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Vibrio proteolyticus DCF12.2 postbiotic modulates gut metabolism without altering microbiota in zebrafish
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Fig. S1. Principal coordinate analysis (PCoA) of the bacterial communities of the microbiota of zebrafish fed the experimental diets, calculated from the weighted UniFrac distance matrix. Red circles and blue triangles represent the microbiota of each zebrafish individual fed the Control (CTRL) and V. proteolyticus DCF12.2 (VP) diets, respectively.
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Fig. S2. Relative abundance (percentage) at phylum level for individual samples of intestinal microbiota of zebrafish fed Control (CTRL) and ethanol-inactivated V. proteolyticus DCF12.2 (VP) diets. < 1% indicates a mean relative abundance of less than 1%. NA represents unassigned taxa.
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Fig. S3. Relative abundance (percentage) at the genus level for individual samples of intestinal microbiota of zebrafish fed Control (CTRL) and ethanol-inactivated V. proteolyticus DCF12.2 (VP) diets. < 1% indicates a mean relative abundance of less than 1%. NA represents unassigned taxa.
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Fig. S4. Effect size and volcano plots for the differential abundance of functional predictions from PICRUSt2 using ALDEx2 in the intestine of zebrafish fed Control (CTRL) and ethanol-inactivated V. proteolyticus DCF12.2 (VP) diets. Blue dots indicate unadjusted p values, while red dots represent the Benjamini–Hochberg adjusted p values. The grey dashed horizontal line represents the threshold value of p = 0.05. 


[image: ]Fig. S5. Top 20 of GO Biological process enrichment of upregulated Genes (ORA) in response to the dietary administration of V. proteolyticus DCF12.2.





[image: ]Fig. S6. Top 20 of GO Biological process enrichment of downregulated Genes (ORA) in response to the dietary administration of V. proteolyticus DCF12.2.
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Fig. S7. KEGG enrichment of regulated Genes (ORA) in response to the dietary administration of V. proteolyticus DCF12.2.




[bookmark: _Hlk224723635]Table S1. Assigned ASVs classified at the genus level in the gut microbiota of zebrafish fed the experimental diets. Only total relative abundance > 1% is considered. Different ASVs identified by DESeq2 analysis are highlighted in bold.
	ASV assigned at genus level
	CTRL
	VP
	p-value

	ASV number
	Genus
	Mean
	SD
	Mean
	SD
	

	Seq_59
	Aeromonas
	0.21
	0.42
	0.75
	2.25
	n.s.

	Seq_60
	Aeromonas
	0.57
	0.95
	0.33
	0.62
	n.s.

	Seq_40
	Aeromonas
	1.45
	3.54
	0.37
	0.74
	n.s.

	Seq_129
	Aeromonas
	0.00
	0.00
	0.14
	0.22
	<0.0001

	Seq_48
	Aeromonas
	0.00
	0.00
	1.37
	2.08
	<0.0001

	Seq_58
	Aeromonas
	0.21
	0.42
	0.80
	2.41
	n.s.

	Seq_257
	Aeromonas
	0.03
	0.08
	0.01
	0.03
	n.s.

	Seq_65
	Aeromonas
	0.46
	0.79
	0.29
	0.50
	n.s.

	Seq_149
	Aeromonas
	0.05
	0.16
	0.01
	0.04
	n.s.

	Seq_136
	Aeromonas
	0.07
	0.20
	0.03
	0.05
	n.s.

	Seq_131
	Aeromonas
	0.00
	0.00
	0.13
	0.20
	<0.0001

	Seq_47
	Aeromonas
	0.00
	0.00
	1.34
	2.03
	<0.0001

	Seq_44
	Aeromonas
	1.35
	3.28
	0.34
	0.67
	n.s.

	Seq_3
	Cetobacterium
	5.98
	9.16
	4.92
	9.77
	n.s.

	Seq_10
	Cetobacterium
	0.00
	0.00
	1.82
	4.63
	<0.0001

	Seq_27
	Cetobacterium
	1.09
	2.30
	0.56
	1.67
	n.s.

	Seq_4
	Cetobacterium
	6.49
	8.75
	3.19
	4.97
	n.s.

	Seq_268
	Cetobacterium
	0.00
	0.00
	0.03
	0.07
	n.s.

