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Microorganism resistance to conventional antibiotics represents one of the major global health concerns. This entry

focuses on a peptide (OctoPartenopin) extracted from suckers of Octopus vulgaris; bioassay-guided

chromatographic fractionation was used to identify this sequence, which holds significant antibacterial activity

against Gram-positive and Gram-negative bacteria. OctoPartenopin is encrypted within the calponin sequence and

was associated with the high levels of proteolytic activity already reported in octopus arm suckers.

Octopus vulgaris  antimicrobial peptides  antimicrobial activity  antibiofilm activity

1. Introduction

Octopus is a highly versatile and opportunistic predator ; it hunts for food by ‘speculative pounce’  and

‘groping’, and it explores the surfaces of rocks or the sea-bed with their arms, webs, and suckers . The common

octopus, Octopus vulgaris (Cuvier, 1797) is a cosmopolitan merobenthonic cephalopod with a short life cycle ,

living on rocky, sandy, and muddy bottoms from the coastline to the edge of the continental shelf, and it is very

common in the Mediterranean Sea and eastern Atlantic Ocean . Octopus and all cephalopods, as a result of

evolutionary selective pressure, have developed a winning strategy for surviving in different environments . O.

vulgaris is an economically important seafood species , and a model for studying complex behavioral, neuronal,

and genomic plasticity . Moreover, it is well known for its intelligence linked to adult neurogenesis

mechanisms, curiosity, and adaptability; recently, transcriptomic and genomic tools were developed to investigate

these issues on this species and the congeneric O. bimaculoides . Most octopus neurons are found in

the arms, which can independently taste and touch, and control basic motions without input from the brain 

. Each arm is made of a dozen of suckers and is packed with hundreds of sensors .

Interestingly, the octopus female leaves its eggs to fend for themselves, and eggs are resistant to infections. In

particular, it is believed that cephalopod antimicrobial peptides (AMPs) are trapped in the egg capsule and mainly

expressed by female accessory sex glands, conferring on them efficient protection of organs against

microorganisms . In this context, studies reporting the identification of AMPs in cephalopods were conducted on

squids and cuttlefish . Nevertheless, there is still a scarcity of knowledge regarding the defense mechanisms

involved in O. vulgaris immune response, even if more researchers are focusing their attention on this topic 

. As a matter of fact, octopus lacks an adaptive immune system , but has an efficient innate

immune system comprised of cellular and humoral components that act as the first line of defense against a broad

spectrum of pathogens . Although the marine environment presents various and high levels of exposure to a

considerable number of pathogens, only granulocytes were observed in the hemolymph of three species of
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Octopoda , and they were characterized and cultured in O. vulgaris . At the same time, O.

vulgaris presents a hemagglutination activity  and an anti-protease activity associated with α-macroglobulin in

the hemolymph . In order to fight against pathogens, it is likely that octopus exploits secreted AMPs as part of an

innate defense mechanism, similarly to other aquatic animals .

The growing problem of resistance to conventional antibiotics and the need for novel drugs has stimulated interest

in the development of antimicrobial peptides as human therapeutics (ADP, http://aps.unmc.edu/AP/main.php).

Recently, much attention has been directed towards marine-derived bioactive peptides due to their special living

environment, composition, and properties as well as to their antiviral, antitumor, antidiabetic, and antihypertensive

activities and their role in the food industry for preservation and elongation of shelf-lives . Since marine

organisms live in close contact with microbes, they have proved to be a rich source of AMPs  with novel

chemistry and diverse biological properties .

For example, AMPs were described in many mollusks as bivalves ; cysteine-rich peptides were identified in

mussels ; defensins and proline-rich peptides were found in oysters  and gastropods . Proteins with

antimicrobial activity, such as egg case proteins Sep-ECPs  or hemocyanin , were identified in gastropods.

