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Abstract

Short peptides especially marine ones are unique in their amino acids constituents that build their
structure/function/specificity. Their physical and chemical properties make them diverse in their bioeffectiveness. In
this study, different bioeffective peptides from marine bio-resources were investigated to map distinctive properties
in their structure that could affect their function and specificity. The investigated short peptides were Pardaxins (1-5),
Arenicin (1-2), Clavanin-(A-E), Aurelin, Dicynthaurin, Halocidin subunit (A-B), Tachyplesin (lI-II1), and
Polyphemusin (I-11). Their different sequences were analyzed comparatively through alignment, their clustering
(phylogeny tree), amino acids-%, and some other physical and chemical parameters. For each of them, cyclic structure
based on disulfide bonds if present, and intrinsic disorder, were inspected. First alignment revealed significant
diversion among their sequences, while removing unshaded amino acids from the alignment made them closer in their
phylogenetic relationships and more evident to design hybrids or consensus of sequences and functions. Polyphemusin
I and I had the highest charges (net) with values of +7, yet Pardaxins 1, 3, and 5 had 0 charges. All of them had higher
numbers of hydrophilic amino acids than hydrophobic ones except for Aurelin, Tachyplesin Il and Ill, and
Polyphemusin I and 1. Seven from twenty studied peptides had cyclic structures via disulfide bond between their
cysteine residues. One amino acid was not found in all sequences; methionine. All sequences displayed other missed
amino acids than methionine. Dicynthaurin is a naturally ordered peptide (via PONDR score), but Halocidin subunit
B was totally disordered. This study paves the way for designing hybrids or consensus of these peptides in sequences

and functions depending on their distinctive features.

Key Words:
physicochemical properties

Introduction

Marine organisms are a vast cradle of unusual bioeffective peptides. Peptides
from several aquatic species with extraordinary impending nutraceutical and
medicinal values are the emphasis of up-to-date research. Their crucial
biological roles including microbicidal or antioxidative action, antitumor
efficiency, cardioprotective properties, immunomodulatory role, etc. lead to
continuous efforts and attempts to design and formulate these peptides (Ngo
etal., 2012, Cheung et al., 2015, Ovchinnikova, 2019). Marine bioeffective
peptides are distinguished from non-marine-derived ones by their resistance
to proteolysis performed by proteases of gastrointestinal tract due to steric
factors caused by their cyclic nature (Pangestuti and Kim, 2017, Saint Jean
etal., 2017, Ibrahim et al., 2018, Phyo et al., 2018).

Auctores Publishing LLC — Volume 5(2)-130 www.auctoresonline.org
ISSN: 2766-2314

cyclic peptides; hybrids or consensus; intrinsic disorder; marine bioeffective peptides;

Marine bioeffective peptides are diverse and have different characteristics.
Pardaxin possess antimicrobial actions and comprises 33 amino acids
(Kolusheva et al., 2008). It is also utilized for repelling sharks (Shai, 1994).
Pardaxins 1, 2 and 3 were produced from Pardachirus pavoninus, and
Pardaxins 4 and 5 were released by Pardachirus marmoratus (Shai et al.,
1988). Pardaxin resembles melittin in its ability to lyse cells of bacteria and
mammals (Oren and Shai, 1996). It might prompt apoptosis, leading to
antitumor efficacy (Hsu et al., 2011). Arenicin is bactericidal to Gram-
negative bacteria and induced apoptosis (Cho and Lee, 2011, Krenev et al.,
2020). It also showed antifungal effects (Park et al., 2011). Arenicin 1 and 2
were isolated from Arenicola marina (Ovchinnikova et al., 2004,
Umnyakova et al., 2018).
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Aurelin was isolated from Aurelia aurita (jellyfish) and exhibited
antimicrobial functions (Ovchinnikova et al., 2006, Shenkarev et al., 2012).
Aurelin shared similar features in its structure with defensins and toxins that
block channels (Ovchinnikova et al., 2006). It displayed bactericidal
effectiveness on gram-negative and -positive bacteria (Ovchinnikova et al.,
2006).

Clavanins (Clavanin-A, -B, -C, -D and —E) were obtained from Styela clava
(Tunicate) hemocytes and revealed antimicrobial efficiency (Juliano et al.,
2017, Lehrer et al., 2001, Menzel et al., 2002). Their antimicrobial functions,
which rely on their a-helical structures, were thoroughly investigated against
various microbes and even viruses such as herpes simplex virus 1 (HSV-1)
(Lee etal., 1997, Lehrer et al., 2001, Carriel-Gomes et al., 2007). Clavanin-
A antimicrobial efficiency contributes to innate immune responses of Styela
clava (Juliano et al., 2017). Besides, it caused in vitro viral inactivation of
non-enveloped adenovirus and rotavirus (Carriel-Gomes et al., 2007).
Clavanin-B was proved to have antiviral effectiveness on HIV (Ireland et al.,
2008).

