Title: -ANTI - FOULI NG COWOSI 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 enzyiplogaehé FOOICUr SOr
substrate, wherein the precursor enzyne and the precursor substrate are
sel ected sysinteRATIONALARSIIEANEN FUBLISHESUNDIRR YHE pdrn B EHGHeRAABN SRy i) on of
the precursor enzynme on the precursor substrate; wherein the enzyne and the
substrate are selected such that an 4. f oul ant conpound is generatable

b 2ot omhohdmsscmmnose b R TR,

present inventi Oftefhfib@l ®MBeal 0 an ant

the present invention relates to an '

enzyme capald3gin@inatimalBublitanbgtea conpound havipinematienbi PublzadionMNymeérf ect . As
di scussed i n4URecemteOPA TR 132000 des arPCMequi r ed WiOn80y0 152981

envi r onnent-s- e h—as—ak ungal—3 S house paints o -

al gi ci desl) TamehtiariPatent Qusbificntyn’agenCeoD 5161 @raPdsipBtedstate Qiridi@ SARRMP 65 @8I, ATOAE ea
wat er flgg?mand fauna. As is known, il dew’%pA.BB.BG,BR,BY,CA,CH, CN,CR, CU,CZ DE,

n—wat e

ernational Application Number:  PCT/IB0O0/00820 DK, DM, DZ, EE, BS, FI, GB, GD, GE, GH, GM, HR, HU,
1D, IL, INY, IS, JP, KB, KG, KP, KR, KZ,LC,LK,LR, LS,
(22) International Filing Date: 2 June 2000 (02.06.2000) LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO,
NZ, PL, PT, RO, RU, 8D, SE, 8G, SI, 8K, SL, TJ, TM, TR,
(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW,
(26) Publication Language; English  (84) Designated States (regional): ARTPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, §Z, TZ, UG, ZW), Eurasian
{30) Priority Data: patent (AM, AZ, BY, K&, KZ, MD, RU, TJ, TM), Buropean
9913050.2 4 June 1999 (04.06.1999) GB patent (AT, BE, CH, CY, DB, DK, ES, F1, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
(71) Applicant (for all designated States except USh CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).
DANISCO A/S [DE/DK]; Langebrogade 1, P.O. Box 17,
DK-1001 Copenhagen K. (DK). Published:

(72) Inventors; and —  with international search report
Ll

{75) Inventors/Applicants (for US only): POULSEN, Char-
lotte, Horsmans [DK/DK]; Langdalsvej 37, DK-8220 (88) Date of publication of the international search report:
Brabrand (DK). KRAGH, Karsten, Matthias [DK/DK]; 7 November 2002
Rihgjtoften 9, DK-8260 Viby J (DK).
For two-letter codes and other abbreviations, refer to the "Guid-
(74) Agents: HARDING, Charles, Thomas etal.; D Young &  ance Notes on Codes and Abbreviations® appearing at the begin-
Co, 21 New Fetter Lane, London EC4A 1DA (GB). ning of each regular issue of the PCT Gazeite.

AT 00O 00

(54) Title: ANTI-FOULING COMPOSITION

0/075293 A3

= (57) Abstract: There is provided an anti-fouling composition comprising (i) a surface coating material; (ii) an enzyme obtained or
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compound is generatable by action of the enzyme on the substrate.



S

1 o fungus may grow on house paints and the like, and utilizes the paint
mediumas a nutrient, or in sone cases, the underlying substrate, such as
wood, as the nutrient. For obvious reasons, this nay cause damage to the
pai nted 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 filmand 15

t hus, through intimte contggtl-FothiNGeOMrREBSIGEONN the film the fungi are
destroyed. In cooling towers utilizing fresh water, slines, nould and
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wat er , |eaali°ﬁ§°"e%a?%'&°@ é@d”ﬁﬂ@la“%i‘?’é &5tF%n and/or a reduction in the

speed of the ship. Marine growths accurml ate so rapidly that the renedy of
cl eaning and repainti ng as reﬁl red in dry-dock is %fnerally consi dered too
expensi ve. Aaflissited abPved Ui ChbRaides e feqyirad in wary WK Heieurariy
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anti-fouli ﬁg ragentsguames bk stdd@ssentviatsh fb)ffaearfdr feeuh. As onkiova. suldface of t he
pai nt over eriod of tine_at con at i et.h rine rgani sms
b he WG APl pial S ob Biee bl ARRFO LG e ol Pt Rl HE o &

concent r at nofentpbr RisemE d&ea\t&l lluﬁibﬂﬁn@.'&uiisfﬂﬁe Jsathis \swdf ac< thefnatrleat. biedrow t he

| et hal concentration d W th 0 nodem paj nts ear s . of. useful
life is exB‘é‘é?‘éso‘easﬂ?P iP‘é’h&*}"?e amgwo ?@@6‘%‘1‘*&8’7 EftaF?id 'YPHSP 0 mari ne

anti - f oul s thel appéardddblb¥ the tphidted (kB Mw@wehayme%{&mosa@ @renbaIg Hancern
about the environnental effects caused 21 Novenber 2003 usi n% such
organi ¢ ti ivheR Birgpselizandinging heeisg ahthe Wh‘l’f neasefestha gy lEmd. f oul ant
active ls“gﬁ%g't‘ﬁﬂ)tuol'x thioRd LG CRMP BRI HibQaSinf 0L ﬂﬁa‘{lL{Qé gl /BUERSYed. In
applications. |t Ras been shown that, due to the w dé-spread use of
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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



French-British coastline and a sim|lar effect has been confirnmed in U S
and Far East waters. Under the nost recent regulatory restrictions, with
limted exceptions, pleasure boats up to 25 neters |long are no | onger
permtted to use anti-foulant paint containing 10 hpghdvemets2@is
tributyltin conpounds. Research has shown that as long as the | eaching rate
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this higher leaching rate is achieved with a concentration of tributyltin compound at

about 15% to 20% by weight of paint.

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



5 Abarzua et al., Mar. Ecol. Prog. Ser., Vol. 123: 301-312, 1995

"Bi ot echnol ogi cal investigation for the prevention of biofouling. I.

Bi ol ogi cal and biochem cal principles for the prevention of biofouling”
propose the extraction of biogenic "agents having antiNRek®er 2003
anti-algal, anti-protozoan and anti-nmacrofouling properties from al gae and
marine invertebrates. It is proposed that the structure of the extracted
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| act oper ox] : 10 o fhieocyanat.e. The .hypothiocyanate may then
act as an)gggﬁﬂ}&riﬁngrggﬁ%?mgggn%?g aftéogégghlngﬁwt%?sg\}f é@gldgé‘ backgr ound
teachi ng of immbilised enzyne systens. The docunent +s silent concerning

anti - foul [ y .m cr o- orgapi whi ch sults in foulin roperties. 30
The preseﬁ'&ﬂ%?’nﬁ@oﬂ‘sgﬁe@v? dﬁ%‘go‘fﬁjgr ﬁP‘thﬂ}Gﬁ] %?#e%%@?p‘ioi”ﬁ’f)u%&t E%’é‘tﬁects of
the presenhtihiyddiRivigf endledating domPodiiiis apmeing els Ghalis . THENGs&h@Nd ot her
preferred aspects are di scussed below. 3 21 Novenber 2003 According to a
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compound may be acted on by a further enzyme. The substrate 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.



(a) a substrate for the enzyne; and/or (b) a precursor enzyne and a
precursor substrate, wherein the precursor enzyne and the precursor
substrate are selected such that a substrate for thes¢RgpyERbeS2003ener at abl e
by action of the precursor enzyne on the precursor substrate; wherein the
enzyne and the substrate are selected such that an anti-foulant conpound

i s gener at abl Acesrdingt foor Brst taspect rofythe iwentinn hevs tis grevided cor dithfoulmga

second as 3 tion there is provided a coating consisting of a
conposi ti gﬁﬁ %Sg%?%ﬁngﬂ%gﬁ?he first aspect of the invention. According to a

third aspect @) thewifaveeohtiimmiteeink- i s provided a marine anti-foul
consi sting of a} corrgosi ti .ac or%igng to_the first aspect of the invention.
According to 49 offt BB7 ingg o% prtaifakle fembh IRHEe 8T8a81spE 89 ded a met hod

for rel easi ngifpn(gnt i shithicter #RMEASHAE dan a surface coating, which
nmet hod conprises _incorporating in a surface coating (i)an enzyne obtai ned

or obtainabl e froff)a AMEEIHESA5rAPANING randain ghrecirspt spbwratay beherainetht qrredunsor

enzyne; a [ rsor .substrate, wherein a
subst r at e&?‘/g?{ et@%ﬁ%@%@%“éﬁﬁ%ﬁ%ﬁ g%tegdc |cgﬁﬂac¥fa f%@gﬁtfee%ﬁ&éo?% on
t he precugsweratshlbbyretie of thhereenrsot beyartdrthoptécgoraipaued i s generated by

action of the %nZé_{/ on the s%lb trate. 3a 21 venber 2003 It has been

found that th&BFBYiT SHBPC 1 egrosttate aigs e tedrsuchethge fer arti-dplart an
anti - fOUJ:cbrﬂ@o&ﬁﬁ)éﬁ;@H&ﬁatﬂﬁlb'by%bﬁ&x 8Nth8 BAY ke b ARsAbLATBId N€ Or gani sm provi des
a stable system which 5 has long termeffectiveness in harsh environnent

- such as nar i necettinedardRtand aspetliof & insgionhee iaprvidedr qoatiog censistisgst ens
L0 Provi def fecHnidH ddeo i Rt biREl of mERANMES, T r oM Mari ne organi sms,
such as al gal hexose oxidase ( , Mave’ 'l ow

According to a third aspect of the invention there is provided a marine anti-foul
consisting of a composition according to the first aspect of the invention.

