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Abstract

Marine organisms constitute approximately one half of the total global biodiversity, being rich
reservoirs of structurally diverse biofunctional components. The potential of cyanobacteria, micro-
and macroalgae as sources of antimicrobial, antitumoral, anti-inflammatory, anticoagulant
compounds has been reported extensively. Nonetheless, written records of biological activities of
marine fauna and flora of the Aegean Sea has remained poorly studied when in comparison to other
areas of the Mediterranean Sea. In this study, we screened the antimicrobial, antifouling, anti-
inflammatory and anticancer potential of altogether 98 specimens collected from the Aegean Sea,
including six species of cyanobacteria and 54species of marine algae. Ethanol extract of diatom
Amphora cfcapitellata showed the most promising antimicrobial results against Candida albicans
while the extract of diatom Nitzschia communis showed effective results against Gram-positive
bacterium, S.aureus. xtracts from the red alga Laurencia papillosa and three Cystoseira species
exhibited selective antiproliferative activity against cancer cell linesand an extract from the brown
alga Dilophusfasciolashowedthe highest anti-inflammatory activity as measured in primary
microglial and astrocyte cell cultures as well as by. In summary, our study demonstrates that the
Aegean Sea is a rich source of species that possess interesting potential for developing industrial
applications.
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Introduction

Bioprospecting, a tool for biodiversity conservation, can be defined as the collection of biological
material and analysis of itsproperties and/or its molecular, biochemical or genetic content for a
purpose of developing a commercial product. However, special care must be given to ethical issues
and conservation policies (Christoffersen and Mathur 2005; Beattie et al. 2011; Rose, Quave, and
Islam 2012). Covering more than 70% of world’s surface and with still many unknown habitats and
species, the oceans and seas play an important role in the search for new solutions concerning human
health. In recent years, many reports have been published about the biological activities of marine
species (e.g., cyanobacteria, macro- and microalgae) and compounds isolated thereof (Burja et al.
2001; Pulz and Gross 2004; Raposo, de Morais, and Bernardo de Morais 2013; Barbosa, Valentao,
and Andrade 2014; Wang et al. 2014).

The Aegean Sea is a saltwater body in the northeast part of the Mediterranean Sea. Being adjacent to
the Mediterranean — a marine biodiversity hotspot (Coll et al. 2010) — makes this embayment an
important site to study marine resources. However, the Aegean Sea has received little attention in
bioprospecting studies, despite its economic and cultural importance.The Aegean Sea has endemic
and rare species. The season in the Aegean Sea is characterized by the presence of two distinct

periods (summer and winter) with spring and autumn relatively short and transitional.

Marine macroalgae, macroscopic and multicellular seaweeds, can be classified into three groups
based primarily on their photosynthetic pigmentation: green (Chlorophyta), red (Rhodophyta) and
brown (Phaeophyta) (Garson 1989). Each group is rich in a type of sulphated polysaccharide: ulvan
(mainly in green algae), carrageenan (mainly in red algae) and fucoidan (mainly in brown algae).
Many studies have shown that seaweeds provide a rich source of natural bioactive compounds,
which havebeen shown to display antibacterial(Pierre et al. 2011), antitumoral (Ji et al. 2008),
antiproliferative (Mhadhebi et al. 2014), antioxidant (Farasat et al. 2013; Zhang et al. 2013;
Mhadhebi et al. 2014), and anti-inflammatory ( Mhadhebi et al. 2014; Ribeiro et al. 2014), activities.
For example, Abou Zeid et al. (2014) showed that polysaccharide contents of macroalgae
Dictyopteris membranacea exhibited interesting antimicrobial and antitumoral activities (Abou Zeid
et al. 2014).

Microalgae (or diatoms) are microscopic and unicellular, and normally classified not only by the
presence or absence of cell nucleus, presence of flagella and cycle of life but also, as seaweed, by
their photosynthetic pigmentation.Extracts from diatoms have been studied, for example, for their

apoptotic effects(Lee et al. 2009; Prestegard et al. 2009) and biochemical composition (J. A.



