pH 7)
—_—— Aloxa Fluor 546 (pH 7)
—_— Toocas Red (pH 7)
— BODIPY FL (MeOH)
—_—— Alexa Fluor 488 (pH 7)
— — Fluoreacein (pH )
—— Rhodaming Red-X (MeOH)
Tetrarmathylmhodamna (MaOH)
BODIPY TMA (MeOH)
BODIFY TR (MaDH)

e l—
e DNA ~
———
—_—— YOYO-1+DNA(pH )
——
—_—

DAPI

R ] DAP1 + DNA (pH 7)
e ] Inder-1 + Cad= (pH 7)
Cascade Blue (pH 7)
— ——— Fura-2 + Ca® (pH 7)
e — Aminomethylcoumarin (MaOH)
—— FM 1-43 + Lipid
— ] DIC 4(3) (MaOH)
e —— MED (MaOH)
e Carboxy SMARF-1 (pH 10)
———— Lucilar Yellow {pH 7)
— Dansyl + R-NH, (MeOH) N
I —m. . Propidium lodide + DNA (pH 7) o o

O
QD S V g .
400 500 500 700 L L L @ L & L0 A Hind Il
Wavelength {nm)

propidium iodide

Molecular
Probes
.

oucek Bi9393 Analyticka cytometrie



Technické soucasti

mZdroje svetla

m DetekCni systemy
m Fluidni systém

m Separace

mSber dat

m Analyza dat

son Purdue University BMS 631



Wallace Coulter

» Wallace Coulter - Coulter
orifice - 1956 -

» (patent 1953) — méreni
zmeny vodivosti behem
pruchodu bunék v
suspenzi malym otvorem

Originalni
patentova
aplikace

W.Coultera 1953

Photo by J.Paul Robinson
inson Purdue University BMS 631



Jak pocitat bunky?

D@tometer (Burkerova komurka) byla standardem
pro pocitani bunek do ~ 1950

» Rozmeéry jsou 3x3x0.1 mm. Obvykle jsou Cervené
krvinky (1 x 108/mm?3 )poditany po narfedéni 1:200

» Leukocyty (5x103%/mm?3) jsou fedény 1:10 v roztoku
lyzujicim Cervené Kkrvinky

» Statisticka chyba:

» koeficient variance (CV) je pfi 500 spocitanych bunkach
4.4%

> chyba pipetovani a redéni je ~ 10%

rdue University BMS 631



Innovatis Cedex

High Resolution Color Image

‘ -




CellDrop - Denovix

Load Cell Suspension

Add 0214 ml af cell solution 1o 7]

s://www.denovix.com/celldrop/

Count and Analyze

3
196

135

06
9.360+5
16.10 pym
2.00e+5
1.00 mi

BLS4:2T 19 Sop 2018

3N Cells/ml

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Cell Diameter (um)




Coulter Counter

vni komeréni verze CC _



Coulter Counter
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Beckman Coulter

» Multisizer™ 3&4 COULTER COUNTER®

Digital Pulse Processor

Anglog Pulsa Procassor

Preamp

P
."‘(:f/‘

[
| Electolyte
I

-
“~_Intarnal

Electrode

“~.. External
Eloctrode

Controlier

The Coulter Principle Applied in the Multisizer 4




Roche Innovatis

CASY TT

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

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



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




Technické soucasti

m Detekcni systemy

FotonasobiCe (Photomultiplier Tubes (PMTs))
dive 1-2
nyni >8

Diody drive detekce rozptylu svétla (light scatters)
nynii  detekce fluorescence

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
inson Purdue University BMS 631



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 separoval pomoci elektrostatického vychyleni.

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

Section 2

CHANHLL FULL BUHLE NCCUMULAT IO sngnaznd

nnnnnn

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 THE

tiskarnu jejiz princip vyuzil Mack REVIEW OF SCIENTIFIC
Fulwyler pro svuj bunécny sorter. — INSTRUMENTS

i Recording wi i d Ink Jets*
NICKEL MAGNETOSTRICTIVE High Frequency Recording :nth E!:c:rostat:cally Deflected Ink Jets
TRANSDUCER CHANGES 1cuARD G. Swi

Systems Teclmiques Laboratory, Stanford Elecironics Laboratories, Stanford University, Stanjford, California

LENGTH AT 100-k¢ RATE _ ¢

ived 28 September 1964)

I00-ke INPUT,

TO VIBRATE
NOZZLE

INK AT &0 psi

100-ke VIBRATION\—*/
0.0035-cm diaM.

