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ABSTRACT: Lysosomes have long been known for their acidic
lumens and efficient degradation of cellular byproducts. In recent
years, it has become clear that their function is far more
sophisticated, involving multiple cell signaling pathways and
interactions with other organelles. Unfortunately, their acidic
interior, fast dynamics, and small size make lysosomes difficult to
image with fluorescence microscopy. Here we report a far-red small
molecule, HMSiR680-Me, that fluoresces only under acidic
conditions, causing selective labeling of acidic organelles in live
cells. HMSiR680-Me can be used alongside other far-red dyes in
multicolor imaging experiments and is superior to existing lysosome
probes in terms of photostability and maintaining cell health and
lysosome motility. We demonstrate that HMSiR680-Me is compatible
with overnight time-lapse experiments as well as time-lapse super-resolution microscopy with a frame rate of 1.5 fps for at least 1000
frames. HMSiR680-Me can also be used alongside silicon rhodamine dyes in a multiplexed super-resolution microscopy experiment to
visualize interactions between mitochondria and lysosomes with only a single excitation laser and simultaneous depletion. We
envision this dye permitting a more detailed study of the role of lysosomes in dynamic cellular processes and disease.

■ INTRODUCTION
Lysosomes are essential for cellular function. As the cell’s
degradative signaling hub, lysosomes consume macromolecules
delivered to them by endosomes and autophagosomes and use
the products to provide other organelles with building blocks
for metabolism and information for cell signaling.1 Their ability
to degrade luminal proteins has also been leveraged recently as
a strategy to eliminate proteins that cause disease.2,3 All of
these degradation events are enabled by protein or lipid
hydrolases that function at low pH, and as a result, the luminal
interiors of lysosomes are necessarily acidic. Dysfunction of
these hydrolases contributes to multiple lysosomal storage
disorders including Niemann-Pick and Pompe diseases as well
as diseases associated with aging, cancer, and neurodegenera-
tion.4−6

An improved understanding of lysosomes in cell function
and disease would be enabled by tools to visualize their activity
and dynamics in molecular detail. Unfortunately, the very
nature of lysosomal functions makes them exceptionally
challenging to image. Their highly acidic lumen degrades
many molecules used as fluorescent probes, including proteins
and small molecules.7 Furthermore, capturing dynamic
interactions with other organelles demands an imaging
modality that supports a high frame rate. As a result, the
fluorescent probe used must be sufficiently bright to
compensate for the dim signal that results from a low exposure
time per frame.8 Complicating matters further is the fact that

individual lysosomes can be difficult to resolve, as their median
size (∼400 nm) is close to the diffraction limit.9 Super-
resolution microscopy (SRM) is a promising technique for
imaging small vesicles, but it requires SRM-compatible dyes
that emit in the far-red and are also bright and photostable.10,11

While other subcellular organelles have been thoroughly
investigated,10,12−14 the low pH and small size of lysosomes
make studying their dynamics a major challenge.

Current imaging techniques have not yet been able to
overcome these aforementioned challenges associated with
studying acidic organelles. Fluorescent proteins can be
conveniently fused to organelle-resident proteins to localize
fluorescent signals, but they lack the brightness and photo-
stability required to support the time-dependent acquisition of
high-resolution images using SRM.7 Protein tags that react
covalently with a small-molecule fluorophore provide more
spectral options and better photostability but still require
transfection of the cells under study and thus cannot be used in
many nonmodel cell lines.15−17 Small-molecule fluorophores
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are well suited to address these problems, as they are
compatible with virtually any cell type, and the labeling
protocol requires only a simple same-day incubation. Indeed,
commercially available LysoTracker dyes and recently reported
LysoPB Yellow, among others, share these benefits.18−26

However, only a handful of lysosome probes, including
LysoTracker Deep Red (LTDR), have been reported that
absorb above 600 nm, which is required for long-term live-cell
imaging, as higher-energy excitation is cytotoxic. Unfortu-
nately, these dyes lack the photostability required for long-
time-lapse SRM.27−30

The ideal dye for imaging lysosomes would be a bright and
photostable small molecule that absorbs above 600 nm and
labels lysosomes without the need for a specific targeting
moiety. Rhodamines are bright and photostable small
molecules, and their modular structure allows accurate fine-
tuning of spectral and chemical properties.11,31−33 Silicon
rhodamines, in which oxygen is replaced with dimethyl silicon,
absorb above 600 nm and have been widely utilized for
SRM.34−36 What is missing is a transfection-free way to
irreversibly guide a silicon rhodamine fluorophore to the
lysosome. Here we report the design and application of
HMSiR680-Me, a bright, photostable silicon rhodamine
fluorophore that absorbs at 680 nm and fluoresces only in
acidic environments. HMSiR680-Me enables lysosomes to be
imaged in live cells for extended times, at super-resolution, and
in multiple colors.

