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Redesigned 3D cell simulation and stain tool
Explore the cell and all

using Molecular Probes® organelle-selective fluorescent dyes.

of its intricate organelles

What’s new in version 3.0?

and structures using the
newly redesigned 3D Cell
Simulation and Stain Tool
for the iPad® tablet. This
award-winning app allows

■■

Improved 3D cell model and interactive walk-through

■■

Revised cell component descriptions and individual images

■■

Assorted cell imaging videos with descriptions

■■

Updated cell staining tool with additional products and imagery

you to rotate a cell 360°, zoom in on any cell structure, and find out

Download the new 3D Cell Simulation and Stain Tool on iTunes®

how that structure functions and relates to other components of

and see our complete selection of mobile and desktop apps at

the cell. Dive even deeper and create your own stained cell image

lifetechnologies.com/apps.

Molecular Probes® mobile apps for cell imaging and flow cytometry
The new Molecular Probes® mobile apps place

they provide product guides for instrument calibration and setup,

essential cell biology tools in the palm of

as well as examples of data output. Two key features include:

your hand. We offer two reagent and protocol

(1) a built-in protocol timer that runs even if you leave the app

apps: one devoted to fluorescence microscopy

and (2) excitation and emission data for every product. Download

applications and the other to flow cytometry

these mobile apps today at the App Store™ for iPhone® and iPad®

research. Each app is designed to help you

devices or at Google Play™ for Android™ phones and tablets,

find fluorescent reagents, kits, and protocols

and see our complete selection of mobile and desktop apps at

for your cell biology experiments. In addition,

lifetechnologies.com/apps.

Expert opinion: The basics of multicolor flow cytometry panel design

2
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With the proliferation of new fluorescent dyes,

is the Director of the Human Immune Monitoring Center and also

as well as instruments that can detect 18 or

an Associate Professor of Microbiology and Immunology at Stanford

more parameters, multicolor flow cytometry

University. In the “Basics of Multicolor Flow Cytometry Panel Design”

has become more popular and more accessible

webinar, Dr. Maecker covers the key rules for choosing fluorescent

than ever. When designing polychromatic flow

dye combinations and filter sets and illustrates these rules with

cytometry panels, there are dozens of factors to consider. As the

plenty of examples and practical applications. He also discusses

complexity of the experiment increases, so does the number of

controls and standardization, which are absolutely critical in ensuring

parameters that need to be analyzed and the technical issues

quality data from multicolor flow panels, as well as the relevance

that need to be addressed.

of panel design to new mass cytometry platforms.

To help sort through the challenges of panel design, we reached

Access Molecular Probes® webinars on fluorescent labeling, flow

out to an expert in flow cytometry: Holden Maecker, PhD. Dr. Maecker

cytometry, and imaging at lifetechnologies.com/probeswebinars.

lifetechnologies.com
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Preserve sample fluorescence with ProLong® Diamond and SlowFade® Diamond antifade mountants
ProLong® Diamond and SlowFade® Diamond antifade reagents
enable superior protection against photobleaching across the visible
and IR spectra. These glycerol-based liquid mountants preserve
the fluorescence of cells and tissues stained with Alexa Fluor®
dyes, as well as with traditional dyes such as FITC, Cy®3, and Cy®5,
and fluorescent proteins including GFP, RFP, and mCherry. Both
ProLong® Diamond and SlowFade® Diamond Antifade Mountants
are provided already mixed and ready to use in a dropper bottle,
with or without DAPI.
ProLong® Diamond Antifade Mountant suppresses photobleaching and preserves the signals of fluorescently labeled cells
for long-term storage and analysis. ProLong® reagents cure within
24 hours, forming a semi-rigid gel that does not discolor or shrink
during storage, making it possible to take high-quality images weeks
or months after mounting.

HeLa cells mounted with ProLong® Diamond Antifade Mountant. HeLa cells
were fixed, permeabilized, blocked with BlockAid™ Blocking Solution (Cat. No.
B10710), and stained with ActinGreen™ 488 ReadyProbes® Reagent (Cat. No.
R37110), NucBlue® Live ReadyProbes® Reagent (Cat. No. R37605), and mouse
anti–ATP synthase subunit IF1 (Cat. No. A21355) and Alexa Fluor® 594 goat
anti–mouse IgG (Cat. No. A11005) antibodies. Stained cells were mounted using
ProLong® Diamond mountant (Cat. No. P36961) and imaged on the EVOS® FL
Auto Imaging System.

SlowFade® Diamond Antifade Mountant is a noncuring mountant,
and samples can be viewed immediately. When coverslips are sealed

Product

Quantity

Cat. No.

ProLong® Diamond Antifade Mountant

5 x 2 mL

P36961

with an appropriate sealant, samples can be stored for days to weeks.

ProLong® Diamond Antifade Mountant with DAPI

5 x 2 mL

P36962

To find the right antifade for your experiments, see our product selection

SlowFade® Diamond Antifade Mountant

5 x 2 mL

S36963

guides at lifetechnologies.com/antifadesbp70.

SlowFade® Diamond Antifade Mountant with DAPI

5 x 2 mL

S36964

Label cells with the far-red–fluorescent CellTracker™ Deep Red Dye
For monitoring cell movement or cell location through generations,
we offer CellTracker™ Deep Red Dye. This far-red–fluorescent tracer
is designed to freely pass through cell membranes into live cells,
where it is converted to a membrane-impermeant reaction product
that is retained through cell division. Like our other CellTracker™
dyes, this dye is transferred to daughter cells but not to adjacent cells
in a population, and it has been shown to not affect cell viability or
proliferation at working concentrations.
CellTracker™ Deep Red Dye exhibits long-wavelength fluo
rescence (excitation/emission maxima ~630/650 nm) for at least
72 hours at physiological pH. Additionally, the fluorescence spectra
of CellTracker™ Deep Red Dye are well separated from those

Fixed-cell multiplexing with CellTracker™ Deep Red Dye. HeLa cells
treated with CellTracker™ Deep Red Dye (pink, Cat. No. C34565), CellLight®
Mitochondria-GFP (green, Cat. No. C10600), rabbit anti-vimentin and Alexa
Fluor® 750 goat anti–rabbit IgG (white, Cat. No. A21039) antibodies, and
NucBlue® Fixed Cell ReadyProbes® Reagent (blue, Cat. No. R37606).

of green- and red-fluorescent probes, including GFP and RFP,
making it ideal for multicolor experiments. Find out more at

Product

Quantity

Cat. No.

lifetechnologies.com/celltrackbp70.

CellTracker™ Deep Red Dye

20 x 15 µg

C34565

© 2014 Thermo Fisher Scientific Inc. All rights reserved. For Research Use Only. Not for use in diagnostic procedures.

lifetechnologies.com

|

3  

JUST RELEASED

BIOPROBES ® 70

Ready-to-use ReadyProbes® Cell Viability Imaging Kits
ReadyProbes® Cell Viability Imaging Kits are ready-to-use reagents
designed to help you quickly and easily distinguish live cells from dead cells
in your sample. Each ReadyProbes® Cell Viability Imaging Kit contains a
cell-permeant, blue-fluorescent nuclear stain that can cross the plasma
membrane of all cells, regardless of whether they are alive or dead, as
well as a cell-impermeant, green- or red-fluorescent nuclear stain that
can only cross the plasma membrane once it has been compromised.
Just add 2 drops of each reagent to 1 mL of your cell sample in growth
medium, incubate for 5–20 minutes, and count the live blue-fluorescent
cells and membrane-compromised green- or red-fluorescent cells.
ReadyProbes® reagents are formulated for maximum convenience
without sacrificing any of their optical or physicochemical properties.
These reagents are provided with concise protocols, convenient dropper

Detection of cell viability using the ReadyProbes® Cell Viability Imaging
Kit. A 1:1 mixture of live and heat-killed Jurkat cells was stained using the
ReadyProbes® Cell Viability Imaging Kit (Blue/Green, Cat. No. R37609).
After a 20 min incubation at room temperature, cells were imaged on the
EVOS® FL Auto Imaging System; live cells fluoresce blue, and dead cells
fluoresce green.

bottles, and room temperature–stable formulations. To learn more

Product

about our line of ReadyProbes® ready-to-use imaging reagents, visit

ReadyProbes® Cell Viability Imaging Kit, Blue/Red

1 kit

R37610

lifetechnologies.com/readyprobesbp70.

ReadyProbes® Cell Viability Imaging Kit, Blue/Green

1 kit

R37609

Quantity Cat. No.

Simplify western blot detection with WesternDot® fluorescent secondary antibody conjugates
The WesternDot® fluorescent secondary antibody conjugates, powered
by Qdot® VIVID® technology, allow researchers to simplify western blot
detection without sacrificing performance. Users can obtain results equivalent to those from enhanced chemiluminescence (ECL) using standard
UV light boxes and gel imagers equipped with ethidium bromide or SYBR®
Green detection filters. WesternDot® antibody conjugates eliminate the
need for film, developer solutions, darkrooms, and enzyme optimization,
and the fluorescent signals are stable over time.
Converting from ECL to WesternDot® staining is simple and straightforward. Each vial of WesternDot® antibody conjugate contains enough
reagent to stain 25 miniblots when used at the recommended 1:500 dilution.
WesternDot® antibody conjugates are compatible with common blocking
reagents such as casein and powdered milk. To detect target proteins
labeled with WesternDot® fluorescent secondary antibody conjugates,
simply image the blot the same way that you would image a gel stained
with ethidium bromide or SYBR® Green dyes. Unlike chemiluminescent
signals, which fade over time, WesternDot® signals are extremely stable
and can last for days to months. See our complete line of WesternDot®
secondary antibody conjugates at lifetechnologies.com/westerndotbp70.

4
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Comparison of enhanced chemiluminescence (ECL) and WesternDot®
ﬂuorescence for western blot protein detection. Serial dilutions
(10–0.02 µg) of Jurkat cell lysate were run on NuPAGE® Novex® 4–12%
Bis-Tris precast gels and transferred to iBlot® nitrocellulose membranes
using the iBlot® Gel Transfer Device. The membranes were probed with
mouse anti-GAPDH antibodies followed by either ﬂuorescence detection
using WesternDot® 625 goat anti–mouse IgG (Cat. No. W10808) (A–F)
or ECL detection using a horseradish peroxidase goat anti–mouse
IgG (G). WesternDot® images were collected using multiple imagers.
Filter settings for fluorescence detection on each imager are as follows:
A, Qdot® 625 filter; B, 645AF20 filter; C, LPG filter; D, ethidium bromide
filter; E, ethidium bromide filter; F, iPhone® 5 camera and UVP Mini
Benchtop UV Transilluminator. The ECL image (G) was acquired using
the Fujifilm® LAS-4000 Imager.

© 2014 Thermo Fisher Scientific Inc. All rights reserved. For Research Use Only. Not for use in diagnostic procedures.
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Measure potential changes in excitable cells using the FluoVolt™ Membrane Potential Kit
The FluoVolt™ membrane potential dye represents the next gener-

Compatible with standard fluorescein (FITC) settings, the

ation in voltage-sensitive fluorescent probes, displaying the best

FluoVolt™ membrane potential dye can be used for imaging

characteristics of both the fast- and slow-response membrane

electrical activity of intact heart tissues, mapping membrane

potential probes. The FluoVolt™ probe not only responds to changes in

potentials along neurons and muscle fibers, or measuring

membrane potential in less than a millisecond like the fast-response

potential changes in response to pharmacological stimuli.

probes, but also displays a high-magnitude fluorescence response

Learn more at lifetechnologies.com/fluovoltbp70.

like the slow-response probes. The response is fast enough to detect
transient (millisecond) potential changes in excitable cells, and

Product

Quantity

Cat. No.

the probe generates a signal change in excess of 25% per 100 mV.

FluoVolt™ Membrane Potential Kit

1 kit

F10488

A

B

320
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260

RFU

240
220
200
180
160
140
120
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5

10

15

Time (sec)

Membrane voltage changes measured using the FluoVolt™
Membrane Potential Kit. Differentiated NG-108 cells
(mouse neuroblastoma–rat glioma hybrid) were loaded with
the FluoVolt™ membrane potential dye using PowerLoad™
concentrate (both provided in the kit, Cat. No. F10488).
(A) Cells were imaged with 10 msec illumination pulses
and images acquired with 2x binning. (B) The three selected
traces show fluorogenic responses from the dye as the
selected cells (numbered dots in A) spontaneously depolar
ized and repolarized in culture.

Detect low-abundance targets with tyramide signal amplification (TSA)
For ultimate detection sensitivity, tyramide signal amplification (TSA)
techniques are widely used in fluorescent immunodetection and FISH
procedures to visualize targets with dim signals or low expression
levels. TSA is an enzyme-mediated detection method that uses HRP
to generate high-density labeling of a target protein or nucleic acid in
situ. A tyramide conjugate is incubated in the presence of HRP (often
bound to a secondary antibody), which catalyzes the binding of the
tyramide and associated label to adjacent tyrosines for enhanced
fluorescence detection (if the tyramide is conjugated to a fluorescent
dye) or colorimetric detection (if the tyramide is conjugated to biotin).
TSA signals can be 100-fold stronger than those from traditional
immunodetection techniques, and TSA methods can be used with both
fluorogenic and chromogenic substrates on slide-based assays. Our

Sensitive detection of zebrafish α-tubulin. A zebrafish cryosection was
incubated with the biotin-XX conjugate of mouse monoclonal anti–α-tubulin
antibody (Cat. No. A21371). The signal was amplified with TSA™ Kit #22 (Cat.
No. T20932), which includes HRP–streptavidin and Alexa Fluor® 488 tyramide
(green). The sample was then incubated with a mouse monoclonal FRet 6
antibody and was visualized with Alexa Fluor® 647 goat anti–mouse IgG antibody
(pseudocolored magenta, A21235). Finally, the nuclei were counterstained with
SYTOX® Orange Nucleic Acid Stain (orange, Cat. No. S11368).

Product

Quantity

TSA™ Reagent, Biotin-XX Tyramide

1 kit

T20947

the necessary amplification buffer. Also available are complete TSA

TSA™ Reagent, Alexa Fluor® 488 Tyramide

1 kit

T20948

TSA™ Reagent, Alexa Fluor® 568 Tyramide

1 kit

T20949

kits for several common antibody species; find out more about these

TSA™ Reagent, Alexa Fluor® 594 Tyramide

1 kit

T20950

kits at lifetechnologies.com/tsabp70.

TSA™ Reagent, Alexa Fluor® 647 Tyramide

1 kit

T20951

stand-alone Alexa Fluor® and biotin tyramide conjugates are designed
to work with any HRP-conjugated secondary antibody and come with

© 2014 Thermo Fisher Scientific Inc. All rights reserved. For Research Use Only. Not for use in diagnostic procedures.
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Multiplex your cell proliferation assay
with GFP, RFP, and R-PE probes
Click-iT® Plus EdU Proliferation Kits for imaging and flow cytometry.
Cell proliferation assays provide a critical piece of the puzzle when evaluating cell health, genotoxicity,
and the efficacy of anti-cancer drugs. Proliferation, however, is rarely assayed in isolation; other cell
function probes are often used in concert with proliferation assays to provide a more informative
picture of the state of the cell. When compared with traditional antibody-based BrdU methods,
the Click-iT® Plus EdU cell proliferation assays not only offer better performance and an easier
workflow but are now compatible with an even broader range of commonly used fluorescent
probes, including GFP, RFP, and other fluorescent proteins as well as phycobiliproteins.

Figure 1 (above). GFP and RFP compatibility with the Click-iT® Plus EdU assay. Erk2-GFP–expressing A375 melanoma cells were transduced with CellLight®
Talin-RFP (Cat. No. C10612, orange) overnight, and then pulsed with 10 µM EdU for 2 hr and labeled using the Click-iT® Plus EdU Alexa Fluor® 647 Imaging
Kit (Cat. No. C10640, pink) and Hoechst® 33342 nucleic acid stain (blue). Coverslips were mounted with ProLong® Gold Antifade Mountant (Cat. No. P10144)
and imaged using a Nikon® ECLIPSE® E800 microscope with Semrock® DAPI, FITC, TRITC, and Cy®5 optical filter sets. Proliferating cells have pink nuclei; the
nuclei in nonproliferating cells appear blue due to Hoechst® 33342 staining and green due to Erk2-GFP expression.

