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What is Flow Cytometry?

Flow = Fluid
Cyto = Cell
Metry = Measurement

A variety of measurements are made on cells, cell
organelles, and other objects suspended in a liquid

and flowing at rates of several thousands per second
through a flow chamber.



Particle Size

e Detection range: 0.5~50um

Bacteria Phytoplankton  Red Blood Cell BD CBA Bead Lymphocyte
0.5 um 2 um 6 um 7.5 um 8 pm

- o 0 0O @

Neutrophil
12 um

Monocyte
14 um

Smaller
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What Can a Flow Cytometer
Tell Us About a Cell?

e Its relative size (Forward Scatter—FSC) gijagvsyt

e Its relative granularity or internal complexity
(Side Scatter—SSC) {HaEEHE

e Its relative fluorescence intensity fH:EECoRE



Scatter Light

Forward

B n
\ / FSC Sensor

SSC Sensor

Forward Scatter—diffracted light
» Related to cell surface area
+» Detected along axis of incident light in the forward direction

Side Scatter—reflected and refracted light
+» Related to cell granularity and complexity
+» Detected at 90° to the laser beam
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Scatter Light
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Lysed Human Blood

255

10 to 14 um
Granulocyte

S5C-H

v

>10 um
8 to 10 pm Monocyte
Lymphocyte

Peripheral blood
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Flow Cytometry Detection Principle
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Flow Cytometry Overview
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Flow Cell Structure of FACSMelody

e Hydrodynamic focusing

sample
PBS

Interrogation
point

Emission/
Fluorescence
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Fluorescent dyes

Excitation Spectra Emission Spectra
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Detectors and Filters

Longpass Bandpass Octagon
460 500 540 460 500 540




Melody Optics Detector
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BD Melody filter guide/Configuration

2 lasers: 488 nm Blue laser + 640 nm Red laser

2-laser, 6-color (4-2) configuration

SSC Side scatter 488/15 none

FITC, GFP, BD Horizon Brilliant Blue 515, Alexa Fluor® 488  Cell surface markers, fluorescent protein 527/32 507 LP
PE, PI Cell surface markers, live/dead discrimination, cell cycle 586/42 560 LP
BD Horizon Brilliant Blue 700, PerCP, PerCP-Cy5.5, 7-AAD Cell surface markers, live/dead discrimination, cell cycle 700/54 665 LP
PE-Cy7 Cell surface markers 783/56 752 LP
APC, Alexa Fluor® 647 Cell surface markers 660/10 660/10
APC-Cy7, APC-H7 Cell surface markers 783/56 752 LP

Choices of fluorochromes depends on the available instrument
configuration and the total number of markers being used in an
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Fluorochromes Reveal Biology

Alexa Fluor® 647

PE-CF594
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Fluorochrome/Antigen Combination

Violet
(405 nm)

Blue
(488 nm)

Yellow/Green
(561 nm)

Red
(640 nm)

Antigen Density

low medium
BD Horizon™ BVA421 - S
BD Horizon™ BV650 o v BD Horizon™ BV510 O ven
BD Horizon™ BV711
BD Horizon™ BBS515 o FITC
BD Horizon™ PE-CF594 e Oy Alexa Fluor® 488 percp
PE-Cy™S5 PerCP-Cy™5.5
PE
BD Horizon™ PE-CF594
PE-Cy™5
PE-Cy™7
Alexa I;?Lfcom 647 AlexaAgcug:? v
APC-Cy7
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Electronics

*
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Doublet Discrimination

Doublets can be distinguished from singlets
based on differences in voltage pulse
shape.
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Doublet Discrimination

The doublet discrimination gating template includes
the following plots.

