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Abstract

Marine organisms represent a valuable source of new compounds. The biodiversity of the marine environment and the associated chemical
diversity constitute a practically unlimited resource of new active substances in the field of the development of bioactive products.

In this paper, the molecular diversity of different marine peptides is described as well as information about their biological proper-
ties and mechanisms of action is provided. Moreover, a short review about isolation procedures of selected bioactive marine peptides is
offered.

Novel peptides from sponges, ascidians, mollusks, sea anemones and seaweeds are presented in association with their pharmacologice
properties and obtainment methods.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

It is a real fact that the importance of marine organisms
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biodiversity, the sea offers an enormous resource for novel OH
compoundd1], and it has been classified as the largest re-
maining reservoir of natural molecules to be evaluated for
drug activity[2].

A very different kind of substances have been obtained cH, /o R
from marine organisms among other reasons because they o

N o
are living in a very exigent, competitive, and aggressive sur- j\:

Iz

T

rounding very different in many aspects from the terres-
trial environment, a situation that demands the production R
of quite specific and potent active molecules.

The discovery of the bioregulatory role of different o
endogenous peptides in the organism as well as the under-
standing of the molecular mechanisms of action of some new
bioactive peptides obtained from natural sources on SpecificFig. 1. Basic structure of Geodiamolides A-F peptides where X and R
cellular targets, contributed to consider peptides also as'ePresent different atoms or radicals.
promising lead drug candidates. Recently marine peptides
have opened a new perspective for pharmaceutical develop-describes some of the discoveries in this field at that time.
ments[3]. Cyclic and linear peptides discovered from ma- Discodermins A—H and the structural related Polydiscamide
rine animals have increased our knowledge about new potentA, obtained from sponges of the genDgcodermiaare a
cytotoxic, antimicrobial, ion channels specific blockers, and group of cytotoxic peptides containing 13—14 known and
many other properties with novel chemical structures asso-rare amino acids as a chain, with a macrocyclic ring consti-
ciated to original mechanisms of pharmacological activity. tuted by lactonization of a threonine unit with the carboxy
These facts introduce marine peptides as a new choice forterminal. They are all cytotoxic and were tested against P388
the obtainment of lead compounds for biomedical research. murine leukemia cells, A549 human lung cell line or by the
This non exhaustive review is an intent to systematize someinhibition of the development of starfish embryos withy$C
of the recent and novel information in this field. values from 0.02 to 2fag/ml. Discodermin A, was further

studied recently7] showing a permeabilizing effect on the
plasma membrane of vascular smooth muscle cells and tis-

CH, CHy CH,

2. Cyclic peptides and depsipeptides sues.
Geodiamolides A—GHig. 1) initially isolated from the
2.1. Bioactive peptides from sponges Caribbean spong&eodiasp. and the similar peptide Jas-

pamide are also a group of cytotoxic peptides in which three
Sponges are a large and diverse group of colonial or- amino acids form a cyclic peptide with a common polyke-
ganisms that constitute the phylum Porifera with thousandstide unit. Arenastatin A8] a cyclic depsipeptide frorby-
of different species extensively distributed from superficial sidia arenariais a extreme potent cytotoxic compound with
waters near the sea shores up to deep waters of the oceara IC5g of 5 pg/ml against KB cells.
Sponges have been traditionally known as a source of novel Phakellistating9] are a group of proline rich cyclic hep-
bioactive metabolites like terpenoids, alkaloids, macrolides, tapeptides. Phakellistatin 2 showed potent activity against
polyethers, nucleoside derivatives and many other organicP388 murine leukemia cells (Ep= 0.34p.g/ml), but also
compounds. Synthetic analogues of the C-nucleosides Sponagainst different melanoma cell lines.
gouridine and Spongothymidine isolated from a Caribbean Theonellamides A—F are also a group of cytotoxic com-
sponge led later to the development of Cytosine Arabinoside, pounds isolated by Matsunaga et [4l0] with novel amino
an anticancer compound]. More recently, the attention acid residues and complex bicyclic macrocyclic rings. As
has been directed also to the search of bioactive peptidest was demonstrated later, it is suggested that the origin of
from sponges, being actually a well established sector in the some of these peptides would be associated with a microbial
research of marine natural products. source or with symbionts within the sponges, because of the
Active peptides from sponges most of them with unique similarity of some of these molecules to marine microbial
unprecedent structures in comparison with these kind of metabolites.
compounds from other sources are often cyclic or linear pep- New members have been added lately to the list of bioac-
tides containing unusual amino acids which are either rare tive peptides from sponges and many of them were eval-
in terrestrial and microbial systems or even totally novel, uated as cytotoxic exhibiting antitumor and antimicrobial
and also frequently containing uncommon condensation be-activities.
tween amino acids. A novel peptide, Polydiscamide A, and its deriva-
One of the first novel peptides isolated from sponges tives were proposed as antibacterial and antitumor agents
were the cell growth inhibitory tetradecapeptide Discoder- [11]. Discobahamin A and B are two bioactive antifungal
mins [5]. A review of cytotoxic peptides from spongg peptides evaluated as inhibitors of the growthG#ndida
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albicans isolated from the Bahamian deep water marine  On the other hand, new polypeptides from sponges act-
spongeDiscodermiasp.[12]. ing on membranes of excitable cells have been also use-

The depsipeptides Halicylindramides A{C3] and D ful to discover new targets for physiological mechanisms.
and E[14] with antifungal and cytotoxic properties (against Multiple-step purification procedure led to the new dimeric
P388), were obtained from the Japanese marine spdalije peptide Mapacalcine (Mr 19,064) fro@liona vastificg29]
chondria cylindrata Halicylindramides A-C are tetrade- which selectively blocked a non-L-type new calcium con-
capeptides with an N-terminus blocked by a formyl group ductance characterized in mouse duodenal myocytes with an
and the C-terminus lactonized with a threonine residue. Hal- IC5q value of approximately 0.2M. Mapacalcine is sug-
icylindramide D is a tridecapeptide also with antifungal and gested as a specific inhibitor of a new type of calcium cur-
cytotoxic properties, while Halicylindramide E is atruncated rent, first identified in duodenal myocytes.
linear peptide with a C-terminal amide. The origin and role of bioactive peptides inside the

