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surfaces are in many instances artificial, e.g. boat hulls,
oil and gas platforms, aquaculture nets and enclosures,
10 fouling organisms present a significant problem to human
activities in the ocean. The formation of fouling
._ communities on boats increases drag, reducing ship speed
while increasing fuel costs and dry dock time; fouling of
. semi-permanent offshore structures increases structural
15 loading and corrosion, and fouling of nets and enclosures
adds significant costs to the maintenance of aquaculture
systems. The increased fuel usage, drydocking, structural
inspection, maintenance etc. resulting from biofbuling has
been estimated to cost the world’s marine industries over
20 $3.5 billion dollars per year.

Fouling is primarily combatted by the use of
antifouling coatings which are applied to the surfaces of
boats or other marine structures. These coatings rely
almost exclusively on heavy metals‘particularly copper and

25 tin based compounds for their active ingredients. These
compounds leach into the water from the coating, killing
fouling organisms. Unfortunately, these compounds also
kill non-target organisms in the environment at large, and
the géneral environmental effects of these compounds is of

30 worldwide concern. (Dalley 1989). Tin based coatings are
particularly toxic, and such coatings are now partially
(restricted to vessels > 25 m in length in NSW, Europe and
parts of the USA) or totally (Japan) banned in the world’s
waterways. It is generally accepted that the use of tin

35 (specifically tributyl tin) based coatings will be
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compounds derived from natural metabolites from marine
organisms (Holmstrom and Kjelleberg 1994).
Marine organisms'suéh as seaweeds, sponges, etc. are
10 also submerged surfaces, and they must detre fouling of
their bodies to avoid increases in drag (and being pulled
off the bottom) or being smothered. It is now abundantly
clear that one of the waYS in which marine organisms
defend against fouling is via the productioﬁ of natural
15 antifoulants. Because these compounds already occur in
nature, it is thought that these natural metabolites will
be less environmentally damaging that the current heévy-
metal based paints. A number of metabolites or extracts
from marine organisms with antifoﬁling'activities
20 typically tested against barnacle larvae have now been
identified (Holmstrom and Kjelleberg 1994, Targett et al.
1983, Standing et al. 1984, Rittschof et al., 1985,
Gerhardt et al. 1988, Keifer et al. 1986, Sr Mary et al.
1993, Maki et al. 1989, Holmstrom et al. 1992, Todd et al.
25 1993). : _ ' : -

The present invention is directed to alternatives to
the heavy metal antifouling compounds. The inventors have
found that a group of compounds produced by the Australian

30 red seaweed Delisea pulchra may be used as the active
| ingredients in antifouling coatings and related
antifouling technologies. These compounds are extremely
active against representatives of the three major groups
of fouling organisms ie.seaweeds, invertebrates, and
'35 ‘bacteria. Moreovef; the metabolites are small, stable,
and can be synthesized. . Their variation in polarity and
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These conpoundshydeoxxlrgrehy, an alkyl group containing from 1 to 10

carbon atoms, an ester group containing from 1 to 10

10 carbon atoms or a halogenated alkene containing from 1 to
10 carbon atoms or R; and Rj; together may comprise an
unsubstituted or a halogenated alkene containing from 1 to
10 carbon atoms, and R, is a hydrogen or a halogen atom,
and a suitable carrier therefore. In another aspect, the

15 present invention relates to a process for the prevention
of marine fouling of an object comprising applying to at
least a part of the object a coating of the composition
according to the present invention or incorporating in the
object itself such a composition, and immersing at least

20 that part of the object into water.

The compounds to which the present invention relates
consist of a series of structurally related halogenated
furanones. The compounds have been previously described
in the literature, (Kazlauskas et al., 1977; de Nys et

25 al., 1992; de Nys et al., 1993), where their molecular
structures have been elucidated and characterised by
nuclear magnetic spectroscopy, mass spectrometry, ultra-
violet and infra-red spectroscopy and optical rotation
(aD). The structures have been fully characterised (de

30 Nys et al., 1992; de Nys et al., 1993). The compounds all
share a basié carbon skeleton consisting of a furanone
moiety with a butyl side chain at the 3-position (Fig. 1).
Substitution occurs at the R; and Ry, R3 positions of the
basic structure. _ |

35 The alkyl group, ether group, ester group and the
alkene group preferably'have 1 to 5 carbon atoms, most
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mani pul ation and incorporation into a rangg of polyner coatings is high.
The present invention consists in an antifouling 5 conposition conprising
an effective anount of a furanone of the structure shown in Fig. 1 wherein
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and R; is preferred and results in a large series or
structurally related metabolites (Fig. 2).  The
- combination of the most feasible substitutions at these
10 positions results in 30 possible preferred structures, of
which 13 have been characterised. This application is
intended to cover, jinter alja, all of these 30 preferred
- compounds. The most pfeferred active compounds for use in
the present invention are'compounds 1 to 6 and 8 to 10 of
15 Fig. 3.
u! e v

For the antifouling tests described below, Delisea
pulchra metabolites were extracted as follows: The alga
was collected from Cape Banks, NSW, Australia and frozen

20 on collection. The tissue was subsequently freeze dried,
extracted with dichloromethane, and the crude extract
reduced in vacuo. Purified metabolites were isolated by
vacuum liquid chromatography followed by high performance
liquid chromatography (de Nys et al., 1993). The

25 structural elucidation of purified metabolites was carried
out using a combination of nuclear magnetic resonance
spectroscopy and mass-spéctrometry techniques. Nine
previously characterised'gg;iggg metabolites (Fig. 3
labelled here as compounds 1 to 6 and 8 to 10) were

30 isolated and identified in sufficient quantities for
biological teéting. _ :

The Delisea metabolites were tested against
representatives of four main groups of fouling'ofganisms'
invertebrates, algae, brybzoan and bacteria. These were

35 barnacle larvae (invertebrates), algal spores, bryozoan

| larvae and marine bacterial strains. These tests
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(Rittschof et al, 1994, Willemson 1994). Adult brood
stock were maintained under controlled light (15 hr light:
. 9 hr dark) and temperature (28°C) conditions and fed

- 10 larvae of the brine shrimp Artemja salina and the diatom
Skeletonema costatum. Recently spawned nauplii of B,
amphitrite were collected and reared on Skeletonema
costatum under the same conditions as adult stocks until
reaching cyprid stage after four to five days. Cyprid

- 15 larvae were subsequently filtered from the culture and
maintained in filtered seawater at 50C for five days prior
to use in settlement assays.

