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Abstract: The caprine caseins osl, as2, B, and k from UniProtKB were
characterised for amino acid profile, and hydrolysed in silico with pepsin or
trypsin. The generated peptides were characterised for physical-defined
properties, bioactive potential, Boman index, toxicity and allergenicity. The
peptides generated are bioactive, predominating dipeptidyl peptidase IV and
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ACE inhibitors activities. Only two peptides are toxic, and most have been
proposed to be allergenic by Allergen Online or SDAP, because they have
< 50% identity with other confirmed allergenic proteins, including bovine milk
caseins, however, they were considered non-allergenic by the methods
MEME/MAST and BLAST in Algpred, requiring more studies for better
evaluation. Despite of variations, bioinformatics tools are useful before bench
tests, because allows time and cost savings, and provides studies projection for
use by pharmaceutical and food industries, besides to identify sequences that
may need other tests to evaluate the safety before being introduced in use.
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1 Introduction

Proteins and peptides are milk components with roles in metabolic functions of
organisms and, therefore, for health because they have important hormonal or
pharmacological properties. Depending on the primary structure, bioactive peptides
exercise different activities and can influence physiological processes (Chakrabarti et al.,
2018). They are produced naturally in vivo through gastrointestinal digestion of proteins
from different food matrices, or by in vitro enzymatic hydrolysis (Albenzio et al., 2017).

The in vitro enzymatic hydrolysis approach allows yield optimisation of peptides for
admitting the choice substrate, specific enzymes and reaction conditions (Espejo-Carpio
et al., 2013). Instead, the use of bioinformatics (in silico), which is based on information
available in databases, can be a useful tool for obtaining bioactive peptides before in vitro
and in vivo tests, since it allows time reduction and costs (Daliri et al., 2017), aiding in
the selection of appropriate substrate and enzyme, while to implying precise and quick
analyses (FitzGerald et al., 2020).

Considering this scenario, this study addresses in silico hydrolysis with pepsin
(pH 2.0 or pH 1.3), or trypsin of caprine milk caseins, with biological activities prediction
of generated fragments, and some of their physicochemical, toxicity and allergenicity,
provide and, theoretically, reinforce the properties of proteins as potential precursors of
bioactive peptides with low toxicity, allergenicity and with potential antimicrobial to
serve food and pharmaceutical industries.

2 Material and methods

The caprine milk proteins selected for in silico hydrolysis were the caseins asl, as2, f3,
and « (Table 1), whose primary sequences are deposited in UniProtKB. Their amino acid
composition was determined by ProtParam. Each of caprine milk caseins was hydrolysed
with pepsin (EC 3.4.23.1; pH > 2 and pH 1.3) or trypsin (EC 3.4.21.4; pH not specified),
with the BIOPEP database, also used to verification of probable biological activities.
Molecular weight, isoelectric point (pI), net charge at pH 7 and solubility of peptides
were estimated with INNOVAGEN Peptide Property Calculator.

Table 1 Entry name, length and molecular weights of caprine caseins obtained from
UniProtKB and selected for in silico hydrolysis

Caseins Entrance Length Molecular weight (Da)
asl P18626 214 24.290
os2 P33049 223 26.389
B P33048 222 24.865
K P02670 192 21.441

The Boman index of peptides was investigated in Antimicrobial Peptide Database
(APD3), with sequences starting at five amino acids in length. Toxicity was predicted
with ToxinPred; peptides with less than 50 amino acids were analysed in the batch
submision option and, above that, in protein scanning. The support vector machine
(SVM) based prediction method with a threshold value of 0.0 and e-value cut-off of 10
was chosen for the toxicity prediction.
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Allergenicity was verified in Allergen Online; Structural Database of Allergenic
Proteins — SDAP, using the parameters:

1 the complete sequence (Full FASTA) alignment, with E-value of 0.1, looking for
identities (ID) > 50%

2 the 80 amino acid sliding window alignment, looking for IDs > 35%

3 small exact wordmatch: eight, seven and six contiguous amino acids sliding
windows alignment, according to the FAO / WHO allergenicity rules.

The peptides were also evaluated for potential allergenicity using AlgPred (Saha and
Raghava, 2006). Three methods were used: SVM module, based on amino acid
composition prediction, MEME/MAST motif prediction approach and BLAST,
similarity-based approach.

