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ABSTRACT

Red alga Polysiphonia sp. was tested for presence of hemolysins, antibiotics, acetylcholinesterase inhibitors and
hemagglutinins. Although we found no activity in this organism, the screening procedure developed in our labora-
tory proved suitable for rapid detection of other potentially interesting bioactive molecules from different source
material.
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RICERCA DELLE ATTIVITA BIOLOGICHE NELL'ALGA ROSSA POLYSIPHONIA SP.
PEL NORD ADRIATICO
SINTES!

{’alga rossa Polysiphonia sp. & state analizzata per la presenza di emolisine, antibiotici, inibitori del-
'acetilcolinesterasi ed emaggiutinine. Benché gli autori non abbiano trovato afcuna attivitd in tale organismo, le
procedure di screening sviluppate nei loro laboratori si sono dimostrate appropriate per una identificazione rapida di
altre molecole bloattive potenzialmente interessanti, provenienti da fonti diverse di materiale.

Parole chiave: prodotti marini naturali, alghe rosse, Polysiphonia, attivita antibatterica, emagglutinazione, emolisi,
acetilcolinesterasi
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INTRODUCTION

About 30% of the current worldwide human thera-
peutics derive from natural sources (Grabley &
Thiericke, 1999), Recent trends in drug discovery em-
phasize investigation of the marine environment, which
has already given some commercially known phanma-
ceuticals like Aracytine and Vidarabine from the sponge
Cryptotethya crypta, or Ziconotide from the mollusc
Conus magus. Marine organisms endow different de-
fense strategies to survive in the highly competitive ma-
rine environment, thus resulting in a tremendous diver-
sity of highly active compounds affecting numerous tar-
gets involved in eukaryotic cell signaling processes.
However, toxic principles often dominate the spectrum
of biologically active metabolites, hence in the last 20
years none of the isolated compounds have reached the
pharmaceutical marketplace {Faulkner, 2000}

The aim of this study is to present a methodology
that has been developed in our laboratory for fast
screening of biclogically active molecules in marine or-
ganisms. It is composed of a hemolytic, an antibacterial,
a hemagglutination and an anticholinesterase test. A
marine organisim containing potential biologically active
compounds usually has a clean surface, not fouled by
other micro- orfand macroorganisms. Another indication

of bivactivity may bhe the expansive growth of one spe-
cies gver the others during the territorial competition.

In 1996, a large quantity of algal complex with pre-
dominating red algae Polysiphonia spp. was noted in
the sublittoral area of Cape OStro {Northern Adriatic,
Croatta; Fig. 1). Monitoring of its growth for a period of
1 year revealed that in the summertime, when the water
temperature averaged about 23°C, the algal complex
covered 80% of the area being observed (Arko-Pijevac,
2000), and dominated over different sessile marine or-
ganisms. A virtually black color of the sandy sediment
surface at a depth of 12.5 to 15 m suggested the pres-
ence of anoxic conditions below the algal layer.

Red algae have been already reported to possess
compounds  exerting  hemagglutinating (Hori et al,
1987; Ckamoto ef al., 1990}, antibacterial (Mahasneh et
al., 1995; Etahirt et af,, 2001; Gao et al., 2001}, neuro-
toxic (Freitas et al., 1995), mitogenic (Hori et al.,, 1987),
hemolytic {Freitas et al., 1995; Igarashi et a/,, 1998), an-
timutagenic (Okai et al., 1996}, ichthyotoxic {igarashi et
al, 1998), antifungal and moltuscicidal (Gao et al,
2001), antimalarial (Etahiri et al., 2001), antiviral (Car-
Jucel et al., 1997; Duarte et al., 2001), anticoagulant
(Carlucci et al., 1997), cytotoxic and antialgal (Konig et
al., 1999), and fatty acid-oxidizing activity (Kajiwara et
al., 2000}

Fig. 1: A large quantify of algal complex with predominating red algae Folysiphonia spp. in the sublittoral area of
Cape Ostro, covering 80% of the area. (Photo: M. Kovacic)
SI. 1: Gosta previeka alg s previadujocimi vistami iz rodu Polysiphonia v infrafitoralu rta Ostro je prekrivala 80%

obravnavanega ebmodja. (Fofo: M. Kovacic)
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Concerning Folysiphania, it has been shown that the
extracts {rom some species of this genus ate antivital
{Serkedjieva, 2000; Serkedjieva et al,, 2000), antibacte-
rial (De Rosa et al,, 2001; Hellio et al., 2001), antifungal
and toxic to Aremia salina (De Rosa et af., 2001). To
examine if Northern Adriatic species of Polysiphonia
contains certain biologically active compounds, leading
to the observed overgrowth, we have tested its extracts
using a developed methodology.

