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Title: ANTI-FOULI NG COWPOSI TION Abstract: There is provided an
anti-fouling conposition conprising (i) a surface coating material; (ii) an
enzyme obtained or obtainable froma nmarine organism and (iii) (a) a
substrate for the enzyme; and/or (b) a precursor enzyme and a precursor
substrate, wherein the precursor enzyne and the precursor substrate are
sel ected such that a substrate for the enzyne is generatable by action of

t he precursor enzynme on theaRTEecOUBING SOMROSITEONWherein the enzyne and t he
substrate are selected such that an anti-foulant conpound is generatable

by action @f. Lhe., 1 ilion 28l EDE SUDRLLAL L, ANTL O NG GRVREBLELGIN The
present | nvenPl onre a{ es ?O an antl -?Olﬂ I né) COI'TpOSILE ion. 1n particul ar,

t he presentnvedtivventanoral atiefulioy admpsitiont auhjrdggconpoginti apatdonri si ng an
i stussed: PO SoaPOrDl Bandes THBE B0, 1od i n many di fleront
environnments, such as antifungal agents in house paints, fresh water
al gicides, and anti-fouling agents for nmarine structures exposed to sea
wat er fl or éSélhisuer%ﬂmlaUS-,&sﬂ%é‘* chBsRpidesnITE dranives M many diffgiat $RFOYPER-on house
pai nts andgfhes la.htlﬁﬁnga@QQ:nHti}l lhi)l?‘s%%aﬁlr&? FOQ @&teﬂmggikj@, R 4hti-fouling agents
for marine structures exposed to sea water flora and fauna. As is known, mildew or
10 fungus may grow on house paints and the like, and utilizes the paint medium as a
nuirient, or in some cases, the underlying substrate, such as wood, as the nutrient. For
obvious reasons, this may cause damage to the painted surface and/or a deterioration in
the appearance of the painted surface. A biocide may be incorporated in the paint and
when the mycelia and fruiting bodies of the fungi contact or penetrate the paint film and
15 thus, through intimate contact with the biocide in the film, the fungi are destroyed. In
cooling towers utilizing fresh water, slimes, mould and algae may develop if effective

compounds for combating their growth are not present.

As discussed in US-A-5071479 the growth of marine organisms on the submerged parts

20 of a ship's hull is a particular problem. Such growth increases the frictional resistance of
the hull to passage through water, leading to increased fuel consumption and/or a
reduction in the speed of the ship. Marine growths accumulate so rapidly that the
remedy of cleaning and repainting as required in dry-dock is generally considered too
expensive. An altermative which has been practiced with increasing efficiency over the

25 years, is to limit the extent of fouling by applying to the hull a top coat paint
incorporating anti-fouling agents. The anti-fouling agents are biocides which are freed
from the surface of the paint over a period of time at a concentration lethal to marine
organisms at the hull surface. The anti-fouling paint fails only when the concentration

of biocide available at the paint surface falls below the lethal concentration and with

30 modern paints up to two years of useful life is expected.

An extremely widely used biocide, particularly in marine anti-fouls, is tributyl tin

(TBT). However, there is a growing concern about the environmental effects caused by



nutrient, or in sone cases, the underlying substrate, such as wood, as the
nutrient. For obvious reasons, this may cause damage to the painted
surface and/or a deterioration in the appearance of the painted surface. A
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20 In view of the effectiveness of TBT regulatory authorities have reluctantly agreed that as
long as there is no satisfactory substitute for the anti-foulant organic tin active
ingredients, larger ships, i.e., those above a length of 25 meters, are still permitted to use
such compounds to minimize fouling. There is therefore a desire to provide alternative

biocides to TBT based compounds.

US-A-4297137 discloses that the effects of an anti-fouling composition can be
lengthened by moderating the release of the anti-fouling constituents. This document
discloses anti-fouling paints comprising at least one substance toxic to marine organism
uniformly incorporated into a discontinuous solid matrix which is insoluble in sea water
30 and is dispersed in the paint. The matrix is at least partially formed from at least one
substance which becomes soluble in sea water under the action of enzymes liberated by
the marine organisms to be inhibited and/or by the bacterial film in contact with the

paint. Thus when marine organism become associated with the painted surface, the



boats up to 25 neters long are no longer permtted to use anti-foul ant
paint containing 10 high levels of tributyltin conpounds. Research has
shown that as long as the leaching rate of tin can be maintained at or
bel ow about 4 gg/cn2 per day, aquatic |life does not apperenmber pepxffected
over the long term However, it has also been found that to be effective
for controlling marine al gae, 15 as well as hi gher devel oped narine
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Bi ol ogi cal and bi ochem cal "principle the pre ouI i ng"
propose t keémpsundaeayi wrectsfl opibygehiteereagymret STHeavubatrgte and enzyme(s) produce

a compound having antimicrobial activity.

20 US-A-5747078 relates to food products. The document teaches that microbial
contamination of food and feed, which can cause severe health problems, may be
inhibited by a composition comprising a lactoperoxidase system which provides for the
sustained release of hydrogen peroxide. The hydrogen peroxide is prepared by the
reaction of an oxidoreductase with an oxidisable substrate. The hydrogen peroxide then

25  reacts with thiocyanate, under catalysis by lactoperoxidase, to produce hypothiocyanate.
The hypothiocyanate may then act as an anti-microbial agent. This document provides a
background teaching of immobilised enzyme systems. The document is silent

concerning anti-foulants or any micro-organism which results in fouling properties.
30 The present invention alleviates the problem of the prior art

Aspects of the present invention are defined in the appended claims. These and other

preferred aspects are discussed below.



anti bacterial, anti-algal, anti-protozoan and anti-nacrofouling properties
fromalgae and marine invertebrates. It is proposed that the structure of
the extracted agents nay be 10 determ ned, subsequently synthesised and the
synt hesi sed agent used in the prevention of biofoul bigovdaptesal ng of the
extraction or of the synthesis is provided. EP-A-0866103 discloses a

met hod for control|ed rel ease of conpounds having antimcrobial activity
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The present inventjon alleviates the problemof the prior art Aspects of
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For the. croyRabeoRdPfooton fPlind bR gD pietor iibs iiyeutibasor substrate,
wherein the pAecurdm@rto a fourth aspect of the invention there is provided a method for
releasing an anﬁ—fouling compound from a surface coating, which method comprises
incorporating in a surface coating
(i) an enzyme obtained or obtainable from a marine organism; and
(i) (2) a substrate for the enzyme; and/or
(b) a precursor enzyme and a precursor substrate, wherein a substrate for
the enzyme is generated by action of the precursor enzyme on the precursor substrate;

wherein the anti-fouling compound is generated by action of the enzyme on the
substrate.

3a



enzynme and the precursor substrate are selected such that a substrate for
the enzyne is generatable by action of the precursor enzyne on the
precursor substrate; wherein the enzynme and the substrate are sel ected such
that an anti-foulant conpound is generatable by actipamebmbBe2®@3Zyne on

t he substrate. According to a second aspect of the invention there is
provided a coating consisting of a conposition according to the first
aspect of the invention. According to a third aspect of the invention there
IS providqd a.marjine ﬁntL-fouJ_ c?nsjstin of a conmposition according to
the first HEFSEER KNG Kal PHRFENSIOB AT annptearato ysiemd fos HESPErAIOSY @B e t he

i nvention foligeeeoipomidaMiligiag afetBind 9dnf Pharided SRR o RBest dbtd QN
conmpound from a surface coating, which nmethod conprises incorporating in a
surface co‘éililthg (i)an enzynme obtained or obtainable froma marine organism

and (111(2) BoStPL SOl e nSOE NI ADILRE o Bl PLERUERGE, enzyre and &

precursor substrate, erein a su e ne 'Is generated by
action of ¢ heqgpredess sdsstretn hanprionart dyelefs RCH6HO a gudisdntiaheiobialbféscei N t he
anti-fouling ou i s generat.ed by actjop of the enz n the
substrate. Sa%f é%&ag%ﬁrgarf‘fm%é chipsteat BIRTE Ve ﬁ%‘gﬁbg’é\’ﬁ ¥%n of an
integrated sysemih@fol fleclgramelyi?0nm®f. BHis BMKm nicatt thGh& BRek utilising
an enzynme froma marine_aorgani smprovides a stable system ich 5 has
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anti-mcrobial effect. Enzynes mari ne or gani sns, as al gal hexose
oxi dase (HOX) glisasee Inogtherkmerdapreserzpme gysooskrve ramethy loe? affityor s | ow Km

means that th very high affinity f.or glucose. .ln nt r ast

! nERAY B, hig
non- mari ne en rrgs shu%h ggfﬁlgrp ri%mrrlélrg?nrtfgn‘g]:nu &)lgoéﬁlg%(? a{g:%u r'éo%ls W’gg have at
| east ten fol givel giigmifiénn difettdmcd, Gince gh eHER. withnhigh RRIoWATTSIHPWIIDbe enzyne

systens have a,jtuch | owe ffinity for _glucose than that of the present
invention. In agﬁg? FEUET A tgbékf‘(‘:ﬁét}}(‘iﬁg; Op mesotbﬁrlhla“daan enzyme with el

15 glucose affinity is anticipated to allow leaching of glucose to the surrounding
environment. Leaching of glucose will counter the desired antifouling activity
because glucose will be a substrate for fouling organisms. Leaching of glucose
will therefore lead to increased fouling.

» requires less enzyme than prior art systems to provide a given anti-microbial effect.

20 Enzymes from marine organisms, such as algal HOX, also have iow Km value for
oxygen, again lower than the Km value for oxygen of prior art systems such as
GOX. Again this higher affinity for the substrate gives algal HOX an advantage.
This is because in antifouling applications the worst fouling will be in "closed"

- environments like harbours with low waterexchange and high growth of algae and

25 other fouling organisms. At exactly these places were the fouling is worst, the
oxygen content of the water will also be the lowest compared to open sea.
Enzymes from marine organisms with high affinity for oxygen will therefore be
advantageous.

* provides improved activity at likely operational temperatures.

30 In surface coating compositions such as antifouling paint the anti-microbial
(antifouling) compound typically has to be active between 15 and 30°C. For anti-
fouling compositions this is the seawater temperature where fouling gives a

problem. Contrary to prior art systems, enzymes from marine organisms, such as



give a significant difference, since an enzyne with high glucose affinity
will be able to convert all the glucose present. On the other hand an
enzyme with lower 15 glucose affinity is anticipated to allow | eaching of
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al gal FoOX In dhte Pressr rsreifisptipr Gfaatpots” referred to by the terms “anti-foul(s)”, “anti-

fouling”, and “anti-foulants” include organisms which may reside and/or grow on the
surface to be treated with the present composition. The organisms include micro-
organisms such as bacteria, fungi and protozoa, and algae and organisms such as algae,

plants and animals. The organism may be marine organisms.

The composition of the present invention comprises a precursor enzyme and a precursor
substrate, wherein the precursor enzyme and the precursor substrate generate a substrate
for the enzyme of the present invention by action of the precursor enzyme on the
precursor substrate. This combination of precursor enzyme and precursor substrate is

25  herein after referred to as “substrate generator”.

‘The enzyme of the present system may be obtained or may be obtainable from a marine

" micro-organism

30 Preferably the enzyme of the present system is obtained or is obtainable from a marine

alga. Preferably the enzyme of the present system is obtained or is obtainable from

Chondrus cripus.



resi stant enzynes. They will survive treatnent with pronase (a broad
spectrum 10 protease preparation) w thout any |loss of activity. This

prot ease resistance is considered especially inportant in the antifouling
application since the enzyne therefore will be resi gt duvembed2@f3adati on by
proteases fromthe antifouling organisns which are trying to attach

t hensel ves onto the coated surface. 35 In the present specification
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substrate. This conbi pati f ecursor enzyne. and ecursor, substrate is
25 her ei n erpeAmiETaqigt NAPH o, Src, pedtiencriaes) «bd FREER IGO0 t he
present syméeRbREYe S yRREARER RidabRY be obtainable froma narine

m cro-organi sm 30 Preferably the enzyne of the present systemis obtained

or is obtainable froma marine alga. Preferably the enzyne of the present

systemyjs M?%ﬁ%ﬁhsb%&@ @?\@a{%ﬁ; from Chondrus cripus. 5 21 Novenber

2003 Preferab e ant’i -foul1ng conpound is hydrogen peroxide.
Preferably, the enzyne is an oxidase_.Preferably, the enzyne is selected

from gl ucase _oxi.das L am.no a iceél oxitcjigé : %ﬁ i no .oxi,dase l.act ose
oxi dase.  HsssRt bR Rps R e Bt BE 8 SRR L8 moldiES: or o
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Pref er abl VactéRe vBMZNBRqhdht REKOIS8s @X idasHecthe aldelidhie dtsDARECArtiaXly, ENZYME
HOX differs from another oxidoreductase, glucose oxidase, which can only convert D-
glucose, in that the enzyme can utilise a broader range of sugar substrates. The

oxidation catalysed by HOX can be illustrated as follows:
20 D-glucose + Q3 -—--- > y-D-gluconolactone + H,0,, or
D-galactose + Oy -----> y-D-galactonolactone + H.0,
HOX is produced naturally by several marine algal species. Such species are found
25  inter alia in the family Gigartinaceae. As used herein, the term “HOX” denotes an
enzyme which is capable of oxidising the substrates selected from the group consisting

of D-glucose, D-galactose, D-mannose, maltose, lactose and cellobiose.