Three new antifungal cyclic peptides with unprecedented sponges, in many cases are uncl§20]. Many of these
amino acids, Microsclerodermins C-E were isolated from compounds have potent activities not always clearly related
two species of spongeBheonellasp. andMicroscleroderma to their in situ role. Examples are antitumorals, antivirals,
sp. from the Philippineg15]. Further antifungal cyclic pep- immunosuppressive and antimicrobial agents, as well as
tides from sponges are the Aciculitins A-{C6] and the neurotoxins, hepatotoxin, and cardiac stimulants. Addition-
Theonegramidgl7]. Other examples are the Haligramides ally other studies indicate that different compounds isolated
A and B, two new cytotoxic hexapeptides from the sponge from marine macroorganisms like sponges and tunicates
Haliclona nigra [18], and Mozamides A and B from a may be produced from dietary or by microorganisms like
theonellid sponge collected in Mozambiqu®]. bacteria or symbiotic blue-green algf&l]. This fact il-

A bioassay guided fractionation of two species of marine lustrates the need for further research into the symbiotic
sponges from the Pacific Ocef20], led to the isolation of = association within these macroorganisms and also suggest
different new cytotoxic peptides like the cyclic depsipep- to orientate more intensively the search of these compounds
tides Geodiamolides H-N and P. Geodiamolides J-N and Palso directly to the marine microorganisms.
represented the first examples in the Geodiamolide family  The isolation and structure elucidation of the first bioac-

in which a serine residue has been incorporated. tive peptides isolated directly from a marine bacterium was
Other cytotoxic and antiproliferative peptides from reported in 1991 by McKef82]. Some other peptides have
sponges are Hemiasterljal], Milnamide A [22] and Jas- been isolated from marine bacteria. However up to now
plakinolide[23]. there is no comparison with the amount of bioactive peptides
HIV-inhibitory peptides from sponges constitute a recent isolated from marine macroorganisms, and the biologically
discovery. The cyclic depsipeptides Papuamides A24) active peptides from marine microorganisms. The poten-

isolated from sponges of the gentikeonella containing tial of marine microorganisms for the obtainment of lead
a number of unusual amino acids are also the first marine-molecules is clearly immense due to other reasons, e.g. the
derived peptides reported to contain 3-hydroxyleucine and feasibility to cultivate in laboratory conditions and to ma-
homoproline residues, and the previously underscribed 2, nipulate these initial sources of bioactive natural products.
3-dihydroxy-2,6,8-trimethyldeca-(4Z,6E)-dienoic acid mo- Other examples of bioactive peptides isolated from mi-
iety N-linked to a terminal glycine residue. Papuamides A croorganisms living in association with sponges are the bi-
and B inhibited the infection of human T-lymphoblastoid cyclic glycopeptide Theopalauamifig3] and the cytotoxic
cells by HIV-1 sub(RF) in vitro with an E£p of approx- halogenated hexapeptide Cyclocinamide A with a potent in
imately 4ng/ml. Another anti-HIV candidate from the vitro selective activity against Colon-38 tumor cdlBgl].
sponge Sidonops microspinosés the Microspinosamide

[25] a new cyclic depsipeptide incorporating 13 amino 2.2. Bioactive peptides from Ascidians

acid residues, that is the first naturally occurring peptide

containing a beta—hydroxy-bromophenylalanine residue. Cyclic and linear peptides and depsipeptides with novel
Microspinosamide inhibited the cytopathic effect of HIV-1 structures and biological functions have been discovered also
infection in an XTT-based in vitro assay. in ascidians usually called tunicates. Didemnins are a fam-

Other novel peptides, Keramamides B—D were also iso- ily of depsipeptides with antitumor, antiviral and immuno-
lated from sponges of the same previously mentioned genussupressive activities primarily isolated from the Caribbean
Theonella[26] as well as Orbiculamide A27] cytotoxic tunicateTrididemnum solidugbut later obtained from other
against P388 murine leukemia cells §(C= 4.7 ng/ml). species of the same gen[85]. Didemnin B Fig. 2) was
Other active peptides also isolated from members of the the most prominent member of the family with the most po-
same genus are the Swinholide A, Bistheonellides, On- tent antitumor activity (in vitro L1210 1§y = 2.5ng/ml)
namide A, Theonellamide F, Theonellapeptolides, and [36] and it was the first marine natural product evaluated in
Cyclotheonamides. Cyclotheonamides A anfPB] are po- human clinical trials.
tent antithrombin cyclic peptides which strongly inhibited In another study, Didemnin B together with some of the
various proteinases, particularly thrombin. more promising marine antitumor candidates was evaluated
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Fig. 3. Dolastatin 10 from the sea hare (mollug)}labella auricularia

2.3. Bioactive cyclic peptides from Mollusks

Cytotoxic cyclic peptides have been also found in mol-
lusks. Dolastatins are a group of cyclic and linear peptides
isolated from the marine molluskolabella auricularia
with prominent cell growth suppressing activity. From mol-
lusks it has been also isolated another prominent family of
as an antiproliferative agent against human prostatic cancempeptides, in this case highly compact and stable linear pep-
cell lines[37]. At concentration levels of pmol/ml Didemnin  tides, known as conotoxins but with specific actions on ion
B was more effective in the inhibition of prostate cancer channels and membrane receptors of excitable cells, as it
cell proliferation than Taxol. Neurotoxic side effect for this will be shown later inSection 31.
compound was also detected and in this sense some caution Dolabella auriculariais a mollusk devoid of shell and
in the use of it in the clinic was suggested. for this reason initially appears to lack defenses against

Didemnim A and B also show antiviral activity against predators, but this is only a preliminary supposition. Ac-
different kinds of virus like herpes simplex, parainfluenza, cumulated evidences support the fact tBgtisthobranchia
and dengue virus, among oth¢8s]. mollusks have developed very powerful chemical defenses

Different new members of the family, also cyclic dep- [44]. The earliest information about the isolation of some of
sipeptides related to Didemnins have been later isolatedthese compounds was reported by Pettit in 1p8]. The
from extracts of this tunicate. Some of them are Didemnins pentapeptide Dolastatin 1&i). 3) when isolated in 1987
X, Y, M, Nordidemnin N, and Epididemnin A, as well [46] was reported as the most active anticancer natural sub-
as twenty-two new Didemnin analogues were prepared stance at that time with a Eggof 4.6 x 10~ ug/ml against
semisynthetically and their biological activities evaluated, the P388 cell line. Another study showed that Dolastatin 10
including cytotoxicity and antiviral and immunosuppressive inhibits tubulin polymerization and tubulin dependent GTP
properties[39]. Lissoclinamides constitute another large hydrolysis[47].
family of cyclic peptideq40] isolated from ascidiand {s- Dolastatin 10 has been evaluated with promising perspec-
soclinum patellxshowing relevant antineoplastic as well as tives in a phase I clinical study in patients with solid tumors.
other pharmacological properties against human fibroblast Subsequently its noticeable antitumor activity was well doc-
and bladder carcinoma cell lines. Some members of theumented in various in vitro and in vivo tumor mod§is8].
family contain an oxazoline ring, one proline, one valine, More than a dozen of Dolastatins have been isolated up to
two phenylalanine residues, and thiazole and/or thiazoline now. The study of the cytotoxic mechanism of action of
rings[41]. members of the family of Dolastatins exhibit particularities.