	Seq_12
	Cetobacterium
	3.02
	6.31
	0.63
	1.90
	<0.0001

	Seq_1
	Cetobacterium
	6.44
	9.90
	5.31
	10.56
	n.s.

	Seq_37
	Cetobacterium
	0.00
	0.00
	0.39
	0.82
	<0.0001

	Seq_2
	Cetobacterium
	8.06
	10.82
	4.02
	6.28
	n.s.

	Seq_16
	Cetobacterium
	2.43
	3.07
	1.80
	2.93
	n.s.

	Seq_318
	Cetobacterium
	0.00
	0.00
	0.03
	0.06
	n.s.

	Seq_17
	Cetobacterium
	1.90
	3.33
	1.89
	3.76
	n.s.

	Seq_30
	Cetobacterium
	1.08
	2.30
	0.54
	1.62
	n.s.

	Seq_11
	Cetobacterium
	0.00
	0.00
	1.87
	4.64
	<0.0001

	Seq_9
	Cetobacterium
	2.96
	3.72
	2.26
	3.75
	n.s.

	Seq_15
	Cetobacterium
	2.85
	5.96
	0.62
	1.86
	<0.0001

	Seq_36
	Cetobacterium
	0.00
	0.00
	0.38
	0.81
	<0.0001

	Seq_133
	Cetobacterium
	0.00
	0.00
	0.08
	0.17
	n.s.

	Seq_13
	Cetobacterium
	2.01
	3.54
	2.06
	4.11
	n.s.

	Seq_127
	Cetobacterium
	0.00
	0.00
	0.07
	0.15
	n.s.

	Seq_88
	Crenobacter
	0.16
	0.33
	0.05
	0.16
	n.s.

	Seq_54
	Crenobacter
	0.59
	0.83
	0.67
	1.14
	n.s.

	Seq_66
	Crenobacter
	0.29
	0.52
	0.20
	0.42
	n.s.

	Seq_85
	Crenobacter
	0.00
	0.00
	0.10
	0.20
	<0.0001

	Seq_61
	Crenobacter
	0.46
	0.67
	0.54
	0.91
	n.s.

	Seq_80
	Crenobacter
	0.18
	0.38
	0.06
	0.19
	n.s.

	Seq_91
	Crenobacter
	0.00
	0.00
	0.10
	0.22
	<0.0001

	Seq_62
	Crenobacter
	0.32
	0.57
	0.22
	0.45
	n.s.

	Seq_41
	Delftia
	0.00
	0.00
	0.89
	1.34
	<0.0001

	Seq_43
	Delftia
	0.00
	0.00
	0.92
	1.38
	<0.0001

	Seq_55
	Paucibacter
	0.44
	0.79
	0.33
	0.66
	n.s.

	Seq_92
	Paucibacter
	0.00
	0.00
	0.07
	0.13
	n.s.

	Seq_56
	Paucibacter
	0.44
	0.79
	0.33
	0.65
	n.s.

	Seq_46
	Paucibacter
	0.92
	1.42
	0.92
	1.54
	n.s.

	Seq_95
	Paucibacter
	0.00
	0.00
	0.06
	0.10
	n.s.

	Seq_79
	Paucibacter
	0.19
	0.39
	0.10
	0.30
	n.s.

	Seq_78
	Paucibacter
	0.18
	0.37
	0.10
	0.31
	n.s.

	Seq_38
	Paucibacter
	1.12
	1.75
	1.19
	1.96
	n.s.

	Seq_7
	Plesiomonas
	5.40
	10.72
	2.94
	8.81
	n.s.

	Seq_33
	Plesiomonas
	1.49
	2.41
	0.82
	1.40
	n.s.

	Seq_42
	Plesiomonas
	1.07
	1.69
	0.41
	0.84
	n.s.

	Seq_45
	Plesiomonas
	0.99
	1.54
	0.40
	0.83
	n.s.

	Seq_20
	Plesiomonas
	0.00
	0.00
	1.70
	3.83
	<0.0001

	Seq_21
	Plesiomonas
	0.00
	0.00
	1.67
	3.73
	<0.0001

	Seq_8
	Plesiomonas
	5.01
	9.95
	2.73
	8.18
	n.s.

	Seq_39
	Plesiomonas
	1.24
	2.03
	0.73
	1.22
	n.s.

