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ABSTRACT 
Technology advances in genomics, proteomics, and metabolomics largely expanded the pool of potential therapeutic targets. Compared with 
the in vitro setting, cell-based screening assays have been playing a key role in the processes of drug discovery and development. Besides 
the commonly used strategies based on colorimetric and cell viability, we reason that methods that capture the dynamic cellular events will 
facilitate optimal hit identification with high sensitivity and specificity. Herein, we propose a live-cell screening strategy using structured 
illumination microscopy (SIM) combined with an automated cell colocalization analysis software, CellprofilerTM, to screen and discover 
drugs for mitochondria and lysosomes interaction at a nanoscale resolution in living cells. This strategy quantitatively benchmarks the 
mitochondria-lysosome interactions such as mitochondria and lysosomes contact (MLC) and mitophagy. The automatic quantitative analysis 
also resolves fine changes of the mitochondria-lysosome interaction in response to genetic and pharmacological interventions. Super-resolution 
live-cell imaging on the basis of quantitative analysis opens up new avenues for drug screening and development by targeting dynamic 
organelle interactions at the nanoscale resolution, which could facilitate optimal hit identification and potentially shorten the cycle of drug 
discovery. 
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1 Introduction 
Drug discovery and development is a cumbersome process with 
long turnover time and high risk [1]. It takes an average of 7.3 years 
and $648 million dollars to commercialize a candidate compound 
as a drug for clinical use [2, 3]. In recent years, technological 
advancements in genomics [4, 5], proteomics [6], and metabolomics 
[7] have largely increased the number of potential therapeutic 
targets. However, it remains a formidable task to identify optimal 
hits from the innumerable candidate compounds with high 
specificity and sensitivity. Commonly used cell-based drug 
screening techniques include 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5- 
di-phenytetrazoliumromide staining assay (MTT) [8, 9], cell 
counting kit-8 assay (CCK-8) [10], enzyme-linked immunosorbent 
assay (ELISA) [11], and flow cytometry related assay [12, 13]. 
However, these tools report the cumulative level based on a large 
number of cells and do not resolve intracellular interactions at the 
single-cell level. Alternatively, fluorescent probes and optical molecular 
imaging techniques can be used for screening candidate drugs and 
evaluate their effects on individual cells [14, 15]. 

Dynamic organelle interactions at the nanoscale level regulate 
intracellular signaling outcomes and therefore represent an important 
target for drug screening. However, due to the diffraction of 
fluorescence (an infinitely small spot forms a diffuse pattern when 
imaged through a lens, commonly known as “Airy Disk”), even if 
the two objects are far apart, the “Airy Disk” may be very close [16], 
which inevitably limits the capacity to distinguish subcellular structure 
life activities at a high spatial resolution [17]. Conventionally, laser 
scanning confocal microscopy has been used for fast detection of 
high-content drug screening with high sensitivity at the cellular 
level [18, 19] but the far-field optical diffraction limit prevents 
confocal microscopy from distinguishing subcellular structures 
beyond 200 nm spatial resolution [20, 21]. Thus, laser scanning 
confocal fluorescence microscopy would not be feasible for drug 
screening based on dynamic organelle interactions at a nanoscale 
resolution [21]. Recently developed super-resolution fluorescence 
microscopic techniques, such as stimulated emission deletion (STED) 
[22, 23], structured illumination microscopy (SIM) [24], stochastic 
optical reconstruction microscopy (STORM) [25, 26], as well as other 
single-molecule super-resolution imaging techniques [27, 28], have  
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provided new tools for investigating drugs for interactions between 
organelles at the subcellular level in living cell. However, the application 
of super-resolution imaging for cell-based drug screening has not 
been reported. SIM is a widefield microscopy technique that uses a 
patterned illumination (usually a stripe) to excite a sample whose 
stripe position and orientation can be changed multiple times and 
to record the emitted fluorescent signal for each of these locations, 
which provides a spatial resolution of up to 100 nm [21, 24]. Here, 
we demonstrate the use of SIM to capture dynamic organelle 
interaction under genetic and pharmacological interventions and 
point out its potential in providing new opportunities for high- 
content drug screening and discovery.  