Simental-Trinidad, M. P. Sanchez-Saavedra 2001). However, many aspects of diatom’s metabolism

and production of natural compounds remain unknown.

Macro- and microalgae are well recognized as valuable resources for industrial purposes. Cultivation
of microalgae is known to be one of the most profitablebusiness in the biotech industry, being used
as nutritional supplements (Harmelen and Oonk 2006; West M. Bishop 2012), for CO,
fixation(Sydney et al. 2010), in cosmetics (Spolaore et al. 2006; Tran et al. 2014), food colorants
(Dufossé et al. 2005), and as biofuel (Singh and Gu 2010), among others. Macroalgae, crucial
primary producer in oceanic aquatic food webs, isequally important ecologically and commercially.
Their studied applications cover human food (MacArtain et al. 2007; Santos et al. 2015),
pharmaceuticals (Smit 2004; Pereira et al. 2012), cosmeceuticals (Thomas and Kim 2013) and
energy production (Aitken et al. 2014; Milledge et al. 2014).

The objective of this work was to carry out large-scale screening of antimicrobial, antifouling, anti-
inflammatory and anticancer properties of a total of 98 specimens collected from the Aegean Sea and

to evaluate their potential from biosprospecting perspective.
Results and Discussion

A set of 98 specimens was collected from 21 collection sites located on the Turkish coast of the
Aegean Sea such as Urla, Seferihisar, Urkmez, Burhaniye and Turgutreis (see Table S1 for details).
The set consisted of seven cyanobacteria, 17 microalgae, 72 macroalgacand two seagrass samples,
which belonged to six different phyla; Cyanobacteria (7%), Chlorophyta (27%), Haptophyta (1%),
Ochrophyta (47%), Rhodophyta (16%) and Tracheophyta (2%). Collected macroalgal/seagrass
specimen were washed and freeze-dried prior to extraction. Cyanobacteria and microalgal samples
were first purified and then cultivated as monoalgal cultures in laboratory conditions to produce
sufficient amounts of biomass for the extraction. Maceration with 80% ethanol was used for
preparing crude extracts from the samples, which were then subjected to biological evaluation.As a
primary screen, the extracts were evaluated at 50-100 pg/ml concentration by using a panel of 32
assays covering antimicrobial, anti-inflammatory and anticancer targets. By using >50% effect as a
threshold, five extracts were identified active against pathogenic bacteria and/or fungi, and three
against fouling bacteria (Fig. 1). Activity on breast and/or prostate cancer cells were detected for
nine extracts and four extracts demonstrated activity in the anti-inflammatory evaluation.
Interestingly, in most cases the activities were not overlapping between different assay categories.
Altogether, 20% of the extracts were defined as potentially active. Majority (16) of the active

samples were from macroalgae specimen, and from the phylum Ochrophyta (11), which was also



most abundantly represented within the collected set. The following sections describe the found

activities in more detail.
Antimicrobial and antifouling activity

The inhibitory effects were tested against ten pathogenic strains: three Gram-positive (E. faecalis, S.
aureus and S. aureus MRSA) andfour Gram-negative bacteria (E. coli, K. pneumoniae, S. flexneri
and V. cholerae), and three fungi (A. fumigatus, C. albicans and C. neoformans). Extracts 10S014,
10S152 and 10S156 showed the most promising results, with growth inhibition above 50% (Fig. 1).
Extract of Amphora cfcapitellata (10S014)was found to fully inhibit Candida and to inhibit Gram-
positive E. faecalisand S. aureus by 68% and 83%, respectively. Interestingly, Nitzschia communis
(10S152) fully inhibited the growth of S. aureusat 100 pg/ml concentration. The present study also
indicated that two macroalgal species of Cystoseira genus (10S022-1 and 10S027) as well as
Enteromorphalinza (10S054), exhibited moderate inhibitory activity against fouling marine bacteria