Dicynthaurin, another marine bioeffective peptide possessing antimicrobial
activity, has been isolated from Halocynthia aurantium (Lee et al., 2001a). It
demonstrated expansive action on Gram +ve and Gram -ve bacteria
nonetheless was not active against Candida albicans (Lee et al., 2001a).
Halocidin was also obtained from Halocynthia aurantium and has
bactericidal and anti-Candida actions (Jang et al., 2003, Jang et al., 2006,
Jang et al., 2002). A peptide derived from Halocidin could effectively treat
oral infection with Candida albicans in mice (Shin et al., 2013).

Copy rights@ Nawal Abd El-Baky,
Polyphemusins from Limulus polyphemus have antimicrobial efficacy
(Marggraf et al., 2018, Lee et al., 2022). They are potent against various
microbes and viruses (Lee et al., 2022, Panteleev et al., 2020, Tziveleka et
al.,, 2003). Tachyplesins antimicrobial peptides were released from
hemocytes of horseshoe crab (Ohta et al., 1992).Tachyplesin | could
penetrate cells and has anticancer properties (Vernen et al., 2019a).

In the present investigation, twenty bioeffective peptides (Pardaxins (1-5),
Arenicin (1-2), Clavanin-(A-E), Aurelin, Dicynthaurin, Halocidin subunit
(A-B), Tachyplesin (I1-111), and Polyphemusin (I-11)) from marine bio-
resources were explored to record distinctive properties in their structures
affecting their antimicrobial functions. Their different sequences were
compared to each other, in addition to amino acids-%, and some other
chemical and physical parameters. For each of them, intrinsic disorder and
cyclic structures based on disulfide bonds were also inspected. The obtained
data can lead to designing of hybrids or consensus of these peptides that may
achieve more potent actions or even new functions.

Material and Methods
Investigated marine bioeffective peptides

The twenty marine bioeffective peptides included in the present work are
found in Table 1.

Pardaxins (1-5), 1, Arenicin 2, Clavanin-A, Clavanin-B, Clavanin-E,
Clavanin-C, Clavanin-D, Aurelin, Dicynthaurin, Halocidin subunit A,
Halocidin subunit B, Tachyplesin-1l, Polyphemusin I, Tachyplesin III,
Polyphemusin Il have lengths of 33, 21, 21, 23, 23, 22, 23, 22, 40, 30, 18,
15, 17, 18, 16, and 18 amino acids, respectively.

Peptide parent name | Specific name

Sequence

Pardaxins Pardaxins | GFFALIPKIISSPLFKTLLSAVGSALSSSGEQE
Pardaxins 2 GFFALIPKIISSPIFKTLLSAVGSALSSSGGQE
Pardaxins 3 GFFAFIPKIISSPLFKTLLSAVGSALSSSGEQE
Pardaxins 4 GFFALIPKIISSPLFKTLLSAVGSALSSSGGQE
Pardaxins 5 GFFALIPKIISSPLFKTLLSAVGSALSSSGDQE
Arenicin Arenicin 1 RWCVYAYVRVRGVLVRYRRCW
Arenicin 2 RWCVYAYVRIRGVLVRYRRCW
Clavanins Clavanin-A VFQFLGKIIHHVGNFVHGFSHVF
Clavanin-B VFQFLGRIIHHVGNFVHGFSHVF
Clavanin-C VFHLLGKIIHHVGNFVYGFSHVFE
Clavanin-D FKLLGRIIHHVGNFVYGFSHVF
Clavanin-E FKLLGKIIHHVGNFVHGFSHVF
Aurelin Aurelin AACSDRAHGHICESFKSFCKDSGRNGVKLRANC
KKTCGLC
Dicynthaurin Dicynthaurin ILQKAVLDCLKAAGSSLSKAAITAIYNKIT
Halocidin Halocidin WLNALLHHGLNCAKGVLA
subunit A
Halocidin ALLHHGLNCAKGVLA
subunit B
Tachyplesin Tachyplesin 11 RWCFRVCYRGICYRKCR
Tachyplesin 111 WCFRVCYRGICYRKCR
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Polyphemusin Polyphemusin |

RRWCFRVCYRGFCYRKCR

Polyphemusin 11

RRWCFRVCYKGFCYRKCR

Table 1: The studied peptides sequences.

Peptide sequences comparison with Ugene
Alignment No. 1

The up-to-date free version of Ugene 49.1 (Portable) was used to do the
peptides sequences comparison (alignment) (Okonechnikov et al., 2012,
Rose et al., 2018). This alignment was carried out by the alignment selection
with Clustal Omega in the software since the investigated peptides had
different lengths. The shading was done for amino acids with analogous
physicochemical features.