INK JET DIVIDES
INTO DROPS AT
100-kc RATE

+8000 V dc

yCHARGES

—-8000 V dc

| INTERCEPTED

o/SURPLUS INK 1.0 mm
AIR FLOW . .
750 cm/sec I"16. 3. Ink-drop formation.

ENCLOSURE (SHOWN RETRACTED)
DIRECTS AIR FROM BLOWER
ACROSS INK STREAM

I'16. 1. Ink-jet oscillograph.
inson Purdue University BMS 631




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

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

MACK FULWYLER IN HIS OWN WORDS 65

April 30, 1968

Filed June 4, 1965
27

35
COLLAR
PULSE
GENERATOR

M. J. FULWYLER 3,380,584
PARTICLE SEPARATOR

S5 Sheets-Sheet 1

ACOUSTIC
DRIVER

57

TO PULSE

Fic. 4. A page from Fulwyler's

patent on the cell separation technol

INVENTOR.
Mack J Fulwyler

ogy patent #3,380,584 showing the By

fundamental components of the in-

vention of the cell sorter.
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K ¢emu to vSechno je... napriklad...

Careers Live Careers News Sign up for newsletter Jobs Events

nature careers

flow cytometry Location B
Searchresults
We found 59 Jobs Sort by  Most Relevant ~
Discipline
[ siomedicine o SPOTLIGHTED JOBS
[ Life Science 19 . . 5,
- " Postdoctoral Fellowship Opportunities N
d
Chemisti 1 V. enaroya Research |nstitute at Virginia Mason
o m B va R h Insti Virginia M BRI
[l Computing 1 Seattle, WA, United States
1 month ago
Job Type
E] Postdoctoral 37
C] Faculty Member 9 2
[ Researcher 9 Postdoctoral position in blood ""%o
[ Research Assistant 2 e @ngineering (scholarship)
[ Director ; Karolinska Institutet (KI)
[_] PhD Studentship 1

NAsLo

Fleminashera. Sweden

Position Announcements
Flow Cytometer Research Technician
Flow Cytometer - Research Technician

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

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

Send CV, cover letter, and contact § on for 3 references to § i rs. Please
reference (RT-20124) in the subject line. Review of applicants will begin immediately and
continue as applications are received until the position is filled. The preferred starting date is no
later than 1 January 2013, but this may be negotiated. Salary will be commensurate with prior
experience. Bigelow Laboratory is an Equal Opportunity Employer.
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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
https://www.nature.com/naturejobs/science/jobs?utf8=✓&q=flow+cytometry&where=&commit=Find+Jobs

K cemu to vSechno je... napriklad...

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

ro¢né zemre ~ 2 miliénu lidi na HIV/AIDS (v Africe je ~ 11 miliénu AIDS sirotkd)

kvantifikace CD4 T lymfocytl je kliCovy parametr pfi monitorovani IéCby

Prutokova cytometrie je ,zlaty standard®

Optimalizované postupy a zafizeni pro levné (< 3 EUR / vzorek) a rychlé detekce (250 vzorkl / den)
Avdoaan Ozcan: .Kill the cost. safe life

PDMS
microfluidics



http://innovate.ee.ucla.edu/welcome.html
http://innovate.ee.ucla.edu/welcome.html
http://innovate.ee.ucla.edu/welcome.html
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Fluidika - Lamindrni vs. turbulentm

proudéni

*Turbulentni proudéni je
charakteristicke chaotickymi
(stochastickymi) zménami

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

wikipedia org

K. Soucek Bi9393 Analyticka cytometrie
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Vicebarevné analyzy generuji
mnoho dat...
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Analyze: Cytobank

Plot raw data

Histogram 3D plot
Reduce
dimensionality e —
PCA Gemstone SPADE ViISNE Wanderlust
i <
Summarize 1T = 5\ /x‘
statistics . A e
Box plot Heat map Network Sunburst Dose curve
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Cell tracking and proliferation
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Figure 17-1. Molecular Biology of the Cell, 4th Edition.