According to a fourth aspect of the invention there is provided 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

(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



Km val ues for glucose, nanely 2.7 mM This | ow Km neans that the enzyne has
a very high affinity for glucose. In contrast non-marine enzynes such as
non 10 mari ne gl ucose oxidase (GOX) may have at |east ten fold higher Km
value for glucose. In other words prior enzynme systenmpdayeeczaosch | ower
affinity for glucose than that of the present invention. In antifouling
applications, this will give a significant difference, since an enzyne

wi th high glucose affinity will be able to convert all the glucose
present. ltgje o{ h‘%[ hha d an enzyme. with |ower 15 glucose affinity is
anti ci pat €4 7l 18U PEHEHPRYSIGP ohiiasgeted yHiere i tierssusiaii! 28 A% onnent .
Leachi ng obuliolefeuntd illisia® ui befmt e nfieshiedrantshf Quliiad aaid Wity because
glucose wil] be a substrate for fouling organisns. Leaching of gl ucose

will theref®fle 1ead to increased fouli ng. requires |less enzyne than prior

art systens bR ifA¥-Aedidt &, A e G0N Alonl hahe cnvilnfligy s f rom
mari ne organi sns,” such as al ga also have T ow Km'val ue tor  oxygen,
agai n | ower telqamestiéss skbpirstakhae pfior arowyigan tcafroidd Ofivar dntisyisiodimbefacth as GOX

Again this higher affinity for the substrate gives al gal HOX an advant age.
Tors i s becaudB AT PRt g i oleel be e Baaki g on bo | §

"closed” enviKmRaE&! B flidsSe, hambgur M. hTH OB Sleaxchanseempabingh growt h
of algae and 25 other fouling organisnms. At exactly these places were the

fouling is wolstery bigd afBx{iglon elushtee it corastRonyadtive saEYNesasush aBba@ophe | onest
compar q@l L 0 ORERing Sicosc AAMIPIGOROMATEL NG REOTA AIPnE KA ARebE 1 N1 LY Tor

oxygen w Il therefore be advantageolUs. provides I nproved activity at
| i kel y oper at ighisase. t Bnpheraverde grio3ezyme symdrasciave gamiriglorenplfsityifons such as

antifouling paj t i ~microbial antifouli o ound.typi.cally has
to be active e‘{l\%seee{}}gﬁgﬁgﬁ%ﬂ%o%%%&tolrm?(ﬁ’to?l fnf E‘k‘i“ﬁgg 3%@%%%?“{51 g'h%&flﬁi s is the
seawat er tenpahatasignifibear diffecubd, 3ice i efzytne VarORLER FlucS&eifimtywilbberi or art

SIS TS ST IR o LOMIRG 1e RLEEN S o34t B2 21, Novener, 2005 ol gal
tenperature f@luch@uitfingy anshtichase 16 MMYWESacAIng JrNBEREOkEL HRehkeatdiNg SUi ted as
an 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



antifouling agent. The optinumtenperature is showm in Exanple 9 wutilises
safe and readily avail able substrates. 5 has inproved salt tol erance which
| eads to further inproved activity in marine environnents. s resistant
to degradation by fouling organi snms enzynmes from mar 2neicgemdet 2008, such as
al gal HOX, are remarkably protease resistant enzynes. They will survive
treatnment with pr elﬁg‘% broad spectrum 10 protease preparation) w thout
any | oss of a(‘,‘]tggl\/ﬁz{@.a s ORER deBPsaNies ph REleVily s exapis 4l dpe PPEBEC al | y

important in tdygesirk fﬂuf&ﬂ%aﬂpiﬂe@éﬁﬂ&é LRCRelR BaEAHTF suitddelsefore wil |
be resistant to_ degradati on by proteasés fromthe antifouling organisns

whi ch are trypHfoulingagenchheidptimye tomperginneds shoamdoBraseplefr f ace. 35 In the

present specifii.CalkoN. 4 Sy ferred to by the terms "anti-foul (s)",
"anti- fouli r;[gl's,sagaairrle dé(lg’la;al}ﬂ-’ ?\('I}PJI g%%‘gqsgi{tﬁsd ude organi sns which may reside

and/ or §row lon indpeoved utf aclerahee bdichrieadsad fuithdt idpeoved esevily ponspaAsd tion. The
organi sns include mcro- organi sns such as bacteria, fungi and protozoa,
and al gae and"“8PYsHSnms such as algae, plants and aninal's. The organi sm

nmay be mared ng rQi@Rntosd¥BradAfn BeodreRashiien of the present invention
conprises a precursor enzyne and a precursor substrate, wherein the

precur sor enz?%ﬁéf%@apﬁééwﬂgbmssmétaﬁaii&l denerat ecroarkablys prosgeee for t he
enzyme of (e RLERPhA WY Rl ABWRG! {00l 1uBAEEYE 3004 BERR, O (he

precursor substrate. I'S combi nati on of precursor enzyne and precursor
substrate i s pREcabepeiparadfn)ewithet eny dokstaf asivitg Ulist padieasgeatstakons . The

enzynme of the present system nmay be qbtained or .be obtainable froma
marine nicroSdF §ﬁﬁ%§ﬁf’%’f@atl r‘8¥p8¥%{‘6IT/%%@“‘E?@?%@PQ?%?%S%?%@@Wt emis
obt ai ned or i shepdfbrai wablbe fesigantatoNBEdrRtion|bgaprolRaRt e aR| e tAAGfRANAY ™ of the

present systemis obtained or is obtainable from Chondrus cripus. 5 21
Novenmber 2003 HPRFRYF 2Biq) arq thangiQiattadhghiemssly ce o BeraatrS surlres-ogen per oxi de.

15 In the present specification “foulants” 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.



Preferably, the enzyne is an oxidase_ .Preferably, the enzynme is selected
fromglucose oxidase, L amno acid oxidase, D am no oxi dase, gal actose
oxi dase, hexose oxidase, 5 pyranose oxi dase, nal ate oxi dase, chol esterol
oxi dase, aryl al cohol oxidase, al cohol oxidase, | athastNovemmbex2aisse,
aspartate oxi dase, am ne oxidase, D glutamate oxi dase, ethanol am ne

oxi dase, NADH oxi dase, urate oxidase (uricase) and m xtures thereof.

Pr ef er abl \prefkBlyein ¥iBfohBnd @XPSEndX hilsen pddxidEXOSE OXI DASE (HOX) ENZYME
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

OX1 di ST NG Fb @G0B ANheSE UEbBaseOPAGEraBIRME LGB O Sdaed BdsciTal t OSE,

| actose and cell'obiose to their corresponding l'act ones W t'h subsequent
hydr ol ysi ®xidase, Reamag peidt dxidasa |} eipinpnixidaae | gdctogc codabe nlygxgse oxidiedi ffer s
from anot i educt ase, .gl ucgs xi,das whi,ch .can_onl ert D

ol ucose” RS CTECe R BReou ity Rie B SN, AR APaIRT el i

subst r at esxidhbe lathosicdelt dxOduse atspdripeeckidnge, HOXne axidbe, D blusitmaat exidas, f ol | ows:
20 D-glucose + 02 ------ > y-D-g].uconol act one + H202, or. D gal act.ose + 02
R s R L L P A R el
marine al gatfeBBRCIHE SnzyPldGdheRPRUxRBs@r € found 25 inter alia in the famly
G gartinaceae. As used herein, the term"HOX" denotes an enzyme which is
capabl e of oxidising the substrates selected fromthe group consisting of

D-dl UCQ§G’H§3{%§£WIB§§E (Q_ngngw}: mal t ose, |actose and cel | obi ose.

Preferably, the hexose oxidase 1s obtainable or is obtained frommarine
al gae Chondrus 30 cripus. In one aspect the hexose oxidase enzyne is an

enzynme covered hy.th _gk?cL ure of. EP- A-08§32 6 21 ﬁgveng 2003 HEXGCSE
O DASE ( HES RO BRI DR naet FG Tono et BZTAS RAg0Baen ol oned
from the rmrenaymathgee temedndesof orygeniisipsblé of idisiag O-glucbstlams sverkD96,
ransen and, S ougaar &y A907N TS, 1E8 AL LOPRLGYSAR! RIS SLh 2B Y OT P
15 lactones with subsequent hydrolysis to the respective aldobionic acids. Accordingly,
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



Dussel dorf/ Germany as an expression system for heterol ogous proteins) has
al so been used to produce the HOX enzyne (the native protein was purified
frommarine al gae (Poul sen and Hostrup, 1998)). WO 96/ 40935 and WD

98/ 13478 al so disclose the 10 cloning and expressi on2il Navembahb20@nt host
organi snms of a gene encoding a protein with HOX activity. In a preferred
enbodi nent, the hexose oxi dase enzyne conprises the amno acid sequence
set out in SEQID No I or a variant, honologue, derivative or fragnment 15

t her eof . |HE>€OS’E©B§DA@Q(E@?@%@)’U@TIE)|&E hexose oxi dase enzyme conprises the
amno 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 SEQ

