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Exploring the role of SWI/SNF complex
subunit BAF60c in lipid metabolism
and inflammation in fish

Jie Sun,” Qiuxin Yan,! Zhihao Zhang,' Ting Xu," Ye Gong,' Weijia Li," Kangsen Mai,? and Qinghui Ai’-#:3*

SUMMARY

Chromatin remodeling plays an important role in regulating gene transcription, in which chromatin remod-
eling complex is a crucial aspect. Brg1/Brm-associated factor 60c (BAF60c) subunit forms a bridge be-
tween chromatin remodeling complexes and transcription factors in mammals; hence, it has received
extensive attention. However, the roles of BAF60c in fish remain largely unexplored. In this study, we
identified BAF60c-interacting proteins by using HIS-pull-down and LC-MS/MS analysis in fish. Subse-
quently, the RNA-seq analysis was performed to identify the overall effects of BAF60c. Then, the function
of BAF60c was verified through BAF60c knockdown and overexpression experiments. We demonstrated
for the first time that BAF60c interacts with glucose-regulated protein 78 (GRP78) and regulates lipid
metabolism, endoplasmic reticulum (ER) stress, and inflammation. Knockdown of BAF60c reduces fatty
acid biosynthesis, ER stress, and inflammation. In conclusion, the results enriched BAF60c-interacting pro-
tein network and explored the function of BAF60c in lipid metabolism and inflammation in fish.

INTRODUCTION

Chromatin remodeling plays a vital role in gene transcription, in which the chromatin remodeling complex is an important aspect. SWI/SNF is
the first characterized ATP-dependent remodeling complex and is evolutionarily conservative from yeast to mammals.’” The SWI/SNF com-
plex in mammals is also known as the Brg1/Brm-associated factor (BAF) complex. Previous studies demonstrated that the BAF complex was
essential for transcriptional regulation, genomic stability, DNA repair, and development and differentiation.>* Furthermore, it has been indi-
cated that the BAF complex can participate in various biological processes, including embryogenesis, cell cycle, and tumorigenesis.”* The
BAF complex is composed of a core ATPase subunit (Brg1 or Brm), other modulatory BAF subunits, including BAF155, BAF170, and BAF250,
and other auxiliary subunits, such as BAF57 and BAF60.”’

BAF&0 has been verified to interact with transcription factors (TFs) and function as a bridge between TFs and other BAF subunits.®'? BAF&0
contains three isoforms, including BAF60a, BAF60b, and BAF&0c, which is encoded by smarcd1, smarcd2, and smarcd3, respectively.w3
Different BAF60 isoforms play specific roles by interacting with different regulators. Previous studies have demonstrated that BAF60a could
regulate lipid homeostasis,'" energy metabolism, and tumor suppression.'® Additionally, BAF60c has been identified to regulate heart
development,'”'®"" muscle development,'®?° and glycolytic metabolism.?'*” Despite the crucial role of BAF6Qc, its investigation in fish re-
mains largely unexplored.

Glucose-regulated protein 78 (GRP78), also known as heat shock protein family A member 5 or the immunoglobulin heavy-chain-binding
protein (BiP), belongs to the heat shock protein 70 family and refers to as an endoplasmic reticulum (ER) molecular chaperone. GRP78 was an
important regulator of ER homeostasis.”® Prior studies have demonstrated that GRP78 played multiple roles, such as regulating
apoptosis’’ and autophagy,”® " participating in cancer and tumor metabolism,*'* mediating energy metabolism,*~’ regulating inflam-
matory response,”®** and so on. However, the interaction between BAF60c and GRP78 has not been reported. The function of them also
needs further research.

Despite being lower vertebrates to mammals, fish possess evolutionarily conserved systems for nutrient-sensing and immune response
pathways."" High-fat diet (HFD) is extensively used in fish farming because of the protein-sparing effect,” while lipid overload can cause meta-
bolic disorders and fat accumulation in liver** and induce inflammation.* However, the regulatory role of BAF&0c in lipid metabolism and
inflammation needs to be further investigated, and the role of GRP78 also remains unexplored. Large yellow croaker (Larimichthys crocea)
is a vital mariculture species in China and can be used as a terrific experimental model animal. Therefore, this study was designed to identify
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the global interaction proteins of BAF40c in fish. Moreover, the present study also aimed to elucidate the biological functions of BAF60c. This
study might develop an in-depth understanding of the interacting protein network of BAF60c and further determine the important functions
of BAF60c in lipid metabolism and inflammation in fish. Moreover, this study may provide theoretical basis for alleviating the abnormal lipid
deposition and inflammation induced by HFD.

