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Figure S1. Hepatic GSH depletion through Chac1 overexpression
(A) Predicted protein structures of CHAC1. Mouse: AF-Q8R3J5-F1-v4; Human: AF-Q9BUX1-
F1-v4
(B) Chac1 mRNA levels in mouse livers assessed by qRT-PCR. 
(C) Levels of GSH and GSSG in mouse livers measured using Cayman GSH assay kit.
(D) Levels of plasma GSH. 
(E) Relative expression levels of genes involved in oxidative stress response in mouse livers. 
Expression was assessed by qRT-PCR. 
(F) Levels of ROS in HepG2 hepatocytes measured using Abcam cellular ROS assay kit. 
HepG2 cells were maintained under basal conditions without fatty acid treatment during the 
assay.
(G) Activities of mice across the circadian cycle. (n = 6)
(H) Energy expenditures of mice across the circadian cycle. (n = 6)
(I) Ratio of liver weight to body weight.
(J) H&E staining in the liver. Scale bar: 80 µm.
(K-N) Ratio of tissue weight to body weight.
(O) Circulating levels of ALT in mice. 
(P) Levels of blood glucose during hyperinsulinemic-euglycemic clamp. 
GSH-dep: GSH depletion. 
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Figure S2. Hepatic GSH depletion protects against MASLD.
(A) Body weights of mice post AAV injection. (n = 7-8)
(B) Cumulative food intake by control or GSH depleted mice. (n = 5)
(C) Rate of carbon dioxide production of mice. (n = 5)
(D) Respiratory exchange ratio of mice measured by metabolic cage. (n = 5)
(E) Activities of mice across the circadian cycle. (n = 5)
(F-H) Tissue weights in control or GSH depleted mice under HFD.
(I) Sirius Red staining showing the fibrosis in eWAT of control or GSH depleted mice under 
HFD. Scale bar: 80 µm.
(J-L) Circulating levels of free fatty acid (FFA) (J), triglyceride (TG) (K), and glycerol (L) in 
mice. 
(M) Protein levels of key downstream effectors of insulin signaling in eWAT after insulin 
injection through vena cava. 
(N) Quantitative analysis of immunoblots in (M).
GSH-dep: GSH depletion. Mice were fed a high-fat diet for 2 weeks before infection with AAV, 
and were sacrificed 8 weeks later. 
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Figure S3. Hepatic lipid profile of control and GSH depleted mice.
(A) Levels of cholesterol esters and triacylglycerols in mouse livers under HFD. Lipids with -A 
and -B means detected isomers with two peaks. 
(B) Levels of sphingomyelin and ceramides in mouse livers under HFD. Lipids with -A and -B 
means detected isomers with two peaks. 
(C) Levels of phosphatidylcholine, phosphatidylethanolamine, and lysophosphatidylcholines in 
mouse livers under HFD. Lipids with -A and -B means detected isomers with two peaks. 
GSH-dep: GSH depletion. Mice were fed a high-fat diet for 2 weeks before infection with AAV, 
and were sacrificed 8 weeks later. 
 



Figure S4

D

G

Notch2

Ctl

Notch1

HES1

β-Tubulin

GSH-dep

Physical Interactions
Co-expression
Query Proteins
Related Proteins

Ctl GSH-depF FASN Cysteine Sites

Ab
so

lu
te

 O
xi

da
tio

n
Le

ve
l (

%
)

lo
g 2

 (R
el

at
iv

e 
Le

ve
l)

C135 C212 C630 C779 C1010 C1222 C1397 C1557 C1752 C1874

* ** ** * * * * ** ** **

Ctl

GSH-
dep

Z score

Absolute Change in 
Oxidation Level

-lo
g1

0 (
p 

Va
lu

e)

-lo
g1

0 (
p 

Va
lu

e)

log2 (Relative Oxidation Level)

lo
g2

 (R
el

at
iv

e 
O

xi
da

tio
n 

Le
ve

l)

Absolute Change in 
Oxidation Level

A B C

Cysteine sites with increased oxidation

% %

E

Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep

Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep Ctl GSH-dep



Figure S4. Differentially oxidized cysteine sites induced by GSH depletion.
(A) Scatter plot showing the absolute changes and p values for oxidation levels of detected 
cysteine sites following GSH depletion. Red: cysteine sites with increased level of oxidation.
(B) Scatter plot showing the log relative and p values for oxidation levels of detected cysteine 
sites following GSH depletion. Red: cysteine sites with increased level of oxidation.
(C) Scatter plot showing the log and absolute changes for oxidation levels of detected 
cysteine sites following GSH depletion. Red: cysteine sites with increased level of oxidation. 
For (A-C), cysteine sites with significantly increased oxidation were defined as those with a p-
value < 0.05, a relative oxidation increase of at least 25%, and falling within the top 15% of all 
sites ranked by the absolute increase of oxidation level.
(D) Heatmap showing z scores of oxidation levels of cysteine sites with increased levels of 
oxidation following GSH depletion. 
(E) Interactome of proteins in lipid metabolic process containing cysteine sites with increased 
oxidation following GSH depletion. The analysis was performed using GeneMANIA. 
(F) Oxidation levels of cysteine sites with increased level of oxidation in fatty acid synthase 
(FASN). 
(G) Protein levels of key effectors of Notch signaling in liver. The b-Tubulin loading control 
shown is identical to that in Fig. 1C, as the same protein lysates were analyzed.
GSH-dep: GSH depletion. 
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Figure S5. Hepatic GSH depletion under Methionine-Choline Deficient (MCD) Diet.
(A) Body weights of mice 8 weeks after AAV injection. 
(B-F) Tissue weights of mice 8 weeks after AAV injection. 
(G) Blood glucose levels of mice after 3-hour fasting. 
(H) Circulating levels of ALT in mice. 
GSH-dep: GSH depletion. Mice were fed an MCD diet after infection with AAV, and were 
sacrificed 8 weeks later. 
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Figure S6. Chac1 is regulated during feeding and changes in insulin sensitivity.
(A) Cluster analysis of differentially expressed genes in mouse livers under fasting or following 
refeeding. Raw data were from GSE137385. (n= 3-5)
(B) Schematic showing the construction of mice with muscle-specific insulin receptor 
overexpression (IRMOE). CAG: cytomegalovirus (CMV) enhancer fused to the chicken 
beta‐actin promoter; HAS: human α-skeletal actin promoter.
(C) The top 25 IRMOE-regulated genes in skeleton muscle, ranked by p value. 
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Figure S7. Trajectory of transcriptional reprogramming during the development of 
MASLD/MASH.
(A) Volcano plots showing differential gene expression between two groups during the 
development of MASLD/MASH.
(B) Numbers of differentially expressed genes between two groups during the development of 
MASLD/MASH.
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Figure S8. Pathways involved in the development of MASLD/MASH.
Gene ontology (GO) pathway analysis of differentially expressed genes between two groups 
during the development of MASLD/MASH.
 