Alignment No. 2

Aiming to increase the probability of finding close associations between the
twenty peptides sequences to facilitate planning of peptides hybrids, the
unshaded amino acids after using the physicochemical shading selection
were eliminated. The obtained sequences were aligned once more and even
adjusted manually afterwards. This created reduced hypothetical peptides
sequences.

After running each of the fore-mentioned alignments, the phylogeny tree was
generated. The involved mode in tree building was Neighbor Joining and
distance matrix was Jones-Taylor-Thornton.

Recording the properties of the twenty peptides’ complete sequences

The peptides general features, which included mass (Da), isoelectric point,
net charge, hydrophobicity, and extinction coefficients were attained from
the PepDraw web site (https://pepdraw.com).

Drawing cyclic peptides structures based on disulfide bonds

If studied peptides had cyclic structures via disulfide bond between cysteine
residues was detected via PepSMI
(https://www.novoprolabs.com/tools/convert-peptide-to-smiles-string).

Concluding the amino acids-% in the investigated peptides

DAMBE 7.2.102 was utilized to estimate the amino acids-% in each of the
twenty peptides sequences (complete ones not reduced hypothetical peptides
sequences) under investigation (Xia, 2018).

Data plotting of amino acids-%

The data of amino acids-% were considered in PAST 4.14. software using
the clustering analysis option (Hammer et al., 2001). Neighbor joining was
chosen with Hoen similarity index to cluster comparable peptide groups.

The software plotted these data to elucidate the variations within amino acids
or within the peptides. It also enabled contrasts between the diverse amino
acids as well as viewing the standard deviations of their existence % among
peptides, which mirrored the distinction within different peptides constituent
from each amino acid.

Helical Wheel (HW)

Anthreprot 6.9.3. determined the HW of each peptide sequence to record the
hydrophobic amino acids and hydrophilic ones on the surface of HW and
their distribution through the complete peptides sequences and reduced
hypothetical ones (Deléage et al., 1989, Deléage et al., 1988, Deléage et al.,
2001, Deléage, 2012).
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Specifying the amino acids that had disorder

All sequences were loaded in the PrDOS server to find any amino acid that
has disorder or form with other ones, a disorder region. PrDOS accepted all
the sequences lengths involved in this study (Ishida and Kinoshita, 2007). In
addition, PONDR (www.pondr.com) was used to find natural disorder
compared to crystallization data of natural proteins but in peptides that have
sequence length of > 30 amino acids. fIDPnn was used to map propensity of
disorder for investigated peptides (Hu et al., 2021).

Results and Discussion

Peptides and specifically peptides from marine derivation showed unlimited
potentials (Rawat et al., 2006, Liu et al., 2015, Simonetti et al., 2009, De
Clercq, 2000). They found their way in different applications including
fungicidal (Jang et al., 2006, Fan et al., 2023, Han et al., 2016), bactericial
(Ohtaetal., 1992, Panteleev et al., 2017, Saito et al., 1995, Serna et al., 2021,
Li et al., 2020), virucidal (even to SARS-CoV-2) (Gogineni et al., 2015, Xie
et al., 2016, Riccio et al., 2020, Raihan et al., 2021), anticancer (Vernen et
al., 2019a, Ahmed et al., 2021, Vernen et al., 2019b, Zhang et al., 2021, Han
etal., 2015, Lin et al., 2013), etc.

This study involved random selection of twenty bioeffective peptides from
marine derivation; Arenicin (Arenicin 1 and 2) (Cho and Lee, 2011, Krenev
et al., 2020, Park et al., 2011, Ovchinnikova et al., 2004, Umnyakova et al.,
2018), Aurelin (Ovchinnikova et al., 2006, Shenkarev et al., 2012),
Clavanins (-A, -B, -C, -D and -E) (Silvaet al., 2015), Dicynthaurin (Bringezu
et al., 2007b, Lee et al., 2001b, Bringezu et al., 2007a, Majerowicz et al.,
2007, Wen etal., 2007), Halocidin subunit A and subunit B (Shin et al., 2010,
Han et al., 2016), Pardaxins 1-5 (Oren and Shai, 1996), Polyphemusin | and
Il (Marggraf et al., 2018, Lee et al., 2022), and Tachyplesin Il and 11l (Ohta
et al., 1992, Vernen et al., 2019a). Their sequences were compared to each
other, in addition to amino acids-%, and other chemical and physical
parameters. Their disorder properties and cyclic structures based on disulfide
bonds were also checked.

