Unlocking soybean meal pectin recalcitrance using a multi‑enzyme cocktail approach
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Description générée automatiquement]SUPPLEMENTARY INFORMATION
Supplementary Figure S1. Enzymatic composition of T. versatilis secretomes produced on pectin-rich culture inducers. Sugar beet pulp and banana peels are known to induce the secretion of pectinolytic enzymes by ascomycetes27,28,64. Secretomes were harvested on day 3 (D3), day 5 (D5) and day 7 (D7) of culture to follow their secretion by T. versatilis. The CAZymes with putative activity on pectin, detected in the secretomes by shotgun mass spectrometry, are shown. The red color indicates a high abundance (NSAF‑based) of the CAZy family in the sample. (*) Families marked with a star represent those selected for protein expression in P. pastoris. These enzymes were identified using a matrix-driven approach, similar to our previous study on A. terreus secretomes31.
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Description générée automatiquement]Supplementary Figure S2. Specific activity of recombinant enzymes targeting the backbone of pectin. (a) Specific activity (SA) of GH28 polygalacturonases on polygalacturonic acid (PGA), highly methylated pectin (HMP) and soybean rhamnogalacturonan-I (RG-I). SA was determined based on GalA release. (b) HPAEC-PAD chromatograms of GH28 polygalacturonases activity on PGA and HMP. Assays were performed with 1% (w/v) substrate, and 50 nM enzyme at 40°C and pH 5.2. (c) Specific activity of AtPL1_4 and TvCE8‑GH28 on PGA and HMP, determined based on GalA release. (d) HPAEC‑PAD chromatograms of AtPL1_4 and TvCE8-GH28 activity on PGA and HMP. Assays were performed with 1% (w/v) substrate, and 50 nM enzyme at 40°C and pH 5.2. (e) Enzymatic interplay between TvCE8 and GH28s polygalacturonases on HMP. (f) HPAEC-PAD chromatograms of TvCE8 and TvGH28a interplay on HMP. Experimental conditions for TvCE8/GH28s interplays are described in the material and methods section. One UI corresponds to 1 µmol of product released by the enzyme per minute of reaction. For HPAEC-PAD analyses, samples were diluted 1/10 in ultrapure water before injection. Error bars correspond to standard deviation of biological replicates (n=3). n.d.: not detected.
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Description générée automatiquement]Supplementary Figure S3. Specific activity of recombinant glycoside hydrolases from T. versatilis. (a) Specific activity (SA) of recombinant TvGH53 on β-galactans from different plant sources, determined based on Gal2 release. (b) HPAEC-PAD chromatograms of TvGH53 activity on potato galactans. Assays were performed with 1% (w/v) substrate, and 10 nM enzyme at 40°C and pH 5.2. (c) Specific activity of recombinant TvGH78 on pNP-α-rhamnose and rutinose. (d) HPAEC-PAD chromatograms of TvGH78 activity on rutinose. Assays were performed with 1 mM substrate, and 25 nM enzyme at 40°C and pH 5.2. SA was determined based on Rha release. (e) Specific activity of TvGH79 on gum Arabic and pNP‑β‑glucuronide. (f) HPAEC-PAD chromatograms of TvGH79 activity on gum Arabic. Assays were performed with 0.5% (w/v) substrate, and 25 nM enzyme at 40°C and pH 5.2. SA was determined based on Rha-GluA release. (g) LC-MS peak identification of the product released by TvGH79 from gum Arabic. The presence of the reaction product Rha-GluA (mw =340.2 g/mol) was confirmed by the ions [M-H] (m/z = 339.2) and [2M-H] (m/z = 679.4). One UI corresponds to 1 µmol of product released by the enzyme per minute of reaction. For HPAEC‑PAD analyses, samples were diluted 1/10 in ultrapure water before injection. For LC‑MS analysis, samples were diluted 1/2 in acetonitrile. Error bars correspond to standard deviation of biological replicates (n=3). n.d.: not detected.
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Description générée automatiquement]Supplementary Figure S4. GC-MS chromatogram of the partially methylated alditol acetates generated from soybean meal pectin fraction.
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Supplementary Table S1. Theorical biochemical parameters and production rates of recombinant enzymes. Theorical biochemical characteristics of the enzymes were obtained using ProtParam software (Expasy). Production rates were calculated per liter of Pichia pastoris culture inducing media (BMMY), estimated from purified protein quantity. N-glycosylation predictions were performed using NetNGlyc 1.0 (DTU). Signal peptide predictions were done using SignalP 5.0 (DTU). Expected activities are determined according to CAZy database (www.cazy.org).
	Enzyme
	Origin
	Molecular weight
(kDa)
	pI
	Extinction coefficient
(M-1.cm-1)
	Predicted
N-glycosylations
	Predicted signal peptide
	Production rate
(mg/L)
	Expected activity