■ RESULTS AND DISCUSSION
When we set out to design an SRM-compatible lysosome
probe, we were intrigued by the photophysical properties of
hydroxymethyl-silicon rhodamine (HMSiR) dyes, which have
been widely used as spontaneously blinking probes for single-

molecule localization microscopy.35,37 These molecules show a
pH dependence that results from an intramolecular cyclization
reaction that intercoverts a nonfluorescent cyclized form of the
dye, which predominates at high pH, with a fluorescent, open
form that predominates at lower pH (Figure 1a). We were
particularly interested in the properties of HMSiRTHQ, a
recently reported HMSiR fluorophore which is nonfluorescent
at physiological pH (pH 7.4) but becomes highly fluorescent at
pH values below 6.36 Notably, the fluorescent form that
predominates at lower pH benefits from both a reasonable
quantum yield (0.38) and an emission maximum of almost 700
nm. The midpoint of this pH-dependent equilibrium (pKcycle)
is 6.9, just below the cytosolic pH.

Although HMSiRTHQ is too dim at neutral pH to support
SRM, we reasoned that its unique photophysical features could
translate into a versatile dye for imaging acidic organelles. We
envisioned that upon protonation HMSiRTHQ would become
positively charged and membrane-impermeable and thereby
accumulate in acidic cellular compartments (Figure 1b). As
reported, HMSiRTHQ contains a free carboxylate whose
relatively low pKa could confound lysosomal targeting. We
designed and synthesized two HMSiRTHQ derivatives:
HMSiR680, in which the carboxylate in HMSiRTHQ is deleted,
and HMSiR680-Me, in which the carboxylate is replaced with a
methyl amide (Figure 1c). Both derivatives demonstrated far-
red fluorescence, with excitation maxima of 677 nm
(HMSiR680) and 680 nm (HMSiR680-Me) (Figure S1a,b).
HMSiR680-Me displayed a pKcycl of 6.2 and when added to cells
was localized to discrete punctae, as expected for organelles
associated with the endocytic pathway (Figure 1d). In contrast,
the pKcycl of HMSiR680 was unexpectedly low (5.0) (Figure
S1c) and when added to cells showed nonspecific localization
evidenced by elongated structures that matched signal
localization of a mitochondrial GFP marker (Figures 1e and

Figure 1. HMSiR680-Me is a new silicon-rhodamine fluorophore that lights up at a low pH. (a) The scheme illustrates the pH-dependent on/off
equilibrium that is emblematic of silicon rhodamine dyes that carry a hydroxymethyl group adjacent to the aromatic core (HMSiRs). (b) The
graphic shows the strategy for targeting a pH-dependent HMSiR dye to acidic organelles. Although a given HMSiR dye may distribute throughout
a cell, it will fluoresce only in regions where the pH is lower than pKcycle. (c) Structures and pKcycle values of HMSiRTHQ, HMSiR680, and HMSiR680-
Me. HeLa cells labeled with (d) HMSiR680-Me or (e) HMSiR680 and visualized using confocal microscopy. Scale bars: 10 μm.
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S1b). The loss of the carboxylate resulted in an unexpectedly
low pKa value likely because even at the relatively low pH
found in the lysosomal lumen it is mostly deprotonated and
acts as an electron-donating group to increase the acidity of the
hydroxymethyl group. We concluded that HMSiR680-Me was a
promising candidate for lysosome targeting and employed it
exclusively in all subsequent experiments.