6
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Click-iT® Plus EdU: A breakthrough cell proliferation assay
The Click‑iT® Plus EdU assay represents a significant breakthrough
in the evolution of cell proliferation measurements (Figure 1). The
most accurate cell proliferation assays directly quantitate newly
synthesized DNA by following the incorporation of a deoxyribonucleoside analog that contains a detectable tag. In the 1950s, the original
cell proliferation measurements were based on the incorporation of
radioactive nucleosides (i.e., 3H-thymidine) into DNA. Thirty years
later, a nonradioactive proliferation assay was introduced based
on the detection of the thymidine analog 5-bromo-2´-deoxyuridine
(BrdU) by anti-BrdU antibodies.
Although it eliminates the complications of working with
radioactivity, the BrdU proliferation assay is both difficult to perform consistently and time consuming, typically requiring 6–24 hr
to complete. In the standard BrdU assay, cells are incubated with
BrdU and then treated with acid, heat, or enzymes to denature the
DNA and facilitate detection of the incorporated BrdU molecules

Figure 3. Detection of cell proliferation and GFP fluorescence in mouse
tissue. A transgenic mouse was injected intraperitoneally with 50 µg EdU
per gram body weight 4 hr before sacrifice. The Click-iT® Plus EdU Alexa
Fluor® 555 Imaging Kit (Cat. No. C10638) was used to detect newly synthesized DNA in mouse duodenum tissue. Constitutively expressed ϐ‑actin–GFP
fusion (green) is seen in the smooth muscle band below the bright Click-iT®
Plus EdU–labeled proliferating cells (red) of the intestinal villi; the tissue
was counterstained with DAPI nucleic acid stain (blue). Image provided
by Jessica-Sordet Dessimoz, École Polytechnique Fédérale de Lausanne,
Lausanne, Switzerland.

by anti-BrdU antibodies (Figure 2A). These harsh treatments can
adversely affect cell morphology and antigen recognition sites, as

RFP, mCherry) or phycobiliproteins (e.g., R-PE, R-PE tandems),

well as image quality. The denaturants also limit the ability of the

which are regularly used in imaging or flow cytometry applications.

BrdU assay to be multiplexed with fluorescent proteins (e.g., GFP,

Unlike these traditional cell proliferation assays, the Click‑iT®
Plus EdU proliferation assay does not rely on radioactivity or antibodies for detection of the newly incorporated deoxyribonucleoside. In

A

the Click-iT® Plus EdU assay, the alkyne-containing thymidine analog

B

Anti-BrdU
antibody
Inaccessible
without
denaturation

X

EdU (5-ethynyl-2´-deoxyuridine) is incorporated into DNA during

Click-iT® Plus
Alexa Fluor®
picolyl azide

active DNA synthesis [1]. The incorporated EdU is then detected by a
click reaction—a copper-catalyzed azide–alkyne cycloaddition—using
Accessible

a fluorescent Alexa Fluor® or Pacific Blue™ dye containing a picolyl
azide moiety (Figure 2B). The use of the picolyl azide combined with
a copper protectant is the basis of the upgraded Click-iT® Plus EdU
technology, which achieves the same sensitive, reliable detection
of cell proliferation as the original Click-iT® EdU assay while also
preserving the fluorescence of GFP, RFP (Figures 1, 3, and 4), and
R-PE. Standard aldehyde-based fixation and detergent permeabi-

Figure 2. Detection of incorporated BrdU with an anti-BrdU antibody,
compared with detection of incorporated EdU with the Alexa Fluor® picolyl
azide. (A) Without DNA denaturation, BrdU is inaccessible to antibodies used
for detection. (B) The small size of the EdU detection reagent, Alexa Fluor®
picolyl azide, eliminates the need to denature the DNA for the detection
reagent to access the nucleotide.

lization are sufficient for the Click‑iT® Plus EdU detection reagent
to gain access to the DNA; no harsh denaturants are required. The
click reaction and subsequent wash steps are typically completed
in 60 minutes, and newly synthesized DNA can be detected and
quantified using image-based techniques or flow cytometry.

© 2014 Thermo Fisher Scientific Inc. All rights reserved. For Research Use Only. Not for use in diagnostic procedures.
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A

B

C

BrdU (8 msec)

BrdU (80 msec)

Click-iT® Plus EdU (8 msec)

Figure 4. Cell proliferation detected using the BrdU assay or the Click-iT® Plus EdU assay. (A, B) After incubation with BrdU, Erk2-GFP–expressing A375
melanoma cells were treated with HCl, resulting in a loss of GFP signal, and incubated with Alexa Fluor® 594 anti-BrdU antibody (clone MoBU-1, Cat. No.
B35132), producing moderately bright detection of proliferation (red), shown here with (A) an 8 msec exposure and (B) an 80 msec exposure. (C) In contrast,
Erk2-GFP A375 cells processed using the reagents and fixation/detection protocol provided in the Click-iT® Plus EdU Alexa Fluor® 594 Imaging Kit (Cat. No.
C10639) retained their GFP signal (green), and the EdU-based detection of proliferation was very bright (red, 8 msec exposure). Both cell samples were treated
with Hoechst® 33342 nucleic acid stain (blue); high-content analysis was performed using the Thermo Scientific® Cellomics® ArrayScan® VTI HCS Reader.

Choose Click-iT® Plus EdU assays over BrdU assays
To demonstrate its superior performance, the Click-iT® Plus EdU

the BrdU proliferation signal required a 10-fold longer exposure

assay was directly compared with the traditional BrdU assay. The

time (Figure 4B) to generate results comparable to those obtained

proliferation signal from A375 melanoma cells expressing an Erk2-

with the Click-iT® Plus EdU assay (Figure 4C).

GFP fusion was detected using either BrdU or Click-iT® Plus EdU
(Figure 4). The harsh treatment required for the antibody-based

Multiplex Click-iT® Plus EdU assays with fluorescent proteins

BrdU assay resulted in the loss of the GFP signal, as seen by the

The ability to multiplex Click-iT® Plus EdU assays with other fluo-

absence of green fluorescence in Figures 4A and 4B. Furthermore,

rescent probes opens the door to a more complete analysis of cell
function. For example, Figure 1 shows proliferating A375 melanoma
cells that are expressing both GFP and RFP fusion proteins; addi-

104

GFP+/EdU–

GFP+/EdU+

tionally, the red-fluorescent talin-RFP fusion protein confirms the

GFP fluorescence

presence of an intact cytoskeletal structure. New DNA synthesis
and GFP expression were also detected by fluorescence microscopy

103

in tissue samples from a transgenic mouse model (Figure 3) and
102

by flow cytometry in Erk2-GFP–expressing A375 melanoma cells
(Figure 5). In addition, mCherry fluorescence was preserved when

101

mCherry-expressing A549 cells were assayed for cell proliferation
–

–

–

GFP /EdU

100
100

GFP /EdU

101

102

103

+

104

Click-iT® Plus EdU Alexa Fluor® 647 fluorescence
Figure 5. Dual-parameter plot of fluorescence from cells labeled with the
Click-iT® Plus EdU Alexa Fluor® 647 Flow Cytometry Assay Kit and GFP.
Erk2-GFP–expressing A375 melanoma cells were treated with 10 μM EdU for
2 hr and detected according to the Click-iT® Plus EdU staining protocol (Cat.
No. C10634). Data were collected and analyzed using the Attune® Acoustic
Focusing Cytometer with 635 nm excitation and a 660/20 nm bandpass emission filter for detection of the Alexa Fluor® 647–labeled EdU, and with 488 nm
excitation and a 530/30 nm bandpass emission filter for detection of GFP.

8
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using the Click-iT® Plus EdU Alexa Fluor® 488 Kit (Figure 6).
Likewise, phycobiliproteins (e.g., R-PE and R-PE tandems)
can be multiplexed with Click-iT® Plus EdU cell proliferation
assays. Figure 7 shows co-labeling of Jurkat cells with Click-iT®
Plus Alexa Fluor® 488 picolyl azide to detect incorporated EdU
and with PE-Cy®7–conjugated mouse anti–human CD4 antibody.
This dual-parameter flow cytometry experiment demonstrates the
preservation of the phycobiliprotein fluorescence as well as of the
antigen recognition sites on the primary antibody.

© 2014 Thermo Fisher Scientific Inc. All rights reserved. For Research Use Only. Not for use in diagnostic procedures.
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C
Number of cells

Click-iT® Plus EdU
Alexa Fluor® 488 fluorescence

B
Number of cells

A

102

103

104

105

102

Click-iT® Plus EdU
Alexa Fluor® 488 fluorescence

103

104

105

105

104

103

102

0

mCherry fluorescence,
Click-iT® Plus EdU conditions

100

50

150

200

250

FxCycle™ Far Red fluorescence

Figure 6. Flow cytometric analysis of mCherry-expressing cells labeled with the Click-iT® Plus EdU Alexa Fluor® 488 Flow Cytometry Assay Kit and FxCycle™
Far Red Stain. mCherry-expressing A549 cells were treated with 10 µM EdU for 2 hr and detected according to the Click-iT® Plus EdU staining protocol (Cat.
No. C10632). (A) Cells in S phase are identified by the fluorescence of the Alexa Fluor® 488-labeled EdU. (B) mCherry fluorescence is readily detected in cells
under the conditions used for Click-iT® Plus EdU labeling and is not significantly different from that seen in the no-copper positive control (data not shown).
(C) Dual-parameter plot of Alexa Fluor® 488–labeled EdU fluorescence (indicating newly synthesized DNA) and FxCycle™ Far Red Stain fluorescence (indicating
DNA content analysis, Cat. No. F10348). This plot’s typical inverted U-shaped pattern identifies proliferating cells with bright EdU staining and nonproliferating
cells with dim EdU staining that are either in G0/G1 phase (with 2N DNA content) or in G2/M phase (with 4N DNA content).

Even more Click-iT® Plus tools
In addition to the imaging and flow cytometry kits, the Click-iT®

protectant. They allow you to optimize your own Click-iT® Plus

Plus technology is available in the Click-iT® Plus Alexa Fluor®

detection of alkyne-containing biomolecules in vitro, in cells, or

Picolyl Azide Toolkits, which contain the reagents needed to

in tissue samples.

perform copper-catalyzed click reactions with copper-sensitive
compounds. These toolkits provide Alexa Fluor® picolyl azide and

Learn about the latest advances in Click-iT® Plus technology

Click-iT® reaction buffers, as well as copper sulfate and copper

The Click-iT® Plus technology advances our original Click-iT®
protocols and offers more flexibility for multiplexing with

Hu CD3 PE-Cy®7 fluorescence

other cell function assays. Find out more about the Click-iT®
106 CD3+/EdU–

+

+

CD3 /EdU

Plus technology and upcoming Click-iT® Plus products at

105

lifetechnologies.com/clickitplusbp70.

104

Reference
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1. Salic A, Mitchison TJ (2008) Proc Natl Acad Sci U S A 105:2415–2420.

103
102
1

10

CD3–/EdU–

101

102

CD3–/EdU+

103

104

105

106

Click-iT® Plus EdU Alexa Fluor® 488 fluorescence
Figure 7. Dual-parameter plot of fluorescence from cells labeled with the
Click-iT® Plus EdU Alexa Fluor® 488 Flow Cytometry Assay Kit and the
PE-Cy®7 anti–Hu CD3 antibody. Jurkat cells were treated with 10 μM EdU
for 2 hr, stained with the PE-Cy®7 conjugate of anti–Hu CD3 antibody (Cat.
No. MHCD0312), and detected according to the Click-iT® Plus EdU staining
protocol (Cat. No. C10632). Data were collected and analyzed using the
Attune® Acoustic Focusing Cytometer with 488 nm excitation and a 530/30 nm
bandpass emission filter for detection of the Alexa Fluor® 488–labeled EdU,
and with 488 nm excitation and a 780/60 nm bandpass emission filter for
detection of the PE-Cy®7 anti–Hu CD3 conjugate.

Product

Quantity

Cat. No.

Click-iT® Plus EdU Alexa Fluor® 488 Imaging Kit

1 kit

C10637

Click-iT® Plus EdU Alexa Fluor® 555 Imaging Kit

1 kit

C10638

Click-iT® Plus EdU Alexa Fluor® 594 Imaging Kit

1 kit

C10639

Click-iT® Plus EdU Alexa Fluor® 647 Imaging Kit

1 kit

C10640

Click-iT Plus EdU Alexa Fluor 488 Flow Cytometry
Assay Kit

50 assays

C10632

100 assays

C10633

Click-iT® Plus EdU Alexa Fluor® 647 Flow Cytometry
Assay Kit

50 assays

C10634

100 assays

C10635

Click-iT Plus EdU Pacific Blue Flow Cytometry
Assay Kit

50 assays

C10636

Click-iT® Plus Alexa Fluor® 488 Picolyl Azide Toolkit

1 kit

C10641

Click-iT® Plus Alexa Fluor® 555 Picolyl Azide Toolkit

1 kit

C10642

Click-iT® Plus Alexa Fluor® 647 Picolyl Azide Toolkit

1 kit

C10643

®

®

®

© 2014 Thermo Fisher Scientific Inc. All rights reserved. For Research Use Only. Not for use in diagnostic procedures.

™

lifetechnologies.com

|

9  

CELL HEALTH

BIOPROBES ® 70

Detect pH inside of a live cell

pHrodo® pH sensors for detecting cytosolic and vesicle pH.
Intracellular pH is one of a cell’s essential control switches for

488 nm light and are compatible with argon-ion lasers commonly

regulating critical cell functions. Not only does pH affect enzyme

installed in flow cytometers, microscopes, and microplate readers.

activity and other protein functions, but proton gradients are a
critical source of energy for driving cell metabolism. Eukaryotic

Detect and calibrate cytosolic pH with pHrodo® AM dyes

cells contain a variety of defined compartments with different

To enable cytosolic pH measurements, we have developed

degrees of acidity: intracellular pH is generally between ~6.8 and

cell-permeant forms of the pHrodo® Red and pHrodo® Green dyes

7.2 in the cytosol and between ~4.5 and 6.5 in acidic vesicles and

(Figure 2). The pHrodo® Red AM and pHrodo® Green AM intracellular

organelles. The pH-sensitive pHrodo dyes are unique pH sensors

pH indicators have been modified with acetoxymethyl (AM) ester

that undergo a dramatic increase in fluorescence in response to an

groups to produce an uncharged molecule that can permeate cell

environmental shift from high to low pH. With a pKa of approximately

membranes. Once inside the cell, these lipophilic blocking groups

6.8, both the pHrodo® Red and pHrodo® Green dyes are useful pH

are cleaved by nonspecific esterases, resulting in a pH-sensitive dye

indicators between pH 4 and pH 8, making them ideal for monitoring

that is retained within the intracellular space. Unlike the traditional

physiologically relevant pH changes.

fluorescein-based pH indicator BCECF AM, pHrodo® Red AM and

®

The pHrodo® Red and pHrodo® Green dyes are only dimly
fluorescent above pH 8; however, as the pH of their surroundings

pHrodo® Green AM exhibit increasing fluorescence as pH decreases
and do not photobleach significantly (Figure 3).

becomes more acidic, their fluorescence intensity increases signifi-

To calibrate the fluorescence exhibited by cells loaded with

cantly [1] (Figure 1). As a consequence, pHrodo Red fluorescence

pHrodo® AM dyes (or other intracellular pH indicators), we offer

(excitation/emission maxima ~566/590 nm) and pHrodo® Green

the Intracellular pH Calibration Buffer. This kit contains a selection

fluorescence (excitation/emission maxima ~505/520 nm) provide

of calibrated pH solutions (pH 4.5, 5.5, 6.5, and 7.5), as well as the

a positive indication of processes such as apoptosis, phagocytic

ionophores nigericin and valinomycin, which help equilibrate the

ingestion, and lysosomal sequestration that require acidification,

pH inside and outside of the cells. After using pHrodo® Red AM or

in contrast to the reduction in fluorescence exhibited by fluorescein

pHrodo® Green AM—or any of the pHrodo® conjugates (see the

derivatives. Furthermore, with both red- and green-fluorescent

product list on page 12)—and measuring fluorescence intensity

pHrodo dyes available, you have more flexibility in the design of

under experimental conditions, the cells are resuspended in one

multiplex cellular assays. Both pHrodo dyes can be excited with

of the calibration buffers to which valinomycin and nigericin have

®

®

®

Relative fluorescence units

110
90
70
50
30
10
–10

pHrodo® Red Dextran
pHrodo® Green Dextran

2

4

6

8

10

pH

Figure 1. pH response profile of pHrodo® Red and pHrodo® Green dextrans.
pHrodo® Red (Cat. No. P10361) and pHrodo® Green (Cat. No. P35368) dextrans were monitored at excitation/emission wavelengths of 550/585 nm and
505/525 nm, respectively, in a fluorescence microplate reader. Citrate, MOPS,
and borate buffers were used to span the pH range from 4 to 8.5.

