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Abstract
Marine environment is acquiring even more interest as a source of new bioactive compounds, among 
these marine organism’s derived bioactive peptides are considered a promising group of natural 
substances exhibiting different biological activities: antimicrobial, anticancer, antihypertensive, anti-
inflammatory and so on. In particular antimicrobial activity may encounter the emerging severe 
problem of the antibiotic-resistant microorganisms. Among marine animals, sponges have attracted 
in the years a great interest of pharmacologists, chemists and biochemists as a rich source of peculiar 
antimicrobial compounds that they have evolved to protect themselves due to their sessile nature. 
Sponges produce a great variety of antimicrobial peptides with peculiar structural features showing 
antifungal, antibacterial and antiviral properties. In this review we will focus on those peptides 
showing the most interesting antimicrobial activities as a proposal for their exploitation as new 
future drugs.

Introduction
Despite the fact that more than 70% of the earth is covered by oceans, sea is a still under explored 

environment for what concern bioactive compounds, although marine organisms are a well-known 
source of potential new drugs [1,2]. Marine natural products are chemically classified into alkaloids, 
terpenes, polyketides, shikimate’s pathway deriving compounds, carbohydrates and peptides [3]. 
Accordingly, the biological and pharmacological activities described for these molecules are various 
and comprise antitumoral, antimicrobial, immunosuppressive, insecticidal, neurotoxin, antioxidant 
and cytotoxic properties [4-6]. Often, the difficulty in finding and collecting sea organisms is one of 
the most obstacles to a more extensive exploration of this source and the need of more material to 
implement biological studies has stimulated in many cases the total synthesis of these compounds 
[7-9]. Of particular interest even from an ecological point of view, is the world of marine sponges. 
The sponges are animals belonging to the group of Porifera (Phylum Porifera). Are widely found 
from the coastal platform to deep waters and represent the oldest living metazoan phylum [10]. They 
are multicellular animals, having bodies rich in channels and pores that allow the water to circulate 
through them, allowing the uniformed distribution of nutrients and other substances. Their body 
structure is constituted by specialized cells having certain functions such as the construction of 
elements of the skeleton, nutrition and reproduction. Other, such as archeoblasts, is undifferentiated 
cells capable of transforming themselves into specialized functions, migrating between the main cell 
layers and the mesoglia.

These colony animals together with other marine species share similar behavior with terrestrial 
plants. Their early appearance in evolution and the sessile form allowed them to develop an 
advanced chemical set of specialized compounds in order to communicate and modulate their 
cellular functions and to defend themselves [11].  Sponges similarly to other marine sessile animals, 
host many bacterial species in a symbiotic relationship. In the last years, sponges have found to be 
a rich source of new bioactive compounds [12], although there are many indications that microbial 
symbionts may be the actual producers of “sponge” specialized bioactive metabolites [13]. This fact 
underlines the importance for more detailed analyses of sponge matrices in order to understand 
the real origin of these compounds. Nevertheless, a series of amino acid-derived metabolites 
(depsipeptides) have been reported as being really synthesized by sponges. Among these, jaspamides 
cyclodepsipetides that were found to be active against Candida infections in an in vivo mouse model 
[14]. Among defensive compounds, peptides are assuming an increasingly important place as 
potential drugs due to their wide type of bioactivity. In particular, Antimicrobial Peptides (AMPs) 
are saw as an important source of new antibiotics to be used in the place of or in combination with 
the conventional antibiotics drugs [15,16]. Antibiotic resistance is a problem that has become a 
real priority of public health worldwide, not only for the important clinical implications (increased 
morbidity, lethality, duration of disease, possibility of development of complications, possibility of 
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epidemics), but also for the economic relapse of antibiotic-resistant 
bacteria infections, due to the additional cost required for the use of 
drugs and more expensive procedures, for the lengthening of stays 
in the hospital and for eventual disability [http://www.who.int/
mediacentre/factsheets/fs194/en/]. Furthermore, the emergence of 
pathogens resistant to multiple antibiotics (multidrug resistance) 
further reduces the possibility of effective treatment. Thus, the search 
for new antimicrobial drugs is nowadays a priority and a challenging 
goal.

Antimicrobial Peptides (AMPs) are a wide and diversified group 

of molecules produced by almost all living organisms from bacteria 
to eukaryotes. Their amino acidic composition, the amphipathic 
character, the positive charge and dimensions, allow them to interact 
with the plasma membrane and perturb the double layer depending 
on different models (carpets, permanent or transient-pores, barrel-
stave organization) [17]. These models are useful to make a general 
classification of the possible killing modalities by AMPs, but often 
they are not exhaustive to fully explain the antimicrobial effect 
which may imply different mechanisms acting contemporarily or 
consequently [18]. Moreover, the transmembrane pore formation is 

Peptide Sponge Specie Fungi Bacteria Virus Microbicidal activity Type of assay

Theonegramide (1) Theonella swinhoei Candida albicans (ATCC 
32354)   10 mg/disk disk assay