Assays used purified metabolites at concentrations

. ranging from 100 png to 0.1 ng per millilitre. Metabolites

20 1-5 were dissolved in dimethylsulphoxide (DMSO) (60 pl/mg-
0.6%) prior to beihg made up to their highest
concentration (100 ug/ml) in 0.45 pm filtered seawater.
Subsequent dilutions were made from these stock solutions.

g Controls of filtered seawater and the highest

25  concentration of DMSO (0.6%) were run with each
experiment. Experiments were repeated using metabolites 2
and 4 using larvae from independent epawning events to
determine the reproducibility of results. An experiment
comparing all concentraﬁion of DMSO used (0.6% -~ 0.6 *

30 10°5%) and filtered seawater was also carried out.

Tests were conducted by adding 45-65 cyprids to
petri-dishes (47 mm) containing five mls of either test
solution, filtered seawater control, or DMSO control. All
test solutions and controls were replicated four times.

35 Test dishes were incubated for 24 hours at 28°C in a 15:9
hr light-dark cycle. Upon completion of incubation non-
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L organisms via contact in the water, or they_may adhere to

a surface and inhibit fouling only via contact of fouling

10 organisms with that surface. The éssay described tests
the effects of compounds when dissolved in the water.
In a second series of assays, the effects of Delisea
compounds were tested against barnacle larvae when they
were applied to the surface of Petri dishes;

15 _Assays used purified metabolites at concentrations
ranging from 500 pug to 50 ng per millilitre: Metabolites
1-4 were dissolved in ethanol (99.7% + purity) at the
highest concentration of 500 pg/ml. Subsequent dilutions

- were made from these stock solutions. One ml of each
- 20 solution was added to a petri dish (surface ‘area 20cm2)

and the dish shaken on an orbital shaker until dry. The
solvent evaporates and the non-polar metabolites adhere to
the plastic petri dish at concentraﬁions ranging from
25ug/cm? to 2.5 ng/cm?2. Controls of ethanol without added

25 metabolites, and filtered seawater were run with each
experiment. All test solutions and controls were
replicatéd three times. The addition of cyprids and
subsequent testing of compounds was conducted'as for
compounds in solution (see above).

30 Iphibition of bacterial growth
'Assays to determine the antibacterial effect of Delisea
metabolites used the marine isolate SW8 (Neu et al.,
1991). This bacterium is relatively resistant to
antifoulants and antibiotics due to the presence of a

35 thick polysaccharide envelope attached to the outer cell
membrane (Leslie et al., 1993), and hence is a

L
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l'i ght: (ASW) medium supplemented with a trace vitamin and mineral
solution (Schneider et al., 1994). Two reference
compounds - for antibacterial activity, the antibiotic
gentamicin (Sigma)and a saturated copper (II) oxide

10 . solution, were also used in these tests. Following
addition of metabolites, antibiotics or copper, the media
was inoculated with SW8. The inoculum for the assay was

- taken from a continuous culture fermenter operating at a
cel. Jensity of 107 cells/ml. The final concentration of

I5 metabolites and antibiotic tested ranged from 10 pg/ml to
10 ng/ml.: Control bottles with media only, and media with
20 pl EtOAc added, were inoculated with SW8 and run
concurrently with each eiperiment.

. After mixing, 200 pul from each bottle was

20 aseptically transferred to a well in a Nunc Tissue Culture
plate (96 well). Plates were incubated aerobically at
30°C with shaking. Growth was monitored by optical
density (600 nm) every hour for 12 hours after which
growth was monitored every four hours for a further 18

25 hours.

The effects of metabolites 1 to 6 and 8 to 10 were
tested also against the growth of the marine bacterium
Vibrio fischeri. at a concentration of lug/ml. This is an
order of magnitude less than the concentration required to

30 inhibit the growth of the marine bacterium SW8.

[nhibition of settléement and germination of algal spores

Inhibition of settlement_and subsequent germination
(these two processes were not distinguished in our assays)
of algal-sporeé was done using the cosmopolitan fouling

35 alga Ulva. Fertile thalli of Ulva sp., identified by
-discolouration around the tip of the frond, were collected



.9 hr dark) and tenperature [err] conditions and fed 10 | arvae of the brine
shrinp en a_salina and the di at om Skel et onema costatum Recently spawned
naupl i i %%"§metrit were coll ected and reared on Skel RGOt at um
under the sanme conditions as adult stocks until reaching cyprid stage after
four to five days. Cyprid 15 |arvae were g ssubsequently filtered fromthe
culture and maintained in filtered seawater at [err] for five days prior to
use in settlement assays. Assays used purified netabolites at

ggngegtrat i o;_ﬁ, rﬁf&imfdgmﬁﬁ :f@ﬁﬂlé Ol;lgalll(.{lgw%fé ‘g%éhéai Ehge%g@iﬁégloirttég
- were dj ssolved I n I e Suil pnoxi ae err. . ri

i g e U GHARES RARNRT R SHATSEE (o TAboros  pREDLate Y P
filtered seavwedwars . Sudressuinied), | swaxmesr s beaselevds oimdbesd By opkacing

| uti : falt A t h | : |
o vt v Ol Sl o AL SR a9 SESEACEL
usi ng met abolSWasmeEr swere (RANRENtFated fandn idrrbbhitedtaspaikhey events to

det erm ne t hesgdaRy, iidyt td[ﬁ%ﬂléé-b NelesPer s EBR L cPADESRE 2l |
concentration _qf O used (0.6% - 6 * 10-5% and filtered seawater

was al so car riE er FA8Y) e Mhids R4t FBRE RS 49T 65aRShrPELeS
petri-di shes dr/ sultable aAior nthd ialkgdll sasdae) tqatietSpliytes were used
' in the assays. Gametophytes were twice "raced" towards a

10 1light source across_a watchglass bontaining sterile |
seawater to remove contaminants and added to 20 ml of
sterile seawater prior to use in tests. In order to
obtain a uniform suspension for addition to test wells the
solution was mechanically stirred. '

15 Purified metabolites 1-4 were dissolved in ethanol
(99.7% + purity) at a concentration of 500 pg/ml to 50
ng/ml. 94 pl of test solution was added to repliplate
test wells (surface area 1.88 cm2) giving a concentration
range of 25 pg/cm? to 2.5 ng/cm2 for each compound.

