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Introduction

Bioprospecting is a source for finding new bioactive compounds, and today there are several sources
to achieve this search. Collagen is one of the most abundant proteins in animal tissues, almost 30% of
total protein [1], and in the case of salmon processing by-products, such as scales and skin, is the most
abundant protein. Although about 30 types of collagens are reported, type I is the most abundant and
the main one in the by-products of salmon processing [1,2].

Collagen is a target for applications in many fields such as the cosmetic industry, food additives,
tissue regeneration, bioactive peptides, etc [3-8]. In this report, we work with the reported sequences
of Atlantic salmon and rainbow trout collagen, doing an in silico hydrolysis with Alcalase (subtilisin)
and characterizing the peptides obtained by a set of descriptors and physicochemical properties
obtained with the Peptide package [5] implemented in Rstudio [6], and comparing them with other
reported peptides of known activities. As a result, it is possible to classify the peptides from Salmo
salar and Onchorhynchus mykiss collagen by including them in clusters of sequences related with
specific activities. This methodology allows us to reduce the search space and to select sequences with
potential activity that could be synthesized and tested. Additionally, this approach can be used as a
way to add value to the by-products from the salmon industry [11,12].

Results and Discussion

In this work we chose proteins from collagen type I, which is the main type of collagen present in the
byproducts of fish processing (Table 1). These proteins were hydrolyzed in silico, through the BIOPEP
server [13], by using the enzyme Alcalase, resulting in a total of 477 unique peptides.

Table 1. Salmo salar and Oncorhynchus mykiss collagen proteins used for this study.

Chain Source Uniprot ID Length # Unique peptides
Aloha 1 Salmo salar AOA1S3RF89 544 125
pha Oncorhynchus mykiss Q910C0 1449 70
Albha 2 Salmo salar A0A1S3Q205 1356 132
pha Oncorhynchus mykiss 093484 1356 83
Alpha 3 Oncorhynchus mykiss 093486 678 67

In parallel, peptides reported in databases with different activities were selected, as shown in Table 2.
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Table 2. Number of peptides from databases with different activities, used in this study.

Activity # Peptides

Antioxidant 230
Antifreezing 214

Cell Penetrating Peptides 228
Antiparasitic 403
Insecticidal 58
Collagen peptides 477

Total 2781

Peptide sequences were characterized in Rstudio [6], with the Peptides package [5], by initially using
71 descriptors listed below:

alndex: Aliphatic index defined as the relative volume occupied by the side chains of the
aliphatic amino acids (Ala, Ile, Leu y Val).

blosumIndices: Indices derived from the physicochemical properties contained in the
BLOSUMG62 matrices. It includes 10 indices from BLOSUMI1 to BLOSUM10

boman: Boman index, the potential for protein interaction

Charge: Theoretical net charge at pH = 7 and using pKscale = EMBOSS.

crucianiProperties: Use the scaled principal component scores that summarize a broad set of
descriptors calculated based on the interaction of each amino acid residue with several chemical
groups (or "probes"), such as charged ions, methyl, hydroxyl groups, and so forth; PP1: related
to polarity; PP2: related to hydrophobicity; PP3: related to formation of hydrogen bonds
fasgaiVectors: The FASGAI vectors (Factor Analysis Scales of Generalized Amino Acid
Information) are a set of amino acid descriptors, that reflects hydrophobicity, alpha and turn
propensities, bulky properties, compositional characteristics, local flexibility, and electronic
properties, that can be utilized to represent the sequence structural features of peptides or protein
motifs, F1 to F6

Hydrophobicity: Calculates the GRAVY index or average hydrophobicity based on the Kidera
scale.

kideraFactors: The Kidera Factors were originally derived by applying multivariate analysis to
188 physical properties of the 20 amino acids and using dimension reduction techniques. This
function calculates the average of the ten Kidera factors for a protein sequence. KF1 to KF10.
mswhimScores: Molecular Surface-Weighted Holistic Invariant Molecular. MS-WHIM scores
were derived from 36 electrostatic potential properties derived from the three dimensional
structure of the 20 natural amino acids.

pl: Isoelectric point with pKscale = EMBOSS

protFP: The ProtFP descriptor set was constructed from a large initial selection of indices
obtained from the AAindex database for all 20 naturally occurring amino acids. From ProtFP1
to ProtFP8

stScales: ST-scales were proposed by Yang et al, taking 827 properties into account which are
mainly constitutional, topological, geometrical, hydrophobic, electronic, and steric properties
of a total set of 167

The 71 descriptors were transformed by using principal component analysis, selecting the first seven
Principal Components (PC) to perform a Kmeans clustering analysis with pheatmap [14] implemented
in Rstudio. As result we obtained the clusters showed in Figure 1.
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Collagen Peptide Clustering Analysis
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Fig. 1. Clustering analysis of the 2781 peptides characterized with seven PC. Left: dendrogram of
the kmean clustering with 28 clusters.Rigth: clusters members according the activity, Antioxidant,

Antifreezing (AFP), Cell penetrating peptides (CPP), Antiparasitic (Antip), Insecticidal (Insect),

others, and the fish collagen peptides S A1,0 Al for alpha 1 chain, S A2, O_A2 for alpha chain
2 for salmon and oncorhynchus, and O_A3 for oncorhynchus alpha 3 chain.

From these results it is possible to establish groups of similarity of the peptides obtained from the in
silico collagen hydrolysis with the reported bioactive peptides. We found 24 peptides associated with
antioxidant activity, clusters 6 and 17 (highlighted in blue in Figure 1). 278 peptides with potential
antioxidant activity in clusters 14,27, 5,4 and 20 (highlighted in orange in Figure 1) and three different
groups of clusters of peptides with potential antiparasitic activity, the first group of 10 peptides of
clusters 13 and 7, the second of 56 peptides of clusters 19, 12, 23, 15 and 18, and the third with 20
peptides of the clusters 9, 24, 3, 16 and 25.

This procedure constitutes the first filter in the search for bioactive peptides, and the projection of
the work will be the synthesis of these potentially active peptides to be tested in in vitro assays against
the parasite Caligus rogercresseyi. Another projection is to use byproducts from fish processing to
obtain hydrolysates, and be able to isolate fractions with bioactive peptides, having as background the
results obtained here.
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