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ABSTRACT

The aim of this study was to determine the yielgndcal composition, specific rotation (SR), in&dr(IR)
spectroscopy and the effect on bacterial growth ofude sulfated polysaccharide (SP) from the redime algaG.
ornata (Go). Go-1 (25°C), Go-2 (80°C), and Go-3 (80°C)ravesequentially extracted and yielded 9.2%. The
contents of sulfate (5.88-10.3%) and proteins @78%) were small. The values of SR wgrg°" -19.0, -51.0,
and -56.5, respectively. IR spectrums showed thesgmce of galactose-4 sulfate and absence of 3,6-
anydrogalactose-2 sulfate, galactose-6 sulfate galdctose-2 sulfate. SR and IR techniques confir§fesl Go-3
was tested on the growth of bactera(illus subtilis, Staphylococcus aure&mterobacter aerogens, Escherichia
coli, Pseudomonas aeruginoSalmonela choleraesuasmd Salmonela typhj but onlyE. coliwas inhibited.

Key words: Rhodophyta, sulfated macromolecules, chemicalyaisglantimicrobial

INTRODUCTION found at high concentrations in the extracellular
matrix of marine algae. Their structures and the
Red seaweeds are rich sources in sulfategulfate contents markedly vary among species
polysaccharides (SPs) (Ray and Lahaye 199%Pereira et al. 2005; Pomin and Mourdo 2008,;
Melo et al. 2002; Pereira et al. 2005; S.F-Tische£hang et al. 2010; Amorim et al. 2011).
et al. 2006; Aratjo et al. 2008; Rodrigues et alThe polysaccharide agar (a SP having galactose as
2009; Rodrigues et al. 2010; Graca et al. 2011the major monometer) is mainly found in
Rodrigues et al. 2011; Rodrigues et al. 2012)Gelidiaceae, Gracilariaceae, Phyllophoraceae and
These polyanionic polymers play an important roléCeramiaceae families, which can be extracted by
in ionic, mechanical and osmotic functions, beindlifferent procedures (Melo et al. 2002; Mazumder
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et al. 2002; Maciel et al. 2008). The genusMATERIALS AND METHODS
Gracilaria is currently the major source of SPs
worldwide, and various studies have been done ddarine alga
their biology, ecology and phycocolloid The red marine alg&. ornata Areschoug was
characterization (Pomin and Mouré&o 2008). collected from the Mucuripe Beach (Fortaleza,
The Gracilaria species are distributed throughoutCeara State, Brazil). The material was cleaned of
the tropical regions of the world. Algae from thisepiphytes, washed with distilled water, and stored
genus are important producer of SPs (Mazumder at —20°C until use.
al. 2002; Melo et al. 2002; Marinho-Soriano and
Bourret 2005; Pomin and Mourdo 2008), and caBacteria
be found in wild and cultured species (Marinho-Bacillus subtilistATCC 6633) andtaphylococcus
Soriano and Bourret 2003; Maciel et al. 2008aureus (ATCC 6538) (Gram-positive),
Bezerra and Marinho-Soriano 2010). Thesdcnterobacter aerogens (ATCC 13048),
compounds are widely studied as thickeningEscherichia coli Pseudomonas aeruginosa
geling and stabilizing agents to various(ATCC 25619), Salmonela choleraesuiATCC
biotechnological applications (Melo et al. 2002;10708) and Salmonela typhi (ATCC 65344)
Maciel et al. 2008; Pomin and Mour&o 2008). (Gram-negative) were used. They were obtained
Polysaccharides froGracilaria genus are mainly from the Department of Microbiology Laboratory,
composed of alternating 3-linked B-D-  Federal University of Ceara, Brazil, and kept in
galactopyranosyl residues (A-units) and 4-linkedAGAR nutritive medium (Difco) at 4°C.
a-L-galactopyranosyl (or 3,6-
anhydrogalactopyranosyl) residues (B-units). ThiReagents
backbone is further modified by different Bovine Serum Albumin, Coomassie Brilhant Blue
substitutions (Mazumder et al. 2002; Melo et alG-250, Agar Sabouraud and Bacto-peptona
2002; Maciel et al. 2008). (Sigma Chemical Co., St. Louis, E.U.A); Agar for
