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WD 2008/ 087410 PCT/ GB2008/ 000149 | NDUCTI ON OF
M CROBI AL SECONDARY METABCLI TES FIELD OF THE
WO DMBBET4ON The present invention relates to thBCT/GB2008/000149
producti on of secondary netabolites from 5
m cr oor gANDHHETION QENMICROBIALL $12€ OND ARYr METIABOLITES
nmet hods for inducing the rapid production of such
compounds froma variety of m croorgani sns. BACKGROUND
When i solated fromtheir natural environnment and
FIEEDLOF 898 INPERTKOQNI ¢ 10 suspensi on shake fl asks,
M cr oorgani sns can sonetines switch off the ability to
ng C?ﬁr%%gtg&g?rm/o nr%faﬁekéglf) gliegérbfiﬁ% en So?%%tog@sglemetabolites from
artificial growth conditions which are not . . .
MICEGF gABESMSat 11 Barsiculapothereaare JunYided anethpds Jfoam».cm& the grgpid
previously been shown (Yan et al., 2003), that in the
predison bf sugh compodadsiframg vanety OBmigropiganisms. B.
l'icheniforms), the formation of a biofilmand direct
exposure to the air, facilitated the production of
antibiotic conpounds. In the natural environnent,
BACRGRYGRD snms. such as, for exanple, bacteria and
fungi, may grow as biofilnms attached to surfaces

(Larpy &y %sg)%téd Honf!their %%E.F%lyer}?i}%nm%to%&] cglﬂ'ﬂlg'gtr inOBﬁnktonic

withirn~a biofil'mare usu et'er ogeneous,
exanpl e H,2Q gradi ents. may devel op aroungd t .
suegBD Gl asse GBI BT e G AR T ey hetbiliy to

al., 2000), and Iimtations in the transport of
profyee ise¢rndanynametahplites.atSush jagiteed gaspepsion icpiyreain closed flasks
in differential starvation of the m croorganisn(s)
pr¢ddmaifieial glowth cafdiionsBahich atearot e¢presentativ®0f7thob¢ emountered
al ., 2001). Thus, the netabolic processes which occur
nattdrdlji. n m croorgani sms growing as a biofilms can be
mar kedly different from 1 WO 2008/ 087410

PCTACRLZOGRVAARLABeerd BowrR 2RO} GIP QOGfﬁg \:tﬁ‘ai hihe "caR€ Grtwo

in the sane organi sns when grown as,

" Bacillus sp. (B. pumilus & B. licheniformis), the formation of a biofilm and direct

exposure to the air, facilitated the production of antibiotic compounds.

In the natural environment, microorganisms such as, for example, bacteria and
fungi, may grow as biofilms attached to surfaces (Lappin-Scott ef al., 1995). The
growth conditions within a biéﬁlm are usually heterogeneous, for example, pH
gradients may develop around the micro-colonies comprising the biofilm (Wimpenny
et al., 2000), and limitations in the transport of nutrients and substrates into the
biofilm can result in differential starvation of thé microorganism(s) (James et al.,
1995, Batchelor et al., 1997, Li et al., 2001). Thus, the metabolic processes which

occur within microorganisms growing as a biofilms can be markedly different from
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exanpl e, a planktoni c suspension culture. Secondary
nmet abol ites such as those detail ed above, represent an

w0 ppensanE cl ass of conpounds with a w de varPE&L/GBoG08/000149
i mportant applications. Notably a nunber 5 of

the enaatdicypnoetsatso whichs odeaw én ahe isamne fogganisnes whepegrowesas, for
and antibiotics play a huge role in the treatnent of a

exBplees pRinkionfcatibpedsion clhtereener gence of mul ti-drug
resistant mcroorgani snms has necessitated further

r esie“%k&xmaﬁ”r&téﬂbﬁltésds%@ﬁ Ik Il miRl %%%,%gﬁ&ﬁ an%mportant

antibiotic as well as the devel opnent of variants o

kno co unds wi t increased activi.ty. Th he
ci§E BLETRITE ik 6l SAEROrAT dpbllons K taply S mumber
m cr oor gani IS an indispensabl e way of obtai ni hg
of\ﬁamxlgelryemsr%gﬁteﬁ Ve SRidRfRelve Properticsgnd aptipticss play a huge
secondary netabolite production is conplicated and the
rolsiin $herfrdatment of amumdbgsobinfastiens. sEemmragsncenef avli-druggesistant
are not fully understood. It is known that
misfoogmisnibchas @dceassitaral fusthan@scamirinuhe ddentifitationf siewrdasses
control the production of secondary netabolites by

of MnfibRAk 9N WelBas RS d&veldidht dfNearaht¥l &f REowWA cbBpounds with
exhausting of nutrients, the biosynthesis of an

. €l s /o eqde e 0

indg USROS P TSGR of $ebfdaRl Fpe ol M phould by
.producti on of . secondar ol.ites. Such factors ar

miPloBt RIS B s PETaB Wy ot el Bibac i @i .
whi ch affect a cascade of regulatory events resultin
i n dkenseeulptionjof rssperdaryamegaholisepiodbction ivetorprlicaisdyand the
and norphol ogi cal differentiation 20 (norphogenesis).

biSyntbetie pathwaysref mlost secerlany mekaboliies tate notcubpipderbtood. It is
production of secondary netabolites. For exanpl e,

knbwh cihae satdseatscedandtivorlsi and ynineesiss cdllulddasystemss coiptral the
and nethi oni ne pronotes

GIICHSRET $2%b wietaBbit bPniidlobARAnisASY Fob ¥}, aBEliRRi
prV\D 21008/ 087I}1WPCT/ GB200 /0001%811 To dgte t here hz;s m%or

ex%}%g{i]tllg’ ﬁ% Mutl‘ilefltts,l the rb?o%?f'?ﬁlgﬁs bPAPirdddEer ShRE thedeca@M e Fate

of growth of a microorganism, are all thought to influence the production of
secondary metabolites. Such factors are thought to cause a series of signals to be
generated which affect a cascade of regulatory events resulting in chemical
differentiation  (secondary metabolism) and morphological differentiation
(morphogenesis).

Some primary metabolites are known to increase the production of secondary
metabolites. For example, leucine affects bacitracin synthesis in Bacillus sp., and

methionine promotes aminoadipyl-L-cysteinyl-D-valine (ACV) synthetase
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on the production of secondary netabolites, and there

is an increasing need for the devel opnent of new
w@piosAsmfiect i ve agents which are effective agaPCiHEGBRIVE/000149

| arge nunber of pathogens which exhibit resistance to

t oddy' duteathtiediastbeers vers lifthereprascheinto thaeéncti dfrgrowthoadeafilms

upon the observation that m croorgani sns established
onafe PredRBRoH 6D63coREES i thealiulitesland Yhetdisodr intleastmpdred dor the

first set of conditions, may produce secondary

deoa{)ﬁﬁah ok Béw ahfiGhdeliNth R RIRA e Wit hivR Bghinst tAE B Ed MEnber

activity, when subsequently exposed to an altered set

of ., condi ti Qns. .10 SU Y THE ANVENTION I n a first
of pathdgsns &hl&heghbbﬁggglﬁ%r?@ et%:alyosr';%% tlt\) elrlé gTi s provided a
neth%d of inducing a mc oorgﬁ%%sg1to produce . )
secdREAGSeRLIRYSHHPE d8 based HPOR: o QOEBYANION sihAl mifrggreanisms
steps of: (a) establishing a biofilm_conprising said
establishedragani exmpwisoryr seagile cammynider(bipfiling.sundest aofirst set of
conditions; and (b) altering said first set of
condifichis imays psadube tdeedndane netabotites, invhwaligpcgmpbemds with anti-
within the biofilmare induced to produce a secondary

infeBhvaRelivite Whken shbselySeritly eRBosed dLarsAIRPEH $f Of cdrld®tions.

m croorganismw || not generally produce said 20
secondary netabolites unless exposed to said altered
set of conditions. The biofilm when grown under said

it St It may produce a different
SJ%@%?W f‘ﬁ%i@%ﬁ@(@) but linited or substantially
none of _the secondary netabolite(sz produced under
sai dn & fie agpecdolothecpiissant ilyratiomsthgrans prayajedsy saethod of
- PCT/ GB2008/ 000149 Secondary netabolites conprise many
indsicimgsigmicodorganigm b graduce seegndane metibolitesrsawkmaihiod comprising
pi gnents, anti-infective conpounds such as
thesstdpshifiot i cs, anti bacteri al s,
(a) establishing a biofilm, comprising said microorganism, by growth
under a first set of conditions; and
(b) altering said ‘ﬂrst set of conditions such that one or more
microorganisms within the biofilm are induced to produce a secondary
metabolite(s).
It is to be understood that the microorganism will not generally produce said
secondary metabolites unless exposed to said altered set of conditions. The biofilm
when grown under said first set of conditions may produce a different secondary

metabolite(s) but limited or substantially none of the secondary metabolite(s)

produced under said altered set of conditions.
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antivirals, antifungals and antiprotozoans. In
addi tion, secondary netabolites may also include
wao o008n8741@€f f ect ors of ecol ogi cal conpetition aPdI/GB2008/000149
symbi osi s, pheronones, 5 enzyne inhibitors,
i mmfeconsticy metabglitey comprise waeypelasses nf sepopoundgind may include,
pesticides, anti- tunour agents and growth pronoters
fopkxampleppigmeny, phtirivifective rconippundse siwht ascagibjotick, arttibacterials,
particularly desirable to use the nethods of the

antiP¥AS ARFudgald At GRiprbRzeMned Ut AditicH, seidhry! MERGHIKE may
conpounds such as those detail ed above. Thus, in a

alfd’ 1%&1?1%5 g& ?§ @%Qﬁofﬁe&t ecoldifcal rcgﬁlggtlﬁtédr{x]nwyfgﬁoﬁg egﬁr?ones

ucing a m<roorg pradu

antl-lnfectlve co Biofilnms are well kno .
engHe TS HRYBEREAE e oI 8 m.ﬁ}%% anti-
n1croorgan|sns mhlch have colonlsed a surface or
tumowsageatsend grewdoprgmetesyal animals and nlants ol e presgat case, it is
protozoa and yeast, are all capable of form ng
patticafarlyndesirdblé twohsel the nrethyods @ffpird Bweriomi toghducs phe peduction of
m croorganismor, in sonme cases, nmay conprise 15 nore

antilifecoRe coRPEIRE SlichTas rthededdbiaiied abbee.N Theyr @aAi fidkerred
within a b|of|In1are sessile, i.e. attached to a

n@%ﬁfn?éé\ , e gﬁﬁﬁ\aetnﬁon ?r%@ RS aShéhod 9{ ialhdi %Xro@*g%ﬂjsm to

to as [Sory sess!|e co nities
ods descri bed herein may be used
prﬁufﬁa%t"\lfgﬁ%vefogpo Stroorgani sns and these may
I nC| Ud speglévee rh%fewggg t@l‘grﬂrge“ aq,péifxggpgh g&er? trooéo%p%ase acomm&lmty

