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Outline

Influx overview:
1. Principle of flow cytometry
2. BD Influx 6-way sorter

Sort theory and application:

1. Principle of sorting

2. Accurdrop technology: Decide drop delay
3. Sort Mode: Purity, Recovery and Speed
4. Sorting Strategy and tip

5. Application
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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.
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System Overview
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Influx System Overview
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Subsystems

Fluidics
To introduce and focus the cells for interrogation and create a
stable breakoff for sorting

Optics
To generate and collect the light signals

Electronics

To convert the optical signals to proportional digital signals,
process the signals, and communicate with the computer
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Influx Fluidics
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Hydrodynamic Focus
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Sample Flow

sheath flow sheath flow sheath flow sheath flow

\sample f|OW/ \ sample flow
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Subsystems

Fluidics
To introduce and focus the cells for interrogation and create a
stable breakoff for sorting

Optics
To generate and collect the light signals

Electronics

To convert the optical signals to proportional digital signals,
process the signals, and communicate with the computer

wBD

BD Biosciences




Scatter Light
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Scatter Light indicating physical
properties of cell
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Scatter Light indicating physical
properties of cell
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Fluorescent Light
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Fluorescent Light
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Fluorescent Dye-
Excitation and Emission

Excitation Spectra
FITC PE

APC

normalized intensity

488 wavelength (nm)

Excitation: Which laser can
generate signals

Emission Spectra
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Emission: Which detector to
collect signals
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Stream-in-Air Excitation
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Collection Optics
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Detector Block

* 488-nm,4-c1 ml1 1 ck(exampk)l

@ BD

BD Biosciences

Optical Filters

Shortpass Longpass Bandpass

460 500 540 460 500 540 460 500 540

P 500 LP 500

BP500/50= 50025 =475-525nm
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Influx Optics Configuration
3 lasers-14 color system (5B-6V-3R)

Excitationlal tlictionRangl Exampl Flolochloml

488 Bl al (200mW)1 530/401 FITC1
580/301 PE1
610/701 PE-TR1
682/401 PelCP-Cy5.51
750LP1 PE-Cy71
425/261 BV421
520/351 BV5001
610/201 BV6051
660/201 BV6501
710/501 BV71
780/601 BV7861

640 R1d Lal (120mW)1 670/301 APC1
720/401 APC-A exa7001
750LP1 APC-Cy71
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Subsystems

Fluidics

To introduce and focus the cells for interrogation and create a
stable breakoff for sorting

Optics

To generate and collect the light signals

Electronics

To convert the optical signals to proportional digital signals,
process the signals, and communicate with the computer
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Electronics System Overview
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Quantification of a Voltage Pulse

Pulse Area
(Integration)

Volts
Pulse Height

Pulse
Width

Time
(1 Seconds)
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Linear vs Log Amplification
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Sortware Software display data
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BD Influx 6-way sorter

Purify target cell or particle
population into various device
With different choice of nozzle
size 70um, 86um, 100pm,
140um, 200um (optional)

Collection device:

5ml tube, 15ml tube, 50ml tube
96 well, 384 well, slide,
customized device

Sort Mode:
2 way, 4 way, 6 way, single cell,
index sorting

Optional:
BSC, AMO, temperature control
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Sorting Overview
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Drop Formation

Oscillating ™~
Voltage

Piezo Disc

L
®:& Acoustic Wave

Nozzle Size:

Wave Becomes
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Pressure/Frequency

120

Optimal pressure frequency

100

Frequency (kHz)
=
3

Recommended

20

30 40

Pressure (psi)

pressure/frequency combinations

60 70

—e— 70 micron nozzle
—=—100 micron

140 micron

200 micron
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BD Influx

Nozzle/Pressure/Frequency setting

Nozzl 1liz1 |P1 ul (pli)1 |F1 qulncy (kHz)1
701 351 ~75-761
701 401 ~801
701 521 ~86.81
701 601 ~99.21
701 651 ~98.21
861 251 ~501
861 301 ~481
861 331 ~581
861 401 ~651
001 01 ~361
001 61 ~29.21
001 7-181 ~271
001 201 ~371
001 201 ~391
001 241 ~39.001
001 271 39.21
001 271 45.61
001 321 ~48.61
401 51 ~ 3.91
2001 2.81 ~6.21
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Drop Charging
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Drop Delay

BD FACS™
Accudrop
technology

» Accudrop beads
« Diode laser

- Camera

+ Optical filter

b1 akoffl

% % D1 de asel
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Drop Delay using BD FACS
Accudrop

» When drop delay is set correctly, Accudrop beads will be
depleted from center stream.

