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METHQD FOR THE BICLOGICAL CONTROL OF PSEUDOMONAS

The presert invention ralates fo 2 novel method for the bidlogical control of the
presence of Peeudomonas, and the profiferation therent,

Preudomonas 18 8 Gramensgetive  bacterium  helonging v the  famiy
Pesudomonadaceas. in humans, this bacterum s responsible & various skin,
visceral and pulmonary infections, in particilar qystic fbrosss {4, 18) Thesse
bacteris are capable of resisting numercus antiseplics and antiblotics (2} {7},

which doubtisss partly sxplaing thelr increasingly frequernt presance in hospltals,

where they can be isolated from the moist environment {sinks, U-bends, vases,
towels and washing objedts, sontainers santaining waler, st} Some species also
have a pathogenic power toward plgnis {8}, namatodes {10} and amoebas {1, 11,
18} Thus, the montoring and the control of this bacterium constilite an
noreasingly imporiant pregcoupation.

Ganarally, it I8 known that, in the environment, Feeudomonsg has g ublgultous
distribution (5}, since this bacterium has been isolated from the soll, from sewags
or from industrial wastewater, and biofilms, charactedstics that # sharss with frae-
fiving amoebae. Several potentially pathogenic bactenia {(Lagionells pnsumaphila,
Mycobaclerium spp. and Escherichiz colf O18T:HT) have developed mechanisms
for surviving and replicating inside free-living amoebae {15). Furthermore, § has
been demonstrated that bacteria, inciuding Peeudomaonas, can develop various
strategies allowing them to evade predation by fres-living amosbas (12, 13, 181 In
parficuilar, biofilm  femation by Pseudomonsg sorughosg s ong of the
mechanisms which allows the baclerium fo effectively svade predation by free-
ving amoebas such as Acanthamosba polyphage (18). Although # is known that
gerlain free-ving smoebae such as Acanthamoeba are capable of developing a
chematactic responss foward Preudomonas and of feeding an these bacteda (17,
185 i i» also been demonstrated that Pseudomonas asruginoss rapidly inhibits
the growth of these amoebae and Induces thelr encysiment and thelr death by
secrsting toxins {(11-13, 17, 181 The foxic sffect of Fseudomonas has also been
demonstrated on ciliated protozoa {8),

it therefore clearly appears that fres-living protozoa and amoebae constitute an
important slement of the scology of Pssudomonas. Furthermore, the capacity of
Freudomonas to infect and survive intraceliularly in protozos is a powerlul
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indicater that these protozps are faclors which promole the resistance of
Feeudomonas i the biocidal trsaiments cumrently ussd, as indicated by Michal et
al, {14},

fry this context, the inveniors have demonstrated, tolally unexpeciadly, that the
amosbic genus Willaerila magna eradivates Pseudomonas bacteria. This biocidal
sifect is added to by the already demonstratad capactty of Willsertia magns for
predation foward other amosbic agenis that may ssrve as g vegor for
Fseudomonas (31

A subject of the present invention is therafore first of all a methed for controfiing
the proliferation of Preudomonas, which uses protozoa of the Willaertls magna
genus. The methods in soopedance with the invention do not include the treatment
methods applied o the human or animal body. In the method according to the
invention, ¥ is most commonly 8 gas or Hquid shream which s freated with
protozoa of the Witlaertla ganus and in particular the Willaerfia magna speciss,

The method according o the invention can in particular be used in the disinfection
of sanilstion waler or indusirial water distribution networks, cooling ciroults for
industrial plants, or alr-conditioning networks. The protozos may be directly addsd
to the water or to the liquids circulating in the pipes of networks fo be treated. it is
also possible o spray them, for example in the form of an squeocus solution 2s an
asrosol, in the indusitial networks, chimneys and plants, and on the industial
surfacss, o be disinfected.