RESULTS
Identification of GRP78 as a BAF60c-interacting protein

To determine the function that BAF40c plays in fish, we first cloned bafé60c (Figure STA). Then the basic bioinformatic analysis showed that
BAF60c was highly conserved (Figures STB-S1D) (Figure S2). Subcellular localization results indicated that BAF60c was ubiquitously expressed
in cell (Figure STE).

Furthermore, to identify additional BAF60c-interacting factors, we performed HIS pull-down analysis followed by liquid chromatography-
tandem mass spectrometry. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis indicated that the identified proteins
were enriched in metabolic pathways, protein processing in endoplasmic reticulum, biosynthesis of secondary metabolites, and so on (Fig-
ure 1A). Gene Ontology (GO) enrichment analysis found that the identified proteins were mainly involved in cellular process, metabolic pro-
cess, and binding (Figure 1B). Furthermore, results showed that 407 specific proteins were identified (Figure 1C). Among all identified pro-
teins, GPR78 was chosen for further experiment for its important functions in ER. We detected an interaction between GRP78 and BAF60c in
cells by coimmunoprecipitation (Figure 2A). Moreover, BAF60c-GFP distinctly appeared to colocalize with GRP78-RFP, as shown by confocal
microscopy (Figure 2B).

BAF60c regulated GRP78 expression

In order to figure out the relationship between BAF60c and GRP78, we conducted knockdown or overexpression experiments. BAF60c-siRNA
in macrophages significantly decreased the expression of bafé0c. Meanwhile, the expression of grp78 was also downregulated significantly
(p <0.05) (Figure 3A). The result in hepatocytes was the same as those in macrophages. BAF60c-siRNA significantly decreased the expression
of bafé0c and grp78 (p < 0.05) (Figure 3B). Additionally, overexpression of BAF60c in hepatocytes significantly increased the expression of
baf60c and grp78 (p < 0.05) (Figure 3C). GRP78 agonist (BiP) treatment in macrophages significantly upregulated the expression of grp78
(p < 0.05), but the expression of baf60c was not remarkably increased (Figure 3D). Moreover, the protein levels of BAF40c were not changed
after BiP treatment (Figure 3E). Furthermore, GRP78 inhibitor (HMO03) treatment in macrophages significantly decreased the expression of
grp78 (p < 0.05) (Figure 3F). However, the mRNA and protein levels of BAF60c were not remarkably changed after the HMO3 treatment
(Figures 3F and 3G).

Further function analysis of BAF60c through RNA sequencing

BAF60c can regulate the expression of GRP78, suggesting the potential function of BAF40c in ER. Then, to identify the overall effects of
BAF&0c, we carried out RNA sequencing analysis. After BAF60c-siRNA treatment, a total of 2204 upregulated genes and 2221 downregulated
genes were identified compared to the control group (Figures 4A and 4B). GO enrichment analysis found that the differential genes were
mainly involved in protein transport, establishment of protein localization, peptide transport, and organic acid metabolic process (Figure 4C).
KEGG enrichment analysis showed that the differential genes were enriched in proteasome, cell cycle, various diseases and cancers, and pro-
tein processing in endoplasmic reticulum (Figure 4D). In addition, genes in fatty acid biosynthesis pathway were downregulated (Figure S3).
However, genes in fatty acid degradation pathway were upregulated (Figure S4).

Knockdown of BAF60c reduced fatty acid biosynthesis, ER stress, and inflammation in vitro

In order to verify the previously described results, we carried out the knockdown and overexpression experiments. BAF40c-siRNA in macro-
phages significantly decreased xbp1, xbpTs, chop, and atf4 expressions (p < 0.05) (Figure 5A). Additionally, the proinflammatory genes,
including il-8, il-6, il-18, cox2, and tnfa, were significantly downregulated (p < 0.05) (Figure 5B). BAF40c-siRNA in hepatocytes significantly
downregulated the mRNA levels of xbp1, xbpTs, chop, and atf4 (p < 0.05) (Figure 5C). Furthermore, the mRNA levels of proinflammatory
genes were significantly decreased, including il-6, il-18, cox2, tnfa, and infy (p < 0.05) (Figure 5D). Moreover, the lipid metabolism-related
genes, including scd, srebp, apob, and Ipl, were significantly decreased, while cpt1 and atgl were significantly increased (p < 0.05) (Figure 5E).
The protein level of GRP78 was significantly downregulated in BAF60c-siRNA group compared to the control group. Meanwhile, the phos-
phorylation level of JNK was significantly upregulated (p < 0.05) (Figure 5F).