	Seq_6
	Ralstonia
	0.00
	0.00
	6.07
	10.65
	<0.0001

	Seq_366
	Ralstonia
	0.03
	0.07
	0.02
	0.06
	n.s.

	Seq_5
	Ralstonia
	0.00
	0.00
	6.09
	10.54
	<0.0001

	Seq_616
	Ralstonia
	0.01
	0.02
	0.01
	0.01
	n.s.

	Seq_31
	Ralstonia
	3.59
	10.76
	3.66
	10.94
	n.s.

	Seq_34
	Ralstonia
	2.96
	8.84
	3.07
	9.18
	n.s.

	Seq_77
	Shewanella
	0.19
	0.29
	0.12
	0.23
	n.s.

	Seq_87
	Shewanella
	0.14
	0.29
	0.28
	0.84
	<0.0001

	Seq_247
	Shewanella
	0.04
	0.06
	0.02
	0.04
	n.s.

	Seq_104
	Shewanella
	0.00
	0.00
	0.18
	0.44
	<0.0001

	Seq_123
	Shewanella
	0.14
	0.35
	0.01
	0.02
	n.s.

	Seq_76
	Shewanella
	0.17
	0.36
	0.33
	0.99
	<0.0001

	Seq_106
	Shewanella
	0.00
	0.00
	0.16
	0.44
	n.s.

	Seq_122
	Shewanella
	0.14
	0.34
	0.02
	0.04
	n.s.

	Seq_83
	Shewanella
	0.18
	0.28
	0.10
	0.19
	n.s.

	Seq_141
	Shewanella
	0.00
	0.00
	0.02
	0.05
	n.s.

	Seq_150
	Shewanella
	0.00
	0.00
	0.01
	0.03
	n.s.

	Seq_90
	Shewanella
	0.25
	0.39
	0.17
	0.26
	n.s.

	Seq_75
	Shewanella
	0.31
	0.46
	0.21
	0.33
	n.s.

	Seq_288
	Shewanella
	0.04
	0.07
	0.02
	0.04
	n.s.

	Seq_19
	Stenotrophomonas
	0.00
	0.00
	1.80
	2.96
	<0.0001

	Seq_18
	Stenotrophomonas
	0.00
	0.00
	1.73
	2.84
	<0.0001

	Seq_29
	ZOR0006
	0.00
	0.00
	0.66
	1.40
	<0.0001

	Seq_52
	ZOR0006
	0.46
	0.91
	0.16
	0.49
	n.s.

	Seq_53
	ZOR0006
	0.46
	0.91
	0.16
	0.49
	n.s.

	Seq_22
	ZOR0006
	1.64
	2.29
	2.65
	5.22
	n.s.

	Seq_24
	ZOR0006
	2.39
	4.92
	0.74
	1.82
	n.s.

	Seq_32
	ZOR0006
	0.00
	0.00
	0.61
	1.29
	<0.0001

	Seq_14
	ZOR0006
	1.96
	2.78
	3.24
	6.36
	n.s.

	Seq_23
	ZOR0006
	2.48
	5.19
	0.75
	1.82
	n.s.


n.s., not significant (DESeq2, p ≥ 0.05)



Table S2. Differentially expressed genes significantly up- and down-regulated in the intestine of zebrafish fed V. proteolyticus DCF12.2 (VP) compared with Control (CTRL), including Gene ID, Gene name, Log2 fold change, p‑value, adjusted p‑value, and regulation tag.
	Gene ID
	Gene name
	Log2 FC
	p-value
	p-adj
	Regulation tag