20 Control wells containing only ethanol and filtered
seawater (0.20 um) were also prepared. The treatment and.
ethanol control repli-pléte wells were prepared by drying
on a shaker. A swarmer suspension (100 pl) was added to
cover each well and the repli-plates placed in the dark to

25 allow an even settlement of spores. After 1 hr, 1.5 ml of
nutrient enriched sterilised seawatér was added to each
well and the plates incubated for five days at 28°C in a
15:9 hr light-dark cycle. After five days the Ulva

_ germlings were counted. Five view fields (3.50 mmz) were

30 counted for each well using an inverted binocular

| microscope. Numbers of germlings for each well were
compared to seawater and ethanol controls. ‘
ition of the settlement of bryozoan larva
. The methodology of this assay has not been
35 previously described. The larvae of the cosmopolitan
fouling byrozoan Bugula neritina were used for bioassays.




solution, filtered seawater control, or DMSO control. All test solutions
and control Wossig294ep! i cated four times. 35 Test dishes were PAGANRI0BSY7T OF
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Filtered sea water and ethanol controls were used for each
assay. Ten larﬁae were placed in each treatment and
10 control dish and allowed to settle for 24 hours. All the
' treatments and controls were done in triplicate. The
percentage of settlement was determined by counting

‘'settled and non-settled larvae.

Statistical analyses
15 The effects of Delisea pulchra metabolites on the

_settlement'of barnacle cyprid larvae, the growth of
bacteria end the settlement and germination of algal
spores were analysed in two ways. Firstly, we used
'Analysis_of Variance (ANOVA) followed by Tukey’s multiple

20 comparison tests to determine which compounds, at which
concentrations, had etEtistically significant effects on
the test organisms. Analyses were done using the Statview
II statistical package. These procedures enable us to
determine the minimum concentration of a compound

25 necessary to have some significant effect, and to look in
a detailed way at variation in the effects of different
-cbmpounds.

The second analytical procedure used was the

determination of the 24 hr-ECgg value (the concentration

30 required for 50% settlement inhibition in a 24 hour assay)
of Delisea metabolites. This procedure, used in the
barnacle assay only,lwas done using the trimmed Spearmann-
Karber method (Hamilton et al. 1977). Ecgg values are
useful for comparisons to other studies.

35



ranging from500 [err] to 50 ng per mllilitre. Metabolites 1-4 were

"di ssolved in ethanol (99.7% + purity) at the highest concentration of 500
[err]. SWReUa¥ dilutions were nade fromthese stock solRCT/AtSS/004@ne ni
of each 20 solution was added to a petri dish (surface area 20cn2) and the
di sh shaken on an orbital shaker until dry The sol vent evaporates and the
non-pol ar metabolites adhere to the pl astil@ petri dish at concentrations
ranging from[err] to 2.5 ng/cn2. Controls of ethanol w thout added 25

nmet abolites n t r were run with each experiment. Al test
sol utions andﬁcgﬁiﬁ%lgﬁmg%e rep¥§cated three tines. The addition of cyprids:

and subsequenBarmaclegassay®npounds was conducted as for conpounds in
sol ution (see aboygy . eﬁeeéabléftm@ ﬁétbaswueel dgégw}e&85ﬁy§after ferm ne

the anti bacterial effect of i sea nmetabolites used the narine 1solate SWB
(Neu et al ., 1991§YP#%¢SS%EE%%W?%E1?%eréhavpvéPyFF8§rsﬂaﬁﬁ°Fo°8ﬁPPPBGFants

and anti bisoti cs dug 2oaﬁ@e4pr@@@nse(@6mpoﬁﬁd§h59k5pplaﬁacgaanédg envel ope
attached to the Ofttatlgilcgfngéggfté}eS|Afleg compoung éhgnddhence 's a
SLgnlflcant activity against settlement, with activity
increasing with increasing concentration. Aall
compounds completely inhibited-settlement at a
10 concentration of 10 pg/ml. Three compounds - 1, 2 and
4 were particularly inhibitory (Fig. 4, Table 1). All
three compounds significantly (Table 1) inhibited
settlement at the Gery low concentrat;bns of 1 and
10 ng/ml. At 10 ng/ml compounds 1 and 2 inhibited
15 settlement by 50%, relative to ¢Ontrolnsettlement
levels. Interestingly, these 3'¢ompounds also
exhibited non-linear patterns in their effects on
settlement. Thus settlement was higher ét 100 ng/ml |
than at 1 or 20 ng/ml for all 3 compounds.

20 TABLE 1
concentration Compounds in order of increaéingﬁactivity
10 pg/mL dmso 5 1 2 3 4
01 pg/mL | dmso 5 4 2 3 1
100 ng/mL dmso 4 5 3 1 2
10 ng/mL dmso 5 3 4 1 2
01 ng/mL 5 dmso 3 2 4 1

EC50 values for these compounds, based on the data in
Figs. 4 and 5, are presented in Table 2. Two of the

25 compounds had EC50 values < 100 ng/ml, and 5 of the
compounds had EC50’'s significantly less than that of
CuSOy4. Following the reduction in the use of tin-based
compounds, copper (Cu) is now the main active ingredient
in antifouling paints.

