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Genomic and in silico protein structural analyses provide insights into marine polysaccharide-degrading enzymes in the sponge-derived Pseudoalteromonas sp. PA2MD11
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Fig. S1. Circular genomic map of the Pseudoalteromonas sp. PA2MD11 strain generated with the CGViewer server. kbp, kilobase pair; ORF, open reading frame (red), GC content (black), GC skew + (green), GC skew – (purple).
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Fig. S2. Maximum-likelihood (ML) phylogenetic tree based on 16S rRNA gene sequences from Pseudoalteromonas sp. PA2MD11 (in bold and shaded in light red) and the 48 validly accepted Pseudoalteromonas species. Bootstrap consensus tree was inferred with 1000 replicates and only values above 50% are displayed at the tree branches. The tree was drawn to scale, with branches measured as the number of substitutions per site. The 16S rRNA gene sequences of Alteromonas macleodii DSM 6062T (Accession Number Y18228.1) and Haloferax volcanii JCM 8879T (Accession Number AB663383.1) were used as outgroups. NCBI GenBank’s Accession Numbers are presented for each strain sequence between parentheses. Pigmented Pseudoalteromonas species are indicated by a purple circle while non-pigmented Pseudoalteromonas are denoted by light-yellow triangle.
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Fig. S3. Maximum-likelihood (ML) phylogenetic trees of the selected MP-degrading enzymes potentially encoded by Pseudoalteromonas sp. PA2MD11 and their CAZyme and sulfatase relatives: (a) GH16_16; (b) GH50; (c) GH117; (d) PL6; (e) PL17; and (f) S1_19. These closest relatives are labelled in the tree by their name of the characterized enzyme, followed by the source bacterial strain and the database’s accession number between parentheses. The best-fit substitution models for each tree were: LG+F+G4 (GH16_16), WAG+G4 (GH50 and GH117), WAG+F+I+G4 (PL6), LG+I+G4 (PL17) and WAG+I (S1_19). Bootstrap consensus trees were inferred with 1000 replicates and only values above 50% are displayed at the tree branches. The tree was drawn to scale, with branches measured as the number of substitutions per site. CAZymes and sulfatases with available protein structures in the PDB are additionally marked with a dark triangle. In their case, the PDB Accession Number are displayed between parentheses; the NCBI’s GenBank Accession Numbers are exhibited for the remaining biochemically-characterized enzyme relatives. The MP-degrading enzymes potentially encoded by Pseudoalteromonas sp. PA2MD11 (named following the Table 2) are written in bold, shaded in light red and also marked with a golden star.
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Fig. S4. Growth of the Pseudoalteromonas sp. PA2MD11 strain on a selection of carbon sources. In (a) to (d), the strain was inoculated on mineral minimum medium (MMM) solidified with (a) 1.0% agarose, (b) 1.0% sodium alginate, (c) 1.0% κ-Carrageenan and (d) 2.0% ι-Carrageenan; following up to one week of incubation at 28oC. The plates are labelled as follows: C refers to negative control and 1, 2 and 3 the different replicates used in the assay. (e) Kinetics of Pseudoalteromonas sp. PA2MD11 growth by measuring the optical density (OD600 nm) on MMM with either one of the carbon sources tested: 0.5% glucose (Glu), 0.5% D-galactose (Gal), 0.5% maltose (Mal), 0.2% low-melting agarose (LM-Aga), 0.05% κ-Carrageenan (κ-Car), 0.1% ι-Carrageenan (ι-Car), 0.2% sodium alginate (S. Alginate).
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Fig. S5. Multiple sequence alignment between the (a) 36ALGDH (DOEALKOC_00884) and (b) 36ALGACI (DOEALKOC_00887) protein sequences predicted from the Pseudoalteromonas sp. PA2MD11 genome and their respective structurally-characterized relatives retrieved from the Protein Data Bank (PDB): beta-aldehyde dehydrogenase from Pseudoalteromonas atlantica T6c (PDB code: 3K2W) and 3,6-anhydro-L-galactose dehydrogenase from Vibrio variabilis JCM 19239 (PDB code: 6J75) for 36ALGDH; and 3,6-anhydro-alpha-L-galactonate cycloisomerase from Vibrio sp. EJY3 (PDB code: 5XD7) for 36ALGACI. Red shadowed areas indicate strictly conserved residues while regions highlighted in yellow consist of residues conserved across a group but not conserved from one group to the other. Red dots have been placed above the catalytic sites (also boxed in red) in the alignment representation and the MP-degrading enzyme from Pseudoalteromonas sp. PA2MD11 is shaded in bright red.
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Fig. S6. Multiple sequence alignment between the (a) 2-keto-3-deoxy-L-galactonate 5-dehydrogenase (DOEALKOC_00886) and (b) 2,5-diketo-3-deoxy-L-galactonate 5-reductase (DOEALKOC_00885) protein sequences predicted from the Pseudoalteromonas sp. PA2MD11 genome and their respective biochemically-characterized relatives in Pseudoalteromonas atlantica T6c (Accession Numbers: Q15SS1 and Q15SS0, respectively). Red shadowed areas indicate strictly conserved residues while regions highlighted in yellow consist of residues conserved across a group but not conserved from one group to the other. Red dots have been placed above the catalytic sites (also boxed in red) in the alignment representation and the MP-degrading enzyme from Pseudoalteromonas sp. PA2MD11 is shaded in bright red.
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Fig. S7. Structural overlay of the modelled MP-degrading enzymes from Pseudoalteromonas sp. PA2MD11 (coloured in accordance with their secondary structure) and their most homologues PDB relatives (coloured in dim grey). Catalytic sites common in these overlaid structures are circled in red. Their exact location in the primary sequence of the enzymes is informed below the figures: (a) Aga 862 vs. PfGH50B (PDB Accession: 6XJ9); (b) Aga878 vs. Aga50D (PDB Accession: 4BQ2); (c) Aga889 vs. PfGH50B (PDB Accession: 6XJ9); (d) Aga890 vs. MtAga (PDB Accession: 3WZ1); (e) NABH859 vs. Aga117F (PDB Accession: 3R4Y); (f) Sulf853 vs. Psι-CgsB (PDB Accession: 6BIA) (g) Aly06_1914 vs. AlyGC (PDB Accession: 5GKD); (h) Aly17_1915 vs. Alg17c (PDB Accession: 4NEI). Figures were produced in UCSF-Chimera from the I-TASSER-derived best homology models.14
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Fig. S8. Ramachandran plots of the modelled MP-degrading enzymes from Pseudoalteromonas sp. PA2MD11: the three GH50 exo-ß-agarases (a) Aga862, (b) Aga878, (c) Aga889, (d) the GH16 endo-ß-agarase Aga890, (e) the GH117 NABH859, (f) the carrageenan sulfatase S1_19 Sulf853, and the exo-alginate lyases (g) PL6 Aly06_1914 and (h) PL17 Aly17_1915. The amino acid residues in the most favoured (core) region are represented as filled black squares and included in the red areas, while the amino acids present in additional allowed regions are also depicted as filled black squares and situated in yellow areas. All amino acid residues in disallowed regions are outside the red and yellow areas, illustrated as empty pink circles, and identified by their abbreviation and position in the peptide chain. Glycine residues are shown as filled black triangles.16
17