To confirm that the punctae observed in HMSiR680-Me-
treated cells were acidic organelles, we performed colocaliza-
tion experiments with bona f ide markers for lysosomes
(LAMP1-GFP), late endosomes (GFP-Rab7), early endo-
somes (GFP-Rab5), mitochondria (PDHA1-GFP), and the
endoplasmic reticulum (GFP-KDEL). If the punctae observed
in HMSiR680-Me-treated cells were acidic vesicles, then we
would expect strong colocalization with markers for lysosomes
(pH ≈ 4.5) and late endosomes (pH ≈ 5.5), as the luminal pH
values of these organelles fall below the pKcycl of HMSiR680-
Me. In the same way, we would expect lower colocalization
with markers for early endosomes (pH ≈ 6.5), mitochondria,
and the endoplasmic reticulum, as the pH values of these
organelles fall above the pKcycl of HMSiR680-Me. HeLa cells
expressing a single GFP-tagged organelle marker were treated
with 500 nM HMSiR680-Me for 30 min and imaged using
confocal microscopy, and the extent of colocalization was
evaluated by calculating Pearson’s correlation coefficients
(PCC).38 An examination of the PCC values representing
the colocalization of each GFP signal with that of HMSiR680-
Me revealed strong colocalization with Lamp1 (0.75 ± 0.08)
and Rab7 (0.80 ± 0.08), representing lysosomes and late
endosomes, respectively. Significantly lower colocalization

values were seen with Rab5 (0.47 ± 0.07), representing early
endosomes. Only weak colocalization was detected with other
organelle markers, indicating little or no localization within
mitochondria or the endoplasmic reticulum (Figures 2a,b and
S2a).

Having confirmed that fluorescence due to HMSiR680-Me
appeared selectively in late endosomes and lysosomes, which
are organelles characterized by low luminal pH, we next sought
to establish that the location-induced fluorescence was pH-
dependent. The luminal pH of late endosomes and lysosomes
can be increased by treating cells with chloroquine
diphosphate (CQ), a lysosomotropic compound that accumu-
lates in acidic vesicles.39,40 We reasoned that if the fluorescence
from HMSiR680-Me in lysosomes and late endosomes was due
to the low luminal pH of these compartments then the
fluorescence signal associated with these organelles should
decrease in the presence of CQ. Indeed, upon replacing
imaging media with a CQ-containing solution, HeLa cells
labeled with HMSiR680-Me showed a rapid and chloroquine
concentration-dependent decrease in the fluorescence signal
due to HMSiR680-Me (Figure 2c, Movie S1). Cells labeled with
a Lamp1-GFP marker, whose fluorescence is not expected to
be pH-dependent, showed no decrease in the intensity of the
signal in the presence of chloroquine (Figure S2b, Movie S1).
Therefore, we concluded that the cellular fluorescence from
HMSiR680-Me is indeed dependent on pH.

We next sought to investigate the utility of HMSiR680-Me for
multicolor imaging. We were especially eager to evaluate
whether HMSiR680-Me would support two-color imaging
experiments that require only far-red excitation, which would

Figure 2. HMSiR680-Me lights up within acidic vesicles in live HeLa cells. (a) Representative confocal images of HeLa cells indicating the extent of
colocalization between the signals due to HMSiR680-Me (magenta) and GFP organelle markers for lysosomes and early and late endosomes
(green). Regions of the cell in which the magenta and green signals overlap appear white. Scale bars = 10 μm. (b) Plot illustrating the calculated
Pearson’s correlation coefficients for 12 image sets for each organelle shown in part (a), plus those representing the extent of colocalization with
signals due to mitochondria (PDHA1) and the ER (KDEL). “ns” indicates p > 0.05 (unpaired t test with Welch’s correction). (c) Fluorescence
intensity of HeLa cells labeled with HMSiR680-Me and incubated with the indicated concentration of chloroquine diphosphate (CQ) for 5 min. CQ
solution was introduced to the cells 20 s into the 5 min imaging period (represented by the dashed line). Data plotted in panel (c) represent three
biological replicates; the shaded area represents the standard deviation.
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be more benign to living cells than two-color experiments that
require higher-energy excitation. Two commonly used and
commercially available far-red dyes are SiR and Cy5, which
both have excitation maxima near 650 nm. Fluorophores with
spectral properties similar to those of HMSiR680-Me, such as
SiR700 and Yale676sb, are sufficiently spectrally separated from
SiR to enable two-color experiments.36,41 Thus, we envisioned
that HMSiR680-Me could be used alongside SiR and Cy5 to
enable two-color imaging using a simple co-incubation
protocol. To test this idea, we labeled HeLa cells with
HMSiR680-Me and either Mitotracker Deep Red (MTDR), a
Cy5-based dye, or SiR-DNA.42 In both cases, we detected
minimal bleedthrough of the HMSiR680-Me emission into the
channel used to detect either MTDR or SiR; we calculated
crosstalk values of 9% and 16% for MTDR and SiR-DNA,
respectively. The bleedthrough of the emission due to MTDR
or SiR into the channel used to detect HMSiR680-Me was
greater: 70% for MTDR and 25% for SiR-DNA (Figure S3).
These results indicate that while spectral separation of both
dyes with HMSiR680-Me is possible, the narrower emission
spectrum of SiR makes it a better far-red two-color partner
than Cy5. Performing linear unmixing43−45 gave spectral
separation in both cases, and we ultimately achieved a clear
differentiation of lysosomes from either mitochondria (Figure
3a) or the nucleus (Figure 3b) in HeLa cells. Linear unmixing
also allowed us to perform simultaneous three-color imaging of
the nucleus, lysosomes, and mitochondria using SiR-DNA and
HMSiR680-Me alongside commercially available MitoTracker