Advantageously, the protozoa used in the context of the invention corraspond to
the strain deposited on August 28, 2008, under number PTA 7824 af the ATOC, or
{0 the strain deposited on August 268, 2008, under number PTA 7825 at the ATCC,
these two strains having been deposited in the names of the Cenfre National de fa
Recherche Sclentifique {CNRE) {French National Center for Sclentific Ressarch] -
3 rue Michel Ange - 75784 Paris Cadax 16 / France - and the Ulnversité Lyan 1
Claude Bemard flyon 1 Claude Bemard University] - 43 Boulevard du 14
Novembres 1918 - 88622 Villeurbanne Cedeax / Francs,

The pmlozoa bslonging to the Willssrtia genus corresponding to the strain
deposited under number PTA 7824 af the ATCC or fo the strain deposited under
number PTA 7825 al the ATCU are an integral part of the invention. Said
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deposited strains PTA 7824 and PTA 7825 are also described in the publication of
PCT intsrnational application WO 20081043859,

Such protorna may thersfore be usad in disinfecting agents, In particular intended
for eliminaling Pseudomonas bacteria and for contmoliing the proliferstion and
contamination by FPseudomonas.

Furthermars, 3 sublect of the Invantion is a disinfecting agent containing protosos
of the Willserfia genus, and in particudar of the Willserlia magne speciss. The
profozes carresponding o the strain deposited undsr number PTA 7824 st the
ATCO or to the stain deposiisd under number PTA 7828 al the ATCOO will be
oreferred, Advaniagsously, the disinfecting agent according to the invention is In
the form of an aguesus solution or suspension, for example in distiled water. The
disinfecting agent may be in a syrayable form, for example as an asmsol or any
other meaans of application.

The Pssudomonss proliferation-inhibiing activity of the protozoa of the Willsertia
genus, and In pasticalar of the Willserfia magns speciss, has besn damonstratsd
by the inventors by comparing the replication of Pseudomanas In the

Acanthamosbs and Harfmannefia geners used a5 amosbic models with that

obsarved in the Willserlfe amoabic genus. The activity of the protozoa of the
Willagria genus, and in particdlar of the Wilasriia magns spedies, is also
damonstrated by demonstraling the predation sffsct of Willsertla msgng on
biofiims formed by Psewdomonas asruginosas.

A subject of the invention is alse the use of a disinfecting agent or of a protuzoan

as described above, 28 a biocide on Pssudomanas.

Givan the essential role played by amosbae in the profiferation and maintenanae
of Pssudomonas in the sxtemnal environment, the method and the disinfesting

agant according o the nention have numerous advantages, in terms of cost, of

sffectiveness and of environmental friendiiness, In particular.

The examples hersinafter make i possible o flusirate the invention but have no
fimiting nature.
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Figure 1 shows the spontansous svolution of the respective populations of
Harfmannela  vermiformis Usquare” symbol B), Acanthamosba  castellani
{"diamaond” symbol ) and Wilberla {Wiflaerlia magna ~ "frangle” symbol &)

amosbae after placing I cooultrs  with  Psewdomanas &t an  initial

amocehaibacterium ratic of 10.

The various freaiving smosbae are placed in cocultures {time § hoursTQ) with

Pssudomonas al a ralio of 10 {10 bacteriz / ong smpeba) as desoribed in the
matsrialy and methods seclion. Aliguots of the coculture suspeansions are taken
avery 3 hours: Le. 70, TO+3h, TO+8h, The percentage of fve amosbas &
-{ﬁ.e?iézrmizxed by means of 8 frypan blus exclusion fest and & microscopic
chssrvation using 2 Malassez oell. The data are oxpressad as % of Hve oallg,
nagative in the frypan biue exclusim fest.

Figure 2 shows the growth of Pseudomonas in cocullures with Acanthamoebs
and Hartmannella but not with Willserfia,

The amosbas (& » fs‘{}‘@} were suspended in water and insculatad into the wells.
After 1 hour, Fseudomonas is added to the wells so as to achieve varlous MOIs as
indicated in pansl A The coculturss are incubated at 30°C and examined after 24
and 48 hours. A, Note the absence of bacterial proliferation in the well containing
Willaertia with Peeudomonas. B, 100 g of supernatant of the wells containing 100
bacterta { 1 amosba and 10 beclera / 1 amosba MO 100 and MDY 10
respectivaly) are successively diited {diiutions ranging from 10% to 107 with sterils
delonized waler) and inoculated onto TSA agar. Note the absenne of development
of bacterial colonies in the supematant of the cocultures with Willsertia magna (W),
and, conversely, the strong development of Pssudomonas in the prasence of
Hartrmanefla (H).

