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Preface

There are diverse sequencing techniques, and new technologies emerge continually,
making it possible to obtain a large amount of multi-omics data. Bioscience is
progressively turning into a kind of computer science, as it has begun to rely on
computer science applications. As a result, bioinformatics and computational
biology are fields that encounter new challenges as they attempt to analyze, process,
assimilate, and get insight into data. To be able to overcome those challenges, it is
necessary to develop new algorithms and approaches in fields such as databases,
statistics, data mining, machine learning, optimization, computer science, machine
learning, and artificial intelligence. A new generation of interdisciplinary
researchers, with extensive background in biological and computational sciences,
work on meeting those needs.

The International Conference on Practical Applications of Computational
Biology & Bioinformatics (PACBB) is an annual international event dedicated to
applied research and challenges in bioinformatics and computational biology.
Building on the success of previous events, this volume gathers the contributions
for the 14th PACBB Conference. All submissions have been thoroughly reviewed
and selected by an international committee, which includes members from 21
different countries. The PACBB’20 technical program includes 21 papers of authors
from many different countries (Australia, Colombia, Egypt, Germany, India,
Malaysia, Portugal, Saudi Arabia, Slovakia, South Korea, Spain, Switzerland,
Turkey, United Arab Emirates, UK, and USA) and different subfields in bioinfor-
matics and computational biology. There will be special issues in JCR-ranked
journals, such as Interdisciplinary Sciences: Computational Life Sciences,
Integrative Bioinformatics, Information Fusion, Neurocomputing, Sensors,
Processes, and Electronics. Therefore, this event will strongly promote the inter-
action among researchers from international research groups working in diverse
fields. The scientific content will be innovative, and it will help improve the
valuable work that is being carried out by the participants.

This symposium is organized by the University of L’Aquila with the collabo-
ration of the University of Malaysia Kelantan, the University of Minho, the
University of Vigo, and the University of Salamanca. We would like to thank all the



vi Preface

contributing authors, the members of the Program Committee, the sponsors (IBM,
Indra, AEPIA, APPI, AIIS, EurAl, and AIR Institute). We thank for funding
support to the project: “Intelligent and sustainable mobility supported by
multi-agent systems and edge computing” (Id. RTI2018-095390-B-C32), and
finally, we thank the Local Organization members and the Program Committee
members for their valuable work, which is essential for the success of PACBB’20.

Gabriella Panuccio
Miguel Rocha
Florentino Fdez-Riverola
Mohd Saberi Mohamad
Roberto Casado-Vara
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Identification of Antimicrobial Peptides
from Macroalgae with Machine Learning

Michela Caprani!®, Orla Slattery', Joan O’Keeffe!, and John Healy?

! Marine and Freshwater Research Centre (MFRC),

Galway-Mayo Institute of Technology, Galway, Ireland
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2 Department of Computer Science and Applied Physics,
Galway-Mayo Institute of Technology, Galway, Ireland
john.healy@gmit.ie

Abstract. Antimicrobial peptides (AMPs) are essential components of
innate host defense showing a broad spectrum of activity against bacte-
ria, viruses, fungi, and multi-resistant pathogens. Despite their diverse
nature, with high sequence similarities in distantly related mammals,
invertebrate and plant species, their presence and functional roles in
marine macroalgae remain largely unexplored. In recent years, computa-
tional tools have successfully predicted and identified encoded AMPs
sourced from ubiquitous dual-functioning proteins, including histones
and ribosomes, in various aquatic species. In this paper, a computational
design is presented that uses machine learning classifiers, artificial neu-
ral networks and random forests, to identify putative AMPs in macroal-
gae. 42,213 protein sequences from five macroalgae were processed by
the classifiers which identified 24 putative AMPs. While initial testing
with AMP databases positively identifies these sequences as AMPs, an
absolute determination cannot be made without in vitro extraction and
purification techniques. If confirmed, these AMPs will be the first-ever
identified in macroalgae.