Discodermin A (2) Discodermia kiiensis  Proteus mirabilis 
IFM-OM9  1.56 mg/ml MIC

Discodermin A (2) Discodermia kiiensis  Proteus morganii 
955-2  12.5 mg/ml MIC

Theonellamide G (4) Theonella swinhoei C. albicans (ATCC 
32354)   4.49 mM IC50

Theonellamide G (4) Theonella swinhoei C. albicans ATCC 90873 
(amphotericin B-resistant)   2 mM IC50

Cyclolithistide A (5) Theonella swinhoei C. albicans (ATCC 
24433)   20 µg/disk disk assay

Koshikamides F (8) Theonella sp.   HIV-1 2.3 μM IC50 (HIV-1 entry infectivity 
test)

Koshikamides H (9) Theonella sp.   HIV-1 5.5 μM IC50 (HIV-1 entry infectivity 
test

Halicylindramide D (10) Halichondria cylindrata Mortierella ramanniana   5 mg/disk disk assay

Halicylindramide E (11) Halichondria cylindrata M. ramanniana   160 mg/disk disk assay

Aciculitin A (12) Aciculites orientalis C. albicans   2.5 mg/disk disk assay

Callipeltin A (18) Callipeltin sp. and 
Latrunculia sp.   HIV-1 CD50 0.29 µg/ml; ED50 

of 0.01 µg/ml
S.I. CD50 /ED50=29(HIV-1 
entry infectivity test)

Neamphamide A (19) Neamphius huxleyi   HIV-1 28 nM
EC50 (inhibition of the 
cytotoxic effect upon HIV 
inf.)

Homophymine A (20) Homophymia sp.   HIV-1 75 nM
IC50 (inhibition of the 
cytotoxic effect upon HIV 
inf.)

Table 1: Antimicrobial activities and relative assays of selected sponge peptides.

Peptide Sponge Specie Fungi Bacteria virus microbicidal 
activity Type of assay

Theopapuamide B (21) Siliquariaspongia mirabilis HIV-1 0.8 ± 0.3 μg/ml IC50 (single-round 
infectivity assay)

Theopapuamide A (21); 
Theopapuamide B (22) 
and C (23)

Siliquariaspongia mirabilis C. albicans (wild type and 
amphotericin B-resistant) 1 μg/disk; 5 μg/disk disk assay

Celebeside A (24) Siliquariaspongia mirabilis HIV-1 0.4 μg/ml IC50 (single-round 
infectivity assay)

Mirabamide A(26), C(27) Siliquariaspongia mirabilis HIV-1 140 nM IC50 (HIV-1 
neutralization assays)

Mirabamide D (29) Siliquariaspongia mirabilis HIV-1 190 nM IC50 (HIV-1 
neutralization assays)

Mirabamide A(26) Siliquariaspongia mirabilis HIV-1 41 nM IC50 (virus fusion 
inhibition assays)

Mirabamide C(27), D(28) Siliquariaspongia mirabilis Bacillus subtilis 1 µg/disk disk assay

Mirabamide H (35) Stelletta clavosa HIV-1 40 nM (HIV-1 entry 
infectivity test)

Jasplakinolide 
(Jaspamide)(36) Jaspis johnstoni

C. albicans ; C. 
pseudotropicalis; C. 
parapsilosis;

<0.3 μg/ml; <1μg/ml; 
<0.3 μg/ml MIC

Stellettapeptin A (37) Stelletta clavosa HIV-1 23 nM
EC50 (inhibition of the 
cytotoxic effect upon 
HIV inf.)

Stellettapeptin B (38) Stelletta clavosa HIV-1 27 nM
EC50 (inhibition of the 
cytotoxic effect upon 
HIV inf.)

Callyarein A (39) Callyspongia aerizusa Mycobacterium 
tuberculosis 2 μM MIC

Callyarein B (40) Callyspongia aerizusa Mycobacterium 
tuberculosis 5 μM MIC

Table 2: Antimicrobial activities and relative assays of selected sponge peptides.
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not the only mechanism of microbial killing. In fact, many peptides 
exert their action by entering the cells and interacting with molecular 
targets represented by nucleic acids [19], multi protein complexes 
[20,21] or biochemical functions crucial for the microbe’s cell life [22]. 
Marine invertebrates are a well-known source of bioactive peptides 
and, in particular, they have developed a nonspecific innate immune 
defense system based of AMPs [23,24] including linear peptides [25], 
depsipeptides [26], cyclic [27] and bicyclic peptides [28].

In this short review we would like to give an overview of what has 
so far been explored and studied on antimicrobial peptides isolated 
and characterized by marine sponges. We also want to remark what 
is still to be done on the front of the study of the mechanism of action 
of sponge derived AMPs, a fundamental knowledge for a future 
application of these molecules as potential new drugs. Because the 
number of bioactive peptides is very large and continuously growing, 
we apologize for eventual relevant omissions.

