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ABSTRACT

Laboratory and field experiments were performed to assess the ecological roles of natural products
produced by the Brazilian red seaweed Laurencia obtusa. Laboratory assays revealed that the natural
concentration of the crude organic extract of L. obtusa significantly inhibited feeding by two herbi-
vores:. the crab Pachygrapsus transversus and the sea urchin Lytechinus variegatus. It was verified
that this chemically defensive action was due to halogenated sesquiterpenoid elatol, found to be the
major natural product of this red seaweed. In addition, it was verified that the antifouling property
of the chemicals produced by L. obtusa could make this red alga less attractive for fish grazing. Direct
protection against two herbivore species and indirect protection against herbivory by fouling inibition
constitute evidence that the major natural product from Brazilian L. obtusa plays multiple environ-
mental roles, thereby increasing the adaptive value of these metabolites. On the other hand, the evidence
reinforces the idea that marine natural products may have different functions in the sea.
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RESUMO

Funcdes ecoldgicas de produtos naturais da alga vermelha brasileira Laurencia obtusa

Foram realizadas experiéncias em laboratdrio e em campo, com o intuito de verificar as funcdes ecol dgicas
de produtos naturais produzidos pela macroalga bentonica Laurencia obtusa da costa brasileira. Nas
experiéncias em laboratério, foi constatado que a concentragcdo natural do extrato organico bruto de L.
obtusa inibiu significativamente seu consumo por dois herbivoros, o caranguejo Pachygrapsus trans-
versus e o ourigo-do-mar Lytechinus variegatus. Foi verificado que essa agdo defensiva deve-se ao elatol,
um sesquiterpeno halogenado encontrado como o produto natural mais abundante nessa alga vermel ha.
Além disso, verificou-se que a propriedade antiincrustante desse metabdlito produzido por L. obtusa
poderia torna-la menos atrativa a herbivoria por peixes. A acao protetora direta contra duas espécies
de herbivoros e uma protegéo indireta contra a herbivoria por inibicéo daincrustacéo constituem evidéncias
de que o produto natural majoritario encontrado em L. obtusa do Brasil possui miltiplas funcgdes ecol Ggicas
no ambiente. Por outro lado, reforca a idéia de que produtos naturais marinhos podem ter diferentes
funcBes no mar, aumentando, assim, o valor adaptativo desses metabdlitos.

Palavras-chave: produtos naturais, Laurencia obtusa, defesa quimica, herbivoria, incrustacéo.
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INTRODUCTION

To date, over 2400 natural products have been
isolated from seaweeds (mainly from the divisions
Rhodophyta, Phaeophyta, and Chlorophyta), the
majority of which come from subtropical and tro-
pical populations (Munro & Blunt, 1999; Faulkner,
2001, and previous reviews of this author). In ge-
neral, lipophilic nonpolar compounds such as
terpenoids, acetogenins, and compounds of mixed
biosynthesis occur in relatively low concentrations
(ranging from 0.2% to 2% of algal dry weight) but
polar polyphenolics can occur in concentrations as
high as 15% of agal dry mass (Hay & Steinberg,
1992; Ragan & Glombitza, 1986; Pereira &
Y oneshigue-Valentin, 1999).

The greatest variety of natural products is
probably found among Rhodophyta, in which all
known classes of compounds are represented, many
of which are halogenated (Fenical, 1975; Faulkner,
2001, and previous reviews of this author). As an
example of Rhodophyta' s broad chemical variety,
members of the genus Laurencia produce an amazing
array of complex terpenoids and acetogenins, possibly
meaking it the world' smost chemicaly complex genus.

Among the Chlorophyta, the order Caulerpaes
has been especidly well sudied and cacified species
of the genus Halimeda provide one of the most
thoroughly studied examples of seaweed producing
chemicals able to inhibit herbivory by reef fishes
or exhibiting other biological activities (Paul &
Fenical, 1986, 1987). In fact, the ability of Halimeda
species to persist in areas of intense herbivory
pressure (e.g., cora reefs) results from the production
of chemical defenses (Paul & Van Alstyne, 1988).

