Violet Laser Tools in Flow
Cytometry
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« Traditional Dyes

- Pacific Blue and Pacific Orange antibodies
* Qdot® Nanocrystal Conjugates

- What are Qdots?

- Considerations

« Cell Process Violet Dyes

- Cell Proliferation
> CellTrace Violet
> Click-iT EdU

- Cell Viability
> LIVE/DEAD Fixable Dead Cell Stain
> Nucleic Acid Stains

- Cell Cycle
> Live cell cycle analysis (DyeCycles)
> Fixed cell analysis (FxCycle)

- Multi-perameter Apoptosis
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Pacific Blue™ & Pacific Orange™ Dyes

«First dual dye combination on violet laser
»Pacific Blue™ (455 nm emission)
»Pacific Orange™ (551 nm emission)

+Minimal compensation between dyes

«Pacific Orange uses PE filter (585/42)

«Over 50 human & mouse conjugates available

CD8-Pacific Orange

CDA4-Pacific Blue

R s
A AN VARN - -- Pacific Blue (Ex)

Pacific Blue (Em)
- -~- Pacific Orange (Ex)
— Pacific Orange (Em)

Impactful nanotechnology: Quantum Dots

Size of the nanocrystal determines the color
Size is tunable from ~2-10 nm (  3%)
Size distribution determines emission band width
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Anatomy of a Qdot Nanocrystal

Core
(CdSe, CdS, CdTe)

Shell
(Zns)

Polymer
coaling

A

s

15-20 nm
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Qdot® nanocrystal optical properties

—— 1. Qdot” 525 conjugate excitation
—— 2. Qdot* 565 conjugate excitation

—— 3. Qdot’ 585 conjugate excitation
— 4. Qdot" 605 conjugate excitation
5. Qdot" 625 conjugate excitation
6. Qdot” 655 conjugate excitation
—— 7. Qdot* 705 conjugate excitation
—— 8. Qdot" 800 conjugate excitation

=== 1. Qdot" 625 conjugate emission
=== 2. Qdot" 565 conjugate emission
~- 3. Qdot" 585 conjugate emission

Extinction coefficient (M'cm™)

=== 4, Qdot" 605 conjugate emission

f 5. Qdot" 625 conjugate emission
) Wavelength (nm) 6. Qdot" 656 conjugate emission

leleft 7. Qdlot" 705 conjugate emission
excitation Broad range of emissions 8. Qdot" 800 conjugate emission

Single-color excitation, multicolor emission for easy multiplexing ‘
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Erythrocyte Lysing
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Qdot* 655 nanocrystal fluorescence Qdot®:

Effect of erythrocyte lysis reagents on Qdot® nanoctrystal fluorescence. Human blood was stained with mouse anti
human CD4 Qdot® 655 conjugate prior to erythrocyte lysis with the specified reagents. Samples were analyzed using
aBD™ LSR Il flow cytometer with 405 nm excitation and a 655/20 emission filter. Samples were gated on
lymphocytes by scatter. Histograms are smoothed and labeled with geometric mean fluorescence values. Staining
index (SI), to quantify population resolution, is calculated as the difference in population mean fluorescencegyalu
divided by twice the negative peak standard deviation P
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Effects of Fixatives
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J “‘lw“ *Aldehyde-based fixatives case a

B J\“I‘ decrease in Qdot® fluorescence

P Deae il ~shows a 2-fold reduction in fluorescence

after fixation with three different

formaldehyde-based fixative preparations,
| although negative peak fluorescence also

mammemmes | I decreased.
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e Effect of fixatives on Qdot® nanoctrystal fluoresce  nce.

Human peripheral blood mononuclear cells (PBMC) wer e
stained with mouse anti—human CD4 Qdot® 655 conjuga  te
before treatment with the specified fixatives. Samp _les were
analyzed using a BD™ LSR Il flow cytometer with 4050 m
excitation and a 655/20 emission filter. Samples we e gated
on lymphocytes by scatter. Histograms are smoothed. ~ Red
fixed cells; blue

represent cells that were not fixed (control). Stai  ning index
(Sl)is calculatedas in Figure 5.