Classification of Sponge Antimicrobial 
Peptides

A precise classification of sponge antimicrobial peptides is almost 
difficult to be done on the basis of their structural features, as these 
may crossover each other’s, thus we will operate a more generalized 
classification based on depsipeptides and proline-rich cyclopeptides 
two classes showing the most interesting members from an 
antimicrobial activity point of view.

Depsipeptides
Depsipeptides are commonly found in many marine organisms: 

bacteria, mollusks tunicate and others. These are a group of peptides 
in which one or more of the peptide bonds are substituted by ester 
bonds. Depsipeptides may be further divided into linear and cyclic 
depsipeptides. Many unusual non-ribosomal amino acids also 
compose the structures of these compounds, a feature that suggests 
symbiotic microorganisms as the real producers of these sponge 
metabolites. Among the marine phyla, sponges of the order Lithistida, 
were shown to be an important source of these peptides containing 
unusual amino acid residues. These peptides represent the most 
interesting family of sponge’s bioactive peptides due to their peculiar 
structures and interesting biological activities: antiproliferative, 
antimicrobial, antiviral and antiplasmodial [29,30]. The following 
examples show the most promising Lithistid deriving cyclopeptides 
as antimicrobial agents.

Theonegramide is a peculiar compound among the Lithistid 
deriving cyclopeptides (Figure 1A), as it presents an intra-cycle 
histidine-alanine bridge in which the imidazole ring is substituted by 
a D-arabinose moiety, thus resulting in a glycopeptide. This molecule 
shows other structural features such as a 4’-bromo-3-methyl-
phenyalanine, and a 3-amino-4-hydroxy-6-methyl-8-phenylocta-
5,7-dienoic acid unit. Theonegramide was found to inhibit the growth 
of Candida albicans ATCC 32354 strain in the standard disk assay at 
a loading of 10 µg/ml per disk [31].

Discodermins are tetradeca-peptides characterized by the 
presence of anomalous amino acid residues (formyl-D alanine, 
3-methyl -L-proline, 3-methyl-D-valine, etc.) many of them in 
D-form; this raised the question if they were produced by commensal 
bacteria instead of being directly produced by the sponge cells 
metabolism. Discodermin A (Figure 1B) was firstly isolated in 
Discodermia kiensiis [32] followed by discodermins B-D [33] and 

discodermins F-H [34], showing these lasts, antibacterial, antifungal, 
and cytotoxic activity on vascular smooth muscle cells [35]. The 
structure of Discodermin-A was firstly reported in 1984 [36] and 
revised by Ryu et al. in 1994 [34], on the basis of NMR analysis. The 

Figure 1A: Theogrenamide.

Figure 1B: Discodermin A.

Figure 2A: Theonellamide F.

Figure 2B: Theonellamide G.
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antimicrobial activity of Discodermin-A was firstly observed against 
gram negative and positive bacterial strains, but its higher activity was 
shown towards Proteus (Morganella) morganii and Proteusmirabilis 
[32] both gram negative bacteria responsible for many nosocomial 
urinary infections (Table 1).

Sponges belonging to the genus Theonella are a rich source of 
unusual peptides that possess interesting biological activities such 
as antibacterial, antifungal, enzymatic inhibition and anti-HIV 
properties [37,38]. Theonellamide F (Figure 2A), a bicyclic peptide 
that presented a characteristic histidino-alanine bridge, previously 
isolated as aqueous soluble compound from Theonella sp., inhibited 
growth of various pathogenic fungi (Candida sp., Trichophyton sp., 

and Aspergillus sp. at concentrations of 3 µg/ml to 12 µg/ml [39]. 
In a recent study the mechanism of action of Theonellamide-F was 
partially elucidated indicating that it may provoke membrane damage 
by specifically binding to 3-beta-hydroxysterols including ergosterol 
[40]. This caused also the activation of Rho1-mediated 1, 3-β-D-
glucan synthesis. Theonellamide G (Figure 2B) showed a strong 
antifungal activity when evaluated against two strains of Candida 
albicans ATCC 32354 (wild type) and ATCC 90873 (amphotericin 
B-resistant) with IC50 of 4.49 μM and 2.0 μM, respectively (Table 
1). Besides antifungal activity, and similarly to other depsipetides, 
Theonellamide G displayed cytotoxic activity against the human 
colon adenocarcinoma cell line (HCT-16) with an IC50 of 6.0 μM [41].

From Theonella swinhoei another seven-residue depsipetide was 
isolated: Nagahamide A. The NMR-COSY spectral analysis of this 
peptide showed that it was composed of two unusual asparagine 
derivatives, L-β-methyl-asparagine and L-β-hydroxy-asparagine. A 
third residue was assigned to 4-amino-3-hydroxybutanoic acid. A 
poliketide moiety completed the structure. By a zone diffusion assay 
Nagahamide A resulted to be a weakly antibacterial compounds 
against Escherichia coli and Staphylococcus aureus [38]. Theonella 
swinhoei and Discodermia japonica, were found to be the source of 
another antifungal peptide, Cyclolithistide, that was originally isolated 
in 1998 and its structure recently revised by Tajima and coll [42]. 
This cyclodepsipetide presented the unique amino acids 4-amino-3, 

Figure 3A: Cyclolithistide A.