In Brazil, several species of high commerciakell count (Oxoid LtDa, Hampshire, England); and
value have been described, such Gacilaria  other reagents were commercially purchased.
cervicornis Hydropuntia cornea (Marinho-
Soriano et al. 2001)G. gracilis G. durg G. SPs extraction
bursa-pastorigMarinho-Soriano 2001);. cornea G. ornata was submitted to different extraction
(Melo et al. 2002)(. birdiae (Maciel et al. 2008) conditions for obtaining different crude SPs
and G. domingensigSalles et al. 2010). Some extracts based on Amorim et al. (2011). Initially,
Gracilaria species have been reported as rich ithe algal tissue was submitted to mechanical
SPs possessing antitumor (Fernandez et al. 1988}irring for 24 h at room temperature (25°C) in
antiviral against herpes simplex virus types 1 andiater at 1.5% (w/v). The residue was removed by
2 (Mazumder et al. 2002; Duarte et al. 2004), andentrifugation (5.000 xj for 15 min at 4C). The
other with effects to minimize stress in culturedsupernatant was precipitated with absolute EtOH
fishes (Araujo et al. 2008). Although SPs modulaté¢1:3, v/v), centrifuged, redissolved in distilled
a large number of biological activities (Leite &t a water, dialyzed against water, freeze-dried and
1998; Ghosh et al. 2004; Pereira et al. 2005; Qi elenominated Go-1. The algal residue was re-
al. 2005; S.F-Tischer et al. 2006; Fonseca et aextracted but this time at 80°C for 4 h, followead b
2008; Zhou et al. 2004; Rodrigues et al. 2009¢entrifugation under the same conditions. The hot
Ananthi et al. 2010; Sinha et al. 2010; Graca et aéxtraction was repeated once more, using the
2011; Siqueira et al. 2011), the antimicrobialsecond extraction residue. The supernatants were
activity has been rarely reported (Rao and Parelprecipitated with absolute EtOH (1:3, v/v), and
1981; Hellio et al. 2001; Chotigeat et al. 2004). denominated Go-2 and Go-3 for the second and
From the red seawee®. ornatg Leite et al. third extractions, respectively.
(2005) purified and characterized a protein (lgctinA mass of 0.2 g of each of the crude Go-1, Go-2
that affected the development of cowpea weeviind Go-3 extracts were dissolved in hot distilled
Callosobruchus maculatelarvae. In the present water (60°C), and centrifuged. The clear
study, the antimicrobial effect of a crude SP fronmsupernatant was then freeze-dried. Extract Go-3
the native red seawe@l ornatawas investigated. was used in microbiological assays because of its
yield and solubility behavior.
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Chemical analysis Hinton plates. Samples of 30 pL were applied in
The crude SPs extracts were estimated for thedterile filter paper discs of 6 mm diameter andithe
chemical composition. Total sugars (TSs) conterplaced under the medium. All the plates were
was determined by the phenol-sulfuric acidncubated at 35°C for 24 h and monitored by halos
analysis using galactose as standard (Dubois et &rmation around the discs. The results was
1956) using a spectrophotometer (AMERSHAMexpressed as the halo diameter. The assays were
BIOSCIENCES ULTROSPEC 1100) at 490 nm.performed in duplicate with three repetition.

After acid hydrolysis of the soluble

polysaccharides (1 mL of HCI for 5 h at 100°C),Evaluation of effect of G. ornata SPs (Go-3) on
free sulfate (FS) was measured by thehe development of eubacteria in mineral liquid
BaCl2/gelatin method (Dodgson and Price 1962)medium

Contaminant proteins (CPs) content was measurdthe effect of Go-3 on the development of
by Bradford’s method (1976), using bovine seruneubacteria in mineral liguid medium was

albumin as the standard. evaluated. All the bacterial cultures obtained from
the nutritive agar in Petri plates (35°C, 24 h) ever
Specific rotation (SR) transferred to assay tubes containing 9.0 mL of