10
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Figure 2. Intracellular pH visualized in live cells. U2OS cells were incubated
with (A) 5 μM pHrodo® Red AM (Cat. No. P35372) or (B) 10 μM pHrodo®
Green AM (Cat. No. P35373) intracellular pH indicators using PowerLoad™
Concentrate (provided with the AM esters) for 30 min at room temperature,
and then 30 min at 37°C. Both dyes provide an indication of relative pH
in different cellular compartments. Acidic compartments and organelles
fluoresce more brightly.

© 2014 Thermo Fisher Scientific Inc. All rights reserved. For Research Use Only. Not for use in diagnostic procedures.
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is measured again. This process is repeated
with the remaining calibration buffers so that
a standard curve can be created and used to
pinpoint the intracellular pH associated with the

BCECF AM Ester

7.4

1,600

Fluorescence units

been added, and the fluorescence intensity

B

1,800

1,400
7.2

1,200

7.4

1,000

7.4

6.5

800

6.0

600

2,500
pHrodo® Red AM Ester

Fluorescence units

A

6.0

400

6.0

2,000

1,500
7.2

1,000

7.4

0

500

0

2

4

6

8

10

0

12

0

2

4

Time (min)

followed by caspase activation and the eventual
breakdown of plasma membrane integrity [2,
3]. We have used the intracellular pH indicator pHrodo® Red AM in conjunction with
the CellEvent® Caspase-3/7 Green Detection

A

Reagent (a fluorogenic caspase substrate)
to monitor a population of HeLa cells undergoing apoptosis. The time course in Figure 5
shows a single cell over the course of 4 hours
after treatment with camptothecin. This cell
first exhibits increasing pHrodo® Red fluocytosol, followed by the appearance of the green
fluorescence from the caspase-3/7 probe. An
adjacent cell was apparently not induced by the
camptothecin treatment and remains only dimly
fluorescent throughout the time course.

R2 = 0.99
1,000
800
600
400
200
0

rescence, indicating the acidification of the

B

1,200

Relative fluorescence units

apoptosis is the acidfication of the cytosol,

6

8

10

12

Time (min)

Figure 3. Real-time intracellular pH measurements. NIH/3T3 cells were loaded with (A) 5 μM
BCECF AM (Cat. No. B1170) or (B) 5 μM pHrodo® Red AM (Cat. No. P35372) intracellular pH
indicators. Cells were then washed with a series of HEPES-based pH standard buffers containing
10 μM nigericin and 10 μM valinomycin to clamp intracellular pH to the indicated values. BCECF
AM fluorescence decreases stepwise as pH is reduced, and decreases continuously due to photobleaching. In contrast, pHrodo® Red AM fluorescence increases as pH is reduced. Furthermore,
pHrodo® Red AM does not photobleach significantly after 12 min of imaging.

Relative fluorescence units

A distinctive feature of the early stages of

7.4

7.4

200

experimental conditions (Figure 4).

Visualizing intracellular pH during apoptosis

6.0

6.5

4

5

6

7

8

60
R2 = 0.98
50
40
30
20
10
0

4

Intracellular pH

5

6

7

8

Intracellular pH

Figure 4. Intracellular pH calibration. U2OS cells in 96-well plates were incubated with (A) 5 μM
pHrodo® Red (Cat. No. P35372) or (B) 10 μM pHrodo® Green AM (Cat. No. P35373) intracellular
pH indicators. Standard buffers from the Intracellular pH Calibration Buffer Kit (Cat. No. P35379)
were used to clamp the intracellular pH to 4.5, 5.5, 6.5, and 7.5. High-content screening was used
to measure mean cellular fluorescence of triplicate samples. A standard curve shows the linear
relationship between intracellular pH and relative fluorescence.

75 min

90 min

105 min

130 min

155 min

160 min

175 min

190 min

215 min

240 min

Figure 5. Temporal resolution of intracellular acidification and caspase-3/7 activation in a HeLa cell undergoing apoptosis. HeLa cells were loaded with the
intracellular pH indicator pHrodo® Red AM (5 µM, Cat. No. P35372) and the fluorogenic caspase substrate CellEvent® Caspase-3/7 Green Detection Reagent
(2 µM, Cat. No. C10423) and then treated with 10 µM camptothecin to induce apoptosis. Cell were imaged continuously over 4 hr on the EVOS® FL Auto Imaging
System using a 40x objective and the EVOS® Onstage Incubator. The cell undergoing apoptosis shows increasing pHrodo® Red fluorescence as the intracellular
pH drops in the earliest stages of apoptosis, followed by increasing green fluorescence as caspase-3 and -7 are activated. The apparent loss of the pHrodo®
Red signal was likely due to compromised membrane integrity and subsequent loss of the dye from the cell.
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Detect and monitor pH changes during cellular internalization

red- and green-fluorescent pHrodo® derivatives, you can more easily

The pHrodo® Red and pHrodo® Green dyes are also available as

incorporate pHrodo® dyes into multiplex experiments with other

protein and dextran conjugates for studying cellular internalization

fluorescent live-cell probes, including MitoTracker® mitochondrial

mechanisms. The ability to study these internalization processes

probes, CellROX® oxidative stress probes, fluorescent membrane

has historically been limited by the lack of tools to directly monitor

markers, live-cell DNA stains, and CellLight® targeted fluorescent

the ingestion and subsequent acidification of extracellular matter

proteins. To learn more about the pHrodo® pH indicators, visit

by live cells. We have developed pHrodo® Red and pHrodo® Green

lifetechnologies.com/phrodobp70.

dye conjugates that are designed for studying the three primary
mechanisms of endocytosis in live cells: 1) pHrodo® conjugates
of EGF and transferrin can be used to monitor receptor-mediated
endocytosis, 2) pHrodo® dextran conjugates can be used to study
fluid-phase endocytosis, and 3) pHrodo® conjugates of bacteria and
yeast can be used to track phagocytosis (Figure 6).
Alternatively, you can create your own pH-sensitive bioconjugates

1. Ogawa M, Kosaka N, Regino CA et al. (2010) Mol Biosyst 6:888–893.
2. Ahmad KA, Iskandar KB, Hirpara JL et al. (2004) Cancer Res 64:7867–7878.
3. Nilsson C, Johansson U, Johansson AC et al. (2006) Apoptosis 11:1149–
1159.
4. Suprynowicz FA, Krawczyk E, Hebert JD et al. (2010) J Virol 84:10619–
10629.

Product

Quantity Cat. No.

pHrodo® intracellular pH indicators
pHrodo® Green AM Intracellular pH Indicator

50 µL

P35373

pHrodo Green dyes. Potential applications for pHrodo bioconju-

pHrodo® Red AM Intracellular pH Indicator

50 µL

P35372

gates include tracking antibody internalization and monitoring virus

pHrodo® AM Variety Pack

1 kit

P35380

Intracellular pH Calibration Buffer Kit

1 kit

P35379

pHrodo® Green E. coli BioParticles® Conjugate,
for phagocytosis

5 x 2 mg

P35366

pHrodo® pH indicators are ideal live-cell probes for the study of

pHrodo® Green E. coli BioParticles® Phagocytosis Kit,
for flow cytometry

1 kit

P35381

intracellular pH and cellular internalization, and their regulation

pHrodo® Green S. aureus BioParticles® Conjugate,
for phagocytosis

5 x 2 mg

P35367

pHrodo® Green S. aureus BioParticles® Phagocytosis Kit,
for flow cytometry

1 kit

P35382

pHrodo® Green Zymosan A BioParticles® Conjugate,
for phagocytosis

5 x 1 mg

P35365

pHrodo® Red Zymosan A BioParticles® Conjugate,
for phagocytosis

5 x 1 mg

P35364

pHrodo® Red E. coli BioParticles® Conjugate,
for phagocytosis

5 x 2 mg

P35361

pHrodo® Red E. coli BioParticles® Phagocytosis Kit,
for flow cytometry

1 kit

A10025

pHrodo® Red S. aureus BioParticles® Conjugate,
for phagocytosis

5 x 2 mg

A10010

pHrodo® Red Phagocytosis Particle Labeling Kit,
for flow cytometry

1 kit

A10026

P35368

®

infection after labeling viral coat proteins.

pHrodo® BioParticles® conjugates for phagocytosis

Explore the role of pH in cell health

in both normal development and disease processes. With both

Number of cells counted

120

Negative
control

80

Phagocytosed
particles

40

0

100

101

102

103

104

pHrodo® dye fluorescence (585 nm)

Figure 6. Flow cytometry analysis showing increased fluorescence of granulocytes treated with pHrodo® Red BioParticles® conjugates. A whole blood
sample was collected and treated with heparin, and two 100 µL aliquots were
prepared. Both aliquots were treated with pHrodo® Red E. coli BioParticles®
conjugates (Cat. No. P35361) and vortexed. One sample was placed in a 37°C
water bath, and the other sample (negative control) was placed in an ice bath.
After a 15 min incubation, red blood cells were lysed with an ammonium
chloride–based lysis buffer. The samples were centrifuged for 5 min at 500 x g,
washed once, and resuspended in HBSS. The samples were then analyzed on
a BD FACSCalibur™ cytometer using a 488 nm argon laser and 564–606 nm
emission filter. The sample incubated at 37°C shows the increased fluorescence of the phagocytosed pHrodo® Red BioParticles® (red), in contrast to the
negative control sample, which was kept on ice to inhibit phagocytosis (blue).
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pHrodo® dextrans
pHrodo® Green 10,000 MW Dextran, for endocytosis

0.5 mg

pHrodo® Red 10,000 MW Dextran, for endocytosis

0.5 mg

P10361

pHrodo® Green Epidermal Growth Factor (EGF) Conjugate

20 µg

P35375

pHrodo® Red Epidermal Growth Factor (EGF) Conjugate

20 µg

P35374

pHrodo® Red Transferrin Conjugate

1 mg

P35376

P35362

pHrodo® avidin and reactive pHrodo® dyes
pHrodo® Red Avidin

1 mg

pHrodo® Green Maleimide

1 mg

P35370

pHrodo® Green STP Ester

500 µg

P35369

pHrodo® Red Maleimide

1 mg

P35371

pHrodo® Red, Succinimidyl Ester (pHrodo® Red SE)

1 mg

P36600
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Beyond light’s limits: Fluorescence imaging at the nanoscale

Fluorescent probes for three super-resolution modalities—STORM, SIM, and STED microscopy.
Recent advances in optics, instrumentation, and software have led

Fluor® 488 dye [8], and Alexa Fluor® 555 dye [8], have been used as

to the parallel development of methods designed to increase the

effective activators; both Alexa Fluor® 647 dye [4,6–11] and Alexa

resolution of light microscopy beyond that dictated by the wave-

Fluor® 750 dye [9] have been shown to be reliable reporters. For

length of light. And with these super-resolution microscopy (SRM)

example, STORM imaging has been used to visualize mitochondria

techniques comes unprecedented clarity in commonly observed

and microtubules using Alexa Fluor® 405 and Cy®3 dyes as activa-

cell biology features, including organelle structure, co-localization,

tors together with Alexa Fluor® 647 dye as the reporter (Figure 1).

and translocation.

The availability of multiple activator–reporter pairs facilitates

In conventional microscopy, a single fluorophore (less than a
few nanometers in diameter) can only be resolved as a point spread

multicolor STORM that uses as many as six fluorescence channels
simultaneously [8].

function (PSF) that is roughly half the light wavelength for lateral

Surprisingly, quite efficient photoswitching can be induced

resolution and twice that in depth, due to interactions between visible

without an activator dye [3]. With the dSTORM method, many Alexa

light and the surrounding media; the PSF is typically estimated as

Fluor® dyes have been shown to be able to photoswitch in this

~250 nm in the x and y directions and ~450–700 nm in the z direction

manner [12–15], including:

[1]. As a consequence, the images of two or more fluorophores
within a few hundred nanometers of one another become blurred
together, limiting resolution.
Here we focus on Molecular Probes® fluorescent dyes and labels
for three SRM techniques: STORM, SIM, and STED microscopy.

■■

Alexa Fluor® 488

■■

Alexa Fluor® 680

■■

Alexa Fluor® 532

■■

Alexa Fluor® 700

■■

Alexa Fluor® 568

■■

Alexa Fluor® 750

■■

Alexa Fluor® 647

■■

Alexa Fluor® 790

These SRM modalities are approaching the resolution historically

In particular, Alexa Fluor® 647 dye is used extensively in dSTORM

reserved for electron microscopy, while also providing the inherent

because it has proven to exhibit extremely good photoswitching

benefits of selective targeting and multiplexing for biological context.

properties [15], namely, high photon output, cycle number, and
survival fraction, along with a low duty cycle. Figure 2 shows

STORM: Stochastic optical reconstruction microscopy

comparative wide-field and dSTORM imaging of keratin using

The SRM method STORM utilizes stochastic activation and time-re-

an Alexa Fluor® 647 dye–labeled secondary antibody;

solved localization of photoswitchable fluorophores to generate
high-resolution images. Photoswitching dyes must have high
photon outputs per switch, coupled with a low duty cycle (i.e., they
are in a non-emitting state longer than in an emitting state). With
appropriate dye–buffer combinations, an optimized STORM system
can generate images with 5 nm resolution. Two forms of STORM
exist. The first approach utilizes two dyes: an “activator” to induce
switching and a “reporter” from which emission is detected [2]. The
second approach, commonly known as direct STORM or dSTORM,
relies upon direct switching of the fluorophore through specific
excitation parameters [3].
The activator–reporter STORM method requires dual labeling
of an affinity reagent, such as an antibody, with a reactive dye [4].
Many Alexa Fluor® dyes, including Alexa Fluor® 405 dye [5–8], Alexa

Figure 1. Two-color STORM imaging of microtubules. BS-C-1 cells were
aldehyde-fixed, reduced with sodium borohydride, and labeled with primary
antibodies to tyrosinated or detyrosinated tubulin. Tyrosinated tubulin
was stained with an Alexa Fluor® 647 secondary antibody (pseudocolored
magenta), and detyrosinated tubulin was stained with an Alexa Fluor® 750
secondary antibody (pseudocolored green). Image (left) and zoom-in image
(right) from the boxed region provided by Joshua Vaughan, Graham Dempsey,
Eileen Sun, and Xiaowei Zhuang, Harvard University.

© 2014 Thermo Fisher Scientific Inc. All rights reserved. For Research Use Only. Not for use in diagnostic procedures.
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Figure 2. Single-color dSTORM imaging of keratin using an Alexa Fluor® 647
secondary antibody conjugate. PtK cells were fixed and labeled with an
anti-keratin antibody, followed by a species-specific Alexa Fluor® 647 secondary antibody conjugate. Total internal reflection fluorescence (TIRF, top
row) and dSTORM (bottom row) images and zoom-in images from the boxed
regions provided by Michael W. Davidson, Florida State University. The TIRF
images were color-shifted to increase overall contrast.

Figure 3. Single-color dSTORM imaging of the actin cytoskeleton using Alexa
Fluor® phalloidin conjugates. The actin cytoskeleton was labeled using Alexa
Fluor® 488 phalloidin (top, Cat. No. A12379) or Alexa Fluor® 568 phalloidin
(bottom, Cat. No. A12380). Images (left column) and zoom-in images (right column) from the boxed regions provided by John Allen, Florida State University.

note the greatly improved resolution in the dSTORM image.

higher pressure on the photostability of the label; therefore, choos-

Implementation of multicolor dSTORM is critically dependent

ing the brightest and most photostable fluorophores and using an

on the imaging buffer systems that facilitate switching events.

effective antifade (see a description of ProLong® Diamond Antifade

Several recent studies have characterized the buffer systems

Mountant in the “Just Released” section on page 3) will significantly

required to perform multicolor imaging using Alexa Fluor dyes;

enhance SIM data. Alexa Fluor® 488 dye [25–35], Alexa Fluor® 555

see lifetechnologies.com/srmbp70 for details.

dye [27,31,33,36], Alexa Fluor® 568 dye [28,32], and Alexa Fluor® 594

®

STORM imaging is not limited to the detection of cellular targets

dye [25,26,29,30,34,35] are all commonly used in combination with

with antibodies. Many other Alexa Fluor conjugates have been used,

one another, and they represent the most intensely fluorescent and

including those of cholera toxin B [16], phalloidin [17–19] (Figure 3),

photostable probes for the filter sets commonly found on commer-

dextran [17,18], EGF [17,18], transferrin [7], and WGA [20,21]; DNA

cial SIM systems. SIM imaging has also been demonstrated using

synthesis has been detected using Click-iT® EdU Alexa Fluor® assays

fluorescent proteins [37–39]. Figure 4 shows SIM imaging using

[12,22]. Moreover, STORM has been demonstrated in live cells using

two Molecular Probes® ready-to-use targeted fluorescent protein

Alexa Fluor® dyes [7], as well as MitoTracker® Red, LysoTracker®

constructs, CellLight® Mitochondria-GFP and CellLight® Golgi-RFP.