Preferably, the hexose oxidase is obtainable or is obtained from marine algae Chondrus

30 cripus.

In one aspect the hexose oxidase enzyme is an enzyme covered by the disclosure of EP-
A-0832245



Hexose oxi dase (D-hexose: 02-oxi doreductase, EC 1.1.3.5) (also referred to

as HOX) is an enzyne that in the presence of oxygen is capabl e of

oxi di sing D glucose and several other reducing sugars including naltose,

| act ose and cel | obiose to their correspondi ng 15 | actomesemben2GBbsequent

hydrol ysis to the respective al dobionic acids. Accordingly, HOX differs

from anot her oxi doreduct ase, glucose oxi dase, which can only convert D

gl ucose, in that the enzyne can utilise a broader range of sugar

subst r at esyedbeE mbﬂ@@i(g@)g@h@m HOX can be illustrated as foll ows:

20 D-glucose + 02 ------ > y-D-gl uconol actone + H202, or D-gal actose + 02

----> y-Dgal actonol actone + H202 HOX i s produced naturally by several

mari ne al i i es are faqun 25 inter aliadn the famly

G garti nacas SREGIGTng AR A b AR oS T g A b LY i o | s

capabl e3> ofcrigisdi(§iongpatch eanslu ibinsemt 6996 e Haimd ahd OBicufRr@r o9 conshesti ng  of

D gl ucose,mel??)ﬁgl agt ose, tD}g%gn%e, I toze, | act ose and_cel | obi ose.

Preferabl y.- the Re¥osExi G BovEPwRAs| ddFioped oft aRBEY PSR mari ne

al gae ChomlrssisdorBQe@ianP s an kRproRRnayREE ol H@erb@%&ﬁ?r&@n@eﬁt@ aBDA¥GE i s an

enzynme covered by the disclosure of EP- A-0832245 6 21 Novenber 2003 HEXCSE

OX| DASE ( toppiefige thoR Orh enzyesdths et prgteithwaHoxifisd Ayave misase Bgen ¢l oned

" fromthe Hise g0 0 d t 996,
Hansen and St ougagrg%t%gbg?mhgﬁo ngGL@Pg%;ra%dng‘ggg}Z%gg %&H@%ﬁﬁg tl%’ol ynor pha

(devel dpediontngadienpreistnds FecombinetdiostardahiSers wha gergsnenlimxppressiwith syst em

for heterql®gqus,proteins) has also been used to produce the HOX enzyne

(the native protern was purified frommarine al gae (Poul sen and Hostrup,

1998)). WD 96/40935 and WD 98/ 13478 al so di sclose the 10 cl oni ng and

expression_ in_r ecog‘oi agt hosé‘ﬁﬁ%gani S of a gene encoding a protein with

HOX activity: PISH S prRiosrretd PHreNtiCast azyee 6YBPIERT s aMBAZAFifE

conpri ses stenaidl @uati SEQSHIIMRNE &rSelaril, Hotofh, | deridRive &' frabniedf | ant,

honol ogue, . deriyative or fragnent 15 thereof. In a preferred enbodi nent,

the heXbsdoludse P mboRsRans dhe Peresqpridese enzyme comprises the amino

acid sequence set out in SEQ ID No 1.

In a preferred embodiment, the hexose oxidase enzyme is encoded by a nucleotide
sequence set out in SEQ ID No 1 or a variant, homologue, derivative or fragment
20 thereof. In a preferred embodiment, the hexose oxidase enzyme is encoded by a

nucleotide sequence set out in SEQ ID No 1.

In a preferred embodiment, the hexose oxidase enzyme is encoded by a nucleotide
| sequence capable of hybridising to the nucleotide sequence set out in SEQ ID No 1 ora
25  variant, homologue, derivative or fragment thereof or a sequence complementary to the

hybridisable sequence. In a preferred embodiment, the hexose oxidase enzyme is

encoded by a nucleotide sequence capable of hybridising to the nucleotide sequence set

out in SEQ ID No 1 or a sequence complementary to the hybridisable sequence.

30 The enzyme, preferably the hexose oxidase enzyme may be prepared in a manner

described in British Patent Application No. 9927801.2



acid sequence set out in SEQID No 1. In a preferred enbodi nent, the hexose
oxi dase enzyne is encoded by a nucleotide sequence set out in SEQID No 1
or a variant, honol ogue, derivative or fragnent 20 thereof. In a preferred
enbodi ment, the hexose oxi dase enzyne i s encoded by a1 Nwembet20d3 sequence
set out in SEQID No 1. In a preferred enbodi nent, the hexose oxi dase
enzyne i s encoded by a nucl eotide sequence capable of hybridising to the
nucl eot i deVARKIERYHOMPLOGUESAEEDATIVED (AMBNOaA@D SEQUENMEE) honol ogue,
derivative or fragment thereof or a sequence conplenentary to the
hybri di sabl e sequence. In a preferred enbodi nent, the hexose oxi dase enzyne
i s encodetteloyrediamine laeidtstflenss @l €rqreseAatnEo® ire Rytdui ¢ SEQIDIMY t be
nucl eoti de segfence et ou% in S§§E§D No | qQr a sequence conplenentary to
the hybri A" BIUE"EE fkadle SemTihe fﬁ%““‘i)r"éf"éer aﬁﬁeym IREEEY 84ealdki dase
enzyme BRYindledP HeRdlRdud RedqheARE NEBtainele Sl S | fol S&mlﬁgtee?&at@d)pl ication
No. 9927801.2 7 21 Novenber 2003 VARI ANTS/ OGUES/DERI ATl VES ( AM NO
ACI D SEQUENREactenipbpisteinsdcedivian homeloguasagd syikaiicprritdss gsrveedleastvarippient i on are
set out i N, ey HPeMBerloOr are sequences obtainable fromthe HOX enzynme of
the present invention but also 5 include honol ogous sequences obtained from
any source, for exanple related viral/bacterial proteins, cellular
honol ogue eptides as v derivatives
Chereor. - THES E HEMAE LA EnRRRL S Fareh® noiostEs o Aoyt s G0 280,
deri VatlbVeﬁqlmhcdshﬁeameddleaﬁm,das hall SBQULenRa’S hpnelsaRrt ad Mefaives odstwel | as
vari ants, gn(g%ues or %er%vaglves of the nucleotide sequence coding for
i g8 19

those ani MBCSeHqs SEBIGTETE OBHETEY AT HAUBICEY he present i nvention, a
honol ogous sequence is taken to include an am no acid sequence which is at

| east 75, 85 or 90%identical, preferably at |east 95 or 15 98% i denti cal
at the amilAchataniext efdie rossent invenfiemst homdlpgaug aeqverse is kekempr inslude eel

sequence %xﬁ@sm@géquk&cwmpamaét 781 84 B8R QHIRE 2 déférh%gqti%%t%%r In

particul ar, honol ogy shoul d typi cally be consi respect to those
regi ongs of98f’/hed6519€ﬂ!|ea’mé€ akprwaciti devré wyss enidast| fcﬁroexamptqm’ae anmtxg( rat her

(0, non: SEAGALE LSk 5PSHCL 18 P SOHSRE SRR SR B, P
homology should typically be considered with respect to those regions of the sequence
known to be essential for enzyme activity rather than non-essential neighbouring
sequences. These regions include but are pot limited to the putative FAD binding
20 domains in HOX such as SGGH7C, LGGH 4] and LGGH330A. Although homology
can also be considered in terms of sirﬁilarity (i.e. amino acid residues having similar

chemical properties/functions), in the context of the present invention it is preferred to

express homology in terms of sequence identity.

25 Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available

computer programs ¢an calculate % homology between two or more sequences.

% homology may be calculated over contiguous sequences, i.e. one sequence is aligned
30 with the other sequence and each amino acid in one sequence is directly compared with
the corresponding amine acid in the other sequence, one residue at a time. This is called

an “ungapped” alignment. Typically, such ungapped alignments are performed only over

a relatively short number of residues.



20 domains in HOX such as SGGH79C, LGGH 1461 and LGGH320A. Al t hough

honol ogy can al so be considered in terns of simlarity (i.e_ amno acid
resi dues having simlar chem cal properties/functions), in the context of
the present invention it is preferred to express hommaNggmber 2&3s of
sequence identity. 25 Honol ogy conparisons can be conducted by eye, or nore
usually, with the aid of readily avail abl e sequence conparison prograns.
These conmercially avail able conputer prograns can cal cul ate % honol ogy
bet ween t withoughnhis és s ey ainges andadasis®hiagahiday the 16 adkeuh@dteetsidey@ioncont i guous

sequences, i.e. one sequence.is aligned_ 30 with the other sequepce and
each anmi ngja}ié?rﬁh?r?ﬁﬁﬁ%g%‘égﬁi@ﬁﬁéjei“écag?aﬂré’éﬁqye%%ﬁ%er‘ﬁﬁ%“ﬂﬁd?lﬁté’ ¢8Fr espondi ng
am no aci dadsé theDUBWHRT anSREIUEAGEsIdiRE S HETLOHR &t alRnhbMBthud Bokntiaiycal I ed an
"ungapped" al.ignnent. Tycg]l cally, such ungapped alignnments are perforned

onl'y over resutipgling; Igigf yedspennt innthnitnstolasy Whesi el BemmemGy eefEmeR003
Al though idahfqhdiu® MB&YsedheiPd oRpHisGP Qx?eltl‘ﬁbhﬁ Al ARIALH 1o Iphoduld loﬁtjr}lﬁo; ake into

consideration that, for 'exanple, 1 n an otherw se identical pair
sequences alignmeenisnthet ttakgn inte  apebideriton whdsible omersienst hed fdsletiovs regthawti no aci d
resi dues f _alJdagnment., thus potentiall result.i in a
o ge r eaborianE tio:Bithe Mor AR Seord B R 24 Benfertad R0 dp
Consequentdgpencraldnnsaguernycemadimiarldcabioniddgpods are desi gned to produce
optimal alignnents that take into consideration possible insertions and
del eti ths wi t hout penal i sing unduly the overall honology score. This is

achi eved BlwehshiseMbre 8@Rslex mbthbdassiSE AL PERIRET GNABNEapttRatlobdurd B MaXi M se
| ocal hompol ogy. 10 However, these nore conpl ex nethods assign "gap

penal ti es™hebEwRgh sq@at fon the sgue nwebar of idenjisalgnyipmhasidst a ssguangaelisnsat t he same
‘nunber of yidleRtdeak, a8 NRgaei. ' ' W gaps as
possible - refl ect"i %ﬁghri%gﬂgr (r:tg eactﬁ%%ﬁlgg{cgr}gg% %ﬁ%@htt\l}\%\h %:Jc:(r:r(ggprafé

sequences sequenices - wdhdchigue a higheiveere dwooee withmaongepai tAffimarggp gesps are’ Af f i ne

gap cosis'.  ar icall that charge a.relatdvely high ecost for the
exi st e?f‘cel}fjofk agy é%%t‘%%éﬁ%ges%é#‘?@rgly hﬁ%n%oﬁ @’r g“ Sre 8sCH Osfluab%agqaﬁ’gr??s mragl%ri due in
the gap. Phiayifer dahie sumedueniorsitm i thHe @ab. gAPIs iS d@IMThEY coyimbeiMustd gip gap

Voot al | gAHERE FGr SHE &1 BALRE SLp! parel 1t PLe: OBTBR=hBPIEES Honover
fewer gaps. Most alignment programs allow the gap penalties to be modified. However,
it is preferred to use the default values when using such software for sequence
20 comparisons. For example when using the GCG Wisconsin Bestfit package (see below)
the default gap penalty for amino acid sequences is -12 for a gap and -4 for each

extension.

