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ABSTRACT

A protein fraction, rich in lectin, obtained fronhe red seaweediypnea musciformisby precipitation with
ammonium sulfate (g79 was screened for chitinase ap#ll,3-glucanase activity and assessed for antifungal
potential against the human pathogen yed&@amdida albicangand C. guilliermondii The Rg7 fraction showed
chitinase and1,3-glucanase enzymes, with specific activities2©6.43 and 1880.7 Units.mg protein,
respectively. It was capable of inhibiting the gthwef C. guilliermondiiat the concentrations of 45, 100 and 450
pg protein.ml™ but it showed only a discrete inhibition agairnSt albicans irrespective of the tested
concentrations The inhibitory action was shown to be fungistatil the presence of the glycoprotein fetuin, for
which the lectin in the fraction had affinity, atstled the antifungal action. The complete growttowery following
fetuin treatment indicated that chitinase afid,3-glucanase were not involved in the growth hitlon of these
yeasts.
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INTRODUCTION microorganisms and, therefore, responsible for the
antibiotic activity of some seaweeds (Fenical,
Seaweeds represent a potential source d@@975; Wrattens and Faulkner, 1976). Similarly
antimicrobial substances due to their diversity oseaweeds are known for their protein diversity i.e.
secondary metabolites with antiviral, antibacterialectins, hexose oxidase, bromoperoxidase,
and antifungal activities (Caccamesse et al., 198@hitinase, etc (Groen et al., 1997; Krenn et al,,
Del Val et al., 2001; Perry et al., 1991). Thel989; Rogers and Hori, 1993; Sekiguchi et al.,
antibacterial activity of seaweeds is generallyl995) but little attention has been given to their
assayed using extracts in various organic solventgptential as antimicrobial agents.
e.g., acetone, methanol-toluene, ether anBreviously we demonstrated that a protein fraction,
chloroform-methanol. Several extractablerich in lectin, from the red seaweedypnea
compounds, such as cyclic polysulfides andnusciformiswas able to inhibit the growth of the
halogenated compounds are toxic  todermatophyte Trichophyton rubrum and the
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phytopathogen Colletotrichum lindemuthianum MATERIALS AND METHODS

(Melo et al., 1997), and more recently Liao et al.

(2003) showed antibiotic activity of seaweedSeaweed

lectins against two species of marine bacteriggpecimens oH. musciformiswere collected from

Lectins are proteins that interact with variousthe northeastern Brazilian coast (Flexeiras Beach,

cellular structures, particularly cell walls and cellTrairi, Ceara, Brazil), brought to the laboratory in

membranes, through which they can triggeivater-ice bags, washed with distilled water and

several biological effects including agglutinationkept at -20 °C until use.

of erythrocytes (Peumans and Van Damme, 1995).

Since the report of Boyd et al. (1966), numeroufReagents

studies have indicated the presence of lectins iBovine serum albumin, fetuin, laminarin and

seaweeds (Hori et al.,, 1986; Rogers and Hornethylumbelliferyl-beta-N,N’,N"-

1993). triacetylchitotriose  (4-MU(GICNAG)  were

Although many activities have been attributed tqurchased from Sigma (St. Louis, MO, USA).

seaweed lectins their physiological function hassabouraud agar and Malt extract broth were from

not been clearly proven. The glucan hydrolasesvierck (Darmstadt, Germany). All other chemicals

such as chitinases arfid1,3-glucanases are truly used were of analytical grade.

recognized as natural antifungical proteins widely

found in plants (Shewry and Lucas, 1997) andMicroorganismsand culture methods

seaweeds (Sekiguchi et al., 1995). Chitinases ca@trains of C. albicans and C. guilliermondii

hydrolyze chitin, a linear polymer @1,4-linked isolated from patients with recurrent vulvovaginal

N-acetyl glucosamine found in insect exoskeletongandidiasis were kindly provided by Dr Julio

shells of crustaceans and fungal cell walls, an®&idrim, “Centro Especializado em Micologia

structural component of the cells walls of manyMédica” (Federal University of Ceara, Brazil).

seaweeds (Pearlmutter and Lembi, 1978)1,3- Stock cultures were maintained in Sabouraud agar

glucanases are well characterized in fungiat 4£C.

bacteria, plants and in echinodermata and it is well

known that they could be related to autocatalysi®reparation of F.y7o ammonium sulfate fraction

of extracellular matrix glucans (fungi), digestionFor the preparation of 4570 fraction from H.

