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INDUCTION OF MICROBIAL SECONDARY METABOLITES FIELD OF
THE INVENTION The present invention relates to the production of

ry metabolites from 5microorganisms. In particular, there are
vg&é\%‘z{%%ghods for inducing the rapid production of such gor%/g;g&%(géoomw

from a varie\g§iIRONBHINC ROSISERPEORDXIEP iapiries GOPES
their natural environment and cultured in planktonic 10 suspension shake
flasks, microorganisms can sometimes switch off the ability to produce
secondary metabolites. Such agitated suspension cultures in closed flasks
FEVe RIHiBiavyEwIiaenditions which are not representative of those
encountered naturally. It has previously been shown (Yan et al.,
2003) Tteatriesd¢heivasetiaf telotdSBabd podmtid. pilsadusignBmetabolites from
licheniformis), the formation of a biofilm and direct exposure to the air,
riaciticagenishe. privdpetionlef, dheitsictic pumidedinuiethods Ifethiedwatngathe rapid
environment, microorganisms such as, for example, bacteria and fungi,
prraliove BauploTimBosRds Fem 1 BTl CENICEIRNSEBH et al., 1995). The
growth conditions within a biofilm are usually heterogeneous, for example,
pH 20 gradients may develop around the micro-colonies comprising the
biofilm é\/gVim enny et al., 2000), and limitations in the transport of nutrients
Bagky %]?E% into the biofilm can result in differential starvation of the
microgrganismys) (James et.al., 1995, Batchelor et aJ., 1997, Li et al. .
001) Ml e Ao R o B P e o ot

SBWING A ARIIRS SR RE PRI AGIL I Switch off the ability to
produce secondary metabolites. Such agitated suspension cultures in closed flasks
provide artificial growth conditions which are not representative of those encountered
naturally.

It has previously been shown (Yan ef al., 2003), that in the case of two

" 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 et 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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WO 2008/087410PCT/C112008/000149 the metabolic processes which
occur in the same organisms when grown as, for example, a planktonic

Ws%%&%ia%culture. Secondary metabolites such as thoﬁﬁ;‘ﬂ%ﬁg&ﬂ 1000149 '
a [ y

ove, represent an important class of compounds with a wide variety o
tHORRstYIRPpHSRaRS WRIR R & U MIREkam O T e eRRAB WHRatARONESS, for
have anti-infective properties and antibiotics play a huge role in the
ekeaprenpbhktbhinbepeidiviectons. The emergence of multi-drug resistant
microorganisms has necessitated further research into the identification of
new chassadacf amtibbolitcaswklbaslibtre detadlapaterntpformentsaof ikpowant
compounds with increased activity. Thus, the screening of secondary
cingstab ofitesopndd veidd hyideviortio i anipenigns anplindispendédiidyaynofber
obtaining valuable bioactive compounds. The regulation of secondary
o ey protabelitns iBave rapfidafedivn ararsbissgntheafdbpriezlpy efhuge
most secondary metabolites are not fully understood. It is known that
reteda b HERBY Mt PRERALOR iHFSHSGS: cEhtiRIPsishalcanltioligeresistant

production of secondary met b(ﬁlites by microorganisms. For example, the

CHiSTRATS YRS Rt eGEH o %‘rﬁ%ﬁ%ﬁ%“ﬂ%@&h‘?ﬂé%’?é‘%ﬁﬂ’hﬁd@& classes
SO oS A T SR K et

uence the produc secondary me 0]

e fhou E‘E&ﬂgca“%%% S%@%&Léﬁﬁ%’éﬁ%ﬁ%&%&fﬁﬁ?@ VEh MGG by
tifig In che iffer

cascade of regulatory évents resu mic entiatio

RS SRERRADRIAR AIHL AN QLD %?%’&L@ﬁihﬂLU&fﬁBﬁ@ﬂ%&Q@%ﬁ%mds.

genesi s). Some primary metabolites are known to increase the

produgtonh saeaNdan:raatakr et - pRMRIB ol UCIORRMIESI and the

bacitracin synthesis in Bacillus sp., and methionine promotes

bastyReREPyhth X &inyidst CabnRIAAGNe iR tagenadd fullyQinderstood. It is
2008/087410PCT/GB2008/000149 To date there has been very little

kreseantatinitedsaeiiect ofigrawith imbiofiims i thelptadugtiomofcontrol the

secondary metabolites, and there is an increasing need for the
pasirelopnoéseaindery metrboldesiby mg@nesgatichsarkoeffieutipl dbhaimiting or

large number of pathogens which exhibit resistance to today's antibiotics.
exhausting of nutrients, the biosynthesis of an inducer and/or the decrease in the rate
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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5The present invention is based upon the observation that
microorganisms established as a compulsory sessile community (biofilm),

Wl{pd(%(r?%ggg% set of conditions, may produce secondary meta]po}ites
including compounds with anti-infective activity, when subseq%éﬁﬁy

exposefligamalieradast MigandiiRs O RYMMARNQF k6Rh in biofilms

INVENTION In a first aspect of the present invention, there is provided

oft MetheduelilduLiRgadriGraRigodlisR) IPIAEKCR seGaBRashpatabatiiete
said method comprising the steps of: (a) establishing a biofilm, comprising
dsedtbpnier® ofyrmimt -hyfgrivethed i ndectoafie siffetiof agaidit onslaanoninber
altering said first set of conditions such that one or more microorganisms
ofipthir g levbfidhneahébincisceahte prodags ansiboanary metabolite(s). It is to
be understood that the microorganism will not generally produce said 20
secondenpressetbulitesion|és dasedoupentdhsaitbsitertons dtad f momotiprgsms
The biofilm when grown under said first set of conditions may produce a
egipbbisbad secondarynvlesah olREil) IsammyREY dPisidetantader nonlrgf gse of
secondary metabalite(s) produced under said altered set of conditions. 25
copeitioppafmy Plebies Sergan)onethelites. dacludingryonpeibiiteyith anti-

.comprise many classes of compound and may in¢lude, for example,

RS R ISR O ORI RO S0cR A8 AIFIRLST SRR rils,
antivirals, antifungals and antiprotozoans. In addition, secondary
metabolites may also include toxins, effectors of ecological competition

STAMIXRY HSTRESOMAR N

In a first 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(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.

