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Abstract:

Fouling process is often detrimental to the efficie of man made structure, and preventative measanerequired.
With increasing concern about the polluting impafcthe biocides used as antifouling, non-toxic comuds are being
sough after. Pertinent to this requirement is tieedased interest being given to the potentialafisgatural biogenic

compounds.

The present study involves an investigation ofgheential antifouling and bactericidal propertidsegtracts of three
speciesRalfsia verrucosaPetalonia fasciaand Scytosiphon lomentariéScytosiphonales, Phaeophyceae). Methanol
and ethanol extracts of these algae were testethéar potential activities against bacteria, madgae and spores of

macroalgae.

Bioassays were performed using strains of mariréebia, human pathogenic bacteria, marine micrealff@shwater

microalgae and marine macroalgae.

No antifouling and antibacterial activity was reded when testing the methanol extracts. Activityg weowever, found
when using the ethanol extracts. The best activig obtained withR. verrucosaethanol extract again&hewanella
putrefaciensat a MIC (minimum inhibitory concentration) of L@/mL.

Keywords: Antifouling, crustose, erected shoot, naturadoicis, Scytosiphonales.

Introduction:

Biofouling is a major economic problem concerning
man made structures such as, ships, boys, pontoons
etc.. It costs the U.S Navy approximately 1 billin

per annum (Callow and Callow 2002). This
phenomenon, which results from the settlement of
organisms on any surface submersed in the aquatic
environment can be responsible for the corrosion of
steel made structures (such as the ship hulls), the
decrease of the ships speed due to increased drag,
technical problems in aquaculture systems, fists net
and power plant cooling system (Hellio and Yebra,
20009).

Biofouling can be described in a 4 main stagesgs®c
(Wahl 1989): the biochemical conditioning, the
microfouling (involving bacteria), the unicellular
eukaryote colonisation (yeasts, protozoa and digtom
and finally the multicellular eukaryote adhesiordan
growth (larvae and algae spores). However, alleghes
http://ejns.univ-lyonl.fr

phases are not always represented in the enviranmen
these stages can overlap or occur in parallel awedoo
two phases can also be missing, depending on the
environmental conditions (Maréchal and Hellio, 2009
Therefore, it appears necessary to focus on therelift
layers of the colonisation to prevent the foulinfgao
substratum.

Several antifouling (AF) technologies were devetbpe
in the past to avoid fouling on man made structures
Paints containing organotin such as tributylin ()BT
were first applied in the 1960’'s to prevent biofogl
These paints were worldwide used until recently.
However, various studies have demonstrated TBT to
cause many adverse ecotoxicological effects (Coetho
al. 2006; Abarzua and Jakubowski 1995; Grondir.et a
2007). The International Maritime Organisation (IMO
has reported accumulation of TBT in mammals, and
deficiency of the immunological defences in fishes
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(Yebra et al. 2004). As a result, its use has
progressively been restricted in numerous countries
and is prohibited worldwide on any surface since
January 2008 (Van Wezel and Van Vlaardingen 2004).
New paints containing organic biocides were
developed, but it has already been proven that stfme
them pollute the environment and are very harndul t
many organisms (De Sousa et al. 1998; Marechal and
Hellio, 2009).

As man made structures need to be protected from
biofouling, new environmentally products must be
developed to replace the toxic paints. Numerous
studies focused on physical, chemical, mechanicdl a
biological methods to prevent marine biofouling
(Abarzua et al. 1999). Recent studies point outfdlae
that biogenic compounds are a promising field of
research regarding fouling problem (Abarzua et al.
1999). Marine organisms produce a large range of
bioactive compounds (Bhadury and Wright 2004) that
could be added in paints as AF agents. Studyingnmar
algae as producers of AF molecules is thus prompisin
because they synthesise biogenic compounds and can
be cultivated (Hellio et al. 2002; Maréchal et 2004;
Barbosa et al. 2007; Mokrini et al. 2008). Many
seaweed species were reported to inhibit the grafvth

Material and Methods:

Biological material:

Test algae:

S. lomentariaand P. fascia were collected from
Swanage (Dorset, UK, 50°36’'N; 1° 56'W) in January
2007. Also,P. fasciawas collected on the buoys of
Langstone harbour (Hampshire, UK, 50° 47'N; 1°
01W). R. verrucosawas collected at Whiteness Gap
(Kent, UK, 51°21'N; 1°22'E) in December 2006. Both
S. lomentariaand P. fascia are erect thalli growth
forms whileR. verrucosds a crustose alga. The latest
was collected by scrapping the rock surface. After
collection, the algae were cleaned from epiphytes a
washed with a solution made of pasteurised seawater
and ethanol (3%) to remove the microflora present o
the surface of algae. After being weighted, theyewe
stored in a freezer at -80°C for a few days anch the
freeze-dried for 3 Days.

