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Wit acoustic-assisted Wydrodynamic
focusing, Fhe Attune NxT Flow
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Basics of Flow Cytometry

- TROKEY SCIENCE

21" ANNIVERSARY

www.TAQKEY.com




What is Flow Cytometry?

001 2 3 4 5 6 7 8 9 10 11 1
ZOV.%%1%V1=/.2V.VZJ/.3*/.V==/.4'/.V1=A

Cell Measurement

3§ |
Measurement of cell properties

Ti‘lﬂKE'l' SCIENCE 21tANNIVERSARY

v

Performed using single cell
suspensions in fluidics

Cells can be measured based on size,
shape, granularity, and light scattering
properties

Fluorochromes are used to label the
cell’s physical properties to help
provide measurements

www.TAQKEY.com




Flow Cytometer — a different kind of “microscope” to observe cells

Microscope Flow Cytometer

Lysed human whole blood -~

Advantage
Quantitative
Rare population
Multiple phenotype

- - L

N » - Granulocytes

= 05 @ J

=%
| I

S5C-A (1096)

o

“ : = iy N 5 _: .
9 » @ d — . Disadvantage
@i 5 . Lost structure information
. o . o s a5 a :
o (1076) of tissue/cell
Lymphocytes
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Flow Cytometer Components

wueEl@ctronics: GCERE

Host computer

Size

Uorescence
AGQuasiion
software
i 0

48810 ee ‘,.;v o , ( l— - lt&J. Complexity
~ ! 1E8/10 filor o N
] ¥/ iy i .y
A . g s oz -
<7 | Fluidics: miz4ihe Phenotype
o

\__// 486 rem Laser

Fluorescence
N
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Fluidics: #3i7X ZH

The fluidics system of a flow
cytometer is responsible for
transporting sample from the
sample tube to the flow cell.

|— Sheath fluid

Hydrodynamic
PRATET "

"} Cells move randomly

Cellsina
single file line

Interrogation point
»q. //- .\ .'

invitrogen

Tlamws 3t Sperers
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https://www.thermofisher.com/tw/en/home/life-science/cell-analysis/cell-analysis-learning-center/molecular-probes-school-of-fluorescence/flow-cytometry-basics/flow-cytometry-fundamentals/fluidics-flow-cytometer.html

Optics: EEVER

The components of the optical
system include excitation light
sources, lenses, and filters used to
collect and move light around the
instrument and the detection
system that generates the
photocurrent.

~
\
.Y?\
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SSC
(Complexity)

488 nm Laser

633 nm Laser
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FSC
(Size)
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Electronics: 5C 5% & a1l

The electronics are the brains of the
flow cytometer. Here, the
photocurrent from the detector is PMT
digitized and processed to be saved
for subsequent analysis.

Incoming
photon

BEEN

nvitrogen
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Signal Pulse

Q
o
8
S .
> Height (H)

: : 55

) E <) I=:: | é Tty l‘.—..nnn
e e i s Full pulse width (W)
Time
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Data of Flow Cytometry

File format: FCS3.0, FCS3.1

| cell | Fsc_| ssc | FTC | Pe | APC | . 1 marker 2 markers

1 913 278 620 789 834 731 7
2 93.0 449 738 477 192 290 ﬁ CD4+ Cells ! CD4+T Cells
1 ] .
3 395 757 233 683 492  53.7 : 1 j‘%
4 76.5 39 123 761 725 700 @ *7 Y e
5 98.8 928 632 523 242 114 : 8 '
40 -
6 486 465 937 529 748  87.0 , O
7 87.7  29.2 4.1 69 487 57.7 = 4
8 544 265 681 721 127  80.1 3 ! |
7 - 1 4 . I AR b ey
9 91.5 808 638 71.6 150 89.9 @ '
19.8 639 69.4 467 439 257 CD4 FITC CD4 FITC
Flow Cytometry Standard (FCS) Histogram Dot plot

X ? https://isac-net.org/page/Data-Standards

www.TAQKEY.com
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The Visible Light Spectrum

LAYIAATAYAYAVAVAVAVAYAVA
.