In the Phaeophyta, Dictyota species have been
extensively studied and are known to produce
interesting natural products, many of which are
broad-spectrum feeding deterrents againgt herbivores
or show other biologicd activities (Hay & Steinberg,
1992). For example, the diterpenes pachydictyol A,
dictyol E, dictyol B, dictyol B acetate, dictyol H,
(6R)-hydroxydichotoma-3,14-diene-1,17-dial, and
an isolinerol/linearol mixture have been shown to
be active anti-feedant metabolites (Hay & Steinberg,
1992; Pereiraet al., 1994, 2000, 2002).

Recent research in marine chemica ecology has
clearly shown that many seaweed natura products thet
function asfeeding deterrents may dso play other roles,
i.e, cary out multiple functions, acting smultaneoudy
as feeding deterrents and defenses againgt pathogens
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and fouling organisms (Paul, 1992; Schmitt et al., 1995;
McClintock & Baker, 2001), thereby increasing the
adaptive value of these metabolites (Paul, 1992). A
congderation of the multiple functions of marine neturd
productsisimportant since these compounds may have
evolved for reasons other than defense against
herbivores, such as resistance to pathogens, competitors,
and others. Species of the genus Laurencia are known
to produce awide array of natural products exhibiting
several kinds of biological activities (e.g., Konig et
al., 2000; Pereira& Teixeira, 1999) such as chemica
defense against diverse marine herbivores: reef fish
(Hay etal., 1987, 1988; Paul et al., 1988), the seaurchin
Diadema (Hay et al., 1987), and the snail species
Littorina strata and Osilinus atratus (Granado &
Cabdlero, 1995). Both sexquiterpene compounds, elaol
and deschloroelatol, from the Australian seaweed
Laurencia rigida produce very strong effects against
invertebrate larvae and are thought to be highly toxic
(deNyset al., 1996). Recently, crude extracts and the
major compound eatol found in the Brazilian dgal.
obtusa have shown apecific antifouling activity against
attachment of the mussel Perna pernain laboratory
assays (da Gamaet al., 2003), and a broad spectrum
antifouling property in thefield (daGamaet al., 2002).

The goal of thisinvestigation wasto evaluate
the ecological roles of natural products produced
by Brazilian specimens of the red alga Laurencia
obtusa. We addressed the following questions: 1)
do the crude extract and major pure compound
produced by Brazilian Laurencia obtusa inhibit
herbivory?; 2) by inhibiting the growth of epibionts,
do these chemicals make this algal species less
attractive to grazing by fish?

MATERIALSAND METHODS

Algal collection

Laurencia obtusa (Hudson) Lamouroux isan
intertidal dgafound along dmost the whole Brazilian
littord (OliveiraFilho, 1977), and isespecidly common
in shallow wave-washed areas with strong currents.
Specimens of this red seaweed were collected by hand
during low tide at Cabo Frio ISland, Rio de Janeiro
State, aregion on the Brazilian southeastern coast.

Chemical procedures

After determining the fresh seaweed volume
by water displacement into a graduated cylinder, the
collected specimens of L. obtusa were air dried in
the dark at room temperature (in order to avoid
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photolysis and therma degradation of the metabolites)
until a steady dry weight was obtained. Specimens
of L. obtusa were then submitted to successive and
exhaustive extraction in a combination of organic
solvents (dichloromethane and methanol) in the
proportion of 2:1, following standard procedures for
natural products chemistry. To increase the
effectiveness of extraction, dried seaweeds were
submitted to ultrasound for 15 minutes (Branson
model 3210). The combination of solvents was
eliminated in vacuo and the remainder was weighed
to determine the natural (both volumetric and dry
weight) concentration of crude extract and major pure
compound produced by L. obtusa.

