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Not only basic research, but also used in clinical settings

Diagnosis and staging of lymphomas and leucemias
Minimal residual disease
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SciencePhotolibrary Depositphotos

Solid organ transplantation (monitoring)

Immunodeficiencies
Fetomaternal hemorrhage...
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Overview

e What is flow cytometry?
e FSC—SSC (relative size, granularity / complexity)
* Fluorescence
e Looking inside a flow cytometer
e Fluidics
* Optics
e Electronics
e Data presentation and gating
e Introduction to electrostatic cell sorting
e Applications of flow cytometry & cell sorting
 Examples of current flow cytometers
e Advantages of flow cytometry over other techniques
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Overview

e What is flow cytometry?
e FSC—SSC (relative size, granularity / complexity)
* Fluorescence

Flow Cytometry Core Facility www.imb.de ‘@’ Wa

Jesus Gil-Pulido 01-07-2019 Institute of

cytometry@imb-mainz.de Molecular Biology


http://www.imb.de/

What is flow cytometry?

Flow - Fluid Cyto - Cell Metry - Measurement

Source: pbase.com Source: smithsonianmag.com Source: clipartkid.com

Meaning that a feature from a “cell”|in suspension|will be measured (at
single cell level).

How do flow cytometers do that?
Thanks to lasers and detectors
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,,-..1IN suspension..."

No solid tissue

...only cell in suspension

Mechanical disruption -
Enzymatic dissociation ‘—n
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What is flow cytometry?

Flow - Fluid Cyto - Cell Metry - Measurement

Source: pbase.com Source: smithsonianmag.com Source: clipartkid.com

Meaning that a|feature|from a “cell” in suspension will be measured (at
single cell level).

But how does a flow cytometer do that?
Thanks to lasers and detectors
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Which features can be measured?

Ill

1. Characteristic of the ,,cell” (relative

size, complexity/granularity)

2. Fluorescence
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1. Characteristic of the ,,cell*

Human microbiota (tongue) Human chromosomes

Granularity/
Complexity

Human lymphocyte Stem cell

-15pum e ah215um

to the interaction of light with the cells.

*?&

Source: FineArtAmerica (all)
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1. Characteristic of the ,,cell*: FSC and SSC

FSC = Forward Scatter (diffraction) = Relative size of a particle (signal collected at ~10°)

Small Medium Large

The bigger the cell, the more
diffracted light will be
collected.

Source: Adapted from ThermoFisherScientific

SSC = Side Scatter (reflection/refraction) = Granularity/complexity (signal collected at ~90°)

Sicle Scatter

Forward

I The more complex a cell is, the more
light will be reflected/refracted and
collected by the detector!

Incident
Light

Sicle Scatter

Source: The University of Queenslad
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1. Characteristic of the ,,cell*: FSC and SSC

Flow Cell

FSC
Detector

Laser Beam

————

S S C D et ec to r Source: ThermoFisherScientific
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1. Characteristic of the ,,cell*: FSC and SSC

Conventional flow cytometers

Bacteria Phytoplankton  Red Blood Cell BD CBA Bead Lymphocyte MNeutraphil Monocyte
0.5 um 2 um 6 um 7.5 um B um 12 um 14 um

- o 00 @

< >
Smaller Larger

Source: BDBiosciences (modified)

Special instruments

Smaller particles (<0.5um): Extracellular vesicles (0.03pum — 1um)
Larger particles (>50um): Whole organisms or cell clusters: C. elegans,
Drosophila larvae, pancreatic islets (100pum — 1800 pm)
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1. Characteristic of the ,,cell*: FSC and SSC

Lysed human blood

1000
A

01}
L

i)
L

S5C
-

o
L

Source: Nordic Mubio

Lymphocytes

Source: SciencePhoto Library

Neutrophils

Source: FineArtAmerica

Monocytes

Source: SciencePhoto Library

Hela cells in culture
A

SsC

FsC
Source: Bioprotocols

Exososomes

FSC-A
Source: Barts and The London
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1. Characteristic of the ,,cell*: FSC and SSC

Bigger Cells or
Aggregates

More Granular
Side Scatter SSC

Forward Scatter FSC

Bigger >
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Flow cytometry properties: FSC, SSC and fluorescence

1. Characteristic of the ,,cell” (relative
size, complexity/granularity)

2. Fluorescence
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2. Fluorescence

 Molecules with the ability to fluorescence are fluorophores

/\ Excitation: absorbance

Excited state of photons

I

el

VW

Green light
{lower energyl

{ ——

q G
Excitation Emission
WU.\ Ground state

[hsluelight \/ Emission: release of
igh energyl

photons

Source: ThermoFisherScientific
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2. Fluorescence In flow cytometry

> How many fluorophores are? m

Fluorescent proteins (,,natural®) m

Green Fluorescent Protein Red Fluorescent Protein (DsRed)

Source: Microbiological Blogs Source: NightSea.com
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2. Fluorescence In flow cytometry

» How many fluorophores are?

