
Supplementary Fig. 1. Validation of MitoRAISE assay using isolated mitochondria and viable cells. 

Dot plots of the real-time accumulation of ATP level from (a) isolated mitochondria, (b) varying cell 

numbers, (c) cells with mitochondrial damage, and (d) heterogeneous mixtures. Bar graphs of the 

change in slope of relative ATP synthesis rate after glutamic acid and malic acid injection (GM-

induced), the change in slope of relative ATP synthesis rate after rotenone injection (Rot-repressed), 

the Rot-repressed of GM-induced ratio (Rot Response), and the GM-induced by S-induced (GM to S 

ratio). The green triangle indicates the time at which glutamic acid and malic acid was injected, while 

the red triangle indicates the time at which rotenone was injected. (e) Represent images of trypan blue 

staining of heterogeneous mixtures. Green cells represent cells with intact cellular membranes, while 

red cells represent cells with permeabilized cellular membranes.
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Supplementary Fig. 2. False-positive test result of the MitoRAISE assay. Dot plots of the real-time 

accumulation of ATP level from (a) isolated mitochondria and (b) A549 cells treated with 0 nM to 10 

nM of PMP after distilled water injection instead of substrate. The green and red triangle indicate the 

time at which distilled water was injected. (c) Dot plots of the real-time accumulation of ATP level 

from standard ATP solution after substrate injection.
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Supplementary Fig. 3. Validation of MitoRAISE assay using cells with varying degrees of 

permeabilization. (a) Represent images of trypan blue staining of A549 cells treated with 0 nM to 10 

nM of PMP. Green cells represent cells with intact cellular membranes, while red cells represent cells 

with permeabilized cellular membranes. Dot plots of the real-time accumulation of ATP level from 

A549 cells treated with 0 nM to 10 nM of PMP after injection such as (b) succinate and malonate, and 

(c) glutamic acid and malic acid and rotenone. Bar graphs show MitoRAISE data.
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Supplementary Fig. 4. Validation of A549 cells with mitochondria damage. (a) Gel electrophoresis 

shows no mitochondrial DNA in A549-Rho-0 cells. (b) Fluorescence microscope image shows the 

uncoupling of A549 cells after treatment with CCCP and FCCP. CCCP; 2-[2-(3-

Chlorophenyl)hydrazinylyidene]propanedinitrile.  FCCP; carbonyl cyanide 4-(trifluoromethoxy) 

phenylhydrazone.
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Supplementary Figure 5. Cell lines screening using MitoRAISE assay. Bar graphs show that 10 cell 

lines were screened using (a) conventional ATP detection kit, (b-i) MitoRAISE assay, and (j) 

mitochondrial DNA copy number analysis.
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Supplementary Fig. 6. A comprehensive analysis of mitochondria in cell lines using the MitoRAISE 

assay. Scatter dot plot of MitoRAISE data comparing the PC group with the NC group. The PC group 

includes MCF7, BT-474, BT-549, A549, and BEAS-2B cells. The NC group includes MDA-MB-231, 

ZR-75-1, HeLa, BT-20, and HCC1428 cells.
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Supplementary Fig. 7. p-value table for Pearson correlation analysis of cell lines. (a) p-value table for 

Pearson correlation analysis of the group shows a positive correlation between total ATP levels and 

GM- and S-induced MASC. (b) p-value table for Pearson correlation analysis of the group shows a 

negative or no correlation between total ATP levels and GM- or S-induced MASC.
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Supplementary Fig. 8. Assessing the Clinical Relevance of relative ATP Synthesis rate. (a) Scatter dot 

plot of MitoRAISE data comparing healthy females with breast cancer patients. (b) Pearson 

correlation analysis table of mixed sample of healthy females and breast cancer patients.
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Supplementary Fig. 9. p-value table for Pearson correlation analysis of PMBCs. p-value table for 

Pearson correlation analysis of (a) mixed sample of healthy females and breast cancer patients, (b) 

healthy females, and (c) breast cancer patients.
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Supplementary Fig. 10. Cell viability after treatment with well-known permeabilization agents. Bar 

graph shows that cell viability after treatment with well-known permeabilization agents.



Supplementary table 1. PCR primers for mtDNA copy number

mtDNA copy number Sequence

MT-ND1_forward 5ʹ-CCTAAAACCCGCCACATCTA-3ʹ

MT-ND1_reverse 5ʹ-CATAGTAGAAGAGCGATGGTGAGA-3ʹ

ALB_forward 5ʹ-TTAGCATACCCTTTTTGGAGACA-3ʹ

ALB_reverse 5ʹ-GCACAGCAGTCAGCCATTT-3ʹ



Supplementary table 2. PCR primers for confirming A549-Rho-0 cells

Gel electrophoresis Sequence

MT-ND1_forward 5ʹ-CAA CAT CGA ATA CGC CGC AG-3ʹ

MT-ND1_reverse 5ʹ-GTT TGA GGG GGA ATG CTG GA-3ʹ
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