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Gomesin is a cationic antimicrobial peptide which is isolated from the haemocytes of the Brazilian tarantula
Acanthoscurria gomesiana and can be produced chemically by Fmoc solid-phase peptide synthesis. Gomesin
exhibits a range of biological activities, as demonstrated by its toxicity against therapeutically relevant pathogens

such as Gram-positive or Gram-negative bacteria, fungi, cancer cells, and parasites.

antimicrobial anticancer gomesin B-hairpin disulfide bonds

| 1. Introduction

Multidrug-resistant bacteria, also known as superbugs, have become a serious hazard to public health, and
antimicrobial resistance has been declared to be one of the top ten global public health threats facing humanity.
The social and economic impact of antimicrobial resistance is huge because of prolonged hospital stays and the
need for expensive medications 2, For example, there are more than 2.8 million antibiotic-resistant infections
and more than 35,000 deaths each year in the United States [l. As a result of resistance, traditional antibiotics are
becoming increasingly ineffective, necessitating the development of better antimicrobial alternatives. In addition to
existing treatment strategies, such as using conventional antibiotics used to target protein synthesis @
antimicrobial peptides (AMPs) are thought to be a feasible alternative for eliminating multidrug-resistant bacteria
because their mode of action differs from that of currently available antibiotics; they disturb cell membrane integrity
[Bl81 impede protein HIEIRILALL gnd cell wall formation [L2IL31141115] and alter enzyme function LRSI AMPs can
be used for simultaneous or subsequent treatments in many bacterial illnesses as they have independent

therapeutic efficacies and fewer adverse effects than conventional antibiotics [2&l.

AMPs are found throughout nature and play a vital role in the innate immune systems of many species. They have
a wide spectrum of biological activities (e.g., antimicrobial, antifungal, antiparasitic, and antiviral properties) and a
wide range of secondary structures, as highlighted in Figure 1 22, With rising numbers of drug-resistant bacteria
and an increasing awareness of the misuse of antibiotics, AMPs are being considered as alternative antimicrobial
therapies and are a major focus of research across the world, with promising applications in health, food, animal
husbandry, agriculture, and aquaculture. Mammals, amphibians, microbes, and insects are the main source of
AMPs, according to statistics reported by Duwadi et al. 22, AMPs discovered in aquatic animals (e.g., tachyplesin
from Tachypleus tridentatus and magainin from Xenopus laevis) and terrestrial animals (e.g., androctonin from the

scorpion Androctonus australis, and protegrins from porcine leukocytes) have also received much interest 211,
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Figure 1. Classification of AMPs. Schematic representation of sources, activities, and structures of AMPSs.

Several classes of insect AMPs have been reviewed recently 22, The current report focuses on a B-hairpin peptide
known as gomesin (Gm), which is still relatively understudied. This 18-amino-acid antimicrobial peptide is isolated
from the haemolymph of the tarantula spider, Acanthoscurria gomesiana, and inhibits bacterial growth as well as
the development of filamentous fungus and yeast [23l. Apart from its antimicrobial activity, its cytotoxicity to cancer
cells gives Gm anticancer properties. Given some of the drawbacks of current anticancer chemotherapy, including
substantial side effects and/or the development of drug resistance, there is interest in exploring gomesin as an
anticancer drug. To date, there are many anticancer drugs on the market, but only 10% are in the peptide category
[24125]  Since peptides are generally considered a safer alternative than traditional cytotoxic drugs, they have

recently gained interest as potential anticancer therapeutics.

Since the discovery of Gm in 2000 [23], it has undergone more than 20 years of research, as summarised in Figure

2. To begin to understand its functions, the first three-dimensional solution structure of gomesin (PDB ID: 1KFP)
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was reported in 2002 [28], which was followed by a structure—activity relationship study in 2006 22, From 2007 to
2018, a range of bioactivities of Gm were characterised (including anticancer and antimalarial activities), and the
chemical synthesis of a series of analogues with various chemical modifications were reported, including those
involving amino acid mutations 28, with/without disulfide bonds (22, and backbone cyclization B2, The first
backbone cyclization study on gomesin was reported in 2013 and included a three-dimensional structure of the
cyclic form B2, Several structure—activity studies based on cyclic gomesin were reported thereafter, with a focus on

optimizing antimicrobial and anticancer properties of cyclic gomesin analogues.
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Figure 2. Historical timeline of gomesin studies. Key milestones in understanding the structure and activities of

gomesin are indicated. Abbreviation: SAR: structure—activity relationship.