I D No 1 orp@ MA! LA derivative f ragment Oﬁer of. In a
preferred errt'iqolg‘{ n@ﬁ@l?gE‘ﬁe@?g%ggéneo%sc?ﬁgéd%ﬁﬁoéﬂ fhfq’éﬂ%& © 6% *hucl eot i de
sequence gebpwut(SiongBED 4nd Mianden 11996 [Haaiar nad swhgdidensy7it heThexose

oxi dase enz i s, encoded a nucleotid sequence capabl e of hybridi sing
to the nuct ée{&q?téoé)hgeqﬁéﬂceﬁ%@fm‘gﬁt polymespds | fivslopedyr aty %‘Wlapﬂ%‘fﬁ%a

honol ogue, DwdssldotfGevemPlas b agiresiont HEERTEr RiicrBlopGAURARERs)CRERIseRG ary to
the hybridi sabl e sequence. In a preferred enbodi nent, t'’he hexose oxi dase

enzyme is" torfatics hey Nt pregtre dihe qetive protsinc apaipiriicd ffrdwy aricé eleey to the
- huel eot | depeRGCHACHEGkp, 2998)). N WEDIdobb oha Yo g RLs SOIRL qpentary to

t he hybri di sabl e sequence. 30 The enzyne, pretera he "hexose 0oxi dase
enzyne rayisEgnnd supressiannin zecamhinent hogesganishs df i perBrentddidg Aaveintwifippl i cat i on
No. 99278Qjq+2 aZti\%[}:, Novermber 2003 VARI ANTS/ HOMOLOGUES/ DERI VATI VES ( AM NO
ACI D SEQUENCE) eferred am no acid sequences of the present invention are
set out in SEQID No 1 or are sequences obtainable fromthe HOX enzyne of

the present Jinventi.on but als i ncl ude honol ogous sequences obtai ned from
any sour cgr,l %5 E?e&gncdﬁ’bé)%fné‘inért '8'85}“?5?33a?’71‘ga§%te§¥3i“&q CORFBIET ke, 2@EP| 3pidyr

honol oguesequrtcessntdietin SEQEHS INIES, oras vathl, RthokRhé, aktiSativel ord8idnedt | ves
t hereof, Thus, {he present invention covers variants, honol ogues or

derivativ élger%ﬂ;f. RN P’ﬁfﬁrﬁ:é ejogiment, the hexose oxidase 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



to sequences presented herein, as well as variants, honol ogues or
derivatives of the nucleotide sequence coding for those am no acid
sequences. I n the context of the present invention, a honol ogous sequence
is taken to include an am no acid sequence which i s2aiNdveabér 20063 85 or 90%
identical, preferably at |least 95 or 15 98% i dentical at the amno acid

| evel over at |least, for exanple, the amno acid sequence as set out in
SEQ | D No YARIANT¥HOMWePGUESIHRING THEES (AMING AADIIGQUENCE) honol ogy shoul d
typically be considered with respect to those regions of the sequence

known to be essential for enzynme activity rather than non-essenti al

nei ghbour ilhgferr@cé(itu'ﬁrn@eiﬂ sequieaces of €gi Peent intdnuee a4kt cut & SBQ 1hiNG f ed to the
put ati ve FAD b|nd|n g nplns | X such as SGGH79C, LGGH 1461 and
LGGHBZOA 2§ Fﬁ%ﬁ%s H28l5y Torp e 1LY B /b efo PEEFTY AYCBRORs DB 218G 1 | a i ty

(i.e_ apinacladd hohRigBie Sedi@ided Jotsthilkd Ffom CREMEGRAde, PP PSakbRS kdIMBEL | ONS) ,
in the context of the present invention it is preferred to express

honol ogy i Yiral/Backesiabprotsangueshislar heraplopesy ang syndesiis Inspiides.cipealli ssonsaian be
conduct ed QVieBYRveObedD € usually, with the aid of readily available
sequence comparison progranms. These commercially avail able conputer
programs can cal cul ate % honol ogy between two or nore sequences. % honol ogy

my be cal "f’hl{lls athg ?regen? {nvgﬁ%t Ic%‘l.r‘lé%y v Segﬁli? r%o(?%%lf'sdor (:l;gngeﬁgesscgg}&e%%g Iflcgd ali gned

30 with the 0ot SEqUEnce and e ach directly
conpar ad vueqrrentdaepremreeslmmw ag wal Bovakihe, h&n&lb@m@td’lledlerﬁﬁw&@ﬂﬁethe one
residue at a ti i alled an "un apped alignnent. Typically, such
ungapped dF?GWHgEFﬁmﬁwéoﬁéggﬁrmﬁﬂmﬁﬁPﬁmﬁﬁﬁPﬂmﬁ;relatlvely short nunber of
resi dues. 8 21 Novenber 2003 Although this is a very sinple and consi stent
method, it fails to take into consideration that, for exanple, in an

ot her wi se JPdemeamntest op Bierpresenisiayps A eishompiesdun sequencsris trkerjtd wieludn ag | |

cause the joold owh u@ﬂ@e%:&ﬁs% [e&sti74Y ogéb})ﬁie ﬁ)’t’éfer %%{ i\,\gﬁg@g%} thus

potentraJIg 5 resulting in a large reduction in n a gl oba
al i gnméht owtmﬂeﬁHEdhea@mnseqdéﬁwﬂynwnaskmse@meﬂmemmnnbamnmunmnethods are

o bra [ RafhOrie e AR iIEq N TR Be SO endc Mok o S PR o

possi bl e i e i ons and de wi Thd Mover al
honol ogy slmmodaogy'ﬁhmid itypicatinibe vedideyed wisiefebpaagto HeRTEgibiis dfhﬂe 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.



sequence alignnent to try to maxim se |ocal honol ogy. 10 However, these
nore conpl ex nmet hods assign "gap penalties"” to each gap that occurs in the
alignnment so that, for the same nunber of identical am no acids, a sequence
alignment wth as few gaps as possible - reflecting2hiNgvembeeb@izedness
between the two conpared sequences - will achieve a higher score than one
with many gaps. "Affine gap costs" are 15 typically used that charge a
relatively high cost for the existence of a gap and a snaller penalty for
each subseadiienh dﬁes;sjhd vy isiingld ?rx@amsistixfl: rﬁell:clcﬁl_. it Ffailsrtesikegﬁtm‘mtﬁideralﬁﬁddgap
scoring system Hi gh.gap penaltjes wll of course produce optim.se

al i gnnent ﬁ“%ﬁ‘frﬁw?lg%‘?mg‘&g ) ‘SR/BJ§P“9§ T D W “ﬁ“l%&ggtf?é‘ “dap

penal ti escige ki MBEHvnoehindia¥e iedidues itd bk HuPb&T &7 diREmER, Bee phlgudef aul t

val ues when using such software for sequence 20 conparisons. For exanple

when usi ngstiHes GOs owee cehisior Be¥tamolgpickisge: globd derewy is prrrmed.aul t gap
penal ty f et @Rhdddyambs §§%@@§§1§pdr§0ﬁ IeufoRt afk Q%pgn@t{]clio 'pflodfugtl: OF‘?}EJ&]

extension. Calculation of maxi mum % honol ogy thereforé first requires

t he produebgnmensf thah takes indpt Gomeieratfong persiite, itserkipmsg andhtdgletomss ivdibeuit | on gap
penal ti es -SUJ ter programfor. carrying. out. such..an.al i gnnment
<" he corefiid bR e SR B BT i s R Pt B nlnS ey e PA
Dever eux etquerce alidi4i tohyad miacimieilatal IResdaych 12: 387). Exanpl es of ot her
software than can perform sequence conparisons include, but are not limted
to, tHe BLAST package (see Ausubel et al., 1999 ibid - Chapter 18), FASTA

(Atschul  efowderathese M9 Bemplex M@dhodsﬁisﬁ%xgglgﬂ%%‘laﬁ%@ to@ath $dpanidbEVORKS suite

of conparison tools. Both BLAST and FASTA are available for ~of fline and
online seficAHBRMBeN sebatafis thsspme pumbgr of idsmigel anppqiacidsegyieguepcsg@isngent. 60) .
Fovever | bihSsRECToEd £hd oS Gohdifn it dashibbdss RAIGAAR 1R wgenber 2003
Al t hough the fi nal"_gé/o h_gprmﬂ))gy ganﬁ%e as%%te fsnﬁl{ e%qr%s OP (I) (%%mnﬂt\%?t y, the

al i gnment sequerseeswill achielvd a higheryspére iah pnawith base depon “Affinalgkp osstsietehi ng pai r

Char ava gReBTbed e BradE i b il e RERT Bl el SRl )
sim | arit yeraity darodattl isoisequyntdicsitianinethe Afip. eXREPd éhe Qhoss d6imonly used gap
scoring system. High gap penalties will of course produce optimised alignments with
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.



a matrix commonly used is the BLOSUMG2 matri-x - the default matrix for the
BLAST suite of progranms. GCG W sconsin prograns generally use either the
public default values or a custom synbol conparison table if supplied (see
user manual for further details). It is preferred ta1bdoegemher 2008l i c
default values for the GCG package, or in the 10 case of other software,
the default matrix, such as BLOSUVG2. Once the software has produced an
optimal alignnment, it is possible to calculate % honol ogy, preferably %

sequence identity. The software typically does this,as rt .of the
sequence @td"ﬁ’ﬁ‘éﬁhi g‘ﬁrﬁ“ﬁl_né’ W?Q’t@ '% 'ﬁﬁ‘ﬁﬁf\éij d‘élter?‘éé’é I"?e.n_uwg%*fhaélg[“‘é"?%
“variant” pefcessd@eifigitypieally hot bRédbh @R allQrihb@iRMaiOccfatdsee QueRak s of the
present invention includes any substitution of, variation of. nodification

of , repl acemEhtimaprty eraniton ibrersralideret itefh ABTEBHEOEHIC FAPY BN No aci ds
fromor,t %oﬁlpé‘riséﬁ%%gﬁﬁ chnﬁ&lﬁ%nﬂgarirt)h@r evEﬁﬁHxllarrfg@igtaﬁﬂa 0, AGhPle3ga@Nce has an

enzyne activity, preferably having ‘at | east the sane 20 enzyne activity as
t he am no aauvitdx segueny aswlss teBLOSUMEDMaBINothd defeROmamxNer the Ye nodified
for use in the.present ation. Typical | LT eatdons ;2580pde that

mai ntai n tHe giﬁ rfﬁ%amastt(l:d\ﬁ/t%{}géc?ﬁ Bfl Wégigge[%géﬁ%é&ugz% r?gﬁégctlhggslﬁl stfl'ef'f1 utions nmay
be made, fvalueexsanphgorh rsgmbdl, cotnpariscd thble 1D supplidD(seeibet intantidldos fipthewi ded t hat

the 25 nodj fied sequence retains the required_en ctivity.. Arino acid
substituti WQSNAS/IS%F%[&]‘T??&B uﬁﬁglelféléh%ﬁkf?fgh‘-’%‘&‘f G?re{ﬁ%/g%g’g%aﬁ}‘?ﬁeh f Igﬁggf ogues.
SEQ | DiNO chseQff ofHiEsdIRSE tHe deRMER Riakrd!) siBhYas BLHZUMaAze del etions, insertions or
substitutions of am no acid residues which produce a silent change and