30



7 .conservative test organismw th respect to the effects of potenti al
antlfoulant higyl €d nmetabolites 1-4 were dissolved in eth (10
ng/m - ?%rr?uﬁ%nd were added in volumes of 20 [err] to sté??ﬁ?%eg&7
NbCartney bottles 5 containing 19 ms of filter sterilised artificial
seawat er (ASW nedi um suppl enented with a trgge vitamn and m ner al
solution (Schneider et al., 1994). Two reference conpounds for

anti bacterial activity, the antibiotic gentamcin (Signma)and a saturated
copper (I1) oxide 10 solution, were also used in these tests. Follow ng
addition of netabolites, antibiotics or c g 3 he nedia was inocul ated
with SWB. The inoculum for the assay was taken froma continuous culture
fermenter operafing at a cell density of [err] cells/m. The final

concentration,okmééabggiegol|tes angcant i Ab?hh +§g§tggngangﬁq fron110 [err]

to 10 ng/ m . Cotrot—botttes wtihrjeor . onty, 4 v

added, were inocHlated with SWB and %-¥2 (Codtinl) “l M cach experinen
After mxing, 209 [err] fron1each1u@td omybjy)ousept|cally transferred to
a well in a Nun ' geCutrture e oated

aerobically at 3\rr71 with shaking s'l 9 B3 0ddiX ored hy optical den
(600 nm every jhgpur for 12 hours aﬁbQBZMM.QW-O.GQ)

5 0.51(0.29-0.89)
CusO, 0.40(0.25-0.77)
5 These compounds were also active against settlement

when applied to the surface of the dishes (Fig. 6), though
their activity was perhaps somewhat less than when
‘dissolved in the water. |
" The effects of surface coatings of metabolites 1-4
10 against the settlement of barnacle cyprid larvae are shown
in Fig. 6. All compounds completely inhibited settlement
of cyprids at 25pg/cm2. Compounds 3 and 4 were as
previously described the most inhibitory completely
deterring settlement at 2.5ug/cm2 and significantly
15 deterring settlement at 250 ng/cm2.

lqa] _ _

' The effects of surface coatings of metabolites 1-4
coated against the settlement of and'germination of algal
spores are shown in Fig.'7. All compounds completely

20 inhibited settlement of algal spores at 25ug/¢m2.
Compounds 2 and 4 significantly'deterred settlement and
germination at a concentration of 250 ng respectively,
while the most deterrent metabolite, compound 3, inhibited
settlement and germination by >90% at a concentration of

25 25 ng/cmz. :

Delisea metabolites significantly inhibited the
growth of the marine bacterium SW8 at all times analysed,



.growth was nonitored every four hours for a further 18 25 hours. The"
effects SU ﬂﬁﬁ gpolites 1 to 6 and 8 to 10 were tested al so_agai nst the
growth o 9 mari ne bacterium Vibrio fischeri. at a conc AP

[err]. This is an order of nmmgnitude |ess than the concentration required
to 30 inhibit the growth of the marine bggterium SW3. |nhibition of
settlenent and germ nation of algal spores Inhibition of settlenent and
subsequent germ nation (these two processes were not distinguished in our
assays) of al jaé.sporés whsSdane BSi hgutrhe(Edgnopel rabdef dyl.i ngt3nonal ga
Uva. Fertilget V, p ent.if] o] around the -
tip of the fr%ﬁd@ﬁéééeeé%%% @?é thekg QL& EESPQ ﬁghﬁ% h? %eﬁg thalli were
washed three ??ﬁ@%e$ne§hﬁl|#@e§é§ﬁa§@¢ Eﬁ@lﬁeﬁPntﬁoéﬁy(Pnﬁ &ppttoxi matel y

two hours. 01»21@0@'1& e§,<sa\@o§?raﬁelsa§ %ﬁyl”QHEQQtQYCBh%EbQQ iBeef Lgads in
sterlllse%fseama P05|t| wer e concentrat ed

and identi |eﬂna.uﬁ$¥%5ra§$ % ﬁyte égﬁﬁFoBHygégtS§lﬁﬁe9F°§Fpuctural
fornm(FIetchedlﬂfﬁiéd yﬁgﬁﬁfboahtkyoamohqtmetabogaﬁaboahutb&tween

concentrations (Fig. 8, Table 3). Compounds 3 and 4 were
the most active, completely 1nh1b1t1ng growth at a
concentration of 10 pg/ml (Fig. 8, Table 3), and still

10 causing some inhibition of growth at 10 ng/ml (Table 3).
Compounds 3 and 4 were significantly more inhibitory than
the antibiotic gentam1c1n

TABLE 3
A) 4 hours .
15 |
concentration |Compounds in order of increasing activity
10 pg/mL . : C_ 1 _gent 2 3 4
1.0 pug/mL c gent 2 1 4 3
100 ng/mL gent . 4 c 2 3 1
10 ng/mL gent c 4 2 1 3

B) 11.5 hours

concentration |Compounds in order of increasing activity

10 pg/mL c 1 2 gent 3 4
1.0 pg/mL - gent 1 2 3 - &
100 ng/mL gent 4 2 c 1 3

2 4 1 3

10 ng/mL gent c

concentration |Compounds in order of increasing activity

10 pug/mL _ c 1 2 . gent 3 4
1.0 pg/mL |2 c i 3 4 gent
100 ng/mL gent 4 3 2 c 1
10 ng/mL_ gent 4 1 c 3 2



are suitable for the al gal assay, ganmetophytes were used in the assays.
Gamret ophyt agoWghfohW ce "raced” towards a 10 light source a;&g&gmgl 07
wat chgl ass containing sterile seawater to renbve contam nants an ag%ed to
20 M of sterile seawater prior to use in tests. In order to obtain a
uni form suspension for addition to test wellpgy the solution was nechanically
stirred. 15 Purified metabolites 1-4 were dissolved in ethanol
(99.7% + purity) at a concentration of 500 [err] to 50 ng/m . 94 [err] of
test solution was add&thet cesayitisplogt ¢hicetests Iuss ifre Midne | Ak

i ving a concent ' 2 ., 3 1): for g
9 9 P Ld FE Y. 22d Wlt:]hdtt?}% ¥ ididP of% st