Keywords: Antimicrobial peptides -+ Macroalgae + Pseudo Amino
Acid Composition (PseAAC) + Machine learning classifiers

1 Introduction

Since the introduction of antibiotics, the development of microbial resistance to
conventional antibiotics has progressed, prompting complications for the treat-
ment of infectious disease. Antimicrobial peptides (AMPs, host defense peptides
or innate immune peptides) are recognized as an alternative therapeutic agent to
address the emergence of resistant strains [1]. AMPs are gene-coded short amino
acid sequences (<50 amino acids) that carry a net cationic charge (+2 to +9), with
an amphipathic structure [2]. AMPs are further classified by their diverse sequence

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2021
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composition and secondary structure including a-helical, 5-sheet, or extended lin-
ear peptides [3]. These features exhibit antimicrobial activity by selectively dis-
rupting microbial membranes, causing cellular death by loss of electrochemical
gradient, leakage of contents and disruption of metabolic processes [4].

The marine environment is known to be one of the richest sources of AMPs,
identified throughout aquatic life. Additional to AMPs, ubiquitous proteins not
previously associated with immunity namely, histone and ribosomal families
have shown potent antimicrobial activities from fish, crustacean and mollusks
species [5-8]. For decades, marine macroalgae including, Chlorophyta (green),
Rhodophyta (red) and Phaeophyta (brown) have been established as sustainable
candidate raw materials for generating novel bioactive compounds. Macroalgae
are found in intertidal regions that are ubiquitously exposed to diverse chronic
stressors such as osmotic stress, excess levels of ultraviolet radiation, salinity,
and invasive microbial or pathogenic species, thereby, assisting in the stimula-
tion of innate immune responses [9,10]. These abiotic factors have contributed
to macroalgae development of secondary metabolites, primarily from fatty acids,
polysaccharides, or phenolic compounds. Despite their allelopathy and rich pro-
tein composition (10% to 50% dry weight), the discovery of innate antimicrobial
protein and peptides activity remains limited.

Computational approaches have the capacity to identify encoded AMPs,
or antimicrobial compounds from marine macroalgae. Conventionally, in wvitro
purification techniques such as, enzymatic hydrolysis and chromatography
approaches have been successful in the isolation of AMPs. However, such meth-
ods are costly, laborious and time-consuming. The identification of unannotated
AMPs by bioinformatic tools has increased the distribution and evolution of
antimicrobial drug discovery by recognising suitable candidates prior to exper-
imental proceedings. Supervised machine learning classifiers such as Support
Vector Machines (SVM), Hidden Markov Models (HMM), Random Forests (RF)
and Artificial Neural Networks (ANN) have been shown to be effective in mining
and identifying AMPs from complex biological data [11]. Computational mod-
els can further characterize AMPs by physiochemical descriptors. The Pseudo
Amino Acid Composition model (PseAAC) introduced by Chou [12], integrates
information effectively through discrete numerical vector analysis by analysing
the physiochemical and biochemical properties of protein and peptide sequences.

Challenges in genomic sequencing, decoding protein sequences and analysing
genetic features such as protein-coding genes have hindered the understand-
ing of biosynthesis of antimicrobial compounds in macroalgae [13]. Although
whole genomes of macroalgae remain functionally unannotated, researchers have
decoded the majority of protein sequences from different phyla types including,
(red) Chondrus crispus, Palmaria palmata, Gracilariopsis lemaneiformis, and
(brown) Ectocarpus siliculosus and Saccharina japonica. This paper describes
an effective method for the identification of AMPs from annotated macroalgae
protein sequences by exploiting machine learning classifiers, including random
forests and artificial neural networks. The technique presented in this paper was
successfully used to identify AMPs for each of the above macroalgae. If con-
firmed, these AMPs will be the first ever identified in a macroalgae.
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2 Methods

Protein sequences from five macroalgae were downloaded from the National
Centre of Bioinformatic Information (NCBI) database. These annotated sea-
weed protein sequences included the brown macroalgae, E.siliculosus (24,202
sequences) and S.japonica (838 sequences), and the red macroalgae, C.crispus
(15,320 sequences), P.palmata (937 sequences) and G.lemaneifromis (886
sequences). These sequences were augmented with proteins obtained from the
Uniprot database including 13,492 uncharacterized protein sequences and 37
histone sequences.

