A pH-correctable, DNA-based fluorescent reporter for organellar Calcium
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Table S1. Sequences used to form CalipHIluor, CalipHluor,y and CalipHluor™. D1 and D2 were

used to form CalipHluor,y; OG-D1 and D2 were used to form CalipHluor™. Bromo cytosines in
D1 are underlined and highlighted in red. O1-A488, O2-A647 and O3 strands were used to form

CalipHluor. Complimentary sequences are highlighted in matching colors.

Strand Sequence information
D1 5’-Alexa 488-CCC CTAACC CCT AAC CCC TAA CCC CAT ATATAT CCT AGA
ACG ACA GAC AAACAG TGAGTC-¥
D2 5-DBCO-GAC TCACTG TTT GTC TGT CGT TCT AGG ATA /iAlexa 647N/AT
ATTTTG TTATGT GTTATG TGT TAT-3’
01-A488 5'-Alexa-488-CCCCAACCCCAATACATTTTACGCCTGGTGCC-3
02-A647 5-CCGACCGCAGGATCCTATAAAACCCCAACCCC-Alexa 647-3
03-DBCO 5-TTATAG GAT CCT GCG GTC GG/iDBCON/ GGC ACC AGG CGT AAAATG
TA-3
0G-D1 5’-Oregon Green-AT AAC ACA TAA CAC ATAACAAAA TAT ATATCC TAG AAC

GAC AGA CAAACA GTG AGT C-3

()
1.5x10° 1.2 7o
® pH7.
1.2x10° o pres .
22X 1
[

f 0.8
9.0x10*

6.0x10*
0.4

Norm. O/R

3.0x10*

Fluorescence intensity (a.u.)

0.0 ) : : : : .
600 640 680 720 0.1 1 10 100 1000 10000

Wavelength (nm) [Ca*1 (uM)

o
=}

Figure S1. (a) Chemical structure of Rhod-5F. (b) Fluorescence emission spectra of Rhod-
5F(green) and Alexa 647 (red) with increasing [Ca?*] upon exciting Rhod-5F and Alexa647 at 560

nm and 650 nm respectively. (c¢) Normalized O/R ratio of Rhod-5F/Alexa 647 with increasing

[Ca?*] at pH 7.2 and 5.5. Error bar represents mean + S.E.M of three independent experiments.
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Figure S2. Characterization of CalipHIuoryy and CalipHluor. (a) Gel showing the conjugation of
Rhod-5F to D2-DBCO strand. Gels were visualized in EtBr and TMR channels. (b) Native PAGE
showing formation of CalipHIuoryy. Gels were visualized in Alexa 488, TMR and Alexa 647
channels. (c) Schematic of working principle of CalipHluor. A pH-induced FRET changes
between Alexa488 (donor, green sphere) and Alexa647 (acceptor, red star) is used to report pH
ratiometrically. A Ca?* sensitive fluorophore (Rhod-5F, yellow diamond) and Alexa647 report
Ca?" (at a given pH) ratiometrically by direct excitation of each dye. (d) Gel showing the
conjugation of Rhod-5F to O3-DBCO strand. Gels were visualized in EtBr and TMR channels. (e)
Native PAGE showing formation of CalipHIuor. Gels were visualized in Alexa 488, TMR and
Alexa 647 channels. (f) Emission spectra of CalipHIluor at pH values ranging from 7.5 to 5.0 upon
excitation at 488 nm. (g) Normalized ratio of fluorescence intensity of donor to that of acceptor
(D/A) of CalipHluor as a function of pH. (D Lex = 495 nm, Aem = 520 nm; A Aex = 495 nm, Aem =
665 nm). Gels were performed twice independently. Error bar represents mean + S.E.M of three

independent experiments.

The formation of CalipHluor.y and CalipHIuor were validated by electrophoretic mobility
assay, using Native and Denaturing polyacrylamide gel electrophoresis (PAGE). Copper free click
reaction of Rhod-5F-N3 to DBCO labeled strand (D2 strand for CalipHluor,y and O3-DBCO strand
for CalipHluor) was validated by 15% denaturing PAGE run in 1X TBE, at 120 V for 3h. The



slower mobility of Rhod-5F conjugated strand, due to addition of 1 KDa (Rhod-5F) to 10 KDa
(DBCO-strand). Rhod-5F conjugation was further confirmed by recording the gel in TMR channel,
where the lower mobility band shows strong fluorescence. Rhod-5F labeled strand was purified
and hybridized with normalizing and pH sensing module as described in methods section. 12%
Native PAGE was run to characterize the formation of complete sensor. 12% Acrylamide:
Bisacrylamide resolves duplex DNA from ssDNA. Slower mobility of CalipHluory and
CalipHIluor owing to higher molecular weight validates the formation, at very high yield (> 99%).
This further confirmed with slower mobility band, shows fluorescence at Alexa 488, TMR (Rhod-
5F) and Alexa647 channel.