%008/000149
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5 enzyme inhibitors, immunomodulating agents, receptor antagonists,
pesticides, anti-tumour agents and growth promoters of animals and

“p45%n6§70m 4t e present case, it is particularly desirable to uselgta% /@%mﬂ%% 149
of the inv P] ‘

ention to induce the production of anti-infective compounds suc
as thase diriaesalitesdiuspriseanpiefeasee oteadimeny tha piesaliude,
invention provides a method of inducing a microorganism to 10produce
fantxiatpttivei gesnng undsinfectiBéofitms aneiwelicknovantibidie qramiichewaigls,
be taken to comprise a community of microorganisms which have
agbioribe drdi furfalseaod subistateoMicroorgdditons serchdisyb avtehialifengiay
protozoa and yeast, are all capable of forming biofilms. A biofilm may
aboniprsdedeitnpectiseoissobiensingiorh apispstiionnasd riierdness, phggpmones,
comprise 15 more than one species of microorganism. The o .
eRTGRSOIH RIS WHARQMSGHAHNG 825845 /e CeRIOR RBIAE AT P8BS inti-
substrate, and as such, biofilms may also be referred to as "compulsory,

tuBeun e ARthaawth Promatest GihanymHE AR MAYS: dESHIRIEHB SRy .
ST R S e e R R e e
<R, SRS iR 0 A BIRRORS e N ACEANR

pmg@p%{gﬁégiwggggﬂh@mmPCT/G B2008/000149 The growth

of microorganisms generally comprises four stages known as the lag,
growth(aupansptAl) ststianamend Sraitpbasaen thedagpascotifity
initial stage in which the microorganisms are preparing to begin growth.
oPuitRgdipimphasehr NP esiohiftd miarQRrganisheta)l NMitworgaesartuch
the total number of viable microorganisms may fall, hence the term "lag".
aé\snterishfinh gie pirde 1w sedrptastorgealistasabihichthewmpéisigites oA biofilm
survived, multiply and this begins the growth (exponential) phase. This
npiyasegEes a mpgdcinpeeigsefnminsosngabiemodininrsungarisThsARt Carphes
available nutrients and space for growth begin to deplete, growth enters
mpge $hatioeryRSRES I CEHORIBINIGIYInd R SdEERRS RRIN PR XEEi B R Rigfilp are
begins to slow and there is little or no further increase in.the numbers of
swﬁﬁod@aﬁﬁ@ﬁ@fbﬁes@rﬁﬁ% RTINS Mot tRnifIminfagshase be
howeyer, cQariges in the cgnditions, i.e. gxhaustion of nutrients,

TSl ER R Ao OBt RNS SEHS BB HRE like, may cause the
microQrganisms to.begin to die and.th rowth enters the death phase.
oM BT i S ey e A L SRR or
| ' I - h
R i wreC A, Sy
oPe [RkGIHIO beardiiansndich.aermi iniﬁ?émwsmm&ogm%?ém
a

said microorganisms to the stationary phase and the establishment o

(RIGHHEARRASSOBdINBINABRAE DI TSt ROBGILONSs MAYRIES AR, APOW b manas,
parameters, for
Serratia, Flavobacteria, Vibrio and Alteromonas sp. may, in accordance with the

methods described herein, be induced to produce secondary metabolites.
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example the choice of growth medium, or the temperature and/or pressure
at which a microorganism is grown, cultured or maintained. Generally, in
“Q{%d’g%?ﬁ(}?blish a cpmmuni.ty or bipfilm Qf microorganism%gﬂﬁ;gzédg%%q 49
use a liquid, semi-solid or solid medium, rich in nutrients, and which is
suitedrif Bewovinafraopgaticuiap2isnityoangarismidir cugenihodimanhe
of the present invention the microorganism may WO
120 Q830 /@XpeHETHE B ADAR/IADH 1401 ieatir s ex. clilbar g phaesurfihearotial
substrate, a portion of which is brought into contact with a growth medium.
sthboge waivhlitre vnibrovigoisgarrsnprepiing tedagigeeswilll Baanateiofhhss,
types of media that may be used, arid it should be noted that, for brevity,
aonipbersdintite dnitrassggnisameiticne qurens modothexigiapeumber of viable
microorganisms isolated from the marine environment may be cultured on
miciensigaNEg waYifetl nlsaRi thehigh ol orgahfEh Sistiatfe i, 18pse
example, the mammalian gut, may be cultured on a medium which
e RRIRABISHEYES 1Y QPG LU S MBS BRh [ RRSRS SRk grP i
agar or proth, Such media may comprise, for example NaCl, bile salis an
(GRRITEROn T cs A MBS (it (B TopTath i CBNS
found in the natyral environment of the organism in question. . Ot
TR R 8 & DRI G et ey b et

ggﬁ%ecg?%ﬁt%&diﬁee SRtorgeniams iselatedifiom.differrotemytonMaats; gweh

r
la may be known as "general purpose media" and may include, for

b(@éﬂ%g"%e’smqp%dlﬁl{é?é’cﬁ'aﬁﬂ&o&ﬂWaﬁkﬁquH@éHs@nﬁ PR QRSEOSST

) agars and broths. These media may be further supplemented with.

SO SHASRMAGRRbrEO MU AIcsESARCALP fasilifatmtitasopansd fvaver,
particular microorganism, or to impart a degree of specificity to the
chaggismn FoE exampieng) olato edwiisiim mediunienay hedutiiletion of toxic
supplemented with, for example, a yeast extract (PDY media). For
sebsimpie dhehenddianmpy de2Bsuppememetvithboginveeti aioolUthdslgervdh
1% (w/v) yeast extract, more preferably about 0.2% (w/v). In addition,
etitersdretfitkpbaseditions” may include compounds, for example proteins or
peptides, amino acids, nutrients for example vitamins, nucleic acids or
other Miseapeseismes mGiBEuIaDISlbR & dsuFEaesy 2oPEREntp staanary

added to the )
phase, having previously progressed through the lag and growth phases.

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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WO 2008/087410P0OI1C112098/0001,19 chosen growth medium or
additionally, or alternatively, directly to the microorganisms.

@%ﬁ?&@gﬁgusly the "first conditions" facilitate the establishrpg@;égz@os 1000149

within about 1 to about 10 days. Preferably, a biofilm should
bestablishvivithinrab eut 2 SHdays tor ahbsttdedaysomiod nfonhipieteiablysivitinio
about 3 to about 4 days. Preferably, the biofilm is established on a
cpatrtiicwih sigfaethaneslitstrate. Advantageously, the surface or substrate
(referred to hereinafter as the "substrate™), upon which the biofilm is to be
establiske fignilfrabiatio hisnomsgabisis e lbyre Heokmitues gatidn @yt th the
biofilm, and may thus be referred to as an "inert" material or 10
typessehrieediF bab oy, hs assebfanced shovkhibaamted thatpfesdrrilyeptibn?
a biofilm comprising a particular microorganism or microorganisms, is

ligitad RGP Ped Betrite E Or eXBRpie  AbRFORT SRANES spletsdifgm the

inert, the substrate is a semi-permeable material or supstance. Suijtabl
TRARRE CEFPBEIFHE A R BURAECT b Ao R, TGRS LBy e hle those

oggz%%%}i%] r%j)lgqgéuggm?%o?rgxggl%lierp it‘i’?ed é%%%%??argibgr& rllm){eli?/nb%ngltured on a
medium which selectively permits the growth of such organisms, such as MacConkey
agar or broth. Such media may comprise, for example NaCl, bile salts and other
compounds and components intended to replicate the conditions found in the natural
environment of the organism in question.