Control wells contal ning omy ethanol an tered seawat er

20
S
were al so prepared®ndrie weremash iahdhitiono caunetaly datemringe qrawth
were prepared byl ithe QurdtSaket tmeswgarin@tﬁdo.enmaﬁ]dm [£rddd v@s

added to cover each |1 and t.he repl.i-plates, placed in e dark..to 25 ,
al | ow an eveﬁ sé‘feﬁee:%ﬁo St ?.&l,lﬁ‘ Hé’?“%lrﬁ%,rify. g“ﬁ'fevcﬁr ndtiition of
enriched steril iggavtde doyattdressa s cageethdso degteassd varch tthionelaridesthey

ays the [err] Gome er. Guere kAt R chotars Slof Gite Paor deter 11°

30 counted for migatesysi ng an i nverted bi nocul ar m croscope. Nunbers
of gernmings forr#3¢it4@dd ofithe settlement of bryozoan larvae
10 The results for the inhibition of settlement of

byrozoan larvae are shown in Fig. 10 Compounds 1, 3 and 4
significantly completely inhibited the settlement of
Bugula neretina larvae at 10 ug/cm2 while the most active
compound, 4, completely deterred settlement at a
15 concentration of 1 pg/cm?. |
_Eiglg assessment of activities
Becéuse of the variable nature of the Q§li§gg
- metabolites against different fouling organisms, and
because the variation in chemical structure among the
20 metabolites is likely to significantly affect how they are
incorporated into polymer coatings, extensive field
testing has not yet been done. 1Initial field tests, in
which crude extracts of Delisea were incorporated into
resin (UCAR solution vinyl resin VYHH) and placed in the
25 field for 3 months, indicated significant inhibition of
fouling relative to control resins lacking added
metabolites. :
Discussijon and Conclusions
Two major points emerge from the tests of Delisea
300 metabolites done to date: o
Firstly, the compounds are very active, at low
concentrations, against representatives from four major
groups of fouling organisms. For comparison, ECgg’s of
previously reported natural products (ahd copper) in
35 cyprid assays (see literature cited in Background Art),
are, with one exception (the “"renillafoulines", Rittschof



~conpared to seawater and ethanol controls. Inhibition of the settlenent of
bryzoan | arvae The net hodol ogy of this assay has not been 35 previously
descri be®WO9M2943r vae of the cosnopolitan foul i ng byrozoarP@UsUIOMEritina
were used for bioassays. 9 Colonies of B.neritina were maintained in the

| aboratory in the dark in aerated filtereg sea water at [err]. Larvae were
rel eased fromthe colonies within 10-30 nifutes on exposure to a bright

| i ght source. These were 5 collected by a pipette and transferred into the

petri dishes goaled 1544y Reld 8od 15 ApOthd rdnde (88 186 bapeas ?mhaEesan
d t 4 fllte te Filt d wat d |

cont ?8{‘56"“2?29@% %éa;?s:s%i;&%%eégrvg% g%ﬁ?—%% R ocohprindacfat o

and 10 contrctheli dwencend |ofcthi® xangee 4nd Blghbsref vwd ofietheeat nents

o0 COmOl S NELSRTe 4 a1 558 Fa D, PO 200 of et tloment ws
15 5The ef f e@msftlidde stompminds caretadodr tesrena¢ctieve then s
almost all other previously described natural
antifoulants. Their activity also compafes favourably to
that of tributyl tin, the antifoulant of choice for the
past 15 years. _ ' ' '

10 : Moreover, the activity of the compounds is broad
spectruﬂ. This is a significant advantage over most
previously described natural antifoulants, which have
tended to focus on=thefactivity of the compounds against
barnacle larvae, or at most invertebrates and bacteria

15 (Holmstrom and Kjelleberg 1994). Cleariy any antifouling
coating must work against the rangé_of fouling organisms
which'occﬁr in the field, and thus the Delisea metabolites
broad spectrum activities are very important. Their '
strong activities against algal spores is a major benefit

20 in and of itself, since algae have often proven to be the
most difficult foulers to control. |

The second major point to emerge is that the
structural variation that exists among the Delisea
metabolites is very important in terms of the compounds ’

25 effects on fouling organisms. Tests against any one
fouling organism indicate significant variation in the
effects of different compounds (e.g. Figs. 4-10), and the
relative effects of each compound against different
orgénisms is not the same. For'example, the most

30 effective compound against barnacle larvae is 1 and 2;
against bacteria 3 and 4, and; against algal spores
compound 3. - ' g

This variation in the effects of the compounds
against different foulihg Qrganisms'has several major

35 implicatidns for'using these compounds in the development
of antifouling paints. Firstly, a broadly effective

ment -



settlement of barnacle cyprid larvae, the growth of bacteria and the

settl ement Qrslogfibgy Nati on of al gal spores were analysed int
Firstly, we used Anal ysis of Variance (ANOVA) foll owed by Tu£%§:s nﬁﬁ?lple

20 conparison tests to determ ne which conpounds, at which concentrati ons,
had statistically significant effects on thejgest organi sns. Anal yses were
done using the Statview || statistical package. These procedures enabl e us
to determ ne the m ni num concentration of a conpound 25 necessary to have
sone si gni fi cantpadritectqr atthan ficok ﬁormmmtmmmbnvayom imrlikéeby to the

ef fects of dlffE‘d’&ﬁ%aﬁﬁf’g) erriT EopAiAES é’é&‘ie&grﬁhi@ﬁdw

the determnatio val ue (the concenttation reqguire or
50% sett | enent iRmiMATE BEferELVR wn%sﬁaﬁeﬁa{‘érﬁ‘}lﬁt%ﬁ)oﬁ\#&ngTh| s

procedure, used digdriiesnA) NFdbRESAY YpareEcwDne mgefhﬂatﬂmck;.,

Speer . e T e g s (G 91 B cRbbe oL
particular care in order to maximise the efficiency of the
différent compounds within the paint. Compounds 1-4 (and
the additional metabolites) vary in their chemical
properties as well as their biological activities. Thus

10 some compounds will incorporate easily into 'a given

polymer, but not into others.

