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Abstract Figure 3 - Multi-parametric analysis of endocytosis using Figure 5 — Time course of pHrodo™ BioParticles®
pHrodo ™ -dextrans, Organelle Lights™ Endosome-GFP uptake into acidic compartments by MMM cells (3774)

" . L . . o and Alexa Fluor® 647 transferrin conjugate

embrane internalization underlies a diverse set of physiological A B | |
events including nutrient acquisition, bacterial sequestration and MMM cells :pHrodo™-BioParticles® (+ DIC) pHrodo™ BioParticles®
receptor desensitization. As membranes are internalized, via LysoTracker® Green DND-26
phagocytosis or endocytosis, they form membrane bound vesicles Hoechst, Endosome-GFP, pHrodo ™-10k-dextran, Transferrin-Alexa Fluor® 647

with a lower pH than the surrounding intracellular or extracellular
environment. Dyes whose emission is sensitive to changes in pH
are particularly useful in studying the passage of internalized
structures over time. Invitrogen has developed pHrodo™- a dye
whose emission intensity increases with increasing acidity. The
pKa of the pHrodo™ dye is around 7.3 thereby making this dye an
exquisitely sensitive molecule in the pH range commonly seen
within membrane bound vesicles. While this study demonstrates
the utility of pHrodo™ conjugates (pHrodo™-dextrans and
pHrodo™-BioParticles® conjugates) to examine endocytotic and
phagocytotic processes, the pHrodo™ dye is also commercially
available as a reactive dye for conjugation to ligands of interest.
We also demonstrate the ability to multiplex the pHrodo™ dye with
GFP chimeras and Alexa Fluor® conjugates for a multiparametric

measurement of membrane internalization. We present data Figure 5. Spat|a| and temporal aspects of pHrodOTM BioPartides@
acquired using traditional fluorescence imaging as well Figure 3. Hela cells were transduced with Organelle Lights™ Endosome-GFP phagocytosis. MMM cells (J774) were imaged using standard DIC/TRITC
automated, high content imaging and analysis. (010104) . The following day, media was removed and replaced with serum-free filters in the presence of 100 ug/ml pHrodo™ BioParticles® conjugates. Forty
media (DMEM) containing 50uM deferoxamine. The next day, cells were washed minutes after addition of the pHrodo E. coli BioParticles® conjugates

and then incubated with 10ug/ml pHrodo™-dextran, 25ug/ml Alexa Fluor® 647 (P35361), numerous punctate structures are seen reflecting internalization of

transferrin  (T23366), and 1ug/ml Hoechst 33342 for 5 minutes. Vesicular pHrodo™ BioParticles® conjugates into phagocytic vesicles (A, upper right).

structures can be seen that are pHrodo™ positive (magenta arrow), transferrin Maximum internalization is seen after 2 hours (A, lower right). Sequestration

Figure 1 — Fluorescence emission intensity of pHrodo™ positive (red aFFOYV) as v_veII as e_ndosomes which are dev_oi_d of both fluorophores of pHrodo™ BioParticles® conjugates in acidic compartments of MMM cells
conjugates as a function of pH. (green a_rrow). _It IS possible to V|suaI|ze_: endosomes contalnn_wg both pHro_doT'V' and after co-loading the conjugates (100ug/ml) with LysoTracker® Green DND-26
transferrin (white arrows). Cells were imaged on a Delta Vision Core microscope (100 nM, L7526). The complete overlap of these two probes reveals that

(Applied Precision, Inc.) using standard DAPI/FITC/TRITC/CYS5 filters. pHrodo™ BioParticles® conjugates are phagocytosed into acidic

compartments.

