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Materials and methods
Materials
DiR fluorescent dye (40757ES25) was purchased from YEASEN (Shanghai, China). PKH67 fluorescent dye (UR52303) was purchased from Umbio (Shanghai, China). Alexa Fluor 555-phalloidin (C2235), the CCK-8 assay kit (C0038), and the endotoxin assay kit (C0266DS) were purchased from Beyotime (Shanghai, China). The Omni-ECL™ Ultra Sensitive Chemiluminescent Substrate kit (SQ201) was purchased from Epizyme (Shanghai, China). The BioFlux SimplyP Total RNA Extraction Kit (BSC52S1) was purchased from Bioer (Hangzhou, China). The reverse transcription kit (RK20433) and SYBR Green qPCR reagent (RM21217) were purchased from ABclonal (Wuhan, China). The BCA protein assay kit (E112-02) was purchased from Vazyme (Nanjing, China). The Alcian blue staining kit (G1560) was purchased from Beijing Solarbio (Beijing, China). The fecal occult blood qualitative test kit (TC0511) was purchased from Leagene (Beijing, China). The two-step immunohistochemical detection kit (mouse/rabbit enhanced polymer system; PV-9000) was purchased from ZSGB-Bio (Beijing, China).
Cellular uptake assay
TENVs were incubated with PKH67 fluorescent dye in the dark for 15 min. Free unbound dye was removed by ultracentrifugation at 120,000 × g for 60 min. The labeled TENVs were then incubated with RAW264.7 macrophages or Caco-2 cells in serum-free medium for 0, 6, or 12 h. At each time point, cells were washed three times with PBS and fixed with 4% paraformaldehyde for 15 min. Alexa Fluor 555-phalloidin was used to stain F-actin for 30 min to visualize the cytoskeleton, and DAPI was used for nuclear staining. Cellular uptake of TENVs was observed using a laser confocal microscope.
Anti-Inflammatory effects of TENVs in macrophages
RAW264.7 macrophages were pretreated with TENVs at concentrations of 5, 10, and 20 μg・mL⁻¹ for 12 h. Cells were then exposed to LPS (100 ng・mL⁻¹) or recombinant mouse IL-17A (500 ng・mL⁻¹) for 12 h for subsequent inflammatory and signaling analyses.For MAPK phosphorylation assays, IL-17A exposure was shortened to 1 h.
Biosafety assessment
RAW264.7 and Caco-2 cells were seeded in plates and allowed to adhere overnight. The cells were then incubated with different concentrations of TENVs for 24 or 48 h, and cell viability was measured using the CCK-8 assay. Male ICR mice aged 6–8 weeks were randomly assigned to the control, TENVs 15 mg/kg, and TENVs 35 mg/kg groups. Mice in the TENVs-treated groups received the corresponding dose of TENVs by oral gavage once daily for 8 consecutive days. The mice were then euthanized, and biocompatibility was evaluated by histopathological analysis of major organs and blood biochemical parameters.
ELISA
Whole blood samples were kept at room temperature for 2 h and centrifuged at 1,000 × g for 20 min. The serum supernatant was collected for analysis. Serum levels of TNF-α, IL-1β,  IL-6, IL-17A, DAO, MDA, and GSH-PX were measured using commercial assay kits following the kit instructions. Kit information is provided in the Materials section. Values were calculated from standard curves and adjusted for dilution when needed. Since serum was used for these assays, the data were not normalized to total protein.
H&E staining and Alcian blue staining
The sections were dried in xylene to remove the paraffin and then rehydrated in a series of ethanol. Following hematoxylin staining, the samples were washed in distilled water, followed by incidence of 50, 70 and 85 ethanol and eosin counter staining. The excess eosin was washed off in anhydrous alcohol and the slides cleared in xylene.
For Alcian blue staining, paraffin-embedded colon sections were deparaffinized and rehydrated. The sections were stained with Alcian blue staining solution for 20 min at room temperature, gently rinsed under running tap water, and then washed with distilled water. Nuclear fast red was used for counterstaining for 5 min. After washing, the sections were dehydrated through graded ethanol, cleared in xylene, and mounted with neutral resin.
Immunohistochemistry 
Paraffin-embedded colon sections were deparaffinized, rehydrated through graded ethanol, and subjected to antigen retrieval. Endogenous peroxidase activity was blocked with 3% H₂O₂, and the sections were washed three times with PBS. The sections were then blocked with 5% goat serum for 30 min at room temperature to reduce nonspecific staining. Primary antibodies were added and incubated overnight at 4 °C in a humidified chamber. After washing with PBS, the sections were incubated with HRP-conjugated secondary antibodies for 60 min at 37 °C. Immunoreactivity was developed with 3,3′-diaminobenzidine (DAB), and the reaction time was controlled under a microscope. The sections were counterstained with hematoxylin, differentiated in hydrochloric acid alcohol, dehydrated, cleared, and mounted. Stained sections were observed under a light microscope, and DAB-positive areas were semi-quantified using ImageJ software. For quantitative analysis, multiple high-power fields were selected from each biological replicate. The values from different fields of the same sample were averaged to obtain one value for each mouse, and these values were then used for statistical analysis.
Western blot
RIPA buffer supplemented with protease and phosphatase inhibitors was used to lyse both colon tissues and RAW264.7 macrophages. Equal amounts of protein (25 μg per lane) were separated by electrophoresis on 10% SDS-polyacrylamide gels and then electrotransferred onto PVDF membranes. To block nonspecific binding, the membranes were incubated with 5% nonfat milk for 1 hour at room temperature, followed by overnight exposure to primary antibodies at 4 °C. After three washes with TBST, secondary antibody incubation was performed for 2 hours at ambient temperature. Protein bands were visualized with Omni-ECL™ Ultra Sensitive Chemiluminescent Substrate (Epizyme, Shanghai, China) and recorded using a gel imaging system (Cytiva, Marlborough, MA, USA). Band intensities were quantified using ImageJ software, and target protein expression was normalized against GAPDH.
RNA sequencing analysis
To examine the effects of TENVs on the colonic transcriptome in DSS-induced colitis mice, colon tissues from the DSS group and the TENVs (35mg/kg) group were used for RNA-seq analysis, with three biological replicates in each group. RNA extraction, library construction, and sequencing were performed by LC-Bio Technology Co., Ltd. (Hangzhou, China). After total RNA extraction, RNA concentration, purity, and integrity were assessed using Qubit and an Agilent 5300 Fragment Analyzer. Samples with RIN values >7.0 were used for library preparation. Enriched mRNA was fragmented and reverse-transcribed into cDNA. End repair, adapter ligation, and PCR amplification were then performed to construct strand-specific cDNA libraries. After library quality control, paired-end 150 bp sequencing was carried out on an Illumina NovaSeq X Plus platform.