Table S1. List of media and their composition used for the screening of exoenzymes with industrial potential from the bacteria associated with Plakina cyanorosea.18

	Exoenzyme
	Screening medium
	Composition1
	Revelation step
	Positive result
	Reference

	Agarase
	Hu’s medium
	15 g/L agar prepared with ASW
	Necessary2
	Clearance zone around the agarase-producing bacterial spot
	[5]

	Alginate lyase
	LB or Marine Agar + 0.5% sodium alginate
	25 g/L LB or 37 g/L Marine added with 5.0 g/L sodium alginate 5.0 and 15 g/L agar
	Necessary2
	Clearance zone around the alginate-lyase producing bacterial spot
	This work

	Carrageenase
	LB or Marine Agar + 0.2% seaweed carrageenan
	25 g/L LB or 37 g/L Marine added with seaweed carrageenan 2.0, and 15 g/L agar
	Necessary2
	Clearance zone around the carrageenase-producing bacterial spot
	This work

	Amylase
	Nutrient Agar + 0.2% starch or A1 medium (DSMZ Medium 1054)
	13 g/L Nutrient Broth, 2.0 g/L starch, 15 g/L agar or starch 10 g/L, 4.0 g/L yeast extract, 2.0 g/L peptone, 15 g/L agar prepared with 50% ASW
	Necessary2
	Clearance zone around the amylase-producing bacterial spot
	[2]; [4]

	Cellulase
	CMC Agar
	2.0 g/L NaNO3, 1.0 g/L K2HPO4, 0.5 g/L MgSO4, 0.5 g/L KCl, 2.0 g/L peptone, 2.0 g/L CMC, 15 g/L agar; prepared with 50% (v/v) ASW
	Necessary2
	Clearance zone around the cellulase-producing bacterial spot
	[3]

	Pectinase
	LB or Marine Agar + 0.5% pectin
	25 g/L LB or 37 g/L Marine added with 5.0 g/L pectin and 15 g/L agar 15
	Necessary2
	Clearance zone around the pectinase-producing bacterial spot
	This work

	Chitosanase
	LB or Marine Agar + 0.05% AZCL-chitosan
	25 g/L LB or 37 g/L Marine added with 0.5 g/L AZCL-chitosan, 15 g/L agar
	Not necessary
	Darkening around the xylanase-producing bacterial spot
	This work