Calculation of maximum- % homology therefore firstly requires the production of an

25 optimal alignment, taking into consideration gap penalties. A suitable computer program
for carrying out such an alignment is the GCG Wisconsin Bestfit package (University of
Wisconsin, U.S.A.; Devereux ef al., 1984, Nucleic Acids Research 12:387). Examples

of other software than can perform sequence comparisons include, but are not limited to,

the BLAST package (see Ausubel et al., 1999 ibid — Chapter 18), FASTA (Atschul et

30 al, 1990, J. Mol. Biol,, 403-410) and the GENEWORKS suite of comparison tools.
Both BLAST and FASTA are available for offline and online searching (see Ausubel er

al., 1999 ibid, pages 7-58 to 7-60). However it is preferred to use the GCG Bestfit

program.



it is preferred to use the default val ues when using such software for
sequence 20 conparisons. For exanple when using the GCG Wsconsin Bestfit
package (see below) the default gap penalty for am no acid sequences is
-12 for a gap and -4 for each extension. Cal cul ati o81dlovemkem2003 %
honol ogy therefore firstly requires the production of an 25 optinal
alignnment, taking into consideration gap penalties. A suitable conputer
program for carrying out such an alignnent is the GCG Wsconsin Bestfit
package (University of ~Wsconsin, U S A ; Devereux et al., 1984, Nucleic
Aci s Res EibgvEnsbe iggh % Bemplonoten b5 mEiHist iR AFTRGT 4PN TSR Hor m
sequence GEIBRItsSPNS t)jfi'tﬁlljdﬁ@tz bddett ol aflQr-nbihfHg! ¢dmparitdde Bke&Il apackage
(see Ausubel et al., 1999 ibid - Chapter 18), FASTA (Atschul et .30 at.,

1990, J. Redled Bpgprity sers-maty ingenorly CERADRREENS UFCPES & RGBT ¥on t ool s.
Bot h B%Szoﬁgg'isgﬁ‘gdg‘d 3h EnedYigd: lsARlaSit &revgﬁtil)ﬁagfdi Ol &%m?l%ﬁff%mhng (see
Ausubel et t., 1999 ibid, pages 7-58 to 7-60). However it is preferred to
use the GE@Rastémmonlpusgriathe BLOIUMGY erbrey - ho 0gfat mavixghr tASLAHal %

honol ogy can asuyr i Bt er L dent | Al ess
itself is°t lf/eplgggﬁ%%amﬁbt% %lgjagvelgc%g‘ﬁﬁ f(rﬁégi%rﬂga‘%qe%\%}? hl%sggngéa{i tggggﬂ%a?%%gﬁ.

| nst ead, aaluscat edusomishabolt gonpanson et if suppBedyEnengr Iyjanus ddr furtier assi gns

scores to ea air-wise 5 copparjson sed on chemical simlari or

vol ut ondFih St iEet o a3 ITE PP Sefih o R Pt BCCoRtsertey Bl o ¢ he
BLOSUVBY el ditirer $dHevacte traldefauliadatrX shhas BNOSBIMEIT suite of programs. GCG
W sconsin progranms generally use either the public default values or a

cust om synbol conparison table if supplied (see user manual for further

details). dceithe E&fﬂira% h%9 picBuddd Cant HRinkl libEndef R poBldiRScAdiatt e CCG
package, or in the 10 cage of other software, the default matrix, such as
BLOSUMB2. honobogy herefsobiwirseqieas: jdeninc e avftwase bypecrllnioagrihens paitof | s

possible tp calc te % honol ferably.% sequence identity. The
sof tware t@“'p%eg“é‘i"?%/g‘a“o%aé‘s‘f%“go gggeqiyotg‘cf&%?em? hrg%g'equence conpari son and
generatges a nunerical result. 15 The ternms "variant”™ or "derivative" in

rel ation t he am no ,acjd sequences .of the present invention includes any
bt | ot 1105 s YA BF iR B R Lol By Bs S g STouEIRE AL bopresett

invention includes any substitution of, variation of, modification of, replacement of,
deletion of or addition of one (or more) amino acids from or to the sequence providing the
resultant amino acid sequence has an enzyme activity, preferably having at least the same

20 enzyme activity as the amino acid sequence set out in SEQ 1D No 1.

SEQ ID No 1 may be modified for use in the present invention. Typically, modifications
are made that maintain the enzyme activity of the sequence. Amino acid substitutions
may be made, for example from 1, 2 or 3 to 10 or 20 substitutions provided that the
25 modified sequence retains the required enzyme activity. Amino acid substitutions may

include the use of non-naturally occurring analogues.

SEQ ID No I of the present invention may also have deletions, insertions or
substitutions of amino acid residues which produce a silent change and result in a
30 functionally equivalent enzyme. Deliberate amino acid substitutions may be made on
the basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity,
and/or the amphipathic nature of the residues as long as the enzyme activity of the HOX

enzyme is retained. For example, negatively charged amino acids include aspartic acid

10



del etion of or addition of one (or nore) amno acids fromor to the
sequence providing the resultant am no acid sequence has an enzyne
activity, preferably having at | east the sane 20 enzyne activity as the
am no acid sequence set out in SEQ 1D No 1. SEQ | D N@1tIiNavasmbbe20asdi fi ed f or
use in the present invention. Typically, nodifications are nade that

mai ntain the enzyne activity of the sequence. Am no acid substitutions nmay
be made, fand @xampl ecid:rpamitively Xhenged aminol @idsr in2l0dss lssiei andtarginmepaslvi ded t hat
t he 25 nodj f: 4 n [ requi,red enz ctivity. Amno acid
substi t ut ?ﬁ?%ﬁ’?gq‘?ﬁc‘?’ﬁ!}é@%ﬁé&%& %ggfgrﬁug’rsl-hﬁﬁinﬁ rsérfl?(%?f:oﬁ Iyllmr% v Iﬁ%ﬁ ogues.
SEQ | D No inclode tdveinpr &skenting, nvating,i gipcinayalalis) dopwrapicte| ithains, sérgerti ons or
substi tutit ns of ﬁm rllag aci ddreesi.dues whi ch produce a silent change and
result in ‘& 300FEREPTONA PCHIF VY ent enzyne. Deliberate amino acid
substitwtions may be nade on the basis of simlarity in polarity, charge,
solubility, hydrophobicity, hydrophilicity, and/or.the anphipathic nature
of the restHYENARE JUBHELLLRS MY Renmdre forc¥pmpleyacesrding do ioxTabin belaw. | s
retained. EQinoS%f LVl ] LAs, ;L ncl rtic acid
10 21 Novenber 20%5“ glﬁdsgg??%g&r/nﬁly%%egr,{ﬂ%g& tirv r%‘?ﬁér‘g@% sg%grlgég?i ds

i ncl ude | yi&¢ Herdgalgmarmgyrtiersabstisuted fongachotherci ds wi t h unchar ged pol ar head
groups having simlar hydrophilicity values include |Ieucine, isoleucine,
valine, glycine, alanine, asparagine, glutam ne, serine. threonine,

phenyl al ani nej}l Anegh§@si ne. gg ervative subp t1ons be nmade, for
exanpl e accord@ing to t(ﬁe Tabﬁqgn eFIzW. Am no ac s}“i%n the sgme block in the
second columiand preferablly in the sane line if Léﬁe thi rdeoI um may be
substituted f@r each other:| ALI PHATI CNon-pol ar @ A'P I LV Pol & -
unchar gedCST NQ Pol ar - Cn%lgrqqllh)cl{:arg'écﬁ( C AROVATTLCH B WY

NQ

Polar - charged DE
KR
AROMATIC HFWY

VARIANTS/HOMOLOGUES/DERIVATIVES (NUCLEOTIDE SEQUENCE)

It will be understood by a skilled person that numerous different nucleotide sequences
can encode the same HOX enzyme as a result of the degeneracy of the genetic code. In
15 addition, it is to be understood that skilled persons may, using routine techniques, make
nucleotide substitutions that do not affect the HOX enzyme encoded by the nucleotide
sequence of the invention to reflect the codon usage of any particular host organism in

which the HOX enzyme of the present invention is to be expressed.

20 The terms "variant”, "homologue" or "derivative" in relation to the nucleotide sequence set
out in SEQ ID No 1 of the present invention includes any substitution of, variation of,
modification of, replacement of, deletion of or addition of one {or more) nucleic acid from

or to the sequence providing the resultant nucleotide sequence codes for a HOX enzyme

11



10 VARI ANTS/ HOMOLOGUES/ DERI VATI VES (NUCLEOTI DE SEQUENCE) It will -be
understood by a skilled person that nunerous different nucl eotide sequences
can encode the same HOX enzynme as a result of the degeneracg of the genetic
code. In 15 addition, it is to be understood that skilliNsyepbesi®3 may,

usi ng routine techni ques, make nucleotide substitutions that do not affect
t he HOX enzynme encoded by the nucl eotide sequence of the invention to
reflect thevirmgdarnusagetioty, prRYcrdbdy halverulaaneaaqﬁé sd@edR01iSMsl tAe nidMoGRe t he HOX
enzynme of the present jinvention is o be expressed. 20 The ternms "variant",
"honDIoguéﬁqﬂ?m°ﬁ%?WW%§EQQD}@H‘ﬁgFéﬁﬂﬁﬁxtén%ﬁe nucl eoti de sequence set out
in SEQID No 1 of the present invention includes any substitution of,
variation of, nodification of, replacenent of, deletion of or addi tion of
one (or nn@éyﬂﬁﬁ@ﬁéWb@awﬁdWﬂﬁQWPS@ﬁwmmIWHQkSEqméh@@yﬁﬁvvﬁdthgﬂﬂﬁ% resul t ant
nucl eot i.d fQr ing an
enzyme. Sctror oy A RER SR ol HE R Ml o8 SRUBEPF wF SOl

nucl eot i deshoszequehceecmemcedwtmg' therSihQ l\@rd\l@referﬂﬂy tHees B;equeamc@S% sﬁamgs As

i ndi cat ed ab e 0 referabl reis at

| east 75%P ta r eﬁ%}g? @O%t uglg cpe %"‘%%F‘é “ér“?%lbfl “Fté st 90%
honol ogy tas deb@xb&@ﬂbtﬂrBC% peeharan seqmeﬁdaecoﬁ@m%ﬂag}duﬂsl the GTeY ikbondWpr €
preferably t e is at |least 95% nore preferably at |east 98% honol ogy.
Nucl eot i deB?f’B(ﬁé’FW SRR ﬁ?ﬁg}ef@ét &-‘@ﬁm@@téa hapa mgiel ypinp et Gfseve. A
preferrigd $g n he Lt program
descri bed abg3§ﬁﬁﬁaﬁﬁgg%§ﬁ%§ g?%??%gﬁﬁg%?%x as a ﬁ%?gﬁak%ﬁmﬁgglglo for 10
each i dent&ad thdefastihriecteasidn poaftols -2 s hadiingeledtids. The default gap
creation penalty is - 50 and the default gap extension penalty is -3 for
each nucl eotide. The present invention also enconpasses nucl eotide
sequences Thrapreame igegpibn exlsof enchiybasiadi sichgtide lsemthoee|tyatt ae t Japatdegiences
present ed ;h r iant, fragment or .15 derivative thereof, or to
t he conplél% ?53?50ﬁ9“8$1Pqé g%%@%ﬁsRﬁ%?%%&?%@m§QQﬁgﬁ@g§1agggn Bté¥erably at

| east 15 rummmenmaeeoﬂ<srtbemgdohapwmaeoﬂ)a&@f&mtubwveatNum&ae 2uendls a0 or 50

nucl eot i des # J qth SUBSTRATE. 20
preferably at least 15 nucleotides in length, more preferably at least 20, 30, 40 or 50

nucleotides in length.

SUBSTRATE

20
Preferably, the substrate is selected from peptides, L amino acid, and
carbohydrates/sugars, including hexoses, preferably glucose, galactose, lactose,
2-deoxyglucose, pyranose, xylan, cellulose, inulin, starch, dextran, pectin, and mixtures
thereof.

25

In a highly preferred embodiment the enzyme/substrate combination is selected from
glucose/hexose oxidase, glucose/glucose oxidase, L amino acid/L. amino acid oxidase,
galactose/galactose  oxidase, lactose/B-galactosidase/hexose  oxidase, lactose/

B-galactosidase/glucose oxidase, 2-deoxyglucose/glucose oxidase, pyranose/pyranose

30 oxidase, and mixtures thereof.