®

Red, ER-Tracker™ Red, and DiI organelle-selective probes [23], and
the nucleic acid stains SYTO® 13 and YOYO®-1 [12].

SIM: Structured illumination microscopy
In SIM, structured illumination is employed to enhance spatial resolution. The sample is first illuminated with patterned light, and then the
information in the Moire fringes that lie outside of the normal range
of observation is analyzed [24]. Reconstruction software deciphers
the images to give a resolution limit of about 100 nm (two-fold higher
resolution than the diffraction limit of 250 nm).
SIM is the best choice for super-resolution microscopy when
imaging live cells or thick tissue sections or for 3D imaging because
it combines imaging speed with improved resolution. SIM places

14
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Figure 4. Three-color SIM imaging using fluorescent proteins. HeLa cells
were transduced with CellLight® Mitochondria-GFP (Cat. No. C10508) and
CellLight® Golgi-RFP (Cat. No. C10593), stained with Hoechst® 33342 dye
(Cat. No. H1399), and imaged using the DeltaVision OMX SIM system. Image
(A) and zoom-in image (B) from a slightly different field of view provided by
Ian Clements, GE Healthcare.
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resolution (30 nm in x and y resolution, with z resolution comparable
to that of conventional confocal microscopy).
When choosing dyes for STED, one must be careful to select
exceptionally stable fluorophores whose properties match the
depletion laser lines available. Alexa Fluor ® 488 dye [41–43],
Alexa Fluor® 594 dye [44,45], and Oregon Green® 488 dye [43]
Figure 5. STED microscopy of intermediate filaments visualized with
Oregon Green® 488 staining. PtK2 cells were methanol-fixed, and vimentin
was labeled with Oregon Green® 488 dye by indirect immunofluorescence.
Confocal (A) and STED (B) images were acquired with a Leica TCS STED CW
microscope. Images provided by Leica Microsystems.

have each been used for STED, either on their own (Figure 5) or

STED microscopy: Stimulated emission depletion microscopy

The future of fluorescence microscopy

The first technique to break the diffraction limit, STED microscopy

Although super-resolution technologies do not yet meet the

uses two laser pulses to localize fluorescence at each focal spot.

resolution achieved by electron microscopy, advances in cameras,

The first pulse is used to excite a fluorophore to its fluorescent state,

optics, algorithms, and fluorescent probes are expected to continue

and the second pulse is a modified beam used to de-excite (through

to improve both the resolution and multicolor capabilities. Widely

stimulated emission depletion) any fluorophores surrounding the

cited in SRM applications, Molecular Probes® fluorophores and

excitation focal spot [40]. The focal spot is raster scanned across the

targeted fluorescent conjugates are at the forefront of these devel-

sample to generate an image, and the acquisition speed is relatively

opments. Use our online SRM selection guides to find products as

slow for large fields of view. One advantage of STED microscopy is

well as recent references for STORM, SIM, and STED microscopy

the large depth of view (10–15 µm) that can be imaged with high

at lifetechnologies.com/srmbp70.

together for multicolor STED [35]. Alexa Fluor® 488 dye has also
been used in combination with Pacific Orange™ dye for dual-color
STED [46,47].

■

Table 1. Published articles citing Molecular Probes® fluorescent dyes for super-resolution microscopy.
STORM including dSTORM
1. Galbraith CG, Galbraith JA (2011) J Cell Sci 124:1607–1611. 2. Rust MJ, Bates M, Zhuang X (2006) Nat Methods 3:793–795. 3. Heilemann M, van de Linde S, Schüttpelz M
et al. (2008) Angew Chem Int Ed Engl 47:6172–6176. 4. Bates M, Jones SA, Zhuang X (2013) Cold Spring Harb Protoc 2013:540–541. 5. Xu K, Zhong G, Zhuang X (2013) Science
339:452–456. 6. Dani A, HuWang B, Bergan J et al. (2010) Neuron 68:843–856. 7. Jones SA, Shim SH, He J et al. (2011) Nat Methods 8:499–508. 8. Huang B, Jones SA,
Brandenburg B et al. (2008) Nat Methods 5:1047–1052. 9. Bates M, Dempsey GT, Chen KH (2012) Chemphyschem 13:99–107. 10. Lakadamyali M, Babcock H, Bates M et al. (2012)
PLoS One 7:e30826. 11. Mukamel EA, Babcock H, Zhuang X (2012) Biophys J 102:2391–2400. 12. Allen JR, Ross ST, Davidson MW (2013) J Opt 15:094001. 13. van de Linde S,
Aufmkolk S, Franke C et al. (2013) Chem Biol 20:8–18. 14. Baddeley D, Crossman D, Rossberger S (2011) PLoS One 6:e20645. 15. Dempsey GT, Vaughan JC, Chen KH (2011)
Nat Methods 8:1027–1036. 16. Vaughan JC, Dempsey GT, Sun E et al. (2013) J Am Chem Soc 135:1197–1200. 17. Metcalf DJ, Edwards R, Kumarswami N et al. (2013) J Vis
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Evaluate neural stem cells for neurodegenerative disease models
Neural stem cell–specific protein expression and mitochondrial assessment.
Parkinson’s disease (PD) is a progressive neurodegenerative disorder

from diseased fibroblasts collected at the institute. NSCs are

that affects 1% of people over age 60 and more than 5 million people

self-renewing multipotent progenitors that can be differen-

worldwide [1]. PD results from the selective loss of dopaminergic

tiated to become neurons. Here we describe two assays for

neurons in the substantia nigra region of the brain. The loss of these

assessing NSC identity and health: the Human Neural Stem

neurons initially affects movement. As the disease progresses,

Cell Immunocytochemistry Kit, which provides reagents and a

however, cognitive function is impaired, and late-stage disease is

protocol for convenient image-based analysis of four common

often accompanied by dementia. The absence of physiologically

markers of human NSCs, and the MitoSOX® Red Mitochondrial

relevant cellular models for PD represents a major bottleneck for

Superoxide Indicator, which provides a straightforward method

PD research. The development of suitable PD models would not

for measuring mitochondrial superoxide levels in cells. These

only accelerate the discovery of disease mechanisms and drug

assays were employed in the evaluation of NSCs generated as

targets but also serve a critical role in screening for clinical and

one step in the development of neurodegenerative disease cell

therapeutic strategies.

models targeted for PD research.

Patient-specific iPSCs (induced pluripotent stem cells)
have become attractive tools for disease modeling in vitro. Our

Detecting NSC-specific protein expression

research collaboration with The Parkinson’s Institute (Sunnyvale,

The first step in evaluating NSCs as a PD disease model is to con-

California) has set about to develop PD model systems using

firm their cell type. The expression of four well-established protein

neural stem cells (NSCs) derived from iPSCs that were generated

markers (nestin, Sox1, Sox2, and Pax6) is a fundamental indicator

MSA

Figure 1. Immunocytochemical detection of
NSC-specific markers on NSCs generated from
MSA- and PD-affected donors. NSCs (passage 3)
were cultured in Neural Expansion Medium
(50% Neurobasal® Medium, 50% Advanced™
DMEM/F-12, and 1X Gibco® Neural Induction
Supplement) on Geltrex® matrix–coated chamber
slides for 2 days. After a 15 min fixative step, cells
were permeabilized for 15 min, blocked for 1 hr,
and then incubated with the antibodies for nestin
(green), Sox2 (red), Sox1 (green), and Pax6 (red)
and counterstained with DAPI nucleic acid stain
(blue); all reagents are provided in the Human
Neural Stem Cell Immunocytochemistry Kit (Cat.
No. A24354). Images were captured using the
EVOS® FLoid® Cell Imaging Station. Six NSC lines
stained positive for the markers nestin, Sox2,
Sox1, and some level of Pax6; representative
images from the MSA NSCs and the PD-3 NSCs
are shown here.
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Monitoring mitochondrial activity as an indicator of cell health
Rotenone
Valinomycin
TBHP

NSC health is an important parameter to monitor when assessing
the cellular effects of drugs, environmental factors, and biological
modifiers. Because cell health cannot be easily defined using a
single physiological attribute, it is often desirable to use several
different cell function indices. To this end, the derived NSCs were
expanded and tested with a panel of assays that are particularly
useful for indicating neural cell health, as each measures a different

–11 –10 –9 –8

–7 –6 –5

–4 –3 –2

–1

0

log Concentration (M)

aspect of cell vitality.
One of the cell function probes used was the MitoSOX® Red

Figure 2. Detection of oxidative stress in PD-3 NSCs using MitoSOX® Red
Mitochondrial Superoxide Indicator. PD-3 NSCs were cultured in StemPro®
NSC SFM (Cat. No. A1050901) for 24 hr at 37°C in 384-well assay plates
coated with CTS™ CELLstart™ substrate (Cat. No. A1014201). After a 1 hr
incubation with 5 µM MitoSOX® Red Mitochondrial Superoxide Indicator (Cat.
No. M36008), the cells were washed once with growth medium and treated
with the stressor compounds for 2 hr, and the resultant fluorescence was
measured on a Tecan® Safire2™ Fluorescence Plate Reader. The PD-3 NSCs
showed the expected increase in oxidative stress with the increase in the
concentration of rotenone, valinomycin, or tert-butyl hydroperoxide (TBHP).

Mitochondrial Superoxide Indicator, which exhibits increased red
fluorescence with increased mitochondrial superoxide levels and
can easily be detected on a fluorescence plate reader. NSCs are
characterized by high metabolic activity that is dependent on robust
mitochondrial function. To assess their mitochondrial activity, we
treated the NSCs with three different cell stressors—rotenone,
valinomycin, and tert-butyl hydroperoxide (TBHP)—in order to
inhibit the electron transport chain, disrupt the transmembrane
concentration gradient, and induce oxidative stress, respectively.

of the identity and quality of a NSC. We evaluated six different

All six of the NSC lines developed in this research collaboration

patient-derived cell lines for NSC-specific protein expression.

exhibited the expected mitochondrial reactions in response to these

Disease-specific fibroblasts from three PD-affected donors (PD-1,

cellular stressors (Figure 2).

PD-2, and PD-3), one donor affected by multiple systems atrophy
(MSA), and two age-matched, healthy control individuals were

Read more in our free white papers

reprogrammed into iPSC lines. The fibroblasts from the three PD

Although these assays were only two of the many analyses per-

donors had previously been genotyped and were known to contain

formed to assess the NSCs, this work has set the stage for a

common PD-related mutations in the genes LRRK2, GBA, and

“disease in a dish” PD model using fibroblasts from PD-affected

PARK2, whereas the MSA cell line was from a sporadic case with

donors. To see more of the data produced through our collabora-

no mutations in genes known to be associated with PD. MSA has

tion with The Parkinson’s Institute, read our three white papers

been described as a more severe form of PD, characterized by faster

accessible at lifetechnologies.com/parkinsonsbp70. There you

disease progression after the first appearance of symptoms [2].

can also learn about more products and protocols in our stem cell

After the six iPSC lines were analyzed for successful reprogramming, they were differentiated into NSCs using Gibco PSC Neural

research portfolio.

■

®

Induction Medium. PSC Neural Induction Medium provides a means
of generating NSCs from iPSCs in only 7 days, without the need for
embryoid body (EB) formation [3]. Using the Human Neural Stem
Cell Immunocytochemistry Kit, we demonstrated that all six NSC
lines expressed the known neural protein markers nestin, Sox1,
Sox2, and Pax6 (Figure 1). The Human NSC Immunocytochemistry
Kit includes an optimized set of primary and secondary antibodies,
the blue-fluorescent nucleic acid stain DAPI, and all of the buffers
necessary to complete the staining protocol.
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Product

Quantity

Cat. No.

CTS™ CELLstart™ Substrate

2 mL

A1014201

Human Neural Stem Cell Immunocytochemistry Kit

20 tests

A24354

MitoSOX™ Red Mitochondrial Superoxide Indicator,
for live-cell imaging

10 x 50 μg

M36008

PSC Neural Induction Medium

500 mL

A1647801

StemPro® NSC SFM
(Neural Stem Cell Serum-Free Medium)

1 kit

A1050901
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Superior live-cell tracing, generation after generation
The CellTrace™ Far Red Cell Proliferation Kit.

Much of our current knowledge of the immune system derives

and fluorescent proteins (e.g., GFP , see Figure 2, and R-PE), as

from the ability to initiate an ex vivo immune response in isolated

well as with commonly used 405 nm–excitable fluorophores (e.g.,

T lymphocytes, triggering their proliferation. By using a fluorescent

Pacific Blue™ and Pacific Orange™ dyes). When compared with the

label that is divided evenly between two daughter cells following cell

conventional CellTrace™ Far Red DDAO-SE dye, CellTrace™ Far Red

division, researchers can detect and quantify this cell proliferation

dye clearly outperformed the older dye, enabling superior gener-

through multiple generations (Figure 1).

ational tracing (Figure 3).

The dyes in our CellTrace Cell Proliferation Kits (Table 1) easily
™

cross the plasma membrane and covalently bind inside cells, where

Maximal flexibility in panel design

the stable, well-retained fluorescent label offers a consistent and

The advancement of flow cytometer multiplexing capabilities makes

reliable fluorescent signal without affecting morphology or physiology.

it imperative that researchers have flexibility in choosing functional

Importantly, these dyes produce fluorescent staining with very little

dyes that are compatible with commonly used fluorophores and

variation between cells within a generation, allowing each generation

fluorescent proteins, without compromising their results. The three

to be reliably distinguished. The intense fluorescent staining provided

CellTrace™ Cell Proliferation Kits (Violet, CFSE, and Far Red) offer this

by the CellTrace™ dyes permits the visualization of proliferating cells

flexibility to researchers who want to include generational analysis

through 6 to 10 generations, even after several days in a cell culture

in their experiments. Not only do these kits provide three distinct

environment or following fixation.

detection colors, but each signal is efficiently generated with one
of the three most common excitation sources for flow cytometry:

Novel red laser–excitable cell tracing reagent

the 405, 488, and 633/635 nm lasers (Figure 4, Table 1).

We have recently introduced CellTrace Far Red dye, a red laser–

All three CellTrace™ Cell Proliferation Kits can be used in multi-

excitable dye with narrow far-red emission (excitation/emission

color flow cytometry experiments to precisely track the proliferation

~630/661 nm). These spectral characteristics make CellTrace™

of cultured cells while collecting other data. Panel design is critical

Far Red dye ideal for multiplexing with commonly used 488 nm–

in these multicolor experiments; to learn more about designing an

excitable fluorophores (e.g., Alexa Fluor 488 dye and fluorescein)

effective multiplex panel, see the description of the webinar “Basics

™

®

of multicolor flow cytometry panel design” on page 2.

A

B

Fourth
generation

Explore the complete set of CellTrace™ Cell Proliferation Kits

Third
generation

First
generation

Learn more about these three CellTrace™ Cell Proliferation Kits

Number of cells

Second
generation

and select the CellTrace™ dye that is right for your experiments at
lifetechnologies.com/celltracebp70.

Brightness

Figure 1. Bright, well-retained dye that partitions evenly between daughter
cells facilitates proliferation analysis. (A) Illustration of proliferation analysis
by dye dilution. (B) Flow cytometric analysis reveals a bright, homogeneous
fluorescent signal from the initial population of cells. Subsequent cell divisions
result in larger numbers of cells, each with half the fluorescence intensity
of its parent cell.
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Table 1. Selection guide for CellTrace™ Cell Proliferation Kits.
CellTrace™ Cell Proliferation Kit

Laser type

Ex/Em *

Cat. No.

CellTrace Violet

Violet

405/450

C34557

CellTrace™ CFSE

Blue

492/517

C34554

CellTrace™ Far Red

Red

630/661

C34564

™

* Fluorescence excitation (Ex) and emission (Em) maxima, in nm. All kits provide sufficient
reagents for 180 assays.
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Figure 2. Live-cell multiplexing of CellTrace™ Far Red dye and CellLight® Histone 2B-GFP.
U2OS cells were transduced with CellLight® Histone 2B-GFP (Cat. No. C10594). After 24 hr,
cells were trypsinized, labeled with 5 µM CellTrace™ Far Red reagent (provided in the CellTrace™
Far Red Cell Proliferation Kit, Cat. No. C34564), and then analyzed using the Attune® Acoustic
Focusing Cytometer with 638 nm excitation and a 660/20 nm bandpass emission filter:
(A) unstained cells; (B) cells labeled with CellLight® Histone 2B-GFP; (C) cells stained with
CellTrace™ Far Red reagent; (D) cells co-labeled with CellLight® Histone 2B-GFP and CellTrace™
Far Red reagent.
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Figure 3. Comparison of generational tracing using CellTrace™ Far Red reagent and
DDAO-SE. (A) Cell proliferation was followed for 7 generations using the CellTrace™ Far Red
Cell Proliferation Kit (Cat. No. C34564). Human T lymphocytes were harvested and stained with
CellTrace™ Far Red reagent prior to stimulation with anti–human CD3 (Cat. No. MHCD0300)
for 5 days. (B) Peripheral blood mononuclear cells were isolated from human whole blood,
stained with DDAO-SE (Cat. No. C34553), stimulated, and cultured for 5 days. Analyses of
both reagents were completed using the Attune® Acoustic Focusing Cytometer with 638 nm
excitation and a 660/20 nm bandpass emission filter.