Finally, of crucial importance to any commercial
antifouling product is the ability to produce it in large
guantities., Syntheses of several of the Delisea

15 compounds, and closely related structures, have been
published (Jefford et al. 1988, 1989). The syntheses are
relatively short and of high yield, and indicate that
industrial scale production of the compounds is certainly
possible. '



‘Resul ts of Bi oassays Barnacl e assays The effects of the metabolites

-di ssolved in water in cyprid settlenment are shown in Figs. 4 (for conpounds
5 1,w8 9g0fhod) and 5 (conpounds 3, 5,) and Table 1 (stgiis! tuiggﬂ*“m
results). Al 5 conpounds showed significant activity agalns tlement,
with activity increasing wth increasing concentration. Al conpounds
conpletely inhibited settlenent at a 10 16 concentration of 10 [err].
Three conpounds - 1, 2 and 4 were particularly inhibitory (Fig. 4, Table
1). Al three compounds significantly (Table 1) inhibited settlenent at
the very | ow Refexeagesati ons of 1 and 10 ng/m . At 10 ng/nm conpounds 1

and 2 inhibited 15 settlenment by 50% relative to control settlenent
| evel s. Interestlng t hese 3 :conpqunds .al so exhi bited nan-I|i near
patterns in their DERABY: B 498301 Legdmlatiom, o ffaatisig mr Rut itdfer at 100

ng/mM than at 1 oan2@feglingsar a&ibfduddmgounrds632366 .
TABLE 1 [egr] EC50 val ues for these conpounds, based on the data in Figs. 4
and 5, are presented in Table 2. Two of the 25 conpounds had EC50 val ues
< 100 ng/m, and 8eoNyeh&,6 Coll J C, Bowden BF (1992) Delisea pulchra

(cf. ;;mb;;g_g) revisited. The structural
determination of two new metabolites from the red alga
Delisea pulchra. Aus. J. Chem. 45: 1625-1632

10
de Nys R, Wright A D, Konig G M, Sticher O (1993) New
halogenated furanones from the_marine alga Delisea
pulchra (cf. fimbriata). Tetrahedron 49: 11213-11220
15 Fletcher R L (1989) A bioassay technique using the

marine fouling green alga Eg;g;gmg;ggg int.
Biodeterioration 25: 407- 422

Gerhardt D J, Rittschof D, Mayo S W (1988) Chemical
20 ecology and the search for antifoulants. J Chem Ecol
14: 1903-1915

Hamilton M A, Russo, R C, Thurston R V, (1977) Trimmed .

Spearmann-Karber method for estimating median lethal |
25 concentrations.in toxicity bioassays.

Environ. Sci. Technol. 11(7): 714-719

Holmstrom C, Rittschof D, Kjelleberg S (1992)
Inhibition of settlement by larvae of Balanus

30 amphitrite and Ciona jintestinals by a surface-
colonizihg marine bacterium. 'Appl En?iron Microbial
58: 2111-2115

35



conpounds had EC50's significantly less than that of [err]. Follow ng the
reduction iy e of tin-based conpounds, copper (Cu) is n
active i ngretﬁMg’ril‘tl antifouling paints. 30 11 TABLE 2 [e?’Q%ﬁ‘,"gn‘?’mEg?’l7
These conpounds mere al so active against settlenent when applied to the
surface of the dishes (Fig. 6), though theirjpctivity was perhaps sonewhat
| ess than when dissolved in the water. The effects of surface coatings of
netabolites 1-4 10 against the settlenent of barnacle cyprid | arvae are
shown in Fig. 6. Al |Haolmporomse cnpl kil Jebenhg bi § e(i1324 ) | Thenef béctypfi ds

at [err]. Conpoundsezﬁzd%x%}garf‘ yidfodfed] eféé’é’é}.?’ gﬁsgétgf&néﬂé HPSrBafm?

i nhi bitory conpletely ring se ~ement signi f1cant
deterring settl enentnmemxf@e]lawag%larybdn@v a%%‘éiyéo‘l'hbngf'ﬁ%‘éhaowgy

surface coatings of gggfguiiﬁ§5 ﬂn‘bress

5
Jefford,. C W, Jaggi, D, Boukouvalas. J (1988) J.
Chem, Soc., Chem. Commun. :1595
Jefford; C.W. Jaggi, D, Sledeski, A W, Boukouvalas. J
10 (1989) Stud. Nat. Prod. Chem. 3: 157
Kazlauskas R, Mﬁrphy P T, Quinn R J, Wells R J (1977)
A new class of halogenated lactones from the red alga
Delisea fimbriata (Bonnemaisoniaceae). Tet. Lett.l:
15 37-40
Keifer, PIA, Rinehart, K L Hooper I.R. (1986)
Renillafoulins, antifouling diterpenes from the sea
pansy Bgn;ll@_;s_niim (Octocorallia) J. Org. Chem.
- 20 51: 4450-4454
Leslie G L, Schmeider R P, Fane A G, Marshall K C,
Fell C J D (1993) Fouling of a microfiltration
membrane by two gramnegative bacteria. Colloids and
25 Surfaces A: Physico-chemical and Engineering Aspects-

73: 165-178

Maki J S, Rittschof D, Schmidt A R, Snyder AG,
Mitchell R (1989) Factors controlling attachment of

30 | :Bryozoan larvae. ‘A comparison of bacterial films and
unfilmed surfaces. Biol Bull 177: 295-302