Approaches

» Cell cycle analysis
» DNA synthesis analysis
» Cell tracking




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

trigger mitosis machinery
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trigger DNA repllcatlon machinery

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


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

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

tadpole feeds, grows,
and becomes an adult frog

J



https://www.youtube.com/watch?v=dXpAbezdOho
https://www.youtube.com/watch?v=qq5k1sWqLO0

Cell cycle analysis

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

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

« DNA is simply labeled using fluorescent dye specific for DNA
e Propidium iodide
« 4',6-diamidino-2-phenylindole (DAPI)
- fluorescence increases after binding to DNA. Membranes have to be
permeabilized.
« Hoechst 33342
« Vybrant® DyeCycle™
- DRAQS
« Quaternary benzo[c]phenanthridine alkaloids (QBAs)

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

- labeling of live cells (possible cytotoxicity)




propidium iodide
DAPI

oechst 33342
-AAD



Cell cycle histogram: how to analyze?

» Itis not recommended to statistically analyze it using
simple gating in the histogram

» It is necessary to use software tolls for modeling of
distribution of cell cycle phases
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ModFit LT~

An impressive new version of the industry standard.

FE. W T W N TRV

Verity

Software House

MultiCycle AV
fits G different
cell cycle models!
automatically.
The variability in
results is one aid
to assessing con-
fidence in S and
G2 phase esti-
mates. Display’
of statistics 18

MultiCycle for Windows

Advanced DNA Cell Cycle Analysis Program
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Analysis if BrdU incorporation

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

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

= DNA can be stained in the last step



Analysis if BrdU incorporation

= HLED Ej24h T HLEO EJ24h

u~ )

N .—
= % Eﬁg ]
S= T sk
fijE = . o
A= 5 = B T i
& = 2 ipe -

—_ x = B -~ - ]

™

- 3
= I LR I L L LA
0o S0 100 130 200 250 0 530 100 150 200 250
F-AAD [FL3-4] F-AAD [FL3-4]
HLED Ej24h . .

= Fille: HLoU K/Z4

[ u]

= Regl Yo Ga
= R 1T00.
5o R 395.4
S R 10.z2

= Wﬂt.d R 4r.%

, g
- . 1.3

0 50 100 150 200 250
7-AAD [FL3-A]




technologies" & invitrngen"

Click azide/alkyne reaction

N
Metabolically or enzymatically prote®
azide-modified protein N/ \N
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http://www.invitrogen.com/site/us/en/home.html

-IT (Invitrogen) applications

analysis of DNA synthesis (EdU -
5-Ethynyl-2'-deoxyuridine)
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Fluorescent dye or hapten




3H-thymidine

Tritiated (3H) thymidine




3H-thymidine

* Original method for measuring cell
proliferation

 Radioactive

* Not compatible for multiplexed analyses




BrdU

BrdU (5-bromo-2'-deoxyuridine)







dcid or DNase )y







BrdU

Non-radioactive

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

« Ability for other antibodies to bind

S

* Morphology

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

(Bs




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







Click-iT™ Edu

* Non-radioactive

* No DNA denaturation required
» Simplified protocol

« Small molecule detection

» Multiplex compatible, including
* Other antibodies

* Dyes for cell cycle analysis




Immunophenotype characterisation of the

cells Cell Cylcle (DNA content, Cell
(CSCs markers, differentiation, cycle modulation after

\ / treatment)

Proliferation (BrdU, I

CD44 APC/CY7

14.5

Trop-2 AF4838

Cell Death analysis

(AnnexinV, Cleaved EdU, mitosis - pH3)
Caspase3, ...)
DNA damage ( yH2AX,...) Viability assays (propidium

iodid, CalceinAM, ...)




Parametr

Cell Surface Marker

Cell Surface Marker

Viability
DNA synthesis
Cell Cycle

DNA damage
Apoptosis

Marker
CD44

Trop-2

LIVE/DEAD kit
Click-iT EdU
DNA content

yH2AX

Cleaved Caspase 3

Fluorochrome

APC/Cy7

AF488

Yellow
AF647
PO-PRO-1

PE
AF494




ability and Immunophenotype
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DMSO

MLN-4924

DNA damage and Apoptosis
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Henriksson/SCANPLX Henriksson/SCANPTX
O=zamu Shimomura Martin Chalfie Roger Y. Tsien
(0 1/3 of the prize 1 1/3 of the prize (B 1/3 of the prize
UsA LUSA USA
Marine Biclogical Columbia University University of California
Laboratory (MBL) New York, NY, USA San Diego, CA, USA;
Woods Hole, MA, LUSA; Howard Hughes Medical
Boston University Medical Institute
School

