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Co je problém pi1 vicebarevné
detekc1?

PE 580,30 Bandpass

FITC 530/40 Bandpass

Fluorescence Intensity
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Kompenzace fluorescencniho
signalu pi1 vicebarevne detekci

m Proces pri kterem dochazi k eliminaci
vsech fluorescencnich signalu krome
signalu z fluorochromu ktery ma byt na
prislusném detektoru detekovan

m Nastaveni pomoci mixu mikrocastic Ci
bunék oznacenych/neoznacenych
prislusnymi fluorochromy.
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Kompenzace fluorescenCniho
signalu pi1 vicebarevne detekci

Table 1.14.1  Typical Spillover Matrix for a Three-Color
Compensation®

Detector
Fluorophore
Green Orange Red
FITC 1.000 0.180 0.040
PE (0.009 1.000 (.213
PE-Cy5 0.005 0.029 1.000

Note: The diagonal elements are 1, since the contribution of each
fluorophore to its cognate detector is defined to be 100%. In this table, the
FITC into PE spillover is 18%:; the PE into FITC spillover is 0.97.

Current Protocols in Cytometry
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“Bright” = good resolution sensitivity

Stain Index (SI) = %;




Various fluorochromes-stain index

Reagent Clone Filter Stain Index
PE RPA-T4 285/40 356.3
Alexa 647 RPA-T4 660/20 3131
APC RPA-T4 660/20 2792
PE-Cy7 RPA-T4 780/60 278.5
PE-Cya RPA-T4 695/40 222 1
PerCP-Cya.5 Leu-3a 695/40 927
PE-Alexa 610 RPA-T4 610/20 804
Alexa 488 RPA-T4 530/30 754
FITC RPA-T4 230/30 689
PerCFP Leu-3a 695/40 64 4
APC-Cy7 RPA-T4 7801/60 422
Alexa 700 RPA-T4 720/45 3949
Pacific Blue RPA-T4 440/40 225
AmCyan RPA-T4 225150 202




Choices for 6,- 8,- 10,- and more colors

6-color 8-color 10-color Additional
FITC or Alexa 488 |FITC or Alexa 488 |FITC or Alexa 488 | FITC or Alexa 488
PE PE PE PE
PE-Texas Red or |PE-Texas Red or
PE-Alexa 610 PE-Alexa 610
PerCP-Cy5.5 PerCP-Cy5.5 PerCP-Cy5.5 PerCP-Cy5.5
PE-Cy7 PE-Cy7 PE-Cy7 PE-Cy7
APC or Alexa 647 | APC or Alexa 647 | APC or Alexa 647 | APC or Alexa 647
Alexa 680 or 700 | Alexa 680 or 700
APC-Cy7 APC-Cy7 APC-Cy7 APC-Cy7
AmCyan AmCyan AmCyan
Pacific Blue Pacific Blue Pacific Blue

Q-dot 655, 705...




Fluorochrome selection considerations

‘Bright” antibodies go on “dim”
fluorochromes

Avold spillover from bright cell populations
Into channels requiring high sensitivity

Beware of tandem dye degradation




FITC Spillover
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FITC Compensation
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FITC Compensation

"d':l: "d':l
. 'E FITC Pasiive 35
B ] -
Eg_ =
T |||||||| T T ||||||T| T |||||||| T
10 ik i 10 10 ik i 10
FITC-A PerCP-Cya-5-A
FITC-A FE-A PerCP-Cya-9-4 APC-A
Population Median Median Median Median
. FITC Positive 3,776 a4 49 a3
. FITC Megative 113 a0 49 a6

Relative Intensity

Fluarochratme

- % Fluorachrame

=pectral Owverlap

* PE FITC 16.30
* PerCP-Cy5-5 FITC 2.00
r APC FITC 011

PerCP-Cy5.5
695/40

FITC

500nm 550nm 600nm 650nm 700nm
Wavelength (nm)



FITC Compensation

Dot plot showing
e ||[5° uncompensated FITC
data
. Dot plot showing
: compensated FITC data
Biexponential dot plot
e showing
5 . »f s compensated FITC
o F1ID'I?C—A v v . DI1D|2 Per(;éfovﬁ—ws_r data




Uncompensated FITC Single stain Control
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Unwanted 5 T
signal detected &
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FITC Single Stain Control
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FITC Single Stain Control

FITC PE
Total signal
detected in
FL1 ~

Unwanted signal
detected in FL2

/ = roughly 15%
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Kompenzace fluorescencniho
Si gnélu FITC positive &

negative

#2 PE negative beads
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Kompenzace fluorescencniho
Si gnélu FITC positive &

negative
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Kompenzace fluorescencniho
signalu
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Nastaveni kompenzaci