2.1 Training and Testing Datasets

The training and testing datasets used in this study were extracted from
sequences taken from the Antimicrobial Peptide Database (APD) [14], the
AntiBP Server [15] and Uniprot. The positive AMP dataset consisted of 2,338
APD sequences and 1,209 from the AntiBP Server. The latter set consists of
processed and clipped APD protein sequences and provided the training data
with a different representation of some of the positive AMPs.

The negative dataset of 6,332 sequences consisted of 1,207 taken from the
AntiBP Server and 6,332 from Uniprot. Using the approach described by Veltri
et al. [16] and the UniProt Consortium [17], the negative Uniprot dataset was
filtered for sequences with experimentally validated cytoplasmic localization and
excluded any with antimicrobial, antibiotic, antiviral or antifungal properties.
The combined positive and negative AMP dataset contained a total of 11,086
sequences.

2.2 Classifier Configuration

The Statistical Machine Intelligence and Learning Engine (Smile v1.5.2) [18] was
utilised to create neural network and random forest classifiers for the identifica-
tion of AMPs in the macroalgae protein sequences.

The neural network topology consisted of an input layer of 200 nodes, a single
hidden layer and an output layer of two nodes. Although deep neural networks
have become increasingly popular in bioinformatics [19], one and two hidden
layers have been shown to be sufficient for any continuous and discontinuous

function respectively [20]. We used the formula N, = % from Hagan

et al. [21] to compute the number of nodes, N, in the hidden layer, where |D‘ is
the size of the training dataset, INV; and N, are the number of nodes in the input
and output layers respectively, and « is a scaling value in the range [0..2]. This
formula helps prevent overfitting by limiting the number of free parameters in
the neural network architecture to a small portion of the dimensions that exist
in the training dataset.

We capped the number of decision trees in the random forest at 128, as
this recommended figure represents the upper limit before diminishing returns
reported by Oshiro et al. [22].
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The training and testing of the classifiers and the subsequent analysis of
macroalgae protein sequences was undertaken on an OSX 10.13.2 platform, with
a 1.8 GHz Intel Core i7 processor, 16 GB of RAM and an instance of the Open-
JDK 12.0.1 64-bit Java Virtual Machine.

For each feature vector of size n, generate a 3-layer neural

network with n input nodes. The hidden layer contains e Train and Test Neural Network Topology

with 10-fold Cross Validation

D]

nodes, where |D| is the size of the data set
and a is a scaling factor [2..10].

S HE
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Fig. 1. Feature selection and training of the neural network. A similar approach was
used to train the random forest.

2.3 Incremental Feature Selection

Selecting a feature set that is simultaneously informative and discriminating is
essential for training a classifier with a high degree of accuracy. We selected
36 features from the AAindex [23,24] that are highly correlated with AMPs.
The AAindex contains a matrix of published physicochemical and biochemical
properties of amino acids and amino acid pairs that can be easily mapped to an
input vector for a classifier.

In order to exploit their amphiphilic and other salient properties, the variable-
length protein sequences used in this study were transformed into fixed-sized
feature vectors from their Type 2 Pseudo Amino Acid Composition (PseAAC)
[12] with A = 5 and a weight w = 0.05. For an amino acid feature set of size n,
a protein sequence will contain 20 + n x A Type 2 PseAAC features, regardless
of the number of amino acid residues in the sequence. In addition to exploiting
the amphiphilic relationships between its amino acid elements, Pse AAC enables
protein sequences of different sizes to be translated into the fixed-length vectors
required by most machine learning classifiers. In this absence of this, a more
complex recursive neural network would be required instead of the multilayer
perceptron used for this research.