Massachusetts, MA, USA

b. 1928 b. 1947 b. 1952
{in Kyoto, Japan)
http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/



Fluorescent proteins

> bioluminescence resonance energy transfer (BRET)

Aequorea victoria - jellyfish

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

Renilla reniformis — coral

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

» Blue light excites green fluorescent protein

Aequorea victoria “Crystal jelly Renilla reniformis "Sea Pansy"

‘ http://www.mbayaq.org/efc/living_species/default.asp?hOri=1&inhab=440 http://www.whitney.ufl.edu/species/seapansy.htm



Fluorescent proteins

» Osamu Shimomura
» 1961 discovered GFP and aequorin

" :
Aéquorin

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



Fluorescent proteins.

m Douglas Prasher
= Martin Chalfie

Science. 1994 Feb 11;263(5148):

Green fluorescent protein as a marker for
gene expression.

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

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

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

Fluorescent proteins

Normally
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Roger Tsien

> ~ 2002 — mutated FP = wide %
spectrum of colors

http://www.tsienlab.ucsd.edu/
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Fucci
(fluorescent ubiquitination-based cell cycle indicator) cells

@ mKO2-Cdr1(30/120)
-l mAG-Geminin{1/110)
h 265 Proteosome

“0»  Poly-ubiquitin chain

Chemistry & Biology 75, February 2008 ©2008 Elsevier Ltd

Ubiquitin E3 ligase complexes

G1 - AP(CCdnl Nature Methods - S, 283 (2008)

S, G2, M- SCF5kp?



Fucci
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ttp://ctds.brain.riken.jp/Fucci.html
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Visualizing Spatiotemporal Dynamics
of Multicellular Cell-Cycle Progression

Asako Sakaue-Sawano, ' Hiroshi Kurokawa, ' Toshifumi Morimura,? Aki Hanyu,® Hiroshi Hama,! Hatsuki Osawa,’
Saori Kashiwagi,? Kiyoko Fukami,? Takaki Miyata,® Hiroyuki Miyoshi,” Takeshi Imamura,® Masaharu Ogawa,?

Hisao Masai,® and Atsushi Miyawaki:2.*

Laboratory for Cell Function and Dynamics

“Laboratory for Cell Gulture Development

Advanced Technology Development Group, Brain Science Institute, RIKEN, 2-1 Hirosawa, Wako-city, Saitama 351-0198, Japan

3Life Function and Dynamics, ERATO, JST, 2-1 Hirosawa, Wako-city, Saitama 351-0198, Japan

“School of Life Science, Tokyo University of Phamnacy and Life Science, 1432-1 Horinouchi, Hachioji, Tokyo 182-0392, Japan
“Departments of Biochemistry, The Cancer Institute of the Japanese Foundation for Cancer Research, 3-10-6 Ariake, Koto-ku,

Tokyo 135-8550, Japan

®Department of Anatomy and Cell Biology, Nagoya University Graduate School of Medicine, 85 Tsurumai-cho, Syowa-ku,

Magoya, Aichi 466-8550, Japan

"Subteam for Manipulation of Cell Fate, BioResource Center, RIKEN Tsukuba Institute, 3-1-1 Koyadai, Tsukuba, Ibaraki 305-0074, Japan
SGenome Dynamics Project, Tokyo Metropalitan Institute of Medical Science, 3-18-22 Honkomagome, Bunkyo-ku, Tokyo 113-8613, Japan
“Comespondence: matsushi@brain.riken.jp

DOl 10.1016/.cell.2007.12.033
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Summary

> DNA analysis

» Require fine sample preparation, debris elimination,
sw tool for precise analysis of hlstograms

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

» Cell division enumeration
» Mostly for synchronized populations
» Fluorescent proteins
» Fucci — elegant tool for in vitro a in vivo experiments
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Spectral flow cytometry
J.P. Robinson, Purdue University

Cytometry Part A o 81A: 35—44, 2012

ORIGINAL ARTICLE
Cytometry
Havancementof yiometny MIFlowCyt

Hyperspectral Cytometry at the Single-Cell Level Using
a 32-Channel Photodetector