400 500 600 700
Wavelength of light (nm)
Short wavelength Longer wavelength
Higher frequency Lower frequency
Higher energy Lower energy
E: energy
he h: Planck constant
E = hy = — v: frequency
py c: speed of light

A: wavelength

Molecular Probes School of Fluorescence

invitrogen

www.TAQKEY.com
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Fluorescence

Definition of Fluorescence Jablonski Diagram Summary

iy

‘\f\ Loss of Energy
Absorption 2
ff - Fluorescence \

Excitation
@

Emission

Excitation

Absorbed light Emitted light

Emission

21" ANNIVERSARY
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https://www.thermofisher.com/tw/en/home/life-science/cell-analysis/cell-analysis-learning-center/molecular-probes-school-of-fluorescence/fluorescence-basics/fluorescence-fundamentals/process-fluorescence.html

Channels for Fluorochrome

Fluorochrome: PE
Channel: Ex 488, Em 574/26

- 695/40
. Excitation spectrum

Emission spectrum

Detected fluorescence

780/60

Fluorochrome: APC
Channel: Ex 637, Em 670/14

. Excitation spectrum
Emission spectrum

Detected fluorescence

TFlDKE‘n' SCIENCE 21 ANNIVERSARY

670/14

720/30 780/60
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Fluorescent Reagents

What type of applications are you using in flow cytometry?

Cell proliferation

II‘—

mdl Population doublings

CellTrace Reagents

= DNA replication

Click-iT Plus EdU,
Click-iT EdU, BrdU

TRAOKEY SCIENCE

21t ANNIVERSARY

https://www.thermofisher.com/tw/en/home/lite-science/cell-analysis/flow-cytometry/flow-cytometry-assays-reagents.html

mmll Cell cycle
>

Vybrant DyeCycle stains

= Fixed cell

FxCycle stains,
CellEvent Senescence,
Propidium lodide,
7-Aminoactinomycin D,
(7-AAD) SYTOX dyes

I
Apoptosis

Annexin conjugates,
CellEvent Caspase-
3/7 Green

Viability

= Fixable

LIVE/DEAD stains,
eFluor fixable
viability dyes

Not fixed

SYTOX stains,
7-AAD stain,
DRAQY dye,
Propidium lodide

—>

>

>

Metabolism

Mitochondrial probes

II‘—

MitoProbe TMRM,
JC-1,
MitoProbe DIiOC,(3),

MitoProbe DilC,(5),
MitoProbe Transition Pore

Oxidative stress

Total ROS Assay,
CellROX stains,
Hypoxia Green reagent

Calcium indicators

eBioscience Calcium
Sensor Dye eFluor 514,
Indo-1 AM

www.TAQKEY.com
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Fluorescent Antibody

Antibody: Specificity & —14 Fluorescence: Identity B84 E

TROKEY SCIENCE) 21 AnnivERSARY
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Cell Characteristics by Flow Cytometry

pRAIN R

< Surface staining

(e.g. CD markers)
4 [

MMAEE
nuclear A

Granularity (SSC)

cytosol : ..
y Cytosolic staining

(e.g. cytokines)

ZNZRE

4 Nuclear staining

(e.g. transcription factors)

™

A A 2 Y
(e.g. GFP, PE, AP

7 <

L 4

Size (FSC)

=il

Immunophenotyping

= |ntracellular staining

—

(e.g. viability, proliferation, cell cycle, apoptosis, metabolism)

A BE 1 e w5l )

Cell function assays

21t ANNIVERSARY
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Applications of Flow Cytometry

AR DNAG X IR IR = AR AT

Cell cycle DNA synthesis . Proliferation Apoptosis
:' 00, -
2000 : o103
£ N .. 8 i

3 1500 g | = @
2 R : 5 . ]
§ 10004 ?& . X ;:-; 504 %
5 2 & g 8
é 500 é § @ d‘: 254 g
=3 B b=
z g i ]
g S

4 i | d - o 1

0 50 100 150 200 250 S 10° 10 108 10° 10°

T . T T
10° o 10° 10 10

Vybrant® DyeCycle’™ Violet fluorescence L e e P RS S s
Y e ’ CellTrace CFSE fluorescence Alexa Fluor 488 fluorescence