In order to detect the presence of natura products
on the seaweed surface, fresh specimens of L. obtusa
were extracted in hexane during 40 seconds, atime
period insufficient to alow cell lysis (deNys et al.,
1998). The surface extract was then compared by thin-
layer chromatography (TLC) with thewhole plant crude
extract used in laboratory (herbivory tests) and field
(antifouling tests) experiments.

Effect of extract and pure major compound from
L. obtusa on herbivore feeding

The defensive properties of the crude extract
and the major compound elatol, found in L. obtu-
s, against the crab Pachygrapsus transversus and
the sea urchin Lytechinus variegatus were verified
by including natural concentrations of both
componentsin an artificial food (Hay et al., 1994;
Pereiraet al., 2000). Thisfood (control) was prepared
by adding 0.72 g of agar to 20.0 ml of ditilled water
and hegting it in a microwave oven until the boiling
point. This mixture was added to 16.0 ml of cold water
containing 2.0 g of the freeze-dried green seaweed
Ulva spp. The experimental food (treatment) was
similarly prepared, but the crude extract or pure
compound was first dissolved in diethyl ether, added
to 2.0 g of freeze-dried Ulva, and the solvent was
then removed by rotary evaporation. This procedure
is necessary to obtain a uniform coating of natura
products on the algd particles prior to their addition
totheagar (Hay et al., 1994). Treatments and controls
were hardened onto ascreen and cut into small pieces
(7 x 10 squares about 1.2 x 1.4 mm each), which
were then simultaneously offered to the crab P.
transversus and the sea urchin L. variegatus. Crab
assays were carried out in small plastic containers,
each containing 250 ml of seawater (n = 21 to 26
replicates; see “Results’), a small rock (as crabs

usually hide under rocks), and 1 individual of P.
transversus. The sea urchin assays were carried out
in perforated plastic containers (1 | seawater) holding
lindividua of L. variegatus (n = 18 to 24 replicates,
see “Results’), and placed in large tanks containing
about 500 L of recirculating seawater.

For all assays, the defensive activities of the
crude extract or pure compound were estimated by
comparing the number of squares consumed between
experimental foods (control and trestment). New crab
and sea urchin specimens were used in each assay.

Field fouling experiments

Field fouling assays were carried out according
to the method first devised by Henrikson & Pawlik
(1995) and fully described in da Gamaet al. (2002).
Experimenta plates containing anaturd concentration
of L. obtusa extract and control plates were made
of phytagd™ (Sigma Chemica Co.) and immersed
(1 m depth) for 7 weeks off Cabo Frio Island (Ar-
raial do Cabo, State of Rio de Janeiro). Settlement
of fouling in the field was measured weekly as percent-
cover, using a dot-grid method (Foster et al., 1991).
The potentia influence of chemicalsin making L.
obtusa less attractive to fish grazing was inferred by
evaluation of total fouling cover (%) on gels and the
scar cover (fish produced a clearly defined teeth scar
on gels where there was fouling cover) produced by
predatory fish (as mm?). Both observations were made
after 5 weeks of immersion of the experimenta plates
(when fish grazing started).

Statistical analyses

The Wilcoxon matched pairs test, a non-
parametric equivaent to the t-test, was used to evauate
the statistical significance of the results obtained in
the feeding assays. Monofactorid andysis of variance
(ANOVA) and post hoc Tukey’s honest significant
difference (HSD) test were used to check for
differences among fouling and predation scars cove.

RESULTS

Chemical procedures

One purified fraction of the crude extract obtained
from L. obtusa (corresponding to 4.07% of tissue dry
weight, dw), after gpplication to apreparaivethin layer
chromatography plate, yielded aclear oil (Rf = 0.66,
when eluted with CH,Cl.), corresponding to 11.06%
of the crude extract and 0.45% of algd dry mass. This
oil, the mgjor compound present in the crude extract,
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was identified as the sesquiterpene acohal datol (Fig.
1) by comparison of physica and spectroscopic data
(BC and *H-NMR, da Gama, 2001) with data reported
in the literature (Konig & Wright, 1997). This
compound has also been found in other Laurencia
species worldwide (Pereira, 1995).

