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Extended Data Fig. 1. Supplementary Data for purity of recombinant peptides in Main Fig. 1
Detection of the recombinant Lon, N-terminal domain (NTD), AAA+ and peptidase domains, by Western blot.



Extended Data Fig. 2
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Extended Data Fig. 2. Supplementary Data for AlphaFold analysis in Main Fig. 1
Top ipTM score for prediction of interactions of Lon peptidase domain with full-length c-, N- and L-MYC and their
domains. NTD = N-terminal domain; DR = Disordered regions; CTD = C-terminal domain.



Extended Data Fig. 3
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Extended Data Fig. 3. Supplementary Data for AlphaFold and SPR analysis in Main Fig. 1
a, b, AlphaFold predicted interactions between full-length L-MYC and NTD and peptidase with a low ipTM score
of 0.246 and 0.300. ¢, d, The SPR binding analysis shows the dose-dependent interaction of peptidase and AAA+
peptide to His-tagged c-MYC captured on Sensor Chip NTA (magenta). The data was fitted to a 1:1 Langmuir
binding model (black). The table shows the dissociation constant (Kp) of bindings.



Extended Data Fig. 4

a
c-MYC //
Original (seed 0, iPTM = 0.697)
Additional 1 (seed 1, iPTM = 0.458)
Additional 1 (seed2, iPTM = 0.718)
b

N-MYC v/)

Original (seed 0, ipTM = 0.697)
Additional 1 (seed 1, ipTM = 0.568)
Additional 1 (seed2, ipTM = 0.708)

Extended Data Fig. 4. Additional seeds for AlphaFold analysis in Main Fig. 1
a, Overlay of the best scoring model of the c-MYC complex with NTD, and its two additional seeds. b, Overlay
of the best scoring model of the N-MYC complex with NTD, and its two additional seeds.



Extended Data Fig. 5

a NTD binding to c-MYC (full) b Lon binding to c-MYC (full)
g 60 k, = 7761 M-1s-! 5 3001 ka = 3216 M-1s1
o) ka = 3.59E-3 s g ka, = 1.23E-3 s
g 404 ko = 4.62E-7 M S 200+ ko = 3.82E-7 M
2 5
¥ 20+ x 1004
o —— Analyte ©
2 . —  Blank T L e e e e
° - o N o) T T T T
04 1000 1500 2000 2500 x 1000 1500 2000 2500
Time (sec) Time (sec)

. Conc. ‘ Flow K, RI - Chit R, Conc. ; Flow K, RI - Chit
(RU) (M) € (plmin1) (RU-M-s-1) (RU) (Ru?) Value (RU) (M) € (plmin1) (RU-M-s-1) (RU) (Ru?) —vValue
209.4 1.59E+14 198 2 872.8 3.14E+7 203 5

