Supplementary Data

Product-based kinetic analysis reveals limitations of substrate depletion method for assessing bile salt hydrolase activity

Martin Uhera, Hana Laštůvkováb, Linda Petráčkováa, Jolana Schreiberováb, Jana Nekvindovác, Miloš Hrocha*, Stanislav Mičudab

a)Department of Medical Biochemistry, Faculty of Medicine in Hradec Králové, Charles University, Šimkova 870, 500 03 Hradec Králové, Czech Republic
b)Department of Pharmacology, Faculty of Medicine in Hradec Králové, Charles University, Šimkova 870, 500 03 Hradec Králové, Czech Republic
c)Department of Clinical Biochemistry and Diagnostics, University Hospital Hradec Králové, Hradec Králové, Czech Republic

*Corresponding author
Address: 
Assoc. prof. Miloš Hroch, PhD.
Faculty of Medicine in Hradec Králové, Charles University
Department of Medical Biochemistry
Šimkova 870
500 03 Hradec Králové
Czech Republic

E-mail:	 	hrochm@lfhk.cuni.cz	
Tel.:		+420 495 816 340


[image: Obsah obrázku text, diagram, Písmo, skica

Obsah generovaný pomocí AI může být nesprávný.]
Figure S1. Deconjugation of tauro-conjugated bile acids
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Figure S2. Chemical structure of BSH inhibitor Gut restricted-7
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Figure S3. Optimization of incubation time. Data are represented as mean ± SD (n = 3)
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Figure S4. Metagenomic sequencing results generated using the wf-metagenomics workflow (Oxford Nanopore Technologies). Relative abundances of bacterial taxa in control (C-1 to C-6) and DDC-treated (DDC-1 to DDC-6) mice.
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Figure S5. Factor analysis of mixed data (FAMD) of metagenomic sequencing results: (A) explained variance across dimensions, (B) variable contributions, (C) correlation circle, and (D) plot of individuals. Separation of control and DDC-treated groups along the first principal dimension (Dim 1) is driven mainly by changes in Eggerthellales, Lactobacillales, Bacteroidales, Burkholderiales, and Lachnospirales. The experimental group (control vs. DDC-treated) is a major contributor to separation along Dim 1.


Table S1. Dilution scheme for preparation of working solutions of TCA, TDCA, and TCDCA.
	Concentration in the incubation mixture (µM)
	Concentration of standard working solutions (µM)

	0.1
	2

	1
	20

	5
	100

	10
	200

	50
	1000

	100
	2000

	500
	10000

	1000
	20000



Table S2. Sample dilution protocol prior to LC–MS analysis. Methanol (100%, v/v) was used as the diluent.
	Concentration of substrate in the incubation mixture (µM)
	The 1st dilution: 4x (µM)
	The 2nd dilution: 5x (µM)
	The 3rd dilution: 25x (µM)
	Total dilution

	0.1
	0.025
	0.005
	 -
	20x

	1
	0.25
	0.05
	 -
	20x

	5
	1.25
	0.25
	 -
	20x

	10
	2.5
	0.5
	 -
	20x

	50
	12.5
	2.5
	 -
	20x

	100
	25
	5
	0.2
	500x

	500
	125
	25
	1
	500x

	1000
	250
	50
	2
	500x



Table S3. Retention times (RT), multiple reaction monitoring transitions (MRM), collision energies (CE), and internal standards (IS) for bile acids included in the quantification method.
	Analyte
	Abbr.
	RT
	MRM
	IS
	MRM
	CE

	 
	 
	(min)
	 
	 
	 
	(eV)

	Cholic acid
	CA
	6.30
	407 → 407
	CA-D5
	412 → 412
	10

	Chenodeoxycholic acid
	CDCA
	7.76
	391 → 391
	CDCA-D4
	395 → 395
	10

	Deoxycholic acid
	DCA
	7.93
	391 → 391
	DCA-D4
	395 → 395
	10

	Taurocholic acid
	TCA
	4.30
	514 → 80
	TCA-D4
	518 → 80
	60

	Taurochenodeoxycholic acid
	TCDCA
	5.57
	498 → 80
	TCDCA-D4
	502 → 80
	60

	Taurodeoxycholic acid
	TDCA
	5.58
	498 → 80
	TDCA-D4
	502 → 80
	60




Table S4. Stability of BSH enzyme activity across three freeze–thaw cycles. The activities are normalized to cecal protein content and expressed as mean ± SD (n = 3, nmol/min/mg protein).
	Cycle
	TDCA*
	 