The comparison by thin layer chromatography
(TLC) between the surface extract and the whole plant
extract used in laboratory (herbivory tests) and field
(antifouling tests) reveded that the sesquiterpene eatol
was also present at the algdl surface, whereit could
in fact play arole as a defense against epibiosis.

Herbivory responsesto L. obtusa crude extract
and elatol

The L. obtusa crude extract was very effective
(p < 0.05, Wilcoxon test) as a chemical defense
against herbivoresin al laboratory trias, inhibiting
feeding by the crab P. transversus and the sea urchin
L. variegatus relative to controls (Figs. 2 and 3,
respectively). This defensive property is clearly due
to the mgjor compound elatol found in this red
seaweed, which also significantly reduced feeding
by both herbivores, P. transversus and the sea urchin
L. variegatus (Figs. 2 and 3, respectively). Thus,
the chemically deterrent property of Brazilian L.
obtusa isin reality due to the presence of elatol.

Fouling consumption by predatory fish

After 5 weeks of immersion of the experimentd
platesin the seq, it was verified that the crude extract
from L. obtusa il exhibited a significant antifouling
activity as compared to control plates (Fig. 4). In
addition, fish consumption significantly reduced fouling
cover in control plates as compared to plates containing
the crude extract of L. obtusa (Fig. 5). Thus, chemicals
found in L. obtusa inhibit fouling directly and, indirectly,
consumption by predatory fish. Basad on a.comparison
between the scars on gels and the mouth parts of

collected fish, the fish predating on ges wereidentified
as Kyphosus sectatrix (family Kyphosidae), an
omnivorous fish commonly found on coastal areas,
and known to graze even on chemically defended
seaweeds (Targett & Arnold, 2001).

DISCUSSION

In this study, it was found thet the crude extract
from Brazilian L. obtusa is an effective chemical
defense againgt herbivory by the crab P. transversus
and the sea urchin L. variegatus. In addition, it was
discovered that this defensive property was due to
the sesquiterpene compound elatol. Asfound in L.
obtusa specimens from the Caribbean (Norris &
Fenical, 1982), datol was determined to be the major
natural product in populations of L. obtusa from the
Brazilian coagt. Elatol is achamigrane-class sesquiter-
penoid that was first isolated from specimens of
Laurencia elata from Australia (Sims et al., 1974),
and today is known as a common compound found
in several other species of Laurencia worldwide
(Pereira, 1995). In fact, Laurencia species have been
extensively studied by chemists (Munro & Blunt,
1999; Faulkner, 2001, and previous reviews of this
author) and are known to produce a diverse array of
natural products including halogenated terpenoid
compounds with potential ecological properties
(Konig & Wright, 1997).

Previous research has demonstrated that € atol
is broadly effective as a feeding deterrent against
reef fishin thefield (Hay et al., 1987, 1988; Paul
et al., 1988), the sea urchin Diadema (Hay et al .,
1987), and two snail species, Littorina strata and
Osilinus atratus (Granado & Caballero, 1995). Our
results widen the action spectrum of elatol as a
chemica defense againgt avariety of common marine
herbivores, while also suggesting that this compound
is responsible for inhibiting fouling in the field.

Fig. 1 — Elatol, the major secondary metabolite from Brazilian specimens of L. obtusa.
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Fig. 2 — The effect of crude extract and elatol from L. obtusa on feeding by the crab P. transversus. Difference between means
were considered significant when p < 0.05 (Wilcoxon matched pairs test). Vertical bars are standard deviations. n = number of
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Fig. 3 — The effect of crude extract and elatol from L. obtusa on feeding by the sea urchin L. variegatus. Difference between
means were considered significant when p < 0.05 (Wilcoxon matched pairs test). Vertical bars are standard deviations. n = number

of replicates.