Overexpression of BAF40c in hepatocytes significantly increased the expression of xbp 1, xbp1s, chop, atfé, and atf4 (p < 0.05) (Figure 6A).
Furthermore, the protein level of GRP78 was significantly upregulated in the overexpression group compared to the control group. Mean-
while, the phosphorylation level of ERK was significantly upregulated (p < 0.05) (Figure 6B).

Knockdown of BAF60c reduced lipogenesis, ER stress, and inflammation in vivo

We next examined the biological function of BAF60c in vivo by dsRNA-mediated gene knockdown analysis. The results revealed that
intraperitoneal injection of dsRNA for 36 h significantly decreased the expression of bafé0c, fas, acc, scd, srebp1, ppary, cebpa, ppara,
mtp, il-18, and il-8 in the fish liver (p < 0.05) (Figure 7A). Hepatic triglyceride levels were also significantly decreased in the liver of
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Figure 1. Identification of BAF60c-interacting proteins

(A) KEGG enrichment analysis.

(B) GO enrichment analysis.

(C) Venn diagram. BP: biological process; CC: cellular component; MF
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Figure 2. BAF60c interacts with GRP78

(A) Co-IP of HEK293T cells overexpressing BAF60c-HA and GRP78-FLAG.

(B) HEK293T cells were co-transfected with BAF60c-GFP and GRP78-RFP plasmids for 24 h and followed by laser scanning confocal microscopy to observe the
colocalization of BAF60c and GRP78. Scale bars, 20 um.

BAF60c-knockdown fish (p < 0.05) (Figure 7B). Additionally, the results showed that injection of dsRNA can alleviate HFD-induced gene
expression of bafé60c, grp78, xbp1, atfé, and atf4 in the fish head kidney (p < 0.05) (Figure 7C). Furthermore, the proinflammatory genes,
including il-8, il-18, and cox2, were also significantly decreased in the dsRNA group compared with the HFD group in the fish head kidney
(p <0.05) (Figure 7D). Transmission electron microscopy observation demonstrated that HFD could induce the accumulation of lipid drop-
lets in the fish liver and destroy the structure of the endoplasmic reticulum. However, the injection of dsRNA could alleviate the previously
described phenomenon (Figure 7E).

Knockdown of GRP78 reduced fatty acid biosynthesis, ER stress, and inflammation

GRP78-siRNA in macrophages significantly decreased grp78, xbp1, xbpTs, chop, atf4, and atfé expressions (p < 0.05) (Figures 8A and 8B).
Moreover, the proinflammatory genes, including il-8, il-6, il-18, cox2, and tnfa, were significantly downregulated (p < 0.05) (Figure 8C).
GRP78-siRNA in hepatocytes significantly downregulated the mRNA levels of grp78, xbp1, xbpls, chop, atfé6, and atf4 (p < 0.05)
(Figures 8D and 8E). Furthermore, the mRNA levels of proinflammatory genes were significantly decreased, including il-8, il-18, cox2, and
infy (p < 0.05) (Figure 8F). Additionally, the lipid metabolism-related genes, including fas, scd, srebp, apob, and Ipl, were significantly
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Figure 3. BAF60c regulates GRP78 expression in fish

(A) Relative mRNA expression of BAF40c and GRP78 after BAF40c-siRNA treatment for 36 h in macrophage.

(B) Relative mRNA expression of BAF60c and GRP78 after BAF60c-siRNA treatment for 36 h in hepatocyte.

(C) Relative mRNA expression of BAF60c and GRP78 after overexpression of BAF&0c for 24 h in hepatocyte.

(D) Relative mRNA expression of BAF60c and GRP78 after BiP treatment for 4 h with different concentrations in macrophages.

(E) Protein level of BAF40c after 10 uM BiP treatment for 4 and 8 h in macrophages.

(F) Relative mRNA expression of BAF40c and GRP78 after HMO03 treatment for 4 h with different concentrations in macrophages.

(G) Protein level of BAF&0c after 10 uM HMO03 treatment for 3 and 5 h in macrophages. Data are represented as mean + SEM (n = 3) and were analyzed using
independent t test. The “*" means a significant difference (p < 0.05), and “**" means a highly significant difference (p < 0.01).

decreased, while cpt was significantly increased (p < 0.05) (Figure 8G). In conclusion, GRP78-siRNA treatment also reduced fatty acid biosyn-
thesis, ER stress, and inflammation, as the BAF60c-siRNA treatment.

