
Supporting Information for
Lipopolysaccharide binding triggers insulin inactivation and HDL-dependent clearance


Zhongxia Lu, Qinyu Meng, Luxin Liu, Jie Zhang, Feng Han, Qianhong Gong, Fengchao Zhang, Xinzhi Lu, Wengong Yu

Xinzhi Lu   Email: luxinzhi@ouc.edu.cn
Wengong Yu   Email: yuwg66@ouc.edu.cn


This PDF file includes:
[bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK6]Extended Data Fig.1 to Fig.9 
Extended Data Table 1 to Table 6



[image: FigS2]
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Extended Data Fig. 1. The interaction between LPS and various insulin analogues. (a) The binding of LPS to various insulin analogues (insulin Degludec, insulin Detemir, insulin Aspart and insulin Glargine) was detected by SPR. (b) Effects of LPS on insulin signaling.

[image: Extended data Figure 3-1.]
[bookmark: OLE_LINK7]Extended Data Fig. 2. Effects of LPS on blood glucose and insulin signaling. (a) Effect of LPS (80 μg kg-1) on blood glucose of C57BL/6J mice. n = 5. Statistical significance was determined by unpaired two-tailed Student’s t-test. Data are represented as mean ± s.d.. (b) Effect of LPS on insulin signaling. Insulin (100 nM) was incubated with 10, 50, or 100 nM of LPS for 10 min before adding to the culture medium.

[image: FigS4]
Extended Data Fig. 3. TLR4 analysis. (a) Activity of O-antigen purified from LPS E. coli O111:B4 (0.5 μM) to activate TLR4 expression in HepG2 Cells. (b) The time course expression of TLR4 in HepG2 cells after LPS induction. (c) The expression of TLR4 in HepG2 cells after silencing with siRNA. (d) Effect of TLR4 silencing on the viability of HepG2 cells. n = 6. (e) Phenotype verification of TLR4 in primary hepatocytes isolated from wild-type and Tlr4-/- C57BL/6J mice. (f) Effect of TAK-242 (1, 5, 10, 30, 60, 120 ng ml-1) on the expression of TLR4 in HepG2 cells. (g, h) The blood insulin (g), and glucose (h) levels in wild-type (WT) and Tlr4-/- C57BL/6J mice (8-week-old males, n = 5-6 per group) were detected after 6 h starving. ns: not significant, n = 5-6. (i) Effect of LPS on blood glucose of Tlr4-/- C57BL/6J mice. n = 5. Significant differences were determined by unpaired two-tailed Student’s t-test. Data are presented as the mean ± s.d.. 

[image: Fig s-5]
[bookmark: OLE_LINK8]Extended Data Fig. 4. In vivo effects of LPS on insulin activity. (a) Glycogen accumulation in the liver tissue of Tlr4-/- mice was monitored by periodic acid staining at the time point of 1 h in the ipGTT test. (Scale bar, 20 μm). (b) Quantification of glycogen using the anthrone method. n = 8. Statistical analysis was performed with one-way ANOVA. (c) Effect of Tlr2 on blood glucose and insulin concentration. (d) ipGTT test performed in Tlr2-/- knockout mice (8-week-old, males, n = 4 per group). Statistical analysis was performed with unpaired two-tailed Student t test. Data are representative of three independent experiments. Data are presented as the mean ± s.d..

[image: Figures6-1]
Extended Data Fig. 5. Different expressed genes in HepG2 cells after treated with insulin and/or LPS. (a) Effects of inflammatory cytokines on insulin signaling. HepG2 cells were treated with inflammatory cytokines (400 pg/ml) and insulin (100 nM) for 30 min. (b) Transcriptome profiling of HepG2 cells after 30-minute treatment. (c) qPCR validation of differentially expressed genes.

[image: FigureS7-2]
Extended Data Fig. 6. The interaction among insulin, LPS, and Apoa1. (a) Separation and preparation process for HDL. (b) Prepared HDL detection. (c) Excitation and emission wavelength of FITC and CF594. (d) Immunofluorescence detection of insulin, LPS, and Apoa1. (Scale bar, 10 μm).