» Use the Accudrop filter so that only the beads show in the
stream camera.

Neutral Accudrop
Density Filter
Filter
&my
w BD
BD Biosciences
Accudrop

Correct Drop Delay
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Accudl p Optka Fltel nl

Not Correct Drop Delay
Accudrop beads still in the
center stream

Correct Drop Delay
Accudrop beads all in
deflected side stream

B &BD
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Sort Mode
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D Sort an additional drop if the cell is
rops
on edge of drop

Enrich (no coincidence)
Objective Purify (coincidence with override)

Single (coincidence no override)
Extra Adjust how much phase into

. adjacent drops to abort due to non-

Coincidence

target cells
Phase Mask Will only sort if cell is in designated
Current Drop portion of droplet
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1.0-drop setting

Numbl of 1 opl

Sort 1 drop, regardless of the cell’s position within the drop.
There’s a chance that cell is actually in other drops.

o

Sort 1 drop [ g Sort 1 drop

¢ .
w BD
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Number of Drops

1.5-drop setting (50%x1 drop+50%x 2 drop=1.5 drop)

+ If the cell is in the center of the drop, sort 1 drop.

+ If the cell is at the edge of the drop, sort 2 drops.
You could get more accurate cell count compare to 1.0 drop
1.5 drop is equivalent to Yield mask of 16 on the Aria.

Sort 2 drops
Sort1drop[ - oo
ol rops

) - 2 BD

BD Biosciences

Objective
The Objective setting influences sort purity and sort
efficiency.

« Enrich. Disables all coincidence. Sort as much as you
can, for rare cell population

« Purify. Enables coincidence and coincidence override
(2 target cells in same drop or within the extra coincidence zone).

- Single. Enables coincidence and disables coincidence
override to ensure that only one target event can be
sorted. (single cell sorting for plate)
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Enrich Setting

Enrich On Enrich Off (Ex: Purify)

Get 1 target cell
Also 1 non-target cell

sort [

No cell was sorted
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Standard Sort Modes

.0D1 pYed1 -dl psltl If ylu need t1 get the hhest 1
.0D1 p C1 ncHencel clml natl n1f pu ty and ykeH1

N1 phase gatel

.5D1 pPuel .5-d1 psltl If ylu need an exact clunt and 1
.5/2.5D1 p C1 ncdencel |hBhpu tyl
N1 phase gatel

2.0D1 p Enlchl 2-d1 psltl If the leclvely 1f talgetcels k5 1
N1 C1 ncHencel ml e Inpl tant than pu tyl
N1 phase gatel
.0D1 pShgkl -dl psltl If yluneed tlsl t hlge 1l sttky1l
.5D1 p C1 ncHencel cels and need an exact cluntl

0/16 D1 p Phase Mask1 If ylu need t1sl tshgk cels htl 1
phte welsl
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Sorting Tips
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Sort Performance

» Depends on what you want:

—Purity

—Recovery Speed !!

—Yield
—Viability

wBD
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Sort Performance

Speed vs. Yield/Recovery

100
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The Importance of Frequency
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The Importance of Event Rate
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Sample Preparation Considerations

Enrich rare cell population if possible
Avoid cell clumps

— Always filter your cells before sort!

— Use Accutase instead of Trypsin

— Treat cells with DNAse

» Use appropriate sample buffer

— PBS, HBSS or phenol-red free culture media w/ 25mM
HEPES, 5mM EDTA and 1~2% FBS or 0.1~0.2% BSA to
maintain cell viability

Use viability dye to confirm cell viability before sort

wBD
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Summary: Sorting Considerations

* Collection tube:
Pre-coated with 1% BSA or 10% FBS overnight and filled
with appropriate collection buffer
— 5ml Falcon tube: 2ml
— 15ml centrifuge tube: 7ml
» Change collection tubes periodically
» Temperature control
« Event (Threshold) rate:
1/10~1/4 drop drive frequency for better yield

@ BD
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Compensation Theory
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Emission Spectra: Spectral Overlap

100%

Normalized Intensity

0%

Pl APC PerCP PerCP-Cy5.5  PE-Cy7

400 500

1 1 \ t
600 700 800
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Relative Intensity

FITC PE

530/30 585/42

500 550

Spillover

PerCP-Cy5.5 PE-Cy7
695/40 780/60

. -
600 650 7001 750 800

Wavelength (nm)