Figure 4. Generational tracing using CellTrace™
reagents. (A) Cell proliferation was followed for
8 generations using CellTrace™ Violet reagent. Human
peripheral blood mononuclear cells were harvested and
stained with CellTrace™ Violet reagent prior to stimulation with mouse anti–human CD3 antibody (Cat. No.
MHCD0300) and interleukin-2 recombinant human protein (Cat. No. PHC0027) for 7 days. The discrete peaks
in this histogram represent successive generations of
live, CD4-positive cells. Analysis was completed using
the Attune® Acoustic Focusing Cytometer with 405 nm
excitation and a 450/40 nm bandpass emission filter.
The unstimulated parent generation is indicated in red.
In (B) and (C), cell proliferation was followed for 7 generations using similar methods, but with CellTrace™
CFSE and CellTrace™ Far Red reagents, respectively.
Analysis was completed using the Attune® cytometer
with (B) 488 nm excitation and a 530/30 nm bandpass
emission filter or (C) 638 nm excitation and a 660/20 nm
bandpass emission filter.
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The next generation in acoustic focusing cytometry is here
The Attune® NxT Acoustic Focusing Cytometer.

Introduced in 2010, the first-generation Attune® cytometer revolu
tionized flow cytometry by using acoustic focusing to precisely align
cells, breaking away from traditional cell alignment by hydrodynamic
focusing. Here we announce the arrival of the next generation in
acoustic focusing cytometry (Figure 1). The Attune® NxT Acoustic
Focusing Cytometer retains all the focusing benefits of its predecessor, including rapid processing of dilute samples and sample
input flow rates that span two decades of dynamic range. Moreover,

Figure 1. The Attune® NxT Acoustic Focusing Cytometer with optional
Attune® NxT Autosampler, which enables processing of up to 384 samples.

it expands on its first-generation legacy with additional lasers, more
detection channels, increased flexibility, and design modifications
that further improve the performance, reliability, and robustness

original 2-laser Attune® system. With a footprint similar to that of

of the instrument (Table 1).

a microwave oven, the Attune® NxT can be configured with up to
4 spatially separated lasers (405 nm, 488 nm, 561 nm, and 637 nm)
and 16 detection channels. Figure 2 shows the multiparameter

Customer feedback on the first-generation Attune® cytometer

(10-color) analysis of murine regulatory T cells and dendritic cells

highlighted the need for additional laser and color options to meet

with the Attune® NxT Acoustic Focusing Cytometer. Panel design is

the growing demand for multicolor analyses. The Attune® NxT

critical in multicolor experiments; to learn more about designing an

cytometer was therefore designed with more laser and detection

effective multiplex panel, see the description of the webinar “Basics

channel choices while keeping the same benchtop size of the

of multicolor flow cytometry panel design” on page 2.
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Figure 2. Multiparameter (10-color) analysis of murine regulatory T cells and dendritic cells with the Attune® NxT Acoustic Focusing Cytometer. Mouse
splenocytes were gated using FSC/SSC parameters (A), and B220-expressing B cells were omitted from subsequent analysis (B). Within the B220–, CD45.2+
gate, T cells were analyzed based on their expression of CD3 (C). CD3– T cells were used as a gate to reveal a rare population of CD11c+ MHCII+, professional
antigen-presenting dendritic cells (D). Splenic dendritic cells can be subdivided further into CD11b+ and CD8+ dendritic cell subsets (E), each possessing unique
antigen presentation properties. CD3+ T cells were used as a gate, and two populations were separated based on expression of the co-receptors CD4 and CD8 (F).
Within the CD4+ T cells, a subpopulation of suppressive regulatory T cells express the transcription factor Foxp3 and the cell-surface marker CD25 (IL-2Rα) (G).
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Table 1. Comparison of first-generation Attune® cytometer with
second-generation Attune® NxT cytometer.

This new design not only accommodates the most common
fluorophores and fluorescent proteins used in flow cytometry but also
reduces the need for compensation by utilizing spatially separated

Feature

Attune® cytometer
(first generation)

Attune® NxT
cytometer

laser technologies. The unique modular design of the Attune® NxT

Number of lasers

2

Up to 4

cytometer enables up to 7 different laser configurations ranging from

Number of detection channels

8

Up to 16

Sample flow rates (µL/min)

25–1,000

12.5–1,000

Detection speed (events/sec)

10,000

35,000

Size (H x W x D)

40 x 58 x 43 cm
16 x 23 x 17 in

40 x 58 x 43 cm
16 x 23 x 17 in

a 1-laser/6–detection channels system to a 4-laser/16–detection
channels system. Researchers can acquire additional lasers and
detection channels over time with simple upgrade packages that
can be executed in their labs, allowing the utility of this instrument
to grow and expand with the demands of the experiments.

sample alignment enables researchers to obtain tight coefficients
of variation (CVs) at both low and high sample input rates to better

Superior reliability with maximal signal efficiency

distinguish between dim signals and background, resulting in less

Instrument downtime is a large concern with many flow cytometry

variation and better signal separation. Furthermore, the optical

users, and laser alignment is often the underlying cause of this

detection filters can easily be interchanged and customized to

work interruption. Most flow cytometers use lasers that have a

minimize reagent crosstalk and maximize signals.

Gaussian profile on the flow cell, demanding that laser alignment
be very precise. In contrast, the Attune® NxT cytometer is equipped

Rapid detection of rare events

with flat-top lasers; their flat intensity profile allows a much wider

A fundamental difference between the Attune® NxT Acoustic Focusing

window of alignment. This novel optical design helps ensure precise

Cytometer and conventional hydrodynamic focusing cytometers is

fixed alignment of all lasers onto the sample stream even at high

that the focusing of individual cells is largely independent of the

sample rates, leading to consistency in data over time and first-class

sample input rate, allowing cells to be tightly focused regardless

reliability. State-of-the-art fiber-optic cables are used to deliver laser

of the sample-to-sheath ratio. The Attune® NxT cytometer utilizes

light to the flow cell, as well as to transport light emitted from the

acoustic waves in combination with hydrodynamic focusing to align

cells to the detection optics, adding to the stability of the instrument.

cells for laser interrogation, allowing the researcher to choose

The Attune NxT cytometer is designed to provide precision and

hydrodynamic focusing at low sample input rates or a combination

sensitivity at all sample rates with minimal data variation. Figure 3

of acoustic and hydrodynamic focusing at higher sample input

shows a cell cycle analysis experiment performed at different sample

rates. Because there is minimal data variation regardless of sam-

rates; cell cycle analysis is one example of an application in which

ple-throughput rate (Figure 3), the Attune® NxT cytometer is ideal

it is critical to precisely detect small differences in fluorescence

for detecting cell proliferation, cell cycle phase, and rare cell events.

intensity between multiple cell populations. Facilitated by the

In order to attain accurate measurements, analysis of rare

®

combination of acoustic and hydrodynamic focusing, the precise
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300
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Figure 3. Minimal data variation at high sample rates with the Attune® NxT Acoustic Focusing Cytometer. Jurkat cells were alcohol-fixed and stained with
propidium iodide, treated with RNase, and analyzed at a concentration of 1 x 106 cells/mL on the Attune® NxT Acoustic Focusing Cytometer at different sample
rates. The left peak in all graphs reflects cells in G0/G1 phase, while the right peak reflects cells in G2/M phase. Regardless of sample rate, the widths of the
G0/G1 and G2/M peaks and CV% remain consistent for the Attune® NxT cytometer, even at the highest sample rate of 1,000 μL/min.
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like cerebrospinal fluid (CSF), stem cells,
and any sample with low cell numbers
can take a long time to acquire. With the
Attune® NxT cytometer, even dilute samples
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achieves sample throughput at rates over
10 times faster than other cytometers—up
to 1,000 µL/min and 20 million events per
run, enabling rapid detection of rare events
with precision and accuracy and without
aborting data. For example, Professor

FSC and SSC whole blood profile
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can be analyzed quickly without compromising data. The Attune® NxT cytometer
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times. Likewise, data from dilute samples

A
Side scatter (405 nm)

events, which can lead to long acquisition
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Figure 4. Eliminate sample preparation without compromising data quality. The no-wash/no-lyse
protocol was used to analyze normal human whole blood. A 5 µL sample of whole blood was stained
with fluorescent antibody conjugates, incubated, then diluted using 4 mL of PBS buffer and analyzed on
the Attune® NxT cytometer. The 405 nm light is readily absorbed by red blood cells (RBCs), enabling use
of the differential side scatter gating (A), in which a 405 nm vs. 488 nm side scatter dual-parameter plot
is used to differentiate the leukocyte and RBC populations. From this gated population, a daughter plot
of side scatter vs. forward scatter (B) can be used to identify lymphocyte, monocyte, and granulocyte
populations, without the need for a fluorescent label. You can also perform the no-wash/no-lyse method
using glycophorin A or CD45 fluorescent antibodies to exclude RBCs using a fluorescence threshold.

David Cousins of the University of Leicester
reported, “One of the main projects in my

No-wash/no-lyse protocols minimize cell loss and simplify sample preparation

laboratory is focused on the description

steps by avoiding long and tedious centrifugation steps typically required to process cell

and functional analysis of an emerging

samples, and high sample collection rates make faster data acquisition possible—you

innate lymphoid cell type. These cells are

can run up to 10 mL in just 10 minutes (compared to 100 minutes on a traditional flow

extremely rare both in blood and in tissues.

cytometer). Furthermore, minimal sample processing and short acquisition times help

For flow cytometry analysis we use the

keep cells healthy, and sample loss is avoided, allowing for full-panel testing with all

Attune® Acoustic Focusing Cytometer. The

precious samples. In addition, the Attune® NxT cytometer can easily be configured to

high sample rates of the Attune cytometer

customize side scatter from any laser to achieve more flexibility. For example, we have

allow me to reduce centrifugation steps

shown that violet side scatter helps differentiate white blood cells from RBCs and can

so that we retain more cells and more

even differentiate lymphocytes from monocytes and granulocytes when combined with

rapidly detect rare events. We could not

blue forward scatter (Figure 4), allowing the identification of three cell types without the

have performed these studies with any

use of RBC lysis or antibodies.

®

other instrument.”

Bring benchtop focusing to your lab
Dilute your samples, not your data quality

The Attune® NxT Acoustic Focusing Cytometer is backed by our global technical support

The high sample-throughput rates of the

team, and we are committed to delivering personalized service throughout the life of the

Attune NxT cytometer are opening up

instrument. To request an in-lab demonstration, visit lifetechnologies.com/attunebp70.

®

■

new applications, such as no-wash/no-lyse
whole blood protocols. Washing and lysing
of red blood cells (RBCs) can cause signif-

1

4

A24864

Attune® NxT Acoustic Focusing Cytometer—Blue/Red Lasers

2

7

A24863

preparation steps required in flow cytome-

Attune® NxT Acoustic Focusing Cytometer—Blue/Violet Lasers

2

8

A24862

try. Difficult-to-collect samples like mouse

Attune® NxT Acoustic Focusing Cytometer—Blue/Yellow Lasers

2

7

A24861

Attune® NxT Acoustic Focusing Cytometer—Blue/Red/Violet Lasers

3

11

A24860

Attune® NxT Acoustic Focusing Cytometer—Blue/Violet/Yellow Lasers

3

11

A24859

aspirates can be stained and then diluted

Attune® NxT Acoustic Focusing Cytometer—Blue/Red/Violet/Yellow Lasers

4

14

A24858

without washing or performing RBC lysis.

* Number of different emission channels, in addition to the forward scatter (FSC) and side scatter (SSC) detection channels.

blood and bone marrow or thin-needle

|

No. of No. of emission
lasers
channels *
Cat. No.

Attune® NxT Acoustic Focusing Cytometer—Blue Laser

icant cell loss and damage during sample
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Image live cells through time and space

Optimizing conditions for time-lapse fluorescence microscopy.
Fluorescence imaging of live cells is a very powerful approach to

Live-cell imaging: Caveats and rewards

the study of dynamic cellular processes and events, yielding high

Fluorescence imaging of fixed cells is relatively straightforward

spatial and temporal resolution. The availability of more stable and

(compared with live-cell imaging) and is used extensively, as it

brighter fluorophores—organic dyes, fluorescent proteins, and

generally affords images of higher quality than those derived from

nanocrystals—over the past several years has greatly expanded

live cells. Cell structure and morphology information gleaned

the toolbox for researchers exploring the frontiers of cell biology.

from these fixed-cell studies can also be correlated to biological

Beyond fluorescent reagents, advances in optics, sensor technology,

states and processes, such as cell health status or progression

computing power, and refined software tools have been integrated

through developmental or disease-related pathways. Fluorescence

into imaging systems that are both more powerful and straight-

imaging of live cells, however, is the method of choice for study-

forward to use than just a few years ago. Moreover, these imaging

ing dynamic processes, and time-lapse imaging of live cells can

systems—such as the EVOS® FL Auto Imaging System—are available

provide unique insights into events that may unfold over hours

today for use by researchers who are not imaging specialists.

or days (Figure 1).

The result of these innovations has been widespread adoption

Despite advances in both reagents and instrumentation, live-

of fluorescence imaging in cell-based research, where scientists

cell imaging remains challenging for two fundamental reasons:

can apply these new tools to areas from developmental and stem

mammalian cells are highly sensitive to light, and they require

cell biology to medical research, and from drug discovery to

stable environmental conditions. Utmost care must be taken to

environmental studies. It is no longer necessary to be an imaging

protect cells from excessive light, and to maintain stable conditions

expert to acquire high-quality images, and these imaging systems

of temperature, levels of atmospheric gases (O2 and CO2), humidity,

are becoming mainstays in laboratories that explore cellular pro-

pH, and osmotic concentration (osmolarity) to ensure that the cells

cesses and phenomena through an array of techniques and tools.

being observed remain healthy. Time-lapse imaging compounds

Translational research is being enabled by a “democratization” of

these challenges because of the multiple light exposures and

these sophisticated life science tools.

extended time out of the incubator.

A
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Figure 1. Time-lapse imaging of wound healing. Human
dermal fibroblast cells were grown to confluence and
labeled with 1 µM CellTracker™ Red CMTPX Dye (Cat. No.
C34552). A scratch wound was made in the cells with a
20 µL pipette tip (A). These representative frames from
time-lapse imaging (sampled every 2 hours over a period
of 70 hours) show the wound healing (B–H) until the wound
is completely healed (I). Wound healing was imaged over
time on the EVOS® FL Auto Imaging System equipped with
the EVOS® Onstage Incubator and Texas Red® optical filters.
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Table 1. Factors to consider when fluorescently labeling cellular targets.

BIOPROBES ® 70

Controlling environmental factors

Target and probe considerations

Cell biologists are adept at culturing cells that are maintained in a

Relative target abundance

cell culture incubator. However, maintaining the same conditions

Specificity of probe for cellular target
Target distribution (dispersed or concentrated)
Fluorescent label considerations *

on a microscope stage during time-lapse imaging is far more challenging. Although mammalian cells vary widely in their tolerance of

Fluorophore photostability

nonphysiological conditions, transformed cells lines are generally

Fluorescence output per dye

more tolerant of environmental fluctuations than are primary cells

Spectral separation of dyes

(e.g., oocytes and stem cells). Maintaining environmental conditions

* See a discussion of fluorescent organelle probes in the “Journal Club” article on page 35.

that are close to physiological on the microscope stage is therefore
of utmost importance in time-lapse imaging experiments; in the

Controlling light factors

absence of environmental control, conditions will slip out of the

Live cells are highly sensitive to light, which can cause a range

physiological range within a few minutes. How well the environment

of deleterious effects [1]. Of these, phototoxicity from UV light

is controlled on the microscope stage is one of the most critical

and free radicals can be a significant problem when performing

factors in successful time-lapse imaging and may, in fact, decide

fluorescence microscopy, especially time-lapse fluorescence

the success or failure of an experiment.

imaging. Phototoxicity can result in cell damage and artifacts,

For instance, many cell culture media are carbonate buffered

and can complicate interpretation of results (see the “Tips for

and, once they are removed from the incubator, the relatively lower

minimizing phototoxicity in time-lapse fluorescence imaging”

CO2 concentration of air will cause an increase in the medium pH

box on page 25). Excess light can also destroy the fluorophores

within an hour. For cell imaging on microscope stages lacking an

(i.e., photobleaching) being used to report on the functions or

environmental incubator, we have developed an optically clear,

structures under study.

physiological solution (Live Cell Imaging Solution, or LCIS) that

A number of probe- and illumination-related factors should

will maintain physiological pH and osmolarity for up to 4 hours at

be considered when designing time-lapse fluorescence imaging

ambient atmosphere and temperature. For longer-term imaging,

experiments. First, care should be taken to optimize labeling

particularly in a microscope-stage incubator, we offer a clear cell

of cellular targets (a nucleus is far easier to label than is a

culture medium—Gibco® FluoroBrite™ DMEM—that is based on

low-abundance protein), and no target should be labeled excessively

DMEM to help preserve cell health while also providing low back-

(Table 1). The absolute signal is less relevant than the signal-to-noise

ground fluorescence (comparable to that of phosphate-buffered

ratio (S/N). Uniform labeling is particularly challenging when mixing

saline and 90% lower than standard phenol red–free DMEM).

fluorophore categories (e.g., organic dyes, fluorescent proteins,
and nanocrystals), though one useful approach is to match more

A stage-top live-cell chamber: The EVOS® Onstage Incubator

brightly fluorescent probes with less abundant or more disperse

For imaging over extended periods, the temperature and atmo-

targets. Excessive fluorescent labeling of cellular targets can lead to:

spheric conditions (gases and humidity) must be tightly maintained.