result in a 30 functionally equival ent enzyne. Deliberate am no acid

substi tutips HBYoRG LRI pRBucciNG G aBbardl } X blskibldmoPOli@Idd ¥4 char ge,
solubility, hy rocfo ol:r)i Cl t?/, lﬁ%?dr ophi Il ciat%/, na’nld/ ptr). tlhe a?rrphi pat hioc nat ur e
of the rediotelgyawefeonly dseqiraceidzstite. dbt sefiware tipicatie desexhis ap poiel | s
retained. Fo e. negat. e i no acids include aspartic acid
10 21 Novetﬁrf%geeﬁ%'gggé%agsﬁ ud%ﬁ’%%géé?ﬁgrg%%gﬁg%u@él y charged am no acids

i ncludeslysine and arginine; and am no acids w th uncharged pol ar head

groups having simlar hydraophiljcity.values .incl.yde |euci i sol euci ne,
val i ne, gmj&g S R Hg,&"&g?ia? agl rﬁ%‘,“”@‘l"d&a?ﬁ“ﬁ% F‘“gé‘?‘i“ﬁ’éc.es of e predéh
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



t hr eoni ne, - phenyl al ani ne, and tyrosine. 5 Conservative substitutions may be
made, for exanple according to the Table below. Amno acids in the sane

bl ock in the second colum and preferably in the sane line in the third
col um may be substituted for each other: ALIPHATI CNen-Novkab& 203 | LV Pol ar
- unchargedCST M NQ Pol ar - chargedD E KR L AROVATICH F WY 10

VARI ANTS/ HOMOLOGUES/ DERI VATI VES (NUCLEOTI DE SEQUENCE) It will be understood
by a skil |ad geamimadidiaposhivplrabergedpfinor aids indofie disind and engieineesnd can
encode the, s 2N |t of the degenerac f.th enetic
code. In iag% gﬁr&d{d%‘ﬁl ﬁ@g%fgagég%ﬁo%?usp? JBie hsé'ﬁﬁag%?}ﬁf%aﬁﬁl gglﬁ may,

usi ng routineledd dakineqisekpcingkelinauglydnd, i damisy bspdrigiid, Qsarhinal semenot af f ect
t he HOX en@/ene. en%odiag b%afthe nucl eoti de sequence of the invention to
reflect the COReP TS ey OSBFti cul ar host organismin which the HOX
enzynme of the present invention is to be expressed. 20 The terns "variant",
"honol ogue” or "derivative" in relation to the nucl eoti de sequence set out

in SEQ | D RRPSTVfver hstSwtions may; bevapde; & sxamplgcecording te tissTadeibslon. of |
variation Afino RG] ihe 3khOMo8! in tﬁ@@c@tﬁﬁ%ﬁﬂﬁn Ao pr&lelof 'lif?lale%famgrlin figi tion of
one (or nore) nucleic acid from or to the sequence providing the resultant
nucl eot i dethe Bifdealimnguayess spltitedfopcachetree 11 21 Novenber 2003 havi ng an
enzynme activity, preferably having at | east the sane activity as the

nucl eoti de sequence set out in SEQ 1D No 1 of the sequence listings. As

| cast 75% 5| o e C O o BREaSt 5506 mor b erably bt | east 90%
honol ogy to the sequences 1LV
Polar - uncharged CSTM
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



shown in the sequence listing herein. Mire preferably there is at |east
95% nore preferably at |east 98% honol ogy. Nucl eoti de honol ogy

conpari sons nay be conducted as described above. A preferred seguence
conpari son programis the GCG Wsconsin Bestfit progi&evember2d93d above.
The default scoring matrix has a match value of 10 for i0 each identical
nucl eotide and -9 for each m smatch. The default gap creation penalty is -

50 and t hehadioattl ehzy@iRPactitye PRIRAbPRAR A 1dabt thd s ac8AGhasnHE heMide. The
present invention al so_enconpasses nucl eoti de sequences that are capabl e of

hybri di si n§Ie@reet P4 ét YEQ &P Nad of dgaenees lisingsent ed herein, or any variant,
fragnment or 15 derivative thereof, or to the conplenent of any of the
above. Nucl eotide sequences are preferably at |east 15 nucleotides in

| engt h, nofeindicateed pbaykywith reppegisto segren@Comdenrpr&erably tiereistal thess 7%, | engt h.
SUBSTRATE P tol3 J r t L am no
aci d, a}l-d l%grgr%%%%l?g% ge’é?tsggg’a?ﬁsﬁ?é# rrﬁ%%aﬁg{ %glgeﬁée%)ésggl?glﬁgg}ogtggﬁ%@%qeﬁcose,
gal act ose, showotioshs sedhentedisyigd heese, Muye arefisehly xheteais, atcledst W5%s enore nul i n,

starch, dextra cti nd.m xtures. . thereof. 25 In a highl referred
ebodi rrent reisow S i PRt ERelcR B e PBnieRy e fpap i iabied TS0
gl ucose/ heasadescribsd dRsR, Abiiepse s@ubtRSBmPXisda $grdm AMhOGRE Wlédengi No aci d
oxi dase, gal ct ose/ gal act ose oxi dase, | actose/ 3-gal act osi dase/ hexose

I

oxi dase, Japerany Sesgaied abeysi dae drfghiliceses paiudaea matchaaug of Hse/ gl ucose
OXi das€g PAERIRARAPHIRBEREId 30 (P thBARmaRRI TH MptiES fcﬁé%o%ggenﬁg\sone aspect
the anti-foul ant conpound is generated by action of Fhe. enzy on the
subst rat e Yandrhe defayit @epentensian pénalte isnp s cachonclesfides t he anti - f oul ant
conmpound is 12 21 Novenber 2003 generated by a "one-step” process. In sone
cases the substrate may be prepared in situ. |In these cases, the
conposi t i ohhef presdnerineamtipy iaboSergoppaesasr suieodt yegpesas that pare caapatds of substrat e
wherein tl}_le RRESUr sor. enzyne and t he precursor. substrat.e are selected such

ybndiSing selectively to the sequences presenfed herein, or any variant, fragment or

15 derivative thereof, or to the complement of any of the above. Nucleotide sequences are
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



that the precursor enzynme generates the substrate. In this |atter aspect

the anti-foulant 5 conpound is generated by a "two-step" process In the

one-step process preferably the enzyne is selected from hexose oxi dase,

gl ucose oxidase, L amino acid oxi dase, gal actose oxi2ddiyember2@se

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 gergebiyy'aeotep’ piogesanbswmeansts Mocubstas miyereguéparddintsie one- st ep

process pr, I he. enzy ﬁ%trate conmbination_is sel ect from 15

gl ucose/ héfggigeégg%&slgsdglseefogﬁ’loéggée g?ru%°315pé1 g rae%uéforlfn%nen%n%a%f’ﬁ? 5@ no acid

oxi dase, gabsaatcosiergaliaciresesodxhtasesnd2hel prxyrgdrunbsatgidgelsaed xudlase,

pyranose/ pyranose oxi dase, and m xt ulgses thereof. In the two- tlglg process
’%P fe

pr ef er abl Y& (¥ BRIVIE STATRSCBTEHWF gHlshate Jp ‘}}‘%Iapffeas?%-“?t why- SS

pr ef er abl ¥omburslUPgdneatea bba“gwgt%ﬁ’qmdegg the two-step process preferably the
precursor enzyne is anyloglucosidase. 25 In the two-step process

preferably the precursor substrate is starch. Thus in the two-step process

pref er abl y, 4R RIRE POk pﬁa@émwﬁ@érag@%g%g&ed e@g%&%ycm@e,%mm;enati on is

st ar ch/ anyl ogl ucosi dase/ hexose  oxi da Pre t he precursor

subst r at e osfdasehd- eminostep opidesse gelaftgses etidast e pyrhrcoenosidasyo rapd smixauret pol yner s
of subst ragf e foor oxi dative enzynes, starch, |actose, cellul ose, dextrose,

peptide, inultn, and m xtures thereof. 13 21 Novenber 2003 The provi sion of
precursor substrates are particularly preferred because they provide for

sust ai ned _.and/ or prol onged r.el ease of substrate action of th recur sor
enzyne on % e O EBUPEETS ST, i SR Pefsea fn ¢ °¥PsPe prelsragh] y

pref erred ghfose, DBl £AF, gAbtisde] Al@xy IRidsY, Pyahede ChdRN QMM S eredfensel y packed
crystals which can be readily applied in a surface coatings. Moreover,

Native starch is water insol uble.
In the one-step process preferably the enzyme/substrate 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



Cellulose is also a particularly preferred as a precursor substrate.
Cellulose is a commpn 10 conponent in paint and use of cellulose a
precursor substrate reduces the nunber of additional conponents which nust
be added to a paint conposition. Preferably, the preciMyeméardfas of the
two-step process is selected fromexo-acting enzynes capable of degrading
oligoneric or polyneric substrates to nononeric units, 15 e.qg.