In one aspect the anti-foulant compound is generated by action of the enzyme on the

substrate which is present in the composition. Thus the anti-foulant compound is

12



Preferably, the substrate is selected frompeptides, L am no acid, and

car bohydr at es/ sugars, including hexoses, preferably glucose, gal actose,

| act ose, 2-deoxygl ucose, pyranose, xylan, cellulose, inulin, starch,
dextran, pectin, and mixtures thereof. 25 In a hi ghl2} Naveméer 203 nbodi nent
t he enzyne/ substrate conbination is selected from glucose/ hexose oxi dase,
gl ucosel gl ucose oxidase, L amno acid/L am no acid oxi dase,

gal act ose/egrdraied bse “aristtrs proctsacirowekIagatimcubsiatass/ franemesdoristase,

| actose/ ) %88l ack 9] AassLabragne: oxldase, (2 depurdhucasel glugose oxi dase,
pyr anose/ pyranose oxirdase, and m Rt uresPrherdot T 6ne aspect the

anti - f oul anbstraenpieueia thespreg@ner ahaehebandatd proursdr suberateenz waected sidhe

substrate which is present in the conposition. Thus the anti.-foul ant
conpound & & BICUREY ERRIE _gfﬁﬂ%te?g@ﬁé}q‘g‘fré‘& By gﬁs o EfeasBcl e aﬁ‘l“b%%lé%t. In some

cases thecsmPsﬁﬂdag £enbied BQ aPhRPRESGrddRssSi tu. I n these cases, the
conposition turther conprises a precursor enzyne and a precursor substrate

wherein the precursor enzyne and the precursor substrate are sel ected such

that the pj %Lanégfegwgg%ra@aawﬁ@éu%@g éfj;eggseg BBy hekBseldXiisd, Micle aSpeCct

the anti-foul ant conmpound 1S gene "two-step” process In the
one- st ep Pruieessd- pméafoeacablopidasee gelagtyseeoiidassepwertcee okidesn, st opixtwss dase,

gl ucose i gse, L am no aci d oxi dase, gal act ose oxi dase, pyranose

oxi dase, and m xtures thereof. 10 In the one-step process preferably the
substrate is selected froma hexose, preferably glucose, L am no acid,

gal act ose, 2-deoxygl ucose, rangse, .and m xtur thereof. In_the one-step
process pref %{Er%i%Pf@ceéwgﬁﬁ%?@hﬁ&Sﬂl&f*@twﬁsfﬂﬁtﬁ oR Pgle%%Feng%aﬂbﬁfrpm 15
gl ucose/ hexese, DahBaSRid, HAILEES E1- B MNGOER O PV AASR, ank rARKAR 1&gédd/ L am no aci d
oxi dase, gal act ose/ gal act ose oxi dase, 2-deoxygl ucose/ gl ucose oxi dase,

pyranose/ pyranose oxidase, and m xtures thereof. In the two-step process

pref er abl yf, tie, RMGH BrobSs BRXGRy M dB5Re/subdfate combination is selected from

15 glucose/hexose oxidase, glucose/glucose oxidase, L amino acid/L amino acid oxidase,
galactose/galactose oxidase, 2-deoxyglucose/glucose oxidase, pyranose/pyranose
oxidase, and mixtures thereof.

In the two-step process preferably the enzyme is hexose oxidase.

In the two-step process preferably the substrate is glucose.

In the two-step process preferably the precursor enzyme is amyloglucosidase.

25  Inthe two-step process preferably the precursor substrate is starch.

Thus in the two-step process preferably the precursor substrate/precursor

enzyme/enzyme combination is starch/amyloglucosidase/hexose oxidase.
30 Preferably, the precursor substrate of the two-step process is selected from oligomers

and polymers of substrates for oxidative enzymes, starch, lactose, cellulose, dextrose,

peptide, inulin, and mixtures thereof.

13



In the two-step process preferably the substrate is glucose. In the
two-step process preferably the precursor enzyne is anyl ogl ucosi dase. 25
In the two-step process preferably the precursor substrate is starch. Thus
in the two-step process preferably the precursor subgiMavempee2iSsor
enzyne/ enzynme conbi nation is starch/anyl ogl ucosi dase/ hexose oxi dase. 30
Preferably, the precursor substrate of the two-step process is selected

f rom ol i gohherpovisiom Obmbgumr subgfratevdss parsitwarlf pefemod lntamisvehee pryidedor st ar ch,

| act ose, e tide res thereof. 13 21
Novenber 21 S'IL)%%T'%%’&/M {ﬁé? &n vl as%?%(‘:’ hs(r%{:‘:’l Berby ach ?fatﬁe%re%lrr -8 ﬁréz ecult?}ér ly
preferred;bamamsaﬂkhﬁy prOV|de for sustained and/or prolonged rel ease of
substrate by action of the precursor enzyme on the precursor substrate. 5
Native starch is particularly preferred as a precursor substrate. Native

starch pr avatilesstar€leRSRHEuRAS hederfddy s tAhScutbl: GRusGaR. Riveaaslid yrodapd ied in a
surface .coatings. Mdreover, Native starch is water insoluble. Cellulose is

al so a pardenesly argked praple whish a8 ba ity aprlisd in apefacareatinge| Mareyd: i s a
comon  10y&RAREASNL whidr Raliideand use of cellul ose a precursor substrate
reduces the nunber of additional conponents which nust be added to a paint
conposition. Preferably, the precursor enzyne of the tmn step process is

selected f ctin apabl e of de radi-n onmeric or
ol yrrer i ¢ SOPLEE K064 B ea RO R HIERGr AP greFurde R RL LR Gy 8 e
pept i dase;coamphaglinpaist dabese cﬁrudilmbsetmp&suxﬁﬁedheﬂifate I%hde@nﬁl hmbet be
conposition further conprises a binder to imobilise at | east one of the
const i t uerfiA§MoBHOBRTITS WHCh MEHBF PIdsd t¢ hRRIEEPPREEION20 The conpositions of
the present invention may be fornul ated as coatings, |acquers, stains,
enanel s and the like, hereinafter referred to generically as "coatlng(s)"
Thus, in oOrfefeEbhedhe Pm@rw@@me phiferivpsiep prrengbsdis selgcted HOMerocasiBg st i ng of

a conposi téngflnesacsa past bPaLh: %én? ofah]&gﬂgkcy subbtBesGl %dn@ﬁ:eht’? ubigy mul at ed

for treatment of a surface se tdoor wood wor ext er nal
sur f acdsofe.m Beneradiddsegepnipss ymwbgiucwﬂ:hsea, aldiinkxtwots therawli | ne vessel .

Optionally, the composition further comprises a binder to immobilise at least one of the

constituents, optionally to immobilise the enzymes.

20 The compositions of the present invention may be formulated as coatings, lacquers,

stains, enamels and the like, hereinafter referred to generically as "coating(s)".

Thus, in one aspect the present invention provides a coating consisting of a composition
~ as defined above.
25
Preferably, the coating is formulated for treatment of a surface selected from outdoor

wood work, external surface of a central heating system, and a hull of a marine vessel.

The coating may include a liquid vehicle (solvent) for dissolving or suspending the

30 composition.

The liquid vehicle may be selected from any liquid which does not interfere with the

activities of any essential components of the composition. In particular, the liquid

14



The coating may include a liquid vehicle (solvent) for dissolving or
suspendi ng the 30 conposition. The liquid vehicle may be selected from any

| i quid which does not interfere with the activiti f an nti al
conponents of the conmposition. In particular, the Ieélﬁdfﬂvamf’érgqoc:ﬁlovenber
2003 vehicle should not interfere with the activity of the essenti al

enzynme(s) and/or anti- foul ant conpound. Suitable Iiquid vehicles are

di scl osed Yshiclgssheuisionot 4morfersavithh dlewastvitnaf the essritior gpavme(sksaiderang- i ncl udi ng
al i phati c RUARASA-BANE 1@k I g r . slch | | uene,

m xtures of ali phgt?[?arlllg tg??h’ef? iv?%ﬁlgé&?rgggr@lg%egén ﬁﬁv‘?ﬁgﬂé‘?f“?&ﬁg“ﬂghgoi nts

bet ween 10@ateinghd30@@yic poleéms aivludinpeslpbatc dfbocarbdng 30dhatici lgkdregadnes i C
petroleum distillate e. J.....s0l vent npnaptha, distilled tar oil and m xtures
Pher cof B Rod&eCRtnefe, ikt of ffongif Bforaihs Hyipeorts KouB baife o

m ner al soi paints Retvaaes| 08 LmH 39°C apefepdb®; bkt 80ahd RACD; High swahatias m ner al
spirits and kFer osqeiggl,ﬁ chl ori pated hydrqcarbons, esters, q%l ycol

( [ | |
ester et heP&OYRy SR Sh 3aptiredstillsd fas 61 aI@gﬂ%groeF fhstsel aloheti e may

contai n atsucrastbuemel, RRIAL &} LBRSls; SdehbRSaniehGleral I0fs AR Wugh a0 th an
oily or oil-like lowvolatility organic solvent, such as the m xture of

aromatic #A@nEl PEFeYR Bastigentsycl qunthineral wirlitie snsi etoseneal chiprisaiedonl y
call ed m ngryalca$Bhd g{yéol e;térs:ré]gco\fg&ér%'tf%ri'&éﬁv%%f@és%S‘J Ifer GO0 QlPy at | east one
of a diluent, an emil'sifier, wetting “agent, a dispersing agent or other
surfacellactive agent. Exanples of suitable emulsifiers are disclosed in

US- A- 5071449 and. i ncl.ude nonyl phenol - et hyl ene oxi de et her s, .

pol yoxyet ﬂg eeltr%ll Wi Yol &ayécg{‘%lrnsatgffmp%e %é&ﬁwt’eﬁ’g‘ EOMBiR AR 24DE of fatty
aci ds, | dewitlv at bilesr ailkcikéﬂovt-uqi-l@ﬁﬁt% legaafsolvét, ARY o8 gli/;et ﬁbdtﬁe%‘ﬂﬁafo%faﬁ;:coﬁti ng
materi al may he incorporated in the conposition and/or. coating of the
present in?}’élﬁP‘P}Eﬁﬁ‘.c S@X%ﬁbﬁ’ég B‘f‘”‘f’f'eagﬁgl-%g@%@m@’é}y&@%inﬁﬁﬂﬁlﬂ’%?-aI s are

pol yvinyl chloride resins in a solvent based system chlorinated rubbers in
a solvent _based system acrylic resins and nethacrylate resins in solvent
based of alftfelilciomay yuriealy copiaiypt lert one ¢ avdilgnt, a emalsifiecopdieyimer syst ens

as aqueousadhis PRIANS adht o thet SHIacBABRR 3R RN By AR ARRLY T S Such

as but adi efe-styrene Fu

are disclosed in US-A-5071479 and include nonylphenol-ethylene oxide ethers,
polyoxyethylene sorbitol esters or polvoxyethylene sorbitan esters of fatty acids,
derivatives and mixtures thereof.

20
Any suitable surface coating material may be incorporated in the composition and/or
coating of the present invention. Examples of trade-recognized coating materials are
polyviny! chloride resins in a solvent based system, chlorinated rubbers in a solvent
based system, acrylic resins and methacrylate resins in solvent based or aqueous

25 systems, vinyl chloride-vinyl acetate copolymer systems as aqueous dispersions or
solvent based systems, butadiene copolymers such as butadiene-styrene rubbers,
butadiene-acrylonitrile rubbers, and butadiene-styrene-acrylonitrile rubbers, drying oils
such as linseed oil, alkyd resins, asphalt, epoxy resins, urethane resins, polyester resins,

phenolic resins, derivatives and mixtures thereof.
The composition and/or coating of the present invention may contain pigments selected
from inorganic pigments, such as titanium dioxide, ferric oxide, silica, talc, or china

clay, organic pigments such as carbon black or dyes insoluble in sea water, derivatives

15



but adi ene-acrylonitrile rubbers, and butadi ene-styrene-acrylonitrile
rubbers, drying oils such as linseed oil, alkyd resins, asphalt, epoxy
resins, urethane resins, polyester resins, phenolic resins, derivatives
and m xtures thereof. 30 The conposition and/or coatbpgicRbmbberdzesent
invention may contain pignents selected frominorganic pignents, such as
titanium dioxide, ferric oxide, silica, talc, or china clay, organic

pi gment s SWEpisgTes Miekrsh bl ack or dyes insoluble in sea water, derivatives
15 21 Novenber 2003 and m xtures thereof. The conposition and/or coating of
the present invention may contain materials such as rosin to provide
cont r ol | edlheglosmestiof artdie caating-of thel edeniciongnaion chay coskin redriags suoh as very 5
slight extent .soluble in a.wate The ¢ osition and/.or coating of the
ot esont 1 Hoahes Bie Rl on BT F¥BH BEtre PG ST SPbtiy P OHE DYDY i ¢

nodi f i et s, slightheatencaydninisednated. Ngr edi ents and m xtures thereof. 10 The
conposition and/or coating of the present invention, particularly the
coating, further conprise an adjuvant conventionally enployed in

conposi ti ofg sfshsidh UL @ohtidRdof TR fkical nR¥RAS Gy I@nAh PAMRLIER,
environment. These adjuvants may be selected from additional fungicides,;
auxi | i ary reeplosiaharactsrgicaradifings. athgr ednyensional digredientedng amistuzss thergofat i ves,

pl asticisers, UV-stabilizers or stability enhancers, water soluble or water
15 insol ubl e dyes, color pignments, siccatives, corrosion inhibitors,

t hi ckener sThgrecompbsitiorsaididr evating ofie ptesens unvhntés, patiddackynid doating, €brthel ose,

olyacrylic acid or .polynethacrylic cid,. anti-skinnin ents,.
ger%/vat %/vecs0 RN rahnxatdﬁ"rV ! ‘ioﬁ‘é‘?ngf}%lllyﬂ’épq% i‘f‘i‘i?ﬁ%ﬂ”lfl?fﬁg?s(?g&g'?g5°t?f§% in the

conposi t i anatedivld expos@niol dh0acohtid SirpH@eN tThe0adij BB thabel SldateafRymabl y
soluble in the liquid vehicle. In one aspect the present invention provides
a marine @NfUopYyiRscidesnardiamngolyents PrstERgi 1ddiven sudhe s isfPamstve. 25

Pref er abl Yiixatib®, PMsiicifd) @MstabFiz&8! dr- aYilic§ NARhRers! WaRPE&oRBREGT wiler t NE
present invention, the substrate or substiate generator and/or the enzyne

are encapsttodttda dyps eplor atements, riccalingst partasionuipbibitense thighearatagrangind/ or
enzyne  argueReAPRhases DeafboilnA LR 80195%%'&%@1%’0r polymethacrylic

acid, anti-skinning agents, derivatives and mixtures thereof.