—_ - PE-Cy7
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FITC Spillover

Cytometer -

FITC PE PerCP-Cy5.5
530/30 585/42 695/40

10! 10 10° 10
*FITC
Cytometer .
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pw oiusucehnces

FITC Compensation

Spillover Detectors

4 P
g K &
g
& =
y PE 0.00 ! 0.00
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FITC Compensation

Cytometer

104

Spillover Detectors

Source Detectors

S

100.00
0.00
0.00

3.00
100.00
0.00 10,00

Relative Intensity

FITC
530/30

PE
585/42

500 550 600

Wavel

50 700
-BD

BD Biosciences

PerCR-Cy5.5

Complnlation Matlix1

Compensation =
Data Source: |Cytometer | =
[ Matrix || auto Compensation |
[V]Visualize |Manage Parameters| | Clear |
Spillovquetectors
Y oy, %, R %, R,
T T T T

530/40 [488]  100.00 0.00 0.00 0.00 0.00 0.0
5 580/30 [458] 000 100.00 0.00 0.00 0.00 0.00
© leszj40 4881  0.00 0.00  100.00 0.00 0.00 0.00
S | 7s00p [483] 0.00 0.00 0.00  100.00 0.00 0.00
& 670/30 [640] 0.0 0.00 0.00 000 100.00 0.00

| 7s0LP [640] 0.00 0.00 0.00 0.00 000 100.00

|
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Compensation Examples

Incl ect Clmpensatl nl

Cl ect Clmpensatl nl | Undelclmpensatl nl Ovelclmpensatl nl
1 Cytometer . & Cytometer o & Cytometer
10 10 10
;: 10 ;E 10 & 10
@ g
10" % : v 10
: i _
10 s 10 - - 1 . o
10 10 0% 108 10t 10 1o 108 10 108 100 10! = 0% o
FITC *FITC *FITC
Statistics: Cytometer Statistics: Cytometer . Statistics: Cytometer
FITC PE FITC PE FITC -
Populations Median Median Populations Median Median Populations Median Median
® FiTcs 530 & @ FITC+ 294 18 @ FITC+ &7 1
@ negative 3 5 @ negative 5 5 @ negative 14 5
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Application

- Sort different target cell
- Life or death

» Morphology

- Surface antigens

« Gene expression.

* Cell functions.

+ DNA content

wBD

BD Biosciences
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Sorting Cells By Surface Markers

* Solting NK C1
—CD3 FITC t1 exclude T celsl
—CD56+CD16 PE t1 nclude al NK Cels.1

E— ]
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Sorting NK Cells for Cytotoxicitity Studies

CYTOTOXIGITY ASSAY
CD5E+CDS- SORTED PEMCs
K562 TARGETS

100

an

50 UNSORTED
M SORTED

S CYTQTOXICITY (SPECIFIC RELEASE)

30

P
0 a1 T Eﬂ' w 51 MBD
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Regulatory T Cell Sorting

Negative selection
Peri
Thymus phery

Immature Naive T cell Effector T cell

m.u@ @Apopmtncdeath () Activation @

Stimulation with immature DC
and/or in the presence of IL-10

Positive selecﬂon &1 and/or TGF-f
O & ©©
i Induced Th3
(L 1I:Iand!or (IL-10)

CD4* CD25* Tre
9 " 16R-p)

Intrinsic @
cpa* cp2s* Treg\
Figure 1. Schematic representation of the role of regulatory T cells in immune function

BD Biosciences

CD4/CD25 Treg sortlng
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CD4/CD25 High/CD127 Lo

Al Post Sort
Pre Sort CD25inthiCD127le
- J‘ﬂ ﬂ
3 . ol I
. il oA
| III)CDZEiFITCm- I ’ cgjzs_plr';'c = B FoxP3-APC
BH Isotype Control-APC
BD Biosciences
Sorting by Gene Expression
Add viability check.
=71 2 ) -
5 . 1 ¢ E e e T
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Thrombin R-GFP

Thrombin R-GFP

w BD

BD Biosciences

33



Sorting by Gene Expression

Peroxisomes

L]
Mitochondria
Endosomes ® ®
Plasma
membrane
Actin & Tubulin ®
Nucleus
o000
EGFP Endoplasmic
reticulum
EYFP Py
©® ECFP

DsRed2 Golgi apparatus
® HcRed [ ]

Figure 12. Organelles targeted by BD Living Colors™ Subcellular Localization Vectors.
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Sorting by Gene Expression
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Rare Cell Sorting tip

* Rale celsl tngusualy lequ es ple-enlchment steps:1
—Blngthestalt ngpu tytl>5%1
—Fcl