P- gal act osTigawevisipepf precsser subsiyiterdre postwaberefamel ecasethey ptaveiedorf
Optionally, .th oposi,tion further. conprises inder to inmmobilise at
oast one 3P PR SRIBIRIMERE 14N A g RES FRoBi ol B stes. 20
The conpogiredundes swistrithe present invention nmay be fornul ated as coati ngs,

| acquers, stains, enanels and the |ike, hereinafter referred to
generically as "coating(s)". Thus, in one aspect the present invention

provi des avgpatsich Q%&icﬁiaﬁ?ﬂ)réﬁﬂe@ @@T@@&h&&@ﬂbsu@@. dgfvenedcippovRes 25
Preferably, the coating is fornulated for treatnent of a surface sel ected

from out da¥sseliBrriiederiials abichroaa be seidiln applis ima sufce soatinent MOgo¥sist em and

a hull of 3. RILLASG VesSEinsoldile coating may include a liquid vehicle
(sol vent) for dissolving or suspending the 30 conposition. The liquid

vehicl e may be selected fromany liquid which does not interfere with the

e e OPAFISR Mop SIBRT £yt RIS sl el

activi tiy ofontpogereSs @aint ald esazofrellspsead @icolirs@ubstrafeorethang thzompsiendf Sui t abl e
liquid vehicles are disclqgsed in US-A-5071479 and  include water and
organi c s&ﬁégﬁw@cpﬁ@PﬁﬂF 1 PR &E pdded 27 BRBHOBBRSSII omat i ¢ hydr ocar bons,
such as xyl ene, toluene, m xtures of aliphatic and aromati c hydrocarbons
having boiling 5 points between 100 and 320C, preferably between 150 and
230C; hi ghPraicibin ithe pisetrsas|camephihe | tivatsies precess is sslgbtod Aomenstasiing di sti | | ed
tar ofl andzfhd Upesc bhakeRlng AlEARAL B pSYEEESLANE morBHEAD Ghirand
gl ycol s; vegetable and nlnerﬁ ol I's; kePo es such as acetone; petrol eum
fracti das sgichrgalsctnsidese.gleptsiasy; iatngloghidoskdasg sehejxtokd theresfat ed  hydr ocar bons,
gl ycol esters, glycol ester ethers, derivatives and m xtures thereof
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



10 The liquid vehicle may contain at |east one polar solvent, such as
water, in adm xture wth an oily or oil-like lowvolatility organic

sol vent, such as the m xture of aromatic and aliphgtic sol found in
white spirits, also commonly called mneral spi ritg.q 'ﬁ%erfﬁgyg(&%scle may

typically contain at |east one of a diluent, an emulsifier, a wetting
agent, a dispersi n%sagent or other surface active agent. Exanples of
sui t abl e eYAliicdy shosldsnot gpterfere switty dhedactinitiust the5ERNIFenayde(Fneiddrt canti-

nony! PhenOforBhibehB e uilehiE iBh YehiclROLY AXYBLIYE BRCA 387 b Bha BRABLS OF
pol yoxyet hyl ene sorbitan esters of ftatty aci cfs, erivatives and m xtures
t her eof . 2@atngndsengemiblsetvents firmbalingoatphmiy hypdremmitahs, mayndie lhiydosapossat ed i n

t he conposj tj nd/ o coatin f.the present.inventjon. Exanpl.es of
tradocr oot S0aA0R, Blucnd BRLAM o hidrdE BCRSHi DCRBIR s B ERNEE 1 &
sol vent sbaggnts Desteem 100 hindr 3208C e freferdbipe bewieth A5G @hdy @B0°C; hagedrofiabt em
acrylic resi nfe anﬁ%{lrﬁt hacr;r%? te resins in _solvent based or agueous 25

| d
systens, VAT &Sl eRlowpareisdlse tay o 2nd iyt theteok ¢lfeBels

di sper si ONgicRlas H@INYE el 851 $48818MFegeRble AHIHCRGLPROL.Y MBS SHER 28S
but adi ene- st%/ar ene rubbers, butadiene-acrylonitrile rubbers, and

but adi ene-&eippendctidewn ofigctipny sueluifseninerar siiintg aid erogensh chipringtgdeed oi |,
al kyd resi a%8 y LOS. e 2 ES) er resins,
henol | o ragyosa B kool BRE el T 0 otk bR SR AP RRE 0 o

and/ or ®oating of the present invention may contain pignents selected from
i norgani c pigrents,, .such as titaniumdioxide, ferric oxide, silica, talc,

or china Dieagrui Penicls b cona, o Vet tre ol splet BFREK “Bnd) aAmPRES] ubl e | n
sea wat er , wilie i BBy ow 613-1ikS 1d-vdlanieieedanit (08 ed shichi 2% tthe’ @5« tiB &F @@fmatidhe
conposition %Hdé or coatigg @f the present invention may contain materials
such as rB¥iHPRage SPIERARURG Hy Wiyte ety @lse sammenly cajled Mpsraksgiitant  conpound,
rosin being to a very 5 slight extent soluble in sea water. The

conposition and/ or coat i_n? of the present invention may contain
pl ast i dPsefle vehicle may typically contain at least one of a diluent, an emulsifier, a wetting

agent, a dispersing agent or other surface active agent. Examplés of suitable emulsifiers
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



rheol ogy .characteristic nodifiers, other conventional ingredients and

m xtures thereof. 10 The conposition and/or coating of the present
invention, particularly the coating, further conprise an adjuvant
conventionally enployed in conpositions used for probeai\B9per®igdrial s
exposed to an aquatic environment. These adjuvants may be selected from
addi tional fungicides; auxiliary solvents, processing additives such as

def oanmer s,20d mpixates Wescofpl asti ci sers, UV-stabilizers or stability enhancers,
wat er sol uble or water 15 insoluble dyes, color pignments, siccatives,
corrosion inhibitors, thickeners or anti- settlenent agents such as

car boxynetThglcogwb$itibrosal/or podting of yiei mesact idvantiop alay retthiacnagdriats suslc g,
anti-skinni agents, derjvatives.and mxtures thereof. The additi onal

fungi ci de(8) (S B IR pREled RSt BT Bis caliie i COmPPHY BFRRIP SR | 20

i nvent i en dlighyexeheschlblyinsed whkre in the liquid vehicle. I n one aspect the
present invention provides a marine anti-foulant consisting of a
conposition as defined above. 25 Preferably, the anti-foulant is

sel f-pol i sfigbbdinpdsiiof @RS RB&INg0hf tHRCpRERS Elentiddy B | @Rtaint PRsiRRAL rate or
substrate gener ator and/or the enzyne are enca(gesul ated. Preferably, the
subst r at e/"SeHieprdeBclgEREmRadifiera AleLonzentipnel ingredientyand puintuzas debrenf. a

sem - per neabl e menbrane. 30 The substrate/substrate generator and enzyne
may be encapsul ated individually independently of each other or may be
encapsubat B¢ coogesitiar andlon codtieg bhthepresene ivedtiomepdrticuidiy thaamting fefterrbst r at e
generator or enzyne .ma b(% gct.i vat ed Dﬁ%/ t.he 16 21.N0ven§§r 2003 foul ant.
For exanpl @ PPRE “B ROMSaT SPT Y oralY sFTRitYefted (o8 PeuHes: B9 Jok RR¥sFHPe on
contact  whitbrids Exisk@iio, ant RRattRBAbAhEd: S Ulhsis @k e/a8e MefyaieOdelddfedGRY e NMRY be
rel eased to.contact  the other of the substratel substrate generator or
enzyne. Ir?d[i‘rtﬁ"galvxg'!?,g‘c & oMY iSBYCRRy PropESiBE RAMHIES WHTIC BS KISASFovi des an
anti - f oul afaiCQTRAMNE DS, TNGEBASES R’ QWiRL WhhfcedN walkr &Bfublel GUlARE conmpound
when contacted with a foulant. The conposition of the present invention can
be proVP dedschble dyesadplor ongres, Ficsalings, enrosis mhibpise Htickgness oThanti-

ready- f or 's'éﬁl%mgﬁtosfé'éﬁ’tg sﬁ@]yastlgrbio%aﬁylfcgﬁmsgf p&?ac%ﬂeagfdsor%gl)ﬁﬁeith%@rylic

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

16



aqueous dispersion, oil solution, oil dispersion, emulsion, or an aerosol
preparation. 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 aerosol preparation according b NREmbEVERI on may be
obtained in the usual manner by incorporating the conposition of the

pr esent iqyeptl ris ? or di.ssolved or 15 suspended in, a suitable
sol vent, i ﬂuﬁm\/ éﬁ‘ lg.jt E‘h garsuiatingymaterigh miycle slecied sRApBRY afnontachr

exanpl e t h\@ltlma FoulAR, 188 s@RIrREANRIARdedd HOT NG fn\!i?‘bk Ya&sef w&hbape and
ethane conmmercially avail able under the trademark "Freon®, or conpressed

air. As diBgoheed thepubtak/sgbsrrpigagnerpter @r(ﬂmpxm _tlndns wal Aspmpositiamyanf t he
present | ahbyia wifth 6B plolftbd 8Pafilllfh ORRL AL S-S5, KNG of £, be user ul

in preservatlves an coat | ngs |ngr ST hC I'xatives such
as car béxyarttfhyladebinnburd evhep obntacitatywitied foakol. paraffln, co-sol vents, such
as ethyiglycol acetate and net hoxypropyl acetate, plasticisers such as
benzoic acid esters and phthlates, e.g., dibutyl phthalate, dioctyl

pht hal at e Ercomgbsdtdedthe proichtinattion @&t by globMeSs aady-fok-MELSolte beof .
25 corrosion inhibitors, em cal

tionally dyes, calo
gto abi | i ze?/"‘é é" %tst &%@g?ngyé%%ero%&waﬁée é’db%f"c"“d@taataéueaﬁﬁjSOI@&ﬂalt

napht henatuedi@ispkaRnbeil ispelisdas depensh, nghu@iors Q?%hfajef:os %25‘% dnONS. The
conposi tion and/or coating of the present 1nvention can I ed by any

of the 10t ebKrfoREragatR sewke ssdit flee exampld, ae hu addiigyedoustaling or sm by difged r ol |
coati ng, t ereof . Conpositions of the present
Pl 3 aldCﬁgd& EIEQ?H%{},?S %g%eﬁdq%agteﬁe various i [

i nvention ‘can be prepare ingredients at a
tenperature at which they are not adversely af f ect ed. Preparation 1-7 21

Novenber ditions are.no riti ui pnent. and neth
conventi on "Q‘—P? r&e,%? ﬁegambo B gSCHfige ttché’ﬁ ﬁﬁvgﬁ?‘ﬂlr ’élayglfe @15%{??%16 1 prual ‘Hf”?“ﬁ‘f
conposi ti d:ysncmpormga:dumm@amsdmhe pRbaY ethentdiecdnbreigl @Miwbivkd BpW be

descr|q$d %{ V. 0 qnp e only, in the follow ng 5 Exanples. EXAMPLES
The antT - f8tHP lafzr SRRDIE PolieptaA vojabig Hatgd %ﬁb‘s§?rt456ﬁs afPrapsdansr fes ent

i nventi on exampleSthe tnixhe BF CRIdHNE GanliONbdihe f @rivAV D breamRiesnd Hiase Exanpl es
show t he effectiveness of the
commercially available under the trademark "Freon”, or compressed air.