Pseudolaterononas Streptonmycetes (Actinomycetes),

of Bueronttanismasvhich haveicalonfied d sutaca s, subteaico Miseerganisms such
Pseudonanas, Serratia, Flavobacteria, Vibrio and

as Bhdteria rfm@spmmzomd yeast,acc all dapable ofi fotminfgdiofitetsh gk biofilm
descri bed herein, be induced to produce secondary

md_?ﬁécﬂﬂmdet £8in @sp@cf\é‘poz @Ri8/0aEtAikeh B Tih (SBR120&HsEN) QdlOcomprise

e gromﬁh o m croorgani sns generally conprises four

mott FHESol ' PMBic8 D hiiErobALnishH. m{n{l@rﬁ DIRAREME Hidhin a biofilm are
statlonar and death ases | ag phase 1s the

sessﬁe, i.€ .lattached to a surface or substrate, and as such, biofilms may also be

referred to as “compulsory sessile communities”.

Accordingly, the methods described herein may be used with a variety of
microorganisms and these may include species of bacteria, fungi or protozoa. By way
of example, microorganisms such as Pseudolateromonas, Streptomycetes
(Actinomycetes), Berundimonas, Dietzia, Rhodococcus, Micrococcus, Pseudomanas,

Serratia, Flavobacteria, Vibrio and Alteromonas sp. may, in accordance with the

methods described herein, be induced to produce secondary metabolites.
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stage in which the m croorgani sns are preparing to

begin growh. During this phase, a nunber of the
worR@sogigani sms Wil I not survive and the total PCIGB2008/000149

of viable 5 m croorganisns nmay fall, hence the term

"| ad'he ga¢wibrofamighenrgamems geherallyomenprispe fayw stpgas kmeswn as the

whi ch have persisted or survived, multiply and this
lad)ggowith (eRporghaii), hstaticapomehtéath phaas The Thg phpdeais ehe initial

sees a rapid increase in the nunber of mcroorgani sns

sta%@% whith!the ndMBbigahisfis AH prefiting 18 'b@gi%gi‘G@tH‘. ODuGkPWidphase,

egin to deplete,” growmh enters the ationary phase.

a xﬁnrﬂ%ra(ltl %bsfﬁg:\%é(gg%{i S %Jlﬂtrlso?lr%lﬂ{\%erp Qﬁc??hen%ﬁ@xﬁllpﬁ%% of viable

gins to ere | e- or
increase in th nbers. of m grqQorgani sns present.
iSRS PP T AlrshoREs PESTR 1IAS T hi A 1Bhds STTGuRgf, those
changes in the conditions, i.e. exhaustion of

migreprgagisms, Whiele aviel persisied off surgxeds muliinly pad dus beging the growth
i ke, may cause the m croorganisns to begin to die and

(extpouentigi)ovghhse. entlhiss ghase deet ha plapsie.indBaskl e othe ganinbers of
within a biofilmnmay be regarded as being in

mislodtdafRAisYand PAAARE avAlRblEtRERY hitliSTa¥e PITQg6WESKEin to deplete,
t hrough the | ag and grow h phases. Advant ageously

erd iR datd She Etgﬁ%r{eaﬁ'f ?&%%9 n@kidrAlS ggﬁfl% hee BG6 phase, g{owth

I nventi on may to be ¢ i ons I ch perm

i.nitial, growth,and.prgression.of sajd m.cro ni
begigs ttﬁeSlgg’ataP TP ;5%6@@6 and™? hfemélgf e{B%F%Sﬁrrénntq {1%1?“ uél%gf‘s of
biofilm 20 Accordingly the term"first conditjons”
MIEEOTEARISEY RIESYE-o I ORTERTES Wrrem@yh%ﬁgs {Phgse however,
choi ce of growth nmedium or the tenperature and/or )
changes sinr thearconditiens, ai-. nexhassioganf smttientyr aseymudationy pk doxic
or mai ntained. CGenerally, in order to establish a
sulsstaioesort thie dike hayf cduse dfe micedorganisanm oriegin to disand thus growth
desirable use a liquid, sem-solid or solid nedium
enfetsihe Heathphdseent s, and which is suited to the growth
of a particular 25 m croorganism In one enbodi nent of

ARG AR PAREA S 0PSSBTy, Yo
ph%%f gﬁgv?r?ge Srrews(’)lflls %lt rp%ge}bss%dp%&il@n t%]:: %g' C!a?ncf Sgr%(v%" glﬂltxases.
Advantageously therefore, the first conditions of the present invention may be taken
to be conditions which permit initial growth and progression of said microorganisms
to the stationary phase and the establishment of a biofilm.

Accordingly the term “first conditions” may refer to growth parameters, for
example the choice of growth medium, or the temperature and/or pressure at which a
microorganism is grown, cultured or maintained. Generally, in order to establish a
community or biofilm of microorganisms, it is desirable use a liquid, semi-solid or
solid medium, rich in nutrients, and which is suited to the growth of a particular

microorganism. In one embodiment of the present invention the microorganism may
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contact with a growth nmedium Those famliar with
m croorgani smcul ture techniques wll be aware of the
wo yessio nedi a that may be used, and it shoul BCTEB2008/000149
noted that, for brevity, only a 5 limted nunber are
bengrawnonmeehlivesdedm a seoiace: pr sphistraten crostoey ah ivdieh isslrpughédnto
fromthe marine environnent may be cultured on a
coflasi witkah gebwitranddneh. medi um whil e those organi sns
isolated from. for exanple, the mammalian gut, may be

cul t1yoed fafilRr WIBOItR B SRR te¢RhifudCill b8 dWak of the
grow h of such organi sns, such as MacConkey agar or

0 ' c [ f e o]
ol tamed e g BUa APl A’ 6 TR B0 fhevich iy o
.t.o replicate the copditiqns found in the natural
lirgi TGP REE ARE TBYHOREN BTGt FOR KR B {or M E T Ol rpm the

nmay have a nore general utility, and may be used to
magifietapvsopmenfRBe be sultued pe adesigaptgd nmanse’| B Mhileghose
di fferent environnments. Such nedia may be known as

orgapisney Bblaped frose foe diatiplenthenmymimatiani s, may bexaitpred, on a
bl ood, 15 chocol ate, colunbia, LB, nutrient and

mdddia tvidri el sdlectisely (PeRhit @i lgfovathth 366 HiganidingSch BEMadConkey
may be further supplenmented with any chosen agent,

aghPoP BH)@F. Huch YRSHARES, dotnprisBCHdr! d 1d REcO st fuQfand other
parti cul ar rt f

m croorgani sm- or to I np a degree o
specificit to the medium For ampl e.. ato.
0Bt semeshria s f prrbiete b Pendp RO n e mgpura
exanpl e, yeast extract (PDY nedia). For exanple the
enﬁ’émeqtr%a’ﬁé’r%l%ﬁbﬁ@ﬁ%‘?ﬂ'ed with between about 0.1
and 1% (w'v) yeast extract, nore preferabl about
0. 2Rthey mpdia|mayabiaiet 4 siore gereralaytiity.fandsmay )éﬂ dised geuiture a
may i nclude conpounds, for exanple proteins or
numbpt ol ffereatrorganiams te]atetfrom eliffsrefitomvamampite Sudhanedis may
nucl eic acids or other small organic nol ecul es. Such

be C RGO NES “gairal f QrpeeaiRiR” hel asldedndladd, her éaple, blood,
2008/ 087410 PCT/ GB2008/ 000149 chosen growth nmedi um or

chadlitt | @d@hbis; 18! n@HER DAL IolRb VexbseQPD) Yght® ahl®roths. These
media may be further supplemented with any chosen agent, compound or substance to
facilitate the growth of a particular microorganism, or to impart a degree of specificity
to the medium. For example, potato dextrose medium may be further supplemented
with, for example, a yeast extract (PDY media). For example the media may be
supplemented with between about 0.1 and 1% (w/v) yeast extract, more preferably
about 0.2% (w/v).