Gérald Grégori,l’2 Valery Patsekin," Bartek Rajwa,l’3 James Jones,* Kathy Ragheb,l’3
Cheryl Holdman,"? J. Paul Robinson!***

2

Microsc Microanal 11(Suppl 2), 2005
DOI: 10.1017/51431927605510328

Copyright 2005 Microscopy Society of America

Multispectral Flow Cytometry: Next Generation Tools For Automated
Classification

J. Paul Robinson™®, Valery Patsekin® , Gerald Gregori®, Bartek Rajwa"'b, and James Jones™”

"Department of Basic Medical Science, School of Veterinary Medicine, and "Weldon Department of
Biomedical Engineering, Purdue University, West Lafayette, IN, 47907, USA

US00728020482

a» United States Patent (o) Patent No.:  US 7,280,204 B2
Robinson et al. 45y Date of Patent: Oct. 9,2007

(54) MULTI-SPECTRAL DETECTOR AND 21995
ANALYSIS SYSTEM

&/1995
s

(75)  Inventors: Joseph Paul Robinson, West Lafayelle, 5 T A 21998
IN (US): Bartlomiej Rajwa, West
Lafayette, IN (US): Gérald Grégori,
Marseille {FR}: Valery Patsckin, West
Lafayelte, IN (US)

6,947.134 B2* 9

7057712 B2* 62006 Beck et a

(73) Assignee: Purdue Research Voundation, West (Comtinued)
Lafagene, IN (LS) FOREIGN PATENT DOCUMENTS

(") Notice:  Subjeet to any disclaimer, the ferm of this ~ EP 0315 939
patent is extended or adjusted under 35 Contimued:

115, 154(b) by 139 days (Continued;
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Spectral flow cytometry

Sony Biotechnology Inc
} Iy

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

Overview Features Applications  Specifications Literature

See Everything

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

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

remave. ;%,

Sheath inlet outlet
Sample inlet

Insertion Notch

Quartz part




Conventional vs. spectral analysis

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

« Facilitates exploration of complex pathways

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

« Allows deep-profiling of your cell system of interest
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Single Cell Mass Cytometry

Parameter A

Single-cell
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different samples

Quadrupole

Time-of-Flight

Integrate signal
for each cell
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Sl N0 \Viabilily
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antibodies
to pooled
samples
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Nebulizer
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X
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A Single-cell data

B Partition cells of interest

(By manual gating
or clustering
algorithm, not
required for
all analyses)

C canonical populations
and unsupervised
clusters modeled
as a graph

D Signal transduction modeled
in cell population

E clinical outcome or sample
type predicted by/correlated
with cell population features

Sample outputs from different classes of algorithms
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Parameter B

Scaffold Map

/ A
\.40° Progenitors

T cells: 2.

In Scaffold maps, the
global structure of a
sample is displayed.
Canonical cell populations
form flags on the map to
assist interpretation.
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To see how levels of one molecule
change with respect to another
molecule, conditional density is
plotted (left) and mutual information
is calculated (right).

Citrus

Cells predictive
of outcome

(or statistically
significant
between
outcomes)

A list of statistically significant
features is identified

between groups of samples.
Here, the cell populations

that correlate with a clinical
outcome are colored in red.
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Single Cell Mass Cytometry




Personalni systémy

CYTONOME VIVA™

Portable GFP Cell Sorter for Your Lab

cytonome
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PrimeFlow™ RNA Assay

- =

t Label proteins with
g antibody {optional)

: Fix and permeabilize cells =
- i suspension

IE Label intracellular

i proteins with antibodies
t (optional)

Sample Preparation Target Hybridization

ZZ Gene-specific

7 Label Extenders (LE)

Incubate cells wiath
gene-specific probe

sets (Type 1,4 or 6)

Signal Amplification

I

—
— Amplifier

i Hybridize with

- FreAmplifier and
Amplifier DNA
Type 1. 4, or §)

Detection

>

Flucrescence-labeled probes

Add labeled probes to cells

i Prooess cells uiing
a flow cytometer

COB mRNA Aleo Fluce® 647 o ... ..




Briliant Violet polymers
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Shrnuti prednasky

prutokova cytometrie:
» nabizi siroke spektrum aplikaci;

» rychly zpusob analyzy a separace
heterogennich populaci;

» separace populaci;
» multiparametrové analyzy.