Figure 6 — High content imaging of phagocytosis using
pHrodo™ BioParticles® conjugates

Figure 4 - High content imaging assay for endocytosis using A B
pHrodo™-dextrans.
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Figure 2 — Workflow and pH dependence of pHrodo™ — - - - T . - - T v
conjugates. Cytochalasin D]
R 40uM Dynasore Untreated Figure 6. A. Well level images of MMMI C%IIS (?17(74)2) inc;:bate(d )in the
: : presence of 500 ug/ml pHrodo™ BioParticles® with (A) or without (B) 10uM
450 pHrodo™ BioParticles® (PHAGOCYTOSIS) | cytochalasin D for 2 hours to inhibit phagocytosis (Cuttell et al., 2008).
400 ADD COMPOUND MMM cells were co-loaded with 1ug/ml Hoechst 33342 to give total cell
ﬂ350 ) [ C number and the effect of 10uM cytochalasin D on phagocytosis was
(= ——pH 10 expressed as the percentage of pHrodo™ positive cells (C). Cytochalasin D
= 300 - ——pH38 significantly reduces the number of cells able to sequester pHrodo™
250 - E:; [ BioParticles® conjugates (C). The dose response curve for the effect of
gzoo ) —pH5 ADD'TO GELLS 2.5- T cytochalasin D on phagocytosis of pHrodo™ BioParticles® was used to
'S 150 ——pH 4 I ® calculate an IC;, value of 360 nM. High content imaging/analysis was
= 100 NCUBATE | — performed on an Acumen® €X3 system (TTP LabTech).
ol & — S = 2.0 Conclusions
0 | - 3 e pHrodo™ conjugates are sufficiently pH-sensitive to serve as
>50 600 A 6% 700 e LL: 1.5- reporters of internalization into acidic compartments.
e pHrodo™ conjugates are amenable to automation using high content
imaging platforms such as the Acumen® ¢X3 (TTP LabTech), the BD
pHrodo™ dextran (ENDOCYTOSIS) B 1.0- Pathway™ 855 High Content Bioimager (BD Biosciences), and the
70 - 1 ArrayScan® VTI (Thermo Scientific — Cellomics).
:'2 60 - ADD COMPOUND 2 gl sl gl 3| gl e The spectral properties of the phrodo™ dye is suitable for
:C, 50 I (=) (=) (=) (=) = o combination with other fluorophores such as GFP, many Alexa Flour®
> e = P P P P P P dyes, and other organic dyes such as LysoTracker® Green dye.
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© o = = = - = = e pHrodo™ BioParticles® conjugates are well retained after
E 30 - ! formaldehyde fixation enabling fixed end-point analysis of
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LL e Reactive forms of pHrodo™ dye (e.g. SE-pHrodo™ dye, P36600) can
10 M be used to label molecules of interest (NH,- dextrans, receptor ligands,
0 — Figure 4. Representative images of Hela cells loaded with pHrodo™ 10k-dextran etc.) and study their internalization.
550 600 7\. 650 700 conjugates (40ug/ml for 30 minutes) with 40uM dynasore (A, Macia et al., 2006;
from Sigma-Aldrich) or with vehicle (B). Cells were co-loaded with 1ng/ml Hoechst References
33342 to yield total cell number. Images were acquired using a BD Pathway™ 855
High Content Bioimager (BD Biosciences). The dose response curve shows 1) Murphy, R. F. (1988). Adv. Cell Biol. 2: 159-180.

Figure 2. Conjugates of pHrodo (Top: phrodo-e.coli, Bottom: pHrodo™-10k
dextran) were reconstituted in buffers containing 20mM HEPES with a pH
range from 4-10. Both pHrodo™ BioParticles® and pHrodo™ dextran
conjugates show an elevated fluorescence in acidic compartments.

pHrodo™-10k-dextran uptake expressed as normalized fluorescence (F,..,) in HelLa . . .
cells as a function of dynasore concentration (C). Cells were incubated in varying 2) Jankowski et al (2002) J Biol Chem 277: 6059-6066.
concentrations of dynasore for 2 hours prior to pHrodo™ addition and co-loading 3) Macia et al (2006) Dev Cell 10: 839-850.

with 1ug/ml Hoechst 33342 as a nuclear segmentation tool. High content imaging _

and analysis were performed on an ArrayScan® VTI platform (Thermo Scientific — 4) Cuttell et al (2008) Cell 135: 524-535.
Cellomics) using the Compartmental Analysis BioApplication.