	TCA*
	 
	TCDCA*

	
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	1
	2.33
	0.340
	
	1.09
	0.287
	
	1.77
	0.100

	2
	2.08
	0.324
	
	1.28
	0.133
	
	1.64
	0.289

	3
	1.74
	0.115
	 
	1.18
	0.289
	 
	1.24
	0.274


*Compound used as a substrate
Table S5. Bile acid levels in cecal content after incubation at 4 °C and 37 °C. The concentrations are normalized to cecal protein content and expressed as mean ± SD (n = 3, nmol/mg protein).
	Analyte
	Incubation 4 °C
	 
	Incubation 37 °C

	
	mean
	SD
	 
	mean
	SD

	CDCA
	nd
	nd
	
	nd
	nd

	DCA
	0.957
	0.0108
	
	1.02
	0.0220

	aMCA
	1.23
	0.0631
	
	1.30
	0.0506

	bMCA
	0.417
	0.00401
	
	0.460
	0.0268

	CA
	0.0163
	0.00171
	
	0.0175
	0.00224

	TCDCA
	nd
	nd
	
	nd
	nd

	TDCA
	nd
	nd
	
	nd
	nd

	TMCA
	nd
	nd
	
	nd
	nd

	TCA
	nd
	nd
	
	nd
	nd


nd: not detected

Table S6. Bile acid concentrations in cecal content: evaluation of reaction termination by methanol with and without heat denaturation. The concentrations are normalized to cecal protein content and expressed as mean ± SD (n = 3, nmol/mg protein).
	Analyte
	Methanol
	 
	Methanol + 60°C

	
	mean
	SD
	 
	mean
	SD

	CDCA
	0.00722
	0.00271
	
	nd
	nd

	DCA
	4.79
	0.173
	
	4.66
	0.100

	aMCA
	5.06
	0.494
	
	5.05
	0.241

	bMCA
	1.94
	0.200
	
	1.89
	0.0381

	CA
	0.128
	0.0393
	
	0.0973
	0.00452

	TCDCA
	nd
	nd
	
	nd
	nd

	TDCA
	1.84
	0.0893
	
	1.68
	0.108

	TMCA
	nd
	nd
	
	nd
	nd

	TCA
	0.00796
	0.00298
	
	0.00673
	0.00633


nd: not detected
Table S7. Time-dependent degradation of tauro-conjugated bile acids and basal concentration-corrected formation of the corresponding deconjugated products. Concentrations of tauro-conjugated substrates are shown as measured values, whereas concentrations of deconjugated products represent newly formed products calculated after subtraction of the corresponding product basal concentration measured at time zero. All concentrations are normalized to cecal protein content and expressed as mean ± SD (n = 3, nmol/mg protein).
	min
	TDCA
	 
	DCA

	
	mean
	SD
	
	mean
	SD

	0
	2.04
	0.0634
	
	nd
	nd

	2
	1.73
	0.118
	
	0.408
	0.285

	4
	1.32
	0.0305
	
	0.580
	0.0675

	6
	0.965
	0.0628
	
	0.741
	0.345

	10
	0.646
	0.0469
	
	1.23
	0.151

	20
	0.214
	0.0466
	
	1.71
	0.117

	40
	0.0461
	0.0400
	
	1.77
	0.252

	
	
	
	
	
	

	min
	TCA
	 
	CA

	
	mean
	SD
	
	mean
	SD

	0
	1.87
	0.104
	
	nd
	nd

	2
	1.66
	0.170
	
	0.227
	0.00757

	4
	1.43
	0.0503
	
	0.408
	0.0508

	6
	1.30
	0.107
	
	0.559
	0.0316

	10
	0.937
	0.0545
	
	0.784
	0.0740

	20
	0.494
	0.0142
	
	1.14
	0.0547

	40
	0.174
	0.0221
	
	1.63
	0.110

	
	
	
	
	
	

	min
	TCDCA
	 
	CDCA

	
	mean
	SD
	
	mean
	SD

	0
	1.76
	0.0652
	
	nd
	nd

	2
	1.40
	0.154
	
	0.297
	0.00547

	4
	1.25
	0.178
	
	0.578
	0.0480

	6
	1.01
	0.0250
	
	0.810
	0.0704

	10
	0.626
	0.0778
	
	1.10
	0.0788

	20
	0.206
	0.00325
	
	1.30
	0.0413

	40
	0.0350
	0.0129
	
	1.45
	0.0342


nd: not detected




Table S8. Basal bile acid concentrations in cecal content and concentrations after addition of individual substrates (TDCA, TCA and TCDCA) at 0 and 40 min. The concentrations are normalized to cecal protein content and expressed as mean ± SD (n = 3, nmol/mg protein).
	 
