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Extended Data Fig. 6 | Visualization of two ratios and class discrimination. 
a, Pixel-wise scatter plot of two calculated intensity ratios (200 × 200 pixels) 
(n = 3546 pixels for lysosomes, n = 32907 pixels for surrounding regions). 
b, The parallel set shows the relationship between two spectral ratios 
(1587 cm−1/1649 cm−1 and 1711 cm−1/1741 cm−1) and the class separation of 

lysosomes (red) and surrounding region (blue). The curves represent different 
data points from the corresponding classes. In a, the boxes show the IQR, the 
centerlines indicate medians and the lines outside the boxes extend to 1.5 times 
the IQR.
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Extended Data Fig. 7 | Correlations of lysosomal hydrolytic activity with 
lysosomal size and fluorescence intensity. a, The correlation between 
lysosomal proteolytic activity and size is not notable with a Pearson coefficient 
of 0.48. b, The Pearson coefficient of lysosomal lipolytic activity and size is 0.44. 

c, The correlation between lysosomal proteolytic activity and fluorescence 
intensity is not notable with a Pearson coefficient of 0.49. d, The Pearson 
coefficient of lysosomal lipolytic activity and fluorescence intensity is 0.43.
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Extended Data Fig. 8 | Hydrolytic heterogeneity of lysosomes in mammalian cells. a, Fluorescent and FILM images at 1587 and 1649 cm-1 of LysoSensor DND189 
labelled HEK293T cells. b, Ratio-metric mapping of intensity ratios at 1587/1649 cm-1 and 1711/1741 cm-1. Scale bar: 10 μm. Representative results are shown from three 
independent experiments.
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Extended Data Fig. 9 | t-SNE–based classification of WT lysosomal spectra and 
identification of functional subtypes. a, Within-individual heterogeneity. For 
each spectrum, the standard deviation (SD) across wavenumbers was calculated; 
Mean_SD denotes the average SD per worm (y-axis × 10-3, x-axis = Worm ID).  
b, t-SNE embedding (one dot per spectrum) colored by individual worm. Three 
regions are drawn: C1 (red), C2 (blue), C3 (green), corresponding to three clusters 
of ‘high proteolytic activity’, ‘high lipolytic activity’, and ‘high activity in both’. 
c, Cluster-specific quantitative analysis of activity ratios at 1587/1649 cm−1 

(proteolytic activity) and 1711/1741 cm−1 (lipolytic activity) of lysosomes (n = 71 for 
C1 group, n = 211 for C2 group, n = 110 for C3 group; Two-sided two-sample t-test. 
Ratio of 1587 and 1649 cm−1: PC2 vs. C1 = 2.12 × 10−8, PC3 vs. C2 = 1.63 × 10−5, PC3 vs. C1 = 0.281; 
Ratio of 1711 and 1741 cm−1: PC2 vs. C1 = 5.06 × 10−4, PC3 vs. C2 = 0.995, PC3 vs. C1 = 0.005.); 
colors match panel b. d, Per-worm composition across regions. For each worm, 
the fraction of its spectra falling into C1/C2/C3 is shown as a stacked bar; colors 
match panels b-c. In c, the boxes show the IQR, the centerlines indicate medians 
and the lines outside the boxes extend to 1.5 times the IQR.
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Extended Data Fig. 10 | Hyperspectral FILM imaging of lipid droplet and 
mitochondria. a, Fluorescence and FILM images at 1741 (ester C = O, on-
resonance) and 1797 cm-1 (off-resonance) of LipiRed labelled HeLa cells. b, FILM 
spectral of lipid droplet marked by red circle and arrowhead in a. c, Fluorescence 

and FILM images at 1649 (Amide I, on-resonance) and 1797 cm-1 (off-resonance) 
of MitoTracker Green labelled HeLa cells. d, FILM spectral of mitochondria 
marked by red circle and arrowhead in c. Scale bar: 10 μm. Representative results 
are shown from three independent experiments.
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