Supplementary Figures
[image: S1 TENVs指控与稳定]
Figure S1. Quality control and gastrointestinal stability of TENVs. (A) Aerobic sterility assessment of TENVs on LB agar after 24 h, with Escherichia coli as the positive control (n = 3 technical replicates). (B) Endotoxin detection in TENVs using the gel-clot assay. Formation of a firm gel that remained intact after 180° inversion was considered a positive reaction, whereas a loose or mobile gel that failed to remain intact after inversion was considered negative. PC, positive control; PPC, positive product control; NC, negative control. (C) Summary of gel-clot endotoxin assay results for the pooled TENV preparation (n = 3 technical replicates). (D, E) Changes in the hydrodynamic diameter of TENVs in simulated gastric and intestinal fluids measured by DLS.

[image: 作用物质基础]Figure S2. Potential bioactive components contributing to the effects of TENVs. (A) Schematic illustration of enzymatic digestion of TENVs followed by ultrafiltration. (B) qRT-PCR analysis of inflammatory cytokine mRNA expression in RAW264.7 macrophages pretreated with differently processed TENVs for 12 h, followed by LPS stimulation for 12 h. (C) Selected KEGG functional categories of proteins identified in TENVs by proteomic analysis. (D) qRT-PCR analysis of inflammatory cytokine mRNA expression in RAW264.7 macrophages pretreated with intact TENVs, heat-inactivated TENVs, or supernatant depleted of TENVs for 12 h, followed by LPS stimulation for 12 h. Data are presented as mean ± SD from three independent in vitro experiments (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001 compared with the control group; #P < 0.05, ##P < 0.01, ###P < 0.001 compared with the LPS group; &P < 0.05, &&P < 0.01, &&&P < 0.001 compared with the LPS + TENVs group.