	797016
	si:dkeyp-110e4.11
	6.032
	0.000
	0.030
	Up

	559931
	vtg2
	5.420
	0.000
	0.026
	Up

	103911912
	LOC103911912
	5.311
	0.000
	0.001
	Up

	101884145
	LOC101884145
	5.088
	0.000
	0.007
	Up

	559475
	vtg1
	4.995
	0.001
	0.034
	Up

	64260
	vtg5
	4.831
	0.001
	0.044
	Up

	415248
	rcn3
	4.517
	0.000
	0.000
	Up

	100536928
	LOC100536928
	4.051
	0.001
	0.038
	Up

	103910098
	LOC103910098
	3.799
	0.000
	0.000
	Up

	101883185
	LOC101883185
	3.686
	0.000
	0.002
	Up

	403045
	egf
	3.604
	0.001
	0.049
	Up

	108190615
	LOC108190615
	3.367
	0.000
	0.013
	Up

	259252
	esr1
	2.963
	0.000
	0.015
	Up

	100005373
	greb1l
	2.956
	0.001
	0.039
	Up

	767641
	zgc:153219
	2.504
	0.001
	0.047
	Up

	792450
	LOC792450
	2.498
	0.001
	0.048
	Up

	110438982
	LOC110438982
	2.454
	0.001
	0.038
	Up

	325939
	si:dkey-286h2.7
	1.768
	0.000
	0.002
	Up

	393308
	riox2
	1.757
	0.000
	0.010
	Up

	100005033
	si:ch211-243a15.1
	1.718
	0.001
	0.035
	Up

	259306
	cyp2ad2
	1.632
	0.000
	0.018
	Up

	100006301
	si:dkey-204l11.1
	1.575
	0.000
	0.027
	Up

	100002095
	zgc:162707
	1.448
	0.000
	0.031
	Up

	556280
	cyp2u1
	1.422
	0.000
	0.019
	Up

	402954
	cbr4
	1.363
	0.001
	0.037
	Up

	393141
	mycb
	1.348
	0.001
	0.049
	Up

	559775
	lman1
	1.344
	0.000
	0.000
	Up

	100536187
	LOC100536187
	1.329
	0.001
	0.042
	Up

	767678
	cish
	1.297
	0.000
	0.030
	Up

	406541
	slc25a25a
	1.270
	0.001
	0.046
	Up

	407663
	si:ch211-107o10.3
	1.217
	0.000
	0.016
	Up

	492560
	im:7141269
	1.151
	0.000
	0.003
	Up

	445176
	mfsd2ab
	1.145
	0.000
	0.023
	Up

	606662
	plgrkt
	1.133
	0.000
	0.000
	Up

	569104
	acoxl
	1.117
	0.000
	0.027
	Up

	565337
	gltpd2
	1.087
	0.000
	0.029
	Up

	558617
	si:dkey-51e6.1
	1.052
	0.000
	0.001
	Up

	436772
	sec61g
	1.028
	0.000
	0.017
	Up

	445059
	adprh
	1.016
	0.001
	0.035
	Up

	406415
	tmem263
	1.015
	0.000
	0.007
	Up

	101883597
	xcr1b.2
	-1.004
	0.001
	0.044
	Down

	561683
	nt5c1bb
	-1.006
	0.000
	0.021
	Down

	799279
	LOC799279
	-1.006
	0.000
	0.011
	Down

	619272
	zgc:113314
	-1.010
	0.000
	0.030
	Down

	101885260
	si:ch73-111e15.1
	-1.013
	0.000
	0.006
	Down

	561574
	si:ch211-260b17.6
	-1.018
	0.000
	0.028
	Down

	110439247
	LOC110439247
	-1.019
	0.000
	0.016
	Down

	101885327
	cd180
	-1.033
	0.000
	0.016
	Down

	337572
	ctss2.2
	-1.036
	0.001
	0.048
	Down

	100148503
	traf1
	-1.040
	0.000
	0.011
	Down

	101243556
	tmem173
	-1.042
	0.000
	0.031
	Down

	100331104
	si:ch211-193e13.5
	-1.048
	0.001
	0.036
	Down

	445212
	fam49al
	-1.072
	0.000
	0.006
	Down

	110439013
	LOC110439013
	-1.074
	0.000
	0.006
	Down

	100005754
	ftr35
	-1.082
	0.001
	0.038
	Down

	431720
	nr4a1
	-1.098
	0.000
	0.002
	Down

	100536137
	si:ch211-241b2.5
	-1.101
	0.000
	0.009
	Down

	436920
	egr3
	-1.117
	0.000
	0.006
	Down

	100000151
	si:dkey-22o12.2
	-1.120
	0.001
	0.040
	Down

	798168
	LOC798168
	-1.120
	0.000
	0.003
	Down

	101885359