Alignment No. 1

Firstly, we performed the classical step to compare their sequences;
alignment. Apparently, the peptides sequences were confusing to the
alignment softwares because of their different lengths, and none of them
gave the same result (data not shown). Meanwhile, Clustal-Omega gave
more appropriate results (Figure 1), where similarity could be observed, even
if the amino acids was still scattered. This gave us the idea to use the
physicochemical properties mode to shade the similar amino acids and to
eliminate the unshaded ones in the following run.

Figure 1 revealed that peptides from the same source were aligned together.
For example, Pardaxins 1 to 5 have been all aligned as a separate cluster.
Besides, Tachyphemusin Il and Il were aligned with Polyphemusin I and |1
along with Arenicin 1 and 2. In the middle, Clavanin A-E, Aurelin, Halocidin
subunit A and B showed similarity. In fact, Clustal Omega exhibited perfect
grouping for analogous regions.

Furthermore, the shadding was based on the physiochemical properties of
the amino acids (Figure 1).
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Pardaxins-1
Pardaxins—2
Pardaxins—3
Pardaxins-4
Pardaxins-5
Rrenicin-1
Rrenicin-2
Clavanin-&
Clavanin-B
Clavanin-E
Clavanin-C
clavanin-Dr

Rurelin

Dicynthaurin :
Halocidin-subunit-A:
Halocidin-subunit-B:
Tachyplesin II
Polyphemusin I
Tachyplesin III
Polyphemusin II

Figure 1: Multiple alignment of the complete sequences of the investigated peptides with Clustal Omega (Ugene software).

Amino acids that appeared without coloring (either did not have unique  After removing the unshaded amino acids and performing a second
physiochemical characteristics at their position or did not align with aregion  alignment run, the similarity became more obvious (Figure 2 and Figure 3).
of distinctive physciochemical features) were removed and the reduced  If Arenicin 1 and 2 was moved down manually, all of the hypothetical
hypothetical sequences were realigned. sequences would align together in different regions as in Figure 3. Such

Alignment No. 2 approach might be useful in designing peptides de novo or hybrids.

PERRDAXTNS-1 26
PRRDAXINS-2 26
PRRDAXINS-3 26
PRRDAXINS-4 26
PRRDAXINS-5 26
ARENICIN-1 15
ARENICTIN-2 15
CLAVRANIN-A 16
CLAVANIN-B 16
CLAVANIN-E 15
CLAVANIN-C 16
CLAVANIN-D 15
AURELIN 28
DICYNTHAURIN : 25
HALOCIDIN-subunit-A : 12
HALOCIDIN-subunit-A : 9
TACHYPLESIN-II 12
POLYPHEMUSIN -I 13
TACHYPLESIN-IITI 11
POLYPHEMUSIN-TIT 13

40
PARDAXINS-1 : TAL ER L0 7 [ 0 e — 26
PARDAXINS-2 : 2 B 26
PARDAXINS-3 : e L L 7 G N s R 26
PARDAXINS-4 : SORK WL & AL S---- - e e 26
PARDAXINS-5 - P21, PRI e 26
CLAVANIN-A S FE NI B V-~-HVE -~~~ emmcmcm e e e 16
CLAVANIN-B - R A - —HVE - === == ——mmm e - 16
CLAVANIN-E : 0, M BV ~~HVE -~~~ ==~ = —mm e . 15
CLAVANIN-C : FI R —— - 16
CLAVANIN-D : FLINISH f- - — e e e e - 15
AURELIN : \ I BE--c # : 28
DICYNTHAURIN 3 | Bn B AT - - - - e e e e e e e - 25
HALOCIDIN-subunit-A : -———————————QIL/SLHH A --A-—————mmmmm e e e e e - 12
HALOCIDIN-subunit-A : —--—————cccee———JBLHB W A~ A mm e e e e e e : 9
TACHYPLESIN-II : ===y ———-- < 12
POLYPHEMUSIN -I : 7 ——-Rop--B - : 13
TACHYPLESIN-III : - ——-reil--B-- : 11
POLYPHEMUSIN-II : AR kel -Be-- : 13
ARENICIN-1 : spl B - : 15
ARENICIN-2 : Iz - - - 15

Figure 3: Multiple alignment of the reduced hypothetical sequences of the investigated peptides after adjustment manually.
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The phylogeny tree obtained from Ugene of the aligned twenty peptides  and B, Clavanin-B, Tachyplesin Ill, Clavanin-E, Polyphemusin I, Clavanin-
sequences confirmed that removing unshaded amino acids increased the A, Tachyplesin Il, Clavanin-C, Polyphemusin Il, and Clavanin- D) due to
clustering of peptides of different classes together (Figure 4, and Figure 5).  similarity after reducing the original sequence (Figure 5).
The cadre showed grouping of the peptides (Arenicin 2, Halocidin subunit A