Figure 3 shows the compared Kinstics of the development of Pseudomonas
{'diamond” symbol €}, oblained in coculture with various amoebic geners,
including the Willaerlle genus (Willaertia magna - “cross” symbal X3,

The varous free-lving amogbae are separately placed in cocuftures {time ©
hour=T0} with Pseudomonas at a ratio of 10 {10 bactsrda / one amosba). Aliguots
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of the cocullure suspensions are taken svery 8 hours; Le. TG, TO+3h, TO+6h, and
the FPseudomonas concentrations are determined as deswribed in the malerials
and methods section. & posiiive control, comprising only the Pasudomonas
bacleria in g concentration squivalent fo that of the cocultures, will serve as a
control for the growth of Fseudomonas in the medium. Nole the bacteral
muitiplication in the cocultures with Acanthamoeba castelland ("square” symbol &)

and Hardmannella vermiformis Miriangle™ symbal &)

Figure 4 shows the biocidal effect of Willserlle magna on a biofilm formed by
Psaudomonas.

Pseudomonas and Wilbertis magna were hoculated onlo TSA agar, and
incubated at 30°C for 24h, A, The Pssudomaonas biofim lysis plaguss form on and
bevond the deposits of Willasrfia magna, as indicated by the arrows on figurs 4/,
B, Front of 8 blofilm lysis plague indicated by the arow, Node, on the right, the site
of deposit of Wilkerfa magna in the absence of bacteris! Blm. Nots, on the leff, the
layer of Peeudomanas.

1. MATERIALS AND METHDELS
.. Stralns used:

Fseudomonas: the strain used is the CL 8210 strain (Oxoid, France).

« {t is maintained on T8A (Tryplone Boya Agar) {ref PO B2, Oxoid, France)
at & rale of one subtulturing per wesk. The strain i inoculeted In broad streaks
oo a TSA plale and incubatsd for 2 days at 30°C.

- Amoebae: the strains ussd beking to three diffsrent amoebio spenies;

2 Hartmannelfla vermiformis,
& Acanthamosbha castefland (ATCU 30010}

o Willaerlis magns {straing deposiled &t the ATOC undsr Nos.
PTATE24 and PTA 7828}

Thase three slrains are cultured axenically, in the presence of 10% of fatal calf
serum, on SCGYEM  medium {Serum Casein Glucose Yeast Exfract Medium),
distibuted into Falcon® tubes {3033} in & oraportion of 3 mi per tubs. In
mainterance, the vegelalive forms are suboultursd svery 8-8 days. For the
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cocultires, 3-to-d-day subsultures are used s a8 I have trophozoites night in the

sxponential growth phase. _
Ths SCEYEM medium is obtained gz follows

> Cassin (Merck 1.02344.010}

» NapHPQ,

» KHPQ,

» Glucose

> Yaast extract (Difco 0127-17-8}
» Qistitled water

P Fotal calf serum

10 g
13258 g
{1.8¢g
259
Sg
GO0 mi
100 m

2.5 mi of NaOH (1IN}, then NapHPQO, and KHPO,, are added to 800 mi of
distilled water. The mixiure s heated slightly on a hotpdate, and then the cassin is
gradually added with magnetic stiming. Afler the cassin has dissobved, the

glucose and the yegst extract gre incorporated.

After complate dissclution, the midure is fltered successively on glass fiber
{Sartorius SM 8513400}, and ther on 8 1 um membrans (Whatman 71980 004)
The madium is then aliguoted info glass bottles. The botlles are sterilized In an
sutociave for 20 minutes at 120°C. Before the definitive use and distribution of
the madium, the fetal calf serum is sdded sterdlely, under 3 laminar flow hood, in

a proportion of 10% of the final walums,

1.2._Monoamoshic coculiure of Pseudomonas

1.28.1. Freparation of the bacterial insoudum:

A suspension of Pesudomonas i stenile distilled walsy is prepared from a Z-day
culture on T8A, so as to oblain 1 Optical Density unlt at 880 nm, Lea. a

concertration of 10 CFU {colony-forming uniisiml,
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1.2.2. Qarrying sut mongameebic coculiures