[bookmark: _GoBack][image: 体内治疗补充]Figure S3. Treatment with TENVs ameliorates DSS-induced colitis in mice (additional data for Figure 2). (A, B) Western blot analysis and densitometric quantification of ZO-1, occludin, and claudin-1 in colonic tissues (n = 3). (C) Quantification of Alcian blue-positive goblet cells (n = 4). Data are presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the control group; #P < 0.05, ##P < 0.01, ###P < 0.001 compared with the DSS group.

[image: 体内抗炎补充]
Figure S4. TENVs suppress inflammatory responses in the colonic tissues of mice with DSS-induced colitis (additional data for Figure 3). (A, B) Western blot analysis and densitometric quantification of CD86 in colonic tissues (n = 3). (C) Representative immunohistochemical images showing IL-1β-, IL-6-, and TNF-α-positive cells in colonic tissues from each group (scale bars: 100 μm). (D) Quantification of IL-1β-, IL-6-, and TNF-α-positive cells in colonic tissues using ImageJ software (n = 3). (E) Serum GSH-Px levels measured by ELISA (n = 6). Data are presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the control group; #P < 0.05, ##P < 0.01, ###P < 0.001 compared with the DSS group.
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Figure S5. Effects of TENVs on DSS-induced colitis following gut microbiota depletion. (A) Schematic diagram of ABX pretreatment, DSS induction, and TENVs administration. (B) Representative colony growth from fecal samples collected on day 7 after four consecutive 10-fold dilutions in PBS. Samples were cultured on LB agar aerobically for 24 h and on blood agar anaerobically for 48 h. (C) Body weight changes over 8 days. (D) DAI scores over 8 days. (E) Representative gross morphology of colons from each group. (F) Quantification of colon length. (G) Colon H&E staining (Scale bars: 200 μm). (H) Histological scores of H&E-stained colon sections. (I) Serum levels of IL-1β, IL-6 and TNF-α measured by ELISA. Data are presented as mean ± SD (n = 6 mice per group). *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S6. FMT from TENVs-treated donor mice attenuates DSS-induced colitis in microbiota-depleted recipient mice (additional data for Figure 9). (A) Representative colony growth from fecal samples collected on day 7 after four consecutive 10-fold dilutions in PBS. Samples were cultured on LB agar aerobically for 24 h and on blood agar anaerobically for 48 h. (B, C) Western blot analysis and densitometric quantification of ZO-1, occludin, and claudin-1 in colonic tissues. Data are presented as mean ± SD (n = 3 mice per group). *P < 0.05, **P < 0.01, ***P < 0.001 compared with the FMT-control group; #P < 0.05, ##P < 0.01, ###P < 0.001 compared with the FMT-DSS group.
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Figure S7. Gut microbiota composition in recipient mice following FMT. (A) β-diversity analysis of gut microbial composition based on PCoA. (B, C) α-diversity of the gut microbiota assessed using the ACE and Shannon indices. (D) Relative abundances of microbial taxa at the family ranks. (E) LEfSe analysis of differential bacterial taxa with an LDA score > 3.0. (F) PICRUSt2-based prediction of differential gut microbial functional pathways at KEGG level 3. Data are presented as mean ± SD (n = 6 biological replicates per group). *P < 0.05, **P < 0.01, ***P < 0.001.



Supplementary Table
Table S1. Antibodies used in this study

	Antibody
	Company
	Catalogue No.
	Application
	Dilution

	anti-CD3
	Sigma-Aldrich (St. Louis, MO, USA)
	C7930
	IHC
	1:200

	anti-F4/80
	Abcam (Cambridge, UK)
	ab6640
	IF
	1:100

	anti-TRAF6
	Abcam
	ab40675
	WB
	1:4000

	anti-ERK
	Abcam
	ab17942
	WB
	1:1000

	anti-JNK
	Abcam
	ab208035
	WB
	1:1000

	anti-p-JNK
	Abcam
	ab4821
	WB
	1:2000

	anti-p-p38
	Abcam
	ab4822
	WB
	1:1000

	anti-CD86
	Immunoway (Suzhou, China)
	YT7823
	WB; IF
	1:1000; 1:100

	HRP-conjugated Goat Anti-Rabbit IgG (H+L)
	Proteintech (Wuhan, China)
	SA00001-2
	WB
	1:10000