	AtCE1
	A. terreus CIRM-BRFM111
	55
	4.7
	89583
	6
	Yes
	22.5
	Acetyl/feruloyl esterase

	AtGH28
	A. terreus CIRM-BRFM111
	46
	5.2
	76110
	8
	Yes
	4.5
	Polygalacturonase

	AtGH29
	A. terreus CIRM-BRFM111
	65
	5.5
	133333
	5
	Yes
	39
	α-fucosidase

	AtGH78b
	A. terreus CIRM-BRFM111
	98
	5.2
	218305
	6
	No
	68
	α-rhamnosidase

	AtGH79
	A. terreus CIRM-BRFM111
	44
	6.3
	248903
	9
	Yes
	0.5
	β-glucuronidase

	AtPL1_4
	A. terreus CIRM-BRFM111
	36
	4.7
	58518
	0
	Yes
	1
	Pectin/pectate lyase

	TvGH28a
	T. versatilis IMI378536
	37
	5.5
	38180
	1
	Yes
	22.5
	Polygalacturonase

	TvGH28b
	T. versatilis IMI378536
	38
	4.3
	46723
	1
	Yes
	35
	Polygalacturonase

	TvGH28c
	T. versatilis IMI378536
	37
	4.5
	29193
	8
	Yes
	13.5
	Polygalacturonase

	TvGH53
	T. versatilis IMI378536
	37
	4.6
	91392.5
	2
	Yes
	67.5
	Endo-β-1,4-galactanase

	TvGH78
	T. versatilis IMI378536
	74
	4.5
	153163
	15
	Yes
	3.5
	α-rhamnosidase

	TvGH79
	T. versatilis IMI378536
	49
	4.9
	71928
	5
	Yes
	2
	β-glucuronidase

	TvGH93
	T. versatilis IMI378536
	36
	4.5
	54890
	0
	Yes
	189
	Exo-α-1,5-arabinanase

	TvCE8-GH28
	T. versatilis IMI378536
	82
	5.1
	102658
	15
	Yes
	47.5
	Pectin methyl esterase + Polygalacturonase

	TvCE8
	T. versatilis IMI378536
	40
	5.7
	73402.5
	8
	Yes
	83
	Pectin methyl esterase



Supplementary Table S2. Composition of enzymatic pools. Enzyme concentrations are expressed in µM. Enzyme pools 1, 3, 4, 5, 6, 7, 9, 10, 11 and 12 are equimolar, except for AtGH79 and TvGH79 whose concentrations had to be adjusted due to their low production rate. Pools 2 and 8 contain the same enzymes as pools 1 and 7 respectively, but concentrations were calculated according to the abundance of these enzymes in the fungal secretomes. 
	POOL
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	AtCE1
	0.1
	0.015
	0.1
	-
	-
	0.1
	-
	-
	-
	0.1
	-
	0.1

	AtGH28
	0.1
	0.005
	0.1
	-
	0.1
	-
	0.1
	0.005
	0.1
	-
	-
	0.1

	AtGH29
	0.1
	0.058
	0.1
	-
	-
	0.1
	0.1
	0.047
	-
	0.1
	0.1
	-

	AtGH78
	0.1
	0.138
	0.1
	-
	0.1
	-
	0.1
	0.11
	0.1
	-
	0.1
	-

	AtGH79
	0.1
	0.006
	0.1
	-
	-
	0.01
	-
	-
	-
	0.01
	-
	0.01

	AtPL1_4
	0.1
	0.039
	0.1
	-
	0.1
	-
	0.1
	0.031
	0.1
	-
	-
	0.1

	TvGH28a
	0.1
	0.383
	-
	0.1
	0.1
	-
	0.1
	0.307
	-
	0.1
	0.1
	-

	TvGH28b
	0.1
	0.520
	-
	0.1
	0.1
	-
	0.1
	0.416
	-
	0.1
	0.1
	-

	TvGH28c
	0.1
	0.011
	-
	0.1
	0.1
	-
	0.1
	0.011
	-
	0.1
	-
	0.1

	TvGH53
	0.1
	0.195
	-
	0.1
	-
	0.1
	-
	-
	0.1
	-
	0.1
	-

	TvGH78
	0.1
	0.019
	-
	0.1
	0.1
	-
	0.1
	0.016
	-
	0.1
	-
	0.1

	TvGH79
	0.05
	0.058
	-
	0.1
	-
	0.05
	-
	-
	0.05
	-
	0.05
	-

	TvGH93
	0.1
	0.039
	-
	0.1
	-
	0.1
	-
	-
	0.1
	-
	-
	0.1

	TvCE8-GH28
	0.1
	0.013
	-
	0.1
	0.1
	-
	0.1
	0.01
	-
	0.1
	-
	0.1

	TvCE8
	0.1
	0.006
	-
	0.1
	0.1
	-
	0.1
	0.006
	-
	0.1
	-
	0.1
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