In addition, the term “first conditions” may include compounds, for example
proteins or peptides, amino acids, nutrients for example vitamins, nucleic acids or

other small organic molecules. Such compounds may, for example, be added to the
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m croor gani snms. Advant ageously the "first conditions”
facilitate the establishnent of a biofilm wthin
wW@bwansi41a o about 10 days. Preferably, a bi of i Per/eBowBdoo149
establish wthin about 2 5 days to about 5 days, and
chosene growfher mibtlijpmni bhi addibonally3 oo alboativglyjaydsrectly to  the
Preferably, the biofilmis established on a particular
miStdof @RI substrate. Advantageously, the surface or
substrate (referred to hereinafter as the

est gﬁ"?ﬁ;‘hg?ﬂly tHPOfrs %b&&ltlg&e itliphdel A2 Eﬁa%l%hgﬁmt of a biofilm

'S una e to be netabolised

.Cr oor il
willf BRPL 4 ﬁéitﬁbrr"yr f I T A
Ther ef ore in pr ef erre enbodi rent. of the present
daysigahpytondays, amddrl?qemre sERpVihin @b%rltéémabe'eﬂ‘*a ays.
m croorgani sm or mcroorgani sns, is established on an
"i n@referablybshe diefilm iy efteblished) oni o paditiular ovurface (pei suhstrate.
inert, the substrate is a sem -perneable nmaterial or
ABdmagensle, thsudurfabt er isulsstiate @efbired 6y herainhftersadtier atibsrate™),
upon which a biofilm 15 may be established incl ude,

upQHtwlﬁ&? 1RO fse@ bO esbished,f isbifible'i) 88 Aédbolised by the
| ophane menbranes. Alternatively, the biofilmmy

rm(t,’r%ogr%}é H-{(%:? (ﬁ}gfgﬁ Pl%ﬁﬂ’nsm (fthlﬁs pglré:flé]rte R)rgsrdns%%r?’ matFrlz}l or

reg ose or se es mat er1 al

exa mat.eri al ysis roced .
R LR Pt Seoertiptiag o snfsarpltt TR biofilm

t hat the choi ce of substrate upon which a bhiofilmis
COmMprigipg a ;p@rtgtg{aa@plp@ﬁwnwﬁ:bw @wgaqym i gstablished on an “inert

m croorgani sn(s) of the biofilmas sone substrates,
sulstrateugh unabl e to be netabol i sed by certain

m croorgani sns, may be netabolised by others. For

exarpferabhadh eddditiciled teingt rertAche rsab3iced €S areymipera@able

the degradation of substrates which conprise nylon.

maf&faptndwwtarree bé13fableBert el p&raBable SBbsMAtesApbh WHIMELbB(ilm
shoul'd be cultured on a substrate whi ch does not

aSIOJEsz% ﬁsﬁb\ﬂl B ud!(> Lﬁ%ﬂ.ﬁggtl ﬁl{lﬁ)&i to |akse ﬁbte 'nﬁlog dr&hbﬁneane

hat the subs e Sem - pernea oul d not
memooranes. A?tgr%esl(lveq t]hO g’CiE{n(IBB nzla?yo%é Oe%%%hsgned on a substrate which

comprises a regenerated cellulose or cellulose ester material, for example material

suitable for dialysis procedures such as Visking dialysis tubing.

It should be noted that the choice of substrate upon which a biofilm is to be
established, may depend upon the microorganism(s) of the biofilm as some substrates,
although unable to be metabolised by certain microorganisms, may be metabolised by
others. For example, bacteria such as the Actinomycetes may cause the degradation
of substrates which comprise nylon. Accordingly, biofilms which comprise an
Actinomycete, should be cultured on a substrate which does not comprise nylon. In

addition, while it is desirable that the substrate be semi-permeable, it should not be so
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perneabl e so as to allow the passage of the
m croorgani sn(s) of the biofilmthrough the
wasvsate. For exanple, certain bacteria nmay PET/aBR@®8/000149
to pass through the pores present in substrates which
penuazplel ®egs th allowxthephssagaeraf teimicmosganisny(s) of the bidfilrthrough
The skilled addressee can easily chose a v
thes QUBstrer MRakikempled strtaih Gacteris widyalhd £b1p a6 assi theough the pores
dependent on the m croorganisn(s) used to formthe

pré%&fi%] lsMstrafes 3R eWdr RxhiiBlePraREALs shlY 8051 Q06brE Nehe

I nert, sem -perneable substrate I s naintal ned under a
first,set of conditions in.order .to @&s lish. .
sk g Gon G AT iy R sTRYAR ol g size

to the surface of a erije gro .medi um
dep:dlésrﬁtoggb%ayry?rg@wém%ﬁ &% tﬁttg"ﬂ'\é{i?qﬂgﬁel%t ained in

position on the surface of the sterile 10 nmedi um by
sur Imeecordanse avith the Presentnialentiong theainersr ¢atiipgangable substrate
material or substance may be retained in position by

is sairainédandereanist devrof evadinbas liry osdenso festablisif a tHofdjnor tFor
structure. Alternatively, the substrate may be

exdrRpIBItAE SubistralROBhy bOPIRYd dn 16 AND sidide UT Dfteleldrawth medium.
tensi on and sone ot her neans, for exanple a support

YRGS R VB IR o B RS ey
t [ W [
o B 5050y P o W o

may be inoculated wth a chosen m croorganisn(s) hy
mayRe sFinedh i PREHAR byotoms aihsT &ncaps, ippgrample by safggorm of
either before or after exposure to said first set of
supportditricturs.  Alternstibelyr tieesubatratp emay heer¢tdinado ina pysition by a
particul ar shape, for exanple, the 20 substrate may
cofmBinatiéh @ff airficef temsich amdosond fogtier emsany ifat lexample a support
2-di mensional shape. Alternatively the substrate may

strécif®. #n afiéjivﬁ?ﬂﬁi'e%_ﬁﬁhcef SITtHR SbEtra¥BYs infc@hta€XRR R, sterile growth
conprise a plurality of hollow tubes, folds or

medfifl a’m; ggu %Elsig?|¥1]xr?z§:'é\fsein}3&n{a@%§ﬁﬁ?e dihe surface area

over m may be established. An exenpl ary

0 OhL MBS R Bl LR A ORep B v Hoclhe
wit raoglilocégr? rr?igro?)irga}lg‘rsn(s rgyngnys lsJIEiIa%feem(eaAnl\s/Bt)or ngrg}glg,r by-?neans of a
swab, either before or after exposure to said first set of conditions.

The substrate may be formed into any particular shape, for example, the
substrate may take the form of a disc or other essentially 2-dimensional shape.
Alternatively the substrate may take a 3-dimensional form and may, for example,
comprise a plurality of hollow tubes, folds or cavities which may serve to increase the
surface area over which a biofilm may be established.

An exemplary biofilm culture system is detailed in the paper by Yan ef al.,

2003. The system described therein provides an air-membrane surface (AMS) reactor
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WD 2008/ 087410 PCT/ GB2008/ 000149 which permts the
establ i shnment of a conpul sory sessile mcrobia
w@ooosnsidty (biofilnm on a sel ected substrat e. PG/GBR00$/000149
the chosen substrate is first placed on the surface
whigh gexmit ke sstablishmang ofi gusamnpsdsery ssessile grigabial reemmumity
where it is held in place by surface tension. As such
(biofilny) @ne selectbdcabafate hBrisfljyshe ahesen Substracoist fast placddhorbthe
the sterile growth nedi um while the opposing surface

sutfsce PP $8meCoft figrilei iquid Qé_i‘niﬁ%'l‘iﬂf%@@ﬁpﬁmeﬂﬁﬁl shert #t aé Beld in
which is exposed to {%e air is then inoculated with

pla%E gylsmﬁ{eggﬁﬁﬁni ?ug{glﬁ%l} i‘@& gpe glgr?acg df e Sekste 2 O ddnfet with

avai ree growt h nmedi um

faci.l]itates the estapljshnent. of bi of i | m o .
the, Sle) @B ansdBink SRR RPOSnE B tacke SCORANE] e e e
whi ch a particul ar, m croorgani sm produces secondary .
surfgoea@fothet &tbsiraty wWhichels expesad: ipothe aiedithery inqgulated with the
establish a biofilmconprising said m croorgani sm
midiougzanism(gcwhichiane ® frtnhthe Heofttet. hdbs linfitedrayapgalgbenef “free”
invention, in order to induce the production of
gréABOMmedingn fRblahek i the Sestablishniént refos dadlilsi®r @mildcsy REssile
the biofilmare subjected to a second or altered set
cotbnupftpdi tions. For 15 exanple, the altered conditions
requited to induce the production of secondary
met gbol it may. i ncl or. ¢ ri I i
ngente gpEToREpdd e anfal R Foqk el ih A0S fecpndary
restrict or. prevent the growh or surviyal.of a . . .
meiabgliss i (gHHr QR GaTY (FUUHD (o PHaRISY % BRI HePTahe fid
induce the production of secondary netabolites may be
migraprganigmp| Bbes, imacerdanse ragihthenmetbeds pkthsi RIesantninysatEen, in
20 stress. Crucially however, said altered conditions
order etot iddecatthd pyodnitomo @f gsewomdasy méthbdlitesavtheamigadsganisms
been established as a biofilmunder, for exanple, the
coApAVeFEN biofid dré sabjectod dd ki ebend dhatserédget” dfi ¢@iditions. For
condi ti ons" support the m croorganisn(s) during the

a PRy ' A &bnd
gt o AT I BB e

meéa%é&ﬁerﬁ eg‘:‘ag ?ﬂngiutdieo 0P "co'ﬁﬁ%isp eto%Q?&Ma%Mge aggntsc‘ URP %Bﬁdi{igr?s or

compounds which may inhibit, restrict or prevent the growth or survival of a

microorganism. Generally, the altered conditions which induce the production of
secondary metabolites may be said to place the microorganisms of the biofilm under
stress. Crucially however, said altered conditions are tolerated by microorganisms
which have already been established as a biofilm under, for example, the
abovementioned first conditions.