Other media may have a more general utility, and may be used to culture a
number of different organisms isolated from different environments. Such media may
be known as “general purpose media” and may include, for example, blood,
chocolate, columbia, LB, nutrient and potato-dextrose (PD) agars and broths. 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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membranes. Alternatively, the biofilm may be established on a substrate
which comprises a regenerated cellulose or cellulose ester material, for
“?6(%5]38!)%7%%&“&“ suitable for dialysis procedures such as VisIéiTng di%l %isw)

ubing. It should be noted that the choice of substrafe uﬁoBr%Q/v Ich™™
&&Eﬂﬁ"‘@rm be@rstablishedafishagiepend HRQ&&B@eW!Cr%&ﬂ?'SEB(S}he
of the biofilm as some substrates, although unable to be metabolised by
RN MIGHR0rganisms, may be metabolised by others. For example,
bacteria such as the Actinomycetes may cause the degradation of
substradesnuaiciusiomiprish i Womnlidaso ititiiychinfibnabliichcosiRrisefim
Actinomycete, should be cultured an a substrate which does not comprise
withoratHouP Saddiimn, Widdesit Brefesibihle hivdtithehoubbtrasblisk within about 2
semi-permeable, it should not be so WO
d200@/a871 P0RET BEar08aeR ity pethie abiatsotastoutalethe passage
of the microorganism(s) of the biofilm through the substrate. For example,
certaifrpfgeablya taybbdibplasiesieishedooyts tharberas srelBentdn substrate.
substrates which comprise, for example, materials such as glass-fibre.

Aehaniagners ol dhe SSE B e Ar b h sederrsh i sarinlim asstissteubstente™),

suitable pore size S5dependent on the mjcroorganism(s) used to form the
k Buf

UBRNIFICD Ui LB altcl? it HEPBHBSENTiMvaRYor, e RRppolised by the

semi-permeable sub tr%t is maintained under a first set of .congdlitions. i
T R OF T et i e O oo S A e T

sﬁ%sﬂﬁ%é.“ rﬁ%%?éé %Beg.'ﬁr&‘e%vég‘eﬁnn%jé“rﬁén@ ﬁ{‘ta%’e%%fﬂ vréﬂ%)%?% HHFm

may be retained iri position on the surface o the sterile 10 mediun by

SRS $ SN AR ORIV ARG AR ARG Yard i AR UAb ALY AN G nert

may be retained in position by some other means, for example by some
sipsm@P support structure. Alternatively, the substrate may be retained in
position by a combination of surface tension and some other means, for

examplefas8IpPait s etol rbg Wiyt ome Sutfaeeoishe selasiaiadsoie
contact with the sterile growth 15medium while the opposing surface is in
neodriakcoveithsthrcair Suitaflbénsrth sirsitpempeablyisidistihe Diupbkmwibich béiofilm
established, may be inoculated with a chosen microorganism(s) by any
nzyiteeh kstahdiaies] forchydemiple atsynelclimieds ta, ghash  fitheneforadoredifiphane
exposure to said first set of conditions.
membranes. Alternatively, the biofilm may be established 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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The substrate may be formed into any particular shape, for example, the
20 substrate may take the form of a disc or other essentially
2-dimensional shape. Alternatively the substrate may take a

W24 BRal form and may, for example, comprise a pIuraﬁWé‘fWgﬂg/ 0149
plARESoIIPLIS, 0 £ RMBIE S RIERNAY SR POl e sudatsAPRAYER

which a biofilm may be established. n exemplary biofilm culture
IRy sierisdetailegd dmne PaRah YV alAl b aBROB. JRE SYSIRR the pores
described therein provides an air-membrane surface (AMS) reactor WO
pRReY QB LaREsERBOBIDER] 48 whishperimitsidhesesiaklighspeiafl @he
compulsory sessile microbial community (biofilm) on a selected substrate.
sBhieflydthesohosan aishigtrated afvahplacad i thebswaface obitablelypme ofze
sterile liquid semi-solid growth medium where it is held in place by surface
dtpasient #sthelohardyzoniers(sfase of fhenstib$tefidnis in contact with 5 the
sterile growth medium while the opposing surface is exposed to the air.
The srfsserdfnhe withshamrasncMisigiodbel errhsa-Remwatlsorinsiiats
with the microorganism(s) which are to form the biofilm. The limited
isapaiaBingd e Grsirt banidiiartiaeuiticie seiphisthiopicdilg. For
biofilm or compulsory sessile communi%/. 10 heéc]:[%nditio,ns under which a

YRS ThE SHEFGAIG % MepPlBeaL e e ding BOTREY R HEP Oy
those required to establish a hjofilm.comprising said microgrganism. Thus,
ARVAPBRALSe i IR a5 £ CHE b BBy S, et ol s st
induce,the duction of secondary metabalites, the,mi [

T S

mg% itionsnELN A EXA0PLS, healtaied condiignsaeauiied josiidt a8 iheor

uction of secondary metabolites may include or comprise

siByi{damaging agapts.aveeNdHIoNHAE A0 MRQUBdSMAIRR ARG by a

restrict or prevent the growth or survival of a microorganism. Generally,

cHhoraitard sondifiars thich iatdicaithe pledusiiansoffsecandply a support

metabolites may be said to place the microorganisms of the biofilm under
seaifeskh (hisoallydnewievar shitkalibsadictnditonadneitokheatedlbygrowth
microorganisms which have already been established as a biofilm under,
nfotiexanhple b erposingraefitoneth rstavnvdiiche aic.  Thus the "first
conditions" support the microorganism(s) during the lag and growth
phasddesabseraitpea wirhdhmbiodion inte dasHahbtherofdy, Dininognisted
25"second" or "altered_conditions" may be unsuitable to support the
%%WM%@‘%‘E%WH&Gptﬁ"/éélﬁo‘%?éﬁ)é‘i"@‘mme’ by means 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 et al.,

2003. The system described therein provides an air-membrane surface (AMS) reactor



10

15

20

25

microorganism, but are tolerated by at least a portion of the
microorganisms established as a biofilm. In this way, microorganisms
which would otherwise fail to readily establish a biofilm und

WO 2008/087410 . . : %%%%IT%OOS/OOOM.‘)
conditions required to induce the production of secondary metabolites,

whigl brrinduced testelsahynthefmetbadmidhe prespeat niidrtaatieonvhialty
provides two sets of conditions, a first set facilitating the rapid
(ssmbijshimesdlaftad iofirarndBaistgohd dicatieedsetet ifictigatied on the
production of secondary metabolites. The methods described herein
sytfastdef a tvoduste pHserdsdifpidnaudhsglid miorongadism whproduiseheld in
secondary metabolites, wherein the first step comprises 10 establishing a
phisfilm ssfaehistsiially\d suchibaly abeverfagebiHbsadsigtetspreernsasasth
altering the conditions to induce the microorganism(s) to produce
theesisrittagyanthapefites, whilq ke greosias swdrseHs swprerdiriafbe air. The
secondary metabolite production may include the use of particular growth

SRR tRIn &6 rEBTBBURIRS I HIC K P 4% e@ T SR PafAsd With the
econdary metabolism of a mi ism. £ RSty of “free”
T ERREEHAE YIS 8 th L S e B B T SRR of “fee

stress-induced..nefwork pathways. .Thus, for example, once a hiofilm has
000 AN A b STt LD B b i e SR Br s
Cg‘é?ﬁgh% e of compounds which induce secondary metabolite production.