Qdot* a5 nanocrystal Rucrescence

(Qgot® 655 nanocrystal fucrsscance
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Permeabilization Reagents Spectral signals from Qdot conjugates
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: z = permeabilizing reagents. Samples were analyzed : m ol
“ using a BD™ LSR Il flow cytometer with 405 nm coe m e 410
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Example of cross-laser spectral overlap Optimization
« If the emission profiles of two fluorophores show an offset, a filter can
AL be selected for this region to decrease the detection of the unwanted
T The plots show uncompensated data from human . . .
H peripheral blood mononuclear cells (PBMC) fluorophore as long as the signal from the desired fluorophore can still
H stained with biotin-anti-CD4 and either be detected.
E 10 streptavidin-R-PE-Cy®7 (A) or streptavidin—
] Qdot® 800 nanocrystal (B, C). (A) Overlap of : . :
i R-PE-Cy®7 into R-PE channel. The Qdot® + Compensation can also be decreased by strengthening signal of the
B 800 nanocrystal must be compensated out of unwanted fluorophore in its home channel, the channel being used as
AP0y tarscanca 48 ) the R-PE-Cy®7 channel (B) to use with this the basis for compensation subtraction. A stronger signal can be
8 E. fluorophore, but it does not show spectral . o . ¥ 8
H overlap into the R-PE channel (C). Samples achieved with either a wider bandpass filter on a fluorophore’s home
g were analyzed on a BD™ LSR Il flow channel, or possibly by increasing excitation intensity.
% 5 cytometer; axes show filters and excitation
2" lines used. Samples were gated on
T Iymphocyles hy scatter. Violet excitation Blue-green excitation Red excitation
&
¥ Qdot* 565 nanocrystal  R-PE
(Qdot* 800 fuorascance (405 = Qdot® 605 nanocrystal  A-PETexas Red® dye.
¢ Qdot® 655 nancerystal - RPE-CY"S S e
£ PerCP, RPE-Cy"S.5,
2 w0 Qdot® 705 nanocrystal  R-PE-Alexa Fluor® 700 Alexa Fluor® 700 dye.
E dye
i Qdot® 800 rancerystsl RAECYT i
£ . .
R R LN technologies’ technologies’
11 Qdot* 800 fluorescence (405 nm) 12




Cross-Laser Compensation
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Eight-color immunolabeling combination with low com  pensation values. Human peripheral blood
mononuclear cells (PBMC) were stained with Qdot® 60 5-anti-CD4, Qdot® 655-anti-CD3, Qdot® 705-anti-
CD45, FITC-anti-CD2, R-PE-anti-CD16+CDS6, R-PE-Cy®7 -anti-CD19, APC-anti-CD14, and APC-Alexa Fluor®
750-anti- CD8. Samples were run on a BD™ LSR Il flow  cytometer. Plots are gated on lymphocytes by side

scatter/CDA45. Axes are labeled with the filtersuse  d; plots are labeled with compensation values. .
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LSR Il filter configuration to detect selected Qdot  ®
nanocrystals and conventional fluorophores .

Excitation
. Fluorophore laser (hm) _ Emission maximum (nm) _ LSR I ilter configuration
405 565 0

Alexa Fluo 488
RPE 488
R-PE-Texas Red® 488 620/10
R-PE-Alexa Fluor* 700
E-Alexa o s
dye
RPE-CY*7 488
Alexa Fluo —
e 633/635
Alexa Fluor 633635
APC-Alexa Fluor 633/635 780/60

* Fluorophores w 2l overap challenge
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Factors for Multiplexing

Fluorophore choice dependent upon:

1. Relative abundance of the targets

2. Photostability and FRET efficiency with tandems

3. Spectral separation of the dyes (minimal compensation)
4. Specificity of dye for target/ minimal background

5. INSTRUMENTATION!!! Know your instrument
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Agenda

Traditional Dyes

- Pacific Blue and Pacific Orange antibodies
Qdot® Nanocrystal Conjugates

- Whatare they?

- How to best use them?

Cell Process Violet Dyes
Cell Proliferation
- CellTrace Violet
- Click-iT EdU
Cell Viability
- LIVE/DEAD Fixable Dead Cell Stain
- Nucleic Acid Stains
Cell Cycle
- Live cell cycle analysis (DyeCycles)
- Fixed cell analysis (FxCycle)
Multi-perameter Apoptosis
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Cell Proliferation by dye dilution

How does it work?