Another recently discovered cytotoxic peptide from Recent studies have shown for example that the depsipep-
an ascidian is Styelin 0J42], a 32-residue C-terminally tide Dolastatin 11 arrests cells at cytokinesis by causing a
amidated antimicrobial peptide, isolated from blood cells rapid and massive rearrangement of the cellular actin fila-
(hemocytes) of the ascidiaBtyela clava The molecule ment network and induces hyperpolymerization of purified
contains extensive post-translational modifications, and actin [49]. The effects of Dolastatin 11 were most similar
novel and unusual amino acids. Styelin D exhibited activity to those of the sponge-derived depsipeptide Jasplakinolide,
against Gram-negative and Gram-positive bacteria, that isbut Dolastatin 11 was about three-fold more cytotoxic than
retained in high salinity (200 mM NaCl). This author in- Jasplakinolide in the cells studied.
dicates that these kind of peptide antibiotics from marine  Another new cytotoxic cyclic hexapeptide from a marine
organisms could be useful for the development of topical mollusk is the Keenamide A, isolated frorleurobranchus
microbicides in conditions of physiological or elevated forskalii [50]. Keenamide A exhibited significant activity
NaCl concentrations. against the P-388, A-549, MEL-20, and HT-29 tumor cell

Tamandarins A and B are also two cytotoxic depsipeptides lines.
recently discovered from a marine ascidian of the family = New classes of anticancer drugs candidates, isolated from
Didemnidae[43]. The cytotoxicity of Tamandarin A was marine organisms, have been shown to possess powerful cy-
evaluated against various human cancer cell lines and showrtotoxic activity against multiple tumor types. According to
to be slightly more potent than Didemnin. structural characteristics, cytotoxic compounds from marine

Fig. 2. Didemnim B from the tunicat@rididemnum solidum
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organisms include very different kind of metabolites like commonly known as toxins. The use of toxins is an expand-
macrolides, terpenes, nitrogen including compounds like ing field and up to the moment they have been used as lead
complex alkaloids, and many others. However among the structures for diagnostic, therapeutic, and other purposes.
most active of them are the cyclic peptides and depsipep-Moreover, they are being used as useful chemical tools in
tides or linear peptides bearing uncommon amino acids iso-the field of scientific research to study the molecular mech-
lated from sponges, tunicates, and mollusks. In conformity anisms underlying different functions.
with Schmitz et al[51] the most active cytotoxins (B < The ion channels are a common target for many peptide
103 wg/ml) are the depsipeptides. They include Didemn- toxins. As many neurological disorders are the result of mu-
ims B, D, E, X, Dehydrodidemnimn B, Dolastatins 3, 10, tations at this level (termed “channelopathies”) such mutant
11, 15 and Geodiamolides A, B, C, and D. ion channels represent an important therapeutic target for
the discovery of new drugs.

Several studies have shown that some of the most active
components of venoms are of proteinic nature probably be-

Purification procedures of these kind of cyclic peptides cause of different reasons. Their large surfaces allow more
and depsipeptides isolated from sea animals like ascidiansbonding contact with their target receptors, they seem to be
sponges and mollusk, usually include initial extraction with very potent and additionally for the biosynthesis of proteins
methanol (MeOH), partitions of this extract with organic the required machinery is already present in aninfig.
solvents of increasing polarities to render diverse organic Moreover, because of structural foldings, peptidic toxins can
fractions, and chromatographic steps on silica and Sephadexadopt relatively stable compact conformations, making them
LH-20 columns, and the use of reversed phagg lHPLC resistent to enzymatic actions and exerting very specific ef-
for the final purification. fect at the level of their target receptors because of their

As an example, a typical procedure of a bioassay guided complex structuré3].
isolation applied to the obtainment of Onchidin B, a cy-
clodepsipeptide from the mollus®nchidumsp. [52] in-
clude an initial extraction from the freeze-dried animal with
methanol. The methanol extract is concentrated in vacuum There are approximately 500 species of predatory cone
and the resulting viscous concentrate is partitioned betweensnails within the genu€onus(Phyllum Molluscg and it
10% aqueous methanol and hexane. The methanolic portiorhas been estimated that the venom of e@dmusspecies

2.4. Isolation methods of cyclic peptides

3.1. Conus toxins

is then extracted with carbon tetrachloride (@)Chnd later
with dichloromethane (CpCl,). Each organic layer is con-
centrated in vacuum to yield the hexane, g@nd CHCl,
extracts.

The CC}, extract was submitted to flash silica gel column

has among 50 and 200 compone}&s].

Conusrepresent a valuable source of neuropharmacolog-
ically active peptides named conotoxins. According to Oliv-
era[57] these peptides take part in the defence, prey capture
and some other biotic interactions. They consist of a mixture

chromatography eluted with a gradient from dichloromethaneof peptides, of relatively short strings of amino acids and are

to methanol resulting in five fractions. Fraction two was
further purified on a reversed phasgg®PLC and resulted
in purification of Onchidin B.

Variants of this procedure additionally include for exam-
ple steps of desalting of organic (alcoholic) fractions with the

rich in disulfide bonds. The majority of these peptides con-
sist of about 8—-35 amino acids in lend88]. The presence
of disulfide bonds seems to lock the peptide into a relatively
rigid shape, which probably increase the binding ability of
conotoxins to very specific targd&9]. The relatively small

resin Amberlite XAD-2, and a separation step in a Sephadexsize of these peptides represents a great advantage for their

LH-20 column eluted with methanol-water, just before the
HPLC chromatography on the reversed phagg lumn
[53,54]

3. Linear peptide toxins from Conus and sea anemones

chemical synthesi€0]. In additionConusvenoms also con-

tain a heterogeneous group of peptides that are not disulfide

rich (e.g. the conantokins), large polypeptides (>10kDa) or

small molecules such as biologically active amines.
According to Cruz et al[60] the list of macromolecu-

lar targets of these peptides includes six types of ion chan-

nels and receptors: acetylcholine receptats, @A- and

The animals’ use of venoms for feeding, defence and other ;-conotoxins), NMDA receptors (conantokins), sodiyim, (
interspecies interactions results from an evolutionary fine nO- andd-conotoxins) calciumd-conotoxins) and potas-
process that has taken place in different taxa along millions sium (k-conotoxins) channels, vasopressin (conopressins)

of years.