Mitochondria-lysosomes interactions, including fusion between 
mitochondria and lysosomes (mitophagy) [29] or recently discovered 
mitochondria-lysosome contact (MLC) [30], are important intracellular 
processes in eukaryotic cells. Dysfunctional mitophagy is associated 
with many diseases such as neurodegenerative diseases [31, 32] and 
cancer [33], while the dysregulated MLC is linked to Parkinson’s 
disease [30, 31]. Although confocal fluorescence microscopy can 
detect mitophagy event, it is not suitable for quantitative analysis  
of MLC because the contact length and distance are well below  
200 nm [30]. 

In this study, we describe a live-cell screening strategy by probing 
mitochondria-lysosome interaction with SIM. This strategy can 
resolve fine changes of mitochondria-lysosome interaction in response 
to genetic and pharmacological interventions at the nanoscale level 
in living cells. We found that genetic knockout of ATG13, FIP200, 
and Penta and pharmacological perturbation of the mTOR pathway, 
lysosomal pH, and ATP synthase functions cause significant changes 
in mitochondria-lysosome interactions. Analysis of intracellular 
colocalization of mitochondria and lysosomes can be automated 
with CellprofilerTM, a free-source imaging analysis software [34]. 
This work demonstrates that super-resolution imaging techniques 
can capture delicate intracellular organelle interactions with high 
sensitivity and specificity and could potentially generate improved 
high-throughput screening strategies with increased success rate 
and shorter turnover time for drug discovery and development. 

2 Results and discussion 

2.1 Super-resolution tracking dynamic MLC under 

physiological conditions 

In order to observe the MLC event at the nanoscale level, we stained 
mitochondria with 100 nM Mito-Tracker Green (MTG) and lysosome 
with 200 nM Lyso-Tracker Red (LTR) in HeLa cells before imaging 
with SIM. As shown in Fig. 1(a), mitochondria (green color) show 
spherical, rod-shaped, or filamentous arrangement in an irregular 
manner, while lysosomes (red color) appear spherical with various 
sizes. In addition, a representative MLC event was captured (Fig. 1(b)), 
which is consistent with previous studies [21, 30].  

Next, we detected the dynamic morphological change of 
mitochondria (Figs. 1(c) and 1(d)). Morphology of lamellar cristae 
was clearly visible, and dynamic progress of mitochondria separation 
(yellow rectangle in Fig. 1(c) and yellow arrows in Fig. 1(d)) and 
approach (red rectangle in Fig. 1(c) and red arrows in Fig. 1(d)) 
were readily captured at an approximately 130 nm lateral resolution 
(Fig. 1(e)), which is superior to the widefield microscopy (Fig. S1 in 
the Electronic Supplementary Material (ESM)). In addition, we can 
also capture a clear mitochondrial two-dimensional (2D) morphology 
(Fig. S2 in the ESM) and three-dimensional (3D) spatial distribution 
in whole cell (Fig. S3 in the ESM). These results indicate that  
SIM can resolve high-resolution morphological features previously 
accessed by tools such as transmission electron microscopy (TEM) 
or cryo-EM [10, 30]. More importantly, SIM can capture the dynamic 
mitochondrial processes with this high spatial resolution, which 

 
Figure 1 Subcellular morphology of mitochondria (green) and lysosomes  
(red) in living cells. (a) Whole cell mitochondrial and lysosomal contact under SIM. 
(b) A representative of mitochondria and lysosomes contact (MLC) event.    
(c) Nanoscale morphology of single mitochondria and characterization shown in a. 
(d) The dynamic processes of approach (red arrow) and separation (yellow arrow) 
in (c). (e) The resolution of mitochondria in c-2 (green line). (f) Dynamic processes 
of mitochondria and lysosomes. (g) MLC event under different sections under 
3D-N SIM. Scale bar: (a) 10 μm, (b) 1 μm, (d) 0.5 μm, (f) 1 μm. 

cannot be obtained by electron microscopy. As shown in Fig. 1(f), 
dynamic progress of MLC including mitochondrion-lysosome 
approach, contact, and separation was resolved using SIM. MLC 
events were also observed within different image projections   
(Fig. 1(g)). Compared to traditional tools (Fig. S5 in the ESM), SIM 
at 125–200 nm per frame solves the drawbacks of false positive 
overlap. These results suggest that SIM is an optimal tool to obtain 
high-resolution subcellular organelle morphological images for 
candidate drugs screening and discovery.  