Fourth
Generation

Third
Generation

< Second
wGereraton
First

- . Genarsion
= R b

Brightness

« Dye enters cell and is retained and becomes fluorescent through esterase activity
« Cell division results in equal partitioning of dye between daughters cells
* Fluorescence of daughter cells is half that of parent cell .
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Cell Proliferation Analysis:

CellTrace™ Violet Cell Proliferation Kit
Track generations through dye dilution- equal division between
daughter cells

-« Long term dye retention 10°
«  Low Toxicity

Compatible with GFP g".;

Easily Multiplexed €
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CellTrace™ CFSE CellTrace™ Violet

Peripheral Blood Lymphocytes stimulated and stained
with CellTrace™ CFSE (A), 488 nm excitation and
530/30 emission, and CellTrace™ Violet stain (B) using
405 nm excitation and 450/40 emission, with data
modeled using ModiFit™ analysis software from Verify
House Software.

10° 10 10° 10
CellTrace™ Violet 450/50

Peripheral Blood Lymphocytes stimulated with anti CD3
and IL-2 and stained with human anti-mouse CD4 Alexa
Fluor® 488 conjugate and CellTrace™ Violet Stain

technologies




Click-iT Cell Prolifervation Assay

L,

§
g Clckdr * Aexatugre 4 Click-iT® EdU steps

o
X 1) Add EdU to cells/animal
g g 2) Add detection reagent
FxCycle™ Far Red stain

B o

3) Analyze
»
“ “H

Click-iT ® Alexa Fluor ©488

*Simplified protocol
»No DNA denaturation required
*Highly specific reaction with minimal background
»Reaction not found in biological systems
~Easier multiplexing
»Multiple colors options for all common lasers

»>No harsh treatments makes combined phenotyping more accurate g ., z
chn
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EdU compared to BrdU

Both are nucleoside analogs of thymidine

and are incorporated into actively synthesizing DNA

BrdU EdU
? H
#Z
HN | \
07N
HOCH,
o
OH

5-Bromo-2’-deoxyuridine 5-Ethynyl-2"-deoxyuridin
z .z
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Just what is “click” chemistry?

Click chemistry is a concept introduced by K. Barry Sharpless
in 2001 and describes chemistry tailored to generate
substances quickly and reliably by joining small units together
as nature does.
Click chemistry-based labeling and
detection

Copper catalyzed azide-alkyne cycloaddition

Azide

Triazole
_NY
NZ" "N — Alexa Fluor® 488 Dye _N_
o . N“ N
+ )_/
DNA —

DNA
Alkyne

e-ﬂ
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Click-iT™ EdU Cell Proliferation: Flow Cytometry

Simplified Workflow

Click-iT™ EdU: Basic protocol of aldehyde fixation and detergent permeabilization

« Fixcells for 15 minutes, wash

« Permeabilize cells for 30 minutes, wash

« Incubate cells in click labeling cocktail for 30 mi nutes, wash
* Optional: Incubate with cell cycle stain for 15-30 minutes

* Analyze

2 Hour Assay Time!

e .4
chnologies
22

. MoBu 100
unstained

BrdU-Alexa Fluor® 488
g

BrdU-FITC =

Th
EdU-Alexa Fluor® 647 azide

TF-1 Erythroblasts
From BioProbes 62

Bu20a

" e erduFme
*MoBu clone specific to BrdU, does not react to EdU
«Allows pulse labeling of cells with EdU and BrdU

*MoBu antibody available unconjugated and conjugated to: pe
Pacific Blue™, Alexa Fluor® 488, and Alexa Fluor® 64 7
technologies:

Fixable Dead Cell Stains

LIVE/DEAD® Fixable Green Dead

®
LIVE/DEAD® Reduced Biohazard Cell Viability Kit #2 Cell Stain Kit (L23101)

Principal
»®
* . ® 1004 Healthy cells
* X M
" sl | “n%
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Aged culture
100
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Live cells (left) react with the kit's fluorescent o
reactive dye only on their surface to yield . wy
weakly fluorescent 0 et r
cells. 1004 Heat-killed cells
Cells with compromised membranes (right) \
react with the dye throughout their volume, 50 Y
yielding brightly stained cells. / \
o,
In both cases, the excess reactive dye is o . ) T
subsequently washed away. 10° 10 10° 10 10*