(Alcanivorax sp. and Pseudoalteramonas sp.).
Antiproliferative activity

The primary screen results obtained for antiproliferative effects of the extracts. In our study, the
extracts of reproductive Dictyopteris membranacea (10S039)and Hypnea musciformis (10S049 and
10S053)displayed a general cytotoxicity against all four cell lines, with inhibition of growth in the
range of 60 to 96%. However, extracts of species from theCystoseira genus (10S035, 10S037,
10S038) and of red algae Laurencia papillosa displayed cytotoxic effects on the cancer cells (LNCa,
PC-3 and MCF-7) but not on the non-tumorigenic cell line MCF-10, suggesting thatthese
extractsmight be interesting for further studies regarding their potential anticancer effects. The extract
of macroalgaeCystoseirastricta (10S037) showed significant effects on human breast
adenocarcinoma MCF-7 cells (inhibition of growth 87%) andsimilar effect has previously been
reported for this species (Mhadhebi et al. 2014). Recent publications(Mikami and Hosokawa 2013;
Mhadhebi et al. 2014) have provided evidence that some compounds and pigments present in brown

algae are responsible for their antiproliferative activities.
Anti-inflammatory activity

Microglia and astrocytes are able to recognize harmful stimuli and respond by producing
inflammatory cytokines such as TNFa, IL-6, IL-1B, and IFN-y (Boche et al. 2013). However,
inflammatory factors produced by microglia and astrocytes can damage local tissue and can further
increase inflammationand glial activation, leading to a persistent inflammatory cycle.This long-term

inflammation can give rise to fatal consequencesin the CNS, ranging from loss of synapses to



impairedcognition and overt neurodegeneration (Ward et al. 2015). The results obtained for anti-
inflammatory effects of tested extracts are summarizedin Figure 1. Extractsfrom
Chaetomorphaaerea (10S018), reproductiveCystoseiracrinita(10S038), Dilophusfasciola (10S043)
and Caulerparasemosa(10S020) clearly showed a reduction in the release of IL- 8 (50ug/ml: 33%,
29%, 34%, 42%; 100pg/ml: 38%, 35%, 45%, 55%), IL-6(50png/ml: 29%, 36%, 35%, 34%:;
100pg/ml: 42%, 47%, 45%, 54%), TNF- a (50pg/ml: 32%, 37%, 38%, 42%; 100ug/ml: 44%, 48%,
51%, 55%), and IFN- vy (50pug/ml: 39%, 45%, 47%, 32%; 100ug/ml: 54%, 59%, 65%, 47%),pro-
inflammatory cytokines when compared to positive controls. An increase inneuron survival was also
observed at both concentrations: 10S018 (50ug/ml: 38%;100ug/ml: 48%), 10S038 (50ug/ml: 49%;
100pg/ml: 55%), 10S043 (50ug/ml: 53%; 100ug/ml: 63%), and 10S020(50ug/ml: 43%; 100ug/ml:
48%). The results of both microglial and astrocyte activation indicate a significant activity of
10S018, 10S038, 10S043 and 10S020 extracts (Figure 1), as well as that Dilophusfasciola(10S043)
extract exhibit the highest anti-inflammatory activity. Taken together these results suggest that
several marine extracts could be further investigated as therapeutic tools in experimental pathological

conditions were microglial and astrocyte activation may contribute to disease.

Conclusion

In this article, we presented the results of an extensive studyon the bioactivity screening of several
species living in the Aegean Sea, i.e., cyanobacteria, micro- and macroalgae. The Aegean Sea,
considered as an arm of the Mediterranean Sea (biodiversity hotspot), is an interesting place for the
study of marine pharmacology. Based on our results, several macro- and microalgae species showed
stimulating results in antimicrobial studies against both pathogenic and fouling microbes. An alga
belonging to phylum Rhodophyta, Laurencia papillosa, exhibited promising antiproliferative activity
against cancer cell lines. Furthermore, an alga belonging to phylum Ochrophyta,
Dilophusfasciolaalso showed significant anti-inflammatory activity. However, further work is
required to fully elucidate the potential of these findings for the development of industrial

applications.

