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Abstract
Nudix hydrolase 19 (NUDT19) is a peroxisomal enzyme that hydrolyzes CoA species at the phosphodiester

bond and has been linked to peroxisomal dysfunction in the context of diabetic kidney disease. Despite its
predominant expression in mouse kidneys, the physiological role of NUDT19 remains poorly understood. To
investigate its function under metabolic stress, we fed Nudt19” mice a high fat diet (HFD) for 15 weeks. Nudt19
deletion exacerbated HFD-induced albuminuria, suggesting a previously unrecognized role in kidney function.
This phenotype was associated with altered lipid metabolism in the kidneys, including reduced levels of non-
esterified fatty acids and specific mono-acyl lipids, as well as differential expression of proteins involved in lipid
metabolism. These included ECH1, THIKB, and ECHD2, enzymes involved in peroxisomal and mitochondrial 3-
oxidation; C190rf12, a lipid droplet-associated protein; and the lipolysis-stimulated lipoprotein receptor (LSR).
These findings highlight NUDT19 as a key regulator of renal lipid homeostasis and suggest that its loss

contributes to kidney dysfunction under conditions of dietary lipid overload.
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Introduction

The kidneys are highly energy-demanding organs, consuming a substantial amount of ATP to sustain, among
other functions, the tubular reabsorption of filtered solutes. This energy demand is met through the use of a
variety of metabolic fuels, including glucose, fatty acids, and amino acids, with utilization patterns varying across
different regions of the kidney and in response to physiological conditions [1-3]. With the exception of the inner
medulla, where glucose is preferentially converted to lactate [4, 5], energy generation in the kidneys is largely
provided by the mitochondria, which are highly enriched in proximal tubule (PT) cells [6, 7]. PT cells also contain
a high density of peroxisomes [8, 9], organelles that plays a key role in lipid metabolism, including the synthesis
of plasmalogens and the oxidation of branched-chain, dicarboxylic, and very long-chain fatty acids [10-15]. While
peroxisomal fatty acid oxidation does not directly generate ATP, the unique ability of peroxisomes to process
fatty acids that are not substrates for mitochondrial 3-oxidation supports overall energy production by breaking
them down into shorter products, which are then transferred to and completely oxidized in the mitochondria.

A large number of reactions involved in fuel metabolism require coenzyme A (CoASH), an essential
cofactor serving as the main acyl carrier in mammalian cells. CoOASH and its acyl-CoA thioesters are involved in
the metabolism of carbohydrates, fatty acids, amino acids and ketone bodies, and the post-translational
modifications of histones and other proteins [16-20]. Separate pools of this cofactor are found in the cytosol,
mitochondria, and peroxisomes, where they support distinct metabolic pathways, as well as in the endoplasmic
reticulum (ER) lumen and nucleus, where they contribute to processes such as protein quality control,
autophagy, and gene regulation [21-23]. Within mitochondria, peroxisomes, and the ER, specific enzymes
hydrolyze CoA species to 3',5-ADP and (acyl-)phosphopantetheine. This hydrolysis potentially regulates the
size and composition of local CoASH/acyl-CoA pools, which in turn affects organelle-specific processes. For
instance, liver-specific deletion of Fitm2, which encodes FIT2, an ER membrane protein that preferentially
hydrolyzes long, unsaturated acyl-CoAs, disrupts ER homeostasis, leading to ER stress and liver injury [24, 25].
Similarly, alterations in the activity of NUDT7, a peroxisomal CoA-degrading enzyme highly expressed in the
liver, affect peroxisomal processes. These include bile acid synthesis, whose final steps occur in these
organelles, and the metabolism of dicarboxylic fatty acids [26, 27]. NUDT19 is another peroxisomal Nudix
hydrolase with specific CoA-diphosphohydrolase activity [28, 29]. While NUDT19 and NUDT7 are both Nudix
hydrolases, these enzymes share limited sequence similarity (~30%) and exhibit distinct tissue distributions and
regulatory properties. NUDT19 is almost exclusively expressed in mouse kidneys, where it was initially identified
(originally named RP2p) as a protein whose transcript levels were strongly upregulated by androgens [30]. Unlike
NUDT7, NUDT19 protein levels do not change between the fed and fasted states [29]. NUDT19 exhibits tubular
staining in normal kidneys and, consistent with its subcellular localization, has been linked to peroxisomal
dysfunction in diabetic kidney disease (DKD), with its reduction observed in both diabetic kidney mouse models
and human DKD samples [31]. NUDT19 also contains a unique 45—49-amino acid insertion of unknown function