The SPs solutions @. ornatacrude extracts were 0.15 M NaCl sterile solution, and then the
prepared at 0.2% in deionized water (25°C). Therhacterial cultures were adjusted to a cell dergity
the SR of crude SPs extracts were determined it0® - 10* colony forming unit (CFU mt) by
Perkin Elmer polarimeter (model 341) at 589.3 nnoptical density (OD) measurement in

in sodium D line. spectrophotometer (PHARMACIA BIOTECH
ULTROSPEC 2000) at 630 nm (OD = 0.02-0.04).
Infrared spectroscopy (IR) Afterwards, Go-3 was directly dissolved in

The IR spectras of crude SPs extracts were alsnineral medium for obtaining of a final solution of
determined. The Fourier transform IR spectra (FT2 mg mL' and after a sterilization through 0.22
IR) were recorded with a SHIMADZU IR um membrane filter (Millex-GP, Millepore) was
spectrophotometer (model 8300) between 400 angsed in the assay. The test was performed using
4000 cm'. The samples were analyzed as KBi3.15 mL of Go-3 collected from each assay tube

pellet. containing 3.15 mL mineral medium and 0.7 mL

bacteria solution to make the final volume as 7.0
Microbiological assays mL. All tubes were incubateded at 35°C and
Nutritive agar monitored for 60 h using spectrophotometer

The nutritive agar was prepared with 18 g agar, 1HARMACIA BIOTECH ULTROSPEC 2000) at

g nutrient medium and 1 L distillated water, mixed630 nm.

and submitted to heat, and then distributed inyassa

tubes containing 5 mL volume each one. AfteiEvaluation of the effect ofG. ornata SPs (Go-3)

that, the tubes were sterilized (121°C, 15 min) anthrough standard assay using chemical agents

then the contents were transferred in Petri platea liquid medium

for solidification. PVC films were used as edibleThe effect of Go-3 on the development of

and stored in oven (37°C, 24 h). After sterilizatio eubacteria in mineral liquid medium was

all the plates were maintained at 4°C until use.  evaluated. All the bacterial cultures obtained from
the nutritive agar in Petri plates (35°C, 24 h) ever

Maintenance of cultures transferred to assay tubes containing 5.0 mL of
All bacteria in agar nutritive medium (Difco) with nutritive sterile. After a 24 h, the standard assay
sterile mineral oil were maintained at 4°C. for chemical agents test was done, which consisted

of preparations of consecutive dilutions of Go-3
Evaluation of effect of G. ornata SPs (Go-3) from initial concentration of 1.0 mg riLin 0.15
through disc diffusion M NaCl. Then, 0.1 mL of inoculum was added in
Extract Go-3 was evaluated for its antimicrobialeach tube, followed by incubation at 35°C.
activity by plate diffusion assay in agar nutritiveAliquots were collected at 10, 20, 30 and 60 min,
medium according to Cappuccino (1986). Theand 12 and 24 h for subculture preparations. The
bacterial cultures in exponential growth phasé (1Gsame protocol was performed for the cell count.
cell mL™) were used for cultivation in agar Muller- Each culture was diluted until 10-8 cells (in sgyie
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in 0.15 M NacCl sterile. One hundred micro liter f RESULTS AND DISCUSSION
each suspension was used for cultivation in the
plates containing PCA medium, using a DrigalskiYield
All the plates were incubated at 35°C for 24 h and'he total yield of SPs extracted from the red alga
the number of CFU ml was estimated. The G. ornata at room temperature (25°C) and
assays were carried out in triplicate, each onk witsequentially at 80°C (twice) was 9.2% (w/w%).
two repetitions. All the experimental procedurel ower yields were obtained in Go-2 and Go-3 (4.1
was performed under aseptic conditions, using and 4.9%, respectively), while the lowest was
laminar flow unit. Finally, the colonies from each0.2% (Go-1) (Fig. 1). This species presented a
plate were pinched and subcultivated in nutritivaotal SPs yield higher to that from the red
agar medium for bactericidal or bacteriostaticceaweedsselidium crinale(2.6%) (Pereira et al.
confirmation. 2005), Botryocladia occidentaliq4%) (Farias et
al. 2000) andG. birdiae (6.5%) (Maciel et al.
Microscopic analysis of bacteria cultivations in  2008), but lower than those &. cornea(21.4%)
presence of Go-3 (Melo et al. 2002)G. bursa-pastorig38.8%),G.
The purity of culture was monitored by Gramdura (33.5%), G. gracilis (30.0%) (Marinho-
method as described by Soares et al. (1987%oriano  2001), Halymenia pseudofloresia
Briefly, fresh culture preparations were examineq47.14%) (Rodrigues et al. 2009) ahkidlymenia
for possible cell morphological alterations in thesp (53.96%) (Rodrigues et al. 2010), respectively.
presence of Go-3. Laminas were observed im a recent study, Amorim et al. (2011) performed
optical microscopy (100 x). three differential successive aqueous extractions
from H. floresia and obtained that at high
temperatures (80°C), 34.6% SPs were extracted
against 4% at 25°C.