1.5E-7 30  4.93E+14 9.03 5.25E-8 30 9.76E+7  4.43
3.0E-7 30  4.93E+14 14.81 1.05E-7 30 9.76E+7  21.49
6.0E-7 30  4.93E+14 2822 2.10E-7 30 9.76E+7  35.72
1.2E-6 30  4.93E+14 4826 4.20E-7 30 9.76E+7  61.36
2.4E-6 30 4.93E+14  33.59 8.40E-7 30 9.76E+7__ 94.86
c NTD binding to N-MYC (full) d Lon binding to N-MYC (full)
S 4504 ks = 1130 M1s" 5 200+ ke = 4355 M1s"
o ka = 4.55E-4 s o) ka = 1.45E-3 s'
2 ko = 4.02E-7 M 2 150 ko = 3.32E-7 M
& 3004 o
73 & 100
& 150 & 50
E B I O W — Analyte @ 165 ﬂ Sy
§ T 1 ;‘*—I/ S_JML[I— - | — Blank E o-Lb [h_h o I N } .
(0] [0)
14 1000 1500 2000 2500 x 1000 1500 2000 2500
Time (sec) Time (sec)
R, Conc. t Flow K, R Chit | R, Conc. ; Flow K, Rl Chit |
(RU) (M) (ul'min-1) (RU-M-1s11) (RU) (RU?) - value (RU) (M) ¢ (ul'min-1) (RU-M4s41) (RU) (RU?) - value
187.3 4.27E+5 109 2 616.9 2.198E+7 130 3
2.45E-7 30 1.33E+6  11.76 5.63E-8 30 6.83E+7 13.23
4.90E-7 30 1.33E+6  14.81 1.13E-7 30 6.83E+7 20.20
9.79E-7 30 1.33E+6  27.55 2.25E-7 30 6.83E+7 35.89
1.96E-6 30 1.33E+6  28.82 4.50E-7 30 6.83E+7 63.95
3.92E-6 30 1.33E+6 __ 31.90 9.00E-7 30 6.83E+7 _ 104.1
e NTD binding to c-MYC (CTD) f Lon binding to c-MYC (CTD)
= _ = _
5 7 ka = 3201 M-ts-1 5 300 ks = 1265 M-1s1
2 k. = 1.58E-3 s-1 ® Ka = 5.03E-4 st
S 50 ko = 4.95E-7 M S 200 ko = 3.98E-7 M
o
¥ 25 o 100
g A A A — Analyte @
% 0- z%ﬁw-ﬁu -’-‘r-_ml"*"’m‘l“““ —— Blank IS 0 e = %%,I
(0]
@ 1000 1500 2000 2500 o 1000 1500 2000 2500 3000
Time (sec) Time (sec)
R, Conc. ; Flow K, R Chit R,., Conc. : Flow K, R Chit
(RU) (M) € (plmin1) (RU-M-s-1) (RU) (RU?) -Value (RU) (M) €  (pl-min1) (RU-M-s-1) (RU) (RU?) -Value
4173 1.67E+6 268 5 716.4 2.80E+16 379 2
2.45E-7 30 5.20E+6 14.05 5.45E-7 30  8.71E+16 1453
4.90E-7 30 5.20E+6 39.17 1.09E-6 30  8.71E+16 44.28
9.79E-7 30 520E+6 57.11 2.18E-6 30  8.71E+16 6247
1.96E-6 30 5.20E+6 86.55 4.36E-6 30  8.71E+16 73.81
3.92E-6 30 5.20E+6__ 138.1 8.72E-6 30 8.71E+16 57.53

Extended Data Fig. 5. Supplementary Data for SPR analysis in Main Fig. 1.

a-f, Raw SPR data obtained from the reference surface (Fc 1) during the binding assay to c-MYC and N-MYC using
the NTA sensor chip. This display captures the running buffer (green) and sample buffer responses (referred as
blank, blue), commonly referred to as "bulk responses®, to ensure reliable baseline corrections. Analyte-specific
curves (magenta) highlight the functional differences among the proteins studied. Binding affinities were calculated
from rate constants obtained from data fitting to a 1:1 Langmuir binding model. Parameters derived from the fitting
process are presented in each table. The U- and chi-square (x?) values serve as a key indicators of fit quality to the
Langmuir model. All analyzed U-values were below 15, confirming the robustness of the fitting process.



Extended Data Fig. 6
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Extended Data Fig. 6. Supplementary Data for SPR analysis in Main Fig. 2.

a-d, Raw SPR data obtained from the reference surface (Fc 1) during the binding assay to MAX using the NTA
sensor chip. This display captures the running buffer (green) and sample buffer responses (referred as blank, blue),
commonly referred to as "bulk responses®, to ensure reliable baseline corrections. Analyte-specific curves
(magenta) highlight the functional differences among the proteins studied. Binding affinities were calculated from
rate constants obtained from data fitting to a 1:1 Langmuir binding model. Parameters derived from the fitting
process are presented in each table. The U- and chi-square (x?) values serve as a key indicators of fit quality to the
Langmuir model. All analyzed U-values were below 15, confirming the robustness of the fitting process.