DISCUSSION

SWI/SNF complexes-mediated chromatin remodeling is indispensable for regulating gene transcription. BAF40 subunit of SWI/SNF com-
plexes has been proposed to form a bridge between TFs and chromatin remodeling complexes to regulate gene transcription. BAF60 con-
tains three isoforms and is able to form distinct complexes to regulate diverse cellular functions.'® In this study, we cloned bafé0c, and further
basic bioinformatic analysis revealed that the BAF60c was highly conservative, suggesting that its function may also be conserved.

Previous researches indicated that BAF40c could interact with various regulators and recruit chromatin remodeling complex to play
diverse functions. A previous study showed that BAF40c interacted with heart-related TFs, Gata4 and Tbx5, then recruited SWI/SNF subunits
to promote cardiomyocyte differentiation.”> BAF60c can bind to MyoD, a TF that regulates myogenesis, and further recruits SWI/SNF com-
plexes to remodel chromatin and activate the transcription of MyoD target genes.'®*° Moreover, BAF60c and Six4 form a transcriptional com-
plex to activate Deptor, then mediated activation of AKT and glycolytic metabolism in a cell-autonomous manner.”’ Furthermore, in response
toinsulin, BAF60c was phosphorylated and translocated to the nucleus, then interacted with USF-1 and recruited the BAF complex to remodel
chromatin and activate lipogenic genes.”’ The present study demonstrated for the first time that BAF60c could interact with GRP78 to play
further functions. Moreover, BAF60c could regulate the mRNA and protein level of GRP78 through distinct ways. We speculate that BAF40c
may indirectly regulate the mRNA levels of GRP78 by interacting with TF and recruiting chromatin remodeling complex, which was consistent
with previous studies.”’* Furthermore, consistent with previous studies, BAF60c may also regulate the protein levels of GRP78 through ubig-
uitination or proteasomal degradation.’®"” However, whether the interaction between BAF60c and GRP78 affects the degradation of GRP78
needs further exploration.

iScience 26, 108207, November 17, 2023 5




¢? CellPress

OPEN ACCESS

-Log10(Padjust)

siRNA_vs_control

300
280
260
240
220
200
180
160
1404
120
100

Significant

@ up(2204)

® nosig(15919)
@ down(2221)

Heatmap(siRNA_vs_control)

GO term

K
1

-0

-1
2

porphyrin-containing compound biosynthetic proc... <

porphyrin-containing compound metabolic process -

KEGG pathway

tetrapyrrole biosynthetic process -

tetrapyrrole metabolic process -

amide biosynthetic process -
oxoacid metabolic process

establishment of protein localization 4

organic acid metabolic process -

nitrogen compound transport <

GO enrichment analysis(siRNA_vs_control)

iScience
Article

DNA replication °

mitotic cell cycle process - [ ]

peptide biosynthetic process - (]

cell cycle process - [ )

cellular amide metabolic process .

peptide metabolic process - [ ]

translation - [ ]

protein transport -

peptide transport -
regulation of cell cycle -

amide transport 4

Padjust

Number
o 13
K
[ K
[ Rl

o0 000 ©
8

04

o
>

Rich factor

04 05 05 07

KEGG enrichment analysis(siRNA_vs_control)

08

09

Proteasome -

Cell cycle| [ ]

Protein processing in endoplasmic reticulum - .

DNA replication -
Ribosome - [ ]
Azheimer isease | [ ]

Fluid shear stress and atherosclerosis - .

Oxidative phosphorylation - L ]

Bacterial invasion of epithelial cells - [ ]

Proteoglycans in cancer - O
Parkinson disease - [ ]
Shigelosis-| (]
Pancreatic cancer L

Glutathione metabolism - .

Padjust
0.0000400

0.0000300
0.0000200
0.0000100
0.00

Number

« 23

[

. 107

o

Colorectal cancer °
Longevity regulating pathway - worm °
Citrate cycle (TCA cycle) - .
Huntington disease - .
Glycolysis / Gluconeogenesis L]
Focal adhesion| @

025 03 03 04 045 05 0% 06 06 07
Rich Factor

&

& & & & &

Figure 4. Analysis of differentially expressed genes in transcriptome

(A and B) The differential expressed genes of BAF40c-siRNA vs. control were shown as volcano plot (A) and heatmap (B).
(C) GO enrichment analysis of differentially expressed genes obtained by transcriptomic sequencing analysis of hepatocytes treated with BAF40c-siRNA (n = 3).
(D) KEGG enrichment analysis of differentially expressed genes obtained by transcriptomic sequencing analysis of hepatocytes treated with BAF40c-siRNA
(n = 3). See also Figures S3 and S4.