® znacené mikrocCastice — pro bézné konjugované fluorochromy

& BD

CaliBRITE Beads

CaliBRITE 3 three-color kit—Catalog No. 340486

CaliBRITE two-color kit—Catalog No. 349502
CaliBRITE PerCP Beads—Catalog No. 340497
CaliBRITE APC Beads—Catalog No. 340487

CaliBRITE PerCP-Cy5.5 Beads with Bead Dilution Buffer—Catalog No. 345036
For In Vitro Diagnostic Use with FACS brand flow cytometers

Setup | Tube® | Unlabeled | FITC | PE Pefg;‘f&grsh APC
two- A 1 drop

color B 1 drop 1drop | 1 drop

three- A 1.drop

color B 1 drop 1drop | 1drop 1 drop

four- A 1 drop 1 drop
color B 1 drop 1drop | 1drop 1 drop 1 drop

® znacené bunky — pro vitalni znaCeni
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Effects of Changing PMT
Values
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Which marker for compensation?

Correct Too Much Too Little
Compensation Compensation Compensation

A B C A B C A B C
SR B

Small errors in compensation of a dim control (A) can result in large
compensation errors with bright reagents (B & C).
Use bright markers to setup proper compensation.
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A Setup System for Compensation:
BD CorrpBeads plus BD FACSDiva Software

BD Binsciences
Cliade
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BD Comp Beads

Always positive
Bright staining

Save sample (HIV
patients)

Use the same antibody
for compensation and the
real experiment
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Fluorescence Minus One

PBMC were stained as shown in a 3-color experiment.
Compensation was properly set for all spillovers

Unstained Control FMO Control Fully Stained
FITC - CD3 CD3
PE - = CD4
CySPE - CDS CDS

PE

Unstained Bounds |s

Courtesy Mario Roederer



Tandemov¢ znacCky

Tandem Dyes
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Tandemove¢ znacky - priklad
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Tandems are light sensitive

CD8 CD3
PE-Cy7 PE- Time Sample

Left in Light
0 hours
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Kompenzace - literatura

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

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

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

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

C. B. Bagwell & E. G. Adams (1993). Fluorescence spectral overlap

compensation for any number of flow cytometry parameters. in: Annals of the
New York Academy of Sciences, 677:167-184.
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Aplikace prutokove cytometrie

-



ANALYZA NUKLEOVYCH KYSELIN
bunécny cyklus a ploidyta
analyza ziomU DNA
inkorporace BrDU

exprese cyklind

analyza denaturace DNA

ANALYZA BUNECNEHO FENOTYPU
imunofenotypizace pomoci CD antigenu
(detekce diferenciacnich a nddorovych markeru)
detekce cytokinovych receptoru

CYTOGENETIKA
analyza chromozémuU

STUDIUM BUNECNYCH FUNKCI
viabilita

stanoveniintraceluldrniho pH

analyza organel a cytoskeletu
stanoveni membrdnového potencidlu
oxidativni vzplanuti

stanoveni intraceluldrniho Ca2+
stanoveni infraceluldrnich cytokind
Natural Killer ligace znacenych bunék
analyza reportérovych genu

K. Soucek Bi9393 Analyticka cytometrie



Biologicke aplikace prutokove
cytometrie

= analyza proliferace
= fluorescencni proteiny

K. Soucek Bi9393 Analyticka cytometrie



Bunécny cyklus

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

| metaphase
PRUGREL anaphase
cytoplasm telophase

Figure 18-1. Molecular Biology of the Cell, 4th Edition.
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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
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Figure 17-8. Molecular Biology of the Cell, 4th Edition.
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https://www.youtube.com/watch?v=dXpAbezdOho
https://www.youtube.com/watch?v=qq5k1sWqLO0

Co je dulezité p11 priprave vzorku a
znaceni. ..

m Postup pripravy vzorku a znaceni nelze
zobecnit — zavisi na typu bunek a konkretni
analyze
— suspenze jednotlivych bunéek
— vitalni znaceni
— fixace (etanol, formaldehyd)

— permeabilizace (detergenty)
— difuze
— aktivni transport




Analyza bunecného cyklu

- jedna z nejstarsich aplikaci flow cytometrie, stanoveni faze
bunécného cyklu podle mnozstvi DNA

- prUtokova cytometrie je vhodnd metoda pro rychlou a
presnou determinaci bunécného cyklu

- jednoduchym zpuUsobem je DNA obarvena fluorescencni
barvou specifickou pro DNA.