(ﬂ_'m Pardaxins3
o TT S i
uB r:""”';"" o
W al XIns
234 57 Aurelin
Tachyplesin 11
1148 Ao 1
o339 Clavanin-A
| 06 Clavanin-B
‘ ‘ _§gqtaloddin subunit A
0.365 i { 1391 o%gﬂaloddln subunit B
| B z
— 5] ——T 3301 Polyphemusin 11
1.268 .
Ao.m{lavanin C
i mglavanin-[)
. oaglavanln{
Arenicin 2
ST L Dt
4.,qu’ardmdnsl ’
0.05
Figure 4: Phylogeny tree from the alignment of complete peptides sequences.
0,698 PARDAXINS-2
0.418 0578 AURELIN
1735 ¢ T DICYNTHAURIN
O | oo
205 0.1 :
P 205\_{ ARDAXINS-3
o ARENICIN-1

= 1-07_

0.017 ARENICIN-2
0.791
o E-H_{:o 55 ALOCIDINsuburit A
: 0.285 L "HALOCIDIN subunit B

0.173

0331 CLAVANIN-B
0.1 .17 : TACHYPLESIN 111

POLYPHEMUSIN I

W CLAVANIN-A
,246 - TACHYPLESIN I

0.629
:E%)H 05611 POLYPHEMUSINII
) ‘m CLAVANIN-D
T PARDAXINS-1
0,05

Figure 5: Phylogeny tree from the alignment of reduced hypothetical peptides sequences. The cadre showed grouping of the peptides due to similarity after
reducing the original sequence.

Recording the properties of the twenty peptides’ complete sequences Table 2 illustrated the properties of the twenty peptides amino acids
sequences. Aurelin had the highest mass of 4300 Da and uppermost
hydrophobicity of +45.67 Kcal * mol-1 among all peptides (Table 2).
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Polyphemusin | and Il had the utmost charges (net) with values of +7, yet
Pardaxins 1, 3, and 5 had 0 charges (Table 2). Arenicin 1 and 2 exhibited the
leading isoelectric point of 11.14 (Table 2).
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x - X
[ c c
N~ 8 3
=y 5 5
Peptide Name =3 2 8 8
G SR > 2 5= 5=
| 5o < [} = = e
0 8= S < < <
ST | 35 | B S5 | £F g7
by =) 283 z TE wsS Nk
Arenicin 1 21 2758.46 11.14 +6 +10.51 15470 15595
Arenicin 2 21 2772.48 11.14 +6 +9.85 15595 15470
Aurelin 40 4300.00 8.94 +5 +45.67 375 0
Clavanin-A 23 2665.40 9.93 +1 +11.67 0 0
Clavanin-B 23 2693.40 10.90 +1 +10.6 0 0
Clavanin-C 23 2666.42 9.59 +1 +10.65 1490 1490
Clavanin-D 22 2586.40 10.38 +2 +10.59 1490 1490
Clavanin-E 22 2532.39 10.59 +2 +14.62 0 0
Dicynthaurin 30 3103.76 9.91 +3 +19.72 1490 1490
:ﬁﬁﬂgﬂ 18 | 192004 | 9.04 +1 +12.04 | 5500 5500
gﬂﬁﬁ'g'g 15 | 151583 | 904 | +1 +1453 |0 0
Pardaxins 1 33 3393.84 6.97 0 +15.03 0 0
Pardaxins 2 33 3321.82 9.95 +1 +12.68 0 0
Pardaxins 3 33 3427.82 6.97 0 +14.57 0 0
Pardaxins 4 33 3321.82 9.95 +1 +12.55 0 0
Pardaxins 5 33 3379.82 6.93 0 +15.04 0 0
Polyphemusin | 18 2457.18 10.54 +7 +15.24 8730 8480
Polyphemusin Il | 18 2429.17 10.33 +7 +16.23 8730 8480
Tachyplesin 11 17 2267.09 10.01 +6 +14.02 8730 8480
Tachyplesin 111 16 2110.99 9.48 +5 +12.21 8730 8480

Table 2: Properties of the different peptides’ amino acids sequences.