Materials and Methods

Sample collection and preparation

Collection of cyanobacteria, and micro- and macroalgae

Altogether 98 cyanobacteria, micro- and macroalgae specimens were collected from the Aegean Sea,
Turkey. Details on the collected species, collection sites and conditions are provided as

Supplementary Information (Table S1). Macroalgae were collected from the seashore by hand



pickingwhilecyanobacteria and microalgae were collected by plankton net (mesh size 20 pm).
Samples were packed into clean nylon bags or polyethylene bottles,placed on ice, and taken to the
laboratorywithin 48 hours. Microalgae and cyanobacteria species were checked and identified under

microscope, and then diluted and plated onto plates to prepare monoalgal cultures.
Isolation and purification of cyanobacteria and microalgae species

Collected sample (1 ml) was inoculated into 9 ml of appropriate sterilized medium in a 15-ml tube.
The tube was incubated for 7 days at 25°C at the light intensity of 30 pmol photons m™s™'. The
isolation was accomplished by streaking the sample across the agar surface. [solated colonies were
picked from the agar plate with disposable loop and then both re-streaked on a new agar plate and
rinsed in liquid appropriate medium to suspend the cells. Isolates were incubated at 25°C at light
intensity of 40 umol photons m™s™ in 250-ml Erlenmeyer flasks for 14 days. Isolated species were

added to the Ege University Microalgae Culture Collection (Ege-Macc;http://www.egemacc.com).
Batch cultivation of cyanobacteria and microalgae

The cyanobacteria and microalgae samples were monoalgal (non-axenic) and cultured in appropriate
media at 2242 °C under continuous illumination (100 pmol photons m™ s) in 2-1 sterile bottles for
23 days. Illumination was provided by standard cool white fluorescent lamps (18 W) from one side
of the flask. Irradiance was measured in the center of the bottle with a quantum meter (Lambda L1-

185). Air was continuously supplied to the culture at a flow rate of 1 1 min™ (1.25 vvm) by air pump.
Preparation of extracts

After the cultivation period of microalgae strains, the cells from the culture broth (> 5 1) were
collected and separated using GEA Westafalin separator mineral oil systems GmbH (30,000 rpm, 30
min,25°C) and the supernatant was removed. If the volume of culture broth was less than 5 1, the
cells were separated by using Heichman centrifuge (5,000 rpm, 4 min, and 18°C) and the supernatant
was removed. Collected cells were washed with distilled water and then dried using Alpha 1-2 /LD
plus lyophiliser (kept at-20°C). Macroalgae specimen were washed with distilled water after
collection and stored at -20°C. Then, the samples were dried using Alpha 1-2 /LD plus lyophiliser
and powdered using porcelain mill after freezingwith liquid nitrogen. Powdered material was
macerated at RT for four hours with 80% ethanol (10 g/100 ml). The obtained extract was filtered
through Whatman No. 1 filter paper. The residue from the filter paper was re-suspended in fresh 80%
ethanol, re-extracted by maceration for two hours and filtered. Filtrates were combined and

evaporated to dryness using rotary evaporator (at 45°C for 30 min) and lyophilisation if necessary.



For biological assays, the extracts were dissolved in DMSO to yield concentrations 20-50 mg/ml

depending on the assay and stored at -20°C.
Biological assays
Evaluation of antimicrobial properties

Antimicrobial properties were evaluated against a panel of pathogenic bacteria and fungi as well as
fouling bacteria (altogether 20 strains, see Table 1 for details) by using either agar diffusion or broth
microdilution assays according to CLSI and EUCAST guidelines(Kahlmeter et al. 2006; Wikler et al.
2006).