SSC-H v.s, SSC-W_FSC-H v.s. FSC-W
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Data Storage

FCS: Flow Cytometry Standard Specimen_002-Tubs_002
Melody:FCS 3.1

List-Mode Data
Time FSC SSC FITC PE |:>
Event1| 0 || 60 ||120]|| 89 675

Event2| 10(|160 || 65 {39,27130,621

Caount

Event3| 30((650 || 16|P2,688(6,189 T e
Dot Plot (2 parameters) Histogram (1 parameter)
39,271—= i e 3
T ,9 T
o *° > £ = e
= w3 . ’-ﬁ.
L "z S h’?
89— é 5 o
T T T T T T T T 1 Ty T
B PR R & w' ot ot
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PE
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Data display- Linear v.s Log

Voltage Pulses
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Mo 003

600 200 1000

Mo 003

e Linear amplification is usually used for light scatter

parameters and DNA analysis.

e Log amplification is used for fluorescence signals with a

large dynamic range.
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Log vs Biexponential Scaling

log scaling
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Spectral Overlap-
Compensation Theory
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Spillover

FITC
530/30

Relative Intensity

500

PE PerCP-Cy5.5
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FITC Spillover

FITC PE
530/30 585/42

Relative Intensity
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FITC Compensation

PE

PerCP-Cy5.5

PE-%FITC
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To lower cluster, increase value.
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Compensation Examples

Correct Compensation

Incorrect Compensation

Undercompensation

Overcompensation
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Data Analysis

B POPULATION HIERARCHY
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Sorting theory
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Drop Formation
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Drop Charging
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Drop Delay

BD FACS™ Accudrop
technology

e Accudrop beads
e Diode laser

e Camera

e Optical filter

interrogation
point

drop delay

breakoff

® 00 ¢ 0 0 o
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E
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FACSMelody E:A4HRY

EEE @
PBSH
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FACSChorus
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Fluidics Startup

€@ FluidicsStartup @ Cleaning @) SortNozzle @ Cytometer Setup (CS&T) @ Drop Delay

Cytometer Connection Sheath Tank Waste Tank
o Connected o 5 hr 10 min remaining o OK
Last Shutdown: 08/24/20146 11:54 PM Type: Daily

Last Fluidics Startup: 08/25/2016 1:59 PM Type: Daily

Run Daily Fluidics Startup

Run Extended Fluidics Startup

|

& BD



Cleaning

€@ FluidicsStartup @) Cleaning @) SortNozzle @ Cytometer Setup (CS&T) @@ Drop Delay

Select the cleaning that you want to run.

Prepare for Aseptic Sort

Cleans the sheath and sample paths with bleach,
Dl water, and ethanol.

Last Run: N/&

Flow Cell Clean

Cleans the sample path and fills the flow cell
with DI water. Run this procedure when poor
optical performance indicates that additional
cleaning is needed.

Last Run: 08/22/2016 7:44 PM

‘ Skip ‘

& BD



Sort Nozzle

€ FluidicsStartup @) Cleaning @) SortNozzle @) Cytometer Setup (CS&T) €) Drop Delay

Insert the sort nozzle.

Srap Srmae

‘I
2 o & ¢ O o<

& BD



Drop Delay

€@ FluidicsStartup @) Cleaning @) SortNozzle @) Cytometer Setup (CS&T) @) Drop Delay

Run Drop Delay daily before you perform any experiments.

Drop Delay Last Run: 08/25/20146 4:14 PM

Status: Passed

Run Drop Delay

‘ Skip ‘




Drop Delay

Beads solution: 0.5ml PBS +0.5-1 drop accudrop beads

Load a tube with Accudrop beads.

Continue

Skip ‘

o Drop Delay completed successfully.

Continue

& BD



Stream View
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Proper Sorting Rate

Recommodation Cell size <30um

Default Pressure(PSl) | Drop Frequency | FEAE 48R
(event rate)

100um 23psi 34KHz 3400-
8500event/s

o EFEAIRANTIRL/6-1/3EERSE
- DESREREEEAEBrop frequencyry 1/10-1/4
« EX: Drop frequency 34KHz

34K/4=8500 event /s



Sort mode

5

Yield e

[EUS TR B> S FEE EA AL T 1568 F

- B HEMER RIS AT o, A EAE
- R ME SR E S EUEEE T RERYAA IR B IR ATAERT

Purity

o SRES[ETHHREEL

-+ ASEIE AR ERAE R, RRTEED > B A4
TR, S EERSCREE, H AR R >
© B AAEE IR T B, R .52 (E AT an

TR E

Singe Cell BRI, 7S B —(Ewellth & oy e — R4 H 40
(B CHIRF RIS -

« Cell Purity:

Purity mode=Single Cell mode>Yield mode
« Recovery cell count:
Yield>Purity>Single Cell



Sort Layout

=Devices
2 way (1.5, 2.0 and 5.0 mL tubes)

Multiwell Plates
(6-, 24-, 48-, 96-, and 384-well plates)
(96-well PCR tube strip)

Slides (3 x 9 grid)

Tube holders

\:El:% s/
I ACDU < BD
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Application Examples

Life or death 3%
Morphology #lifiEAYRs
Surface antigens ZRE /R
Gene expression ERXFKIR
Cell functions AfEIIEE
Others EAth

& BD



Sorting Cells By Surface Markers

« Sorting NK Cells
— CD3 FITC to exclude T cells
— CD56*CD16* PE to include all NK Cells.

N
BRI AERIER
g " : i Post Sort
_HK cells 8 =
8 a4 R2 & £
qﬂ"f’ 8 D1 ;
s8¢ CO6FE=" | SSC 2
3 Or 56 2 )
38 i 8 = o
g ‘L'ﬁi .,
R o e e B; 11'. oW ° I cnj"i:rrc"" R
FSC CD3 FITC
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Sorting for GFP+ Cell Line

Before Sorting After Sorting
) Specimen 001-BEFORE L apecimen 001-AFTER
. 6% - 94%
T & T &
' - o .
] — o .
LI_ a_ - . . . LI_ c_
] IIIIII| 1 IIIIII| 1 |||||I| 1 IIIIIII | _| ||||||| 1 ||||||| UL ||||||| 1 ||||||| ]
0% 107 10* 10° 10° 10” 10* 1n°
FITC-A FITC-A

e
. @ BD



53

CD4/CD25+

= CD4*
= CD25dm/+
= CD127-/dim

=
(D
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(x 1.000)

SSC-A

TN AP 1 ¢ 79 o PP+ 1
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W W 0 0
F5C-A G 1.080)

o 1000y
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0 |0‘ w0 Sn
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<
u
o
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2
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mnn r =7 B
w0 .‘o‘ m:’
CD4 PeICP-4
Tube: Pre-sor

Pcpulaton #Events %Psrant %Total
W~ Events 50,000 100.0
‘ phocyte 49,080 g81 981
8|80 48 990 998 980
FSC 48990 1000 980
cDa 48,107 682 962
Treg 2019 42 40
Non Treg 44602 g27 802

(« 1.000)

FSC-w

A.AAI]AA‘IJ“A lAAxIAA:AI

I'IUI'TI'"IIYIIVIFIIIITI
6 100 150 200 200
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Sorting for Treg

Ly
E; Mon Treg = =
. « «
":ﬂ:‘d-l:I [ [
T o = A o =
Nt & o
E___ s Ao gf g:
Nmi:l—_ I Pty - -E'-.'- qﬂa wna
= T3 ' - o - o~
5 3 . Q O
__ . LR ; o o
—— iS e . - =
o I 2 a a 5 2 3 " 5
= ——|-r|11nr|—rrrr|q—|-rn'm]—rrn1rr|—r1 - R . - 10 10 10 10 10 10 10 10
IJIEI n in L i FoxP3 Alexa 488-A FoxP3 Alexa 488-A
025 APC-A

Panel A: Isotype Control Panel B: FoxP3
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— Bring the starting purity to > 5 %

— Ficoll

— Immune Panning

— Magnetic Beads (Positive/Negative)
— IMag

& BD



BD IMag #zxx 7735,
Positive or Negative selection or combination

Positive Selection & Negative Selection Combination

Positive selection #1 Negative selection & ##{#RRIAX - ATLLAR SRR SR ERSHIESA0MAE - Ha -

SHEIE THBR (F B CD4 K

CD25) -

&5 + #9T Negative selection »

Negative Positive

#% » 5I—F 5 negative fraction $HIZE T 7
hfn A Positive selection 89 IMag Particle =