MATERIAL AND METHODS
Algal material

The Polysiphonja samples were collected at Cape
Oitro (Northern Adriatic, Croatia) in 1998, They were
kept at a temperature of -20°C until the start of the ex-
periments,

Extraction procedure

Frozen algal tissue was lyophilized and powdered.
Equal amounts (10 g each) of the obtained powder were
suspended in eight different solvents (150 m{ each) that
would extract different substances contained in the plant
according to the level of their polarity. The used sol-
verits were water, methano!, absolute ethanol, acetone,
1-butanol, n-hexane, chioroform and aether-petrolei.
Samples were shaken for Z4 hours on the arbital shaker
at 100 rpm and then fiftered through a paper filter. The
obtained filrates were concentrated under reduced
pressure. The dry weight of the concentrated extracts
was determined by evaporating the solvent from 1 ml of
the filtrate at 80°C.

Biological activity tests

For menitoring the possible presence of biologically
active molecules in Polysiphonia, we tested different al-
gal extracts for antibacterial, hemolytic, hemagglutinat-
ing and antiacetylcholinesterase activities, Pure solvents
were used as controls for alf tests.

Evaluation of antibacteriat activity

for detecting possitle antibacterial activities, a stan-
dard agar diffusion test was applied. Two Gram negative
(Shigeila sannei, Escherichia coli) and two Cram posi-
tive (Micrococcus futeus, Slaphylococcus aureus) bacte-
rial strains were used. Bacteria were obtained from the
bacterial collection at the Department of Biology, Uni-
versity of Ljubljana. They were allowed to grow over-
night in Lauria Broth Base (Sigma, U.S.A.) and their can-
centrations were then determined. Bacterial cultures
were incorporated inte the agar-supplemented lauria
Broth that was cooted to 42°C beforehand. The final
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concentration of bacteria was approximately 5x10° of

colony-forming units per mitlititer (CFU/mI). Twenty mi = :
of inoculated medium were poured into Petri dishes and -
kept at a temperature of 4°C, then circles (& =1 em) of -

agar were cul from the medium. Hundred pl of each ex-
tract or pure solvent were put into 3 circle of the Petri
dish with different types of bacteria, The system was
then kept overnight at 37° Antibacterial activity was
evaluated by measuring the diameter of inhibition
ZOnes.

Evaluation of hemolytic activity

Hemolysis was measured with a lurbidimetric
method according to Madek & Lebez (1981). Typically,
10-50 | of different Polysiphonia extracts or pure sol-
vents were added to a cuvette containing 3 mi of bovine
erythrocyte suspension in (.13 M Nadl, 0.02 M
TRIS/HCL, pH 7.4, having an apparent absorbance of 0.5
at 700 nm. the decrease of apparent absorbance, de-
riving from kemolysis, was recorded using a UV/VIS
spectrophotometer (Shimadzu 2100, fapan). The sus.
pension in the cuvette was magnetically stirred. The ex-
periment was performed at 25°C.

Evaluation of hemagglutination

Bovine erythrocytes were washed three times with
0.9% saline and twice with 0.14 M NaCi, 4.013 M
TRISMHC], pH 7.4, Two-percent suspensions of washed
erythrocytes were prepared in the same buffer, and pi-
peted onto microtiter plates (Nunc, Denmark), To the
100 gl of erythrocyte suspension in each well, 50-10 pi
of different extracts or pure solvents were added. Fol-
lowing a t-hr incubation at room temperature, hemag-
glutination was scored (Septic et al, 1997,

Determination of acetylchelinesterase inhibition

The inhibition of acetylcholinesterase (AChE) was
measured colorimetrically as described by Ellman et af.
{1961}, Briefly, to 3 ml of 0.1 M phosphate buffer, pH
8.0, 20 p of 0.075 M acetylthiocholine iodide was
added, followed by 100 pf of 0.1 M 5-5-dithio-
bisnitrobenzoic acid, and usually 10-100 gl of the sam-
ple 10 be tested (different extracts or pure solvents). After
the absorption in reference and sample cuvettes had
been auto-zeroed, the reaction was started by the addi-
tion of 20 pl AChE from electric eel {5 U/ml, Sigma,
U.S.AL). The reaction was monitored for 10 minutes.