within its Nudix box [28, 32], which may contribute to its distinct substrate specificity compared to NUDT7 [29].
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These properties suggest that, while both are peroxisomal enzymes, NUDT7 and NUDT19 likely fulfill distinct

organ-specific functions.

Deletion of Nudt19 in mice fed regular chow does not elicit any overt phenotype [29], but the physiological
role of NUDT19, particularly under metabolic stress, remains poorly defined. In this study, we used a high fat
diet (HFD) to impose a fatty acid-mediated metabolic challenge on Nudt19” mice. Under these conditions,
deletion of Nudt19 was associated with changes in lipid metabolism and exacerbated the albuminuria caused by
HFD-feeding.

Experimental Procedures

Reagents were purchased from the following suppliers: Etomoxir from Tocris Bioscience, '“C-palmitic acid from
American Radiolabeled Chemicals, horseradish peroxidase-conjugated goat anti-rabbit secondary antibody from
Thermo Fisher Scientific, MS-grade acetonitrile from Honeywell. All other chemicals were of analytical grade or
better and were purchased from Sigma-Aldrich or Fisher Scientific, unless stated otherwise. The NUDT7, NUDT8
and NUDT19 antibodies were generated and validated as described previously [29, 33].

Animal studies

Embryos of Nudt19tm1(KOMP)Vicg mice were purchased from the Knock-out Mouse Project (KOMP) repository
and bred to generate Nudt19” mice as previously described [29]. These mice were subsequently bred to B-actin-
cre transgenic mice (B6N.FVB-Tmem16379ACTEe)2MtjCinsw], Jackson Laboratory stock number 019099) to
excise the floxed neomycin cassette and establish the line of Nudt19” and control mice characterized herein.
Genotype was assigned by multiplex PCR analysis using the Accustart || PCR Genotyping Kit (QuantaBio) and
primers reg-Nudt19-R, reg-Nudt19-wtR and reg-Nudt19-wtF2 [29], in combination with primer reg-LacF
(ACTTGCTTTAAAAAACCTCCCACA). PCR products of 195 and 685 base pairs indicated the presence of wild
type or knockout alleles, respectively.

Mice were fed a standard chow diet (Tekland 2018S) and housed in an animal facility kept at a room temperature
of 22.0 £ 0.2 °C, room humidity of 40% % 2%, and a 12-h light/12-h dark cycle, with the dark cycle starting at
18:00 h. Starting at 6 weeks of age, wild type and Nudt19” mice were randomly assigned to eat either a low fat
control diet (CD, Research Diets D12450J, 10% kcal from fat) or a HFD (Research Diets D12492, 60% of calories
from fat) for 15 weeks. Body weight monitoring was conducted every two weeks. Blood pressure measurements
were obtained with a MRBP tail cuff blood pressure multi-channel system (IITC Life Science). The reported blood
pressure measurements were obtained at week 12, after the mice were acclimated to the instrument and
measurement procedure for one week. Body composition was analyzed with an EchoMRI™ instrument at week
13. Blood glucose was measured at week 14 either in the fed state or after fasting the mice for 24 h. Urine was
collected from mice singly housed in metabolic cages during the last 24 h of a 6-day acclimation period started

at week 14. For tissue harvest, the mice were anesthetized by administration of isoflurane, followed by blood
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collection by cardiac puncture and subsequent removal of the organs of interest. Tissue samples were quickly
weighed before flash-freezing in liquid nitrogen, then stored at -80 °C until analysis. Blood samples were allowed
to clot, before being centrifuged at 10,000 x g for 10 min to isolate serum. All studies were approved by the