Moreover, several other AMPs were identified encrypted within the sequence of proteins and could be derived from

the cleavage of bulky proteins; interestingly, several AMPs from marine organisms used as food sources are

released in the corresponding body fluids/tissues following the action of specific proteases or hydrolytic treatments

, similarly to what has been observed in other animal products . Due to their natural origin and

antimicrobial activity, the latter molecules were proposed as additives in food industry for the preservation of edible

products and the elongation of corresponding shelf-life , but also as active ingredients for the preparation of

packaging materials.

The pharmaceutical company interest in AMPs is linked to their ability to disrupt bacterial membranes and,

following cell internalization, to target components, such as nucleic acids, preventing microorganisms from

developing resistance. Their main molecular features are a predominant cationic nature and a high percentage of

hydrophobic residues, which enable them to assume an amphipathic primary or secondary structure. The low

propensity to induce resistance, coupled with their low toxicity and the possibility of improving their activity through

the rational design of peptidomimetics—together with high production through genetically engineered bacteria,

bioreactor, or green-synthesis alternatives—make AMPs highly attractive for commercial purposes. On the other

hand, AMPs from natural sources have also been widely used in the preservation of foods and to increase the

product shelf-life .

In this context, octopus species and their relative transcriptomes were recently screened in order to identify novel

AMPs . The present study describes the identification of a novel AMP (OctoPartenopin) extracted from

suckers of O. vulgaris that is active against bacteria and yeast species. The amino acid sequence identified is part

of a repeated motif in calponin-like proteins, involved in muscular contraction. OctoPartenopin was used as lead

molecule for the rational design of novel compounds, thus allowing the synthesis of four analogues with improved
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antimicrobial and antibiofilm activity. We also suggest a possible role of OctoPartenopin in maternal care of

fertilized eggs.

2. Antimicrobial Activity of the Sucker Extract and Purified
Fraction

Octopus suckers aqueous extract (SE) (1 mg/mL) was assessed for its antimicrobial activity by evaluating the

diameter of the clear zone of growth inhibition of Gram positive bacterium S. aureus, Gram-negative bacterium P.

aeruginosa, and a yeast C. albicans. A clear inhibition zone was observed in the case of S. aureus and P.

aeruginosa, but no activity was found towards C. albicans (Table 1).

Table 1. Antimicrobial resistance of sucker extract and HPLC fractions. Disk diffusion zone diameter (mean ±

standard deviation, SD; mm) interpretative chart of sucker extract (SE) and different HPLC fractions (from A to F)

against S. aureus, P. aeruginosa, and C. albicans. AMP: Ampicillin; G: Gentamicin; AMPH-B: amphotericin B; R:

Resistant; I: Intermediate; S: Sensitive; NT: not-tested.

In order to isolate and identify molecular species responsible for the observed antimicrobial activity, SE was further

subjected to a chromatographic fractionation on a semi-preparative reverse-phase C18 column (Figure 1a). Eluted

fractions were collected on a time-based mode, to limit the number of fractions to analyze, and eluate was

collected to finally obtain six fractions (A–F) (Figure 1a); aliquots (same volume) of each fraction were further

subjected to the above-mentioned tests for antimicrobial activity. These assays evidenced that fraction A was the

most active against the tested microorganisms (Table 1); thus, we concentrated our attention on it.

Strain SE HPLC Fraction Positive Control
A B C D E F AMP G AMPH-B

Mean ± SD (Ø mm)

Gram-positive

S. aureus ATCC 6538 11.0 ± 1.2 12.0 ± 2.0 - 8.0 ± 1.5 - 6.0 ± 2.8 - S S NT

Gram-negative

P. aeruginosa ATCC 9027 8.0 ± 2.3 10.0 ± 3.1 - 6.0 ± 3.0 - - - R S NT

Yeast

C. albicans ATCC 90028 - 7.0 ± 1.8 - - - - - NT NT S
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Figure 1. Natural peptide purification and characterization. (a) Reverse phase C18-HPLC separation of delipidated

methanolic extract of octopus sucker (SE). Elution absorbance was measured at 220 nm (blue) and 280 nm (red).