Orange (Figures 3c and S4a) and PK Mito Orange (PKMO)46

(Figures 3d and S4b, Movie S2). These images clearly
demonstrate the applicability of HMSiR680-Me for multicolor
imaging by leveraging the nontoxic and infrequently used
region of the visible spectrum above 650 nm.

As mentioned previously, an advantage of silicon rhodamine
fluorophores is their ability to withstand the high-intensity
depletion laser required for stimulated emission depletion
(STED) microscopy. To investigate whether HMSiR680-Me
would support STED microscopy and to visually confirm that
its fluorescence was localized to the lysosomal lumen, we
labeled HeLa cells with Lamp1-SiR using Lamp1-HaloTag and
SiR-chloroalkane as well as HMSiR680-Me.47 Because the
HaloTag is appended to the cytosolic C-terminus of Lamp1,
we expect to see clear differentiation of the luminal signals
from HMSiR680-Me and the membrane signals from SiR.
Indeed, when imaged via STED, the SiR signal (green) appears
as a border around the HMSiR680-Me signal (magenta) in
many organelles, which is confirmed quantitatively with a line
profile (Figure 4 and Figure S5). These images further support
the hypothesis that the fluorescence due to HMSiR680-Me
localizes within the acidic lumen of the endocytic vesicles. We
confirmed that confocal microscopy was unable to achieve the
same level of resolution, particularly in the Lamp1-SiR channel,
further enforcing the need for improved dyes for STED
(Figure S6).

Another imaging challenge presented by lysosome function
is their rapid movement. Lysosomes move quickly (1 μm/s)
along microtubules, and their motility is an established metric
for cell health.8 Measuring lysosomal dynamics is difficult
because it requires imaging of many frames at a high frame
rate. Thus, the dye employed must be both sufficiently bright
to support a high frame rate as well as sufficiently photostable
to support data acquisition over many frames.48 To assess
whether HMSiR680-Me would support dynamic lysosomal
imaging, we compared it with LysoTracker Deep Red
(LTDR), a commonly used and commercially available far-
red lysosome probe. When evaluated at an equivalent
concentration (500 nM) in vitro (0.2 M phosphate buffer,
pH = 4.5), HMSiR680-Me was 25-fold more photostable than
LTDR, retaining 54% of its initial intensity after 2 h compared
to 2.5% for LTDR (Figure 5a). HeLa cells were labeled with
HMSiR680-Me or LTDR at 500 nM and imaged at a frame rate
of 1 fps. To account for differences in brightness between the
two dyes, cells labeled with LTDR were imaged with only 5%
laser power compared to 20% for HMSiR680-Me in order to
achieve similar initial fluorescence intensities. Despite this
notable difference in laser power, the dyes bleached at a similar
rate, with 49% or 53% of the initial signal remaining after 1 h
for HMSiR680-Me and LTDR, respectively. To compare the
extent of photobleaching under equivalent conditions, we
decreased the concentration of LTDR to 50 nM and increased
the laser power to 20%, and under these conditions, we
observed only 16% of the initial LTDR signal remaining after 1
h, compared to 49% for HMSiR680-Me (Figure 5b). Taken
together, these results suggest that HMSiR680-Me is more
photostable than LTDR in cells and in vitro.