	Xylanase
	LB or Marine Agar + 0.05% AZCL-xylan
	25 g/L LB or 37 g/L Marine added with 0.5 g/L xylan, 15 g/L agar
	Not necessary
	Darkening around the xylanase-producing bacterial spot
	This work

	Lipase
	Sierra’s medium + 1.0% Tween 80
	peptone 10 g/L, 5.0 g/L NaCl, 0.1 g/L CaCl2.H2O, 15 g/L agar, and 1.0% (v/v) Tween 80 added after autoclaving; prepared with 50% ASW
	Not necessary
	Precipitation crystals around the lipase-producing bacterial spot
	[1]

	Esterase
	Sierra’s medium + 1.0% Tween 20
	peptone 10 g/L, 5.0 g/L NaCl, 0.1 g/LCaCl2.H2O, 15 g/L agar), and 1.0% (v/v) Tween 20 added after autoclaving; prepared with 50% ASW
	Not necessary
	Precipitation crystals around the esterase-producing bacterial spot
	[1]

	Protease
	Skim Milk Agar
	5.0 g/L peptone, 3.0 g/L yeast extract, 1.0 g/L skim milk, 15 g/L agar; prepared with 50% ASW
	Not necessary
	Clearance zone around the protease-producing bacterial spot
	[4]


ASW: artificial seawater; CMC: carboxhymethylcellulose; DSMZ: German Collection of Microorganisms and Cell Cultures GmbH; LB: Luria Bertani.
1For bacteria isolated from BHI and BHI 1:10, media was not prepared with 50% ASW.
2Addition of Lugol’s iodine solution (Sigma-Aldrich).
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Table S2. List of carbohydrate sources and used during the catabolic profiling of Pseudoalteromonas sp. PA2MD11.
	Carbohydrate
	Manufacturer

	Glucose
	Sigma-Aldrich

	Galactose
	Sigma-Aldrich

	Fructose
	Sigma-Aldrich

	Sucrose
	Sigma-Aldrich

	Maltose
	Sigma-Aldrich

	Lactose
	Sigma-Aldrich

	Agar
	Sigma-Aldrich

	Agarose
	Sigma-Aldrich

	Carragenan (ι-, κ-, λ and raw from seaweed)
	Sigma-Aldrich

	Starch
	Sigma-Aldrich

	Cellulose (Avicellulose)
	Sigma-Aldrich

	Carboxymethylcellulose
	Sigma-Aldrich

	Hydroxylcellulose
	Sigma-Aldrich

	Laminarin
	Sigma-Aldrich

	Lichenan
	Megazyme

	Pectin
	Acros Organics

	AZCL-chitosan
	Megazyme

	AZCL-xylan
	Megazyme

	Fucoidan
	Sigma-Aldrich

	Chondroitin sulfate
	Sigma-Aldrich

	Heparin
	Sigma-Aldrich


		
		Supplementary Material
AZCL: azurine cross-linked20

2

3

Table S3. List of selected biochemically-characterized and structurally-determined CAZymes and sulfatases sequences and outgroups selected for the phylogenetic inferences with the agarolytic, alginolytic CAZymes and the sulfatase discovered in the Pseudoalteromonas sp. PA2MD11 genome.21

	Enzyme/outgroup
	CAZyme/sulfatase family (clan)
	Source organism
	Accession Number*