- Propidium iodide
4’ 6-diamidino-2-phenylindole (DAPI)
- dramaticky zvysuiji fluorescenci po vazbé na DNA. Je
nutnd permeabilizace cytoplasmatické membrdny .

- Hoechst 33342

- Vybrant® DyeCycle™

« DRAQ5

- Quaternary benzo[c]phenanthridine alkaloids (QBAS)

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

- mohou byt pouzivany pro znaceni viabilnich bunék.

K. Soucek Bi9393 Analyticka cytometrie
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Analyza histogramu bunécn¢ho cyklu

® nepouziva se bézna analyza pomoci usecCek (regionu) v
histogramu
® je nutné pouzivat specialni software pro modelovani analyzu
distribuce jednotlivych fazi
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Current Protocols in Cytometry



ModFit LT~ @

An impressive new version of the industry standard.
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MultiCycle AV
fits 6 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 is

optional.

MultiCycle for Windows

Advanced DNA Cell Cycle Analysis Program

[

27ED

2200

Cal Murnlzsar

1o

+Aggregates]

MultiCycle suggestions (a guideline only):

An ancuploid DNA content is observed.
i

DIFLCID CYCLE

MeanSGl= 65507
CV¥GEl= 2419
BiF1=02.006

Mean Gl=126.413
CVWGl= 3410
TED = 00Ad

The aneuploid %5=17.4, %Gz=11.7

The S Phase confidence is good

£ 64 56 128 160 152 224 28

DMNA Content

GLIG1 =199
% Tot=21.538

AMEUFL. CYCLE

MeanSl= 106328
CWG1= 34675
%G1 = T0430

MeanG1=208.264
CY¥GL= 2675
®G1=11.704

G103l =152%
o Tot = FE462
L = Loory

Ava, %= 15,980
HEAD= 11413
% bgz = 6077
ChiSq.- 2104
Cell Mau=72272

LTI

4 B B 1

A summary inter-
pretation clearly
states results. A
built-in decision
tree helps take
the guesswork
out of evaluating
the quality of the
cell cycle analysis,




Pulse area Pulse width
(integral)

One Go/Gicell — ()
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Cell cycle histogram: gating strategy

) File analyzed: Worklist_A_Tube_001_012_20170425_124644 fcs
= Dip G1 Date analyzed: 5-Aug-2017
= e Model: 1nn0A_DSF

® Analysis type: Manual analysis

N Ploidy Mode: First cycle is diploid

E Diploid: 100.00 %

Dip G1: 68.57 % at §1.54

7 Dip GZ: 13.67 % at 161.99
Dip S:17.76 % G2/G1: 1.99
%CV: 4.05

2000
|

1400

4 Total S-Phase: 17.76 %
- Total B.AD.: 0.00 % no debris no aggs

Mumber

1000

Apoptosis: % Mean:

Debris: %

N Aggregates: 0.00 %

Modeled events: 27982

- All cycle events: 27982

b Cycle events per channel: 344
7 RCS: 3.026
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Aneuploidie je vyznamny
diagnosticky marker
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File analyzed: SAMPLE2.FCS
Date analyzed: 16-Oct-2006
Model: 2DA0On_DSD ASD
Analysis type: Automatic analysis

Diploid: 57.22 %
Dip G1: 70.35 % at 75.05
Dip G2: 5.60 % at 150.10
Dip S: 24.05 % G2/G1:2.00
%CV: 3.02

Aneuploid 1: 42.78 %
Anl G1: 83.63 % at 100.15
Anl G2: 5.87 % at 200.30
Anl S:10.50 % G2/G1:2.00
%CV:5.02 DI: 1.33

Total Aneuploid S-Phase: 10.50 %
Total S-Phase: 18.25 %
Total B.A.D.: 11.22 %

Debris: 19.13 %

Aggregates: 3.96 %

Modeled events: 31253

All cycle events: 24037
Cycle events per channel: 190
RCS: 0.842



Analyza ploidity u vySsich rostlin

Nicotiana tabacum Alstroemeria caryophyllacea Zea mays
- —

(p: en.wikipedia.org/wiki/Ilhag;:Natixf

‘/__‘ S "', . ® 1 "
! f‘tzg.: CyFlow® Ploidy Analyser g

Blstroemenia (-aryophyII;(-n
Ecology & Ewluﬁnninr Biology Consermtory
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Cell cycle analysis- limitations
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Analyza inkorporace BrdU

m bromodeoxyuridin se inkorporuje do DNA namisto
tymidinu béhem S-faze

m po fixaci a CasteCné denaturaci DNA je mozné BrdU
detekovat pomoci specifické protilatky znacené
fluorochromem

m v poslednim kroku muzeme obarvit DNA

K. Soucek Bi9393 Analyticka cytometrie



Analyza inkorporace BrdU
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Click azide/alkyne reaction