Figure 3B: Mutrendamide A.

Figure 4A: Koshikamide C.

Figure 4B: Koshikamide F.

Figure 4C: Koshikamide H.

Figure 5A: Halicylindramide D. 

Figure 5B: Halicylindramide E.
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5-dihydroxyhexanoic acid, formyl leucine, and chloroisoleucine. At 
a dose of 20 µg/disk cyclolithistide A (Figure 3A) exhibited strong 
antifungal activity against C. albicans (ATCC 24433) in the agar disk 
diffusion assay (Table 1), producing a zone of inhibition which was 
equal to 90% of the 100 µg/disk standard Nystatin [43].

Mutremdamide A and Koshikamides C-H, were isolated from 
different Theonella species and structurally characterized by means of 
extensive 2D NMR, ESI, or CDESI and QTOF-MS/MS experiments 
[44]. Their absolute configurations were defined on the basis of 
quantum mechanical calculations advanced Marfey's method, and 
chiral HPLC. Mutremdamide A (Figure 3B) is a sulfated cyclic 
depsipeptide, while Koshikamides F-H is 17-residue depsipeptides 
containing a 10-residue macrolactone. These last peptides were found 
to be inhibitors of HIV-1 entry when assayed in a single round HIV-1 
infectivity test. With regard to this feature, the authors underlined 
the difference between Mutremdamide A (Figure 3B) and linear 
Koshikamide C (Figure 4A) which were inactive if compared to 
cyclic Koshikamides F (Figure 4B) and H (Figure 4C) which instead 
strongly inhibited the virus entry with IC50 values of 2.3 μM and 5.5 
μM, respectively. This suggested the ten-residue lactone ring to be 
important for inhibition activity in Koshikamides F and H (Figure 
4A and 4B) [44].

Halicylindramides (A-C) were isolated from the marine sponge 
Halichondria cylindrata and their structures were determined by a 
combination of spectral and chemical methods (Marfey’s analysis of 
the acid hydrolysate) that revealed the presence of N-terminus blocked 
by a formyl group and the C-terminus lactonized with a threonine 
residue. Halicylindramides A-C showed antifungal activity against 
Mortierella ramannianaat 7.5 µg disk [45]. Spectroscopical analyses 
suggested that the macrocyclic structure of halicylindramides was 
essential for their antifungal activities. To this depsipeptides group 
were then added the Halicylindramide D (Figure 5A) and E (Figure 
5B). Halicylindramide D (Figure 5A) similarly to Halicylindramide 
A-C is a tridecapeptide with the N-terminus blocked by a formyl 
group and the C-terminus lactonized with a threonine residue, while 
Halicylindramide E (Figure 5B) is a truncated linear peptide with a 
C-terminal amide and also Halicylindramide D and E where active as 
antifungal when tested against Mortierella ramanniana at 5 µg/disk 
and 160 µg/disk, respectively (Table 1) [46].

Three cyclic peptides, Aciculitins A, B and C (Figure 6A) were 
characterized from another Lithistid sponge, Aciculites orientalis. 
These compounds were characterized by a lyxose unit and showed 
identical structures with the exception for the length of the alkyl 
chains of the dihydroxydienoic acid moieties. Their fractionation and 
isolation was guided by antifungal assays against Candida albicans. 
The antifungal activity of these compounds was confirmed by standard 
disk assays in which Aciculitins A, B and C (Figure 6A) inhibited the 
growth of Candida albicans at a loading 2.5 µg/disk (Table 1). The 
presence of an histidine residue was considered crucial by the authors 
for the expression of the antifungal activity of Aciculitins A-C, in 
fact with these, another compound Aciculitamide A (Figure 6B), was 
isolated showing to be ineffective against Candida. Aciculitamide A 
(Figure 6B) differed from the Aciculitins only for the presence of an 
oxidized histidine engaged in a histidine-tyrosine bridge [47].

Cyclic depsipeptides Geodiamolides A and B (Figure 7A and 
7B) were isolated and fully structurally characterized (NMR, MS and 
X-ray crystallography) from the Caribbean marine sponge Geodia sp. 
[48]. Geodiamolides A and B (Figure 7A and 7B) showed antifungal 

activity for who’s the minimal inhibitory concentration against 
Candida albicans was 31.3 µg/ml.

Under the Papuamides class of cyclic depsipeptides are 
included in different compounds possessing antimicrobial activity, 
Callipeltin A, Neamphamide A, Homophymine A-E, Mirabamides, 
Theopapuamides and Celebesides A and B.

Figure 6A: Aciculitin A: R= -CH3, Aciculitin B: R= -CH2CH3, Aciculitin C: R= 
-CH2CH2CH3.

Figure 6B: Aciculitamide A.

Figure 7A: Geodiamolide A.