Extended Data Fig. 7
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Extended Data Fig. 7. Supplementary Data for in vitro degradation experiment for Main Fig. 2.

a, Dot blot analysis showing the degradation of c-MYC (24 picomoles) by rLon (0.9 or 1.8 uM) after 120 minutes.
b, c-MYC and N-MYC (50 ng) were degraded by rLon (0.5 or 1 pg) after 120 minutes (See Main Fig. 2). This
effect was reversed in the presence of protease inhibitors. Data are presented as the means +s.e.m, mixed-effect

analysis with Holm-Sidak’s multiple comparisons test (n = 2 experiments).



Extended Data Fig. 8

a in vitro degradation of c-MYC by Western blots
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Extended Data Fig. 8

b in vitro degradation of N-MYC by Western blots
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Extended Data Fig. 8. Supplementary Data for in vitro degradation experiment for Main Fig. 2.
Full-length Western blot showing the repeat experiments of the in vitro degradation of c-MYC and N-MYC by rLon.



Extended Data Fig. 9
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Extended Data Fig. 9. Supplementary Data for rLon uptake for Main Fig. 3.

a-e, Live-cell confocal images showing time-dependent uptake of AZ647 labelled rLon in A498 cells.
Magenta, rLon; blue, nuclei; scale bars, 3 ym. f, Quantification of the uptake data from (a-e). Data are presented
as the means +s.e.m.., Kruskal-Wallis followed by Dunn’s multiple comparisons (n = 50 cells). ***P <0.001,
compared to control. n.s. = not significant.



Extended Data Fig. 10
a Full length rLon NTD domain AZ647 dye
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Extended Data Fig. 10. Supplementary Data for Main Fig. 3.

a, Confocal images showing the uptake of AZ647 labelled rLon (902 nM) and Lon peptide (NTD, AAA+ and
peptidase domains, 902 nM) in A549 cells. Degree of AZ647 labelling of peptide is shown in the table. b, Brightfield
images. Magenta, rLon; blue, nuclei; scale bars, 20 upm.



Extended Data Fig. 11
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Extended Data Fig. 11. Supplementary Data for cellular uptake experiment for Main Fig. 3.
Full-length Western blot showing the repeat experiments of the cellular uptake of rLon and the NTD, peptidase
and AAA+ domains in A498 cells.



Extended Data Fig. 12
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Extended Data Fig. 12. Supplementary Data for Main Fig. 3.

Confocal images showing c-MYC protein levels in rLon-treated HTB9 bladder cells compared to control
(green, c-MYC; blue, nuclei; scale bars, 20 um). Data are presented as the means + s.e.m., total and nuclear c-
MYC levels analyzed using Mann-Whitney test, ratio analyzed using unpaired t-test (n = 50 cells). ***P < 0.001,
compared to control. n.s. = not significant.



Extended Data Fig. 13

¢c-MYC, N-MYC and L-MYC expression in human A498 kidney cells by confocal microscopy
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Extended Data Fig. 13. Supplementary Data for Main Fig. 3.

a-c, Confocal images showing inhibition of c-MYC (a), N-MYC (b) and L-MYC (c) protein levels in rLon-, NTD- or
peptidase-treated cells compared to control. (green, c-MYC, N-MYC or L-MYC; blue, nuclei; scale bars, 10 um).
Lower panel: quantification of fluorescence intensity (50 cells per sample, n= 2 experiments). Data are presented
as the mean = s.d., analyzed by One-way ANOVA with Dunn’s correction. ***P <0.001, compared to control. n.s.
= not significant. d, Confocal images showing c-MYC, N-MYC and L-MYC protein levels in AAA+ -treated cells
compared to control (green, c-MYC, N-MYC or L-MYC; blue, nuclei; scale bars, 10 um).



Extended Data Fig. 14
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Extended Data Fig. 14. Unedited Western blot images.