Ne——=N

=0

Protein

Metabolically or enzymatically
azide-modified protein

I
%\!
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TAMRA, Dapoxyl®, or biotin alkyne

® =«

Click-iT™ alkyne

Isotope(s)
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N

Cu(l), 1 hour
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Click-iT™ azide

*

\ Stable triazole conjugate
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Room temperature

X

IgG antibody )
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Biotin Streptavidin

MW 3 25

Both required for detection

42

~68,000

Both required for detection

~150,000


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

Aplikace Click-IT (Invitrogen)

Multiplex imaging with Click-iT® RNA
assays.

NIH3T3 cells were incubated with 1 mM EU,

formaldehyde-fixed, and permeabilized with

Triton® X-100. EU incorporated into newly
synthesized RNA (red) in some cells was
detectied using the Click-iT® RNA Alexa
Fluor® 594 Imaging Kit. Tubulin (green)

was detected with anti-tubulin mouse IgG9
and visualized with Alexa Fluor® 488 goat

anti-mouse IgG. Nuclei (blue) were stained

with Hoechst 33342.




Aplikace Click-IT (Invitrogen)

analyza syntezy DNA
(proliferace)




3H-thymidine

Tritiated (3H) thymidine




3H-thymidine

 Original method for measuring cell
proliferation

 Radioactive

* Not compatible for multiplexed analyses




BrdU

BrdU (5-bromo-2'-deoxyuridine)




BrdU

Br

Br



BrdU

Acid or DNase >
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BrdU

* Non-radioactive

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

- Ability for other antibodies to bind
* Morphology

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



Click-iT™ EdU
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Click-iT™ Edu

* Non-radioactive

* No DNA denaturation required

» Simplified protocol

« Small molecule detection

* Multiplex compatible, including
* Other antibodies

* Dyes for cell cycle analysis




Analyza DNA a RNA

Pyronin Y vs. Hoechst 33342

- Pyronin interaguje s ds RNA a DNA ale
jeho vazba na DNA je inhibovana
pritomnosti Hoechst 33342

m Acridine orange

- pri interakci s RNA emituje Cervené
svetlo a pri interakci s DNA zelené

DMNA content

T T . | T .
0 150 0 150
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| I :-_ I I
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DMNA content

Current Protocols in Cytometry




Cyclin Expression: Periodicity

cyclin A
* cyclin D

<«—cyclinE

f

cyclin B




Detekce intracelularnich proteinu v
kombinaci s detekci DNA
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Current Protocols in Cytometry



Detekce mitotickych bunck

m Histone H3 je specificky fosforylovan
behem mitozy (Ser10, Ser28, Thr11)

m dvojité znaceni DNA vs. H3-P
identifikuje populaci bunek v M-fazi

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

g ﬂ—&
— 1%
7 10
500 &
400 E n
5
I
00 g
E 0
2000 — 2
3
10m ;\ 10
_ o g
0 0
0 qHK 10K 19K K K 5
0 51,4 10K 15K K 2K
Comp-Vioket 448 45-A~ Hoechst 33342 Vidlet 448_45-A

Comp-Videt 448_45-A: Hoechst 33342 Vioiet 448_45-A



Flow cytometry
most common applications

Immunophenotype characterisation of the

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

S treatment)

%,U,

R

Trop-2 AF488.
Cell Death analysis
(AnnexinV, Cleaved
Caspase3, ...)

DNA damage ( yH2AX,...) Viability assays (propldlum
iodid, Calcein AM, ...) g

Proliferation (BrdU,F
EdU, mitosis - pH3)




IMMUNOPHENOTYPING
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Antibodies labelled
with fluorophores
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Compensation required

Principle: cells are stained
with monoclonal antibodies
conjugated to various
fluorescent dyes and
analyzed with using flow
cytometry

Pros: simple, standard,
broad spectrum of tested
reagents, multiplexing

Cons: not every epitope is
fixable, compensation,
possible artefacts from dying

Ermann, J. et al. (2015) Immune cell profiling to guide CEIIS’ dISSOCIatlon Of SOlId

therapeutic decisions in rheumatic diseases

Nat. Rev. Rheumatol. doi:10.1038/nrtheum.2015.71 tlssue m ay affect rESUltS



250K - Comp-LIVE_DEAD Yellow-A, FSC-A sul

VIABILITY using LIVE/DEAD fixable stains
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Comp-LIVE_DEAD Yellow-A

