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Amino Acid Downregulate SIRT4 to Detoxify Ammonia
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Abstract Amino acids are one of the major sources of cellular energy, yet ammonia produced from amino
acid catabolism has serious neurotoxicity. The urea cycle (ornithine cycle) is the primary metabolic pathway in-

volved in ammonia detoxification, but the processes underlying the regulation of ammonia removal by amino acids re-
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main unclear. SIRT4 acts as a decarbamylase that responds to amino acid sufficiency and regulates ammonia removal.

Mechanistically, amino acids-derived CP (carbamoyl phosphate) promotes lysine 307 carbamylation (OTC K307-CP)

of OTC (ornithine transcarbamylase), which activates OTC and the urea cycle. SIRT4 expression was transcriptionally

upregulated by the amino acid insufficiency-activated GCN2-Eif2A-ATF4 axis, leading to decarbamylation of OTC

and inactivation of urea cycle. Based on this mechanism, Sirt4 ablation decreased mouse blood ammonia levels and

ameliorated CCL-induced hepatic encephalopathy phenotypes. This study uncovers a novel role of SIRT4 in ammonia

detoxification, which could be harnessed to develop a new strategy to cure hepatic encephalopathy.
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A: schematic diagram of nonenzymatic carbamylation between carbamoyl phosphate and e-amine of lysine. B: amino acid starvation decreases
mitochondrial CP-K levels. CP-K levels in whole-cell lysates, mitochondria, and cytoplasm of HepG2 cells, with or without glutamine or total amino
acid starvation for 4 h. C: SIRT4 overexpression decreases mitochondrial CP-K levels. CP-K levels of mitochondrial proteins were detected in HepG2
cells and HepG2 cells overexpressing SIRT3, SIRT4, or SIRTS. D: schematic illustration of NAD"-dependent decarbamylation catalysed by SIRT4.
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Fig.1 Carbamylation is a reversible posttranslational modification (modified from reference [1])
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Table 1 Enzyme viability parameters of SIRT4 for the different modified substrates (modified from reference [1])

EZIN

Peptides Keat /57! K. /umol- L™ KoKy ! /L-s™ - pmol ™
K307cp 0.001 4+0.000 3 201.94+42.00 6.93£1.42

K307 ipoy 0.001 2+0.000 2 458.60+79.40 2.62+0.48

K307mma 0.000 6+0.000 1 660.90+:105.80 0.91+0.15

K307 pce ND ND (>2 500) ND

)15 2 MR H Briggs-Haldane /7 {137 G0 it Prfy G R e ih il 2 Urs I s U3R0R, n=3. ND: JlIASH:
HMG-modified and acetylated OTC K307-CP peptides, and the kinetic parameters of these reactions were determined using the Briggs-Haldane ap-

proach, data are represented as X+s; n=3. ND: not detected.
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A: co-identified proteins in the K-CP proteome and the SIRT4 interactome. B: the metabolites (P<0.05, FC>2) in the liver of WT and Sirt4 KO mice
were analyzed via pathway enrichment and displayed in the form of bubble map. Pathway impact is a measure for the percentage of metabolites that
measured in a given pathway. C: the intermediate metabolites of urea cycle were increased in the liver of Sirt4 KO mice. Data are presented in the X+s
form, and significance was calculated using a One/Two-Way ANOVA test (*P<0.05, ***P<0.001). D: schematic diagram of the urea-cycle metabolism
pathway.
E2 SIRT4EEOTCHR ZIEIFEEIE B S E Tik[1])
Fig.2 OTC and urea cycle are regulated by SIRT4 (modified from reference [1])
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Fig.3 SIRT4 regulates urea cycle via decarbamylation of OTC K307-CP
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