3 Results

3.1 Characterisation of peptides generated

The sequences of caseins have the 20 amino acids and glutamic acid is the most abundant
amino acid in caseins osl and as2 caseins. In 3 and k, proline is the most frequent amino
acid (Table 2). A total of 253 different peptides were generated through the in silico
hydrolysis of the four caprine caseins (asl, as2, B and ) in BIOPEP with enzymes
pepsin (pH 1.3 or pH 2.0) or trypsin, whose pH is not discriminated in the tool, but acts in
a basic range of pH.

Table 2 Amino acid content of caprine caseins

Amino acid percentage in caseins (%) *

Amino acid

aS1 as?2 p k
Ala A 7 5.4 3.6 9.4
Arg R 33 3.1 1.4 2.6
Asn N 5.1 5.8 1.8 4.7
Asp D 33 2.2 1.8 3.6
Cys C 0.5 1.3 0.5 1.6
Gln Q 6.5 7.2 9.5 7.8
Glu E 9.3 11.2 8.6 5.7
Gly G 4.2 0.9 2.3 1
His H 1.9 2.2 2.3 2.1
Ile I 4.7 5.8 5.0 5.7
Leu L 10.3 5.8 11.7 6.8
Lys K 6.5 11.2 59 4.7

Notes: Values obtained from ProtParam.
*Percentage of each amino acid identified in each casein.
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Table 2 Amino acid content of caprine caseins (continued)

Amino acid percentage in caseins (%) *

Amino acid
osl os2 yij k

Met M 2.8 2.2 3.2 1.6
Phe F 33 4.5 4.1 3.6
Pro P 8.9 5.8 14.9 10.4
Ser S 8.4 6.3 6.8 7.3
Thr T 2.8 6.7 5 8.9
Trp w 0.9 1.3 0.5 0.5
Tyr Y 5.1 54 1.4 4.7
Val v 5.1 5.4 10.4 7.3

Notes: Values obtained from ProtParam.
*Percentage of each amino acid identified in each casein.

The fragments varied between dipeptides and sequences with 66 amino acids in length.
Pepsin at pH 2.0 was able to hydrolyse the caseins, through which was generated more
dipeptides and tripeptides. Pepsin at pH 1.3 or trypsin produced higher amounts of
peptides with more than six amino acids, characterised by lower degree of hydrolysis
values when compared to a hydrolysis performed with pepsin at pH 2.0 (Table 3).

Table 3 Quantity of peptides by size, released through in silico proteolysis of caprine caseins
in three different conditions and degree of hydrolysis

Caseins Hy dm.b.} sis DH* Size
condition Di Tri  Tetra  Penta Hexa > of six aa**
asl PepsinpH 1.3 13.2% 4 7 2 2 0 11
PepsinpH2  67.5% 25 10 1 0 0 0
Trypsin 9.5% 1 1 0 2 15
as2 Pepsin pH 1.3 9% 2 3 0 1
Pepsin pH 2 69% 28 8 0 2 1
Trypsin 14% 6 6 1 1 3 14
B PepsinpH 1.3 15% 5 3 2 1 8 11
Pepsin pH 2 63% 21 5 3 0 0 0
Trypsin 7% 3 1 0 1 2 9
K PepsinpH 1.3 10% 4 0 0 4 0 8
Pepsin pH 2 64% 20 5 3 1 0 1
Trypsin 7% 0 3 1 2 0 8

Notes: *DH: Degree of Hydrolysis; **aa: amino acid.

Peptides molecular weight varied between 5,571.84 g/mol and 162.14 g/mol. These
variations are related to the types of enzymes used and the factors that influence enzyme
activity, such as pH. The pl of peptides ranged between 11.41 and 0.88, with 62 of them
having pl < 7, which suggest their acidic nature, and 36 with pl > 7, which indicates their
basic nature. Most of the fragments, about 111, have good solubility in water. In
dipeptide, tripeptide, and tetrapeptide sequences, in which at least one amino acid
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contains basic side chain such as lysine, arginine, and histidine, presented pI > 5.0. Those
with acidic side chain amino acids have pI < 5.0.

3.2 Bioactivity of peptides and Boman index of peptides released

In silico analyses of caprine milk caseins show that they are good precursors of bioactive
peptides, predominating dipeptidyl peptidase IV (DPP-1V) inhibitory activities and ACE
inhibitors. Other properties were registered for peptides, but less often: antioxidant renin
inhibitor, opioid antagonist, glucose-stimulating peptide release, vasoactive stimulating
substance, alpha-glucosidase inhibitor, anxiolytic peptide, anti-inflammatory, opioid,
inhibitor of prolyl endopeptidase, peptide regulating the metabolism of phosphoinositol,
antithrombotic, peptide that regulates the activity of the stomach mucous membrane,
CaMPDE inhibitor, activating ubiquitin-mediated proteolysis, ileum contraction peptide,
chymosin inhibitor, antifungal, and antibacterial.