Yields (%)

Go-l1 Go-2 G0-3
Extractions

Figure 1 - Yields of crude SPs extracts (Go-1, Go-2 and3Easolated by sequential extractions in
water (25°C and 80°C) from the red seaw&dcilaria ornata Yields are express as
percentage weight of alga desihydrated weight.

The lowest yield in Go-1 (25°C) could be due tadentification of new SPs. However, Chotigeat et
the presence of precursors or other non-gell. (2004) reported that accentuated variations in
promoting structural elements (Murano et al. 1997the yield of seaweeds SPs could also occur among
S.F-Tischer et al. 2006), whereas in Go-2 and Gadifferent species. SPs yield fronGracilaria

3 (80°C) suggested the presence of floridean stardpecies has been correlated with the environmental
granules inG. ornata(Mazumder et al. 2002; S.F- factors (Marinho-Soriano and Bourret 2003). From
Tischer et al. 2006). According to Rodrigues et althis point of view,G. ornataSPs deserved further
(2009, 2010), the employment of successivestudies. These aspects are supported due to the use
extractions could be a valuable strategy for thef this class of macromolecules in several
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economical fields (Farias et al. 2000; Mazumder etecondary axial sulfate) were extended and
al. 2002; Duarte et al. 2004; Pereira et al. 2005howed the presence of galactose-4-sulfate in the
S.F-Tischer et al. 2006; Araujo et al. 2008JR spectra of all the crude SPs extracts.

Siqueira et al. 2011). The high cost of thesé&urthermore, the intensity of this signal was

polymers in the international market encourages toorroborated by the FS content (Table 1). This
discover new natural sources of phycocolloids fomeant that the sulfate occurred at the position C-4
biotechnology (Melo et al. 2002; Maciel et al.of D-galactose. The IR spectrums of SPs also

2008; Campo et al. 2009; Silva et al. 2010). showed absorption bands at 1250 'crdenoting
the presence of sulfate ester (Mazumder et al.
Chemical analysis 2002; Melo et al. 2002; Ghosh et al. 2004;

The chemical composition varied among the crud€hattopadhyay et al. 2007a; Karmakar et al. 2009;
SPs extracts obtained (Table 1). Extract Go-1 haSilva et al. 2010).

the lowest FS content (5.88%) and highest CPBand absorbance provides information on the
content (3.70%) compared to Go-2 and Go-dccurrence in the crude extracts of 3,6
extracts. These results reported were in accordanaahydrogalactose at 930 ¢nfMelo et al. 2002;
with others SPs from Gracilaria species Silva el al. 2010) and characteristics of
(Mazumder et al. 2002; Melo et al. 2002; Maciel eagarocolloids at 1375, 1153, 1070, 890 and 761
al. 2008), but the sulfate content of algae SPsmi' based on Melo et al. (2002) and Maciel et al.
could be variable among the different specie§2008). 1030 cr corresponded to the glycosidic
(Pereira et al. 2005; S.F-Tischer et al. 2006; ghanlinkage stretch vibration of C-O-H (Ananthi et al.
et al. 2010; Amorim et al. 2011). The CPs conten2010). 3400-3423 (OH stretching) and 2922-2926
of the extracts was very small, suggesting théCH stretching) cm were also detected (data not
presence of amino acids (Mazumder et al. 200&hown). However, there were no absorption bands