Institutional Animal Care and Use Committees of West Virginia University

Histology, lipids, and urine analyses

Kidneys were harvested from mice in the fed state at 9:00 AM, cut longitudinally in half, with one half immediately
fixed in 10% neutral buffered formalin for 1 week at 4 °C. Fixed samples were embedded in paraffin blocks, cut
into 5 um sections, and stained with hematoxylin and eosin (H&E) by the WVU Histopathology Core Facility.
Serum triglycerides and total cholesterol levels were measured using Stanbio kits (EKF Diagnostics USA),
following the manufacturer’s instructions. Lipids were extracted from flash-frozen kidney samples as previously
described [27], and re-suspended in 100 pl of 5% NP-40. This solution was then used to measure kidney
triglycerides and total cholesterol levels, following the same protocol used for the serum samples. Urinary sodium
was quantified with a MyBioSource colorimetric kit, as per manufacturer’s instructions. Thiobarbituric acid
reactive species (TBARS) were measured in 40 pl of urine mixed with an equal volume of an 8% sodium dodecyl

sulfate solution, as described by Ohkawa H., et al. [34].

Western blots

For Western blot analysis, flash-frozen kidney cortex samples were homogenized in ice-cold
radioimmunoprecipitation assay buffer containing 1X protease inhibitors (Biotool), and centrifuged at 10,000 x g
for 10 min at 4°C. Proteins (100 pg) were fractionated on 4—-12% bis-Tris polyacrylamide gels, transferred onto
PVDF membranes, and visualized by Ponceau S staining. The NUDT8 and NUDT19 antibodies were used at
1:3000 and 1:5000 dilution, respectively, and incubated at 4 °C overnight. The NUDT7 antibody was used at
1:3000 dilution and incubated at room temperature for 1 h. Horseradish peroxidase-conjugated goat anti-rabbit
IgG was used as the secondary antibody at a 1:22,500 dilution, incubating for 1 h at room temperature. Antibody
signals were detected by chemiluminescence on a G:BOX Chemi XX9 imaging system (Syngene). Densitometric

analysis was performed utilizing ImagedJ (https://imagej.nih.gov/ij/). The antibody signal in each sample was

normalized to the signal corresponding to the total protein loaded, as determined by the intensity of the Ponceau

S stain.

Total CoA and acyl-CoA analysis

Total CoA levels in kidney cortex samples were determined by hydrolyzing all acyl-CoAs to CoASH under
alkaline conditions. This was followed by derivatization of CoASH with monobromobimane, HPLC separation,
and detection with a fluorescence detector, as previously described [35]. Acyl-CoA analysis was conducted as

previously reported [26].


https://imagej.nih.gov/ij/
https://doi.org/10.1101/2025.03.22.644727
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.22.644727; this version posted March 25, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

Untargeted metabolomics and proteomics

Global metabolomic profiling, with associated statistical analyses and pathway enrichment assessments, were
conducted by Metabolon, Inc. Peak intensities normalized to tissue weights and significantly changed
metabolites are reported in supplementary Table S1.