2. Discovery, Synthesis and Structural Characterization of
Gomesin

Figure 3 schematically illustrates the steps involved in the isolation and structural characterization of gomesin.
Through initial peptide sequencing and structural characterization, gomesin was reported to comprise 18 amino
acids, including a pyroglutamic acid residue at the N-terminus, an amidated arginine at the C-terminus, and 4
cysteine residues that form 2 disulfide linkages (ZCRRLCYKQRCVTYCRGR-NH,), and with a molecular weight of
2270.4 Da [23], |n that first study Edman degradation was performed to determine the peptide sequence, but more

recent studies of peptides typically use MS based peptide sequencing.
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Figure 3. Schematic illustration of the isolation of Gm from spiders, hemolymph collection, and peptide extraction
and purification. (A) Hemolymph collection from a spider is typically performed in sodium citrate buffer (pH 4.6). (B)
Hemocytes are collected from the hemolymph. (C) Concentration and pyrolysis steps are done using vacuum
centrifugation. (D) Solid phase extraction using pre-purified supernatant from ultrasonic treatment is then applied.
(E) Aquapore RP-300 Cg column for peptide elution. (F) Further purification of the active peptide through high

performance liquid chromatography-size exclusion column (HPLC-SEC;) completes the process [23],

While many early studies of gomesin involved the use of natively isolated peptide, the development of synthesis
methods to make gomesin was important for establishing structure—activity relationships. In general, currently
marketed therapeutic peptides, or those made for laboratory studies, are typically produced by either chemical
synthesis or recombinant DNA technology 2. So far solid-phase peptide synthesis (SPPS) is the most used
method to produce Gm 4. Using Fmoc (fluorenyl methoxycarbonyl) based protection chemistry, peptides are
typically assembled from the carboxyl terminus (an amidated C-terminus in the case of gomesin) to the amino
terminus (N-terminus with a pyro-glutamic acid residue in the case of gomesin) of the amino acid chain. By

contrast, in a natural cell environment, peptides are synthesised from the N- to the C-terminus 23],

The amidated C-terminal arginine residue of gomesin has been reported to be important for minimizing enzymatic
degradation, improving peptide stability, and with the potential to enhance antimicrobial activity due to the
protonation of the sidechain of this C-terminal residue 2234, |t js thus of interest to explore the prevalence of this
charged C-terminal motif in other AMPs. Figure 4 shows a comparison of Gm with antimicrobial peptides from
other arthropods (e.g., tachyplesin-1 B388] npolyphemusin-Il 7, androctonin £8) and porcine leukocyte families
(e.g., protegrin-1 2)) and reveals high sequence and structural similarity. These peptides all comprise antiparallel

B-sheets which contribute to their high stability profiles 9. It is noteworthy that the N- and C-termini of these
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peptides are close to each other, leading to the possibility that they could be joined chemically to produce cyclic

derivatives, as described later in this entry.
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Figure 4. Structures and sequence alignment of -hairpin AMPs. (A) Natural sources from which listed peptides
were first identified: gomesin was isolated from the spider Acanthoscurria gomesiana; tachyplesin-l from the
horseshoe crab Tachypleus tridentatus; polyphemusin-ll from the horseshoe crab Limulus polyphemus;
androctonin from the scorpion Androctonus australis; protegrin-1 from the porcine leukocytes (Sus domesticus). (B)
Ribbon representation of the B-hairpin-like structure of Gm (PDB ID: 1KFP), tachyplesin (PDB ID: 2RTV),
polyphemusin (PDB ID: 1RKK), androctonin (PDB ID: 1CZ6), and protegrin (PDB ID: 1PG1). Disulfide bonds are
represented as yellow sticks. (C) Surface representations of Gm, tachyplesin-1, polyphemusin-II, androctonin, and
protegrin-1. Non-polar (hydrophobic), polar, and positively charged residues are shown in green, pink, and blue,
respectively. (D) Sequence alignment and total amino acid (a.a) content of Gm, tachyplesin-1, polyphemusin-II,
androctonin, and protegrin-1. Cysteine residues are highlighted by a grey box, and disulfide bond connectivities

(Cys I-1V, and Cys II-1Il) are shown in thick black lines. *: There is more than one variant of this peptide [22/38](37](38]
(391140,