[image: Fig.S8]
Extended Data Fig. 7. Function characterization of BLT-1. (a) Effects of BLT-1 on cell viability. Cells were treated with different doses of BLT-1 for 6 h. (b) Effects of BLT-1 on SR-BI expression. Data are presented as the mean ± s.d.. 

[image: FigS9]
Extended Data Fig. 8. Evaluation of the acute intestinal leakage model. (a) Evaluation of intestinal integrity with FITC-dextran following 7 consecutive days of 5% DSS administration. FITC-dextran (100 ng ml-1) was administered via oral gavage. Serum samples were collected from the tail vein 30 min later for fluorescence intensity measurement. Data are presented as mean ± s.d. Statistical significance was determined by Student’s t-test. (b) Western blot analysis of ZO-1 and Occludin expression in the colon. (c) H&E staining of colon tissue sections.

[image: 图片1]
Extended Data Fig. 9. A schematic diagram of the mechanism in this paper. Physiologically, insulin engages its receptor to initiate canonical insulin signaling via receptor autophosphorylation. When LPS accumulates in circulation, it captures free insulin through direct intermolecular binding. The formed insulin-LPS assemblies incorporate into endogenous HDL, yielding remodeled insulin-LPS hybrid HDL nanoparticles. These heterocomplexes drive hepatic-targeted insulin delivery and a distinct insulin clearance route.

Extended Data Table 1. The affinity data of surface plasmon resonance results 
	Target
	Analyte
	Ka (M-1S-1)
	Kd (S-1)
	KD (M)

	Biotin-EB LPS
	insulin
	3.61×103
	5.57×10-3
	1.54×10-6

	insulin
	LPS
	1.39×103
	2.36×10-3
	1.70×10-6

	Biotin-EB LPS
	insulin-Triton X-100
	3.87×101
	4.48×10-3
	1.16×10-4

	Biotin-EB LPS
	insulin-EDTA
	2.89×104
	4.95×10-3
	1.71×10-7

	Biotin-EB LPS
	insulin-Mg2+
	5.09×104
	5.17×10-3
	1.02×10-7

	Biotin-EB LPS
	insulin-Ca2+
	3.21×104
	8.85×10-3
	2.76×10-7

	Biotin-EB LPS
	insulin-Zn2+
	2.87×104
	8.02×10-3
	2.80×10-7

	Biotin-EB LPS
	insulin Degludec
	7.21×103
	2.02×10-2
	2.80×10-6

	Biotin-EB LPS
	insulin Detemir
	1.79×104
	2.69×10-2
	1.51×10-6

	Biotin-EB LPS
	insulin Aspart
	3.30×103
	2.06×10-2
	6.24×10-6



Extended Data Table 2. List of Antibodies
	Reagent or resource
	source
	identifier