Proteomics analysis was conducted by the IDeA National Resource for Quantitative Proteomics. Briefly, protein
samples underwent reduction, alkylation, and chloroform/methanol extraction before digestion with trypsin.
Peptides were labeled using a tandem mass tag 10-plex isobaric label reagent set and combined into one group,
then fractionated into 46 fractions using a 100 x 1.0 mm Acquity BEH C18 column (Waters). These fractions
were consolidated into 18 super-fractions and further separated by nano-LC on an XSelect CSH C18 2.5 um
resin (Waters) on an in-line 150 x 0.075 mm column. Eluted peptides were ionized by electrospray followed by
mass spectrometric analysis on an Orbitrap Eclipse Tribrid mass spectrometer using multi-notch MS3
parameters. MS data were acquired using the FTMS analyzer in top-speed profile mode at a resolution of
120,000 over a range of 375 to 1500 m/z. Following CID activation with normalized collision energy of 31.0 eV,
MS/MS data were acquired using the ion trap analyzer in centroid mode and normal mass range. Using
synchronous precursor selection, up to 10 MS/MS precursors were selected for HCD activation with normalized
collision energy of 55.0 eV, followed by acquisition of MS3 reporter ion data using the FTMS analyzer in profile
mode at a resolution of 50,000 over a range of 100-500 m/z. Proteins were identified and MS3 reporter ions
quantified using MaxQuant (Max Planck Institute) against the UniprotKB Mus musculus database with a parent
ion tolerance of 3 ppm, a fragment ion tolerance of 0.5 Da, and a reporter ion tolerance of 0.003 Da. Scaffold
Q+S (Proteome Software) was used to verify MS/MS based peptide and protein identifications. Protein
identifications were accepted if they could be established with less than 1.0% false discovery and contained at
least 2 identified peptides. Protein probabilities were assigned by the Protein Prophet algorithm [36] to perform
reporter ion-based statistical analysis. Protein TMT MS3 reporter ion intensity values were assessed for quality
and normalized using ProteiNorm [37]. The data was normalized using VSN [38] and analyzed using proteoDA
to perform statistical analysis using Linear Models for Microarray Data (limma) with empirical Bayes (eBayes)
smoothing to the standard errors [39]. Proteins with an FDR adjusted p-value < 0.05 were considered to be

significant. lon intensities and significantly changed proteins are reported in supplementary Table S2.

Measurement of fatty acid oxidation

To assess fatty acid oxidation in kidney cortex slices, both kidneys from a single mouse were collected, the
cortex was dissected, and finely minced using a razor blade. The kidney cortex slices were then portioned into
approximately 20 mg aliquots and placed into round bottom 14 ml tubes containing 1 ml of ice-cold M199 medium
containing carnitine at a final concentration of 450 uM and either etomoxir at a final concentration of 67.5 uM, or
an equal volume of vehicle (DMSO). After pre-incubating the kidney slices for 25 minutes at 37°C with shaking,
the reaction was initiated by adding a pre-warmed substrate mix composed of a combination of unlabeled and

4C-labeled palmitic acid complexed with bovine serum albumin (BSA) (at a ratio of 5:1, fatty acid:BSA). The final
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concentration of fatty acid was 100 uM (2 mCi/mmol specific activity) in the final volume of 1.5 ml. Duplicate
reactions were incubated for 1 h or stopped immediately to assess background radioactivity. Reactions were
halted by transferring 500 pl of the solution above the kidney slices to 1.5 ml tubes containing 50 pl of 70%
perchloric acid. After a 1 h incubation at room temperature, the tubes were centrifuged at 13,000 x g for 10
minutes. A 300 pl aliquot of the resulting supernatants was transferred to scintillation vials, and the radioactivity
associated with the acid-soluble metabolites (ASM) was quantified by scintillation counting in a PerkinElmer Tri-

Carb 4810TR liquid scintillation analyzer.

Results

Effect of HFD-feeding on Nudt19” mice

We previously reported that chow-fed Nudt19” mice had no overt phenotype [29]. Given the localization of
NUDT19 in kidney peroxisomes and the role of these organelles in lipid metabolism, we tested the effect of
feeding a HFD on Nudt19” mice and wild type controls for 15 weeks. As expected, mice fed the HFD gained
significantly more weight and accumulated more fat mass than mice fed the CD, with no differences between
genotypes (Fig. 1). HFD feeding also resulted in similar increases in fed and fasted blood glucose levels and
serum cholesterol levels in both wild type and Nudt19” mice (Table 1).