Synthetic compounds

- Cyclic ring compounds: FITC, Texas Red, Alexa 488
- Tandem dyes: BV575, PE-Cy5, APC-Cy7
- Polymer and nanocrystal dyes: BV421, Quantum Dots

Quantum Dots

Source: Medium.com
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2. Fluorescence: antibodies conjugated to fluorophores

Fluorophore

They specifically bind your
antigen (i.e. FITC-antibody
recognizing CD3 in T cells)
- plenty of options
(multiparametric flow
cytometry)

Conjugated directly with
fluorophores or biotin
(=secondary stainings)

www.imb.de
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2. Fluorescence

» Every fluorophore has an excitation and an emission range, which are unique (important
for spectral cytometry)

> In flow cytometry, knowing excitation and emission ranges are critical (panel design)

-
= =
wn =

- |

Relative Intensity (%)
EY

ra
i
—

=]

300 400 500 600 700 800 S00

Emitted light will always have a
longer wavelength = less energy
(,,Stokes shift”)

-
[53] ~ =
= o 1=

Relative Intensity (%)

~
o

=)

300 400 500 500 700 500 a0 Source: ThermoFisherScientific Spectral Viewer

Wavelength (nm)
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Overview

e Looking inside a flow cytometer
e Fluidics
* Optics
e Electronics
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Digital flow cytometer

LSRFortessa

Flow
Cytometer
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Fluidics

» Responsible for moving your precious samples to the interrogation point (and to the waste)

Slgnal procasacr

Fluorescercs

v '- >
Side scatber : i {!
datactor i}&) -~
‘@ .
4880 fiter A
" Light scatter
48810 filer
Forward
scatter detector

Obstruction bar

™~ Interrogation point (where ,,cells”
will be interrogated by the lasers)

Source: ThermoFisherScientific (Modified)
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Fluidics: the sheath fluidic

Flow - Fluid

|

Adapted from iBiology Techniques

LAMINAR FLOW

ERENE AN EEN

fluid, which runs in a laminar way.

A 4

A 4

v

Adapted from SimScale.com

flow cytometer

Sample Injection Port (SIP)

e

T rsl

Flow cytometers are filled with a fluid, the sheath

The sample (in suspension) is introduced into the

High Throughput Sampler (HTS)
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Fluidics: the flow cell

e Cells are going to be interrogated in the flow cell. This part of a flow cytometer is also
where hydrodynamic focusing takes place.

Cuwette

._-Laser Beams

- m
LiE &N L L TR

\ T Flow cell
i}

Sample Injection Tube (SIT)

/‘/ Source: Innovation.ca

Flow Cytometry Core Facility www.imb.de /) , g
’ HR . ’.’
Jesus Gil-Pulido 01-07-2019 L/(/ Institute of

cytometry@imb-mainz.de Molecular Biology


http://www.imb.de/

Fluidics: hydrodynamic focusing

Core diameter and cells at Core diameter and cells at
time of sample injection time of measurement

© —3— ©

Hydrodynamic focusing
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Fluidics: hydrodynamic focusing

Gulf of Alaska

Rio Negro Vs Rio Solimoes

g

S,

Source: Hipertextual.com Source: Nuestroclima.com

* If two fluids differ enough in density and/or velocity, they behave as two
independent fluids, without mixing > They form a two layer stable flow
(laminar)
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Fluidics: hydrodynamic focusing

Flow cell (o

(psample) > (psheath)

(different velocities)

Hydrodynamic focusing

I ‘ Laminar flow @

Sheath fluid Sheath fluid (pyhearn)
Sample stream (P, )

Source: BD Biosciences (modified)
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Fluidics: the importance of the flow rate

Low: = 12 ul/ min Medium: = 35 ul/ min High: = 60 pl/ min

" Lo ‘Med @

Source: BD Biosciences (modified)
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Fluidics: the importance of the flow rate

Low: = 12 ul/ min High: = 60 pl/ min
LOW HIGH
Decreased coincident Increased coincident
events events
; Better signal Lower signal resolution
’ resolution B

Med Hi Lo Med @

Source: BD Biosciences (modified)