■■

Nonspecific staining with increased background signals

■■

Physiological artifacts and structural perturbations

■■

Cytotoxicity

|

control of temperature and atmospheric conditions is often the
best choice. We recently introduced the EVOS® Onstage Incubator,
an environmental chamber that was specifically developed as an

And second, image sampling should be kept to a minimum to reduce

accessory to the EVOS® FL Auto Imaging System and fits on that

phototoxicity and photobleaching. Cell damage must be avoided and

system’s automated X-Y stage. A small, separate control unit supplies

cells maintained in a healthy state to obtain data that faithfully reflect

power, gas (air, CO2, and N2 for hypoxia experiments), and control

the process under study. One advantage of LED-based illumination,

of humidity and temperature. Several vessel holders are available

such as in the EVOS Imaging Systems, is the negligible UV light

to accommodate a range of culture vessels and permit easy and

emission and near-elimination of cellular UV exposure.

convenient time-lapse imaging of cells right from the incubator.

®
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Among available options, a stage-top live-cell chamber that allows
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Tips for minimizing phototoxicity in time-lapse fluorescence imaging
Phototoxicity—an effect commonly associated with the photo

■■

For long-duration time-lapse imaging, use an onstage incubator

chemical destruction of a fluorescent dye—can ruin even the

when possible to keep temperature and CO2 levels constant.

best-designed fluorescence experiments and is a critical factor in

Don’t rely on buffer additives like HEPES to maintain pH for long

time-lapse microscopy. Here are a few simple tips to help reduce

periods. HEPES works well for short-term time-lapse imaging;

or prevent phototoxicity in your experiments:

however, when exposed to intense light over long durations, it

■■

can produce hydrogen peroxide, a cell toxin [2].

Minimize illumination exposure times and keep the light source
power on the lowest possible setting that will afford satisfactory

■■

lutely necessary for the experiment. Each additional channel

signal-to-noise ratios and generate accurate data [1]. Maximize

increases the sample’s exposure to light.

the camera gain to reduce light intensity and exposure times.
■■

Don’t over-sample. Image cells with a sampling rate relevant

■■

When possible, avoid using autofocus for every image taken
during time-lapse imaging. Autofocus can increase the amount

to the process or phenomenon under study.

A

Limit the number of channels that you use to only those abso-

of light hitting your sample by as much as 10 times. With the
EVOS® FL Auto Imaging System, it is straightforward to set focus

B

“beacons” for the field or well section to be imaged.
■■

Minimize the time that the sample is being exposed to light while
you are setting up the experiment. If you are imaging in multiple
channels, your sample may be exposed to significant levels
of light before the time-lapse image acquisition even begins.

Phototoxicity during imaging of wound healing. Human dermal fibroblasts were labeled with CellTracker™ Red CMTPX Dye (Cat. No. C34552)
in a wound healing experiment where (A) extreme light exposure caused
phototoxicity, resulting in a “balled-up” morphology (indicated by arrows)
characteristic of unhealthy cells or (B) minimal light exposure resulted in
a fibrous cell morphology (indicated by arrows) characteristic of healthy
fibroblasts. Wound healing was imaged over time on the EVOS® FL Auto
Imaging System equipped with the EVOS® Onstage Incubator and Texas
Red® optical filters.

■■

Choose the correct imaging system, including the objective
lens and camera [3], for the experiment you are performing.

References
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The EVOS® Onstage Incubator controls temperature with a

and image acquisition parameters are all seamlessly integrated into

precision of ±0.1°C, which helps maintain cell health and reduces

the EVOS® FL Auto interface, creating a high-performance inverted

the risk of temperature-related biological artifacts. It also minimizes

imaging system with unmatched flexibility, ease of use, and optics

thermal contractions or expansions that may cause focus instability

for demanding time-lapse fluorescence imaging experiments.

or drift, while the EVOS FL Auto autofocus system helps ensure that
®

focus is maintained during time-lapse studies when cell movement

Time-lapse fluorescence imaging is within your reach

may shift the focus plane. Additional focusing options for time-lapse

To find out more about the EVOS® FL Auto Imaging System and EVOS®

imaging include automatic fine and coarse focus, beacons with fixed

Onstage Incubator, visit lifetechnologies.com/evosflautobp70.

focus points, or the use of autofocus only in the transmitted light
channel to minimize light damage. The preferred option will depend
on cell type, staining, duration, and other imaging parameters.
Together, the EVOS® FL Auto Imaging System and EVOS®

■

Reference

1. Schneckenburger H, Weber P, Wagner M et al. (2012) J Microsc 245:311–318.

Product

Quantity

Cat. No.

EVOS® FL Auto Imaging System

1 each

AMAFD1000

Onstage Incubator enable precise control of temperature, humidity,

EVOS® Onstage Incubator

1 each

AMC1000

and three gases for time-lapse imaging of live cells under both phys-

Live Cell Imaging Solution (LCIS)

500 mL

A14291DJ

iological and nonphysiological conditions. Environmental settings

FluoroBrite™ DMEM

500 mL

A1896701
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Introducing a three-channel cell counter for your benchtop
The new and improved Countess® II FL Automated Cell Counter.
Since its introduction in 2008, the Countess® Automated Cell
Counter has revolutionized the way that researchers determine cell
number by removing the tedium of manually counting cells. The
original Countess® cell counter uses a sophisticated image analysis algorithm that identifies objects, classifies cells by roundness
and size, and then distinguishes live cells from dead cells by their
staining patterns. The new Countess® II FL Automated Cell Counter
(Figure 1) has been reworked from the inside out, with faster cell
analysis, more detection options, and better user controls, all to
provide researchers with the ability to configure the instrument to
fit their specific cell counting needs.
The Countess® II FL Automated Cell Counter is a three-channel

Figure 1. The Countess® II FL Automated Cell Counter and light cubes.

(brightfield and two optional fluorescence channels) benchtop assay
platform with state-of-the-art optics and image analysis software

counts of cells in a population. The cell counting assay is compatible

to automate cell counting. This instrument allows researchers to

with a wide variety of eukaryotic cells—including clumpy samples

analyze cells in suspension for a range of characteristics, includ-

(Figure 2)—using the standard trypan blue exclusion method to

ing cell viability (live, dead, and total cell counts), cell cycle phase,

determine cell viability in the brightfield channel.

apoptotic stage, and fluorescent protein expression. For a typical cell

In addition to the brightfield channel, the Countess® II FL

count, the Countess II FL Automated Cell Counter takes less than

Automated Cell Counter features two user-defined fluorescence

10 seconds per sample, using autofocusing to enable fast, accurate

channels. Along with these enhanced features, the Countess® II FL

Figure 2. Accurate cell counts—even with clumpy samples—on the
Countess® II FL Automated Cell Counter. NIH/3T3 cells in suspension
were mixed 1:1 with a 0.4% solution of Trypan Blue Stain (Cat. No. T10282),
and a 10 μL sample was added to a chamber slide (Cat. No. C10228) and
inserted into a Countess® II FL Automated Cell Counter. The segmentation and counting algorithms of the Countess® II FL counter are able to
resolve clumps of cells and score them as live or dead using the trypan
blue exclusion method. In this sample, 3.09 x 106 live cells (which excluded
trypan blue stain) and 5.86 x 103 dead cells (which accumulated trypan
blue stain) were counted.

Figure 3. Two-color fluorescent cell counting on the Countess® II FL
Automated Cell Counter. A 10 µL sample of HeLa cells transduced with
CellLight® Mitochondria-GFP (Cat. No. C10600) and stained with NucBlue®
Live ReadyProbes® Reagent (Cat. No. R37605) was added to a chamber slide
(Cat. No. C10228) and inserted into a Countess® II FL Automated Cell Counter
equipped with DAPI (Cat. No. AMEP4650) and GFP (Cat. No. AMEP4651) EVOS®
Light Cubes. The segmentation and counting algorithms of the Countess® II FL
counter identify and count the cells based on their fluorescence properties. In
this experiment, 72% of the HeLa cells within the population were transduced
with the CellLight® Mitochondria-GFP construct.

®
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Automated Cell Counter offers an intuitive user interface as well
as the option to save cell count data and generate a report that can

3.0 x 106

then be transferred to the USB drive supplied with the instrument.

2.5 x 10

With more than 15 EVOS® light cubes to choose from, the Countess® II
FL Automated Cell Counter is not limited to detection of GFP- and

Cell count

Full spectrum of fluorescence detection: Now and in the future

Countess® II FL counter

0

cells? No problem. Simply insert the Texas Red® light cube, and you

Figure 3 shows two-color fluorescence counting of HeLa cells transduced with CellLight® Mitochondria-GFP, stained with NucBlue®
Live ReadyProbes® Reagent, and analyzed on a Countess® II FL
Automated Cell Counter equipped with GFP and DAPI light cubes.
The Countess® II FL Automated Cell Counter uses the same

1.5 x 106

0.5 x 106

of an mCherry fluorescent protein expression vector introduced into

fusion protein and accurately determine the transfection efficiency.

2.0 x 106

1.0 x 106

RFP-expressing cells. Looking to measure the transfection efficiency

can effectively count the number of cells expressing the mCherry

Hemocytometer

6

NIH/3T3

HeLa

HL-60

Figure 4. Precise cell counts with the Countess II FL Automated Cell
Counter. NIH/3T3, HeLa, and HL-60 cells in suspension were mixed 1:1 with
a 0.4% solution of Trypan Blue Stain (Cat. No. T10282) and counted using
the trypan blue exclusion method. A 10 μL sample was added to a chamber
slide (Cat. No. C10228) and inserted into a Countess® II FL Automated Cell
Counter (blue bars) or counted manually under a microscope using a hemocytometer (purple bars). Each bar is an average of 10 counts, with standard
deviation as shown. The autofocusing and advanced counting algorithms of
the Countess® II FL counter give more precise cell counts than those derived
from manual counting.
®

fluorescent light cubes that power the EVOS® fluorescence imaging systems. EVOS® light cubes integrate LEDs and high-performance filters in a novel illumination system that delivers precise

The Countess® cell counting slides contain two enclosed sample

control, minimal maintenance, and exceptional reliability. With

chambers, allowing you to measure two different samples or perform

interchangeable light cubes, the Countess II FL Automated Cell

replicates of the same sample. Cell counting occurs in the central

Counter is designed to evolve with your changing laboratory needs.

location of each counting chamber, and the volume counted is

As your experiments demand, the fluorescence capabilities of

0.4 μL, which is equivalent to counting four 1 mm x 1 mm squares

the Countess II FL counter can be upgraded with new EVOS

in a standard hemocytometer.

®

®

®

light cubes. The full line of EVOS light cubes can be found at
®

lifetechnologies.com/evoslightcubes. Or hang the included poster

Bring automated cell counting to your benchtop

(center insert) in a convenient spot in your lab so you can see your

The Countess® II FL Automated Cell Counter is designed to adapt

options at a glance.

to your ever-changing cell counting needs. With two user-defined
fluorescence channels and the option for a reusable slide, nothing

Reusable glass slide saves you money

counts like the Countess® II FL Automated Cell Counter. To find out

Mounting costs of disposable slides and tips have deterred many

more about the Countess® II FL Automated Cell Counter or request

labs from finding alternatives to the daily chore of manually counting

an in-lab demonstration, visit lifetechnologies.com/countessbp70.

■

cells. The Countess II FL Automated Cell Counter is designed
®

to work with a reusable glass slide (Figure 4) that significantly
reduces the long-term costs of consumables used for automated
counting. For researchers who want the convenience of disposable
slides, the Countess® II FL Automated Cell Counter can also use
the same slides developed for the original Countess® cell counter.

Product

Quantity

Cat. No.

Countess® II FL Automated Cell Counter

1 each

AMQAF1000

Countess® Cell Counting Chamber Slides

50 slides

C10228

500 slides

C10312

2 x 1 mL

T10282

Trypan Blue Stain (0.4%), for use with the
Countess® Cell Counter
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Obtain the highest-quality data your system can deliver
Fluorescent microspheres for calibrating microscopes and flow cytometers.
Advanced fluorescence techniques demand quality at every level,

Confirm color alignment with FocalCheck™ Beads

from specimen preparation and fluorophore choice to instrument

High-resolution imaging of multiply stained specimens by confocal

set-up and calibration. Often the final step in a long experimental

microscopy typically requires bracketed exposures, repetitive scans,

protocol, data collection is critically dependent on instrument

and three-dimensional sectioning. Several factors such as optics,

performance. The R&D scientists in our labs have developed a

filters, and instrument alignment can affect the registration of

variety of nonbiological calibration standards designed for reliably

different fluorescent colors, making it difficult to correctly interpret

assessing the operation of conventional fluorescence microscopes,

the positional relationships among stained structures. FocalCheck™

confocal laser-scanning microscopes, and flow cytometers. The dye

Fluorescent Microspheres are designed for examining the alignment

molecules in these microsphere standards are localized within the

and stability of confocal laser-scanning microscopes [1]. They are

polymeric matrix, making the beads brighter and more photostable

particularly useful for confirming the optical sectioning thickness

than conventional surface-stained beads. The stability, uniformity, and

(“z-resolution”) in three-dimensional imaging applications [2].

reproducibility of Molecular Probes fluorescent microspheres make

The FocalCheck™ polystyrene beads—available with either 6 μm

them ideal reference standards for day-to-day calibrations as well

or 15 μm diameter—have been prepared by a proprietary method

as for sensitive image registration and quantitative measurements

in which fluorescent dye is used to stain only the outermost portion

with multiply stained fluorescent cells and tissues.

of each microsphere. The resulting beads have a well-defined dye

®

layer (ring stain) that, when viewed in cross section in the confocal
A

laser-scanning microscope, appears as a fluorescent ring of varying
dimensions depending on the focal plane (Figure 1). FocalCheck™

1

B

microspheres are provided in suspension or mounted on slides and

2

in several different multicolored configurations of fluorescent ring

3

stains with or without contrasting fluorescent dyes throughout the
bead. The spectral properties of the fluorescent dyes are well matched

Blue

C

to the laser sources and optical filters commonly used in imaging
systems. We also offer three different FocalCheck™ test slides,

Alignment

including Test Slide #1 for alignment and intensity calibrations [3].

Orange
Red

Adjust color registration with TetraSpeck™ Beads
TetraSpeck™ Fluorescent Microspheres provide a different approach

Alignment

Orange

for calibrating color registration with your imaging system. These

Green

Figure 1. Confocal laser-scanning microscope optical cross-sectioning and
alignment with FocalCheck™ microspheres. (A) Serial optical sectioning
from top to bottom along the z-axis of ring-stained microspheres reveals a
continuous pattern of disc-to-ring-to-disc images. (B) The diameter of the
fluorescent ring (or disc) seen is dependent on the depth of the optical focal
plane. (C) In the confocal laser-scanning microscope, separate light paths
exist for UV and visible wavelengths, and emitted fluorescence is detected
by different photomultipliers. Proper optical alignment in three dimensions
may be obtained with either of two types of FocalCheck™ microspheres:
1) microspheres with a ring stain and a second fluorescent stain throughout
the bead; or 2) microspheres containing three different fluorescent ring stains.