Western blot analysis of c-MYC inhibition by rLon and peptidase in A498, HTB9 and A549 cells.
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Extended Data Fig. 15
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Extended Data Fig. 15. Unedited Western blot images.
Western blot analysis of L-MYC inhibition by rLon, NTD, AAA+ and peptidase in A498 and HTB9 cells.
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Extended Data Fig. 16
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Extended Data Fig. 16. Domain organization of Lon protease across species

bacterial and human Lon antibodies
a, Domain organization of E. coli K12 Lon and the two human LON (mitochondrial LONP1 and peroxisomal
LONP2). Domain boundaries shown are based on sequence alignment as well as experimental and in silico
structural data. b, Detection of recombinant peptides by Western blot using anti-human LONP1, LONP2 and anti-

bacterial Lon.
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Extended Data Fig. 17

a Total regulated genes by infection b Number of regulated genes ¢ Venn diagram, total regulated genes
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Extended Data Fig. 17. Supplementary Data for Main Fig. 4.

Irf3" mice were infected with the uropathogenic E. coli strain CFT073, and tissues were obtained for gene
expression analysis after 24 hours and seven days (15t experiment). a-c, Heatmap (a), histogram (b) and Venn
diagram (c) comparing the gene expression profiles of infected mice after 24 hours and seven days to those of
uninfected mice (n=2 per group; red, upregulated; blue, downregulated; cutoff FC =2, P <0.05 compared to
uninfected mice). d, Activated gene networks in infected /rf3”- mice after 24 hours and a further increase in gene
expression after seven days.



Extended Data Fig. 18
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Extended Data Fig. 18. Supplementary Data for Main Fig. 4.

¢c-MYC protein staining in kidney tissue sections of the rLon-treated group compared to the placebo group.
Confocal microscopy, representative images were shown in Main Fig. 4; n = 3-7 mice per group; green, c-MYC;
blue, nuclei; scale bar, 20 uym.
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Extended Data Fig. 19. Supplementary Data for Main Fig. 4.

MAX protein staining in kidney tissue sections of the rLon-treated group compared to the placebo group.
Confocal microscopy, n = 4-5 mice per group; green, MAX; blue, nuclei; scale bar, 20 um. Data are presented as
the mean +s.e.m., one-way ANOVA followed by Sidak’s multiple comparisons test.
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Extended Data Fig. 20. Supplementary Data for Main Fig. 4.

a-c, Heatmap (a), histogram (b) and Venn diagram (¢) comparing the gene expression profiles of rLon-treated mice
after 24 hours and seven days to those of uninfected mice (n=2 per group; red, upregulated; blue, downregulated,;
cutoff FC=2, P<0.05 compared to uninfected mice). d, e, Canonical pathways (d) and biofunction (e) by placebo and
rLon-treated groups compared to those of uninfected mice (red, upregulated; blue, downregulated). The activation Z
scores are shown. Data normalized against healthy, uninfected /rf37 mice. f, Activated MYC-dependent gene networks
in infected /rf37 mice after 24 hours, including an innate immune response network. g, Inhibition of the innate immune
response to infection by rLon treatment (orange, activation; blue, inhibition).
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Extended Data Fig. 21. Supplementary Data for Main Fig. 4.

a-c, Heatmap (a), histogram (b) and Venn diagram (¢) comparing the gene expression profiles of rLon-treated
mice after 24 hours and seven days to those of uninfected mice (n=2 per group; red, upregulated; blue,
downregulated; cutoff FC22, P<0.05 compared to uninfected mice). d, e, Canonical pathways (d) and
biofunction (e) by placebo and rLon-treated groups compared to those of uninfected mice (red, upregulated; blue,
downregulated). The activation Z scores are shown. Data normalized against healthy, uninfected /rf3" mice.
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Extended Data Fig. 22. Supplementary Data for Main Fig. 4.
a, Response to kidney infection in the placebo group, showing activation of MYC-dependent genes after 24 hours