	Basal pool
	 
	TDCA-5uM-0 min
	 
	TDCA-5uM-40 min

	
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	CDCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	DCA
	5.09
	0.351
	
	5.08
	0.0628
	
	6.85
	0.252

	aMCA
	6.99
	0.108
	
	6.82
	0.107
	
	7.31
	0.140

	bMCA
	3.11
	0.189
	
	3.12
	0.0442
	
	3.11
	0.0702

	CA
	1.15
	0.0713
	
	1.16
	0.0204
	
	1.18
	0.0332

	TCDCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	TDCA
	nd
	nd
	
	2.04
	0.0634
	
	0.0461
	0.0400

	TMCA
	0.113
	0.00959
	
	0.109
	0.00830
	
	0.0424
	0.0130

	TCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	
	
	


	
	
	
	
	
	

	 
	Basal pool
	 
	TCA-5uM-0 min
	 
	TCA-5uM-40 min

	
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	CDCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	DCA
	5.09
	0.351
	
	4.81
	0.0467
	
	4.94
	0.217

	aMCA
	6.99
	0.108
	
	7.21
	0.150
	
	7.35
	0.251

	bMCA
	3.11
	0.189
	
	3.02
	0.0750
	
	3.07
	0.112

	CA
	1.15
	0.0713
	
	1.16
	0.0305
	
	2.79
	0.110

	TCDCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	TDCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	TMCA
	0.113
	0.00959
	
	0.101
	0.00441
	
	0.0331
	0.00594

	TCA
	nd
	nd
	
	1.87
	0.104
	
	0.174
	0.0221

	
	


	
	
	
	
	
	
	

	 
	Basal pool
	 
	TCDCA-5uM-0 min
	 
	TCDCA-5uM-40 min

	
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	CDCA
	nd
	nd
	
	0.0491
	0.00700
	
	1.50
	0.0342

	DCA
	5.09
	0.351
	
	4.66
	0.199
	
	4.66
	0.0585

	aMCA
	6.99
	0.108
	
	6.66
	0.155
	
	6.75
	0.0244

	bMCA
	3.11
	0.189
	
	2.99
	0.0565
	
	3.03
	0.0101

	CA
	1.15
	0.0713
	
	1.13
	0.0303
	
	1.16
	0.00760

	TCDCA
	nd
	nd
	
	1.76
	0.0652
	
	0.0350
	0.0129

	TDCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	TMCA
	0.113
	0.00959
	
	0.107
	0.00612
	
	0.0325
	0.00409

	TCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd


nd: not detected
Table S9. Concentration-dependent kinetics of BSH based on substrate depletion. Comparison of tauro-conjugated bile acids (TDCA, TCA, TCDCA) used as substrates in control and DDC-treated animals. Enzyme activities are normalized to cecal protein content and expressed as mean ± SD (n = 3, nmol/min/mg protein).
	Substrate*
	 
	BSH enzyme activity (nmol/min/mg protein)

	TDCA
	
	Control
	
	DDC

	(µM)
	
	mean
	SD
	
	mean
	SD

	1
	
	0.0464
	0.00139
	
	0.0289
	0.000630

	5
	
	0.242
	0.0101
	
	0.179
	0.0130

	10
	
	0.523
	0.0115
	
	0.386
	0.0124

	50
	
	2.86
	0.195
	
	2.47
	0.124

	100
	
	6.86
	0.385
	
	6.30
	0.759

	500
	
	35.2
	1.34
	
	35.1
	1.42

	1000
	 
	68.5
	1.84
	
	68.3
	2.03



	Substrate*
	 
	BSH enzyme activity (nmol/min/mg protein)

	TCA
	
	Control
	
	DDC

	(µM)
	
	mean
	SD
	
	mean
	SD

	1
	
	0.0622
	0.00252
	
	0.0502
	0.00395

	5
	
	0.324
	0.0118
	
	0.275
	0.0141

	10
	
	0.613
	0.0703
	
	0.507
	0.0429

	50
	
	3.47
	0.082
	
	2.91
	0.0799

	100
	
	6.82
	0.707
	
	7.39
	0.645

	500
	
	36.0
	1.85
	
	39.3
	1.44

	1000
	 
	70.0
	0.266
	
	72.5
	1.41



	Substrate*
	 
	BSH enzyme activity (nmol/min/mg protein)