28
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microspheres are stained throughout the polymeric matrix with
four different fluorescent dyes, yielding beads that display four
well-separated excitation/emission peaks—365/430 nm (blue),
505/515 nm (green), 560/580 nm (orange), and 660/680 nm (dark
red). They are available in five diameters (0.1 μm, 0.2 μm, 0.5 μm,
1 μm, and 4 μm), from subresolution- to nearly cell-size particles.
The 0.1 μm and 0.2 μm TetraSpeck™ beads are ideal as subresolution fluorescent sources for calibrating instrument optics, especially in
three-dimensional applications. The 0.1 μm TetraSpeck™ microspheres
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EthD-1 fluorescence

105

emission, and intensity of many biological samples. They have
been optimized for use with UV, blue, green/yellow, and red lasers.

104

Count cells accurately with CountBright™ Beads

103

Absolute cell counts are widely used to follow disease progression.

102
0

CountBright™ Absolute Counting Beads are designed to serve as an
0 102

103

104

internal counting standard added to samples for simple concentra-

105

tion determination by flow cytometry [10] (Figure 2). CountBright™

Calcein fluorescence

Figure 2. Using CountBright™ beads to count cells in viability experiments.
A mixture of live and heat-killed Jurkat cells were treated with the reagents
in the LIVE/DEAD® Viability/Cytotoxicity Kit (Cat. No. L3224). CountBright™
Absolute Counting Beads (Cat. No. C36950) were added, and the sample was
analyzed by flow cytometry using 488 nm excitation. The plot of calcein fluorescence (using a 530/30 nm bandpass emission filter) vs. ethidium homodimer-1 (EthD-1) fluorescence (using a 610 nm longpass emission filter) shows
clear separation of live and dead cells, as well as of the CountBright™ beads.

beads are provided as a calibrated suspension of microspheres
that are brightly fluorescent across a wide range of excitation (UV
to 635 nm) and emission (385 to 800 nm) wavelengths; their fluorescence intensity has been adjusted to be 5–50 times brighter than
that of typically stained cells. These microspheres are approximately
7 μm in diameter, have settling properties similar to lymphocytes,
and fall above the scatter threshold. They can be used with any cell

have been used as fiducial markers for super-resolution microscopy

sample type (including no-wash/lysed whole blood), and with either a

to adjust color registration and make lateral drifting corrections [4,5].

fluorescence or scatter threshold. Because CountBright™ beads are

TetraSpeck™ microspheres have also been used to calibrate the spatial

mixed in with the experimental sample, absolute cell counts using

distribution of illumination for high-content screening (HCS) [6,7].

this single-platform method are more accurate and less complicated
than cell concentration determined using multiple-platform testing.

Calibrate daily with AlignFlow and Cell Sorting Set-Up Beads
™

Flow cytometers are designed to perform quantitative measure-

Flow Cytometry Sub-Micron Particle Size References

ments on individual cells with speed, accuracy, and precision. As

The Flow Cytometry Sub-Micron Particle Size Reference Kit provides

with all high-performance instrumentation, flow cytometers must

six suspensions of green-fluorescent microspheres, each with a

be calibrated frequently to ensure accuracy and reliability.

known diameter (from 0.02 µm to 2 µm) determined by transmission

AlignFlow™ alignment beads permit the calibration of a flow

electron microscopy. These microsphere suspensions provide reliable

cytometer’s laser(s), optics, and stream flow without wasting valu-

size references for flow cytometry applications (Figure 3) and can be

able experimental material [8,9]. The 2.5 µm–diameter AlignFlow

used individually or together, as well as intermixed with the

™

beads are available for UV (350–370 nm), blue (488 nm), and red
(630–640 nm) lasers; the 6 µm–diameter AlignFlow™ beads are
106

available for the same three excitation-wavelength ranges. These
in both size and fluorescence intensity and are designed to mimic
the size and intensity of biological samples. AlignFlow™ beads have
excellent photochemical and physical stability, providing reliable reference signals for aligning, focusing, and calibrating flow cytometers.
Whereas AlignFlow™ beads are used for the general alignment
of your flow cytometer’s optics and lasers, the Cell Sorting Set-Up
Beads are reliable standards for cell-sorter instrument set-up and
provide a means of adjusting settings, including drop delay and
efficiency (cell loss during sorting). These fluorescent dye–infused
microspheres have diameters of 6 µm and approximate the size,

Side scatter

fluorescently stained polystyrene microspheres are highly uniform

2 µm
1 µm

105
104
0.5 µm
0.2 µm

103
0.1 µm
102
101
100
102

103

104

105

106

Green fluorescence

Figure 3. Separation of differently sized microspheres from the Flow
Cytometry Sub-Micron Particle Size Reference Kit. Five microsphere suspensions from this reference kit (Cat. No. F13839) were analyzed using the
Attune® Acoustic Focusing Cytometer (Blue/Violet). The diameters of the
green-fluorescent microspheres are as marked.
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experimental sample or analyzed in parallel runs. This kit can also

negative beads, which have no reactivity. This kit allows you to set

be used as a tool to verify instrument performance and to establish

compensation without the hassle of heat-treating cells as a control,

parameters that are suitable for analyzing sub-micron particles,

saving both time and sample.

including the particle-size resolution limits, dynamic range, and
sensitivity of forward- and side-scatter PMTs.

Find more calibration beads for imaging and flow cytometry

The Flow Cytometry Sub-Micron Particle Size Reference Kit can

We have developed an assortment of fluorescent microspheres for

help identify small particles such as exosomes, bacteria, and viruses

calibrating your lab instruments; learn more about our calibration

in experimental samples. The size (or size range) of bioparticles in

beads at lifetechnologies.com/microspheresbp70. ■

a sample can be estimated by comparing the forward-scatter (FSC)
signals with those of the reference beads. Because FSC is dependent
not only on particle size but also on factors such as the particle’s
refractive index, the size estimates obtained with this kit may not
reflect the actual bioparticle sizes. However, the microspheres

References
1.
2.
3.
4.
5.

in this kit all have equivalent refractive indices (1.591 at 590 nm);

6.

therefore, differences in the FSC signals reflect their relative sizes.

7.
8.
9.
10.
11.

Compensation made easy with the AbC™ and ArC™ Kits
For scientists performing multicolor flow cytometry assays, our

Zucker RM (2014) Methods Mol Biol 1075:321–374.
Talwar S, Kumar A, Rao M et al. (2013) Biophys J 104:553–564.
Pachoud B, Sharma P, Bergerot A (2014) Neuroscience 256:412–425.
Szymborska A, de Marco A, Daigle N et al. (2013) Science 341:655–658.
Dedecker P, Mo GC, Dertinger T et al. (2012) Proc Natl Acad Sci U S A
109:10909–10914.
Flottmann B, Gunkel M, Lisauskas T et al. (2013) Biotechniques
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microsphere tools can assist with compensation adjustments.
The AbC™ Total Antibody Compensation Bead Kit (for all isotypes
of mouse, rat, hamster, and rabbit antibodies) and the AbC™ Anti-

1 kit

F24633

FocalCheck™ Microspheres, 15 µm, fluorescent green ring
stain/dark red throughout

0.5 mL

F7238

antibodies. These kits contain two types of specially modified

FocalCheck™ Fluorescence Microscope Test Slide #1,
for alignment, intensity, and calibration

1 each

F36909

6 µm–diameter microspheres: the AbC™ capture beads for binding

TetraSpeck™ Microspheres, 0.1 µm,
fluorescent blue/green/orange/dark red

0.5 mL

T7279

TetraSpeck™ Microspheres, 0.2 µm,
fluorescent blue/green/orange/dark red

0.5 mL

T7280

AbC™ Anti-Mouse Bead Kit

1 kit

A10344

AbC™ Anti-Rat/Hamster Bead Kit

1 kit

A10389

AbC™ Total Antibody Compensation Bead Kit

1 kit

A10497

capacity, these beads allow more accurate compensation settings

ArC™ Amine-Reactive Compensation Bead Kit

1 kit

A10346

for any combination of fluorophore-labeled antibodies. See the

AlignFlow™ Flow Cytometry Alignment Beads, for UV
lasers, 2.5 µm or 6 µm

3 mL

A16502
A16505

AlignFlow™ Flow Cytometry Alignment Beads, for blue
lasers, 2.5 µm or 6 µm

3 mL

A16500
A16503

AlignFlow™ Flow Cytometry Alignment Beads, for red
lasers, 2.5 µm or 6 µm

3 mL

A16501
A16504

to provide a simple and accurate method for setting compensation

Cell Sorting Set-Up Beads, for UV lasers, 6 µm

3 mL

C16506

when using any of the LIVE/DEAD® Fixable Dead Cell Stains [11].

Cell Sorting Set-Up Beads, for blue lasers, 6 µm

3 mL

C16508

Cell Sorting Set-Up Beads, for green-yellow lasers, 6 µm

3 mL

C16509

Cell Sorting Set-Up Beads, for red lasers, 6 µm

3 mL

C16507

method for setting compensation when using fluorophore-conjugated

antibodies and the negative-control beads, which have no antibody-binding capacity. After incubation with a fluorescent antibody,
the two bead components provide distinct positive and negative
bead populations that can be used to set compensation. Because
of their consistent light scatter and high surface antibody–binding

online article at lifetechnologies.com/microspheresbp70 for more
information and data on the AbC™ Antibody Compensation Bead Kits.
The ArC™ Amine-Reactive Compensation Bead Kit is designed

Unlike methods that require compensation controls prepared from
cellular material, the ArC™ Amine-Reactive Compensation Bead Kit

Flow Cytometry and Cell Sorting Calibration Standards

CountBright Absolute Counting Beads, 7 µm

5 mL

C36950

is ready to use, with two bead suspensions provided in convenient

Flow Cytometry Sub-Micron Particle Size Reference Kit

1 kit

F13839

dropper bottles: the ArC reactive beads, which have been optimized

* A complete list of microsphere calibration products can be found in Chapter 23, “Antifades
and Other Tools for Fluorescence Applications”, of The Molecular Probes® Handbook,
available online at lifetechnologies.com/handbook.

™

to react with the stains and provide a positive signal, and the ArC™

|

Quantity Cat. No.

Fluorescence Microscopy Calibration Standards
FocalCheck™ Fluorescent Microspheres Kit (slides), 6 µm

Mouse and AbC™ Anti-Rat/Hamster Bead Kits provide an easy-to-use
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Measure multiple signaling proteins in a single microplate well
Multiplex immunoassay kits for the Luminex® platform.
Examining the levels and interplay of critical signaling proteins

Detect protein markers for cardiovascular disease

often leads to the identification of specific disease biomarkers and

Elevated levels of apolipoproteins, C-reactive protein (CRP), and

novel drug targets. However, the biology and complex interactions of

fibrinogen have each been associated with cardiovascular disease.

these proteins in health and disease can only be appreciated when

Apolipoproteins bind to lipids such as cholesterol and transport lipids

they are evaluated collectively rather than individually. Multiplex

through the lymphatic and circulatory systems. ApoA1 and ApoB

immunoassays have become a powerful and cost-effective tool

are the major protein components of high-density and low-density

for measuring multiple analytes in samples with limited volumes.

lipoproteins, respectively, whereas ApoE mediates transport and

We have recently released three magnetic bead–based kits for

uptake of cholesterol. Adiponectin, a hormone secreted from adipose

®

use on the Luminex family of analyzers, including the Luminex

tissue, is important in regulating metabolism. We offer the Human

100/200™, MAGPIX®, and FLEXMAP 3D® systems. The Luminex®

Apolipoprotein Magnetic 5-Plex Panel for measuring apolipoproteins,

immunoassay kits are designed to measure protein levels in serum,

adiponectin, and CRP. Due to high endogenous levels of fibrinogen

plasma, or tissue culture supernatant in a single day. With mono-

(requiring extensive sample dilution), we recommend assaying it

clonal antibodies for excellent reproducibility, these kits provide a

separately using the Human Fibrinogen Magnetic Singleplex Panel.

®

fast, reliable, and accurate method for determining protein levels

Learn more about multiplex assays for the Luminex® platform

using small sample volumes.

The flexible Luminex® platform integrates key xMAP® detection

Measure levels of six different cell adhesion molecules

components to meet the multiplex needs of both research and clin-

While critical for regulating cell growth, differentiation, and migration

ical labs. To learn more about our magnetic bead–based Luminex®

in normal tissues, cell adhesion is also an important hallmark of

assays, visit lifetechnologies.com/luminexbp70.

inflammation. Cell adhesion molecules (CAMs) play a key role in
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(Figures 1 and 2).
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levels of six different CAMs simultaneously on the Luminex® platform
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offer the Human Adhesion Magnetic 6-Plex Panel for measuring
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cardiovascular, autoimmune, and other inflammatory diseases. We

Healthy samples
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many pathophysiological processes, including cancer as well as

105

■

Figure 2. Serum protein levels of adhesion molecules in normal serum and
serum from a patient with sepsis. Data were collected using the Human
Adhesion Magnetic 6-Plex Panel on the Luminex® 200™ System.

103

102

101
10–1

101

103

Protein concentration (ng/mL)

Figure 1. Typical standard curves for the Human Adhesion Magnetic 6-Plex
Panel. Standard curves were created on the Luminex® 200™ System using the
six recombinant protein standards provided in the Human Adhesion Magnetic
6-Plex Panel (Cat. No. LHC0016M).

Product

Targets

Cat. No.

Human Adhesion Magnetic
6-Plex Panel

ICAM, VCAM, E-selectin,
P-selectin, PECAM-1, PAI-1

LHC0016M

Human Fibrinogen Magnetic
Singleplex Kit

Fibrinogen

LHP0091M

Human Apoliprotein Magnetic
5-Plex Panel

ApoA1, ApoB, ApoE,
Adiponectin, CRP

LHP0001M

Each panel or kit provides sufficient reagents for 100 tests.
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Determine microRNA concentration in solution

Fluorescence-based small RNA quantitation for both conventional and high-throughput assays.
Small noncoding RNA molecules such as microRNA (miRNA) and

Introducing a fluorescence-based microRNA assay

small interfering RNA (siRNA) play a critical role in posttranscrip-

Unlike traditional A260 or fluorescence-based measurements, the

tional gene regulation, though their significance and conservation

newly developed Qubit® and Quant-iT™ microRNA assays efficiently

among species were not fully recognized until the early 2000s.

detect small RNAs (all types) in an RNA sample but detect little of

These small single- or double-stranded RNA molecules (~20 nucle-

the large RNAs (>1,000 nt). These microRNA assays detect small

otides or base pairs) are difficult to quantify accurately because

RNAs such as miRNA and siRNA (17–25 nucleotides or base pairs)

of both their small size and their typically low concentrations in

with a detection limit of 50 ng/mL in the sample, using a sample

total RNA samples.

volume of only 1–20 μL. Furthermore, these assays can detect

Conventional spectrophotometric A260 readings require relatively

between 1 and 100 ng of RNA in the assay tube, allowing initial

large sample volumes (typically 500 μL or more), lack sensitivity,

sample concentrations from 50 ng/mL to 100 μg/mL—an extremely

and cannot differentiate between intact RNA, degraded RNA, and

broad usable range.

contaminants that absorb at 260 nm. The NanoDrop 2000 UV-Vis

Both the Qubit® and Quant-iT™ microRNA assays are based

Spectrophotometer requires only 0.5 μL of sample; however, it has a

on the use of a proprietary fluorogenic dye that exhibits >200-fold

detection limit of 1.5 µg/mL for RNA and provides absorption-based

enhancement upon binding to small RNAs, and this enhancement

measurements that cannot discriminate between large and small

is maintained in the presence of common contaminants such as

RNAs and free nucleotides. Traditional fluorescence-based nucleic

free nucleotides, proteins, salts, solvents, and some detergents.

acid assays are more sensitive and can better distinguish intact vs.

The Qubit® MicroRNA Assay Kits are designed for assaying

®

degraded RNA, but they often inadequately detect small RNAs.