Thus the “first conditions™ support the microorganism(s) during the lag and
growth phases and permit the maintenance of an established biofilm, while the

“second” or “altered conditions” may be unsuitable to support the growth of the
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9 WD 2008/ 087410 PCT/ GB2008/ 000149 m croorgani sm but

are tolerated by at |east a portion of the
wor@sogrgani sns  establ i shed as a biofilm | n PET/EBMP/000149

m croorgani sms which would otherwise fail to readily.
migEoagAnissh Buthiarst jtolaratpdd &y athdeastodpentionsok degimisrporganisms

i nduce the production of secondary netabolites, may
established s adidfind oIrs thidway, haicroeir gemiknaf whick varudd ethiervbise fail to

i nvention which provides two sets of conditions, a
reddilySdstabfith b fdfilid dddebohd EhditRik dequdet ablindRERIE pRldudion of

bi ofil mand a second or altered set, to induce ?he

Se%g%&ic E}){.éegﬁﬁﬁ{es, ﬁﬁgogg %d;}ﬁcg& taogy ish By (N ?ne'ﬁﬁ)?ig ?f‘ Ihe present

erein provide a two-step process

.1 nduci a _m.croprgani smto produce.secondary . .
in{ RS oPAEE proViitsr B SPhieols ronelieB e TuShits Laitatipg the rapid
establishing a_biofilmas substantially described .
establishaeng gf a%@%ea% sseeil eoplred aef, 1 indpps thet preduction of
conditions to induce the m croorganisn(s) to produce
secomdanydaetgbolitest abol i t es. The "altered conditions" which
i nduce secondary netabolite production may include
t he Thg emethopadesctibedr heiéinVrbvide nditko-8Rkp Hrocess Moo Undigcing a
whi ch nodul ate the 15 primary and/ or secondary

miBRLARAIShS B Ploddcds&dRAQAFRERBBIHES WRFGARKE firStU&D comprises
conmpounds may i ncl ude those capabl e of nodul ati ng

' ial. - t oI for .
es TR P bighh 85 St AP o RAPUI, BN Recg iR cbftbrses
bi.ofi | m may. be nmi ntai ned under conditions or .in the
altgging b eCFHItOFIH i fhen MIFTQRTRRBISTERo Ry prgduce  secondary
met abolite production. 20 The altered conditions of
metapelifpsesent i nvention may include the use of
conpounds such as primary netabolites or nutrients
whi dhe i“aldereé cohditipnsydulich amiuoé secadamydaetybotdt abmlucties may
It should be understood that the terns "primary

inoliefeathe |ust &F partidularngtbwtle BéraditiciRYorbéoniu@ds thidhnflodaiate the
for exanple, vitamns, for exanple vitamin K or its

pﬁé]‘é{}tb%ﬁeﬁg? as?ggﬂ’dég}lr gﬁt?br??g‘?gf QAN hirbbigaflisth. K¥or example, such
compounds may include those capable of modulating microbial stress-induced
network pathways. Thus, for example, once a biofilm has been established, the
biofilm may be maintained under conditions or in the presence of compounds which
induce secondary metabolite production.

The altered conditions of the present invention may include the use of
compounds such as primary metabolites or nutrients which induce the production of
secondary metabolites. It should be understood that the terms “primary metabolites”
or “nutrients” may be taken to include, for example, vitamins, for example vitamin K

or its synthetic equivalent, menadione (vitamin K3), carbohydrates, proteins or

peptides, amino acids and other similar compounds. In addition, “primary

10
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25 peptides, am no acids and other sim/lar conpounds.
In addition, "primary 10 WD 2008/ 087410
WEMRBBA008/ 000149 netabolites” or "nutrient SPCTaB2008/000149
al so refer to, for exanple, nucleic acids, mnerals
mefahplitesB OBl nutGeRss” May alesaarrfpt o, foz rexmnplenwvéem acids,amigerals and
cupric ions. Metal ions may be added in the form of,
médtalr ioax 0P leample Ve fricy amdngandse iandiog @apric imaisal Meall tions may be
exanple ferric citrate or ferric chloride.

addely B8 I8N OF Yol BRariplk 8hny &?ﬁmg%y imtgRfe atktd QaR, Rr example

final concentratlon of abo 1 to about 10mM

fergl d&?&@%@f e dd ?ﬁ%?{lﬁ; ?}Eé e ai}e%rg%/}ng b ded to a

onal or a tern |ons

L i TiagBhehiomd T biseone 'mr%% Praigbly

and/ or secondary metabolism of m croorgani sms and as
1-3odh nay i nduce the 10 production of secondary

met abolites. Accordingly, a particular growh nedia

may AslditiondHpt ed aterrdatimely, thee aberad | @pditiony rody decltdé raltered

nutrients to the mcroorganism This nmay be achieved
gréWthPheih diN@risnt"Bditatienvindrér baeksioa Bey havd ag @ffeONesn the

or conmponents which are essential to the biologica

pnax@t Fﬁtﬁ ecbitBrhict P8R ﬁﬁ&rogx%ﬁn Ex’ﬁé ARl Gs stdhCmay Ridhitt the

certal’n nutrients, suc at nrcroorganrsns
ed t er eg 5 star ed or rived of..said
e PO Eh, o b, PRl e AR T RRRY e R e P i f be
pr oducti on, of ndary netabolltes al so co i.se
adggyed fckmidhe AeRBEHEY PGReHD ayiEnts t%rth“cB‘r‘ﬁSB‘RFﬁEI%‘s@ is may
as, for exanple, antibiotics, antifungals, antivirals
be aehieved by rroviding & mesdiym whikhclecksta eastain eqrmpenesker ¢qmponents
m cr oor gani sns. Exanpl es of antibiotics which may
whiichnart iegsential to lthesbidbgivah syestemsnaf] thel midrherggniismo | Kem @gampley the
exanpl e ci profl oxacin. Furthernore, conpounds capable

medfur@ kfa§1hdrdce@@iDintEiefte ik it $nicrdBrg@ifisfh nhai ftafiiRRESHSare
or nolecules are further recogni sed as capabl e of

sm%§?§ ﬁggﬁggg@gﬁqumﬂgﬁabollte production. Exanples of
npounds 1 nclude, for exanpl e hydrogen

per % aﬁe Rl cofid ?E)Illsy WhithVifllte the production of secondary metabolites
may also comprise or include the addition of agents or compounds such as, for
example, antibiotics, antifungals, antivirals or the like, which may induce stress
responses in microorganisms. Examples of antibiotics which may function in this
manner include the quinolones, for example ciprofloxacin. Furthermore, compounds
capable of altering osmotic conditions and oxidative compounds or molecules are
further recognised as capable of inducing secondary metabolite production. Examples
of oxidative compounds include, for example hydrogen peroxide or reactive oxygen

generators such as menadione or paraquat. In the case of menadione, the quinine

structure gives one electron to an oxygen molecule and is oxidized to semiquinone,

11
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generators such as nenadi one or paraquat. In the case
of nmenadi one, the quinine 25 structure gives one
webk@snsmm t o an oxygen nol ecul e and i s oxi di zeRPCT/GB2008/000149
sem qui none, 11 WD 2008/ 087410 PCT/ GB2008/ 000149 and
ang eseimjguinanee caarfufthert piae aiother aeledtivar telapethendiaxygen and is
anot her di oxygen and is oxidized to hydroqui none.
oxidigsderlb Hyroqliioneg THeeeforepdesing dfe protesend quidoe zaddigdtion to
to hydroqui none, two nol ecul es of superoxide wll

hygxl‘?)gpi:nl()r;l_namuﬁ%[e@ﬁfeg ofRLAGERiIdE Rall kAT oPid ame_%dﬁdé)pamethe

er stress and 1 nduces the production o

.secondar abolites. Additional r .

miGgP GRS 2 € bmalriBe 55 ot BB 08 esdustion o secondary
production of secondary netabolites nmay be added

m%ﬁW’E¥iy to a mcroorganismor as a conponent of a
substrate upon which they are cultured. The altered
condidditinmellyrmy aliermatively| aegpoynds edpablernfi indwming thel production
conditions or 10 factors which have the effect of

of i sedoieiang rhétebgiited uedyi ba afded ediesvdgr 1o rEhdtobigansm ofFoas a
exanple, the altered conditions may include subjecting

cofnP6ndtt 6f £ QitIBMe oS Which thépste dtited. for exanple
I oni sing radiation and/or ‘el ectro-magnetic radi ation,

t enReL aaitg{eg cg,gg{éftahs G Al ﬁlc}{fa@ict@ L3S rvitbBmbiG] e@r@;&% or

exposure ro-r Iation, € m croorgant s

e e .subj ect ed..t hoyt. el ength el ectro netic ..
faclird e s hgef P ebink W araieBRt oftisBRg e abolites.
about 100 to about 400nm preferably 200-30Qnm and
FOfrﬁ’F?énRi?,e‘ihé raétﬁleﬂ cpgditieps WH“?IE%F‘H&CQUQH@? Hljcroorgamsm(s) to
radi ati on, the mcroorganisn(s) nay be subjected to,
radigone x forpl examaplep hianisingt aadighomuaardiol oglestra-mpgnetic  radiation,
~radiation. Thus, in a second aspect of the present
tenpeyatttel 4id/ort pregsare varfations. dbritha dasd bbekposiirei th dilzirogradiation,
m croorgani smto produce secondary netabolites, said

the BichRfgard dnGP HRY ib3isiBjct B 16 §HRPSW N elengh cléticiidneii Rdiation
biofilm conprisSing said m croorganism by growth

or HRE6I1& chdihi®in, D beee 208106 RS abRY00nm, preferably 200-300nm

and more preferably 254nm. With regards ionising fadiation, the microorganism(s)

may be subjected to, for example, alpha, beta, gamma and/or x-ray radiation.