and neurotensin (contulateins) receptdia(e 1. However,

As the use of venoms is the strategy of different species the discovery of new conopeptides having specific structural

to survive in a specific environment it is not surprising that

and biological features is enhancing.

the components of these venoms might exert very specific The a-conopeptides represent the best structurally stud-
and potent effects. For this same reason animal venoms aréed class and they act as antagonists of the nicotinic acetyl-
for scientists a source of interesting bioactive molecules choline receptors (AchR$$1,62] According to Arias and
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Table 1

Types ofConuspeptides and molecular targets

A. Aneiros, A. Garateix / J. Chromatogr. B 803 (2004) 41-53

Molecular target Cysteine arrangement Class Mode of action Prototypical example

Acetylcholine receptors CcCc-C-C «-Conotoxins Competitive inhibitor a-Gl
cc-c-c-c-C aA-Conotoxins Competitive inhibitor oA-EIVA
cc-c-Cc-ccC -Conotoxins Noncompetitive inhibitor Y-PINE

Sodium channel cc-c-c-cc wn-Conotoxins Block current w-PINA
c-c-cc-c-C wnO-Conotoxins Block current nO-MrVvIB
c-c-cc-c-Cc 3-Conotoxins Delay inactivation of Nachannel (site VI) 3-TxVIA

Calcium channel c-Cc-cc-c-C w-Conotoxins block current of specific subtypes w-MVIIA

Potassium channels c-c-cc-c-C k-Conotoxins Blocker kA-SVIA

NMDA receptor Linear Conantokins Inhibitor Conantokin-G

Vasopressin receptors c-C Conopressin Agonist Conopresin-S

Neurotensin receptors Linear Contulateins Agonist Contulakin-G

Blanton [63] these neurotoxins are capable to discriminate behavior in mice as it was described by Olivgg&]. They

between muscle and neuronal type AchRs and even amongnclude w-conotoxins GVIA and MVIIA fromC. geogra-

distinct AchR subtypes and the binding toxin-receptor phusandC. magus respectively, among others. Four new

shows specific characteristics It has been postulated thatw-toxins were isolated from the venom &. catusand

these peptides could be of interest in the treatment of anx-their potencies in different bioassays were compd6d.

iety, Parkinson’s disease, pain, hypertension, cancer andBecause of the therapeutical potential of this type of neuro-

also as muscle relaxanisl]. toxins in the management of severe pain they are of great
Conantokins are a specific class of linear peptides which interest. The synthetic peptide SNX-111 corresponds to

inhibit N-methylb-aspartate (NMDA) receptors This kind the sequence of am-conopeptide MVIIA obtained from

of receptors plays an important role in the pathophysiology the venom ofConus magusnd it acts as a highly potent

of central nervous system (CNS) disorders. All conantokins and selective antagonist of N-type calcium chanrié8.

are linear peptides except the conantokin isolated ftona- The team of Nadasdi et al., synthesized and developed a

diathuswhich has a three amino acid disulfide bridged loop structure-activity study of analogs to SNX-111. Neurex

near the C-terminu§1]. As it was indicated by Olivergp7] Corporation presented a patent (No. 536484&9] for

these peptides were originally purified following their char- w-conopeptides or derivatives (SNX-111 or SNX-185) to

acteristic to induce a sleep-like state in mice under 2 weeksbe used as potent analgesics.

of age, whereas in mice older than 3 weeks a hyperactivity From the venom ofConus purpurascenthe first cone

is observed. They represent a novel class of NMDA receptor snail toxin that blocks potassium channekscpnotoxin

antagonists that can modulate CNS excitability. They offer PVIIA) was isolated. The overall fold ok-conotoxin is

an interesting alternative in the treatment of epilepsy, pain, similar to that of calcium channel-blocking-conotoxins

stroke and Parkinson’s diseg&d]. but differs in this aspect from potassium channel-blocking
Different types of conotoxins act on the voltage-sensitive toxins from sea anemones, scorpions and snpi®s

sodium channels. The best studied of these compounds are In addition, there have been isolated few new conotoxins

pw-conotoxins which act as selectively blockers on verte- which target at different sites. For instance, Serotonin recep-

brate skeletal muscle subtypes of voltage-dependent sodiuntors are another molecular target for conotoxins and specif-

channel[58]. pn-Conotoxins which act on neuromuscular ically o-conotoxin GVIIIA selectively inhibits the 5-HT3

sodium channels might be useful to treat neuromuscular dis-receptor{71].

orderg[61]. 8-Conotoxin-GmVIA, purified fromConus glo-

riamaris, induces convulsive-like contractions when injected 3.2. Sea anemone linear polypeptides

into land snails but has no detectable effects in mammals. It

acts specifically on molluskan sodium chanrjé#. It slows 3.2.1. Channel toxins

down the inactivation process of this current and induces ac-  Sessile animals like sea anemones have developed along

tion potential broadening.O-Conotoxins include a family  the evolution specific chemical mechanisms for the complex

of peptides which block sodium currents of voltage-sensitive interactions in which they participate in the marine environ-

sodium channelg.O-Conotoxins MrVIA and MrVIB iso- ment. The toxicity of these animals is in part associated to

lated fromC. marmoreugpotently block the sodium conduc-  the presence of nematocysts, a specialized stinging organell,

tance inAplysianeurons. Although these peptides exhibit a characteristic of th€oelenteratePhyllum.

pharmacological action which is similar of theconotoxins, From nematocyst rich tissues, secretions as well as differ-

they are structurally unrelatd@5]. ent parts or the whole body from sea anemones have been
Specifically w-conotoxins, selective for calcium chan- obtained different compounds of proteinic nature including

nels, were purified using their ability to produce a shaking pore-forming toxins or cytolisin§72—74] phospholipases
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[75], Na" channel toxing76-78] K* channel inhibitors e Type | toxins are represented by ATXI, ATXII and ATXV
[79-83] other neurotoxing84] and even proteinase in- from A. sulcata Aftl and Aftll from Anthopleura fus-
hibitors[85,86] Nevertheless, the exact origin of both neu-  coviridis, ApA and ApB fromA. xantogrammicaApC
rotoxins and cytolysins is not quite clear and others sources from A. elegantissimd90,92] and Bgll and Bglll from
besides nematocysts seem to contribute to the toxicity of Bunodosoma granuliferamong other$93,94]
sea anemond34]. e Type Il toxins include Shl frons. helianthusand toxins
Different authors have suggested that it is possible that the ~from Heteractissp.
cytolisins and the toxins that target ionic channels together
act synergisticallyfj87].
According to the molecular weight (MW) and some phar-
macological properties, sea anemone sodium polypeptide
toxins were earlier classified in four grouf&8]:

These two types of toxins are cross linked by three disul-
fide bridges, have molecular weights about 5 kDa and show
the same electrophysiological activity.