Principle: reaction of a
fluorescent reactive dye with
cellular amines, in necrotic
cells react with free amines
both in the interior and on
the cell = intense staining,
live cells stained on surface
only = dim signal

Pros: simple, wide spectrum
of dyes, fixable, The ArC™
Amine Reactive
Compensation Bead Kit

Cons: live cells have signal,
stain only in buffers w/o BSA
or serum, Tris or azide



CELL CYCLE

5 Rebris 5] Principle: DNA content

3] o B gf ] measurement by fluorescent
& 2 Dip ] nucleic-acid-binding dyes

] 1 Pros: simple, wide spectrum

] of dyes, in both native and
50 1000hann1es?S 200 250 i 50 HJUChannwEsnIJS 200 250 fixed Samples

Number

Hi
oo
i

i
N o

o

Cons: doublets > G2/M,
single parameter# DNA
synthesis, > CV if not fixed by
organic solvents




DNA SYNTHESIS using click azide/alkyne reaction

5-Ethynyl-2'-deoxyuridine triazol

EdlU

I I
O
) 'd | NH
azlide DMA backbone
—
N° ™o \ N o
°
Cufl), 30 minutes >
at room temperature

\ DMA backbone \ DMNA backbone

Fluorescent dye or hapten
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DAPI DAPI

Principle: direct
measurement of DNA
synthesis via visualization of
incorporation of nucleoside
analogue

Pros: no DNA denaturation
required, simplified protocol,
small molecule detection,
multiplex compatible

Cons: high concentration of
Cu in reaction = not
compatible with all
fluorochromes



DNA double strand break repair

P53 «

Cell cycle arrest

DNA DAMAGE using yH2A.X

Chk2

W
A ¥

BRCAI

#eer130

CTRL

| cTrL

yH2AX immunofluorescence

TPT 10 min

TPT 90 min

Pl fluorescence (DNA content)

Huang X, Darzynkiewicz Z: Cytometric Assessment of
Histone H2AX Phosphorylation. In DNA Repair Protocols:

Mammalian Systems. Edited by Henderson DS. Totowa, NJ:
Humana Press; 2006: 73-80

GEM

Principle: Phosphorylation of
the Ser-139 residue of the
histone variant H2A.X,
forming yH2A.X, is an early
cellular response to the
induction of DNA double-
strand breaks

Pros: in theory simple
immuno-staining after
fix&perm

Cons: DSBs can also be
intrinsic, occurring in
healthy, nontreated cells,
DSBs are formed in the
course of DNA
fragmentation in apoptotic
cells



APOPTOSIS detected via PARP cleavage or

(Asp175) Antibody detects
endogenous levels of the
large fragment (17/19 kDa)
of activated caspase-3.

Smac/Diablo
XIAP 4 ;J; PN
= = L

&OO

QOmi/HtrA2

A Cleaved PARP (Asp214)
—, O detects endogenous levels of
‘5 ) the large fragment (89 kDa)

PARP1 protein produced by
caspase cleavage.

Pros: simple immuno-
staining after fix&perm,
validated antibodies
available

FscA
FsCA

Cons: not every cell type or
signal necessary activates
cp-3 or leads to PARP
cleavage, timing

o1 2 3 4 5 0 2 3 4 5
100 100 100 100 100 10 100 100 100 100 10 10
cleaved caspase-3 PerCP cleaved caspase-3 PerCP



EdU EdU EdU
treatment treatment treatment
Cells harvest Cells harvest Cells harvest

N NN

Isotype Specific Isotype Specific |sotype Specific
Control Antibody Control Antibody Control Antibody

NERER

Surface markers stain 4°C

!

Stain of dead cells 4°C
fixation 4% PFA RT
|
'

permeabilization
0,25% Triton X-100

l

click iT reaction RT

|

stain of cleaved .
Caspase 3 ac

}

detection of
DNA damage

DNA stain RT
|
v
FACS
analysis

RT

RT

Workflow

Possible issues
Need of optimization

Incompatibility of Fluorochrome
with Click-iT reaction
Permeabilization

Over cross-linked

Insufficient/too high concentration

Sufficient permeability
Antibody/ marker selection
Sufficient permeability
Antibody specificity

Compatibility with other
fluorochromes



Permeabilization

Goal: Sufficient for intracellular markers, gentle for surface markers

0,25% Triton X-10C Saponin based (kit) (SCEI:j:T(:"rII E:)sed
CC3 PerCP
| 218
4
A
‘i- 2