HMSiR680-Me also appeared to be more benign to cell
health when imaging for many frames, even when it was used
at a relatively high concentration. Cells labeled with 500 nM
LTDR showed significant off-target labeling and blebbing
during the course of the experiment, indicating a toxic side
effect. In contrast, cells labeled with 500 nM HMSiR680-Me

Figure 3. Two- and three-color confocal imaging of HeLa cells using
HMSiR680-Me and commercially available red and far-red dyes. HeLa
cells labeled with (a) MitoTracker Deep Red (green) and HMSiR680-
Me (magenta); (b) SiR-DNA (green) and HMSiR680-Me (magenta);
(c) MitoTracker Orange (cyan), SiR-DNA (yellow), and HMSiR680-
Me (magenta); and (d) PKMito Orange (cyan), SiR-DNA (yellow),
and HMSiR680-Me (magenta). Dyes were linearly unmixed using the
Leica Stellaris Dye Separation Tool. Scale bars = 10 μm. Dye
concentrations were as follows: 500 nM HMSiR680-Me, 50 nM
MitoTracker Deep Red, 1 μM SiR-DNA, 100 nM MitoTracker
Orange, and 1× PKMito Orange.
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and 50 nM LTDR remained healthy throughout the time lapse
(Figure 5c−e, Movie S3). To confirm that the toxicity
observed from a high concentration of LTDR was a light-
dependent process, we also imaged cells labeled with 500 nM
LTDR at discrete time points (rather than continuously) over
1 h and observed no photobleaching or blebbing (Figure S7).
Upon close inspection, we observed a decrease in lysosome
motility over the course of the experiment when cells were
labeled with LTDR. To quantify the effect of both dyes on

lysosome motility, we imaged cells labeled with 500 nM
HMSiR680-Me or 50 nM LTDR for 1000 frames at 1 fps and
20% laser power (Movie S4). We chose to use a relatively low
concentration of LTDR to ensure that there was no
nonspecific labeling by LTDR and so that the two dyes
could be evaluated under the same imaging conditions. For
three biological replicates of each dye, we plotted lysosome
speed over time and performed a linear regression and found
the average slope to be significantly nonzero only for LTDR

Figure 4. STED demonstrates that HMSiR680-Me localizes to the lysosomal lumen in HeLa cells. (a) Cells labeled with HMSiR680-Me (magenta)
and LAMP1-HaloTag and SiR-chloroalkane (green) and imaged via STED microscopy. Scale bar = 3 μm. (b) Insets from panel (a). Scale bars = 1
μm. (c) Line profile diagrams along the lines shown in panel (b). The maximum intensity for each channel was scaled. Dye concentrations were
500 nM for HMSiR680-Me and 2 μM for SiR-chloroalkane.

Figure 5. HMSiR680-Me shows improved photostability and decreased cytotoxicity compared to LTDR. (a) Fluorescence intensity over time for
500 nM HMSiR680-Me and LTDR in 0.2 M phosphate buffer, pH = 4.5. The data represent three technical replicates. (b) Fluorescence intensity
over time for HeLa cells labeled with (c) 500 nM HMSiR680-Me, (d) 500 nM LTDR, and (e) 50 nM LTDR. Data plotted in panel (b) represent
three biological replicates; the shaded area represents the standard deviation. Scale bars = 20 μm.
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(Figure S8a,b). To visualize the data another way, we
compared the speed of lysosomes detected within the first
50 frames with those detected during the last 50 frames and
observed a significant decrease in speed only when cells were
labeled with LTDR (Figure S8c). These data indicate that
HMSiR680-Me enables confocal imaging of lysosomes over
many frames at a high frame rate without the risk of deleterious
effects on organelle motility and cell health.

We then showed that HMSiR680-Me is useful for other time-
lapse imaging applications. To demonstrate its applicability in
long imaging experiments, we decreased the frame rate to 1
frame every 2 min and imaged HMSiR680-Me-labeled HeLa
cells for 16 h with excellent signal retention and continued cell
division (Figure S9, Movie S5). Using a 775 nm depletion
laser, we were also able to achieve STED imaging of lysosomes
labeled with HMSiR680-Me at an exceptionally fast frame rate
of 1.5 fps for at least 1000 frames with a pixel size of only 50
nm (Figure S10, Movie S6). Together, these time-lapse images
suggest that HMSiR680-Me can be applied to a broad range of
biological experiments regardless of whether the system of
interest is multicellular or subcellular.