Other toxins have been isolated which do not fall nearly
into one of these classes.

1. Basic polypeptides with MW 3000. In Fig. 4, different type | sea anemone toxins are depicted.

2. Polypeptides in the MW range between 4000 and As_ it can be seen a considerable similarity exist in the amino
6000. These two groups include toxins that act on the &cid sequence among them.
voltage-activated N& channel. \oltage-dependent sodium channels constitute an impor-
3. Polypeptides in the MW range between 6000 and 7000, tant t_arget for different groups of neurotoxins which have
This group posses proteinase inhibiting activity and they c_ontrlbuted to the structural and functional characteriza-
show great homology with other proteinase inhibitors tion of this channe[95]. At least six different neurotoxin

isolated from mammalian species. receptor sites have been described for the mammalian
4. Polypeptides in the MW range 10000. These com- Na channels and sea anemone peptide neurotoxins and
pounds show mainly cytolytic activity. a-scorpion toxins share receptor site 3 on sodium channels

[96,97] which involves the extracellular loop IVS3-S4

It has not been corroborated subsequently if all the four and additional unidentified contacts in the IS5-S6, and
groups of polypeptides are present in each sea anemondVS5-S6 loops of the ionic channgd8]. Their main ef-
specie. fect is to delay sodium channel inactivation which leads

More recently, a different type of polypeptide neurotoxins to neurotoxic (repetitive firing) and cardiotoxic (arrhytmia)
acting on the voltage-dependent Khannels was reported  effect.
[79-83] In general, sea anemone toxins are basic proteins that

The studies on sea anemones toxins were started bybind across to the IVS3-S4 loop through electrostatic,
Shapiro[89] and Béress and Bére§6] who isolated toxins ~ hydrogen-bonding, or Van der Waals interactiof®s].
from Condylactis giganteand Anemonia sulcatarespec- Many of these toxins induce a positive inotropic effect in
tively. These studies led to the discovery of new compounds different mammalian heart preparations and an increase in
capable to act at the level of voltage activated sodium chan-the action potential (AP) duration, that can be explained by
nels. After that time many others polypeptide toxins have modulation via N&/Ca&* exchange that results from the
been isolated and chemically characterized from different increased cellular Naload [99].

sea anemone species which similarly to toxins fransul- Chemical modification studies of sea anemone toxins
cata and C. giganteainhibit the Na~ channel inactivation ~ were carried out by several laboratories to determine the
[90,91] role of different amino acids in the channel binding but

There are two more recent classification of the sodium do not exist a general conclusion about the role of each
channel toxins, one of them take into account their sequenceresidue, however different residues that seem to play a
homologies and the second one is according to the specificrole in the interaction with toxin receptor such as Arg-12,
binding site and to their specific physiological effect in the Arg-14, Lys-49 and Lys-37 were identifi¢82,100,101] In

sodium channel. general, basic amino acids of toxins and acidic residues of
According to sequence homologies sodium channel toxins the domains | and IV of the sodium channel alpha subunit
can be classified as types | and1B]: have been implicated in toxin binding.
1 10 20 30 40 50 % id.

Bgll IGASCRCDSDGPTSRGNTLTGTLWLIGGCPSGWHNCRGSGPFIGYCCKQZ 100
Bglll GASCRCDSDGPTSRGITLTGTLWLIGRCPSGWHNCRGSGPFIGYCCKQ 97.9
ApA SCIECDSDGPBJRGNTLSGTLWLMZS{ECPSGWHNC GPIG.CCKQ 72.9
ATXI - -~ 70.8

Fig. 4. Comparison of the sequences of some anemone toxins: Bgll and BgllIBuoradosoma granuliferdpA from Anthopleura xanthogrammica
and ATXIlI from Anemonia sulcataldentical amino acids are indicated with a black background, homologous amino acids are indicated with a gray
background, dashes represent gaps. At the right column the percentage of identity in comparison to Bgll (modified from Gouéa})et al.
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Concerning to the K channels more recently a new e About 5-8kDa peptides with antihistamine activity.
type of blocking toxins from different sea anemones was o About 20kDa pore-forming proteins inhibited by sphin-

obtained such as BgK from. granulifera[79], ShK from gomyelin.

Stichodactyla helianthug80], AsKS and AskKC fromA. e About 30—40kDa cytolysins with or without phospholi-
sulcata[81], HmK from Heteractis magnificg82] and AeK pase A activity.

from Actinia equina[83] which are structurally different e A putative group of proteins represented at present solely
in comparison with other K channel toxins isolated from by an 80 kDaMetridium senilecytolysin.