Drawing cyclic peptides structures based on disulfide bonds

Seven studied peptides (Arenicin 1 and 2, Polyphemusin | and II,
Tachyplesin Il and 111, and Aurelin) had cyclic structures via disulfide bond
between cysteine residues (Figure 6). The other thirteen sequences formed
only linear structures due to the absence of cysteine residues (Pardaxins 1-5
and Clavanin-A-E) or presence of only one cysteine (Dicynthaurin, and

Auctores Publishing LLC — Volume 5(2)-130 www.auctoresonline.org
ISSN: 2766-2314

Halocidin subunit A and B). The most unique cyclic structure was for
Aurelin as the peptide contains 6 cysteine residues (Figure 6). These cyclic
structures could make them more unaffected by proteolysis performed by
proteases of gastrointestinal tract due to steric factors (Pangestuti and Kim,
2017, Saint Jean et al., 2017, Ibrahim et al., 2018, Phyo et al., 2018).
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Tachyplesin II

3

A (Taclhypleus tridentatus)
‘n(;( L A ke

O\I_ . Cyclic Tachyplesin I11 'v\r

(L\\ (Tacinplens gigas)

Figure 6: Unique cyclic structures of seven from twenty studied peptides via disulphide bond between cysteines

Concluding the amino acids-% in the investigated peptides Stacked chart of the amino acids-% of investigated peptides in Figure 7

To deepen our understanding to the 20 selected marine bioeffective peptides displayed that methionine did not exist at all in all of the 20 peptides.

and their amino acids constituents, amino acid-% distribution was checked.
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1: Pardaxins 1 (33 a.a.)

2: Pardaxins 2 (33 a.a.)

3: Pardaxins 3 (33 a.a.)

4: Pardaxins 4 (33 a.a.)

5: Pardaxins 5 (33 a.a.)

6: Arenicin 1 (21 a.a.)

7: Arenicin 2 (21 a.a.)

8: Clavanin-A (23 a.a.)

9: Clavanin-B (23 a.a.)

10: Clavanin-E (22 a.a.)

11: Clavanin-C (23 a.a.)

12: Clavanin-D (22 a.a.)

13: Aurelin (40 a.a.)

14: Dicynthaurin (30 a.a.)

15: Halocidin subunit A (18 a.a.)
16: Halocidin subunit B (15 a.a.)
17: Tachyplesin II (17 a.a.)

18: Polyphemusin I (18 a.a.)

19: Tachyplesin III (16 a.a.)

20: Polyphemusin IT (18 a.a.)

Figure 7: Stacked chart of the amino acids-% of investigated peptides.
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25—
20—
15
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=
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= o
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=
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Figure 8: Amino acids-% in investigated peptides with standard deviation

Figure 9: Cluster analysis for amino acids-% in investigated peptides

Demonstrated amino acids-% in investigated peptides with standard
deviation of their existence % among peptides, which mirrored the
distinction within different peptides constituent from each amino acid. This
brief statistical estimation revealed the discrepancy among the amino acids
as well as within each peptide class.
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The composition of amino acids is strictly associated with bioeffectiveness
of these bioeffective peptides. For instance, Arenicin 1 was found to have
fungicidal efficacy that is dependent on tryptophan in its N terminus and
arginine in its B-turn (Park et al., 2011).

Cluster analysis for amino acids-% in investigated peptides in Figure 9
indicated that the twenty amino acids-% classified peptides to six major
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groups, where Pardaxins 1-5 were clustered in one group. The same case was
found with Clavanin-A, -B, -C, -D and -E. Dicynthaurin and Aurelin each
could be considered as separate groups (Figure 9). Polyphemusin I and 11,
Tachyplesin 11 and I11 along with Arenicin 1 and 2 are grouped in one cluster.
While, Halocidin subunit A and B were clustered together as in Figure 9.

Helical Wheel (HW)

The HW analysis investigated the distribution of the hydrophobic and
hydrophilic amino acids on helical folding form of peptides. The results were
summarized in Table 3. Table 3 showed that all peptides had higher numbers

Copy rights@ Nawal Abd El-Baky,

of hydrophilic amino acids than hydrophobic ones except for Aurelin,
Tachyplesin Il and 111, and Polyphemusin I and Il. Hydrophobic amino acids
in peptides have critical contribution to their bactericidal effectiveness as
they enhance peptides ability to bind and disintegrate membranes of bacteria
(Saint Jean et al., 2017). The overall differences between the numbers of the
hydrophobic and hydrophilic amino acids ranged from two to four (Table 3).
Meanwhile, the oddest difference was in case of Aurelin, which showed
differences equal to 10 amino acids (Table 3)