Green fluorescence




LIVE/DEAD® Fixable Dead Cell Stains

Before Fixation 18 Hours Post-Fixation Before Fixation 18 Hours Post-Fixation

Propidiumiodide | | LIVE/DEAD Fixable |
: ’l ; 1 ‘ Greenstain k
|
£ " )
B | | . .
] — el

488 nm excitation, 610120 fiter 488 nm excitation, 530130 flter

LIVE/DEAD® T A LIVE/DEAD® 1
FiableBluestan | | | FiableRedstan . || 4

] " A
| L A / “ j

A . LA y

U (355 ) exciaon, 45050 ter

488 nm excitation, 610120 flter

\NEDEADS Fiable T WEpEADS Fiae |
Viletstain : ! Far Red stain | |

205 nim exciation, 450120 fiter 633 nm exctation, 660120 fiter

LIVE/DEAD® Fixable " #‘
1

E LIVEIDEAD® Fixable 1
Aquastain k| E Near IR stain B!
) W W A _d
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Nucleic Acid Stains for viability

Name Ex.Max. | Em. Max |Ex.Laser | Filter Notes
SYTOX® Blue stain 445nm | 470nm | 405nm | 450140 | +Violetlaser NA viability stain
" SYTOX® Greenstain | 504nm [ 523nm | 488nm | 53030
g
$
3% .
= = | | Propidium iodide 535nm  [617nm  [488nm 610/20 Commonly Used
g5 +Uses two emission channels
S<
£2 g
T3 || 7-AaD sa6nm | 647nm | assnm | 85%BP O | pequiires 30 minute staining
g 6708P
SYTOX® AADvanced™ 650BP o | +7-AAD Replacement
stain 546nm | 647nm | 488nm 670BP | *Requires 5 minute staining
SYTOX® Red stain 64onm | 650nm | 633nm | ecor0 | Replacementfor PI (frees 486 laser)
«Uses APC channel
Principle:

Dyes can enter cells with compromised plasma membra ~ nes
(dead cells) and bind to nuclear dsDNA

What is Cell Cycle?v

Cell cycle describes the progression
of a cell through a cycle of division.

G, ® G,

Gy: Non-proliferating cells

G,;:  Period of cell growth where a cell has 2N nuclear DNA content (2 copies of
nuclear genome)

S:  Period where nuclear DNA content doubles to 4N
G,: Period of cell growth where the cells are maintained at 4N

M: Cell division resulting in two daughter cells each with 2N nuclear DNA content

Live Cell Cycle Analysis

Vybrant® DyeCycle™ stains
« Precise—Accurate cell cycle analysis in living cells
« Safe—Low cytotoxicity for cell sorting and additiona | live cell experiments
« Flexible—Colors available for all common laser lines
»DyeCycle™ Violet  (UV or violet laser)
»DyeCycle™ Green (488 nm laser)
»DyeCycle™ Orange (532 nm laser)
»DyeCycle™ Ruby (488 or 633 laser)

G,/G,: 1.99
%CV Gy: 4.46

G,/Gy: 1.83
%CV Gy: 3.80

NI

T T T T T
DyeCycle™ Violet stain
(405 nm excitation)

DyeCycle™ Green stain P
(488 nm excitation)
28 "

Side Population Analysis — Vybrant  ® DyeCycle™ Violet

Human cord blood Mouse bone marrow

1000 toon

200 5004

Violet laser

diode b L
(408 nm,
25 mW)

20
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« Vybrant® DyeCycle™ Stain used for side cell populati  ons
« Same results as Hoechst 33342

« Telford, William G. etal. 2007. Side Population Analysis Using a Violet-
Excited Cell Permeable DNA Binding Dye. Stem Cell ~ 25: 1029-1036.
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Fixed Cell Cycle Anélysis