For agar diffusion assays, sterile Whatman No. 1 filter paper (GF/C,e6 mm) discs were impregnated
with the sample (Img/disc) and placed on Mueller Hinton agar (MHA) plates which had
beenpreviously surface-inoculated with uniformly spread test organism [approximately 1.2 x
10%colony-forming units (CFU)/ml]. Standard antibiotic discs (10pg/disc) served as positive control
(Table 1) and discs containing only solvent as negative control. MHA plates were incubated at 37°C
for 24h (bacteria) or 48h (fungi) after which the zone of growth-inhibition observed around each disc
was measured in millimeters. In broth microdilution assays, inoculum of 5 x 10°CFU/ml in Mueller
Hinton broth (MHB) was used for bacteria and 2.5 x 10°CFU/ml in RPMI-1640(withL-glutamine,
w/o NaHCOj; and supplemented with 2% glucose and 0.165 M MOPS, buffered to pH 7)for fungi.
After incubation at 37°C for 24h (bacteria) or at 28°C for 48h (fungi), absorbance at 620 nm was
used for evaluating antimicrobial activity by comparing with controls. Assays were carried out in

triplicate.
Evaluation of anti-inflammatory properties
Primary neuron cell culture preparation and feeding

Dissociated cortical cell cultures were prepared bypapain digestion of embryonic-day-18 rat whole
cortex. Timed-pregnant Wistar rats were euthanized by CO, inhalation, according to approved
protocols forthe care and use of lab animals. Embryos were removed, chilled on ice, and the cortex
was micro-dissected under sterile conditions. Papain solution was prepared, quickly frozen by
immersion into liquid nitrogen in 2-ml aliquots, stored at —15°C, and thawed at 35°C just beforeuse.
Cortex pieces (I mm) were digested in 2 ml papainsolution for 30 min at 35°C with gentle inversion
every5 min. The papain solution was aspirated and the pieceswere triturated three times, each with 1
mlof medium. 20 000 to 50 000 cells per well were plated into96-well platesin Dulbecco’smodified
Eagle’s medium (DMEM) with 10% equine serum (Hyclone)and incubated at 37°C, 5% CO, for 48-

72 hours. Since antibiotics and antimicotics are reported to adversely affect neuron viability, they



were not used. Medium was used withoutglial conditioning, but was stored in afluorinated ethylene-
propylene (FEP) membrane-sealedflask in the incubator to equilibrate thepH and temperature before
feeding. No attempt wasmade to control glial cell proliferation with antimitoticdrugs, because glial
cells aid in neuronal survival and synaptic development. The cells were fed by completely replacing

the media once per week.
Primary astrocyte cell culture preparation and feeding

Two-day old Wistar neonatal rat pups were sacrificed in a CO, chamber. Using micro-dissecting
scissors, the skin was opened at the midline of the head, cutting from the base of the skull to the mid-
eye area. After folding back the skin flaps with the scissors, the skull was cut at the midline fissure,
without cutting into the brain tissue. The raised skullcap was removed with the curvedforceps,
applying slight pressure. The brain was then released from the skull cavity by running a microspatula
underneath and along the length of the brain from the olfactory lobes to the beginning of the spinal
cord. After gently transferring the brain to a 60-mm Petri dish, it was rinsed with modified
DMEM/F12 culture medium, containing 10% FBS, 1% glutamine and gentamycin, to remove blood
and to moisten the tissue. Using micro-dissecting forceps, each brain was transferred to an inverted
lid of a 35-mm Petri dish, the cerebrum was separated from the cerebellum and brain stem, and the
cerebral hemispheres were separated from each other. Cortices were dissociated into a cell
suspension using mechanical digestion. After digestion, cells were plated in 75-cm’tissue culture
flasks at a concentration of 15x10°ells in 11 ml of medium andincubated at 37°C in a moist

atmosphere with 5% CO, for 48-72 hours, allowingthe cells sufficient time to adhere and multiply.
Primary microglial cell culture preparation, feeding and experiments

