Supplementary Materials
Atractylodes macrocephala-derived extracellular vesicles-like particles enhance the recovery of ulcerative colitis by remodeling intestinal microecological balance

Supplementary Text
Materials and methods
Identification of AMEVLP
Extracted AMEVLP were subjected to a series of characterizations. Nano FCM detected the particle size, distribution, and concentration. 1 μL of AMEVLP was added to 999 μL of PBS to dilute the exosome samples at a 1:1000 ratio. NF Profession 2.0 software was used to perform sample testing after quality control. Transmission electron microscopy (TEM) was used to observe the morphology of AMEVLP. Ten μL of isolated and purified AMEVLP were aspirated, diluted by adding an equal volume of PBS and then added dropwise onto a 2 mm sample-carrying copper grid. After standing at room temperature for 3 min, the excess float was gently sucked from the edges with filter paper, and negatively stained with 3% sodium phosphotungstic acid solution for 5 min at room temperature, washed gently with double-distilled water, and dried for 2 min at room temperature. Up-imaging by TEM (electron microscope operating voltage 80-120 kV) was used for observation and photography. Thirty μL of AMEVLP was added to 470 μL of different concentrations of Triton X-100 solution diluted with PBS. The solutions were mixed thoroughly, incubated at room temperature for 30 min, 100 μL of the sample were used to detect the particle concentration by nano-flow, with statistical count used to assess the film-breaking rate of different concentrations of Triton X-100 solution. AMEVLP nucleic acid evaluation was accomplished with the instructions for exosomal nucleic acid extraction of 50 μL of sample at 37°C for 1 h. Agarose gel (1.5%) containing 1× Gel-Red was prepared, with electrophoresis carried out for 25 min under constant pressure at 100V and evaluated with the imaging system of the gel apparatus. The gastrointestinal stabilization of AMEVLP was performed as follows: 1.34 μL of 18.5% W/V HCl and 24 μL of pepsin solution (80 mg of pepsin dissolved in 0.1 mol/L hydrochloric acid per mL) were added to 1 mL of AMEVLP and incubated at 37°C for 30 min. Then, 80 μL of simulated intestinal solution (0.1 mol/L NaHCO3 per mL dissolved in 4 mg of trypsin and 24 mg of porcine bile salt per mL) were added and incubated at 37°C for 30 min. The stability of AMEVLP was measured by analyzing the change in surface particle size versus charge after each incubation using a nanoparticle size potentiostat by DLS.
Histologic analysis
The distal colon (about 1 cm) was taken and feces drained. The colonic tissue was rinsed with PBS and cut along the mesenteric margins. The tissue was placed in 10% neutral formalin for 24 h, dehydrated, and then paraffin-embedded for sectioning. Sections of 5 µm thickness were made and hematoxylin-eosin (H&E) staining was performed on colon tissue sections. Images of H&E-stained sections were acquired using a Digital Pathology Slide Scanner (KF-FL-005, KFBIO).
Serum AST, ALT, UREA, and CREA measurement
Eighteen female KM mice at 7 weeks of age were obtained from Guangzhou Ruiye Model Animal Center as approved by the Laboratory Animal Ethics Committee of Guangzhou Ruiye Model Animal Biotechnology Co. They were randomly divided into three groups (NC, 0.5 mg/kg AMEVLP, 2.0 mg/kg AMEVLP) of 6 animals each, acclimatized, and fed for 1 week. AMEVLP was administered by gavage for 1 week. After another week, blood was taken from the eyes of mice, anticoagulant was added and centrifuged at 3000 rpm for 15 min. Serum was used for routine blood measures, as well as liver and kidney function. The toxicity of AMEVLP on blood, liver injury, and renal failure in mice was evaluated by using a hematology analyzer and a fully automated clinical biochemistry analyzer (AU5800, Beckman Coulter) for levels of AST, ALT, UREA, and CREA.
Intestinal transcriptomics analysis
RNA from total samples was isolated and purified using TRIzol (Thermofisher, 15596018). The amount and purity of total RNA was then quality controlled with a NanoDrop ND-1000 (NanoDrop, Wilmington, DE, USA) and the integrity of the RNA was examined by a Bioanalyzer 2100 (Agilent, CA, USA). A concentration of >50 ng/μL, a RIN value of >7.0, and a total RNA >1 μg were sufficient for downstream experiments. The mRNA with PolyA was specifically captured by two rounds of purification using oligo (dT) magnetic beads (Dynabeads Oligo (dT), cat.25-61005, Thermo Fisher, USA). The captured mRNA was fragmented at 94°C for 5-7 min. The fragmented RNA was passed through reverse transcriptase (Invitrogen SuperScriptTM II Reverse Transcriptase, cat.1896649, CA, USA) to synthesize cDNA. Then by PCR, pre-denaturation was held at 95°C for 3 min, denaturation at 98°C for a total of 8 cycles of 15 s each, annealing to 60°C for 15 s, extension at 72°C for 30 s, and a final extension held at 72°C for 5 min to allow for the formation of libraries with fragment sizes of 300 bp ± 50 bp (strand-specific libraries). Finally, we used Illumina NovaseqTM 6000 (LC Bio Technology CO., Ltd. Hangzhou, China) for bipartite sequencing according to the standard operation, and a sequencing mode of PE150. DESeq2 software and edgeR software were used to analyze the differential gene expression between the two groups (between the two samples). Genes with a false discovery rate (FDR) parameter of less than 0.05 and an absolute fold change of ≥2 were considered differentially expressed genes. Differentially expressed genes were then enriched to analyze GO function and for KEGG pathways.
UC mouse TNBS model
7-week-old C57BL/6J mice, male, weighing 20±2 g, were obtained from Guangzhou Ruiye Model Animal Center and approved by the Laboratory Animal Ethics Committee of Guangzhou Ruiye Model Animal Biotechnology Co. The C57BL/6J mice were placed in an animal room at 20±2℃ with alternating 12h of light and 12h of darkness, and the humidity was about 55%~65%. Mice were in groups of 5 mice per cage with free access to food and water. The experiment was started after 1 week of acclimatization feeding. They were randomly divided into a normal control group, a 2% TNBS (150 mg/kg) group, an AMEVLP high-concentration group (2 mg/kg/d) and a low-concentration group (0.5 mg/kg/d), a 5-ASA (5- Aminosalicylic acid) group, with an average of 7 animals per group. TNBS (2,4,6-Trinitrobenzenesulfonic acid solution)  at a concentration of 5% was prepared with 50% ethanol to form a TNBS solution at a concentration of 2%. The AMEVLP administered group was gavaged for 7 days and the 5-ASA was gavaged for 7 days. On day 4, the normal control group was gavaged with saline, and the other groups used an enema needle slowly inserted 3-4 cm into the anus of mice, and the 2% TNBS solution was slowly injected into the intestinal lumen to induce ulcerative colitis in the mice, and then the mice were placed head down at about 30 degrees in a gas anesthesia box and maintained in the gas anesthesia box for 30 min to wait for the modeling agent to be fully absorbed. Then, the mice were executed on day 8, and the length of the colon of each group was measured and photographed. The colonic tissue about 1 cm above the rectum was taken for tissue sectioning and fixed in 4% paraformaldehyde for subsequent pathohistological analysis. The spleens of mice were taken for immune cell analysis.
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Fig. S1. Extraction and lipid and metabolite identification of AMEVLP. A. Extraction of AMEVLP. B. Lipid composition and metabolite composition of AMEVLP as a percentage of lipid and metabolite composition.