2.2 Quantitative analysis of colocalization of MLC using 

cell analysis software 

In order to quantitatively analyze the colocalization of mitochondria 
and lysosomes under different conditions, we used cell profilerTM, 
an open-source software that allows for high-throughput image 
analysis [34, 35]. We first captured color-merging (green-mitochondria 
and red-lysosome) images under SIM, and obtained grayscale 
images of mitochondria and lysosomes, respectively (Fig. 2(a)). The 
colocalization of mitochondria and lysosomes was then analyzed  
in cell profilerTM with the colocalization module, which measures 
the degree of overlap between two fluorescent channels (http:// 
cellprofiler.org/examples/#colocalization). The resulted colocalization 
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Figure 2 (a) The overlap of mitochondria and lysosomes in WT untreated  
cells. Scale bar: 10 μm. (b) Colocalization analysis of mitochondria and lysosomes 
using the Cellprofiler software. 

coefficient is 0.007 ± 0.00374 (n = 6) in WT untreated cells, indicating 
a low mitochondria-lysosome overlap in MLC event.  

2.3 Super-resolution tracking and quantitative analysis of 

mitophagy under pathological conditions 

Autophagy includes non-selective autophagy (such as macroautophagy) 
and selective autophagy (such as mitophagy) [36]. Fusion between 
mitochondria and lysosomes is another type of mitochondrial and 
lysosomal interactions [21]. Under pathological conditions such as 
Parkinson’s disease [37, 38], mitochondria are easily damaged and 
undergo mitophagy, or the engulfment by lysosomes, which is of 
great importance for normal cell growth and metabolism [39]. Thus, 
proteins involved in mitophagy could become perspective drug 
targets for the treatment of neurodegenerative diseases [40]. Such 
drug screening, however, requires a quantitative benchmark to 
differentiate mitophagy and mitochondria-lysosome fusion between 
normal and pathological conditions. 

To induce mitophagy, we treated cells for 12 h with 10.0 μM 
carbonyl cyanide m-chlorophenyl hydrazone (CCCP), a commonly 
used mitophagy inducer [41, 42]. We then stained mitochondria 
and lysosomes with MTG and LTR before SIM imaging (Fig. 3(a)). 
After CCCP treatment, most of filamentous mitochondria seen in 
untreated cells (Fig. 1(a)) became spherical (Fig. 3(a)). In addition, 
we observed that damaged mitochondria were engulfed by lysosomes 
(Fig. 3(b)). We also performed additional studies to investigate 
mitophagy at different concentrations of CCCP treatment. We found 
that the number of mitophagy events was increased with CCCP 
concentration in individual cells (Fig. S4 in the ESM). This result 
indicates that the mitophagy occurs more under pathological 
conditions. CellprofilerTM analysis gave a mitochondria-lysosome 
colocalization coefficient of 0.461 ± 0.0552 (n = 6) in stark contrast 
to that of untreated cell (0.007 ± 0.00374) (Fig. 2).  

 
Figure 3 The mitochondria and lysosome interaction under different conditions. 
(a) Fusion of mitochondria and lysosomes (mitophagy) under CCCP-treatment. 
(b) A representative mitophagy event under CCCP-treatment. (c) The mitophagy 
event under starvation-treatment. (d) A representative mitophagy event under 
starvation stimulation. Scale bars: (a) 10 μm, (b) 1 μm. 

We then induced non-selective autophagy with an Earle's balanced 
salt solution (EBSS) starvation medium [43]. After EBSS starvation 
treatment, damaged mitochondria appeared as granules (Figs. 3(c) 
and 3(d)), which are similar to those in CCCP-treated cells (Figs. 3(a) 
and 3(b)). The mitochondria-lysosome contact increases, as evidenced 
by a colocalization value of 0.351 ± 0.0696 (n = 6). In addition, 
we readily captured damaged mitochondria engulfed by lysosomes 
(Fig. 3(d)).  

Our results confirmed that both selective autophagy (induced by 
CCCP) and non-selective autophagy (induced by EBSS starvation) 
significantly enhance fusion of mitochondria and lysosomes. We 
also demonstrated that SIM enables accurate quantification of the 
mitochondrial and lysosomal fusion events under two different 
pathological conditions. 