Braz. J. Biol., 63(4): 665-672, 2003



670 PEREIRA, R. C. et al.

120 -
n=4
110 p< 0.05

100 T

80 -

707 [ Gontrol

60 — Il Treatment

50

Fouling cover (%)

30

20

5 weeks of immersion

Fig. 4 — Total fouling cover (%) on control gels and gels containing the crude extract of L. obtusa after 5 weeks of immersion
in the sea. Results are presented as the mean of four replicates + one standard deviation, and were considered significant when
p < 0.05 (one-way ANOVA followed by Tukey HSD test).
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Fig. 5— Fouling cover on gels (mm?) consumed by predatory fish after 5 weeks of immersion in the sea. Results are expressed
as the mean of four replicates + one standard deviation, and were considered significant when p < 0.05 (one-way ANOVA fol-
lowed by Tukey HSD test).
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Besides the defensive properties against
herbivores (Hay et al., 1987, 1988; Paul et al., 1988;
present study), elatol is a cytotoxin, which at a
concentration of 7 g.ml= inhibits 50% of cdll divison
in fertilized seaurchin eggs (Norris & Fenica, 1982),
and which isthe mgjor compound of L. obtusa crude
extrac. This extract has proven broadly active asan
antifoulant in both laboratory assays (daGamaet al.,
2003) and thefield (daGamaet al., 2002). Thus, datol
may be consdered arare example of acompound thet
exhibits strong biological activity in laboratory tests
and also exhibits significant ecological importancein
thefidd. In generd, defensive chemicasagaing fishes
and urchins do not affect amdl and relatively sedentary
herbivores (= mesograzers) such as amphipods,
polychaetes, and crabs. In fact, mesograzer herbivores
subjected to high predation rates may preferentialy
feed on these types of plantsin order to minimize
their susceptibility to natural enemies (Duffy & Hay,
1994). Here, it was verified that herbivory by both
the mesograzer P. transversus and a large mobile
herbivore, L. variegatus was inhibited by the
sesquiterpene acohol elatol. Considering that both
of the above herbivores are sympatric, the chemically
deterrent property of elatol very likely plays an
ecologically relevant role against herbivores.

The negative effectsin marine systems of fouling
on hogt plants have been extensively documented and
include light and nutrient availability decreases;
flexibility loss resulting in increased brittleness;
mechanica damage of hogt surfaces; changes of surface
pH; and changes in drag which can cause breakage
during gorms (Davis et al., 1989; Wahl, 1989; Williams
& Sead, 1992). Hogt plants can dso be fouled by higher
preference epibionts, thus suffering not only the direct
negative effects of being fouled (Davis et al., 1989;
Wahl, 1989; Williams & Seed, 1992), but also
experiencing increased grazing rates (Wahl & Hay,
1995; Karez et al., 2000). All these processes could
select for seaweed characteristics that minimize
colonization by fouling organiams, i.e., the production
of chemical defenses against epibiosis.

Our results suggest that an epibiont cover may
act as alure to predatory fish, i.e., epibionts may
attract consumers that otherwise would not feed
significantly on the host plant (Karez et al., 2000).
Thus, the mgjor compound elatol presumably plays
amultiple-function role for Brazilian L. obtusa
specimens, simultaneously preventing fouling
organisms from settling (da Gamaet al., 2002) and

deterring diverse herbivores (Hay et al., 1987, 1988;
Granado & Caballero, 1995; and the present paper).

In this study, it was found that chemicals
produced by L. obtusa from the Brazilian coast
significantly reduce herbivory. It was aso verified
that the antifouling property of the chemica's produced
by this species could make this red dga less tractive
to fish grazing. In addition to the known multiple
ecological functions carried out by Dictyotaceae
natural products (e.g., Schmitt et al., 1995, 1998),
the sesquiterpene elatol found in Brazilian L. obtusa
and dso in Laurencia speciesworldwide, may exhibit
multiple functions in the marine environment, thereby
increasing the adaptive value of this metabolite for
several algae of the genus Laurencia.
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