— Negative Positive
Ay :
=1 =
. .t - BEHEH
. L HE
® e ;
a8 - R.
N 2

Human

Contents

Regulatory T Lymphocyte

558142 )
Separation Set - DM

CD8, CD11b/Mac-1 (CR3), CD16, CD19, CD36, CD41a, CD56,
CD123, CD235a, v § TCR biotinylated antibody cocktail, 1% 10° cells
CD25 APC, BD IMag ™ SAv particles, and BD ™ IMag anti-APC particles

* 24 Mouse Treg cell 7HEEAS « el iETEEFEE -

& BD
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Rare Cell Sorting

Parameter CD123+ CDil1c+ Basophils

DCs DCs
Lin 1 - -/+ -
Anti-HLA-DR ++ +++ =
CcD123 +++ + +++
CD11c - +++ +

Immunophenotype of CD11¢, CD123 DCs and baso
(fluorescence intensities)

@ 4-Color Staining

— Lineage Cocktail
FITC

e CD3, 14, 16, 19, 20, 56
— CD123 (IL-3Re) PE
— HLA-DR PerCP
— CDllc APC
— Controls
— FACLysing Solution

1o

|

HLA-DR
10?2

SSC
D% 100 158 700 790

=

50 100 150 200 250
FSC




Three Color-staining for Defining and Sorting

Mouse LSK Bone Marrow Stem Cell

Lin-

Specimen_001-before \WT

T"r.

[
>

AN szE ?é
Specimen_001-after WT
LSK
il 97%
I‘:I|:||2 TTTI 1E|| T III”:‘ﬂ'a TTT 1|:||
APC-A
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TiEGRZMAN

77#£10,0007 400 - HARFRIBAER10%
-SBARRY D EA R B 100078 41 A
-WEERHETAEI60E A i

-DEERDMEE D ERGENMAIRIEETO505
-EERER D EMRERRI75M

& E (Purity) :
e ERGFVDEEE/MEEE 950/960 = 99%

IEIHQ”A"(Recovery)
BRSEENMAAES/ ERRTESEE 950/975 =97%

EZHE(Yield) ;
ERSERIVARES/IEE S ERE 950/1000 = 95%

& BD



wETEARNER

4 i% 1% & (Event Rate)
Drop drive frequency (Nozzle Size)
% of the target population

Sort mode

Purity : High Purity and Recovery
Yield: For Enrichment



o2 et

FhBERZARETE:
=RIAREL15%

¢EEI: N==z]
— > AR /A=

— RN

E : 1X107/ml
TATERE : 2000/s

— DERE : 300/s -

— H30 mingJ1F495.4x10° 48 -
FRpEREERSEmEE -
JRYA WWE%EAS% | =R ERIE -
EEEREMMEENLS-2F400
ITFEIE, D EBREPHEAME, B0 2 RARZE)

(%FE 27
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*xm=FEERSEIH

=B ZEbuffertipHIE NZF, EMFE AR FE. PRLUEZER
phenol red -free sample bufferth 7 125mM HEPES Ol 1215
HIpHE#ERF—EE.

sample bufferEPE’Jprotelnzim% ENEME EEEEEH
5% FCS, BI Bl 22 FH0.5% - 2% BSAERX DIIE 1S 85 ti7 %%

Collection tube A& HE = Al iR 77 &R cold culture media with
higher concentration of FCS.

Collection tube&E£z57ccoating 1 - 4% BSA overnight.

DEEAI - ool Aviable dye g’iJQD 7-AAD) - LUkt g 0= gy
il - mete o MIEEIE —SAli A 7-AAD & CihER e
Fatkan - IED iL%zEPEEE1 AR Z R

Eom W EZIS umBERIER R EE
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EmEREIEEIR

fa 2 RN B O DA FRA IR GE 7 22/)\ 584

MnER =22

NERBANEAR, Blo 2 WS, 26285 A EIR) 7 R E
Fg’xﬁrﬂ%()grgm%mmm F30min)Ll f eSS E AR E R E
ELER 5

BEFNA/LE(no azide, low endotoxin) reagentiZ s A H. = 2
%)% P 2 L AR, BABR ) 0 N AR B FE B 0B A 2 UL K IRNA
Kendotoxin. fﬁﬁ/uﬂﬁz# 4°C, 1000rpm.