As discussed 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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present conposition at preventing fouling. The Exanples al so provide for
the optimsation of the anti-fouling properties of the present

conposition. The hexose oxidase (HOX) used in each of the present exanples
is available from 15 DaniscoCultor. The HOX is a febnipy/empessshact is from
yeast Hansenul a pol ynor pha expressing the gene encodi ng the HOX enzyne
cloned fromthe marine al gae Chondrus crisp us. EXAMPLE | - Preparation O
An Anti - f ocdnditignCamepas ictiiich (Eq@ipeet @@ hethddd &nbubibﬁalbrrerilmﬂﬁldi ihitsed hexose
oxi dase or_an ther 0 oxi de enera i ne su s gl ucose

oxi dase i s™f¥ ?@He EXQH%%FQ EW SHePSS ﬁﬁ%ﬁﬁé Pﬁ?“ﬁﬁegﬁ W@ in an
anti-fouling conmposition. The hexose oxidase may be inmbilised for exanple
by bindin% t o an_ani gn exchanger, Q Sepharose FFTM favallable from

Phar maci a) TR YRRy 281w be EeREbRg) &ii Wey BUERaspDle WAl 18 thoyfellowing i vel y,
hexose gxigﬁﬁﬁmgr alternative hydrogen peroxide generating enzymes is
covalently linked to a suitable carrier such as epoxy activated

Sephar oseTM ( Phar maci a, Sweden), carbodiim de activated agarose (Bio-Rad,
USA) . Clhegxéﬁgﬁggiional procedures known in the art for inmobilisation

may al so b d 30 The range of concentrations used is 0.0001 to 1000
U of hexose oxidase activity/hydro- gen peroxide generating enzyme per m

of anti-fo t|o nit of _enzyne activity is defiped as the
anmount of ngﬂf'z?)’%efc b\ﬁm eﬁ‘r?}nc?ﬂ}c?é‘é Etl‘P“LflﬁPrﬁf’mB‘PSl‘ Wfepreseat i3 IZWBVé'hﬁéFE 2003 min
at 25 Go T&ca@ERItbahd fdllotringldxa@biel.i TYede Mxathpfesishol IR HFRERMesd Stvgati on the
act|V|ty of the enzyne may be assayed as follows. Hexose oxi dase (HOX)

activity |%‘E??E%1§BWE€F“PW &t evventingefoubngi t Fhe Feamples eliongropidscBauhe. The HOX
assay is b@a&qsﬁenbh&eaﬁﬁwlﬁg&@}éﬂ& Am&i:r aeh qeg@egﬂl&e generated in the

oxi dation of glucose. The hydrogen perOX| e oxlI dr ses dianisidine in the
presence of peroxidase to forma dye.

The hexose oxidase (HOX) used in each of the present examples 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



10 HOX (3-D-glucose + H2O + 02 -* D-glucono -delta-lactone + H202 POD 15
H2Q2 + o-dianisidine"d_-* 2 H20 + o-di ani si di neo, Reagents |. 100 mM
phosphate buffer, pH 6.3 2. 100 mM D-gl ucose (SIGVA, G 8270) in 100 nmM
phosphate buffer, pH 6.3 20 3. o-Di anisidine (Sl GVA21 RogdmBer 26930 ng/ M in
distilled water 4. Peroxidase (SIGWA, 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 @ 4t2peagent 4 and 10 | enzyme solution 30 The assay is
performed in a mcrotiter plate. The reaction is initiated by the addition
of enzyne solution. The m xture is incubated at 25C for 15 mn with

shaki ng. Theajgkasi its suitabdop tfer we ialthe praencowpoioe nisadivith ofvdtcemzymst ead of
enzyne sol ugi Qenassﬂéﬁ f?rlmati 9@ 19 21 No er .2003 of tkhe. d>§/e i S measured
in a mcrotty et BPAL & FAeYEr TErOF GBI ( CHREFF oSt PRECOIASE i on can
be checkedwhlythsSolivgviag proteduieCS progranme on the mcropl ate reader. A

hydr ogen peroxi de standard curve can be constructed by using varying
concentrations 5 of fresh HO2 (MERCK). EXAMPLE 2 - Pre aration O An
Anti - foul i Tig: GOXDRSA isOsdd’ diMie ShERIEMA UG IS BropRpHiAC bQRRddNn the
concentrations of 0.01 to 100 pg per m of antr-touling™ 10 conposition are
tested as FudRiopaf skicess. Jopdydrpeenapesutidet exadiees fogtiarhtidins o bR iptkasse ioh t he
systenms desesiipRd ) Mdxapple 1. In order to provide a continuous substrate
generating system starch, preferably intact starch granul es from wheat,
mai ze df potato, in a

HOX

B-D-glucose + H,0 + O, - D-glucono ~delta-lactone + H,0,

PCD

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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concentration of fromO0.01 ng to 100 p.g per m of anti-fouling
conposition, are used together w th anyl ogl ucosi dase (GRI NDAMYLTM AG 1500
Bakery Enzyne from 15 Dani scoCul tor or another comrercial anyl ogl ucosi dase
product). The conponents are present in concentrati®NoRNdrdiong from
0.000001 to 10 AGU per ml of anti-fouling conposition. I AGJ iIs defined as
t he anyl ogl ucosi dase activity which releases | tnol of glucose per 20

m nut e f r orh thekyo sem¢Buisdoinvavipictatites pladvirendet atm0aaet.atlae lpkhrhy Of tiedj ust ed

wi th concentr.ated ,acetic.acid) at. 40C. The assay is stopped by transferring
200 Pl of rﬁ%célﬁlflCa“rﬁex"%{:%(e‘igb”sb%g %lnﬁ%cipwm%‘ﬂ’ﬁﬁ%?‘?céoéaé?g’a %1 oride and the
anmount of glucose released is neasured using glucose dehydrogenase reagent
(Merck no. 12193) or another glucose detection system 25 EXAVPLE 3 -
Gener at i onf* STVRSFARSEEHlesEnERT Qe andasi epstusised By HFiRg VAIORE FORCEREEPTY 0 t est
the abi ki tof sebn Rgxqeeeryydase (HOX) to generate hydrogen peroxide the

foll ow ng experinent was perfornmed. 30 To 11.0 g of paint (water-based wall
pai nting Sadolin dans 7 and oil based Hi stor 9010, respectively) were

et ¢ ERARANE | pRlnak GRASSEAY Qi Bnd Cln bGP [ o7 MR ed,

21 Novenber 2003 water based paint was al so added 5g of water per

treat nment. D sposabl | astic transfer pipettes (Sarstedt) were dipped

(head par t§luf‘?fgta|‘i‘g_ %‘i“gﬁcﬁ?‘? I F@nCepreient of 0pqolpfé’t { & hgdice “i%e‘?f% aslogliRe dry for 3

hours. 15 HexPsatiexbidasfed Hbsitfdsi t¥igeNerit®s Sub8ARABNRE oRMadeMBASI ON Of

the paint covered _gl pette head into a glass tube with 2 nL of HOX assay

reagent, s¥EcBeRwRIbede Ezample IHAR ozder ta/proyide 8 epritpupysotvbstrpte B4OXEHRE t he

pai nt. 10 JJhent Yhgs L0106 uRat &40 t |l ank was used

Nt it SYSEm, WARS, ﬁ%?( al{ A1 brah AMELERALAL HhBe MShoud)! ANK
concentration of from 0.01 ng to 100 pg per ml of anti-fouling composition, are used

together with amyloglucosidase (GRINDAMYL™ AG 1500 Bakery Enzyme from

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.

23

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



The result of the experinent is shown in table 1. HOX i s honbgeneously
distributed in 15 the paint, since the whole surface of the paint

i mredi ately turns red when it gets in contact with the HOX assay reagent.
The col our devel opment is observed inmediately indi eaiNoRgmpb@sogahe pai nt
does not have any inhibiting effect on the HOX activity. This experinent
proves that HOX is able to generate hydrogen peroxi de from exogenous added
subst r at e YHErhEs naub ey alayaddedpgrf Wateroiol fréagechti n a paint matrix after
drying. 20 Table 1 Activity Water based paint, blankO 0.2g HOX+ 0.5g HOX++
1. Oy HOX+++ O| based paint, blankO 0.2g HOX-+- 0.5g HOX +++ 1. Qg HOX
Control, diseopablealgetnt trapsiss pipets (5i@edty wihaligpat gead bargdnaengaial Tiens used is

0.0001 to U hexqgse. oxi dase .activity or of an 21 21 Novenber 2003
t;ag%gwlgeg‘réaﬁ wereq?)l:{: P:)Gaér %éﬁ%rﬂ’(

al ternative per g enzyme per nml of antifouling
conposi tion. EXAMPLE 4 - Mddel System For Coating 5 Dialysis tubing

cont ai ni ng.an ant.i - f {) conposition is used as a nodel system for a
coating tdIEPs et SIPIAGBRY IS e masswred by smmersionat Hietrsit apverssh
anti - f oul igigre MRRO SIS b laswiedtldi Wigtt B ' b | erate an
concentratﬁiq%n of hydr Qgéhn peﬂgoﬁf%e%%b?mgsrséﬁ%gé%’ S?%gaglgéfhgsﬂglgntubi ng
ef f ect i ve ROX potiiveoeps o thediOX hide daial. ysi s tubi ng used has a 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