snake, scorpion and bee venoms. These sea anemone toxins
are formed by about 35-37 amino acids and they present Group 1 Cytolysins belonging to this group have been
three disulfide bridgg87]. They inhibit K channels by  found in Tealia felina [111], Radianthus macrodactylus
binding to a receptor site in the external vestibule of the [112] andCondylactis aurantiac§l11,112] The cytolysins
channel occluding physically the pore and thus blocking the of this group in general are not inhibited by sphingomyelin
ionic current[102]. Because of their action mechanism and and are less hemolytically active than the groups Il and
their specificities sea anemone toxins and scorpion toxinslll cytolysins. Cytolysins isolated fronT. felina and R.
have been used to identify the pore region and to measuremacrodactylushow antihistamine activity.
the external mouth of the channel pdi®2]. A common The structural characteristics of this group of cytolysins
characteristic of both sea anemone and scorpion potassiums not well known. In comparison with group Il cytolysins
channel blockers is the presence of a functional diad formedthey possess cysteine residues and lack tryptophan.
by lysine and a hydrophobic resid[#03,104] This diad of Group 2 This is the best studied group of sea anemone
toxins residues determinants for the potassium channel in-cytolysins. They are known as actinopor(i§] taking into
teractions consist in a Lys-25 and Tyr-26 for BgK, whereas account that their source are sea anemoAetir(aria) and
for ShK the diad is composed by a Lys-22 and Tyr-23 their ability to form pores in natural and model lipid mem-
[104,105] brane. This pore formation includes at least two steps: the
Both BgK and ShK compete with dendrotoxin-l (from first one involves the binding of a soluble toxin monomer to
snake venom) for binding to rat brain synaptosomal mem- the lipid bilayer, this process is fast, it is concluded in few
branes, and suppress'kurrents in rat dorsal root ganglion ~ seconds and is irreversib[@13,114] The second step in-
neurons in culturg79,80] BgK blocks K" currents in volves slower oligomerization in the plane of the membrane,
snail neurong106] and Kv1 channels ilXenopusoocytes which eventually leads to the formation of the functional
almost equipotently at nanomolar concentrati¢®g]. In pore[115,116]
contrast, ShK blocks different Kvl channels at nano and They are all monomeric, cysteinless proteins with isoelec-
subnanomolar concentratiori§7,103] Even at 100 nM, tric point values mostly above nine. Three or four molecules
BgK, and ShK did not affect the Kv3.1 channf87]. oligomerise in the presence of a lipid membrane to form
Additionally, they potently blocked at nanomolar con- cation-selective pores of about 2 nm hydrodynamic diameter
centrations the intermediate conductance’'Gactivated [117,118]
potassium channel IKCal, a well-recognized therapeutic Hemolysis has been mainly used to characterize the ac-
target present in erythrocytes, human T lymphocytes andtivity of actinoporins[119].
colon [107]. In addition ShK is a potent blocker of Kv1.3 Actinoporins are very potent toxins that affect almost all
potassium channel in Jurkat T-lymphocy{@98]. As the kind of eukaryotic cells. They use sphyngomyelin, a lipid
Kv1.3 channel has been implicated in the T-lymphocyte that is ubiquitous in animal cells, as a low affinity receptor
proliferation and lymphokine production, blockers of this [120].
channel are of interest too as potential immunosuppressants The most studied actinoporins are Equinatoxins II, IV
[109]. and V from A. equina[121], Sticholysin | and I1[73]
From A. sulcatathe blood depressing substances BDS-1 from S. helianthusand HMglll from H. magnifica[72].
and BDS-Il are the first specific blockers for the Kv3.4 potas- The primary structure of these actinoporins is characterized
sium channe[110]. by a conserved putative N-terminal amphiphiliehelix, a
HmK, the potassium channel toxin from the sea anemone triptophan-rich stretch, and an RGD-mqjfif4]. The bind-
H. magnifica[82] was reported to inhibit the binding of ing of these polypeptides to the membrane is associated
[129]- a-dendrotoxin (a ligand for voltage-gatedkchan-  with a partial conformational change of the toxin without a
nel) to rat brain synaptosomal membranes with afkabout significant change in its secondary structure.
1nM blocks K" currents through Kv1.2 channels expressed  They are highly lethal in mammals and this activity is at-
in a mammalian cell line and facilitates acetylcholine release tributed to cardiorespiratory arrest and coronary vasospasm.

at the avian neuromuscular junctions. They are also highly cytotoxic and lytic to a variety of cells
o and their vesicular organelles. They also produce significant
3.2.2. Cytolisins degranulation of granulocytes and platelets.

According to their molecular weight sea anemones cy-  Group 3 This group include proteins with phospholipase
tolytic polypeptides can be classified in four grodp$]: A2 like activity.
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The venom of the sea anemohiptasia pallidapossesses  combinations of traditional chromatographic methods for
hemolytic activity which is produced by at least three syn- protein group separation as size exclusion and ion exchange
ergistic venom proteins. One of these proteins is a phospho-chromatography. An early now classical procedure described
lipase A which exists in two formsq andp [75]. by Béress et al130] for ion channel toxins isolation from

Phospholipase activity was also reported in Upl, from A. sulcata comprise alcoholic extraction of the crude toxic
the crude extract of the sea anemaddecinia piscivora material from freshly collected sea anemones, batch-wise
[122,123] Upl is a potent hemolysin on erythrocytes of adsorption of the toxins on a cation exchanger followed by
rat, guinea pig, dog, and humans causing numerous holegel filtration on Sephadex G-50, then ion-exchange chro-
and breaks on membranes as indicated by scanning elecmatography on QAE Sephadex A25 and SP Sephadex C25
tron microscopy. Its hemolytic activity is not inhibited by and desalting on Sephadex G25.
cholesterol[122]. According to Cline[123] it produces a A very similar procedure was described for the isolation
potent positive inotropic effect of the left atria of the heart of toxins from the sea anemoriRadianthus paumotensis
of rat and guinea pig with little or no increase in heart [131].
rate in vivo. It also produces ileal contractions similar to  Sequence studies of ATX I, ATX Il and ATX V toxins pre-
acetylcholine and such action was inhibited by atropine. viously isolated fromA. sulcata[130] indicated that these
Intravenous administration of Upl produced a fall in blood toxins were not pure proteins, each having microhetero-
pressure in normotensive rats partially reduced by atropine.geneities in the sequence. This facts led to the discovery of

Group 4 This group is represented by metridiolysin, an sea anemone isotoxins, sometimes with only one different
80kDa haemolytic and lethal protein from. senile It is amino acid in a specific position of the chain but with a
a cholesterol inhibitable cytolysifi24]. The toxin exhibits dramatic influence in the pharmacological activity in con-
preference for the lysis of horse and dog erythrocytes, which trast. A description in details of these isolation procedures
was correlated with cholesterol contents in erythrocyte mem- is given by Béress et dl132] which indicated that the sep-
braneq125]. According to a study126] the toxin does not  aration of the isotoxins could not be achieved even with the
show high specificity for interactions with lipids, and it was use of very precise gel filtration and ion exchange chromato-
concluded that this toxin is capable of forming channels at graphic techniques. The use of a RP C-18 HPLC column
low toxin concentrations and larger pores at high concentra- enabled the resolution of the sea anemone toxins ffom
tions which results in lipid bilayer membrane destruction.  sulcatainto different isotoxins.