	AgaA
	GH16_16
	Zobellia galactanivorans DsijT
	1O4Y.1

	AgaB
	GH16_16
	Zobellia galactanivorans DsijT
	1O4Z.1

	BuGH16B
	GH16_16
	Bacteroides uniformis NP1
	5T9X.1

	MtAgaA
	GH16_16
	Microbulbifer thermotolerans JAMB-A94
	3WZ1.1

	ß-agarase
	GH16_16
	Pseudomonas sp. ND137
	BAD88713.1

	AgaA3
	GH16_16
	Microbulbifer agarilyticus JAMB-A3
	BAE06228.1

	AgaA7
	GH16_16
	Microbulbifer elongatus JAMB-A7
	BAC99022.1

	AgaY1
	GH16_16
	Saccharophagus sp. AG21
	AFR90184.1

	Aga16B
	GH16_16
	Saccharophagus degradans 2-40
	ABD80437.1

	AgaA6
	GH16_16
	Pseudoalteromonas sp. JT-6
	ACF40223.1

	AgaA
	GH16_16
	Agarivorans sp. LQ48
	ACM50513.1

	AgaB34
	GH16_16
	Agarivorans albus YKW-34
	ABW77762.1

	AgaA
	GH16_16
	Pseudoalteromonas sp. CY24
	AAN39119.2

	AgaJA3
	GH16_16
	Agarivorans sp. HZ105
	ADY17921.1

	ß-porphyranase AagA
	GH16_16
	Pseudomonas sp. ND137
	BAB79291.1

	ß-agarase YM01-3
	GH16_16
	Catenovulum agarivorans YMO1
	AGU13985.1

	AgaA
	GH16_16
	Pseudoalteromonas sp. AG52
	ADA72015.1

	AagA
	GH16_16
	Pseudoalteromonas gracilis B9
	AAF03246.1

	ß-agarase I
	GH16_16
	Pseudoalteromonas atlantica ATCC 19262
	AAA91888.1

	ß-agarase
	GH16_16
	Pseudoalteromonas sp. AG4
	ADD60418.1

	AgaH71
	GH16_16
	Pseudoalteromonas hodoensis H7
	AIF29515.1

	AgaH71
	GH16_16
	Pseudoalteromonas hodoensis H7
	AIF29515.1

	ß-agarase
	GH16_16
	Flammeovirga sp. OC4
	AJW82061.1

	AgaB
	GH16_16
	Flammeovirga sp. SJP92
	ANN44251.1

	Aga4436
	GH16_16
	Flammeovirga sp. OC4
	AJW82062.1

	AgaYT
	GH16_16
	Flammeovirga yaeyamensis YT
	AEK80424.1

	AgaG4
	GH16_16
	Flammeovirga yaeyamensis MY04
	ACY02061.1

	BpGH16A
	GH16_16
	Bacteroides plebeius DSM 17135
	EDY95404.1

	CelB (endo-1,4-beta-glucanase)**
	GH7 (GH-B)
	Aspergillus oryzae
	BAA22589.1

	AgWH50C
	GH50
	Agarivorans gilvus WH0801
	5Z6P.1

	BpGH50
	GH50
	Bacteroides plebeius DSM17135
	5T3B.1

	PfGH50
	GH50
	Pseudoalteromonas fuliginea PS47
	6XJ9.1

	Aga50C
	GH50
	Saccharophagus degradans 2-40
	4BQ2.1

	Aga21
	GH50
	Pseudoalteromonas sp. NJ21
	AHC72907.1

	AgaB1
	GH50
	Thalassotalea agarivorans BCRC17492
	AGT98631.1

	ß-agarase (NA2-producing)
	GH50
	Alteromonas sp. E-1
	BAE97587.1

	DagB
	GH50
	Streptomyces coelicolor A3-2
	CAB61811.1

	Beta-agarase
	GH50
	Victivallis vadensis ATCC BAA-548
	EFB02686.1

	Aga50A
	GH50
	Saccharophagus degradans 2-40
	ABD80438.1

	AgaB
	GH50
	Vibrio sp. PO-303
	BAG71427.1

	AgaA
	GH50
	Vibrio sp. JT0107
	BAA03541.1

	AgaA11
	GH50
	Agarivorans sp. JAMB-A11
	BAD99519.1

	AgrA
	GH50
	Agarivorans sp. AG17
	ACU52709.1

	Agarase HZ
	GH50
	Agarivorans sp. HZ105
	ADY17918.1

	ß-agarase
	GH50
	Agarivorans sp. JA-1
	ABK97391.1

	AgaB-4
	GH50
	Paenibacillus agarexedens BCRC 16000
	AVV48109.1

	Aga41A
	GH50
	Vibrio sp. CN41
	ADM25828.1

	AgWH50A
	GH50
	Agarivorans gilvus WH0801
	AFP32918.1

	AgaD02
	GH50
	Agarivorans sp. QM38
	BM90422.1

	AgaraseHz2
	GH50
	Agarivorans sp. HZ105
	ADY17919.122


	AgaB
	GH50
	Vibrio sp. JT0107
	BAA04744.1

	FbGH17A (endo-laminarinase)**
	GH17 (GH-A)
	Formosa sp. Hel1_33_131
	AOR29489.1

	BpGH117
	GH117
	Bacteroides plebeius DSM 17135
	4AK5.1

	BuGH117B
	GH117
	Bacteroides uniformis NP-1
	5TA7.1

	Aga117F
	GH117
	Saccharophagus degradans 2-40
	3R4Y.1

	AhgA
	GH117
	Zobellia galactanivorans DsijT
	3P2N.1

	Zg3597
	GH117
	Zobellia galactanivorans DsijT
	4U6B.1

	Zg3615
	GH117
	Zobellia galactanivorans DsijT
	4U6D.1

	Ahg558
	GH117
	Gayadomonas joobiniege G7
	WP_017446786.1

	AgaNash
	GH117
	Cellvibrio sp. OA-2007
	BAQ55620.3

	FbacS
	GH117
	Ochrovirga pacifica
	WP_010134686.1

	AbfB (L-alpha-arabinofuranosidase)**
	GH62 (GH-F)
	Streptomyces coelicolor A3(2)
	CAA16189.1

