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Abstract

Metallo-aminopeptidases (mAPs) control many physiological processes. They are classified in different families according to structural similarities. Neutral mAPs catalyze the cleavage of neutral amino acids from the N-terminus of proteins or peptide substrates; they need one or two metallic cofactors in their active site. Information about marine invertebrate’s neutral mAPs properties is scarce; available data are mainly derived from genomics and cDNA studies. The goal of this work was to characterize the biochemical properties of the neutral APs activities in eight Cuban marine invertebrate species from the Phyla Mollusca, Porifera, Echinodermata, and Cnidaria. Determination of substrate specificity, optimal pH and effects of inhibitors and ions (1,10-phenanthroline, cobalt, amastatin and bestatin) on activity led to the identification of neutral AP-like activities, whose biochemical behaviors were similar to those of the M1 and M17 families of mAPs. Additionally, M18-like glutamyl AP activities were detected. Thus, marine invertebrates express biochemical activities likely belonging to various families of metallo-aminopeptidases.
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Table 1 SM. Marine invertebrate´s species from the Havana coastline studied in the present contribution.
	Species
	Phyla: Class: Family

	Nerita peloronta (Linnaeus, 1758)
	Mollusca: Gastropoda: Neritidae

	Nerita versicolor (Gmelin, 1791)
	Mollusca: Gastropoda: Neritidae

	Lissodendoryx (Lissodendoryx)isodictyalis (Carter, 1882)
	Porifera: Demospongiae: Coelosphaeridae

	Tripneustes ventricosus (Lamarck, 1816)
	Echinodermata: Echinoidea: Toxopneustidae

	Echinaster (Othilia) echinophorus (Lamarck, 1816)
	Echinodermata: Asteroidea: Echinasteridae

	Stichodactyla helianthus (Ellis, 1768)
	Cnidaria: Anthozoa: Stichodactylidae

	Bunodosoma granuliferum (Le Sueur, 1817)
	Cnidaria: Anthozoa: Actiniidae

	Physalia physalis (Linnaeus, 1758)
	Cnidaria: Hydrozoa: Physaliidae


Species names were validated on the reference WORMS database (http://www.marinespecies.org/index.php).
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Figure 1 SM. Dose-response curves for the inhibition by bestatin (0.05-50 µM) of the neutral aminopeptidase-like enzymes detected in crude aqueous extracts from marine invertebrates. These assays were done in Tris HCl 50 mM pH 7.5, with a fixed amount of each crude extract inside the linear range of initial rate, in a final assay volume of 200 µL. Each aqueous crude extract was preincubated for 30 min with bestatin prior to the addition of L-Leu-AMC at 0.025 mmol/L. A: Nerita peloronta (0.42 mg/mL), B: Nerita versicolor (0.29 mg/mL), C: Tripneuste ventricosus (0.74 mg/mL), D: Echinaster echinophorus (0.07 mg/mL), E: Stichodactyla helianthus (0.42 mg/mL), F: Bunodosoma granulifera (0.09 mg/mL), G: rPfA-M17 (280 nM), H: hAPN (0.25 mg/mL).
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Figure 2 SM. Michaelis-Menten behavior versus L-Leu-AMC (10-500 µM) of the neutral aminopeptidase-like activities detected in crude aqueous extracts from marine invertebrates. These assays were done in Tris HCl 50 mM pH 7.5, with a fixed amount of each crude extract inside the lineal range of initial rate, in a final assay volume of 200 µL. A: Nerita peloronta (0.42 mg/mL), B: Nerita versicolor (0.29 mg/mL), C: Echinaster (Othilia) echinophorus (0.07 mg/mL), D: Stichodactyla helianthus (0.42 mg/mL), E: Bunodosoma granuliferum (0.09 mg/mL), F: Tripneustes ventricosus (0.74 mg/mL). Pictures were kindly supplied by Professor Jose Espinosa, PhD, from the National Institute of Oceanology, CITMA, Cuba.
Table 2 SM. Substrate specificity for each extract, and control aminopeptidases, according to decreasing order of initial rate based in Figure 2.
	Np
	Phe
	Ala
	Leu
	Tyr
	Arg
	Glu
	Ser
	Asn
	Asp