The presence of isotoxins in sea anemone venoms became
3.3. Isolation of toxins from Conus and sea anemones later a well known fact.
Even though that the presence of some toxins in typi-

Peptide toxins with specific action on ion channels from cal structures denominated nematocysts from coelenterates
marine animals like coelenterates (sea anemones) and molis well documented in the literatuf@33,134] the precise
lusks Conug are mainly linear basic peptides. For that rea- localization of sea anemone toxins inside the animal is not
son the isolation procedure has to include steps for basicalways clear or another origin not associated with nemato-
peptide purification. Sometimes when a toxic acidic peptide cysts has been suggested. Thus, other different crude start-
is detected, a step of anion exchange chromatography is in-ing extracts have been used like sea anemone secrti@ns
cluded in the protocol to separate basic from acidic toxins. and mainly the whole animal body extrd®&9], which is

The general procedure used to fractionate the complexthe most frequently used initial source. Whole body extracts
mixture of different peptide toxins contained in crudenus are very complex mixtures of a large number of molecules
venoms, comprise gel filtration and reverse-phase HPLC ascontaining not only toxins but also many other components
it was used to purify the potent sleeper peptide Conotoxin from tissues and sea water salts. This has to be taken into
GV which contains five residues gfcarboxyglutamate ina  account for the isolation procedure, which has its own pe-
chain of 17 amino acids, isolated from the fish hunting ma- culiarities in comparison with the same process from crude
rine snailConus geographugl27,128] The same general  snake, scorpion, and bee venoms as a source of toxins.
procedure was recently applied by the same research group The method described above with slight variants has
to isolate the new peptide mrl0a froBonus marmoreys been later used for the obtainment of other sodium and
with potent antinociceptive propertig$29]. In brief, the subsequently for potassium channel sea anemone toxins.
crude venom was size fractionated using Sephadex G25 withSome of the modifications or additions later included are
acetic acid as elution buffer, and after lyophilization the ac- the use of “tentacle” ion exchangers like FractSgeBio-
tive fraction was fractionated on a C18 HPLC column with Gel, or TSK HPLC cation exchangers, the employment of
a linear gradient of acetonitrile in trifluoroacetic acid, with the research-grade Serd8liAD-2 as an initial additional
a further rechromatography in the same column to elimi- alternative of normal pressure hydrophobic adsorption step
nate contaminants and a final purification step on a Vydac and the repeated use of the same chromatographic step or
protein-SCX (strong cation exchange) column. rechromatography to improve the separation, and the exten-

On the other hand, isolation methods of sea anemonesive use of all the possibilities of RP-HPLC chromatography
sodium channel toxins used since the beginning, included[79,81,135]
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3.4. Isolation of cytolysins

Purification of cytolytic toxins or cytolysins from sea
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demonstrating their potential as a new class of potent GABA
analogs.
As it was shown before, an origen associated with sym-

anemones aqueous extracts commonly include a first gelbionts from some new metabolites isolated from marine

filtration step (usually Sephadex G50 or similar) followed
by cation exchange chromatography (CM-32 cellulose or

macroorganisms is suspected. This is also the case in cyclic
peptides isolated from some algae. Ceratospongamides are

other equivalent exchanger) as essential combination totwo isomers of a new bioactive thiazole-containing cyclic
achieve the resolution of the complex crude materials. As an heptapeptide,cis,cis-Ceratospongamide andranstrans

example, this protocol was used by Kem and D{b86],
and Lanio et al[137] to isolate protein cytolysins from the
sea anemoné&. helianthusSticholysins | and 1l (Stl and
Stll) purified by Lanio et al[137] by this procedure, are
two cysteinless polypeptides containing a high proportion
of nonpolar amino acids, with a highly basic isoelectric
point and molecular weight of 19392 and 19 282} Da,
respectively{120]. Similar procedures have been also used
for different authors to purify other members of the family
of sea anemone cytolisins referred before.

4. Peptides and proteins from seaweeds

Biologically active peptides and proteins have been iso-

lated not only from marine animals, but also from seaweeds.

Ceratospongamide. They were isolated from the marine
red alga (RhodophytalCeratodictyon spongiosuncon-
taining the symbiotic spongeSigmadocia symbiotica
transtrans-Ceratospongamide exhibits potent inhibition of
secretory phospholipase (sPLA) expression in a cell-based
model for antiinflammation (EE = 32 nM), whereas the
cis,cisisomer is inactivg144].

On the other hand, phycobiliproteins play an important
role in the photosynthetic process of blue—green, red and
cryptophyte algae. Light is efficiently collected by phyco-
biliproteins assembled into macromolecular structures, the
phycobilisomes (PBS). Phycobiliproteins are oligomeric
proteins, built up from two chromophore-bearing polypep-
tides. They include three main groups of compounds: phy-
coerythrins (PEs) with a red pigment joined to the protein
molecule, phycocianins with a blue pigment and alophyco-

In a screening of medicinal potentialities of seaweed were cianins, absorbing them all at different wavelength of the

discovered different proteins and peptides exhibiting bioac-

tives propertie$138].
Although in a minor scale in comparison with marine ani-

spectrum[145,146] Phycobiliproteins are spontaneously
fluorescent “in vivo” and “in vitro” molecules. This property
is specially used in the field of biotechnological applications

mals, some useful proteins like lectins and phycobiliproteins [147] where they are used in a wide variety of biomedical

(PBP) have been reported from seaweeds.
Lectins are glycoproteins with aggregation and recogni-

diagnostic systems mainly in immunochemical methods.
Phycoerythrin is the most used phycobiliprotdit48],

tion functions in the organism that posses them, and they specifically in fluorescent immunoassdy49], fluorescent

have proved to be useful in the field of clinical diagnosis and

immunohistochemistry150] and other methodologies.

other health applications. Lectins have been isolated before Phycobiliproteins have also antioxidant proper{i£s1]

from primitive marine organisms like spongds9].

From the red marine alg&ryothamnion triquetruma
member of a new structural family of lectins was isolated.
It contains 91 amino acids and two disulfide bonds. The
primary structure of thé. triquetrumlectin does not show
amino acid sequence similarity with known plant and ani-
mal lectin structure§140].

Mitogenic and antineoplastic isoagglutinin glycoproteins
have been equally described from the red dgéieria ro-
busta[141]. A mitogenic hexapeptide with the sequence
Glu-Asp-Arg-Leu-Lys-Pro denominated SECMA 1 was pu-
rified from the algaJlva sp. which is active on human fore-
skin fibroblastd142].