Flow Cytometry Core Facility www.imb.de (@ > e

Jesus Gil-Pulido 01-07-2019 Institute of

cytometry@imb-mainz.de Molecular Biology



http://www.imb.de/

Fluidics: the importance of the flow rate. Example

e LOW (Decreased coincident events, Better signal resolution)

GO_Gl

G,-M v' Quantifiable

Counts

* HIGH (Increased coincident events, Lower signal resolution)
GO-Gl

G,-M X Quantifiable

Counts

Source: BD Biosciences (modified)
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Fluidics: summary

1. It allows your sample to travel from the injection point to the interrogation point to
the waste.

2. Hydrodynamic focusing makes your cells to pass in a single line through the
interrogation point.

3. Flow rate impacts hydrodynamic focusing and therefore also your results. Higher flow
rates > higher coincident events, less signal resolution; lower flow rates > lower
coincident events, better signal resolution.
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Digital flow cytometer

LSRFortessa

Flow
Cytometer
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What is flow cytometry?

How do flow cytometers do that?
Thanks to lasers and detectors
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Optics: lasers, filters and detectors

Sidae scatber
datactor

@.

48610 filter

Lasers

Slgnal procasacr

Flunrescence oef
C,
A o oy

ZAS

A

" Light scatter

-~ Forward
& scatter detector

Source: ThermoFisherScientific (Modified)
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Optics: lasers

LASERS are the core of your flow cytometer!
The number of laser a flow cytometer is equipped with will vary among different machines.
The more lasers, the more parameters to analyse!

HOW can they / ””' | ‘:_:"""--_._F]OW'CE”

be so close? = ‘ (=

Sample Injection Tube (5IT)

//’

Regardless of the number of laser your machine is equipped with,
laser needs to be directed to the flow cell...

Institute of

01-07-2019
Molecular Biology
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Optics: lasers

BD LSRII

A “::-"
Steering Optics *

BD LSR 11

Source: Washington University
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Optics: lasers

Collecting light from specific laser (i.e.: blue laser)

X Octagon
Fiber Optic W .’f;';:“"‘. (8 detectors) PMTs
Cable i A b ool
=
E Lenses k -

Other detectors v

Forward Scattered '

\ Light FSC
Photodiode

5
-

Side Scattered and
Fluorescent Light

Note: emitted light from different lasers will be collected in different fiber optic cables
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2. Fluorescence

APC (allgghgocyanin)

100 B li

A conventional flow
g” cytometer is not going
; . to measure the whole
£ emission spectrum >
<25 we need filters!

300 400 500 600 700 800 S00

Fluaresegin L£1TC)
100 1

50}

25

~
o

Relative Intensity (%)
—

300 400 50 500 700 500 a0 Source: ThermoFisherScientific Spectral Viewer
Wavelength (nm)
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Optics: filters

=  With wavelength discrimination: dichroic mirrors

Longpass Shortpass Bandpass
460 500 540 460 500 540 460 500 540

+25nm
L

Source: BD Biosciences
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Optics: detectors

» Detectors are devices that sense the light, then convert it to an electronic signal

Flow Cytometry Core Facility www.imb.de ‘@’ Wﬂ

Jesus Gil-Pulido 01-07-2019 Institute of

cytometry@imb-mainz.de Molecular Biology


http://www.imb.de/

Optics: detectors. The PMT

Incoming Photomultiplier Tube

Photon \ Window

Photo-
cath 4 ém FIES H . ﬂl Anode ml

Focusing
Electrode

Voltage Dropping

R

* Amplification: up to 108 (voltage dependent)

\
'Dmlf;&ut
r

Source: Florida University

Figure 1
Power Supply

e Supply voltage: up to 1000 V >> You can change using Flow’s Software
e PMT provides current output proportional to light intensity
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Optics: detectors. The PMT. Voltages

PMT voltage too hight: positive signal off scale

—— — -
5 5 '.'.' Fluorophore PE
o o
L& L&
S Negative It Positive
50 100 15 ) | () '("I'lii 3 0 F M 100 1;_':.i 1 .r”l I {_.u.i ) 200
PE fluorescence PE fluorescence
Reduced PMT voltage: positive signal fully resolved
g = @ F PE
c - . :'i-"'-‘i"'-rr-'--‘
- - g
0 o ‘1;\
[ & L&
T , T -
(&) Negative O Positive
50 100 1560 200 250 30 50 100 15( 201 251 300
PE fluorescence PE fluorescence
Source: Thermo Fisher Scientific
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Optics: detectors. The PMT. Trigons and octagons

l AW trigons blue-laser

signal

Interchangeable
filters and
dichroic mirrors

violet-laser red-laser octagon
signal signal
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Optics: detectors. The Trigon