P/

CC3 PercP
;170

ko I‘."cca PerCP

DMSO

1,22

CC3 PerCP
85,9

MG-132

Saponin based

0, i -
0,25% Triton X-10C (Click-iT kit)

Saponin based (kit)

78,8 % 34,6 % 25,9 % 19,5 %

75,6 % 75,3 % 59,2 %
0,25% Triton X-100
Trop-2 BV421 TI‘OF’!AQ BvV421
92.0 75,2
DMSO

Trop-2 BV421
92,0 %

The best solution: 0,25% Triton x-100

Trop-2 BV421
75,2 %

Saponin based
(Click-iT kit)

Trop-2 BV421
83,8

Saponin based (kit)

Trop-2 BV421
80,8

Trop-2 BV421
80, 8%

Trop-2 BV421
83,8%



DNA stain

Violet laser DAPI, Hoechst 33342
FxCycle Violet, ...

Blue laser Vybrant Dyes, PI, ...
Red laser FxCycle Far Red
7-AAD

Broad spectrum of the dyes

High concentration of dye, no wash
Spillover & Compensations




Compensation

Antibody conjugates:
* anti-rat and anti-hamster Igk/negative control compensation beads (BD Biosciences),
* Sphero™ Biotin Polystyrene Particles (Spherotech, Lake Forest, IL, USA)

Live/Dead fixable dyes:
 ArcTM Amine Reactive Compensation Bead Kit beads (Thermo Fisher Scientific)

DNA stain:
» fixed and permeabilized cells with/without appropriately diluted DNA probe

Isotype controls were recorded for all samples. Gates were set according to isotype
controls and control untreated cells (for yH2AX and cleaved caspase-3)

Gating strategy included viability, discrimination of doublets (FSC-H vs. FSC-A) and
debris (FSC vs. SSC). In samples with DNA marker, doublets we further discriminated
using DNA marker (PO-PRO-1 A vs. PO-PRO-1 W) .

In the process of protocol optimization, FMO controls were measured and revealed
DNA dye spillover.




Example of final set-up

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



Flow Cytometric Multiparametric Assay was established

Viability
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Markers

Cell Cycle

DNA synthesis

DNA damage

Apoptosis

FSC

Count

Click-IT"AF488

yH2AX PE

CC3 AF594

cE2

MLN-4924 MG-132

B e ek w1

PO-PRO-1

a0 ]
an
il
]
m]
0
]
o] '

1oa ww sk 3 mm

i
Gi G2

36,7 10,2

b e ek w1

PO-PRO-1

o ok um me mm

e
PO-PRO-1

o sk Wk m e

FSC

CD44

Count

Click-iT°PAF647

yH2AX PE

CC3 AF594

DU 145
MLN-4924

TRAIL

e —_
Trop-2 AF488

§ome tom e ek M

PO-PRO-1

O M UMK e M

o s

TN

R R R

PO-PRO-1

o tom w1

PO-PRO-1

DomK MM M ;oK

ek s



Examination of small subpopulation (Trop-2*) in response
to experimental treatment
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"for the discovery and development of the green fluorescent
protein, GFP"

M 1
I
FLL ' Fx i
i} q
b, i
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it

Photo: 1.
Henriksson/SCANPILX Henriksson/SCANPIX

Photo: UCSD

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

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

School

Massachusetis, MA, USA

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

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



Fluorescencni proteiny

m bioluminescence resonance energy transfer (BRET)

ey

Aequorea victoria - meduza zijici ve vodach na pobfezi Severni Ameriky.

— je schopna modfe svétélkovat (bioluminescence). Ca?* interaguje s
fotoproteinem aequorinem.

— modré svétlo excituje green fluorescent protein.
Renilla reniformis — koral Zijici ve vodach na severnim pobfezi Floridy.

— luminescence vznika degradaci coelenterazinu za katalytického pusobeni
luciferazy.

— modré svétlo excituje green fluorescent protein.

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

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



" :
Aéquorin

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

Fluorescencni proteiny
m Osamu Shimomura
— 1961 objevil GFP a aequorin



Fluorescencni proteiny

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.

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

B MICE EXPRESSING GFF


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

Fluorescencni proteiny

NormalH With GFP As Tracer

_{=ene For
Protein

Protein With &GFF

Stop Lode
For Protein

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



KODAK X-SIGHT 650 and 761 Nanospheres,
KODAK In-Vivo Multispectral Imaging System

KODAK X-SIGHT 640 LSS Dyes in vivo with Hasegawa, S., Yang, M., Chishima, T., Miyagi, Y., Shimada, H., Moossa, A. R., and

X-ray Overlay Hoffman, R. M. In vivo tumor delivery of the green fluorescent protein gene to report
future occurrence of metastasis. Cancer Gene Ther, 7: 1336-1340, 2000.