Finally, the ability to image lysosomes alongside other
organelles at super-resolution could enable the study of
organelle−organelle interactions below the diffraction limit.
As mentioned, lysosomes aid in the transfer of nutrients and
metabolites to other organelles, contributing to normal cell
function as well as cellular dysfunction in disease. Specifically,
defective mitochondria−lysosome interactions are associated

with neurodegenerative disease and cancer.49−51 Therefore, we
aimed to image this interaction using STED, which would
require two dyes, each targeting one of the two organelles. We
previously confirmed that the fluorescence signal from
HMSiR680-Me and SiR could be effectively separated with
linear unmixing, and we anticipated that their excitation
spectra would overlap sufficiently to facilitate simultaneous
excitation with a single laser. Thus, to enable multiplexed
imaging of lysosomes and mitochondria, we treated HeLa cells
with both HMSiR680-Me and, as recently reported, MAO-SiR,
an inner mitochondrial membrane (IMM) high-density
environmentally sensitive (HIDE) probe, which results from
the in cellulo reaction of MAO-N3 with SiR-DBCO.52 MAO-
SiR images the IMM selectively, continuously, and at super-
resolution for extended periods of time without extensive
photobleaching or toxicity. Treated cells were excited with a
single 645 nm laser and the signal was monitored in multiple
detection windows between 655 and 770 nm. After linear
unmixing, we observed distinct labeling of elongated
mitochondrial structures and acidic vesicles that lasted for up
to 300 confocal imaging frames (Figure 6a,b, Movie S7). We
applied the same approach to obtain images of detailed IMM
structure alongside the lysosome for up to 60 STED imaging
frames (Figure 6c,d, Movie S8). These two-color images were
collected with only a single excitation laser and a single
depletion laser per frame, significantly improving temporal
resolution and photostability compared to those of a two-color
image in which dyes are excited and depleted sequentially. At

Figure 6. HMSiR680-Me (magenta) and MAO-N3/SiR-DBCO (green) can label the lysosome and inner mitochondrial membrane of HeLa cells in
a multiplexed imaging experiment. (a) Confocal, scale bar = 5 μm. (b) Confocal timelapse, scale bar = 5 μm. (c) STED, scale bar = 2 μm. (d)
STED timelapse, scale bars = 2 μm. Dyes were linearly unmixed using the Leica Stellaris Dye Separation Tool. Dye concentrations were 1 μM for
HMSiR680-Me and 100 nM for SiR-DBCO.
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0.385 fps and a pixel size of only 30 nm, this multicolor time
lapse is an excellent demonstration of how HMSiR680-Me can
be multiplexed with other far-red dyes to image organelle−
organelle interactions well below the diffraction limit without
sacrificing temporal resolution.

■ CONCLUSIONS
HMSiR680-Me is a superior small-molecule fluorophore for
lysosomal imaging that specifically labels acidic organelles in a
pH-dependent manner. It demonstrates excellent photo-
stability and no detrimental effects on cell health or organelle
motility. Here we showcase its utility in a wide range of live-
cell experiments, including continual overnight imaging and
time-lapse STED imaging with a frame rate faster than 1 fps.
Its 680 nm excitation wavelength is spectrally separate from
those of other commonly used far-red dyes such as SiR and
Cy5, enabling two- and three-color imaging using only far-red
excitation. Furthermore, HMSiR680-Me is compatible with
multicolor STED and, when used alongside SiR, enables two-
color imaging of lysosomal dynamics beside detailed IMM
structure. Importantly, these time-lapse STED images were
collected with only a single excitation and depletion exposure
per frame, significantly improving the temporal resolution and
photostability compared with those of sequential two-color
imaging. As previously mentioned, silicon rhodamine fluo-
rophores are highly modular, and the novel targeting strategy
employed to design HMSiR680-Me could be used to develop
hydroxymethyl rhodamine-based acidic organelle probes with a
wide range of spectral and chemical properties. Furthermore,
we envision that the methyl amide on the pendant ring of
HMSiR680-Me could provide a convenient handle for
conjugation to biomolecules of interest. We expect that
HMSiR680-Me will prove to be an indispensable tool for
studying the role of lysosomes in health and disease.
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