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[bookmark: OLE_LINK6]Figure S1. Distribution of peritoneal cell-derived exosomes in organs and cells of flounder. (A) DiO-labeled ExoCon were intraperitoneally injected into the flounder. The localization of exosomes was detected using a small animal imaging device at 0, 2, 4, 8, and 24 hours after injection. (B) Ex-vivo imaging of organs was observed at 24 hours. The fluorescence intensity scale is displayed on the right side of the images. The representative data were obtained from the study of 10 independent fish. The flow cytometric analysis of the proportion of DiO+ cells in the PerCs (C), SPLs (D), HKLs (E) at 2, 4, and 8 hours were obtained after DiO-labeled ExoCon or ExoFKC injection.
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Figure S2. PDEs promotes T cell activation. Flow cytometric analysis of CD4-1+ T cells (A) and CD4-2+ T cells (B) in the PerCs at 72 hours after intraperitoneal injection with PBS (Control), ExoCon, and ExoFKC, respectively (n=4). (C) Effect of exosomes on cultured leukocytes from flounder. HKLs were cultured for 72 hours with PBS (Control), ExoCon, and ExoFKC, respectively. Arrows indicate the cell clonal community, Bar=50μm. Images are representative of three replicates in three independent experiments. (D) qPCR analysis of cd4-1, cd4-2, and zap70 expression in HKLs at 72 hours after treatment with PBS (Control), ExoCon, and ExoFKC, respectively (n=3). Data are shown as mean ± s.d., and P values were calculated using a one-way ANOVA followed by correction for multiple comparisons via the Tukey method (A, B and D).
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[bookmark: _Hlk193638810]Figure S3. Complementary analysis of exosomal protein. (A) Heatmap presentation of the upregulated and downregulated proteins from ExoFKC versus ExoCon group (n=3). (B) Gene set enrichment analysis of the upregulated immune-related pathways, with T-cell activation-related signaling pathway marked by ▲.
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Figure S4. Complementary analysis of exosomal RNA. (A) GO enrichment analysis of significantly differential genes from ExoFKC versus ExoCon group. (B) KEGG enrichment analysis of significantly differential genes from ExoFKC versus ExoCon group. (C) The signal pathways related to immunization, which were enriched by mRNAs showed significantly different expression levels from ExoFKC versus ExoCon group. Among these, the T-cell activation-related signaling pathways marked by *.
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[bookmark: OLE_LINK2]Figure S5. Complementary analysis of the exosomal miRNA. (A) KEGG enrichment analysis of target genes for miRNAs with significantly different expression from ExoFKC versus ExoCon group. (B) qPCR analysis of miR-4732-y, novel-m0034-3p, and novel-m0021-3p expression in HKLs after incubation with PBS (Control), ExoCon, and ExoFKC, respectively (n=3). Data are shown as mean ± s.d., and P values were calculated using a one-way ANOVA followed by correction for multiple comparisons via the Tukey method (B).
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[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Figure S6. Supplementary analysis of PDEs enhances vaccine potency. ELISA was used to determine total antibodies (A) and specific antibodies (B) after treatment with PBS, FKC, and a mixture of FKC and ExoFKC, respectively (n=3). Data are shown as mean ± s.d., and P values were calculated using a two-way ANOVA followed by correction for multiple comparisons via the Tukey method (A and B).


Table S1. Sequences of the primers used for gene expression analysis by qPCR.
	Primer name
	Primer sequence (5’-3’)
	Locus