[image: ]
Fig. S2. AMEVLP are enriched in a wide range of metabolites. A. Base peak plot of AMEVLP LC-MS-based metabolite analysis (labeled as metabolites with a larger percentage). B. Monoterpenes and terpene lactones. C. Steroids and steroid derivatives. D. Indoles and their derivatives.
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Fig. S3. In vitro anti-inflammatory and anti-oxidant effects of AMEVLP. A. Histograms of RAW264.7 cells after internalized uptake of Dil-labeled AMEVLP (0.25 μg/mL and 0.5 μg/mL) at different time points (2, 4, 8 h). B. Histograms of RAW264.7 cells incubated with DiI-labeled AMEVLP (0.5 μg/mL) for 2, 4 and 8 h. Scale bar indicates 20 μm. C-D. Fluorescence signal distribution and representative fluorescence images of DCF in RAW264.7 cells induced by H2O2 and treated with different protein concentrations of AMEVLP for 6 h. Scale bar indicates 100 μm. E. RT-qPCR showing up-regulation of the mRNA expression level of IL-10 after AMEVLP administration. F. RT-qPCR showing inhibition of mRNA expression of IL-1β, IL-6, IL-12, and TNF-α after AMEVLP administration. Data are shown as means ± standard deviation, n = 3. *P < 0.05, ***P < 0.001, ****P < 0.0001 and ns = not significant.
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Fig. S4. In vitro and in vivo biosafety assessment of AMEVLP. A-B. MTT assays for cell viability of AMEVLP at different protein concentrations after 24 and 48 h of action on RAW264.7 cells. n = 6. C. Hemolytic capacity assay of AMEVLP. D. Body weight changes after AMEVELP (0.5 mg and 2.0 mg) administration. E. Apoptosis assay by flow cytometry after AMEVLP administration at different protein concentrations. F. H&E staining of sections of various tissue organs (heart, liver, spleen, lung, kidney, colon) of mice after AMEVLP administration. Scale bar indicates 200 μm. G. Changes in blood and biochemical indices of mice after administration of AMEVLP. Data are shown as means ± standard deviation, n = 3.
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Fig. S5. Gastrointestinal stability and targeting of AMEVLP. (In vivo enrichment sites of DiR-labeled AMEVLP) 
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Fig. S6. AMEVLP prevents DSS-induced UC in mice. A. Experimental design of the mouse model of DSS-induced ulcerative colitis prevented by AMEVLP. B. Body weight changes of each group were monitored daily and expressed as a percentage of initial body weight. C. Disease Activity Index (DAI) scores. n = 4. D. Morphological observation of the colon of mice in each group; E. Colon length. n = 3. F. RT-qPCR showing up-regulation of the IL- 10 mRNA expression level. G. RT-qPCR showing inhibition of IL-1β, IL-6, IL-12 and TNF-α mRNA expression after AMEVLP administration. Data are shown as means ± standard deviation, n = 3. *P < 0.05, **P < 0.01, *** P < 0.001. H. Endoscopic images of colonic inflammation in mice. I. H&E-stained colonic tissue sections. Scale bar indicates 200 μm.
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Fig. S7. AMEVLP alleviates UC in mice in a microbial-dependent manner. A. Experimental design of the mouse model of DSS-induced UC after AMEVLP treatment with antibiotics. B. Body weight changes in each group were monitored daily and expressed as a percentage of initial body weight. C. Disease Activity Index (DAI) scores. D. Morphological observation of the colons of mice in each group and the length of the colons, n = 3, *** P < 0.001.
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Fig. S8. Heat map of AMEVLP co-metabolites with gut contents.
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Fig. S9. Effects of AMEVLP on gene expression and regulation in mouse intestinal tissues. A. Statistics of the number of up-regulated and down-regulated differentially expressed genes and transcripts between groups. B. Differential gene expression volcano plots. C. Differential transcript expression volcano plots. D. KEGG pathway enrichment analyses. E. KEGG pathway enrichment analyses of significant differentially expressed gene bubble plots.
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Fig. S10. Images of immunohistochemical staining of cytokines associated with the signaling pathway of Th17 cell differentiation. Scale bar indicates 200 μm, n = 3.
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Fig. S11. AMEVLP prevents TNBS-induced UC in mice. A. Experimental design of the mouse model of TNBS-induced ulcerative colitis prevented by AMEVLP. B. Body weight changes of each group were monitored daily and expressed as a percentage of initial body weight. C. Disease Activity Index (DAI) scores. n = 7. D. Morphological observations and quantitative plots of the colon of representative mice in each group. n = 4; E. Endoscopic images of colonic inflammation in mice. F. H&E-stained colonic tissue sections. Scale bar indicates 200 μm. G. Trends in CD4⁺IL-17A⁺ changes detected by flow cytometry. H. Trends in CD4⁺FoxP3⁺ changes detected by flow cytometry. I. Quantification of the number of positive Th17 cells and Treg cells.
n = 4. *P < 0.05, **P < 0.01. 