730£22)25nm

Fluorescence emission

Source: BD Biosciences (modified)
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Optics: detectors. The Octagon

Fluorescence emission

Source: BD Biosciences (modified)

Flow Cytometry Core Facility www.imb.de ‘@’ Wﬂ

Jesus Gil-Pulido 01-07-2019 Institute of

cytometry@imb-mainz.de Molecular Biology



http://www.imb.de/

Optics: spectral flow cytometry, a new era in flow

APC

Intensity

L L} T T T T T T T L L] L T T T T
O R I g A R A
) - Chuamneel n R
1 | 1
Violet Detectors Blue Detectors Red Detectors

500nm — 900nm
Alexa Fluor 647

Intensity

T L] T T T T
PP PP PP PEPPR P PP PP OER P
Chaninel

Blue Detectors
500nm — 900nm

Source: ThermoFisher Scientific
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Optics: summary

1. Lasers with specific emission wavelengths excite different fluorophores.

2. Emitted light (fluorescence and scatter) is organized into wavelength ranges using
filters.

3. The specific wavelength ranges are sent into the detectors (PMTs).

4. Spectral flow cytometers do not only detect a small portion of the emission range of a
fluorophore, but it records the whole ,,emission fingerprint® allowing the detection of
fluorophores that conventional flow cytometry cannot resolve.
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Digital flow cytometer

LSRFortessa

Flow
Cytometer
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Electronics: voltage pulse by single cells

* From photoelectric current to dots on a plot (via Analog to Digital Converter)

HD PBMC NPC PBMC NPC TIL

0.1 00 | 7167 53 | 1113 25

IEE 03 | 1 05 00 | | 45 07

IL-17
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Electronics: voltage pulse by single cells

* From photoelectric current to dots on a plot (via Analog to Digital Converter)

O

K

3 Laser Pulse

O
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Electronics: voltage pulse by single cells

* From photoelectric current to dots on a plot (via Analog to Digital Converter)

>

> Pulse Area (A)

Pulse Height (H)

<

< » Pulse Width (W)
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Electronics: voltage pulse by aggregates

e Aggregates negatively impact your precious data: identify them!

Single cell Doublets/Aggregates/Cell clusters

aser ) Laser Q)

A
)
()] Q i
Qo ao Yy
s . s v
O o I
= = 2X Area QEJ
(1°]
(Vo]
Time Time
< >
2X Width
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Electronics — Doublet discrimination

* Remove your doublets before start analyzing/sorting any parameter

Doublets/ Aggregates/cell clusters

fe 1,000

SEC-WY | -
SII:I 100 1?0 EIiII:I ETI:I

o
\

H LI I O I O A
Slnglece”S 0 100 150 200 240

* Doublet exclusion possibilities: FSC or SSC.
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Electronics — How do aggregates impact your results?

/\ My sample has the

D.a two proteins, great!

vour protein A

=
o—
o

Blue ] Q) '
Fluorescence ] T P

{x 1.000)

EI.'III:I

LI

SEC-

W
-9
ipa

sociated witliyour protein B

TT [T T T T [T T T T[T TT T[T TTT][1
a0 100 150 200 250

[=1=Tu'} e 1,0007

 Blue and red signal are

1 coming from two
different cells, not from
only one!

Red Fluorescence
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Electronics — Summary

1. The current is converted into a pulse, characterized by an area, width and height.

2. Characteristics of the pulse can be used for removing doublets, which can impact.
your results

3. Each pulse is converted and represented as a dot in a plot.
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Overview

e Data presentation and gating
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Data presentation

e Each pulse will be processed and presented as a graphic in the software.

* You can choose between different data presentation styles according to
your experiment (or you PI, reviewer...etc.).
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Data presentation

Plot types

e Histograms
5 Juni-17-0619 85

e Dot plots
e Contour plots Ppsitive
e Density plots . pppulation
S
opulation
Data display
s e B jE

. BL4ABENmM B10520-A
* Linear scale

e Logarithmic scale
e Biexponential scale
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Data presentation

Plot types

* Histograms

e Dot plots

e Contour plots
e Density plots

Data display

e Linear scale
e Logarithmic scale
e Biexponential scale

Negative population

201 6-0830CHO-EGFP-mCherr-CHO-EGFP-rep-ind_2-zingle cellz

mChern Y EE6ET nm 6100204
3
Wi

GFP+mCheery

mCherry

Double Positive population

populatjon

- GFP

negakiv

ositive population

10 1n* 10®
GFP BL48Snm 530530-A
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Data presentation

Plot types

b Histograms __ Specimen_001-FITC+PE-P1

e Dot p|0ts - Double

. . . < -'ﬁw "o Positive

> Contour plots S “4@)F| - population

e Density plots B e
u% ’ populaﬁqn 0z
3 -
EDNG_
L I e .