Figure 7B: Geodiamolide B.
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Callipeltins are a group of linear and cyclic bioactive peptides 
isolated from Callipeltin sp. and Latrunculia sp. sponge species 
[49,50] displaying a wide range of biological activities, ranging from 
antifungal, antiviral activity, cytotoxicity against several human 
tumour cell lines and as regulator of contraction in myocardial cells 
[50]. Callipeltin A (Figure 8A) was the first member to be isolated 

showing anti-HIV activity measured on infected CEM4 lymphocytic 
cell lines with a CD50 of 0.29 µg/ml and a ED50 of 0.01 µg/ml giving 
a selectivity index (SI ratio CD50/ED50) of 29 [51,52]. Callipeltins 
comprehend several members, i.e. Callipeltin A to M. The 12 
callipeltins B-M were considered degradative products of Callipeltin 
A. Callipeltins E and M are truncated linear forms of callipeltin B 
isolated from Latrunculia sp. These molecules were found to be 
composed of unusual non-proteinogenic amino acids such as L-N-
methylalanine, β-methoxytyrosine, L-N-methylglutamine, L-leucine, 
D-arginine, D-allothreonine, dimethylglutamine, 4-amino-7-
guanidino-2, 3-dihydroxypentanoic acid and 3-hydroxy-2,4,6-
trimethylheptanoic acid. The anti-Candida activity of Callipeltin 
A was evaluated in disk assays inhibiting the growth at 100 µg/disc 
with 30 mm of inhibition [52]. Callipeltine J, Callipeltine K, from 
Latrunculia sp. showed a MIC of 1 μM towards C. albicans, while 
Callipeltins L and M inhibited the growth of C. albicans ATCC 24433 
in a standard disk assay with MIC value of 10−4 M [49].

The aqueous and organic extracts of the Papuan sponge 
Neamphius huxleyi were tested and showed potent activity in 
the primary in vitro anti-HIV screen. Anti-HIV bioassay-guided 
fractionation of the organic extract of N. huxleyi resulted in the 
isolation of a new depsi undecapeptide, designated Neamphamide A 
(Figure 8B). The structure of this peptide was determined by means 
of NMR (interresidue NOE interactions and HMBC correlations), 
FAB, ESI and TOF mass experiments. Neamphamide A shared a high 
degree of structural homology with callipeltins. The anti-HIV activity 
of Neamphamide A was evaluated in an XTT based cell viability assay 
using the human T-cell line CEMSS infected with HIV-1RF. After 
a 6 day incubation period, Neamphamide A strongly inhibited the 
cytotoxic effect upon HIV-1 infection with an EC50 of 28 nM [53].

Homophymine A (Figure 9A), was isolated and characterized 
from a collection of the marine sponge Homophymia sp. The 
structure of homophymine A was determined by a combination of 
spectroscopic data (NMR), chemical methods (acid hydrolysis), and 
LC-MS analysis, from which four unusual amino acid residues were 
identified: 3,4-diMe-Glutamine (common to other papuamides), 
4-amino-2,3-dihydroxy-1,7-heptandioic acid, L-Throne, and 
2-amino-3-hydroxy-4, 5-dimethylhexanoic acid. Homophymine A 
(Figure 9A) exhibited cytoprotective activity against HIV-1 infection 
with a IC50 of 75 nMin a XTT based assay where PBMC cell lines were 
infected with HIV-1 virus (III B strain) [54]. In a further evaluation 
of depsipeptides content in this species, nine more compounds 
were identified and characterized Homophymines B-E, A1-E1. 
Homophymines A1–E1 presented the 4-amino-6-carbamoyl-2, 
3-dihydroxyhexanoic acid residue, differing from the A-E group 
where this residue was in a carboxyl form. This difference resulted 
important to allow the A1-E1 group to possess a stronger cytotoxic 

Figure 8A: Callipeltin A.

Figure 8B: Neamphamide A.

Figure 9A: Homophymine A.

Figure 9B: Theopapuamide A: R= OH ; R1= H, Theopapuamide B: R= OH; 
R1= CHO, Theopapuamide C: R= H; R1= CHO.

Figure 10: Celebeside A: R1= H, Celebeside C: R1= -H2PO3.
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activity towards diverse cancer cell lines [54].

Different forms of the opapuamides cyclic depsipetides were 
isolated. Theopapuamide A was firstly isolated form papuasian 
sponge Theonella swinhoei (Figure 9B), and its structure elucidated 
by NMR, mass spectrometry and chemical methods that allowed 
the breaking of the cyclic form of the peptide amenable to mass 
spectrometry analysis [55]. The extract of the sponge obtained with 
aqueous/CH3CN mixture, was assayed for its biological activity and 
showed to be an anti-HIV-1 agent in a CEM-TART cells assay with 
EC50 values of 0.5 μM. By comparison with the structure of other anti-
HIV agents such as callipeltins, papuamides and Neamphamide A, it 
was postulated that the 3, 4-dimethyl-L-glutamine residue may play a 
role in the anti-HIV activity of these compounds.

