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ABSTRACT

Figure 4. pHrodo™ Red and pHrodo™ Green Fluorogenic pH Sensor Dyes Figure 8. Imaging autophagosomes using Premo™ AutophagyGFP-LC3B

The intracellular trafficking of cargo to the lysosome for degradation is a fundamental cellular process;
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as such it has been implicated in a wide variety of pathological conditions. Investigation of these

Figure 13. Time-lapse imaging of pHrodo™ bioparticle phagocytosis
by macrophages
A

™

processes benefits from the use of fluorescence microscopy to dissect both spatial and temporal

™

aspects of membrane trafficking and lysosomal degradation. Here we describe recently developed
Figure 8. U-2 OS cells were transduced with either wild-type (A) or mutant (B) Premo™ Autophagy

tools to study mechanisms of cargo transport to the lysosome: endocytosis and autophagy, as well as

Sensor LC3B-GFP (green) and then imaged 16 hours after treatment with 60μM chloroquine (CQ).
novel tools to examine lysosomal structure and function. We have developed an expanded palette of

pHrodo™ Green

Chloroquine caused an accumulation of autophagosomes in cells expressing wild-type Premo™

pH sensitive conjugates using pHrodo™ reagents. These include transferrin, dextran and EGF.

Ex/Em max 505/525 nm

Autophagy Sensor LC3B-GFP, but not in cells expressing the non-cleavable G120A mutant LC3B-GFP.

pHrodo™ Red

Furthermore we present data highlighting the use of novel fluorescent probes to study autophagy, in

Hancock et al (2012).

Ex/Em max 550/585 nm

Figure 9. Imaging autophagosome maturation using tagRFP-GFP-LC3B

particular receptor-mediated autophagy and maturation of the autophagosome through fusion with the

C
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Figure 13. MMM cells were incubated with pHrodo™ Green zymosan bioparticles (A) or pHrodo™

lysosome. Finally we report new tools to study lysosomal structure and function, including a new
LysoTracker® probe.

MATERIALS AND METHOD

increase in fluorescence in response to an environmental shift from high to low pH. Both dyes

Fluorescence Imaging: Cells were imaged on either a Delta Vision® Core microscope or a Zeiss®

have a pKa of approximately 6.8 – ideal for monitoring physiologically relevant pH changes.

Green s.aureus bioparticles (B) and imaged every two minutes for 90 minutes to monitor the time-

Autophagosome
Or
Neutral autolysosome

Figure 4. The pH-sensitive rhodamine-based pHrodo™ Red and Green dyes undergo a dramatic

laser scanning confocal microscope (LSM710) using standard filter configurations. Plate reader:

C

dependent phagocytosis of the bioparticles by MMM macrophages. Images are at 0,20,40 and 60
minutes (from left to right). Imaging was performed at 37oC

using a DeltaVision® Core inverted

microscope fitted with a climate control chamber.

Figure 5. Monitoring Antibody Internalization and Acidification

plates were scanned on a Hamamatsu FDSS. Flow Cytometry: Cells analyzed using a Attune®

A. pHrodo™ Red, Succinimidyl Ester - GAM

Autolysosome

B

Figure 14. HCS Dose-Response Inhibition of Phagocytosis

B. pHrodo™ Red, Maleimide - GAM
Figure 14. A 96-well dish of MMM cells were washed

acoustic focusing cytometer. High content imaging: Cells were imaged in 96 well microplates

with HBSS supplemented with 20mM HEPES (pH 7.4)
using a Thermo Scientific Arrayscan® VTI HCS imaging platform. For quantification the

and

compartmental analysis module was used (Arrayscan® VTI) by measuring the mean, average

cytochalasin D (Cuttel et al 2008, Sigma). pHrodo™
Red

intensity of a ring capturing the cytoplasm or nucleus. Materials: All materials were obtained from

Figure 5. Two reactive forms of pHrodo™ dyes were used to label antibodies. A) First, the aminereactive pHrodo™ Red, succinimidyl ester was used to label lysine residues on Goat anti Mouse IgG at

construct, the fluorescence from GFP is lost in acidic environments whereas tagRFP fluorescence is

Acumen® eX3 system.

molar ratios of 10 and 20. B) Second, the thiol-reactive pHrodo™ Red maleimide was used to

unaffected. B) A549 cells expressing Premo™ tandem Autophagy sensor tagRFP-GFP-LC3B were

specifically label cysteine residues of Goat anti Mouse IgG, with the goal of minimizing nonspecific and

treated with compounds that modulate autophagy. Neutralization of lysosomal pH (Bafilomycin A) causes

FC labeling. All conjugates were then tested for pH response and were found to have the expected

a significant increase in the number of yellow puncta and decrease in the number of red puncta.

pKa of 6.8.