	TCDCA
	
	Control
	
	DDC

	(µM)
	
	mean
	SD
	
	mean
	SD

	1
	
	0.0407
	0.0131
	
	0.0450
	0.00180

	5
	
	0.261
	0.0247
	
	0.247
	0.00261

	10
	
	0.560
	0.0173
	
	0.560
	0.0173

	50
	
	3.35
	0.278
	
	3.31
	0.244

	100
	
	7.51
	0.434
	
	7.35
	0.214

	500
	
	41.1
	1.08
	
	41.2
	0.864

	1000
	 
	74.7
	1.36
	
	75.1
	0.712


*Substrate concentration in incubation mixture


Table S10.  Concentration-dependent kinetics of BSH based on product formation. Comparison of enzymatic reaction products (DCA, CA, CDCA) in control and DDC-treated animals. Enzyme activities are normalized to cecal protein content and expressed as mean ± SD (n = 3, nmol/min/mg protein).
	Substrate*
	 
	BSH enzyme activity (nmol/min/mg protein)

	TDCA
	
	Control
	
	DDC

	(µM)
	
	mean
	SD
	
	mean
	SD

	1
	
	0.0182
	0.0219
	
	0.0402
	0.0179

	5
	
	0.267
	0.0670
	
	0.200
	0.0102

	10
	
	0.419
	0.0348
	
	0.369
	0.00893

	50
	
	1.09
	0.0744
	
	0.929
	0.0644

	100
	
	1.49
	0.0684
	
	1.28
	0.0337

	500
	
	2.16
	0.150
	
	1.67
	0.0981

	1000
	 
	2.50
	0.151
	
	1.81
	0.0898



	Substrate*
	 
	BSH enzyme activity (nmol/min/mg protein)

	TCA
	
	Control
	
	DDC

	(µM)
	
	mean
	SD
	
	mean
	SD

	1
	
	0.00817
	0.00604
	
	0.0294
	0.00459

	5
	
	0.0880
	0.00113
	
	0.157
	0.00244

	10
	
	0.157
	0.00601
	
	0.271
	0.00511

	50
	
	0.506
	0.0138
	
	0.735
	0.0252

	100
	
	0.710
	0.0285
	
	0.970
	0.0407

	500
	
	1.29
	0.0056
	
	1.08
	0.0831

	1000
	 
	1.58
	0.0778
	
	1.23
	0.0349



	Substrate*
	 
	BSH enzyme activity (nmol/min/mg protein)

	TCDCA
	
	Control
	
	DDC

	(µM)
	
	mean
	SD
	
	mean
	SD

	1
	
	0.0284
	0.00244
	
	0.0337
	0.00301

	5
	
	0.148
	0.0131
	
	0.183
	0.00898

	10
	
	0.280
	0.00974
	
	0.215
	0.0708

	50
	
	0.875
	0.0303
	
	0.772
	0.0108

	100
	
	1.11
	0.0248
	
	1.01
	0.0689

	500
	
	1.93
	0.0376
	
	1.25
	0.107

	1000
	 
	2.14
	0.102
	
	1.34
	0.0725


*Substrate concentration in incubation mixture

Table S11. Concentration-dependent kinetics of BSH – concentrations of endogenous bile acids and their levels following addition of TDCA, TCA, and TCDCA and incubation. The concentrations are normalized to cecal protein content and expressed as mean ± SD (n = 3, nmol/mg protein).
	Substrate (TDCA) concentration

	 
	Control – 0.1 µM
	 
	DDC – 0.1 µM
	 
	Control – 50 µM
	 
	DDC – 50 µM
	 
	Control – 1000 µM
	 
	DDC – 1000 µM

	 
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	CDCA
	nd*
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	DCA
	4.94
	0.195
	
	1.48
	0.0328
	
	9.29
	0.298
	
	5.20
	0.258
	
	15.0
	0.605
	
	8.73
	0.359

	aMCA
	7.48
	0.152
	
	5.63
	0.0147
	
	7.53
	0.128
	
	5.26
	0.185
	
	8.15
	0.285
	
	4.96
	0.303

	bMCA
	2.98
	0.129
	
	1.81
	0.0380
	
	2.93
	0.098
	
	1.67
	0.0368
	
	2.87
	0.157
	
	1.73
	0.0703

	CA
	1.11
	0.0337
	
	0.321
	0.00894
	
	1.11
	0.0177
	
	0.289
	0.00993
	
	1.00
	0.0524
	
	nd
	nd

	TCDCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	TDCA
	0.0292
	0.0311
	
	nd
	nd
	
	11.4
	0.781
	
	9.88
	0.496
	
	274
	7.34
	
	273
	8.14

	TMCA
	0.0706
	0.00615
	
	0.0723
	0.0107
	
	0.0955
	0.00584
	
	0.0473
	0.00940
	
	nd
	nd
	
	nd
	nd

	TCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Substrate (TCA) concentration