	AlyF
	PL6
	Vibrio splendidus OU02
	5Z9T.1

	AlyGC
	PL6
	Paraglaciecola chathamensis S18K6
	5GKD.1

	Bcel
	PL6
	Bacteroides cellulosilyticus 246787
	6QPS.1

	Phep 0789
	PL6
	Pedobacter heparinus DSM 2366
	1DBG.1

	Pedsa 3628
	PL6
	Pseudopedobacter saltans DSM 12145
	ADY54157.1

	Patl 3659
	PL6
	Pseudoalteromonas atlantica T6c
	ABG42161.1

	AlgS6
	PL6
	Shewanella sp. Kz7
	AHC69713.1

	MASE 04135
	PL6
	Alteromonas macleodii ATCC 27126
	AFS36376.1

	Celly 0294
	PL6
	Cellulophaga lytica DSM 7489
	ADY28129.1

	Patl 3640
	PL6
	Pseudoalteromonas atlantica T6c
	ABG42142.1

	AlyMG
	PL6
	Stenotrophomonas maltophilia KJ-2
	AFC88009.1

	Nonul 2381
	PL6
	Nonlabens ulvanivorans PLR
	WP_036584323.1

	Pedsa 0631
	PL6
	Pseudopedobacter saltans DSM 12145
	ADY51207.1

	Pedsa 3807
	PL6
	Pseudopedobacter saltans DSM 12145
	ADY54336.1

	AlyP
	PL6
	Pseudomonas sp. OS-ALG-9
	BAA01182.123


	Pedsa 0632
	PL6
	Pseudopedobacter saltans DSM 12145
	ADY51208.1

	MASE_04180 (poly beta-D-mannuronate lyase)**
	PL6_3
	Alteromonas macleodii ATCC 27126
	AFS36385.1

	Alg17C
	PL17_2
	Saccharophagus degradans 2-40
	4NEI.1

	OalC
	PL17_2
	Vibrio splendidus 12B01
	EAP93063.1

	OalB
	PL17_2
	Vibrio splendidus12B01
	EAP93062.1

	AlyII
	PL17_2
	Pseudomonas sp. OS-ALG-9
	BAA19848.1

	OalS17
	PL17_2
	Shewanella sp. Kz7
	AHW45238.1

	OAL
	PL17_2
	Stenotrophomonas maltophilia
	AGM38186.2

	AlgL
	PL17_2
	Sphingomonas sp. MJ-3
	AEM45874.1

	Heparinase II/III-like**
	PL17_1
	Klebsiella oxytoca
	AWF36162.1

	PsS1_19A
	S1_19
	Pseudoalteromonas sp. PS47
	6BIA.1

	PsS1_19B
	S1_19
	Pseudoalteromonas fuliginea KMM 216
	6PRM.1

	N-acetylgalactosamine 6-sulfate sulfatase
	S1_19
	Hungatella hathewayi
	6UST.1

	S1_19 sulfatase
	S1_19
	Catenovulum agarivorans DS-2
	W7QQU2.1

	S1_19 sulfatase
	S1_19
	Cellvibrio sp.
	I3ICU1.1

	Alpha-L-rhamnosidase/sulfatase**
	S1_25
	Formosa agariphila KMM 3901
	6HR5.1


* For biochemically characterized enzymes, it is presented the NCBI GenBank Accession Numbers; for structurally-characterized enzymes, it is displayed the PDB code.
** outgroups (the table cell is also dashed in grey).24

		





Table S4. List of Pseudoalteromonas genomes selected for comparative genomic analyses.
	Strain
	Number of contigs
	Genome size (Mbp)
	G+C%
	Number of CDSs
	CAZome size (%)*
	GenBank Accession Number

	Pseudoalteromonas agarivorans DSM 14585
	2
	4,544,962
	40.84
	4,012
	2.26
	GCA_002310855.1

	Pseudoalteromonas atlantica T6c
	1
	5,187,005
	44.62
	4,414
	3.12
	GCA_000014225.1

	Pseudoalteromonas arctica A 37 1-2
	3
	4,721,971
	39.16
	4,165
	2.25
	GCA_000238395.4

	Pseudoalteromonas sp. 1_2015MBL_MicDiv
	2
	4,859,883
	38.97
	4,214
	2.58
	GCA_002407505.1


CDS: coding sequences; Mbp: mega base pairs.
* predicted by HMMER searches in dbCAN.25

Table S5. CAZyme activities and association with the genes from the estimated CAZome in Pseudoalteromonas sp. PA2MD11.
	CAZyme
	Enzymatic activity
	Genes (CAZyme class/family)

	Agarase
	+
	+ (GH2, GH16, GH50, GH117)

	Alginate lyase
	+
	+ (PL6, PL17)

	Amylase
	+
	+ (GH13, GH15, GH65, GH77, GH37, GH97, GT4)

	Carrageenase
	+
	-

	Cellulase
	+
	+ (GH3, GH6, AA3)

	Chitosanase
	-
	+ (GH18, GH20, GH23, AA10, CE4, CE9, CE11)

	Lichenase
	+
	+ (GH16)

	Pectinase
	+
	+ (PL1, CE1, CE8)