Mary A S, Mary V S R., Rittschof D, Nagabhushanam R

(1993) Bacterial-barnacle interaction: potential using
35 juncéllins and antibiotics to alter structure of

bacterial communities. J Chem Ecol 19: 2155-2167



coated against the settl enen erm nati on of algal spores are shown
“in Fig. 7. Al conﬁéﬁﬁ&nggﬁ%Fg%§?$g§g20 I nhi bited settl enent of. al gal
spores aW@e6s1294 Conpounds 2-and 4 significantly deterred Bet/miveswnadr and
germ nation at a concentration of 250 ng respectively, while the nost
deterrent netabolite, conpound 3, inhibited settlenent and germ nation by
>90% at a concentration of 2.25 25 [err].!8 nhibition of bacterial growh
Del i sea netabolites significantly inhibited the growth of the marine
bacterium SW8 at all tines anal ysed, 12 i;e. at 4, 11.5 and 25 hours
(Fig. 8 Table 3). At none of these tinmes was there any significant

di fference bet weeNeat tyR, aMarahalan® Gedild9d9nMicrebiale "ffacttpr iANEVA - p <

0.05) and only ethy c _GantLo e u N Tous ,ES.
The effect on bac?eb?glSB?%&fgﬂd%?féégggéﬁgnigﬁggﬁfky a%%%ﬁﬁﬁgta o%ﬁtes and
bet ween concentralPéndl@Fig. 8, Table 3). Conpounds 3 and 4 were

5
' Rittschof D, Hooper I R, Branscomb E S, Costlow J D
(1985) Inhibition of barnacle settlement and behaviour
by natural products from which corals, Leptogorgia
vi;ggla;a'(Lamarck, 1985) J Chem Ecol-11: 551-564
Rittschof D, Clare, A S, Gerhardt, D J, Mary A,
Bonaventura J (1993) Barnacle in vitro:aSSays for
biologically active'substancesé toxicity and
settlement'inhibition assays using mass cultured

15 Balapnus amphitrite amphitrite Darwin. Biofouling 6:

Schneider R P, Marshall K C (1994) Retenfion of the
gram-negative marine bacterium SW8 on surfaces-effects
of microbial physiology, substratum nature and

20 conditioning films. Colloids and Surfaces B:
Biointerfaces in press:

Standing J D, Hooper I R, Costlow J D (1984)
Inhibition and induction of barnacle settlement by

25 natural pfoducts present in octocoralé;_ J Chem Ecol
10: 823-824

Targett N M, Bishop S S; Mchnnell'O'J, Yoder H A
(1983) Antifouling agents against the benthic marine
30 “diatom, Ngxigulg_gg;iﬂigg;g. J Chem Ecol 9: 817-829

Todd J S, Zimmerman R C, Crews P., Randall S A (1993)

The antifouling activity of natural and synthetic

phenolic acid sulfate esters. Phytochemistry 34, sep:
35 401-404. -
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t he nost acti ve, conpletetry inhibitimggrowh at a concentration of 10

10 ng/mi (g ecﬂillﬂllmﬂuiﬂllaﬂﬂlﬂﬂlpéfgsé.”Sn.s icantly mors VRt | &

than the antibiotic germt arti ctn. ® [err] concentration Conpounds in
order of increasing activity 13 The resun@s of the tests using Vibrio
fischeri are shown in Fig. 9. As with the inhibition of SW8 conpounds 3
and 4 were nost inhibitory conpletely deterring growh over the duration of
t he experinent. Conpounds 5 and 10 5 were also significantly inhibitory,

however, inhibigion Ofxngtéfl\é&g P? QGES geRe Bﬂscgﬁfa&ﬁéiﬁg 't%gtfle@%i%d

t hey were  not S|gn|f|can on1t e cont m nut es
| nhi bi tion of tﬁ@OEQFtPénénfu§ﬁnﬁﬂ§oQéaﬁhﬁaﬁﬁaéciﬂre shownTﬁ@ Fdgul tIs for

the inhibition whe.s.elihl ﬁan;nk Hnd WL z-ﬁ@éa%waae w&:&&mnhwn Fid. hydroxyl
Compounds 1,_3 and 4 i nt | Ietel E | bi ted th% settlenent of
Bugul a neret?nagFSFPaea t 2 bY?eEF uRhF EtFﬁ Hﬁs r&@tﬁv§° 0 carbon '

atoms, an ether group containing from 1 to 10 carbon
atoms, an ester group containing from 1 to 10 caﬁbon atoms
or a halogenated alkene containing from 1 to 10 carbon
atoms or Rz and R3 together may comprise an unsubstituted

10 or a halogehated alkene containing from 1 to ld carbon
atoms and R, is a hydrogen or halogen atom, and a suitable
carrier therefore. _
2. An antifouling composition as claimed in claim 1 in
which the furanone has the structure shown in Fig. 2

15 wherein R; is a hydrogen atom, or hydroxyl, ester or an
ether group and wherein R; and R3 are each together an
unsubstituted or halogenated methylene group.
3. An antifouling composition as claimed in claim 1 in
which R; is selected from the group comprising hydrogen,

20 hydroxy and acetoxy groups.
4, An antifouling composition as claimed in claim 1 in
which Ry and R3; are together an alkylene group substituted
with one or more chlorine, bromine or iodine atoms or a
mixture thereof. |

25 5. An antifouling composition as claimed in claim 1 in
which R; is hydrogen and R; and R3; are together
dibromomethylene or monobromomethylene.
6. An antifouling'composition as claimed in claim 1 in
which R; is an acetyl group and R and R3 are together

30 monobromomethylene or monoiodomethylene. '
7. An antifouling composition as claimed in claim 1 in
which R; is a hydroxy group and R; and R3 are together
monobromomethylene.
8. An antifouling composition as claimed in claim 1

35 containing two or more of the compositions according to
Fig. 1.