The additional fungicide(s) used in the composition and/or coating of the present

20 invention is preferably soluble in the liquid vehicle.

In one aspect the present invention provides a marine anti-foulant consisting of a

composition as defined above.
25 Preferably. the anti-foulant is self-polishable.

In one aspect of the present invention, the substrate or substrate generator and/or the
enzyme are encapsulated. Preferably, the substrate/substrate generator and/or enzyme

are encapsulated by a semi-permeable membrane.
The substrate/substrate generator and enzyme may be encapsulated individually
independently of each other or may be encapsulated together. In the former

embodiment, the substrate/substrate generator or enzyme may be activated by the
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30 The substrate/substrate generator and enzyne may be encapsul at ed )
individually independently of each other or may be encapsul ated together.
In the former enbodi ment, the substrate/substrate generator or enzyne may
be activated by the 16 21 Novenber 2003 foul ant. For s@xgiemser 343

encapsul ating material may be selected such that on contact wth a

f oul ant, t{ﬁe su trate/su strate ?enerator or enzyne nmay be released to

cont act Wlagy fer eggmpled %%@HSPH a3 B‘Gﬁé‘?lrla%yebegséf?éﬁeétsbqh Bt @ OPEL I n this
way, a CONpi@s h tfinddht ey su&@at@ﬂé@éh&i@%eﬂ@dt&horoéﬁk%n&)ﬁﬁy hHeGe AR t%nédnfafcpu' ant

conpound or increases provision of an 5 anti-foulant conpound when
cont act ed W PHherplfths ubsitate/sphuirateaeperatot promzyrhe. th ehipwes arsompesiéon mgn  can be

provi ded as ;ﬁ‘o%@é%lqy 1&9?:11#’?{&%3@9%%1 f%{llanta(%ﬂpo %no(%%rrx]éréa%es epro\;lzplen LEgdy-for-use

product may be in an aqueous soO Ion, |sper sion, oil
sol uti oA, @ilffodﬂlﬁwempmmdwlﬁmd)rmm witlr a nlaaer osol pr epar ation. 10 The
concentrate can be used, for exanple, as an additive for coating, or can be
diluted prior to use with additional solvents or suspendi ng agents. An

aer osol prEpavaipbotioraafahy phestgt nPerftidg chil¥eprloliaed 1Py reh®-PRudd A8t Br t he usual
manner by incor por.at ggegﬁ t he_conposition of the present invention

conpri si ng>GreoBeELyFy pdyTior-ustadigemay he inghe Eﬂ“ﬁ‘aﬂﬁlaé agysoyepplutiong g

vol atil e ldqetud dsepedsbl 6il fseihnweoﬂaéls&ré?&% A or fafilae 2§la£§Qf>a‘%a&JEe m xture
of chlorine and fluorine derivatives of net ane "and et hane’ conmerci al | y

avai | abf e Thecrepcaniate cpmbreprgiidor Pragple; as or a@blmrfess@dnglqr cahge dilgedissed in
US- A-5071 %r'EJ\?se%%ﬁcﬁhBﬂa? Borfd 9 ﬁ’g’% %e f the present invention 20

may i nclude additional 1ngre |ents € useful in preservatives
and/ or coatings. Such |ngred|ents |nclude fixatives such as

car boxymnet ul ose poI in al.co n,. co-solvents, such as
et hyi gl yco '(%y{'jigg;t ] PEPaR rﬁ%‘fcﬁ%l?%%cf 8’5;}?"3%‘5‘[ %ﬁ'}) %It%igetdi ipjthe Pl WeRogt 55

benzoi ¢ adiydnespestngathe cmhpdﬂ;litainecﬁ' th€ psent GiRHH ¢ oFPrE}iriBﬁJg&irthsdlv@@bV'

pht hal a% e and .dodeg gaﬁhal ate, derjvatives m xt ures thereof.

Opti ond f"ﬂ?&%e%l Bt Wy‘b‘F FRLein apiplatifs hiqrid sRtapls ipnise 6F 3 propsiantciar

stabi | i zerexafiple Sthe Gkt Df (AIOHRE SandSHERHMRSIERRRE AChathen2 s <ARRal t
napht henate, nay al so be included dependi ng on speci fic applications. The

conposi ti c?ﬁ“‘éﬁ?&‘?‘@lr”é’@éﬁbiemjldmth%ﬁ@ewﬂ%'&ﬂon .eveampronedasin be applied by any
of the techniques known in the art including brushing, spraying, roll
coating, di pcPI ng and

iscussed in US-A-5071479 the composition and/or coating of the present invention

20 may include additional ingredients known to be useful in preservatives and/or coatings.
Such ingredients include fixatives such as carboxymethylcellulose, polyvinyl alcohol,
paraffin, co-solvents, such as ethylglycol acetate and methoxypropyl acetate, plasticisers
such as benzoic acid esters and phthlates, e.g., dibutyl phthalate, dioctyl phthatate and
didodecyl phthalate, derivatives and mixtures thereof. Optionally dyes, color pigments,

25 corrosion inhibitors, chemical stabilizers or siccatives (dryers) such as cobalt octate and

cobalt naphthenate, may also be included depending on specific applications.

The composition and/or coating of the present invention can be appiied by any of the
techniques known in the art including brushing, spraying, roll coating, dipping and

30 combinations thereof.

Compositions of the present invention can be prepared simply by mixing the various

ingredients at a temperature at which they are not adversely affected. Preparation
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30 conbi nations thereof. Conpositions of the present invention can be
prepared sinply by mxing the various ingredients at a tenperature at
which they are not adversely affected. Preparation 1-7 21 Novenber 2003
conditions are not critical. Equipnment and nmethods cepwgnkineaaedas enpl oyed
in the manufacture of coating and simlar conpositions can be

advant ageousl y enpl oyed. The invention wll now be described, by way of
exanpl e ontopditions tfeench atilica guiphmehixaniphmehodsEoOAMNLm] Fhandated-ihad | ng
effect of an anti-fouli.n 0 sition of the present invention is tested
to accor di W&nlﬁ%c[nirﬁgp‘foﬁl?%?ﬂ%ﬁg%gaiﬁ‘f‘fﬁ‘?"é‘gl.o“srﬁ’é‘ 5 2ganpeequsly Smp yf‘ﬂe

ef fecti veness of the present conposition at preventing fouling. The

Exanpl es al so.provide for the optimsation of the anti-fouling properties
of the preSEninvedifRo%ilt ney. beTAeschdods W& ahsranpiornludedhs folloydre of t he
pr esent ﬁxgggg,lggé_ is available from 15 DaniscoCultor. The HOX is a
fermented product is fromyeast Hansenul a pol ynorpha expressing the gene
encodi ng the HOX enzyne cloned fromthe marine al gae Chondrus crisp us.
EXAMPLE | R tion O An Anti-fouling Conposition ("One-Step") 20
Sol ubl e orwﬁmﬁsed hexose oxi dase or anot her hydrogen peroxide
generating enzyne such as glucose oxidase is tested as a anti-foul ant
conpound ner at i e in.an.anti-fouling conposition. The hexose

oxi dase ma ebaé’%ftlr‘fﬁg'lﬁ 6&%%‘2% E R %WﬁlcgmB?/m'%iq%d]i’%@'ei"ﬁt HeERP OhiERE hanger, Q
Sephar oge dkdliidgayaid ﬂ:h’l'oﬁ'irfgr@:@]nﬁﬁar MBEdeBxakhplel Gh? tiedeffdVildret brape! am ne
buffer, pH 7.3. Alternatively, hexose oxidaSe or alternative hydrogen

per oxi de gEREPRIPAGOBRHAY Aegriventgy fubing | yThe Erempley alsospiovidsl ©rcherier such
as epOXY(%?%ﬁiéézgigﬁgf SERNAERARI Mogfrh@sr ; r{gfseﬁ"t%glg@itioxﬁar bodi i m de activated

agar ose , USA). Ot hefr” conventio procedures known in the art for
i mmobilisation nmay also be utilised 30 The range of concentrations used is

0.0001 to %&OQexUseoBmH%O(%ﬂﬁs@%? e %t J)fv fhE >%J/rehsé{rﬂrc:(?c_amples is available from

15 DaniscoCultor. The HOX is a fermented product is from yeast Hansenula polymorpha

expressing the gene encoding the HOX enzyme cloned from the marine algae Chondrus

Crispus.

EXAMPLE 1 - Preparation Of An Anti-fouling Composition (“One-Step”)

Soluble or immobilised hexose oxidase or another hydrogen peroxide generating
enzyme such as glucose oxidase is tested as a anti-foulant compound generating enzyme
in an anti-fouling composition. The hexose oxidase may be immobilised for example by
binding to an anion exchanger, Q Sepharose FF™ (available from Pharmacia) using 20
25 mM triethanolamine buffer, pH 7.3. Altemnatively, hexose oxidase or alternative
hydrogen peroxide generating enzymes is covalently linked to a suitable carrier such as
epoxy activated Sepharose™ (Pharmacia, Sweden), carbodiimide activated agarose
(Bio-Rad, USA). Other conventional procedures known in the art for immobilisation
may also be utilised
30
The range of concentrations used is 0.0001 to 1000 U of hexose oxidase activity/hydro-
gen peroxide generating enzyme per ml of anti-fouling composition. One unit of

enzyme activity is defined as the amount of enzyme which produces 1 pimol of H;0; per

is



i

gen peroxi de generating enzynme per m of anti-fouling conposition. One unit
of enzyne activity is defined as the anount of enzynme whi ch produces |

prol of H202 per 18 21 Novenber 2003 min at 25 C. To ascertain its
suitability for use in the present invention the actpyiNoye@betob3enzyne

may be assayed as foll ows. Hexose oxidase (HOX) activity is neasured in
accordance 5 with the follow ng procedure. The HOX assay is based on the
neasur enen®Pifgtt 2fyer ogen peroxi de generated in the oxidation of gl ucose.
The hydrogen peroxi de oxi di ses o-dianisidine in the presence of peroxidase
to forma dye. 10 HOX (3-D-glucose + H20 + 02 -* D-glucono -delta-lactone +
H202 POD 160 Rir€Rain itg-sditailityifol wse'idl the pre@nt-d@ntion-titH anmivey df fecnzReagents | .

100 mM phosphat e buffe H6 3 2. 100 l.ucase (Sl , G 8270) in 100
o1 phospnat® B frard aEfaghl Bisgod oxiglts AXOE i R Grtstped BsSuPe s 0 gy i
i n di stisl | eih watfdiovdng fletsdsiedase (SI GVA, P-8 125), 0.10 ng/m in 100 mM
phosphate buffer, pH 6.3 Assay 120 | reagent 1 25 150 p.1 reagent 2 10
reagent 3 10 | reagent 4 and 10 | enzynme solution 30 The assay is
perforned Tie BOM &k81 istibedPbRlR- mdBGeMERAT HBobsh g&bﬁia@g&féra@%_ ihhfe addi tion
of enzyne solution. The mi xture is incubatéd at 25C for 15 mn wth

shaki ng. T#edabien sk slugess. dbabadragenateroxideeoxidisey ordiartiiding irhthagtesenck o6t ead of

enzyme sol 4 i Qfbse e Quy@Bt i on 19

10
HOX
B-D-glucose + H,0 + O, - D-glucono ~delta-lactone + H,0,
POD
15  HyO;+ o-dianisidineqq. — 2 H,O + o-dianisidine,,

Reagents
1. 100 mM phosphate buffer, pH 6.3
. 100 mM D-glucose (SIGMA, G-8270) in 100 mM phosphate buffer, pH 6.3
20 3. o-Dianisidine (SIGMA, D-3252), 3.0 mg/ml in distilled water
4. Peroxidase (SIGMA, P-8125), 0.10 mg/ml in 100 mM phosphate buffer, pH 6.3

o

Assay
120 pl reagent 1
25 150 pl reagent 2
10 pi reagent 3
10 pl reagent 4 and

10 pl enzyme solution
30 The assay is performed in a microtiter plate. The reaction is initiated by the addition of

enzyme solution. The mixture s incubated at 25°C for 15 min with shaking. The blank

run contains all the components with water instead of enzyme solution. The formation
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21 Novenber 2003 of the dye is neasured in a mcrotiter plate reader at 405
nm The linearity of the reaction can be checked by using a kinetics
programme on the mcroplate reader. A hydrogen peroxi de standard curve can
be constructed by using varying concentrations 5 ofsf usadmbir@dog VERCK) .
EXAMPLE 2 - Pre aration O An Anti-fouling Conposition ("Two-Step”) G ucose
and gal actose in concentrations of 0.01 to 100 pg per m of anti-fouling