FxCycle™ Violet fluorescence

il R EE 1B e SRt

Viability Oxidative Stress Senescence Immunophenotyping
g Dead ++
~ B 7 10° 12.0% 2.91%
S 33
w 2 104 4 x
° B2 E =]
> oo ) [&]
o D S g w
§' T © <
o § £ & 8
o 2

; = » 10 E 14 Days
s 0 9 Live ROS+ 68 of
g : 0% S N o2 treatment

| 0 10 10° 10¢ 10°
S —— e CellROX® Orange CellEvent Senescence Green

N Forward Scatter Reagent Fluorescence CD8 PacBlue

www.TAQKEY.com
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Flow CytometryZE an =4 =8 E2 132 filg AR 75

AT Flow Cytometry
= “mpEiERA imRRig R nEAER gﬂ ;@ /E‘i\' %:I E % %%

Cell cycle ] Proliferation Antibody Titration
IG JIIL

g

g

Number of cells counted
g 8
Percent of max

(] ) 100 150 200 250
Vybrant® DyeCycle™ Violet fluorescence

o L G b B 42 B S AR BT  ~

CellTrace CFSE fluorescence
nRaaRsT | o b

Panel Desiga. ' Apoptosis

53030 A.f;ﬂ?mo T oo
f

CD4 ECD

Propidium iodide fluorescence

10° 10° 10* CD8 PacBlue

lexa Fluor 488 fluorescence
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Attune NxT Flow Cytometer
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Attune NxT Acoustic Focusing Flow Cytometer

Small in size, big in performance

Acoustic Focusing

Flat-Top Laser SHE KBRS E N R E Rl -
ETEERITT R AR - KNIBRRA RS OITRRE - EIFIKE Autosampler

o] 2 ¢ B #) L1 CytKick (MAX) -
B FEEERSE

REHBEEASRTENSOTER  MSSEITE

Syringe Pump
HEEBATEE LIREE

oIS EAIRRE
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Acoustic Focusing

End-on view of capillary

03 .:.’\a?; s

2

' l|j| eSOl

-

.’:‘;fc‘ (
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Acoustic Focusing

High sample input flow rates allow for more sample flexibility

BimisEn N EEL BREWERE

Acoustically focused
sample stream

Laser
-

(cross-section)

Hydrodynamic

o \; Laser \}\‘ .’.

[ ] @
(cross-section) o
[} @
) ]
-] P ]
) . / \ o\
. s [* % s %
[\ [\ AN e
° @ [ @ =)
° < = < °® =
e o %) ) = 12 =
0. ° o o (-]
[ ] L] [ ]
(] o .. ® .
I . ' I ° I BN :
£ ° ¢ - - e e < e / ®
ES' [ ] ° -Ej' E)l ° -] ES. ®
i} ® @ Q e o 5} e
- = c [ ] °
(7] ) w (7] o 2] ° ® o
o ° :.:0 ° %
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Comparable Results at All Flow Rates

Traditional Cytometers Attune NxT .
500 1000 pl/min
250
@ 120 pl/min e 100
- 60
- 25
12.5 Up to10x Faster than
12.5 »
Traditional Cytometers
>
12 pL/min 35 pL/min 60 pL/min 12.5 pL/min 25 pL/min 100 pL/min 200 pt/min 500 pL/min 1,000 uL/min
B ¥ -] CV=2.99 CV=3.03 CV=2.76 CV=2.94 Cv=2.70 CV=2.96
. # CV=4.83 . ‘ CV=6.12 & CV=7.76
) j= )
n BL2-A °  BL2-A BL2-A BL2-A BL2-A BL2-A ™

Acoustically Enhanced Hydrodynamic Focusing

www.TAQKEY.com
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Flat-Top Lasers

Gaussian laser

__________________________________________

———————————————————————————————————————————

| |
S |
Gaussian: aligned |
| |

_____________________________________________

,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Gaussién: misalignéd

Flat-Top laser

21" ANNIVERSARY

Flat-top: hligned

Flat-top: still aligned :
i | B i
| | |

Stable laser alignment

Corrects forfluidic instabilities

Minimized downtime

www.TAQKEY.com




Lasers & Optics

grf. -
.. 488 50

: 1
: Green 532 100

" :
: Yellow 561 50
;......... Red 637 100

e Five laser colors available

e From 1 to 4 lasers, 4 to 14 fluorescence channels

e Field upgradable!