Two extractions were performed on the algae catbct
using both absolute ethanol and absolute methanol
(Fisher, UK). For both samples &f. fasciaand S.
lomentarig 100 mL of solvent were added to 1.50 g of
algae, forR. verrucosa.6 mL of solvent were added
to 0.22g of algae. The extraction (maceration)eldst
for three days in a dark place at a temperatu0ot.
The samples were then dried under reduced pressure.
Dilutions of the extracts were performed to make 6
concentrations: 0.5, 5, 10, 30 and 100 pg/mL.

Bacteria:

The 5 marine bacteria straing®seudoalteromonas
elyakovii ATCC 700519 Shewanella putrefaciens
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both gram positive and negative bacteria (Caccarese
al. 1979, 1980, 1981, 1985; Rao and Parekh 1981;
Pesando et al. 1984; Sastry et al. 1994; Devi et al
1997; Gonzales del val et al. 2001; Bhosale €2G02;
Hellio et al. 2001, 2004). There are evidences that
algae also produce toxic compounds preventing the
settlement and development of unicellular and
multicellular eukaryote (Harada et al. 1984; Vamell
and Le Gal 1995; Cho et al. 2001; Hellio et al. 200
2004, 2009).

In the following experiments, a study was carried o
on the natural products of some selected brownealga
(Phaeophyceae) members of the Scytosiphoniales, a
group of algae which has received very little aften

up to date. Three species were studied here:
Scytosiphon lomentaria (Lyngbye) Link 1983
Petalonia fascigO.F. Miller) Kentze 1898 aridalfsia
verrucosa (Areschoug) Areschoug 1845. Extracts of
these algae were prepared and tested for poteXitial
activities towards bacteria, micro- and macroalJde
purpose of these experiments was both to study AF
activities in the Scytosiphonales group, and tdnlgnt

any possible differences between the production of
inhibitory compounds between crustose and erett tha
growth forms.

ATCC BAA-453 Polaribacter irgensiiATCC 700398
Vibrio aestuarianusATCC 35048 andCobetia marina
ATCC 25374) used in these experiments were obtained
from the Culture Collection of the University of
Portsmouth. One of these strains is Gram-posit&e (
putrefaciens) These bacteria were chosen because they
are involved in marine foulingS. putrefaciensis
known to cause organoleptic alteration of sea prtsju

it can settle easily on different types of substratd is
responsible for the corrosion of metals due talitiity

to reduce a variety of compounds such as Fe (ht) a
Mn (IV) by anaerobic respiration (Dichrisitina and
Delong 1993; Nealson and Myers 1992). Marine
bacteria were cultivated with marine broth (5%
Tryptone) and incubated for five days at 30° Cllova

for their development.

The 5 terrestrial bacteria straingsgherichia coli
ATCC 8739 Proteus vulgariATCC 6896,Klebsiella
pneumonia ATCC 13883, Salmonella typhirium
ATCC 14028andBacillus subtilisSATCC 21332) used

in these experiments were provided by the Universit
of Portsmouth. One of these strais 6ubtili§ is a
Gram-positive bacteria, the others being Gram-
negative. Terrestrial bacteria can be found in the
coastal waters and are thus interesting specistutty.
Terrestrial bacteria were cultivated in a nutrinbth
(CM0067, N°2, 25g/L) and incubated for five days at
30° C to allow for their development.

Microalgae:
The 5 marine microalgae straindlavicula jeffreyi

Hallegraef and Burford AC181 Cylindrotheca
closterium (Ehrenberg) Lewin & Reimann 1964
AC170 Chlorarachnion globosunK. Ishida and Y.
Hara 1994 AC132 Pleurochrysis roscoffensigP.
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Dangeard) J. Fresnel and C. Billard 198C1 and
Exanthemachrysis gayralidé. Lepailleur 1970AC15
used in these experiments were obtained from
Algobank-Caen, Universite de Caen Basse-Normandie,
France. These microalgae are found in coastal and/o
estuarine waters and can thus form biofilms on ship
hulls and other man made structures. Marine
microalgae were cultivated with an f/2 culture nexi
(Guillard and Ryther 1962) and incubated for 5 days

a growth room (constant light, 20°C) to allow foeir
development.