Theopapuamides B and C (Figure 9B) were isolated from 
the Indonesian marine sponge Siliquariaspongia mirabilis [56]. 
Theopapuamide B was analyzed and proved to be active with an IC50 
value of 0.8 μg/mL ± 0.3 μg/mL in an in vitro single-round HIV-1 
infectivity assay against viruses pseudo-typed with HIV-1 SF162 
envelope. Theopapuamide A, B and C possessed also antifungal 
activity when challenged with wild-type and amphotericin B-resistant 
strains of C albicans (Figure 9B). Theopapuamide A inhibited 
growth of wild type and amphotericin B-resistant strains at loadings 
of 1 μg/disk, displaying zones of growth inhibition of 8 mm and 
Theopapuamides B and C, displaying zones of inhibition of 10 mm 
at 5 μg/disk of against both strains are showing a lower antifungal 
activity (Table 2). Also, they showed to be cytotoxic against human 
colon carcinoma (HCT-116) cells with IC50 values between 2.1 μg/ml 
and 4.0 μg/ml C [56].

Together with abovementioned the opapuamides B and C, 
another type of cyclodepsipeptides was isolated from the same 
sponge Siliquariaspongia mirabilis: the Celebesides A, B and C [56]. 
When tested against Bacillus subtilis, Escherichia coli, Pseudomonas 
aeruginosa, Staphylococcus aureus, and C. albicans, all three 
celebesides resulted to be inactive even at high concentrations (50 µg/
disk in diffusion assays). The same compounds were instead highly 
active against HIV-1 in a single round HIV-1 infectivity assay against 
viruses pseudo typed with HIV-1 SF162 Envelope [57]. In these 
compounds a simple structural modification such as phosphorylation 
of a serine residue may modulate the HIV-1 activity, in fact, 
phosphorylated Celebeside A (Figure 10A) inhibited HIV-1 cell entry 
with an IC50 value of 1.9 (0.4 µg/mL), while the nonphosphorylated 
Celebeside C (Figure 10A) was inactive even at 50 µg/mL (Table 2).

Mirabamides A-D (Figure 11A and 11B) are depsipeptides 
with interesting biological activities isolated from Siliquariaspongia 
mirabilis [58]. Mirabamides A-D was shown to potently act as anti 
HIV-1 agents. They were tested against two different viral strains 
(HXB2 and SF162) in HIV-1 neutralization assays using pseudo typed 
viruses. Mirabamides A-D inhibited HXB2 infection of TZM-bl host 
cells with IC50 values of 140 nM for Mirabamides A and C (Figure 
11A) and 190 nM for D (Figure 11A). Differently, Mirabamide B 
(Figure 11B) failed to inhibit HXB2 at concentrations as high as 50 
µM. Compounds 26, 27 and 28 were less active toward SF162, with 
IC50 values of 400 nM for Mirabamide A (Figure 11A) and around 
1 µM for Mirabamides C and D (Figure 11A). Similarly with HXB2, 
Mirabamide B (Figure 11B) inhibited SF162 weakly. Mirabamide 
A-D (Figure 11A and 11B) were also assayed for virus fusion 
inhibition assays and compared with Papuamide A (Figure 12B) used 
as a standard compound. As a result, Mirabamide A (Figure 11A) 
and Papuamide A (Figure 12B) with IC50 values of 41 and 73 nM 
respectively, showed to be the most strong fusion inhibitors in contrast 
to mirabamides C and D that were active only at low micromolar 
concentrations. The observed differences in the biological activities of 
these compounds seemed to be linked to diverse peculiar structural 
features. The difference in anti-HIV-1 activity between Mirabamide 
B (Figure 11B) and Mirabamides A, Cand D (Figure 11A), was 
explained by the authors considering that the former compound 
contains a 2,3-dehydro-2-aminobutanoic acid residue in place of the 
2,3-diaminobutanoic acid residue present in the others. Together 
with this structural features, another residue, beta-methoxytyrosine, 
that was previously postulated to be crucial for the activity of other 
anti-HIV-1 peptides Callipeltin A (Figure 8A), Neamphamide A 
(Figure 8B), and Papuamides A and B (Figure 12A) by Ratnayake and 
coll [55], was found modified as beta-methoxytyrosine 4'-O-alpha-
L-rhamnopyranoside in Mirabamides A, B and D (Figure 11A and 
11B). This modification was considered to be not in conflict with the 
anti-HIV activity; rather, it indicated that the hydroxyl group of Tyr 
was not essential for the antiviral activity of mirabamides shedding 
more light on the knowledge of the mechanism of action of these 
compounds. In addition to anti-HIV-1 activity, Mirabamides A-D 
(Figure 11A and 11B) were shown to possess also antimicrobial 
features in disk diffusion assays. Mirabamides C (Figure 11A) and 
D (Figure 11A) inhibited growth of Bacillus subtilis at loadings of 
1 µg/disk, displaying a zone of growth inhibition of 9 mm, while 
Mirabamides A and B (Figure 11A and 11B) were less potent, 
displaying sized zones of inhibition at 5 µg/disk. Mirabamides A–C 
showed antifungal activity against C. albicans, displaying a zone of 
growth inhibition of 9 mm at 5 µg/disk.