	Xylanase
	-
	+ (GH43)


		
		
AA: Auxiliary Activity; CE: carbohydrate esterase; GH: glycoside hydrolase; GT: glycosyltransferase; PL: polysaccharide lyase.; +: Positive; -: Negative. 26



Table S6. Identity degree (%) shared between the 16S rRNA gene sequences of Pseudoalteromonas sp. and the validly accepted Pseudoalteromonas species relatives determined by the GGDC phylogeny server. Values are presented in decreasing order.27

	Strain
	Identity degree (%)
	Strain
	Identity degree (%)

	Pseudoalteromonas shioyasakiensis SE3T (AB720724.1)
	99.40
	Pseudoalteromonas antarctica NF3T (X98336.1)
	97.55

	Pseudoalteromonas gelatinilytica NH153T (KT377064.2)
	99.13
	Pseudoalteromonas citrea NCIMB 1889T (X82137.1)
	97.55

	Pseudoalteromonas profundi TP162T (KT900238.2)
	99.06
	Pseudoalteromonas carrageenovora IAM 12662T (X82136.1)
	97.52

	Pseudoalteromonas lipolytica LMEB 39T (FJ404721.1)
	98.80
	Pseudoalteromonas arctica strain A 37-1-2T (DQ787199.1)
	97.45

	Pseudoalteromonas donghaensis HJ51T (FJ754319.1)
	98.52
	Pseudoalteromonas caenipelagi JBTF-M23T (MT348162.1)
	97.38

	Pseudoalteromonas mariniglutinosa KMM 3635T (AJ507251.1)
	98.41
	Pseudoalteromonas translucida KMM 520T (AY040230.1)
	97.29

	Pseudoalteromonas aestuariivivens DB-2T (KT366926.2)
	98.35
	Pseudoalteromonas marina Mano4T (AY563031.1)
	96.78

	Pseudoalteromonas prydzensis MB8-11T (U85855.1)
	98.34
	Pseudoalteromonas rubra ATCC 29570T (X82147.1)
	96.68

	Pseudoalteromonas arabiensis JCM 17292T (AB576636.1)
	98.33
	Pseudoalteromonas phenolica O-BC30T (AF332880.1)
	96.65

	Pseudoalteromonas aliena KMM 3562T (AY387858.1)
	98.04
	Pseudoalteromonas ruthenica KMM300T (AF316891.1)
	96.54

	Pseudoalteromonas atlantica IAM 12927T (X82134.1)
	97.95
	Pseudoalteromonas luteoviolacea NCIMB 1893T (X82144.1)
	96.42

	Pseudoalteromonas espejiana NCIMB 2127T (X82143.1)
	97.93
	Pseudoalteromonas flavipulchra NCIMB 2033T (AF297958.1)
	96.4

	Pseudoalteromonas byunsanensis FR1199T (DQ011289.2)
	97.87
	Pseudoalteromonas piscicida IAM 12932T (AB090232.1)
	96.28

	Pseudoalteromonas undina NCIMB 2128T X82140.1
	97.87
	Pseudoalteromonas maricaloris KMM 636T (AF144036.1)
	96.26

	Pseudoalteromonas amylolytica JW1T (KU535632.2)
	97.87
	Pseudoalteromonas spongiae UST010723-006T (AY769918.1)
	96.17

	Pseudoalteromonas tetraodonis IAM 14160T (AF214730.1)
	97.59
	Pseudoalteromonas agarivorans KMM 255T (AJ417594.1)
	97.84

	Pseudoalteromonas neustonica PAMC 28425T (KU716039.1)
	97.8
	Pseudoalteromonas denitrificans ATCC 43337T (X82138.1)
	96.01

	Pseudoalteromonas nigrifaciens NCIMB 8614T (X82146.1)
	97.75
	Pseudoalteromonas piratica OCN003T (KF042038.1)
	95.91

	Pseudoalteromonas aurantia ATCC 33046T (X82135.1)
	97.69
	Pseudoalteromonas ulvae UL12T (AF172987.1)
	95.63

	Pseudoalteromonas elyakovii 40MCT (AF082562.1)
	97.69
	Pseudoalteromonas tunicata D2T (Z25522.1)
	94.77

	Pseudoalteromonas fuliginea DSM 15748T (AF529062.1)
	97.69
	Pseudoalteromonas xiamenensis Y2T (JN188399.1)
	94.66

	Pseudoalteromonas issachenkonii KMM 3549T (AF316144.1)
	97.65
	Pseudoalteromonas fenneropenaei rzy34T (KR709258.1)
	94.53

	Pseudoalteromonas haloplanktis ATCC 14393T (X67024.1)
	97.65
	
	

	Pseudoalteromonas paragorgicola KMM 3548T (AY040229.1)
	97.63
	
	

	Pseudoalteromonas distincta ATCC 700518T (AF082564.1)
	97.63
	
	