Employing a similar approach to that described by Wang et al. [14] and Li
et al. [25], starting with just 4 features, the feature set was iteratively expanded.
For each feature set expansion, a neural network and random forest topology was
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generated to match the feature set size and then trained, tested and scored. AMP
properties in the ranked feature list were added one-by-one in order to determine
an optimal feature set, i.e. a new feature set was constructed when one new
feature was added. Consequently, a total of 31 feature sets were created, with the
minimal set of 4 features generating a PseAAC vector of length 20 + 4 x 5 =40
and the upper limit of 36 features generating a 20 + 36 x 5 = 200 length input
vector. Both the neural network and random forest were trained and tested using
10-fold cross validation.

The accuracy, sensitivity and specificity of each trained neural network and
random forest configuration was calculated using the Matthews Correlation
Coefficient (MCC) shown below:

TP x TN — FP x FN
MCOC = (1)
VTP +FP)x (TP+ FN) x (IN + FP) x (TN + FN)

where TP, TN, FP and FN denote true positive, true negative, false positive
and false negative respectively. The MCC metric has a range of [-1...1], where -1
indicates an incorrect binary classifier and +1 an entirely correct classifier. The
MCC is regarded as a more balanced measure where there exists a significant
discrepancy between the cardinality of each class in a dataset [26].

3 Results and Discussion

0.98 Neural Network

MCC

Random Forest

# Features

Fig. 2. MCC scores v/s Feature number

Figure 2 depicts the MCC score for the neural network and random forest clas-
sifiers as each AMP feature taken from the AAindex [23,24] was added to the
feature set. In contrast with the random forest classifier, the overall performance
of the artificial neural network was consistently good in terms of accuracy, sen-
sitivity, and specificity with a smaller number of features. The model reached
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Table 1. Homology of 3 peptides from the 230 Mbps P.palmata.

Palmaria palmata: 3 AMP sequences AMP Type AMP DB
Homology
MKVRASVKKMCDKCRVIRRHRRVMVICINPKHKQRQG | 50% Defensin CAMP
(A.aurita)
MVEPLLSGIVLGLIPITIAGLLVAAYIQYRRGNQFGL 35% B-defensin CAMP
(B.Taurus)
MPAIQQLVRLPRQKAVKKTKSPALKACPQRRGVCTRV | 32% Ubiquicidin APD
YTTTPKKPNSALRKVQESITSG (H.saptiens)

the maximum value of 0.9933 when 36 features were added to the neural net-
work. The random forest model also produced its optimal MCC value of 0.9418
after all 36 features were added. The high MCC scores confirmed the decision
to restrict the training and testing dataset sets to amino acid features that are
highly correlated to AMPs.

Tables1,2,3,4 and5 show the AMPs identified by the classifiers after
protein sequences from P.palmata, C.crispus, E.siliculosus S.japonica and
G.lemaneifromis were processed. Each of the putative AMPs listed were pos-
itively identified by both the neural network and random forest. Exploration of
AMPs from marine algae is highlighted as an important alternative to mammal
and invertebrate antimicrobial compounds. The results reported in this study
indicate that the classification method can be very effective at identifying AMPs
from selected macroalgae species. The iterative feature selection technique and
construction of the Type 2 PseAAC feature vector, coupled with simplified neu-
ral network and random forest topologies, identified 24 putative AMPs from the
set of macroalgae. Red algae species C.crispus was the most abundant source,
containing 12 AMPs. The model identified 3 AMPs in each of the species, P.
palmata, E. siliculosus, S. japonica and G.lemaneifromsis.

