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Supplementary Figure 1 56 

 57 
Supplementary Figure 1. CFTR dysfunction drives pyrimidine metabolic reprogramming and 58 
pathological airway cell growth — A) Number of CF (DF508/DF508 CFTR) and non-CF (WT/WT CFTR) 59 
primary bronchial epithelial cells exposed for 48h to different DHODH inhibitors (leflunomide, teriflunomide, 60 
brequinar) or the pyrimidine analog, chemotherapeutical agent gemcitabine (N=3, including all replicates). 61 
WT/WT and DF508/W1282X CFTR cells were exposed to either PBS, LPS, ETI, WT PAO1, DpyrD PAO1, or the 62 
different DHODH inhibitors (N=3). Then, 24h later the following were measured: B) CFTR expression; C) PTEN 63 
levels; D) DHODH expression; E) cell numbers; F) Total RNA abundance; G) extracellular glutamine. Data: mean 64 
± SEM across N = 3 independent experiments, with a total of the following number of biological replicates (n): A, 65 
n = 6 ; F, E, n = 3; G, n = 12 (WT/WT CFTR ± leflunomide, DF508/W1282X CFTR + leflunomide), n = 10 66 
(DF508/W1282X CFTR + Vehicle). Stats — A, G, E: One-Way ANOVA (mixed model, Tukey post-hoc test); F: t-67 
Student (two-tailed, Welch’s test). ****: P < 0.0001; ***: P < 0.001; **: P < 0.01; *: P < 0.05; ns: non-significant. 68 
 69 
 70 



 3 

Supplementary Figure 2 71 

 72 
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Supplementary Figure 2. CFTR mutations promote mitochondrial changes consistent with 73 
oncometabolic-like reprogramming — A) scRNA-seq and pathway enrichment analysis of significantly 74 
(P<0.05) increased genes in non-CF and CF airway epithelial cells from the human lung. In WT/WT and 75 
DF508/W1282X CFTR airway epithelial cells the following was analyzed via bulk-RNA-Seq: B) Pathway 76 
enrichment analysis of all increased genes via bulk-RNA-seq; C) Significantly (P<0.05) upregulated genes; D) 77 
oncometabolic genes in this and many other data sets (GEO accession numbers in labels). E) scRNA-seq and 78 
pathway enrichment analysis of significantly (P<0.05) decreased transcripts in non-CF and CF airway epithelial 79 
cells from the human lung. In WT/WT and DF508/W1282X CFTR airway epithelial cells the following was 80 
analyzed via bulk-RNA-Seq: F) Pathway enrichment analysis of all reduced genes via bulk-RNA-seq; G) 81 
Significantly (P<0.05) downregulated genes H) mitochondrial bioenergetic genes in this and many other data 82 
sets (GEO accession numbers in labels). WT/WT and DF508/DF508 CFTR primary bronchial epithelial cells were 83 
seeded (~5x104/well) and, when indicated, exposed to either vehicle, leflunomide, uridine or 2DG. The following 84 
were measured: I, K) At 4h, ECAR and oxygen consumption rate (OCR); J) at 48h, cell growth. Data: mean ± 85 
SEM across N = 3 independent experiments, with a total of the following number of biological replicates (n): I 86 
and K, n = 10 (WT/WT CFTR and DF508/DF508 CFTR), n = 5 (WT/WT CFTR + leflunomide and DF508/DF508 87 
CFTR + leflunomide); J, n = 4 (WT/WT CFTR: Vehicle, leflunomide, 2-DG, leflunomide + 2-DG; DF508/DF508 88 
CFTR: Vehicle, 2-DG), n = 3 (DF508/DF508 CFTR: leflunomide, leflunomide + 2-DG). Stats — A-G: P-values 89 
were adjusted for multiple comparisons (FDR-corrected). J: One-Way ANOVA (mixed model, Tukey post-hoc 90 
test); I, K: repeated measures ANOVA on ranks (Dunn’s multiple comparison test). ****: P < 0.0001; ***: P < 91 
0.001; **: P < 0.01; *: P < 0.05; ns: non-significant. 92 
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Supplementary Figure 3 128 
 129 