In response to HFD feeding, wild type mice showed a significant decrease in NUDT19 and NUDT?7 protein levels
in the kidneys (Supplementary Figure 1). Regardless of diet, deletion of Nudt19 did not cause a compensatory
increase in NUDT7 or NUDTS8, the two other Nudix hydrolases that degrade CoA species.

Histological analysis of renal cortex areas revealed that both wild type and Nudt79” mice fed the CD exhibited
rare vacuolated tubular epithelial cells (1/4 of wild type mice and 0/7 of Nudt19” mice analyzed) (Fig. 2A). After
15 weeks on the HFD, the frequency of vacuolated tubular epithelial cells increased in both wild type (6/6 mice)
and Nudt19” mice (6/6 mice), although triglycerides and total cholesterol levels remained overall unchanged by
diet or genotype (Fig. 2B-C).

To examine the effect of Nudt19 deletion on kidney function we analyzed urine collected over 24 h for sodium,
TBARS, a marker of lipid peroxidation, and albumin-to-creatine ratio (ACR). Sodium secretion was unaffected
by diet and similar between genotypes (Table 1). TBARS tended to be higher in the urine of HFD-fed mice,
regardless of genotype, but the difference was not statistically significant (Table 1). The concentration of albumin
in the urine and the ACR significantly increased in mice fed the HFD and were found to be even higher in mice
lacking NUDT19 (Fig. 3). Overall, these data indicated that deletion of Nudt719 specifically exacerbated the
deleterious effect of a HFD on albumin reabsorption in the kidneys. We then focused all subsequent analyses
on mice fed the HFD.

Effect of Nudt19 deletion on the kidney acyl-CoA pool composition, metabolome and proteome
NUDT19 hydrolyzes a variety of CoA species in vitro, and deletion of Nudt19 in mice fed standard chow leads

to a small but significant increase in total kidney CoA levels [28, 29]. These results are consistent with the
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peroxisomal CoASH/acyl-CoA pool being small compared to the amount of cofactor in the mitochondria and
cytoplasm [40] and with the possibility that NUDT19 may only be able to access and hydrolyze the peroxisomal
CoA pool. At the whole tissue levels, the kidneys of Nudt19” mice fed the HFD showed similar total CoA levels
(Fig. 4A) and acyl-CoA pool composition as wild type mice (Fig. 4 B-D). The only acyl-CoA that was significantly
different between genotypes was isovaleryl/methylbutyryl/acetoacetyl-CoA, an intermediate in the metabolism
of branched-chain amino acids or fatty acids, which was decreased in the Nudt19” mice. Because local changes
in peroxisomal acyl-CoA levels might be difficult to detect at the whole tissue level, we conducted global
metabolomics and proteomics analyses to determine whether the absence of NUDT19 led to significant
alterations in kidney metabolism.

In mice fed the HFD, untargeted metabolomics analysis identified 126 significantly changed metabolites out of
the 839 known compounds detected (Supplementary Table S$1 and Fig. 5). Of the 126 compounds significantly
changed, 55 were significantly increased and 71 were significantly decreased in the Nudt19” mice (Fig. 5A).
Pathway-enrichment analysis revealed that processes related to lipid metabolism, particularly non-esterified fatty
acids (NEFA), were significantly altered in kidneys of mice lacking NUDT19 (Fig. 5B). Long-chain fatty acids
exhibited a global decrease across all classes, including essential, monounsaturated, polyunsaturated, and
branched-chain fatty acids (Fig. 5C), in correlation with reduced albumin reabsorption. Notably, the lower levels
of branched-chain fatty acids may account for the decreased concentrations of short branched-chain acyl-CoA
species, such as isovaleryl/methylbutyryl-CoA (Fig. 4C), which are generated in the peroxisomes through
oxidation and shortening of branched-chain fatty acids. In addition to long-chain fatty acids, several monoacyl
derivatives, including acylcholines, acyl ethanolamides, and monoacylglycerols, were also significantly reduced
overall (Fig. 5D).