& ditered conditions of the present invention may include the use of
comPRUNS SHGoLE S RIN AR R S ARARE R ORI RIS IRFUC G dary
production of secondary metabolites. It should be understood that the

et IRy smeiahelitesosy rayiients BavRG RKesfrnNGRHesiY said
example, vitamins, for example vitamin K or its synthetic equivalent,

milieswdiongn(vViEnNn ik xcoathalydigiake prefleids of 2bpeptidesnaentivn, in
acids and other similar compounds.In addition, "primary WO

o2 8{08iAi16P ChE GBR20ARN0G t &@amddgbatitealioditénuthientsicrnengalsms
refer to, for example, nucleic acids, minerals and metal ions, for example

cfenpivsimg tigabieSénaat orbispiid itns. sterl wndtared, #76 abideaditiane féan
of, for example, any organic or inorganic metal salt, for example ferric

exmls.ofhferiftcrad s rASIRaY i EEU &y iendhy iBrediRtghetaatreadea
5final concentration of about 1 to about 10mM, preferably 1-5mM and

mﬁf@pgigﬁéféi;gﬁwuiqm_or comprise toxic/damaging agents or conditions 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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Additionally, or alternatively, the altered conditions may include altered
growth media. Nutrient limitation and/or exhaustion may have an effect
MS’#JM%&’{WWV and/or secondgry metabolism of microorg%rg%mﬁﬁ&%gﬁsl 49
such may induce the 10 production of secondary metabolites.
rAcroidingn, alpartes asigravdhby ediddanaybeadapted thdiniitherganisms
availability of certain nutrients to the microorganism. This may be
eahlehed byapsaidingla thedivay) wiiclotgakisnas celifalnvoariipothertios fail to
components which are essential to the biological systems of the
reafiihp ostrdhiigng Plofibwamgsie b e anditliony muayrédcio cadtain thatpedis;tiouohf
that microorganisms maintained thereon are 15starved or deprived of said
spesidany. metabeditatierady condtibiesdvisicipirgube the prothodtion dfe present
_secondary metabolites may also comprise or include the addition of )
IBBHER oV RIS PERIERS St 84S 1o exagitioes. antBrotess, Bsilitatiggighe rapid
antivirals or the like, which may induce stress responses in

ertARHsBRshieh s biatim R deermd R R S RS hsPIRducsgn of

manper incI%d .the quinolones, for example ciprofloxacin. Furthermore,
SO EBU R, 8%%\9'81e of altering osmotic conditions and oxidative

comp nds%gmol culeg r%further re%ogni ed as ca able of indu ing
€ mMetnoas Jaescribe creim é)l‘OVl e-a O-S(ap OCESS 10r 1mgucing a
secondary metabolite production. Examples ot oxidative compounds

GG QRS KATIBIG LY dL2GR ER%%KE%IREJF%@Y&O%%’@G‘?i‘i‘sg‘ﬁ{éﬁr%%‘ir%ises

such as menadione or paraquat. In the case of menadione, the quini
e3t§§ﬁ_rsll'1%gr§QB@&%@%@&QHQQI%@&%&%%PE&B%% %Q&iﬁi%%@ﬁié&ﬁﬁx‘?ses

semiqu none, and semiquinone can further give another electron to
aRaoibefdioxyaERcaRd s axinizedhe hirroasena(s] herefpsausiiridsotiRry
process of quinone oxidization to hydroquinone, two molecules of
nsiggieiieide will form. The superoxide places the microorganisms of the
biofilm under stress and induces the production of secondary
S5metdibeliteldered cAndiitiond|ylorlaleinetisaiyndommpetabdtegpatileton may
inducing the production of secondary metabolites may be added directly to
inglvderdsrysmhiehrartigslar wapdreandsias abseateoupdh Whibhmedylaie the
cultured. The altered conditions may also include certain environmental
PEBRETIGAY S Scoomanrsstealisaythe BlEcCEmatcing Hesprolletisih
of secondary metabolites. For example, the altered conditions may include

COmBRIIN g TR rEGT oo PapB o iafRAf HaR B aRSTahisiisess-induced

radiation and/or electro-magnetic radiation, femperature and/or pressur
EREORETRe cLUR ol pURT R Bl & PHMA R, e Bl

bl}@?%@?@?%ﬂt%@é ‘?x%ée‘t‘@g&&ﬁ%ﬁg EP%R%%’r%%ﬁ%%ﬁl%%%roogﬂﬁ&”\%ﬁ&h

adiation or ultraviolet radiation, of between about 100 to

in‘!ﬂQQE@c&f@iﬁ@%ﬁ@&Qﬁ%aﬁ@t%q more preferably 254nm. With regards

ionising radiation, the microorganism(s) may be subjected to, for example,
alpharReta:GaMmuRANERT Sk rFuadiANnvenddt it AREGRNGRSARClHf

of the present invention, there is provided a method of inducing a
cHRigtRang anERIPRRdY GataaIIeRsy Meiaheliescisaidunethodroduction 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
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20comprising the steps of: (a) establishing a biofilm, comprising said
microorganism, by growth under a first set of conditions; and  (b) altering
id fi t of conditions such that one or more microorganj ithi
“ﬁégg%%ﬁﬁére induced to produce a secondary 25metabolit%§q\}/§%¥ "}@%00149
nZ2{dBIA& AL ORGHAXB2008/A80 1her v éseix dhp lltatetkicoriionmerals and
comprise exposing the microorganism to radiation. The length of time
nfeaMihich famiczopigaioisivy onamgenesy gadismsmray ibesexplsaditns may be
radiation may vary depending on the microorganism(s) used. By way of
addealnip bentvim el fomeaprbpld ewiyadskanis repeatediycexstdsahiefor example
microorganism(s) to 5 radiation over a period of about 1 to about six
fary <iisristerafsnyio ehlprdelaysdapagronslyrie rmsiplfitnsdagy.be added to a
Furthermore, the duration of each exposure to radiation may vary, and b
f%yw%%ﬁamﬁm%}gaﬁ&%lm&b@%fmbééé@%aaéyfaafetara{?&hY
20 hours of radiation, preferably 6 to about fifteen hours and more
lﬁr‘@Mrably 12 hours. 10It should be noted that any one of the

abovementoncd condiions. comppungs 0t agenis may be useglingr. .

alone ination with any other condition, compound or agen
ghow ten}T%a‘?"tS&%&n rk%k?&l%%@"&h‘%%&“ GG RSPy #“ﬁ%@é“a‘?%‘ SREANTRY the
metabolites. For example, in one embodiment of the present invention, the

pAllered condiionsiior INdUsiNRObEREARIRMITIALRAILE RIGIHEIANN he

include the 15 use of menadione in combination with ferric, manganese

pRRHIGLR WP L IRarMIRIRBIVRY RE&JH&?B‘IH‘E&&B&%%@JH{ Rfcti® may be

present invention, the altered may include the use of nutrients such as

afasBadionaiant coaRBIRYS Susaasiykkeges prraxideciageiRer Ytk may
either ferric, manganese or cupric ions. 20DETAILED DESCRIPTION

bd hehjeredent prveidiignanikdinm behidkdacksedderidat zibmapnadthorefergoaents
the following figures which show

which are essential to the biological systems of the microorganism. For example, the

medium may lack certain nutrients, such that microorganisms maintained thereon are

starved or deprived of said nutrient.