In order to determine the origin of the AMPs identified from the macroalgae
protein data, each sequence was subject to a BLAST [28] search. This appli-
cation determined that the AMPs were sourced from ribosomal subunits and
uncharacterized protein regions. Three AMPs from the S. japonica species were
identified as the 50S ribosomal proteins 1.19, .34 and 1.36. The 3 AMPs iden-
tified from P. palmata were characterized as the 50S ribosomal proteins 114,
L34 and L36. Furthermore, the 3 AMPs from G. lemaneifromis were classified
as 30S and 50S ribosomal subunits S5, L34, and L36. While ribosomal proteins
are known to possess dual-functioning properties in assembly and protein trans-
lation, it is also evident that such protein types putatively play an essential role
in innate host defense. Previous studies have successfully identified and purified
several AMPs derived from ribosomal protein subunits, displaying a range of
antimicrobial capacities in various pathogens and bacterial species [5,8,27].

Furthermore, to determine homology with known AMPs, the macroalgal
AMP sequences were compared with the Collection of Antimicrobial Peptide
(CAMP) [29] and Antimicrobial Peptide Database [14] using a sequence align-
ment search. The AMPs from each macroalgal species contained partial homol-
ogy with defensins and histone-derived AMPs. For example, the peptide sequence
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Table 2. Homology of 12 peptides from the 106.4 Mbps C.crispus.

Chondrus crispus AMP sequences AMP Type AMP DB
Homology

MSKHARPCCLKGGPEA 35% H6-Histone APD

(O.mykiss)
MVLRRILTVVFRSRVCATTRCLLQICVTIRLLLL 32% Hyposin-H3 APD

(P.hypochondrialis)
MERHMGDLDNSMPRSTRKTLPENGSILTSTMTCGTN 30% Cryptdin-1 APD

(M.musculus)
MSIEIPTGATKSSNFWCRSKNRNQISRIWFGWSLFDY 33% Defensin CAMP
P (P.hamadryas)
MPSPNSANVGVLHRAALMSRALCTSRTGSGAGREHKR | 35% Tenecin 1| APD
QKRT (defensin)

(T.molitor)
MWGRIIALHGNNGHVRAKFRNQLPPNSIGKGVRVMLY | 31% B-defensin 13 APD
PSTI (B.Taurus)
MHAVVGILDRRETLVISRQIPHRCTFGGKPFRSTNRT 34% B-defensin 11 APD
CTTGLSRVIKQRLSEPNS (B.Taurus)
MVPSLPTSRIVKKIATEPQSIVEGRSLCVGMLAATGT 33% AdDLP (defensin) | CAMP
IVQQCRRMISKNPACHNCL (A.dehalogenans)
MSVCNDKCQSYIGYFCKFVTFEFGRCAPVDAVLAPCR 31% Gallinacin 6 (8- | CAMP
KHPQLPLCKNLCTCHLAKATQLYEAPLCRLLS defensin)

(chicken)
MVIVNRGCCSDLNRPRWHSGACSSLYLPLSESLSLLP 32% gcDefb1(8- CAMP
LLVAVCRCLLSLVFSQRGRGRFASTLGVANCCCGVGT defensin)
SCV (C.Idella)
MQSNSLPQRLPHVINAVMFAIQGLTAALGPGLCSSTS 29% Apl-AvBD16 CAMP
CKGYFILPGKYGKYTGEYIIGFTFTHKRVLSRSIQAC (B-defensin)
DVPCSRKTTTNTGQNDTNAQRF (A.platyrhynchos)
MWGRITAPHGNNGHVRAKFRNQLPPNSIGKGVRVMLY | 41% Buforin I Histone | APD
PNAI H2A

(B.gargarizans)

from P. palmata had a 50% identity to Aurelia aurita (Moon jellyfish) defensin
seen in Fig. 3. Moreover, AMPs from other the algal species showed a 29-35%
identity to peptides derived from the defensin family. These results show that,
analogous to most kingdoms, macroalgae have likely accumulated defensins to
play a key role in their immune defense against their extrinsic surroundings
[30]. In addition to defensins, histone-derived AMP homology was observed in
a number of sequences. The results determined that the AMPs from C. cris-
pus possess a 35% sequence similarity to histone H6 from Oncorhynchus mykiss
(Rainbow trout), a 32% similarity to Hyposin-H3 from Phyllomedusa hypochon-
drialis (Leaf frog) and 41% similarity to histone H2A Buforin from Bufo bufo gar-
garizans (Asiatic frog). Previous studies have shown that histone-derived AMPs
isolated from both marine and terrestrial species have potent antimicrobial activ-
ity [7,31,32].
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Table 3. Homology of 3 peptides from the 198.4 Mbps E.siliculosus.