NO. OF NO. OF
NAME HYDROPHa@%gg?sﬁé?guo.ﬁg:\luC AMING HYDROPHOBIC HYDROPHILIC
AMINO ACIDS AMINO ACIDS
PARDAXINS 1 GFFALIPKIISSPLFKTLLSAVGSALSSSGEQE 13 15
PARDAXINS 2 GFFALIPKIISSPIFKTLLSAVGSALSSSGGQE 12 15
PARDAXINS 3 GFFAFIPKIISSPLFKTLLSAVGSALSSSGEQE 13 15
PARDAXINS 4 GFFALIPKIISSPLFKTLLSAVGSALSSSGGQE 12 15
PARDAXINS 5 GFFALIPKIISSPLFKTLLSAVGSALSSSGDQE 13 15
ARENICIN 1 RWCVYAYVRVRGVLVRYRRCW 6 9
ARENICIN 2 RWCVYAYVRIRGVLVRYRRCW 6 9
CLAVANIN-A VFQFLGKIIHHVGNFVHGFSHVF 8 11
CLAVANIN-B VFQFLGRIIHHVGNFVHGFSHVF 8 11
CLAVANIN-E FKLLGKIIHHVGNFVHGFSHVF 8 11
CLAVANIN-C VFHLLGKIIHHVGNFVYGFSHVF 7 11
CLAVANIN-D FKLLGRIIHHVGNFVYGFSHVF 7 11
AACSDRAHGHICESFKSFCKDSGRNGVKLRANC
AURELIN KKTCGLC 20 10
DICYNTHAU ILQKAVLDCLKAAGSSLSKAAITAIYNKIT
RIN 12 15
HALOCIDIN
SUBUNIT A WLNALLHHGLNCAKGVLA 5 10
HALOCIDIN
SUBUNIT B ALLHHGLNCAKGVLA 4 8
TACF"\IYIITLESI RWCFRVCYRGICYRKCR 6 4
POLgr’\'I_iIEMU RRWCFRVCYRGFCYRKCR 7 4
TAC|_N|YIIIDILESI WCFRVCYRGICYRKCR 5 4
POLSYIT\HIIEMU RRWCFRVCYKGFCYRKCR 7 4

Table 3:The hydrophobic amino acids (red) and hydrophilic ones (blue) distribution through the complete peptides sequences.

Table 4 demonstrated the hydrophobic amino acids (red) and hydrophilic ones (blue) distribution through reduced hypothetical peptides sequences. The
numbers of hydrophobic amino acids was significantly reduced after sequence reductions.

. - . . No. of | No. of

Name (I;)S/tdrrgstr:gglc and hydrophilic amino acids hydrophobic hydrophilic

amino acids amino acids
Pardaxins 1 GFFLIPISSPLFKTLLSAVGSALSS 8 14
Pardaxins 2 GFFLIPISSPIFKTLLSAVGSALSS 8 14
Pardaxins 3 GFFFIPIISSPLFKTLLSAVGSALSS 8 14
Pardaxins 4 GFFLIPIISSPLFKTLLSAVGSALSS 8 14
Pardaxins 5 GFFLIPIISSPLFKTLLSAVGSALSS 8 14
Arenicin 1 RWCYAYRVRGVYRRC 5 4
Arenicin 2 RWCYAYRIRGVYRRC 5 4
Clavanin-A VFFLGIIHHVGNVHVF 4 8
Clavanin-B VFFLGIIHHVGNVHVF 4 9
Clavanin-E FLLGIIHHVGNVHVF 4 9
Clavanin-C VFLLGIIHHVGNVHVF 4 10
Clavanin-D FLLGIIHHVGNVHVF 4 9
Aurelin AACDHICESFKSFCDSGNGVLRKKTCLC 13 8
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Dicynthaurin ILQKAVLDCLKAAGSSLSAIYNKIT 10 12
Halocidin
subunit A WLNLLHHGLNAA 4 7
Halocidin LLHHGLNAA 3 5
subunit B
Tachyplesin 11 RWCRVCRGYRKC 5 2
Polyphemusin RRWCRVCRGYRKC 6 2
|
Tachyplesin WCRVCRGYRKC 4 2
1l
Polyphemusin RRWCRVCKGYRKC 5 2
1l

Table 4:The hydrophobic amino acids (red) and hydrophilic ones (blue) distribution through reduced hypothetical peptides sequences.

Specifying the amino acids that had disorder

The amino acids that had disorder in the twenty investigated complete
sequences of marine bioeffective peptides were specified from PrDOS as
demonstrated in Figure 10. The red color in the sequences signified amino
acids with disorder. According to PrDOS, Halocidin subunit B (15 amino
acids length) was totally disordered (Figure 10). None of the peptides was

Drisc

totally ordered, nevertheless Polyphemusin I1 (18 amino acids) had only one
disordered amino acid (Figure 10).