	si:cabz01030277.1
	-1.121
	0.001
	0.032
	Down

	368241
	egr2a
	-1.122
	0.001
	0.032
	Down

	100331455
	adap2
	-1.123
	0.000
	0.009
	Down

	100009643
	ms4a17a.6
	-1.125
	0.000
	0.004
	Down

	100334535
	usp18
	-1.125
	0.000
	0.023
	Down

	101886216
	LOC101886216
	-1.130
	0.000
	0.009
	Down

	100151756
	fam117ab
	-1.131
	0.000
	0.000
	Down

	100000903
	prf1.1
	-1.134
	0.000
	0.012
	Down

	100334819
	mcoln3a
	-1.136
	0.001
	0.038
	Down

	794166
	ccdc69
	-1.136
	0.000
	0.009
	Down

	563803
	ccr12a
	-1.137
	0.000
	0.023
	Down

	560948
	zgc:174160
	-1.140
	0.001
	0.042
	Down

	64603
	eomesa
	-1.143
	0.001
	0.047
	Down

	566726
	pctp
	-1.145
	0.000
	0.029
	Down

	402884
	tlr21
	-1.145
	0.000
	0.000
	Down

	492336
	anxa3b
	-1.150
	0.000
	0.011
	Down

	405770
	il1b
	-1.158
	0.000
	0.007
	Down

	568267
	kctd17
	-1.174
	0.000
	0.024
	Down

	569366
	tnfaip2b
	-1.186
	0.000
	0.025
	Down

	792926
	si:dkey-126g1.7
	-1.186
	0.000
	0.024
	Down

	556950
	ppm1j
	-1.189
	0.000
	0.031
	Down

	795305
	irg1
	-1.190
	0.001
	0.038
	Down

	799412
	trpm2
	-1.190
	0.000
	0.006
	Down

	103908724
	LOC103908724
	-1.211
	0.000
	0.011
	Down

	563836
	zgc:171566
	-1.215
	0.000
	0.022
	Down

	795524
	nitr2a
	-1.218
	0.000
	0.028
	Down

	100000754
	ms4a17c.1
	-1.227
	0.001
	0.039
	Down

	101886073
	LOC101886073
	-1.239
	0.000
	0.004
	Down

	100005797
	slc38a5a
	-1.249
	0.001
	0.037
	Down

	567444
	irak3
	-1.259
	0.000
	0.000
	Down

	100148868
	si:ch211-71m22.3
	-1.272
	0.001
	0.049
	Down

	795188
	gpr25
	-1.275
	0.001
	0.036
	Down

	555518
	si:dkey-68o6.6
	-1.275
	0.000
	0.003
	Down

	321786
	pttg1ipa
	-1.279
	0.001
	0.036
	Down

	564030
	bik
	-1.285
	0.000
	0.007
	Down

	100535674
	LOC100535674
	-1.302
	0.000
	0.012
	Down

	101886353
	fgfbp1b
	-1.334
	0.000
	0.011
	Down

	562630
	LOC562630
	-1.369
	0.000
	0.007
	Down

	102659287
	trpm4b.1
	-1.381
	0.000
	0.018
	Down

	100005849
	rhov
	-1.402
	0.000
	0.017
	Down

	570584
	moxd1
	-1.406
	0.000
	0.009
	Down

	792519
	adrb3b
	-1.418
	0.001
	0.035
	Down

	110437762
	 
	-1.431
	0.001
	0.048
	Down

	100537501
	si:ch73-380l3.3
	-1.438
	0.001
	0.042
	Down

	555812
	ucp2
	-1.440
	0.000
	0.023
	Down

	100134935
	csf3r
	-1.454
	0.000
	0.020
	Down

	556374
	si:dkey-102c8.3
	-1.455
	0.000
	0.027
	Down

	571165
	foxp3a
	-1.468
	0.000
	0.003
	Down

	566318
	si:ch211-239f4.1
	-1.477
	0.000
	0.025
	Down

	101886000
	LOC101886000
	-1.504
	0.000
	0.017
	Down

	564134
	arpp21
	-1.526
	0.001
	0.043
	Down

	101883802
	LOC101883802
	-1.528
	0.000
	0.017
	Down

	100001138
	si:ch211-165b19.8
	-1.531
	0.001
	0.043
	Down

	100000938
	cass4
	-1.533
	0.000
	0.002
	Down

	404039
	npsn
	-1.549
	0.000
	0.022
	Down

	103910580
	 
	-1.567
	0.001
	0.047
	Down

	108180146
	LOC108180146
	-1.568
	0.001
	0.036
	Down

	565384
	snap91
	-1.580
	0.000
	0.019
	Down

	571647
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