Inhibition of lysosomal enzyme function (E64D/Pepstatin A) causes a significant increases the number of

Figure 6. HeLa cells were pre-treated with a
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concentration range of Dynasore for 2 hours under
2.0

regular

culture

conditions.
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were
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red puncta with no change in the number of yellow puncta. Stimulation of autophagy (PP242) causes a
significant increase in both the number of both yellow and red puncta. C) representative images from B

Figure 10. Autophagosome maturation requires ATG5 and PI-3K
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7.4) for one hour at 37oC. Cells were washed in dye
free HBSS, counter stained with Hoechst 33342
Figure 15. A 384-well dish of MMM cells were washed with LCIS and replaced with 20 µL of LCIS

and imaged on a Cellomics Arrayscan Vti.

containing an eight point dose-response of cytochalasin D (10 µM to 3 pM) and incubated for 15 minutes

Figure 7. Trafficking & specificity of pHrodo™ EGF constructs
CellLight® Lysosomes-RFP (B) confirm pHrodo™ conjugates are

C
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mw, in HBSS supplemented with 20mM HEPES (pH

1.0

Figure 7. ME-180 expressing CellLight® Early endosomes-RFP (A) or

B

Figure 15. HTS Dose-Response Inhibition of Phagocytosis

incubated with 40 g/mL dextran, pHrodo™, 10000

1.5

RESULTS
A

were

37ºC for 90 minutes. The plates were scanned on an

Log [Dynasore] M

Figure 2. Labeling organelles involved in the endocytic pathway

conjugates

of

buffered solutions. Due to the differential pKa of RFP vs GFP upon accumulation of this tandem

1.0 10 -08

report phagocytosis are described.

BioParticles®

dose-response

g/mL) and added to cells. Cells were incubated at
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routes: macroautophagy and endocytosis. Furthermore fluorescent probes to label lysosomes and

a

permeabilized with the ionophores nigericin (Sigma) and valinomycin (Sigma) across a range of pH

Fluorescence (normalized)

enter through a number of pathways. Here we describe new probes to investigate two of these

coli

with

resuspended in LCIS at 2X working concentration (100

Figure 6. Monitoring dose-dependent modulation of endocytosis
using pHrodo™ conjugates & high-content imaging

Figure 1. Lysosomes contain acid hydrolases that degrade cellular components. These components

E.

incubated

Figure 9. A). U-2 OS cells expressing Premo™ tandem Autophagy sensor tagRFP-GFP-LC3B were

Life Technologies unless otherwise stated.

Figure 1. Trafficking of cargo destined for degradation in lysosome via
macroautophagy or endocytosis

then

A

Figure 10. A) Nutrient deprivation, with EBSS, stimulates autophagy thereby causing a significant
increase in the number of both yellow and red puncta. This effect is abolished if autophagy is inhibited
either via siRNA (Silencer® Select) knockdown of the key autophagy gene ATG5 or through inhibition of

2X working concentration (2 mg/mL) and added to cells. Cells were incubated at 37ºC for 90 minutes to
allow phagocytosis to run to completion. The plates were scanned on a microplate reader with
490Ex/525Em, 515 cutoff.

PI-3-kinase (wortmannin). B) Representative images from A

trafficked correctly through the endocytic pathway. A) Immediately after

at 37ºC in triplicate rows. pHrodo™ Green E. coli BioParticles® conjugates were resuspended in LCIS at

Figure 11. Imaging lysosomal fusion with a novel, red shifted LysoTracker® Figure 16. Whole Blood Phagocytosis, Analyzed on the Attune® Cytometer

a 10 minute incubation with 2 g/mL pHrodo™ Green EGF (green) co-

A

localizes with an early endosomal marker (red). B) Under identical

B

C
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E. Coli pHrodo™ Green

B.

S. Aureus pHrodo™ Green

C.

Zymosan pHrodo™ Green

loading conditions, pHrodo™ Green EGF (green) co-localizes with a
lysosomal marker (red) following a 20 minute dye-free chase period.