RESULTS AND DISCUSSION
Antibacterial test

Eight different extracts of red alga Polysiphonia sp.
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were tested against 4 strains of bacteria and no extract
showed antibacterial activity. All bacterial strains
showed some growth inhibition by algal chioroform ex-
tract, which was proved as a solvent effect. The absence
of antibacterial activity was somehow surprising, as dif-
ferent Polysiphonia species had already been reported
to inhibit the bacterial growth. Organic extracts of two
Polysiphonia species, a widely spread P. denudata and
an endemic Black Sea species P. denudata f. fragilis
showed considerable  antibacterial  activity  against
Staphyfococcus aureus (De Rosa el al., 2000). Hellio et
al. (2001) have recently demonstrated that the antibacte-
rial activity of marine algae is very selective. They tested
90 algal extracts against 35 strains of marine bacteria
and found that only 18 extracts showed some activity.
Among them, there was afso an organic extract from
Folysiphonia lanosa, exhibiting specific inhibitory activ-
ity against Gram positive marine bacteria.

Hemagglutination test

Compounds exerting hemagglutinating activities are
usually glycoproteins and are therefore expected in wa-
ter extracis. Although there are some reports on hemag-
glutination activities from marine red algae Carpopeltis
flabellata (Hori et al., 1987} and Gracillaria bursa-
pastoris (Okamoto et al., 1990}, we did not detect any in
our Polysiphonia extracts.

Hemolytic activity

The testing of Polysiphonia extracts did not reveal
any presence of hemolytic substances. This is not sur-
ptising in view of very few reports of hemelytic activity
of red algae (Freitas et al, 1995; Igarashi et al., 1998).

Acetylcholinesterase inhibition

In this study, we also report on the testing for acetyl-
cholinesterase inhibition. If tested positive, it would in-
dicate the presence of a neurotoxin, Although the test
was negative, this is, as far as we know, the first atiempt
to detect AChE inhibition in red algae. A sole other ex-
ample of a neurotoxic activity in red algae was found in
liagora farinosa, whose polar extract induced a dose-
dependent inhibition of action potentials in the isolated
crustacean nerve (Freitas et al., 1995).

CONCLUSIONS

The results of this study suggest that the extracts from
the Polysiphonia material collected in the MNorthern
Adriatic do not possess biological activities that could
be detected with the used tests. It is therefore possible
that the observed overgrowth of this alga is due to some
undetected activities, or rather to different environ-
mental effects {light, trbidity, nutrients, temperature). It
is also possible that the anoxic conditions below the al-
gal layer had caused the mortality of other organisms
living there, or had simply prevented them to settle
there. Nevertheless, the presented screening procedure,
consisting of four rather economical biological tests, can
be further used for rapid (3-4 days) detection of other
potentially interesting bioactive molecules deriving from
different source material.
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RAZISKAVA BIOLOSKIH AKTIVNQST! V SEVERNOJADRANSKI RDECT ALGH
POLYSIPHONIA SP.
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FPOVZETEK

Morski organizmi so bogat vir strukturno Se nepoznanih in biclosko aktivaih molekul, V tef raziskavi so pred-
stavljene nekatere metode za detekcijo tak3nih spojin. Kot testni organizem fe bila izbrana rdeda alga Polysiphonia
sp. Leta 1996 se je ta alga zelo razrasia v severnem Jadranu, kar bi fahko bif kazalec moZnil prisotuik biocaktivnih
spojin. Hemoliticna, protibakterijska, hemaglutinacijska in protihalinesterazna aktivnost je bifa testivana na razlicnih
ekstraktity alge. Kijub temu da nobena od teh aktivnosti ni bila zaznana v preucevani algi, so se uporabljene metode
pokazale kot uporabne za hitro dologitev potenciaino zanimivih bioloskih molekul iz razli¢nih virov. Se veé, proti-
holinesterazni test je bil v tef raziskavi prvi¢ uporabljen na rdecih algah.

Kljucne besede: naravni produkti iz morskil organizmov, rdece alge, Polysiphonia, protibakterijska aktivnost, he-
maglutinacija, hemoliza, acetilholinesteraza
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