2.4 Regulation of the mitochondria-lysosome interaction 

by ATG13, FIP200 and Penta genes 

ATG13 and FIP200 proteins are required for autophagy [44, 45].  
To further verify the applicability SIM-based strategy in resolving 
mitochondria-lysosomes interaction phenotype induced by these 
proteins, we produced stable gene knock-out HeLa cell lines, 
ATG13KO and FIP200KO. WT and knock-out cells were treated 
with or without CCCP followed by MTG and LTR staining. In 
untreated ATG13KO and FIP200 KO cells, mitochondria appeared 
filamentous (Figs. 4(a) and 4(c)), which was similar to their WT 
control (Fig. 1(a)). After CCCP-treatment, damaged mitochondria 
appeared as granules with various sizes (Figs. 4(b) and 4(d)), which 
was also similar to those in CCCP-treated WT cells (Fig. 3(a)). 
However, colocalization coefficient analysis showed a similar value 
in FIP200 KO and ATG13 KO cells before (0.0780 ± 0.0249 and  
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Figure 4 Interaction behavior and colocalization analysis of mitochondria and 
lysosomes in ATG13KO ((a), (b)), FIP200KO ((c), (d)) and Penta KO cells ((e), 
(f)) with or without CCCP. Scale bar: (a) 10 μm, inset 0.5 μm. 

0.652 ± 0.0204, n = 6) and after CCCP-treatment (0.0575 ± 0.0210 
and 0.092 ± 0.0340, n = 6), whereas MLC still occurred (Figs. 4(a)– 
4(d), inset). Together, these results demonstrate that ATG13 KO or 
FIP200 KO decrease the interaction between mitochondria and 
lysosomes in mitophagy.   

Next we investigated role of different receptors (i.e., p62, NDP52, 
OPTN, NBR1, and TAX1BP1, denoted as Penta) in mitochondria- 
lysosome interaction and mitophagy [46, 47]. Penta-KO HeLa cells 
were treated with or without CCCP and observed under SIM. 
Similar to FIP200 KO and ATG13 KO cells , Penta KO cells showed 
no mitophagy changes before and after CCCP-treatment, whereas 
MLC still occurred (Figs. 4(e) and 4(f), inset),which is consistent 
with previous result [46]. These results confirm that Penta is needed 
for mitophagy. Together, it further proves that SIM combined with 
quantitative analysis software is an excellent tool for investigating 
mitochondria-lysosome interaction. 

2.5 Intervention of drugs on mitochondria-lysosome 

interaction 

Mitochondria and lysosomes interaction and fusion during mitophagy 
is essential for repairing damaged mitochondria [48, 49]. Recently, 
it has been reported that dysregulated contact sites formed by 
mitochondria and lysosomes are linked to Parkinson’s disease [31]. 
We reason that proteins involved in MLC and mitophagy could 
serve perspective drug targets for the treatment of Parkinson’s 
diseases. Therefore, it is reasonable to use this SIM-based strategy to 
investigate potential drugs for mitochondria-lysosome interaction. 
With this goal in mind, we tested several different target drugs in 
autophagy pathway for mitochondria and lysosomes interaction. 

2.5.1 Intervention of rapamycin on mitochondria-lysosome 

interaction 

Rapamycin, a specific inhibitor of mTOR protein and an autophagy 
inducer, binds to the intracellular receptor FKBP-12 to form a 
complex that directly acts on the FRB domain of mTOR to inhibit 
its protein activity [50, 51]. To define the effect of rapamycin on 
mitochondria and lysosomes interaction, we treated cells with   
0.5 μM rapamycin for 12 h prior to MTG and LTR staining. After 
rapamycin treatment, mitochondria appeared to be granulated.   
In addition, lysosomal engulfment of mitochondria was clearly 
observed and the number of lysosomes were increased compared with 
untreated WT cells (Fig. 1(a)). This result indicates that rapamycin 
promotes fusion of mitochondria and lysosomes (autophagy), which 
is consistent with previous studies [52]. The colocalization coefficient 
under rapamycin treatment was 0.495 ± 0.0567 (n = 6) (Fig. 5(a)), 
which was higher than WT untreated cells (0.007 ± 0.00374, P < 0.01) 
(Fig. 2(b))(Fig. S5 in the ESM).  

2.5.2 Intervention of chloroquine on mitochondria-lysosome 

interaction  

Next, we treated the cells with an autophagy inhibitor, chloroquine 
that inhibits the binding of autophagosomes and lysosomes by 
affecting lysosomal pH [53]. After 50 μM chloroquine treatment, 
mitochondria appeared spherical, rod-shaped, or in filamentous 
arrangements, which was similar to those in untreated WT cells 
(Fig. 1(a)). However, the size of lysosomes increased in chloroquine- 
treated cells compared to that in untreated WT cells (Fig. 5(b)). In 
addition, no mitophagy events were observed under SIM, indicating 
that the binding process of autophagosomes and lysosomes was 
inhibited by chloroquine. Incubation of cells with both chloroquine 
and CCCP for 12 h caused damaged mitochondria, as shown by 
their spherical morphology (Fig. 5(c)). Meanwhile, MLC still occurred 
while no mitophagy event was observed. Addition of CCCP to 
chloroquine resulted in a colocalization coefficient of 0.0137 ± 
0.00760 (n = 6), which was not significantly different from that under 
chloroquine treatment alone (0.00967 ± 0.00790, n = 6, P > 0.05) 
(Fig. S5 in the ESM).  