Ectocarpus siliculosus AMP sequences AMP Type AMP
homology DB
MGGFYGWQLSACWWRSAGCAPATW 32% B-defensin 3 APD
(C.floridanus)
MRTAWRNTCAPPRSRPWLPGSGRTVTHPVARRRCAGL 36% Penaeidin-3a APD
SEISWKHPVRARSWCALGRTQTTS (P.vannamei)
MVLYRQAANTVERWMGIRARTHMRCAVLATAAFVKAN 29% WB Piscidin 5 | CAMP
TWIRDYHRPSAHVRQKYPNGNHGGS (M.chrysops)
Table 4. Homology of 3 peptides from the 551.5 Mbps S.japonica.
Saccharina japonica AMP sequences AMP Type AMP DB
homology
VPALLAFRLGKTLYS 48% H4-(86-100) ADP
Histone
(Rat)
MKVRASVKKMCEKCRIIRRHGRVQVICTNLKHKQRQG | 33% B-defensin 10 | CAMP
(B.Taurus)
MTKRTLGGTNRKVIAVSGFRARMKTKQGCKVINNRRR | 21% B-defensin CAMP
KKRKNLSI (S.salar)
Table 5. Homology of 3 peptides from the 91.2 Mbps G.lemaneifromis.
Gracilariopsis lemaneifromis AMP sequences AMP Type AMP DB
homology
MKVRASVKKICDKCRIIRRHRKVIIICENAKHKQRQG 35% Cryptdin-5 APD
a-defensin
(M.musculus)
MSQGIKNGTNRKQIKKSGFRARMSTYSGRKIINLRRR 31% rhesus 6- | APD
KRRKKIVL defensin-1
(R.Macaque)
MKSVITTVISAADAAGRFPTSSDLESVQGNIQRAAAR 33% Apl-AvBD16 pg-| APD
LEAAEKLADNHEAVVKEAG defensin
(A.platyrhynchos)

Score = 20.0 bits (40), Expect = 2.3
Identities = 7/14 (50%), Positives =
Query 1 MKVRASVKKMCDKC 14

+K+RA+ KK C C
Sbjct 27 VKLRANCKKTCGLC 40

10/14 (71%), Gaps =

0/14 (0%)

Fig. 3. Sequence alignment of identified P.palmata AMP with 50% homology with

Aurelia aurita (Moon jellyfish) defensin.



Identification of Antimicrobial Peptides from Macroalgae 9

In summary, the computational results suggest macroalgal immunity involves
the use of ribosome and histone-derived AMPs and indicates their potential use
of defensin-like AMPs. A range of in vitro methods such as chemical and enzy-
matic extractions, as well as chromatographic techniques namely, ion exchange,
and High-Performance Liquid Chromatography (HPLC), have previously been
utilized to isolate and characterize such AMP types [8,33,34]. Future work in
relation to this study will utilize the sequence information to make informed
decisions regarding the isolation and further characterization of these putative
AMPs from the various macroalgal species. Therefore, the in silico model holds
a strong potential to become a useful tool to identify novel AMPs prior to exper-
imental processes.

4 Conclusion

In this study, we implemented a machine learning approach using artificial neural
network and random forest models for the identification of AMPs from five
macroalgae species. The approach identified 24 putative AMPs from the collected
macroalgae protein sequences. The AMPs were derived from ribosomal subunits
and uncharacterized protein, sharing regions of similarity to defensin and histone
AMP families. It is possible that the identified AMPs may play a significant role
in macroalgal host defense. If isolated by in wvitro applications, these will be the
first-ever identified AMPs from macroalgae. Consequently, this method can then
be applied to organisms were AMP identity remains unknown.
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