Global proteomics analysis of kidney cortex samples from mice fed the HFD identified 9 significantly altered
proteins in the Nudt19” mice, with 5 proteins increased and 4, including NUDT19, decreased. Although the small
number of proteins precluded pathway enrichment analysis, 4 of the 5 elevated proteins were associated with
lipid metabolism (Fig 6A). A fifth protein involved in lipid metabolism, the lipolysis-stimulated lipoprotein receptor
(LSR, encoded by Lsr), was reduced by about 40% in the Nudt19” kidneys (Fig. 6A). LSR binds low-density
lipoproteins in the presence of NEFA and regulates the clearance of ApoB- and ApoE-containing lipoproteins
from the blood [41, 42]. LSR localizes to the cell membrane, including tricellular tight junctions, where it regulates
epithelial barrier function, and the nucleus [43, 44]. While LSR role in the kidneys is unclear, its deletion in
proximal tubules is protective against unilateral ischemia-reperfusion injury [44].

Among the proteins increased in the Nudt19” mice were Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase (ECH1,
encoded by Ech1), which is involved in the oxidation of unsaturated fatty acids in both mitochondria and
peroxisomes [45], and 3-ketoacyl-CoA thiolase B (THIKB, encoded by Acaa1b), an enzyme involved in the
peroxisomal oxidation of straight-chain fatty acids [46]. Other elevated proteins included enoyl-CoA hydratase
domain-containing protein 2 (ECHD2, encoded by Echdc2), a mitochondrial enzyme that shares limited

sequence similarity with the B-oxidation enzyme enoyl-CoA hydratase [47], and protein C190rf12 homolog
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(encoded by 1600014CRik). The latter is the mouse equivalent of the human protein C190rf12, which is mutated
in patients with Mitochondrial membrane Protein-Associated Neurodegeneration (MPAN) [48]. Recent evidence
indicate that this protein localizes to lipid droplets and regulates lipolysis and mitochondrial fatty acid oxidation
in adipocytes [49]. To determine whether the increased expression of ECH1, THIKB, ECHD2 and protein
C190rf12 homolog, combined with deletion of Nudt19, had a significant effect on fatty acid oxidation, we measure
the rate of '“C-palmitic acid oxidation in kidney cortex slices, but no difference in mitochondrial or peroxisomal
fatty acid oxidation was observed between genotypes (Fig. 6B).

The last enzyme whose levels were significantly increased in the kidneys of the Nudt19” mice was lysosomal
Pro-X carboxypeptidase (PRCP, encoded by Prcp). PRCP is a carboxypeptidase highly active at the acid pH
usually found in collecting tubules and capable of cleaving angiotensin Il, a peptide hormone known to interfere
with albumin reabsorption, to angiotensin-(1-7) [50, 51]. PCRP-deficient mice show normal urinary sodium
excretion but constitutively elevated blood pressure [52, 53]. Consistent with the increased levels of PCRP,
measurement of systolic and diastolic blood pressure showed that Nudt719”" mice fed the HFD tended to have

lower blood pressure values than wild type males, with a statistically significant genotype effect (Fig. 6C).

Discussion

In this study, we examined the impact of a HFD on kidney metabolism in mice lacking NUDT19, a peroxisomal
enzyme predominantly expressed in the kidneys. Our findings indicate that Nudt79 deletion primarily affected
lipid metabolism, leading to decreased levels of NEFA and select mono-acyl lipids. This phenotype was
associated with a decrease in albumin reabsorption that, together with lower levels of LSR, could potentially
explain the decrease in tissue NEFA. Disturbances in fatty acid metabolism in the Nudt19” mice were
independently supported by increased expression of ECH1, THIKB, ECHD2, enzymes involved in peroxisomal
and mitochondrial B-oxidation, and C190rf12, which localizes to lipid droplets and regulates lipolysis [49]. In the
context of Nudt19 deletion, the increased expression of this protein, along with ECH1, THIKB, ECHDZ2, could
represent a compensatory response to the reduction in endogenous NEFA. While ex vivo assays did not reveal
significant changes in fatty acid oxidation rates between genotypes, these findings, together with recent evidence
that Nudt7 deletion alters bile acid and dicarboxylic fatty acid metabolism [26], underscore the importance of
local acyl-CoA regulation for organ function.