and seven days (n=2 per group; red, upregulated; blue, downregulated; cutoff FC=2, P<0.05 compared to
uninfected mice). b, Inhibition by rLon treatment of the MY C-response to infection, shown as a marked reduction in
the number of MYC-dependent genes in rLon-treated mice compared to the placebo group. ¢, Activated MYC-
dependent gene networks in infected /rf37 mice after 24 hours and 7 days, including an innate immune response
network. Inhibition of the innate immune response to infection by rLon treatment (orange, activation; blue, inhibition).
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a Interferon signaling pathway (vs. uninfected, FC = 2.0, P < 0.05)
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Extended Data Fig. 23
c NF-kB signaling pathway (vs. uninfected, FC = 2.0, P < 0.05)
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Extended Data Fig. 23. Supplementary Data for Main Fig. 4.

a-d, Pathway analysis showed that interferon signaling, toll-like receptor signaling, NF-kB signaling and
inflammasome pathways were inhibited by rLon treatment in /rf37- mice (n=2 per group; red, upregulated; blue,

downregulated; cutoff FC =2, P <0.05 compared to uninfected mice).
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Irf37- rLon vs placebo 24h GSEA
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Irf37 rLon vs placebo 7d GSEA
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Extended Data Fig. 24. Supplementary Data for Main Fig. 4.
Suppression of the innate immune responses in the rLon-treated mice after 24 hours and seven days was further
analyzed by Gene Set Enrichment Analysis (GSEA), which confirmed the downregulation of critical immune
pathways and MYC target genes. Two independent experiments are shown.
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Extended Data Fig. 25
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Extended Data Fig. 25. Supplementary Data for Main Fig. 5.

Network analysis of N-MYC- and L-MYC-dependent genes regulated
by E. coli CFT073 infection in /rf37 mice. The N-MYC and L-MYC
response to kidney infection was inhibited by rLon treatment (n = 2
mice per group from 2nd experiment; cutoff FC 22; P < 0.05 compared

to uninfected mice).



Extended Data Fig. 26
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Extended Data Fig. 26. Supplementary Data for Main Fig. 5.

L-MYC protein staining in kidney tissue sections of the rLon-treated group compared to the placebo group.
Confocal microscopy, representative images were shown in Main Fig. 4; n = 2-5 mice per group; green, N-MYC,;
blue, nuclei; scale bar, 20 ym.
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Extended Data Fig. 27. Supplementary Data for Main Fig. 5.

N-MYC protein staining in kidney tissue sections of the rLon-treated group
compared to the placebo group. Confocal microscopy, representative
images were shown in Main Fig. 4; n = 2-5 mice per group; green, N-MYC;
blue, nuclei; scale bar, 20 uym.




Extended Data Fig. 28
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Extended Data Fig. 28. Lon effect on growth of E. coli CFT073 in vitro.

a, b, The Lon effect on growth of E. coli CFT073 in vitro. E. coli CFT073 (CFU =10%) were cultured in Luria Broth
media (black) for 3.5 hours followed by addition of 100 mg/mL of cefotaxime (red) or 250 pg/mL (dark blue) or 500
pg/mL (blue) of rLon. OD600 was measured at 0, 1, 2, 3, 4 and 5 hours. rLon did not affect the growth of E. coli
CFT073. Two repeat experiments for each rLon concentration used together with cefotaxime as the positive
control. ¢, d, Cell death assays for A498 kidney carcinoma cells based on Presto Blue (¢) and ATP Lite (d) assays

for full-length rLon and NTD, AAA+ and peptidase domain peptides. No toxicity was detected for full-length rLon,
NTD, AAA+ nor peptidase domain peptide.