Thus, in a second aspect of the present invention, there is provided a method
of inducing a microorganism to produce secondary metabolites, said method
comprising the steps of:

(a) establishing a biofilm, comprising said microorganism, by growth

under a first set of conditions; and

(b) altering said first set of conditions such that one or more

microorganisms within the biofilm are induced to produce a secondary

metabolite;

12
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(b) altering said first set of conditions such that

one or nore mcroorganisns wthin the biofilmare
WO pab8ogd1@ 0 produce a secondary 25 netabol it ePCT/EBY08/000149

2008/ 087410 PCT/ GB2008/ 000149 wherein the altered
wheseidithe altesedoennditions cespriss gxgosing theimicrnorganidng ta radiation.

radi ation. The length of tine for which a

m crier gagthsofi imenfoe rvaddclgannkasorgaysnber micpasgthiéms may be

radi ati on may vary depending on the m croorganisn(s)
ex?&%q to BYdi¥@h Rhy vaxXAdReRdiNg WREE mlérboﬂgﬁﬂlsf?l@s)qg% r 89l\eay of

0 repeatedly expose the m croorgani sn

exal gk@ﬁdgﬁ vef, 4Ena H%e&és Gh10to %Edl} etxgo?eb%t ﬁk%{gms?n(s) to

five ays an refera

Furt her t he dur,at | eac S
ra&aﬁ%ww PHRGE OB PP ants BPhal oo eRBirsray 210 five days and
ni croor gani sms_ nmay be exposed to about four to about
marg m@fetag Iyofour daysat Furherpors dheaduration pheaghoguposyre tte safiation
hours and nore preferably 12 hours. 10 It should be
mayovay, ardaty way ob esaroples inecredygamasmnmiap ibe cexposedi to iabog, four to
conmpounds or agents may be used either alone or in

ab6@T0 Hvakd fitradiatibn, pRdfe@blyed tocdoak fiftee hous i @hete peiferably 12
agent to create the altered conditions which induce

hobfe Production of secondary netabolites. For exanple,
I n one enbodi nent of the present invention, the

al t Ef{)seﬁ fdogedl!l(;tg(g Q}Sat ar?y oﬂengfl“{ﬁé flﬁ)oa’eg{eﬂ&&f@n o%dXxoPs compounds

e pro may-i
nenadlone nmhi.nat | on Mﬁth ferric, manganese and/
or AR Anp e Uses] PR 29NG ety SATEPINEd il #Br other condition,
enbodj nent of the present invention, the altered may.
compewnskier agrat g cregte tgralicend; condiions adighedurothe preduction of
conpounds such as hydrogen peroxide, together with
se@intlryrmdtabolites. Foxregampleeiname cuodiment nf the3fedoRTiAl triEion, the
DESCRI PTI ON The present invention will now be
altek@8 @ohdi€iond fordedwition B desntiiyyraERBENE prddactible may include the

follow ng figures which show
use of menadione in combination with ferric, manganese and/or cupric ions.
Alternatively, and in a further embodiment of the present invention, the altered may

include the use of nutrients such as menadione and compounds such as hydrogen

peroxide, together with either ferric, manganese or cupric ions.

DETAILED DESCRIPTION

The present invention will now be described in detail and with refefence to the
following figures which show
Figure 1: An air-membrane surface bioreactor system for use in a method according
to the present invention, generally designated by reference numeral 10 as described by

Yan et al., 2003. The bioreactor 10 comprises a chamber 2 which holds a volume of

13
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Figure 1: An air-nmenbrane surface bioreactor system
for use in a nmethod according to the present

WO pwengidson, general ly designated by reference PCreB2108/000149
10 as described by 25 Yan et al., 2003. -The

growtr madivor 4 20d ovniph isepporta gromthbarbsteatet6i via sudfhos teasion. The
vol ume of 13 WO 2008/ 087410 PCT/ GB2008/ 000149 grow h

substthite)6cdmprisks\alfi ifidrt, Semp périnfeableandtbrisl witbth atpary wibinerged in
surface tension. The substrate 6 conprises an inert,

thé gﬂmﬂ HARAR U naRaRTy SlpoVdll 8hhd &ir RAA b YuchYRBREEES airRurface
the gromh nedium 4 and partly exposed to the air and

. u rQvi LLLSurf ' face shown.

inB ot R e &, R PR TR ¥R 12 has
biofi]m12 has 5 been establjshed on the surface of

begh GEBRET atoths SRR of éh%ﬁb i Povhich s exposed g ik The
2 is sealed by neans of lid 14 which prevents

chamberadrisnsgeled bygneans of didold whichumexentst congimigritan efibe growth
bi ofil m 12 has been established, the growth nedium4

subsirater 6pl Qaed thei biofilm Hl hey bekemestablivhdd), theiprewth nadines 4 is
t he production of secondary netabolites. The

refl&edNWah YanTERED Inddfifn PBS SvHiEH htiiked AR pr@GdtionS BfMsecondary
pernmeabl e 10 substrate and accunulate 1n the altered

s 4y Fi ﬁpz' of f i flatsi e
g elhe iciel}hgtéleon 0 %%%llgsogiﬁgltﬂiog otﬂ%1 &slgr?’p?éc')ﬁ u@ea Able
b t repto es .SA. 74. .. The figure suggests that
AR e RaP RS e T Edal Ot “t hepr oduct i on
.of antim c¢robial conmpounds in sone cul fure systens.

Figuge &orihe géfect Qf i i 555, m e SGHa0n b GBI mpounds
nore stable and nore preferable 15 according tothis
pradugechby Strepraugcasopt AQR234 s Thedisiae shagests shat dyidrogen peroxide

Briefly, both nenadi one and hydrogen peroxi de were
waaable tb elieit theiproducaop od antirhicobiad compoundsdn edxhakulture systems.
conpounds in the genus actinonycetes, nore preferably

In cOntiist, GRé HBEESn Sfect of Mechalitnt AWasLthere! seibldVasd Adre preferable
follows: "PDY", potato dextrose with yeast extract;

NG ¥ t i 5 ha 1%.(V/ gk - " .
accobliing BUiHid §RYenPbR! Bud thhnk ?e%% s}/agrle%dyg 19tlion.| '\%%ﬂyi both

nutrfent broth contalning 1% ycero

ALY B S e s L ST BB f Wi
corggglin SW{%S tﬁeargreilll?sd a(():tl{goril}r)ce(t]e%?dnrlgr%l iplc':e?ct:rgl')lyapnd Streptomyces sp..
M¢dium formulation was as follows: “PDY”, potato dextrose with yeast extract;
“NG”, nutrient broth with 1% (v/v) glycerol; “NGF”, nutrient broth containing 1%.
(v/v) glycerol and 1mM ferric citrate; “H,0,”, hydrogen peroxide; “MD”, menadione.
Microbial cultivation in the different media was carried out in quadruplicate, and
standard deviation was indicated by the error bar.

Figure 3: Proposed superoxide generation by autoredox reaction of quinone group in

menadione. The quinone structure in menadione gives one electron to oxygen and is

oxidized to semiquinone, and semiquinone can further gives another electron to
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standard devi ation was indicated by the error bar.
Figure 3: Proposed superoxide generation by autoredox
w0 e@8M8@m of qui none group in nenadi one. The PEI/GBA®S/000149
structure in nenadi one gives one electron to oxygen
angthdr divxy g and @i axédizedotoseydraguinoone Thereforseduring therpeocess of
can further gives another electron to 14 WO

quEktS /oRBITZ:1ion RSy IEBEI NG ) B Aidlecales bhalpettixdde/ @R Nfoand i s
oxi di zed to hydroqui none. Therefore, during the

FiPire A8 F1Rftati G 0P AR EmERY ﬂjo_atlﬁ%tf.o? Moyt 9 PUARO %ﬁﬁ"‘m?termas sp.

nol ecul es of superoxide w orm Figure
I Gl O f_ i nt _producti on a_narine .
st A1 T8 s P T8 e AN A Bik® BB raqucgipn when

i one on the dar i gment production when _ 5 | |
A&%‘E‘g 8380 HFNG sli»ﬁaf ﬁﬁwaw% er‘E%ﬂ’ég CUPET | nbhe significant
system The significant production of a dark pignment
pro%@n@rb gb2 dary pigraentveas altbasved when merpddoriervastadded i the media.

Figure 4B. The effect of nylon nmenbrane surface
Figurt 4By, iThy effest efmylon dambrimegsuefate cyltwrithgcdyistem by dAQR8gGhent

in the sane nmedia (marine broth containing 100pg/ ml

pré®idash BEAQING R GAE Rhméemedi! indrineebioth ContMHE €100pg/ml
when AQP816 was grown using 10 nmenbrane surface

i A 1T .
mHioH), e PR ST s A R b Oce e AOPE s grou ysing
for the gromh of certain bacteria is not necessarily
m‘?’@’é?ﬂ’e %&‘c? ﬁ‘éhq“rmgcféfﬁtﬂ“r on of secondary netabolites.
Therefore a two-step cultivation approach was applied
that elicited production of secondary netabolites in
bacteria, nore preferably of the genus actinonycetes
EXAMPLESr e previously not produced under normal shake
flask culture conditions. Using either planktonic
EXAMREESl asks, nore preferably, the 20 d ass Fibre
Menbrane Bio-FilmCulturing System suitable
m CU%Ckft@ﬁéulﬁfﬁiio‘s”ﬁ{pﬁrodcﬂ@P%Uoﬁbﬁl@rd-wgbn%nﬂkr owt h medi um
until an adequate m crobial comunity was