According to the APD3, the value of the Boman index ranged from 4.69 to
—3.32 Kcal/mol for all analysed peptides in this work. Of the 93 peptides analysed, 33
have values > 2.48 Kcal/mol.

3.3 Toxicity of peptides released through in silico hydrolysis of caprine caseins
in three different conditions

Only two of the peptides generated from internal sequences were identified as toxic, both
from asl:

o  SKDIGSESTEDQAMEDAKQMKAGSSSSSEEIVPNSAEQKYIQKEDVPSERYL,
produced with pepsin pH 1.3

e AGSSSSSEEIVPNSAEQK, with trypsin.

In the first peptide, ToxinPred identified two regions as toxic, DAKQMKAGSS and
AKQMKAGSSS (SVM scores: 0.02 and 0.12, respectively). The second peptide of
sequence, SVM-score of 0.11, is encrypted in the first, where in this situation it was not
indicated as a toxic region, only when released, which is related to hydrolysis conditions.
All other peptides obtained had negative SVM scores and were considered non-toxic.

3.4 Allergenicity of peptides released through in silico hydrolysis of caprine
caseins

Allergenicity was also evaluated in 65 peptides which have length starting from 8 amino
acids with SDAP and Allergen Online; and in 46 peptides which have length starting
from 10 amino acids with Algpred. Using SDAP and Allergen Online, those whose
identity above 50% with known allergens were considered allergenic.

The 8 amino acid window, used by Allergen Online and SDAP, identified 47 and 48
peptides allergenic, in respective. The 100 and 80 amino acid windows used only by
Allergen Online identified 65 and 12 peptides allergenic, in respective.

The peptides analysed also had identity to the four caseins of bovine milk, and
the sequence IHPFAQAQSLVYPFTGPIPNSLPQNILPLTQTPVVVPPFLQPEIMGVPK
with the -casein isoform X2 of yak (Bos mutus). With Algpred, peptides were predicted
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to have potential allergens by the SVM module. However, using the MEME/MAST and
BLAST modules, were identified like non-allergens.

4 Discussion

The results obtained through ProtParam reinforces the nutritional value of caprine
caseins and make of this milk rich source of proteinogenic amino acids, which can be part
of other physiological processes: proline, for example, participates in the metabolism of
arginine, polyamines, and glutamate via pyrroline-5-carboxylate, and beginning of
transcription. Some amino acids are substrates for the synthesis of others, as
phenylalanine, which participates in the synthesis of tyrosine, and isoleucine and serine.

The amino acid feature in protein determines the profile in the fragments generated
by hydrolysis, depending on the enzyme used, and, therefore, on its biological activities.
Proteolytic enzymes hydrolyse proteins at specific temperature and pH values. Due to
this, they generate peptides with varying sizes and free amino acids depending on the
position in the polypeptide chain.

Pepsin cleaves preferentially at the C-terminal position of phenylalanine and leucine
and, to a lesser extent, in bonds where there is glutamic acid, but does not act in places
with valine, alanine or glycine. Trypsin cleaves peptides on the C-terminal side of the
amino acid residues lysine and arginine. If a proline residue is on the carboxylic side of
cleavage site, cleavage will not occur (Worthington Enzyme Manual, 1993). The amounts
of these amino acids and their positions in each casein used in this work favour the action
of pepsin and trypsin in the formation of dipeptides and tripeptides generated.

In in vitro approach, although the enzymes are specific for their substrates, the
hydrolysis environment can be manipulated. The enzyme/protein interaction is altered
due to the changes that are induced in the enzyme spatial conformation, thus affecting its
access in bonds, which can alter the enzyme behaviour and the attack pattern, resulting in
the release of different peptides (Cheison et al., 2011). The different pH values promote
changes in the protein conformation substrate, interfering with the enzyme access to the
cleavage region points, which also influences the profile of generated fragments.
Furthermore, it cannot be disregarded that in in silico parameters such as time,
temperature and substrate concentration are not provided in the hydrolysis tools, and that
they also contribute to the hydrolysate profile.