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

$$i+oii+o

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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available fromPierce; IL, USA). The dialysis tubing is imersed in a gl ass
beaker with I to 5 litre of |ake or sea water 5 collected as descri bed
above. The gl ass beaker is stirred slowly with a nagnetic stirrer and
incubated at roomtenperature in proximty to a w ndeywngRedbboyggdaylight to
fall thereon. Fouling on the dialysis tubing is nonitored visually for up
to 4 weeks based on the appearance of a mcrobial growth |ayer on the

di al ysi s alithayeandtogal reebvide gangaitlgensyfme per tnd ofantifoulieg esmprfioabove. As
negative control a dialysis tube containing tap water is 20 used.
Optionally, catalase imobilised onto nitrocellul ose nmenbrane pieces, which
have subsaguMPLEN DOGAByvoekhabridafind. 1% Tween 20, are added to the | ake
or sea water 1n order to avoid accunul ati on of hydrogen peroxide in the
wat er surroundi ng the dialysis 25 tubing. The concentration of catal ase
used iSsi d as the
cat al a55e arbé%l?gfﬁjg g:caggm%g%%g%&%g]cgﬁp%%lﬁ%E)egir%sxal Ig&‘ﬂlpl)g}rrsg‘ﬂmmr%‘E‘t e at 30C
in 50 mM sodingre pisvsnp fradieg bufheenrfacp f Fc@jedasatambcri bed for catalase in the
Si gma cat al ogue: Bi ochem cal s Organi ¢ Conpounds for Research and Di agnhostic
Reagents, Sigma Chem cal Conpany 1995, page 221. 30 The conpositions of the
pr esent imneramiimnageccﬂfﬁ;foeimibhmiﬂah e ediglpiis ngbihgusi tgd 652 aé’rﬂerd’sbvmmer 2003
EXAMPLE 5 - St abi f HOX in |nt The pa head ransfer

pi pettes GRnErTBn qfd’yawgmop%rmﬂd 8P dhsgptac Eot Pt S mpeRa v b 2 mont h
and weie tphebnt'fesigay erhe didlysi LR usdd ﬁssa%uﬁ@@%m@@ﬂawdm 1fooexsPhe 2. Table

2 Water based_ paint, blank O. ZQL HOX 0. 59 HOX G | based pai nt,
bl ank dralysis tubing is either dialysis tu ing or a dialysis cassette (suc as Slide-A-Lyzer™

available from Pierce; IL, USA).

The dialysis tubing is immersed in a glass beaker with I to 5 litre of lake or sea water
15 collected as described above. The glass beaker is stirred slowly with a magnetic stirrer
and incubated 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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0.2g HOX 0.5g HOX | _0g HOX Control, assay reagent plus free HOX Activity

0O not determned O not determned Fromthe results in table 2 it is clear
that HOX was stable for two nonth at room 10 tenperature in a dry paint
matri x. EXAMPLE 6 jesting O Coating Set Up O A Tesp1 fevb@perzo03An
Anti-fouling Conposition 15 0.5 to 5 m. sanples of |ake or sea water were
collected in test tubes fromthe | ake Brabrandsoen near Aarhus, Dennark,
and from thRABSLE § - Sedilad br AaxhmSaidn the day of collection of the water
sanples the anti-fouling conposition to be tested is added to the test
tubes and they are sealed with Parafil MM 20 The test tubes are incubated
at room t epRepahied Gehdd G QXdsiE pipetils BesMiRGOW EQnld PWverd R ANtode T al |
thereon. Fouling is nonitored visually for up to 4 weeks based on the
appear ancete@peratupg £ obimpnthg psivvirel thee rassayedh én wedgest miix ahdescaibed iube. For
conparigoqaéﬂﬁﬁﬁgl Novenber 2003 test tube with 0.1 % of sodium azide and a
test tube wthout anti-fouling conposition are used as positive and
negative controls, respectively. These test tubes are rated | and 5,
respectivet | gn a scale of 1 to 5 for highly efficient to 5 no

anti-fouli éjﬁ tivity, respectively. Comrercial marine anti-fouling coating
material w thout added anti-fouling biggiwte is used. Anti-fouling

conpositioa; according to the present invention are mxed into the
ater 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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coating material and applied to the surface of netal, glass and plastic

pl ates according to 10 the instructions of the manufacturer of the coating
material. Coated plates are imersed into water in a |ake or in sea water.
Fouling on the plates is nonitored visually for up poNdvy@BES2dudsed on the
appearance of a mcrobial growh layer on the plates and rated on a scale
of 1 to 5 as described above. As negative control a 15 coating w thout
anti - f oul itag ndenyitgl. 1% of sddbun sAd: dhide 169 Ao Stithbangatidbulinh eoppekentard Nnvent i on

are effectiv ting foulin LE 7 - Stability of antifouling
conposi ti oh® ?F%?d{ﬁ)'é{??‘Efﬁﬁ‘%ﬁ’&rco?@lsfgesﬁfuﬁe - of paint (oil based Hi stor 9010)
wer e added 500 ng of starch (Merck 1253) 50 nmg of HOX (Dani scoCul tor
ferment ed 1t_)roduct from Hansenul a poly Sra ydryed on starch (10

Ug). 25 Alﬁﬁ%ﬁsawgeﬁma%i%d%rr%w@ﬁiymrpfewléo 5 s{cshighlwmscienthed (head
part) ig trybeangafbmﬂga'gggty’;eg&@ﬁg{_ pipette was left to air dry for 24 hours.
It was then kept in er from an aquariumin a Kautex bottle

for two nonth. The bottle was standing in a window in full daylight. After

two nont h h hed, , airdrie 358 d" in
conpl et e : grac.BgB}a? ine gnq I?ﬁ_&ﬁg 2l eng]hxgltho g ]ac?cr g a.lé% t?ouhn 10C ]%XANPLE 8
- Proof ofussdeAhndmﬂmgenmpaﬁmmg acamdmg)to the pessél invietiqir Ay mdﬁedanmahé I nuous

substrate generatin rch erabl |nt 24 21 venber 2003
starch gr a‘%’ﬁi“égsm?tferd%ﬁﬂ%@ﬁﬁgé B’g'[‘%ffﬂoglﬁ gﬁ‘t‘:"éﬂ?tF%l‘l“iC%" gf%f rom 0. 01
ng to 190 theThsi&dtiofd ofthe ﬁaﬁdﬂ@w dTGheCR &1&1%[? as well as

anyl ogl ucosi dase (AMS ( GRf NDAMYLTM AG 10000 Bakery Enzynme from

Dani scoCul tor or another commercial anyl ogl ucosi dase product) in

concentrat QR Iﬁatesvarg Erﬂxgexfsécpimo%zgg'qgg:lakte%r inslsgg-%gtgé‘%&@iﬂé oH‘uz 351?'[@&.' fouling

conposition are used together with par nt based
Hi st or 901@ynilgerdevisdtie tr 50 Arpeany bastdancthe gpyerreice, of B@McrobiBhgrowthoaysr t or

Lﬁé”i%e?1%8%%53&%?%5?@5{%@45 oPPLYTRE BB SPEAYST h o4 SLAEa (10 UO)

coating without anti-fouling composition 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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10 Di sposable plastic transfer pipettes (Sarstedt) were di pped (head part)

in the paint. The transfer pipettes were left to air dry for 3 hours.
Hexose oxi dase (HOX) activity was then measured by i mersion of the paint
covered 15 pipette head into a glasstube with 2 nL off NOWEmBss2003 eagent

wi t hout glucose, for assay reagent see exanple 1, the only HOX activity
comng fromthe HOX in the paint and the only substrate for HOX generated
by AMG i n stdseh granui¢s fogm peatoingige ngpsttaric b comcehition péifmom 0.01 gk tcd@ke. 20 The
tubes were |ncubated gtt roamtenperature for 48 pour s. _As a bl apnk was used
pai nt wi t HB%it H3Ox Mand AREYISHINEY. COPRNTEoR ARt i Wetly 25502 MYRERSTHaNy AMG + 50
MYHOX+20 @ MGJEGGRINDAMYLHOAG 18080 Bakd?d FRPEYdTESh Dabschitdr e Udnothegi VEN i N
table 3 shows that the conbination of HOX and AMG works as _intended- AMG

i s gener atSHPGIH AETPeeaTTEh erduct meicritslansserayidne; Foe H099Phio and  HOX

i s genesat io0ARY JE0HET ARS8 nipb QM e ugaRGALLigligsose. 25 21 Novenber
2003 EXAMPLE 9 - Tenperature Activity Hexose oxidase (purified HOX) was

evaluated with regard to activity as a function of 5 tenperature and
conpar ed Wd b & e BNES Gl Bheed! i n 4 3 ocedure:
Sanpl e: The enz%rreggsrgn@ e Sleg %ligtgi%ﬂl%h'gﬁ%iﬁ% er 'g%%pséaéégf@%g%b#dag{ PD10
col um usi(Pgn2@@vitphiespératdeproddidt dronp HabseBula pdvatiok e dpragdried onUiarth 10 To an
Elisa well b% ddg%‘ . .

(16 T/ATRT AMG (10000 AGU/g) as indicated in the table.

10
Disposable 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 +
50 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.
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150 I 100 mM gl ucose in 100 mM phosphate buffer, pH 6.3 120 pd 100 niM
phosphate buffer, pH 6.3 10 | o-dianisidine (3 ng/m in water) 15 10 pl
per oxi dase (0,10 ng/m in 100 mM phosphate buffer, pH 6.3) 10 | Sanple
Assayed 10 min at 30 C and neasured at 405 nm Resul p$ NoxBmbbe2oossul ts from
the activity neasurenent as a function of tenperature is showm in table 4
and fig_ 1 Table 4 Tenperature, Hexose oxi daseComerci al gl ucose oxi dase

CRel ative activity, %Relative activity, % 107067 259867 27.510072 32.59878

37.59478 ﬁ%§§§§L$§§;ﬂgg‘;gu%;!cnxsnber 2003 110 59 94 The results fromthe
activity illustrate a difference in the
activity profile. 5 Hexose oxidase has its optinum tenperature between

25- 35C, ich is. al npst jpciding with the opti mum.for the paxinmum

foul i ng r@%"é?‘ 3?@?%%@@?}358@%% EFA itk TegeE o PHANY @GR HERORR opt I mum
terfpﬁr gt UteghpatattbObndMohiphrel SvithalcombRY®al biRode @ARBIAMMAAS 08 14B306mY ever be
reached at sea.