— Immune Pann ngl

— Magnet c Beads (P1s t ve/Negat ve)1l
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4-Color Staining

Parameter CD123+ CDl11ec+ Basophils — Lineage Cocktail

DCs DCs FITC
Lin 1 - -+ - e CD3, 14, 16,19, 20, 56
Anti-HLA-DR ++ +H+ 5 — D123 (IL-3Ro) PE
€D123 HEE L +Ht — HLA DR PerCP
CD11c - +++ +
— CD11c APC
Immunophenctype of CD11¢, CD123 DCs and baso — Controls

{fluorescence intensities) — FACLysing Solution

R R TTARET T TR
FSC

BD Biosciences
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Stem cell sorting

Identify drug
targets and e, |
test potential < r X
therapeutics — s —
Cultured Pluripotent

Understanding
prevention &
treatment of
birth defects

Stem Cells

e~ 1

'

To y / Tissues/Cells forTranspIantationI S !
Testing / i
'

'

. e

?
Bone marrow Nerve cells Heart muscle Pancreatic
for leukemia for Parkinsons cells for islet cells
& chemotherapy & Alzhiemer’s heart disease for diabetes
disease
. ) . &
Schematic adapted from http://stemcells.nih.gov/index.asp v BD
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Hematopoietic Stem Cells

Sca-1, c-kit and CD34 expression in mouse bone marrow
Four color analysis

side scatter

forward scatter forward scatter

PE-Cy5.5-Sca-1

5
3
3
=
@

wBD

BD Biosciences

36



Bone Marrow Stem Cell

Before Sorting After Sorting
Specimen_001-hefare WT Specirnen_001-befare WT Specimen_001-after WT
c ¢ |
T O =1 e ==
e I e
C-Kit Sca-1 — APC-A
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	Drop Formation 
	Drop Formation 
	Drop Formation 
	Piezo Disc Acoustic Wave 
	Nozzle Size: 

	70µm, 86µm, 100µm, 140µm, 200µm 
	Wave Becomes 
	Wave Becomes 
	Oscillating Voltage Drops 
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	Pressure/Frequency Optimal pressure frequency 0 20 40 60 80 100 120 0 10 20 30 40 50 60 70 80 Pressure (psi) Frequency (kHz)70 micron nozzle 100 micron 140 micron 200 micron Recommended pressure/frequency combinations 
	BD Influx Nozzle/Pressure/Frequency setting 
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	Drop Charging 
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	Drop Delay 
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	BD FACS™ 
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	Accudrop technology 
	• 
	• 
	• 
	Accudrop beads 

	• 
	• 
	Diode laser 

	• 
	• 
	Camera 

	• 
	• 
	Optical filter 
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	Drop Delay using BD FACS Accudrop 
	• 
	• 
	• 
	When drop delay is set correctly, Accudrop beads will be depleted from center stream. 

	• 
	• 
	Use the Accudrop filter so that only the beads show in the stream camera. 
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	Neutral Accudrop Density Filter Filter 
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	Accudrop Correct Drop Delay 
	P
	Figure
	Not Correct Drop Delay Accudrop beads still in the center stream 
	Correct Drop Delay Accudrop beads all in deflected side stream 
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	Sort Mode 
	Sort Mode 
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	Drops 
	Drops 
	Sort an additional drop if the cell is on edge of drop 

	Objective 
	Objective 
	Enrich (no coincidence) Purify (coincidence with override) Single (coincidence no override) 

	Extra Coincidence 
	Extra Coincidence 
	Adjust how much phase into adjacent drops to abort due to non-target cells 

	Phase Mask Current Drop 
	Phase Mask Current Drop 
	Will only sort if cell is in designated portion of droplet 
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	P
	1.0-drop setting 
	• 
	• 
	• 
	Sort 1 drop, regardless of the cell’s position within the drop. 

	• 
	• 
	There’s a chance that cell is actually in other drops. 


	Sort 1 drop Sort 1 drop Sort 1 drop 
	Number of Drops 
	1.5-drop setting (50%x1 drop+50%x 2 drop=1.5 drop) 
	• 
	• 
	• 
	If the cell is in the center of the drop, sort 1 drop. 

	• 
	• 
	If the cell is at the edge of the drop, sort 2 drops. 