In another field of application, a novel class of non-

with applications in cosmetology, and in the food industry.
4.1. Isolation of phycobiliproteins

Isolation methods and molecular characterization of phy-
cobiliproteins from seaweeds are described in the literature
[152,153] Because of its applications, phycoerythrin has
been the most studied phycobiliprotein. One typical proce-
dure[154] for the isolation of these proteins and in partic-
ular of phycoerythrins includes a combination of different
steps of density gradient centrifugation, column chromatog-
raphy and electrophoresis. In brief, the first step is the iso-
lation of an intact phycobilisome fraction from the crude
seaweed extract containing phycobiliprotein pigments by a

toxic bioactive oligopeptides, found in marine red algae and method[155] including disruption of cells and a discon-

cyanobacterigd143], were proposed to be useful for both

tinuous sucrose gradient centrifugation. PBS dissociation is

the diagnosis and therapy of certain brain and central ner-later achieved, and another step of sucrose density gradi-

vous system disorders resulting from malfunctions of sys-

tems controlled by the neurotransmitieaminobutyric acid
(GABA). Several of these oligopeptides were more active
in competing for specific super(3)H-muscimol binding to
the mammalian GABA sub(A) receptors than GABA itself,

ent centrifugation is used for the obtainment of two main
colored fractions, a blue-colored one (fraction A), and the
other pink-violet (fraction B). Fractions A and B are submit-
ted separately to chromatography on columns of the anionic
DEAE-cellulose DE52 developed with a linear gradient of
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an appropriate buffer containing mercaptoethanol. The pig- [10] S. Matsunaga, N. Fusetani, K. Hashimoto, M. Walchli, J. Am.
ment complexes from each major column are pooled and Chem. Soc. 111 (1989) 2582.

then loaded onto linear sucrose density gradients and cen- [11] Harbor Branch Oceanographic Institute, Inc., US Patent 5,516,755
(1996).

triqued' Pure fractions of phycoerythrin, as jUdged by their [12] S.P. Gunasekera, S.A. Pomponi, P.J. McCarthy, J. Nat. Prod. Lloydia

electrophoretic composition are further purified by centrifu- 57 (1994) 79.
gation on a linear sucrose density gradient. [13] H. Li, S. Matsunaga, N. Fusetani, J. Med. Chem. 38 (1995)
Another purification procedure in a large preparative level 338.

using also an anionic chromatographic column of DEAE cel- [14] H. Li, S. Matsunaga, N. Fusetani, J. Nat. Prod. 59 (1996) 163.
[15] E.W. Schmidt, D.J. Faulkner, Tetraedron 54 (1998) 3043.

lulose, anq sodium dodecyl sulfate poly-aprylam|de gel eIe.c- [16] C.A. Bewley, H. He, D.H. Williams, D.J. Faulkner, J. Am. Chem.
trophoresis (SDS-PAGE) is used to obtain B-phycoerythrin Soc. 118 (1996) 4314.

and R-phycocyanin from a microalda56]. An alternative [17] C.A. Bewley, D.J. Faulkner, J. Org. Chem. 59 (1994) 4849.
procedure to purify R-phycoerythrin from a Mediterranean [18] M.A. Rashid, K.R. Gustafson, J.L. Boswell, M.R. Boyd, J. Nat.
red algag157] propose the use of hydroxyapatite produced Prod. 63 (2000) 956.

in the laboratory that can be used batch-wise with large [19] E.W. Schmidt, M.K. Harper, D.J. Faulkner, J. Nat. Prod. 60 (1997)

779.
amounts of extracts and therefore can be scaled up. [20] J.E. Coleman, Diss. Abst. Int. Pt. B: Sci. Eng. 59 (1998) 2200.

[21] R. Bai, N.A. Durso, D.L. Sackett, E. Hamel, Biochemistry (Wash-
ington) 38 (1999) 4302.
5. Concluding remarks [22] P. Crews, J.J. Farias, R. Emrich, P.A. Keifer, J. Org. Chem. 59
(1994) 2932.

Peptidic compounds analyzed here are obtained from very [2°] gogg)ag%M'L' Sanders, P. Crews, Clin. Diagn. Lab. Immunol. 7

different marine organisms exhibiting different chemical [24] P.W. Ford, K.R. Gustafson, T.C. McKee, N. Shigematsu, LK. Mau-

structures and displaying a large variety of pharmacological fizi, L.K. Pannell, D.E. Williams, E.D. De-Silva, P. Lassota, T.M.
effects on specific targets. They have been produced along Allen, R. Van-Soest, R.J. Andersen, M.R. Boyd, J. Am. Chem. Soc.
of millions of years of evolution in response of the necessity 121 (1999) 5899.

to evolve in a very competitive environment. Because of the [25] M-A. Rashid, K.R. Gustafson, LK. Cartner, N. Shigematsu, L.K.
Pannell, M.R. Boyd, J. Nat. Prod. 64 (2001) 117.

peculiarities of the_Ilfe |n_ the sea, many of these molecules [26] 3. Kobayashi, F. Itagaki, H. Shigemori, M. Ishibashi, K. Takahashi,

can be found only in a single source. M. Ogura, S. Nagasawa, T. Nakamura, H. Hirota, J. Am. Chem.
From another side, these compounds seem to be very use-  Soc. 113 (1991) 7818.

ful and promising for biomedical research to clarify many [27] N. Fusetani, T. Sugawara, S. Matsunaga, J. Am. Chem. Soc. 113

normal and pathological mechanism of action in the human 28 ;\11921) 181_1-8 v . Matsumoto. Y. Takebavashi J. A

body as well as in the design of very specific and potent new [28) N: Fusetani, S. Matsunaga, H. Matsumoto, Y. Takebayashi, J. Am.

. . . ; Chem. Soc. 112 (1990) 7053.

pharmacgu_ucgls_ for a wide variety Pf dlseases.. [29] J.L. Morel, H. Drobecq, P. Sautierre, A. Tartar, J. Mironneau, J.
A multidisciplinary and cooperative effort with the use Qar, J.L. Lavie, Huges, Mol. Pharmacol. 51 (1997) 1042.

of more sensitive and fast methods in the analysis of the [30] K.L. Rinehart, Ciba Found Symp. 171 (1992) 236.

structure of peptides, e.g. exact description of the molecular [31] E. Moore, J. Ind. Microbiol. 16 (1996) 134.

weight and the sequence, as well as in the pharmacological [32] T-C- McKee, Diss. Abst. Int. Pt. B. Sci. Eng. 51 (1991) 1.

evaluation, will speed up drastically the discovery of novel =2 E\évfmm'dt’ C.A. Bewley, D.J. Faulkner, J. Org. Chem. 63 (1998)

active peptides from marine sources. [34] W. Clark, Diss. Abst. Int. Pt. B. Sci. Eng. 58 (1997) 3037.
[35] F.J. Schmitz, B.F. Bowden, S.I. Toth, in: D.H. Attaway, O.R.
Zaborsky (Eds.), Marine Biotechnology, vol. 1, Pharmaceutical and
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