Table S2: Amount of free [Ca?*] in clamping buffer at pH 5.5 was calculated using Maxchelator

software.
Added calcium  Amount calcium Concentration of Free [Ca?*] (uM) in 50 uL
(uM) added (plL) calcium added
0 0 0 0
1 1 50 uM 3.89E-2
2 2 50 uM 7.80 E-2
10 1 0.5 mM 3.89 E1
20 2 0.5 mM 7.80 E-1
50 1 2.5 mM 1.9
100 2 2.5 mM 3.9
200 1 10 mM 7.9
500 1 25 mM 204
1E3 1 50 mM 43.1
2E3 2 50 mM 96.3
5E3 1 250 mM 360.3
10E3 2 250 mM 1.86 E3
20E3 2 500 mM 10.4 EO3
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Figure S3. In vivo performance of CalipHluoryy. Representative pseudo color images of
coelomocytes labeled with CalipHIuoryy and clamped at the indicated (a) pH and (b) free [Ca®'] at

pH 5.5. Scale bar 5 um. Experiments were repeated thrice independently with similar results.

We performed in vivo calibration of CalipHIuoryy in lysosomes of coelomocytes and
compare the performance w.r.t. in vitro calibration profiles. Lysosomes of coelomocytes were
labeled with CalipHluoryy as described in methods. Labelled lysosomes were clamped to
equilibrate the lumenal ions with extracellular ions. This was achieved by using cocktail of specific
ionophores that neutralizes the ionic gradient across the membrane and transport ion of choice.
Nigericin and monensin ionophores were used to clamp pH, whereas ionomycin was used to clamp
[Ca?'] at lysosomes. Cocktail of these ionophores allow us to control the pH and Ca?* levels in
lysosomes and thus provides an accurate method to calibrate probes in vivo. Fluorescent images
acquired in Donor, FRET channel and Rhod-5F, Alexa647 channel allow us to calibrate the

intensity ratios for pH and [Ca?*] respectively (Fig S3).
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Figure S4. Comparison of in vitro and in vivo pH and Ca?* calibration profile of CalipHluory. (a-
d) D/A ratios of CalipHIuoryy as a function of pH clamped at different amounts of added [Ca?"].
(e-h) Normalized O/R ratios of CalipHIuoryy as a function of free [Ca?*] clamped at different pH
points. For in vivo n=10 worms; 15 cells and 50 endosomes were considered; in vitro n=2. Error

bar represents mean + S.E.M.

The calibrated D/A and O/R ratios were calculated by measuring the intensity values at
single lysosome resolution in all four channels, as described in methods. Plotting D/A against pH
values, at different Ca?* concentration shows the insensitivity of pH sensing module towards Ca?*
levels. Figure S4 (a-d) shows the comparison of D/A vs pH plots at different Ca®* levels between
in vitro and in vivo. Non-significant change in fold change and pHa/2, shows the robustness of the
sensor performance in biological systems.

In vivo Ca?* clamping of coelomocytes was performed in Ca?* clamping buffer [HEPES
(10 mM), MES (10 mM), sodium acetate (10 mM), EGTA (10 mM), KCI (140 mM), NaCl (5 mM)
and MgCl; (1 mM)] by varying amount of free [Ca®*] from 1 uM to 10 mM and adjusting pH (5.5-
6.5) in presence of nigericin (50 uM), monensin (50 uM) and ionomycin (20 uM). Because of
difficulty clamping coelomocytes below 1 pM of free [Ca?'], clamping points <1 pM were
extrapolated from the in vivo calibration to get the Kq of CalipHluoryy at pH 6.5 and 5.7. As shown
in Figure S4 (e-h), in vivo [Ca?*] calibration profiles of CalipHIuory, correspond well with in vitro
calibration profiles from pH 5.5 to 6.5 and from 1 pM to 10 mM of free [Ca?*]. Further, in vivo
Kq values of CalipHIluoryy as function of pH were consistent with in vitro Kq values (Fig. 2j). These
results confirm that pH and [Ca?"] sensing properties of CalipHIuor,, were preserved in

coelomocytes.
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Figure S5. Endocytic trafficking of CalipHIuoraesz in coelomocytes. (a-c) Representative confocal
images taken 5 min, 17 min, and 60 min following injection of CalipHIuoraes7 in worms expressing
GFP::RAB-5, GFP::RAB-7 and LMP-1::GFP. Scale bar 5 um. Experiment was performed once

in n=10 worms.