The present study indicated that the BAF60c can regulate lipid metabolism. However, there have been only a few reports on the regulatory
roles of BAF&0c in lipid metabolism. In response to insulin, BAF&0c interacted with USF-1 and activated lipogenic genes.”” Knockdown of
BAF&0c could drive global losses in SWI/SNF binding and histone acetylation at active enhancers co-bound by FOXA1, downregulating a
network of genes implicated in lipid homeostasis. Meanwhile, loss of BAF60c blunts fatty acid metabolism in vivo, positioning BAF60c as an
epigenetic regulator of fatty acid metabolism.*® Previous studies also have indicated that the BAF60a subunit can regulate lipid metabolism.
Hepatic inactivation of BAF40a can reduce cholesterol absorption and bile acid synthesis and reduce diet-induced atherosclerosis and hyper-
cholesterolemia.”’ Additionally, PGC-1o. mediated the recruitment of BAF60a to PPARa-binding sites and further activated the transcription of
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Figure 5. Knockdown of BAF60c in macrophages and hepatocytes can reduce ER stress, inflammation, and fatty acid biosynthesis
(A) Relative mRNA expression of ER stress-related genes after BAF40c-siRNA treatment for 36 h in macrophages.

(B) Relative mRNA expression of inflammatory genes after BAF60c-siRNA treatment for 36 h in macrophages.

(C) Relative mRNA expression of ER stress-related genes after BAF60c-siRNA treatment for 36 h in hepatocytes.

D)

(E) Relative mRNA expression of lipid metabolism-related genes after BAF40c-siRNA treatment for 36 h in hepatocytes.
(

Relative mRNA expression of inflammatory genes after BAF60c-siRNA treatment for 36 h in hepatocytes.

F) Protein levels after BAF60c-siRNA treatment for 36 h in hepatocytes. Data are represented as mean + SEM (n = 3) and were analyzed using independent t test.
The "*" means a significant difference (p < 0.05), and “**" means a highly significant difference (p < 0.01).
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Figure 6. Overexpression of BAF60c in hepatocytes can induce ER stress and inflammation

(A) Relative mRNA expression of ER stress related genes after BAF60c-overexpressing treatment for 24 h in hepatocytes.

(B) Protein levels after BAF60c-overexpressing treatment for 24 h in hepatocytes. Data are represented as mean + SEM (n = 3) and were analyzed using
independent t test. The “*" means a significant difference (p < 0.05), and “**" means a highly significant difference (p < 0.01).

mitochondrial and peroxisomal fat-oxidation genes to regulate lipid homeostasis.'" In this study, we revealed that BAF&0c interacted with
GRP78 and further regulated lipid metabolism. Knockdown of BAF60c can reduce fatty acid biosynthesis and induce fatty acid degradation.

In the present study, we also indicated that BAF&0c can regulate ER stress and inflammatory response. These results might be due to
BAF60c could regulate the expression of a common ER molecular chaperon, GRP78. Previous studies have shown that GRP78 can regulate
ER stress and inflammation. Overexpression of GRP78 can alleviate ER stress.>>? Meanwhile, GRP78-siRNA increased ER stress-related
genes?&53 Furthermore, GRP78 also has been indicated to regulate inflammation.>”*° To be more specific, adoptive GRP78-DC transfer
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Figure 7. Knockdown of BAF60c can reduce lipogenesis, ER stress, and inflammation in vivo

(A) Relative mRNA expression of lipid metabolism-related genes and inflammatory genes in fish liver after injecting BAF60c-dsRNA for 36 h. (B) Hepatic
triglyceride (TG) levels after injecting BAF60c-dsRNA for 36 h.

(C) Relative mRNA expression of ER stress-related genes in fish head kidney after injecting BAF60c-dsRNA for 36 h.

(D) Relative mRNA expression of inflammatory genes in fish head kidney after injecting BAF40c-dsRNA for 36 h.

(E) Hepatic transmission electron microscopy (TEM) observation after injecting BAF60c-dsRNA for 36 h. Scale bars, 4000%: 5 pm; 10000%: 2 um; 30000%: 1 pm.