Ghosh et al. 2004; Amorim et al. 2011). or shoulders detected at 820 and 805'cm
showing that 2-sulfate galactose, galactose-6-
Specific rotation sulfate and sulfate on C-2 of 3,6-anhydrogalactose

The SPs solutions @. ornatacrude extracts (Go- were not present. Pomin and Mourdo (2008)
1, Go-2 and Go-3) prepared at concentration akeported that the chemical structure of SPs from
0.2% in deionized water (25°C) showed SR raginged seaweeds could occur as agaran (L-series),
from —-19.0 to —-56.5 (Tab. 1), suggesting that thearrageenan (D-series) or both (hybrids D-/L-
SPs fromG. ornata belonged to the L-series, series).

similar to reported for other natural SPs found inTherefore, the little differences found in this
Gracilaria species (Pomin and Mourdo 2008) andexperiment could be determined by the technique
in the brown seaweedPadina tetrastomatica employment. The SPs yield and chemical and IR

(Karmakar et al. 2009). analyses varied among the differential extractions,
with low values recorded at 25°C (Go-1) (Maciel
Infrared spectroscopy et al. 2008) when compared to those found at 80°C

The IR spectrums of crude SPs extracts are show®o-2 and Go-3) (Figs. 1 and 2, Table 1) (Amorim
in Fig. 2. This technique is considered as an uisefet al. 2011), suggesting the occurrence, at leést,
information for partial characterization of two “populations” of cell-wall SPs (Ray and
seaweeds SPs (Melo et al. 2002; Maciel et alLahaye 1995; Rodrigues et al. 2009; Graca et al.
2008; Campo et al. 2009; Silva et al. 2010), sucB011; Siqueira et al. 2011), and that high
as in the determination of sulfate and 3,6iemperature was an important parameter Gor
anhydrogalactose contents in SPs (Mazumder et @rnata SPs extraction (Amorim et al. 2011).
2002). The original bands at 845-850¢(&-O-S,

Table 1- Chemical composition of crude SPs extracts frethseaweeracilaria ornata
Chemical composition (%)

o * 20°
SPs C (o TSs? FSP CPS°
Go-1 25 219.00 33.14 5.88 3.70
Go-2 80 -51.00 57.71 10.30 1.30
Go-3 80 -56.50 62.20 10.30 0.10

a — Dosage by Dubois et al.” method using D-gateetas standard; b — Dosage by Dodgson and Prideotheising NaS©as standard; ¢ —
Dosage by Bradford’ method using bovine serum album- Specific rotation.
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Figure 2 — FT-IR spectrums of Go-1 (A), Go-2 (B) and Go&3 crude SPs extracts from red
seaweedsracilaria ornata

These data were not in accordance with otheereparations could modify the structure of the
studied Gracilaria species SPs. Mazumder et al.residual polysaccharide.

(2002) isolated and investigated chemicallyDiverse others marine organisms are rich sources
several SPs present {B. corticata The authors in SPs possessing highly complex and
observed that the SPs extracted with wateneterogeneous structures. Pereira et al. (2005)
presented the sulfated groups at positions C-4 oéported the occurrence of edGalp-(1-3)4-

the 1,3-linked D-galactose units and C-6 of th&alpl, but with a variable sulfation pattern, having
1,4-linked L-galactose residues. In contrast, whef,3-di-sulfated and 2-sulfated, for the red alga
the SPs was extracted by alkaline treatment, theoginale. The presence of 2-sulfated, 3-linked.-

was absence of the band at 850”c(aulfate-4- galactan, was also characteristics of some marine
galactose). The obtained SPs alkaline presentedirevertebrates (Pereira et al. 2002). More recently,
signal more intense at 930 ¢m (3,6- Aquino et al. (2005) identified sulfated galactans
anhydrogalactose). In fact, it has been suggestém the marine angiosperm&yppia maritima
that 6-sulfatex-L-galactose may be chemically Halodule wrightii andHalophila decipiens The
converted to 3,6-anhydrogalactose after alkalinauthors concluded that those from the sea dRass
treatment. maritima were constituted by a regular
In another study, the FT-IR spectra of crude Sketrasaccharide repeating unit that had an
and its obtained fractions from papain digestionntermediate structure when compared to those
from G. corneawas reported by Melo et al. presents in marine invertebrates and red marine
(2002). The results revealed the possible presenedgae.