Media for the growth of certain bacteria is not necessarily ideal for the

production of secondary metabolites. Therefore a two-step cultivation approach was
applied that elicited production of secondary metabolites in bacteria, more preferably
of the genus actinomycetes that were previously not produced under normal shake
flask culture conditions. Using either planktonic shake flasks, more preferably, the
Glass Fibre Membrane Bio-Film Culturing System, suitable micro-organisms were
inoculated into a growth medium until an adequate microbial community was
established. At this point, the biomass or biofilm was transferred to another growth

medium which was appropriate for the production of secondary metabolites.
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established. At this point, the biomass or biofilmwas

transferred to another growh nedi um which was
wappsogii@t e for the production of secondary PCT/GB2008/000149

netabolites. 25 15 WO 2008/ 087410 PCT/ GB2008/ 000149

Mor eMpreepeafabbly, aanAdétndnmeeiec StreptGpept pmsaam NQP274 when

strain AQP274 when inocul ated onto a glass fibre

inb&IRER B0 aidi e hRnibrakULS I ol frb@ite sRIfRIES BiokhdsS wikhin
4 days when grown on a nedi um contai ni ng Potato

t i-Ni . 20 t . o
+ PRIV RER R0 ARG nRardih POtk DeXEAS adfl bEfhing 0.2%
tign_crobi al unds, this strain showed,no .
08, TR 8, (BPRY: Dby Pheds Firnéd F cibfeproduction of
agai nst . MRSA when cultured in this nmedium At the sane
anfiftpgrobial gempennds sthisestrain shawedia detertabloaptsbiaticyaetiyitesy yhen
slow in nedia containing Nutrient agar (28g /L),
scrgenebagsingg MB YA wyhenlerlufesk ini thisoinediame Atnthe rremadinonesing the
(0.15g/L), ternmed nedium NGFM however, after
safig| dulltufet inethod$, AQPDT4 grevevatyuslewf irmédia 26ndiysg Nukréend Qgar
antimcrobial activity against an MRSA strain and
) : . Al b  steain _ 15
Oy SR RN RS e R HOR BPEILY, (g
olkie. Pk t fore isprove
mGfERNGEY, KRR e MR o P R B} 31 PP R e
anti-ji.nfective conmpou fromthis strain quickly, )
RSN B AR Ho U SA SEAR An2aRarh i of e strain
transferred to NGEFM nedi um Results showed 15
cogldt borpasilyicsgeteds t Mare yorofsembht delspead By thifipsoeesy af secondary
agai nst the aforenentioned test strains and could be
melaioditd pdodaictidn dayd sthefefgpe oimproef bidiproaessi dptonisation using this
produci ng m crobe. Furthernore, the anount of crude
systedli to Elie hhrgifeaeasmiponnd O fronbisdtlaBCiabile, AQPRY4 s first
decreased 2 folds. EXAMPLE 2 20 Conplex -

indenlaadd inSHERGH MDY GAINMSRANfSRITH NG NLY Results showed
(biofilms) of mcro- organi sns
antimicrobial activity was produced by this strain against the aforementioned test

strains and could be detected at 4 days of growth of the antibiotic producing microbe.

Furthermore, the amount of crude medium extract necessary for the detectable activity

. decreased 2 folds.

EXAMPLE 2
Complex - Establishment of compulsory sessile community (biofilms) of micro-
organisms |

This two-step cultivation approach was further improved by means of the
establishment of compulsory sessile communities of anti-infective producing micro-
organisms, more preferably of the genus actinomycetes onto an inert glass fibre

membrane. It has been reported that genes associated with antibiotic production in
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This two-step cultivation approach was further

i nproved by neans of the establishnment of conpul sory
w@emsiod 1conmuni ties of anti-infective produci PQI/GBeINSA00149

organi sns, nore preferably of the genus actinomycetes
bacitlt cowdd benmregulatgt dyserivirbnmeral stentesdiYan el tal 20903 pe &maddition,

reported that genes associated with antibiotic

cel @fbiad ivAthin T b0 QOR116 &ohkurits ThAwR2 861 GRA 1ddnplicated

bacilli could be regul ated by environnmental stresses

mf% s ftd whlch e%ﬂ )moxle'}eﬁggdcte't@()anmﬁ e§ og Rﬁpoxﬂﬁélﬂl@tr@sses

m or sessile connunlty have

cat ed ni sms_ whi ch r SI st ance
thﬁr%am 76 gl B B s g g ?ré@zee ical qn¥prgpigcny in
they are adapted to nore, extensive ph si cal and
coRtFRskBIThelR Pl AR TIS PRSI ORICESFiS yiHOWavRRe when grown using
pl ankt oni ¢ suspensi on counterparts. However, when
plagpktonit sssprgsioplcaltihviabon anetbed emaniyo speridst do atat dwildeth cdssile
many species do not build up sessile mcrobial
mit@bial fR&1®@E ofWlffaceoihert BeffortSalp@Asticaliyil heRfdre 24 tompulsory
therefore, a conpulsory sessile microbial matrix was

sesSiid ﬂﬁéﬂoﬁﬁ? thaftix Hak eS@bliged af %&QolxM:SﬁlﬁQSﬁxfa&” Pudl or mixed
m xed mcrobial strain(s) for exanple bacteria or

mil Bl m{m@?f&f ShEHAaY AT AT SE5E BratEl By ilpomycetes ere

I noCu e sur

. h as. a nyl on e.or Iass fi

inceitafedr o 496 sRitaCs B gortemiBREn S St Sy T S S grylon
top of a_ nmediumwhich allowed the inert support to

mes@p@eatreglw dibrg Elterpi Hie iners prpportrwashubsequenslyaviaged padpp of a
The bi omass was built up at one side of the inert

mesinop svhichaaltbwedethe gneyt\suppos do scparate itiee ptidrebial Blomasofrom the
absence of free liquid, mcrobial biomass will grow 15

growith trh&lid. 0 'The BioMasOwns beilt yp 8€6:8d bide Ifah® e supdbiti sd the
(biofilm on the surface of this support system This .

gro¥Rh RRdiLAMMESHRR Do %b&ﬁ@@b‘l* & ?@ﬂ Ssictdbid®idrhass Hill grow

any m cro- organi smnore preferably ‘actinonycetes,

re€.R% f e f (o)
o IRFREE ST P 56, B DA e
antimcro nBound Eb ucti on u3|n% xXi dative
SURPPFt system. 1s met od can establish a compulsory sessile matrix of any micro-

organism more preferably actinomycetes, more preferably on to the surface of a semi-

permeable inert support system.
EXAMPLE 3
Elicitation of antimicrobial compound production using oxidative stress

Using the culture system described in example 2, various stresses can be used
to elicit production of secondary metabolites by established biomass, more preferably,
in compulsory sessile microbial communities.

This invention uses oxidative stress imposed by reactive oxygen species

(ROS) that can be carried out using peroxide compounds including hydrogen
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Usi ng the culture system described in exanple 2,
various stresses can be used to elicit production of
wG@emsnsiary net abol ites by established bi onass, PODG82008/000149
preferably, in conpulsory sessile mcrobial .
PeE¥ifEIniori supergride genesatorsorsugk ees opietadionee et rpasaquat, with
i nposed by reactive oxygen species 25 (ROS) that can
supplementatien o tiansisom eneprt rions sheh @ feiuNthanganescioh Qgpric ions in
hydrogen 17 WO 2008/ 087410 PCT/ GB2008/ 000149

baRRFAXIullredOis §WRRIpAKLAE sGSERA¢BbRI Soathudfty TENIREH BREerably,
or paraquat, with  supplenentation of transition netal

as,.f.er r|pga r i
St{)egg(?n @?C ?’gl}gu ?ttr%lrﬁ e)ébz)g 7 a conpagﬁgaot?{/ uglt'eg Sl:h Se IS?%?cr obi %Itwo'Step
co nity. NMore preferabl Streptonyces_.sp. Strain .
apREgSh P (e atirpibapial compiipd ipAiioR, AR i HalEompylsopbipssile
5 approach to induce antinicrobial conmpound _
magFiy c(B@ﬁihah wap¢stablithed lonch pises eb glpss Bbis filter igelRDY ymedium. A
(biofilm was established on a piece of glass fibre
micidbia rmatnixPEXS thedi astablighednorc thab ifdder, mehich xwasathet sehsequently
established on this filter, which was then
transfefred Y6 ahbther hiedifi &vHicd irhsosad @kitativeredésd TasMabdgehibed above
I nposed oxi dative stress, as descri bed above using
i f r . .
ushRAERNE YA PRI AROLS, HBTE prefefICHIOR & didlafione in the
[ cupdd.c. ions. The production of antim crobia
I”%%Wﬁaﬁﬁlscfgﬁﬁﬁc?ﬁﬁégagscribed system were anal ysed
bet ween vari.ous cul.tures with different.nedi ym
f or mncAPYiftieRiof W%mg&lalwwoavisr USing,§ ,r?eéfﬁquhsastem were
media were solidified wth 0.3% (wv) agar powder
anglygeds betwegpjviaHous sikéurey| vathp differens fmediyamgfozmylatipp r(Figure 2).
filter. More preferably, filter-sterilised 15
Moremaeliecably, aticthe noadidH30R: sudidefieddsliti 01380 (&) apati powdee (No.3),
cool ed down to approximately 37C. Mdre preferably,
wHi€ls dbdisied Waget of thdalashdithe MRRadi Mo prederablyd fidgeterilised
peroxide could elicit antibiotic and anti-fungal

mdRBBAL MR /NbP At WREL Uilded 3B teCmiddfa ANEnOobIERT d6wn to
I ons enhanced the production of these secondary

ol FRELY 27, A BEEGEy heib nkh boe and

hydrogen peroxide could elicit antibiotic and anti-fungal compounds into the medium,

and ferric and or cupric ions enhanced the production of these secondary metabolites.
Hydrogen peroxide was able to elicit antibiotic production in bacteria and
fungi and more preferably in strain AQP274. More preferably, providing a low
concentration of hydrogen peroxide (less than 0.5%) was used together with a
frequent (more than 3 times per day) supplementation strategy was better for
elicitation of antimicrobial compounds. This was shown to be a better system than

providing a high concentration of hydrogen peroxide in a single batch treatment. In
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20 fungi and nore preferably in strain AQP274. MNore
preferably, providing a |ow concentration of hydrogen
w@ersnsder (1 ess than 0.5% was used toget her wWaTIGB2008/000149
frequent (nore than 3 tines per day) supplenentation
adsliticen, ewppadiase bas tngore fpoaferablei inithathictatioh ofisedomidanyabétabolites
conpounds. This was shown to be a better systemthan

frévh ®¥ételid) Onére Préfbrabineandmpdteson of hydrogen peroxide in
a single batch treatnent. In 18 WD 2008/ 087410