II

(C-D). Specificity of pHrodo™ EGF internalization. A431 cells were
pretreated with 20 µg/mL native EGF or vehicle for 60 minutes. Cells

B

III

were labeled with NucBlue™ Live Cell Stain and labeled with 5 µg/mL
Figure 2. A) Early endosomes were labeled in HeLa cells using CellLight® Early Endosomes RFP

of pHrodo™ Green or pHrodo™ Red EGF conjugates at 37ºC for 30

(Rab5a). B) Late endosomes were labeled in HEKn cells using CellLight® Late Endosomes-GFP

minutes. Cells were washed twice with LCIS and imaged on a Delta

(Rab7). C) Lysosomes were labeled in A549 cells using CellLight® Lysosomes-GFP (LAMP1)

Vision® Core inverted microscope. Preloading cells with unlabeled

Figure 3. Tracking the endocytosis of fluid-phase markers
B

A

***

EFG (C II & D II) resulted in internalization of most EGF receptors,

Figure 11. A) Co-localization of LysoTracker® Deep Red and CellLight® Lysosomes-GFP. B)

resulting in a greatly diminished ability to internalize the fluorescently

Quantification of co-localization (n=78) Dolman et al 2013. C) Simultaneous imaging of Premo™ Tandem

labeled EGF compared to vehicle treated cells (C I & D I).

Autophagy Sensor with LysoTracker® Deep Red reveals discrete vesicular entities over the course of

Vehicle
CI .

Mean Alexa Fluor® 647
positive puncta per cell

***

Vehicle

IV

pHrodo™ Green EGF
NucBlue® Live

Unlabeled EGF
C II.

autophagy. CI) At rest only lysosomes are seen (Blue). C II) Induction of autophagy causes the formation
of yellow puncta. C III) These fuse with lysosomes transiently forming triple positive (white) puncta). IV

Figure 12. Premo™ tandem Autophagy sensor & LysoTracker® deep red to
differentiate between autophagosomes and neutral autolysosomes
A

prepared according to manufacturer’s directions. 20 µL of each type of BioParticles® conjugate was
added to 100 µL samples of heparinized whole blood to provide a 20:1 particle-to-phagocyte ratio.
Samples were incubated at 4ºC or 37ºC for 30 minutes and analyzed on an Attune® Acoustic Focusing
Cytometer1. A-C. Samples incubated at 37ºC show a bright fluorescent signal from ingested
bioparticles. Incubation at 4ºC inhibited phagocytosis, producing fluorescence similar to control cells.

These puncta subsequently acidify resulting in pink puncta.

Dynasore

Figure 16. pHrodo™ E. coli, S. aureus, and zymosan BioParticles® conjugates were thawed and
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Figure 3. A) A549 cells were pre-treated with Vehicle (DMSO) 100 M Dynasore (Marcia et al
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culture conditions. Cells were then incubated with 100 g/mL dextran, Alexa Fluor® 647, 10000
mw, anionic, fixable in HBSS supplemented with 20mM HEPES (pH 7.4) for one hour at 37oC.
Cells were washed in dye free HBSS, counter stained with Hoechst 33342 and imaged on a
Zeiss LSM 710 confocal microscope. The mean number of Alexa Fluor® 647 puncta was
calculated for each condition (71 cells). Both Dynasore and Pitstop 2™ cause a significant
reduction in the internalization of labeled dextrans. B) Representative Z-stacks of A549 cells
pretreated with vehicle or compound then incubated with 100ug/mL dextran, Alexa Fluor® 647,
10000 mw, anionic, fixable. Cells were counter stained with Hoescht 33342 (Blue).

Figure 12. A) Co-localization of LysoTracker® Deep Red with Premo™ Tandem Autophagy Sensor
demonstrates that inhibition of autophagy though either neutralization of Lysosomal pH (Chloroquine) or
inhibition of Lysosomal enzyme function (E64D/pepstatin A) causes the accumulation of autolysosomes
not autophagosomes (Discussed in Klionsky et al 2008) and therefore doesn’t inhibit autophagosome to

TRADEMARKS
© 2014 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher
Scientific and its subsidiaries unless otherwise specifie. Zeiss is a registered trademark of Carl-Zeiss AG
Corporation. DeltaVision is a registered trademark of Applied Precision, Inc. Acumen is a registered
trademark of TTP Labtech.

lysosome fusion. B) Knockdown of SNAP29 with siRNA inhibits Lysosomal fusion as revealed by a
significant increase in the number of autophagosomes but not autolysosomes after siRNA treatment.
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