The 3 freshwater microalgae strair®cenedesmus
armatus CCAP 276 (R. Chodat) R. Chodat 1913
Cosmariumsp. CCAP 612 anéragilaria crotonensis
CCAP 1029 (Kitton 1869) used in these experiments
were obtained from the culture collection of CCAP
(Scotland). Freshwater microalgae were cultivatét w

a Bold Basal Medium (Stein, 1973) and incubatecdafor
few weeks in a growth room (constant light, 20°€) t
allow for their development. These freshwater
microalgae are very common in Europe and are
responsible for important blooms.

Microalgae produce extracellular polymeric substsnc
(EPS) that are involved in the formation of biofim
and are thus major organisms to study in the rebear
for AF compounds.

Macroalgae:
Undaria pinnatifida(Harvey) Suringar 1873a brown

invasive species, was used in these experiments. Th
assays (settlement and germination) were performed
using the zoospores.

Assays:
Antibacterial assays (Marechal et al. 2004):

The Optical Density (0.D) of stock cultures was
measured at 630nm for every sample to calculate the
guantity of solution required to obtain 1 mDO. This
was determined using the table of Amsterdam (1996),
to ensure that the assay started with the inoculadf

the same number of bacteria (2 tells/mL).

50 pL of each test solution (extracts) were potine@
wells of 96 wells’ plates (Fisher, UK) for each tea@l
assay. In addition, 6 wells free from extracts wesed

as a control. These plates were dried under a U.V
cabinet for 2 hours to evaporate the solvent under
sterile conditions. 50l of bacteria solutions wren
added under aseptic conditions and the plates atedb

for 48 hours at 30°C to allow for the developmeht o
bacteria. (Algal extracts are considered to bevadfi
bacteria do not grow in 4, 5 or 6 wells over 6 w@ll
One plate was used for each strain to decrease the
contamination risk.

Microalgae assays:

The quantity of chlorophyll a was determined inrgve
sample by an indirect method using the equation of
Lorenzen (1967): Ca [mg/fh = (11.6 Dygs - 1.31 Qus
-0.14 Qg vItV?
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With v = volume of acetone (ml), | = cell lengtm{tV

= volume of filtered microalgae solution (L), andsp
Dess, Dezo, the O.D of the solution measured at 3
different wavelength 665, 645 and 630 nm.
(Trichromatic method). To do this, microalgae
solutions were filtered using a pump and Whatman
filters (GF/F 0.7um, 47mm diameter).

After measuring the quantity of chlorophyll a prase
in the microalgae solutions, dilutions were made to
obtain solutions containing 1 mg/L of chlorophyll a
These solutions were poured in 96 wells’ plates
(already containing evaporated extracts to test)
following the method described above for the baater

Germination and settlement assay:

96 wells’ plates were filled with the Scytosiphceml
extracts following the same method as describetién
antibacterial assay. In addition, 6 wells free from
extract, 6 wells filled with methanol and 6 welidetd

with ethanol were used as controls. The platesgonc
dried under a UV cabinet were filled with the spore
solutions made of spores and Von Stosch (1964)
culture medium (50 pL per well). The number of
spores in each well (10500 spores/50 pL) was
determined using a hemocytometer cell.

The plates were incubated for 2 hours in the dark t
allow for spore settlement. The wells were then
carefully washed with a Von Stosch solution to
eliminate the non settled material. 50 pL of neesfr
media were added and the plates were incubated in a
growth room (temperature of 15°C, photon irradiance
of 45 puMolsnts?, 16/8 hour light to dark ratio) for 5
days to allow for the spore germination. The materi
was then fixed using a 10% formalin solution.

The total number of spores (germinated + non
germinated spores) and the number of germinated
spores were counted in 10 random fields in 3 wiells
each treatment using a microscope (x20 x10
magnification). The relative number of spores waent
compared with the controls (no treatment, ethandl a
methanol) to determine the amount of settlement and
the percentage of germination was calculated (Régtc
1989).

The zoospores which had produced a germ tube
followed by a transverse division into two cellsitfw
evacuation of the original spore cell) were consde

as germinated spores.