. "3 Negative Q3 (4 Single positive

Data dISp|ay 1 3 population population

}9'1?[' IIIIIIIIIHIIIIIII;::I'Q I LI IIII1II:I| | IIIIIII:I"

. PE BL488nm B10/20-A
* Linear scale

e Logarithmic scale
e Biexponential scale
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Data presentation

Plot types

 Histograms
Dot plots

e Contour plots
e Density plots

Data display

e Linear scale
e Logarithmic scale
e Biexponential scale

FITm Pl A O e e PASMAT A

Specimen_001-FITC+PE-P1

L : Double

ﬁﬂ b Positive

= :

& =3 single population

£ 1 positive

& o Ppopulagen Q2

~t -

—

e

2 73

T 3 - =
3 Negative 3 4Single positive
3 populatid# Q population

3: M IIIIIIIIII”“"IIIII T 1T Illlll I TT Illlll
P 4 010 10 10°

PE BL483nm 610/20-A
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Data presentation: gating

e At the end of your experiment, you will generate a FCS (Flow Cytromery Standard) file.
* FCSfiles can be analyzed by different softwares (FlowJo, DIVASoftware...etc.)

e Gating is the process of narrowing your population of interest.
e The selected gating strategy impacts your results

What is important to know when gating your cells of interest?

DOUBLET DISCRIMINATION DEAD CELLS EXCLUSION
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Data presentation: gating

Example: you want to see how many of your cells are RFP*

260K 7 Cellsofinterests . ) 280k 5 of
1 : 1 10° E
G9.3 "
. M0k < <
200k o 1 T 3 1t
2| living cells o
] E ol 938 k) FPE35-Actin
< 150K = g 150Kk = Single Cells £ o? £ 10 041
5] 1 [3] 95.2 c =
@ 5} 5 ]
o o =4 -
J = a
100K = 100K = T T
4 o [N
< <
a a
4 1 1
50K = 50K 10' = ' 4
o
10
o BRI meam e | e T o e e e LA e e I 1o L | L | L | i | Ty
0 50K 10K 180K 200K 250K 0 50K 100K 180K 200K 260K o 50K 100K 180K 200K 260K o 102 00 ot 1°
FSC-A S8C-A FaC-A FPE35-Actin Y3561nm 610-20-4
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Overview

e Introduction to electrostatic cell sorting
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Cell sorting — a briew overview

e There are different ways to sort (separate) cells (magnetic, mechanical,
microfluidic, electrostatic).

 We will focus on electrostatic sorting (most extended)

In any case, cell sorting allows you to enrich a population of interest.
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Electrostatic cell sorting — the principle

e A vibrating mechanisms (,transducer®)
causes a liquid stream to break into
single droplets.

Flow cell with

_ , interrogation point (Iaser)
 One drop contains one cell (in theory).

"'?I-_“-' nozzle | ;
e Cells are interrogated before the " ;
droplet breaks off. Deflection plates g

e At the stream break-off point, the
droplet is charged, if it contains cell of

interest. Waste drawer (movable) |

e Charged droplets are deflected in an
electric field and collected in the
respective sorting device Sorting device
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Possible collection devices for cell sorting

e Tubes

IE
8
L

i<
I n‘}

il

Source: Eppendorf

I e

Source: Amazon

Source: StemCell Technologies

* Microtiter plates (it allows you single cell sorting)

96-well plates 384-well plates

|

27
Source: Cole Parmer Source: Axon Lab

* Microscopy slides

Source: Parco Scientific

* |bidi chamber
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Overview

e Applications of flow cytometry & cell sorting
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Applications: phenotyping (Multiparametric FC)

 If you know surface or intracellular antigens
(;:\ being expressed in a specific cell population, you
can use multiparametric FC for the identification

of populations (very popular application)

* For example, peripheral blood can be analyzed
for the detection of B «cells, T cells,
monocytes...and even its activation status. Up to
50 parameters at the same time.

* Immunophenotyping, for example, is a really important tool nowadays to monitor
patient responses after immunotherapy drug administration.

e |In theory, your imagination is the limit!*
*and, of course, the availability of reagents...
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Applications: phenotyping

Characterization of dendritic cells (a complex subset to look at...) in different mice organs

A Spleen

CD11c
XCR1

T
o107 1w 0

CD172a

CD2g CD172a

10.1016/j.immuni.2016.08.015
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Applications: transfection/transduction/transformation efficiency

Gene of interest Reporter (FP, antibiotic...)