	18sRNA-F
	GGTCTGTGATGCCCTTAGATGTC
	EF126037

	18sRNA-R
	AGTGGGGTTCAGCGGGTTAC
	

	zap70-F
zap70-R
	CTAGTGCGAGACAGAGATGA
CCTCTGGCATGGAGAATTTAC
	XM_020098352.1

	cd4-1−F
	CCAGTGGTCCCCACCTAAAA
	AB643634

	cd4-1−R
	CACTTCTGGGACGGTGAGATG
	

	cd4-2−F
	CACAGCGAGGACGTCAGAAA
	AB640684

	cd4-2−R
	TCTCTCCCATCACTCCTTTAGCA
	

	p38a-F
	AAGTCCACAAATTACCCTCCAA
	XM_020089244

	p38a-R
	TTCTCGCTTTTATGTTCCTCAG
	

	jun-F
	TCCCACAACCACATGGATCAC
	XM_020109221

	jun-R
	TCTCCATGTTGATGGGGGAA
	

	il2-F
	TTCACTGCATAGAGCCGCAA
	LC579750

	il2-R
	GCCTGGGGTGAAAACAACCA
	

	ifny-F
	TGGTCTGTCTGTCCCTGTG
	AB435093.1

	ifny-R
il17-F
il17-R
nfkb-F
nfkb-R
cbl-F
cbl-R
rora-F
rora-R
gata3-F
gata3-R
hsp30-F
hsp30-R
tlr13-F
tlr13-R
hsp90a-F
hsp90a-R
fosl1-F
fosl1-R
ubr4-F
ubr4-R
gcsf-F
gcsf-R
[bookmark: OLE_LINK13]il1b-F
il1b-R
[bookmark: OLE_LINK15]nme2-F
nme2-R
	GCTTCCCGTTGAATCTGT
[bookmark: OLE_LINK28]CCTGGATGTGACTCCTTGTTGG
[bookmark: OLE_LINK29]GACGCTCTGGTAGATGGGAACT
CAACAGAGCCCCAAACAC
CGGAGCTGCATCTTCACT
GGGCCATCGGTTATGTGACT
ACACAAACCCACTTGTGTGAC
CCTTACTGCTCCTTCACCAACG
GGCGAACTCCACCACATACTG
CAGGAGGACAAAGAGTGCATAAAGT
GAAGATGACCCACCTATCAGGCTAC
CTGACGATCGAGAGGAGCAC
CATGTTCCAGCACATGTTCAC
TCCCAACACTGTCCACGCT
GAACTGAAGGCATCGTCTCG
CGCTGGTGGCTCCTTTACA
GCTTCTTCACAATCTCTTTGACTCT
TCCCATTCCCACCTTCTCA
CTTCTTACTCTGCGTCTGTCCAACT
AACCCTGACCTTACGACCATC
AACAACTTCTCGGACCCACC
GTTCCCATCAGCCCAGCGCC
TGTCCATTGTGAAGCGTTCAGA
CCGAAACCCAGGTTCCATGA
CCCAACTACTGAGACGACGG
ACGCCTTTCTACGCTGGACT
TGATGTTCCTGCCGATGTTGA
	
XM_020111881.1

HM771267.1

XM_020086068.1

XM_020079419.1

XM_020108979.1

XM_020081844

XM_020103197

DQ662233

XM_020084470

XM_020088830

XM_020106377

XM_020081882

XM_020110503





[bookmark: _Hlk218693936]Table S2. GO analysis of the shared proteins in the ExoCon and ExoFKC
	Pathway
	NOM p-value
	FDR q-value
	Protein count

	Endomembrane system
	5.2193×10-13
	9.7654×10-13
	3024

	Vesicle
	1.1044×10-8
	7.1742×10-6
	1774

	Cytoplasm
	1.3725×10-8
	7.1742×10-6
	7706

	Intracellular
	1.5338×10-8
	7.1742×10-6
	8713

	Intracellular organelle
	2.3373×10-8
	8.7460×10-6
	7502





Table S3. KEGG analysis of the shared proteins in the ExoCon and ExoFKC
	Pathway
	NOM p-value
	FDR q-value
	Protein count

	MAPK signaling pathway
	0.000082
	0.017606
	286

	Focal adhesion
	0.0001
	0.017606
	280

	Spliceosome
	0.002477
	0.217363
	184

	Lysosome
	0.009587
	0.411034
	143

	PI3K-Akt signaling pathway
	0.015375
	0.411034
	288





[bookmark: OLE_LINK122][bookmark: OLE_LINK3]Table S4. GSEA analysis of the upregulated immune-related signal pathways from ExoFKC versus ExoCon group.
	Pathway
	NES
	NOM p-value
	FDR q-value

	ECM-receptor interaction
	3.321895
	0.0
	0.0

	Cell adhesion molecules (CAMs)
	2.112709
	0.0
	0.002743

	Calcium signaling pathway
	1.908521
	0.0
	0.00785

	Cytokine-cytokine receptor interaction
	1.99853
	0.0
	0.004792

	Focal adhesion
	1.576586
	0.0
	0.055803

	PI3K-Akt signaling pathway
	1.369039
	0.0
	0.157131

	Phagosome
	1.349893
	0.027027
	0.161069

	[bookmark: OLE_LINK4]Tight junction
	1.318898
	0.023256
	0.166663





Table S5. Summary of mRNA sequencing data in the study.
	Samples
	Raw reads 
	Clean reads (%)
	BF_Q20(%)
	BF_Q30(%)

	ExoCon-1
	88188912
	49158370 (55.74%)
	92.68%
	86.35%

	ExoCon-2
	85221146
	48650696 (57.09%)
	89.66%
	83.44%

	ExoCon-3
	81951760
	37419828 (45.66%)
	91.27%
	84.62%

	ExoFKC-1
	91273204
	46172138 (50.59%)
	92.51%
	86.15%

	ExoFKC-2
	82077044
	36669708 (44.68%)
	92.31%
	85.82%

	ExoFKC-3
	86622830
	45011938 (51.96%)
	91.6%
	85.06%





[bookmark: OLE_LINK1]Table S6. KEGG enrichment analysis of immune-related signaling pathways for DEGs between ExoFKC and ExoCon groups.
	Pathway
	NOM p-value
	FDR q-value
	Gene count