of cell walls (bacteria), and as inducible defensenusciformisa previously described method (Melo

enzymes in plants (Stintzt al., 1993) against et al., 1997) was used. The seaweeds were thawed,

fungal pathogens that contafrglucans within dehydrated at 30C and ground to a fine powder

their cell walls.H. musciformisis one of the most with an electric mill and stirred for 12 h with

abundant source ofk-carrageenan in Brazil, phosphate buffered saline [(PBS) 25 mM Sodium

occurring from 4°S, 37°W to 29°S, 49°wPhosphate, 0.15 M NaCl, pH 7.0]. The extract was

(Schenkman, 1989). As the species is widespredttered through nylon cloth and centrifuged at

on the coast and the best areas for exploitation are000g for 15 min at 4 °C. The supernatant was

in northeastern Brazil (Oliveira-Filho, 1981), theretreated with ammonium sulfate from 40 to 70%

is a good prospect for exploitation in the wholeand the precipitated proteins were centrifuged,

country. resuspended in distiled water, dialyzed,

Given the economic potential of this seaweed ankyophilized and stored at -20°C until use for

the importance o-1,3-glucanase and chitinase asProtein determination (Bradford, 1976), antifungal,

potential determinants in the resistance of plants hzymatic and agglutination assays.

fungal diseases (Ji and Kuc, 1996), the presence of

these proteins in the lectin-rich fraction obtained=valuation of antimicrobial activity

from the red seaweedH. musciformis was Antifungal activity was assessed fO”OWing

analyzed and the activity against the humafurbidity of yeast cultures along the time. Stock

pathogen yeastsCandida albicans and C. solutions of koyo fraction were sterilized using a

guilliermondiiwas assessed. 0.22 um membrane (Millipore, USA) and were
diluted with equal volume of sterilized Malt
Extract broth to obtain the final concentrations of
10, 45, 100 and 450 ug protein.mlFor the assay,
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the yeast cells were obtained by centrifugation a1944; Somogyi, 1952). One unit oB-1,3-
4,0009 for 10 min from 48 h culture grown in glucanase (GU) activity was defined as the
Malt broth at 28 °C. Cells were quantified in aconcentration of enzyme which produces an
Neubauer chamber and the working suspension absorbance increase of 0.001.
the inoculum adjusted to 4 x 4€fu.mL™. 100l
of the cell suspensions were incubated in 96-wells
flat microplates (Nund, Denmark) with the same RESULTS
volume of the protein fraction. The microplates
were incubated without agitation at®®5and yeast Samples of Iy fraction showed a protein content
growth was followed for 48 h by measuringof 143pg.mg™ with hemagglutination titer of 128
absorbance at 520 nm every 12 h. All theHU.mg ™ protein only in trypsin-treated rabbit
experiments were run in triplicate and the readingrythrocytes. Assays of enzymatic activities
averages, standard errors and coefficients ahowed that Jg7o fraction contained chitinase and
variation were calculated. Control wells (inoculump-1,3-glucanase, with specific activity of 276.43
suspension in malt extract broth withouloo and 1880.7 Units.mg" protein, respectively.The
fraction) were included for each isolate tested. Ongrowth patterns ofC. guilliermondii and C.
well containing 200l of culture medium was albicans at the presence of 4o fraction are
included as sterility control. shown in Figures 1 and 2, respectively.

The ko fraction inhibited the growth of both
Hemagglutination and hemagglutination  yeasts at the concentrations of 45, 100 and4p0
inhibition tests protein.mL". Nevertheles<C. guilliermondii was
Hemagglutination tests were performed accordingnore susceptible tha€. albicans with growth
to Moreira and Perrone (1977) using 2 % tripsininhibition lasting for up to 36h irrespective of the
treated rabbit erythrocytes suspended in PBSoncentrations. At the lowest dose (10 pg
Hemagglutination-inhibition was evaluated byprotein.mL?), no reduction effect was observed for
method described by Melo et al. (2000) usingeither the yeasts. On the other hand, the other
fetuin at the starting concentration of 6 mg:mL doses showed similar inhibitory effect agaifst
Agglutination was observed macroscopically andlbicans whereas the effect was dose-dependent
the titer expressed as hemagglutinating unit (HU)againstC. guilliermondii
which was defined as the inverse of the highesis an attempt to identify whether the lectin was
dilution still capable of causing visible involved in the inhibitory effect on yeast growth,

agglutination. the lectin was previously treated with its specific
hapten fetuin and the antimicrobial assay redone.
Enzymatic Assays The results showed that the growth of both yeasts

Chitinase activity was determined according to theould occur just after inoculation similarly as the
method of O'Brien and Colwell, (1987) using thecontrol or even better (Figures 3 and 4).
fluorogenic  substrate  4-methylumbellifeid-

N,N’,N"triacetylchitotriose (4-MU (GIcNAG).