GFP transfection

e You could look under the . 98
microscope, but gquantification .
might be tedious >> Flow | untreated
cytometry is really fast and .'
gives you a fast % of + cells.

82.68

e« AND if you only want +

cells...=> cell sorting! | Treated

| (GFP+)

Cell count
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Applications: phopho-protein profiling

- Typically: phospho-protein detection is done by Western Blot
- Currently there are several antibodies recognizing non-phosphorilated and phosphorilated version.

Sample

1 2 3
I LU G @ion
TS I X
G® Doy
1

Average . .
Value 50 Units 50 Units
B
Western 1 2 3
T Flow
Cytometry
&
Eﬂ
=
=
E 1 10 100 10 100 1 10 100

Fluorescenca Intensity

Western Blot

- No opportunity to view variability

- Requires sorting of subsets to gain access to
intracellular antigens

- Requires larger numbers of cells 108

Flow Cytometry
- Differentiation possible
- Subset Typing via surface markers possible

‘ﬂ”q ‘ﬂ Gy - Possibility to observe heterogeneity in the
i
1

population
- Requires fewer cells 103-104

htto://www.bdbiosciences.comvresearch/phosflow/
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Applications: phopho-protein profiling

- You can even easily analyze the status of phosphorilation over time

= Kinetics of MAPK p38 on CD4+ T cells out of a mixture of cells

unstimulated 10 min. PMA 15 min. PMA 20 min. PMA
urstimullier 002 10 min. 005 15 min.0o8 20min.011
g 21 2 2
E
UR = 0.98% ] UR =78.72% UR = 59.38% UR=23.21%
= o= - Pt
3 8 3 3 =
I 3T 3 -
LR iy 3oq IS
@ o @ @
2 - o 2 a
= O = = =1
ASE E "
e LT rrT—r-rttm Ty e °'—|-|-|-|Iq—|-rrrllq—|-|-r-rq—l-'lﬁ"q
o o o
100 101 102 109 10% 100 10" 107 100 ot 100 10! 102 107 10 100 101 102 100 ot
CD3 PE CO3PFE CD3 PE CD3PE
Flle: unstimullert .002 Flla: 10 min.0os Flle: 15 min.008 Flia: 20 min.o11
Tubea: 2041 p38 Tube: 20y plg Tube: Z0pl p38 Tube: 201 p3g
Gate: CD4 pos T-Lymphozyten Gate: CD4 pos T-Lymphozyten Gate: CD4 pos T-Lymphozyten Gate: CD4 pos T-Lymphozyten
Quad % Gated Y Gao Mean Quad % Gated ¥ Geo Maan Cuad % Gated Y Geo Mean Quad % Gated Y Geo Mean
UL 0.00 s UL 0.00 e UL 0.00 o UL 0.00 -
UR 0.98 2012 UR TB.T2 46.45 UR 50.38 39.25 ur 23.21 3383
LL 0.00 - LL 0.00 R LL 0.00 e LL 0.00 o
LR 99.02 2.54 LR 21.28 12.00 LR 40.62 10.10 LR T6.79 6.66

BD Biosciences PhosFlow Tutorial
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Applications: calcium flux

* Why any interest in study Ca2+ flux?

e Ca2+isrelated with cell activation. You may want to check Ca2+ levels after several
treatments, to see whether Ca2+ is affected and thus, also activation status of a cell
(by multiparametric flow cytometry together with surface markers)

e Remember: Ca2+ is one of most important second-messengers in a cell.

Ex =340 nm A

p—ryer AITC (uM)

—o0017yM 40,000
—0.038 M \b'
—0.065 M

—0.100pM 30,000 H
— 0160 M
—0.225 M
—0.351 M
—0.602M
—1.360 M
—3apM

20,000 +

Fluorescence Emission

Buffer

10,000 \v

04

Ca’* signal (RFL)

300 350 400 450 500 550 600 650 0 100 200 300 400
Wavelsngth (nm) B lime (s)

AAT Bioquest https://doi.org/10.1016/B978-0-12-381296-4.00017-8

How do you measure Ca2+ flux? With dyes whose emission spectra changes after binding
Ca2+:

* Indo-1:475nm to 400nm after Ca2+ binding (excitation: UV) > We measure the ratio
* Fluo-4: 100x more emission at 506nm after Ca2+ binding (excitation: blue laser

Flow Cytometry Core Facility www.imb.de /) , g
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Applications: calcium flux with Indo-1

If Ca2+bound > Ca2+free then
higher Ratio = Ca2+flux inside
Indo-Ca2+free (475nm) the cell