1k

Data are represented as mean + SEM (n = 3) and were analyzed using independent t test. The means a significant difference (p < 0.05), and “**" means a

highly significant difference (p < 0.01).
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n = 3) and were analyzed using independent t test. The means a significant difference (p < 0.05), and “**" means a highly significant difference (p < 0.01).

can resolve inflammation in NOD mice.”” Moreover, GRP78 can mediate endocytosis of TLR4 by targeting CD14 and alleviate inflammation.*
However, in the present study, knockdown of BAF60c and GRP78 decreased ER stress-related genes and proinflammatory genes, which might
be due to the functional particularity of fish.

In conclusion, we identified the BAF&0c-interacting proteins in fish. Further analysis demonstrated for the first time that BAF60c can interact
with GRP78 and regulate lipid metabolism, ER stress, and inflammation, which may provide theoretical insights for alleviating the abnormal lipid
deposition and inflammation induced by HFD. These results explored the function of BAF60c in fish and demonstrated that BAF60c could regu-
late ER stress and inflammation for the first time. Additionally, the results enriched the BAFé0c-interacting protein network.

Limitations of the study

This study demonstrated for the first time that BAF&0c can interact with GRP78 and regulate lipid metabolism, ER stress, and inflammation. The
molecular mechanisms need to be further explored, and whether GRP78 mediated the function of BAF60c also needs further investigation.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies

Rabbit polyclonal Anti-BAF60c This paper N/A

Rabbit monoclonal Anti-GRP78

Rabbit polyclonal Anti-JNK1/2

Rabbit monoclonal Anti-p-JNK1/2
Rabbit polyclonal Anti-elF2o

Rabbit polyclonal Anti-p-elF2a

Rabbit monoclonal Anti-ERK1/2

Rabbit monoclonal Anti-p-ERK1/2

Rabbit monoclonal Anti-DYKDDDDK Tag
Rabbit monoclonal Anti-HA Tag

Mouse polyclonal Anti-GAPDH

Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Golden Bridge Biotechnology

CAT#3177; RRID: AB_2119845
CAT#9252; RIDD: AB_2250373
CAT#4668; RIDD: AB_823588
CAT#9722

CAT#9721

CAT#4695; RIDD: AB_390779
CAT#4370; RIDD: AB_2315112
CAT#14793; RRID: AB_2572291
CAT#3724; RRID: AB_1549585
CAT#TA-08

Bacterial and virus strains

Escherichia coli-DH5a

TransGen Biotech

CAT#CD201-01

Chemicals, peptides, and recombinant proteins

Bip Inducer X MedChemExpress CAT#HY-110188
HMO03 MedChemExpress CAT#HY-125974
EZ Trans transfection reagent LIFE iLAB CAT#AC04L099
Critical commercial assays

TranscriptAid T7 High Yield Transcription Kit Thermo Fisher Scientific CAT#K0441

Deposited data

The RNA sequence data This paper BioProject: PRINA1004361
Experimental models: Cell lines

Human: HEK293T cell line ATCC CAT#CRL-3216
Large yellow croaker: primary hepatocytes This paper N/A

Large yellow croaker: macrophage cell line (Cui et al., 2020)>° N/A
Experimental models: Organisms/strains

Juvenile large yellow croaker NingdeFufa Fishery Co., Ltd. (China) N/A
Oligonucleotides

Primers for qRT-PCR, see Table S1 This paper N/A

Primers for recombinant DNA, see Table S1 This paper N/A
Recombinant DNA

pCDNA3.1(+) Miaoling Bio CAT#P0157
PCS2+ KelLeiBio kl-zI-0892
Plasmid: pCDNA3.1(+)-BAF60c-GFP This paper N/A

Plasmid: pCDNA3.1(+)-GRP78-RFP This paper N/A

Plasmid: PCS2+-BAF60c-HA This paper N/A

Plasmid: PCS2+-GRP78-FLAG This paper N/A

Plasmid: Lamin A/C-RFP This paper N/A

Software and algorithms

GraphPad Prim 7.0

Image J

GraphPad Software
NIH

https://www.graphpad.com/
https://imagej.nih.gov/ij/
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RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Qinghui Ai (ghai@
ouc.edu.cn).

Materials availability

Materials generated in this study are available from the lead contact upon reasonable request.