	Nv
	Phe
	Ala
	Leu
	Arg
	Tyr
	Glu
	Asp
	Ser
	Asn

	Li
	Glu
	Ala
	Phe
	Ser
	Tyr
	Asn
	Arg
	Leu
	Asp

	Tv
	Glu
	Phe
	Arg
	Leu
	Ala
	Tyr
	Asn
	Ser
	-

	Ee
	Leu
	Arg
	Ala
	Phe
	Tyr
	Asn
	Ser
	Glu
	-

	Sh
	Phe
	Tyr
	Ala
	Leu
	Arg
	Ser
	Glu
	Asn
	-

	Bg
	Leu
	Arg
	Phe
	Ala
	Tyr
	Glu
	Ser
	Asn
	-

	Pp
	Ala
	Leu
	Arg
	Phe
	Tyr
	Glu
	Ser
	Asn
	-

	hAPN
	Leu
	Ala
	Arg
	Phe
	Tyr
	Ser
	Asn
	-
	-

	PfA-M1
	Ala
	Arg
	Leu
	Phe
	Tyr
	Asn
	Ser
	-
	-

	rPfA-M17
	Leu
	Phe
	-
	-
	-
	-
	-
	-
	-


Np: Nerita peloronta, Nv: Nerita versicolor, Li: Lissodendoryx (Lissodendoryx)isodictyalis, Tv: Tripneustes ventricosus, Ee: Echinaster (Othilia) echinophorus, Sh: Stichodactyla helianthus, Bg: Bunodosoma granuliferum, Pp: Physalia physalis.
Table 3 SM. UNIPROT ID, Species and Taxonomy of all entries of the M1 family used for MSA.   
	UNIPROT ID
	Species
	Taxonomy

	P15144
	Homo sapiens
	Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;Catarrhini; Hominidae; Homo

	Q6UZ69
	Littorina obtusata
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Caenogastropoda; Hypsogastropoda; Littorinimorpha; Littorinoidea; Littorinidae; Littorina.

	Q6UZ70
	Littorina plena
	

	Q6UZ67; Q6UZ65 Q6UZ68; Q6UZ66
	Littorina saxatilis
	

	Q6UZ71
	Littorina scutulata
	

	Q6UZ53; Q6UZ75 Q6UZ52; Q6UZ74
	Littorina sitkana
	

	Q6UZ63; Q6UZ64 Q6UZ62; Q6UZ57 Q6UZ58; Q6UZ60 Q6UZ72;
	Littorina subrotundata
	

	A0A0B7AVU0; A0A0B7AIS9;

A0A0B7AIS9; A0A0B7BBW7
	Arion vulgaris
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Heterobranchia; Euthyneura; Panpulmonata; Eupulmonata; Stylommatophora; Sigmurethra; Arionoidea; Arionidae; Arion.

	Q9U0D1
	Aplysia californica
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Heterobranchia; Euthyneura; Euopisthobranchia; Aplysiomorpha; Aplysioidea; Aplysiidae; Aplysia.

	V4AT03; V3ZTC8 V4AZ53; V4CEL3 V4CEL6; V4AU50 V4BLS2; V3ZAN6 V4AGZ2
	Lottia gigantea
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Patellogastropoda; Lottioidea; Lottiidae; Lottia.

	A0A1I9W307
	Haliotis discus hannai
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Vetigastropoda; Haliotoidea; Haliotidae; Haliotis.

	W4ZH25; W4XIN9

W4XXN4; Q29VH4

W4ZL24; W4Y982

W4YHU2; W4Z6D1

W4Y430; W4YIX9

W4YD32; W4Y8B9
	Strongylocentrotus purpuratus
	Eukaryota; Metazoa; Echinodermata; Eleutherozoa; Echinozoa; Echinoidea; Euechinoidea; Echinacea; Echinoida; Strongylocentrotidae; Strongylocentrotus.

	A7S394; A7S5H5

A7SCU3; A7SCT9

A7RL33; A7SLF6

A7S604; A7TCI3

A7RUV9
	Nematostella vectensis
	Eukaryota; Metazoa; Cnidaria; Anthozoa; Hexacorallia; Actiniaria; Edwardsiidae; Nematostella.