Primary microglial cell cultures were prepared from brains of newborn Wistar rats. The neocortex of
one-day-old postnatal rats was aseptically dissected out and the meninges and blood vessels were
carefully removed. Following cutting in a medium containing 20% horse serum, the suspension was
filtered through a 40-mm filter and transferred as a single cell suspension to culture dishes, using 5
mL medium per dish. Cultures were incubated at 37°C in an atmosphere containing 5% CO,.
Minimum Essential Medium Eagle, supplemented with L-glutamine, amino acids, vitamins,
penicillin, gentamycin, sodium bicarbonate and 20% heat-inactivated horse serum was used as the
medium and changed twice a week. After one week, the concentration of horse serum was reduced to
10%. After 16 days in culture, cells were treated with 1pug/mL of lipopolysaccharide (LPS). After six
hours, samples were added and plates were incubated for 72 hours at 37°C,5% CO,. Positive controls

were treated only with LPS while negative controls were treated with complete medium. After



incubation, cells were counted and 2.5 mL of supernatants were collected from each well and frozen

at -40°C for cytokine analyses. All experiments were carried out in duplicate.
MTT reduction assay

For evaluating the effects on neuronal cells and astrocytes, a cell proliferation assay based on MTT
was used. Cell lines (1 x 10° cells/ml) were incubated in 96 well plates with extracts for 24 hours.
Ten pl of MTT (10 mg/ml) was added to each well and incubated further at 37°C for 4 hours. After
incubation, MTT-formazan precipitate was dissolved in 100 pl of DMSO and absorbance was
recorded at 570 nm in an automatic plate reader (BioRAD instrument). Data are presented as

percentage of cytotoxicity of treated versus untreated cells.
Determination of cytokine concentration

The supernatants obtained from microglial cell cultures were analyzed for TNF-a, IL-18, IL-4, IL-6,
IL-8, IL-10, and IL-18 using commercially available ELISA kits following the manufacturers’
instructions. All samples were assayed in duplicate and equivocal results were repeated. The
cytokine concentration was calculated from a standard curve of the corresponding recombinant

cytokine.
Evaluation of antiproliferative properties
Cell culture

Two prostate cancer (LNCa, PC-3), a breast cancer (MCF-7) and non-tumorigenic epithelial( MCF-
10A) cell lines were used for the evaluation of antiproliferative properties. LNCaP cells were
obtained from Deutsche Sammlung von Microorganismen und Zellkulturen GmbH, PC-3 and
MCF10A from ATCC (Manassas, VA, USA), and MCF-7 cells from Interlab Cell Line Collection
(ICLC, Genova, Italy). LNCaP and PC-3 cells were grown in RPMI-1640, 10% fetal bovine serum,
1% penicillin/streptomycin, and 2mM L-glutamine. MCF-7 cells were cultured in Dulbecco's
modified Eagle's medium (1 g/l glucose) supplemented with 10% fetal bovine serum, 2 mM L-
glutamine and 1% penicillin/streptomycin. MCF-10A were grown in 1:1 DMEM (4.5g/1glucose) and
HAM F-12, 5% horse serum, 5 pg/ml hydrocortisone, 20 ng/ml epidermal growth factor (EGF),
100ng/ml choleratoxin, 2mM L-glutamine, and 10 pg/ml insulin. All cells were grown at37°C/5%
COa.