of sulfate-4-galactose and a shoulder close to 82Binha et al. (2010) extracted the polysacharides
cm’* suggestive of sulfate-6-galactose. In contrasfrom Sargassum tenerrimuniPhaeophyta). The
2-sulfate galactose and sulfate on C-2 of 3,6FT-IR spectrum of a fraction also contained a band
anhydrogalactose were not identified. The resultat 1420 (COQ cm’ characteristic of alginate,
showed that the ratio between galactose angeing the first report for the presence of gulutena
anhydrogalactose was quite far from the ideah Sargassaceae.

agarose ratio, and this chemical aspect waBhe absence of 2-sulfate galactose, sulfate-6-
attributed to the absence of gelation in aqueougalactose and sulfate on C-2 of 3,6-
solutions. According to Percival and McDowell anhydrogalactose in the IR spectra (Fig. 2) in the
(1967), possibly the use of crude enzymeresent study suggested the hypothesis of relating

Braz. Arch. Biol. Technol. v.55 n.2: pp. 171-181aiApr 2012



Antimicrobial Effect of a Crude Sulfated Polysacctia 177

the structural studies of SPs as supplement iBalmonela choleraesuisand Salmonela typhi
morphology, anatomy and life history studies, agGram-negative) was studied.

auxiliary tools in the elucidation of taxonomic In this study, no antimicrobial effect was obtained
position of these organisms (Usov 1998). It haby Go-3 through plate diffusion method,
been reported that different extraction methodsuggesting that the high viscosity of Ge ornata
could influence the extraction of these polymer§SPs in the cultivate medium interfered
(Mazumder et al. 2002; Melo et al. 2002), agCappuccino et al. 1986). Also, no growth of
observed in this study (Fig. 1). In this context, &acteria was observed in the presence of Go-3 in
more detailed investigation is needed. the mineral medium. This indicated that all the
The absence of an absorption band in the IfRested bacteria were not capable of utilizing@e
spectra for galactose-6-sulfate was also noted (Figrnata SPs as carbon source.

2). The presence of this signal in the algae IRn order to still verify some bactericidal actioh o
spectra indicated that the sulfate was linked &Bo-3, the method using chemical agents in liquid
position C-6 of galactose (Mazumder et al. 2002)nedium was tested. However, as in the plate
In general, theCaulerpa SPs occurred with this diffusion and mineral medium methods, Go-3 had
structural feature (Ghosh et al. 2004;also no effect. Surprisingly, when Go-3 was tested

Chattopadhyay et al. 2007b). in another inhibition assayG. ornata SPs
presented inhibitory effect against coli bacteria
Microbiological assays (Gran-negative)  (p<0.05) (Fig 3). No

In recent years, the risks of the ingestion omorphological alteration in the cultured cell ireth
contaminated food by human have beempresence of Go-3 was also observed.

significantly increased. Among the major agent§here are a few reports about the antimicrobial
are bacteria (Gram-positive and -negativeeffects of seaweeds SPs. According to some
bacteria). Bacteria cause huge damage in sevetaérature data, the extracts from the marine algae
economic fields, including food industry, fish andPadina gymnospotaictyota dichotomgRao and
shrimp farms, etc (Chotigeat et al. 2004; Carvalh®arekh 1981),Dunaliella bardawill Isochrysis

et al. 2009). Although the antibiotics are widelygalbana (Fabregas et al. 1999)Sargassum
used for bacterial control, their indiscriminatemuticum (Hellio et al. 2001) and5. polycystum
administration is considered a problem of publiChotigeat et al. 2004) possessed antimicrobial
health (Harakeh et al. 2006; Carvalho et al. 2009) effects.