Concentration determined
by assay (µg/mL)
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14

Qubit® microRNA assay

NanoDrop® A260 assay

Low end
1.0
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0.0
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12

siRNA concentration (µg/mL)

Figure 1. Accuracy and precision of the Qubit® and Quant-iT™ microRNA
assays. Six experiments were run to test the accuracy and precision of the
Qubit® and Quant-iT™ microRNA assays with pure siRNA; results of a typical
experiment are shown here. In this experiment, eight replicates of GAPDH
siRNA in concentrations from 0.1 µg/mL to 12 µg/mL were measured using
the Qubit® MicroRNA Assay Kit with the Qubit® 2.0 Fluorometer and using
A260 measurements on the NanoDrop® ND-1000 Spectrophotometer. The
detection limit for the NanoDrop® instrument is reported to be 1.5 μg/mL;
lower siRNA concentration results are shown for comparison. Accuracy for the
Qubit® microRNA assay was within 15% of expected. CVs (1 standard deviation/
average of 8 data points) were 0.63% to 2.9%. For all six experiments, the Qubit®
microRNA assay accuracy was within 15% of expected, and CVs were <5%.
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Qubit® microRNA assay
Qubit® RNA assay
NanoDrop® A260 assay
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Concentration determined
by assay (µg/mL)

16

0.0

0.5

1.0

2.0

4.0

6.0

8.0

10.0

rRNA concentration (µg/mL) with 2 µg/mL siRNA
Figure 2. Selectivity of the Qubit® and Quant-iT™ microRNA assays for siRNA
in the presence of ribosomal RNA (rRNA). rRNA at the concentrations listed
on the x-axis was added to samples containing 2 μg/mL siRNA. The mixtures
were then assayed using the Qubit® microRNA assay, the Qubit® RNA assay,
and the NanoDrop® A260 assay. Results from eight replicates were averaged,
with standard deviations shown. Total RNA concentration at the low end was
below the NanoDrop® instrument’s detection limit (1.5 μg/mL), so accuracy
and precision were limited. The Qubit® microRNA assay read 100–196% of the
2 μg/mL siRNA concentration, even with a 5-fold excess of rRNA over siRNA.
The Qubit® RNA assay read approximately 100% of the rRNA concentration,
except at a 4-fold excess of siRNA over rRNA, where it read 150%. The blue
and red trendlines indicate the actual concentrations of siRNA and rRNA,
respectively, in the samples.
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Figure 3. The Qubit® and Quant-iT™ microRNA assays
can detect single-stranded and double-stranded
siRNA and miRNA. Concentrations of pure siRNA
and miRNA samples were determined by optical
density on a PerkinElmer® spectrophotometer at
concentrations yielding an A260 of 0.3–0.6. Samples
were then diluted and tested in the Qubit® microRNA
assay at four different concentrations. Four different single-stranded siRNA molecules (A) and two
double-stranded siRNAs and two double-stranded
miRNAs (B) were tested.

fewer than 20 samples at a time using the Qubit® Fluorometer

in a Qubit® assay tube or a microplate well. The Qubit® and Quant-iT™

(see “The Qubit 3.0 Fluorometer” box on page 34), whereas the

microRNA assays have a core dynamic range of 5–500 ng/mL small

Quant-iT MicroRNA Assay Kit is designed for high-throughput

RNA in the assay tube, and accurate results can be obtained for initial

assays (20–2,000 samples) and a fluorescence microplate reader.

sample concentrations from 50 ng/mL to 100 μg/mL. Moreover, this

™

sensitivity is achieved with a very easy protocol: simply dilute the

Quantify small RNA with superior accuracy...

Qubit® or Quant-iT™ microRNA assay reagent 1:200, load 200 µL into

The Qubit® and Quant-iT™ microRNA assays are designed to

a Qubit® assay tube or a microplate well, add 1–20 µL of sample,

accurately detect miRNA and siRNA. Figure 1 shows that these

mix, and read the fluorescence.

assays are accurate and precise for initial siRNA concentrations
from 100 ng/mL to 12 μg/mL, even at the lower concentrations for

Accurate small RNA quantitation for downstream applications

which absorption-based measurements are both inaccurate and

The sensitivity and accuracy of the Qubit® and Quant-iT™ microRNA

imprecise. The Qubit® and Quant-iT™ microRNA assays do not detect

assays allow you to better determine the concentration of small

nucleotides and can therefore distinguish small RNA molecules from

RNAs in precious RNA samples, leading to greater success in

completely degraded RNA. Furthermore, only about 20–30% of large

subsequent applications such as sequencing and qRT-PCR. The

RNAs (>1,000 nucleotides), including rRNA and mRNA, are detected

Qubit® MicroRNA Assay Kits (available in 100- and 500-assay sizes)

by these assays. In contrast, the Qubit® and Quant-iT™ RNA assays

are designed for use with the Qubit® Fluorometer; they provide

detect large RNAs well but detect little of the small RNAs, and the

assay reagent, dilution buffer, and prediluted standards. The

NanoDrop A260 assay detects total RNA concentration including

microRNA assay file is now preloaded on the Qubit® Fluorometer

free nucleotides. Figure 2 demonstrates these assay characteristics

and may also be downloaded at lifetechnologies.com/qubit

for a mixture of siRNA and rRNA.

and permanently uploaded to earlier versions of the Qubit®

®

Additionally, both single-stranded and double-stranded small

Fluorometer. The Quant-iT™ MicroRNA Assay Kit is designed for

RNA molecules are detected by the Qubit and Quant-iT microRNA

high-throughput assays (20–2,000 samples) and detection on a

assays (Figure 3). These assays are intended for total RNA or

fluorescence microplate reader. If you are assaying more than

enriched RNA extracts. The assay reagent detects DNA as well,

2,000 samples, we recommend using the cost-effective Quant-iT™

so samples containing DNA should be treated with DNase prior to

MicroRNA Reagent along with the protocol provided. Learn more

small RNA quantitation.

at lifetechnologies.com/mirnabp70. ■

®

™

And with a remarkably easy protocol!
Importantly, the Qubit® and Quant-iT™ microRNA assays are

Product

Quantity

Cat. No.

Qubit® MicroRNA Assay Kit, 100 assays

1 kit

Q32880

Qubit® MicroRNA Assay Kit, 500 assays

1 kit

Q32881

Quant-iT™ MicroRNA Assay Kit, 1,000 assays

1 kit

Q32882

and 2) and are designed to use very small sample volumes. We have

Quant-iT™ MicroRNA Reagent

1 mL

Q32883

been able to reproducibly measure as little as 0.5 ng of pure miRNA

Qubit 3.0 Fluorometer

1 each

Q33216

extremely precise at low concentrations of small RNAs (Figures 1
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The Qubit® 3.0 Fluorometer
The Qubit® 3.0 Fluorometer (Cat. No. Q33216) is a benchtop fluorometer that can be used to quantify
DNA, RNA, microRNA, and protein using the highly sensitive and accurate fluorescence-based Qubit®
quantitation assays (Table 1). In addition, the Qubit® 3.0 Fluorometer can be used to directly measure
the fluorescence of samples, as well as to evaluate Ion Sphere™ Particle quality using the Ion Sphere™
Quality Control Kit prior to performing a sequencing run on the Ion Personal Genome Machine®
(PGM™) Sequencer. Key features of this third-generation fluorometer include:
■■

Powerful dual-core processor that quickly and accurately quantifies DNA, RNA, and protein in
less than 5 seconds per sample

■■

Compatibility with Qubit® quantitation assays, which use as little as 1 μL of sample and rely on dyes
selective for dsDNA, RNA, or protein, minimizing the effects of contaminants such as degraded DNA or RNA

■■

Effective data management, with the ability to store up to 1,000 sample results

■■

Large 5.7-inch, state-of-the-art color touch screen for easy workflow navigation

■■

Small footprint, saving valuable space on your lab bench

■■

Ability to personalize your Qubit® fluorometer with the assays you run most often, to add new assays, and even to create your
own assays with the MyQubit software and web tool, available at lifetechnologies.com/qubit

Standards
from kit

10 µL

Add Qubit® working
solution for a total
volume of 200 µL

10 µL

Vortex tubes
for 2–3 sec

User
samples

1–20 µL

1–20 µL

1–20 µL

Incubate at room
temperature for
2 min (DNA, RNA)
or 15 min (protein)

Add Qubit® working
solution for a total
volume of 200 µL

Read tubes in
Qubit® 3.0 Fluorometer

Figure 1. The Qubit® quantitation assay workflow. When paired with the Qubit® 3.0 Fluorometer, the Qubit® Quantitation Assay Kits provide a
seamless workflow and easy data collection. Each Qubit® Assay Kit provides concentrated assay reagent, dilution buffer, and prediluted standards. Simply dilute the reagent using the buffer provided, add your sample (any volume between 1 μL and 20 μL is acceptable), and read the
concentration on the Qubit® 3.0 Fluorometer. The assays are performed at room temperature, and the signal is stable for 3 hours.

Table 1. Qubit® assay kit selection guide.
Qubit® assay kit

Assay range

Sample starting concentration

100-assay size *

500-assay size *

Qubit® dsDNA BR Assay Kit

2–1,000 ng

100 pg/µL–1 µg/µL

Q32850

Q32853

Qubit dsDNA HS Assay Kit

0.2–100 ng

10 pg/µL–100 ng/µL

Q32851

Q32854

Qubit® ssDNA Assay Kit

1–200 ng

50 pg/µL–200 ng/µL

Q10212

NA

Qubit® RNA HS Assay Kit

5–100 ng

250 pg/µL–100 ng/µL

Q32852

Q32855

Qubit RNA BR Assay Kit

20–1,000 ng

1 ng/µL–1 µg/µL

Q10210

Q10211

Qubit® MicroRNA Assay Kit

1–500 ng

0.05–100 ng/µL

Q32880

Q32881

Qubit® Protein Assay Kit

0.25–5 µg

12.5 µg/mL–5 mg/mL

Q33211

Q33212

®

®

* Based on an assay volume of 200 μL. Qubit® assays are ideal when you need to process 1–20 samples; for 20–2,000+ samples, we recommend Quant-iT™ assay kits and
reagents, which are designed for use with fluorescence microplate readers. NA = Not available.
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JOURNAL CLUB

RECENTLY PUBLISHED

An in-depth look at fluorescent dyes
for organelle labeling
A review of reagents for fluorescence microscopy
of cellular compartments and structures, Parts I–III.
■■ “Part I: BacMam labeling and reagents for vesicular structures”

Dolman NJ, Kilgore JA, Davidson MW (2013) Curr Protoc Cytom
65:12.30.1–12.30.27.
■■ “Part II: Reagents for non-vesicular organelles” Kilgore JA, Dolman

NJ, Davidson MW (2013) Curr Protoc Cytom 66:12.31.1–12.31.24.
■■ “Part III: Reagents for actin, tubulin, cellular membranes, and whole

cell and cytoplasm” Kilgore JA, Dolman NJ, Davidson MW (2014) Curr
Protoc Cytom 67:12.32.1–12.32.17.

particular assay or environmental condition. Once a reagent is
chosen, validated protocols are not always available, optimizations are often required, and image examples can be hard
to locate. Moreover, when a problem arises during the course
of the experiments, identifying a solution can be difficult due
to a lack of troubleshooting notes in product manuals or
published references.

Choosing a fluorescent reagent for imaging cellular structures

A three-part series of review articles that help to clarify

and organelles in live or fixed cells can be daunting. Not only

these issues has recently been published in Current Protocols

must the excitation and emission spectra of the reagent match

in Cytometry. Authored by our R&D scientists Jason Kilgore and

your imaging instrument, but often you also need to choose from

Nick Dolman, who have developed and tested many Molecular

among a number of reagents—including organic dyes, drug

Probes® organelle stains, as well as imaging guru Michael

conjugates, and fluorescent protein constructs—that target the

Davidson of Florida State University, this series pulls together

same structure. Compatibility with the cells, with other probes

a wealth of references and personal knowledge that covers the

in the same experiment, and with the treatments and protocols

most common fluorescent reagents for nearly every cellular

you are using can lead to the question: How do I choose one

structure or organelle, focusing primarily on microscopic analysis.

fluorescent probe over another?

Each article is broken into sections by target structure or

Each fluorescent reagent comes with its own set of char-

organelle. The discussion includes a short history on the different

acteristics that may prove to be beneficial or detrimental for a

reagents that have been used and their characteristics. A featured
reagent is highlighted, along with a validated protocol for that
reagent with an estimate on protocol time, a troubleshooting
guide in table format, an image example, and relevant recipes
for stock and final solutions.
In Part I the authors focus on the BacMam reagents, which
have been used for transient transduction of fluorescent proteins targeted to specific cellular structures. They also discuss
options for vesicular organelles such as endosomes (featuring
pHrodo® dextran conjugates), lysosomes (featuring the organic

Figure 1. (Figure 12.30.4 from “Part I”) Peroxisome staining in HeLa
cells. HeLa cells were transduced with CellLight® Peroxisome-GFP to
transiently express a GFP fusion protein in peroxisomes. Cells were
counterstained with Hoechst® 33342 dye (blue, nuclei). Reprinted with
permission from Current Protocols in Cytometry.

dye LysoTracker® Red DND-99), peroxisomes (featuring the
BacMam reagent CellLight® Peroxisome-GFP, Figure 1), and
autophagosomes (featuring another BacMam reagent, the
Premo™ Autophagy Sensor GFP-LC3B).
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In Part II the authors discuss reagents for labeling the

In Part III the authors describe reagents for actin (featuring

endoplasmic reticulum and nuclear membranes (featuring the

Alexa Fluor® phalloidin conjugates, Figure 2), tubulin (featuring

ER-Tracker dyes), Golgi apparatus (featuring dye-labeled cer-

the drug conjugate Tubulin Tracker™ Green), cellular membranes

amides), mitochondria (featuring the organic dye MitoTracker®

(featuring plasma membrane labeling with fluorescent wheat

Red CMXRos, Figure 2), and nucleoli (featuring the nucleic acid

germ agglutinin (WGA) conjugates, Figure 3), and whole-cell

dye SYTO® RNASelect™ Green). The best nucleus-selective dyes

and cytoplasm reagents (featuring the organic dye CFSE, also

for live- and fixed-cell labeling are also highlighted.

called CFDA, SE).

™

All three articles in this Current Protocols in Cytometry
series—Part I, Part II, and Part III—are available through the
Wiley Online Library.

■

Selected products featured in this
Current Protocols in Cytometry series

Quantity

Cat. No.

Part I: BacMam labeling and reagents for vesicular structures
CellLight® Peroxisome-GFP, BacMam 2.0

1 mL

C10604

LysoTracker Red DND-99

20 x 50 µL

L7528

pHrodo® Red Dextran, 10,000 MW

0.5 mg

P10361

pHrodo Green Dextran, 10,000 MW

0.5 mg

®

®

P35368

Premo™ Autophagy Sensor LC3B-GFP, BacMam 2.0 1 kit

P36235

Premo™ Autophagy Sensor LC3B-RFP, BacMam 2.0 1 kit

P36236

Part II: Reagents for non-vesicular organelles

Figure 2. (Figure 12.31.6 from “Part II”) Mitochondria and actin staining in a BPAE cell. A live BPAE (bovine pulmonary artery endothelial)
cell was labeled with MitoTracker® Red CMXRos (red, mitochondria) and
then fixed, permeabilized, and labeled with Alexa Fluor® 488 phalloidin
(green, F-actin) and DAPI (blue, nuclei). Reprinted with permission from
Current Protocols in Cytometry.

7-Aminoactinomycin D (7-AAD)

1 mg

A1310

BODIPY FL C5-Ceramide, complexed to BSA

5 mg

B22650

BODIPY® TR Ceramide, complexed to BSA

5 mg

B34400

®

DAPI

10 mg

D1306

ER-Tracker™ Blue-White DPX

20 x 50 µL

E12353

ER-Tracker Green (BODIPY FL Glibenclamide)

100 µg

E34251

ER-Tracker™ Red (BODIPY® TR Glibenclamide)

100 µg

E34250

™

®

Hoechst 33342, Trihydrochloride, Trihydrate

100 mg

H1399

MitoTracker® Red CMXRos

20 x 50 µg

M7512

NBD C6-Ceramide, complexed to BSA

5 mg

N22651

SYTO® 9 Green-Fluorescent Nucleic Acid Stain

100 µL

S34854

®

SYTO 59 Red-Fluorescent Nucleic Acid Stain

100 µL

S11341

SYTO® RNASelect™ Green-Fluorescent Cell Stain

100 µL

S32703

®

Figure 3. (Figure 12.32.3 from “Part III”) Mitochondria and plasma
membrane staining in HeLa cells. Live HeLa cells were transfected
using pShooter™ vector pCMV/myc/mito/GFP and Lipofectamine® 2000
Transfection Reagent, stained with the Alexa Fluor® 594 conjugate
of wheat germ agglutinin (WGA) (red, plasma membrane), and then
imaged using confocal microscopy. Reprinted with permission from
Current Protocols in Cytometry.
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SYTOX® Green Nucleic Acid Stain

250 µL

S7020

TO-PRO®-3 Iodide (642/661)

1 mL

T3605

Part III: Reagents for actin, tubulin, cellular membranes,
and whole cell and cytoplasm
Alexa Fluor® 488 Phalloidin

300 units

A12379

5-(and 6-)Carboxyfluorescein Diacetate,
Succinimidyl Ester (CFSE; CFDA, SE)

25 mg

C1157

Tubulin Tracker™ Green (Oregon Green® Taxol,
Bis-Acetate)

1 set

T34075

Wheat Germ Agglutinin, Alexa Fluor® 594 Conjugate 5 mg

W11262
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