	Anti-Insulin
	Abcam
	ab181547 

	Anti-Insulin
	Novus
	NBP2-15195

	Anti-Insulin
	RD systerm
	182410

	Anti-Insulin Receptor β 
	CST
	3020S

	Anti-Insulin Receptor β (Tyr1146)
	CST
	3021S

	Anti-Akt (pan) (C67E7)
	CST
	4691S

	Anti-Phospho-Akt (Ser473) (193H12) 
	CST
	4058S

	Anti-GluT4 Polyclonal Antibody
	Absin
	Abs119890

	Anti-GSK-3β (D5C5Z)
	CST
	12456T

	Anti-p-GSK-3β
	CST
	5558T

	Anti-Apoa1
	MedChemexpress
	HY-P81137

	Anti-SR-BI
	Absin
	Abs158609

	Anti-GAPDH
	CST
	97166S

	Anti-β-actin
	CST
	4967S

	Anti-Na, K-ATPase
	CST
	3010S

	Anti-Occludin
	Absin
	Abs136990

	Anti-ZO-1
	Absin
	Abs131224

	Anti-β-Tubulin
	CST
	2146S

	Anti-Toll-like Receptor 4
	Absin
	Abs132000

	Guat pAb to Rb IgG (Aleax Fluor 647)
	Abcam
	ab150083

	Guat pAb to Ms IgG (Aleax Fluor 488)
	Abcam
	ab150113

	Anti-rat IgG (H+L), (Alexa Fluor 555 Conjugate)
	CST
	4417S

	Goat Anti-Mouse IgG (H+L) Antibody
	Millipore
	AP156P

	Goat Anti-Rabbit IgG Antibody
	Jackson
	115-035-003



Extended Data Table 3. List of Reagents
	Reagent or resource
	source
	identifier

	insulin
	sigma
	cat#I3536

	E. coli O111:B4 LPS
	sigma
	cat#L2630, cat# L4391

	E. coli O55:B5 LPS
	sigma
	cat#L2880

	Salmonella enteritidis LPS
	sigma
	cat#L7770

	LPS-PG
	InvivoGen
	cat#tlrl-pglps

	Biotin
	sigma
	cat#B4639

	DAPI
	sigma
	cat#D9542

	[bookmark: _GoBack]FITC-insulin 
	sigma
	cat#I3661

	Kdo2-Lipid A (KLA)
	sigma
	cat#SML2430

	Elisa kit for rat C-peptide
	sigma
	cat#EZRMCP2

	Fluorescein isothiocynale-dextran
	Sigma
	cat#FD4

	Biotin-EB LPS
	Invivogen
	cat#tlrl-lpsbiot

	BeaverBeads™ Streptavidin 
	Beaver
	cat#22305-10

	2-NBDG
	APExBIO
	cat#B6035

	TAK-242
	MedChemexpress
	cat#HY-11109

	BLT-1
	MedChemexpress
	cat#HY-116767

	Insulysin/IDE protein
	MedChemexpress
	cat#HY-P70291

	Rat insulin ELISA kit
	Solarbio
	cat#SEKR-0033

	Rat C-peptide ELISA kit
	Finetest
	cat#ER0304

	Human insulin ELISA kit
	Solarbio
	cat#SEKH-0219

	Mouse insulin ELISA kit
	Solarbio
	cat#SEKM-0141

	Periodic Acid Schiff (PAS) Stain kit
	Solarbio
	cat#G1280,cat#G1360

	Glucogen Content Assay Kit
	Solarbio
	cat#BC0340

	Cell Counting Kit-8 (CCK-8)
	Targetmol
	cat#C0005

	Dextran sulfate sodium salt
	Macklin
	cat#D808272

	CFR594
	Blotium
	cat#92552

	HDL-C Assay kit
	Nanjing Jiancheng
	cat#A112-1-1



Extended Data Table 4. List of cell lines
	Reagent or resource
	source
	identifier

	HepG2
	National Collection of Authenticated Cell Cultures
	SCSP-510

	C2C12
	National Collection of Authenticated Cell Cultures
	SCSP-505



Extended Data Table 5. List of oligonucleotides
	Primer (non-coding RNAs)
	Sequence (5' - 3')

	SiRNA1-F
	GCAAUUUGACCAUUGAAGATT

	SiRNA1-R
	UCUUCAAUGGUCAAAUUGCTT

	SiRNA2-F
	CAUUGGAUACGUUUCCUUATT

	SiRNA2-R
	UAAGGAAACGUUAUCCAAUGTT

	SiRNA3-F
	GAAGUUGAACGAAUGGAAUTT

	SiRNA3-R
	AUUCCAUUCGUUCAACUUCTT



Extended Data Table 6. Primers used for polymerase chain reaction analysis.
	Gene
	Forward primer (5' - 3')
	
	Reverse primer (5' - 3')

	GAPDH
	GAAGGTGAAGGTCGGAGTCAAC
	GGGGTCATTGATGGCAACAATA

	CXCL8
	AACTTTCAGAGACAGCAGAGCACAC
	CACACAGTGAGATGGTTCCTTCCG

	EGR1
	CCTATGAGCACCTGACCACA
	TCGTTTGGCTGGGATAACTC

	DEPP1
	TGCCCACAATTCGGGAGAC
	AGACCTCACGTAGTCATCCAG

	JUN
	TCCAAGTGCCGAAAAAGGAAG
	CGAGTTCTGAGCTTTCAAGGT
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