Table S1. The primer sequences of RT-qPCR related genes are listed below.
	[bookmark: _Hlk160124742]Gene
	Primer
	Sequence

	m-IL-6
	Forward
	CCTTCTTGGGACTGATGCTGGTG

	
	Reverse
	AGGTCTGTTGGGAGTGGTATCCTC

	m-IL-1β
	Forward
	CTTCCAGGATGAGGACATGAGCAC

	
	Reverse
	TCATCATCCCATGAGTCACAGAGG

	m-TNF-α
	Forward
	CCCTCACACTCAGATCATCTTCT

	
	Reverse
	GCTACGACGTGGGCTACAG

	m-IL-10
	Forward
	GGTTGCCAAGCCTTATCGGA

	
	Reverse
	CTTCTCACCCAGGGAATTCA

	m-IL-12
	Forward
	TGGTTTGCCATCGTTTTGCTG

	
	Reverse
	ACAGGTGAGGTTCACTGTTTCT

	GAPDH
	Forward
	AGGTCGGTGTGAACGGATTTG

	
	Reverse
	TGTAGACCATGTAGTTGAGGTCA


Relative mRNA expression was analyzed using 2 −∆∆Ct with GAPDH as an internal reference.

Table S2. Disease activity index had a maximum score of 12 on a 0-4 rating system based on the following parameters.
	[bookmark: _Hlk160148819]Weight loss (%)
	Stool properties
	Bloody stool
	Scoring

	0
	Normal
	Normal
	0

	1-5
	Loosely
	Occult blood positive
	1

	5-10
	
	
	2

	10-15
	Meager stool
	Bloody stools in the flesh
	3

	>15
	
	
	4
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