	 
	Control – 0.1 µM
	 
	DDC – 0.1 µM
	 
	Control – 50 µM
	 
	DDC – 50 µM
	 
	Control – 1000 µM
	 
	DDC – 1000 µM

	 
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	CDCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	DCA
	5.09
	0.141
	
	1.47
	0.0954
	
	4.70
	0.300
	
	1.32
	0.0311
	
	4.98
	0.115
	
	1.43
	0.0240

	aMCA
	8.03
	0.224
	
	5.63
	0.0598
	
	7.80
	0.131
	
	5.47
	0.137
	
	6.48
	0.205
	
	5.20
	0.237

	bMCA
	3.04
	0.0955
	
	1.82
	0.0589
	
	2.91
	0.0927
	
	1.70
	0.0357
	
	2.86
	0.0506
	
	1.88
	0.0424

	CA
	1.04
	0.0281
	
	0.333
	0.00953
	
	3.06
	0.0551
	
	3.27
	0.101
	
	7.37
	0.311
	
	5.27
	0.140

	TCDCA
	nd
	nd
	
	0.298
	0.0693
	
	nd
	nd
	
	0.240
	0.308
	
	nd
	nd
	
	nd
	nd

	TDCA
	nd
	nd
	
	0.150
	0.0470
	
	nd
	nd
	
	0.114
	0.130
	
	nd
	nd
	
	nd
	nd

	TMCA
	0.0775
	0.00489
	
	0.0245
	0.00855
	
	0.0809
	0.0113
	
	0.0250
	0.00423
	
	nd
	nd
	
	nd
	nd

	TCA
	0.0369
	0.00448
	
	0.0435
	0.0106
	
	14.2
	0.519
	
	11.6
	0.320
	
	287
	6.86
	
	290
	5.65


*nd: not detected
Table S11. Continuation …
	Substrate (TCDCA) concentration

	 
	Control – 0.1 µM
	 
	DDC – 0.1 µM
	 
	Control – 50 µM
	 
	DDC – 50 µM
	 
	Control – 1000 µM
	 
	DDC – 1000 µM

	 
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	CDCA
	nd*
	nd
	
	0.00965
	0.00233
	
	3.51
	0.121
	
	3.63
	0.216
	
	8.58
	0.409
	
	6.95
	0.427

	DCA
	4.70
	0.125
	
	1.59
	0.194
	
	4.47
	0.0386
	
	1.22
	0.0712
	
	4.54
	0.324
	
	1.29
	0.223

	aMCA
	7.79
	0.0614
	
	5.88
	0.387
	
	7.60
	0.0837
	
	5.56
	0.263
	
	6.28
	0.582
	
	5.14
	0.252

	bMCA
	2.92
	0.0742
	
	1.93
	0.126
	
	2.88
	0.0399
	
	1.76
	0.0827
	
	2.80
	0.103
	
	1.78
	0.105

	CA
	1.00
	0.0102
	
	0.339
	0.0346
	
	0.970
	0.00608
	
	0.311
	0.0149
	
	1.00
	0.0585
	
	nd
	nd

	TCDCA
	nd
	nd
	
	0.0142
	0.0123
	
	14.0
	1.01
	
	13.2
	0.975
	
	317
	20.1
	
	300
	2.85

	TDCA
	nd
	nd
	
	nd
	nd
	
	0.00824
	0.0143
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd

	TMCA
	0.0641
	0.00244
	
	0.0385
	0.0185
	
	0.0893
	0.00116
	
	0.0189
	0.00230
	
	nd
	nd
	
	nd
	nd

	TCA
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd
	
	nd
	nd


*nd: not detected










Table S12. Verification of BSH activity using TCDCA as a substrate in control, DDC-treated, and bile duct ligation (BDL) models of cholestasis, including the effects of reduced bacterial protein concentration, low temperature, and the BSH inhibitor GR-7. BSH enzyme activities are normalized to cecal protein content and expressed as nmol/min/mg protein.
	Bile duct ligation and DDC treatment
	