10 conposidfitbn dgr & mestued ias wichsitar gies rdadergen@s aine  d'hs Uinsdritabé tHeor hexose
oxi dase inreécpe sy terlr‘s dggcri.bedk.i n. Exarrpl e 1. Ln or die{r to provide a

cont i nuous S &R FPRES RS PAPT R MESHES Ripgraging uhe MIERIHSKPET) nt act st ar ch
granul es fromwheat, maize or potato, in a concentration of fromO0.01 ng
to 100 p.g Ber m of anpti-fouling conposition, are used together with

amy| ogl uco® PIHSEn RS IGS AR CINEE ¢80t BERBEYd BR 3SiAG VRTIBE FABEIENPET 0CUl t or

or anot her fGRENEIG) MERMY 09l ucosi dase product). The conponents are

present in concentrations providing from0.000001 to 10 AGU per m of
anti-fouling conposition. I AGQJ is defined as the anyl ogl ucosi dase

aCLIVILY ARG £28ESatad iRr R AMLMGORE Eohuo R T-AERAHOT TRl L 0se, (0. 5%
wv) in 5 ; ated acetic

acid) at 40C. The assay is stopped.by transferring 200 PI of assay mx to

100 pl of Q.1 M hydrochloric acid chloride and the anoynt_ of_ gl ucose
rel eased i(gluc??ﬁaf’él\ér@gac%?ﬁ‘bCBP?‘}EB@’é’nHé’ﬁfoorlofj’eh%égrpéé n?f ENsioukng o, 12193)

or anotihercoglpd§iase aredeH@CAd Msti S8 Menatne BOMRE RBr helBO8kiARdAR B hydrogen
peroxi de by paint containing HOX In order to test the ability of hexose

oxi dase (HOR§ME desgabrsiatfaanpigrlo Jemrdse fonovide & isentinuply sHfire estprebPgrent was
per f or med. T : Lot et it lin dans 7
and oil bas%rs;tgmHngfc (i)l’r gmg%%sf 9]?%‘2p%%%l?ﬁgw)g@\%g&ew@%’eﬁgéeZ&,T q%t a§(5'71<C';1]I1ﬁdéll g,
respect i veloypcenghtiddGX frdda it ceQOol 100rpg fee miwftaed-fpriad womhpdsiiom, Mansedhul a

pol ymor phe}?}ge%lperr a%‘?ﬁ Iaer'\xgy]é)griluc%gi z{sg h((}(lél'lgDH/I\?QLTMTRé I??OOZ %a]?e:!'*y I}anzymen?%{omz 003
15 DaniscoCultor or another commercial amyloglucosidase product). The components are
present in concentrations providing from 0.000001 to 10 AGU per ml of anti-fouling

composition,

1 AGU is defined as the amyloglucosidase activity which releases 1 pmol of glucose per
20 minute from maltose (0.5% w/v) in 50 mM sodium acetate, pH 5.0 (adjusted with
concentrated acetic acid) at 40°C. The assay is stopped by transferring 200 pl of assay
mix to 100 ul of 0.1 M hydrochloric acid chloride and the amount of glucose released is

measured using glucose dehydrogenase reagent {(Merck no. 12193) or another glucose
" detection system.
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EXAMPLE 3 - Generation of hvdrogen peroxide bv paint containine HOX

In order to test the ability of hexose oxidase (HOX) to generate hydrogen peroxide the

following experiment was performed.

To 11.0 g of paint (water-based wall painting Sadolin Glans 7 and oil based Histor
9010, respectively) were added 0.2, 0.5 and 1g, respectively, of HOX (DaniscoCultor
fermented product from Hansenula polymorpha) spraydried on starch (10 U/g). To the

20



wat er based paint was al so added 5g of water per treatnment. Disposable

pl astic transfer pipettes (Sarstedt) were di pped (head part) in the paint.
The transfer pipettes were left to air dry for 3 hours. 5 Hexose oxi dase
(HOX) activity was then nmeasured by i mmersion of thezﬁ)@do%mgg,x/ﬁ@,d pi pette
head into a glass tube wwth 2 nL of HOX assay reagent, see below, the only
HOX activity comng fromthe HOX in the paint. 10 The tubes were incubated
at room t eWparbasadriaint wes gshaddadk Soefsvatlerandr patment.wi t hout added HOX. The
result of the experinment is showmn in table 1. HOX i s honpgeneously
distributed in 15 the paint, since the whole surface of the paint

i medi at ellyispasatis plastt wdwefer pipetyet(Sarbiadty entealiipedticad bire iH¥ @emAaAyhd eagent .

The col our el.o nt _i.s.observed . imrediately indicating that the paint
does not ﬁ%a\gg%%lﬁaf%ﬁieﬁlﬁt o ‘FWE%‘@ BH™St he HOX activity. This experiment
proves that HOX is able to generate hydrogen peroxi de from exogenous added
substrat ed_& here gl ucg&g%even when immobilised in a paint matrix after

qas '

drying. 204! ) OGRS raseerswad AY ImBEraink OF ergiroxerdl 59 HOX++
1. Og HOX+4pstpede |heBB SRS a R sH kubebkidn K Qq0 oggldﬁp?i%'sé"i re geﬁg SO Ig ik g, HOX

Control, assay reagent plus free HOX+++ The range”of concentrations used is
0. 0001 t o HOBecwy wicommedsam 8K én thepdivi.ty or of an 21 21 Novenber 2003

10 The tubes were incubated at room temperature.
As a blank was used paint without added HOX.

The result of the experiment is shown in table 1. HOX is homogeneousty distributed in
15 the paint, since the whole surface of the paint immediately turns red when it gets in
contact with the HOX assay reagent. The colour development is ﬁbsewed immediately
indicating that the paint does not have any inhibiting effect on the HOX activity. This
experiment proves that HOX is able to generate hydrogen peroxide from exogenous

added substrate (here glucose) even when immobilised in a paint matrix after drying.

Table 1
Activity

Water based paint, blank

0.2g HOX

O.S g HOX

1.0g HOX

Oil based paint, blank

0.2g HOX

0.5g HOX

1.0g HOX

SRR

Control, assay reagent plus free HOX +++

The range of concentrations used is 0.0001 to 1000 U of hexose oxidase activity or of an
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al ternative hydrogen peroxi de generating enzyne per nml of antifouling
conposition. EXAMPLE 4 - Mdel System For Coating 5 Dialysis tubing
containing an anti-fouling conposition is used as a nodel systemfor a
coating to prevent fouling on the surface of a coate§1$ghg@bguxmgn
anti-fouling conposition within the dialysis tubing is used to generate an
concentration of hydrogen peroxide on the surface of the dialysis tubing

ef f ect i ve alt@mdiBre ryérogant pef oidei gegeratiigenehingd pes in$ of aifdiing s&fpd3aivna cut of f

val ue of about 10000 Da. The dialysis tubing is either dialysis tubing or
a dialysis cassette (such as Slide-A LyzerTM available fromPierce; IL,
USA). The BN aWrsEs IMBEAG VS FOFRTaBH« 1 N a gl ass beaker with | to 5 litre
of | ake or sea water 5 collected as %escribed above. The gl ass beaker is
stirred slowy with a magnetic stirrer and incubated at roomtenperature in
proxi m § y iflyds Wi Qbhtafind 4 oawﬂokempgq;% Ls.%énal's'use LS H0M ST ERG On the
dialysis tubing is nDnltore Vi sua o based on . the
appearancéoﬁﬁ@éon$®hmﬁn@h°gmﬁm@hﬁﬁayéaaumdmmﬁxmiaIyS|s tubi ng and rated on
a scale of 1 to 5 as described above. As negative control a dialysis tube
containing tap water is 20 used. Optionally, catalase i mobilised onto

ni trocell mmmngamp@hmcﬁswichi thla dnawﬁs tabifg eiquaset | v kewmatbl acked with
0. 1% Tween 20, are 0 ea water in rder_toQ avoid
accunul at C8#° tratwg)dﬁgaﬁwgﬁbpﬂ%la% o7 ih% Fstagmp sc{a?lvmwgmgeffﬁﬁ%ved}oa| ysis 25
t ubi ngio Tlp&ev@ﬂriﬁﬂﬁigr afHeQllal s ©BIha uasenad 8 Qd: 4% vhide b Sodu N@®Oada. OTIRO0001 to
100 CU, where CU is defined as the catal ase activity degrading 1 gnol of
hydr ogen P&XsEi ta@naé?eﬂfﬁf Aiglysis Apbinger 3 gialygs praselsdisesh hisdstalezeslt f er, pH
7.0, as dg§£ﬁbgqgm{p&n£aﬁghggz in the Sigma catal ogue: Biochem cals
Organi ¢ Conpounds Reséarch and Di agnostic Reagents, Sigma Cheni cal
Conpany 1995, page 221. 30 The conpositions of the present invention are

ef fective fouI VPLE 5 - Stablllty
of HOX i n@gldﬁﬁll‘sﬁ%lhg %anFr eﬁqlagzg(?)afsg%r anst ﬂp?m qugPrteec’?<A ESEPTHEY® n exanpl e
| wer e1kepbilatedras describehperat mheglﬁﬂrbeﬂcemrmhe@mdwvyew&h b hegnéirsaayed” in

reagent m x,as described in
9 and incubafed at room temperature in proximity to a window to allow daylight to fall

thereon. Fouling on the dialysis tubing is monitored visually for up to 4 weeks based on
the appearance of a microbial growth layer on the dialysis tubing and rated on a scale of
1 to 5 as described above. As negative control a dialysis tube containing tap water is

20 used.

Optionally, catalase immobilised onto nitrocellulose membrane pieces, which have
subsequently been blocked with 0.1% Tween 20, are added to the lake or sea water in
order to avoid accumulation of hydrogen peroxide in the water surrounding the dialysis
25 tubing. The concentration of catalase used is in the range of 0.000001 to 100 CU, where
1 CU is defined as the catalase activity degrading 1 pmol of hydrogen peroxide per
minute at 30°C in 50 mM sodium phosphate buffer, pH 7.0, as described for catalase in
the Sigma catalogue: Biochemicals Organic Compounds for Research and Diagnostic

Reagents, Sigma Chemical Company 1995, page 221.

The compositions of the present invention are effective at preventing fouling.
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5 exanple 2. Table 2 Water based paint, blank 0.2g HOX 0.5g HOX | .QOg HOX
O | based paint, blank 0.2g HOX 0.5g HOX | _0g HOX Control, assay reagent
plus free HOX Activity O not determined O not determined Fromthe results
intable 2 it is clear that HOX was stable for two npniNavatmbeozans 10
tenperature in a dry paint matrix. EXAMPLE 6 jesting OO Coating Set Up O A
Test System For An Anti-fouling Conposition 15 0.5 to 5 ml. sanples of |ake
or sea wat EKAMYIEE 6 oktapaieedf HOX @Siaidtubes fromthe | ake Brabrandsoen near
Aar hus, Dennmark, and fromthe Baltic sea off Aarhus. On the day of
collection of the water sanples the anti-fouling conposition to be tested
is added tPhd Panted 3hdst SOGmMsARGigdREY aakBLReR BGmiiid I Bat aldpl BTMon20 The
test tubes are incubated at roomtenperature in proximty to a wndow to
al | ow daytemgeratugeo faqrad Imopthe preh ereFtheh | “aggayed” i rreagontenhiy jas wiagdriped ok up to 4
weeks bQSQQ%HQREbe appearance of a mcrobial growh |layer on the walls of
ube. For

the test t conpari son a 23 21 Novenber 2003
Table 2
Activity
Water based paint, blank 0
0.2g HOX +
0.5g HOX ++
1.0g HOX not determined
Oil based paint, blank 0
0.2g HOX ++
0.5g HOX -
1.0g HOX +++
Control, assay reagent plus free HOX not determined

From the results in table 2 it is clear that HOX was stable for two month at room

10 temperature in a dry paint matrix.