A HT e

clone#fij® %%ﬁxmmedﬁpopulatmnx% TEZES A
TR SR N AR UUE#iEEhybridoma clones
R EEZNMAfeeder ceIIs_JZEcondmoned media. O] &

conditioned mediafll Aculture media(5%, 10%2(20%)
PR NNRIEEIRIE.

& BD



7 1k R &)

5> FRer IR > TR B IHEIR> F RS ELR

XE

N
R
I'I1\TI

F RN EEH
B 32 8 4% £ >Run Daily Fluidics Startup

€ FluidicsStartup @) Cleaning @) SortNozzle @ Cytometer Setup (CS&T) @) Drop Delay

(I

Cytometer Connection Sheath Tank Waste Tank
) Connected € 13 Hr 40 Min remaining O ok
Last Shutdown: 06/10/2016 1:21 PM Type: Daily
Last Fluidics Startup: 06/10/2016 12:25 PM Type: Daily

Run Daily Fluidics Startup Run Extended Fluidics Startup

67



el =p

J

- FEEER EﬂJ:HRlnse%Clean%ddHZO

o {EASMI L

2Z23mILERELLR

W ER1077 88
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@ STARTUP / SHUTDOWN

System Startup

Prepares the cytometer for sorting by
performing fluidics startup, cytometer setup
(CS&T), and setting the drop delay.

CS&T Last Run: 06/30/2016 8:43 AM
Drop Delay Last Run: 06/30/2016 8:45 AM

Daily Shutdown

Cleans the sample path and fills the flow cell
with DI water in preparation for shutdown.

Last Run: 06/30/2016 8:52 AM

Long-Term Shutdown

Removes sheath fluid from the lines, fills the
lines with 70% ethanol, and drains the flow cell.
Run this procedure when the cytometer will not
be used for more than two days.

Last Run: N/A
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Tube
Cat# #FMEME Size R
352235 | Falcon 5 mL Polystyrene test 25/ bag SRR L B RE s SR

tubes, 12X75mm with cell- 500/box PRZR4gsml_ g%
strainer cap

352054 |Falcon 5 mL Polystyrene test|125/bag FHEARSESRTBEKESE - S

tubes, 12X75mm capped (Sterile) =T
352058 |Falcon 5 mL Polystyrene test| 25/ bag FHAELRES T BERESE - &
tubes, 12X75mm capped (Sterile) =T

352052 Falcon 5 mL Polystyrene test |125/bag S — AR E . S
tubes, 12X75mm uncapped (Sterile)

—_
with cell-strainer cap w | With cap
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F FHFEM 3R
Beads
Cat# FEA T size MR
661414 CS&T RUO Beads (RUO) |50 tests | QC beads for Melody
661612 | Accudrop Beads 25 tests | £ & drop delay((R B L) T e B o

7.5-um particles. Every particle contains a
fluorophore that is excited at 660 nm and
emits at 780 nm

Buffer and Detergent
Cavs | b

BD FACSFlow Sheath Fluid Commercial PBS buffer

342003

352052
340345
340346

20L
Round-Bottom Tube

12x75mm Flow Tube, 5ml FEE/UREE

BD FACS Clean Solution 5L Clean solution, 10% filtered bleach, Fz3)5
BD FACS Rinse Solution 5L Detergent that could clean for Nucleic Acid and

K H e 2 TERRE 02-2720-2215

protein remains, a5/ HEERIZ BRI B

EHE
& BD
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http://www.bdbiosciences.com/us/s/training/e-learning

Courses Course Information and Links

Introduction to Flow Cytometry e Overview (05:01)

* Fluidics (3:30)

& Optics (07:48)

& Electronics (07:00)

« (ptical Measurement (09:48)
¢ [ata Analysis (08:54)

= Sorting (04:25)

CDs are also available for purchase. To order, call 877.232.8995, prompt 1, and request part
number 651474,

BD FACSMElﬂd}’TN Online Training » Getting Started (03:53)
Program* » System Startup (06:40)
*additional content available in the e-learning s Design Experiment (03:50)
library e View Data (06:25)
¢ Set Up and Sort (06:50)
& Daily Shutdown (03:13)
¢ |oading the Collection Devices {06:10)
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