	NOD-like receptor signaling pathway
	0.000133
	0.013625
	17

	Platelet activation
	0.029943
	0.184033
	15

	Leukocyte transendothelial migration
	0.04143
	0.210055
	15

	Toll-like receptor signaling pathway
	0.000535
	0.016655
	14

	Fc gamma R-mediated phagocytosis
	0.012677
	0.126328
	13

	IL-17 signaling pathway
	0.000625
	0.016655
	11

	Th17 cell differentiation
	0.038067
	0.200027
	10

	Antigen processing and presentation
	0.005104
	0.07376
	7

	Toll and Imd signaling pathway
	0.049606
	0.238933
	5





Table S7. KEGG enrichment analysis of immune-related signaling pathways for up-regulated genes between ExoFKC and ExoCon groups.
	Pathway
	NOM p-value
	FDR q-value
	Gene count

	IL-17 signaling pathway
	0.000036
	0.002338
	9

	Lysosome
	0.000061
	0.002629
	13

	NOD-like receptor signaling pathway
	0.000692
	0.016335
	10

	Toll-like receptor signaling pathway
	0.000696
	0.016335
	9

	Phagosome
	0.001094
	0.017652
	11

	Apoptosis
	0.001841
	0.027945
	11

	Fc gamma R-mediated phagocytosis
	0.003661
	0.04293
	9

	TNF signaling pathway
	0.00417
	0.046781
	9

	C-type lectin receptor signaling pathway
	0.011111
	0.092552
	8

	B cell receptor signaling pathway
	0.011121
	0.092552
	6

	Th17 cell differentiation
	0.012778
	0.103022
	7

	Toll and Imd signaling pathway
	0.015142
	0.105586
	4

	T cell receptor signaling pathway
	0.022685
	0.130059
	7

	Cytokine-cytokine receptor interaction
	0.039693
	0.193223
	9





Table S8. Summary of miRNA sequencing data in the study.
	Samples
	Clean reads
(×107)
	HQ clean reads (×107)
	Exists
miRNA
	Known miRNA
	Novel
miRNA

	ExoCon-1
	1.123
	1.115
	27
	283
	60

	ExoCon-2
	1.739
	1.724
	29
	266
	58

	ExoCon-3
	1.034
	1.021
	27
	237
	69

	ExoFKC-1
	1.097
	1.087
	26
	291
	57

	ExoFKC-2
	1.065
	1.056
	26
	273
	61

	ExoFKC-3
	1.137
	1.129
	28
	288
	66





Table S9. KEGG enrichment analysis of immune-related signaling pathways targeted by miRNAs between ExoFKC and ExoCon groups.
	Pathway
	NOM p-value
	FDR q-value
	Gene count

	[bookmark: _Hlk219135669]T cell receptor signaling pathway
	5.2193×10-13
	4.7853×10-6
	168

	Endocytosis
	3.8392×10-7
	4.7853×10-6
	387

	Chemokine signaling pathway
	0.000075
	0.000494
	234

	Toll and Imd signaling pathway
	0.000333
	0.001904
	70

	Natural killer cell mediated cytotoxicity
	0.00367
	0.002048
	116

	Leukocyte transendothelial migration
	0.000549
	0.002904
	184

	Autophagy - animal
	0.000716
	0.003571
	199

	Platelet activation
	0.000734
	0.003608
	192

	RIG-I-like receptor signaling pathway
	0.001201
	0.005304
	96

	Fc gamma R-mediated phagocytosis
	0.001301
	0.005607
	136

	Fc epsilon RI signaling pathway
	0.001961
	0.007866
	82

	IL-17 signaling pathway
	0.00273
	0.009847
	101

	TGF-beta signaling pathway
	0.007616
	0.025558
	133

	B cell receptor signaling pathway
	0.02799
	0.079418
	94

	Th17 cell differentiation
	0.040389
	0.105149
	145





Table S10. Sequences of the primers used for miRNA expression analysis by qPCR.
	Primer name
	Primer sequence (5’-3’)

	miR-4732-y-F
	GCCCTGACCTGTCCTGTTCT

	Novel-m0021-3p-F
	GTTCTGTGATGAAACTTGCTGC

	Novel-m0034-3p-F
	CCTATTCAGGACGACTTGGTTC

	U6-F
	CTCGCTTCGGCAGCACA
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