Statistical treatment:

To ensure the results were showing significant
differences, a kruskal-wallis test was performed te
guantification of the difference was observed on a
graph (Box-plot) using the software MINITAB. The
extracts possessing a percentage of germination
differing from both the control and the solvent
(methanol or ethanol depending on the solvent fsed
the extraction) were considered as active
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Results:

Table 1: Minimum Inhibitory Concentration (MIC in
pg/mL) of Scytosiphonales extracts showing an iagctiv

against Shewanella putrefaciens

Algae Location  Solvent MIC
(Hg/mL)

P. fascia Langstone Ethanol 100
P. fascia Swanage Ethanol 100

R. verrucosa Ethanol 10

Antibacterial assay:

The terrestrial bacteria growth was not inhibited
by the extracts tested here (results not showed).
Some activity has been observed against the
marine bacterium S. putrefaciens Ethanol
extracts of P. fascia collected from both
Swanage and Langstone harbour, showed an
activity at a concentration of 100 pg/mL (table
1). R. verrucosaethanol extract showed an
activity at a concentration of 10 pg/mlS

number of gpores

.putrefaciensis, therefore, more sensitive R
verrucosa extracts than to the other
Scytosiphonales extracts tested. It can be
noticed that no inhibition was observed wih
lomentariaextracts.

Antimicroalgal assay:

No activity was observed against all the strains
of microalgae studied.

Macroalgae assay:
Undaria pinnatifidaspore settlement:

It can be noticed from the results that the
number of spores settled in the wells is almost
constant. The statistical treatment (Kruskall-
wallis) showed a significant difference between
5 treatments and the control, the number of
spores being higher in the treatments (Figure 1
and 2).

seftled
* * m Control
18.00
_ *
16,00 OMethanol
1400
OP fascia
12.00 (Langstone
methanol)
10,00 BP fascia
(Swanage
8.00 methanol)
@S.lomentaria
6,00 S (methanol)
14.00 BR. verrucosa
(methanol)
2.00
.00 T
(1L30 504 10,01} 30.00 100.00
“Concentration ig/mL)”"

Figurel :number of U. pinnatifidaspores settled under the different treatments (@methextracts)The * codes for a significant

difference between the treatment and the control
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numbers of spuores

settled
LS.}
* m Control
LG O
T
1400 - - OEthanol
12.00 T
OP fascia
LO.O0 . T (Langstone
ethanol)
2.0 BP fascia
h (Swanage
3 ethanol)
eu0 @5S.lomentaria
100 (ethanol)

2HY

(LiH}

BR. verrucosa
(ethanol)

10.00 30.00 100,00

“Concentration jg/mL)”

Figure 2:number of U. pinnatifidaspores settled under the different treatments felhextracts) The * codes for a significant

difference between the treatment and the control.

U. pinnatifidagermination assay: extract at 100 pug/mLS. lomentariaethanol extract at

The statistical treatment (Kruskal-wallis) showed a 100 pg/mL,R. verrucosathanol and methanol extracts
significant difference between the percentages of at 100 ug/mL) differ from both the control and the

germination depending on

the solution tested solvent control (either methanol or ethanol depegdi

(p<0.001). The results fdd. pinnatifidaare presented on the solvent used for the extraction). Some ef th
in Figure 3 and 4. No differences can be seen letwe treatments, such &. verrucosaethanol extract at 30
the 3 controls (methanol, ethanol and controlgah be pg/mL, differ from the solvent control, but not finche
seen that 5 treatment®.(fascia Swanage methanol blank control.

extract at 30 pg/mL,P. fascia Langstone ethanol

percentage of
cernunation
100.00

* m Control

G0.00

80.00

70,00

O control ethanol

OP. fascia

60,00

30,00

(Langstone)

40,00 +

30,00 A

20000 A

10.00 4

0.00 -

BP. fascia

(Swanage)

@ S. lomentaria

BR. verucosa

L0.00 30.00 100.04)

“Concentration jig/mL)”

Figure 3: percentage germination of U. pinatifiqaoses under the different treatments (ethanol exta The * codes for a
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percentage of
cernnuation

100.00 4
SR

Hcontrol
S0.00
000 OMethanol
6000
) OP. fascia
000 1 (Langstone)
40.00 4 AP fascia
30.00 4 (Swanage)
20.00 @S lomentaria
10.00 4

BR. verrucosa
.00 -

(hL30 S.00 10.00 3000 100,00
“Concentration ¢g/mL)”

Figure 4: percentage germination of U. pinatifiqaoses under the different treatments (methanolaexs). The * codes for a
significant difference between the treatment anccterol.

Discussion:

Biofouling of man made structures results in major
economic costs. Different approaches were developed
in the past to reduce both macro and micro fouling;
however most of them appeared to be toxic for the
environment (Gibbs 1993; Gibbs et 41987, 1988;
Iwata et al. 1995). It is evident that non toxi@stgies
must be developed to prevent biofouling. Numerous
studies showed algae to produce molecules thaticoul
act as repellent against both micro and macro
organisms involved in the fouling process (Da Gama
al. 2002). The AF compounds found in marine
organisms incorporated to paints could be les< tfmxi

the environment, especially against the non target
species (Hellio et al. 2000b).