	Pseudoalteromonas peptidolytica F12-50-A1T (AF007286.1)
	96.03
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Table S7. Taxonomic classification of Pseudoalteromonas sp. PA2MD11 by the GTDB-Tk toolkit.
	GTDB-Tk classification
	Accession Number of the closest genomic reference
	ANI
	Other related genomes
Genome_ID                                 Species                                   ANI

	d__Bacteria;
p__Proteobacteria;
c__Gammaproteobacteria; o__Enterobacterales; f__Alteromonadaceae; g__Pseudoalteromonas;
s__Pseudoalteromonas lipolytica_A
	GCA_001306915.1
	97.66
	GCA_002684115.1 s__Pseudoalteromonas sp. 002684115 94.61 GCF_001550135.1 s__Pseudoalteromonas shioyasakiensis 93.94 GCF_001469895.1 s__Pseudoalteromonas sp. 001469895 93.74; GCF_001641615.1 s__Pseudoalteromonas gelatinilytica 92.48 GCF_004195145.1 s__Pseudoalteromonas sp. 002685175 90.45 GCF_004792295.1 s__Pseudoalteromonas lipolytica_C 89.26 GCF_001550155.1 s__Pseudoalteromonas arabiensis 86.21 GCF_900116435.1 s__Pseudoalteromonas lipolytica 83.54 GCF_002165575.1 s__Pseudoalteromonas sp. 002165575 80.26 GCF_002310855.1 s__Pseudoalteromonas agarivorans 80.21 GCF_002221525.1 s_Pseudoalteromonas espejiana                    79.91
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Table S8. Functional annotation of protein domains and information about secretion/cellular localization of the MP-degrading enzymes from Pseudoalteromonas sp. PA2MD11.
	Prokka locus_tag
	CAZy/SulfAtlas classification
	InterProScan
	UniProt/SwissProt
(Organism/Function/Accession)
	SignalP 5.0
	PSORTb/
Gneg-mPLoc

	DOEALKOC_00862
	GH50
	Agarase, CBM-like domain (IPR040669); Glycoside hydrolase, family 42, N-terminal (IPR013529)
	Vibrio sp. JT0107/ Beta-agarase B/P48840.1
	Lipoprotein signal peptide (Sec/SPII); 18-19
	Unknown/Cell outer membrane. Unknown/Extracellular

	DOEALKOC_00878
	GH50
	Agarase, CBM-like domain (IPR040669); Glycoside hydrolase, family 42, N-terminal (IPR013529)
	Vibrio sp. JT0107/ Beta-agarase B/P48840.1
	Lipoprotein signal peptide (Sec/SPII); 24-25
	Unknown/Extracellular

	DOEALKOC_00889
	GH50
	Agarase, CBM-like domain (IPR040669)
	Vibrio sp. JT0107/ Beta-agarase B/P48840.1
	Lipoprotein signal peptide (Sec/SPII); 22-23
	Unknown/Cell outer membrane. Extracellular

	DOEALKOC_00890
	GH16, CBM13
	Beta-agarase (IPR016287); Glycoside hydrolase family 16 (IPR000757); Beta-agarase, member of glycosyl hydrolase family 16 (cd02178); Ricin B, lectin domain (IPR000772)
	Agarivorans albus/Beta-agarase AgaB34/A8W969.1
	Signal peptide (Sec/SPI); 19-20
	Extracellular/Extracellular

	DOEALKOC_00859
	GH117
	Glycoside hydrolase, family 43 (IPR006710)
	NA
	Other
	Unknown/Cytoplasm

	DOEALKOC_01914
	PL6_1
	PL-6 family (IPR039513)
	Pseudomonas sp. OS-ALG-9/Alginate lyase/Q06365.1
	Signal peptide (Sec/SPI); 24-25
	Unknown/Extracellular

	DOEALKOC_01915
	PL17_2
	Heparinase II/III-like (IPR012480); Alginate lyase domain (IPR008397)
	Saccharophagus degradans 2-40/Exo-oligoalginate lyase/ Q21FJ0.1
	Lipoprotein signal peptide (Sec/SPII); 21-22
	Unknown/Cell inner membrane. Extracellular.