Extended Data Fig. 29
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Extended Data Fig. 29. rLon treatment in healthy C57BL/6 mice.

a-d, Analysis of recombinant Lon protease (rLon) toxicity in healthy C57BL/6 mice. a, Mice were administered
rLon intraperitoneally (100 pL, 250 ug/mL) once a day and sacrificed after 24 hours, 7 or 14 days. a, b, No change
in body weight or macroscopic appearance of the kidney was detected (n =2 mice per group). Scale bar = Scale
bar = 5 mm, left kidney. Data are presented as mean * s.d.. n.s. = Not significant. c-e, Heatmap (c), histogram (d)
and Venn diagram (e) comparing the gene expression profiles of rLon-treated mice after 24 hours, 7 or 14 days to
those of untreated mice (n =2 per group; red, upregulated; blue, downregulated; cutoff FC =22, P<0.05 compared
to untreated mice).



Extended Data Fig. 30

a  MYC-dependent genes
regulated by rLon, 24h
L 331 105

\\H}H,/// /
%WW@% e
ﬂ W0l 1

e

MYC-dependent genes
regulated by rLon, 7d
memememe 361 108,

- ‘
 To Laty ST 1Y, po,
SO0

o

A

Extended Data Fig. 30. Control experiment for Main Fig. 5
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a-c, Network analysis of c-MYC- (a), N-MYC- (b) and L-MYC (c)-dependent genes regulated by rLon in healthy
C57BL/6 mice after 24 hours and seven days (n = 2 mice per group; cutoff FC =2; P <0.05 compared to untreated
mice). Modest regulation of c-MYC-dependent genes was observed after 24 hours and seven days with a
predominance of inhibition. Few N-MYC- and L-MYC-dependent genes were regulated.
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Extended Data Fig. 31. Control experiment for Main Fig. 6.

a, b, Gene expression analysis identifying genes associated with renal toxicity, renal injury or kidney-specific cell
death in rLon-treated healthy C57BL/6 mice. Lack of activation of MYC- and IRF7-dependent genes regulating
renal injury or kidney-specific cell death in the rLon-treated group compared to the untreated group. Red,
upregulated, blue, downregulated; cutoff FC=>2; P<0.05 compared to the uninfected group. ¢, Lack of renal
toxicity functions by rLon in healthy C57BL/6 mice. d, Top regulated renal toxicity genes in kidneys of rLon-treated
healthy C57BL/6 mice.
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Extended Data Fig. 32
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Extended Data Fig. 32. Supplementary Data for Main Fig. 6.
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a, f, Macroscopic appearance of kidneys from /rf37-mice in the placebo or rLon treatment group. Scale bar = 5 mm,
left kidney. b-e, g-j, Lower gross pathology, urine neutrophil count, and bacterial count in urine and renal tissues were
compared in mice treated with rLon or placebo. The results of three separate experiments are shown. n = 5 mice per
treatment for the 1st experiments and 2" experiment. Lines represent medians (b, ¢, g, h), and data were analyzed
by the Kruskal-Wallis test with Dunn’s correction. Data are presented as the mean+s.e.m. (d, e, i, j) after analysis by
two-way ANOVA with Bonferroni’s multiple comparison test. *P<0.05, **P<0.01, ***P <0.001. n.s. = not significant.
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Extended Data Fig. 33. Supplementary Data for Main Fig. 6

a, Gene expression analysis identifying genes associated with renal toxicity, renal injury or kidney-specific cell death in
E. coli CFT073-infected Irf37~ mice. Strong activation of MYC- and IRF7-dependent genes regulating renal injury or
kidney-specific cell death in the placebo group compared to the uninfected group. Red, upregulated, blue,
downregulated; cutoff FC=2; P<0.05 compared to the uninfected group. b, Complete inhibition of genes regulating
renal injury or kidney-specific cell death in the rLon-treated group compared to the placebo group. ¢, Inhibition of
kidney damage, injury and cell death pathways by rLon treatment compared to placebo. d, Top regulated renal toxicity
genes in the placebo group were not regulated in the rLon-treated group, with the exception of Lcn2 and Cd37. e,
Principal component analysis of the whole kidney RNA data sets. The right cluster shows uninfected mice (green) and
the adjacent cluster shows the rLon-treated mice (purple). The left cluster shows the placebo group (red).