The eluate was collected to obtain fractions A–F. (b) Low-flow reverse phase C18-HPLC separation of delipidated

methanolic extract of octopus sucker (SE). Elution absorbance was monitored at 220 nm (blue) and six fractions

(A1–A6) were collected as indicated. (c) Fragmentation (MS/MS) spectrum of the doubly-charged ion

at m/z 245.6348, which was acquired at 2.41 min during the nanoLC-ESI-Q-Orbitrap MS/MS analysis of fraction

A4. Fragment ions of the b (blue) and y (red) series have been evidenced.

The chromatographic profile shown in Figure 1a suggested the presence in fraction A of a number of abundant

hydrophilic compounds with similar retention times (eluting between 4 and 8 min); thus, an optimized

chromatographic experiment was performed to separate and identify these species. Accordingly, SE fraction A was

subjected to a dedicated semi-preparative chromatography in which the elution gradient as well as the flow rate (in

this case lowered) were chosen with the aim to fractionate hydrophilic compounds. We collected six fractions (A1–

A6) (Figure 1b) according to the recorded chromatographic profile; aliquots (same volume) of these fractions were

further tested to determine the corresponding antimicrobial activity.
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In vitro antimicrobial action of fractions A1–A6 was then evaluated by a broth microdilution method. Corresponding

antimicrobial activity was expressed as minimum inhibitory concentration (MIC), results are reported in Table 2. All

purified fractions were active against Gram-positive bacteria, Gram-negative bacteria, and fungi. Among the tested

strains, the A1–A6 fractions showed the lowest activity against C. albicans, with MIC >300 µg/mL. Interestingly,

another octopus peptide (octominin) exhibited a significant activity against this yeast, inducing cell wall damage

and causing loss of cell membrane integrity .

Table 2. MIC of low flow HPLC fractions. Minimal inhibitory concentration (MIC) required for 80% inhibition of cell

growth in liquid medium of the HPLC fraction derived from low-flow reverse phase C18-HPLC separation of

delipidated methanolic extract of octopus sucker (SE) (Figure 1b); these results represent mean values of three

replicates ± standard deviation, SD.

All fractions showed a similar effect on P. aeruginosa and S. aureus even though the activity against S. aureus was

more evident for fractions A2, A4, and A5 with a MIC of 120 µg/mL. In general, lower MIC values were obtained for

the Gram-positive bacteria in comparison to the Gram-negative one (Table 2). Fraction A4 seemed to have the best

antimicrobial activity against all the examined microorganisms, with MIC values of 120, 180, and 300 µg/mL for S.

aureus, P. aeruginosa, and C. albicans, respectively. Accordingly, fraction A4 was selected for subsequent

characterization.

3. Peptide Identification by Mass Spectrometry

The fraction A4 was selected for further structural characterization, which was accomplished by nanoLC-ESI-Q-

Orbitrap MS/MS analysis. The use of a high-resolution mass spectrometer allowed us to measure the molecular

mass values of the components present in this fraction with a high accuracy, together with those of the fragments

originated during the MS/MS fragmentation analysis, thus allowing the identification of the corresponding molecular

structure. Measured mass of mono- and multiply charged ions, corresponding isotopic distribution, and recorded

mass values of resulting fragment ions strongly suggested the peptide nature of the molecules present in fraction

A4. Thus, nanoLC-ESI-Q-Orbitrap MS/MS raw data were investigated by automated de novo peptide sequencing;

results are reported in Supplementary Table S1. In order to guarantee the accuracy of the resulting data output,

results were filtered to selectively maintain peptide sequence entries having a local confidence score for each

amino acidic site >90%. Thus, pentapeptide AGTNK was identified as the molecular species with the largest area

of ions extracted from the nanoLC-ESI-MS profile, whose sequence showed the highest average local confidence

(ALC) score (>95%) (Supplementary Table S1). The other two identified amino acid sequences showed both lower

areas of ions extracted from the nanoLC-ESI-MS profile, as well as were identified with lower ALC scores.