conpound, 4, conpletely deterred settlenent at a 15 concentration of 1
Terr]. Field assessr,mﬁl Humumﬂ,m[; Because of the variable nature of the
Del i sea rE0a61204 es A it foul i ng organi sns, ardr/awesomer t he
variation in chem cal structure anmong the 20 netabolites is likely to
significantly affect how they are.incorporated into pol yner coatings,
extensive field testing has not yet been d&he. Initial field tests, in

whi ch crude extracts of Delisea were incorporated into resin (UCAR sol ution
vinyl resin HH) and placed in the 25 field for nont hs, indi.cated

Sl Ghi i cant 1 Sht bi + ABnSBELEGHIARG FEMBPRISIES CnErALAR s LRI g MHded
nmet abol i t es. Bhichsthencamrdti€andisua padntwo e tdrerp amtad lanefigan ffoamitdye
tests of Deligga ggitgghgbolites done to date: Firstly, the conpounds are
very active, at fow concentrations, against representatives fromfour major
groups of foulPag oAgRrPSAss Eor &bRpRreYeRtipay of smnineyifewdling efomned
natural produgpgec@nedcmpPR8ihg BppryifidPitiod adsIdesH L Pdrt Yl cited in

Backgr ound ArtL“ are, Wth _oné exception the,"renlllagbullnes", Ri tt schof
object a coating of the composition according to any one

of claims 1 to 9, incorporating in at least that part of
the object itself such a composition, and immersing at
"least that part of the object into water. '



14- et al. 1994) typically in the range of 100's of ng/m to 1 [err] [err]
of three of wigwdpelgl Sea conpounds fall at the Iomer end of t |s ran and
[err] of two of the compounds fall vel | 148l ow it. @M7
conpounds are as or nore active then al nost all other prevrously descrrbed
natural antifoulants. Their activity al so conpares favourably to that of
tributyl tin, the an foulant of choice for the past 15 years. 10

Mor eover, the activi t he conpounds is broad spectrum This is a

si gnificant advantage over nost previously described natural antifoul ants,
whi ch have tended to focus on the activity of the conpounds agai nst
barnacl e | arvae, or at nost invertebrates and bacteria 15 (Hol nstrom and
Kj el |l eberg 1994). Cearly any antifouling coating must work against the
range of fouling organisnms which occur in the field, and thus the Delisea
met abol i tes broad spectrumactivitiRg are very |nportant Their strong
activities against algal spores is maj or benefit 20 in and of itself,

si nce al gae have often prove e nosjpRgifficult foulers to control
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The second major point to enmerge is that the structural variation that

exi sts anomp edma29del i sea netabolites is very inportant in teciasoddss
conpounds' 25 effects on fouling orgadf%ns. Tests agai nst any one fouling
organi smindicate significant variation in the effects of different
conpounds (e.g. Fig®¥ig4.10), and the relative effects of each-conpound
‘against different organisns is not the sane. For exanple, the nost 30

ef fecti ve conpound agai nst barnacle larvae is 1 and 2; against bacteria 3
and 4, and; against al gal sporesgronmpound 3. This variation in the effects
of the compounds agai nst differeht fouling organisns has several major 35
inplications for using th co unds igBrt he devel opnent of antifouling
paints. Firstly, a broadfy 15 paint, or other filmformng
conposition, is likely to contain ture gf these conpounds, each of

which will be nost effective agat n suite of fouling organisns.

Secondly, the particular polyneé mat P x e. ., 5 the coating base to be

used, will have to be chosen with R3 E
H Br Br
H H Br
H Br H
H H c
H a H
H H I
H I H
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H 1 1
H H H
OH Br Br
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OH a H
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ﬁarticul ar care in order to maximse the efficiency of the different
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Conpounds 1-4 (and the additi onabcTvRUsSHmlot €S)

properties as wed9 as their biol ogi cal activities.

incorporate easily into a given pol yner, but
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furanone of the structure showmn in Fig. 1 wherein [err] are each a hydrogen
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5 group, an_al kyl group containing from1 to 10 carbon atons, an ether
group cont alwrﬂ?féu?q%om 1 to 10 carbon ag?ins, an ester group cESTAYPBAF, om
1 to 10 carbon atons or a hal ogenat ed ene containing from1l to 10 carbon
atons or R2 and R3 together may conprise an unsubstituted 10 or a

hal ogenat ed al kene containing from1 to 10 carbon atons and R4 is a

hydr ogen or hal ogen atom and a suitable carrier therefore. 2. An
antifouling conposition as claimed in claim1 in which the furanone has the
structure shown in Fig. 2 15 wherein [err] is a hydrogen atom or hydroxyl,
ester or an ether group and wherein R2 and R3 are each together an
unsubstituted or hal ogenated net hyl ene group. 3. An antifouling
conposition as clained in claiml in which [err] is selected fromthe group
conpri sing hydrogen, 20 hydroxy and acetoxy groups. 4. An anti foul i ng
conposition as clainmed in claiml in which [err] and [err] are together an
al kyl ene grofig.$ubstityted with one or nore chlorine, bromne or iodine

atons or a ni%%ure t hereof. 25 5. An antifouling conposition as clained
inclaiml in Wiich [err] is hydrogen and [err] and [err] are together
di brononet hyl eng or nonobr@onngt hyl ene. 6. An antifouling conposition as
clained inclaimlin g ,
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which [err] is an acetyl group and R2 and R3 are together 30

nmonobr ononeM81¥H2%4or  nonoi odonet hyl enegr( An anti f oul i ng PEIAIPSI00403n as
claimed in claiml in which [err] is a gdroxy group and R2 and R3 are
t'oget her nonobr ononet hyl ene. 8. An antifouling conposition as clained in
claiml 35 containing two or nore of the conpositions according to Fig. 1.
20 9. © An antifouling conposition as clainmed in claim1 in which the
carrier is a paint or other dryable filmform ng conpositions. 10. A
process for the prevention of marine fouling of an 5 object conprising
applying to at least a part of the object a coating of the conposition
according to any one of clains 1 to 9, incorporating in at |east that part
of the object itself such a conposition, and i mMmersing at |east that part
of the object into water.

Fig. 10.
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