o TRERGHO R K30 Glcherl 1 FRAARMOREARD Db cxtensively

from bact eri a re pr.eferabl ctj nonyctes. . Menadi on
st Fafh HORS OF_APROYIDE,IRGIh 0 JIRoMBFTORde Sl M both
extensively used as a nodel of redox-cycling quinine
prokargetisggnds spkaryotiq ergapisms < Fermapdps randsMapgaeiioy 8392; Galgberg
eukaryoti c organi sns (Fernandes and Mannari no, 2007;
angcStetine d §7@n QuBioam red®7 gyclinQuinpbescautexidatiany of quigone reduction
i npl i es autoxidation of quinone reduction products.
pro¥iucts g Dawiin® Xdutiedidpion, twe sthighodlect®Ineins@it Stép3ngé ekcompanied
steps are acconpanied wth formation of sem qui none
withfoRmiaReH 6f RMmigiHoRURRIAXAiERs bdd SipeRxile (F?ﬁﬁ‘!\/ﬂrE 4 10
Elicitation of "antim crobial conpound producti’on using

j W |ight can cause various stresses and it is
E%@Q4pqggww1that UV cause$s danmge to DNA and has been

wel | .studi ed.in.mcro-organi sms. I n addjtiaon. UV can
! QA O s R POrP e adden 15eg Jni e et es,
which is another ROS., The culturing system descri bed
i n dkAnkghé canjcauses ¥eriqus firestes candaihtip fyedk brgvan that UV causes
conpounds 15 in bacteria, preferably in actinonycetes.
damagt tee PNt basiren syellastudigd Rl bi@o-osgantsmist | matddidionsUNgean
the GFMS bioreactor systemto establish a sessile

alsootHtisd ithey prodiutiion ofifsinglet /o3l @S species.e whithbis admether ROS. The
interface in nutrient broth containing 1% (v/v)

cu ﬁ%i}@{em a8dribedM Hanfid £ & &selNEtodubd LRImicRBidIRbbSunds
was built up, the bioreéeactor was exposed to U254 for
in %ﬁc@ﬂ?r érﬁ{éﬁbf}oﬂ{ %ct%%cgéll ko [S’tr@ptg%cc'esc.%] SGGH 'AY(SI!’ M59 is
en th

cultivated using the GFMS bioreactor system to establish a sessile community matrix
at air/glass fibre membrane interface in nutrient broth containing 1% (v/v) glycerol
and 1mM Fe citrate (NGF). After the matrix was built up, the bioreactor was exposed
to UV3s4 for 36 hours, 12 hours each day for 3 days consecutively. Then the NGF
media beneath the glass.fibre membrane was refreshed and the culture was
subsequently incubated for 4 days at room temperature. The liquid media beneath the
glass fibre membrane was then removed to carry out antimicrobial assay.

Without exposure in UVjss, AQP1159 did not produce detectable

antimicrobial compounds against Candida albicans and MRSA, however, after

treatment by UV3s4 and media refreshing, AQP1159 produced antimicrobials against
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20 nedi a beneath the glass. fibre nenbrane was
refreshed and the culture was subsequently i ncubated
wo o00848days at roomtenperature. The |iquid nmeRPCEHGB2008/000149
beneath the glass fibre nenbrane was then renoved to
bathr Cgndida afieansi endoDRBAas Sksing et basue mesdimsireshly rinoculated
UVv254, AQP1159 did not produce detectable
AQR1 158 withdnitdluildappdienosghelgjamasst onGelasdi fitike aldmbeamesdidmdt grow
MRSA, however, after 25 treatnent by UV254 and nedi a .

arls 61%51'&%99@0@%3&0 RUpL9dyge ?efﬁ:@ﬁiingio? N leiad0A 418 critical
9 WD 2008/087410 PCT/ (3B2008/ 00014 bot h Candi da

[ . ' ame media, freshly
fo?kl%g&@%ggﬂgg@g@ﬂﬁl tggrgh%dgl | d-up of enough bi omass
Egghglqﬁ fibre nenbrane did not grow any nore after

di é to the UV254. The refreshing of NG- nedi a was
also critical for the production of antimcrobia
conpdiavason af exeadarEmgtabplitipredictnn by agengeafarproteobacteria
nmet abolite production by a range of y-proteobacteria

usiysg the bidoerhérer designed RY grd@bagrewd ds @hg@llsb@ﬁe@fﬂeanﬁﬁobaal
compul sory sessile mcrobial mtrix (biofilm. A

m&@@gﬁgghveubacteria were tested for the induction of
secondary netabolites 10 using the described nethod

for ri Lerjia J e$Si. .crobi al .
comfuntiey S IRpRASE e e KGR el oF b Rury rgebolics
I nduce, a stress.r onse.. For exanpl e, ) ) )

uspgelie lgpiribes rariaed 1 Cuinring bactaiapih 8 kel miseaal oty
surface of nylon _nmenbranes which was subsequently

ushigat digeapdieal geartabng anesiia 4 indeee wi stiessegspense. Hifast éxample, a
When an adequate biofilmof AQP816 had established on

Psebdoadterdmamas ofp.t kieaih5 AQP®6 measbrisovalad tdie surface of nylon
ai r/ menbrane interface, the marine broth underneath

mérhaanégewhroan@am%se@&dnqghﬁdce& b1 aVéHailowsdisRdilRd with marine
including fresh marine broth, marine broth containing

br?_t@p Whal affB0&gaQGiofiR of PEQIPS 18! KadCRIbREKEINGh B MiMce of the

02, marine broth containing 1% (v/v) glycerol and

nyfg?lr H&ﬁlbpz{n%t Qt ﬁl%”él%{éh{iﬁmﬂe Mrfa%é,r {h% &ia}iﬁgtb(re()th underneath the

membrane was refreshed with various media including fresh marine broth, marine
broth containing 100 pg/ml menadione; marine broth containing 3% v/v H,O,, marine
broth containing 1% (v/v) glycerol and marine broth containing 1mM Ferric citrate.
Results obtained, showed that the addition of menadione could significantly elicit the
production of certain dark pigmented compounds using this surface method,
compared to no pigment production in the correspondent shake flask cultures (Figure
4). This observation was also observed in cultures of aétinomycetes, streptomycetes,
y-proteobacteria, including brevundimonads, dietzia, rhodococci, pseudomonads,

serratia, flavobacteriacea, vibrio & pseudoalteromonads that when grown on a
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Resul ts obtai ned, showed that the addition of

nmenadi one could significantly elicit the 20 production
w@booses4ad n dar k pi gnented conpounds usi ng thi BCHGBE@S8©00149

nmet hod, conpared to no pignent production in the
membraes po rthie pressicek ef frieasdiomeu bould edic{t Rhgyreducdipn oFhiesondary

observation was al so observed in cultures of
méesbdlieyycet es, streptonycetes, y-proteobacteria,

i ncl udi ng brevundi nonads, dietzia, rhodococci,

pseudononads, serratia, flavobacteriacea, vibrio &

pseudoal t eronbnads that when grown on a 20 WO
E%g@ﬁﬁﬁf§4lo PCT/ GB2008/ 000149 nenbrane in the

of nenadi one could elicit the producti on of

secondary nmet abolites. EXAMPLE 6 Elicitation of
Eliciedorn &f yesririapb metabelitey by @ xApge ef MHCTOPERNSAI g various

using various agents to inpose stress A number of
agews thawpdsestressi al and fungal isolates were grown as

biofilms essentially as described in Exanple 2, and

var iQuantber @f fafthérpaseial tagd Sasdal tisolates Gidre g3ewm g abiyfilms

net abolite production. 10 Exanpl es of various strains

es%h&lﬂr gxédetibed s Ethple 2aRhd %ﬁ@&ﬁds%reyseﬁhﬁgﬁh' tb&eek to elicit
change using various stress inposing nethods are

Seéoql?%rrh%%?llt?ﬁso%lﬁl:t?onl All the strains were grown

whi ch fungi mere able to form

ot A5amPlS gt %rtgﬁnsdwﬁ}c s sienli<ant seopiisty metabolit
nornally produced secondary netabolites for any given
changeaysing Ygrious sitiepse mpasing7methgdyargssugipasised T@%kebs iAdpthe
condition was applied. 0.5mM NaNO3 was shown to
straing rwefré @aowih witheh dyofgmeyemong wimpdt fungi sweooalgertd Sivem inatural
the isolates tested. In addition, many strains al so
bisfilfp| Bedetectivangeshy secdqidalyogicabolits pr&ductias, wIECH e [dyfferent
nmet abol ite production when grown in a nmedium

fron® A rally Hodliced Ve ARANES - mAabdl R b PAUCEFerS Rraid WAl dArried out 7
AQP4511° produced a

days after the stressing condition was applied.

0.5mM NaNO; was shown to significantly delay growth of most
microorganisms in the isolates tested. In addition, many strains also displayed
changed morphologies as well as secondary metabolite production when grown in a
rﬁedium containing 0.5mM NaNOs. A Streptomyces sp. strain AQP4511 produced a
red orange compound, which has a naphthoquinone structure, in a PDY medium
supplemented with 0.5mM NaNOs;. The compound showed very strong activity
against most of Gram-positive bacterial strains.

Heavy metals such as Cu, Fe, Mn have also been used impose stress on many
micro-organisms. Cu has been used in paints to prevent biofouling process in marine

environment; Fe and Mn can affect the respiration chain of many cells. In one
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wONaN8B874The conpound showed very strong acti vi PGT/GB2008/000149

agai nst nost of Gram positive bacteria

strains. Heavy

exappdd, s AQRIN48 svbixh wae idemtifiedhee Badifus Hioemifaseil didmos produce
stress on many mcro-organi sns. Cu has been used in

bfeitideirs of @ fedepighienDpodsibly | pulchefrittias tinleds HBkab r
Fe and Mh can affect the respiration

envi ronnent ;

owP within a

.l%fno@ﬁ’rﬂ%sﬁﬁhhﬁd ih Glré’&‘:‘cont%ét Wi 403 Q8d hlfedia containing

008/ 000149

fegrgl e]%%l aLh %grb%ﬁycﬁgt%g OM.HS l§o {ilcr}S(i fHePr

racin
unless it was

exanp e,

SSI

QP1148 whi ¢h was
t})/dupcgf)% I‘I’g g?(flﬁ? w%en the

o hi n npulsor
SHEGY 958 LML o) A At ThOAPUBisch PR REId) 9% lggnoqunlmM and

ferric ion and carbohydrates.