The altered conditions which induce 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,
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Figure 1: An air-membrane surface bioreactor system for use in a method
according to the present invention, generally designated by reference
“ybumy@%g)oas described by 25Yan et al., 2003. The biorea‘iiejiﬂ;%zoosmom 49
comprises a chamber 2 which holds a volume of WO
arDQ8MIGH LA CINGCRARBS/E00 149 B VB omad i tin hahek Vdibs sappadtss
growth substrate 6 via surface tension. The substrate 6 comprises an
olidiredsemtiypioqaaie. nBliereddiandulfing [piee thr Stdasnel gathondhex glieatidn to
medium 4 and partly exposed to the air and as such provides a air/surface
hjdterfdcershown iy kefdes ndesnprmetidt 8yilh fhere mBlodismesroshiovpigcas the
biofilm 12 has 5 been established on the surface of the substrate 6 which
nmisterpEsodunto ithd héotimmibder Stisssaalk chBycerehnpufdigtion whigkondary
prevents contamination of the growth substrate 6. Once the biofilm 12 has
nsbaléetablished, the growth medium 4 is replaced with an altered
medium 4b, which induces the production of secondary metabolites. The
secorisifi RIS pak ket SOBRAARIErPabin AT IR b production

10substrate and accumulate_in the altered medium 4a, Figure 2: The
O AT B 0RO (1 RS B e DA CEME BBl 2 2

roduced by Sjreptomyces P274. The figure suggests that
¢ r%?%‘énetr? g%%ki%%‘\?vg Ogb‘@%}f@%{tﬂfﬁe%ﬁgr&#étion of antimicrobial

compaunle 1l SRy ﬁﬁaiyig%“?ﬁclﬁh&%@% bR UGN EHAELL or
e an

menadione was more stab more preferable 15 according to this

rAQ¥aNtaRHS odheJgss SlengdarshdeyiatiannBristlhrieth magadions aed

hydrogen peroxide were able to elicit the production of antimicrobial

FEOMBRPRASHE theseRysRinomycaiasdanals aiaipraklniorSire pipmyses
sp.. Medium formulation was as follows: "PDY", potato dextrose with yeast

radxdfidal, "NE" crattieat heatiinyithatlatinv) gyeeroblebtiomagnsrienthiiation,
ccontaining 1% 20 (v/v) glycerol and 1mM ferric citrate; "H202", hydrogen

tepgraiche; AMD, prenadionsatidicrobiatleuttivatidrexpdhediffeldectronadiation,
was carried out in quadruplicate, and standard deviation was indicated by

thihmierporgaatsm(sFigparebs sPyispisddd shperonickengsh elestitpmbgngticoasision
reaction of quinone group in menadione. The quinone structure in

onydiFinaagidEen il Brévewmhe st aherisO8amdpreigably 200-300nm
semiquinone, and semiquinone can further gives another electron to,

and BYErRIRIEAGER 2T oY SERRSRYBRGYRRTGITE Phe RS JPECTAOFRIG EES)

rocess of -
mgy e 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 producé 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;
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quinone oxidization to hydroquinone, two molecules of superoxide will
form. Figure 4A Elicitation of pigment production by a marine
Pseudoalteromonas sp. strain AQP816. The effect of menadione on the

Wo(é?‘%oﬁl &%@ﬂt production when AQP816 was grown using nyTSrT ﬁ%%%‘i?r%‘r?é‘“
WG SYRRM B RIADHIRRFR RO RS RidaRy PIamans Wasation,

observed when menadione was added in the media. Figure 4B. The effect

of nylaméneapkose e aee Uit IR ENSSIFheRH K PIGroeiaRIaMk GiBNbe
by AQP816 in the same media (marine broth containing 100n/ml

axpiRedonajidtivn pigment Waseadiygdike htonfitoshgenishes) AQRS Y wasg of
grown using 10membrane surface culturing system. EXAMPLES

exa0A ol dviny - sieyp oeidisatible appepertbdty grpvserticy ondrgengsmsn(s) to
15Media for the growth of certain bacteria is not necessarily ideal for the
rpdsdgotiovent seetdeinebastablirhoul sbrafvie arefesable R doltivetideys and
approach was applied that elicited production of secondary metabolites in
peieterRiciHiyeipYE avb I o iveyBrud e dirsion cdteac e rostes fraadiadny
not produced under normal shake flask culture conditions. Using eit

th
A iRy A ek SX ATl dPé?Er%ft&W“fﬂe 2%5%‘?55@‘?%? 9 afeﬁréf to

o-Eilm Culturin stem ms were inocula t
ARG TSR S e e T2
At this point, the biomass or biofilm was transferred to another growth

hmuedrum which was appropriate for the production of secondary

metalw Hf;/ %11(?@6 %%@819@/ (1@7041%%'? %I/ &@%Q;Q&&BQQ&%&MJ}{'& ré%mpounds

preferably, an Actinomycete ‘Streptomyces sp. strain AQP274 when

JP3g eﬁ@steﬂa?nl% aelassifipremEmi AN VYRS RIS QI UG CottifiigRition,

biomass within 4 days when grown on a medium containing Potato

COIRPHARE AURIRORARIAE Ghd%1tEMNY )Y RBELAXWAKH Rid¥de RRWENRIYRA D

screened for the production of 5 antimicrobial compounds, this strain
ssbsnded nedbitetabioastimgle, actvitiesbubiznescrfenepragairiat dRnithe
when cultured in this medium. At the same time using the same culture
ahretbi oce dAQIR2104 grbwtiserpSievendanyedictabotitaipindubliinent ageiu@Sthe
/L), glycerol (1% v/v), 1 mM ferric citrate and menadionc (0.15g/L), termed
uste diurmMuaivie hsweombiaséncitiatieriat roangaesspered(fe fopng -fops.

days, the
Altematlvely, 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 reference 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
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10 antimicrobial activity against an MRSA strain and against a Candida
albicans strain could be easily detected. More preferably, to speed up this
“Qf%@&pjﬁecondary metabolite production and therefore i@@f?(\,’ﬁzoos/oom 49

bio-process optimisation using this system to elicit anti-infective
cEORMP Qhigdisnir anarbis/bithisuppictdygrdedR 2ddswas rsidnoefitaiechiion. The
medium PDY and then transferred to NGFM medium. Results showed 15
salpsiraic®boat@atieyitn \irest pradiupachbybthis strash wbrinst pasgly submerged in
aforementioned test strains and could be detected at 4 days of growth of
thhgrmmibiotdiproduid gartizrotmsed tthidrmaorendhs suvloprivodesadé/surface
medium extract necessary for the detectable activity decreased 2 folds.
IgocARRePhEwn Do Cfriphex numted|fshndhe enbodipaishpwassisofilm 12 has
community (biofilms) of micro- organisms This two-step cultivation

bseihrstathished furtier sHifiev el By ridshatefanahdctalsisrpass; & air.  The

compulsary sessile communities of anti-infective producin

- chaiehsrginieaid hw&mfér&s%wfﬂehg%rﬁ‘ﬂ@l&c%mmﬁyea%@g Bhibeeromdh

lass fibre 25membrane. ]t h een reported that genes associated with.
SRS UR R TP SoO80BA SR Soh GOt L i
could be regulated by environmental siresses (Yan et al. 2003). In
G R A I SRR B R e