 
Figure 5 The effect of drugs on the mitochondria and lysosomes interaction. 
(a) The mitophagy event under rapamycin-treatment. (b) The mitochondria and 
lysosomes interaction under chloroquine-treatment. (c) The mitochondria 
and lysosomes interaction under chloroquine and CCCP-treatment. (d) The 
mitochondria and lysosomes interaction under oligomycin A-treatment. Scale 
bar: (a) 10 μm. 
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2.5.3 Intervention of oligomycin A on mitochondria-lysosome 

interaction 

After we demonstrated that SIM can be used to study drugs for 
targeting mTOR and lysosomal pH, we finally determine how 
oligomycin A, an ATP synthase inhibitor, affects mitochondria and 
lysosomes interaction. By blocking ATP synthesis, oligomycin A 
exerts anti-tumor activity [54]. Cells were incubated with 1 μM 
oligomycin A for 12 h before MTG and LTR staining. Oligomycin 
A treatment increased the colocalization coefficient of WT cells 
from 0.007 ± 0.00374 (n = 6) (Fig. 2(b)) to 0.333 ± 0.0684 (n = 6) 
(Fig. 5(d)).  

Although confocal microscopy can be used to locate mitochondria 
and lysosomes at the subcellular level, compared to SIM, its spatial 
resolution is not enough for quantitative investigation of the 
detailed mitochondria-lysosome interaction [55]. To compare the 
performance of confocal microscopy and SIM in resolving MLC and 
mitophagy events, we treated cells with oligomycin A and calculated 
the colocalization coefficient under each imaging modality (Fig. S6 
in the ESM). As expected, confocal images show a high overlap of 
mitochondria and lysosome and was not able to clearly capture 
lysosomes engulfed damaged mitochondria in oligomycin A-treated 
cells. In contrast, mitochondria engulfed by lysosomes can be 
clearly observed with SIM (Fig. 5(d)). This results indicate that SIM 
can significant decrease the effect of fluorescence diffraction and 
more accurate reflect actual mitochondria and lysosome interaction 
than confocal microscopy. 

3 Conclusions 
Compared to colorimetric experiments, live-cell imaging techniques 
are becoming more important tools for drug discovery and screening 
[56]. Although colorimetric assays (MTT/CCK-8 and ELISA) allow 
for initial evaluation of pharmacodynamics, these methods report a 
simple cumulative data (such as optical density, OD) based on a 
large number of cells and do not detect single-cell information and 
subcellular organelle interactions [11]. Benefiting from simple sample 
preparation, fast imaging speed, and nanometer spatial resolution, 
the emerging SIM imaging strategy tracks the dynamic subcellular life 
activities and significantly expands the capacity of pharmacodynamics 
evaluation in high-throughput screening (Fig. S7 in the ESM). 

In this study, we propose a strategy to screen and discover drugs at 
nanoscale level in living cells using SIM. Compared to colorimetric 
tools, this strategy quantitatively resolves different mitochondria- 
lysosome interaction in response to genetic knockout of ATG13, 
FIP200 and Penta or pharmacological intervention targeting the 
mTOR pathway, lysosomal pH, and ATP synthase functionality. 
In addition, our findings illustrate a novel perspective of using SIM 
for more accurate reveal of biological activities and therapeutic 
effects of drugs for mitophagy and MLC events in living cells. 

Cell profilerTM has been used as an analysis software in artificial 
intelligence for high-throughput screening [57]. Herein, we have 
combined artificial intelligence with super-resolution imaging to 
investigate living cells at the subcellular level. We have used this 
automated analysis software, cell profilerTM, to compare colocalization 
of different genes and drugs for mitochondria and lysosomes 
interaction. Analysis with automated cell profilerTM software allowed 
us to process a large number of images and determine the 
colocalization coefficient of mitophagy and MLC rapidly. In addition, 
we expect to develop automated analysis software that can be loaded 
on the SIM platform for real-time monitoring (Fig. S8 in the ESM). 
Taken, together, this strategy can specifically benefit high-throughput 
screening of drugs as an evaluation index of pharmacodynamics 
in higher success rate in shorter time. 