The decrease in albumin reabsorption in Nudt19” mice occurred despite lower NEFA levels, which are typically
associated with lipotoxicity and kidney injury [54-56], and without detectable triglyceride or cholesterol
accumulation at the whole-tissue level. While these findings do not rule out segment- or cell-type-specific lipid
accumulation, they suggest that the relationship between lipid metabolism and kidney function may be more
complex than previously thought, raising the possibility that lipid accumulation does not always precede
albuminuria in the context of a HFD. Given the role of peroxisomes in lipid metabolism and their interactions with
other organelles, it is possible that changes in peroxisomal function contribute to the observed effects on albumin

reabsorption [57-61]. Indeed, while peroxisomes are not directly known to regulate albumin reabsorption, which
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occurs via receptor-mediated endocytosis, the Nudt19-dependent decrease in albumin reabsorption could be
mediated by changes in lipid composition, sensing, or signaling in other subcellular compartments. Notably, this
phenotype was accompanied by increased PRCP protein levels, which could represent a compensatory
response to the higher ACR, as elevated PRCP activity would be expected to hydrolyze angiotensin Il and
counteract its inhibitory effect on albumin reabsorption [50, 51, 62]. Further studies are needed to clarify how
peroxisomal acyl-CoA degradation affects albumin reabsorption under conditions of dietary fatty acid overload.
Given that NUDT19 expression is reduced in kidney dysfunction or injury, including diabetic kidney disease [31]
and ischemia-reperfusion [63], its loss may have broader implications for renal pathology. Analysis of published
snRNA-seq datasets further supports this link, showing decreased Nudt19 transcripts in the proximal tubules of
mice subjected to unilateral ureteral obstruction (humphreyslab.com/SingleCell/) [64, 65]. Future studies could
explore whether maintaining NUDT19 activity is sufficient to affect the kidney’s response to injury or diabetes.

The relevance of NUDT19 may extend beyond kidney function, as emerging evidence links its expression to lipid
metabolism and disease progression in multiple contexts. In prostate cancer, NUDT19 has been identified as
part of a fatty acid metabolism-related gene signature with prognostic significance, where its increased
expression correlates with disease progression [66]. Similarly, while NUDT19 is barely detectable in normal
mouse liver [29], its expression is markedly upregulated in hepatocellular carcinoma (HCC), where it activates
the mTORC1/P70S6K signaling pathway, promoting proliferation and cell migration [67]. Functionally, knocking
down Nudt19 in Hepa 1-6 cells enhances fatty acid oxidation and ATP production [68], further supporting its role
in metabolic regulation. Collectively, these findings suggest that NUDT19 plays a broader role in cellular lipid

metabolism and may contribute to disease pathogenesis in multiple organs.
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Table 1. Selected features of Nudt19”- (KO) and wild type (WT) mice fed the CD and HFD. Values are
expressed as the mean of 5-23 mice per condition £+ SEM. For measurements in the fasted state, food was
withdrawn for 24 h. All other measurements were conducted on randomly fed mice. For urine analyses, mice
were housed in metabolic cages for at least 6 days before collecting urine samples over 24 h. The # symbol
indicates significant diet-induced differences within each genotype: ## p < 0.01, and ### p < 0.001. Two-way
ANOVA. BW, body weight; TAG, triglycerides.