Data and code availability
e Allrelevant data are within the manuscript and Supplementary Material. The accession number for the RNA sequencing data reported in
this paper is PRINA1004361.
e This paper does not report original code.
e Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Animals and diets

Husbandry and handling of fish in this study were performed strictly according to the Management Rule of Laboratory Animals (Chinese Order
No. 676 of the State Council, revised 1 March 2017).

Large yellow croaker juveniles were obtained from NingdeFufa Fishery Co., Ltd. (China). The control group was fed a diet containing a
moderate level of crude lipids (12%), and the high fat diet (HFD) group was fed a lipid-rich diet (18%). The formulation and proximate compo-
sition of diets used in the present study were according to the previous study.® In the study, both sexes were used. After 10 weeks of feeding
experiment, fish were fasted for 24 h and then used for the injection experiments.

The dsRNA (Double stranded RNA) used for BAF60c knockdown was synthesized using TranscriptAid T7 High Yield Transcription Kit (Ther-
mofisher, USA) following the manufacturer’s protocol. Fish in the control group and HFD group were administered intraperitoneally injections
of dsRNA-BAF&0c at a dose of 2 pug/ (g b.w) or equivalent volumes of dsRNA-control for 36 h, respectively. The liver and head kidney were
collected and stored at -80°C for subsequent analysis. Moreover, the liver was stored in Glutaraldehyde, 2.5% (EM Grade) (Solarbio, China) for
Transmission electron microscopy analysis.

Cell culture and treatment

Livers of juvenile yellow croakers were removed and placed in sterile phosphate buffer (PBS, Vivacell, China) containing penicillin and strep-
tomycin (cat. no. P1400, Solarbio, China). After washing with Dulbecco’s modified Eagle medium/Ham'’s F12 medium (1:1) (DMEM/F12, Vi-
vacell, China), the liver tissue was chopped into 1-mm? slices and digested with 0.25% trypsin (Thermo Fisher Scientific, USA) for 10 min. After
neutralization with DMEM/F12 medium containing fetal bovine serum (FBS, Procell, China), the cell precipitate was suspended in complete
medium composed of DMEM/F12 medium supplemented with 15% FBS, 100 U penicillin and 100 mg/mL streptomycin. The cell suspension
was inoculated into a six-well culture plate and incubated at 28°C. The macrophage line of large yellow croaker was provided by our col-
leagues.™ Briefly, cells were inoculated into 12-well or 6-well plates at a density of 1.0x 10° cells/ml and were cultured in DMEM/F12 medium
(VivaCell, China) with 15% FBS (Procell, China) and 1% antibiotics (Solarbio, China) at 28°C and 5% CO,. HEK293T cells were cultured in high-
glucose DMEM with 10% FBS and 1% antibiotics at 37°C and 5 % CO,. GRP78 agonist (Bip inducer X; MCE) and GRP78 inhibitor (HMO03; MCE)
were incubated with a concentration of 10 uM for different time points. BAF40c-siRNA and BAF60c-GFP plasmid were electroporated into
macrophages/hepatocytes to knockdown and overexpression of BAF60c, respectively. After treatment, cells were lysed in the wells and har-
vested for subsequent analysis.

METHOD DETAILS

RNA isolation and quantitative real-time PCR

Total RNA was extracted by Trizol reagent (Takara, China) according to the manufacturer’s protocol. The quality of RNA was measured
through electrophoresis using 1.2% denatured agarose gel. cDNA synthesis was performed by PrimeScript RT reagent kit (Takara, China)
following the manufacturer’s instructions. The mRNA levels were measured using a quantitative thermal cycler (Bio-rad, USA) by SYBR Green

real-time PCR kit (Takara, China), the primers used were listed in Table S1. The levels of each gene were normalized to that of 8-actin using
the 2722 method.>

Gene cloning and sequence analysis

Primers used for amplification of complete CDS were designed according to the predicted sequence of large yellow croaker baf60c (Gen-
Bank: XM_019271685.2). The DNAMAN software was used to analyze multiple alignments of amino acid sequences from different species.
The phylogenetic tree was constructed by the neighbor-joining method using MEGAX.
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Plasmid construction

Bafb0c of large yellow croaker was cloned into the pcDNA3.1-GFP or pCS2+ vector using a ClonExpress |l One Step Cloning Kit (Vazyme,
China). Then, grp78 was cloned into pcDNA3.1-RFP or pCS2+ vector. Specific primers were designed to insert HA tag and FLAG tag into
pCS2+-BAF60c and pCS2+-GRP78 plasmids, respectively. The Lamin A/C-RFP plasmid was stored in our laboratory.