Some species, have received little attention inpie,
and more experiments are required to determine thei
potential as producers of AF agents. The currerdyst
aimed at determining if the alga members of the
Scytosiphonale group had some activity against both
micro and macro fouling.

None of the algae tested here had any activitynatjai
the five terrestrial bacteria strains studiPdiasciahas
already been demonstrated not to have any activity
against terrestrial bacteria such Bacillus subtilis,
Pseudomonas aeruginosa, Escherichia coli,
Salmonella paratyphi, Aeromonas hydrophila, Vibrio
vulnificus and Vibrio parahaemolyticugCaccamese et
al. 1985; Magallanese et al. 2003), while it wagve

by Magallanes et al. (2003) to have antibacterial
activity against two terrestrial strains of baderi
Staphylococcus aureuand Enterococcus faecalisS.
lomentariawas shown not to have activity against two
strains of terrestrial bacteri&. coli and B. subtilis
(Caccamese et al. 1985). The activity is thus $igeci

http://ejns.univ-lyon1.fr

and depends on the strains studied. None of thiaatst
had activity against the 8 strains of microalgastet.
Among all the species testel, verrucosa(extracted
with ethanol) is the most active against the marine
bacteriaS. putrefaciensindeed this extract inhibitesl.
putrefaciensggrowth at a minimum concentration of 10
png/mL while the other active extractasciacollected
from both Swanage and Langstone Harbour, extracted
with ethanol), showed activity at a minimum
concentration of 100 pg/mL.

The macroalgae assays showed some significant
differences depending on the treatment (extratedgs
Previous studies have shown numerous algal ext@cts
have activity against macroalgae (Hellio et al. 200
No differences were observed in the spore settlemen
assay apart from a few wells which contained
significantly more spores than the control (Fighirand

2). The heterogeneity of the spore solution could
explain such observation (even if the solution was
carefully mixed during the experiment). However th
percentage of germination (Figure 3 and 4) showed
some interesting results (some of the highest
concentrations tested had activity). The extraested
here do not seem to prevent the fouling of maciamlg
(same number of spore settled) but their developmen
(percentage of germination was different). It can b
concluded from these experiments that the
Scytosiphonales extracts tested are toxic agdihst
pinnatifidaspores development.

The percentages of germinationlf pinnatifidaseem

to be low even in all the wells, including the cotd
(around 50%) while nothing should prevent its gtowt
This may be due to the technique used in these
experiments. Indeed, the 96 wells’ plates, whick ar
narrow and “deep”, might prevent a good oxygenation
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of the medium. Previous experiments carried out by
Hellio et al. (2002), were carried out using Pdishes

as a substratum. However, the amount of extract we
had in these experiments did not allow us to usé su
method.

Despite this low percentage of germination, some
significant results were observed. The 3 contreésed
were not significantly different from one to anathe

The percentage of germination of the ethanol ektvac

P. fasciacollected from Swanage at 30 pg/mL was
significantly higher than the one observed with the
control (p= 0.096). It has been demonstrated tlyztea
(both encrusting and erected thalli) can produce
secondary metabolites facilitating the recruitmenft
invertebrates’ larvae (Pawlick, 1992; Heyward and
Negri 1999; Soares et al. 2008). It is also possibat
marine algae produce molecules capable of enhancing
the algae recruitment (in order to out compete rothe
species). This property is important regarding meri
aquaculture and could be used to facilitate the
recruitment of larvae or algae spores of cultured
species (Soares et al. 2008).

P.fasciaandS. lomentariaethanol extracts also showed
some activity at 10Qg/mL against spore germination.
Both methanol and ethanol extracts Rf verrucosa
showed some activity against spore development at a
concentration of 100 pg/mL. This agrees with presio
experiments suggestingalfsia species to be resistant
against grazing and fouling activities in both dielnd
laboratory conditions. For example, Conover and
Sieburth (1966) noticed that the pools containihg
verrucosawere not colonised bfalanus balanoides
Linnaeus, 1767 andMytilus edulis Linnaeus, 1758
while other pools located at the same level orstiae
without R. verrucosawere colonised. They also found
the seawater taken from these pools to affect asgen
such asAcaria tonsa trochophores, veligers and
Nereid worms. TheRalfsia species are thought to
produce tannins that would act as herbivory det¢sre
Moreover, Fletcher (1975) reported the brown dja
Spongiocarpa Batters, 1888 to prevent the
development of the crustose marine red alga
Porphyrodiscus simulanBatters, 1897 in laboratory
culture.
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