	anti-p-ERK
	Proteintech
	28733-1-AP
	WB
	1:3000

	anti-IL-1β
	ABclonal (Wuhan, China)
	A20529
	IHC
	1:100

	anti-IL-6
	ABclonal
	A0286
	IHC
	1:100

	anti-TNF-α
	ABclonal
	A11534
	IHC
	1:200

	anti-MPO
	ABclonal
	A1374
	IHC
	1:1000

	anti-IL-17A
	ABclonal
	A12454
	IHC
	1:50

	anti-occludin
	ABclonal
	A24601
	WB; IF
	1:3000; 1:200

	anti-ZO-1
	ABclonal
	A0659
	WB; IF
	1:2000; 1:50

	anti-claudin-1
	ABclonal
	A25902
	WB; IF
	1:1000; 1:50

	anti-p38
	ABclonal
	A14401
	WB
	1:800

	anti-GAPDH
	ABclonal
	A19056
	WB
	1:150000

	anti-ACT1
	ABclonal
	A6776
	WB
	1:800

	anti-IL-17RA
	ABclonal
	A10052
	WB
	1:1000

	APC Rabbit anti-Mouse CD86 mAb
	ABclonal
	A25824
	FC
	5 μl per 10^6 cells

	ABflo® 488-conjugated Goat anti-Rabbit IgG (H+L)
	ABclonal
	AS053
	IF
	1:200

	ABflo® 594-conjugated Goat anti-Rabbit IgG (H+L)
	ABclonal
	AS039
	IF
	1:100

	AbBy Fluor® 594-conjugated Goat Anti-Rat IgG (H+L)
	Bioss (Beijing, China)
	bs-0293G-BF594
	IF
	1:500




Table S2. Histopathological scoring criteria

	Score
	Histopathological criteria

	0
	Normal epithelial structure, intact crypt architecture, and no obvious inflammatory cell infiltration.

	1
	Mild inflammatory cell infiltration with slight epithelial changes; crypt structure is largely preserved.

	2
	Moderate inflammatory cell infiltration with partial epithelial injury, mild crypt distortion, or limited submucosal involvement.

	3
	Marked inflammatory cell infiltration with obvious epithelial damage, crypt loss or distortion, submucosal involvement, and colon wall thickening.

	4
	Severe inflammatory cell infiltration with extensive epithelial disruption, crypt loss, ulceration or broad tissue damage, and marked colon wall thickening.



Table S3. Criteria for DAI scoring
	Score
	Weight loss (%)
	Stool consistency
	Occult blood or grossbleeding

	0
	0
	Normal
	Negative

	1
	1-5%
	Mild soft
	weakly positive

	2
	5-10%
	Soft and wet
	positive

	3
	10-20%
	Half loose stool
	strongly positive

	4
	＞20%
	Diarrhea
	Gross bleeding




Table S4. Primer sequences used for real-time RT-PCR
	Gene
	Forward primer (5'→3) 
	Reverse primer (5'→3')

	IL-1β
	CAAGCAACGACAAAATACCTGTG
	AGACAAACCGTTTTTCCATCTTCT

	IL-6
	CCGGAGAGGAGACTTCACAGAG
	CTGCAAGTGCATCATCGTTGTT

	TNF-α
	TGGCCCAGACCCTCACACTCAG
	ACCCATCGGCTGGCACCACT

	IL-10
	TGCTATGCTGCCTGCTCTTA
	GTTCCTTTGGTTGCTGGAAG

	IL-17RA
	GACCAGGGCTACATCTCCA
	CAGGCTCCGTAGTTCCTCA

	Act1
	CTGGTGAACGCAAGAGGT
	GCAGGAAGTGGATGCTGT

	CCL2
	TTGTCACCAAGCTCAAGAGAGA
	GAGGTGGTTGTGGAAAAGGTAG

	CCL7
	CAGAAGTGGGTCGAGGAG
	AAGAACAGCGGTGAGGAA

	CCL20
	GTGTGCGCTGATCCAA
	GGGCTGTGTCCAATTCC

	β-actin
	TGTCCACCTTCCAGCAGATGT
	AGCTCAGTAACAGTCCGCCTAGA
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