	DOEALKOC_00853
	S1_19
	Sulfatase, N-terminal (IPR000917)
	NA
	Signal peptide (Sec/SPI); 23-24
	Unknown/Cell inner membrane
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COG: Cluster of Orthologous groups; KO: KEEG Orthology; PDB: Protein Database; NA: not annotated; GH: Glycoside Hydrolase; %: percentage; PL: Polysaccharide Lyase; S1: sulfatase subfamily 1.30

2

3

Table S9. I-TASSER homology modelling metrics (C-score, estimated TM-score and estimated RMSD) for the top model and quality assessment of predicted protein model by PROCHECK, Verify3D, ERRAT and ProSA-Web of the selected MP-degrading enzymes.
	MP-degrading enzyme (CAZyme/SulfAtlas family)
	I-TASSER metrics
	Ramachandran plot calculation 
(PROCHECK)
	Verify3D
	ERRAT
	ProSA-Web

	
	C-score
	Estimated TM-score
	Estimated RMSD
	% in most favoured regions 
	% in additional allowed regions
	% in disallowed regions
	% averaged 3D-1D score >= 0.2 (Result)
	% overall quality factor
	Z-score

	Aga862 (GH50)
	2.0
	0.99±0.04
	3.6±2.5Å
	77.8
	17.8
	2.3
	89.42 (Pass)
	88.69
	-10.81

	Aga878 (GH50)
	0.65
	0.80±0.09
	6.8±4.0Å
	75.0
	21.0
	1.8
	89.96 (Pass)
	94.52
	-10.94

	Aga889 (GH50)
	1.09
	0.86±0.07
	5.8±3.6Å
	77.8
	19.0
	1.3
	94.94 (Pass)
	91.79
	-10.75

	Aga890 (GH16)
	-0.66
	0.63±0.14
	8.4±4.5Å
	62.6
	27.0
	4.5
	82.12 (Pass)
	82.25
	-5.7

	NABH859 (GH117)
	1.6
	0.94±0.05
	3.3±2.3Å
	74.3
	23.4
	1.0
	88.40 (Pass)
	82.15
	-6.61

	Aly06 (PL6)
	0.63
	0.80±0.09
	6.8±4.1Å
	66.0
	27.5
	3.7
	90.93 (Pass)
	77.35
	-7.16

	Aly17 (PL17)
	1.35
	0.90±0.06
	5.2±3.4Å
	71.9
	22.4
	1.9
	89.34 (Pass)
	88.81
	-9.63

	Sulf853 (S1_19)
	0.29
	0.75±0.1
	6.5±3.9 Å
	64.9
	28.2
	3.1
	88.18 (Pass)
	85.30
	-7.88


%: Percentage. RMSD: root mean standard deviation.
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Table S10. Predicted physicochemical properties from the MP-degrading enzymes by the ExPASy-ProtParam, Protein-Sol and SCooP tools.
	MP-degrading enzyme (CAZyme/SulfAtlas family)
	Molecular mass (Da)
	Theoretical pI
	Instability index (result)
	Aliphatic index
	Scaled solubility
	Tm (oC)

	Aga862 (GH50)
	87912.33
	5.79
	26.05 (stable)
	71.59
	0.35
	72.7

	Aga878 (GH50)
	88828.67
	5.36
	41.86 (unstable)
	69.14
	0.416
	65.8

	Aga889 (GH50)
	87929.70
	6.22
	32.83 (stable)
	74.20
	0.310
	65.1

	Aga890 (GH16)
	50059.09
	4.82
	25.17 (stable)
	65.10
	0.408
	65.1

	NABH859 (GH117)
	40796.43
	5.80
	37.34 (stable)
	64.92
	0.392
	62.1

	Aly06 (PL6)
	82888.37
	7.41
	31.74 (stable)
	92.13
	0.343
	73.1

	Aly17 (PL17)
	82033.55
	6.16
	31.90 (stable)
	86.22
	0.159
	89.9

	Sulf853 (S1_19)
	54158.23
	5.27
	51.85 (unstable)
	80.23
	TM domain*
	69.5


Da: Daltons; pI: isoelectric point. Tm: melting temperature; TM: transmembrane; * not predicted
32
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(a) MMM + 1.0% agarose (b) MMM + 1.0% sodium alginate

(e) Kinetics growth on different carbon sources in liquid MMM
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image12.tiff
(a) Aga862 vs. PfGH50B (PDB Accession: 6XJ9) (b) Aga878 vs. Aga50D (PDB Accession: 4BQ2) (c) Aga889 vs. P[GH50B (PDB Accession: 6XJ9)

Aga 862 Glu486 Glu645 Aga 878 Glu499 Glu659 Aga 889 Glu123 Glu128
PfGH50B Glu523 Glu682 Aga50D Glu534 Glu695 PfGH50B Glu523 Glu682

(d) Aga890 vs. MtAga (PDB Accession: 3WZ1) (e) NABHB859 vs. Agai117F (PDB Accession: 3R4Y) (f) Sulf 853 vs. Psi-CgsB (PDB Accession: 6BIA)

Aga 890 Glu123 Glu128 NABH859 Asp50 Glu263 Sulf_853 Gly76
MtAga Glu147 Glu152 Agal17F Asp52 Glu265 Psi-CgsB Gly78

(g) Aly06 vs. AlyGC (PDB Accession: 5GKD) (h) Aly17 vs. Aly17c (PDB Accession: 4NEI)

Aly06 Lys243 Arg264 Aly17 Tyr258
AlyGC Lys220 Arg241 Aly17c Tyr258
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