Molecular weight and pl and of peptides are important properties for solubility
adjustments, especially for isolation and storage purposes, as well as for performing
experiments in which the protein solubility must be considered. Because at pH close to
pL, the solubilisation of peptides may be reduced to a minimum. Further terminal groups
(NH, and COOH) charges, pl depends on the dissociation constants (pKa) of charged
amino acids ionisable groups and, therefore, on the amino acid profile (Kozlowski, 2017).

The amino acid profile also influences the peptide solubility. In our work, the
peptides with good solubility in water were those whose primary sequence predominated
with amino acids with ionisable or polar side chains. Water solubility is an important
parameter, because it influences bioavailability, indispensable factor for achieving the
desired concentration in the systemic circulation and for obtaining an ideal therapeutic
response (Coltescu et al., 2020). For pharmaceutical industry, solubility is a relevant
because its applications generally require samples with high concentrations to obtain a
satisfactory response.
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In silico hydrolysis of caseins produced more peptides with DPP-IV inhibitory
activities and ACE inhibitors. Despite these being in all groups of peptides of different
sizes, the first one predominated in relation to the second in the dipeptides originating
from each casein when submitted to the action of pepsin at pH 2.0.

DPP-1V is a multifunctional serine protease in epithelial tissues of the liver, kidney,
and small intestine, and in circulating soluble form. It is involved in several processes,
including the degradation of the glucose-dependent insulinotropic polypeptide (GIP) and
the glucagon-like peptide-1 (GLP-1) (Jao et al., 2015), that act on the pancreatic islets by
stimulating the release of insulin, thereby controlling blood glucose levels (Nadkarni
et al., 2014), what makes DPP-IV inhibition has been used as a therapeutic strategy for
type 2 diabetes.

DPP-1V acts in the immune system and one of the hypotheses reported is that, in the
respiratory tract, it can facilitate the installation and entry of SARS-CoV-2, disease
causative COVID-19 agent. On the other hand, DPP-IV inhibitors have the capacity to
induce a protromic state through its inhibition that acts on the vascular system like an
antithrombotic and anticoagulant (Kow and Hasan, 2021).

Dipeptides with proline residue in the C-terminal region have been showed could act
as DPP-IV inhibitors (Hatanaka et al., 2012). In our work, only three peptides exhibited
such a characteristic: HP, released from the hydrolysis of asl-casein; IP and RP released
from the hydrolysis of k-casein, all through pepsin (pH 2.0). One sequence with 33 amino
acids, released through hydrolysis of asl-casein with pepsin (pH 1.3) also exhibited it.
However, peptides with proline in other positions also presented DPP-IV inhibitory
activity.

Authors have showed that in DPP-IV inhibiting peptides, the occurrence of
N-terminal tryptophan and proline is frequent as the second amino acid residue of the
substrate (Nongonierma and FitzGerald, 2013); and that tripeptides with the side chain of
N-terminal tryptophan interacts with Phe357 in enzyme (Lan et al., 2015). In this work,
only three peptides generated by hydrolysis (pepsin pH 2.0) of asl, k and os2-caseins,
respectively, are in this situation: WY, WQ, and WPQ.

The angiotensin I-converting enzyme (ACE) promotes the formation of angiotensin II
and inactivates the vasodilator bradykinin. Food-derived peptides that act as ACE
inhibitors significantly lower blood pressure (Manzanares et al., 2019). The literature
related to the bioactivity of caprine milk with a focus on peptides derived from their
proteins with frequent ACE inhibitory activity, however scarce it is in relation to other
possible biological activities that could be explored.

The effects of aromatic amino acids in the third position of the tripeptides on the ACE
inhibitory activity and of charged amino acids in the second position have been
investigated and it was concluded that, for a high ACE inhibitory activity, is essential to
have a positively charged residue close to an aromatic residue, because the first one
participates in the connection by the ACE, while the second one, which is bulky, prevents
the substrates from accessing the ACE active site (Kobayashi et al., 2008). In our work,
the peptides that were registered with this activity have aromatic chain amino acids at the
positions described, which may explain the prediction.