The hypothesis of a possible biological effect ofChotigeat et al. (2004) evaluat&l polycystum
Go-3, which presented the highest yield (Fig. 1pgainst three bacteriaE( coli, Staphylococcus
and low CPs content (Table 1), froB ornata aureusand Vibrio harvey) and found that thé&.
was similar to that reported by Graca et al. (2011polycystunrextract had ability to inhibit the growth
studying the effects of a crude SP extract (nameaf all these bacteria, which caused diseases in
Hf2s) from red seawee#lalymenia floresiaon shrimpLitopenaeus vannamei

gastrointestinal smooth muscle contractilitn ( The present study demonstrated that Go-3 only
vitro and in vivg). These authors, based on anhibited the growth oE. coli (Fig. 3). It showed
previous study performed by Amorim et al.that Go-3 presented narrow spectrum of action
(2011), noticed that this crude polysaccharidegainst all the tested bacteria. Generally it is
contained a highest yield and sulfate content, anemphasized that structural and conformation
low CPs content. In addition, low CPs content imaspects of the seaweed SPs, as well as charge
G. ornata (Go-3) could be important in the density, molecular weight and/or distribution,
solubility behavior of this crude polysaccharidesulfate content also play an important role foirthe
(Ray and Lahaye 1995). biological actions (Nishino et al. 1991; Fariaslet
Based on these considerations, the effects of 2000; Duarte et al. 2004; Ghosh et al. 2004;
crude SPs extract (Go-3) on the growth of seveWMourdo 2004; Zhou et al., 2004; Pereira et al.
bacteria Bacillus subtilis Staphylococcus aureus 2005; Fonseca et al. 2008; Zhang et al. 2008;
(Gram-positive), Enterobacter aerogens Rodrigues et al. 2010; Silva et al. 2010; Rodrigues
Escherichia coli Pseudomonas aerugingsa et al. 2012).
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Figure 3 — Effect of the crude SPs extract (Go-3) from thd algaGracilaria ornata on the
growth Gran-positive and -negative bacteria. Cdgroup ] ; Go-3 ] . *P<0.05
statistically significant.

SPs occur in several marine organisms andnd/or distribution of sulfated residues in these
comprise a group of structurally heterogeneoupolysaccharides chain was critical for interaction
macromolecules with a diversity of biological between proteases, inhibitors and activators of the
activities. SPs from different algal species haveoagulation system, resulting therefore in a distin
demonstrated that each polysaccharide possessegsadtern in anti- and procoagulant activities and in
particular biological action, and as a consequendhe antithrombotic action.

of the presence of sulfate radicals, these polymeit is believed that the absence of antimicrobial
deserve to be evaluated using different biologicactivity of seaweeds SPs was related to charge the
assays (Mourdo and Pereira 1999). repulsion between the sulfated groups and cell-
The occurrence of -4-Galp-(1-3)$-Galpl, but wall of bacteria. The inhibition of growth of the
with a variable sulfation pattern, having 2,3-di-bacteria by the addition d&. ornata SPs (Go-3)
sulfated and 2-sulfated, has been attributed assaggested the hypothesis of the presence of
structural requirement for the anticoagulant actioglycoprotein-receptors in the cell-surface capable
of galactans from red algae (Pereira et al. 2005pf recognizing and binding to the charged
and as a structure—anticoagulant relationship thabmpounds presents in the cell-surface of bacteria
also indicate 2-sulfated, 3-linked-L-galactan, (Rostand and Esko 1997). Another hypothesis is
being a potent thrombin inhibitor mediated bythe production of enzyme by the bacteria (heparin
antithrombin or heparin cofactor Il, for marinelyases, chondroitin lyases and chondroitinases)
invertebrates (Pereira et al. 2002). capable of removing SPs on the host cell-surface
More recently, Fonseca et al. (2008) compared @ostand and Esko 1997; Huang et al. 1999).

SP isolated from B. occidentalis having Therefore, current data indicated that Go-3 from
anticoagulant activity (90 IU mj with that of G.  the red algaG. ornataexerted selectivity on the
crinale (65 IU mg") (Pereira et al. 2005) growth of E. coli The action mechanism d.
(Rhodophyta) on specific coagulation assays anornata SPs on the antimicrobial effecE.( coli),
experimental models of thrombosis. The resultincluding its structural requirements and chemical
indicated that slight differences in the proportiormodifications, should be further investigated.
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