Fluorescencni proteiny

m Sergey A. Lukyanov

— Obijevil ,GFP-like” proteiny u
nesvétélkujicich koralu

72 © 1999 Nature America Inc. « http://biotech.nature.com

RESEARCH

Fluorescent proteins from
nonbioluminescent Anthozoa species

Mikhail V. Matz, Arkady F. Fradkov, Yulii A. Labas', Aleksandr P. Savitsky?2, Andrey G. Zaraisky,
Mikhail L. Markelov, and Sergey A. Lukyanov*

Institute of Bioorganic Chemistry, Russian Acadmy of Science, 117871 Moscow, Russia. 'Institute of Ecology and Evolution, and *Institute of Biochemistry Russian
Academy of Science, 17071 Moscow, Russia. *Corresponding author (e-mail: luk@ibch.siobe.ras.ru).
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A206K mutation

33 mutations

Obligate tetramer of Discosoma RFP Monomeric RFP (mRFPA1)

CREATING NEW FLUORESCENT
PROBES FOR CELL BIOLOGY

Jin Zhang*, Robert E. Campbell*, Alice Y. Ting** and Roger Y. Tsien™

=

NATURE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 3 | DECEMBER 2002 |



Table 1 | Properties of the best FP variants?.?

Source laboratory

Excitation®

Emissiond

Class Protein (references) (nm) (nm) Brightness®  Photostabilityf pKa Oligomerization
Far-red mPlum9d Tsien (5) 590 649 4.1 53 <4.5  Monomer
Red mGCherryd Tsien (4) 587 610 16 96 <4.5  Monomer
tdTomato? Tsien (4) 554 581 95 98 4.7 Tandem dimer
mStrawberryd Tsien (4) 574 596 26 15 <4.5  Monomer
J-Redh Evrogen 584 610 8.8 13 5.0 Dimer
DsRed-monomer”  Clontech 556 586 3.5 16 4.5 Monomer
Orange mOrange? Tsien (4) 548 562 49 9.0 6.5 Monomer
mKO MBL Intl. (10) 548 559 317 122 5.0 Monomer
Yellow-green mGitring! Tsien (16,23) 516 529 59 49 5.7 Monomer
Venus Miyawaki (1) 515 528 53 15 6.0 Weak dimer!
YPetd Daugherty (2) 517 530 80" 49 5.6 Weak dimer!
EYFP Invitrogen (18) 514 527 51 60 6.9 Weak dimer!
Green Emeraldd Invitrogen (18) 487 509 39 0,60k 6.0  Weak dimer
EGFP Clontech' 488 507 34 174 6.0  weak dimer!
Cyan CyPet Daugherty (2) 435 477 18 59 5.0 Weak dimer!
mCFPm™ Tsien (23) 433 475 13 64 4.7 Monomer
Ceruleand Piston (3) 433 475 27 36 4.7 Weak dimer!
UV-excitable green  T-Sapphire? Griesbeck (6) 399 511 26° 25 4.9 Weak dimer!

2An expanded version of this table, including a list of other commercially available FPs, is available as Supplementary Table 1. "The mutations of all common AFPs relative to the wild-type protein are
available in Supplementary Table 3. *Major excitation peak. YMajor emission peak. ®Product of extinction coefficient and quantum yield at pH 7.4 measured or confirmed (indicated by *) in our laboratory
under ideal maturation conditions, in (mM = em)—1 (for comparison, free fluorescein at pH 7.4 has a brightness of about 69 (mM = em)—1). Time for bleaching from an initial emission rate of 1,000 phetens/s
down to 500 photons/s (1, ,,; for comparison, fluorescein at pH 8.4 has t, , of 5.2 2); data are not indicative of photostability under focused laser illumination. ¥Brightest in spectral class. "Net recemmended
{dim with poor folding at 37 °C). 'Citrine YFP with A206K mutation; spectroscopic properties equivalent to Citrine. iGan be made monomeric with A206K mutation. *Emerald has a pronounced fast bleaching
component that leads to a wvery short time to 50% bleach. Its photostability after the initial few seconds, however, is comparable to that of EGFP. "Formerly sold by Clontech, no longer commercially available.
mECFP with A206K mutation; spectroscopic properties equivalent to ECFP.