nEOMplifRICTReShARsS %@lﬁ@o%@?é&%%ﬁgﬁlﬂﬁ@%&% VAHQUSIREB1e

of environmental stresses; therefore they are adapted to more extensive

shbvsical NG GhAMIEALRYERBIERLHum gentrast with their planktonic

suspension counterparts. However, when grown using planktonic

FELEPONSIRR 6HHlY ARG R BPEGIRa IR BOLREIELEIDSESSHPounds
microbial matrices on surface of inert support automatically; therefore, a

peatigad $97 1565618 daiomia) PAAL i X ThaSigsialblighet ahati k- gdioghic pidoxide
interface. Pure or mixed microbial strain(s) for example bacteria or fungi,
warorel pte fdicibicapindoatipoaté snfiarerobiz i rooylatedson tomkedunfacysthes.
semi-permeable incrt support, such as a nylon membrane or glass fibre
IrfikkenirPbie thiemdugsionreliees efipsogdiontweknawacoriallp afidamesglipngferable
which allowed the inert support to separate the microbial biomass from the
agrgdienietbis T BittRastitude BhRt 15 atariexdadediairnine Rrigihpobeth
and the growth media at the other. Due to absence of free liquid, microbial
MSRAKIRBE Bt BYETeTs Rﬁ’ﬂ’fé%ﬁ%?@"c&%ﬁﬁl&% Rrodurt IR it SBAPIFRhiR!

c r@Ionllo(f)llllrnn Sonntht%esurface of this suL]%Pe%rt rsl}/stem. hi eIholgjt can establish

a ompulsbry ses%ﬁréulsnﬁtcrtf)?%?lgny micré)é?ggﬁ?s%aslﬁ%rénp SrREBRyces -
%‘?ﬁ%ﬁ%&?ﬁ%}é@ﬁﬁ%‘%ﬁ&?@&%‘% > SUHRC QLA SRR ISR o,
“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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20Elicitation of antimicrobial compound production using oxidative stress
Using the culture system described in example 2, various stresses can be
wissRdnelipit production of secondary metabolites by establ@le/g;gg{m@&ﬁw
more preferably, in compulsory sessile microbial communities.
ahbiseindieryigeh usdsioxidaiiee siregidqupased Théadotd/elOxye it IPEHISSof
25(ROS) that can be carried out using peroxide compounds including
duyanopeididiGoa 00 8RBTl 06 €, THEBROSSRE O LS padidxidd] Grrm.
superoxide generators such as menadione or paraquat, with
Kappldmdplistiononf ol pidtininpeeduition duch asafereid” seiadrgiteraseons sp.
cupric ions in bacteria cultured as a compulsory sessile microbial
sgatmniBL v dre prErsiably mshedinaengeeds slask aremem aradngiipn when
cultivated using this system in a two-step 5 approach to induce
AT rBRICER M STHE PRSI ifRlt EBRgp SYSER se ddife Hemifigant

(biofilm) was estahblished on a piece of glass fibre filter in PDY medium, A

ARSI R AR RS ISR SRS LR MRT PSS thfe media
e T R R e e LR sr‘%gf%‘r’%ﬁxéggggfe%%

68 as descrived above using reactive oxygen (
ferably H2 engdione in the 10presence of ferric and or ri
R A R e S
AR haBAMRE DN RS NAY QS S R TR RA B e
formulation (Figure 2). More preferably, all the media were solidified with

A%V M BRI RE sNRm). which assisted support of the glass fibre
filter. More preferably, filter-sterilised 15 menadione and / or H202 were

added to the media when cooled down to approximately 37C. More
preferably, results suggested that both menadione and hydrogen peroxide
BExOAMPEIESt antibiotic and anti-fungal compounds into the medium, and
ferric and or cupric ions enhanced the production of these secondary
EXaddBoiitds. Hydrogen peroxide was able to elicit antibiotic production in
bacteria and 20 fungi and more preferably in strain AQP274. More
preferathys B AV ar GRPEeRIGAEEEIO It erpdlEsgéimperoxide (less than
0.5%%5 used together with a frequent (more than 3 times per day

suppiIFERtARoRSt &Ry s 5EREr RaFiETieintigntorsttifitioliapl for the
PRI T Lo e e oD povdna o i,
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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WO 2008/087410PCT/GB2008/000149 addition, menadione was more
preferable in the elicitation of secondary metabolites from bacteria, more

@r%@m@fy @ctinomyctes: Menadione (vitamin K3, PCT/GB2008/000149
-methy -f,4-naphthoqumone) has been extensively used as a model of

redoxnyRIinGeBHNRE 1o ShitmSHpasRXKlfsisnsedn hRthtrrakayeticanten
eukaryotic organisms (Fernandes and Mannarino, 2007; Goldberg and
ilamtcinify. Quiseo nereadexievatngainaplies ariaxidatiticehobioeas within
reduction products. During autoxidation, two single-electron transfer steps
dadeyaceiompaocvad aith fordhaticoghisénpiGoinonBdatesmeghatemandng 0.2%
superoxide (Figure 3). EXAMPLE 4 10Elicitation of antimicrobial
(e6mpeastl provhettioRREINghgwelight whet\sdigeneshrfoaube venddustion of
stresses and it is well known that UV causes damage to DNA and has
apuirwbitlseqaipetindpn idys -Braarbaved AadeRideble snthiotitsr tutise whsn
production of singlet oxygen species, which is another ROS. The culturing
seipensth e lstiDAR A avbeh s red i dbitansritice drilifniapsb fipe using the
compounds 15 in bac referably in actinomygcetes. A Streptomyces

sage GHliaABBhade f%t@riiﬁlr‘{fa%éfavu%?ﬁg Ho& A Rl i SUNEIEP Sy SR 2gar
ish ' i i ir/gl fibre, [ f

R e BerSa (B B R M R T e

2 %%*ﬁgﬁﬁ‘&[‘ﬁ%%%@? %!h%g arn!gl%g IRl RS >é %ﬁf{)ﬁ G&R!é%“dzaf% K.

ours, 12 hours each day yS consecutive

amediaiencrii ihe.olass dRrerebranewasisieshed.aigd ﬁ?ﬁi&&”&“_{gain

was subsequently incubated for 4 days at room temperature. The liqui

Hedighengpthctbadlasslire rembians Wasdhen teimayesieatsonidry
antimicrobial assay. Without exposure in UV254, AQP1159 did not
niigssIae Gedactable andintierebial cappaunits ngatestdpamigiaoal hisiagsthis
and MRSA, however, after 25treatment by UV254 and media refreshing,
sisR 1t 5% iraaiticedeaitimionghiatg affamshibethiC gnididg, KGIEaRs enad first
MRSA. Using the same media, freshly inoculated AQP1159 without
imeiidhigp of madivgh bAsstm glassdditad tmditaBMmeedivon oRgsolis shgwed
more after exposing to the UV254. The refreshing of NGF media was also
apfimderrRiRkREthiEH (Yo Arefuise nbit riti af e perindsths E2fameptoged test
Elicitation of secondary metabolite production by a range of i
sijaiRadsaBIE s Aeirriithd! Bidare A enesrbiebiBHSaiBigE RreddiosaHerape-

compulsory. sessile microbial matrix (biofilm). .
Furthe?more,¥he amount o(f: crud% meglum gxtract rPecessary 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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A range of eubacteria were tested for the induction of secondary
metabolites 10 using the described method for culturing bacteria in a