Identification of peptide AGTNK was confirmed by independent database searching of the nanoLC-ESI-Q-Orbitrap

MS/MS raw data against the protein sequences of O. bimaculoides, which were retrieved from NCBI. In this case,

[66][67]

Strain MIC80 (µg/mL) HPLC Fraction
A1 A2 A3 A4 A5 A6

S. aureus ATCC 6538 150 ± 1 120 ± 5 180 ± 4 120 ± 2 120 ± 5 200 ± 6

P. aeruginosa ATCC 9027 >300 200 ± 2 >300 180 ± 5 >300 200 ± 5

C. albicans ATCC 90028 >300 >300 >300 300 ± 2 >300 >300
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database searching again identified the inner peptide AGTNK present in calponin-2-like isoform X1

(gi:961140629/NCBI reference sequence XP_014789315) as the molecular species showing the highest

identification score. Several additional peptide sequences were also identified (Supplementary Table S1).

Nevertheless, peptide AGTNK was largely more abundant than the other peptides, as demonstrated by the number

of spectra (#Spec) corresponding to its sequence recorded during the nanoLC-ESI-Q-Orbitrap MS/MS analysis

(Supplementary Table S1). The fragmentation MS/MS spectrum of the pentapeptide AGTNK is reported in Figure

1c; this compound was named OctoPartenopin.

4. Discussion

Octopus has developed a successful strategy for surviving in different hostile environments; octopus suckers

continuously provide a great inspiration to biologists, engineers, and movie special effect supervisors for the

development of novel bioinspired artificial devices . Octopus arm suckers are specialized chemo-tactile

organs with high sensitivity, equipped with millions of distributed sensory receptors allowing the animal to process

in parallel massive amounts of mechanical and chemical information resulting from its densely innervation 

. In fact, the octopus uses suckers for a variety of tasks, such as anchoring to the substratum, catching

prey, locomotion, clean maneuvers, recognition by chemoreception, behavioral displays, and as a manipulating tool

for collecting objects . Octopus suckers are made of a tightly packed three-dimensional array of (radial,

circular, and meridional) muscles with different fiber orientations . They also have fibrous connective tissue

layers and crossed connective tissue fibers, fixed in the musculature.

Calponin is a key protein involved in octopus muscular contraction and a large number of molecular isoforms were

identified in O. bimaculoides (XP_014789315). Proteolytic modification of calponin seems to play a crucial role

during the inflammatory response, but is also associated with rapid growth in octopus and other cephalopods, as

result of an enhanced proteolytic activity present in animal fibers . The maximum autolytic activity in octopus

(O. vulgaris) arm muscle is 15-fold higher than in Pacific whiting, a fish well known to contain high levels of

endogenous proteases , in particular cysteine and aspartic-proteinases, as cathepsin B . Thus, it is believed

that this proteolytic activity may be responsible of the release of antimicrobial peptides, which are exploited to

enable the octopus to survive the harsh marine environment. Thus, it is reasonable to speculate that different

proteolytic enzymes should be constitutively active in octopus fibers of suckers, generating protein fragments with

antimicrobial activity (as observed in this study), similarly to what is observed in other animals in which actin-

binding protein degradation products were demonstrated to play a role in various biological functions . It is worth

mentioning recent data regarding squid and cuttlefish demonstrating that AMPs trapped in the egg capsule confer

efficient protection against microorganisms; those peptides are derived from female accessory sex glands, but also

from the partial degradation of corresponding tissue proteins .

In this study, we isolated the pentapeptide AGTNK from O. vulgaris suckers and we proved that this molecule has a

significant antimicrobial activity against S. aureus and P. aeruginosa. Sequence analysis demonstrated that this

peptide is encrypted within the sequence of calponin-2-like isoform X1 and occurs therein multiple times (together
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with some variant sequences), yielding several bioactive peptide molecules from each parental protein, as result of

the action of still-unknown proteases.