«Increased flexibility for multi-color cell cycle st udies
» FxCycle™ Violet (Violet laser excitation)
» SYTOX® AADvanced™ (Blue laser excitation)
» FxCycle™ Far Red (Red laser excitation)
*Not dependent upon Pl or 7-AAD
«Little or no compensation with 488 nm excitable dye  s.
*Tight CV's for more accurate analysis

GG,

G,/G,: 2.81
%CV Gy 1.84

S-phase

FxCycle™ Violet as analyzed on the
Attune™ Acoustic Focusing Cytometer




Multiplexability with FxCycle

¢ TF-1 erythroblast cells were

1074 alcohol-fixed overnight, washed,
> and then suspended in 0.1%
B Triton® X-100/PBS/1% BSA

before staining with anti—histone
H3[pS10] purified antibody (Cat.
No. 441190G) complexed with
Zenon® Alexa Fluor® 488
Rabbit IgG labeling reagent and
FxCycle™ Violet Stain. The pH3
signal (red) identifies cells that
are in mitosis.

pH3-Alexa Fluor® 488 fluorescence

FxCycle™ Violet fluorescence

.
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Live/Dead ViabilityNitaIity Kit

0 prepe— « Two color assay to

P ] check Viability and

Vitality on the 405

Hi e laser

K| * Calcein Violet AM-
NG vitality

Calcein violet fluorescence

« Live/Dead Fixable
Aqua-viability

+ Combination of esterase substrates with dead cell
dyes using mixtures of heat-treated and untreated
cells. Chinese hamster ovary (CHO) cells were
stained according to the protocol in the LIVE/DEAD®
Violet Viability/Vitality Kit (calcein violet and fixable
violet dead cell stain). Cells were analyzed by flow
cytometry using 405 nm excitation.

.
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Violet-excitable DNA Stain for Apoptosis

3
5
.

Monomeric Cyanine dye that
labels nucleic acid

« Selectively passes through the
plasma membranes of
apoptotic cells and labels them

7-AAD fluorescence

" * Po-Pro™:-1 for apoptotic cells
PO-PRO™-1 dye fluorescence

« 7-AAD for dead cells

Jurkat cells were treated with 10 uM
camptothecin for 4 hr and then stained with
the reagents in the Violet Membrane
Permeability/Dead Cell Apoptosis Kit. Cells
were analyzed by flow cytometry using 405
nm and 488 nm excitation. Apoptotic cells

(A) are clearly distinguished from live cells
(L) and dead cells (D). g
technologies

Apoptosis Assay for Adherent Cells

Violet Fluorescent Biomembrane Probe-Ratiometric Detection of
Apoptosis

4’-N,N-diethylamino-6-(N-dodecyl-N-methyl-N-(3-
sulfopropyl))ammoniomethyl-2-hydroxyflavone
- F2N12s for short

Uses Excited State Intramolecular Photon Transfer
- 530=dead/apoptotic
- 585=live

Probe incorporates into plasma membrane

Correlates well with other indicators of apoptosis i.e. annexin V

.
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Staining with F2N12S

SYTOX® ARDvanced fluorescence

i.
I
g;
g's

Figuer.

330 o1 Ao i o 5 sl .
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F2N12S, Sytox Aédvanced, and MitoProbe
DilC,(5)

Nt o sverts

ustescence 51,000

and 50 nM MitoProbe™ DIC(S), Dead cells were
by gating e cells

B .
‘graphs indicate apoptotic, ive, and dead cels, respectively.
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Hela, NIH/3T3, A549

Violet ANiciot 8 (x1,000)

Hela (1uM NIH/3T3 (10 uM A549 (10 uM
D)
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- Pacific Blue and Pacific Orange antibodies
* Qdot® Nanocrystal Conjugates

- What are Qdots?
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« Cell Process Violet Dyes

- Cell Proliferation
> CellTrace Violet
> Click-iT EdU

- Cell Viability
> LIVE/DEAD Fixable Dead Cell Stain
> Nucleic Acid Stains

- Cell Cycle
> Live cell cycle analysis (DyeCycles)
> Fixed cell analysis (FxCycle)

- Multi-perameter Apoptosis

Livia.Vo@lifetech.com

Online Resources

www.invitrogen.com/flowcytometry
www.invitrogen.com/qdotsinflow

BN Guide to Antibodies

pursue every angle

Fluorescence & Flow
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