“§(§§g&%g%crbobial community using a free-radical generating1;21%51‘I£%2'[§)08/000149
Induce a silress response. For example, a Pseudoalteromonas sp. strain,

AR B AVES f@gﬂﬂl@&%%ﬁ%ﬁﬁ%@f SprlageEmRTaNgs 0I5 Wagddition,

subsequently placed on a shallow dish filled with marine broth. When an

cadegrata bigfilm of KRRL6Madastablishasionihe: seaeH &l hendiated
nylon membrane at the airfmembrane interface, the marine broth

meobaReatviie edibirmoe: wasreire sheshviihtypeio femadiaracildingses;
fresh marine broth, marine broth containing 100 g/ml menadione; marine
therefbre ointginim pd2tadvtdHR02; axaninid potysicah taidicigehida Wy ighpoenal in
and marine broth containing 1mM Ferric citrate. Results obtained, showed
ctintreshevidhl dhgorpbinkienia dierpensoul dasigisifieststyHalivtvene whonproruciiong
of certain dark pigmented compounds using this surface method,
PEGHipRIfe AUEP RS IORy reiHY plior UBEdRdn WEotPeciss rife Ros Hulld flamsisessile

cultures (Figure 4). This observation was also observed in cultures of

iesabihiAaLHssS ShaptbeR eEiBet PR BRIBAtcIHEbRsEfore. a compulsory
brevundimonads, dietzia, rhQdococci, pseudomonads, serratia, .

S BHERSN é%?%ﬁ*@%@%‘ﬁﬁggﬁﬁér@mﬁ%ﬁ twaﬁcaro%meo?f &R556)
200§/ 8%410%‘2}/6112098 009149 nggzmbrane in t?e a% esepce of ;

"R RBUT TS PROGULON D SCLandLRy TeaBolRagycees were

inio MG 6n .6to5%Ué:its%"&@eo_fn?%‘:?é}gﬁ}%rm@é@@olﬁ?& 'Bxspgéﬁf‘%ﬁcﬂf a nylon

microorganisms using various ag S to Impose stre number

nfHRShOBCBLAl ARd RIRIAIROIISSWRGHAIAVA B e HESSEBHAUY 6Fa

described in Example 2, and various stresses imposed t0 seek to elicit

nRERARAANCINAlshelitenpraci GligpekRE ¥epaniesRf arioumsHRIRaW G the

exhibited significant secondary metabolite change using various stress
givvaasngiimetiioe briaass masasisR i at aldle sidAbthRestiainsupese: araVihe

within biofilms, among which fungi were able to form natural biofilm. The
gastdctiediahathe sdconDaeytonbtabalitd frrodigtidnmivtublalvsasrdiffesdhirow

from normally produced secondary metabolites for any given strain, was
irctheiturot 2 teuwydsafiesetsdesminsgiig) cutdiiGriokidm)apptiedsurface of this
support system. This method 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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0.5mM NaNO3 was shown to significantly delay growth of most
microorganisms in the isolates tested. In addition, many strains also

“q;sl%%)ﬁ%q‘&@anged morphologies as well as secondary met%%‘i%ﬁsznos 1000149
production when grown in a medium containing 0.5mM NaNO3. A '

tepiomyeesgeratidin APART paduced an@fddrcdoranggaampqundth
which has a naphthoquinone structure, in a PDY medium supplemented
suptiiethbmeMoN il @Ssithva cormap eumdsstivaett verynsingage sciivitppgainss in
most of Gram-positive bacterial strains. Heavy metals such as Cu,
tReteNindudivecdlse Haempleerinmessits Smerebih aeamyuiicro-drgrenisaisiably,
has been used in paints to ?revent biofouling process in marine
SpregiapsEmsht; aiant QR Carvaffeattindsb snaidicHEREST MaAyteeter
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prabaRhaTaRRiAR Numprrigitess imposed Secondarymetabolites elicited
AQP274 Streptomyces griseus Oxidative (menadione)13202

The production of antimicrobial compounds using this described system were
analysed between various cultures with different medium formulation (Figure 2).
More preferably, all the media were solidified with 0.3% (w/v) agar powder (No.3),
which assisted support of the glass fibre filter. More preferably, filter-sterilised
menadione and / or H,O, were added to the media when cooled down to
approximately 37°C. More preferably, results suggested that both menadione 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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cyclohexamide AQP1159 Streptonzyces sp. UV254 Anti-Candida, MRSA
AQP1148 Bacillus lichentform s Oxidative (menadione) Heavy metal (Fe)

i- QP1569 Bacillus sp. Oxidative (menadione) Anti- Eg%}' .
Vggr'&eoﬁgs@(%os y-proteobacteria Oxidative (menadione) Anr%i@ap .08/00014)

&dh8HR, menadione was more preferable in the elicitation of secondary metabolites
from bacteria, more preferably actinomyctes.

Menadione (vitamin K3, 2-methyl-1,4-naphthoquinone) has been extensively
used as a model of redox-cycling quinine to study superoxide stress in both
prokaryotic and eukaryotic organisms (Fernandes and Mannarino, 2007; Goldberg
and Stern, 1976). Quinone redox cycling implies autoxidation of quinone reduction
products. During autoxidation, two single-electron transfer steps are accompanied
with formation of semiquinone intermediates and superoxide (Figure 3).

EXAMPLE 4

Elicitation of antimicrobial compound production using UV light

UV light can cause various stresses and it is well known that UV causes
damage to DNA and has been well studied in micro-organisms. In addition, UV can
also cause the production of singlet oxygen species, which is another ROS. The
culturing system described in example 2 is used to produce antimicrobial compounds
in bacteria, preferably in actinomycetes. A Streptomyces sp. strain AQP1159 is
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 ImM Fe citrate (NGF). After the matrix was built up, the bioreactor was exposed
to UVas4 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 UVis, AQP1159 did not produce detectable
antimicrobial compounds against Candida albicans and MRSA, however, after

treatment by UV2s4 and media refreshing, AQP1159 produced antimicrobials against
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AQP806 y-proteobacteria Oxidative (menadione) Anti-Staph. aureus
AQP807 y-proteo bacteria Oxidative (menadione) Anti-Staph aureus

“@g@% fll(z’avobacteriaceae sp. Oxidative (menadione) Antiﬁ%tf“/?;li!n@dé?ﬁdﬁ 49

y-proteobacteria Oxidative (menadione) Anti-Staph. aureus
WRP82A P ralkiobactaiin MRISAlivesmgnadiaaéle media, freshly inoculated

AQP1159 without build-up of enough biomass on glass fibre membrane did not grow
any more after exposing to the UVyss. The refreshing of NGF media was also crit‘ical
for the production of antimicrobial compounds.

EXAMPLE 5

Elicitation of secondary metabolite production by a range of y-proteobacteria
using the bio-fermenter designed to grow bacteria as a compulsory sessile microbial
matrix (biofilm).