A guide to choosing fluorescent proteins

Nathan C Shaner!2, Paul A Steinbach!? & Roger Y Tsien !4

NATURE METHODS | VOL.2 NO.12 | DECEMBER 2005 |
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Licensing control by Cdtl and
geminin

o1 s 2 E
cox : .
activity
I I
cat \ o
I I
I I

I I
Licensing ‘ | |
Lack of licensing strongly
dependent on geminin:

J Cell Sci 2012 125: 2436-2445; doi: 10.1242/jcs.100883




Fucci
(fluorescent ubiquitination-based cell cycle indicator) cells

Ubiquitin E3 ligase complexes

G1 - APCCdht
mKD2-Cdt1{30/120)
mAG-GEminingl/ 110} substrate: Geminin, inhibitor of DNA replication
265 Proteosome inhibits Cdt1
Paly-ubiguitin chain

S, G2, M- SCFSkp2

substrate: DNA replication factor Cdt1 — key
licensing factor

Fucci sensors - 1st generation, coral FP

monomeric Kusabira orange 2 — hCdt1 (30/120)

Monomeric Azami-Green — hGeminin (1/110)

Fucci sensors — 2nd generation, Aequorea FP

red monomeric fluorescent protein - mCherry -
hCdt1 (30/120)

yellowish green monomeric variant of GFP —
mVenus — hGeminin (1/110)




Fucci
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Flu. intensity of mAG Hoechst 33342

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!.3.*
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mAG1-Geminin

http://cfds.brain.riken.jp/Fucci.html
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...lot of questions, but how to
answer them?

m How many times cells divided?
m What is a length of cell cycle phases”?

m Is there a difference In time between
first and second division?

m How it is all affected by my drugs?



SOLUTION (Milan TrackMate (Fiji

@) CEL_L_IM

Cellular Imaging Core Facility

)

Author

Maintainer
Source
Initial release

Development

status

Category

TrackMate_ (Fiji)

Nick Perry, Jean-Yves Tinevez, Johannes

Schindelin
Jean-Yves Tinevez
on GitHub
10/05/2012

v3.4.2, stable

Segmentation, Tracking




Branches (dvisions) analysis
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SshRNA for TTL

shRNA elements:

FIE-I[ER' TTL-1
Bglil (5583) GFP I RRE
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EPJ'!I [515?] ., ""fml : ; ;} aactacgaaaaaagagct
'n.,q_,-*’
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Pz-HPV-7 cells - shRNA for TTL

(Lentivirus infection)

TTL-1 - .

Pee——— lU-Tub

TTL-2



Targeting proteins & fluorophores
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The Fluorescent Toolbox for Assessing
Protein Location and Function

Ben N. G. Giepmans,™? Stephen R. Adams,” Mark H. Ellisman," Roger Y. Tsien®>*

SCIENCE VOL 312 14 APRIL 2006




Emission (nm): 410-490

Fluorophore: Hoechst
Targeting: direct affinity
Target: DNA
Structure: nuclei

500-530
GFP
genetic
c-tubulin
microtubules

555-565
QD565
immuno

giantin
golgi

580-620
ReAsH
genetic
B -actin

stress fibers

=660
Cys
immuno
Cytochrome c
mitochondria

REVIEW

The Fluorescent Toolbox for Assessing
Protein Location and Function

Ben N. G. Giepmans,™? Stephen R. Adams,? Mark H. Ellisman, Roger Y. Tsien®*

SCIENCE VOL 312 14 APRIL 2006



biarsenical-tetracysteine system

m Nefluorescencni, membranove
permeabilni biarsénova znacka vytvari
kovalentni fluorescencni komplex s
Jjakymkoliv intracelularnim proteinem

obsahujicim kratky tetracysteinovy
motiv (CCPGCCQC)



biarsenical-tetracysteine system

MNon-fluonescent Tetracysteine peplide fused to Fluorescent biarsenical-
barsenical dye proten of interest and tetracysteine complex
[ReASH) as expressed in live celis

the EOT complex

Tetracysteine- 380 508 593
complax excitation

maximum [nm]

Tetracysteing- 430 528 608
complex amission

maximum (nm)

Mature Reviews | Molecular Cell Biology




Shrnuti prednasky

= analyza proliferace
= fluorescencni proteiny

Na konci dneSni prednasky byste méli:

veédét jakym zpisoben je mozné analyzovat bunéény cyklus.

umét navrhnout dal$i parametr kombinovatelny s DNA analyzou.

znat piiklady bunéénych funkci které je mozné analyzovat na pritokovém cytometru.
veédét co jsou to fluorescencni proteiny a jaké jsou vyhody jejich vyuziti v bunécné
biologii.

5. co je to click-IT.

g ¢ ) =

K. Soucek Bi9393 Analyticka cytometrie




