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Extended Data Fig. 6 | (related to Fig. 1) Kinprola for recording diverse 
kinase activities and subcellular PKA signaling. Flow cytometry analysis of 
Kinprola labeling with 25 nM CPY-CA for 30 min in HEK293 cells treated with 
corresponding kinase activators or inhibitors. Data from three independent 
experiments with triplicates. p < 0.0001 between Kinprola basal and 
treatments; p = 0.3472, 0.5634 between KinprolaPKC_T/A basal and Gö 6983 or 
PMA; p > 0.9999 between KinprolaAMPK_T/A basal and treatments. (c) Schematic of 
simultaneous KinprolaPKA recording in nuclear and cytoplasmic compartments. 
(d) Fluorescence images of HeLa cells expressing nuclear and cytoplasmic 

KinprolaPKA, with or without Fsk/IBMX stimulation in the presence of 50 nM 
CPY-CA for 30 min. Representative images from three independent experiments 
with similar results. Scale bars: 20 μm. (e) Dot plot of normalized fluorescence 
intensities (CPY-CA/mTagBFP2) and (CPY-CA/EGFP) from (d), data collected 
from three independent experiments. p < 0.0001 between basal and Fsk/IBMX 
group. Error bars indicate median with interquartile range (a, b, e). Statistical 
significance was calculated with one-way ANOVA with Dunnett’s Post hoc test  
(a, b) or unpaired two-tailed Welch’s t test (e).
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Extended Data Fig. 7 | (related to Fig. 2) Transcriptome analysis of GBC 
subpopulations selected by Kinprola labeling. (a) Heatmap of DEGs from three 
Kinprolaon-labeled GBC subpopulations, color-coded by Z-score. Genes in the GO 
term ‘mitotic cell cycle process’ are in magenta; DEGs shared with KinprolaPKA are 
in gray. (b) First principal coordinate analysis of the three Kinprolaon-expressing 

groups. (c–e) GO term enrichment for KinprolaPKA (c) and Kinprolaon (d, e) DEGs, 
ranked by FDR. (f) Venn diagram showing overlap between KinprolaPKA- and 
Caprola6-identified DEGs. (g, h) GO terms for overlapping DEGs from (f), ranked 
by FDR.
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Extended Data Fig. 8 | (related to Fig. 3) CRISPR knockout screen of RKO 
cells sorted by KinprolaPKA labeling. (a) Flow cytometry analysis of RKO 
cells stably expressing Kinprolas under different treatments (125 nM CPY-CA, 
30 min). Statistical analysis by unpaired two-tailed Welch’s t test; p < 0.0001 
between basal and treatments. Error bars, mean ± SD from three independent 
experiments with triplicates. (b) Gating and sorting strategy of CPY-CA-labeled 
cells for screening. (c) Principal component analysis of sorted populations 
from two independent screens. (d) Gene-level reproducibility between two 
independent screens. (e) Core-essential genes (DepMap) were significantly 

depleted relative to nonessential genes in CRISPR screen. (f, g) Volcano plots of 
gene enrichment in ‘high’ vs. ‘medium’ and ‘low’ vs. ‘medium’ populations; FDR 
0.05 cutoff shown. Putative hits and canonical regulators (PRKACA, GNAS, ADCY7) 
highlighted. Statistical significance was calculated by fitting a linear model for 
each gene, and the resulting p values were corrected for multiple testing using 
Benjamini-Hochberg correction. (h) Enrichment of four PRKACA-targeting 
sgRNAs in sorted groups. All enriched in ‘low’ and depleted in ‘high’ groups 
across two independent screens, with central lines indicating the average.
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Extended Data Fig. 9 | (related to Fig. 4) KinprolaPKA records PKA activity in 
neurons under pharmacological and electrophysiological treatment.  
(a) Fluorescence images of primary rat hippocampal neurons expressing 
KinprolaPKA labeled with CPY-CA (125 nM, 45 min) in the presence of synaptic 
blockers (APV/NBQX) or vehicle. Representative images from three independent 
experiments with duplicates. (b) Fluorescence images of neurons expressing 
KinprolaPKA labeled with CPY-CA (25 nM, 45 min) treated with norepinephrine, 
propranolol, norepinephrine/propranolol or vehicle. Representative images 
from two independent experiments with duplicates. (c) Quantification of 
labeling in (a). n = 101 and 108 neurons, respectively. p < 0.0001 between basal 

and synaptic blockers group. (d) Quantification of labeling in (b). n = 183, 194, 168 
and 185 neurons, respectively. p = 0.5171, 0.0018 and < 0.0001 between basal and 
treatments. (e) Fluorescence images of neurons expressing KinprolaPKA labeled 
with 125 nM CPY-CA upon defined electrical field stimulation. Representative 
images from three independent experiments with duplicates. (f) Quantification of 
labeling in (e). n = 170, 146, 84 and 140 neurons, respectively. p < 0.0001 between 
synaptic blockers and 10×10 AP or 10×100 AP. Error bars indicate median with 
interquartile range; data collected from six fields of view across two cultures in 
one independent experiment, and statistical significance was calculated with 
unpaired two-tailed Welch’s t test (c, d, f). Scale bars: 100 μm (a, b, e).
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