PrDOS could act on all investigated sequences whatever their lengths are
(Ishida and Kinoshita, 2007). This algorithm anticipates disorder from
sequences of amino acids. The probabilities below 0.5 in the curve showed
ordered residues, while those above 0.5 showed disordered ones (Figure 10).

m,x;‘ﬂtr@

0 10 20
Residue number

-0~ Polyphemusin-ll 18 (RRWCFRVCYKGFCYRKC® )

-@- Tachyplesin-il 16 (WCFRVCYRGICYRKCR )

-+ Polyphemusin-l 18 (RRWCFRVCYRGFCYRKCR )

-8 Tachyplesin-l 17 (RWCFRVCYRGICYRKCR)

-~ Halocidin-subunit-B 15 (ALLHHGLNCAK A)

-A- Halocidin-subunit-A 18 (WLNALLHH GLN CAKGVLA)

- Dicynthaunn 30 (L OKAVLDCLKAAGSSLSKAAITAIYTIKIT)

-w-Aurelin 40 (AACST

<>~ Clavanin-D 22 (FKLLGRIHHVGNFVYGFSH VF)

-#-Clavanin-C 23 (VFHLLGKIHHVGNFVYGFSH VF)

AHGHICESFKSFCKDSGRNGVKLRANCKKTCGLC)

30 40

~©- Clavanin-E 22 (FKLLGKEHHVGNFVHGFSHVF)

-6~ Clavanin-B 23 (VFQFLGRIHHVGNFVHGFSHVF)

-8 Clavanin-A 23 (VFQFLGKIHHVGNFYHGFSHVT)

- Arenicin-221 (RWCVYAYWRIRGVLVRYRRCW)

- Arenicin-121 (RWCVYAYVRVRGVLVRYRRCW)

-& Pardaans-five 33 (CIFALIPKISSPLFKTLLSAV: yGODOE)
-7~ Pardaxins-three 33 (GFFAFIPKESSPLFKTLLSAVGSALSSSGEQE)
-y Pardaxins-one 33 (GF FALIPKIISSPLFKTLLSAVGSAL QE)
~&- Pardacins-four 33 (GFFALIPKIISSPLFKTLLSAVGEAL S GAE)
- Pardaxins-two 33 (GFFALIPKISSPIFK TLLSAVGSA SGAE)

Figure 10: Disorder probability for 20 peptides’ complete sequences obtained from PrDOS server.

The red colored residues in the sequences represent amino acids with
intrinsic disorder.

Figure 11 revealed disorder in seven peptides complete sequences (that
comprise 30 or more amino acids) obtained from PONDR. The red color in
the sequences exemplifies amino acids with disorder. Dicynthaurin is a

Auctores Publishing LLC — Volume 5(2)-130 www.auctoresonline.org
ISSN: 2766-2314

naturally ordered peptide (via PONDR score). Aurelin had the highest
numbers of disordered residues (16 of 40), Pardaxins 1, 3, and 5 had 11
disordered residues, and Pardaxins 2 and 4 had 12 ones (Figure 11). The
scores below 0.5 showed ordered residues, while those above 0.5 showed
disordered ones (Figure 11).
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0.5

PONDR Score

025

Residue number

-O- Aurelin (AACSDRAHGHICESFKSFCKDSGRNGVKLRANCKKTCGLC)
-#- Dicynthaurin (LQKAVLDCLKAAG SSLSKAAITAIYNKIT)

-0 Paradaxin five (GFFALIPKII SSPLFKTLLSAVGSALSSSGDQE)

- Pardaxins four (GFFALIPKIISSPLFKTLLSAVGSALSSSGGQE)

-~ Pardaxins-one (GFFALIPKIISSPLFKTLLSAVGSALSSSGEQE)

-4 Pardaxins three (GFFAFIPKISSPLFKTLLSAVGSALSSSGEQE)

-7~ Pardaxins two (GFFALIPKIISSPIFKTLLSAVGSALSSSGGQE)

Figure 11: Intrinsic disorder for seven peptides’ complete sequences (that comprise 30 or more amino acids) obtained from PONDR. The red color in the
sequences represents amino acids with disorder.

As can be concluded from Figure 10 and Figure 11, there are differences in  Figure 12 presented fIDPnn propensity of disorder in investigated peptides
the records obtained from both algorithms. These differences originated from  sequences. Records of disorder are vital in designing of de novo or hybrid
the variation in their anticipation method since PONDR depend on matching  peptides as they are strictly linked to peptides bioeffectiveness (Dunker et
queries to crystallization data of natural proteins not the sequence itself (Li  al., 2000, Ward et al., 2004, Shimizu et al., 2007).

et al., 1999).
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Figure 12: fIDPnn propensity of disorder in investigated peptides sequences.
Conclusion dicynthaurin into phospholipid monolayers at the liquid-air

This study investigated twenty bioeffective peptides from marine derivation.
It focused on comparative exploration for amino acids-% in the different
peptides, alignment, phylogeny tree, chemical and physical parameters,
hydrophobic/hydrophilic amino acids, cyclic structures based on disulfide
bonds, and intrinsic disorder. The study included reducing the original
sequences to map the internal similarity that might be hidden in the different
peptides. The achieved results can be beneficial in planning de novo or
hybrids of these peptides.
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