Indo-Ca2+bound (400nm)

e Stimulation of Jurkat T cells, monitoring of cell activation over time

4000 -
o
=
g 3o
=
e &
- g
] 1
© 3000
2a
=3
3
2000
[]
i
u L T T I T T L I L T L I
0 100 200 300
Time Source: Link
Flow Cytometry Core Facility www.imb.de (/(0) W"&
Jesus Gil-Pulido 01-07-2019 Institute of

cytometry@imb-mainz.de Molecular Biology


http://www.imb.de/
http://www.icms.qmul.ac.uk/flowcytometry/uses/functionalanalysis/diagrams/Indo1RatioLegend.jpg

Applications: Apoptosis

Apoptosis = programmed cell death. During the process several molecules can be analyzed

by flow cytometry to follow and characterize apoptosis.

Example 1: phosphatidylserine translocation

Apoptotic or

Live Cell Transitory Cell
T o U o R o o s
oy & H® Bem B B o
......... ° o 8 2
o LA Apoptotic or OOCDUROOO0

Homeostatic Evant -
AOCOCOCCDN 7 TN 0000000

Plasma
memibrzng
Musclous
”ﬁ;
C" Phosphatidyisering l'_'ﬂ pSIVA-LANEBD [Aucrescance off)
Sl IH’_{:—
W propidium lodige U pSIVA-IANBD

Source: Novus Biological
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Applications: apoptosis (PS by Annexin V)

AnnexinV-PE
Cat
conjugate cart Catt
Ca+
Apoptosis
.
Externalization of
membrana .M
Cytoplasm Cytoplasm
) B Treated with
A Untreated n 5 Human Fas
& = o mAb (12 hr) g
4 o 3 B £ :
E @] ;v 5 e =
3 = = 3 =1
e ]
= 8 w” w' 1we® w® e
8 & "W 1w 10' w? w0 Annexin V-PE
- Annexin V-PE 2
g £ 8]
o« | M2 =
0 1 2 3 4
@ 10 10 10 10 10
Annexin V-PE Annexin V-PE

Source: Applications in flow cytomety: Tim Schenkel BD Biosciences Training Center Heidelberg
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Applications: Apoptosis

Apoptosis = programmed cell death. During the process several molec
by flow cytometry to follow and characterize it

Example 2: phosphatidylserine translocation

ules can be analyzed

ﬁpﬂ'piﬂtiﬂ or
Live Cell Transitory Cell Late-apoptotic Cell
© g {;‘.‘- f’s:gﬂ .f;:: ® f?f:; ‘-*?_*_: & © 5 o B @ T W é{_«
o e i T P Apn‘ptntlc - - _E} v ﬂ"{} ’ ﬂ & c:ll-. D‘.-'. ' ﬂ_'_.
Homeostatic Event ,
OODO00CO AN cotDinone »
B 4
— ‘g
a1l -
R =
Mucheiss . ﬁ. ' oo
-~ ':-:...:: Sy
% S
C" Phosphatidyisering l'_'ﬂ pSIVA-LANEBD [Aucrescance off)
Sl IH’_{:—
‘B Propidium lodide pSIVA-IANBD

www.imb.de
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Applications: Apoptosis

* You need dyes binding DNA: PI, Sytox, DAPI, 7-AAD...

1

Dead cells

8

L0 B ua i

3

1

Livefdead RayBright Red 780-A

L0 Lini

. Live cells Vil cells
| ||l'|||] I | |||||i |. .'Il-lll;ll_ll 1 | L) l||||| |

10° 10 , 10* 10°
Arnexin ¥V RayBright V 450-4

Source: RayBiotech
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Applications: apoptosis

Translocation of phophatidylserine from the inner to the outer .
Annexin V
leaflet of the plasma membrane
Changes of mitochondria membrane potential BD MitoScreen test
Activation of caspases e.g. activation of caspase-3
DNA fragmentation APO BrdU Kit (TUNEL)

Source: Applications in flow cytomety: Tim Schenkel BD Biosciences Training Center Heidelberg
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Applications: cell proliferation

The principle:

e

In each generation, the
amount of dye is 7
(theoretically)

Most common dyes: CFSE, CellTrace Violet...