Diet
Parameter Genotype
cD HFD

HiH
Blood glucose, mg/dl \Qg gg i 5 1;2 i ?m
Blood glucose, fasted, mg/dl }/(\g g; j:: ; 181 i gm

Blood nitrogen urea, mg/dI \Qg g; i ; 2; i g

Serum TAG, mg/dl \Qg gg i 13 (75:3 i g
Serum cholesterol, mg/dl \Qg 13? i i 1176(? -f 7%::;:

A S T o

Right kidney weight, mg \Qg 1‘213 i g 112971180
Left kidney weight, mg \Qg 12421 i g 115211;1;)#
Urine output, ml/24h Y(Vg 1‘; i 85 1? i 81

Urinary TBARS, pM \Qg 1; i g 18 i f

Urinary sodium, mM \Qg 22 i 1(1) gg i g
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Figure 1. Effect of HFD on body weight and body composition. (A) Body weight, (B) fat mass and (C) lean
mass of Nudt19” and wild type mice after 13 weeks of CD and HFD feeding. Data are shown as the mean (bars)

of measurements from individual mice (circles) + SEM. Two-way ANOVA; ns, not significant, *, p<0.05; ****,

p<0.0001.
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Figure 2. Histological analysis and kidney lipids. (A) Representative bright field images of H&E-stained
kidney sections from wild type and Nudt19” mice fed the CD and HFD. Bar = 100 ym. (B) Kidney triglycerides
and (C) total cholesterol. Data are shown as the mean (bars) of measurements from individual mice (circles) +
SEM. Two-way ANOVA; ns= not significant.
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Figure 3. Deletion of Nudt19 exacerbates the albuminuria induced by the HFD. (A) Creatinine, (B) albumin,
and (C) albumin-to-creatinine ratio (ACR) in 24-hour urine samples collected from wild type and Nudt19” mice
fed the indicated diets. Data are shown as the mean (bars) of measurements from individual mice (circles) =
SEM. Two-way ANOVA,; ns, not significant, *, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001.
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Figure 4. Nudt19 deletion has no major effect on total kidney CoA levels and acyl-CoA composition. (A)
Total CoA levels in the kidneys of mice fed the HFD. (B) CoASH and acetyl-CoA, (C) short- and medium-chain
acyl-CoAs, and (D) long-chain acyl-CoAs. Data are shown as the mean (bars) of measurements from individual
mice (circles) + SEM. Student’s t test, * p<0.05.
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Figure 5. Nudt19 deletion decreases kidney content of NEFA and monoacyl lipids. (A) Volcano plot of all
metabolites detected by the untargeted metabolomics analysis, with significantly changed metabolites colored
in yellow. (B) Pathway enrichment analysis, with p value derived from hypergeometric distribution test. (C-D)

Heatmaps of all significantly changed (C) NEFA and (D) monoacyl lipids.
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Figure 6. Nudt19 deletion primarily affects the expression of proteins involved in lipid metabolism. (A)
Volcano plot of proteins detected by tandem mass tag (TMT) proteomics, with significantly altered proteins
highlighted in yellow and numbered. Corresponding protein identities and fold changes are listed in the
accompanying table. (B) Measurement of *C-palmitic acid oxidation in kidney slices. (C) Systolic and diastolic
blood pressure in Nudt19” and wild type mice fed a high-fat diet (HFD). Data in (B) and (C) are presented as the
mean (bars) of individual measurements (circles) + SEM. Student’s t test for (B) and two-way ANOVA for (C); *,

p<0.05. CCP, cardiac cycle pressure.
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Supplementary Figure S1. Effect of HFD and Nudt19 deletion on the expression of NUDT7, NUDT8, and
NUDT19 in the kidneys. (A) NUDT7 and NUDT19 protein levels in wild type (WT) mice fed the CD or the HFD.

(B) NUDTS protein levels in WT mice under the same conditions. (C—E) Quantification of Western blot signals.
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(F-G) Western blots detecting NUDT7, NUDT8, and NUDT19 in WT and Nudt19” (KO) mice fed either the CD
or HFD. (H-I) Corresponding quantification. Graphed data are shown as the mean (bars) of individual
measurements (circles) £+ SEM. Student’s t test for (C-D) and two-way ANOVA for (H, 1); *, p<0.05; ***, p<0.01.
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