 130 
Supplementary Figure 3. DHODH does not influence CF airway cell barrier dysfunction — WT/WT and 131 
DF508/W1282X CFTR cells were exposed to leflunomide, vehicle, and PBS or P. aeruginosa WT PAO1 (N=2). 132 
Then, the following were analyzed: A, E) transepithelial electrical resistance (TEER) (total of 40h including 133 
infection/mock (PBS); B) total resistance (area under the curve in A and E); C) total actin polymerization after 6h 134 
(phalloidin staining). Bacteria marked with an anti-P. aeruginosa antibody and shown in green; D) quantification 135 
of total polymerized actin at 6h; F) total cell numbers (24h); G) left — flow cytometry contour plots gating dead 136 
(DAPI+) cells/right — quantification of % of DAPI+ gated cells. H) WT PAO1 growth in the presence or not of 137 
leflunomide. Data: mean ± SEM across N = 3 independent experiments, with a total of the following number of 138 
biological replicates (n): A-B, E, n = 6; D, n (number of images/number of cells studied) : WT/WT CFTR:  3/16 ( 139 
PBS), 3/15 (leflunomide), 3/17 (WT PAO1), 3/17 (WT PAO1 + leflunomide), DF508/W1282X CFTR:  3/36 (PBS), 140 
3/23 (leflunomide), 3/31 (WT PAO1), 3/25 (WT PAO1+leflunomide); F, n = 6 (WT/WT CFTR: Vehicle, leflunomide, 141 
WT PAO1+ leflunomide,  DF508/W1282X CFTR: WT PAO1, WT PAO1+leflunomide), 5 (DF508/W1282X CFTR 142 
Vehicle); G, n = 3; H, n = 11.  Stats — B, D, F, G: One-Way ANOVA (mixed model, Tukey post-hoc test); A, E, H: 143 
repeated measures ANOVA on ranks (Dunn’s multiple comparison test). ****: P < 0.0001; ***: P < 0.001; **: P < 144 
0.01; *: P < 0.05; ns: non-significant. 145 
 146 
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Supplementary Figure 4 150 
 151 

 152 
Supplementary Figure 4. Modulation of cytokine release and P. aeruginosa adaptation by the DHODH-153 
itaconate axis — A) Pro-inflammatory cytokines released by control, DHODH-/-, and DHODH-/- rescued 4T1 154 
carcinoma cells during 24h WT PAO1 infection (N=3). B) Airway metabolite levels after 24h administration of 155 
leflunomide to mice (N=3). C) Irg1 expression in different lung cell populations via scRNA-Seq (24h post 156 
infection). D) mucA fold mRNA expression in WT PAO1 exposed or not to itaconate for 24h. E) DNPPS cluster 157 
conservation frequency in P. aeruginosa isolates harboring different mucA alterations. F) mRNA levels of different 158 
genes involved in bacterial DNPPS (N=3). G) Bacteria biofilm community specialization (OD590/OD600) (N=3). 159 
Data: mean ± SEM across N = 3 independent experiments, with a total of the following number of biological 160 
replicates (n): A, n = 4; B, Vehicle: n = 5 (Glutamine), 6 (Aspartate and DHO); Leflunomide: n = 4; D, n = 6; F, n 161 
= 3; G, n = 6. N = 3 independent experiments. Stats — A, F-G: One-Way ANOVA (mixed model, Tukey post-hoc 162 
test); B, D: t-Student (two-tailed, Welch’s test); C: P values were adjusted for multiple comparisons (FDR-163 
corrected). ****: P < 0.0001; ***: P < 0.001; **: P < 0.01; *: P < 0.05; ns: non-significant. 164 
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Supplementary Figure 5 175 
 176 

 177 
Supplementary Figure 5. PyrD shapes metabolic fitness in mucA-deficient P. aeruginosa strains — WT 178 
PAO1, mucA22 PAO1, and mucA22DpyrD PAO1 were exposed or not to either 13[C]-glucose or 13[C]-glutamine 179 
for 6h. Then, the following was measured (N=3): A) GDP-glucose isotopomers (m+1, m+16) (carbon tracing); B) 180 
total glucose; C) glucose isotopomers (carbon tracing); B) total GDP-glucose. E) Gene expression (N=3). Data: 181 
mean ± SEM across N = 3 independent experiments, with a total of the following number of biological replicates 182 
(n): A-E, n = 3. Stats — A-E One-Way ANOVA (mixed model, Tukey post-hoc test). ****: P < 0.0001; ***: P < 183 
0.001; **: P < 0.01; *: P < 0.05; ns: non-significant. 184 
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Supplementary Figure 6 205 
 206 