	
	
	

	
	BSH enzyme activity (nmol/min/mg protein)

	TCDCA*
	Control
	 
	BDL
	 
	DDC-treated

	µM
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	5
	0.148
	0.0131
	
	0.278
	0.00927
	
	0.183
	0.00898

	500
	1.93
	0.0376
	 
	3.72
	0.765
	 
	1.25
	0.107

	
	
	
	
	
	
	
	
	

	Protein (BSH) dilution
	
	
	
	
	
	
	

	
	BSH enzyme activity (nmol/min/mg protein)

	TCDCA*
	Control
	 
	2x dilution
	 
	4x dilution

	µM
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	5
	0.148
	0.0131
	
	0.0635
	0.0164
	
	0.0257
	0.00684

	500
	1.93
	0.0376
	
	0.608
	0.135
	
	0.336
	0.0307

	
	
	
	
	
	
	
	
	

	Effect of low temperature and addition of GR-7 inhibitor
	

	
	BSH enzyme activity (nmol/min/mg protein)

	TCDCA*
	Control
	 
	4 °C
	 
	GR-7

	µM
	mean
	SD
	
	mean
	SD
	
	mean
	SD

	500
	1.93
	0.0376
	 
	0.270
	0.012
	 
	0.40
	0.008


*Substrate concentration in incubation mixture

[bookmark: _Hlk226032892]Table S13. Species-level abundance table from Oxford Nanopore 16S rRNA sequencing (EPI2ME wf-metagenomics pipeline).

	GROUP
	n
	Bacteroidales
	Lachnospirales
	Lactobacillales
	Eubacteriales
	Burkholderiales
	Eggerthellales
	Vampirovibrionales
	Erysipelotrichales
	Bifidobacteriales
	Coriobacteriales

	Control
	1
	27042
	9768
	2357
	1028
	507
	275
	0
	175
	0
	0

	Control
	2
	20185
	6628
	3651
	1583
	280
	250
	0
	4463
	0
	18

	Control
	3
	24545
	11281
	3952
	1144
	160
	230
	0
	58
	0
	0

	Control
	4
	30624
	14532
	2004
	1952
	121
	291
	0
	39
	0
	0

	Control
	5
	21478
	5957
	2484
	1066
	299
	194
	0
	1380
	1243
	13

	Control
	6
	24570
	10980
	1709
	3550
	433
	254
	0
	339
	0
	28

	DDC
	1
	16438
	6621
	7239
	1827
	24
	82
	72
	48
	0
	0

	DDC
	2
	15837
	4297
	12262
	1792
	56
	72
	14
	304
	283
	0

	DDC
	3
	15144
	6527
	12639
	1443
	0
	68
	10
	106
	808
	0

	DDC
	4
	26663
	7528
	7469
	3458
	59
	81
	69
	346
	860
	0

	DDC
	5
	16475
	6878
	12435
	2936
	0
	73
	65
	397
	0
	0

	DDC
	6
	16123
	4806
	11464
	1439
	30
	82
	71
	214
	0
	0

	GROUP
	n
	Bacillales
	Deferribacterales
	Acetobacterales
	Rhodospirillales
	Verrucomicrobiales
	Coleofasciculales
	Monoglobales
	Christensenellales
	Unknown
	Sum

	Control
	1
	0
	80
	10
	255
	401
	29
	15
	24
	46
	42012

	Control
	2
	0
	21
	0
	20
	523
	0
	14
	31
	45
	37712

	Control
	3
	0
	62
	11
	33
	112
	0
	14
	0
	72
	41674

	Control
	4
	0
	77
	20
	102
	331
	31
	0
	0
	74
	50198

	Control
	5
	0
	42
	0
	150
	663
	0
	12
	17
	44
	35042

	Control
	6
	0
	88
	10
	25
	358
	15
	73
	31
	52
	42515

	DDC
	1
	39
	42
	0
	61
	597
	0
	28
	0
	10
	33128

	DDC
	2
	38
	34
	0
	197
	725
	0
	58
	0
	16
	35985

	DDC
	3
	17
	18
	0
	37
	618
	0
	18
	15
	13
	37481

	DDC
	4
	89
	35
	0
	96
	984
	0
	230
	0
	16
	47983

	DDC
	5
	129
	66
	0
	15
	262
	0
	17
	0
	16
	39764

	DDC
	6
	0
	28
	0
	86
	486
	0
	36
	0
	7
	34872
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