The cocultures are carviad out in cell culture tubes (Falcon™ 3033} containing 3 mi
of sutocigve-steriiized water. The inoculation of the iubes is tarded out In &
proportion of 1 x 10 amosbae/ml, from an axenic amosbic suspension canted
beforehand on a Malassez hemooytomeater, The infestation of the amoebas with
Pseudomonas is caried out by fixing a Psegdomonas /amosba ratio of 10, Le, 1 %
10° bacteris / mi of Incubstion medium. Immedistely after the infastation, the
coouiiure tubes are centrifuged at low spaed {784 g for 10 min} in arder to promota
contact balween amoebas ardd bacteria. After 10 min, the tubes are resuspendad
manually and ars incubated, in the inclined position, in an incubator at 30°C.

The fatss of the amoshas and of Pseudomonas placed in cocullire ae
determined in the following way:

The cocuffures are montiorsd for 8 hours after the baclerial frfestation. Al gach
fime irterval (evary 3 hours), the coculture tubes are sampled and axamingd from
hoth the amosbic point of view and the baclerial poird of vew after vigourous
stirring on a vortex in order to detach the amoebae from the walls. For sach wbs
soraminad:

- Ths amoebas are counted directly on g Malassez cell,

~ The Pssudomonas concentrations are determined by dirsctly plaling the
culture madium out on TSA afler 10-fold seddal difulion in sterils distilled water, in
Eppendord microlubes. Each dilution is plaled ot in fiplicate on TSA& in 8
proportion of 100 pl per plate. The plates are then incubated at 30°C for 2
minimum of 48 hours. A first reading of the TSAs is cariad out 24 hours after the
plating out, by counting the colonies; s follbwad by a second reading an the 2nd
day for confirmation. The Preudomonas concentralions are sxprasssd in CFUm]
of ircubation medium, aking into scoount the dilution Tactor and assuming that
sach colony comssponds o one baclerum inilially present in the dilufed
suspansion,

For each amoebic genus, the Pssudomaonas growth cunves are representad as a
funclion of time,

in addition, the possible ovtoloxic effect of Freudomonas on the various amoebic
species is delermined in the following way:
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* by counting the proportion of amosbae which are positive in the
trypan blue exclusion tast. This test is carried out under a microscops
by counting, In a Malassez cell, the number of trypan biue-positve
cells f number of total cells.

1.3. Effect of Willaertia magna on Pseudomonas biofilms

The Willasrfia were depositad on the layer of Fserdomonas which had just been
plated out on the TSA. The agars are placed at 30°C for 34 hours so as o allow
the development of a bacterial film on the surface of the agar. The agars ams than
abserved under an optical microscope {magnification » 400} in order o delact
therein the formation of possible bacterial layer lysis plagues.

2 RESULTS

2. 1. Willsertiz magng exhibits resisiance fo Pseudomonas

The effect of Pseudamonas on the swvivel of the varlous amosbic species tasted
was determined by means of 8 trypan blue exclusion test. Very rapidly, after
plening Acanthamosba casteliand in covtulture with the bactedum, s major
evtotoxic effect ooours in this amoebic species, with a drop of ~ 30% in the viability
after 3 howrs of coculture {see figure 1) Corwersely, this phenomenon s never
observed when Wilsorfia magna is placed i cocullure with Pseudomonas,
including up fo @ hours of incubation with 2 vigbilty which s maintained close o
0% (figure 1) Like Willsertis magna, the free-living Harimanslla vermiformis
amoebhs doss not exhibit any drop In terms of visbilty determined by trypan blus
exclusion (figure 1) All of these observations {no ancystment and no oylotoxicly
induced by Pseudomonag) clearly demonstrate that Willserlls magnas and
Hartmanelfla vermifornmys, contrary 1o the other amosbic =species of the
Acanthamuoeba casfellandi type, exhibil the initial ability to resist Pssudomanas.
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2.2 Pradation of Pseudomonas by Willaertia magus

The resulls of the Pseudomonss cotultures camied out in the pressnce of
amoebas belonging to the Harimannella and Acanthamopeba genera demonstrals
g considerable multiplication of the bacterium i the pressncs of these two
amoebic geners since an increase in the bacterfal congentrations s noted In 8
hours {see figure 2). Conversely {(although the coculfures are camied sul under
strictly identical conditions), a reduction of aboul one kg In the delsclable
Praudomonas concenirations is noted in the prasence of the Willsertia magna
amoeba, compared with the control containing only Preudomonas {see figurs 2
and fgure 31 The measwed drop in the Pseudomonas concendrations
demonsirates & massive predation sffect of Willasrlle magna  ltoward
Pssudoamonag,