www.TAQKEY.com
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Upgrade Violet Laser

Attune NxT Configurations | }
7 11

Cat. No A24864 | A28995 | A24861 A24863 A24862 | A28002 | A28997 A28989 | AZ28993 | A24859 | A29003 | A29004 | A29001 | A24858

Detectors 4 7 T 7

" 10 11 12 14 14 14
Channel Emission filter (nm)

BL1 530/30 530/30 530/30 525/50 530/30 @ 525/50 530/30
574/26 | 590/40 | 590/40 574/26  574/26 | 574/26 | 590/40 574/26  590/40 | 574/26 | 590/40 | 574/26 | 695/40 | 590M0 | 590/40

695/40 695/40 69540 695/40 | 69540 | 69540 69540 69540 | 69540 | 695/40 | 695/40 695/40 | 695/40

780/60 780/60 | 780/60 780/60

575/36 575/36 575/36 575/36

620/12

620/12 620/15 620/15

695/40 695/40 695/40 695/40

780/60 780/60 780/60 780/60

585/16

620715

585/16

585/16 585/16

620/15 620/15

695/40 780/60 69540

780/60 780/60 780/60

670/14

670/14  670/14

670/14 670/14 670/14 | 870/14

720/30 | 720/30 | 720/30 | 720/30

720/30 720/30  720/30

780/60 780/60 | 780/60 780/80 780/60 780/60 780/60 780/60
440/50  450/40 440/50 § 440/50 440/50 45040  450/40 440/50 440/50
512/25  525/50 512/25 | 512/25 512/25  525/50 525/50 512/25 512/25

610/20 03/48 | 603/48

710730 660/20 710/50 710750

603/48 603/48

603/48 | 610/20

710/50

710/50 710/50

710/50 710150

780/60 780/60 780/60

21t ANNIVERSARY
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Syringe Pump

Time vs. count plots showing a moving
average of the number of events

1,500

1,000
§ Cell i
Q ell counting
© 500 Ispread

0
0 2 4 6 8 10 12 14 16
Time (10°)
w e Smooth delivery of samples

e Consistent concentration results
e Resist to clog

e Buffer consumption ~ 1.8L/Day

AOKEY SCIENCE 21 ANNIVERSARY

>

Concentration (beads/mL)

108

Measured concentration of
10 ym beads as a function of rate

10°4

1044

10¢

T
—

Expected concentration (beads/mL):
W 10,000 W 100,000 1,000,000

12.5 25 100 200 500 1,000

Flow rate (uL/min)

o)

Concentration (beads/mL)

108

10%

Measured concentration of
3 um beads as a function of rate

—— 3

Expected concentration (beads/mL)
W 10.000 W 100000 1,000,000

12.5 25 100 200 500 1,000

Flow rate (uL/min)
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CyKick (MAX) Autosampler

VvV V YV VYV VY

vV VY

CytKick B CytKick MAX B B &%
o] 961 - 3847 - RSB
BFy FEREENSITRE

Mk xmia8 (1t - 99 AEHAR
BERSU)IR N EARE 0 _FAX

Gl ASEl b=

CytKick MAX B ) 5%

o[ ZE 24480V & (1.5-2 mL) £HRER
96fLB& =0 15 4RHF R < 42 mins

96F B2 247 B/ OVE R IR D[R EN R A

TRAOREY SCIENCE 21ANNIVERSARY

Tube Autosampler
CD8./CD4- ~ CD8+/CD4+ CD8+/CDa- CD8+/CD4+
10" 124.5% . 0.6% 10" 124.6% 0.6%
|
a0 ® -1 ® R
ue 2o Cum 0.

CytKick Max

i ...--.-..H.-.
j -.H. -...E-..
) ...-.H.

r . . .

1 . . .
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Attune NxT Software

ZIEE LAY TF&BHRESEDHER BRBERIGMOBFN TFERE
DUETTHRAED #r

MR R E
COB+ T colls: 26.344% b E I{?@%ﬁi ?
A i Bl EEERTE

AAmColls - PUN Transfer

CLCL

IR R R MBI ET HRBF 2B AMERT

21t ANNIVERSARY
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Attune CytPix

niogen i “

Bright-field imaging; capture up to 6,000 images per second
* Correlate event to image

* 0.3 um per pixel, 0.8 um particle detection (20X)

e 25 parameters from image analysis

e B
.Y?