	T2MFK7; T2M4D3
	Hydra vulgaris
	Eukaryota; Metazoa; Cnidaria; Hydrozoa; Hydroidolina; Anthoathecata; Aplanulata; Hydridae; Hydra.

	A0A1X7V0N8
	Amphimedon queenslandica
	Eukaryota; Metazoa; Porifera; Demospongiae; Heteroscleromorpha; Haplosclerida; Niphatidae; Amphimedon.


The UNIPROT IDs of the sequences used for MSA in figure 3 in the main manuscript have been underlined. The common taxonomic category between the organisms of the Caribbean Sea and the organisms containing aminopeptidases in UNIPROT database is in bold.  

Table 4 SM. UNIPROT ID, Species and Taxonomy of all entries of the M17 family used for MSA.   
	UNIPROT ID
	Species
	Taxonomy

	P28838
	Homo sapiens
	Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;Catarrhini; Hominidae; Homo

	V3ZPM6; V4AML6; V4AD59 
	Lottia gigantea
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Patellogastropoda; Lottioidea; Lottiidae; Lottia.

	A0A0B7AAC1; A0A0B7A4L9
	Arion vulgaris
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Heterobranchia; Euthyneura; Panpulmonata; Eupulmonata; Stylommatophora; Sigmurethra; Arionoidea; Arionidae; Arion.

	W4ZBD0; W4ZBJ1

W4YD71; W4Y6L8

W4Z491
	Strongylocentrotus purpuratus
	Eukaryota; Metazoa; Echinodermata; Eleutherozoa; Echinozoa; Echinoidea; Euechinoidea; Echinacea; Echinoida; Strongylocentrotidae; Strongylocentrotus.

	A7SX56; A7SX56

A7T409; A7SGM8
	Nematostella vectensis
	Eukaryota; Metazoa; Cnidaria; Anthozoa; Hexacorallia; Actiniaria; Edwardsiidae; Nematostella.

	T2M8Q9; T2MGD2
	Hydra vulgaris
	Eukaryota; Metazoa; Cnidaria; Hydrozoa; Hydroidolina; Anthoathecata; Aplanulata; Hydridae; Hydra.

	A0A1X7V5U6; A0A1X7UYT5
	Amphimedon queenslandica
	Eukaryota; Metazoa; Porifera; Demospongiae; Heteroscleromorpha; Haplosclerida; Niphatidae; Amphimedon.


The UNIPROT IDs of the sequences used for MSA in the figure 4A in the main manuscript have been underlined. The common taxonomic category between the organisms of the Caribbean Sea and the organisms containing aminopeptidases in UNIPROT database is in bold. 

Table 5 SM. UNIPROT ID, Species and Taxonomy of all entries of the M18 family used for MSA.
	UNIPROT ID
	Species
	Taxonomy

	Q9ULA0
	Homo sapiens
	Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;Catarrhini; Hominidae; Homo

	V3Z7I6
	Lottia gigantea
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Patellogastropoda; Lottioidea; Lottiidae; Lottia.

	A0A0B7ACW1
	Arion vulgaris
	Eukaryota; Metazoa; Lophotrochozoa; Mollusca; Gastropoda; Heterobranchia; Euthyneura; Panpulmonata; Eupulmonata; Stylommatophora; Sigmurethra; Arionoidea; Arionidae; Arion.

	A7RHL4
	Nematostella vectensis
	Eukaryota; Metazoa; Cnidaria; Anthozoa; Hexacorallia; Actiniaria; Edwardsiidae; Nematostella.

	T2M3F8
	Hydra vulgaris
	Eukaryota; Metazoa; Cnidaria; Hydrozoa; Hydroidolina; Anthoathecata; Aplanulata; Hydridae; Hydra.

	A0A1X7UM67;

A0A1X7T6D9
	Amphimedon queenslandica
	Eukaryota; Metazoa; Porifera; Demospongiae; Heteroscleromorpha; Haplosclerida; Niphatidae; Amphimedon.


The UNIPROT IDs of the sequences used for MSA in the figure 4B in the main manuscript have been underlined. The common taxonomic category between the organisms of the Caribbean Sea and the organisms containing aminopeptidases in UNIPROT database is in bold. 