In this work, the BIOPEP-UWM database showed that the peptides
KTVDQHQKAMKPWTQPKTNAIPYVRYL, DDKIAKYIPIQYVL, and YIPIQYVLSR
have antibacterial potential. According to APD3, these sequences have four, three, and
three hydrophobic amino acid residues, respectively, on the surface and their Boman
indexes are 2.05 Kcal/mol, 0.63 Kcal/mol and 0.53 Kcal/mol, in respective.
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Boman index is a measure of the peptide affinity for proteins and its ability to
establish biological interactions (Dziuba and Dziuba, 2014). It is based on the sum of the
solubility values for all amino acids in a sequence and represents the peptide potential to
bind to the membrane or other proteins (Keikha et al., 2019). The low index value may
suggest a potential candidate for antibacterial medication without many side effects was
reported, property of importance for the pharmaceutical industry (Boman, 2003). Its
mechanism of action is based on the interaction with membranes, whose composition is
mainly hydrophobic. Thus, antimicrobial peptides do not tend to interact with other
proteins, interesting strategy to expand the options for antimicrobial candidates, because
microbial resistance.

In silico models have been developed using the support vector machine learning
(SVM) technique to discriminate between toxic and non-toxic peptides. ToxinPred uses a
data set consisting of 1805 toxic peptides (< = 35 residues) that classifies the peptides as
toxic or non-toxic based on an SVM algorithm (Gupta et al., 2013) or points to encrypted
toxic regions no strings. Monitoring the toxicity of bioactive compounds is necessary to
identify possible harmful effects and one of main steps in the design of drugs. Although
natural products are widely considered to be less risky compared to synthetic drugs, they
are not completely free from the possibility of toxicity or other adverse effects.

Among the allergens in the databases that have identity with the peptides in this work
through the 8 amino acid window, parameters used in both Allergen Online and SDAP,
are the four caseins of bovine milk. In our study, the 80 amino acid Sliding Window
FASTA method was used, which shows the possible cross-reactivity of allergens, but the
exact match of 6, 7 and 8 amino acids were considered as an additional parameter and,
according to Guarneri (2010), it is unlikely that sequences with less than 50% identity are
cross-reactive.

In Algpred, the peptides in study were considered for MEME/MAST and BLAST
methods as non-allergenic. The MEME/MAST method consists of the MEME module,
used to discover motifs in closely related sequences and the MAST, used to search for
matches to a set of motifs (from the MEME output). BLAST, on the other hand, identifies
allergens based on similarity with allergens and non-allergens, where the query strings
were found in the database (Sharma et al., 2020).

Allergenicity through food is one of humanity’s main concerns, and milk proteins are
among the most common food allergens in babies, as they can trigger immediate
IgE-mediated reactions. Caprine milk is often considered less allergenic, what does it a
substitute for bovine milk in exceptional cases. However, there are reports of people who
triggered an allergy by ingesting caprine milk (Goh et al., 2019).

The allergic potential of a food also depends, among other factors, on the individual
susceptibility. Some foods are related to allergic reactions, but are usually seen as
unlikely causes of these conditions, which makes them considered hidden allergens
(Skypala, 2019). Another factor in the length; B cell epitopes are generally 5 to 17 amino
acids in length (Nevagi et al., 2018), and this analysis, most of the available peptides
have lengths smaller than 5 amino acids.

Allergenicity prediction is interesting in bioinformatics, as it is potentially useful for
clinical research. However, the tools still have limitations for the peptides size, so the
data on the potential allergenicity of shorter peptides could not be analysed. The results
suggest that allergic reactions to the human body need to be investigated through
biochemical and biological experiments to validate the results obtained by
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bioinformatics, and sensitised individuals should avoid foods that trigger such reactions
because have no treatment for food allergies.

5 Conclusions

The peptides generated by pepsin and trypsin have predominantly DPP-IV and ACE
inhibitor activities, being able to represent news perspectives, because can be tested in
SARS-COV-2 and patients with hypertension, respectively; most have antigenic
sequences with the presence of cysteine, leucine, valine, serine, lysine, threonine,
glutamate and alanine, that can be used in vaccine designs; only two of peptides are toxic,
generated from asl casein when hydrolysed with pepsin pH 1.3 and trypsin, whose SVM
scores were negative.

Despite many peptides have been shown to be allergenic by Allergen Online or
SDAP, because they have < 50% identity with other confirmed allergenic proteins, they
were considered non-allergenic by the methods MEME/MAST and BLAST in Algpred,
requiring studies in vitro and in vivo for better evaluation. Furthermore, B cell epitopes
are generally 5 to 17 amino acids in length, and our analysis, most of the available
peptides have lengths smaller than 5 amino acids.

In silico analyses cannot replace biochemical and biological tests with allergenic
individuals to validate the predictions of allergenic compounds, but they can provide
valuable information, despite the limitations, for the design of studies on the subject and
to guarantee the correct labeling of these hydrolysates in case of use by the food and
pharmaceutical industries.
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