	• 
	• 
	You could get more accurate cell count compare to 1.0 drop 


	Sort 1 drop Sort 2 drops Sort 2 drops 1.5 drop is equivalent to Yield mask of 16 on the Aria. 
	Objective 
	The Objective setting influences sort purity and sort efficiency. 
	• 
	• 
	• 
	Enrich. Disables all coincidence. Sort as much as you can, for rare cell population 

	• 
	• 
	Purify. Enables coincidence and 
	coincidence override 



	(2 target cells in same drop or within the extra coincidence zone). 
	• Single. Enables coincidence and disables coincidence override to ensure that only one target event can be sorted. (single cell sorting for plate) 
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	Enrich Setting 
	Enrich On Enrich Off (Ex: Purify) 
	sort sort Get 1 target cell Also 1 non-target cell No cell was sorted Standard Sort Modes 
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	Sort Performance 
	• Depends on what you want: 
	–Purity –Recovery 
	 
	Figure

	–Yield –Viability 
	Figure
	Sort Performance 
	The Importance of Frequency 
	more empty drops 
	Figure
	Greater chance of coincidence 
	high frequency low frequency 
	P
	Figure
	The Importance of Event Rate 
	Example:39.0KHz/s 
	P
	P
	P
	Figure
	Sample Preparation Considerations 
	• 
	• 
	• 
	Enrich rare cell population if possible 

	• 
	• 
	Avoid cell clumps 


	– 
	– 
	– 
	Always filter your cells before sort! 

	– 
	– 
	Use Accutase instead of Trypsin 

	– 
	– 
	Treat cells with DNAse 


	• Use appropriate sample buffer 
	– PBS, HBSS or phenol-red free culture media w/ 25mM HEPES, 5mM EDTA and 1~2% FBS or 0.1~0.2% BSA to maintain cell viability 
	• Use viability dye to confirm cell viability before sort 
	Figure
	Summary: Sorting Considerations 
	• Collection tube: Pre-coated with 1% BSA or 10% FBS overnight and filled with appropriate collection buffer 
	– 5ml Falcon tube: 2ml – 15ml centrifuge tube: 7ml 
	• 
	• 
	• 
	Change collection tubes periodically 

	• 
	• 
	Temperature control 

	• 
	• 
	Event (Threshold) rate: 1/10~1/4 drop drive frequency for better yield 
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	Compensation Theory 
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	Emission Spectra: Spectral Overlap 
	100% 
	APC PerCP PI 400 500 600 700 Pacific Blue Normalized Intensity FITC PE AmCyan PerCP-Cy5.5 PE-Cy7 
	0% 
	800 
	Wavelength (nm) 
	Figure
	Spillover 650 700 PerCP-Cy5.5 695/40 500 600 FITC 530/30 Relative Intensity Wavelength (nm) 550 PE 585/42 PE-Cy7 PE-Cy7 780/60 750 800 
	FITC Spillover 650 700 PerCP-Cy5.5 695/40 500 600 FITC 530/30 Relative Intensity Wavelength (nm) 550 PE 585/42 750 
	FITC Compensation 
	FITC PE PerCP-Cy5.5 530/30 585/42 695/40 
	Figure

	Relative Intensity 
	Figure
	500 550 600 650 700 
	Figure

	Wavelength (nm) 
	FITC Compensation 
	Figure
	FITC PE PerCP-Cy5.5 530/30 585/42 695/40 
	500 Relative Intensity 
	Figure
	550 
	650 700 600 Wavelength (nm) 
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	Compensation Examples 
	Application 
	• 
	• 
	• 
	Sort different target cell 

	• 
	• 
	Life or death 

	• 
	• 
	Morphology 

	• 
	• 
	Surface antigens 

	• 
	• 
	Gene expression. 

	• 
	• 
	Cell functions. 

	• 
	• 
	DNA content 
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	Sorting Cells By Surface Markers 
	• 
	– 
	– 
	– 
	LBody

	– 
	– 
	LBody


	R1 R3 R2 
	Sorting NK Cells for Cytotoxicitity Studies 
	Regulatory T Cell Sorting 
	CD4/CD25 Treg sorting 
	CD4 PerCP CD25PE1.35 % 8.94 % 
	Sort on R1 and R2 sort on R1 and R3 
	Figure
	CD4/CD25 High/CD127 Lo 
	Sorting by Gene Expression Add viability check. R2 
	Sorting by Gene Expression 
	Sorting by Gene Expression 
	Rare Cell Sorting tip 
	Rare Cell Sorting tip 
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	Stem cell sorting 
	Hematopoietic Stem Cells 

	Bone Marrow Stem Cell 
	Bone Marrow Stem Cell 
	Before Sorting After Sorting 
	LSK 97% LSK 0.7% C-Kit Lin-Sca-1 C-Kit 
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