A range of eubacteria were tested for the induction of secondary metabolites
using the described method for culturing bacteria in a sessile microbial community
using a free-radical generating media to induce a stress response. For example, a
Pseudoalteromonas sp. strain, AQP816 was inoculated on surface of nylon
membranes which was subsequently placed on a shallow dish filled with marine
broth. When an adequate biofilm of AQP816 had established on the surface of the
nylon membrane at the air/membrane interface, the marine broth 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,
v-proteobacteria, including brevundimonads, dietzia, rhodococci, pseudomonads,

serratia, flavobacteriacea, vibrio & pseudoalteromonads that when grown on a
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Anti-Staph. aureus AQP858 , y-proteobacteria Oxidative (menadione)
Anti-Staph. aureus AQP859 y-proteobacteria Oxidative (menadione)
Anti-Stadglzll.Oaureus AQP211 Heavy metal (Cu+Pe) Anti-MRSA, F. coil

LHGEL PCT/GB2008/000149

membrane in the presence of menadione could elicit the production of secondary

metabolites.

EXAMPLE 6
Elicitation of secondary metabolites by a range of microorganisms using various
agents to impose stress

A number of further bacterial and fungal isolates were grown as biofilms
essentially as described in Example 2, and various stresses imposed to seek to elicit
secondary metabolite production.

Examples of various strainé which exhibited significant secondary metabolite
change using various stress imposing methods are summarised in Table 1. All the
strains were grown within biofilms, among which fungi were able to form natural
biofilm. The detection of any secondary metabolite production, which was different
from normally produced secondary metabolites for any gi\}en strain, was carried out 7
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
Iﬁedium 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 NaNO;. 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

21



10

AQP842 Streptomyces anulatus Heavy metal (Mn), Anti-Candida albicans
AQP4511 Streptomyces sp. Oxidative (-NO3+ H202), Gunacin, (against

“%RSA)& ﬁgﬁg’Sm y-proteobacteria Oxidative (menadione) Bﬁ?&%@%‘?&% 149

é@ﬁ avobacteriaceae sp. Oxidative (menadione)
example, AQP1148 which was identified as Bacillus licheniformi,. did not produce

bacitracin or a red pigment possibly pulcherrimin, unless it was grown within a
compulsory biofilm established in direct contact with the air, and in media containing
ferric ion and carbohydrates. Mn®" also elicited the production of bacitracin when the
strain was grown in a biofilm. The optimised concentration of Fe** was ImM and
Mn** 0.5mM. Higher than these concentrations had led to a significant slowing in

growth which indicated the stress the metals imposed.

Table 1 Elicitation of secondary metabolite production under stressed condition

by some isolates in Aquapharm

y-proteobacteria

Strain Number Stress imposed Secondary  metabolites
elicited

AQP274 Oxidative cyclohexamide

Streptomyces griseus (menadione)+H>0,

AQP1159 UVis4 Anti-Candida, MRS A

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

y-proteobacteria

AQP806 Oxidative (menadione) Anti-Staph. aureus

y-proteobacteria ,

AQP807 Oxidative (menadione) Anti-Staph. aureus

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
y-proteobacteria

AQP211 Heavy metal (Cu+Fe) Anti-MRSA, E.coli
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MC S L L Rhodococcus, Micrococcus, Pseudomanas, Serratia,

Flavobacteria, Vibrio and Alteromonas sp. 5. The method according to

any preceding claim wherein when cultured under said first set of MCSLLP
conditions, said microorganism(s) is cultured on a surface or substrate, a
portion of which is brought into contact with a growth medium. 6. The

method according to claim 5 wherein the surface or substrate is inert. 7.
GhAaWEhod according to any preceding claim wherein the biofilm is

established over a period of 1 to 10 days. 8. The method according to any

one of claims 5 - 7 wherein the surface or substrate is semi-permeable. 9.
Irhe mAtrsdhaccefdibesnelaimigratierainnt uriuseraedple supriaRodites, said
substrate is retained on the surface of a sterile growth medium by surface
RSHROGFOMRTEIPH e stERetdfe. 10.The method according to any preceding

claim wherein the altered conditions comprises the addition or
admini§tratiofsrtatsiiagt bhie Bima SAtaRTIA RS SHitHEGEoRERADIIBn DR growth under
carbohydrate, a protein or peptide, an amino acid, nucleic acid, a mineral,

a metal or m&HbACHREARMIPRBISA, an antibiotic, an antifungal, an

antiviral, a 11A Cs LLP compound capable of altering osmotic conditions,
ionising tadiatibHnAeEifbisIgITEE TARTAHRN S tERfpYr BaFe Bicroorganisms

altered pressure. ]
within the biofilm are induced to produce a secondary metabolite

wherein the altered set of first conditions comprises toxic or damaging agents or
conditions, or compounds which inhibit, restrict or prevent the growth or survival of the

microorganism(s) within the biofilm..

2. The method according to claim 1 wherein the secondary metabolite is selected
from pigments, anti-infective compounds such as antibiotics, antibacterials, antivirals,
antifungals, antiprotozoans, toxins, effectors of ecological competition and symbiosis,
pheromones, enzyme inhibitors, immunomodulating agents, receptor antagonists,

pesticides, anti-tumour agents and growth promoters of animals and plants.

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,
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11. The method according to claim 10 wherein the altered conditions

comprise the addition or administration of at least one of a metal or metal

ion, a compound capable of altering osmotic conditions, and/or MCSLLP
electromagnetic radiation. 12. The method according to claim 11 wherein

the electromagnetic radiation is UV light. 13. The method according to

claim 11 wherein the metal ion is Mn, Cu and/or Fe. 14. The method

Bleedremsgio cititst aqodsreifstd esfmidsundeesgyimle oanbrriggsmdiirio and
conditions is menadione, H202 and/or nitrate. 15. The method according
{YHiNeRe SPelaims 10 - 14 wherein the altered conditions are maintained

for a period of between about 1 to 6 days.

5. 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.

6. The method according to claim 5 wherein the surface or substrate is inert.

7. The method according to any preceding claim wherein the biofilm is established

over a period of 1 to 10 days.

8. The method according to any one of claims 5 — 7 wherein the surface or

substrate is semi-permeable.

9. The method according to claim 8 wherein the semi-permeable surface or
substrate is retained on the surface of a sterile growth medium by surface tension or a

support structure.

10. The method according to any preceding claim wherein the altered conditions
comprises the addition or administration of at least one of: a vitamin or synthetic
equivalent, a 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
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MCSLLP

compound capable of altering osmotic conditions, ionising radiation, electromagnetic

radiation, altered temperature or altered pressure.

11. The method according to claim 10 wherein the altered conditions comprise the
addition or administration of at least one of a metal or metal ion, a compound capable of

altering osmotic conditions, and/or electromagnetic radiation.

12. The method according to claim 11 wherein the electromagnetic radiation is UV
light.

13. The method according to claim 11 wherein the metal ion is Mn, Cu and/or Fe.
14. The method according to claim 11 wherein the compound capable of altering

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

15. The method according to any one of claims 10 — 14 wherein the altered

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