High throughput anticancer assays

Sample stock solutions were transferred into 384-well master plates and subsequently processed with

pipetting robot for 1:10 serial dilutions (20 mg/ml, 2 mg/ml and 0.2 mg/ml) for high-throughput



screening. 100 nanolitres of the stock solutions were transferred into white 384-well assay plates
(Greiner) in four replicates for ready-made assay plates to be stored in the freezer until used for the
screens (final assay concentrations 50, 5 and 0.5 pg/ml).Cell Titer Glo (CTG, Promega) proliferation
assay was used for assessing anticancer effects of the extracts. DMSO and water were used as
negative, and staurosporine and daunorubicine (5 ug/ml, 0.5 pg/ml, and 0.05 ug/ml of both), as
positive controls. Cells (1500 MCF-10A, 1700 PC-3, 2000 MCF-7 and LNCaP cells/well) were
plated in 40 pl of culture media into the assay plates on top of the samples. After 72 hours incubation
at37°C/5% CO,, 20 pl of CTG reagent was added, plates were placed in an orbital shaker for 30
minutes for lysis and the luminescence was measured with Envision Multilabel reader (Perkin
Elmer). The screens were carried out in two biological replicates in two independentscreen sets. The
average signals for the four replicates in duplicate screens were calculated and compared to the
averages of the control samples (DMSO or water). The screens were technically successful: DMSO
controls showed less than 10% CV, the positive controls were very effective and the replicate
samples showed very low variation. Due to the fact that the replicate biological screens correlated so

well in early screens only one screen was carried out in the later experiments.
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Table 1. Microbial strains used for the evaluation of antimicrobial properties.

Figure 1.Dose-response results for selected extracts against tumorigenic (MCF-7) and non-
tumorigenic (MCF-10) breast cell lines, and two tumorigenic prostate cell lines (LNCaP, PC-3) at
0.5 pg/ml (light grey), 5 pg/ml (mid-grey) and 50 pg/ml (dark grey) concentration.

Figure 2.Dose-response results for selected specimen against tumorigenic (MCF-7) and non-

tumorigenic (MCF-10) breast cell lines, and two tumorigenic prostate cell lines (LNCaP, PC-3) at
0.5 pg/ml (light grey), 5 ug/ml (mid-grey) and 50 ug/ml (dark grey) concentration.
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Table 1. Microbial strains used for the evaluation of antimicrobial properties.

*Obtained from Microbiologics, Inc. (USA), ®GMC obtained from Goa Medical College and Hospital; “FCP, fouled

copper panels.

Strain Positive control
Pathogenic bacteria
Enterococcus faecalis ATCC 29212° Ciprofloxacin
Staphylococcus aureus ATCC 25923° Ciprofloxacin
(Sﬁggﬁc)’coccus aureus GMC" Methicillin
Escherichia coli ATCC 25922° Ciprofloxacin
Klebsiellapneumoniae GMC Streptomycin
Shigellaflexneri GMC Trimethoprim
Vibrio cholerae GMC Chloramphenicol
Pathogenic fungi
Aspergillus fumigatus GMC Ampbhotericin B
Candida albicans ATCC 90028" Amphotericin B
Cryptococcus neoformans GMC Ampbhotericin B
Fouling bacteria
Aeromonashydrophila FCP* Gentamycin
Aeromonassalmonicida FCP Gentamycin
Alcanivoraxborkumensis FCP Gentamycin
Alcanivoraxsp. FCP Gentamycin
Allivibriosalmonicida FCP Gentamycin
Erythrobacterlitoralis FCP Gentamycin
Planococcusdonghaensis FCP Penicillin
Pseudoalteromonassp FCP Penicillin
Pseudomonas mendocina FCP Penicillin
Vibrio furnissii FCP Gentamycin
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Fig. 1
cyanobacteria, micro- and macroalgae collected from the Aegean Sea. Results are expressed as%

effect compared to untreated control. Extracts were tested at final concentration of 100 mg/ml
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Figure 2.Dose-response results for selected specimen against tumorigenic (MCF-7) and non-
tumorigenic (MCF-10) breast cell lines, and two tumorigenic prostate cell lines (LNCaP, PC-3) at
0.5 pg/ml (light grey), 5 ug/ml (mid-grey) and 50 ug/ml (dark grey) concentration.
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