4 Experimental  

4.1 Materials 

Mito-Tracker Green (#M7514, MTG) and Lyso-Tracker Red 
(#L12492, LTR) were obtained from Invitrogen (Eugene, Oregon, 
USA). Carbonyl cyanide 3-chlorophenylhydrazone (#045200, CCCP), 
rapamycin (#12921), chloroquine diphosphate(#410950), oligomycin 
A (#41105) were obtained from Thermo Fisher scientific (Grand 
Island, NY, USA). Penicillin-streptomycin (#15140163, 10,000 
units/mL), Fetal bovine serum (#26140079, FBS), Dulbecco’s modified 
Eagle’s medium (#11965118, DMEM) and other cell culture reagents 
were obtained from Gibco BRL (Grand Island, NY, USA). 

4.2 Cell culture 

HeLa cells were gifted from Dr. Carolyn M. Price lab (University  
of Cincinnati). Penta knockout HeLa cells were gifted from Dr. 
Richard J. Youle lab (National Institutes of Health). ATG13 and 
FIP200 knockout HeLa cells were gifted from Dr. Jun-Lin Guan lab 
(University of Cincinnati). Cells were cultured in Dulbecco’s modified 
Eagle medium supplemented with 10% FBS, penicillin (100 units/mL), 
and streptomycin (100 μg/mL) in a 5% CO2 humidified incubator 
at 37 °C.  

4.3 Cell treatment and staining 

A total of 2 × 105 cells were seeded on a glass bottom microwell dish 
and incubated with 2 mL of DMEM medium supplemented with 
10% FBS for 24 h, followed by 10 μM CCCP ,0.5 μM rapamycin,  
50 μM chloroquine or 1 μM oligomycin A for 12h. After treatment, 
the cells were washed 3 times with pre-warmed free DMEM medium, 
stained with 100 nM MTG for 30 min, co-incubated with 200 nM 
LTR at 37 °C for another 30 min, and washed with free DMEM 
for 3 times. Finally, cells were cultured in phenol-free medium 
(#1894117, Gibco, Grand Island, NY, USA) and observed under a 
confocal laser scanning microscopy or Nikon-SIM super-resolution 
microscope. 

4.4 Confocal laser scanning microscopy 

The images were obtained using a LSM-710 confocal laser scanning 
microscope (Carl Zeiss, Inc.) equipped with a 63×/1.49 numerical 
aperture oil-immersion objective lens and were analyzed with ZEN 
2012 (Carl Zeiss, Inc.) and ImageJ software (National Institutes of 
Health).  

4.5 Nikon-SIM super-resolution microscope imaging 

Super-resolution images were acquired on a commercial Nikon- 
SIM Microscope (Tokyo, Japan). Images were captured with an 
electron-multiplying charge coupled device (EMCCD) camera iXon 
897 (Andor, USA). To reduce photobleaching during SIM image 
acquisition, laser power was reduced to < 20% with a minimum 
exposure time of 200 ms for each image. Images were obtained at 
512 × 512 using Z-stacks with a step size of 0.125 μm. All fluorescence 
images were analyzed and the background subtracted with 
ImageJ software (https://imagej.nih.gov/ij/) or Cell profiler software 
(http://cellprofiler.org/).  

4.6 Co-localization Pearson correlation coefficient analysis 

using Cell profiler software 

Co-localization Pearson correlation coefficient (the degree of overlap 
between two fluorescent channels, pixel-based) was quantified using 
the colocalization analysis plugin for Cell profiler. CellProfiler com-
putes the linear correlation between the two channels and the slope 
of the line y = ax + b, where y and x are the two image intensities, 
indicating the overall relative intensity of the two images. The 
correlation coefficient is the normalized covariance, which is 
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equivalent to Pearson’s correlation. Correlation ranges from −1 
(complete inverse correlation) to +1 (complete correlation). Thus, 
larger correlation coefficients indicate stronger co-localization 
between two images. The calculation steps include (1) loading each 
channel (mitochondria-green, lysosomes-red) as a separate image, 
(2) correcting Illumination-Calculate, (3) correcting Illumination- 
Apply, and (4) measuring the extent of correlation. For more 
information, please refer to https://cellprofiler.org/examples/ 
#colocalization. 
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