Willaertia magna and Marimannefis vermiformis survive, but only Willaertia magna
revenis baclerial proliferstion. This effedt of Willaertia magna on Pssudomonas
is further Mustrated in figures 3 and 4. Afler incubation for 48 howrs in waler, the
cocultures of Acanthamosba and Harfmannells with the bacterium demaonstrate a
profiferation of Preudomonas (nots the cloudy appearance of the wells containing
Pseudomonas and Harfmannefls or Acanthamoeba, due o bacterial profiferation}
{figure 3, pansl A). The Psevdomonas concentrations delermined in the
supematant of the coculturs wells demaonsirate the absence of bacleria with
Willzertis magna {figure 3, pansl B) when said baclsris were incubsated ot an MO
of 10 {10 badernia f one amosba).

gy,

The predation effec! of Willaerlia magna on Pssudomonas is also demunstrated in
figurs 4. indeed, after 24 hours it the prassnos of Willserlis magna, surfaces of
the agar whers the bacterial laver has disappearad appear very clearly (thess
zones are referred o here ag baclerial layerbiofiim lysis plagues - figure 4, panel
A). The microscoplc examination of the agers also shows that the Willkerlia
magna are concentrated at the limit of this lvsls plagus this effect & alsp
fHlustrated in figurs 4, pane! B, where the disappsarance of the baclerigl laver
under the solion of the Willasrfia magna ts dleardy apparent. All of these dalg and
observations clearly show the predation effert of Willaertls magna towsrd the
pathogenic bacterium Pseudomanss having developad & biofilm,
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Flidrde frendomonas binldgia pdtlasdn

SZABADALMIIGENYPONTOR

i. Elidrds a Pseydomongs terieddésdnck megakadédlyorasara, smberi, vagy allatl szerve~
zetre alkabmawott kezeldst cliarasoknak a Myételével, szsal jellomenve, hogy az clidsts Willaerrin

pragri fajba tarioed pratozodkat alkalmaz,

' Az 1, igdaypont srevinit oljdrds, azzal jellomesve, hogy gy g wagy folvaddi~
draraot, vagy seildrd folsaint a Filloertio mapny faibs tartozd ';ts;‘atats:eta}é,kkai rewellink.

3 Ax b, vagy 2. lgduypont szerintt elptrds, axmal jollemezve, hogy exek a protozodh ax
ATOCnél PTA 7824 szdmon Ieidthe helyered Sresnek, vagy az ATCCndl PTA 7825 szdmon o
1the hedvezett {Grssnek folelnek mwg.

4 Az 13, igduypontok bdomelythe seorindy oljdeds, axwal jellemerve, hogy hiwantd

<

vizel vagy ipari vizet eloszid rendszerek, ipart Gzewek hitdkarel, vagy ekomdiciondlo rendsesrek

X Y o

N

fertdtlenitdases foganatositiuk.

¢ 2

3. Az 13 igénypontok barmedyike srerinti eljdrds, azeal jellomerve, hogy vizveretékeks
ben, vagy emberl, vagy dllatl wiplaiékkal kapesolatba kertlé Ceagy nem keriiid) folileteken blofilmek
kiglakulosdnad megakaddlverdsars hasandlub,

£, & Willoerda magno fajba antozd protozedt tartalmazd fortdilenitdszer alkalmazdsy
biochikeént Prendomenasre, emberd, vagy dlad seerverstre atkalmarot Rereldal eligrisok kivéle-

vel,

7
s

.»a

. A b igdnypont srorinll alkabmazds, amelyten a prodozoa az ATCCd PTA 7824

szdmon letétbe belyerstl Wraanek, vagy ax ATOC 18! PTA 7823 sedmon letdihe helyezatt Wrzensk
felel meg.

3. A 6 vagy 7. igdoypomt sserintl slkalmasds, amwlvben o fentGlenitdsrer oldat, vagy

>

vizes suszpenzic formdjaban van,

S
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Figure 1.
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