Vh2+

di a cont ai ni ng
Maf 'sb Se.cHigher tise thesscarermrations badsiad teud mgnHfisant Mowdng in
strain was grown in a biofilm The optim sed
growticehich adicatedothe Bzess thexmstalsripased. Mh2+ 0. 5mM  Hi gher
than these concentrations had led to a significant

.slowng in

growm h which indicated the stress the

metal s inposed. Table 1 Elicitation of secondary

Wy eSSt gﬁﬁﬁﬁﬁ off YAl 1688sed Borfion

T'Z‘BieaPEthzﬁmQ{ 6}%9

sone Isolates In

i nposed Secondarﬁ netabolltes
M %

Oxi dati ve cycl oh
(rrnnndl nnn\ +H202

Affngdsoleey

ACRP1159 II\/’)'—'\A Ant i -

StQ'PéYH'Bchs s p.
Anti-MRSA Bacill

simpeseddat i ve (
Is licheniform s Hea

i t ed AQP274

rISEUS

—MVRSA
eeamdgpye) metabolites
yglicitedal (_Fe)

AQPPM569 Oxidative

Omedmiieone) Anti - St

h pyclolexamits

Streptomyces griseus (menadione)+H,0,

AQP1159 UV3s4 Anti-Candida, MRSA
Streptomyces sp. .

AQP1148 Oxidative (menadione) Anti-MRSA
Bacillus licheniformis Heavy metal (Fe)

AQP1569 Oxidative (menadione) Anti-Staph. aureus
Bacillus sp.

AQP803 Oxidative (menadione) Anti-Staph. aureus
v-proteobacteria

AQP806 Oxidative (menadione) Anti-Staph. aureus
y-proteobacteria _
AQP807 Oxidative (menadione) Anti-Staph. aureus
y-proteobacteria

AQP808 Oxidative (menadione) Anti-Staph. aureus
Flavobacteriaceae sp.

AQP809 Oxidative (menadione) Anti-Staph. aureus
y-proteobacteria :

AQP820 Oxidative (menadione) Anti-Staph. aureus
y-proteobacteria

AQPS858 Oxidative (menadione) Anti-Staph. aureus
y-proteobacteria

AQP859 Oxidative (menadione) Anti-Staph. aureus
v-proteobacteria

AQP211 Heavy metal (Cu+Fe) Anti-MRSA, E.coli

22



Bacil l us sp. AQP803 Oxi dative (nenadione) Anti-Staph.

aur eus
wWRRBAOSUAPh. aur eus
(menadi one) Anti - ¢

aureus y-prot

-rot eobacteria AQP806 Oxi dative (nenadi one)
-rot eobacteri a AQP807 OXi BIEL/GB2008/000149
t aph

eobacteria

Fueps08 Oxi dati ve (

nenadi one) Anti - St aph.

aur eus

AQP&84dbact eri aceae
StAlptomyBegphulami’ eus

Heavy AP QRIngXi dat i \

-rot eobacteri a AQH

Artiv€nadideabycans
P820 Oxi dati ve

AQPERSRdI one) Anti -

SiFéISinRe Ry dative (

I @BhativRYTS+ HYOR), OF
nena%:oﬁe) img¥-

L af

ERRAEMElalgRinst MRSA)

aur eus

€
AQP
Qn teglba t?'&a.'l.ca /\nf |

?Ié)l gobacterita /-\6;885{1

v%’x(hﬁgé

prot
I\/DQ

qﬁ?la A

ph. aur eus
ment

\%éﬁ%ﬁ | avy

')ﬂﬂQl 087410

AQW"GBzoOS/ 000149

Flayghacterigeeaesral bi

ans

pnl i
IVI\

%ﬁ%}% (mepsslionedieayy

22 WO

Redpagment) |

Streptonyces arl

il at us AQP4511

Oxi dative (-NG8 + H202),

GUnacin,

(agai nst NFE%»

Streptonyces s p. AQP816 Oxi dative (nenadi one) Brown

pi gment

23




10

15

20

25

30

y- roteobacteria AQP884 Oxi dative (nenadi one) Red
pi gnent Fl avobacteri aceae sp. 23 WO 2008/ 087410
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WD 2008/ 087410 PCT/ GB2008/ 000149 CLAIM5 1. A nethod
CbAIMXuci ng a m croorgani smto produce secondary
nmetabolites, said nethod conprising the steps of: 5
(a) establishing a biofilm conprising said
1.M Cr QA Sias %d@ﬂn%& AidrBorgtiisiarto ﬁrcfd‘ul‘:é§ec§ﬁ&ar9§netabohtes said
conditions; and (b) altering said first set

mgﬁ?ﬂ};&h{}ﬂ%% P’Iﬁ&)?n%% one or nore m croorganl srrB

are induced to produce a secondary

ollte t hod accordi. to claim
Wher@! ' hiebbiBhn it HEprsos; Sid dpistteih oy erowth
pi gments, anti-infective conpounds such as
ant i bi ot iwnser afirst peiof epnditiens; ank i virals, antifungal s,
anti protozoans, toxins, effectors of ecol ogi cal
conpb} it iabﬂeriagld szsisimﬁr&ts iset, ofplvenditiomessucknzlyateone or more
i nhi bitors, inmunonodul ating agents, receptor

mRFSoRGMRNNS \S}thmﬂﬁéblbﬁlrﬂl afe, induilet] 16 prvduée @%Bﬁdhrﬁl Rid¢tabolite.
growth pronoters of animals and plants. 15 3. The

nmet hod according to either of clainms 1 or 2 vvherel n
said m croorgani sm conprises at |east one species of
bact ria Z:0a, of e 4
2 o v B AtoraiBl . AP Pl it Bedhih it sebilie Hflected
m cr oor gani sm 20 I ncl udes Pseudoal.t.efononas, . ..
from PIgHIeY Anti~ e%tN.;tqo Sélgl)\ as gg}lﬁ?ftﬁsm%gctenals, anttvirals,
Di et zi a, Rhodococcus, M crococcus, Pseudonanas,
angifungals; antipritezeapadexins, £ffeviorsr afscolegisalrganepetition asd symbiosis,
5. The met hod according to any precedi ng clai mwherein
phatvarones)| ennyedt intdeitors,2 inmmanemddulatings egents, eoepdornt iantagonists,
said mcroorganisn(s) is cultured on a surface or

peStitidds! aftetumour BgdTitd &l @bwiprofhoteds 6 Minghls ahdpRnONt act
with a growth nedi um

3. The method according to either of claims 1 or 2 wherein said microorganism

comprises at least one species of bacteria, fungi, protozoa or mixture thereof.

4. The method according to claim 3 wherein said at least one microorganism
includes Pseudoalteromonas, Streptomycetes (Actinomycetes), Berundimonas,
Dietzia, Rhodococcus, Micrococcus, Pseudomanas, Serratia, Flavobacteria, Vibrio

and Alteromonas sp.

S. The method according to any preceding claim wherein when cultured under
said first set of conditions, said microorganism(s) is cultured on a surface or substrate,

a portion of which is brought into contact with a growth medium.
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grow h nedi um by surface tension or a support
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‘e “af’ ‘'set of conditions designed
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3 conprises toxic 15 or danmagi ng agents or conditions,
or conpounds which inhibit, restrict, or prevent the
8.gr owkths wethed ragrardingofo anyrone ©b rotpamp Smwl tHierein Hbe surface or
biofilm 11. The method according to claim 10 wherein
subdtataistsemegeraeabliet i ons conpri ses the addition or
adm ni stration of at |east one of. a vitamn or
synthetic equivalent, a 20 carbohydrate, a protein or
peptide, an am no acid, nucleic acid, a mneral, a
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ant lotic, an antl unga anti vira

10 sussg%?ngls er%t%{ncg 3[5 %.ﬁ,&g%gf% IétCCFl ggl}gﬁlbwgélhm l? xﬁ'tacg tension or a
erature or altered pressure. 26 WO 2008/ 087410
Su HREBEB/ 000149 12. The net hod according to claim
11 wherein the altered conditions conprise the
addition or adm nistration of at |east one of a netal
or nmetal ion, a conpound capable of altering osnotic
10condihei method aedddinge ke ahy gregdimii clainadvlgreinnhe altered set of

conditions designed to induce production of the secondary metabolite comprises toxic
15 or damaging agents or conditions, or compounds which inhibit, restrict, or prevent the

growth or survival of a microorganism within the biofilm.

11.  The method according to claim 10 wherein the altered conditions comprises
the addition or administration of at least one of: a vitamin or synthetic equivalent, a
20 carbohydrate, a protein or peptide, an amino acid, nucleic acid, a mineral, a metal or
metal ion, nutrient limitation, an antibiotic, an antifungal, an antiviral, a compound
capable of altering osmotic conditions, ionising radiation, electromagnetic radiation,

altered temperature or altered pressure.
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5 13. The nethod according to claim12 wherein the
el ectromagnetic radiation is UV light. 14. The nethod
wa@e@s/gi4ng to claim 12 wherein the netal ion i BCMaB2@8/000149
and/or Fe. 10 15. The nethod according to claim 12
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1Z.ondTlid method acsvrdiag it® olaim HP Qvhepdivgl theraleicdroahéitiodScondprse the
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bet ween about 1 6 days. 15

of altering osmotic condltlons, and/or electromagnetic radiation.

13.  The method according to claim 12 wherein the electromagnetic radiation is

UV light.

14.  The method according to claim 12 wherein the metal ion is Mn, Cu and/or Fe.

15.  The method according to claim 12 wherein the compound capable of altering

osmotic conditions is menadione, H,O, and/or nitrate.

16.  The method according to any one of claims 11 — 15 wherein the altered

conditions are maintained for a period of between about 1 to 6 days.
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