Subcellular localization, colocalization, and transmission electron microscopy (TEM) observation

For subcellular localization analysis use, HEK293T cells were co-transfected with BAF60c-GFP and Lamin A/C-RFP plasmids using EZ Trans
(Life iLab, China) for 24 h in confocal dishes. HEK293T cells were co-transfected with the BAF460c-GFP and GRP78-RFP plasmids for 24 h in
confocal dishes for colocalization analysis. Then cells were visualized by laser scanning confocal microscope (Leica, Germany). TEM observa-
tion was conducted following the previously described protocol.”” Briefly, tissue specimens were fixed with 2.5% glutaraldehyde in 0.1 M so-
dium phosphate buffer (pH 7.2) for 3 h at 4°C, washed in the same buffer for 1 h at 4°C and postfixed with 1% osmium tetroxide in sodium
phosphate buffer for 1 h at 4°C. The tissues were then dehydrated in a graded series of ethanol starting at 50% (for 10 min per step) after two
washes in propylene oxide. The tissue specimens were embedded in araldite. Ultrathin sections were stained with Mg-uranyl acetate and lead
citrate for TEM evaluation.

HIS-pulldown, LC-MS/MS analysis, and RNA sequencing (RNA-Seq)

To identify additional BAF60c-interacting factors, we performed HIS pulldown using purified HIS-tag fusion BAF60c protein followed by LC-
MS/MS analysis (Gene Create, China). Bacterially expressed HIS-tag fusion BAF40c protein on Ni-beads were incubated with large yellow
croaker liver extracted proteins. Then, the proteins were separated by SDS-PAGE for further LC-MS/MS analysis.

Total RNA was extracted using TRIzol Reagent (Invitrogen, USA) according to the manufacturer’s instructions. The RNA quantity was deter-
mined by Agilent 2100 Bioanaylzer (Agilent Technologies, USA) and quantified using the NanoDrop 2000 (Thermo Fisher Scientific, USA).
After that, RNA sample of high-quality was used for sequencing library construction. By using lllumina HiSeq X10 (lllumina, San Diego,
CA), the following RNA reverse transcription, library construction and the sequencing were accomplished at Majorbio Bio-pharm Biotech-
nology Co., Ltd (Shanghai, China). The data were analyzed on the Majorbio Cloud Platform (Majorbio Bio-pharm Biotechnology, China).

Coimmunoprecipitation (co-IP)

The co-IP experiment was carried out following the protocol as previously described.”®*? Briefly, HEK293T cells transfected with BAF60c-HA
and GRP78-FLAG plasmids were harvested at 24 h. Then, cells were lysed with Cell lysis buffer for Western and IP (Beyotime, China) at 4°C for
20 min, and the lysate was collected by centrifugation to get the supernatant. The supernatant was incubated with Pierce ANTI-HA agarose
(Thermo Fisher Scientific, USA), ANTI-FLAG M2 Affinity Gel (Sigma, USA), and IgG-beads (Sigma, USA) at 4°C for 4 h. After washing, we used a
HA peptide (MedChem Express, USA) or Flag peptide (MedChem Express) to detach the proteins from agarose beads for further analysis.

Western blotting

Total proteins were extracted from hepatocytes and macrophages using RIPA lysis buffer with protease inhibitors and phosphatase inhibitors.
Protein concentrations were determined with a BCA Protein Assay Kit (Beyotime Biotechnology, China) according to the manufacturer’s in-
structions. After standardization, the samples were separated by SDS-PAGE and transferred to 0.45 pm PVDF membranes (Millipore, USA).
Membranes were blocked with 5% nonfat dry milk in TBST for 2 h and were then incubated with primary antibodies overnight. Subsequently,
the membranes were incubated with secondary antibodies for 1 h and developed with Beyo ECL Plus Reagent (Beyotime Biotechnology,
China). The details of antibodies in the present study were listed in the key resources table. The densities of target bands were quantified
using the Image J Pro 1.52 software (National Institutes of Health, Bethesda, Maryland, USA) and then normalized to that of GAPDH.

TG contents determination

TG contents were measured using commercial assay kits (Applygen Technologies Inc, Beijing, China), according to manufacturer’s
instructions.

QUANTIFICATION AND STATISTICAL ANALYSIS

The results were presented as means + SEM. All data were evaluated by independent t-test with the help of SPSS 19.0. P < 0.05 was consid-
ered to have a significant difference, P < 0.01 was highly significant difference. The number of replicates for each experiment are indicated in
the figure legends.
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