In receptor mediated endocytosis, endocytosed cargo traffics through the early
endosomes (EE) and late endosomes (LE) to reach lysosomes (Ly) for degradation and recycling.
To find out estimated time points of CalipHIuoraes7 to reach EE, LE and Ly, time dependent
colocalization experiments were performed in worms expressing GFP tagged endosomal markers
GFP::RAB-5 (EE), GFP::RAB-7 (LE) and LMP-1::GFP (Ly). These results indicate that
CalipHluorass7 is present in EE, LE, and Ly at 5 min, 17 min and 60 min, respectively. These time
points were used to measure the pH and [Ca?*] in EE, LE and Ly in wild-type worms.



Table S3: Mean pH and free [Ca?*] in EE, LE and Ly of wild type (N2) worms, lysosomes of
catp-6, cup-5 +/- and catp-6 RNAI in cup-5 +/- worms using CalipHIuoryy.

Worm pH Free [Ca?*] (uUM)
EE of N2 6.46 + 0.07 0.3+0.1
LE of N2 5.95+0.02 0.3+£0.1
Ly of N2 5.30+£0.02 11+0.8
Ly of catp-6 5.47 £ 0.03 1.6+0.4
Ly of cup-5 +/- 5.15+0.01 40+ 1.5
Ly of CATP-6 RNAI in cup-5 +/- 5.50+0.10 16+4.9

Early endosome (EE), Late endosome (LE) and Lysosomes (Ly)
For all experiments n = 15 cells, 50 endosomes; data represent the mean £ s.e.m. Experiments

were repeated thrice independently with similar results.
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Figure S6. a) catp-6 rescues the lethality of cup-5 +/-. Representative images showing the
number of progeny of cup-5 +/- worms in plates containing RNAI bacteria of mrp-4 (positive
control), clh-6, catp-6, catp-5 and e.v. (control). Experiments were repeated twice independently
with similar results. b) RT-PCR analysis of total RNA isolated from C. elegans pre- and post-
RNAI. Lanes correspond to PCR-amplified cDNA of the indicated gene product isolated from
wild type without RNAI treatment (denoted by gene name) and the corresponding dsRNA-fed
worms (denoted as. ‘— gene name) c) Representative images of worms expressing LMP-1::GFP
(green) in the background of various indicated RNAI, which were injected with CalipHIuoryyaes7
(red) and imaged 60 mins post-injection. Scale bar: 5 um. d) Quantification of colocalization
between the CalipHluoriyaes7 and GFP in LMP-1::GFP worms. n=10 cells; error bars represent

mean + s.e.m.
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Figure S7: a) Schematic of working principle of CalipHIuor™. An Oregon Green based pH

sensor (green sphere) and ion insensitive Alexa647 (acceptor, red star) and a Ca?" sensitive

fluorophore (Rhod-5F, yellow diamond). Calibration curves comparing in vitro (red) and on beads

(orange) calibration at; b) pH 4.6 and ¢) pH 5.1. Comparison of d) Kq and ) Fold change (FC) in

O/R of CalipHIuorY (pink) and CalipHIuor™ (black). f) Representative images Comparison of
g) Fold change (FC) in O/R and h) Kg of CalipHIuor™ in vitro (pink), on beads (orange) and in
cellulo (grey). (n = 5 cells; 30 endosomes; n=60 beads). Experiments were performed thrice

independently. * Error is obtained from Hill equation fit. Error bars represent mean + s.e.m. Scale

bar: 10um
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Figure S8: a)-b) CalipHIuor™ internalization by primary human skin fibroblasts is competed out

by excess maleylated BSA (mBSA, 10 uM), revealing uptake is by scavenger receptors. Cells are

imaged in Alexa647 channel. AF: autofluorescence. Scale bar: 10um. EXxperiments were

performed in triplicate. Error bars indicate the mean of three independent experiments £ s.e.m. (n
= 25 cells).
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