EXAMPLE 6 -Testing Of Coating

Set Up Of A Test System For An Anti-fouling Composition

15
0.5 to 5 ml. samples of lake or sea water were collected in test tubes from the lake
Brabrandswen near Aarhus, Denmark, and from the Baltic sea off Aarhus. On the day of
collection of the water samples the anti-fouling composition to be tested is added to the
test tubes and they are sealed with Parafilm™,

20

The test tubes are incubated at room temperature in proximity to a window to allow
daylight to fall thereon. Fouling is monitored visually for up to 4 weeks based on the

appearance of a microbial growth layer on the walls of the test tube. For comparison a
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test tube with 0.1 % of sodium azide and a test tube w thout anti-fouli.ng
conposition are used as positive and negative controls, respectively.
These test tubes are rated | and 5, respectively, on a scale of 1 to 5 for
highly efficient to 5 no anti-fouling activity, respe®ovgby:2003mer ci al
marine anti-fouling coating material w thout added anti-fouling biocide is
used. Anti-fouling conpositions according to the present invention are

m xed int aesttlmﬁ)e va thal. l%gfsmiﬁmm azadie andch 1eg9 plbee @dthba ahhidoing kawposifonraed al , gl ass
and plastic plates. ac 10 the instructions of the manuf acturer of
t he coati ng=hi RSP a“%fﬁ?‘é‘g "B?técll%éesﬁ?cé”?%’rer sed into water in a lake or in
sea water. Fouling on the plates is nonitored visually for up to 2 years

based on the aqppearance of a mcrobial growh |layer on the plates and
rated on allseaied tes preprged; ! gad YJaeppitiveld. erovrale oAk thafpabishly €BHENS a 15

coati ngsvmﬁmmfo@lmglacflgw teQfkcGFPOSi tion is used The conpositions of the
present invention are effective at prevent| ng fouling. EXAMPLE 7 -

Stability of antlfoullng conposition in aquarlumvvater 20 To 10.0 g of

pal nt (OI ! @ﬁgrglaﬁ € an?otjc')une%\,\? adn%glgi gials ed anfar?uri'm% OCIdlé 11253) 50

of HOX r'scotl (et rom nsen r'pha)
S pr aydr yedused AhanM1ngk6mbb@t)ons %Eco@dxdg s&Phs ahdsent prhvaftidrCark mﬁdmlfxero the pette
(Sarstedt) was di d (head n e paint he _transfer pipette was
left to ai "r"aﬂ?%/m?‘g‘lgﬁ?ﬁ‘g i %P‘”F“f g‘“%& E‘B‘Hglk@ﬁisai“ plass Wﬁte%‘l‘ccﬁ?ﬁﬁ’@r‘of rom an
aquar i ug i fe mhsHadifofXofiRd fbRuff@dret WOLIWRAGAE mABGi POt tl € was standing in a
w ndow in full dayllght After two nonth the pipette head was washed,

airdried and then "assayed" in conplete HOX reagent m x. The HOX sti |
showed fu'd:oa@&itﬂlaehwe imiHerse Mok in 2 PHRQL irdea SHRP L FRlGe 95 RE/ g concept

In order to provide a continuous substrate generating syst em’'st ar ch,
pr ef er abl ympmth@tViSl@Hy@IuNm/%m@eﬁrbaS@b@ 15¢ aprchragpeand alngsrobiabgrowthdaxer mai ze or

Composi 11 ot PERHE PR Cloft SO Ercid al st Poad Rekbehr ReB0b00 Bakery
Enzyne ibr oroatsgwisicoCanttt- fonliog canneisiter is used.

The compositions of the present invention are effective at preventing fouling.

EXAMPLE 7 - Stabilitv of antifouling compeosition in aquarium water

20
To 10.0 g of paint (oil based Histor 9010) were added 500 mg of starch (Merck 1253),
50 mg of HOX (DaniscoCultor fermented product from Hansenula polymorpha)
spraydryed on starch (10 U/g).

25 A disposable plastic transfer pipette (Sarstedt) was dipped (head part) in the paint. The
transfer pipette was left to air dry for 24 hours. It was then kept in 250 mL of water from
an aquarium in a Kautex bottle for two month. The bottie was standing in a window in
full daylight. After two month the pipette head was washed, airdried and then “assayed”
in complete HOX reagent mix. The HOX still showed full activity.

EXAMPLE 8 - Proof of substrate generating concept

In order to provide a continuous substrate generating system starch, preferably intact
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commer ci al anyl ogl ucosi dase product) in concentrations providing from
0.000001 to 5 100 AQUJ per m of antifouling conposition are used together
with HOX. To 10.0 g of paint (oil-based Hi stor 9010) were added 500 ny of
starch (Merck), HOX (DaniscoCultor fernmented product{iNeeambansgosul a

pol ynor pha) spraydried on starch (10 UWg) and AMG (10000 AGJ g) as
indicated in the table. 10 D sposable plastic transfer pipettes (Sarstedt)
wer e di ppethré¢thgranhigsafren) wheatt meizpar pétato The cotdeansiarof fioped.0bag vet® | eft to

air dry far_ 3 hours,. X0S xi dase activity was then neasured by

i mrer si on 0F tHe psli n?c%@?@ﬂ’g 1%° 05%%@ F’lsead"ehnt?f aalﬁplﬁglé"f‘?f Smith 2
of HOX asgamEGEGENIDAMYLITG UG JI00eD Bakerf Bnz@ss ym! BagaoCulseerexaihet € 1, the
only HOX activity comng fromthe HOX in the paint. and the only substrate
for HOX geBYREred aRyIoRiEsidrss REPABK Mt CHpeHipp®y grgvrﬁ@gsftrcam@qoﬂoﬁ/r&fé pai nt

to gl uceserpZAT b6 hidresiRER doRpiiadese aled 1 QRMt §APEAL Ure for 48 hours.
As a bl ank was used paint w thout HOX. and AMG added. Table 3 Activity 50

ngHOX+10 ngy AMG + 50 ngHOX+20 nmg AMG - 50 ng HOX - Bl ank (no enzynmes) 25
Th | t ' ' I t ' ' f X AMG
€ resultg, My ggé?ﬂg\t}\%ﬁ-bgseﬁ I—ﬁgey%lbg@/éﬁe at]gedc ; :)%&H%agr% @_/lfrlﬁ_gb :

works as 1 nten i's geheratin ucose I sed
starch i n (Daeispdiufior fedentddfoilsct gone Habiengla lpptinogsa) peagiticdenf ach t he

gener at ed se %r 2003 EXAMPLE 9 - Tenmperature Activity
Hexose oxi(ggs%gg(aﬁﬁf‘%%? QOM?' &S R 59%&45\}\?%3% regard to activity as a
functian of 5 tenperature and conpared with a commerci al gl ucose oxi dase
(Amano 08]51.43/ 00018) . Procedur e: ) ) )

isposable plastic transfer pipettes (Sarstedt) were dipped (head part) in the paint. The

transfer pipettes were left to air dry for 3 hours.

Hexose oxidase (HOX) activity was then measured by immersion of the paint covered
15 pipette head into a glasstube with 2 mL of HOX assay reagent without glucose, for assay
reagent see example 1, the only HOX activity coming from the HOX in the paint and the
only substrate for HOX generated by AMG in the paint by hydrolysing starch in the

paint to glucose.
20  The tubes were incubated at room temperature for 48 hours.

As a blank was used paint without HOX and AMG added.

Table 3
Activity
50 mg HOX + 10 mg AMG +
50 mg HOX + 20 mg AMG +
30 mg HOX -
Blank (no enzymes) -

25
The results given in table 3 shows that the combination of HOX and AMG works as
intended. AMG is generating glucose from the co-immobilised starch in the paint and

HOX is generating hydrogen peroxide from the generated glucose.

25



Sampl e: The enzyne sanple is dissolved in water and desalted on a PD10

col um using 20mMM phosphate buffer pH 6.3 and diluted to 0.4 Um 10 To an
Elisa well is added: 150 | 100 nM gl ucose in 100 nmM phosphate buffer, pH
6.3 120 pd 100 nM phosphate buffer, pH 6.3 10 | o-dpamoveshbBe2dd® ng/ M in
water) 15 10 pl peroxidase (0,10 ng/m in 100 nM phosphate buffer, pH 6.3)
10 | Sanple Assayed 10 mn at 30 C and neasured at 405 nm Results 20 The
results fromthe activity neasurenent as a function of tenperature is shown

in table FioQ o iabl.e. 4. Jepperature, Hexose oxi daseCommerci al gl ucose
atur

oxi dase i ve activity, % 107067 259867 27.510072
32.59878 37.59478 428385 4581100 26 21 Novenber 2003 110 59 94 The results

fromthe ct|V|t su ratur cIearIy illustrate a |ffer nce in the
LecTvi ty Pt st Gt TORY s valulec £ Bt avreings A ARBHE Bt veen
25- 35C,5 Winfpbratibe @ld8fipared with a commercial glucose oxidase (Amano 081443/00018)

Procedure:

Sample: The enzyme sample is dissolved in water and desalted on a PD10

column using 20mM phosphate buffer pH 6.3 and diluted to 0.4 U/mi

To an Elisa well is added:
150 1 100 mM glucose in 100 mM phosphate buffer, pH 6.3
120 ul 100 mM phosphate buffer, pH 6.3
10 pl o-dianisidine (3 mg/ml in water)
15 10 pl peroxidase (0,10 mg/ml in 100 mM phosphate buffer, pH 6.3}
10 pi Sample

Assayed 10 min at 30 °C and measured at 405 nm.

Results

20 The results from the activity measurement as a function of temperature is shown in table

4 and fig. 1
Table 4
—fTemperature, Hexose oxidase Commercial glucose oxidase
°C Relative activity, % |Relative activity, %
10 70 67
25 98 67
27.5 100 72
325 98 78
37.5 94 78
42 83 85
45 81 100
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coinciding with the optinmum for the maxi num fouling tenperature. On the
contrary it is seen that GOX has an optinmumtenperature at 50C which is
far above the tenperatures that can ever be reached at sea. 10 All

publ i cations nmentioned in the above specification are{hRnemnBet Fo03r por at ed
by reference. Various nodifications and variations of the described

nmet hods apd systemof the jnvention will be apparent to those skilled in
the art w*hout depart|{’8g fromthe $%ope and spirit of thelinvention.
Al t hough the—Tnvention has-beern—deser+bed—in—3t5—-conneetionwi th specific

preferred enbodi nents, it should be understood that the invention as

cl ai med s Hitilrdsultetfrofrethe ANy Verdtis t RehpERISI Iealp BGislrhte 201HIQEAREALK | ndeed,
various nodi.f.i catg’.ons of the described nodes for carrying out the invention
whi ch ar e 2WUPRIEEED t hose skilled in chemistry or reiated fields are
intended to be wthin the scope of the followng clainms. 27 21 Novenber
2003 CLAIMS 1. An anti-fouling conposition conprising (i) a surface

coat i ng5 mdleEpsealoxidase( hgs) itareptmeynreentpstattirn detveren GI5t Hi*Galsthichf isonlmestar i ne

or gani sm i "i' ; b ri%gelforthe enzyne; and/or (b).a precursor
engyrr:esantfggggr C‘{’f}%‘g&%h’g‘gﬁ?%ﬁ%‘f %?Pgﬁf“lf%éerﬂﬁ%ﬁff‘s@?%@w ’téshg thg >

precur sor seenabatrGOE has g Geineed Rthpsidtibe 4158tC ahshRShy b fhekeniRmaszyme is
generatabl e by actjon qf the precursor enzyne on the precursor substrate;
10 wher ei ﬁhattﬁ%“%‘ﬁ’ﬁ ?@agﬁﬁaﬂ‘?% substrate are selected such that an
anti-foul ant conpound is generatable by action of the enzynme on the
substrate. 2. A conposition according to claim| wherein the enzyne is
obtaindéy or is obtainable froma marine alga. 15 3. A conposition

sccor 0 o A Gy ISHEA0, 05 I 420 et BhalpaofL o0
pr ecedi ng refemnerss Vdieuemoediflogions zydreariations of the described methods and system of
the invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. Although the invention has been described in
15 connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments.
Indeed, various meodifications of the described modes for carrying out the invention
which are obvious to those skilled in chemistry or related fields are intended to be

within the scope of the following claims.
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20 i s hexose oxidase. 5. A conposition according to claim4 wherein the
hexose oxi dase enzynme conprises the am no acid sequence set out in SEQ ID
No | or a variant, honologue, derivative or fragnment thereof. 25 6. A
conposition according to any one of the precedi ng cl ailmMobvemeee2ondt he
substrate is a sugar. 7. A conposition according to claim®6 wherein the
sugar is glucose. 30 8. A conposition according to any one of the preceding
cl ai r5 wheeeftBM$he conposition conprises a precursor enzyne and a
precursor substrate, wherein the precursor enzynme and the precursor
substrate are selected such that the precursor 28 21 Novenber 2003
substrat e benersst sgi-ukngrempatigorf amdrisgenzyne by action of the precursor
enzyme on @pe EH$§%&L%QFOSUQ§;rate. 9. A conposition according to claima8
wherein the pr &UPESCAWAMRETTA 5 anyl ogl ucosi dase. 10. A conpositi on

accor di 8g (i ClamieArBndsbtdinathe bBialhabl Grof06AHNS QFgafildlSiddat e i s starch. 1011. A
conposi tion.according to_any one of the preceding clainms wherein the
conposi ti o ur@HebREpor desnzyms; AT to i mobi [ i se at | east one of the

constituents of(p) 4 BRo&GURABA Sidra RERESE &RkYard, WHePRIPRE b EsbGzpRZy e 12. A
coating consisting of a conposition according to any one of the preceding

15 cl ai ms. 13. and dkrapresigsoacelsirdiernse selectel aich that 4 enbstidte fadhs erzymedat nent of
a surface sele I e r .of a centra
Cgfeﬁéiatalgié ﬁg%ﬁf&%;%? e p\“é%%?é!or"%on\%‘}%nes% %qxﬁagglgaﬁo%}{lﬁsﬁ%%

heati ng system~ an a ‘narine mari he anti-fou
consi stitngwhdreia tlpompwse tndathe aubsivatel am gelt@edosuyh tacanodntitthelant compound is

generatable by action of the enzyme on the substrate.