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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10 Al'l publications nentioned in the above specification are herein

i ncorporated by reference. Various nodifications and variations of the
descri bed net hods and systemof the invention will be apparent to those
skilled in the art without departing fromthe scope2qandveibét2003f t he
invention. Al though the invention has been described in 15 connection with
specific preferfed enbodinents, it should be understood that the invention
as cl ai meffOshoul d not @ unduly limtf®d to such specific enfodi ments.

| ndeed, variousnodifitattons—of—the-deseri-bed—rpdes—for—earrying out the
invention which are obvious to those skilled in chemstry or rel ated

fiel ds ar dhentsiddant hebetivi tddu {ehRestpdai@fly (RISl BMBteGh @B, 27 21
Novermber 2003 CLALMS 1. An anti-fouling conposition conprising (i) a
surface céﬁ?WH@” erial; 5 (ii) an enzyne obtai ned or obtainable froma
marine organism and (iii) (a) a substrate for the enzyne; and/or (b) a
precursor enzynme and a- precursor substrate, wherein the precursor enzyne
and t heS pri&Eaies okidesghBasr s eplimums timpetatide eoveet H25:358C s wthidhr &t elnfost t he

enzynme is i of .t he precuyrsor enz on the. precursor
subst r at e;co%g @#er@?ﬁ gf) %m%ﬁtz&;}/rgrge %l%mtuﬁlefg ‘élﬂﬁg?rp%efzé“rﬁr%g@&c@‘&tf%“éSUC h t hat

an anti - f cednahst GOXpesstoptisnungRmpeainadd S0y wakh isdar Hbvd e t@ieydiedn t he
substrate., 2. A copposition according to claim| wherein the enzyne is

obt ai ned 6@“F@Imﬁbggﬁﬂﬁﬁﬁé“F?onla mari ne alga. 15 3. A conposition
according to claiml or 2 wherein the enzyne is obtained or is obtainable
from Chondrus cripus. 4. A conposition according to any one of the
precedithg clainms wherein the enzyme 20 is hexose oxidase. 5. A conposition

accordi ng A1p pﬁi)l‘fi’ti,aﬁbrfs %ﬁﬁ&a‘eﬂ ihhﬁe ha%)éQés %pé%)l(filcg, 6% alt fAOR incorporated by

reference. Various modifications and variations 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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conprises the am no acid sequence set out in SEQID No |I or a variant,
honol ogue, derivative or fragnent thereof. 25 6. A conposition according
to any one of the preceding clains wherein the substrate is a sugar. 7. A
conposition according to claim6 wherein the sugar i g1¢lovemser2®3 8. A
conposition according to any one of the preceding clains wherein the
conposition coggrises a precursor enzyne and a precursor substrate, wherein
the prec nzyme and the precursor substrate are sel ected such that
the precursor 28 21 Novenber 2003 substrate generates a substrate for the
enzynme by action of the precursor enzyne on the precursor substrate. 9. A
conposi ti oh accbr dithiyulimg @heiostién wingrsing t he precursor enzyne is 5
anyl ogl ucosj dase Flem.a q@ shtlon according to claim8 or 9 wherein the
QTSP

pr ecur sor ubsf?g #41011. A conposition according to any one of

the precedfilg chansgnedtesigidorbobRingBl RO drhahe lordahiR@l aionpr i ses a binder to
i mmobi lise.at | east one Pf the constjtuents of the conposition, preferably
to i mobi | {1 (A WAL e cpzymsatidyy consi sting of a conposition

according to any) 9pRc@forlASmRY zﬁﬁ%dﬂr%rso;-élbgtlrﬁé Wheredthe Préc@dbs igy,accor di ng
to claim12 fornulated for treatnent of a surface sel ected from outdoor

wood work, ext énf e Braeursne sulpiralg aceselectel shddathany subpicate fgr thmdnzymisdis | of a
marine vessel . @fedduuPRiAt ALl ofRNShRhL Dl Blo dusREREST i On

according to a
10 wherein the enzyme and the substrate are selected such that an anti-foulant 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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15. A marine anti-foul according to claim 14 wherein the anti-foulant .is

sel f- 25 polishable. 16. A nethod for releasing an anti-fouling conpound
froma surface coating, which nethod conprises incorporating in a surface
coating (i) an enzyne obtained or obtainable froma panNRemBedzIw3sMm and

30 (ii) (a) a substrate for the enzyme; and/or (b) a precursor enzyme and a
precursor substrate, wherein a substrate for the enzynme is generated by
action of S?waﬁsr%watsm subatzaeréor O enaEMpbrediop of thequésstspntneymeon 2 Noverber
2003 wher &u}sglesugg% fouling conpound is generated by action of the enzyne
on the strate 21 Novenber 2003 SEQ D No | Ml ecul e Nane: hoxpic
1644 bps DNA Li near Sequence Printed: 1-1644 (Full) Date Printed 04 Jun
1999 Des |pt|on G GCT ACT TT AAG GAC CCA GGI TAC.ATT GIT
ATT MA ‘b“R”’BO@‘% yefordjng ‘Zi?ﬁé&%g\?s%ﬁ FAE BETPEEFSRCPEER BAC AAG CCT

GACCCASA@ﬁq]Z)Eﬁco&izMeNAGTPDKPDP 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 GG &CCT NI DFVYVVYTPQGA
169 TGT AGD, CCF, T AR BT AT MG T ool Gansfnd 1A L D R A
MEKCSP%leACCGFCAGA ITC GIT T ORTGTTACGAAGACTTC
starc
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;

29



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 November 2003 799 CAA ATC TTC CAC CAA GCA GCT GAA GAG TTT GIT ATG TAC

TG
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GKGVFEGCYFNYPDI1471 GIT GAC TTG AAC AAC TGG AAG AAC GGT AAG
TAT GGI' GCCC TTG VDL NNWKNGKY GAL 1513 GAA CIT TAC TTT TTG GGT
AAC CTG AAC AGA TTG ATC AAGGCC EL. YFL GNLNRLI KA 1555 AAA TGG
TTG TGG GAT CCT AAC GAG ATC TTC ACA AAC AAA CAG K WV\ei NaBmBeNdD3d F T N K
Q 1597 TCT ATC CCT ACT AAA CCT CTT AAG GAG CCT AAG CAG ACT A A AS I PTKP
L, KEPKQT K 1639 TAG TAG 2
799 CAA ATC TTC CAC CAA GCA GCT GAA GAG TTT GIT ATG TAC TTG
@ I F H Q0 A A E E F VvV M Y 1L
841 TAT ACA TCC TAC TCT AAC GAC GCC GAG AGA GAA GTT GCC CAA
Y T 8 Y 8 N D A E R E V A Q
883 GAC AGA CAC TAT CAT TTG GAG GCT GAC ATT GAA CAG ATC TAC
P R"H Y H L E A D I E @ I ¥
925 RAA ACA TGC GAG CCT ACC AAA GCT CTT GGT GGT CAT GCT GGT
K T ¢ E P T K A L G G H A G
967 TGS GCT CCT TTC CCT GTT AGA CCT AGA AAG AGA CAC ACA TCC
W a P F P V R P R K R H T 8
1009 AAG ACT TCT TAT ATG CAT GAC GAG ACT ATG GAC TAC CCT TTC
K T s Y M H D E T M D Y P F
1051 TAC GCT TTG ACT GAG ACT ATC AAC GGT TCC GGT CCT AAT CAG
Y A L T E T I N G € G P N 0
1093 RAGA GGT AAG TAC AAG TCT GCT TAC ATG ATC AAG GAC TTT CCA
R 6 K Y K S A ¥ M I K D F P
1135 GAC TTC CAG ATT GAT GTT ATC TGG AAA TAC CTT ACT GAG GTT
D F Q. I D V I W K Y L T E V
1177 CCT GAC GGT TTG ACT AGT GCC GAA ATG AAG GAT GCT CTT CTT
P D 6 L T S A E M X D A L L
1219 CAG GTT GAT ATG TTC GGT GGT GAG ATT CAC AAG GTT GIT TGG
@ vV p M F @ 6 E I H K V V W
1261 GAT GCT ACT GCA GIT GCT CAG AGA GAG TAC ATC ATC AAA CTG
Db A T A 'V A Q@ R E Y I I K 1L
1303 CAG TAC CAG ACA TAC TGG CAG GAA GAA GAC AAG GAT GCA GTT
@ ¥ @ T Y W Q@ E E D XK D A Vv
1345 AAC TTG ARG TGG ATT AGA GAC TTT TAC GAG GAG ATG TAT GAG
N L K W I R D F Y E E M ¥ E
1387 CCT TAT GGT GGT GIT CCA GAC CCT ABC ACT CAG GTT GAG AGT
P Y 6 6 V P D P N T Q V E &
1429 GGT AAA GGT GIT TTT GAG GGA TGC TAC TTC AAC TAC CCT GAT
6 X 6 VvV F E € ¢ Y F N Y P D
1471 GTT GAC TTG AAC AAC TGG AAG AAC GGT AAG TAT GGT GCC TTG
vV D L N N W K N 6 K Y ¢ A L
1513 GAA CTT TAC TTT TTG GGT AAC CTG BAC AGA TTG ATC AAG GCC
E L Y F L 6 N L N R L I K &
1555 AAA TGG TTG TGG GAT CCT AAC GAG ATC TTC ACA AAC ARA CAG
XK W L W D P N B I F T N K 0
1597 TCT ATC CCT ACT AAA CCT CTT AAG GAG CCT AAG CAG ACT AAA
$ I P T X P L X E P K Q@ T K
1639 TAG TAG