 207 
Supplementary Figure 6. PyrD promotes systemic P. aeruginosa disease — Mice were exposed to either 208 
PBS, WT PAO1, mucA22 PAO1, or mucA22DpyrD PAO1 (N=3, 5-12 mice in total). Then, 24h later the following 209 
were measured: A) glycemia; B) core body temperature. C) survival. Animals were exposed to either PBS, WT 210 
PAO1, or a DpyrD PAO1 strain (N=3, 5-8 mice in total). The following were measured: C) BAL cytokines; D) 211 
lung/BAL CFUs; E) glycemia; F) core body temperature; G) survival. H) Number of WT/WT and DF508/W1282X 212 
CFTR airway epithelial cells exposed for 24h to either PBS, WT PAO1, or mucA22 PAO1 (N=3, including 213 
replicates). Data: mean ± SEM across N = 3 independent experiments, with a total of the following number of 214 
biological replicates (n): A, n = 9 (PBS), 6 ( WT PAO1, mucA22 PAO1), 5 (mucA22DpyrD PAO1 ); B, n = 8 (PBS), 215 
12 ( WT PAO1, mucA22 PAO1, mucA22DpyrD PAO1); C, n = 6; D, n = 3 (PBS), 6 ( DpyrD PAO1); E, n = 7 (PBS), 216 
5 ( WT PAO1) , 8 (DpyrD PAO1 ); F, n = 4 (PBS) , 5 (WT PAO1), 8 ( DpyrD PAO1); H, n = 6. Stats — A-F, H: One-217 
Way ANOVA (mixed model, Tukey post-hoc test); G: Kaplan-Meier.  ****: P < 0.0001; ***: P < 0.001; **: P < 0.01; 218 
*: P < 0.05; ns: non-significant. 219 
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Supplementary Data 1: scRNA-seq Pathway Analysis of CF Airway Epithelial Cells from Human Lung 220 
Tissue. Publicly available scRNA-Seq datasets from human lung tissue were analyzed to identify differentially 221 
expressed genes using predefined statistical significance (P < 0.05) and fold-change thresholds. P values were 222 
adjusted for multiple comparisons using false discovery rate (FDR) correction. Genes meeting these criteria were 223 
subjected to pathway enrichment analysis using DAVID with KEGG pathway annotations, focusing on routes 224 
involved in pyrimidine metabolism, cell proliferation, fibrosis and mitochondrial function. Statistical significance 225 
of pathway enrichment was assessed using DAVID’s modified Fisher’s exact test (EASE score), with P values 226 
adjusted for multiple comparisons using the Benjamini–Hochberg false discovery rate (FDR) procedure. 227 

Supplementary Data 2: Bulk-RNA-seq Pathway enrichment analysis of CF epithelial cell lines. Publicly 228 
available bulk RNA-seq datasets obtained from primary cells and cell lines grown ex vivo were analyzed to 229 
identify differentially expressed genes using predefined statistical significance (P < 0.05) and fold-change 230 
thresholds. P values were adjusted for multiple hypothesis testing using false discovery rate (FDR) correction. 231 
Pathway enrichment analysis was performed using DAVID with KEGG pathway annotations, putting special 232 
emphasis on those related to pyrimidine metabolism, cell proliferation, fibrotic signaling and mitochondrial 233 
function. Statistical significance of pathway enrichment was assessed using DAVID’s modified Fisher’s exact 234 
test (EASE score), with P values adjusted for multiple comparisons using the Benjamini–Hochberg false 235 
discovery rate (FDR) procedure. 236 

Supplementary Data 3: NCBI entry numbers of P. aeruginosa genomes used for genetic analyses on pyrimidine 237 
metabolism. 238 

Supplementary Data 4: Primers used in the study. 239 
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