2. A composition according to claim 1 wherein the enzyme is obtained or is
obtainable from a marine alga.
3. A composition according to claim 1 or 2 wherein the enzyme is obtained or is

obtainable from Chondrus cripus.

4. A composition according to any one of the preceding claims wherein the enzyme

20 is hexose oxidase.

5. A composition according to claim 4 wherein the hexose oxidase enzyme
comprises the amino acid sequence set out in SEQ ID No 1 or a variant, homologue,
derivative or fragment thereof. |

6. A composition according to any one of the preceding claims wherein the

substrate is a sugar.
7. A composition according to claim 6 wherein the sugar is glucose.

8. A composition according to any one of the preceding claims wherein the
composition comprises a precursor enzyme and a precursor substrate, wherein the

precursor enzyme and the precursor substrate are selected such that the precursor
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preceding clains. 15. A marine anti-foul according to claim14 wherein the
anti-foulant is self- 25 polishable. 16. A nmethod for rel easing an
anti-fouling compound froma surface coating, which nethod conprises
incorporating in a surface coating (i) an enzyme obt ail ppRee@be0ioa Nabl e
froma marine organism and 30 (ii) (a) a substrate for the enzyne; and/or
(b) a precursor enzyne and a precursor substrate, wherein a substrate for
the enzyfebstrgiegisncanptas @ shbbiyate frritherenaime hie agive of theqrecarseyergyma on e pr ecur sor
substrat e; er 2003 wherein the anti-fouling compound is

gener at ed pﬁe;?ygras(g:ltlsl%%yag{mt he enzynme on the substrate. 30 21 Novenber 2003
SEQ D No I Mol ecul e Nane: hoxpic 1644 bps DNA Linear Sequence Printed:
1-1644 (Fy 1) te Printed 04 .Jun 1999 scription: 1 ATG GCT ACT TTG CCA
CAA AAG Gx)c cc%a é&'fqp‘?%{gf’“AﬁC"&r‘*?g A‘?Tcg‘kw ART'W erEn e BrEpETY SRENEE| 143 GAC GTC
AAC GCTs GagnyhfgluctkidaseAC AAG CCT GAC CCA AGA TTG DV NAGTPDKPDPR
L 85 CCA TCC ATG AAG CAA GGT TTC AAC AGA AGA TGG ATT GGT ACC P S MK QGF
NRRWI GT 127 AAC ATC GAT TTC GIT TAC GIC GIT TAC ACT CCA CAA GGI GCT
N1 D F VYV K Yoo Goerd 88 TG (PTG HCAGR CCTuATIR @A AAG TGT
TCT CCA GGT CTA?_ DRAMEKGCSP G211 ACC GI& AGA ATC GIT TCT GGT
GGl CAC TGRIePAC GAA GAC TTC

10 11. A composition according to any one of the preceding claims wherein the
composition farther comprises a binder to immobilise at least one of the constituents of

the composition, preferably to immobilise the enzyme.

12 A coating consisting of a composition according to any one of the preceding
15 claims.
13. A coating according to claim 12 formulated for treatment of a surface selected

from outdoor wood work, external surface of a central heating system, and a hull of a
marine vessel.

20
14 A marine anti-foul consisting of a composition according to any one of the

preceding claims.

15, A marine anti-foul according to claim 14 wherein the anti-foulant is self-

25 polishable.

16. A method for releasing an anti-fouling compound from a surface coating, which
method comprises incorporating in a surface coating
(i) an enzyme obtained or obtainable from a marine organism; and
30 (i) (a) a substrate for the enzyme; and/or
(b) a precursor enzyme and a precursor substrate, wherein a substrate for the
enzyme is generated by action of the precursor enzyme on the precursor

substrate;
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GGHCY EDF 253 GIT TTC GAC GAA TGI GIC AAG GCT ATT ATC AAC

TVRI VS
GITACTGST VFDECVEKAI I NVT G295 TTG GIT GAA TCT GGT TAC GAC
GAC GAT AGA GGT TACTTC GIC LVES GYDDDRGY F V 337 TCT TCC GGT
GAC ACC AAC TGG GGT TCC TTC AAG ACC TTG TTC S S G D27 NovehBeb260K T L F
379 AGA GAC CAC GGT AGA GIT TTG CCA GGT GGT TCC TGT TACTCC RDHGR V L
PGGSCYS42(]%IGTC.gSTTTGGGTG_GTCACATTGT_CGGTGGAGGTGACGGTATT
V G L GG HVFrap Gecagi-puing cagpownfaiscesnemisd hrectoncoGie snapmecen BFRC GAT TGG
TTA TCC GGRubdra® RL HGL PV D WL S G 505 GIT GAA GIT GIC GIT AAG CCA
GTC TTG ACC GAA GAC TCT GTT VEVVVKPV L TEDS V 547 CIT AAG TAC -
GTT CAC AAG GAT TCC GAA GCT AAC GAC GGT GAG L KY. VHKDSEGNDGE
589 TTG TTT TGG GCT CAC ACT GGT GGA GGT GGA GGT AACTTC GGT L FWAHT G
GGGGNF G631 ATT ATC ACC AAA TAC TAC TTC AAG GAT TTG CCA ATG TCT CCA
| |l TKYYFKDLPMSP 673 AGA GGT GTC ATC GCT TCT AAC TTA CAC TTC TCT
TGGGACGST RGVI ASNLHF S WD G 715 TTC ACT AGA GAT GCC TTG CAA
GAT TTG TTG ACT AAGTACTTIC FTRDAL QDL L TKY F 757 AAG TTG GCT
AGA TGT GAT TGG AAG AAT ACT GTT GGT AAGTTC KLARCDWKNTVGKF 1
21 Novenber 2 799 CAA ATC TT TTT GIT ATG TAC

C CAC CAA GCA GCT GAA GAG
TG QI FH L
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C GAC GCC GAG AGA GAA GTT GCCCAA YT SY SND

841 TAT ACA TCC TAC TCT AA
AEREVAQ 883 GAC AGA CAC TAT CAT TTG GAG GCT GAC ATT GAA CAG ATC TAC
DR HYHLEADI EQI Y 925 AAA ACA TGC GAG CCT ACC AAA GCT CTT GGT
GGT CAT GCT GGT K TCEPTKAL GGHA G 967 TCNbvERbedd03CCT GIT
AGA CCT AGA AAG AGA CAC ACATCC WAPFpP VRPRKRHTS 1009 AAG ACT
TCT TAT ATG CAT GAC GAG ACT ATGGAC TACCCT TTC KTSYMHDETMDYP
F 1051 TACSELHEDMe! ACT GAG ACT ATC AAC GGT TCC GGT CCT AATCAG YA L TET
INGSGPNQ1093AGAGGTAAGTACAAGTCTGCTTAC ATG ATC AAG GAC TTT
CCA RGK;}(KSATYMI éDF 1135GAC%’TCCAGAT;7I'GAT GTT ATC TGG AAA
TAC CTT ACT GAG mep F WK Y ; ‘ﬁ;E e GGT TTG ACT
ACT GOC GAADSE A AT c*r?%ﬁl PDGL TSA 'R L 1219 CAG
GTTGATATGTCGGTGGTGAGATTCACAAGGTTGTTTGG QVDMFGGEI HK
V V. W1261 T QCI Al G E Te GG ARA GG Me AIE ATGHAAA CTG D AT A
VAQRE K iM1383 CAGLTAG CAG ACATAG TGG GAG GAAVGAA GAC AAG GAT
GCA GIT Vo1 T G TT AGA GAC TTT
TAC GAG GG ATeE s R b, e A ol bl R0 T
GTT CCA GAC CCT AAC ACT CAG GTT GAGAGT PYGGVPDPNTQVE S 1429
GGT AAA GGT GTT TFH T‘K@Tﬁ&%&%A‘éﬁ&ﬁ%ﬁGT@c@GVFEGCY
ENYPD 1471 GIT GAC TTG AAC AAC TGE AAG AAC GGT AAG TAT GGT GCC TTG
127 AAC ATC GAT TTC GTT TAC GTC GTT TAC ACT CCA CAA GGT GCT
N I D F v Y v v Y T P Q G B
169 TGT ACT GCT TTG GAC AGA GCT ATG GAA AAG TGT TCT CCA GGT
C T p:y L D R A M E K C S P G
211 ACC GTC AGA ATC GTT TCT GGT GGET £AC TGET TAC GAA GAC TTC
T v R I v o] G G H C Y E D F
253 GTT TTC GAC GAA TGT GTC AAG GCT ATT ATC AARC GTT ACT GGT
v F D E C v K A I I N A\ T G
295 TTG GTT GAA TCT GGET TAC GAC GAC GAT AGA GGT TAC TTC GTC
1 v E 8 -G Y D D D R G Y F v
337 TCT TCC GGT GAC ACC AAC TGG GGT TCC TTC AdG ACC TTG TTC
s S G D T N W G 8 F K T L F
379 AGA GAC CAC GGT AGA GTT TTG CCa GGT GGT TCC TGET TAC TCC
R D H G R ) v L P G G S o4 Y 5
421 GTC GET TTG GGT GGT CAC ATT GTC GGT GGEA GGT GAC GGT ATT
v G L G G H I v G G G D G T
463 TTG GCC AGA TTG CAC GGT TTG CCA GTC GAT TGG TTA TCC GGT
I A = L H G L P v D W L 5 G
505 GTT GAA GTT GTC GTT AAG CCA GTC TTG ACC GAA GAC TCT GTT
v E v v v K P v L T B D S v
547 CTT AAG ‘TAC GTT CAC BAG GAT 'FCC GAA GOT AAC GAC GGT GAG
i K Y. v H K D S E G N D G E
589 TTG TTT TGE GCT CAC ACT GGT GGA GGT GGA GGT AAC TTC GGT
L F W A H T G G G G G N ¥ G
631 ATT ATC ACC ARA TAC TAC TTC AAG GAT TTG CCA ATG TCT CCA
I I T K Y Y F K b 1 P M S P
673 AGA GGT GTC ATC GCT TCT AAC TTA CAC TTC TCT TGG GAC GGT
R G v I A S N L H F S W D G
715% TTC ACT AGA GAT GCC TTG ChA GAT TTG TTG ACT ARG TAC TTC
F T R D A L Q D L L T K Y F
757 ARG TTG GCT AGA TGT GAT TGG AAG AAT ACT GTT GGT AAG TTC
X L .y R C D W K N T v G K F



WL WD P N E |

LNNWKNGKYGAL 1513
ATC AAGEC EL. YFLGNLNRL
GAG ATC TTC ACA AAC AAA CAG K
ACT AAA CCT CTT AAG GAG CCT AA
39 TAG TAG 2
799 CAA ATC TTC CAC CAA GCA GCT
Q I F H Q A &
841 TAT ACA TCC TAC TCT AAC GAC
Y T S Y S8 N b
883 GAC AGA CAC TAT CAT TTG GAG
D R-HE Y H L E
925 AAA ACA TGC GAG CCT ACC AAA
K T ¢ E P T K
967 TG GCT CCT TIC CCT GTT AGA
W A P F P V R
1009 AAG ACT TCT TAT ATG CAT GAC
K T S Y M H D
1051 TAC GCT TTG ACT GAG ACT ATC
Y A L T E T I
1093 AGA GGT AAG TAC RAG TCT GCT
R G K Y X § A&
1135 GAC TTC CAG ATT GAT GIT ATC
D F Q. I D V I
1177 CCT GAC GGT TTG ACT AGT GCC
P D 6 L T S A
1219 CAG GTT GAT ATG TTC GGT GGT
Q@ vV D M F G &
1261 GAT GCT ACT GCA GIT GCT CAG
D A T A YV A Q
1303 CAG TAC CAG ACA TAC TGG CAG
@ Y o T Y W o
1345 AAC TTG ARG TGG ATT AGA GAC
N L K W I R D
1387 CCT TAT GGT GGT GIT CCA GAC
P Y 6 6 V P D
1429 GGT AAA GGT GTT TIT GAG GGA
G K 6 V F E g
1471 GTT GAC TTG ARC AAC TGG RAG
V D L N N W K
1513 GAA CTT TAC TTT TTG GGT AAC
E L Y F L G N
1555 RAA TGG TTG TGG GAT CCT AAC
X W L W I P N
1597 TCT ATC CCT ACT AAA CCT CTT
S I P T K P I
1639 TAG TAG
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GGT
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GGT
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GAT
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ARG
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ARG
K

ATG

GTT
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CAT

CAC

TAC
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GAC

ACT
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GTT
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GAT

ATG

GTT
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GGT

ATC
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CAG
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I
GCT
ACA
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| K A 1555 AAA TGG TTG TGG GAT CCT
FTNKQ 1597 TCT ATC
G CAG ACT AAA S | P1Noefbkr2003E P K QT
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GGT
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