Free  4-methylumbelliferone  (4-MU)  was DISCUSSION

measured fluorimetrically with 320 nm primary

and 460 nm Secondary filters in a Hitach F450q‘he Fo.70 from the red seaweed. musciformis
fluorescence spectrophotometer. A standard curv@ntaining lectin and glucan hydrolases such as
was set up to show the relationship between thgnjtinase and-1,3-glucanase was shown to have
measured fluorescence units (fu) and thentifungal activity againstC. albicans and C.
increasing amounts of free 4-MU (O'Brien andgyilliermondii. To our knowledge there has been
Colwell, 1987). One unit of enzyme activit_y wWasonly one work reporting the detection of
reported as one nmol of methylumbeliferonepitinolytic activity in seaweeds (Sekiguchi et al.,
liberated per min. Thg-1,3-glucanase activity 1995), suggesting chitinase activity in 30 out of 57
was assayed according to methodology whicBpecies of Rhodophyta, one of 28 species of
employs laminarin as substrate (Fink et al., 1988)Dhaeophyta and absent in all 13 Species of
The absorbance was read at 500 nm after additiqthlorophyta. Among the Rhodophy@hondrus

of copper and arsenomolibdate reagents (NelsQjiganteusshowed the highest activity (53 nmaf)g
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whereadHypnea charoideandH. japonicashowed bacteria (Kilpatrick, 2002). This type of defense
a moderate activity (16 and 12 nmol.},g mechanism is not completely clear in seaweeds,
respectively). The present paper described for thmainly due to the limited number of lectins
first time the detection of glucanase activity inavailable from these organisms and the small
seaweeds and presented chitinase activity iamounts present.

another species oMHypnea Although glucan Nevertheless, lectins from seaweeds appear to
hydrolases were well recognized as pathogenesiggregate fungi, bacteria, blue-green algae, as well
related proteins (Shewry and Lucas 1997), thas erythrocytes (Boyd et al., 1966; Criado and
total growth recovery of yeasts after treating thd-erreiros, 1983; Hori et al., 1986; Hori et al.,1996)
fraction R0 with fetuin indicated that the lectin and some do impair microorganisms development
was the main or the only fraction componeni{Melo et al.,, 1997, Liao et al.,, 2003). Thus,
responsible for growth inhibition of these yeasts. Iseaweed lectins as plant lectins may be involved in
was likely that the higher susceptibility &. defence mechanisms against pathogens.
guilliermondii to the lectin could be due to thelt could be concluded that the protein fraction
presence of more receptors or easier access of tlif5079 from the red seaweedd. musciformis
protein to yeast cell surface. Lectin or lectin-likeinhibited the growth of the human pathogebs
substances in seaweeds have also been showngtglliermondii and C. albicans The antifungal
bind selectively to different microorganisms activity appeared to be due to the lectin component
suggesting they could be excellent tools irand not due to chitinase afidl,3-glucanase.
taxonomic and diagnostic studies (Criado andrurther studies on the mechanism of action of this
Ferreiros, 1983; Fabregas et al., 1989). lectin on yeast growth would be necessary so that
Lectins in higher plants defend against pathogeniis utilization for medicinal use could be evaluated.
bacteria. and fungi by recognizing andThus, the seaweed. musciformisrepresented a
immobilizing the infecting microorganisms via promising source of antimicrobial substance
binding, thereby preventing their subsequenpesides its well-known value askacarrageenan
growth and multiplication (Etzler, 1986). Lectins source.

from bivalves and other invertebrates act in a

similar manner to eliminate invading pathogenic
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Figure 1 - Effect of R fraction fromHypnea musciformisn Candida guilliermondiigrowth.
Experiments were run in triplicate and the standamdrs (coefficients of variation
were less than 20 %) were omitted for clarity.
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Figure 2 - Effect of Rgro fraction from Hypnea musciformison Candida albicansgrowth.
Experiments were run in triplicate and the standardrs (coefficients of variation
were less than 20 %) were omitted for clarity.
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Figure 3 - Effect of Rgp fraction fromHypnea musciformisreated with fetuin orCandida
guilliermondii growth. Experiments were run in triplicate and standard errors
(coefficients of variation were less than 20 %) evemitted for clarity.
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Figure 4 - Effect of Rgpo fraction fromHypnea musciformisreated with fetuin orCandida
albicans growth. Experiments were run in triplicate and thgndard errors
(coefficients of variation were less than 20 %) evemitted for clarity.
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