Starting from this preliminary data on the natural peptide OctoPatenopin, we designed and synthetized the C-

terminal amidated homologue (P0) and four analogues with the aim of improving its antimicrobial performance.

Synthetic peptides were analyzed for their antimicrobial activity against Gram-positive, Gram-negative bacteria,

and yeast. The results clearly showed that the addition of one residue at the N-terminus did not induce any

enhancement of activity. Conversely, peptide elongation at the C- and N-termini with short sequences present in

the conserved, repeated motif of calponin-2-like isoform X1 (yielding peptides P2 and P3) was associated with a

significant increase of corresponding antimicrobial activity. Interestingly, the whole repeated motif of calponin, as

present in peptide P4, did not induce a significant enhancement of antimicrobial properties. All synthetic peptides

were overall more active compared to the natural compound, pointing out the need of additional structure–activity

functional studies to decipher the structural elements essential for activity. Further studies are also necessary to

identify the most active sequence, which will probably comprise modifications both at the C- and N-terminus of the

native sequence P0.

We also performed an in vitro experiment to assess peptide antibiofilm activity, analyzing both inhibitory effects on

biofilm formation and dissolution on mature biofilm. To this purpose, we tested the peptides under or at MIC

concentrations. Our results showed a peptide concentration-dependent inhibition of biofilm formation and a good

eradication capacity for all microorganisms tested, suggesting a cell disaggregation and disruption mechanism 

. In particular peptides P1, P2, and P4 seemed to have the best inhibition activity for all microorganisms

tested, whereas significant eradication of dose-dependent clearance of biofilm biomass was observed for peptides

P0, P2, and P3. In conclusion, preliminary antibiofilm experiments showed that peptide P2 seemed to have the

best activity in both inhibition and eradication of biofilm of all three microorganisms tested.

Although peptides with moderate MIC values (between 50 and 200 μM) are not suitable candidates for use as

single potent antibiotics in the pharmaceutical industry; nonetheless, they could find applications in synergy with

conventional antibiotics, further favoring the entry of other drugs by destabilizing the microorganism membrane. At

the same time, due to their natural origin and their presence in edible material, they may find promising

applications in the food industry to increase shelf-life of food products through dedicated treatments and/or as

active ingredients for packaging, as they do not cause harmful or undesirable side effects .

Tandem repeats in proteins is not a new phenomenon but is widely reported in literature. An interesting example is

the presence in many organisms of pattern recognition receptors (known as PRRRs), which are part of the innate

immune system, and are deputed to recognition and binding of conserved pathogen associated molecular patterns

(known as PAMPs). These tandem repeats often present antibacterial activity when used as peptides . It is likely

that in the octopus suckers, tandem repeats play several roles and their eventual release into the medium may be

critical for immunity similarly to what has been found for other AMPs present as tandem repeats in host proteins 

. Clearly, we cannot exclude that the presence of tandem repeats in the suckers will also favor the formation

of particular secondary structure motifs, which likely play a key role in the activity of the protein.
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As a matter of fact, our results could be speculatively claimed to interpret octopus maternal care behavior, in which

animal female broods and tends fertilized eggs until they hatch . The chorion tissue of eggs allows the exchange

of oxygen; thus, maternal care and mother movements were interpreted as essential for preventing embryo fouling

and suffocation . Based on the results presented in this study, female arm movements and egg touching

through suckers should allow animal oxygenation and cleaning of fertilized eggs, but also corresponding protection

from microorganism-driven infections . Likely, octopus females may release antimicrobial peptides, such as

OctoPartenopin, directly on the eggs to protect them from the attack of pathogens. In this context, it was previously

demonstrated that when females abandon their eggs, the latter die . Further studies are requested in this

context to prove the functional role of OctoPartenopin and female animal suckers in egg protection from

pathogens.
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