CFSE intensity day 2

= J\N\

day 4

Division number
0 1 2 3

10’ 10° 10
CFSE intensity

10

Source: Luzyanina et al. Theoretical Biology and Medical Modelling 2007 4:26
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Applications: cell cycle 1D and 2D

Cell cycle 1D = one parameter
using DNA-binding dyes (as in
apoptosis): Pl, 7-AAD,

DAPI...etc.
Singlets
" [Singlets]
Gate %Gated X-CV
G2/m 15,00 2,02
1504 GO/G1 4543 2,36
‘g GO/G1
2 100
(9]
50_
0_
0 1 2

{x 109
Propidium lodide (PE-A)

Source: Beckman Coulter

BrdU DyLight 649

Cell cycle 2D = 1D + another parameter
(normally an antibody), to fully reveal S-

phase
1:'- |Els
m"'j E
i 5 Phase
'"'“3! 10 = e bl e
3 g E . .
1 i : e i
:n}q‘ % .‘_-"\-'n".'.f, B e
3 3 F 3 e e §
: 10" % N -
? 1 4 - '
1] 1 7 G1 - 1
'-1- .l:
¢ 3 i~
-.'I'P Lo . L au. aun ¢ I‘-l L i"i't TETW .'1‘ T T T T
Ew, 00 150K 00, 50w 00 150K 0K
Hoechst 33342 Propidium lodide

Source: BioRad
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Applications of cell sorting

e Enrichment of transfected cells (i.e. GFP+ only, mCherry+ only, double positive...etc.) or
any cell of interest (you can sort up to 6 populations at the same time, at the IMB only

4)

* Single-cell sorting for single cell clone expansion (available only for some cells, as others

might not like to be alone!)

e Single-cell sorting for single-
cell sequencing (collaboration
with Genomics)

CD3 counts
H .

0 5.57
B cells CD3CD7' cells

Source: Cytosplore
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Overview

 Examples of current flow cytometers
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Examples of conventional flow cytometers

BD Flow cytometers

i i P03t

i fl
-
e

FACSFortessa (18p.) BDFACSSymphony (50p.)

Beckman coulter cytometer Miltenyi Biotech cytometer

G0t
) %

MACSQuant (10p.)

Gallios (12p.)

ThermoFisher Cytometer

e |Apeld
L —'-I
e—)
." — - > -

Attune NxT (16p.)

www.imb.de
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Examples of spectral flow cytometers

Cytek Sony

SONY

L_ : —

2 cvTEK
T HL-30on

Aurora (?) SP6800
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Imaging Flow Cytometry: ImageStream

e Combination of flow cytometry +
imaging

* For each cell, one picture

FITC NFKB PE CD1g PE/TeR (D45  AFG47 CDu6

B i:il_ll'_fll'_ll-;]

MERCK

Institute of

01-07-2019
Molecular Biology
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Imaging Flow Cytometry: ImageStream

Advantage

- Information about signal distribution within the cell (spatial distribution) and about
cell morphology of a high number of cells

Disadvantages

- Low data acquisition rate (5000 evt/sec)
- Only up to 10 colours

- Huge data amount per measurement

- Image quality
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Overview

e Advantages of flow cytometry over other techniques
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Advantages of flow cytometry

* Quick sample processing (up to 10,000 events/s). Generation of high amounts of data.
* Possibility of automatization (e.g. using 96/384-well plates)

e Easy”. Sample preparation can be easily done.

* Analysis of multiple cell types in one simple tube.

* Detection of rare population, e.g.: circulating tumour cells.

e Possibility of cell sorting > cell purification for downstream analysis (PCR, gPCR,
culture, single cell sequencing...etc.)
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BONUS I: Do not forget!

No solid tissue ...only cell in suspension

Mechanical disruption i
Enzymatic dissociation

o825

X It cannot locate a component within the cell
X It cannot see how the fluorescent compound is distributed in the cell

X No detailed intracellular morphology
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BONUS Il: Is Flow Cytometry and FACS the same?

FACS

Flow cytometry

Fluorescent Activated Cell Sorting
(BD Trademark)

If you are only analyzing samples > Flow Cytometry

If you are going to sort your cells of interest > Cell Sorting

Everything will be clearer!
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TAKE HOME ,,PHRASES*

Cells/Cells-like-particles in suspension

FSC — Relative Size
SSC — Cell complexity

Fluorescence

Hydrodynamic focusing

Lasers - Detectors

Many applications available! Enjoy!
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Contact us: cytometry@imb-mainz.de

Dr. Stefanie Mockel Dr. Jesus Gil-Pulido

Who are we?

Where can you
find us?
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THANKS FOR YOUR ATTENTION!

Do not hesitate to contact us under:

. e & ( CYtOM tr¥@ mb mamz de
F-_.-{' -E'-".‘in Ih“;‘ i L AL 1"' .F ‘F-U Nt
ilﬂfqi‘-\u 1|,,,. F i ple L S 254

LR T ]
2 |||Illll i
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