The procedures for determining the structures of gomesin 2311281 and related peptides are shown in Figure 5. For
gomesin, capillary zone electrophoresis was used to separate peptides in a haemolymph extract, and masses were
confirmed by MALDI-TOF mass spectrometry (Figure 5A,B). Enzyme digestion and alkylation steps were
performed on purified peptides followed by amino acid sequencing for sequence confirmation (Figure 5C—E). Two-

dimensional (2D) proton NMR (Figure 5F,G) was used to confirm the peptide sequence and 3D overall structure. It
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was found that the global fold of gomesin is made up of two antiparallel B-strands joined by a four-residue non-
canonical turn (Figure 5B). The [-strands are connected by two interchain disulfide bonds, and six interchain
skeleton-framework hydrogen bonds further stabilise the overall structure 2. Both disulfide bonds adopt a right-
handed conformation with a twist angle close to the low-energy conformation found in disulfide bonds bridging
antiparallel B-strands, which is similar to other antimicrobial peptides [,
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Figure 5. Structural characterization workflow. (A) Capillary zone electrophoresis. (B) MALDI-TOF-MS and
electrospray ionization mass spectrometry. (C) Reduction and alkylation steps. -HS (thiol groups; dithiothreitol was
used to reduce disulfide bonds) and -IAA (iodoacetamide was used for alkylation). (D) Trypsin digestion step. (E)

Amino acid sequencing. (F) NMR spectrometer. (G) NMR two-dimensional (2D) spectrum [231(26],

Detailed analyses of the disulfide bond geometries, B-hairpin geometries, charges, and bioactivities for a selection
of B-hairpin peptides are given in Table 1. The Cysa-Cysa distances across the two disulfide bonds in gomesin are
0.38 £ 0.10 nm (Cys6-Cys11) and 0.37 + 0.10 nm (Cys2-Cys15). These distances are much shorter than typical
Ca-Ca distances connecting other secondary structure motifs or 3-sheet disulfide bonds, which is more than 0.45

nm, as found in larger, more spherical peptides/proteins. This short Cysa-Cysa distance is thus a useful marker for
high stability.

Table 1. Structural properties of antimicrobial peptides with B-hairpin-like structure.

o . . . Cysa-Cysa
Anlgl(;?)lt(i::izglal Function/Activity Cc?r:ilélg?\zty Dis(':"anr:;:es Types of B-Sheets Tg::;rg:t
0.37
Cys2- 0.10, right-handed
gomesin Antimicrobial, anticancer Cysl15, 0.38 £ rotamer, antiparallel +6
Cys6-Cysll 0.10 [B-sheets
(<0.45) 141]
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- . . . Cysa-Cysa
Antimicrobial . . Disulfide A Total Net
Peptides Function/Activity Connectivity Dlsg]anll;:es Types of B-Sheets Charge
0.43 £ .
. Antimicrobial, antifungal, Cys3- 0.20, iAol
tachyplesin-I and anticancer Cys16, 039 + rotamer, antiparallel +6
Cys7-Cys12 0 '20 [40] B-sheets
0.43 .
. Antimicrobial and Cysd- 0.50, right-handed
polyphemusin-I| antifunaal Cys17, 037+ rotamer, antiparallel +7
9 Cys8-Cysi13 0 1 0 [40] B-sheets
Cys4- .
_ Inhibits the growth of Cys20, right-handed
androctonin . . n.a. rotamer, antiparallel +8
Gram-positive bacteria Cys10-
Cys13 [B-sheets
0.38 + .
. Antimicrobial and Cysb- 0.30, fight-handed
protegrins-I antifunaal Cysl15, 035 + rotamer, antiparallel +6
9 Cys8-Cysi13 <~ [40] B-sheets
0.10 ‘he stable

B-hairpin-like structure of Gm, as well as its positively charged and amphiphilic properties, make it highly potent
with selectivity to certain cancer cell types, such as melanoma or chronic myeloid leukaemia cells 42, Based on
these findings and the proximity of the terminhot geaiabie, Sydicysimiesin (cGm) has been used as a scaffold for
drug design. It comprises a cyclic version of the native Gm with a backbone joined at the N- and C- terminus via
the addition of a glycine linker residue 311, Its structure, shown in Figure 6, has been determined and the cyclic
peptide has been shown to be more stable than its linear counterpart. It enters cancer cells via a mechanism
modulated by electrostatic interactions between its positively charged surface exposed residues 2243 jllustrated

in Figure 6, and the negatively charged phospholipids at the outer layer of cancer cell membranes.
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NH2

Figure 6. Structures of Gm and cGm. (A) Ribbon representation of the B-hairpin structure of Gm with disulfide
bonds highlighted in yellow. PDB structure ID: 1KFP. (B) Surface representation of Gm. Non-polar (hydrophobic)
residues are shown in green, polar residues in pink, and positively charged residues in blue. (C) A schematic view
of Gm sequence. (D) Three-dimensional structure of cGm. Disulfide bonds are represented with yellow ball and
sticks, and two antiparallel B-sheets are shown in purple. BMRB ID: 17986. (E) Surface representation of cGm.
Non-polar (hydrophobic) residues are shown in green, polar residues in pink, and positively charged residues in
blue. (F) A schematic view of cGm sequence. Positively charged residues are indicated with a ‘+' symbol,

hydrophobic residues are indicated with a ‘¢’ symbol on (A,D).
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