Figure 11A: Mirabamide A: R1=α-rhamnose, R2=Cl, Mirabamide C: R1=H, 
R2=Cl, Mirabamide D: R1=α-rhamnose, R2=H.

Figure 11B: Mirabamide B: R1=α-rhamnose, R2=Cl.
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Another group of mirabamides, Mirabamides E-H (Figure 12B), 
were instead isolated from the sponge Stelletta clavosa [59], due to 
their structural similarity with Mirabamides A-D (Figure 11A and 
11B) and Papuamides, Mirabamides E-H were tested for their anti-
HIV activity in single round HIV-1 infectivity assays using as positive 
control the Mirabamide C (Figure 11A). The most potent of the 
four compounds to inhibit HIV-1 entry, resulted to be Mirabamide 
H (Figure 12B) displaying an IC50 value around 40 nM followed 
by Mirabamides F (Figure 12B) and G (Figure 12B) (both at ~65 
nM), and E (Figure 12B) and Mirabamide C (Figure 11A) (both at 
~120 nM). From a structure/activity point of view some interesting 
differences arise from the comparison between the anti-HIV-1 
activity of Mirabamides A-C (Figure 11A and 11B) and Mirabimides 
E-H (Figure 12B). As suggested by the assays results, the presence 
of 2-amino-2-butenoic acid in place of threonine would improve 
the activity in E-H group, as evidenced by the two-fold increase in 
potency of G compared to Mirabamide C (Figure 11A) sharing, apart 
this residue, identical structures. In a similar fashion, the substitution 
of 2,3-dihydroxy-2,6,8-trimethyldeca-(4Z,6E)-dienoic acid with 
3-hydroxy-2,6,8-trimethyldeca-(4Z,6E)-dienoic acid also lead to a 
two-fold increase in potency as seen by comparing E to F (Figure 12B) 
and G to H (Figure 12B). The authors suggested that an increase in 
hydrophobicity may improve the anti HIV activity. The role of the 
rhamnose moiety in potency was less clear.

Jasplakinolide (Jaspamide) (Figure 13A) a brominated compound, 
is the first member, isolated from the Fijian sponge Jaspis johnstoni, of 
the Jaspamides (jasplakinolides) family of cyclodepsipeptide [60]. It 

Figure 12A: Papuamide A: R1=CH3, Papuamide B: R1=H.

Figure 12B: Mirabamide E: R= OH; R1= α-rhamnose, Mirabamide F: R= H; 
R1= α-rhamnose, Mirabamide G: R=OH, R1=H, Mirabamide H: R=H; R1=H.

was object of an antimicrobial study in which several disk assays were 
done to screen its potential antibacterial and antifungal activities 
towards Staphylococcus aureus ATCC 6538P, Streptococcus pyogenes 
ATCC 8668, Escherichia coli Smith, Pseudomonas aeruginosa ATCC 
10145, and clinical isolates of Mycoplasma sp., C. albicans, and 
Trichophyton mentagrophytes. Jasplakinolide showed to be ineffective 
against all the bacterial strains tested, while it resulted to be a strong 
anti-Candida compound. In vitro experiments jasplakinolide showed 
an antifungal activity comparable to clotrimazole and miconazole 
nitrate. The MIC (µg/ml) values were <0.3 for C. albicans, >100 C. 
tropicalis, <0.3 to 3 for C. glabrata, <1 for C. parapsilosis, and <0.3 
for C. pseudotropicalis. In addition, jasplakinolide was assayed in vivo 

Figure 13: Jasplakinolide.

Figure 14A: Stellepeptin A.

Figure 14B: Stellepeptin B.
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where if topically administered against a murine vaginal C. albicans 
infection it was effective as miconazole, while it was not active against 
a systemic C. albicans infection. The mechanism of action proposed 
by the authors was that jasplakinolide suppress C. albicans DNA 
synthesis during the log phase [61]. Other fifteen jaspamide derivatives 
(B to P) were isolated from the genus Jaspis [14,62,63]. Many of these 
compounds exhibited potent cytotoxic activities against different 
cancer cell lines shown to cause microfilament disruption.

Marine sponges in the genus Stelletta have proven to be an 
extremely rich source of structurally diverse and biologically active 
natural products [59]. Stellettapeptins A and B (Figure 14A and 14B), 
were isolated from an aqueous extract of the marine sponge Stelletta 
sp. These compounds were tested for their anti-HIV activity in an 
XTT based cell viability assay using the human T-cell line CEM-SS 
infected with HIV-1RF. After six days of incubation, Stellettapeptins 
A and B (Figure 14A and 14B) showed a cytoprotective effect with 
EC50 of 23 and 27 nM, respectively [64].