TAOKEY SCIENGEY 21 Anniversany

https://www.thermofisher.com/tw/en/home/lite-science/cell-analysis/flow-cytometry/flow-cytometers/attune-nxt-flow-cytometer/models/cytpix.html
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Mouse Splenocyte

All Events - Spleen_full

1000 Ce‘ll:".9l'4.6_?/o_:'

SSC-A (1073)
O

o

o

0.001

1000

SSC-H (1073)

o

0.001

0.001 500
ESC-A (1073)

Live - Spleen_full

1000- CD45+: 98.6%

0 10 10° 10" 10
CDA45 - APC-H

- TROKEY SCIENCE

10-
10s

10-

10:

10:

CD4 - Super Bright 600-H

-10:

10° -10

21" ANNIVERSARY

Cell - Spleen_full Singlet - Spleen_full

Singlet: 86.0% 1000-|Live: 76.7%

1000 0.001 500 1000 0 10 10" 10" 10" 10

SSC-A (1073) FVD - eFluor™ 780-H

CD45+ - Spleen_full CD45+ - Spleen_full

10-

_ 10 Mac: 2.3%
CD4 T: 10.5% E

10

10s

F480 - PerCP-Cy5.5-H

-10:

2

0 10
CD11b - Alexa Fluor™ 700-H

CD3 - FITC-H

10" 10" 10" 10 0 10 10" 10

1. CD4 T Cell
2. Macrophage

- 8

3. Dying Cells?

\
W

5

4. Particle Count > 1
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Pond water, 70 um filtered, fixed

i
)
b
}
i
| 4

; p—
TROKEY SCIENCE 21 ANNIVERSARY
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Pond water, 70 um filtered, fixed

Pond Water

Singlet - Pond Water_small_view Singlet - Pond Water_small_view

106= 50 -
10. :
40
10 :
: 5| 30~
L < o 4
a4 -
> 5 20-
10 ‘2 ]
=10
03 :

-103i""""ﬂ'l""""l3 ! rrrThneT IIIIIIII5 ! "'“"6 O : T T T T T T T T T

-10 0 10 10 10 0 250 500
Averagelntensity
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Flow Cytometry Learning Resource

Flow Cytometry Learning Center
Learn more about flow cytometry
applications, techniques, and basic
principles.

molecular
probes

Learn the

basics of - . _Q

flow cytometry

SCHOOL

FLUORESCENCE

Molecular Probes™ School of
Fluorescence—Flow Cytometry Basics
Learn how a flow cytometer works including
the fluidics, optics and electronics. This is a
free resource to help you get started with flow
tometry, which can be a complex and
Wlenging application.

TROKEY SCIENCE

Flow Cytometry Resource Library

Curated collection of scientific application notes, publications, videos, webinars, and scientific
posters for flow cytometry.

Protocols

y

- # T - 2 - = ]
, - , S el p , L U ‘
elLoarning K : = : ‘ ke P :‘u = | n|\|\‘anu i d\m I't,wl;'

Courses

Flow Cytometry Application Notes, Scientific Posters, and BioProbes Articles Various applications, providing the
conditions and reagents used to achieve the results. Scientific posters presented by our R&D scientists at key
conferences. Articles from BioProbes Journal.

T Cell Stimulation and Proliferation eLearning Course Modular, animated, and narrated eLearning course on T cell
activation and the methods used to measure T cell function. Knowledge checks and a practical application session.

Flow Cytometry Educational Videos & Webinars Media for researchers interested in flow cytometry.

Flow Cytometry Research Tools Fluorescence SpectraViewer, flow cytometry panel design tool, antibodies search
tool, mobile apps and more.

Flow Cytometry Protocols Step-by-step instructions for successful fluorescence-based assays to measure cell
proliferation, viability, and vitality using your flow cytometer.

The Molecular Probes™ Handbook—A Guide to Fluorescent Probes and Labeling Technologies Exten
references and technical notes. Contains 3,000 technology solutions representing a wide range of biomolecula

and detection reagents.
www.TAQKEY.com
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Thank you

ts@tagkey.com

- TAOKEY SCIENCE
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