Proline-rich cyclopeptides
Proline-rich cyclopeptides are an interesting class of peptides 

with a wide range of biological functions. Some of them act as 
immunosuppressor (Hymenistatin 1), as cytotoxic agents against 
cancer cells (stylissamides, phakellistatins, carteritins) or as 
antinflammatory molecules (Stylissatin A). The proline residue 
plays in these molecules an important structural role reducing the 
conformational flexibility due to the rigidity of the proline ring, 
leading to the maintenance of a rigid structure which in turn, leads 
to unimproved bioactivity. Two examples of antimicrobial cyclo-
proline-rich peptides are shown Callyaerins and Stylissamide G [65].

Proline-rich peptides named Callyaerins A-F and H showed 
biological activity in antibacterial and antifungal assays [66]. Callyaerin 
A (Figure 15A) showed also strong inhibitory properties towards C. 
albicans. They were extracted as ethyl acetate soluble fractions of 
the sponge C. aerizusa and fractionated on silica-gel columns. Their 
purification was followed by a bioassay guided fractionation and 
structure elucidation was achieved by a combination of NMR (homo 
and heteronuclear) techniques and LC-ESI-MS. These peptides 
contained a high number of proline and hydroxyproline residues, of 
which one proline is always positioned at the beginning of the side 
chain, while all others are found in the ring system. Similarly to other 
cyclic peptides, the basic structures of the Callyaerins comprises a 
cyclic part linked through a peculiar non-proteinogenic (Z)-2,3-
diaminoacrylic acid functional group, to a linear peptide side chain, 
both of variable size. The antimicrobial assays were based on disk 
diffusion tests showing that their activities were specie specific, for 
example Callyarein A (Figure 15A) resulted highly active against 
Candida albicans, weakly active against E. coli a while it was inactive 
against Bacillus subtilis. In a similar way Callyarein C (Figure 15C) 
was active only against B. subtilis and not towards E. coli, or S. aureus. 
In a recent paper five new cyclic peptides, Callyaerins I-M along with 
the known Callyaerins A-G, were isolated from Callyspongia aerizusa 
and tested for their antitubercular activity [67]. All compounds were 
tested in vitro against Mycobacterium tuberculosis, as well as against 
human cell lines, in order to assess their cytotoxicity. Only Callyaerins 
A (Figure 15A) and B (Figure 15C) showed potent anti-TB activity 
with MIC₉₀ values of 2 μM and 5 μM, respectively. Callyaerin C was 
found to be less active, with an MIC90 value of 40 μM. Callyaerin 
A (Figure 15A), the strongest anti-TB activity, resulted to be not 
cytotoxic to human cells, indicating this compound as a promising 

anti-TB agent.

A proline-rich heptacyclopeptide, Stylissamide G (Figure 16A), 
isolated from the Bahamian marine sponge Stylissa caribica, was 
synthesized for the first time by Dahiya et al. [7] by a combination 
of solid-phase and solution-phase techniques. From a comparison 
assay with the reference drug griseofulvin, 35 shown a strong 
antifungal activity against pathogenic C. albicans and dermatophytes 
Trichophyton mentagrophytes and Microsporum audouinii at a 
concentration of 6 μg/mL while no activity was observed against 
Aspergillus niger. A very weak activity was instead observed against 
pathogenic Gram-negative bacteria P. aeruginosa and Klebsiella 
pneumonia. Interestingly, differently from the synthetic counterpart, 
the natural Stylissamide G did not shown antimicrobial activity, 
similarly to other heptacyclopeptides of the stylissamide family 
isolated from the same marine sponge including Stylissamides A-F, 
H and X [68]. This difference was not discussed by the author, but 
we can argue that during synthesis, proline residues may have a 
different configuration (cis or trans) with respect to the natural form. 
This fact is of particular importance in the bioactivity of proline-rich 
cyclopeptides [69].

Conclusions
Sea organisms and in particular sponges, represent a huge source 

of yet unexplored bioactive molecules. Peptides of both ribosomal and 
non-ribosomal origin are a really interesting group of new potential 

Figure 15A: Callyaerin A, Figure 15B: Callyaerin B, Figure 15C: Callyaerin 
C.

Figure 16: Stylissamide.
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therapeutic molecules which wait for a major exploitation. In fact, 
one of the major problems in the study of these peptides is their 
challenging availability, due both to the environment in which these 
organisms live, and to the quantity, often scarce, obtainable through 
a classic chromatographic path of isolation and purification [70]. 
These objective difficulties added to the structural peculiarities, make 
the evaluation of the biological potential of these bioactive peptides 
rather arduous. For this reason the total synthesis often represents 
the only alternative not only for the obtaining of the product of 
interest, but also for their complete and correct structural elucidation 
[71,72]. Moreover, total synthesis may help in producing analogues 
with improved biological properties [73]. On the other hand, these 
difficulties and the great effort produced by chemical synthesis are 
compensated by the biological potential expressed by these molecules.
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